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BACKGROUND

Environmental Information System (ENVIS) is established in the year 1984 as a network of
Information Centres. It is planned by the Ministry of Environment and Forest. Aim of this
centre is to provide descriptive 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 situated 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, through
consultation with different journals, Annual Reviews, Internet and to generate a database and
create a website uploaded with these information. Besides, we publish biannualy Abstract
Volume on our thematic area Environmental Biotechnology under fourteen subheads. The
volume contains abstracts of scientific articles from relavent national and international
journals. Viewpoint of this abstract volume is to help the interested research workers,
scientists, administrators and the general people.
This is the 18th publication of Abstract Volume of this ENVIS Centre. This contains the
abstracts of research papers collected from the various areas of Environmental Biotechnology
from different journals published in June, 2011. In this issue, various topics like Bioenergy,
Bioengineering, Bio-degradation, Bio-remediation, Bio-transformation etc. have been covered.
We are grateful to the various libraries and their staff for their cooperation extended to us
during 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
authors name. When the address of any other author is found, it
is written after wards delimited by stop(.).

Locus:

6

The name of the journal is followed by the volume number, issue
number, year of publication and the page no.
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GENERAL INFORMATION
Abstract have been taken directly from source documents like research report,
journals, internet, seminar proceedings, standards and patents. All the resources
are published within last six months.
Abstract are broadly classified and arranged under the following 14 heads:
Bioaccumulation: 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 whenever they are
taken up and stored at a rate 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. The
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, and
degrade the organic contaminants into inert products.

As the microorganisms occur naturally in the environment they are likely to pose
little risks of contamination.
Bio-Transformation: This is a process of Biological changes of complex compounds to
simpler one or toxic to non-toxic and vice-versa. Several microorganisms are
capable of transforming a varity of compounds found in nature but generally in
case of synthetic compounds they are unable to show any appropriate action.
Biotransfer appears to be one of the major detoxication methods known so far.
Biomarker: It is a biological response to a chemical that gives a measurement of exposure and,
sometimes, of toxic effect. It can be defined as any kind of molecule which
indicate the existence (past or present) of living organisms. In particular, in the
fields of geology and astrobiology biomarkers are also known as biosignatures.
However, in environmental science a bio-markers can also be used to indicate
exposure to various environmental substances in epidemiology and toxicology.
Biofertilizer: To reduce the impact of excess chemical fertilizers in the field of agriculture
the biofertilizer is being considered as a potential tool; biologically fixed nitrogen
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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 Nitrogen are 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 is the
process of converting all biodegradable wastes into organic manure. In
composting process certain input should be made into waste to convert the
process in a short time.
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 the nature, nothing is known as 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 may 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 can 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
8
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advances in science, engineering and technology. It generally engineers the
biological processes through biotechnological or genetic engineering
interventions. It may also be a broad-based engineering discipline that involve
product design, sustainability and analysis of biological systems.

Pollen-Biotechnology: This is a new field of science dealing with the pollen chemistry
and allerginicity of aerospora. This subject also covers genetic manipulation of
pollen development of haploid culture. Such haploid plants have immense values
in genetic research.
Biotechnology Policy Issue: Biotechnology appears to be an 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 has been made in
diverse field of agriculture by applying Biotechnology. It includes development
of genetically modified crops, genetic improvement in sericulture practices,
improvement in Biofertilizer development and similar other aspects. Production
of pest and disease resistant crop is also being considered to be an emerging area
of Agricultural Biotechnology.
Bioenergy: In recent decades, efforts have been made for evolving were non-polluting
bioenergy sources or energy generation from organic wastes and biomass. These
are all ecofreindly solutions. Biomass energy supply-demand balances have
become a component of energy sector analysis and planning and is propelled
huge importance in the countries. Biomass, Biogas, Hydrogen are the example of
Bioenergy.
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Bioaccumulation
Sabrina Barilleta, Christelle Adam-Guillermina, Olivier Palluelb, Jean-Marc Porcherb and
Alain Devaux c. (a Laboratory of Radioecology and Ecotoxicology, IRSN (Institute for
Radiological protection and Nuclear Safety), DEI/SECRE/LRE, Cadarache, Bat 186, BP 3,
13115 St-Paul-Lez-Durance cedex, France, b Ecotoxicological Risk Assessment Unit,
INERIS (National Institute for Industrial Environment and Risks), Parc technologique
ALATA, 60 550 Verneuil-en-Halatte, France, c Université de Lyon, INRA, EFPA-SA,
Environmental Science Laboratory (LSE), ENTPE, 69518 Vaulx en Velin cedex, France).
Uranium bioaccumulation and biological disorders induced in zebrafish (Danio rerio) after
a depleted uranium waterborne exposure. Environmental Pollution, Volume 159(2) (2011):
495-502
Because of its toxicity and its ubiquity within aquatic compartments, uranium (U) represents a
significant hazard to aquatic species such as fish. In a previous study, we investigated some
biological responses in zebrafish either exposed to depleted or to enriched U (i.e., to different
radiological activities). However, results required further experiments to better understand
biological responses. Moreover, we failed to clearly demonstrate a significant relationship
between biological effects and U radiological activity. We therefore chose to herein examine U
bioaccumulation and induced effects in zebrafish according to a chemical dose–response
approach. Results showed that U is highly bioconcentrated in fish, according to a time- and
concentration-dependent model. Additionally, hepatic antioxidant defenses, red blood cells DNA
integrity and brain acetylcholinesterase activity were found to be significantly altered. Generally,
the higher the U concentration, the sooner and/or the greater the effect, suggesting a close
relationship between accumulation and effect.
Research highlights
► Depleted U bioconcentration factor is of about 1000 in zebrafish exposed to 20 µg/L. ►
Hepatic antioxidant disorders are noticed as soon as the first hours of exposure. ► DNA damage
is induced in red blood cells after 20 d of exposure to 500 µg DU/L. ► The brain cholinergic
system (AChE activity) is impacted.
This study demonstrates that U is highly bioaccumulated in fish, resulting in biological disorders
such as hepatic oxidative stress as well as genotoxic and neurotoxic events.
Keywords: Danio rerio; Depleted uranium; Bioconcentration; Oxidative stress; Genotoxicity;
Neurotoxicity
Shuang Zhang, Chong Bin Qiu, You Zhou, Zhen Peng Jin and Hong Yang.
Bioaccumulation and degradation of pesticide fluroxypyr are associated with toxic
tolerance in green alga Chlamydomonas reinhardtii. Ecotoxicology, Volume 20(2) (2011):
337-347
The herbicide fluroxypyr is widely used for controlling weeds and insects but intensive use of
fluroxypyr has resulted in its widespread contamination in soils and aquatic ecosystems. To
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evaluate the eco-toxicity of fluroxypyr to green algae, bioaccumulation and degradation of
fluroxypyr in Chlamydomonas reinhardtii, a model unicellular alga, along with its biological
adaptation to fluroxypyr toxicity were investigated. The microalgae were treated with fluroxypyr
at 0.05–1.00 mg l−1 for 2 days or 0.50 mg l−1 for 1–5 days. The growth of C. reinhardtii was
stimulated at low levels of fluroxypyr (0.05–0.5 mg l−1) but inhibited at high concentrations
(0.75–1.00 mg l−1). Fluroxypyr was significantly accumulated by C. reinhardtii. Interestingly,
the accumulated fluroxypyr could be rapidly degraded in the cells. On day 5 more than 57% of
cellular fluroxypyr was degraded. Our results indicated that accumulation and degradation of
fluroxypyr occurred simultaneously. Treatment with 0.05–1.00 mg l−1 fluroxypyr for 30 min
induced significant production of reactive oxygen species and as a consequence resulted in
accumulation of peroxides and DNA degradation. Additionally, activities of several major
antioxidant enzymes were activated in C. reinhardtii exposed to high levels of fluroxypyr.
Overall, the present studies represent the initial comprehensive analyses of the green alga C.
reinhardtii in adaptation to the fluroxypyr-contaminated aquatic ecosystems.
Keywords: Fluroxypyr – Bioaccumulation – Biodegradation – Chlamydomonas reinhardtii –
Oxidation
John Chételat1, a, Marc Amyota and Edenise Garcia2, a. (a Groupe de recherche
interuniversitaire en limnologie, Département de sciences biologiques, Université de
Montréal, Montréal, Québec H3C 3J7, Canada). Habitat-specific bioaccumulation of
methylmercury in invertebrates of small mid-latitude lakes in North America.
Environmental Pollution, Volume 159(1) (2011): 10-17
We examined habitat-specific bioaccumulation of methylmercury (MeHg) in aquatic food webs
by comparing concentrations in pelagic zooplankton to those in littoral macroinvertebrates from
52 mid-latitude lakes in North America. Invertebrate MeHg concentrations were primarily
correlated with water pH, and after controlling for this influence, pelagic zooplankton had
significantly higher MeHg concentrations than littoral primary consumers but lower MeHg than
littoral secondary consumers. Littoral primary consumers and pelagic zooplankton are two
dominant prey for fish, and greater MeHg in zooplankton is likely sufficient to increase
bioaccumulation in pelagic feeders. Intensive sampling of 8 lakes indicated that habitat-specific
bioaccumulation in invertebrates (of similar trophic level) may result from spatial variation in
aqueous MeHg concentration or from more efficient uptake of aqueous MeHg into the pelagic
food web. Our findings demonstrate that littoral–pelagic differences in MeHg bioaccumulation
are widespread in small mid-latitude lakes.
Methylmercury levels in dominant invertebrate prey for fish differ between littoral and pelagic
habitats within a lake.
Keywords: Methylmercury; Invertebrates; Littoral; Pelagic; Habitat-specific bioaccumulation
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Bioremediation
Nermeen A. El-Sersy*, Gehan M. Abou-Elela, Sahar W. Hassan and Hanan Abd-Elnaby.
(National Institute of Oceanography and Fisheries, Microbiology Laboratory
Environmental Division, Alexandria, Egypt. *Corresponding author. E-mail
nermeen_ok@yahoo.co.uk. Tel. 0106620217). Bioremediation of acid fast red dye by
Streptomyces globosus under static and shake conditions. African Journal of Biotechnology
Vol. 10 (17) (2011): 3467-3474
Two different azo dyes known as acid fast red (AFR) and Congo red (CR) were examined for
their decolorization by five strains of actinomycetes (Streptomyces globosus, Streptomyces
alanosinicus, Streptomyces ruber, Streptomyces gancidicus, and Nocardiopsis aegyptia) under
shake and static conditions. Streptomyces globosus decolorized AFR by 81.6% under static
condition while 70.2% dye removal was achieved under shake conditions. Application of
Plackett-Burman statistical design revealed that the main factors that affected biosorption
capacity were the starch concentration and the inoculum size. Under static conditions, increasing
the inoculum size and decreasing starch concentration increased the biosorption % up to 1.14
fold with time reduction, while increasing both the inoculum size and starch concentration under
shake conditions increased the biosorption % up to 1.09 fold only. A trial for the use of potato
peel for more economic biomass production of S. globous was carried out and (2 g/50 ml) and
dried potato peel had the optimum concentration for maximum biomass production (0.3 g/50 ml)
which led to considerable biosorption capacity (89.4%). Electron microscopy studies confirmed
the dye removal.
Keywords: Azo dyes, Biosorption, Streptomyces globosus, Plackett-Burman design.
Abbreviation: AFR,Acid fast red; CR, Congo red.
YunHai Wu, Yue Hu, ZhengWei Xie, ShiXun Feng, Bin Li and XianMiao Mi.
Characterization of Biosorption Process of Acid Orange 7 on Waste Brewery’s Yeast.
Applied Biochemistry and Biotechnology, Volume 163(7) (2011): 882-894
The use of cheap, high-efficiency, and ecofriendly adsorbent has been studied as an alternative
way for the removal of dyes from wastewater. This paper investigated the use of waste
brewery’s yeast for the removal of acid orange 7 from aqueous solution. The optimum removal
of acid orange 7 was found to be 3.561 mg/g at pH 2.0, 10 mg/L initial concentration and 303 K.
The kinetic studies indicated that the biosorption process of acid orange 7 agreed well with the
pseudo-second-order model. The external diffusion is the rate-controlling step of the initial fast
adsorption (<20 min) and then the intraparticle diffusion dominated the mass transfer process.
Langmuir, Freundlich, and Dubinin–Radushkevich models were applied to describe the
biosorption isotherm of acid orange 7 by waste brewery’s yeast. Langmuir isotherm model fits
the equilibrium data, at all the studied temperatures, better than the other isotherm models which
indicates monolayer dye biosorption process. The highest monolayer biosorption capacity was
found to be 2.27 × 10−3 mol/g at 303 K. The calculated thermodynamic parameters (∆G, ∆S,
∆H) showed the biosorption process to be spontaneous and exothermic in nature. Amine or
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amino, amide, carboxyl, phosphate groups are responsible for the dyes biosorption based on the
result of Fourier transform infrared analysis.
Keywords: Biosorption – Waste brewer’s yeast – Acid orange 7 – Thermodynamic
Y. Maa, M.N.V. Prasadb, M. Rajkumarc and H. Freitasa, . (a Centre for Functional
Ecology, Department of Life Sciences, University of Coimbra, Coimbra 3000-455, Portugal,
b
Department of Plant Sciences, University of Hyderabad, Hyderabad 500046, India, c
Graduate School of Agricultural Science, Kobe University, Rokkodai, Nada, Kobe, 6578501, Japan). Plant growth promoting rhizobacteria and endophytes accelerate
phytoremediation of metalliferous soils. Biotechnology Advances, Volume 29(2) (2011):
248-258
Technogenic activities (industrial—plastic, textiles, microelectronics, wood preservatives;
mining—mine refuse, tailings, smelting; agrochemicals—chemical fertilizers, farm yard manure,
pesticides; aerosols—pyrometallurgical and automobile exhausts; biosolids—sewage sludge,
domestic waste; fly ash—coal combustion products) are the primary sources of heavy metal
contamination and pollution in the environment in addition to geogenic sources. During the last
two decades, bioremediation has emerged as a potential tool to clean up the metalcontaminated/polluted environment. Exclusively derived processes by plants alone
(phytoremediation) are time-consuming. Further, high levels of pollutants pose toxicity to the
remediating plants. This situation could be ameliorated and accelerated by exploring the
partnership of plant–microbe, which would improve the plant growth by facilitating the
sequestration of toxic heavy metals. Plants can bioconcentrate (phytoextraction) as well as
bioimmobilize or inactivate (phytostabilization) toxic heavy metals through in situ rhizospheric
processes. The mobility and bioavailability of heavy metal in the soil, particularly at the
rhizosphere where root uptake or exclusion takes place, are critical factors that affect
phytoextraction and phytostabilization. Developing new methods for either enhancing
(phytoextraction) or reducing the bioavailability of metal contaminants in the rhizosphere
(phytostabilization) as well as improving plant establishment, growth, and health could
significantly speed up the process of bioremediation techniques. In this review, we have
highlighted the role of plant growth promoting rhizo- and/or endophytic bacteria in accelerating
phytoremediation derived benefits in extensive tables and elaborate schematic sketches.
Keywords: Toxic metals; Rhizobacteria; Endophytes; Metabolic pathways; Phytohormones;
Phytoextraction; Phytostabilization
A.M. Maszenana, b, Yu Liua, b, , and Wun Jern Nga, b. (a Division of Environmental and
Water Resources Engineering, School of Civil and Environmental Engineering, Nanyang
Technological University, 50 Nanyang Avenue, Singapore 639798, Singapore, b Nanyang
Environment and Water Research Institute, Nanyang Technological University, 50
Nanyang Avenue, Singapore 639798, Singapore). Bioremediation of wastewaters with
recalcitrant organic compounds and metals by aerobic granules. Biotechnology Advances,
Volume 29(1) (2011): 111-123
Compared to activated sludge flocs, aerobic granules have a regular shape, and a compact and
dense structure which enhances settleability, higher biomass retention, multi-microbial
functions, higher tolerance to toxicity, greater tolerance to shock loading, and relatively low
excess sludge production. The potential for improved process efficiency and cost-effectiveness
16
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can be attractive when it is applied to both municipal and industrial wastewaters. This review
discusses potential applications of aerobic granulation technology in wastewater treatment while
drawing attention to relevant findings such as diffusion gradients existing in aerobic granules
which help the biomass cope with inhibitory compounds and the ability of granules to continue
degradation of inhibitory compounds at extreme acid and alkaline pHs.
Keywords: Aerobic granules; Bioremediation; Recalcitrant organic compounds; Wastewater
treatment
O. Rubilar, G. Tortella, M. Cea, F. Acevedo, M. Bustamante, L. Gianfreda and M. C. Diez.
Bioremediation of a Chilean Andisol contaminated with pentachlorophenol (PCP) by solid
substrate cultures of white-rot fungi. Biodegradation, Volume 22(1) (2011): 31-41
This study provides a first attempt investigation of a serie of studies on the ability of
Anthracophyllum discolor, a recently isolated white-rot fungus from forest of southern Chile, for
the treatment of soil contaminated with pentachlorophenol (PCP) to future research on potential
applications in bioremediation process. Bioremediation of soil contaminated with PCP (250 and
350 mg kg−1 soil) was investigated with A. discolor and compared with the reference strain
Phanerochaete chrysosporium. Both strains were incorporated as free and immobilized in wheat
grains, a lignocellulosic material previously selected among wheat straw, wheat grains and wood
chips through the growth and colonization of A. discolor. Wheat grains showed a higher growth
and colonization of A. discolor, increasing the production of manganese peroxidase (MnP)
activity. Moreover, the application of white-rot fungi immobilized in wheat grains to the
contaminated soil favored the fungus spread. In turn, with both fungal strains and at the two PCP
concentrations a high PCP removal (70–85%) occurred as respect to that measured with the
fungus as free mycelium (30–45%). Additionally, the use of wheat grains in soil allowed the
proliferation of microorganisms PCP decomposers, showing a synergistic effect with A. discolor
and P. chrysosporium and increasing the PCP removal in the soil.
Keywords: Soil contamination - Wheat grains - Immobilized fungi
Panagiotis A. Karas, Chiara Perruchon, Katerina Exarhou, Constantinos Ehaliotis and
Dimitrios G. Karpouzas. Potential for bioremediation of agro-industrial effluents with high
loads of pesticides by selected fungi. Biodegradation, Volume 22(1) (2011): 215-228
Wastewaters from the fruit packaging industry contain a high pesticide load and require
treatment before their environmental discharge. We provide first evidence for the potential
bioremediation of these wastewaters. Three white rot fungi (WRF) (Phanerochaete
chrysosporium, Trametes versicolor, Pleurotus ostreatus) and an Aspergillus niger strain were
tested in straw extract medium (StEM) and soil extract medium (SEM) for degrading the
pesticides thiabendazole (TBZ), imazalil (IMZ), thiophanate methyl (TM), ortho-phenylphenol
(OPP), diphenylamine (DPA) and chlorpyrifos (CHL). Peroxidase (LiP, MnP) and laccase (Lac)
activity was also determined to investigate their involvement in pesticide degradation. T.
versicolor and P. ostreatus were the most efficient degraders and degraded all pesticides
(10 mg l−1) except TBZ, with maximum efficiency in StEM. The phenolic pesticides OPP and
DPA were rapidly degraded by these two fungi with a concurrent increase in MnP and Lac
activity. In contrast, these enzymes were not associated with the degradation of CHL, IMZ and
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TM implying the involvement of other enzymes. T. versicolor degraded spillage-level pesticide
concentrations (50 mg l−1) either fully (DPA, OPP) or partially (TBZ, IMZ). The fungus was also
able to rapidly degrade a mixture of TM/DPA (50 mg l−1), whereas it failed to degrade IMZ and
TBZ when supplied in a mixture with OPP. Overall, T. versicolor and P. ostreatus showed great
potential for the bioremediation of wastewaters from the fruit packaging industry. However,
degradation of TBZ should be also achieved before further scaling up.
Keywords: White rot fungi Fungicides - Biodegradation

Aspergillus niger - Fruit packaging industrial effluents -

Meenu Tyagi, M. Manuela R. da Fonseca and Carla C. C. R. de Carvalho.
Bioaugmentation and biostimulation strategies to improve the effectiveness of
bioremediation processes. Biodegradation, Volume 22(2) (2011): 231-241
Bioremediation, involving bioaugmentation and/or biostimulation, being an economical and ecofriendly approach, has emerged as the most advantageous soil and water clean-up technique for
contaminated sites containing heavy metals and/or organic pollutants. Addition of pre-grown
microbial cultures to enhance the degradation of unwanted compounds (bioaugmentation) and/or
injection of nutrients and other supplementary components to the native microbial population to
induce propagation at a hastened rate (biostimulation), are the most common approaches for in
situ bioremediation of accidental spills and chronically contaminated sites worldwide. However,
many factors like strain selection, microbial ecology, type of contaminant, environmental
constraints, as well as procedures of culture introduction, may lead to their failure. These
drawbacks, along with fragmented literature, have opened a gap between laboratory trials and
on-field application. The present review discusses the effectiveness as well as the limitations of
bioaugmentation and biostimulation processes. A summary of experimental studies both in
confined systems under controlled conditions and of real case studies in the field is presented. A
comparative account between the two techniques and also the current scenario worldwide for in
situ biotreatment using bioaugmentation and biostimulation, are addressed.
Keywords: Bioremediation – Contaminants – Crude oil – Biodegradation
Sun Hwa Hong, HeeWook Ryu, Jaisoo Kim and Kyung-Suk Cho. Rhizoremediation of
diesel-contaminated soil using the plant growth-promoting rhizobacterium Gordonia sp.
S2RP-17. Biodegradation, Volume 22(3) (2011): 593-601
A plant growth-promoting rhizobacterium (PGPR) was isolated and identified as Gordonia sp.
S2RP-17, which showed ACC deaminase and siderophore synthesizing activities. Its maximum
specific growth rate was 0.54 ± 0.12 d−1 at 5,000 mg L−1 of total petroleum hydrocarbon (TPH),
and its maximum diesel degradation rate was 2,434.0 ± 124.4 mg L−1 d−1 at 20,000 mg L−1 of
TPH. The growth of Zea mays was significantly promoted by the inoculation of Gordonia sp.
S2RP-17 in the diesel-contaminated soil. Measured TPH removal efficiencies by various means
were 13% by natural attenuation, 84.5% by planting Zea mays, and 95.8% by the combination of
Zea mays and Gordonia sp. S2RP-17. The S2RP-17 cell counts were maintained at
1 × 106 CFU g-soil−1 during the remediation period, although they slightly decreased from their
initial numbers (2.94 × 107 CFU g-soil−1). These results indicate that rhizoremediation using
both Zea mays and Gordonia sp. S2RP-17 is a promising strategy for enhancing remediation
efficiency of diesel-contaminated soils.
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Keywords: Rhizoremediation – Plant growth-promoting rhizobacterium – Diesel-contaminated
soil – Gordonia sp. – Zea mays
Ashis K. Mukherjee and Naba K. Bordoloi. Bioremediation and reclamation of soil
contaminated with petroleum oil hydrocarbons by exogenously seeded bacterial
consortium: a pilot-scale study. Environmental Science and Pollution Research, Volume
18(3) (2011): 471-478
Purpose
Spillage of petroleum hydrocarbons causes significant environmental pollution. Bioremediation
is an effective process to remediate petroleum oil contaminant from the ecosystem. The aim of
the present study was to reclaim a petroleum oil-contaminated soil which was unsuitable for the
cultivation of crop plants by using petroleum oil hydrocarbon-degrading microbial consortium.
Materials and methods
Bacterial consortium consisting of Bacillus subtilis DM-04 and Pseudomonas aeruginosa M and
NM strains were seeded to 20% (v/w) petroleum oil-contaminated soil, and bioremediation
experiment was carried out for 180 days under laboratory condition. The kinetics of hydrocarbon
degradation was analyzed using biochemical and gas chromatographic (GC) techniques. The
ecotoxicity of the elutriates obtained from petroleum oil-contaminated soil before and posttreatment with microbial consortium was tested on germination and growth of Bengal gram
(Cicer aretinum) and green gram (Phaseolus mungo) seeds.
Results
Bacterial consortium showed a significant reduction in total petroleum hydrocarbon level in
contaminated soil (76% degradation) as compared to the control soil (3.6% degradation)
180 days post-inoculation. The GC analysis confirmed that bacterial consortium was more
effective in degrading the alkane fraction compared to aromatic fraction of crude petroleum oil
hydrocarbons in soil. The nitrogen, sulfur, and oxygen compounds fraction was least degraded.
The reclaimed soil supported the germination and growth of crop plants (C. aretinum and P.
mungo). In contrast, seeds could not be germinated in petroleum oil-contaminated soil.
Conclusions
The present study reinforces the application of bacterial consortium rather than individual
bacterium for the effective bioremediation and reclamation of soil contaminated with petroleum
oil.
Keywords: Bioremediation – Crop plants – Petroleum oil hydrocarbon degradation – Soil
reclamation – Bacillus subtilis – Pseudomonas aeruginosa
Alicia Suazo-Madrid, Liliana Morales-Barrera, Erick Aranda-García and Eliseo CristianiUrbina. Nickel(II) biosorption by Rhodotorula glutinis. Journal of Industrial Microbiology
& Biotechnology, Volume 38(1) (2011): 51-64
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The present study reports the feasibility of using Rhodotorula glutinis biomass as an alternative
low-cost biosorbent to remove Ni(II) ions from aqueous solutions. Acetone-pretreated R. glutinis
cells showed higher Ni(II) biosorption capacity than untreated cells at pH values ranging from 3
to 7.5, with an optimum pH of 7.5. The effects of other relevant environmental parameters, such
as initial Ni(II) concentration, shaking contact time and temperature, on Ni(II) biosorption onto
acetone-pretreated R. glutinis were evaluated. Significant enhancement of Ni(II) biosorption
capacity was observed by increasing initial metal concentration and temperature. Kinetic studies
showed that the kinetic data were best described by a pseudo-second-order kinetic model.
Among the two-, three-, and four-parameter isotherm models tested, the Fritz-Schluender model
exhibited the best fit to experimental data. Thermodynamic parameters (activation energy, and
changes in activation enthalpy, activation entropy, and free energy of activation) revealed that
the biosorption of Ni(II) ions onto acetone-pretreated R. glutinis biomass is an endothermic and
non-spontaneous process, involving chemical sorption with weak interactions between the
biosorbent and Ni(II) ions. The high sorption capacity (44.45 mg g−1 at 25°C, and 63.53 mg g−1
at 70°C) exhibited by acetone-pretreated R. glutinis biomass places this biosorbent among the
best adsorbents currently available for removal of Ni(II) ions from aqueous effluents.
Keywords: Isotherm - Kinetics - Nickel(II)
Thermodynamics
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Yogendra Prakash Singh, Purnima Dhall, R. M. Mathur, R. K. Jain, Vasanta vadde
Thakur, Virendra Kumar, Rita Kumar and Anil Kumar. Bioremediation of Pulp and
Paper Mill Effluent by Tannic Acid Degrading Enterobacter sp. Water, Air, & Soil
Pollution, Volume 218(1-4) (2011) : 693-701
Wastewaters from pulp and paper mills are highly toxic and around 250 xenobiotic compounds
have been reported in the effluents. Tannic acid degrading bacterium, Enterobacter sp. was
isolated from soil by tannic acid enrichment. This isolate was used for bioremediation of pulp
and paper mill effluents. Parameters like temperature, agitation, inoculum size and treatment
duration were optimized by using Qualiteck-4 software. Reduction in lignin 73% and colour up
to 82% was also observed. Encouraging results were observed is reduction of COD, BOD with
16-h retention time in batch culture.
Keywords: Bioremediation – COD – BOD – Lignin – Colour
Sarah Grainger, George Yuzhu Fu and Eric R. Hall. Biosorption of Colour-Imparting
Substances in Biologically Treated Pulp Mill Effluent Using Aspergillus niger Fungal
Biomass. Water, Air, & Soil Pollution, Volume 217(1-4) (2011): 233-244
Biosorption has potential to be an economical colour removal technology. As such, the colour
removal potential of inactivated Aspergillus niger biomass was investigated for the treatment of
activated sludge-treated pulp mill effluent from a northern bleached softwood kraft mill.
Biomass pretreatment methods, effects of initial pH of the effluent and preparative biomass
washing methods were examined. The most effective pretreatment method was found to be
simple autoclaving of the biomass and this approach was applied in subsequent kinetic and
isotherm batch studies. It was also found that the pH of the wastewater prior to addition of the
biomass affected the biosorption rate and the solubility of chromophores in pulp mill effluent.
The results also indicated that biomass washing methods reduced the quantity of organic matter
leached from the fungal biomass during application. The kinetic study revealed that colour
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removal by biosorption occurred most readily in the first 8 h and could be described adequately
by both the Lagergren and Ho et al. models. The maximum colour removal was over 900 TCU,
with a biomass dose of about 20 g/L. The isotherm study data were fitted with the BET isotherm
model. The results indicated that adsorption occurred in a multi-layer fashion and that physical
adsorption was the main mechanism contributing to the biosorption. Therefore, dead A. niger
biomass was concluded to be a promising alternative for colour removal from pulp mill effluent.
Keywords: Biosorption – Fungus Aspergillus niger – Colour removal – Pulp mill effluent –
Batch studies
Franz Rebele and Cornelia Lehmann. Phytoextraction of Cadmium and Phytostabilisation
with Mugwort (Artemisia vulgaris). Water, Air, & Soil Pollution, Volume 216 (1-4) (2011):
93-103
Artemisia vulgaris (mugwort) is a tall (1.0–2.0 m) high biomass perennial herb which
accumulates considerable amounts of metals on contaminated sites. An outdoor pot experiment
was conducted on a sandy, slightly alkaline soil of moderate fertility to study the uptake of
cadmium and the distribution of Cd in plant tissues of A. vulgaris. Cadmium was applied as
CdCl2 (a total of 1 l solution of 0, 10, 50 and 100 mg Cd l−1) to 12-l pots with a height of 25 cm.
HNO3- and water-extractable concentrations of Cd were correlated with the applied Cd at 2-cm
soil depth, but were not correlated at 20-cm soil depth, suggesting that Cd was either not mobile
in the soil or completely taken up by mugwort roots. The Cd concentrations in different organs
of A. vulgaris and litter increased with increasing soil contamination. Leaf/soil concentration
ratios (BCFs) up to 65.93 ± 32.26 were observed. Translocation of Cd to the aboveground
organs was very high. The leaf/root Cd concentration ratio (translocation factor) ranged from
2.07 ± 0.56 to 2.37 ± 1.31; however, there was no correlation of translocation factors to Cd
enrichment, indicating similar translocation upon different soil contamination levels. In
summary, A. vulgaris is tolerant to the metal concentrations accumulated, has a high metal
accumulating biomass and accumulates Cd up to about 70% in the aboveground parts. Both a
high phytoextraction potential and a high value for phytostabilisation would recommend
mugwort for phytoremediation.
Keywords: Bioconcentration factor – Bioremediation – Heavy
Phytoextraction potential – Phytostabilisation

metal – Phytoattenuation –

Henrique F. Santos, Flávia L. Carmo, Jorge E. S. Paes, Alexandre S. Rosado and Raquel S.
Peixoto. Bioremediation of Mangroves Impacted by Petroleum. Water, Air, & Soil
Pollution, Volume 216(1-4) (2011): 329-350
The majority of oil from oceanic oil spills (e.g. the recent accident in the Gulf of Mexico)
converges on coastal ecosystems such as mangroves. Microorganisms are directly involved in
biogeochemical cycles as key drivers of the degradation of many carbon sources, including
petroleum hydrocarbons. When properly understood and managed, microorganisms provide a
wide range of ecosystem services, such as bioremediation, and are a promising alternative for the
recovery of impacted environments. Previous studies have been conducted with emphasis on
developing and selecting strategies for bioremediation of mangroves, mostly in vitro, with few
field applications described in the literature. Many factors can affect the success of
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bioremediation of oil in mangroves, including the presence and activity of the oil-degrading
microorganisms in the sediment, availability and concentration of oil and nutrients, salinity,
temperature and oil toxicity. More studies are needed to provide efficient bioremediation
strategies to be applicable in large areas of mangroves impacted with oil. A major challenge to
mangrove bioremediation is defining pollution levels and measuring recuperation of a mangrove.
Typically, chemical parameters of pollution levels, such as polycyclic aromatic hydrocarbons
(PAHs), are used but are extremely variable in field measurements. Therefore, meaningful
mangrove monitoring strategies must be developed. This review will present the state of the art
of bioremediation in oil-contaminated mangroves, new data about the use of different mangrove
microcosms with and without tide simulation, the main factors that influence the success of
bioremediation in mangroves and new prospects for the use of molecular tools to monitor the
bioremediation process. We believe that in some environments, such as mangroves,
bioremediation may be the most appropriate approach for cleanup. Because of the peculiarities
and heterogeneity of these environments, which hinder the use of other physical and chemical
analyses, we suggest that measuring plant recuperation should be considered with reduction in
polycyclic aromatic hydrocarbons (PAHs). This is a crucial discussion because these key marine
environments are threatened with worldwide disappearance. We highlight the need for and
suggest new ways to conserve, protect and restore these environments.
Keywords: Mangrove – Bioremediation – Oil – Microorganisms
Uma M. K. Nagpal, Ashok V. Bankar, Namdeo J. Pawar, Balu P. Kapadnis and Smita S.
Zinjarde. Equilibrium and Kinetic Studies on Biosorption of Heavy Metals by Leaf Powder
of Paper Mulberry (Broussonetia papyrifera). Water, Air, & Soil Pollution, Volume 215(14) (2011): 177-188
Paper mulberry (Broussonetia papyrifera) leaf powder was used to remove heavy metal ions
from aqueous solutions. The specific uptakes of Cu (II), Pb (II), and Cd (II) by the leaf powder
were 43.40 ± 0.2, 43.9 ± 0.5, and 30.65 ± 0.9 mg g−1, respectively, when 500 mg L−1 of
the metal solutions were used. The data fitted well to the Langmuir isotherm. The process
followed the pseudo-second-order kinetic equation and intraparticle diffusion played an
important role in the adsorption process. On the basis of the calculated thermodynamic
parameters such as standard enthalpy (∆H°), entropy (∆S°) and free energy change (∆G°), it was
inferred that the sorption process was endothermic and spontaneous in nature. The surface
properties of the leaf powder (revealed by scanning electron microscopic observations) were
suitable for the metal adsorption process. Energy dispersive X-ray fluorescence analysis
confirmed the sequestration of the metal ions by the leaf powder. Fourier transform infrared
spectroscopy implicated that different functional groups on the leaf powder were involved in the
metal adsorption process. The results obtained from this study implicated that the B. papyrifera
leaf powder was a good choice as a metal adsorbent. This abundantly available natural and ecofriendly biosorbent could be effectively used to develop a technology in the future.
Keywords: Biosorption – Broussonetia papyrifera – Metal ions – Kinetics – FTIR – ED-XRF
Harrison Ifeanyichukwu Atagana. Bioremediation of Co-contamination of Crude Oil and
Heavy Metals in Soil by Phytoremediation Using Chromolaena odorata (L) King & H.E.
Robinson. Water, Air, & Soil Pollution, Volume 215(1-4) (2011): 261-271
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The capability of Chromolaena odorata (L) to grow in the presence of different concentrations
of three heavy metals in crude oil-contaminated soil and its capability to remediate the
contaminated soil was investigated using pot experiments. C. odorata plants were transplanted
into contaminated soil containing 50,000 mg kg−1 crude oil and between 100 and 2,000 mg kg−1
of cadmium, nickel, and zinc and watered weekly with water containing 5% NPK fertilizer for
180 days. C. odorata did not show any growth inhibition in 50,000 mg kg−1 crude oil. Plants in
experiments containing 2,000 mg kg−1 Cd showed little adverse effect compared to those in Zntreated soil. Plants in 1,000 and 2,000 mg kg−1 Ni experiments showed more adverse effects.
After 180 days, reduction in heavy metals were: 100 mg kg−1 experiments, Zn (35%), Cd (33%),
and Ni (23%); 500 mg kg−1, Zn (37%), Cd (41%), and Ni (25%); 1,000 mg kg−1, Zn (65%), Cd
(55%), and Ni (44%); and 2,000 mg kg−1, Zn (63%), Cd (62%), and Ni (47%). The results
showed that the plants accumulated more of the Zn than Cd and Ni. Accumulation of Zn and Cd
was highest in the 2,000 mg kg−1 experiments and Ni in the 500 mg kg−1 experiments. Crude oil
was reduced by 82% in the experiments that did not contain heavy metals and by up to 80% in
the heavy metal-treated soil. The control experiments showed a reduction of up to 47% in crude
oil concentration, which was attributed to microbial action and natural attenuation. These results
show that C. odorata (L) has the capability of thriving and phytoaccumulating heavy metals in
contaminated soils while facilitating the removal of the contaminant crude oil. It also shows that
the plant’s capability to mediate the removal of crude oil in contaminated soil is not significantly
affected by the concentrations of metals in the soil.
Keywords: Crude oil-contaminated soil – Heavy metals – Phytoremediation – Chromolaena
odorata
Yasmin Khambhaty, Kalpana Mody, Shaik Basha and Bhavanath Jha. Equilibrium
Modeling for Biosorption of Safranin onto Chemically Modified Biomass of Marine
Aspergillus wentii. Water, Air, & Soil Pollution, Volume 215(1-4) (2011): 679-691
Safranin was used as a model reactive dye for biosorption studies onto various forms of
chemically modified biomass of Aspergillus wentii. The experimental equilibrium data was
analyzed by various single-, two-, three-, four-, and five-parameter isotherms to understand the
biosorption process. Biosorption isotherms modeling shows that the interaction of safranin with
A. wentii surface is localized monolayer sorption. Results show that in general the accuracy of
models to fit experimental data improves with the degree of freedom. The interaction among
adsorbed molecules is repulsive having no association between them and sorption is carried out
on energetically different sites and is an endothermic process. The five-parameter Fritz–
Schluender model gives the most accurate fit with high regression coefficients (0.9902–0.9941),
low standard errors (0.0389–0.0758), and sum of squares error (0.0075–0.0230) values to all
experimental data in comparison to other models. The results disclose that the sorption isotherm
models fitted the experimental data in the order: Fritz–Schluender (five-parameter) > Langmuir
> Khan > Fritz–Schluender (four-parameter) > Temkin. This systematic evaluation of the more
important equilibrium isotherm models provided the general basis for making a preliminary
selection of an effective model for a given application.
Keywords: Aspergillus wentii – Biosorption – Isotherm models – Marine fungi – Safranin
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Kristin Elgh-Dalgren, Zandra Arwidsson, Veronica Ribé, Sylvia Waara, Thomas von
Kronhelm and Patrick A. W. van Hees. Bioremediation of a Soil Industrially
Contaminated by Wood Preservatives—Degradation of Polycyclic Aromatic Hydrocarbons
and Monitoring of Coupled Arsenic Translocation. Water, Air, & Soil Pollution, Volume
214(1-4) (2011): 275-285
Two commercially available aerobic bioremediation methods (Daramend® and BioSan) were
utilized to study the aerobic biodegradation of polycyclic aromatic hydrocarbons (PAH) and the
effect of the simultaneously present arsenic. The soil was collected at an old wood preservation
site, and the initial PAH16-concentration was 46 mg/kg, with mainly high molecular weight
congeners. The As concentration was 105 mg/kg with low availability as assessed with
sequential extraction. To enhance the availability of PAH, the effect of a nonionic surfactant was
evaluated. Degradation of both low and high molecular weight PAH was observed; however,
after 30 weeks, the degradation was generally low and no treatment was significantly better than
the others. The treatments had, on the other hand, an effect on As remobilization, with increased
As concentration in the available fraction after treatment. This may be due to both the microbial
activity and the presence of anoxic microsites in the soil. The overall efficiency of the biological
treatment was further evaluated using the standardized ecotoxicity test utilizing Vibrio fischeri
(Microtox®). The toxicity test demonstrated that the bioremediation led to an increase in
toxicity, especially in treatments receiving surfactant. The surfactant implied an increase in
contaminant availability but also a decrease in surface tension, which might have contributed to
the overall toxicity increase.
Keywords: Arsenic - Bioremediation - Microtox® - PAH - Surfactant
Babita Kumari and S. N. Singh. Phytoremediation of metals from fly ash through bacterial
augmentation. Ecotoxicology, Volume 20(1) (2011): 166-176
Different combinations of four bacterial strains isolated from fly ash were used by us to study
their impact on phytoextraction of metals from fly ash by Brassica juncea grown in fly ash
amended with farm yard manure (50:50 w/w). Out of 11 bacterial consortia, a combination of
two strains i.e. Paenibacillus macerans NBRFT5 + Bacillus pumilus NBRFT9 (C7) inoculated
in the rhizosphere was found to enhance Pb accumulation maximally by 278%, Mn by 75%, Zn
by 163%, Cr by 226% and Ni by 414% compared to control. It is possible that these bacteria,
known for N2 fixation, solubilization of phosphorus and uptake of micronutrient, could promote
the plant growth resulting in higher accumulation of metals. However, a combination of four
bacteria,
namely
Micrococcus
roseus
NBRFT2 + Bacillus
endophyticus
NBRFT4 + Paenibacillus macerans NBRFT5 + Bacillus pumilus NBRFT9 (C4) was able to
increase Cd uptake maximally by 237%. Further, the translocation of metal was invariably more
from root to stem than from stem to leaf which was regulated by plant transport mechanism and
metal mobility. Bacteria are known to excrete protons, organic acids, enzymes and siderophores
to enhance the mobilization of metals which boosted the phytoextraction of metals from fly ash.
Keywords: Fly
translocation
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B. Kavita, Jayeshree Limbachia, Haresh Keharia Prof. Dr. Hexavalent chromium sorption
by biomass of chromium tolerant Pythium sp. Journal of Basic Microbiology, Volume 51(2)
(2011): 173–182
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The removal of Cr(VI) from aqueous solutions by live and pretreated fungal biomass of Pythium
sp was investigated in a batch mode. The influence of biomass dose, solution pH, initial metal
ion concentration, temperature and pretreatment of biomass on biosorption efficiency was
studied. The acid pretreated biomass adsorbed 1.7 times more hexavalent chromium in
comparison to untreated biomass. The chromium removal rate increased with decrease in pH and
increase in Cr(VI) concentration, biomass dose and temperature. The adsorption data was
described well by Freundlich isotherm model. Evaluation of biosorption mechanism using
infrared spectroscopy showed the involvement of positively charged amino groups in Cr(VI)
biosorption. The biosorption of Cr(VI) by Pythium sp. followed second order kinetics, the
biosorption process was found to be spontaneous and endothermic with high affinity of biomass
for Cr(VI).
Keywords: Chromium; Bioremediation; Biosorption; Pythium; Thermodynamics
Jing Chen, Qiuyan Yang, Taipeng Huang, Yongkui Zhang and Ranfeng Ding. Enhanced
bioremediation of soil contaminated with viscous oil through microbial consortium
construction and ultraviolet mutation. World Journal of Microbiology and Biotechnology,
Volume 27(6) (2011): 1381-1389
This study focused on enhancing the bioremediation of soil contaminated with viscous oil by
microorganisms and evaluating two strategies. Construction of microbial consortium and
ultraviolet mutation were both effective applications in the remediation of soil contaminated
with viscous oil. Results demonstrated that an interaction among the microorganisms existed and
affected the biodegradation rate. Strains inoculated equally into the test showed the best
remediation, and an optimal microbial consortium was achieved with a 7 days’ degradation rate
of 49.22%. On the other hand, the use of ultraviolet mutation increased one strain’s degrading
ability from 41.83 to 52.42% in 7 days. Gas chromatography and mass spectrum analysis
showed that microbial consortium could treat more organic fractions of viscous oil, while
ultraviolet mutation could be more effect on increasing one strain’s degrading ability.
Keywords: Bioremediation – Viscous
Contaminated soil
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P.C. Abhilasha and Mohammad Yunusa. (a School for Environmental Sciences, Babasaheb
Bhimrao Ambedkar University (A Central University), Lucknow 226 025, Uttar Pradesh,
India). Can we use biomass produced from phytoremediation? Biomass and Bioenergy,
Volume 35(3) (2011): 1371-1372
Research highlights
► Phytoremediation provides additional benefits like biomass, soil carbon sequestration and soil
stabilization. ► There is a paucity of data on the fate of accumulated pollutants in harvested
biomass. ► Detailed ecotoxicological risk assessment are essential before the utilization of
harvested biomass from contaminated sites.
Keywords: Biomass; Phytoremediation; Salix sp.; Heavy metals; Ecotoxicological risk
assessment
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Marion Carriera, Anne Loppinet-Serania, Christelle Absalonb, Frédéric Mariasc, Cyril
Aymoniera and Michel Menchd. (a CNRS, Université de Bordeaux, ICMCB, IPB-ENSCBP,
87 avenue du Dr. A. Schweitzer, FR-33608 Pessac Cedex, France, b Université de
Bordeaux, ISM-CESAMO 351 cours de la Libération 33405 Talence Cedex, France, c
ENSGTI, rue Jules Ferry BP 7511, FR-64075 Pau Cedex, France, d UMR BIOGECO
INRA 1202, Ecologie des communautés, Université Bordeaux 1, Bat B8 RdC Est, avenue
des Facultés, FR-33405 Talence, France). Conversion of fern (Pteris vittata L.) biomass
from a phytoremediation trial in sub- and supercritical water conditions. Biomass and
Bioenergy, Volume 35(2) (2011): 872-883
Uncontaminated and As-contaminated fronds of Pteris vittata L., an As-hyperaccumulator fern
used to phytoextract As from contaminated soils and water, were converted by sub-critical water
(300 °C, 25 Pa) and supercritical water (400 °C, 25 Pa) treatments. Frond biomass was reduced
between 70 and 77%. Compared to sub-critical conditions, supercritical conditions decreased C
and inorganic contents in both the solid and liquid phases for uncontaminated and contaminated
fronds and promoted CH4 formation. Higher As, Fe and Zn contents in contaminated fronds
promoted decreasing C contents and the formations of cyclopentenones and benzenediols in the
liquid phase. Al, Fe, P, Zn and Ca mainly remained in the solid phase whereas As and S were
transferred to the liquid phase for both phytomasses. As the temperature increased from 300 °C
to 400 °C, the concentrations of cyclopentenones and phenols in the liquid phase rose while
those of guaiacols and other compounds decreased for both phytomasses. Arsenic in the liquid
phase was removed by sorption on hydrous iron oxide.
Keywords: Phytoremediation; Subcritical water; Supercritical water; Arsenic; Amorphous iron
hydroxide
Tom Hennebel, Jessica Benner, Peter Clauwaert, Lynn Vanhaecke, Peter Aelterman,
Ruben Callebaut, Nico Boon and Willy Verstraete. Dehalogenation of environmental
pollutants in microbial electrolysis cells with biogenic palladium nanoparticles.
Biotechnology Letters, Volume 33(1) (2011): 89-95
Purpose of work Hydrodehalogenation of persistent pollutants, such as the groundwater
contaminants trichloroethylene and diatrizoate, are catalyzed by biogenic Pd nanoparticles. As
H2 gas supply for the dehalogenation reactions is still the limiting factor, this study examines in
situ H2 production in the cathode of a microbial electrolysis cell.
In a biogenic Pd nanoparticle (bio-Pd) free microbial electrolysis cell (MEC), dechlorination of
trichloroethylene (TCE) with concomitant chloride and ethane formation was achieved in the
cathode compartment at a removal rate of 120 g TCE m−3 total cathode compartment
(TCC) day−1, applying −0.8 V with a power source. When the cathode granules were coated with
5 mg bio-Pd g−1 graphite, chloride and ethane formation increased to 151 g TCE m−3 TCC day−1
corresponding with a specific removal rate of 48 mg TCE g−1 Pd day−1. In both cases, formation
of unwanted byproducts, such as vinyl chloride, was not significant. When the same setup was
applied for transformation of the iodinated contrast medium diatrizoate (diaI3), reduction in a
catalyst-free cathode of a MEC resulted in a removal of 48 ± 9% during the first h corresponding
to 3 g diaI3 m−3 TCC day−1. Coating the cathodic graphite granules with bio-Pd enhanced the
transformation resulting in a 93 ± 4% removal during the first h corresponding to 6 g diaI3 m−3
TCC day−1. These results suggest that MECs can produce H2 in a sustainable way to provide an
economical interesting reactant for bio-Pd catalyzed dehalogenation reactions.
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Jin Wang, Manyuan Shi, Hui Lu, Di Wu, Ming-Fei Shao, Tong Zhang, George A. Ekama,
Mark C. M. van Loosdrecht and Guang-Hao Chen. Microbial community of sulfatereducing up-flow sludge bed in the SANI® process for saline sewage treatment. Applied
Microbiology and Biotechnology, Volume 90(6) (2011): 2015-2025
This study investigated the microbial community of the sulfate-reducing up-flow sludge bed
(SRUSB) of a novel sulfate reduction, autotrophic denitrification, and nitrification integrated
(SANI®) process for saline sewage treatment. The investigation involved a lab-scale SANI®
system treating synthetic saline sewage and a pilot-scale SANI® plant treating 10 m3/day of
screened saline sewage. Sulfate-reducing bacteria (SRB) were the dominant population,
responsible for more than 80% of the chemical oxygen demand removal, and no methaneproducing archaea were detected in both SRUSBs. Thermotogales-like bacteria were the
dominant SRB in the pilot-scale SRUSB while Desulforhopalus-like bacteria were the major
species in the lab-scale SRUSB.
Keywords: Microbial community analysis – SANI® process – Sulfate-reducing up-flow sludge
bed (SRUSB) – Saline sewage – Sulfate-reducing bacteria (SRB)
Shenglian Luo, Yong Wan, Xiao Xiao, Hanjun Guo, Liang Chen, Qiang Xi, Guangming
Zeng, Chengbin Liu and Jueliang Chen. Isolation and characterization of endophytic
bacterium LRE07 from cadmium hyperaccumulator Solanum nigrum L. and its potential
for remediation. Applied Microbiology and Biotechnology, Volume 89(5) (2011):1637-1644
Valuable endophytic strains facilitating plants growth and detoxification of heavy metals are
required because the application of plant–endophyte symbiotic system is a promising potential
technique to improve efficiency of phytoremediation. In this study, endophytic bacterium LRE07
was isolated from cadmium hyperaccumulator Solanum nigrum L. It was identified as Serratia
sp. by 16S rRNA sequence analysis. The endophytic bacterium LRE07 was resistant to the toxic
effects of heavy metals, solubilized mineral phosphate, and produced indoleacetic acid and
siderophore. The heavy metal detoxification was studied in growing LRE07 cells. The strain
bound over 65% of cadmium and 35% of zinc in its growing cells from single metal solutions
72 h after inoculation. Besides the high removal efficiencies in single-ion system, an analogous
removal phenomenon was also observed in multi-ions system, indicating that the endophyte
possesses specific and remarkable heavy metal remediation abilities.
Keywords: Endophyte – Hyperaccumulator – Heavy metal – Detoxification – Phytoremediation
Pauline Spolaore, Catherine Joulian, Jérôme Gouin, Dominique Morin and Patrick
d’Hugues. Relationship between bioleaching performance, bacterial community structure
and mineralogy in the bioleaching of a copper concentrate in stirred-tank reactors. Applied
Microbiology and Biotechnology, Volume 89(2) (2011): 441-448
During the Bioshale European project, a techno-economic study of the bioleaching of a copper
concentrate originating from a black shale ore was carried out. This concentrate is a multi-
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mineral resource in which the copper sulphides are mainly chalcocite, covellite, bornite and
chalcopyrite. The experiments undertaken to produce the techno-economic data were also an
opportunity to carry out more fundamental research. The objective of this work was to combine
the results of the bioleaching experiments, in terms of copper recovery, with the results of
bacterial community monitoring and mineralogy residue analysis. Batch and continuous
bioleaching tests were carried out with 10% solids, at 42 °C and with a pH between 1.2 and 1.6.
Final copper recovery was higher in batch cultures than in continuous mode (>95% vs. 91%).
Mineralogical analysis showed that the limiting factor for copper recovery was incomplete
chalcopyrite dissolution in both cases. However, chalcopyrite was even less dissolved in
continuous conditions. This was also related to a variation in bacterial community structure. The
population in all tests was composed of Acidithiobacillus caldus, Leptospirillum ferriphilum and
one or two species of Sulfobacillus (Sulfobacillus thermosulfidooxidans and sometimes
Sulfobacillus benefaciens), but Sulfobacillus and more generally sulphur oxidizers were more
represented in batch mode. It was proposed that due to their capacity to reduce inorganic
compounds, sulphur oxidizers may be efficient in limiting chalcopyrite surface hindering. It may
help to better dissolve this mineral and reach a better copper recovery.
Keywords: Bioleaching – Black shale – Copper – Stirred-tank reactor – Sulfobacillus

Biotransformation
Ieda Rottava, Priscila F. Cortina, Eduarda Martello, Rogerio L. Cansian, Geciane
Toniazzo, Octavio A. C. Antunes, Enrique G. Oestreicher, Helen Treichel and Debora de
Oliveira. Optimization of α-Terpineol Production by the Biotransformation of R-(+)Limonene and (−)-β-Pinene. Applied Biochemistry and Biotechnology, Volume 164(4)
(2011): 514-523
The main objective of this work is to present the optimization of the biotransformation of R-(+)limonene and (−)-β-pinene aiming at the production of α-terpineol by strains of fungal and yeasts
previously isolated by our research group using the methodology of experimental design. New
optimized experimental data on α-terpineol production by the biotransformation of R-(+)limonene and (−)-β-pinene using newly isolated microorganisms are reported in this work.
Conversion of about 1,700 mg/L was achieved when R-(+)-limonene was used as substrate and
the newly isolated strain 05.01.35 as microorganism at the central point of the experimental
design, corresponding to a substrate concentration of 1.75%, mass of inoculum of 2 g, and
substrate to ethanol volume ratio of 1:1. The same experimental condition led to higher
conversions when (−)-β-pinene was used as substrates and the strains coded as 04.05.08 and
01.04.03 as microorganism. Here, conversions of about 770 mg/L were achieved.
Keywords: Experimental design – α-Terpineol – R-(+)-Limonene – (−)-β-Pinene
A.M.G.C. Diasa, A. Hussaina, A.S. Marcosa and A.C.A. Roque , a. (a REQUIMTE,
Departamento de Química, Faculdade de Ciências e Tecnologia, Universidade Nova de
Lisboa, 2829-516 Caparica, Portugal). A biotechnological perspective on the application of
iron oxide magnetic colloids modified with polysaccharides. Biotechnology Advances,
Volume 29(1) (2011): 142-155
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Iron oxide magnetic nanoparticles (MNPs) alone are suitable for a broad spectrum of
applications, but the low stability and heterogeneous size distribution in aqueous medium
represent major setbacks. These setbacks can however be reduced or diminished through the
coating of MNPs with various polymers, especially biopolymers such as polysaccharides.
Polysaccharides are biocompatible, non-toxic and renewable; in addition, they possess chemical
groups that permit further functionalization of the MNPs. Multifunctional entities can be created
through decoration with specific molecules e.g. proteins, peptides, drugs, antibodies, biomimetic
ligands, transfection agents, cells, and other ligands. This development opens a whole range of
applications for iron oxide nanoparticles. In this review the properties of magnetic structures
composed of MNPs and several polysaccharides (Agarose, Alginate, Carrageenan, Chitosan,
Dextran, Heparin, Gum Arabic, Pullulan and Starch) will be discussed, in view of their recent
and future biomedical and biotechnological applications.
Keywords: Magnetic nanoparticles; Iron oxide; Polysaccharides; Biotechnology; Biomedical
J. Liu, M.L. Fu, Q.H. Chen. Biotransformation optimization of betulin into betulinic acid
production catalysed by cultured Armillaria luteo-virens Sacc ZJUQH100-6 cells. Journal
of Applied Microbiology, Volume 110(1) (2011): 90–97
Aims: Betulinic acid has attracted attention in terms of its important biological and
pharmacological characteristics. The main objective of this work was to optimize the variables
of biotransformation process in order to enhance betulinic acid production from betulin catalysed
by fungus Armillaria luteo-virens Sacc ZJUQH100-6.
Methods and Results: Fractional factorial design and response surface methodology were
applied to optimize the main parameters that affect betulinic acid production in the growing-cells
system. Results indicated that the addition of Tween 80 and substrate concentration were
identified as the significant factors on betulinic acid formation, and the central composite
experimental design was then adopted to derive a statistical model for optimizing
biotransformation conditions. The optimum conditions were observed at pH 6·0, 0·57% Tween
80, 15 mg l−1 betulin and at 3 days of stage of inoculation.
Conclusions: Under the optimized conditions, the highest productivity of betulinic acid
predicted was 9·32%, which increased by 74·53% in comparison with that of the nonoptimized.
The verified experiment revealed that the model can well simulate betulin biotransformation.
Moreover, the bioconversion of betulin and betulin-28-monooxygenase activities was compared
between the optimized and the nonoptimized conditions.
Significance and Impact of the Study: Current data imply that betulinic acid production from
betulin can be effectively enhanced through biotransformation optimization strategy.
Keywords: Armillaria luteo-virens Sacc ZJUQH100-6; betulin-28-monooxygenase; betulinic
acid; biotransformation condition
Yuchang Liu, Guiying Chen, Fanglan Ge, Wei Li, Lihua Zeng and Weiguo Cao. Efficient
biotransformation of cholesterol to androsta-1,4-diene-3,17-dione by a newly isolated
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actinomycete Gordonia neofelifaecis. World Journal of Microbiology and Biotechnology,
Volume 27(4) (2011): 759-765
A newly isolated actinomycete, Gordonia neofelifaecis (NRRL B-59395) from the faeces of
Neofelis nebulosa, was used to selectively degrade the side-chain of cholesterol. The
intermediates were purified and characterized. Quantitative analysis of the accumulated
metabolites from cholesterol side-chain cleavage was conducted during the biotransformation.
The results showed that the profile of accumulated intermediates was different from those of
other reported microorganisms. Among the five metabolites, androsta-1,4-diene-3,17-dione
(ADD) was the main product of the side-chain degradation, with a high conversion rate (87.2%),
indicating its potential for industrial production of ADD. At the end of transformation, the
substrate cholesterol was completely consumed. The effect of some factors on the bioconversion
was also investigated. To our best knowledge, this is the first report regarding cholesterol sidechain cleavage using bacteria belonging to Gordonia.
Keywords: Gordonia neofelifaecis – Side-chain cleavage of cholesterol – Androsta-1,4-diene3,17-dione
Xi-Xiang Yina, b, Yong-Yu Zhanga, Jun Yang a and Yong-Guan Zhua, b. (a Key Lab of Urban
Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences,
Xiamen 361021, China, b State Key Lab of Urban and Regional Ecology, Research Center
for Eco-environmental Sciences, Chinese Academy of Sciences, 18 Shuangqing Road,
Beijing 100085, China). Rapid biotransformation of arsenic by a model protozoan
Tetrahymena thermophila. Environmental Pollution, Volume 159(4) (2011) : 837-840
Arsenic biomethylation and biovolatilization are thought to be two important metabolic
pathways in aquatic and soil environments. Tetrahymena thermophila is a genus of free-living
ciliated protozoan that is widely distributed in freshwater environments around the world. In this
study, we studied arsenic accumulation, speciation, efflux, methylation and volatilization in this
unicellular eukaryote exposed to various concentrations of arsenate. Our results show that T.
thermophila accumulated 187 mg.kg−1 dry weight of arsenic when exposed to 40 µM for 48 h,
with MMAs(V) (monomethylarsenate) and DMAs(V) (dimethylarsenate) as the dominant
species, accounting for 66% of the total arsenic. Meanwhile, arsenate, arsenite, MMAs(V) and
DMAs(V) were detected in the culture medium; the last three were released by the cells. The
production of volatile arsenic increased with increasing external As(V) concentrations and
exposure time. To our knowledge, this is the first study on arsenic metabolism, particularly
biomethylation and biovolatilization, in protozoa.
Tetrahymena thermophila can rapidly methylate arsenic, and produce volatile arsenicals.
Keywords: Arsenate; Biomethylation; Efflux; Biovolatilization; Tetrahymena thermophila
Lydie Coulombel, Louise C. Nolan, Jasmina Nikodinovic, Evelyn M. Doyle and Kevin E.
O’Connor. Biotransformation of 4-halophenols to 4-halocatechols using Escherichia coli
expressing 4-hydroxyphenylacetate 3-hydroxylase. Applied Genetics and Molecular
Biotechnology. Applied Microbiology and Biotechnology, Volume 89(6) (2011): 1867-1875
Escherichia coli cells, expressing 4-hydroxyphenylacetate 3-hydroxylase, fully transformed 4halogenated phenols to their equivalent catechols as single products in shaken flasks. 430
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Fluorophenol was transformed at a rate 1.6, 1.8, and 3.4-fold higher than the biotransformation
of 4-chloro-, 4-bromo-, and 4-iodo-phenol, respectively. A scale-up from shaken flask to a 5 L
stirred tank bioreactor was undertaken to develop a bioprocess for the production of 4substituted halocatechols at higher concentrations and scale. In a stirred tank reactor, the
optimized conditions for induction of 4-HPA hydroxylase expression were at 37 °C for 3 h. The
rate of biotransformation of 4-fluorophenol to 4-fluorocatechol by stirred tank bioreactor grown
cells was the same at 1 and 4.8 mM (5.13 µmol/min/g CDW) once the ratio of biocatalyst (E.
coli CDW) to substrate concentration (mM) was maintained at 2:1. At 10.8 mM 4-fluorophenol,
the rate of 4-fluorocatechol formation decreased by 4.7-fold. However, the complete
transformation of 1.3 g of 4-fluorophenol (10.8 mM) to 4-fluorocatechol was achieved within
7 h in a 1 L reaction volume. Similar to 4-fluorophenol, other 4-substituted halophenols were
completely transformed to 4-halocatechols at 2 mM within a 1–2 h period. An increase in 4halophenol concentration to 4.8 mM resulted in a 2.5–20-fold decrease in biotransformation
efficiency depending on the substrate tested. Organic solvent extraction of the 4-halocatechol
products followed by column chromatography resulted in the production of purified products
with a final yield of between 33% and 38%.
Keywords: Biotransformation – 4-Halogenated
hydroxylase – Scale-up process

catechols – 4-Hydroxyphenylacetate

3-

Biomarker
Zheng Lia, , Andreas Sjödina, Lovisa C. Romanoffa, Kevin Hortonb, Christopher L.
Fitzgeraldb, Adam Epplerb, Manuel Aguilar-Villalobosc and Luke P. Naeherb. (aCenters for
Disease Control and Prevention, 4770 Buford Highway, Mail Stop F-53, Atlanta, GA
30341, United States, b University of Georgia, College of Public Health, Environmental
Health Science, Athens, GA 30602, United States, c Asociación del Aire Ambiental, Lima,
Peru). Evaluation of exposure reduction to indoor air pollution in stove intervention
projects in Peru by urinary biomonitoring of polycyclic aromatic hydrocarbon metabolites.
Environment International, Volume 37(7) (2011): 1157-1163
Burning biomass fuels such as wood on indoor open-pit stoves is common in developing regions.
In such settings, exposure to harmful combustion products such as fine particulate matter
(PM2.5), carbon monoxide (CO) and polycyclic aromatic hydrocarbons (PAHs) is of concern. We
aimed to investigate if the replacement of open pit stoves by improved stoves equipped with a
chimney would significantly reduce exposure to PAHs, PM2.5 and CO. Two stove projects were
evaluated in Peru. Program A was part of the Juntos National Program in which households built
their own stoves using materials provided. In Program B, Barrick Gold Corporation hired a
company to produce and install the stoves locally. A total of 30 and 27 homes participated in
Program A and B, respectively. We collected personal and kitchen air samples, as well as
morning urine samples from women tasked with cooking in the households before and after the
installation of the improved stoves. Median levels of PM2.5 and CO were significantly reduced in
kitchen and personal air samples by 47–74% after the installation of the new stoves, while the
median reduction of 10 urinary hydroxylate PAH metabolites (OH-PAHs) was 19%–52%. The
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observed OH-PAH concentration in this study was comparable or higher than the 95th percentile
of the general U.S. population, even after the stove intervention, indicating a high overall
exposure in this population.
Research Highlights
► Indoor biomass-burning stoves are common around the world. ► Indoor air pollution from
biomass burning stoves is hazardous to human health. ► We conducted a stove intervention
study in Peru. ► Exposure reduction was evaluated by biomonitoring and air monitoring. ►
Improved stoves significantly reduced exposure to PAHs, PM2.5 and CO.
Keywords: Biomass burning; Solid fuel; Stove intervention; Polycyclic aromatic hydrocarbons;
Peru; Biomonitoring
Abbreviations: PAH, polycyclic aromatic hydrocarbons; OH-PAH, hydroxylated polycyclic
aromatic hydrocarbon metabolites; NHANES, National Health and Nutritional Examination
Survey; GC/HRMS, gas chromatography/high-resolution mass spectrometry; PM2.5, fine
particulate matters with aerodynamic diameters less than 2.5 µm; IAP, indoor air pollution
A. Itzioua and V.K. Dimitriadis , a. (a Department of Genetics, Development and Molecular
Biology, School of Biology, Aristotle University of Thessaloniki, Thessaloniki 54124,
Greece). Introduction of the land snail Eobania vermiculata as a bioindicator organism of
terrestrial pollution using a battery of biomarkers. Science of The Total Environment,
Volume 409(6) (2011): 1181-1192
The present study aimed to enrich the group of sentinel organisms of terrestrial pollution
biomonitoring, by investigating the efficacy of the land snail Eobania vermiculata. For this
reason, a package of biomarkers was performed on land snails E. vermiculata collected from
polluted areas in the field or treated with heavy metals in the laboratory. The biomarkers used
were neutral red lysosomal retention assay of the haemocytes, acetylcholinesterase activity in the
digestive gland and the haemolymph, and metallothionein content of the digestive gland.
Moreover, the morphometric changes in the lysosomal system and the morphometric alterations
of the neutral lipids were also investigated. In addition, the content of cadmium, lead and copper
was evaluated in the digestive gland of the snails. The results revealed appreciable alterations in
the biomarker values both in field- and laboratory-conditions, accompanied by significant
correlations among the biomarkers. Therefore, this exploratory study suggests the utility of E.
vermiculata as a sentinel organism for biomonitoring the biologic impact of terrestrial pollution,
and supports the package's efficacy of the selected biomarkers.
Research Highlights
► Significant changes were noted in the values of the applied biomarkers. ► A package of
biomarkers is supported to be an efficient tool for biomoniroting studies. ► The land snail
Eobania vermiculata is proposed to be a good bioindicator organism in terrestrial pollution
studies.
Keywords: Eobania vermiculata; Terrestrial; Bioindicator; Field; Heavy metals; Biomarkers
Erica Giarratano a1, Mónica N. Gilb, and Gabriela Malangac,. (a Centro Austral de
Investigaciones Científicas (CADIC-CONICET), Bernardo Houssay 200, V9410BFD
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Ushuaia, Tierra del Fuego, Argentina, b Centro Nacional Patagónico (CENPAT –
CONICET), Boulevard Brown 2915, 9120 Puerto Madryn, Chubut, Argentina, c
Fisicoquímica PRALIB-CONICET, Facultad de Farmacia y Bioquímica, Universidad de
Buenos Aires, Junín 956, 1113 Capital Federal, Argentina). Seasonal and pollution-induced
variations in biomarkers of transplanted mussels within the Beagle Channel. Marine
Pollution Bulletin, Volume 62(6) (2011) : 1337-1344
The occurrence of biomarker variations linked to environmental factors makes it difficult to
distinguish the effect of pollution. In an attempt to evaluate spatial and seasonal effects of
environmental parameters on biomarker responses, mussels Mytilus edulis chilensis coming from
an aquaculture farm were transplanted to several points within Ushuaia Bay (Beagle Channel)
for 6 weeks in summer and winter. Activities of superoxide dismutase, catalase, glutathione-Stransferase and levels of lipid peroxidation were measured in gills and digestive gland. Cu, Zn,
Fe, Cd and Pb concentrations were also assessed. Results indicated a significant effect of seasons
on biological responses as well as in metal bioaccumulation showing the influence of natural
factors such as dissolved oxygen, temperature and food availability. The interdependence of
those environmental factors is important for the homeostasis of thermoconformers, especially
regarding their oxidative metabolism and should also be taken into consideration to distinguish
natural from pollution-induced variations.
Highlights
► GST and SOD activities have been studied for the first time in mussels from Ushuaia Bay. ►
LPO levels were higher in areas receiving urban wastewaters. ► Biomarkers and heavy metals
were seasonally affected, probably associated to reproductive cycle. ► Superoxide dismutase
activity was induced by heavy metals. ► Catalase activity would be the best biomarker
considering that it was seasonal independent.
Keywords: Biomarkers; Mussels; Heavy metals; Lipid peroxidation; Seasonality
Simona Carfagna A1, Vincenza Vona A2, Giovanna Salbitani A3, Sergio Sorbo A4, Nicola
Lanza A5, Barbara Conte A6, Vittoria Rigano A7, Rosa Cobianchi A8, Biagio Golia A9,
Adriana Basile A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22 . (A1 Dipartimento delle
Scienze Biologiche, Sezione di Biologia Vegetale, Universita di Napoli 'Federico II', Via
Foria 223, I-80139 Napoli, Italy, A2 Dipartimento delle Scienze Biologiche, Sezione di
Biologia Vegetale, Universita di Napoli 'Federico II', Via Foria 223, I-80139 Napoli, Italy,
A3
Dipartimento delle Scienze Biologiche, Sezione di Biologia Vegetale, Universita di Napoli
'Federico II', Via Foria 223, I-80139 Napoli, Italy, A4 CISME, Universita di Napoli
'Federico II', via Foria 223, I-80139 Napoli, Italy, A5 Dipartimento delle Scienze Biologiche,
Sezione di Biologia Vegetale, Universita di Napol, A6 Federico I, A7 , Via Foria 223, I-80139
Napoli, Italy, A8 Dipartimento delle Scienze Biologiche, Sezione di Biologia Vegetale,
Universita di Napoli, A9 Federico II, A10 , Via Foria 223, I-80139 Napoli, Italy,
A11
Dipartimento di Farmacologia Sperimentale, Universita di Napoli, A12 Federico II, A13 ,
Via Montesano 49, I-80131 Napoli, Italy, A14 Dipartimento delle Scienze Biologiche, Sezione
di Biologia Vegetale, Universita di Napoli, A15 Federico II, A16 , Via Foria 223, I-80139
Napoli, Italy, A17 Dipartimento delle Scienze Biologiche, Sezione di Biologia Vegetale,
Universita di Napoli, A18 Federico II, A19 , Via Foria 223, I-80139 Napoli, Italy,
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Dipartimento delle Scienze Biologiche, Sezione di Biologia Vegetale, Universita di
Napoli, A21 Federico II, A22 , Via Foria 223, I-80139 Napoli, Italy). Cysteine synthesis in
Scorpiurum circinatum as a suitable biomarker in air pollution monitoring. International
Journal of Environment and Health, Volume 5(1-2) (2011): 93 - 105
Heavy metals enter ecosystems by both natural and anthropogenic processes. An excess of
metals in the environment damages plant metabolism, leading to oxidative stress in the cell.
Most metal ions present in the cell are bound to low molecular mass ligands. The major types of
S-containing ligands involved in metal binding are derived from cysteine. The authors show, for
the first time in Scorpiurum circinatum, a Mediterranean epiphytic moss, that cysteine synthesis
is linked to environmental heavy metal pollution. In moss bag exposed in strongly heavy metals
polluted sites, O-acetylserine(thio)lyase (OASTL) activity seems strongly related to heavy metal
exposure. In addition, heavy metal exposure in S. circinatum caused ultrastructural alterations of
vacuolar system and thylakoid organisation, as shown through Transmission Electron
Microscopy (TEM) observations. Because S. circinatum is able to tolerate and accumulate
various heavy metals, the authors suggest the OASTL enzymatic assay in S. circinatum as
biomarker of heavy metals.
Keywords: Scorpiurum circinatum, moss bags, heavy metals, OASTL, Oacetylserine(thio)lyase, TEM, transmission electron microscopy, cysteine synthesis, biomarkers,
biomonitoring, air pollution, pollution monitoring, environmental pollution
Oztetik E, Cicek A. Effects of urban air pollutants on elemental accumulation and
identification of oxidative stress biomarkers in the transplanted lichen Pseudovernia
furfuracea. Environ Toxicol Chem., Vol. 30(7) (2011):1629-36
Determining the origins of heavy metals, their accumulation, and their detoxification
mechanisms constitutes a major problem in understanding environmental pollution in urban
areas. The objective of this study was to detect the relative air quality in Eskisehir city center
(Turkey) through the transplanted epiphytic lichen Pseudovernia furfuracea as a biomonitor of
the concentrations of some heavy metals accumulated and to describe their toxic effects on
lichen physiology during the study period of one year. The influence of heavy metal
accumulations on macroelement levels were also examined. In addition to analysis of B, K, Ca,
P, S, Al, Fe, Mg, Mn, Ni, Zn, Pb, and Cu, total soluble proteins and oxidative stress parameters
through glutathione (GSH) contents and glutathione S-transferase (GST) activities were also
determined. Results indicate that, although the heavy metal concentrations were found to be
gradually increased from the unpolluted control zone to the city center, the concentrations of
macroelements S and Ca were higher in the polluted area. However, B, K, Mg, and P elements
were found to be higher in the unpolluted area than in the polluted zones. It seems that heavy
metals induce oxidative stress in lichens; we found enhancement of GSH concentrations and
GST activity. Most probably, the expected destruction in this organism was reduced by the
intervention of antioxidant capacity. Therefore, this report confirms the fact that the epiphytic
lichen P. furfuracea is a good model for biomonitoring atmospheric quality for a long-term
transplantation study, and oxidative stress parameters stand out as a tool for an early
environment assessment of other physiological parameters.
Marina Teminaa and Giora J. Kidronb. (a Institute of Evolution, University of Haifa,
Mount Carmel, Haifa 31905, Israel, b Institute of Earth Sciences, The Hebrew University of
Jerusalem, Givat Ram Campus, Jerusalem 91904, Israel). Lichens as biomarkers for dew
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amount and duration in the Negev Desert. Flora - Morphology, Distribution, Functional
Ecology of Plants, Volume 206(7) (2011): 646-652
We studied the lichen diversity on cobbles at 18 stations located within 4 aspects of a second
order drainage basin near Sede Boqer at the Negev Highlands, Israel, where dew was found to be
the main water source for lichens. At each station 10 cobbles were randomly chosen and the
lichen community composition and structure were investigated and compared to the dew amount
and duration that characterize each station. Excluding the wadi stations that showed a very
heterogeneous population (probably originating from cobbles that rolled down from both
adjacent slopes) and were therefore excluded from the analysis, all other stations were grouped
into 5 clusters that showed a close link with the dew moisture regime. Lichen distribution
pointed to species which can serve as biomarkers for dew amount and especially for dew
duration. The data imply that at a meso-scale, lichens can provide information regarding the dew
regime of habitats where no microclimatological data are available.
Keywords: Dew; Rain; Lichens; Negev Desert; Indicator species
Valier Galya, , Timothy Eglintona, b, Christian France-Lanordc, and Sean Sylva a. (aWoods
Hole Oceanographic Institution, Department of Marine Chemistry and Geochemistry, 360
Woods Hole Road, Woods Hole, MA 02543, USA, b Geological Institute, NO G59,
Department of Earth Sciences, Sonneggstrasse 5, ETH, 8092 Zurich, Switzerland, c Centre
de Recherches Pétrographiques et Géochimiques, BP 20, 54501 Vandoeuvre-lès-Nancy,
France). The provenance of vegetation and environmental signatures encoded in vascular
plant biomarkers carried by the Ganges–Brahmaputra rivers. Earth and Planetary Science
Letters, Volume 304(1-2) (2011): 1-12
Organic matter carried by rivers and deposited in continental and marine sediments contains
valuable information on past environmental conditions and their impact on the terrestrial
biosphere. In order to use sedimentary records to reconstruct past environmental conditions on
the continents, such as vegetation cover and type, or precipitation intensity, we need to
understand the provenance of the organic signatures and how they are transferred, and
potentially modified, by fluvial transport to the sedimentary reservoir. In particular, we need to
understand how environmental conditions are imprinted in the composition of riverine
particulate organic carbon. Here we investigate the stable carbon and hydrogen isotopic
signatures of vascular plant leaf wax biomarkers in the modern-day Ganges and Brahmaputra
river complex, one of the largest fluvial systems on Earth. The distribution of n-alkanes and nalkanoic acids in Ganges–Brahmaputra river sediments suggests that vascular plant inputs are
consistently a significant component of the organic carbon pool. Molecular δ13C measurements
reveal that C3 vegetation inputs delivered by the Himalayan rivers are partly degraded and
replaced by mixed C3/C4 vegetation input in the floodplain. The hydrogen isotopic composition
of long-chain (C24+) n-alkanoic acids, in combination with their stable C isotopic composition,
provides constraints on the isotopic composition of the environmental water used by higher
plants within the drainage basin. Calculated compositions compare well with the depleted δD
isotopic ratios of the river water during the summer monsoon, suggesting that H-isotopic
compositions of long-chain alkanoic acids are a valuable proxy for the composition of summer
monsoon moisture in the Ganges–Brahmaputra basin. Detailed studies of the “isotopic anatomy”
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of modern river systems are critical for informed interpretation of marine sedimentary records in
river-influenced continental margins.
Research highlights
► Vascular plant inputs are a significant component of the riverine organic C pool. ►
Himalayan OC is partly degraded and replaced by mixed C3/C4 input in the floodplain. ► δD
composition of FAMEs records that of river water during the summer monsoon. ► δD
composition of FAMEs is a proxy for summer monsoon intensity. ► Detailed studies of rivers
are critical for interpretation of marine records.
Keywords: organic carbon; rivers; Himalaya; monsoon; biomarkers; compound specific stable
isotopes
Gözde Aydoğan Kılıça. (a Anadolu University, Faculty of Science, Department of Biology,
26470 Eskişehir, Turkey). Histopathological and biochemical alterations of the earthworm
(Lumbricus Terrestris) as biomarker of soil pollution along Porsuk River Basin (Turkey).
Chemosphere, Volume 83(8) (2011): 1175-1180
This study investigated biomarker responses of the earthworm Lumbricus terrestris in order to
evaluate the soil pollution along Porsuk River Basin. Samples consisted of animals from six sites
that are agricultural regions and a forested control. Histopathological and biochemical alterations
were examined. Significant histopathological alterations were observed in animals from three of
the sampling sites. There was an enlargement of epithelial cell lining, mucus cell hyperplasia and
increase in mucus secretion. Circular and longitudinal muscles lost their structural integrity.
Chloragogenous tissue was dilated and vocuolized. Necrosis was observed in the cells and
tissues of some affected worms. A load of heavy metals in tissues of animals was determined.
Heavy metals were found to be accumulated particularly in longitudinal muscles of animals.
CAT activity was found to be increased in animals from three of the experimental sites. GST
activity was also increased in five sites while it was stable in one site. The results have shown
that animals from locations particularly that are close to urbanized and industrialized regions
were seriously affected from the soil pollution around the basin. These results are reflecting the
biological effects of soil pollution around Porsuk River Basin on the indicator organism L.
terrestris and constitute an early warning of ecological change in relation to human health.
Research highlights
► The pollution around Porsuk River Basin induced biomarker responses of Lumbricus
terrestris. ► Heavy metal accumulations, increased GST and CAT levels are the observable
changes. ► Necrosis is the most serious finding of pathology. ► Samples from industrialized
and urbanized regions are particularly affected.
Keywords: Porsuk River Basin; Soil pollution; Earthworm histopathology; Biomarker responses

Biofertilizer
Anwar Hussain and Shahida Hasnain. Phytostimulation and biofertilization in wheat by
cyanobacteria. Journal of Industrial Microbiology & Biotechnology, Volume 38(1) (2011):
85-92
36

Abstract Vol. No. 18, June 2011

ENVIS Centre on Environmental Biotechnology

Cyanobacteria are commonly used for the phytostimulation and biofertilization of agriculture
crops due to their nitrogen-fixing ability. However, the contribution by their phytohormones has
been neglected. This study focuses on the screening of rhizospheric and free-living
cyanobacteria for in vitro phytohormones production and growth stimulation in wheat. Selected
isolates were shown to release cytokinin and indole-3-acetic acid (IAA) by using UPLC coupled
with MS/MS via an electrospray interface. The maximum cytokinin and IAA concentration was
22.7 pmol mg−1 ch-a and 38 pmol mg −1 ch-a, respectively, in the culture medium of
Chroococcidiopsis sp. Ck4 and Anabaena sp. Ck1. The growth of wheat inoculated with
cyanobacterial strains was stimulated under axenic as well as field conditions. Seed germination,
shoot length, tillering, number of lateral roots, spike length, and grain weight were significantly
enhanced in inoculated plants. The maximum increase in grain weight (43%) was demonstrated
in wheat plants inoculated with Chroococcidiopsis sp. Ck4 under natural conditions. Positive
linear correlation of cyanobacterial cytokinin with shoot length (r = 0.608; P = 0.01), spike
length (r = 0.682; P = 0.01), and grain weight (r = 0.0.869; P = 0.01) was recorded. Similarly,
cyanobacterial IAA was correlated with the root growth parameters shoot length (r = 0.588;
P = 0.01), spike length (r = 0.0.689; P = 0.01), and weight of seeds (r = 0.480; P = 0.05). The
endogenous phytohormones pool of the plant was enhanced significantly as a result of the plant–
cyanobacteria association in the rhizosphere. It was concluded that cyanobacterial
phytohormones are a major tool for improved growth and yield in wheat.
Keywords: Cyanobacteria - Phytohormones - Cytokinins - IAA - Wheat

Biocomposting
Hassan Abbasnezhad, Julia M. Foght and Murray R. Gray. Adhesion to the hydrocarbon
phase increases phenanthrene degradation by Pseudomonas fluorescens LP6a.
Biodegradation, Volume 22(3) (2011): 485-496
Microbial adhesion is an important factor that can influence biodegradation of poorly water
soluble hydrocarbons such as phenanthrene. This study examined how adhesion to an oil–water
interface, as mediated by 1-dodecanol, enhanced phenanthrene biodegradation by Pseudomonas
fluorescens LP6a. Phenanthrene was dissolved in heptamethylnonane and added to the aerobic
aqueous growth medium to form a two phase mixture. 1-Dodecanol was non-toxic and
furthermore could be biodegraded slowly by this strain. The alcohol promoted adhesion of the
bacterial cells to the oil–water interface without significantly changing the interfacial or surface
tension. Introducing 1-dodecanol at concentrations from 217 to 4,100 mg l−1 increased
phenanthrene biodegradation by about 30% after 120 h incubation. After 100 h incubation,
cultures initially containing 120 or 160 mg l−1 1-dodecanol had mineralized >10% of the
phenanthrene whereas those incubated without 1-dodecanol had mineralized only 4.5%. The
production and accumulation of putative phenanthrene metabolites in the aqueous phase of
cultures likewise increased in response to the addition of 1-dodecanol. The results suggest that
enhanced adhesion of bacterial cells to the oil–water interface was the main factor responsible
for enhanced biodegradation of phenanthrene to presumed polar metabolites and to CO2.
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Keywords: Aerobic phenanthrene biodegradation – Bacterial
Pseudomonas fluorescens – Hydrophobicity

adhesion – 1-Dodecanol –

Sunil Kumar. (National Environmental Engineering Research Institute (NEERI) [Council
of Scientific and Industrial Research (CSIR)], Zonal Laboratory I-8, Sector “C”, Kolkata,
India Address for Correspondence: Sunil Kumar, National Environmental Engineering
Research Institute (NEERI) [Council of Scientific and Industrial Research (CSIR)], Zonal
Laboratory I-8, Sector “C”, East Kolkata, EM Bypass Kolkata, 700 107, India. E-mail:
s_kumar@neeri.res.in or sunil_neeri@yahoo.co.in). Composting of municipal solid
waste,Vol. 31(2) (2011): 112-136
This paper reviews the literature on the composting process, which is one of the technological
options for the processing of municipal solid wastes (MSWs). The process assumes a great
significance, particularly from the point of its economic viability, capability for recycling of
nutrients and waste minimization with minimum environmental problems. A number of studies
on various aspects of the composting process, including process control and monitoring
parameters such as temperature, pH, moisture content, aeration, and porosity are reviewed.
Salient observations on microbial properties of composting are described and details of
vermicomposting, as well as a detailed analysis of patents on composting of MSW, are
presented.
Keywords: Compost, vermicompost, biomethanation, decomposition, organic matter
Melissa J. Day, Randolph S. Currah. (Department of Biological Sciences, University of
Alberta, Edmonton, AB T6G 2E9, Canada). In vitro degradation of the moss Hylocomium
splendens by three pleosporalean fungi. Canadian Journal of Microbiology, 57:(5) (2011):
382-391
Three darkly pigmented species of conidial fungi of the family Pleosporaceae isolated from
plants colonizing the Saskatchewan Glacier forefield were examined for potential roles in the
degradation of moss gametophytes. Curvularia inaequalis and Ulocladium atrum isolated from
bryophytes Ditrichum flexicaule and Tortella tortuosa, respectively, and Chalastospora gossypii
from Saxifraga oppositifolia were inoculated onto autoclaved gametophytes of the moss
Hylocomium splendens. All three species of fungi caused mass losses of the moss gametophytes.
In vitro enzymatic tests revealed that all three fungi degraded cellulose, while none degraded
insoluble polyphenols. When this material was examined by scanning electron microscopy, it
was evident that the fungi had eroded the outer wall layer of the moss leaf cells to some extent
but not the inner layer containing more lignin-like compounds. Once the outer wall layer was
removed, the cells easily disarticulated. It is proposed that accumulations of these phenolics-rich
leaf fragments subsequently ameliorate the rooting environment for vascular plants and have the
potential to support the growth of basidiomycetes and other fungi, potentially mycorrhizal with
pioneer vascular plants.
Key words: decomposition, Pleosporaceae, Hylocomium splendens
Anoop Yadava and V.K. Garga. (a Department of Environmental Science and Engineering,
Guru Jambheshwar University of Science and Technology, Hisar-125001, Haryana, India).
Vermicomposting – An effective tool for the management of invasive weed Parthenium
hysterophorus. Bioresource Technology, Volume 102(10) (2011): 5891-5895
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This study reports the results of vermicomposting with Eisenia fetida of Parthenium
hysterophorus mixed with cow dung in different ratios (25%, 50% and 75%) in a 18 weeks
experiment. In all the treatments, a decrease in pH, OCtotal and C:N ratio, but increase in EC,
Ntotal, Paval, Catotal, Ktotal and heavy metals was recorded. The cocoons production and growth rate
(biomass gain worm−1 day−1) were maximum in 100% cow dung. The results indicated that
parthenium can be a raw material for vermicomposting if mix with cow dung in appropriate
quantity.
Keywords: Parthenium hysterophorus; Eisenia fetida; Vermicomposting; Cow dung; Heavy
metals
Jukka M. Kurolaa, Mona Arnoldb, Merja H. Kontro a, Matti Talvesc and Martin
Romantschuka. (a Department of Environmental Sciences, University of Helsinki,
Niemenkatu 73 C, FIN-15140 Lahti, Finland, b VTT, Processes, P.B. 1000, FIN-02044 VTT,
Finland, c Engce Ltd., Tapparakatu 1, FIN-15700 Lahti, Finland). Wood ash for
application in municipal biowaste composting. Bioresource Technology, Volume 102(8)
(2011): 5214-5220
This study aimed to clarify the impacts of pH control by wood ash amendment on biowaste
composting processes. To achieve this, fresh source separated municipal biowaste was mixed
with low doses (2–8% wt/vol) of wood ash and processed in a pilot and large-scale composting
systems. The results indicated a correlation between a low initial pH and delay in the early rise
of the process temperature. Wood ash elevated the composting temperatures and pH, and
stimulated the mineralisation both in the pilot scale and the industrial large-scale processes.
According to the results addition of amounts of 4–8% wood ash is sufficient for efficient
biowaste composting process and yields a safe end product. However, to minimise the
environmental risk for heavy metal contamination, and meet the criteria for the limit values of
the impurities in wood ash, strict quality control of the applied wood ashes should be
implemented.
Research highlights
► We clarify the impacts of pH control by wood ash amendment on a pilot and large scale
biowaste composting processes. ► According to our experiments addition of amounts of 4–8%
wood ash is sufficient for efficient biowaste composting process and yields a safe end product.
► We scaled up successfully the application of wood ash to an industrial large scale composting
plant that was experiencing difficulties with high emission of malodours.
Keywords: Biowaste; Large-scale composting; pH control; Odour formation; Fly ash

Biopesticides
Scarlet Nere Ortega, Marcia Nitschke, Ana Maria Mouad, Maria Diva Landgraf, Maria
Olímpia Oliveira Rezende, Mirna Helena Regali Seleghim, Lara Durães Sette and André
Luiz Meleiro Porto. Isolation of Brazilian marine fungi capable of growing on DDD
pesticide. Biodegradation, Volume 22(1) (2011): 43-50
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The fungi Aspergillus sydowii Ce15, Aspergillus sydowii Ce19, Aspergillus sydowii Gc12,
Bionectria sp. Ce5, Penicillium miczynskii Gc5, Penicillium raistrickii Ce16 and Trichoderma
sp. Gc1, isolated from marine sponges Geodia corticostylifera and Chelonaplysylla erecta, were
evaluated for their ability to grow in the presence of DDD pesticide. Increasing concentrations of
DDD pesticide, i.e., 5.0 mg (1.56 × 10−12 mmol), 10.0 mg (3.12 × 10−2 mmol) and 15.0 mg
(4.68 × 10−2 mmol) in solid and liquid culture media were tested. The fungi Trichoderma sp.
Gc1 and Penicillium miczynskii Gc5 were able to grow in the presence of up to 15.0 mg of DDD,
suggesting their potential for biodegradation. A 100% degradation of DDD was attained in liquid
culture medium when Trichoderma sp. Gc1 was previously cultivated for 5 days and
supplemented with 5.0 mg of DDD in the presence of hydrogen peroxide. However, the
quantitative analysis showed that DDD was accumulated on mycelium and biodegradation level
reached a maximum value of 58% after 14 days.
Keywords: DDD - Marine fungi - Biodegradation - Trichoderma sp. - Penicillium miczynskii
Paul R. Sullivana, Lesley A. Postleb and Mic Julienc. (a Industry and Investment NSW,
Tamworth Agricultural Institute, 4 Marsden Park Road, Calala, NSW 2340, Australia, b
Industry and Investment NSW, Locked Bag 4, Richmond, NSW 2753, Australia, c CSIRO
Ecosystem Sciences, Ecosciences Precinct, P.O. Box 2853, Brisbane, QLD 4001, Australia).
Biological control of Salvinia molesta by Cyrtobagous salviniae in temperate Australia.
Biological Control, Volume 57(3) (2011): 222-228
A three year study of the interaction of salvinia weevil, Cyrtobagous salviniae, with Salvinia
molesta was undertaken in temperate Eastern Australia. Releases of C. salviniae were made on
rivers, creeks and dams from spring to mid summer of the first year and 12 sites were monitored.
Eight sites were controlled by C. salviniae within 12 months, however the weevil failed to
persist long term at some sites in still water habitats of creeks and dams. Better control was
achieved at sites with higher temperatures and higher salvinia nitrogen levels. Biological control
is an important salvinia management option in temperate regions and is now being used by weed
management organisations.
Highlights
► Cyrtobagous salviniae controlled Salvinia molesta in temperate Eastern Australia in a range
of water body types. ► Control in larger water bodies (rivers) was better than in creek and dams.
► Better control was achieved at sites with higher temperatures and higher salvinia N levels. ►
Integrating biological control with mechanical harvesting can assist control.
Keywords: Biological control; Salvinia; Salvinia weevil; Cyrtobagous salviniae; Temperature;
Nitrogen
Rachel L. Melnick a, Carmen Suárezb, Bryan A. Baileycand Paul A. Backmana. (aThe
Pennsylvania State University Department of Plant Pathology, 207 Buckhout Lab,
University Park, PA 16802, USA, b Instituto Nacional Autónomo de Investigaciones
Agropecuarias, Estacion Experimental Tropical, Km 5 vía Quevedo-El Empalme, cantón
Quevedo, Casilla 24, Pichilingue, Provincia Los Rios, Ecuador, c USDA-ARS Sustainable
Perennial Crops Lab, 10300 Baltimore Ave., BARC-WEST BLDG 001 Room 223,
Beltsville, MD 20705, USA). Isolation of endophytic endospore-forming bacteria from
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Theobroma cacao as potential biological control agents of cacao diseases. Biological
Control, Volume 57(3) (2011): 236-245
Sixty-nine endospore-forming bacterial endophytes consisting of 15 different species from five
genera were isolated from leaves, pods, branches, and flower cushions of Theobroma cacao as
potential biological control agents. Sixteen isolates had in vitro chitinase production. In
antagonism studies against cacao pathogens, 42% inhibited Moniliophthora roreri, 33%
inhibited Moniliophthora perniciosa, and 49% inhibited Phytophthora capsici. Twenty-five
percent of isolates inhibited the growth of both Moniliophthora spp., while 22% of isolates
inhibited the growth of all three pathogens. Isolates that were chitinolytic and tested negative on
Bacillus cereus agar were tested with in planta studies. All 14 isolates colonized the
phyllosphere and internal leaf tissue when introduced with Silwet L-77, regardless of the tissue
of origin of the isolate. Eight isolates significantly inhibited P. capsici lesion formation
(p = 0.05) in detached leaf assays when compared to untreated control leaves. ARISA with
bacilli specific primers amplified 21 OTUs in field grown cacao leaves, while eubacteria specific
primers amplified 58 OTUs. ARISA analysis of treated leaves demonstrated that inundative
application of a single bacterial species did not cause a long-term shift of native bacterial
communities. This research illustrates the presence of endospore-forming bacterial endophytes in
cacao trees, their potential as antagonists of cacao pathogens, and that cacao harbors a range of
bacterial endophytes.
Highlights
► All sampled cacao tissue was inhabited by endospore-forming bacterial endophytes. ►
Isolates were screened for chitinase production and inhibition of cacao pathogens. ► A subset of
isolates colonized leaves in the epiphytic and endophyte environments. ► Eight isolates reduced
Phytophthora capsici in a detached leaf assay. ► Application of bacteria to leaves caused no
shift in bacterial communities (ARISA).
Keywords: Theobroma cacao; Bacillus; Endophyte; Cacao; Moniliophthora; Phytophthora;
ARISA
Gerben J. Messelink a, Chantal M.J. Bloemharda, Juan A. Cortesa, Maurice W. Sabelisb and
Arne Janssenb. (a Wageningen UR Greenhouse Horticulture, P.O. Box 20, 2265 ZG
Bleiswijk, The Netherlands, b IBED, Section Population Biology, University of Amsterdam,
Science Park 904, 1098 XH Amsterdam, The Netherlands). Hyperpredation by generalist
predatory mites disrupts biological control of aphids by the aphidophagous gall midge
Aphidoletes aphidimyza. Biological Control, Volume 57(3) (2011): 246-252
Biological control of different species of pest with various species of generalist predators can
potentially disrupt the control of pests through predator-predator interactions. We evaluate the
impact of three species of generalist predatory mites on the biological control of green peach
aphids, Myzus persicae (Sulzer) with the aphidophagous gall midge Aphidoletes aphidimyza
(Rondani). The predatory mites tested were Neoseiulus cucumeris (Oudemans), Iphiseius
degenerans (Berlese) and Amblyseius swirskii Athias–Henriot, which are all commonly used for
pest control in greenhouse sweet pepper. All three species of predatory mites were found to feed
on eggs of A. aphidimyza, even in the presence of abundant sweet pepper pollen, an alternative
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food source for the predatory mites. In a greenhouse experiment on sweet pepper, all three
predators significantly reduced population densities of A. aphidimyza, but aphid densities only
increased significantly in the presence of A. swirskii when compared to the treatment with A.
aphidimyza only. This stronger effect of A. swirskii can be explained by the higher population
densities that this predator reached on sweet pepper plants compared to the other two predator
species. An additional experiment showed that female predatory midges do not avoid oviposition
sites with the predator A. swirskii. On the contrary, they even deposited more eggs on plants with
predatory mites than on plants without. Hence, this study shows that disruption of aphid control
by predatory mites is a realistic scenario in sweet pepper, and needs to be considered when
optimizing biological control strategies.
Highlights
► Three species of predatory mites were found to feed on eggs of an aphidophagous midge. ►
Hyperpredation of midge eggs by the predatory mite Amblyseius swirskii disrupted aphid
control. ► Female predatory midges do not avoid oviposition sites with the predator A. swirskii.
Keywords: Predatory midge; Amblyseius swirskii; Neoseiulus cucumeris; Iphiseius degenerans;
Myzus persicae; Higher-order predation; Secondary predation; Multiple pest control
María T. Defagó a, Analía Dumóna, Delia S. Avalosb, Sara M Palaciosc and Graciela
Valladaresa. (a Centro de Investigaciones Entomológicas de Córdoba, Facultad de Cs. Ex.
Fs. y Nat. U.N.C., Av. V. Sarsfield 1616, 5000 Córdoba, Argentina, b Cátedra de Zoología
Agrícola, Facultad de Ciencias Agropecuarias, U.N.C., Av. Valparaíso s/n, Ciudad
Universitaria, 5000 Córdoba, Argentina, c Laboratorio de Química Fina y Productos
Naturales, Universidad Católica de Córdoba, Camino a Alta Gracia Km 10, 5000 Córdoba,
Argentina). Effects of Melia azedarach extract on Cotesia ayerza, parasitoid of the alfalfa
defoliator Colias lesbian. Biological Control, Volume 57(2) (2011): 75-78
Extracts from the fruit of Melia azedarach L. (Meliaceae) have shown antifeedant and toxic
effects on several insect species, including various pests, but the action of these compounds on
natural enemies such as predators and parasitoids is less understood. The purpose of this work
was to assess extract effects on Cotesia ayerza (Brèthes) (Hymenoptera: Braconidae), a
parasitoid of the alfalfa defoliator Colias lesbia Fab. (Lepidoptera: Pieridae). The extract was
first tested on butterfly larvae, in order to determine sublethal concentrations, and thus enable the
evaluation of extract effects on parasitoid development from treated hosts. Direct effects of the
extract through ingestion or contact (topical application) on adult wasp survival were also
evaluated. An extract concentration of 0.2% was selected for parasitoid tests, since it allowed
butterfly larvae to survive and pupate at normal rates, while inducing sublethal effects
manifested as lower body weight. The indirect effects of the extract, through parasitoid
development on treated hosts, were seen only in a female-biased sex ratio, without significant
effects on either cocoon formation time, number of cocoons or adult parasitoids emerged. Adult
wasps suffered increased mortality when their food was treated with extract, but were unaffected
by topical application. These results suggest that M. azedarach extracts could represent an
interesting tool for integrated pest management of C. lesbia populations.
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Research highlights
► 0.2% Melia azedarach extract showed sublethal effects on alfalfa pest Colias lesbia. ► Only
sex ratio affected in Cotesia ayerza parasitoids developing on treated C. lesbia. ► Adult
parasitoids negatively affected by extract in food but not in topical application. ► The extract
could be useful in integrated pest management of the alfalfa defoliator.
Keywords: Cotesia ayerza; Melia azedarach; Botanical pesticides; Colias lesbia; Pest control
Y. Zheng1, a, Q.-Y. Xue1, a, L.-L. Xu1, a, Q. Xu1, a, S. Lua, C. Gua and J.-H. Guo a.
(aDepartment of Plant Pathology, College of Plant Protection, Nanjing Agricultural
University, Engineering Center of Bioresource Pesticide in Jiangsu Province, Key
Laboratory of Monitoring and Management of Crop Diseases and Pest Insects, Ministry of
Agriculture, Nanjing 210095, China). A screening strategy of fungal biocontrol agents
towards Verticillium wilt of cotton. Biological Control, Volume 56(3) (2011): 209-216
Three hundred and seventy-three fungal isolates were obtained from the endorhiza, rhizosphere,
and bulk soil of field-grown cotton plants. One hundred and five of them produced obvious
inhibition zones against Verticillium dahliae Kleb., so they were selected as antagonists towards
this pathogen. An assessment system was established to evaluate these 105 antagonists for their
biocontrol potential and plant growth-promoting potential. Their biocontrol potential was
assessed according to their in vitro antagonistic activity against V. dahliae and activities of
fungal cell wall degrading enzymes including protease, cellulase, and chitinase. Their plant
growth-promoting potential was assessed according to their in vitro activities of solubilizing
phosphate and fixing nitrogen. Thirty-three antagonists received at least three points of the total
value of assessed biocontrol potential and plant growth-promoting potential and were tested for
their biocontrol efficacy and growth-promoting effect on cotton under greenhouse conditions.
Twelve of them achieved positive biocontrol efficacy ranging from 8.58% to 69.78%; the
conventional correlation coefficient of the biocontrol efficacy of these antagonists with their
assessed biocontrol potential was 0.926. By using the screening strategy developed in this study,
Fusarium oxysporum strain By125, Nectria haematococca Bx247, and Phomopsis sp. By231
were identified as potential BCAs for controlling Verticillium wilt in cotton, for they achieved
biocontrol efficacy of 63.63–69.78% towards this disease and increased biomass by 18.54–
62.63% under greenhouse conditions. The present study also demonstrated that the endorhiza of
field-grown cotton plants may be a richer source of potential BCAs against Verticillium wilt
than the rhizosphere and bulk soil.
Research highlights
► A new screening strategy of BCA will promote biocontrol work significantly. ► This is the
first report using living Phomopsis sp. as BCA to control plant disease. ► There is a relationship
between biocontrol efficacy and in vitro activities.
Keywords: Verticillium wilt; Cotton; Antagonist; Biocontrol; Screening strategy; Assessment
L.A. Laceya, T.-X. Liub, 1, J.L. Buchmana, J.E. Munyaneza a, J.A. Goolsbyc and D.R.
Hortona. (a USDA-ARS, Yakima Agricultural Research Laboratory, Wapato, WA 98951,
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USA, b Texas A & M University, AgriLife Research and Extension Center, Weslaco, TX
78596, USA, c USDA-ARS, Beneficial Insects Research Unit, Kika de la Garza Subtropical
Agricultural Research Center, Weslaco, TX 78596, USA). Entomopathogenic fungi
(Hypocreales) for control of potato psyllid, Bactericera cockerelli (Šulc) (Hemiptera:
Triozidae) in an area endemic for zebra chip disease of potato. Biological Control, Volume
56(3) (2011): 271-278
Potato psyllid, Bactericera cockerelli, is a serious pest of potato and other solanaceous
vegetables in the United States, Mexico, Central America, and New Zealand and is responsible
for transmission of Candidatus Liberibacter solanacearum which causes a disease known as
“zebra chip” (ZC). Entomopathogenic fungi could provide a viable component for an integrated
pest management strategy for control of B. cockerelli and other potato pest insects. Three field
trials of commercial formulations of Metarhizium anisopliae (F 52®, Novozymes Biologicals)
and Isaria fumosorosea (Pfr 97®, Certis USA) and abamectin (Agri-Mek®, Syngenta, USA)
were conducted in Weslaco, Texas. Rates are expressed in quantity of product delivered in 375–
470 l of water/ha. F 52 applied at 0.51, 1.1, and 2.2 l/ha and Agri-Mek applied at 584 ml/ha
produced reductions of B. cockerelli eggs and nymphs of 45%, 59%, 67%, and 63%,
respectively. Only Agri-Mek significantly reduced plant damage. Pfr 97 at 1.1 kg/ha with and
without 1% Trilogy® (neem oil, Certis, USA), and Agri-Mek at 584 ml/ha resulted in psyllid
reductions of 78%, 76%, and 84%, respectively. Significantly decreased plant damage and ZC
symptoms were observed for all treatments. Tuber yields for Pfr plus Trilogy and Agri-Mek
were significantly higher than the control. F 52 applied at 1.1 and 2.2 l/ha and Pfr 97 at 1.1 and
2.2 kg/ha produced 62%, 62%, 66%, and 65% reduction, respectively. Tuber yield for both rates
of Pfr and the high rate of F 52 were significantly higher than the control. All fungal treatments
significantly reduced plant damage and ZC symptoms.
Research highlights
► A bioassay system was developed for evaluating fungi for control of potato psyllid. ► The
fungi Isaria fumosorosea and Metarhizium anisopliae killed adult psyllid in 3 days. ► I.
fumosorosea and M. anisopliae killed young and older nymphs in 4-5 days
Keywords: Isaria fumosorosea; Metarhizium anisopliae; Solanum tuberosum; Hypocreales
Jeffrey Gardnera, Michael P. Hoffmanna, Sylvie A. Pitchera and Jayson K. Harperb.
(aCornell University Department of Entomology, Ithaca, NY 14853, USA, b Pennsylvania
State University Department of Agricultural Economics and Rural Sociology, University
Park, PA 16802, USA). Integrating insecticides and Trichogramma ostriniae to control
European corn borer in sweet corn: Economic analysis. Biological Control, Volume 56(1)
(2011): 9-16
We compared the economics of controlling European corn borer (Ostrinia nubilalis) in sweet
corn by using the egg parasitoid, Trichogramma ostriniae, alone and integrated with insecticidal
sprays. An initial experiment in 2003 compared T. ostriniae alone against insecticide alone and a
second set of experiments conducted over 3 years (2006–2008) compared (1) insecticide alone
[Insecticide]; (2) no insecticide, no T. ostriniae [Untreated Check]; (3) T. ostriniae alone [T.
ostriniae 1X]; and (4) T. ostriniae + insecticide [Integrated]. In 2007 and 2008, a fifth treatment
was added consisting of three approximately weekly releases of T. ostriniae [T. ostriniae 3X].
Parasitism of O. nubilalis eggs was higher in plots receiving T. ostriniae; O. nubilalis eclosion
44

Abstract Vol. No. 18, June 2011

ENVIS Centre on Environmental Biotechnology

was lower with T. ostriniae; there was no interaction of T. ostriniae and insecticide on
parasitism, O. nubilalis eclosion, or total O. nubilalis larvae at harvest time. Partial crop budgets
were conducted for each treatment. In three of the 4 years, Untreated Checks had the highest
sweet corn ear damage. Ear damage after a single release of T. ostriniae was statistically no
different than using insecticides. In two of the three years, the Integrated treatment (T. ostriniae
1X + insecticide) generated the largest increase in profitability. The insecticide only treatment
generated the second best increase in profitability. When comparing a single release of T.
ostriniae to the insecticide only, the latter provided a better combination of efficacy and
profitability. The breakeven costs of the T. ostriniae justified their use relative to the Untreated
Check treatment, but not when compared to the Insecticide treatment. The breakeven costs for T.
ostriniae in the Integrated treatment exceeded the actual cost in two out of three years,
suggesting again that conventional growers could benefit from integrating T. ostriniae with
insecticidal treatments. Projected profitability based on ear packout obtained by combining data
among years suggests that in general, for low prices and yields, the increase in profit is quite
modest. In the lowest price-yield combination, the change in profit is T. ostriniae
3X > Integrated > Insecticide > T. ostriniae 1X Untreated Check. At high prices and high
yields, the differences between the management options when compared to Untreated Check are
considerable. In the highest price-yield combination, the change in profit is T. ostriniae
3X > Integrated
Insecticide > T. ostriniae 1X
Untreated Check.
Research highlights
► Research was conducted to determine the economic impact of using Trichogramma ostriniae
as biological control for the European corn borer, Ostrinia nubilalis, in sweet corn. ► Egg
parasitism by T. ostriniae was effective in reducing eclosion of O. nubilalis neonatal larvae, and
the reduced larval eclosion generally translated into a positive economic advantage. ►
Integrating T. ostriniae with insecticide provided the best control and best profitability. ►
Projections indicate that three releases of T. ostriniae would provide the best profitability.
Keywords: Trichogramma ostriniae; Ostrinia nubilalis; Zea mays; Biological control;
Economics; Partial budget; Breakeven cost; Sweet corn
Ardanov Pavlo a, Ovcharenko Leonidb, Zaets Irynab, Kozyrovska Nataliab and Pirttilä
Anna Maria a. (a Department of Biology, University of Oulu, Linnanmaa, P.O. Box 3000,
FIN-90014 Oulu, Finland, b Institute of Molecular Biology and Genetics of NASU, Acad.
Zabolotnoho str., 150, 03680 Kyiv, Ukraine). Endophytic bacteria enhancing growth and
disease resistance of potato (Solanum tuberosum L.). Biological Control, Volume 56(1)
(2011): 43-49
Priming plants by non-pathogenic bacteria allows the host to save energy and to reduce time
needed for development of defense reaction during a pathogen attack. However, information on
the role of endophytes in plant defense is limited. Here, the ability of endophytic bacteria to
promote growth and resistance of potato plants towards infection by the necrotroph
Pectobacterium atrosepticum was studied. A Pseudomonas sp. strain was selected due to
antagonism towards bacterial pathogens and a Methylobacterium sp. strain because of efficient
plant colonization. The aim of this study was to find if there is any correlation between plant
growth promotion and induction of resistance by endophytes of potato, as well as to study the
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putative mechanisms of endophytes interacting with the plant during resistance induction. Both
tested strains promoted growth of potato shoots but only the Pseudomonas sp. increased potato
resistance towards the soft rot disease. Induction of disease resistance by the Methylobacterium
sp. was inversely proportional to the size of bacterial population used for inoculation. The plant
antioxidant system was moderately activated during the induction of resistance by the biocontrol
strains. qPCR data on expression of marker genes of induced systemic resistance and acquired
systemic resistance in endophyte-infected Arabidopsis plants showed activation of both salicylic
acid and jasmonate/ethylene-dependent pathways after challenge inoculation with the pathogen.
We suggest that some endophytes have the potential to activate both basal and inducible plant
defense systems, whereas the growth promotion by biocontrol strains may not correlate with
induction of disease resistance.
Research highlights
► Growth promotion by endophytes was not correlated with enhanced disease resistance. ►
Disease resistance was associated with the moderate activation of antioxidant system. ► Potato
endophytes were able to induce disease resistance via priming.
Keywords: Antioxidant system; Biocontrol; Defense; Induced systemic resistance; Priming;
Soft rot disease
Rubén López-Mondéjara, Margarita Rosa and José Antonio Pascuala. (a Department of Soil
and Water Conservation and Organic Waste Management, Centro de Edafología y
Biología Aplicada del Segura (CEBAS-CSIC), P.O. Box 164, 30100 Espinardo, Murcia,
Spain). Mycoparasitism-related genes expression of Trichoderma harzianum isolates to
evaluate their efficacy as biological control agent. Biological Control, Volume 56(1) (2011):
59-66
The selection of new isolates of Trichoderma harzianum with high suppressive activity against
Fusarium oxysporum is a suitable strategy to avoid the increase of chemical pesticides. In this
study, 31 isolates of Trichoderma sp. were analyzed by RAPD-PCR and five isolates of T.
harzianum (T-30, T-31, T-32, T-57 and T-78) were selected. The expression of genes encoding
for NAGases (exc1 and exc2), chitinases (chit42 and chit33), proteases (prb1) and β-glucanases
(bgn13.1) activities and their respective in vitro enzymatic activities were measured. Dual plate
confrontation assays of the isolates against F. oxysporum were also tested. Different profiles of
gene expression between the different T. harzianum isolates were related to enzymatic activities
values and dual plate confrontation. In this work, the T. harzianum isolates T-30 and T-78
showed the greatest mycoparasitic potential against F. oxysporum, which could lead to improved
biocontrol of this phytopathogen.
Research highlights
► Five different isolates of Trichoderma harzianum were selected from 31 isolates of
Trichoderma thought RAPD-PCR, band profile analysis, and sequencing. ► Only four isolates
showed overgrowth on the pathogen Fusarium oxysporum. ► The production of hydrolytic
enzymes in T. harzianum was vastly different depending on the isolate. ► The mycoparasitismrelated genes in T. harzianum are expressed or not depending on the isolate. ► T-78 and T-30
possess promising mycoparasitic activity against F. oxysporum and they could be used in
agricultural situations to reduce infection.
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Keywords: Biocontrol; Fusarium oxysporum; Hydrolytic enzymes; Mycoparasitism; qRT-PCR;
Trichoderma harzianum
Đsmail Kasap. Biological control of the citrus red mite Panonychuscitri by the predator
mite Typhlodromus athiasae on two citrus cultivars under greenhouse conditions.
BioControl, Volume 56(3) (2011): 327-332
This study examined the efficacy of the predatory mite Typhlodromus athiasae Porath and
Swirski (Acari: Phytoseiidae) as a biological control agent of the citrus red mite Panonychus
citri (McGregor) (Acari: Tetranychidae) on seedlings of Washington and Valencia citrus
cultivars at 1:10, 1:20 and 1:40 predator:prey release ratios under greenhouse conditions. At
predator:prey ratios of 1:10, significant reductions on P. citri populations were observed one
week after release of T. athiasae, and populations remained at low levels thereafter. The highest
mean numbers of P. citri were found in the third week on the Washington cultivar and in the
fourth week on Valencia, in a control group with no predators. This study demonstrates the
potential of T. athiasae to effectively control P. citri on Washington and Valencia cultivars
under greenhouse conditions at predator:prey ratios of 1:10. However, T. athiasae was unable to
control the citrus red mite populations when the predator:prey ratio was reduced to 1:40. We
therefore recommend a release ratio of 1:10 for effective control of P. citri in greenhouses on
seedlings of Washington and Valencia citrus.
Keywords: Biological
Typhlodromus athiasae
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Chun Yan Wang, Zhe Ming Fang, Zhen Wang, Dong Liang Zhang, Li Juan Gu, Mi Ra
Lee, Lei Liu and Chang Keun Sung. Biological control of the pinewood nematode
Bursaphelenchus xylophilus by application of the endoparasitic fungus Esteya vermicola.
BioControl, Volume 56(1) (2011): 91-100
Esteya vermicola (Ophiostomataceae) is the first reported endoparasitic fungus of the pinewood
nematode (PWN), Bursaphelenchus xylophilus (Nematoda: Aphelenchoidoidea). It has high in
vitro infectivity. In this study, the nematocidal effect of E. vermicola in logs was investigated
and evaluated. Two months after inoculation of pine wilt-killed Pinus densiflora logs with E.
vermicola conidia suspensions of 3 × 108 and 3 × 106 ml−1, the density of nematodes decreased
by approximately 79% and 47%, respectively. When the fungus was sprayed on to four-year-old
pine seedlings one month before PWN inoculation, the survival index of seedlings reached 0.67
compared with only 0.067 for control seedlings without fungal spraying. These results suggest
that conidia spraying of E. vermicola can, to some extent, protect pine trees from wilt disease.
Moreover, infected nematodes and hyphae of E. vermicola were observed in the treated wood
sections.
Keywords: Pinewood nematode – Esteya vermicola – Biological control – Conidia spraying –
Nematode density – Survival index
Jennifer Mahony1, Olivia McAuliffe3, R Paul Ross2, 3 and Douwe van Sinderen1, 2.
(1Department of Microbiology, University College Cork, Cork, Ireland, 2 Alimentary
Pharmabiotic Centre, University College Cork, Cork, Ireland, 3 Moorepark Food Research
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Centre, Fermoy, Co., Cork, Ireland). Bacteriophages as biocontrol agents of food
pathogens. Current Opinion in Biotechnology, Volume 22(2) (2011): 157-163
Bacteriophages have long been recognized for their potential as biotherapeutic agents. The
recent approval for the use of phages of Listeria monocytogenes for food safety purposes has
increased the impetus of phage research to uncover phage-mediated applications with activity
against other food pathogens. Areas of emerging and growing significance, such as predictive
modelling and genomics, have shown their potential and impact on the development of new
technologies to combat food pathogens. This review will highlight recent advances in the
research of phages that target food pathogens and that promote their use in biosanitation, while it
will also discuss its limitations.
Stéphanie Diallo1,2, Alexandre Crépin1,2, Corinne Barbey1, Nicole Orange1, Jean-François
Burini1, Xavier Latour1. Mechanisms and recent advances in biological control mediated
through the potato rhizosphere. FEMS Microbiology Ecology. Volume 75(3) (2011): 351–
364
Potato cultivation has a strategic role as a food source for the human population. Its promising
future development relies on improving the control of the numerous microbial diseases that
affect its growth. Numerous and recent studies on the potato rhizosphere, mycorrhizosphere and
endorhiza reveal the presence of a diverse and dense microbial community. This microbial
community constitutes a rich source for plant growth-promoting rhizobacteria and biocontrol
agents. So far, the beneficial effects achieved are related to microbial siderophores, antibiotics,
biosynthesis of surfactants and phytohormones, nutrient and spatial competition,
mycoparasitism, induced systemic resistance, phage therapy, quorum quenching and
construction of transgenic lines. Considering the crucial role for food and the diversity of
mechanisms involved in growth promotion and microbial protection, potato constitutes a
historical and accurate model in developing new biocontrol strategies.
Keywords: biological control; Solanum tuberosum; potato; rhizosphere; mechanisms and
strategies
Walid Nosir, Jim McDonald and Steve Woodward. Impact of biological control agents on
fusaric acid secreted from Fusarium oxysporum f. sp. gladioli (Massey) Snyder and Hansen
in Gladiolus grandiflorus corms. Journal of Industrial Microbiology & Biotechnology,
Volume 38(1) (2011): 21-27
Fusaric acid (FA) (5-n-butylpuridine 2-carboxyl acid), a highly toxic secondary metabolite
produced by Fusarium oxysporum strains, plays a significant role in disease development. The
abilities of three F. oxysporum f. sp. gladioli (Massey) Snyder and Hansen isolates (G010; 64991; and 160-57) to produce FA in infected Gladiolus corm tissues was evaluated in vitro in
relation to the presence of two biological control agents, Trichoderma harzianum T22, and
Aneurinobacillus migulanus. Pathogenicity tests were used to differentiate between the abilities
of the F. oxysporum strains to secrete FA. FA was identified using LC/MS and quantified using
HPLC. Isolate G010 was significantly more virulent (P < 0.01) on Gladiolus grandiflorus corms;
it secretes 1.8 µM FA/g fresh weight corm into inoculated Gladiolus. Moreover, G010 was the
only isolate that produced FA among the three examined isolates. There was a correlation
between the corm lesion area and the FA secretion ability of F. oxysporum f. sp. gladioli
(P < 0.001; r 2 = 0.96). No FA was detected in PDA cultures of F.oxysporum f. sp. gladioli
48
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isolates. The presence of T. harzianum T22 appeared to prevent FA secretion into the corms. In
the presence of A. migulanus, however, the amount of FA secreted into the corm tissues
increased. These results support the use of T. harzianum as an effective biological control agent
against F. oxysporum f. sp. gladioli.
Keywords: Fusaric acid - Trichoderma harzianum - Aneurinobacillus migulanus - Fusarium
oxysporum f. sp. gladioli - Gladiolus
Jiaqin Fan, Guoliang Qian, Xue Yang, Chunyan Gu, Yuejing Kang, Yao Ma, Baishi Hu
and Fengquan Liu. Biocontrol of bacterial soft rot of calla lily by elicitor HarpinXoo and Nacyl homoserine lactonase (AttM). World Journal of Microbiology and Biotechnology,
Volume 27(2) (2011): 401-410
Bacterial soft rot caused by Pectobacterium carotovorum subsp. carotovorum is a serious plant
disease in Zantedeschia spp. (also called calla lily). In this study, two independent genes (a Nacyl homoserine lactonase gene attM from Agrobacterium tumefaciens and a hypersensitive
response and pathogenicity gene hrf1 from Xanthomonas oryzae pv. oryzae), transcribed by a
strong and constitutive Escherichia coli promoter P lpp , respectively, were cloned into plasmid
pUC19, and was transformed into E. coli, creating strain JM109/pPHA. The result of sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS–PAGE) assay showed that both genes
(hrf1 and attM) were successfully expressed in one plasmid system in strain JM109/pPHA. The
expressed HarpinXoo (Hrf1) and AttM protein had the ability of inducing hypersensitive response
(HR) in nonhost tobacco and degrading the N-acyl homoserine lactones (AHLs) produced by P.
carotovorum subsp. carotovorum, respectively, whereas HarpinXoo and AttM protein did not
seem to interfere with the normal growth of this pathogen. In planta, strain JM109/pPHA could
significantly reduce the soft rot disease severity on dormant tubers (control efficiency: 92.8%) or
potted plants (control efficiency: 92.4%) of calla lily. We have first demonstrated the both
biocontrol effects of HarpinXoo and AttM proteins (also described as Quorum interference) on the
bacterial soft rot disease of calla lily, caused by P. carotovorum subsp. carotovorum. This work
provided a potential way to control this serious plant disease.
Keywords: Promoter P lpp – HarpinXoo – N-acyl homoserine lactonase AttM – Pectobacterium
carotovorum subsp. carotovorum
Sheng-Hua Ying and Ming-Guang Feng. A conidial protein (CP15) of Beauveria bassiana
contributes to the conidial tolerance of the entomopathogenic fungus to thermal and
oxidative stresses. Applied Microbiology and Biotechnology, Volume 90(5) (2011): 17111720
Aerial conidia are central dispersing structures for most fungi and represent the infectious
propagule for entomopathogenic fungus Beauveria bassiana, thus the active ingredients of
commercial mycoinsecticides. Although a number of formic-acid-extractable (FAE) cell wall
proteins from conidia have been characterized, the functions of many such proteins remain
obscure. We report that a conidial FAE protein, termed CP15, isolated from B. bassiana is
related to fungal tolerance to thermal and oxidative stresses. The full-length genomic sequence
of CP15 was shown to lack introns, encoding for a 131 amino acid protein (15.0 kDa) with no
sequence identity to any known proteins in the NCBI database. The function of this new gene
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with two genomic copies was examined using the antisense-RNA method. Five transgenic
strains displayed various degrees of silenced CP15 expression, resulting in significantly reduced
conidial FAE protein profiles. The FAE protein contents of the strains were linearly correlated to
the survival indices of their conidia when exposed to 30-min wet stress at 48°C (r 2 = 0.93).
Under prolonged 75-min heat stress, the median lethal times (LT50s) of their conidia were
significantly reduced by 13.6–29.5%. The CP15 silenced strains were also 20–50% less resistant
to oxidative stress but were not affected with respect to UV-B or hyperosmotic stress. Our data
indicate that discrete conidial proteins may mediate resistance to some abiotic stresses, and that
manipulation of such proteins may be a viable approach to enhancing the environmental fitness
of B. bassiana for more persisting control of insect pests in warmer climates.
Keywords: Beauveria bassiana – Conidial protein – Formic acid extraction – Fungal
thermotolerance – Antisense-RNA mediated gene silence

Biodegradation
L. Angaji, M. Souri and M. M. Moeini*. (Department of Animal Science, College of
Agriculture, Razi University, Kermanshah, Iran. *Corresponding author. E-mail:
mmoeini@razi.ac.ir). Deactivation of tannins in raisin stalk by polyethylene glycol-600:
Effect on degradation and gas production in vitro. African Journal of Biotechnology Vol.
10 (2011): 4478-4483
An experiment was conducted to assess the effects of polyethylene glycol (PEG-6000) and urea
on dry and organic matter digestibility (IVDMD and IVOMD, respectively) and gas production
in vitro. Raisin stalk contained 8.6% crude protein, 85% dry matter, 7% ash, 13.95% total
extractable phenol (TEPH) and 2.13% total extractable tannin (TET). The experimental
treatments were: raisin with no supplementation as control (C); supplemented with 3% urea (U
3%), 5% urea (U 5%) or 3% urea plus 5% PEG (U-PEG) per DM. The rumen liquor fluid was
obtained from two ruminal-cannulated fat-tailed sheep. TEPH and TET were determined and in
vitro incubation was also conducted. The results indicated that the PEG increased IVOMD and
IVDMD. The gas produced from time 0 to 3 and 3 to 6 h of incubation were significantly higher
in PEG treatment than that of other groups (P < 0.05). The U-PEG treatment increased the total
gas production in 96 h, but it was not statistically significant (P = 0.06). Gas production in 96 h
incubation using 300 mg fresh sample was significantly higher than 200 mg sample (P < 0.05). It
is concluded that the negative effect of tannin on DM and OM digestibility and also gas
production of raisin stalk in vitro could be alleviated by PEG treatment.
Keywords: Raisin stalk, tannin, polyethylene glycol (PEG), urea, gas production, digestibility,
in vitro.
Huiju Gao, Yanwen Wang, Wenting Zhang, Weile Wang and Zhimei Mu*. (College of
Forestry, Shandong Agricultural University, Shandong, China. *Corresponding author. Email: ghj@sdau.edu.cn. Tel: (86)538-8249561. Fax: (86)538-8249164). Isolation,
identification and application in lignin degradation of an ascomycete GHJ-4. African
Journal of Biotechnology Vol. 10 (20) (2011): 4166-4174
This study was undertaken to isolate an ascomycete producing ligninolytic enzyme and
characterize its lignin degradation capability. Among 20 isolates, GHJ-4 was isolated from
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decayed wood of Salix matsudana Koidz in Mount Tai, China, by different indicator compounds
assay. The taxonomy of the fungi was Paraconiothyrium variabile Damm, Verkley and Crous,
which had been confirmed by both morphological and 5.8S rDNA/ITS analyses. The capability
of utilizing several lignin model compounds and decoloration of aromatic dyes by GHJ-4 strain
revealed its ligninolytic potentiality. After incubation for 40 days, the weight loss of the wood
was 20.91% and lignin loss was 22.99%, which indicated that, GHJ-4 strain had higher
degradation ability for lignin. To our best of knowledge, this study represented the first report
that P. variabile could produce ligninolytic enzyme and degrade lignin.
Key words: Ligninolytic enzyme, ascomycete, identification, lignin degradation.
Abbreviations: LiP, Lignin peroxidise; MnP, manganese peroxidase; PDA, potato dextrose
agar; SNA, synthetic nutrient agar medium; OA, oatmeal; CMA, cornmeal; MEA, malt extract;
PDA, potato dextrose; ITS, internal transcribed spacer; PCR, polymerase chain reaction;
BLAST, Basic Local Alignment Search Tool; NJ, Neighbors joining; RBBR, Remazol Brilliant
Blue R; LiP, lignin peroxidise; MnP, manganese peroxidise.
Nasima Junejo 1*, Khanif M.Y.1, Hanfi M.M2, W. M. Z. Wan Yunus3 and Dharejo K. A1.
(1Department of Land Management, Faculty of Agriculture, Universiti Putra Malaysia,
Serdang, Selangor, Malaysia, 2Institute of Tropical Agriculture, Universiti Putra Malaysia,
Serdang, Selangor, Malaysia, 3Department of Chemistry, Faculty of Science, Universiti
Putra Malaysia, Serdang, Selangor, Malaysia). Role of inhibitors and biodegradable
material in mitigation of nitrogen losses from fertilized lands. African Journal of
Biotechnology Vol. 10 (10) (2011): 3504-3514
Loss of N, occurring mainly through NH3 volatilization, biological denitrification, and NO3leaching, has both economic and environmental implications. Therefore, the economic benefits of
reduced environmental pollution and future damage to our environment as a result of the use of
urease inhibitors are of higher significance to the production of gains over the long-term. The
literature review discussed the role, effectiveness and mechanism of urease inhibitors as well as
coating of urea to reduce ammonia volatilization loss from urea fertilizer. Coating with urease
inhibitors can improve the bioavailability of N, resulting in increased dry matter yield and N
uptake. Such increases result from delayed urea hydrolysis by urease inhibitors and coating
materials. The value of inhibitors in mitigating N loss would depend on their rate of biodegradation
and persistence in soils. Previous studies has proven that micronutrients could be competent
urease inhibitors, but the information about their effects on soil, nutrient uptake of plants and dry
matter yield is poorly documented. Some nutrients such as Cu and Zn as urease inhibitors and
natural biodegradable material such as agar, gelatin and palm stearin were found effective in
reduction of nitrogen losses from nitrogen fertilizer especially from urea fertilizer. The article
deals with the importance of use of above mentioned materials and micronutrient.
Key words: Nitrogen, urea, fertilizer, inhibitors, biodegradation, land, nitrogen loss.
Abbreviations: N, Nitrogen; NIs, nitrification inhibitors; UIs, urease inhibitors; CRF,
controlled release fertilizers; SRF, slow release fertilizers.
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Avasn Maruthi Y.1, Aruna Lakshmi K.2, Ramakrishna Rao S.3 and Apta Chaitanya D.1*.
(1Department of Environmental Studies, GITAM Institute of Science, GITAM University,
Visakhapatnam-45, A.P., India, 2Department of Biotechnology, GITAM Institute of
Technology, GITAM University, Visakhapatnam-45, A.P., India, 3Department of Civil
Engineering, Andhra University, Visakhapatnam-03, A.P., India. *Corresponding author.
E-mail: aptachaitanya@gmail.com. Tel: +91-9885785910. Fax: +91-891- 2795312).
Degradation of feather and hair by Chrysosporium tropicum: A potent keratinophilic
fungus. African Journal of Biotechnology Vol. 10 (18) (2011): 3579-3584
The current study was aimed at the degradation of feather and hair wastes in an eco-friendly
way, which should further be helpful to make the waste dumping soils fertile. Degradation of
feathers and hair was assessed by a highly potent keratinophilic fungi namely Chrysosporium
tropicum. The 60 day experiment was set up with sterile defatted feather and hair as substrates in
a mineral medium along with the inoculum of the organism. The culture filtrate was analyzed at
every 10 days interval, for the release of catabolic products such as protein and keratinase, along
with the concomitant increase in pH. Maximum degradation was found at the 40th day sample,
where the protein released was 6.9 mg/ml and the keratinolytic activity was 8.56 KU/ml. There
was increase in pH (from neutral) towards alkalinity up to 40 days (9.0) of incubation and
decline thereafter, indicating the maximum release of soluble protein into the medium. Among
the two substrates used, C. tropicum had more effect on hair than that of feather.
Key words: Feather waste, hair waste, keratinophilic fungi, Chrysosporium tropicum.
Zhi-Jiang Wang 1*, Li-hua Teng1, Jie-Zhang1, Xu-Li Huang1 and Jian-Fen Zhang 2.
(1College of Biological and Environmental Science, Zhejiang Wanli University, Ningbo
315100, People’s Republic of China, 2College of Biological and Environmental Engineering,
Zhejiang Shuren University, Hanzhou 310015, People’s Republic of China.
*Corresponding author. E-mail: wangzj1978@126.com. Tel: +860574-88222679). Study on
optimal biodegradation of terephthalic acid by an isolated Pseudomonas sp. African
Journal of Biotechnology Vol. 10 (16) (2011): 3143-3148
The biodegradation of terephthalic acid (TA) by the Pseudomonas sp. was researched in this
paper. The optimal nitrogen source was urea with its concentration of 1400 mg/l. The optimal
conditions for TA degradation were optimized by orthogonal test. The test result showed the pH
7.0, temperature of 30°C and shaking speed of 140 rpm were the best condition for degradation.
In that condition, terephthalic acid was almost degraded completely after 48 h cultivation of
Pseudomonas sp. by inoculating 4% seed culture. Kinetics of degradation was performed at
different initial TA concentrations. The degradation could be described with a first-order kinetics
model. The half-life of degradation was about 12 h when the concentration of terephthalic acid
was between 600 and 1000 mg/l.
Key words: Biodegradation, terephthalic acid, Pseudomonas sp
Abbreviations: TA, Terephthalic acid; CFU, colony forming unit.
Mei-Fang Zhou, Xing-Zhong Yuan, Hua Zhong, Zhi-Feng Liu, Hui Li, Li-Li Jiang and
Guang-Ming Zeng. Effect of Biosurfactants on Laccase Production and Phenol
Biodegradation in Solid-State Fermentation. Applied Biochemistry and Biotechnology,
Volume 164(1) (2011): 103-114
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The effects of two biosurfactants, tea saponin (TS) and rhamnolipid (RL), on the production of
laccase and the degradation of phenol by P. simplicissimum were investigated in solid-state
fermentation consisting of rice straw, rice bran, and sawdust. Firstly, the effects of phenol on the
fermentation process were studied in the absence of surfactants. Then, a phenol concentration of
3 mg/g in the fermentation was selected for detailed research with the addition of biosurfactants.
The results showed that TS and RL at different concentrations had stimulative effects on the
enzyme activity of laccase. The highest laccase activities during the fermentation were enhanced
by 163.7%, 68.2%, and 23.3% by TS at concentrations of 0.02%, 0.06%, and 0.10%,
respectively. As a result of the enhanced laccase activity, the efficiency of phenol degradation
was also improved by both biosurfactants. RL caused a significant increase of fungal biomass in
the early stage of the fermentation, while TS had an inhibitory effect in the whole process. These
results indicated that RL could mitigate the negative effects of phenol on fungal growth and
consequently improve laccase production and phenol degradation. TS was potentially applicable
to phenol-polluted solid-state fermentation.
Keywords: Rhamnolipid – Tea saponin – Laccase – Phenol – Solid-state fermentation –
simplicissimum

P.

P. Balasubramanian, Ligy Philip and S. Murty Bhallamudi. Biodegradation of Chlorinated
and Non-chlorinated VOCs from Pharmaceutical Industries. Applied Biochemistry and
Biotechnology, Volume 163(4) (2011): 497-518
Biodegradation studies were conducted for major organic solvents such as methanol, ethanol,
isopropanol, acetone, acetonitrile, toluene, chloroform, and carbon tetrachloride commonly used
in pharmaceutical industries. Various microbial isolates were enriched and screened for their
biodegradation potential. An aerobic mixed culture that had been previously enriched for
biodegradation of mixed pesticides was found to be the most effective. All the organic solvents
except chloroform and carbon tetrachloride were consumed as primary substrates by this mixed
culture. Biodegradation rates of methanol, ethanol, isopropanol, acetone, acetonitrile, and
toluene were measured individually in batch systems. Haldane model was found to best fit the
kinetics of biodegradation. Biokinetic parameters estimated from single-substrate experiments
were utilized to simulate the kinetics of biodegradation of mixture of substrates. Among the
various models available for simulating the kinetics of biodegradation of multi-substrate
systems, competitive inhibition model performed the best. Performance of the models was
evaluated statistically using the dimensionless modified coefficient of efficiency (E). This model
was used for simulating the kinetics of biodegradation in binary, ternary, and quaternary
substrate systems. This study also reports batch experiments on co-metabolic biodegradation of
chloroform, with acetone and toluene as primary substrates. The Haldane model, modified for
inhibition due to chloroform, could satisfactorily predict the biodegradation of primary substrate,
chloroform, and the microbial growth.
Keywords: Biodegradation – Substrate inhibition kinetics – Organic solvents – Volatile organic
compounds – Pharmaceutical industry
Mikhail Baboshin and Ludmila Golovleva. Multisubstrate kinetics of PAH mixture
biodegradation: analysis in the double-logarithmic plot. Biodegradation, Volume 22(1)
(2011): 13-23
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The proposed method of kinetic analysis of aqueous-phase biodegradation of polycyclic
aromatic hydrocarbons (PAH) mixture presupposes representation of kinetic curves for each pair
of mixture components, S x and S y , in double-logarithmic coordinates (ln S x ; ln S y ). If PAH
mixture conversion corresponds to the multisubstrate model with a common active site, then the
graphs in double-logarithmic coordinates are straight lines with the angular coefficients equal to
the ratio of respective first-order rate constants kxy=KyVxVyKx, where K x and K y are halfsaturation constants, V x and V y are the maximum conversion rates for substrates S x and S y ; the
graph slope does not depend on any concentrations and remains constant during the change of
reaction rates as a result of inhibition, induction/inactivation of enzymes or biomass growth. The
formulated method has been used to analyze PAH mixture conversion by the culture of
Sphingomonas sp. VKM B-2434. It has been shown that this process does not satisfy the
multisubstrate model with a single active site. The results suggest that the strain VKM B-2434
contains at least two dioxygenases of different substrate specificity: one enzyme converts
phenanthrene and fluoranthene and the other converts acenaphthene and acenaphthylene. The
ratios of first-order rate constants have been obtained for these pairs of substrates.
Keywords: Multisubstrate kinetics - PAHs - Sphingomonas sp. VKM B-2434
Santosh Kr. Karn, S. K. Chakrabarti and M. Sudhakara Reddy. Degradation of
pentachlorophenol by Kocuria sp. CL2 isolated from secondary sludge of pulp and paper
mill. Biodegradation, Volume 22(1) (2011): 63-69
A pentachlorophenol (PCP) degrading bacterium was isolated and characterized from sludge of
pulp and paper mill. This isolate used PCP as its sole source of carbon and energy and was
capable of degrading this compound, as indicated by stoichiometric release of chloride and
biomass formation. Based on morphology, biochemical tests, and 16S rRNA gene sequence
analysis this strain was identified as Kocuria sp. CL2. High Performance Liquid
Chromatography (HPLC) analysis revealed that this strain was able to degrade PCP up to a
concentration of 600 mg/l. This is first time we are reporting the degradation of PCP by the
Kocuria species. This isolate was also able to remove 58.64% of PCP from the sludge within
two weeks. This study showed that the removal efficiency of PCP by CL2 was found to be very
effective and can be used in degradation of PCP containing pulp paper mill waste in the
environment.
Keywords: Kocuria sp. CL2 - Sludge - Biodegradation - Characterization - Chloride ion Pentachlorophenol
Shuguang Xie, Weimin Sun, Chunling Luo and Alison M. Cupples. Novel aerobic benzene
degrading microorganisms identified in three soils by stable isotope probing.
Biodegradation, Volume 22(1) (2011): 71-81
The remediation of benzene contaminated groundwater often involves biodegradation and
although the mechanisms of aerobic benzene biodegradation in laboratory cultures have been
well studied, less is known about the microorganisms responsible for benzene degradation in
mixed culture samples or at contaminated sites. To address this knowledge gap, DNA based
stable isotope probing (SIP) was utilized to identify active benzene degraders in microcosms
constructed with soil from three sources (a contaminated site and two agricultural sites). For this,
replicate microcosms were amended with either labeled (13C) or unlabeled benzene and the
extracted DNA samples were ultracentrifuged, fractioned and subject to terminal restriction
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fragment length polymorphism (TRFLP). The dominant benzene degraders (responsible for 13C
uptake) were determined by comparing relative abundance of TRFLP phylotypes in heavy
fractions of labeled benzene (13C) amended samples to the controls (from unlabeled benzene
amended samples). Two phylotypes (a Polaromonas sp. and an Acidobacterium) were the major
benzene degraders in the microcosms constructed from the contaminated site soil, whereas one
phylotype incorporated the majority of the benzene-derived 13C in each of the agricultural soils
(“candidate” phylum TM7 and an unclassified Sphingomonadaceae).
Keywords: Stable isotope probing - Benzene - TM7 - Polaromonas - Acidobacterium Sphingomonadaceae
P. Olguín-Lora, S. Le Borgne, G. Castorena-Cortés, T. Roldán-Carrillo, I. Zapata-Peñasco,
J. Reyes-Avila and S. Alcántara-Pérez. Evaluation of haloalkaliphilic sulfur-oxidizing
microorganisms with potential application in the effluent treatment of the petroleum
industry. Biodegradation, Volume 22(1) (2011): 83-93
Haloalkaliphilic sulfur-oxidizing mixed cultures for the treatment of alkaline–saline effluents
containing sulfide were characterized and evaluated. The mixed cultures (IMP-PB, IMP-XO and
IMP-TL) were obtained from Mexican alkaline soils collected in Puebla (PB), Xochimilco (XO)
and Tlahuac (TL), respectively. The Ribosomal Intergenic Spacer Analysis (RISA) revealed
bacteria related to Thioalkalibacterium and Thioalkalivibrio in IMP-XO and IMP-PB mixed
cultures. Halomonas strains were detected in IMP-XO and IMP-TL. In addition, an uncultured
Bacteroides bacterium was present in IMP-TL. Mixed cultures were evaluated at different pH
and NaCl concentrations at 30°C. IMP-PB and IMP-TL expressed thiosulfate-oxidizing activity
in the 7.5–10.5 pH range, whereas IMP-XO presented its maximal activity with 19.0 mg O2
gprotein−1 min−1, at pH 10.6; it was not affected by NaCl concentrations up to 1.7 M. In continuous
culture, IMP-XO showed a growth rate of 15 day−1, productivity of 433.4 mgprotein l−1 day−1 and
haloalkaliphilic sulfur-oxidizing activity was also detected up to 170 mM by means of N-methyldiethanolamine (MDEA). Saline–alkaline soil samples are potential sources of haloalkaliphilic
sulfur-oxidizing bacteria and the mixed cultures could be applied in the treatment of inorganic
sulfur compounds in petroleum industry effluents under alkaline–saline conditions.
Keywords: Haloalkaliphilic
Thioalkalivibrio
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Sikandar I. Mulla, Robertcyril S. Hoskeri, Yogesh S. Shouche and Harichandra Z.
Ninnekar. Biodegradation of 2-Nitrotoluene by Micrococcus sp. strain SMN-1.
Biodegradation, Volume 22(1) (2011): 95-102
A bacterial consortium capable of degrading nitroaromatic compounds was isolated from
pesticide-contaminated soil samples by selective enrichment on 2-nitrotoluene as a sole source
of carbon and energy. The three different bacterial isolates obtained from bacterial consortium
were identified as Bacillus sp. (A and C), Bacillus flexus (B) and Micrococcus sp. (D) on the
basis of their morphological and biochemical characteristics and by phylogenetic analysis based
on 16S rRNA gene sequences. The pathway for the degradation of 2-nitrotoluene by
Micrococcus sp. strain SMN-1 was elucidated by the isolation and identification of metabolites,
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growth and enzymatic studies. The organism degraded 2-nitrotoluene through 3-methylcatechol
by a meta-cleavage pathway, with release of nitrite.
Keywords: Bacterial consortium - Nitroaromatics Nitrotoluene
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Changsoo Lee, Seungyong Lee, Kyung-Jin Cho and Seokhwan Hwang. Mycelial cultivation
of Phellinus linteus using cheese-processing waste and optimization of bioconversion
conditions. Biodegradation, Volume 22(1) (2011): 103-110
A medicinal mushroom, Phellinus linteus, was successfully cultivated using a cheese-processing
waste, whey, and the optimal bioconversion conditions for the maximum mycelial growth rate
was also estimated through solid-state cultivation experiments. Response surface analysis with a
face-centered design (center point replication = 5) was applied to statistically approximate the
simultaneous effects of the three variables, i.e., substrate concentration (10–30 g lactose l−1),
temperature (20–30°C), and pH (4–6), on the mycelial growth rate of P. linteus. The following is
a partial cubic model where η is the mycelial growth rate (K r ) and x k is the corresponding
variable term (k = substrate concentration, temperature, and pH in order):
η = −23.8 + 8.67 × 10−2 x 1 + 1.48x 2 + 1.77x 3 + 8.00 × 10−4 x 1 x 2 + 7.25 × 10−2 x 1 x
−2
−2
x 12 –3.18 × 10−2 x 22. −2.64 × 10−1 x 32 −3.28 × 10−3 x 1 x 2 x
3 + 5.13 × 10 x 2 x 3 −1.28 × 10
−4
2
2
3 + 4.68 × 10 x 1 x 2. The produced response surface model proved to be significant (r > 0.99,
P-value <0.0001, coefficient of variation <5%) to describe the explored space. Temperature was
found to be the most significant factor of dominant effects on the mycelial growth rate, and other
variables such as temperature2, pH, pH2, and (substrate concentration2 × temperature) also
showed significant effects on the model output. The maximum mycelial growth rate was
predicted to be 2.80 mm d −1 at 29.7 g lactose l−1, 26.2°C, and pH 5. Our results proved a good
potential of whey to serve as an alternative growth medium for cultivating P. linteus mycelia.
This may provide another potential for managing this nutrient-rich waste in a cost-effective way.
Keywords: Cheese-processing wastewater - Mushroom
Phellinus linteus - Response surface analysis
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Taha I. Zaghloul, Amira M. Embaby and Ahmed R. Elmahdy. Key determinants affecting
sheep wool biodegradation directed by a keratinase-producing Bacillus subtilis
recombinant strain. Biodegradation, Volume 22(1) (2011): 111-128
OVAT (one variable at a time) approach was applied in this study to screen the most important
physicochemical key determinants involved in the process of sheep wool biodegradation. The
process was directed by a keratinase-producing Bacillus subtilis DB 100 (p5.2) recombinant
strain. Data indicate that, sheep wool could be degraded efficiently in cultures incubated at 30°C,
with initial pH of 7 with agitation at 150 rpm. Two times autoclaved alkali treated and
undefatted chopped sheep wool is more accessible to biodegradation. B. subtilis recombinant
cells could utilize sheep wool as a sole source of carbon and nitrogen. Sheep wool-based
modified basal medium II, lacking NH4Cl and yeast extract, could greatly support the growth of
these bacterial cells. Sheep wool biodegradation was conducted efficiently in the absence of
kanamycin consequently; high stability of the recombinant plasmid (p5.2) represents a great
challenge upon scaling up this process. Three key determinants (sheep wool concentration,
incubation time and inoculum size) imposing considerable constraints on the process are
highlighted. Sheep wool-based tap water medium and sheep wool-based distilled water medium
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were formulated in this study. High levels of released end products, produced from sheep wool
biodegradation are achieved upon using these two sheep wool-based water media. Data indicate
that, sheep wool hydrolysate is rich in some amino acids, such as tyrosine, phenylalanine, lysine,
proline, isoleucine, leucine, valine, aspartic acid and glutamic acid. Moreover, the resulting
sheep wool hydrolysate contains soluble proteins of high and intermediate molecular weights.
The present study demonstrates a feasible, cheap, reproducible, efficient and rapid
biotechnological approach towards utilization of raw sheep wool waste through a recombinant
bacterium.
Keywords: Sheep wool waste - A keratinase-producing Bacillus subtilis recombinant strain OVAT - Physicochemical key determinants - Sheep wool-based tap/distilled water medium Sheep wool hydrolysis end products
Thomas T. Mukasa-Mugerwa, Joanna F. Dames and Peter D. Rose. The role of a
plant/fungal consortium in the degradation of bituminous hard coal. Biodegradation,
Volume 22(1) (2011): 129-141
The sporadic growth of Cynodon dactylon was observed to occur directly on the surface of hard
coal in dumps of the Witbank coal mining area of South Africa with the surface coal being
broken down into a humic-like particulate material. Microorganism analysis of plants and
rhizosphere material from the dumps revealed the presence of arbuscular mycorrhizal fungi and
the coal solubilising fungus, Neosartorya fischeri. Studies established to replicate the dump
environment revealed increased coal degradation in the form of humic acid production and an
increase in small size particles as a result of Cynodon dactylon growth in association with
arbuscular mycorrhizal fungi and Neosartorya fischeri. Results suggest that interactions between
Cynodon dactylon, arbuscular mycorrhizal fungi, Neosartorya fischeri and other coal-degrading
rhizosphere fungi could lead to the degradation of hard coal in situ and that the application of
these organisms to discard dumps could be a novel method of coal dump rehabilitation.
Keywords: Hard coal - Coal discard dumps - Rehabilitation - Biodegradation - Fungi Neosartorya fischeri - Arbuscular mycorrhizal fungi
Rakesh Kumar Sharma and Daljit Singh Arora. Biodegradation of paddy straw obtained
from different geographic locations by means of Phlebia spp. for animal feed.
Biodegradation, Volume 22(1) (2011): 143-152
Various cereal straws are used as feed by supplementing the green forage or other feed stuffs. An
experiment was designed to see the effect of different geographic locations and climatological
conditions on biochemical constituents, fungal degradation and in vitro digestibility of paddy
straw. Paddy straw (PS) obtained from three different geographic locations of India was
subjected to solid state fermentation using four white rot fungi i.e. Phlebia brevispora, P.
fascicularia, P. floridensis and P. radiata. Changes in the biochemical constituents like water
soluble content, hemicellulose, cellulose, lignin, total organic matter, and in vitro digestibility of
paddy straw was analyzed over a period of 60 days along with lignocellulolytic enzymes i.e.
laccase, xylanase and carboxymethyl cellulase. All the fungi degraded the straw samples and
enhanced the in vitro digestibility. The paddy straw, obtained from north western zone (NWZ)
suffered a maximum loss (228 g/kg) of lignin by P. radiata, while a maximum enhancement of
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in vitro digestibility from 185 to 256 g/kg was achieved by P. brevispora, which also caused
minimum loss in total organic matter (98 g/kg). In PS obtained from central eastern zone (CEZ)
and north eastern zone (NEZ), a maximum amount of lignin (210 and 195 g/kg, respectively)
was degraded by P. floridensis and resulted into a respective enhancement of in vitro
digestibility from 172 to 246 g/kg and 188 to 264 g/kg. The study demonstrates that geographic
locations not only affect the biochemical constituents of paddy straw but the fungal degradation
of fibers, their in vitro digestibility and lignocellulolytic enzyme activity of the fungus may also
vary.
Keywords: Geographic locations - In vitro digestibility - Paddy straw - Phlebia species
P. Y. Aneez Ahamad and A. A. Mohammad Kunhi. Enhanced degradation of phenol by
Pseudomonas sp. CP4 entrapped in agar and calcium alginate beads in batch and
continuous processes. Biodegradation, Volume 22(2) (2011): 253-265
Phenol is one of the major toxic pollutants in the wastes generated by a number of industries and
needs to be eliminated before their discharge. Although microbial degradation is a preferred
method of waste treatment for phenol removal, the general inability of the degrading strains to
tolerate higher substrate concentrations has been a bottleneck. Immobilization of the
microorganism in suitable matrices has been shown to circumvent this problem to some extent.
In this study, cells of Pseudomonas sp. CP4, a laboratory isolate that degrades phenol, cresols,
and other aromatics, were immobilized by entrapment in Ca-alginate and agar gel beads,
separately and their performance in a fluidized bed bioreactor was compared. In batch runs, with
an aeration rate of 1 vol−1 vol−1 min−1, at 30°C and pH 7.0 ± 0.2, agar-encapsulated cells
degraded up to 3000 mg l−1 of phenol as compared to 1500 mg l−1 by Ca-alginate-entrapped cells
whereas free cells could tolerate only 1000 mg l−1. In a continuous process with Ca-alginate
entrapped cells a degradation rate of 200 mg phenol l−1 h−1 was obtained while agar-entrapped
cells were far superior and could withstand and degrade up to 4000 mg phenol l−1 in the feed
with a maximum degradation rate of 400 mg phenol l−1 h−1. The results indicate a clear
possibility of development of an efficient treatment technology for phenol containing waste
waters with the agar-entrapped bacterial strain, Pseudomonas sp. CP4.
Keywords: Phenol –
Degradation rate
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N. K. Sahoo, K. Pakshirajan, P. K. Ghosh and A. Ghosh. Biodegradation of 4-chlorophenol
by Arthrobacter chlorophenolicus A6: effect of culture conditions and degradation kinetics.
Biodegradation, Volume 22(2) (2011): 275-286
Among known microbial species, Arthrobacter chlorophenolicus A6 has shown very good
potential to treat phenolic wastewaters. In this study, the levels of various culture conditions,
namely initial pH, agitation (rpm), temperature (°C), and inoculum age (h) were optimized to
enhance 4-chlorophenol (4-CP) biodegradation and the culture specific growth rate. For
optimization, central composite design of experiments followed by response surface
methodology (RSM) was applied. Results showed that among the four independent variables,
i.e., pH, agitation (rpm), temperature (°C), and inoculum age (h) investigated in this study,
interaction effect between agitation and inoculum age as well as that between agitation and
temperature were significant on both 4-CP biodegradation efficiency and culture specific growth
rate. Also, at the RSM optimized settings of 7.5 pH, 207 rpm, 29.6°C and 39.5 h inoculum age,
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100% biodegradation of 4-CP at a high initial concentration of 300 mg l−1 was achieved within a
short span of 18.5 h of culture. The enhancement in the 4-CP biodegradation efficiency was
found to be 23% higher than that obtained at the unoptimized settings of the culture conditions.
Results of batch growth kinetics of A. chlorophenolicus A6 for various 4-CP initial
concentrations revealed that the culture followed substrate inhibition kinetics. Biokinetic
constants involved in the process were estimated by fitting the experimental data to several
models available from the literature.
Keywords: 4-Chlorophenol –
Arthrobacter chlorophenolicus
Optimization – Substrate inhibition kinetics – Edward model
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Xinyi Cui, Wesley Hunter, Yu Yang, Yingxu Chen and Jay Gan. Biodegradation of pyrene
in sand, silt and clay fractions of sediment. Biodegradation, Volume 22(2) (2011): 297-307
Microbial degradation is the dominant pathway for natural attenuation of PAHs in environmental
compartments such as sediments, which in turn depends on the bioavailability of PAHs. The
bioavailability of PAHs has seldom been studied at the sediment particle size scale. We
evaluated biodegradation of pyrene by Mycobacterium vanbaalenii PYR-1 as a function of
sediment particle sizes, and investigated the relationship between the rate of degradation on
sand, silt and clay particles with their individual desorption kinetics measured with the Tenax
extraction method. Regression analysis showed that the total organic carbon (TOC), black
carbon (BC), and specific surface area (SSA) of the specific particle size fractions, instead of the
particle size scale itself, were closely related (P < 0.01) with the mineralization rate. While the
fraction in the rapid desorption pool (F rapid) ranged from 0.11 to 0.38 for the whole sediments
and different size groups, the fractions mineralized after 336-h incubation (0.52 to 0.72) greatly
surpassed the F rapid values, suggesting utilization of pyrene in the slow desorption pool (F slow).
A biodegradation model was modified by imbedding a two-phase desorption relationship
describing sequential Tenax extractions. Model analysis showed that pyrene sorbed on silt and
clay aggregates was directly utilized by the degrading bacteria. The enhanced bioavailability
may be attributed to the higher chemical concentration, higher TOC or larger SSA in the silt and
clay fractions, which appeared to overcome the reduced bioavailability of pyrene due to sorption,
making pyrene on the silt and clay particles readily available to degrading microbes. This
conjecture merits further investigation.
Keywords: Bioavailability – Pyrene – Tenax – Particle size – Black carbon
Hong X. Xu, Hai Y. Wu, Yu P. Qiu, Xiao Q. Shi, Gen H. He, Jing F. Zhang and Ji C. Wu.
Degradation of fluoranthene by a newly isolated strain of Herbaspirillum chlorophenolicum
from activated sludge. Biodegradation, Volume 22(2) (2011): 335-345
A fluoranthene-degrading bacterial strain FA1 was isolated from activated sludge and identified
as Herbaspirillum chlorophenolicum, a newfound bacterial species that can grow well on
fluoranthene as sole carbon and energy source. The kinetic characteristic of strain FA1 was
tested in the aqueous model system (AMS) and the effects of nonionic surfactants on
fluoranthene biodegradation in the AMS were then investigated. Tween 80 exhibited the best
solubilization capacity for fluoranthene among three surfactants and its bioavailability decreased
with an increase in its concentration and its degradation kinetics fit well with the first-order of
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power index model. The biotransformation of fluoranthene was greatly improved by Tween 80,
and 58.5% fluoranthene degradation was obtained as Tween 80 was 100 mg/l. However, the
bioavailability of fluoranthene decreased gradually with the increase of Tween 80 concentration.
Bioremediation tests for fluoranthene in soil–water system were designed further to examine the
degrading ability of strain FA1 with the presence of indigenous flora or not. The measurements
showed that in the presence of indigenous flora, the optimum 30-day fluoranthene degradation in
soil–water system reached 77.4%. Evidently, strain FA1 seems both efficient and high-effective
and deserves further exploration on the enhanced bioremediation technologies for the treatment
of fluoranthene-polluted soil.
Keywords: Fluoranthene –
Surfactants – Soil remediation
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Mamounata Diao, Nafissétou Ouédraogo, Lamine Baba-Moussa, Paul W. Savadogo,
Amani G. N’Guessan, Imael H. N. Bassolé and Mamoudou H. Dicko. Biodepollution of
wastewater containing phenolic compounds from leather industry by plant peroxidases.
Biodegradation, Volume 22(2) (2011): 389-396
This study deals with the use of peroxidases (POXs) from Allium sativum, Ipomoea batatas,
Raphanus sativus and Sorghum bicolor to catalyze the degradation of free phenolic compounds
as well as phenolic compounds contained in wastewater from leather industry. Secretory plant
POXs were able to catalyze the oxidation of gallic acid, ferulic acid, 4-hydroxybenzoic acid,
pyrogallol and 1,4-tyrosol prepared in ethanol 2% (v:v). Efficiency of peroxidase catalysis
depends strongly on the chemical nature of phenolic substrates and on the botanical source of the
enzymes. It appeared that POX from Raphanus sativus had the highest efficiency. Results show
that POXs can also remove phenolic compounds present in industrial wastewater such as leather
industry. Removal of phenolic compounds in wastewater from leather industry by POX was
significantly enhanced by polyethylene glycol.
Keywords: Peroxidase – Leather – Wastewater – Biodepollution – Phenolic compound
Sumaya Ferreira Guedes, Benilde Mendes and Ana Lúcia Leitão. Resorcinol degradation
by a Penicillium chrysogenum strain under osmotic stress: mono and binary substrate
matrices with phenol. Biodegradation, Volume 22(2) (2011): 409-419
A phenol-degrading Penicillium chrysogenum strain previously isolated from a salt mine was
able to grow at 1,000 mg l−1 of resorcinol on solid medium. The aerobic degradation of
resorcinol by P. chrysogenum CLONA2 was studied in batch cultures in minimal mineral
medium with 58.5 g l−1 of sodium chloride using resorcinol as the sole carbon source. The fungal
strain showed the ability to degrade up to 250 mg l−1 of resorcinol. Resorcinol and phenol
efficiency degradation by P. chrysogenum CLONA2 was compared. This strain removes phenol
faster than resorcinol. When phenol and resorcinol were in binary substrate matrices, phenol
enhanced resorcinol degradation, and organic load decreased with respect to the mono substrate
matrices. The acute toxicity of phenol and resorcinol, individually and in combination, to
Artemia franciscana larvae has been verified before and after the bioremediation process with P.
chrysogenum CLONA2. The remediation process was effective in mono and binary substrate
systems.
Keywords: Resorcinol – Phenol – Halotolerant strain – Detoxification – Biodegradation
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M. Sharari, A. Jahan Latibari, A. Guillet, M. Aurousseau, B. Mouhamadou, Gh. Rafeiee,
A. Mirshokraei and D. Parsapaghouh. Application of the white rot fungus Phanerochaete
chrysosporium in biotreatment of bagasse effluent. Biodegradation, Volume 22(2) (2011):
421-430
Biotreatment of bagasse effluent using Phanerochaete chrysosporium (white rot fungus) is
investigated. This study confirmed that lignin is the major pollutant component in this effluent
followed by different carbohydrates. The treatment conditions must be very proper, especially in
terms of biomass culture to achieve a successful treatment. The best conditions of temperature,
biomass concentration, pH and duration for biotreatment of this effluent were 35°C, 552 mg l−1,
6 and 5 to 9 days, respectively. Under these conditions, a 9 days long treatment reduced by
98.7% the original biochemical oxygen demand (of 2,780 mg l−1) and by 98.5% the dissolved
chemical oxygen demand (initial 4,200 mg l−1). Moreover, fungal treatment reduced total
dissolved solids from 3,950 to 575 mg l−1 and color from 560 mg l−1 PtCo to 111 mg l−1 PtCo.
Keywords: Phanerochaete chrysosporium – Bagasse effluent – BOD5 – COD – TDS – Color
Luisa Barreiros, Célia M. Manaia and Olga C. Nunes. Bacterial diversity and
bioaugmentation in floodwater of a paddy field in the presence of the herbicide molinate.
Biodegradation, Volume 22(2) (2011): 445-461
This work aimed at studying variations on the diversity and composition of the bacterial
community of a rice paddy field floodwater, subjected to conventional management, namely by
using the herbicide molinate. The promotion of the herbicide biodegradation either by the
autochthonous microbiota or by a bioaugmentation process was also assessed. This study
comprehended four sampling campaigns at key dates of the farming procedures (seeding,
immediately and 6 days after application of the herbicide molinate, and after synthetic
fertilization) and the subsequent physic-chemical and microbiological characterization (pH,
DOC and molinate contents, total cells, cultivable bacteria and DGGE profiling) of the samples.
Multivariate analysis of the DGGE profiles showed temporal variations in the bacterial
community structure and the Shannon’s index values indicated that the bacterial diversity
reached its minimum at the molinate application day. The highest bacterial diversity coincided
with the periods with undetectable concentrations of the herbicide, although microcosm assays
suggested that other factors than molinate may have been responsible for the decrease of the
bacterial diversity. The ability of autochthonous microorganisms to degrade molinate and the
influence of the herbicide on the bacterial community composition were assessed in microcosm
assays using floodwater collected at the same dates. Given molinate was not degraded by
autochthonous microorganisms, and considering it represents an environmental contaminant,
bioaugmentation microcosms were assayed aiming the assessment of the feasibility of a
bioremediation process to clean contaminated floodwater. A molinate-mineralizing culture,
previously isolated, promoted molinate removal, induced alterations in the autochthonous
bacterial community structure and diversity, and was undetected after 7 days of incubation,
suggesting the feasibility of the process.
Keywords: Floodwater – Molinate – Bacterial
Bacterial diversity – Biodegradation
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Pierre Christen, Sylvain Davidson, Yannick Combet-Blanc and Richard Auria. Phenol
biodegradation by the thermoacidophilic archaeon Sulfolobus solfataricus 98/2 in a fedbatch bioreactor. Biodegradation, Volume 22(3) (2011): 475-484
Toxic at low concentrations, phenol is one of the most common organic pollutants in air and
water. In this work, phenol biodegradation was studied in extreme conditions (80°C, pH = 3.2) in
a 2.7 l bioreactor with the thermoacidophilic archaeon Sulfolobus solfataricus 98/2. The strain
was first acclimatized to phenol on a mixture of glucose (2000 mg l−1) and phenol (94 mg l−1) at
a constant dissolved oxygen concentration of 1.5 mg l−1. After a short lag-phase, only glucose
was consumed. Phenol degradation then began while glucose was still present in the reactor.
When glucose was exhausted, phenol was used for respiration and then for biomass build-up.
After several batch runs (phenol < 365 mg l−1), specific growth rate (µX) was 0.034 ± 0.001 h−1,
specific phenol degradation rate (qP) was 57.5 ± 2 mg g−1 h−1, biomass yield (YX/P) was
52.2 ± 1.1 g mol−1, and oxygen yield factor YX O2 was 9.2 ± 0.2 g mol−1. A carbon recovery
close to 100% suggested that phenol was exclusively transformed into biomass (35%) and CO2
(65%). Molar phenol oxidation constant YO2 P was calculated from stoichiometry of phenol
oxidation and introducing experimental biomass and CO2 conversion yields on phenol, leading
to values varying between 4.78 and 5.22 mol mol−1. Respiratory quotient was about
0.84 mol mol−1, very close to theoretical value (0.87 mol mol−1). Carbon dioxide production,
oxygen demand and redox potential, monitored on-line, were good indicators of growth,
substrate consumption and exhaustion, and can therefore be usefully employed for industrial
phenol bioremediation in extreme environments.
Keywords: Sulfolobus solfataricus – Phenol – Kinetics – Biodegradation – Yields
Robertcyril S. Hoskeri, Sikandar I. Mulla, Yogesh S. Shouche and Harichandra Z.
Ninnekar. Biodegradation of 4-chlorobenzoic acid by Pseudomonas aeruginosa PA01 NC.
Biodegradation, Volume 22(3) (2011): 509-516
A bacterial consortium capable of degrading chloroaromatic compounds was isolated from pulp
and paper mill effluents by selective enrichment on 4-chlorobenzoic acid as sole source of
carbon and energy. The four different bacterial isolates obtained from bacterial consortium were
identified as Pseudomonas aeruginosa AY792969 (A), P. aeruginosa PA01 NC (B),
Pseudomonas sp. ZZ5 DQ113452 (C) and Pseudomonas sp. AY762360 (D) based on their
morphological and biochemical characteristics and by phylogenetic analysis based on 16S rRNA
gene sequences. These bacterial isolates were found to be versatile in degrading a variety of
chloroaromatic compounds including fluoro- and iodobenzoic acids. P. aeruginosa PA01 NC
utilized 4-chlorobenzoic acid at 2 g/l as growth substrate. Biodegradation studies have revealed
that this organism degraded 4-chlorobenzoic acid through 4-chlorocatechol which was further
metabolized by ortho-cleavage pathway and the dechlorination occurred after the ring-cleavage.
Keywords: Biodegradation – Bacterial
aeruginosa PA01 NC – 4-Chlorocatechol

consortium – Chloroaromatics –

Pseudomonas

C. L. Powell, G. Nogaro and A. Agrawal. Aerobic cometabolic degradation of
trichloroethene by methane and ammonia oxidizing microorganisms naturally associated
with Carex comosa roots. Biodegradation, Volume 22(3) (2011): 527-538
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The degradation potential of trichloroethene by the aerobic methane- and ammonia-oxidizing
microorganisms naturally associated with wetland plant (Carex comosa) roots was examined in
this study. In bench-scale microcosm experiments with washed (soil free) Carex comosa roots,
the activity of root-associated methane- and ammonia-oxidizing microorganisms, which were
naturally present on the root surface and/or embedded within the roots, was investigated.
Significant methane and ammonia oxidation were observed reproducibly in batch reactors with
washed roots incubated in growth media, where methane oxidation developed faster (2 weeks)
compared to ammonia oxidation (4 weeks) in live microcosms. After enrichment, the methane
oxidizers demonstrated their ability to degrade 150 µg l−1 TCE effectively at 1.9 mg l−1 of
aqueous CH4. In contrast, ammonia oxidizers showed a rapid and complete inhibition of
ammonia oxidation with 150 µg l−1 TCE at 20 mg l−1 of NH4 +-N, which may be attributed to
greater sensitivity of ammonia oxidizers to TCE or its degradation product. No such inhibitory
effect of TCE degradation was detected on methane oxidation at the above experimental
conditions. The results presented here suggest that microorganisms associated with wetland plant
roots can assist in the natural attenuation of TCE in contaminated aquatic environments.
Keywords: Trichloroethene – Methane
Roots – Biodegradation

oxidizers – Ammonia
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Mariusz Cycoń, Marcin Wójcik and Zofia Piotrowska-Seget. Biodegradation kinetics of
the benzimidazole fungicide thiophanate-methyl by bacteria isolated from loamy sand soil.
Biodegradation, Volume 22(3) (2011): 573-583
Degradation of the fungicide thiophanate-methyl (TM) by Enterobacter sp. TDS-1 and Bacillus
sp. TDS-2 isolated from sandy soil previously treated with TM was studied in mineral salt
medium (MSM) and soil. Both strains were able to grow in MSM supplemented with TM
(50 mg l−1) as the sole carbon source. Over a 16 days incubation period, 60 and 77% of the initial
dose of TM were degraded by strains TDS-1 and TDS-2, respectively, and disappearance of TM
was described by first-order kinetics. Medium supplementation with glucose markedly
stimulated bacterial growth; while the final rate of TM degradation was reduced by 21 and 27%
for strains TDS-1 and TDS-2, respectively as compared to medium with TM only. Moreover,
this additional carbon source changed the TM degradation kinetics, which proceeded according
to a zero-order model. This effect was linked to substrate competition and/or a strong decrease of
medium pH. Isolates degraded TM (100 mg kg −1) in soil with rate constants of 0.186 and 0.210
day−1, following first-order rate kinetics, and the time in which the initial TM concentration was
reduced by 50% (DT50) in soils inoculated with strains TDS-1 and TDS-2 were 6.3 and 5.1
days, respectively. Analysis of TM degradation products in soil showed that the tested strains
may have the potential to transform carbendazim (MBC) to 2-aminobenzimidazole (2-AB), and
may be useful for a bioremediation of MBC-polluted soils.
Keywords: Biodegradation kinetics – Thiophanate-methyl – Enterobacter sp. – Bacillus sp. –
Soil
Tânia M. S. Lima, Lorena C. Procópio, Felipe D. Brandão, André M. X. Carvalho, Marcos
R. Tótola and Arnaldo C. Borges. Biodegradability of bacterial surfactants.
Biodegradation, Volume 22(3) (2011): 585-592
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This work aimed at evaluating the biodegradability of different bacterial surfactants in liquid
medium and in soil microcosms. The biodegradability of biosurfactants by pure and mixed
bacterial cultures was evaluated through CO2 evolution. Three bacterial strains, Acinetobacter
baumanni LBBMA ES11, Acinetobacter haemolyticus LBBMA 53 and Pseudomonas sp.
LBBMA 101B, used the biosurfactants produced by Bacillus sp. LBBMA 111A (mixed
lipopeptide), Bacillus subtilis LBBMA 155 (lipopeptide), Flavobacterium sp. LBBMA 168
(mixture of flavolipids), Dietzia Maris LBBMA 191(glycolipid) and Arthrobacter oxydans
LBBMA 201(lipopeptide) as carbon sources in minimal medium. The synthetic surfactant
sodium dodecyl sulfate (SDS) was also mineralized by these microorganisms, but at a lower rate.
CO2 emitted by a mixed bacterial culture in soil microcosms with biosurfactants was higher than
in the microcosm containing SDS. Biosurfactant mineralization in soil was confirmed by the
increase in surface tension of the soil aqueous extracts after incubation with the mixed bacterial
culture. It can be concluded that, in terms of biodegradability and environmental security, these
compounds are more suitable for applications in remediation technologies in comparison to
synthetic surfactants. However, more information is needed on structure of biosurfactants, their
interaction with soil and contaminants and scale up and cost for biosurfactant production.
Keywords Biosurfactant – Biodegradation – Respirometry – Mixed culture – SDS
Bozhi Sun, Kenton Ko and Juliana A. Ramsay. Biodegradation of 1,4-dioxane by a
Flavobacterium. Biodegradation, Volume 22(3) (2011):, 651-659
A dioxane-degrading consortium was enriched from soil obtained from a contaminated
groundwater plume. The enriched consortium did not use dioxane as the sole source of carbon
and energy but co-metabolized dioxane in the presence of tetrahydrofuran (THF). THF and
dioxane concentrations up to 1000 ppm were degraded by the enriched consortium in about
2 weeks with a longer lag phase observable at 1000 ppm. Three colonies from the enriched
consortium were then obtained on agar plates containing basal salts and glucose as the carbon
source. Only one of the three colonies was capable of dioxane degradation. Further enrichment
of this colony in liquid media led to a pure culture that grew on glucose and co-metabolically
degraded dioxane after THF degradation. The rate and extent of dioxane degradation of this
isolate increased with increasing THF concentration. This isolate was subsequently identified as
a Flavobacterium by 16S rDNA sequencing. Using polymerase chain reaction (PCR) and
denaturing gradient gel electrophoresis (DGGE) analysis of microbial populations,
Flavobacterium was determined to be the dominant species in the enriched consortium and was
distinct from the two other colonies that did not degrade dioxane. This is the first report of a
dioxane-degrading Flavobacterium which is phylogenetically distinct from any previously
identified dioxane degrader.
Keywords: Dioxane – Biodegradation – Flavobacterium – DGGE – PCR
Carla Nicolucci, Sergio Rossi, Ciro Menale, Tzonka Godjevargova, Yavor Ivanov,
Mariangela Bianco, Luigi Mita, Umberto Bencivenga, Damiano G. Mita and Nadia Diano.
Biodegradation of bisphenols with immobilized laccase or tyrosinase on polyacrylonitrile
beads. Biodegradation, Volume 22(3) (2011):, 673-683
The biodegradation of waters polluted by some bisphenols, endowed with endocrine activity, has
been studied by means of laccase or tyrosinase immobilized on polyacrylonitrile (PAN) beads.
Bisphenol A (BPA), Bisphenol B (BPB), Bisphenol F (BPF) and Tetrachlorobisphenol A
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(TCBPA) have been used. The laccase-PAN beads system has been characterized as a function
of pH, temperature and substrate concentration. The biochemical parameters so obtained have
been compared with those of the free enzyme to evidence the modification induced by the
immobilization process. Once characterized, the laccase-PAN beads have been employed in a
fluidized bed reactor to determine for each of the four bisphenols the degradation rate constant
(k); the τ50, i.e., the time to obtain the 50% of degradation, and the removal efficiency (RE90)
after 90 min of enzyme treatment. The same parameters have been measured for each of the four
pollutants with the same fluidized bed bioreactor loaded with tyrosinase-PAN beads. The
internal comparison, i.e., in each of the two catalytic systems, has shown that both enzymes
exhibit a removal efficiency in the following order BPF>BPA>BPB>TCBPA. The external
comparison, i.e., the comparison between the two catalytic system, has shown that the catalytic
power of laccase were higher than that of tyrosinase. The operational stability of both catalytic
systems resulted excellent, since they maintained more than 80% of the initial activity after
30 days of work.
Keywords: Biodegradation – Bisphenols – Laccase – Tyrosinase – PAN beads
Guang-li Wang, Meng Bi, Bin Liang, Jian-dong Jiang and Shun-peng Li.
Pseudoxanthomonas jiangsuensis sp. Nov., a DDT-Degrading Bacterium Isolated from a
Long-Term DDT-Polluted Soil. Current Microbiology, Volume 62(6) (2011):, 1760-1766
A Gram-negative, strictly aerobic, rod-shaped bacterium, designated strain waxT, was isolated
from DDT-contaminated soil in Yangzhou, China. Growth of strain waxT was observed at 10–
45°C (optimum 30°C) and pH 5.0–10.0 (optimum pH 7.0–8.0). The predominant fatty acids
were iso C15:0 (32.21%) and anteiso C15:0 (22.2%). The strain contained large amounts of the
polar lipids diphosphatidylglycerol, phosphatidylethanolamine, and phosphatidylglycerol, but
small amounts of an unknown amino-group-containing polar lipid and phospholipids were also
present. The major quinone was ubiquinone-8 (Q-8) and the G + C content of the genomic DNA
was 67.12 ± 0.8 mol.%. The phylogenetic tree shows that strain waxT clustered within the genus
Pseudoxanthomonas. Isolate waxT showed moderate 16S rRNA gene sequence similarities to
Pseudoxanthomonas broegbernensis B1616/1T (98.3%), P. suwonensis 4M1T (98.2%), P.
daejeonensis TR6-08T (98%), P. koreensis TR7-09T (97.7%), P. kaohsiungensis J36T (97.5%),
P. mexicana AMX 26BT (97.2%), and P. japonensis 12-3T (97%). The level of DNA–DNA
relatedness between strain waxT and Pseudoxanthomonas type strains were low, e.g., P.
koreensis TR7-09T (25.9%), P. broegbernensis B1616/1T (36.4%), P. suwonensis 4M1T (27.7%),
P. daejeonensis TR6-08T (40%), P. kaohsiungensis J36T (20.4%), P. mexicana AMX 26BT
(29.0%), P. japonensis 12-3T (33.3%). On the basis of the phenotypic, chemotaxonomic data and
molecular properties, strain waxT represents a novel species within the genus
Pseudoxanthomonas, for which the name Pseudoxanthomonas jiangsuensis sp. nov. is proposed.
The type strain is waxT (=DSM 22398T = CGMCC 1.10137T).
The Genbank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of waxT is
FJ796079.
Tianming Cai, Lihua Qian, Shu Cai and Liwei Chen. Biodegradation of Benazolin-Ethyl by
Strain Methyloversatilis sp. cd-1 Isolated from Activated Sludge. Current Microbiology,
Volume 62(2) (2011): 570-577
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Benazolin-ethyl has been used on a wide range of weeds present in various crops since 1964.
Because benazolin-ethyl is a potential hazard to the environment and human health, it is
important to remove this herbicide from the environment. However, to the best of our
knowledge, no report is available in the literature regarding the microbial degradation of
benazolin-ethyl by bacteria. In this study, one strain named cd-1, which is capable of degrading
benazolin-ethyl, was isolated from benazolin-ethyl wastewater treatment pool. The isolate was
identified as Methyloversatilis sp. according to its morphological, physiological, biochemical
properties, and 16S rRNA gene sequences analysis. This strain utilizes benazolin-ethyl as the
sole carbon source. and degrades 100 mg l−1 benazolin-ethyl to non-detectable level within 48 h.
Three metabolites were identified as benazolin, 7-chloro-3-methylbenzo[d]thiazol-2(3H)-one,
and 2-chloro-6-(methyleneamino)benzenethiol based on the MS/MS and GC/MS analyses. The
first step involved in the degradation of benazolin-ethyl was the cleavage of the ester bond to
form benazolin. Benazolin was subsequently subjected to demethylation for decomposition into
7-chloro-3-methylbenzo[d]thiazol-2(3H)-one and methanol. The last step was to form 2-chloro6-(methyleneamino)benzenethiol.
Jun Zhang, Jin-Wei Zheng, Bao-Jian Hang, Ying-Ying Ni, Jian He and Shun-Peng Li.
Rhodanobacter xiangquanii sp. nov., a Novel Anilofos-Degrading Bacterium Isolated from a
Wastewater Treating System. Current Microbiology, Volume 62(2) (2011):, 645-649
A Gram-staining-negative, oxidase-positive, catalase-positive, non-motile, non-spore-forming,
and rod-shaped bacterium, designated BJQ-6T, was isolated from activated sludge of a wastewater treatment plant in Jiangsu Province, China. Phylogenetic analysis based on 16S rRNA
gene sequences showed that strain BJQ-6T belonged to the genus Rhodanobacter, and shared
98.7% similarity with Rhodanobacter lindaniclasticus LMG 18385T and <97% similarities with
other Rhodanobacter species. The major fatty acids were iso-C15:0 (17.6%), iso-C16:0 (19.3%),
and Summed feature 9 (isoC17:1 ω9c and/or C16:0 10-methyl) (25.8%). The DNA G+C content of
strain BJQ-6T was 64.8 mol%. Based on the phenotypic and phylogenetic considerations, strain
BJQ-6T represents a novel species of the genus Rhodanobacter, for which the name
Rhodanobacter xiangquanii sp. nov. is proposed. The type strain is BJQ-6T (=CCTCC AB
2010106T =KCTC 23100T).
Ewa śymańczyk-Duda, Małgorzata Brzezińska-Rodak, Magdalena Klimek-Ochab and
Barbara Lejczak. Application of the Beauveria bassiana Strain for the Enantioselective
Oxidation of the Diethyl 1-Hydroxy-1-Phenylmethanephosphonate. Current Microbiology,
Volume 62(4) (2011): 1168-1172
Biotransformation of diethyl 1-hydroxy-1-phenylmethanephosphonate using fungi Beauveria
bassiana allowed resolving the racemic mixture of the substrate and due to the biocatalyst and
reaction conditions modifications, leading to desired optical isomer.
José Luis R. Gallego, Carlos Sierra, Albert Permanyer, Ana I. Peláez, Demelza MenéndezVega and Jesús Sánchez. Full-Scale Remediation of a Jet Fuel-Contaminated Soil:
Assessment of Biodegradation, Volatilization, and Bioavailability. Water, Air, & Soil
Pollution, Volume 217(1-4) (2011):, 197-211
Here, we addressed biodegradation vs. volatilization processes, and also bioavailability
limitations during biopile remediation of soil initially contaminated by more than 5,000 mg/kg of
hydrocarbons. In order to select bioremediation strategies, we first conducted a biotreatability
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study, which included geochemical, textural, and microbiological characterization of the soil
matrix. Next, we implemented five bioremediation approaches onsite in real-scale biopiles. In
order to monitor hydrocarbon depletion and to distinguish between biological and non-biological
processes, we analyzed chemical biomarkers by means of gas chromatography–mass
spectrometry. In addition, a comprehensive study of soil grain size and its implications on
bioavailability were studied. Furthermore, the evolution of microbial populations was also
examined. Two of the strategies implemented in the biopiles (the combination of a slow-release
fertilizer and a surfactant, and the use of an oleophilic fertilizer respectively) reduced the soil
hydrocarbon content to under 500 mg/kg in 5 months. Additional results from this study indicate
that volatilization was the predominant degradation process for light hydrocarbons (below 12
carbon atoms), whereas heavier compounds were mainly biodegraded. However, even in the
most favorable situation, a residual concentration of hydrocarbons linked to the finer fraction of
the soil was found.
Keywords: Bioremediation – Jet fuel – Soil – Volatilization – Bioavailability – Biodegradation
Deborah L. Carr, Audra N. Morse, John C. Zak and Todd A. Anderson. Microbially
Mediated Degradation of Common Pharmaceuticals and Personal Care Products in Soil
Under Aerobic and Reduced Oxygen Conditions. Water, Air, & Soil Pollution, Volume
216(1-4) (2011): 633-642
Biological degradation rates of estrogen compounds and common pharmaceutical and personal
care products (PPCPs) were examined in soils with a long history of exposure to these
compounds through wastewater effluent and in soil not previously exposed. Biological
degradation rates over 14 days were compared under aerobic and anaerobic conditions. Estrogen
compounds including estrone, 17β-estradiol, estriol, and 17α-ethinylestradiol exhibited rapid
degradation by soil microorganisms in both aerobic and anaerobic conditions. Rapid degradation
rates for estrone, estriol, and 17α-ethinylestradiol occurred in pre-exposed soil under aerobic
conditions; half-lives calculated under these conditions were 0.6, 0.7, and 0.8 day, respectively.
Unexposed soil showed similar or slightly longer half-lives than pre-exposed soil under aerobic
conditions. The exception was 17β-estradiol; in all treatments, degradation in unexposed soil
resulted in a shorter half-life (2.1 versus 2.3 days). Anaerobic soils exhibited high biological
degradation of estrogens as well. Half-lives of all estrogens ranged from 0.7 to 6.3 days in
anaerobic soils. Triclosan degraded faster under aerobic conditions with half-lives of 5.9 and
8.9 days in exposed and unexposed soil. Under anaerobic conditions, triclosan half-lives were
15.3 days in unexposed and 28.8 days in exposed soil. Ibuprofen showed the least propensity
toward biological degradation than other chemicals tested. Biological degradation of ibuprofen
was only observed in unexposed soil; a half-life of 41.2 days was determined under anaerobic
conditions and 121.9 days under aerobic conditions. Interestingly, unexposed soil exhibited a
greater ability under anaerobic conditions to biologically degrade tested compounds than
previously exposed soil.
Keywords: Pharmaceuticals – Personal care products – Soil – Effluent – Irrigation
Zhuo-Wei Cheng, Jian-Meng Chen, Dong-Zhi Chen and Li-Li Zhang. Biodegradation of
Methyl Tert-butyl Ether in a Bioreactor using Immobilized Methylibium petroleiphilum
PM1 Cells. Water, Air, & Soil Pollution, Volume 214(1-4) (2011): 59-72
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Methylibium petroleiphilum PM1, which is capable of degrading of methyl tert-butyl ether
(MTBE), was immobilized in calcium alginate gel beads. Various applications were explored to
increase the mechanical strength of these gel beads. The introduction of 0.3 mol/L calcium
chloride into the crosslinking solution, 0.002 mol/L calcium chloride into the growth medium,
and 0.2% polyethyleneimine (PEI) as chemical crosslinking agent increased the stability of the
Ca-alginate gel beads under the operation conditions of the bioreactor. The degradation rates of
MTBE by the immobilized cells in the bioreactor system operated in batch and continuous mode
, respectively, were compared. A MTBE biodegradation rate of 5.79 mg/L·h was reached for
over 400 h (50 batches), and the immobilized cells in the bioreactor removed >96% MTBE
during 50 days of operation. Molecular analysis of the PM1 cells revealed that microbial growth
occurred predominantly as microcolonies in the outer area of the beads during the first 20 days
of operation. The results of this study show that a continuous-mode, fixed-bed bioreactor reactor
coupled with PM1-immobilized cells is a promising technology for remediating MTBEcontaminated groundwater.
Keywords: Alginate calcium - Biodegradation - Immobilization - Methylibium petroleiphilum
PM1 - MTBE
Grzegorz Pasternak, Piotr Rutkowski, Ewa Śliwka, Barbara Kołwzan and Justyna Rybak.
Broad Coal Tar Biodegradative Potential of Rhodococcus erythropolis B10 Strain Isolated
from Former Gasworks Site. Water, Air, & Soil Pollution, Volume 214(1-4) (2011):, 599608
Coal carbonization by-products contain up to 10,000 aliphatic and aromatic compounds. Many
of them show toxic, mutagenic, and carcinogenic character. In this study, we examined 51 pure
bacterial cultures of their ability of coal tar constituent biodegradation. Bacterial cultures were
isolated from both explosives and coal tar-contaminated areas. Among all of the investigated
strains, 19 showed biodegradative activity. One of the isolates degraded 40% of the substrate in
14 days at a temperature of 15°C. The most active strain was identified by both classic and 16S
ribosomal DNA sequencing methods and designated Rhodococcus erythropolis B10. The
biodegradation of coal tar constituents, performed by identified strain, was assessed by GC/MS
technique. The comparison of samples analyzed by GC/MS before and after biodegradation
indicated high degradative potential of the chosen strain. It was able to degrade n-paraffins, nolefins, benzene, alkylbenzenes, cadalene, and other PAHs, as well as recalcitrant heterocyclic
compounds dibenzofuran and its methyl-substituted derivative. The B10 strain isolated and
tested in this research shows promising possibilities to be used in field conditions. The
biodegradation experiments indicated that satisfactory results may be obtained even in pure
bacterial cultures.
Keywords: Coal tar - Creosote - Biodegradation - PAH - Heterocycles
S. Cappello, A. Crisari, R. Denaro, F. Crescenzi, F. Porcelli and M. M. Yakimov.
Biodegradation of a Bioemulsificant Exopolysaccharide (EPS2003) by Marine Bacteria.
Water, Air, & Soil Pollution, Volume 214(1-4) (2011):, 645-652
The aim of the study is to analyze the biodegradation capacity of a biosurfactant
exopolysaccharide (EPS2003) by heterotrophic marine bacterial strains. During the initial
screening performed in two sites located at the harbor of Messina for analyzing the response of
marine bacterial population with the presence of biosurfactant EPS2003, ten bacterial strains
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capable to degrade this substance were isolated. Between the bacterial strains isolated, two
representative bacterial strains, isoDES-01, clustered with Pseudoalteromonas sp. A28 (100%),
and isoDES-07, closely related to Vibrio proteolyticus (98.9%), were chosen for mineralization
and respirometry test, performed to evaluate biodegradability potential of EPS2003. Assays of
bacterial growth and measure of concentration of total RNA were also performed. More than
90% of EPS2003 was mineralized by the isoDE01 strain for biomass formation and respiration,
while EPS2003 mineralization by the isoDE-07 strain was less effective, reaching 60%. This
approach combines the study of the microbial community with its functional aspects (i.e.,
mineralization and respirometry test) allowing a more precise assessment of biosurfactant
degradation. These results enhance our knowledge of microbial ecology of EPS-degrading
bacteria and the mechanisms by which this biodegradation occurs. This will prove helpful for
predicting the environmental fate of these compounds and for developing practical EPS2003
bioremediation strategies from future marine hydrocarbon pollution.
Keyword: Pseudoalteromonas
exopolysaccharide

-

Vibrio proteolyticus

- Biosurfactant - Bioemulsificant

Lin-Na Du, Sheng Wang, Gang Li, Bing Wang, Xiao-Ming Jia, Yu-Hua Zhao and YunLong Chen. Biodegradation of malachite green by Pseudomonas sp. strain DY1 under
aerobic condition: characteristics, degradation products, enzyme analysis and
phytotoxicity. Ecotoxicology, Volume 20(2) (2011):, 438-446
Malachite green (MG), a widely-used and recalcitrant dye, has been confirmed to be
carcinogenic and mutagenic against many organisms. The main objective of this study is to
investigate the capability of Pseudomonas sp. strain DY1 to decolorize MG, and to explore the
possible mechanism. The results showed that this strain demonstrated high decolorizing
capability (90.3–97.2%) at high concentrations of MG (100–1,000 mg/l) under shaking condition
within 24 h. In static conditions, lower but still effective decolorization (78.9–84.3%) was
achieved. The optimal pH and temperature for the decolorization was pH 6.6 and 28–30°C,
respectively. Mg2+ and Mn2+ (1 mM) were observed to significantly enhance the decolorization.
The intermediates of the MG degradation under aerobic condition identified by UV–visible, GC–
MS and LC–MS analysis included malachite green carbinol, (dimethyl amino-phenyl)-phenylmethanone, N,N-dimethylaniline, (methyl amino-phenyl)-phenyl-methanone, (amino phenyl)phenyl methanone and di-benzyl methane. The enzyme analysis indicated that Mn-peroxidase,
NADH–DCIP and MG reductase were involved in the biodegradation of MG. Moreover,
phytotoxicity of MG and detoxification for MG by the strain were observed. Therefore, this
strain could be potentially used for bioremediation of MG.
Keywords: Biodegradation – Pseudomonas sp. – Malachite green – Degradation products –
Enzyme analysis – Phytotoxicity
Huan-Mei, Li Lian-Tai, Yan Cai-Fang, Sun Jin-Jin, Yuan-Gao, Qing Hong and Li ShunPeng. Biodegradation of malachite green by strain Pseudomonas sp. K9 and cloning of the
tmr2 gene associated with an ISPpu12. World Journal of Microbiology and Biotechnology,
Volume 27(6) (2011):, 1323-1329
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A bacterial strain K9 capable of degrading malachite green was isolated from the sludge of the
wastewater treatment system of a chemical plant. It was identified preliminarily as Pseudomonas
sp. Strain K9 was also able to degrade other triphenylmethane dyes, such as Crystal Violet and
Basic Fuchsin. The gene tmr2, encoding the triphenylmethane reductase, was cloned from strain
K9, and functionally expressed in E. coli. A 5946-bp DNA fragment including the tmr2 gene
was cloned from the genomic DNA of strain K9 by chromosome walking. Its sequence analysis
showed that tmr2 was associated with a typical mobile element ISPpu12 consisting of tnpA
(encoding a transposase), lspA (encoding a lipoprotein signal peptidase) and orf1 (encoding a
putative MerR family regulator), orf2 (encoding a CDF family heavy metal/H+ antiporter). This
association was also found in another malachite green-degrading strain Pseudomonas sp. MDB1, which indicated that the tmr2 gene might be a horizontally transferable gene.
Keywords: Malachite green – Biodegradation – Tmr2 gene – Mobile element ISPpu12
Ana Maria Mazotto, Ana Cristina N. de Melo, Andrew Macrae, Alexandre Soares Rosado,
Raquel Peixoto, Sabrina M. L. Cedrola, Sônia Couri, Russolina B. Zingali, Ana Lúcia V.
Villa and Leon Rabinovitch, et al. Biodegradation of feather waste by extracellular
keratinases and gelatinases from Bacillus spp. World Journal of Microbiology and
Biotechnology, Volume 27(6) (2011):, 1355-1365
In this study, three feather degrading bacterial strains were isolated from agroindustrial residues
from a Brazilian poultry farm. Three Gram-positive, spore-forming, rod-shaped bacteria and
were identified as B. subtilis 1271, B. licheniformis 1269 and B. cereus 1268 using biochemical,
physiologic and molecular methods. These Bacillus spp. strains grew and produced keratinases
and peptidases using chicken feather as the sole source of nitrogen and carbon. B. subtilis 1271
degraded feathers completely after 7 days at room temperature and produced the highest levels
of keratinase (446 U ml−1). Feather hydrolysis resulted in the production of serine, glycine,
glutamic acid, valine and leucine as the major amino acids. Enzymography and zymography
analyses demonstrated that enzymatic extracts from the Bacillus spp. effectively degraded
keratin and gelatin substrates as well as, casein, hemoglobin and bovine serum albumin.
Zymography showed that B. subtilis 1271 and B. licheniformis 1269 produced peptidases and
keratinases in the 15–140 kDa range, and B. cereus produced a keratinase of ~200 kDa using
feathers as the carbon and nitrogen source in culture medium. All peptidases and keratinases
observed were inhibited by the serine specific peptidase inhibitor phenylmethylsulfonyl fluoride
(PMSF). The optimum assay conditions of temperature and pH for keratinase activity were 40–
50°C and pH 10.0 for all strains. For gelatinases the best temperature and pH ranges were 50–
70°C and pH 7.0–11. These isolates have potential for the biodegradation of feather wastes and
production of proteolytic enzymes using feather as a cheap and eco-friendly substrate.
Keywords: Bacillus spp. – Feather degradation – Feather keratin – Keratinase – Peptidase
C. Y. Liew, A. Husaini, H. Hussain, S. Muid, K. C. Liew and H. A. Roslan. Lignin
biodegradation and ligninolytic enzyme studies during biopulping of Acacia mangium
wood chips by tropical white rot fungi. World Journal of Microbiology and Biotechnology,
Volume 27(6) (2011):, 1457-1468
White rot fungi are good lignin degraders and have the potential to be used in industry. In the
present work, Phellinus sp., Daedalea sp., Trametes versicolor and Pycnoporus coccineus were
selected due to their relatively high ligninolytic enzyme activity, and grown on Acacia mangium
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wood chips under solid state fermentation. Results obtained showed that manganese peroxidase
produced is far more compared to lignin peroxidase, suggesting that MnP might be the
predominating enzymes causing lignin degradation in Acacia mangium wood chips. Cellulase
enzyme assays showed that no significant cellulase activity was detected in the enzyme
preparation of T. versicolor and Phellinus sp. This low cellulolytic activity further suggests that
these two white rot strains are of more interest in lignin degradation. The results on lignin losses
showed 20–30% of lignin breakdown at 60 days of biodegradation. The highest lignin loss was
found in Acacia mangium biotreated with T. versicolor after 60 days and recorded 26.9%,
corresponding to the percentage of their wood weight loss recorded followed by P. coccineus. In
general, lignin degradation was only significant from 20 days onwards. The overall percentage
of lignin weight loss was within the range of 1.02–26.90% over the biodegradation periods.
Microscopic observations conducted using scanning electron microscope showed that T.
versicolor, P. coccineus, Daedalea sp. and Phellinus sp. had caused lignin degradation in Acacia
mangium wood chips.
Keywords: Lignin peroxidase – Manganese peroxidase – Laccase – Cellulase – Ligninolytic –
Biopulping
S. P. Vasconcellos, B. M. Dellagnezze, A. Wieland, J.-H. Klock, E. V. Santos Neto, A. J.
Marsaioli, V. M. Oliveira and W. Michaelis. The potential for hydrocarbon biodegradation
and production of extracellular polymeric substances by aerobic bacteria isolated from a
Brazilian petroleum reservoir. World Journal of Microbiology and Biotechnology, Volume
27(6) (2011):, 1513-1518
Extracellular polymeric substances (EPS) can contribute to the cellular degradation of
hydrocarbons and have a huge potential for application in biotechnological processes, such as
bioremediation and microbial enhanced oil recovery (MEOR). Four bacterial strains from a
Brazilian petroleum reservoir were investigated for EPS production, emulsification ability and
biodegradation activity when hydrocarbons were supplied as substrates for microbial growth.
Two strains of Bacillus species had the highest EPS production when phenanthrene and noctadecane were offered as carbon sources, either individually or in a mixture. While
Pseudomonas sp. and Dietzia sp., the other two evaluated strains, had the highest hydrocarbon
biodegradation indices, EPS production was not detected. Low EPS production may not
necessarily be indicative of an absence of emulsifier activity, as indicated by the results of a
surface tension reduction assay and emulsification indices for the strain of Dietzia sp. The
combined results gathered in this work suggest that a microbial consortium consisting of bacteria
with interdependent metabolisms could thrive in petroleum reservoirs, thus overcoming the
limitations imposed on each individual species by the harsh conditions found in such
environments.
Keywords: Biosurfactant – EPS – Petroleum – Hydrocarbons – Biodegradation – Bacteria
Maria José Barberà, Estíbaliz Mateo, Rasa Monkaityte and Magda Constantí.
Biodegradation of methyl tert-butyl ether by newly identified soil microorganisms in a
simple mineral solution. World Journal of Microbiology and Biotechnology, Volume 27(4)
(2011):, 813-821
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Methyl tert-butyl ether (MTBE) is a widely used fuel ether, which has become a soil and water
contaminant. In this study, 12 microbial strains were isolated from gasoline-contaminated soils
and selected because of their capacity to grow in MTBE. The strains were identified by 16S/ITS
rDNA gene sequencing and screened for their ability to consume MTBE aerobically in a simple
mineral solution. Solid phase microoextraction and gas chromatography were used to detect
MTBE degradation. High levels of MTBE biodegradation were obtained using resting cells of
the bacteria Achromobacter xylosoxidans MCM1/1 (78%), Enterobacter cloacae MCM2/1
(50%), and Ochrobactrum anthropi MCM5/1 (52%) and the fungus Exophiala dermatitidis
MCM3/4 (14%). Our phylogenetic analysis clearly shows that bacterial MTBE biodegraders
belong to the clade of Proteobacteria. For further insight, MTBE-degrader strains were profiled
by denaturing gel gradient electrophoresis (DGGE) of PCR-amplified 16S rRNA gene
sequences. This approach could be used to analyse microbial community dynamics in
bioremediation processes.
Keywords: MTBE biodegradation – Resting cells – Achromobacter
Enterobacter cloacae – Ochrobactrum anthropi – Exophiala dermatitidis
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Jagannath C. Kadakol, Chandrappa M. Kamanavalli and Yogesh Shouche.
Biodegradation of Carbofuran phenol by free and immobilized cells of Klebsiella
pneumoniae ATCC13883T. World Journal of Microbiology and Biotechnology, Volume
27(1) (2011): 25-29
The Klebsiella sp. strain ATCC13883T capable of degrading carbofuran phenol (2,3-dihydro2,2-dimethylbenzofuran-7-ol) has been separated from the soil by enrichment culture technique
and immobilized in various, namely polyurethane foam (PUF), polyacrylamide, alginate, agar
and alginate-bentonite clay-powdered activated charcoal (PAC). The degradation rates of 20 and
30 mM carbofuran phenol by free and immobilized cells in batch and semi-continuous shaken
cultures were compared. The PUF-immobilized cells achieved higher degradation rates in a
shorter time than freely suspended cells and the cells immobilized in polyacrylamide, alginate
and agar. The PUF- and alginate-bentonite clay-PAC-immobilized cells could be reused for
more than 36 cycles, polyacrylamide-entrapped cells for 20 cycles and alginate-bentonite-PAC
28 cycles, without losing any degradation capacity and showed better tolerance to pH,
temperature and concentration changes than free cells. These results showed that cells
immobilized in modified alginate-bentonite-PAC immobilizers tolerated and completely
degraded carbofuran phenol at initial concentrations of 20 and 30 mM and also higher. Such a
bacterial strain could be used for bioremediation of environments contaminated with phenolic
compounds.
Keywords: Carbofuran phenol – Klebsiella sp. strain ATCC13883T – Immobilized cells –
Polyurethane foam
Christine Achtena, 1, Shubo Chenga, b, Kristina L. Strauba and Thilo Hofmanna. (aUniversity
of Vienna, Department of Environmental Geosciences, Althanstr. 14, 1090 Vienna, Austria,
b
Department of Geography, Key Laboratory of Geographical Information Sciences of the
State Ministry of Education, East China Normal University, Shanghai 200062, PR China).
The lack of microbial degradation of polycyclic aromatic hydrocarbons from coal-rich
soils. Environmental Pollution, Volume 159(2) (2011): 623-629
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Analytical techniques used to assess the environmental risk of contamination from polycyclic
aromatic hydrocarbons (PAHs) typically consider only abiotic sample parameters. Supercritical
fluid extraction and sorption enthalpy experiments previously suggested slow desorption rates
for PAH compounds in two coal-contaminated floodplain soils. In this study, the actual PAH
availability for aerobic soil microorganisms was tested in two series of soil-slurry experiments.
The experimental conditions supported microbial degradation of phenanthrene if it was weakly
sorbed onto silica gel. Native coals and coal-derived particles in two soils effectively acted as
very strong sorbents and prevented microbial PAH degradation. The long history of PAH
exposure and degree of coal contamination apparently had no influence on the capability of the
microbial soil community to overcome constraints of PAH availability. Within the context of the
experimental conditions and the compounds chosen, our results confirm that coal-bound PAHs
are not bioavailable and hence of low environmental concern.
Native PAH compounds from coal-rich soils were not degraded by indigenous microorganisms
in aerobic soil-slurry experiments.
Keywords: PAH bioavailability; Microbial PAH degradation; Coal contamination; Soil-slurry
experiments
M.P. Divya Naira, G. Padmaja a and S.N. Moorthya. (a Division of Crop Utilization, Central
Tuber Crops Research Institute, Sreekariyam, Thiruvananthapuram 695 017, Kerala,
India). Biodegradation of cassava starch factory residue using a combination of cellulases,
xylanases and hemicellulases. Biomass and Bioenergy, Volume 35(3) (2011): 1211-1218
Cassava starch factory residue (CSFR), a low cost solid byproduct of the cassava starch industry,
having around 60% unextracted starch and 15% cellulose is a potential candidate for bioethanol
production. As the economic feasibility depends on complete degradation of the polysaccharides
to fermentable glucose, the comparative hydrolytic potential of four enzymes such as Multifect®
XL, Optimash™ XL, Optimash™ BG and Accellerase™1000 was studied. Whilst the former
three enzymes exerted maximum activity at pH 5.0 and 60 °C, Accellerase had optimum activity
at pH 4.5 and 60 °C. The enzyme cocktail, Multifect XL-Optimash XL-Accellerase (5, 15 and
20 g enzyme protein kg −1 CSFR respectively) was more effective than sequential process with
the same enzyme loading. Hydrothermal treatment (HT) of CSFR for 30 min at 100 °C enhanced
the susceptibility to enzymatic cleavage as compared to HT for 45 and 60 min as well as
autoclaving or microwave exposure. Optimash BG was the most effective on HT CSFR and
approximately 704.8 g glucose was released kg −1 CSFR. The high yield of glucose indicates the
potential use of hydrothermally treated CSFR as a cheap substrate for ethanol production.
Keywords: Cassava starch factory residue; Biodegradation; Cellulase; Hemicellulase; Xylanase;
Glucose release
Kaushik Dey and Pranab Roy. Degradation of chloroform by immobilized cells of Bacillus
sp. in calcium alginate beads. Biotechnology Letters, Volume 33(6) (2011):, 1101-1105
A Bacillus sp., capable of degrading chloroform, was immobilized in calcium alginate. The
beads in 20 g alginate l−1 (about 2 × 108 cells/bead) could be re-used nine times for degradation
of chloroform at 40 µM. The immobilized cells had a higher range of tolerance (pH 6.5–9 and
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20–41°C) than free cells (pH 7–8.5 and 28–32°C). At 5 g alginate l−1, leakage of the cells from
the beads was 0.51 mg dry wt ml−1. This species is the first reported Bacillus that can degrade
chloroform as the sole carbon source.
Keywords: Bacillus – Calcium alginate – Chloroform – Immobilization
Ashutosh Pathak, Rishi Shanker, Satyendra Kumar Garg and Natesan Manickam.
Profiling of biodegradation and bacterial 16S rRNA genes in diverse contaminated
ecosystems using 60-mer oligonucleotide microarray. Applied Microbiology and
Biotechnology, Volume 90(5) (2011):, 1739-1754
We have developed an oligonucleotide microarray for the detection of biodegradative genes and
bacterial diversity and tested it in five contaminated ecosystems. The array has 60-mer
oligonucleotide probes comprising 14,327 unique probes derived from 1,057 biodegradative
genes and 880 probes representing 110 phylogenetic genes from diverse bacterial communities,
and we named it as BiodegPhyloChip. The biodegradative genes are involved in the
transformation of 133 chemical pollutants. Validation of the microarray for its sensitivity
specificity and quantitation were performed using DNA isolated from well-characterized mixed
bacterial cultures also having non-target strains, pure degrader strains, and environmental DNA.
Application of the developed array using DNA extracted from five different contaminated sites
led to the detection of 186 genes, including 26 genes unique to the individual sites. Hybridization
of 16S rRNA probes revealed the presence of bacteria similar to well-characterized genera
involved in biodegradation of various pollutants. Genes involved in complete degradation
pathways for hexachlorocyclohexane (lin), 1,2,4-trichlorobenzene (tcb), naphthalene (nah),
phenol (mph), biphenyl (bph), benzene (ben), toluene (tbm), xylene (xyl), phthalate (pht),
Salicylate (sal), and resistance to mercury (mer) were detected with highest intensity. The most
abundant genes belonged to the enzyme hydroxylases, monooxygenases, and dehydrogenases
which were present in all the five samples. Thus, the array developed and validated here shall be
useful in assessing not only the biodegradative potential but also the composition of
environmentally useful bacteria, simultaneously, from hazardous ecosystems.
Keywords: BiodegPhyloChip – 60-mer oligoarray – Biodegradation genes – 16S rRNA genes
Guocheng Huang, Fangang Meng, Xing Zheng, Yuan Wang, Zhigang Wang, Huijun Liu
and Martin Jekel. Biodegradation behavior of natural organic matter (NOM) in a
biological aerated filter (BAF) as a pretreatment for ultrafiltration (UF) of river water.
Applied Microbiology and Biotechnology, Volume 90(5) (2011):, 1795-1803
In this study, biodegradation of natural organic matter (NOM) in a biological aerated filter
(BAF) as pretreatment of UF treating river water was investigated. Photometric measurement,
three-dimensional excitation–emission matrix (EEM) fluorescence spectroscopy and liquid
chromatography with online organic carbon detector (LC-OCD) were used to investigate the fate
of NOM fractions in the BAF + UF process. Results showed that the BAF process could
effectively remove particles and parts of dissolved organic matter, which led to a lower NOM
loading in the UF system, but different NOM fractions showed different biodegradation
potentials. Further biodegradation batch experiments confirmed this observation and identified
that polysaccharides and proteins (quantified using photometric methods) contained a large
proportion of readily biodegradable matter while humic substances were mainly composed of
inert organic substances. According to EEM measurements, it is evident that protein-like
74
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substances were more readily eliminated by microorganisms than humic-like substances. LCOCD data also supported the phenomena that the polysaccharides and large-size proteins were
more degradable than humic substances.
Keywords: Drinking water treatment – Membrane fouling – Biological aerated filter – Natural
organic matter
Shaohua Chen, Kaiping Lai, Yanan Li, Meiying Hu, Yanbo Zhang and Yong Zeng.
Biodegradation of deltamethrin and its hydrolysis product 3-phenoxybenzaldehyde by a
newly isolated Streptomyces aureus strain HP-S-01. Applied Microbiology and
Biotechnology, Volume 90(4) (2011): 1471-1483
A newly isolated actinomycete strain HP-S-01 from activated sludge could effectively degrade
deltamethrin and its major hydrolysis product 3-phenoxybenzaldehyde. Based on the
morphological, cultural, physio-biochemical characteristics, and 16S rDNA sequence analysis,
strain HP-S-01 was identified as Streptomyces aureus. Strain HP-S-01 was also found highly
efficient in degrading cyfluthrin, bifenthrin, fenvalerate, fenpropathrin, permethrin, and
cypermethrin. Strain HP-S-01 rapidly degraded deltamethrin without a lag phase over a wide
range of temperature (18~38°C) and pH (5~10), and metabolized to produce α-hydroxy-3phenoxy-benzeneacetonitrile and 3-phenoxybenzaldehyde by hydrolysis of the carboxylester
linkage. The 3-phenoxybenzaldehyde was further oxidized to form 2-hydroxy-4-methoxy
benzophenone resulting in its detoxification. No persistent accumulative product was detected by
gas chromatography-mass spectrometry (GC/MS) analysis. Response surface methodology was
used to optimize degradation conditions. Strain HP-S-01 completely removed 50~300 mg L−1
deltamethrin within 7 days under the optimal degradation conditions. Furthermore, the
biodegradation kinetics corresponded with the first-order model. Therefore, strain HP-S-01 is
suitable for the efficient and rapid bioremediation of pyrethroid-contaminated environment.
Keywords: Pyrethroids – Deltamethrin – 3-Phenoxybenzaldehyde – Biodegradation –
Streptomyces aureus – Kinetics
Chunjiao Lin, Lirong Yang, Gang Xu and Jianping Wu. Biodegradation and metabolic
pathway of β-chlorinated aliphatic acid in Bacillus sp. CGMCC no. 4196. Applied
Microbiology and Biotechnology, Volume 90(2) (2011):, 689-696
In this study, a bacterial Bacillus sp. CGMCC no. 4196 was isolated from mud. This strain
exhibited the ability to degrade high concentration of 3-chloropropionate (3-CPA, 120 mM) or
3-chlorobutyrate (30 mM), but not chloroacetate or 2-chloropropionate (2-CPA). The growing
cells, resting cells, and cell-free extracts from this bacterium had the capability of 3-CPA
degradation. The results indicated that the optimum biocatalyst for 3-CPA biodegradation was
the resting cells. The 3-CPA biodegradation pathway was further studied through the metabolites
and critical enzymes analysis by HPLC, LC-MS, and colorimetric method. The results
demonstrated that the metabolites of 3-CPA were 3-hydroxypropionic acid (3-HP) and malonic
acid semialdehyde, and the critical enzymes were 3-CPA dehalogenase and 3-HP
dehydroxygenase. Thus, the mechanism of the dehalogenase-catalyzed reaction was inferred as
hydrolytic dehalogenation which was coenzyme A-independent and oxygen-independent.
Finally, the pathway of β-chlorinated aliphatic acid biodegradation could be concluded as
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follows: the β-chlorinated acid is first hydrolytically dehalogenated to the β-hydroxyl aliphatic
acid, and the hydroxyl aliphatic acid is oxidized to β-carbonyl aliphatic acid by β-hydroxy
aliphatic acid dehydroxygenase. It is the first report that 3-HP was produced from 3-CPA by βchlorinated aliphatic acid dehalogenase.
Keywords: Dehalogenase – β-chlorinated
Chlorobutyrate – Bacillus sp.

aliphatic

acid – 3-Chloropropionate – 3-

Shaohua Chen, Liu Yang, Meiying Hu and Jingjing Liu. Biodegradation of fenvalerate and
3-phenoxybenzoic acid by a novel Stenotrophomonas sp. strain ZS-S-01 and its use in
bioremediation of contaminated soils. Applied Microbiology and Biotechnology, Volume
90(2) (2011): 755-767
A bacterial strain ZS-S-01, newly isolated from activated sludge, could effectively degrade
fenvalerate and its hydrolysis product 3-phenoxybenzoic acid (3-PBA). Based on the
morphology, physiological biochemical characteristics, and 16 S rDNA sequence, strain ZS-S-01
was identified as Stenotrophomonas sp. Strain ZS-S-01 could also degrade and utilize
deltamethrin, beta-cypermethrin, beta-cyfluthrin, and cyhalothrin as substrates for growth. Strain
ZS-S-01 was capable of degrading fenvalerate rapidly without a lag phase over a wide range of
pH and temperature, even in the presence of other carbon sources, and metabolized it to yield 3PBA, then completely degraded it. No persistent accumulative product was detected by HPLC
and GC/MS analysis. Studies on biodegradation in various soils showed that strain ZS-S-01
demonstrated efficient degradation of fenvalerate and 3-PBA (both 50 mg·kg −1) with a rate
constant of 0.1418–0.3073 d−1, and half-lives ranged from 2.3 to 4.9 days. Compared with the
controls, the half-lives for fenvalerate and 3-PBA reduced by 16.9–156.3 days. These results
highlight strain ZS-S-01 may have potential for use in bioremediation of pyrethroidcontaminated environment.
Keywords: Biodegradation – Fenvalerate – 3-Phenoxybenzoic acid – Stenotrophomonas sp.
strain ZS-S-01 – Bioremediation – Kinetics
Norihiko Misawa, Miho Nodate, Toshihiko Otomatsu, Keiko Shimizu, Chie Kaido, Miho
Kikuta, Akira Ideno, Hiroshi Ikenaga, Jun Ogawa and Sakayu Shimizu, et al.
Bioconversion of substituted naphthalenes and β-eudesmol with the cytochrome P450 BM3
variant F87V. Applied Microbiology and Biotechnology, Volume 90(1) (2011): 147-157
Bioconversion of various substituted naphthalenes that contain 1-methoxy- and 1-ethoxynaphthalenes, methylnaphthalenes, dimethylnaphthalenes, and naphthalenecarboxylic acid
methyl esters were performed using recombinant Escherichia coli cells, which expressed the
gene coding for a cytochrome P450 BM3 variant F87V (P450 BM3 (F87V)) that was Nterminally fused to an archaeal peptidyl–prolyl cis-trans isomerase. In addition, bioconversion
experiments with the same substrates were carried out using those that expressed the
phnA1A2A3A4 genes for a polycyclic aromatic hydrocarbon (PAH)-dihydroxylating
dioxygenase, which originated from a PAH-utilizing marine bacterium Cycloclasticus sp. strain
A5. Consequently, a variety of mono-hydroxylated derivatives were generated from these
substituted naphthalenes. Oxidative aryl coupling was found to produce a novel compound 4,4′diethoxy-[2,2′]-binaphthalenyl-1,1′-diol from 1-ethoxynaphthalene with the E. coli cells
expressing the P450 BM3 (F87V) gene. This recombinant E. coli was further shown to introduce
the hydroxyl group regio- and stereo-specifically into a sesquiterpene β-eudesmol.
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Lihua Chen, Xingming Yang, Waseem Raza, Junhua Li, Yanxia Liu, Meihua Qiu, Fengge
Zhang and Qirong Shen. Trichoderma harzianum SQR-T037 rapidly degrades
allelochemicals in rhizospheres of continuously cropped cucumbers. Applied Microbiology
and Biotechnology, Volume 89(5) (2011): 1653-1663
To alleviate the stress of continuous cropping for cucumber continuous cropping (CCC) system,
a beneficial fungus Trichoderma harzianum SQR-T037 (SQR-T037) was isolated and applied to
soil to degrade allelochemicals exuded from cucumber plants in a Rhizobox experiment. The
following phenolic acids (PAs), classified as allelochemicals, were isolated and identified from
cucumber rhizospheres: 4-hydroxybenzoic acid, vanillic acid, ferulic acid, benzoic acid, 3phenylpropionic acid, and cinnamic acid. Mixed PAs added in potato dextrose broth, each with
0.2 gram per liter, were completely degraded by SQR-T037 after 170 h of incubation. In
Rhizobox experiments, inoculation of SQR-T037 in the CCC soil also degraded the PAs exuded
from cucumber plant roots. This degradation was 88.8% for 4-hydroxybenzoic acid, 90% for
vanillic acid, 95% for benzoic acid, and 100% for ferulic acid, 3-phenylpropionic acid, and
cinnamic acid at 45 days after plantation. Simultaneously, a significant (p ≥ 0.05) decrease in
the disease index of Fusarium wilt and an increase in dry weights of cucumber plants were
obtained in pot experiments by application of SQR-T037. This was mostly attributed to
degradation of PAs exuded from cucumber roots in CCC soil by SQR-T037 and alleviation of
the allelopathic stress. Application of beneficial microorganisms, such as SQR-T037 that
biodegrades allelochemicals, is a highly efficient way to resolve the problems associated with
continuous cropping system.
Keywords: Continuous cropping – Phenolic acid – Fusarium wilt – Root exudate – Rhizobox
Kengo Sasaki, Shin-ichi Hirano, Masahiko Morita, Daisuke Sasaki, Norio Matsumoto,
Naoya Ohmura and Yasuo Igarashi. Bioelectrochemical system accelerates microbial
growth and degradation of filter paper. Applied Microbiology and Biotechnology, Volume
89(2) (2011): 449-455
Bioelectrochemical reactors (BERs) with a cathodic working potential of −0.6 or −0.8 V more
efficiently degraded cellulosic material, i.e., filter paper (57.4–74.1% in 3 days and 95.9–96.3%
in 7 days) than did control reactors without giving exogenous potential (15.4% in 3 days and
64.2% in 7 days). At the same time, resultant conversions to methane and carbon dioxide in
cathodic working chamber of BERs by application of electrochemical reduction in 3 days of
operation were larger than control reactors. However, cumulative methane production in
cathodic BERs was similar to those in control reactors after 7 days of operation. Microscopic
observation and 16S rRNA gene analysis showed that microbial growth in the entire consortium
was higher after 2 days of operation of cathodic BERs as compared with the control reactors. In
addition, the number of methanogenic 16S rRNA gene copies in cathodic BERs was higher than
in control reactors. Moreover, archaeal community structures constructed in cathodic BERs
consisted of hydrogenotrophic methanogen-related organisms and differed from those in control
reactors after 2 days of operation. Specifically, the amount of Methanothermobacter species in
cathodic BERs was higher within archaeal communities than in those control reactors after
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2 days of operation. Electrochemical reduction may be effective for accelerating microbial
growth in the start-up period and thereby increasing microbial treatment of cellulosic waste and
methane production.
Keywords: Bioelectrochemical reactor – Anaerobic
Cathodic reaction

degradation – Microbial community –

Rong-Hua Liu, Guo-Ping Sheng, Min Sun, Guo-Long Zang, Wen-Wei Li, Zhong-Hua
Tong, Fang Dong, Michael Hon-Wah Lam and Han-Qing Yu. Enhanced reductive
degradation of methyl orange in a microbial fuel cell through cathode modification with
redox mediators. Applied Microbiology and Biotechnology, Volume 89(1) (2011): 201-208
A model azo dye, methyl orange (MO), was reduced through in situ utilization of the electrons
derived from the anaerobic conversion of organics in a microbial fuel cell (MFC). The MO
reduction process could be described by a pseudo first-order kinetic model with a rate constant
of 1.29 day−1. Electrochemical impedance spectroscopic analysis shows that the cathode had a
high polarization resistance, which could decrease the reaction rate and limit the electron
transfer. To improve the MO reduction efficiency, the cathode was modified with redox
mediators to enhance the electron transfer. After modification with thionine, the polarization
resistance significantly decreased by over 50%. As a consequence, the MO decolorization rate
increased by over 20%, and the power density was enhanced by over three times. Compared with
thionine, anthraquinone-2, 6-disulfonate modified cathode has less positive effect on the MFC
performance. These results indicate that the electrode modification with thionine is a useful
approach to accelerate the electrochemical reactions. This work provides useful information
about the key factors limiting the azo dye reduction in the MFC and how to improve such a
process.
Keywords: Cathode – Methyl orange (MO) – Microbial fuel cell (MFC) – Redox mediator –
Reduction – Thionine

Biosensor
Sandra Cortèsa, b, Christian L. Villiersa, b, Pascal Colpoc, Rachel Couderca, b, Carine
Brakhaa, b, François Rossic, Patrice N. Marchea, b and Marie-Bernadette Villiersa, b. (a
INSERM, U823, Grenoble, F-38042, France, b Université J. Fourier, UMR-S823, F-38042,
France, c European Commission Joint Research Centre, Ispra (VA), Italy). Biosensor for
direct cell detection, quantification and analysis. Biosensors and Bioelectronics, Volume
26(10) (2011): 4162-4168
Microarrays are promising tools for cell isolation and detection. However, they have yet to be
widely applied in biology. This stems from a lack of demonstration of their sensitivity and
compatibility with complex biological samples, and a lack of proof that their use does not induce
aberrant cellular effects. Herein, we characterized and optimized a recently developed
technology associating antibody microarrays with surface plasmon resonance imaging (SPRi).
Using a murine macrophage cell line we demonstrate the binding specificity of our antibodymicroarrays and the correlation between SPRi signals and both the number of bound cells, and
the level of expression of cell surface markers. Confocal microscopy reveals that cell binding to
the chip through antibody–antigen interactions underwent morphological changes reflecting the
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density of the relevant cell surface marker without affecting cell viability as shown by
fluorescent microscopy. The detection threshold of the microarray–SPRi system is lowered 10fold by applying a polyethylene oxide film to the gold surface of the chip. This increased
sensitivity allows the detection of cells representing as little as 0.5% of a mixed population. The
potential of this method is illustrated by two applications: characterization of ligand–cell
receptor interactions, allowing determination of receptor specificity, and analysis of peripheral
blood mononuclear cells, demonstrating the suitability of this tool for the analysis of complex
biological samples.
Key words: Surface plasmon resonance imaging; Cell; Antibody; Polyethylene oxide;
Biological samples; Receptor
Frederico F. Miranda a, b, 1, Elodie Brient-Litzlera, b, 1, Nora Zidanea, b, Frédéric Pecoraric, d
and Hugues Bedouellea, b. (a Institut Pasteur, Department of Infection and Epidemiology,
Unit of Molecular Prevention and Therapy of Human Diseases, 25 rue Docteur Roux,
75724 Paris Cedex 15, France, b CNRS URA3012, 25 rue Docteur Roux, 75724 Paris Cedex
15, France, c CNRS UMR6204, Biotechnology, Biocatalysis and Bioregulation, 2 rue de la
Houssinière, BP 92208, 44322 Nantes Cedex 3, France, d Université de Nantes, Faculté des
Sciences et des Techniques, 2 rue de la Houssinière, BP 92208, 44322 Nantes Cedex 3,
France). Reagentless fluorescent biosensors from artificial families of antigen binding
proteins. Biosensors and Bioelectronics, Volume 26(10) (2011): 4184-4190
Antibodies and artificial families of antigen binding proteins (AgBP) are constituted by a
connected set of hypervariable (or randomized) residue positions, supported by a constant
polypeptide backbone. The residues that form the binding site for a given antigen, are selected
among the hypervariable residues. We showed that it is possible to transform any AgBP of these
families into a reagentless fluorescent biosensor, specific of the target antigen, simply by
coupling a solvatochromic fluorophore to one of the hypervariable residues that have little or no
importance for the interaction with the antigen, after changing this residue into cysteine by
mutagenesis. We validated this approach with a DARPin (Designed Ankyrin Repeat Protein) and
a Nanofitin (also known as Affitin) with high success rates. Reagentless fluorescent biosensors
recognize their antigen in an immediate, quantitative, selective and specific way, without any
manipulation of the sample to analyze or addition of reagent.
Keywords: Antibody; Antigen; Binding protein; Biosensor; Fluorescence; Solvatochromic
fluorophore
Tran Ngoc Huana, Thothadri Ganesha, Sung-Hwan Hana, Moon-Young Yoona and Hoeil
Chunga. (a Department of Chemistry and Research Institute for Convergence of Basic
Sciences, Hanyang University, Seongdong-Gu, Haengdang-Dong, Seoul 133-791, Republic
of Korea). Sensitive detection of an Anthrax biomarker using a glassy carbon electrode
with a consecutively immobilized layer of polyaniline/carbon nanotube/peptide. Biosensors
and Bioelectronics, Volume 26(10) (2011): 4227-4230
Sensitivity of Anthrax protective antigen (PA) detection has been improved by directly
immobilizing a PA-specific peptide onto a multi-wall carbon nanotube (MWCNT). The
MWCNT was covalently immobilized onto a polyaniline (PANI) electrode, which was prepared
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via electropolymerization of the aniline monomer onto a glassy carbon electrode (GCE). Then,
the PA-specific peptide was covalently immobilized to the MWCNT layer for measurement.
When comparing this technique to that of PA immobilization on an insulting self assembled
organic layer, the advantages of the MWCNT are clear. The MWCNT sensor resulted in
enhanced electron transfer across the sensing layer. The resulting limit of detection (LOD) was
0.4 pM, a 13-fold improvement over that of our previous self-assembled organic layer was used
for immobilization of the same peptide. Neither positive nor negative interferences were
observed when a sample containing both 100 pM PA and bovine serum albumin (BSA) was
measured, indicating good selectivity of the proposed sensor.
Keywords: Anthrax detection; Protective antigen; Polyaniline; Carbon nanotube; Peptide
Guangxian Zhong a, 1, Ailin Liua, b, 1, Xuhai Chenc, f, Kun Wangd, Zhixian Liana, Qicai Liue,
Yuanzhong Chena, b, Min Duc and Xinhua Lina. (a Department of Pharmaceutical Analysis,
Faculty of Pharmacy, Fujian Medical University, Fuzhou 350004, China, b Fujian Institute
of Hematology, The Affiliated Union Hospital of Fujian Medical University, Fuzhou
350000, China, c Fujian Key Lab of Medical Instrumentation and Pharmaceutical
Technology, Fuzhou University, Fuzhou, Fujian 350002, China, d Department of
Pharmacy, The First Affiliated Hospital of Xiamen University, Xiamen 361003, China, e
Department of Clinical Laboratory, The First Affiliated Hospital of Fujian Medical
University, Fuzhou 350004, China, f College of Electrical Engineering and Automation,
Fuzhou University, Fuzhou 350000, China). Electrochemical biosensor based on
nanoporous gold electrode for detection of PML/RARα fusion gene. Biosensors and
Bioelectronics, Volume 26(9) (2011): 3812-3817
In this study, a kind of nanoporous gold electrode (NPG) prepared with repetitive square-wave
oxidation reduction cycle (SWORC) was reported. The active surface area of the proposed NPG
electrode was 9.9 times larger than that of a bare flat one characterized by cyclic voltammetry
(CV). An electrochemical DNA biosensor based on NPG electrode was fabricated for detection
of promyelocytic leukemia/retinoic acid receptor α (PML/RARα) fusion gene in acute
promyelocytic leukemia (APL) by using Methylene Blue (MB) as an electroactive indicator.
Differential pulse voltammetry (DPV) was employed to monitor the hybridization reaction on
the probe modified electrode. The decrease of the peak current of MB was observed upon
hybridization of the probe with target DNA. The results indicated that the peak current was
linear with the concentration of complementary strand in the range of 60 pM to 220 pM with a
detection limit of 6.7 pM. This new biosensor exhibited excellent sensitivity and selectivity and
had been used for an assay of PCR real sample with a satisfactory result.
Keywords: Nanoporous gold electrode; Square-wave oxidation reduction cycle; DNA
biosensors; PML/RARα fusion gene; Methylene Blue
AngLim Chuaa, Chan Yean Yeanb, Manickam Ravichandranc, BoonHuat Lima and
Pattabhiraman Lalitha c.(a School of Health Sciences, Universiti Sains Malaysia, 16150
Kubang Kerian, Kelantan, Malaysia, b School of Medical Sciences, Universiti Sains
Malaysia, 16150 Kubang Kerian, Kelantan, Malaysia, c Department of Biotechnology,
Faculty of Applied Sciences, AIMST University, Semeling, 08100 Bedong, Kedah,
Malaysia). A rapid DNA biosensor for the molecular diagnosis of infectious disease.
Biosensors and Bioelectronics, Volume 26(9) (2011): 3825-3831
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Treating patients with infectious diseases relies heavily on rapid and proper diagnosis. Molecular
detection such as PCR has become increasingly important and efforts have been made to
simplify these detection methods. This study reports the development of a glass fibre-based
lateral flow DNA biosensor that uses capture reagents coupled to carrier beads and detector
reagent bioconjugated to gold nanoparticles, for the detection of foodborne pathogen, Vibrio
cholerae. The DNA biosensor contains a test line which captures target PCR amplicons, an
internal amplification control (IC) line which captures IC amplicons and a control line which
acts as membrane control to validate the functionality of this device. The test line captures biotin
labelled DNA, while the IC line captures digoxigenin labelled DNA. The detector reagent
recognizes the fluorescein haptens of the amplified DNA and produces visual red lines. Scanning
electron microscopy (SEM) studies performed indicated that the capture reagents remained
relatively immobile within the matrix of the membrane even after binding of the detector
reagent. The DNA biosensor recorded a limit of detection (LoD) of 5 ng of target DNA. A
clinical evaluation was carried out with 174 strains of V. cholerae and non V. cholerae bacteria
and the DNA biosensor recorded 100% for both sensitivity and specificity when compared to
conventional agarose gel detection of DNA. Thus it is a viable alternative to agarose gel analysis
and is easy-to-use, disposable and do not require any specialized equipment and use of
carcinogenic chemicals.
Keywords: DNA biosensor; Vibrio cholerae; Microspheres; Lateral flow
Peng Sia, Palanisamy Kannana, Longhua Guoa, Hungsun Sonb and Dong-Hwan Kima. (a
School of Chemical and Biomedical Engineering, Nanyang Technological University, 70
Nanyang Drive, Singapore 637457, Singapore, b School of Mechanical & Aerospace
Engineering, Nanyang Technological University, Singapore 639798, Singapore). Highly
stable and sensitive glucose biosensor based on covalently assembled high density Au
nanostructures. Biosensors and Bioelectronics, Volume 26(9) (2011): 3845-3851
We describe the development of a highly stable and sensitive glucose biosensor based on the
nanohybrid materials derived from gold nanoparticles (AuNPs) and multi-walled carbon
nanotubes (MWCNT). The biosensing platform was developed by using layer-by-layer (LBL)
self-assembly of the nanohybrid materials and the enzyme glucose oxidase (GOx). A high
density of AuNPs and MWCNT nanocomposite materials were constructed by alternate self
assembly of thiol functionalized MWCNTs and AuNPs, followed by chemisoption of GOx. The
surface morphology of multilayered AuNPs/MWCNT structure was characterized by field
emission-scanning electron microscope (FE-SEM), and the surface coverage of AuNPs was
investigated by cyclic voltammetry (CV), showing that 5 layers of assembly achieves the
maximum particle density on electrode. The immobilization of GOx was monitored by
electrochemical impedance spectroscopy (EIS). CV and amperometry methods were used to
study the electrochemical oxidation of glucose at physiological pH 7.4. The Au electrode
modified with five layers of AuNPs/MWCNT composites and GOx exhibited an excellent
electrocatalytic activity towards oxidation of glucose, which presents a wide liner range from
20 µM to 10 mM, with a sensitivity of 19.27 µA mM−1 cm−2. The detection limit of present
modified electrode was found to be 2.3 µM (S/N = 3). In addition, the resulting biosensor
showed a faster amperometric current response (within 3 s) and low apparent Michaelis–Menten
constant
. Our present study shows that the high density of AuNPs decorated MWCNT is
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a promising nanohybrid material for the construction of enzyme based electrochemical
biosensors.
Keywords: Layer-by-layer; Multi-walled carbon nanotubes; Gold nanoparticles; Polyelectrolyte;
Glucose oxidase; Glucose biosensor
Dan Dua, Aiqiong Chena, Yunying Xiea, Aidong Zhanga and Yuehe Linb. (a Key Laboratory
of Pesticide and Chemical Biology of Ministry of Education, College of Chemistry, Central
China Normal University, Wuhan 430079, PR China, b Pacific Northwest National
Laboratory, Richland, Washington 99352, USA). Nanoparticle-based immunosensor with
apoferritin templated metallic phosphate label for quantification of phosphorylated
acetylcholinesterase. Biosensors and Bioelectronics, Volume 26(9) (2011): 3857-3863
A new sandwich-like electrochemical immunosensor has been developed for quantification of
organophosphorylated acetylcholinesterase (OP-AChE), an exposure biomarker of
organophosphate pesticides and nerve agents. Zirconia nanoparticles (ZrO2 NPs) were anchored
on a screen printed electrode (SPE) to preferably capture OP-AChE adducts by metal chelation
with phospho-moieties, which was selectively recognized by lead phosphate-apoferritin labeled
anti-AChE antibody (LPA–anti-AChE). The sandwich-like immunoreactions were performed
among ZrO2 NPs, OP-AChE and LPA–anti-AChE to form ZrO2/OP-AChE/LPA–anti-AChE
complex and the released lead ions were detected on a disposable SPE. The binding affinity was
investigated by both square wave voltammetry (SWV) and quartz crystal microbalance (QCM)
measurements. The proposed immunosensor yielded a linear response current over a broad OPAChE concentrations range from 0.05 nM to 10 nM, with detection limit of 0.02 nM, which has
enough sensitivity for monitoring of low-dose exposure to OPs. This method avoids the
drawback of unavailability of commercial OP-specific antibody as well as amplifies detection
signal by using apoferritin encoded metallic phosphate nanoparticle tags. This nanoparticlebased immunosensor offers a new method for rapid, sensitive, selective and inexpensive
quantification of phosphorylated adducts for monitoring of OP pesticides and nerve agents
exposures.
Keywords: Acetylcholinesterase; Organophosphate pesticides; Biomarker; Immunosensor;
Apoferritin; Amplification
Xiaoming Zhanga, 1, Chaojun Songb, 1, Lili Chena, Kui Zhang b, Aihua Fua, Boquan Jinb,
Zhujun Zhanga and Kun Yangb. (a Key Laboratory of Analytical Chemistry for Life
Science of Shaanxi Province, School of Chemistry and Materials Science, Shaanxi Normal
University, Xi’an 710062, China, b Department of Immunology, The Fourth Military
Medical University, Xi’an 710032, China). A novel immunoassay for residual bovine serum
albumin (BSA) in vaccines using laser-induced fluorescence millimeter sensor array
detection platform. Biosensors and Bioelectronics, Volume 26(9) (2011): 3958-3961
A highly sensitive and stable sandwich fluorescence immunoassay for the quantitative detection
of residual BSA in vaccines based on the labels of the functionalized fluorescent core-shell silica
nanoparticles and laser-induced fluorescence millimeter sensor array detection platform has been
developed. On a glass slide with low fluorescence background, capture antibody against BSA
was immobilized, after BSA was captured, another identify antibody against BSA which was
labeled with the new fluorescent silica nanoparticles was used to recognize the BSA. The
fluorescence issued from the fluorescent silica nanoparticles was successfully detected by the
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laser induced fluorescence millimeter sensor assay detection platform which was made by us.
This method exhibited high performance with a linear correlation between response and amount
of BSA in the range 1.0–100 ng/mL and the detection limit was 0.3 ng/mL (3σ). The relative
standard deviation (R.S.D.) was 6.7% at the concentration of 20 ng/mL for 5 parallel
measurements of BSA.
Keywords: Nanoparticles; Laser induced fluorescence; Sensor array; BSA
Daekyung Sunga, Dong Ho Shinc and Sangyong Jona, b. (a Graduate Program of Medical
System Engineering (GMSE), School of Life Sciences, Gwangju Institute of Science and
Technology (GIST), 261 Cheomdan-gwagiro, Buk-gu, Gwangju 500-712, Republic of
Korea, b Cell Dynamics Research Center, School of Life Sciences, Gwangju Institute of
Science and Technology (GIST), 261 Cheomdan-gwagiro, Buk-gu, Gwangju 500-712,
Republic of Korea, c Biomed Research Team, BT Convergence Technology Research
Department, IT Convergence Technology Research Laboratory, Electronics and
Telecommunications Research Institute (ETRI), 138 Gajeongno, Yuseong-gu, Daejeon 305700, Republic of Korea). Toward immunoassay chips: Facile immobilization of antibodies
on cyclic olefin copolymer substrates through pre-activated polymer adlayers. Biosensors
and Bioelectronics, Volume 26(9) (2011), Pages 3967-3972
Our research efforts have focused on the surface modification and the potential as a biochip
material of commercially available cyclic olefin copolymer (COC) substrates. For the surface
modification of hydrophobic COC substrates we synthesized two types of amphiphilic polymers
having three important functions: hydrophobic (dodecyl or benzyl) groups, serving to anchor the
COC substrate; a PEG component, which acts as a repellent of non-specific biomolecules; and
an NHS ester group for conjugation of biomolecules. Formation of the polymer adlayers on COC
surface was confirmed using a contact angle analyzer. The anti-biofouling property of the
polymer-coated COC surface was examined by measuring the extent of nonspecific adsorption
of immunoglobulin G (IgG), resulting in a very low level of the protein adsorption compared to
uncoated COC surfaces (control). In addition, antibodies, used as representative biomolecules
for immunoassay, could be selectively immobilized on the polymer-coated COC surface.
Sandwich immunoassay using anti-rabbit IgG immobilized COC surface showed linear response
to rabbit IgG of model analyte over a range from 1 to 1000 ng/mL with detection limit of 1–
10 ng/mL. We also fabricated a Lab-On-a Chip type of COC biochip, which could detect a
cardiac marker protein, troponin I (TnI), with detection limit of 10 ng/mL.
Keywords: Amphiphilic polymers; Cyclic olefin copolymer; Polymer adlayers; Anti-biofouling;
Antibody immobilization; Immunoassay
Guanglei Fua, Xiuli Yuea and Zhifei Daia. (a Nanomedicine and Biosensor Laboratory,
School of Sciences, State Key Laboratory of Urban Water Resources and Environment,
Harbin Institute of Technology, Harbin 150001, PR China). Glucose biosensor based on
covalent immobilization of enzyme in sol–gel composite film combined with Prussian
blue/carbon nanotubes hybrid. Biosensors and Bioelectronics, Volume 26, Issue 9, 15 May
2011, Pages 3973-3976
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A novel electrochemical glucose biosensor was developed based on in situ covalent
immobilization of glucose oxidase (GOx) by one-pot chitosan (CS)-incorporated sol–gel process
in the presence of Prussian blue deposited multi-walled carbon nanotubes hybrids (PB/MWNTs)
using 3-isocyanatopropyltriethoxysilane (ICPTES) as both a sol–gel precursor and a covalent
coupling agent for GOx and CS. The electrode modified with the PB/MWNTs-GOx-CS-ICPTES
sol–gel composite film showed good electrical conductivity and effective low-potential electron
transfer mediation toward H2O2 reduction attributed to the incorporation of PB/MWNTs. The
biosensor exhibited a linear response to glucose in the concentration range from 2.5 × 10−5 to
1.3 × 10−3 M with a correlation coefficient of 0.9998, a detection limit of 7.5 × 10−6 M, a low
response time (10 s), good sensitivity and high anti-interference ability. Compared with the
control biosensor based on the traditional tetraethoxysilane derived sol–gel composite film, the
biosensor showed a similarly small apparent Michaelis–Menten constant of 3.67 mM but much
higher electrochemical and biosensing stability.
Keywords: Glucose oxidase; Biosensor; Sol–gel; Covalent immobilization; Prussian blue;
Multi-walled carbon nanotubes
Qian Cao a, Hong Zhaoa, Yimin Yangb, Yujian Hea, c, Nan Dinga, Jian Wanga, Zhijiao Wua,
Kaixiang Xiang d and Guangwei Wange. (a College of Chemistry and Chemical Engineering,
Graduate University of Chinese Academy of Sciences, 19A YuQuan Road, Beijing 100049,
China, b College of Humanities and Social Science, Graduate University of Chinese
Academy of Sciences, 19A YuQuan Road, Beijing 100049, China, c State Key Laboratory
of Natural and Biomimetic Drugs, Peking University, Beijing 100191, China, d Huaihua
Medical College, Hunan 418000, China, e Medical College, Hunan Normal University,
Changsha, Hunan 410006, China). Electrochemical immunosensor for casein based on gold
nanoparticles and poly(l-Arginine)/multi-walled carbon nanotubes composite film
functionalized interface. Biosensors and Bioelectronics, Volume 26(8) (2011): 3469-3474
In this paper, a novel electrochemical immunosensor for the determination of casein based on
gold nanoparticles and poly(l-Arginine)/multi-walled carbon nanotubes (P-l-Arg/MWCNTs)
composite film was proposed. The P-l-Arg/MWCNTs composite film was used to modify glassy
carbon electrode (GCE) to fabricate P-l-Arg/MWCNTs/GCE through electropolymerization of lArginine on MWCNTs/GCE. Gold nanoparticles were adsorbed on the modified electrode to
immobilize the casein antibody and to construct the immunosensor. The stepwise assembly
process of the immunosensor was characterized by cyclic voltammetry and differential pulse
voltammetry. Results demonstrated that the peak currents of [Fe(CN)6]3−/4− redox pair decreased
due to the formation of antibody–antigen complex on the modified electrode. The optimization
of the adsorption time of gold nanoparticles, the pH of supporting electrolyte and the incubation
time were investigated in details. Under optimal conditions, the peak currents obtained by DPV
decreased linearly with the increasing casein concentrations in the range from 1 × 10−7 to
1 × 10−5 g mL−1 with a linear coefficiency of 0.993. This electrochemical immunoassay has a
low detection limit of 5 × 10−8 g mL−1 and was successfully applied to the determination of
casein in cheese samples.
Keywords: Casein; Immunosensor; Multi-walled carbon nanotubes; Gold nanoparticles;
Differential pulse voltammetry
Wilanee Chunglok a, Dyah Kinasih Wuragila, b, Sukunya Oaewc, Mithran Somasundrumc
and Werasak Surareungchaia, d. (a School of Bioresources and Technology, King
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Mongkut's University of Technology Thonburi, Bang Khun Thian Chai Thale Road, Bang
Khun Thian, Bangkok 10150, Thailand, b Faculty of Agricultural Technology, Brawijaya
University, Jl. Veteran, Malang 65145, East Java, Indonesia, c Biochemical Engineering
and Pilot Plant Research and Development Unit, National Center for Genetic Engineering
and Biotechnology, National Sciences and Technology Development Agency at King
Mongkut's University of Technology Thonburi (Bangkhuntien), Bangkok 10150, Thailand,
d
Biological Engineering Program, King Mongkut's University of Technology Thonburi,
Thung Khru, Pracha Uthit Road, Bangkok 10140, Thailand). Immunoassay based on
carbon nanotubes-enhanced ELISA for Salmonella enterica serovar Typhimurium.
Biosensors and Bioelectronics, Volume 26(8) (2011): 3584-3589
Among the methods used to detect pathogenic bacteria, enzyme linked immunosorbent assay
(ELISA) is one of the most widely used techniques in routine sample analysis. For Salmonella
enterica serovar Typhimurium detection, a typical ELISA yields a sensitivity of 106–
107 CFU/ml. To enhance the detection sensitivity, single-walled carbon nanotubes (SWCNTs)
was employed in this study as a labelling platform for antibody and horseradish peroxidase
(HRP) co-immobilizing. With high proteins recovery after the coupling process, the resulting
Ab/SWCNTs/HRP bioconjugate was used in the proof-of-concept ELISA experiments. Limit of
detection (LOD) was found to be 103 and 10 4 CFU/ml for direct and sandwich ELISA,
respectively, when Ab/HRP at 1:400 ratio was used. This figure accounts for 1000-time greater
in detection sensitivity when compared to a commercial Ab-HRP conjugate. The
Ab/SWCNTs/HRP bioconjugate was tested further in real samples and found a superior activity
over the commercial Ab-HRP by showing 100-time greater detection limit.
Keywords: Carbon
Typhimurium
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He Lia, b, c, Qin Weib, Jing Heb, Ting Lid, Yanfang Zhaob, Yanyan Caib, Bin Dub, Zhiyong
Qiane and Minghui Yangb. (a School of Medical and Life Sciences, University of Jinan,
Jinan 250022, PR China, b School of Chemistry and Chemical Engineering, University of
Jinan, Jinan 250022, PR China, c Shandong Academy of Medical Sciences, Jinan 250062,
China, d Department of Surgery, The Second Xiang-ya Hospital, Central South University,
Changsha 410011, China, e China State Key Lab of Biotherapy and Cancer Center, West
China Hospital, West China Medical School, Sichuan University, Chengdu 610041, PR
China). Electrochemical immunosensors for cancer biomarker with signal amplification
based on ferrocene functionalized iron oxide nanoparticles. Biosensors and Bioelectronics,
Volume 26(8) (2011): 3590-3595
Ultrasensitive sandwich type electrochemical immunosensors for the detection of cancer
biomarker prostate specific antigen (PSA) is described which uses graphene sheet (GS) sensor
platform and ferrocene functionalized iron oxide (Fe3O4) as label. To fabricate the labels,
dopamine (DA) was first anchored onto Fe3O4 surface followed by conjugating ferrocene
monocarboxylic acid (FC) and secondary-antibody (Ab2) onto Fe3O4 through the amino groups
of DA (DA-Fe3O4-FC-Ab2). The great amount of DA molecules anchored onto Fe3O4 surface
increased the immobilization of FC and Ab2 onto the Fe3O4 nanoparticle, which in turn increased
the sensitivity of the immunosensor. GS used as biosensor platform increased the surface area to
capture a great amount of primary antibodies (Ab1) and the good conductivity of GS enhanced
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the detection sensitivity to FC. Using the redox current of FC as signal, the immunosensor
displays high sensitivity, wide linear range (0.01–40 ng/mL), low detection limit (2 pg/mL),
good reproducibility and stability. In addition, this method could be extended to the
immobilization of other interesting materials (fluorescence dyes) onto Fe3O4 for preparing
various kinds of labels to meet the different requirements in immunoassays.
Keywords: Iron oxide; Graphene; Ferrocene; Nitrodopamine; Prostate specific antigen
Aldo Rodaa, b, Luca Ceveninia, Elisa Michelinia, b and Bruce R. Branchinic. (aDepartment of
Pharmaceutical Sciences, University of Bologna, Via Belmeloro 6, 40126 Bologna, Italy, b
INBB, Istituto Nazionale di Biostrutture e Biosistemi, Viale delle Medaglie d’Oro 305,
00136 Roma, Italy, c Department of Chemistry, Connecticut College, 270 Mohegan Avenue,
New London, CT 06320, USA). A portable bioluminescence engineered cell-based
biosensor for on-site applications. Biosensors and Bioelectronics, Volume 26(8) (2011):
3647-3653
We have developed a portable biosensing device based on genetically engineered bioluminescent
(BL) cells. Cells were immobilized on a 4 × 3 multiwell cartridge using a new biocompatible
matrix that preserved their vitality. Using a fiber optic taper, the cartridge was placed in direct
contact with a cooled CCD sensor to image and quantify the BL signals. Yeast and bacterial cells
were engineered to express recognition elements, whose interaction with the analyte led to
luciferase expression, via reporter gene technology. Three different biosensors were developed.
The first detects androgenic compounds using yeast cells carrying a green-emitting P. pyralis
luciferase regulated by the human androgen receptor and a red mutant of the same species as
internal vitality control. The second biosensor detects two classes of compounds (androgens and
estrogens) using yeast strains engineered to express green-or red-emitting mutant firefly
luciferases in response to androgens or estrogens, respectively. The third biosensor detects
lactose analogue isopropyl β-d-1-thiogalactopyranoside using two E. coli strains. One strain
exploits the lac operon as recognition element for the expression of P. pyralis luciferase. The
other strain serves as a vitality control expressing Gaussia princeps luciferase, which requires a
different luciferin substrate. The immobilized cells were stable for up to 1 month. The analytes
could be detected at nanomolar levels with good precision and accuracy when the specific signal
was corrected using the internal vitality control. This portable device can be used for on-site
multiplexed bioassays for different compound classes.
Keywords: Whole-cell biosensor; Multiplexed bioluminescence; Cell immobilization; Lensless
imaging; On-site analysis
Sujittra Poorahonga, b, Padmanabhan Santhosha, Gabriela Valdés Ramíreza, Ta-Feng
Tsenga, c, Joseph Isaac Wonga, Proespichaya Kanatharanab, Panote Thavarungkulb and
Joseph Wang a. (a Department of NanoEngineering, University of California San Diego, La
Jolla, CA 92093, USA, b Faculty of Science, Prince of Songkla University, Hat Yai,
Songkhla 90112, Thailand, c Department of Biomedical Engineering, Chung-Yuan
Christian University, Chung Li 32023, Taiwan, ROC). Development of amperometric αketoglutarate biosensor based on ruthenium–rhodium modified carbon fiber enzyme
microelectrode. Biosensors and Bioelectronics, Volume 26(8) (2011): 3670-3673
A rapid and highly sensitive miniaturized amperometric biosensor for the detection of αketoglutarate (α-KG) based on a carbon fiber electrode (CFE) is presented. The biosensor is
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constructed by immobilizing the enzyme, glutamate dehydrogenase (GLUD) on the surface of
single carbon fiber modified by co-deposition of ruthenium (Ru) and rhodium (Rh)
nanoparticles. SEM and EDX shed useful insights into the morphology and composition of the
modified microelectrode. The mixed Ru/Rh coating offers a greatly enhanced electrocatalytic
activity towards the detection of β-nicotinamide adenine dinucleotide (NADH), with a
substantial decrease in overpotential of 400 mV compared to the unmodified CFE. It also
imparts higher stability with minimal surface fouling, common to NADH oxidation. Further
modification with the enzyme, GLUD leads to effective amperometric biosensing of α-KG
through monitoring of the NADH consumption. A very rapid response to dynamic changes in the
α-KG concentrations is observed with a response time of 6 s. The current response is linear
between 100 and 600 µM with a sensitivity of 42 µA M−1 and a detection limit of 20 µM. This
proof of concept study indicates that the GLUD-Ru/Rh-CFE biosensor holds great promise for
real-time electrochemical measurements of α-KG.
Keywords: Amperometric biosensor; α-Ketoglutarate; NADH; Ru; Rh; Carbon fiber electrode
Lin Cuia, Huanshun Yina, Jing Dong a, Hai Fana, Tao Liua, Peng Jua and Shiyun Aia.
(aCollege of Chemistry and Material Science, Shandong Agricultural University, Taian
271018, Shandong, PR China). A mimic peroxidase biosensor based on calcined layered
double hydroxide for detection of H2O2. Biosensors and Bioelectronics, Volume 26(7)
(2011): 3278-3283
An enzymeless biosensor was explored from Cu–Mg–Al calcined layered double hydroxide
(CLDH) modified electrode in this study. The Cu–Mg–Al CLDH greatly promotes the electron
transfer between H2O2 and GCE, and it is exemplified toward the non-enzymatic sensing of
H2O2. The results indicate that the Cu–Mg–Al CLDH exhibits excellent electrocatalytic
property, high sensitivity, good reproducibility, long-term stability, and fast amperometric
response toward reduction of H2O2, thus is promising for the future development of man-made
mimics of enzyme in H2O2 sensors. This work opens a way to utilize simply Cu–Mg–Al CLDH
as an electron mediator to fabricate an efficient H2O2 biosensor, which exhibits great potential
applications in varieties of simple, robust, and easy-to-make analytical approaches in the future.
Keywords: Calcined layered double hydroxides; Mimic peroxidase; Electrocatalysis; Hydrogen
peroxide; Modified electrode
Ping Genga, Xinai Zhanga, Yingqiao Tenga, Ying Fua, Lili Xua, Min Xub, Litong Jina and
Wen Zhang a. (a Department of Chemistry, East China Normal University, 3663th
Zhongshan Rd. (N), Shanghai 200062, PR China, b Shanghai Key Laboratory of Magnetic
Resonance, Department of Physics, East China Normal University, Shanghai 200062, PR
China). A DNA sequence-specific electrochemical biosensor based on alginic acid-coated
cobalt magnetic beads for the detection of E. coli. Biosensors and Bioelectronics, Volume
26(7) (2011): 3325-3330
A new type of DNA sequence-specific electrochemical biosensor based on magnetic beads for
the detection of Escherichia coli is reported in the present work. Alginic acid-coated cobalt
magnetic beads, capped with 5′-(NH2) oligonucleotide and employed not only for magnetic
separation but also as the solid adsorbent, were used as DNA probes to hybridize with the target
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E. coli DNA sequence. This assay was specific for E. coli detection depending on the uid A gene,
which encodes for the enzyme β-d-glucuronidase produced by E. coli strains. When daunomycin
(DNR) was used as DNA hybridization indicator, the target sequences of E. coli hybridized with
the probes resulted in the decrease of DNR reduction peak current, which was proportional to the
E. coli concentration. The optimization of the hybridization detection was carried out and the
specificity of the probes was also demonstrated. This DNA biosensor can be employed to detect
a complementary target sequence for 3.0 × 10−10 mol/L and denatured PCR products for
0.5 ng/µL. The linear range of the developed biosensor for the detection of E. coli cells was from
1.0 × 102 to 2.0 × 103 cells/mL with a detection limit of 50 cells/mL. After a brief enrichment
process, a concentration of 10 cells/mL E. coli in real water samples was detected by the
electrochemical biosensor.
Keywords: DNA electrochemical biosensor; Magnetic beads; Hybridization detection; E. coli
Liang Sua, Wenzhao Jia a, Changjun Houb and Yu Leia. (a Department of Chemical,
Materials and Biomolecular Engineering, University of Connecticut, 191 Auditorium
Road, Storrs, CT 06269, USA, b College of Bioengineering, Chongqing University,
Chongqing 400044, China). This review is dedicated to the memory of Mr. Chonggang Lei
whose standards and lifelong achievements serve to inspire Dr. Yu Lei. Biosensors and
Bioelectronics, Volume 26(5) (2011): 1788-1799
A microbial biosensor is an analytical device which integrates microorganism(s) with a physical
transducer to generate a measurable signal proportional to the concentration of analytes. In
recent years, a large number of microbial biosensors have been developed for environmental,
food, and biomedical applications. Starting with the discussion of various sensing techniques
commonly used in microbial biosensing, this review article concentrates on the summarization of
the recent progress in the fabrication and application of microbial biosensors based on
amperometry, potentiometry, conductometry, voltammetry, microbial fuel cell, fluorescence,
bioluminescence, and colorimetry, respectively. Prospective strategies for the design of future
microbial biosensors will also be discussed.
Keywords: Whole-cell biosensors; Amperometric;
Voltammetric; Fluorescent; Bioluminescent; Colorimetric
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Xingfen Liua, Quli Fana and Wei Huanga. (a Institute of Advanced Materials (IAM),
Jiangsu Key Laboratory for Organic Electronics & Information Displays (KLOEID), and
School of Materials Science and Engineering, Nanjing University of Posts &
Telecommunications, 9 Wenyuan Road, Nanjing 210046, China). DNA biosensors based on
water-soluble conjugated polymers. Biosensors and Bioelectronics, Volume 26(5) (2011):
2154-2164
Conjugated polymers (CPs) with large, delocalised molecular structures exhibit unique optical
and electrochemical characteristics that can be used as excellent sensing elements. Recently,
research on chemical and biological sensors that use water-soluble CPs as transducers has
generated intense interest. Two main sensing mechanisms are used for the detection of DNArelated events, such as hybridisation, mismatch, single nucleotide polymorphism (SNP), SNP
genotyping, conformational changes, and cleavage of the nucleic acids. One mechanism takes
advantage of the fluorescence resonance energy transfer (FRET) between CPs and a
chromophore label on the nucleic acid probes in which a series of cationic polyfluorene,
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polythiophene and polyarylene derivatives are frequently used. The other mechanism relies on
the conformational effects of CPs, which is induced by combination of the specific targets in
which cationic polythiophene derivatives are often used. The electron transfer property of CPs
are always used to design high sensitive electrochemical DNA biosensors. Here we review
recent progress in the development of optical and electrochemical DNA biosensors based on
water-soluble CPs.
Keywords: Biosensor;
Electrochemical sensor

Water-soluble

conjugated

polymer;

DNA;

Optical

sensor;

M.F. Barrosoa, b, c, N. de-los-Santos-Álvareza, M.J. Lobo-Castañóna, A.J. MirandaOrdieresa, C. Delerue-Matosc, M.B.P.P. Oliveira b and P. Tuñón-Blancoa. (aDepartamento
de Química Física y Analítica, Universidad de Oviedo, Julián Clavería 8, 33006 Oviedo,
Spain, b Requimte, Serviço de Bromatologia, Faculdade de Farmácia, Universidade do
Porto, R. Aníbal Cunha n.° 164, 4050-047 Porto, Portugal, cREQUIMTE/Instituto Superior
de Engenharia do Porto, Dr. Bernardino de Almeida 431, 4200-072 Porto, Portugal). DNAbased biosensor for the electrocatalytic determination of antioxidant capacity in beverages.
Biosensors and Bioelectronics, Volume 26(5) (2011): 2396-2401
Reactive oxygen species (ROS) are produced as a consequence of normal aerobic metabolism
and are able to induce DNA oxidative damage. At the cellular level, the evaluation of the
protective effect of antioxidants can be achieved by examining the integrity of the DNA
nucleobases using electrochemical techniques. Herein, the use of an adenine-rich oligonucleotide
(dA21) adsorbed on carbon paste electrodes for the assessment of the antioxidant capacity is
proposed. The method was based on the partial damage of a DNA layer adsorbed on the
electrode surface by OH radicals generated by Fenton reaction and the subsequent
electrochemical oxidation of the intact adenine bases to generate an oxidation product that was
able to catalyze the oxidation of NADH. The presence of antioxidant compounds scavenged
hydroxyl radicals leaving more adenines unoxidized, and thus, increasing the electrocatalytic
current of NADH measured by differential pulse voltammetry (DPV). Using ascorbic acid (AA)
as a model antioxidant species, the detection of as low as 50 nM of AA in aqueous solution was
possible. The protection efficiency was evaluated for several antioxidant compounds. The
biosensor was applied to the determination of the total antioxidant capacity (TAC) in beverages.
Keywords: NADH; DNA biosensor; Electrocatalytic oxidation; Total antioxidant capacity
(TAC); Ascorbic acid; Reactive oxygen species (ROS)
Zhong Zhonga, Michael Fritzschea, Sean B. Pieperb, Thomas K. Woodc, Kevin L. Learb,
David S. Dandya and Kenneth F. Reardona (a Department of Chemical and Biological
Engineering, Colorado State University, Fort Collins, CO 80523, USA, b Department of
Electrical and Computer Engineering, Colorado State University, Fort Collins, CO 80523,
USA, c Department of Chemical Engineering, Texas A&M University, College Station, TX
77843, USA). Fiber optic monooxygenase biosensor for toluene concentration measurement
in aqueous samples. Biosensors and Bioelectronics, Volume 26(5) (2011): 2407-2412
Measurements of pollutants such as toluene are critical for the characterization of contaminated
sites and for the monitoring of remediation processes and wastewater treatment effluents. Fiber
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optic enzymatic biosensors have the potential to provide cost-effective, real time, continuous, in
situ measurements. In this study, a fiber optic enzymatic biosensor was constructed and
characterized for the measurement of toluene concentrations in aqueous solutions. The biological
recognition element was toluene ortho-monooxygenase (TOM), expressed by Escherichia coli
TG1 carrying pBS(Kan)TOM, while an optical fiber coated with an oxygen-sensitive rutheniumbased phosphorescent dye served as the transducer. Toluene was detected based on the
enzymatic reaction catalyzed by TOM, which resulted in the consumption of oxygen and
changes in the phosphorescence intensity. The biosensor was found to have a limit of detection
of 3 µM, a linear signal range up to 100 µM, and a response time of 1 h. The performance was
reproducible with different biosensors (RSD = 7.4%, n = 8). The biosensor activity declined with
each measurement and with storage time, particularly at elevated temperatures. This activity loss
could be partially reversed by exposure to formate, suggesting that NADH consumption was the
primary factor limiting lifetime. This is the first report of an enzymatic toluene sensor and of an
oxygenase-based biosensor. Since many oxygenases have been reported, the design concept of
this oxygenase-based biosensor has the potential to broaden biosensor applications in
environmental monitoring.
Keywords: Phosphorescence; Luminescence; Enzyme biosensor; Optode; Toluene omonooxygenase
P. R. Thawale, S. Satheesh Babu, R. R. Wakode, Sanjeev Kumar Singh, Sunil Kumar and
A. A. Juwarkar. Biochemical changes in plant leaves as a biomarker of pollution due to
anthropogenic activity. Environmental Monitoring and Assessment, Volume 177(1-4)
(2011): 527-535
The air pollution due to anthropogenic activities seriously affected human life, vegetation, and
heritage as well. The vegetation cover in and around the city mitigates the air pollution by acting
as a sink for pollution. An attempt was made to evaluate biochemical changes occurred in four
selected plant species, namely Azadirachta indica, Mangifera indica, Delonix regia, and Cassia
fistula of residential, commercial, and industrial areas of Nagpur city in India. It was observed
that the correlated values of air pollutants and plant leaves characteristics alter foliar biochemical
features (i.e., chlorophyll and ascorbic acid content, pH and relative water content) of plants due
to air pollution. The changes in air pollution tolerance index of plants was also estimated which
revealed that these plants can be used as a biomarker of air pollution.
Keywords: Air pollution – Foliar biochemical features – Air pollution tolerance index – Bioindicator
Vanessa Moschino, Eugenia Delaney, Francesca Meneghetti and Luisa Da Ros.
Biomonitoring approach with mussel Mytilus galloprovincialis (Lmk) and clam Ruditapes
philippinarum (Adams and Reeve, 1850) in the Lagoon of Venice. Environmental
Monitoring and Assessment, Volume 177(1-4) (2011): 649-663
Transplanted Mytilus galloprovincialis and native Ruditapes philippinarum were deployed in 10
sampling stations with different pollution impact within the Lagoon of Venice to evaluate the
temporal variations and the suitability of the following cytochemical and histochemical
biomarkers just as indicators of environmental stress: lysosomal membrane stability, lipofuscins,
neutral lipids and lysosome to cytoplasm volume ratio. The physiological status of the organisms
was also investigated by determining the survival in air capability and the reburrowing rate
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(clams). The biological parameters were assessed in June and October. Furthermore, for a better
definition of the environmental aspects of the study sites, heavy metal, PAH and PCB
concentrations were also evaluated in the sediments. As a whole, the biological responses
examined in both species from all the sampling sites showed significant differences between the
two seasonal campaigns, only lysosomal membrane stability exhibited less variability. Pollutants
in sediments generally showed low-intermediate contamination levels, few hotspots persisting
mostly in the inner areas of the lagoon, the most influenced by the industrial zone. Transplanted
mussels were more responsive than native clams and the biological responses of both species
varied temporally. The range of the spatial variability was always narrow and reflected only
partially the broader variability shown by the chemical content in the sediments. In this sense,
biological responses seemed to be particularly influenced by the high temporal and spatial
heterogeneity that characterise the Lagoon of Venice, as well as most of the transitional
environments.
Keywords: Biomarkers – Biomonitoring – Lagoon of Venice – Mytilus galloprovincialis –
Ruditapes philippinarum
Hae Ja Shin. Genetically engineered microbial biosensors for in situ monitoring of
environmental pollution. Applied Microbiology and Biotechnology, Volume 89(4) (2011):
867-877
Microbial biosensors are compact, portable, cost effective, and simple to use, making them seem
eminently suitable for the in situ monitoring of environmental pollution. One promising
approach for such applications is the fusion of reporter genes with regulatory genes that are
dose-dependently responsive to the target chemicals or physiological signals. Their biosensor
capabilities, such as target range and sensitivity, could be improved by modification of
regulatory genes. Recent uses of such genetically engineered microbial biosensors include the
development of portable biosensor kits and high-throughput cell arrays on chips, optic fibers, or
other platforms for on-site and on-line monitoring of environmental pollution. This mini-review
discusses recent advances in microbial biosensors and their future prospects, with a focus on the
development and application of genetically modified microbial biosensors for in situ
environmental monitoring.
Keywords: Microbial biosensor – Genetically engineered – In situ environmental monitoring

Bioengineering
Xian-Wei Liu1, Yong-Peng Wang1, Yu-Xi Huang2, Xue-Fei Sun3, Guo-Ping Sheng1,2,
Raymond J. Zeng1,2, Feng Li1, Fang Dong2, Shu-Guang Wang3, Zhong-Hua Tong2, HanQing Yu1,2,*. Integration of a microbial fuel cell with activated sludge process for energysaving wastewater treatment: Taking a sequencing batch reactor as an example†.
Biotechnology and Bioengineering, Volume 108(6) (2011): 1260–1267
In the research and application of microbial fuel cell (MFC), how to incorporate MFCs into
current wastewater infrastructure is an importance issue. Here, we report a novel strategy of
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integrating an MFC into a sequencing batch reactor (SBR) to test the energy production and the
chemical oxygen demand (COD) removal. The membrane-less biocathode MFC is integrated
with the SBR to recover energy from the aeration in the form of electricity and thus reduce the
SBR operation costs. In a lab-scale integrated SBR-MFC system, the maximum power
production of the MFC was 2.34W/m3 for one typical cycle and the current density reached up to
14A/m3. As a result, the MFC contributed to the 18.7% COD consumption of the integrated
system and also recovered energy from the aeration tank with a volume fraction of only 12% of
the SBR. Our strategy provides a feasible and effective energy-saving and -recovering solution
to upgrade the existing activated sludge processes
Keywords: activated sludge; biocathode; energy recovery; microbial fuel cell (MFC);
sequencing batch reactor (SBR); upgrade
Antonietta Parracino 1, Gnana Prakash Gajula 1, Ane Kold di Gennaro1, Manuel Correia 1,
Maria Teresa Neves-Petersen2, Jens Rafaelsen1, Steffen B. Petersen3,4,*. Photonic
immobilization of bsa for nanobiomedical applications: creation of high density
microarrays and superparamagnetic bioconjugates†. Biotechnology and Bioengineering,
Volume 108(5) (2011): 999–1010
Light assisted molecular immobilization has been used for the first time to engineer covalent
bioconjugates of superparamagnetic nanoparticles and proteins. The technology involves
disulfide bridge disruption upon UV excitation of nearby aromatic residues. The close spatial
proximity of aromatic residues and disulfide bridges is a conserved structural feature in proteins.
The created thiol groups bind thiol reactive surfaces leading to oriented covalent protein
immobilization. We have immobilized a model carrier protein, bovine serum albumin, onto
Fe3O4@Au core–shell nanoparticles as well as arrayed it onto optically flat thiol reactive
surfaces. This new immobilization technology allows for ultra high dense packing of different
bio-molecules on a surface, allowing the creation of multi-potent functionalized active new
biosensor materials, biomarkers identification and the development of nanoparticles based novel
drug delivery system.
Keywords: superparamagnetic core–shell nanoparticles; LAMI light assisted protein
immobilization; protein bioconjugates; biosensor arrays; drug carrier protein

Pollen Biotechnology
Paloma Cariñanosa and Manuel Casares-Porcela. (a Department of Botany, Faculty of
Pharmacy, Campus de Cartuja, University of Granada, 18071 Granada, Spain). Urban
green zones and related pollen allergy: A review. Some guidelines for designing spaces with
low allergy impact. Landscape and Urban Planning, Volume 101(3) (2011): 205-214
Urban green spaces are a key element in the planning of today's cities, since they favor the
interaction between citizens and the environment, as well as promoting human health. However,
lack of planning in the design of urban spaces and in the choice of ornamental species has been
among the factors triggering one of the most widespread diseases in urban populations: pollen
allergy. In this paper are reviewed the major causes of this extensive allergenicity, including:
low species biodiversity at planting; the overabundance of given species acting as key specific
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pollen sources; the planting of exotic species prompting new allergies in the population; the
choice of male, pollen-producing individuals in dioecious species; the presence of invasive
species; inappropriate garden management and maintenance activities; the appearance of crossreactivity between phylogenetically related species; and the interaction between pollen and air
pollutants. The findings of this analysis highlight the clear need for guidelines regarding the
design and planning of urban green spaces with a low allergy impact. Proposals include
increased biodiversity, careful control when planting exotic species, the use of low pollen
producing species, the adoption of appropriate management and maintenance strategies, and
active consultation with botanists when selecting the most suitable species for a given green
space.

Highlights
► Low biodiversity of urban ornamental species is some of the causes of growing allergenicity
in cities. ► Botanical sexism stimulates the choice of male pollen-producing individuals. ► The
planting of exotics prompt new allergies. ► Guidelines for designing urban green zones with
low allergy impact, avoiding massive use of some species, are proposed.
Keywords: Allergenicity; Pollinosis; Urban green spaces; Ornamental species; Aerobiology

Biotechnology Policy Issue
Åsa Svenfelta, Rebecka Engström1, a and Mattias Höjera. (a Division of Environmental
Strategies Research – fms, Royal Institute of Technology (KTH), SE 100 44 Stockholm,
Sweden). Use of explorative scenarios in environmental policy-making—Evaluation of
policy instruments for management of land, water and the built environment. Futures,
Volume 42(10) (2010): 1166-1175
In order to achieve the Swedish Environmental Quality Objectives (EQOs), three action
strategies have been adopted by the Swedish parliament. The strategy addressed in this paper
deals with the management of land, water and the built environment. The paper reports on a
project involving authorities and researchers in which policy measures required for achieving
relevant targets for the strategy were gathered, structured and analysed regarding their potential
assuming alternative futures. Measures with proposed policy instruments were qualitatively
evaluated against one business as usual scenario and four explorative scenarios varying along
two dimensions; level of governance and level of embeddedness. The results show a heavy
predominance of administrative policy instruments. This policy strategy depends on a future
development where such policy instruments are accepted. In order to achieve the EQOs
regardless of future developments, more robust packages of measures including a larger
variation in policy instruments need to be developed.
Keywords: Explorative scenarios; Environmental objectives; Policy measures
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Agricultural Biotechnology
Yu Zhang a, Jan B.A. Arendsa, Tom Van de Wielea and Nico Boon , a. (a Laboratory of
Microbial Ecology and Technology (LabMET), Ghent University, Coupure Links 653, B9000 Gent, Belgium). Bioreactor technology in marine microbiology: From design to future
application. Biotechnology Advances, Volume 29(3) (2011): 312-321
Marine micro-organisms have been playing highly diverse roles over evolutionary time: they
have defined the chemistry of the oceans and atmosphere. During the last decades, the
bioreactors with novel designs have become an important tool to study marine microbiology and
ecology in terms of: marine microorganism cultivation and deep-sea bioprocess characterization;
unique bio-chemical product formation and intensification; marine waste treatment and clean
energy generation. In this review we briefly summarize the current status of the bioreactor
technology applied in marine microbiology and the critical parameters to take into account
during the reactor design. Furthermore, when we look at the growing population, as well as, the
pollution in the coastal areas of the world, it is urgent to find sustainable practices that
beneficially stimulate both the economy and the natural environment. Here we outlook a few
possibilities where innovative bioreactor technology can be applied to enhance energy
generation and food production without harming the local marine ecosystem.
Keywords: Bio electrochemical system; High-pressure bioreactor; Marine resources;
Eutrophication; Sustainable green technology
R. Jayakumara, , M. Prabaharanb, P.T. Sudheesh Kumara, S.V. Naira and H. Tamurac.
(aAmrita Centre for Nanosciences and Molecular Medicine, Amrita Institute of Medical
Sciences and Research Centre, Amrita Vishwa Vidhyapeetham University, Cochin-682
041, India, b Department of Chemistry, Faculty of Engineering and Technology, SRM
University, Kattankulathur-603 203, India, c Faculty of Chemistry, Materials and
Bioengineering, Kansai University, Osaka-564-8680, Japan). Biomaterials based on chitin
and chitosan in wound dressing applications. Biotechnology Advances, Volume 29(3)
(2011): 322-337
Wound dressing is one of the most promising medical applications for chitin and chitosan. The
adhesive nature of chitin and chitosan, together with their antifungal and bactericidal character,
and their permeability to oxygen, is a very important property associated with the treatment of
wounds and burns. Different derivatives of chitin and chitosan have been prepared for this
purpose in the form of hydrogels, fibers, membranes, scaffolds and sponges. The purpose of this
review is to take a closer look on the wound dressing applications of biomaterials based on
chitin, chitosan and their derivatives in various forms in detail.
Keywords: Chitin; Chitosan; Membranes; Nanofibers; Scaffolds; Hydrogels; Sponges; Wound
dressing

Bioenergy
Parviz Mehdikhani1*, Hrachya Hovsepyan2 and Mahmood Rezazadeh Bari3. Sugar beet
genotype effect on potential of bioethanol production using Saccharomyces cerevisiae
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fermentation. (1Agricultural Research Center of West Azerbaijan, Iran, 2Agricultural
Research Center of Yerevan, Armeni, 3Agricultural Sciences College of Urmia University,
Iran, *Corresponding author. E-mail: Mehdikhani20@gmail.com. Tel: +98 461 223 3158
or +98 914 161 3755. Fax: +98 461 223 3159). African Journal of Biotechnology Vol. 10 (20)
(2011): 4100-4105
In order to study the effect of genotype on sugar beet ethanol production potential, ten beet
varieties including diploid, triploid and tetraploid, multigerm, monogerm sugar beet and fodder
beet were planted in randomized complete block design (RCBD) with three replications in Khoy
Agricultural Research Center for two years (2008 to 2009). Some morphological and
physiological traits were recorded. The fresh root and raw sugar of each treatment were
fermented to ethanol using Saccharomyces cerevisiae. Results showed that, genotype had a
remarkable effect on the ethanol production potential. Significant difference (at the 1% level) in
ethanol was observed among the beet varieties in both ethanol production methods. In addition,
more significant differences in most morphological and qualitative traits among the varieties
studied were observed. Variation on ethanol production were intensively related to the chemical
composition of root, especially sugar content, potassium impurity, syrup purity and some
characteristics such as root dry matter and root length. Bioethanol production was enhanced by
increasing the sugar content and root yield in sugar beet. Sugar beet varieties contained less root
yield and more sugar content had higher potential for ethanol production than the fodder beet
varieties.
Keywords: Bioethanol, Saccharomyces cerevisiae , sugar beet, raw sugar
Ridvan Arslan. (Vocational School of Technical Sciences, Uludağ University, 16059, Bursa,
Turkey. E-mail: ridvan@uludag.edu.tr). Emission characteristics of a diesel engine using
waste cooking oil as biodiesel fuel. African Journal of Biotechnology Vol. 10 (19) (2011):
3790-3794
In this study, the use of waste cooking oil (WCO) methyl ester as an alternative fuel in a fourstroke turbo diesel engine with four cylinders, direct injection and 85 HP was analyzed. A test
was applied in which an engine was fueled with diesel and three different blends of
diesel/biodiesel (B25, B50 and B75) made from WCO. The test engine was run at 18 different
speeds with a full load, and the results were analyzed. The biodiesel fuels produced slightly less
smoke than the conventional diesel fuel, which could be attributed to better combustion
efficiency. The use of biodiesel resulted in lower emissions of total hydrocarbon (THC) and CO,
and increased emissions of NOx. This study showed that the exhaust emissions of
diesel/biodiesel blends were lower than those of the diesel fuels, which indicates that biodiesel
has more favorable effects on air quality.
Keywords: Alternative fuels, biodiesel.
Man Kee Lama and Keat Teong Lee , a. (a School of Chemical Engineering, Universiti
Sains Malaysia, Engineering Campus, Seri Ampangan, 14300 Nibong Tebal, Pulau Pinang,
Malaysia). Renewable and sustainable bioenergies production from palm oil mill effluent
(POME): Win–win strategies toward better environmental protection. Biotechnology
Advances, Volume 29(1) (2011): 124-141
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Palm oil industry is one of the leading agricultural industries in Malaysia with average crude
palm oil production of more than 13 million tonne per year. However, production of such huge
amount of crude palm oil has consequently resulted to even larger amount of palm oil mill
effluent (POME). POME is a highly polluting wastewater with high chemical oxygen demand
(COD) and biochemical oxygen demand (BOD) in which can caused severe pollution to the
environment, typically pollution to water resources. On the other hand, POME was identified as
a potential source to generate renewable bioenergies such as biomethane and biohydrogen
through anaerobic digestion. In other words, a combination of wastewater treatment and
renewable bioenergies production would be an added advantage to the palm oil industry. In line
with the world's focus on sustainability concept, such strategy should be implemented
immediately to ensure palm oil is produced in an environmental friendly and sustainable manner.
This review aims to discuss various technologies to convert POME to biomethane and
biohydrogen in a commercial scale. Furthermore, discussion on using POME to culture
microalgae for biodiesel and bioethanol production was included in the present paper as a new
remedy to utilize POME with a greater beneficial return.
Keywords: Palm oil mill effluent (POME); Biomethane; Biohydrogen; Biodiesel; Bioethanol;
Microalgae
Sonia Heaven , a, John Milledgea and Yue Zhang a. (a School of Civil Engineering and the
Environment, University of Southampton, UK). Comments on ‘Anaerobic digestion of
microalgae as a necessary step to make microalgal biodiesel sustainable’. Biotechnology
Advances, Volume 29(1) (2011): 164-167
A recent review paper considers the potential of algal biomass as a source of liquid and gaseous
biofuels, but there are a number of issues concerning the results and conclusions presented.
These include the biomass energy values, which in some cases are unusually high; and the
apparent production of more energy from processed biomass than is present in the original
material. The main causes for these discrepancies include the choice of empirical formula for
protein; confusion between values calculated on a total or volatile solids basis; and the lack of a
mass balance approach. The choice of protein formula also affects predicted concentrations of
ammonia in the digester. These and other minor errors contribute to some potentially misleading
conclusions which could affect subsequent interpretations of the overall process feasibility.
Keywords: Microalgae; Anaerobic digestion; Biochemical methane potential; Biogas; Biofuel
Yen-Hui Lin, Mu-Ling Juan and Hsin-Jung Hsien. Effects of temperature and initial pH
on biohydrogen production from food-processing wastewater using anaerobic mixed
cultures. Biodegradation, Volume 22(3) (2011): 551-563
This study attempted to determine the optimal temperature and initial cultivation pH by
conducting a series of batch tests in stirred-tank bioreactor using fructose-producing wastewater
as an organic substrate. The bioreactor temperature was controlled at 35–55°C with an initial pH
of 4–8. Hydrogen production efficiency was assessed using specific hydrogen production
potential (SHPP) and the maximum specific hydrogen production rate (SHPRm). Experimental
results indicated that temperature and initial pH markedly affected SHPP and SHPRm, volatile
fatty acids distribution as well as the ratio of butyrate/acetate (BHu/HAc). Two-fold higher
SHPP and SHPRm were obtained at thermophilic condition (55°C) than those at mesophilic
condition (35°C). The optimal initial pH was 6 for hydrogen production with peak values of
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SHPP of 166.8 ml-H2/g-COD and SHPRm of 26.7 ml-H2/g-VSS-h for fructose-processing
wastewater. Molasses-processing wastewater had a higher SHPP (187.0 ml-H2/g-COD) and
SHPRm (42.7 ml-H2/gVSS-h) than fructose-processing wastewater at pH 6. The DGGE profiles
indicated that molasses-processing wastewater is a better substrate than fructose-processing
wastewater for growth of hydrogen-producing bacteria due to the high staining intensity of
bands.
Keywords: Temperature – Initial
Butyrate/acetate ratio

pH – Biohydrogen – Food-processing

wastewater –

Nicholas D. Hasletta, Frankie J. Rawsonb, Frèdèric Barriërec, Gotthard Kunzed, Neil
Pasco e, Ravi Gooneratnea and Keith H.R. Baronianf,. (a Faculty of Agriculture and Life
Sciences, P.O. Box 84 Lincoln University, Lincoln 7647, Canterbury, New Zealand, b
Department of Chemistry, University of Canterbury, Private Bag 4800, Christchurch, New
Zealand, c Université de Rennes 1, CNRS UMR 6226, Sciences Chimiques de Rennes,
Equipe MaCSE, France, d Leibniz Institute of Plant Genetics and Crop Plant Research
(IPK), Corrensstr. 3, D-06466 Gatersleben, Germany, e Lincoln Ventures Ltd., P.O. Box
133, Lincoln, Christchurch 7640, New Zealand, f School of Biological Sciences, University
of Canterbury, Private Bag 4800, Christchurch, New Zealand). Characterisation of yeast
microbial fuel cell with the yeast Arxula adeninivorans as the biocatalyst. Biosensors and
Bioelectronics, Volume 26(9) (2011): 3742-3747
Yeast microbial fuel cells have received little attention to date. Yeast should be ideal MFC
catalyst because they are robust, easily handled, mostly non-pathogenic organisms with high
catabolic rates and in some cases a broad substrate spectrum. Here we show that the nonconventional yeast Arxula adeninvorans transfers electrons to an electrode through the secretion
of a reduced molecule that is not detectable when washed cells are first resuspended but which
accumulates rapidly in the extracellular environment. It is a single molecule that accumulates to
a significant concentration. The occurrence of mediatorless electron transfer was first established
in a conventional microbial fuel cell and that phenomenon was further investigated by a number
of techniques. Cyclic voltammetry (CV) on a yeast pellet shows a single peak at 450 mV, a scan
rate study showed that the peak was due to a solution species. CVs of the supernatant confirmed
a solution species. It appears that, given its other attributes, A. adeninivorans is a good candidate
for further investigation as a MFC catalyst.
Keywords: Microbial fuel cell; Yeast; Mediated transfer; Mediator-less transfer; Secreted redox
molecule
Nienke E. Steina, b, c, Karel J. Keesmanb, Hubertus V.M. Hamelersc, 1 and Gerrit van
Stratenb. (a Wetsus, Centre of Excellence for Sustainable Water Technology, P.O. Box
1113, 8900CC Leeuwarden, The Netherlands, b Systems and Control Group, Wageningen
University, P.O. Box 17, 6700 AA Wageningen, The Netherlands, c Subdepartment of
Environmental Technology, Wageningen University, P.O. Box 8129, 6700 EV Wageningen,
The Netherlands). Kinetic models for detection of toxicity in a microbial fuel cell based
biosensor. Biosensors and Bioelectronics, Volume 26(7) (2011): 3115-3120
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Currently available models describing microbial fuel cell (MFC) polarization curves, do not
describe the effect of the presence of toxic components. A bioelectrochemical model combined
with enzyme inhibition kinetics, that describes the polarization curve of an MFC-based
biosensor, was modified to describe four types of toxicity. To get a stable and sensitive sensor,
the overpotential has to be controlled. Simulations with the four modified models were
performed to predict the overpotential that gives the most sensitive sensor. These simulations
were based on data and parameter values from experimental results under non-toxic conditions.
Given the parameter values from experimental results, controlling the overpotential at 250 mV
leads to a sensor that is most sensitive to components that influence the whole bacterial
metabolism or that influence the substrate affinity constant (Km). Controlling the overpotential at
105 mV is the most sensitive setting for components influencing the ratio of biochemical over
electrochemical reaction rate constants (K1), while an overpotential of 76 mV gives the most
sensitive setting for components that influence the ratio of the forward over backward
biochemical rate constants (K2).
The sensitivity of the biosensor was also analyzed for robustness against changes in the model
parameters other than toxicity. As an example, the tradeoff between sensitivity and robustness
for the model describing changes on K1 (IK1) is presented. The biosensor is sensitive for toxic
components and robust for changes in model parameter K2 when overpotential is controlled
between 118 and 140 mV under the simulated conditions.
Keywords: Microbial fuel cell; Biosensor; Toxicity; Sensitivity; Overpotential
Eunkyoung Jia, Hyunsoo Moonb, Jingmei Piaoa, Phuc Thi Haa, Junyeong Ana, Daehee
Kima, Jung-Je Woo a, Yonghee Leea, Seung-Hyeon Moona, Bruce E. Rittmannc and In Seop
Changa. (a School of Environmental Science and Engineering, Gwangju Institute of Science
and Technology (GIST), 261 Cheomdan-gwagiro, Buk-gu, Gwangju 500-712, Republic of
Korea, b School of Biological and Chemical Engineering, Yanbian University of Science
and Technology, Beishan Street, Yanji, Jilin 133000, China, c Center for Environmental
Biotechnology, Biodesign Institute, Arizona State University, Tempe, AZ 85287, USA).
Interface resistances of anion exchange membranes in microbial fuel cells with low ionic
strength. Biosensors and Bioelectronics, Volume 26(7) (2011): 3266-3271
The interface resistances between an anion exchange membrane (AEM) and the solution
electrolyte were measured for low buffer (or ionic strength) of electrolytes typical of microbial
fuel cells (MFCs). Three AEMs (AFN, AM-1, and ACS) having different properties were tested
in a flat-plate MFC to which 5-mM acetate was fed to the anode and an air-saturated phosphate
buffer (PB) solution was fed to the cathode. Current density achieved in the MFCs was
correlated inversely with independently measured membrane-only resistances. However, the
total interfacial resistances measured by current–voltage plots were approximately two orders
higher than those of the membrane-only resistances, although membranes had the same order as
with the membrane-only resistance. EIS spectra showed that the resistances from electric-double
layer and diffusion boundary layer were the main resistances not the membrane's resistance. The
electric-double layer and diffusion boundary layer resistances of the AEMs were much larger in
the 10 mM PB electrolyte, compared to 100 mM PB. EIS study also showed that the resistance
of diffusion boundary layer decreased due to mechanical stirring. Therefore, the interface
resistance that originates from the interaction between the membrane and the catholyte solution
should be considered when designing and operating MFC processes with an AEM. The AEMs
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allowed transport of uncharged O2 and acetate, but the current losses for both were low during
normal MFC operation.
Keywords: Microbial fuel cell; Anion-exchange membrane; Interface resistances; EIS
Umesh Ramachandran,a Nathan Wrana,a Nazim Cicek,a Richard Sparling,b David B.
Levina. (aDepartment of Biosystems Engineering, University of Manitoba, Winnipeg, MB
R3T 3V6, Canada, bDepartment of Microbiology, University of Manitoba, Winnipeg MB
R3T 2N2, Canada). Corresponding author (email: levindb@cc.umanitoba.ca). Isolation
and characterization of a hydrogen- and ethanol-producing Clostridium sp. strain URNW.
Canadian Journal of Microbiology, 57:(3) (2011): 236-243
Identification, characterization, and end-product synthesis patterns were analyzed in a newly
identified mesophilic, anaerobic Clostridium sp. strain URNW, capable of producing hydrogen
(H2) and ethanol. Metabolic profiling was used to characterize putative end-product synthesis
pathways of the Clostridium sp. strain URNW, which was found to grow on cellobiose; on
hexose sugars, such as glucose, sucrose, and mannose; and on sugar alcohols, like mannitol and
sorbitol. When grown in batch cultures on 2 g cellobiose·L–1, Clostridium sp. strain URNW
showed a cell generation time of 1.5 h, and the major end-products were H2, formate, carbon
dioxide (CO2), lactate, butyrate, acetate, pyruvate, and ethanol. The total volumetric H2
production was 14.2 mmol·(L culture)–1 and the total production of ethanol was 0.4 mmol·(L
culture)–1. The maximum yield of H2 was 1.3 mol·(mol glucose equivalent)–1 at a carbon
recovery of 94%. The specific production rates of H2, CO2, and ethanol were 0.45, 0.13, and
0.003 mol·h–1·(g dry cell mass)–1, respectively. BLAST analyses of 16S rDNA and chaperonin
60 (cpn60) sequences from Clostridium sp. strain URNW revealed a 98% nucleotide sequence
identity with the 16S rDNA and cpn60 sequences from Clostridium intestinale ATCC 49213.
Phylogenetic analyses placed Clostridium sp. strain URNW within the butyrate-synthesizing
clostridia.
Keywords: Clostridium sp., cellobiose, biofuels, ethanol, hydrogen, phylogenetics
G.A. Reinhardta and E. von Falkensteina. (a IFEU – Institute for Energy and
Environmental Research Heidelberg GmbH, Wilckensstr. 3, D-69120 Heidelberg,
Germany). Environmental assessment of biofuels for transport and the aspects of land use
Competition. Biomass and Bioenergy, Volume 35(6) (2011): 2315-2322
Early comprehensive life cycle assessments (LCA’s) that compared biofuels with fossil fuels
already appeared in the beginning of the eighties. Since then the public, scientific and political
interest in biofuels has continuously grown and the number of biofuels and assessed parameters
has increased.At the same time, the methodology for this type of assessment has improved with
certain aspects of the approach having come up by and by a process which still continues today.
Several issues related to the land use currently stand in the centre of expert discussions.
Keywords: Environmental assessment; Biofuels; Transport; Land use assessment; Fossil fuels
Martin Bansea, Hans van Meijlb, Andrzej Tabeaub, Geert Woltjerb, Fritz Hellmannc and
Peter H. Verburg c. (a Johann Heinrich von Thünen-Institute, vTI, Bundesallee 50, 38116
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Braunschweig, Germany, b Agricultural Economics Research Institute LEI-WUR, The
Hague, The Netherlands, c Institute for Environmental Studies, VU University Amsterdam,
The Netherlands). Impact of EU biofuel policies on world agricultural production and land
use. Biomass and Bioenergy, Volume 35(6) (2011): 2385-2390
The European Union aims to increase the share of renewable energy in its total energy
consumption to reduce greenhouse gas emissions and make the economy more CO2 neutral. This
policy is further motivated by a desire to reduce dependency on fossil fuel imports and to
stimulate rural development and the agricultural sector.
Keywords: Biofuels; Global trade analysis project; LEITAP model; CLUE-s model; EU
renewable energy directive
Silvia Secchia, Lyubov Kurkalova b, Philip W. Gassmanc, and Chad Hartd. (a Department of
Agribusiness Economics, Southern Illinois University, Agriculture Building – Mailcode
4410, 1205 Lincoln Drive, Carbondale, IL 62901, USA, b Department of Economics and
Finance, Energy and Environmental Systems program, North Carolina A&T State
University, Greensboro, NC 27411, USA, c Center for Agricultural and Rural
Development, Iowa State University, 578 Heady Hall, Ames, IA 50011-1070, USA, d
Department of Economics, Iowa State University, 260 Heady Hall, Ames, IA 50011-1070,
USA). Land use change in a biofuels hotspot: The case of Iowa, USA. Biomass and
Bioenergy, Volume 35 (6) (2011): 2391-2400
This study looks at the land use impact of the biofuels expansion on both the intensive and
extensive margin, and its environmental consequences. We link economic, geographical and
environmental models by using spatially explicit common units of analysis and use remote
sensing crop cover maps and digitized soils data as inputs. Land use changes are predicted via
economic analysis of crop rotation choice and tillage under alternative crop prices, and the
Environmental Policy Integrated Climate (EPIC) model is used to predict corresponding
environmental impacts. The study focuses on Iowa, which is the leading biofuels hotspot in the
U.S. due to intensive corn production and the high concentration of ethanol plants that comprise
28% of total U.S. production. We consider the impact of the biofuels industry both on current
cropland and on land in the Conservation Reserve Program (CRP), a land set-aside program. We
find that substantial shifts in rotations favoring continuous corn rotations are likely if high corn
prices are sustained. This is consistent with larger scale analyses which show a shift of the
current soybean production out of the Corn Belt. We find that sediment losses increase
substantially on the intensive margin, while nitrogen losses increase less. Returning CRP land
into production has a vastly disproportionate environmental impact, as non-cropped land shows
much higher negative marginal environmental effects when brought back to row crop
production. This illustrates the importance of differentiating between the intensive and extensive
margin when assessing the expansion of biofuel production.
Keywords: Land use change; Economic analysis; Environmental Impact; Energy crop
production; Corn-soybean rotation; Land set-aside
E. Ryckeboscha, M. Drouillonb and H. Vervaerenc. (a Katholieke Universiteit Leuven,
Science, Engineering and Technology Campus Kortrijk, Research Group Food and Lipids,
Etienne Sabbelaan 53, 8500 Kortrijk, Belgium, b Lab of Industrial Microbiology and
Biocatalysis (LIMAB), Ghent University, Faculty of Bioscience Engineering, Coupure
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Links 653, 9000 Ghent, Belgium, c Research Group EnBiChem, Industrial Engineering and
Technology Department (PIH), University College of West-Flanders, Graaf Karel de
Goedelaan 5, 8500 Kortrijk, Belgium). Techniques for transformation of biogas to
biomethane. Biomass and Bioenergy, Volume 35 (5) (2011): 1633-1645
Biogas from anaerobic digestion and landfills consists primarily of CH4 and CO2. Trace
components that are often present in biogas are water vapor, hydrogen sulfide, siloxanes,
hydrocarbons, ammonia, oxygen, carbon monoxide and nitrogen. In order to transfer biogas into
biomethane, two major steps are performed: (1) a cleaning process to remove the trace
components and (2) an upgrading process to adjust the calorific value. Upgrading is generally
performed in order to meet the standards for use as vehicle fuel or for injection in the natural gas
grid.
Different methods for biogas cleaning and upgrading are used. They differ in functioning, the
necessary quality conditions of the incoming gas, the efficiency and their operational
bottlenecks. Condensation methods (demisters, cyclone separators or moisture traps) and drying
methods (adsorption or absorption) are used to remove water in combination with foam and dust.
A number of techniques have been developed to remove H2S from biogas. Air dosing to the
biogas and addition of iron chloride into the digester tank are two procedures that remove H2S
during digestion. Techniques such as adsorption on iron oxide pellets and absorption in liquids
remove H2S after digestion.
Subsequently, trace components like siloxanes, hydrocarbons, ammonia, oxygen, carbon
monoxide and nitrogen can require extra removal steps, if not sufficiently removed by other
treatment steps.
Finally, CH4 must be separated from CO2 using pressure swing adsorption, membrane
separation, physical or chemical CO2-absorption.
Highlights
► Biogas can be cleaned to remove trace components : review of techniques. ► Biogas can be
upgraded to adjust the calorific value : review of techniques. ► Conclusions are focused on
removal of water, H2S and CO2.
Keywords: Biogas upgrading; Biogas cleaning; Biogas purification; H2S removal; CO2 removal;
Siloxane removal
Amna Javaida, Rukhsana Bajwa a, Umer Shafiqueb and Jamil Anwarb. (a Institute of Plant
Pathology, University of the Punjab, Quaid e Azam Campus, Lahore, Pakistan, b Institute
of Chemistry, University of the Punjab, Quaid e Azam Campus, Lahore, Pakistan).
Removal of heavy metals by adsorption on Pleurotus ostreatus. Biomass and Bioenergy,
Volume 35(5) (2011): 1675-1682
The present study explores the adsorption potential of Pleurotus ostreatus (a macro-fungus) to
remove copper, nickel, zinc and chromium from water all together. Different operational

Abstract Vol. No. 18, June 2011

101

Department of Environmental Science, KU

parameters such as the effect of pH, biomass dose, equilibrium time, stirring intensity,
temperature and initial metal ion concentrations were studied. Maximum adsorption of Ni(II),
Cu(II) and Zn(II) took place in the pH range 4.5–5.0, whereas for Cr(VI) ion, best results were
achieved at pH 2.5. Nearly 150 min are required to gain sorption equilibrium. Temperature has
no significant effect on biosorption in the range of 20–45 °C. The maximum biosorption capacity
of fungus was 8.06, 20.40, 3.22 and 10.75 mg g−1 for Cu(II), Ni(II), Zn(II) and Cr(VI) in that
order. FTIR analysis pointed out the involvement of amine (–NH2) and carboxylic (–COOH)
groups in the adsorption process. Simple and adjusted Langmuir and Freundlich isotherm models
were used to explain the sorption phenomenon. For real effluents of electroplating, biosorption
capacities were 2.73, 8.45, 0.88 and 4.45 mg g−1 for Cu(II), Ni(II), Zn(II) and Cr(VI) ions,
respectively. Moreover, used P. ostreatus was recycled repeatedly and used many times to
evaluate the adsorption efficacy on reuse, but findings pointed out that capacity decreased, to
some extent, on recycling.
Highlights
► We concluded that the fungal specie P. ostreatus is an efficient biosorbent for for Cu(II),
Ni(II), Zn(II) and Cr(VI) because of fast metal removal rate, remarkable biosorption capacity,
and high regeneration ability. ► Maximum adsorption of Cr(VI) have taken place at pH 2.5,
whereas for Ni(II), Cu(II) and Zn(II), optimum pH were in the range 4.5–5.0. ► The maximum
biosorption capacity of fungus was 8.06, 20.40, 3.22 and 10.75 mg g −1 for Cu(II), Ni(II), Zn(II)
and Cr(VI), whereas for real effluents, these were 2.73, 8.45, 0.88 and 4.45 mg g−1, in that order.
Keywords: Biosorption; Electroplating effluents; Heavy metals; Macro-fungus; Pleurotus
ostreatus
Kian Fei Yeea, Jeffrey C.S. Wub and Keat Teong Leea. (a School of Chemical Engineering,
Universiti Sains Malaysia, Engineering Campus, Seri Ampangan, 14300 Nibong Tebal,
Pulau Pinang, Malaysia, b Department of Chemical Engineering, National Taiwan
University, No. 1, Section 4, Roosevelt Rd, Taipei 10617, Taiwan). A green catalyst for
biodiesel production from jatropha oil: Optimization study. Biomass and Bioenergy,
Volume 35(5) (2011) : 1739-1746
In this study, a simple and solvent-free method was used to prepare sulfated zirconia-alumina
(SZA) catalyst. Its catalytic activity was subsequently investigated for the transesterification of
Jatropha curcas L. oil to fatty acid methyl ester (FAME). The effects of catalyst preparation
parameters on the yield of FAME were investigated using Design of Experiment (DOE). Results
revealed that calcination temperature has a quadratic effect while calcination duration has a
linear effect on the yield of FAME. Apart from that, interaction between both variables was also
found to significantly affect the yield of FAME. At optimum condition; calcination temperature
and calcination duration at 490 °C and 4 h, respectively, an optimum FAME yield of 78.2 wt%
was obtained. Characterization with XRD, IR and BET were then used to verify the
characteristic of SZA catalyst with those prepared using well established method and also to
describe the catalyst characteristic with its activity.
Highlights
► Study the transesterification of non-edible Jatropha curcas L. oil to fatty acid methyl ester
(FAME), and reveal the true potential of this process for commercialization. ► Use the design
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of experiment (DOE) to search the optimal conditions of biodiesel (i.e. FAME) synthesis, and
obtain high FAME yield. ► Prepare and characterize the low-cost sulfated zirconia-alumina
(SZA) catalyst.
Keywords: Biofuel; Biodiesel; Catalyst; Jatropha oil; Sulfated zirconia
Michael Martina and Mats Eklund1, a. (a Environmental Technology and Management,
Linköping University, SE-581 83 Linköping, Sweden). Improving the environmental
performance of biofuels with industrial symbiosis. Biomass and Bioenergy, Volume 35(5)
(2011): 1747-1755
In the production of biofuels for transport many critics have argued about the poor energy
efficiency and environmental performance of the production industries. Optimism is thus set on
the production of second generation biofuels, while first generation biofuels continue to
dominate worldwide. Therefore it is interesting to consider how the environmental performance
of first generation biofuel industries can be improved. The field of industrial symbiosis offers
many possibilities for potential improvements in the biofuel industry and theories from this
research field are used in this paper to highlight how environmental performance improvements
can be accomplished. This comes in the form of by-product synergies and utility synergies which
can improve material and energy handling. Furthermore, the processes and products can gain
increased environmental performance improvements by the adaption of a renewable energy
system which will act as a utility provider for many industries in a symbiotic network. Byproducts may thereafter be upcycled through biogas production processes to generate both
energy and a bio-fertilizer. A case study of an actual biofuel industrial symbiosis is also
reviewed to provide support for these theories.
Highlights
► By-product and utility synergies may improve the production processes of biofuel industries
for reduced energy consumption and improved environmental performance. ► Upcycling
tenants can make use of wastes to upgrade waste to a valuable product and/or energy source. ►
Energy systems for biofuel production have a large influence on the performance of biofuel
industries.
Keywords: Industrial symbiosis; Biofuels; Biodiesel; Ethanol; Biogas; Synergies
Dibakar Chandra Deka a and Sanjay Basumatarya. (a Department of Chemistry, Gauhati
University, Guwahati 781 014, Assam, India). High quality biodiesel from yellow oleander
(Thevetia peruviana) seed oil. Biomass and Bioenergy, Volume 35(5) (2011): 1797-1803
Yellow oleander (Thevetia peruviana Schum.) seed oil has been investigated to produce
biodiesel. Transesterification of the oil to biodiesel was carried out in methanol by batch reaction
using a heterogeneous catalyst derived from the trunk of Musa balbisiana Colla (one variety of
banana plant). 96 wt.% of the oil is converted to biodiesel at 32 °C in 3 h. The wt.% composition
of the biodiesel is methyl oleate 43.72, methyl palmitate 23.28, methyl linoleate 19.85, methyl
stearate 10.71 and methyl arachidate 2.41. Fuel properties conform to standards set for ASTM
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D6751, EN 14214, BS II and BS III, and in certain aspects better. The biodiesel is free from
sulfur and has exhibited a high cetane number of 61.5.
Highlights
► Yellow oleander seed oil has been transesterified to biodiesel using methanol. ► Fuel
properties conform to standards set for ASTM D6751, EN 14214, BS II and BS III. ► The
biodiesel is free from sulfur, and has exhibited a high cetane number of 61.5. ► The catalyst
used is prepared from the trunk of Musa balbisiana Colla. ► The catalyst is heterogeneous and
reusable after activation.
Keywords: Biodiesel; Thevetia peruviana; Musa balbisiana; Yellow oleander; Banana plant
Zainul Abideena, Raziuddin Ansaria and M. Ajmal Khana. (a Institute of Sustainable
Halophyte Utilization, University of Karachi, University Road, Karachi 75270, Pakistan).
Halophytes: Potential source of ligno-cellulosic biomass for ethanol production. Biomass
and Bioenergy, Volume 35(5) (2011): 1818-1822
World reserves of petroleum are being consumed rapidly and expected to exhaust by the middle
of this century. This realization has led to the introduction of various grades of ethanol
supplemented fuel. However, ethanol demands met from sources used for food may cause food
shortage. This necessitates exploiting saline lands to produce non-food ligno-cellulosic biomass
which, may be converted into ethanol without compromising human food production.
Halophytes which produce plenty of biomass using saline resources (water and soil) may be an
important alternative. This study shows that species like Halopyrum mucronatum, Desmostachya
bipinnata, Phragmites karka, Typha domingensis and Panicum turgidum found in the coastal
region of Pakistan, have potential as bio-ethanol crops. These perennial grasses are salt tolerant
with high growth rates to produce ligno-cellulosic biomass of good quality (26–37% cellulose,
24–38% hemi-cellulose and <10% lignin) for ethanol production.
Highlights
► Constant depletion in fossil energy resources needs search for alternatives. ► Alternate
source of energy is required. ► Utilizing saline land brackish water to produce lingo-cellulosic
biomass for bio-ethanol may be a viable option. ► Halophytes could be that source without
competing for good quality land and fresh water. ► Suitable halophytic plant species with
potential for this purpose needs to be identified. ► Few perennial grasses are recommended as
biofuel crop using saline resources.
Keywords: Bio-ethanol; Cellulose; Environment friendly; Lignin; Salinity
Jie Zhang a, b, Xu Fangb, Xiao-Ling Zhuc, Yan Lia, Hai-Peng Xua, Bao-Feng Zhaoa, Lei
Chena and Xiao-Dong Zhang a. (a Energy Research Institute of Shandong Academy of
Sciences, Keyuan road No 19, Jinan 250014, China, b State Key Laboratory of Microbial
Technology and National Glycoengineering Research Center, Shandong University, Jinan
250100, China, c Animal sciences and veterinary medicine Institute of Shandong Academy
of Agricultureal Sciences, Jinan 250100, China). Microbial lipid production by the
oleaginous yeast Cryptococcus curvatus O3 grown in fed-batch culture. Biomass and
Bioenergy, Volume 35, Issue 5, May 2011, Pages 1906-1911
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This study investigates the capability of the oleaginous yeast Cryptococcus curvatus O3 to
synthesize microbial lipids using glucose as its sole carbon source. Both glucose concentration
and varying nitrogen sources have a significant effect on cell growth and microbial lipid
accumulation in batch and fed-batch cultures. When cultivated in a shaking flask at 30 °C with
glucose as sole carbon source, the cellular biomass and lipid content reached 51.8 kg m−3 and
651 g kg−1, respectively. The fed-batch culture in a 30 × 10−3 m3 stirred-tank fermentor run for
185 h produced a cellular biomass, lipid content, and lipid productivity rate of up to
104.1 kg m−3, 827 g kg−1, and 0.47 kg m−3 h−1, respectively. These data indicate that C. curvatus
O3 can be used as an ideal oleaginous yeast for microbial lipid production. Gas chromatography
analysis of the synthesized microbial lipids revealed that the major constituents are long-chain
fatty acids, such as palmitic acid, stearic acid, oleic acid, and linoleic acid. The results suggest
that the microbial lipids produced by C. curvatus O3 can be used to produce biodiesel.
Highlights
► In this manuscript, we use the fed-batch ferementation method to improve the lipid
production. ► In a 30 × 10−3 m3 stirred-tank fermentor run for 185 h produced a cellular
biomass, lipid content, and lipid productivity rate of up to 104.1 kg m−3, 827 g kg−1, and
0.47 kg m−3 h−1, respectively. ► These data indicate that C. curvatus O3 can be used as an ideal
oleaginous yeast for microbial lipid production.
Keywords: Biodiesel; Microbial lipids; Cryptococcus curvatus O3; Fed-batch culture; Stearic
acid; Oleic acid
Zhengbo Yuea, b, Charles Teatera, James MacLellana, Yan Liua and Wei Liao a.
(aDepartment of Biosystems and Agricultural Engineering, Michigan State University, East
Lansing, MI 48824, USA, b School of Resources and Environmental Engineering, Hefei
University of Technology, Hefei, Anhui 230092, PR China). Development of a new
bioethanol feedstock – Anaerobically digested fiber from confined dairy operations using
different digestion configurations. Biomass and Bioenergy, Volume 35(5) (2011): 1946-1953
Two types of digesters, continuous stirring-tank reactor (CSTR) and plug flow reactor (PFR),
were integrated into a biorefining concept to generate a new cellulosic ethanol feedstock –
anaerobically digested fiber (AD fiber) from dairy cow feces. Cellulose content in AD fibers was
significantly increased during the anaerobic digestion. CSTR and PFR AD fibers had cellulose
contents of 357 and 322 g kg−1 dried AD fiber. The AD fibers were enzymatically hydrolyzed
after being pretreated by dilute sulfuric acid or dilute sodium hydroxide, and the hydrolysates
were used to produce ethanol. Alkali pretreatment was concluded as a suitable pretreatment
method for AD fibers. Under the optimal conditions the AD fibers processed by CSTR and PFR
produced ethanol of 26 g kg−1 and 23 g kg−1 dry feces, respectively. Energy balance analysis
further indicated that CSTR was a preferred digestion method to prepare AD fiber for ethanol
production.
Highlights
► Anaerobic digestion process has been discovered as a process that is not only a downstream
process, but also a pretreatment method to prepare cellulosic feedstock for biorefining. ► In this
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study the effects of two different AD reactor configurations (CSTR and PFR) on AD fiber
quality and bioethanol conversion of the AD fiber have been explored. ► Mass and energy
balance analysis elucidated that compared to PFR, CSTR is better AD treatment to prepare AD
fiber for bioethanol production.
Keywords: Anaerobic digestion; Dairy cow feces; Continuous stirring-tank reactor (CSTR);
Ethanol; Plug flow reactor (PFR); Pretreatment
A.Yu. Kuchkina a, M.I. Gladysheva, b, N.N. Sushchika, b, E.S. Kravchuk b and G.S.
Kalachovab. (a Siberian Federal University, Svobodny av. 79, Krasnoyarsk 660041, Russia,
b
Institute of Biophysics Siberian Branch of RAS, Akademgorodok, Krasnoyarsk 660036,
Russia). Biodiesel production from sediments of a eutrophic reservoir. Biomass and
Bioenergy, Volume 35(5) (2011): 2280-2284
Sediments from eutrophic reservoir Bugach (Siberia, Russia) were tested for possibility to
produce biodiesel. We supposed that the sediments could be a promising biodiesel producer. The
major reason of high price of biodiesel fuel is cost of a raw material. The use of dredging
sediments for biodiesel production reduces production costs, because the dredging sediments are
by-products which originated during lake restoration actions, and are free of cost raw materials.
Lipid content in sediments was 0.24% of dry weight. To assess the potential of from sediments
as a substitute of diesel fuel, the properties of the biodiesel such as cetane number, iodine
number and heat of combustion were calculated. All of this parameters complied with limits
established by EN 14214 and EN 14213 related to biodiesel quality.
Highlights
► Dredging sediments were considered as a new feedstock for biodiesel production. ► Lipid
and fatty acid content in the sediments were determined. ► Main properties of the biodiesel
were calculated basing on fatty acid composition. ► The properties well complied with limits
established in biodiesel standards.
Keywords: Dredging sediments; Lipids; Biodiesel; Eutrophic reservoir; Fatty acids
Md. Enamul Hoquea, Amrit Singha and Yong Leng Chuana. (a Department of Mechanical,
Materials & Manufacturing Engineering, University of Nottingham Malaysia Campus,
Jalan Broga, 43500 Semenyih, Selangor Darul Ehsan, Malaysia). Biodiesel from low cost
feedstocks: The effects of process parameters on the biodiesel yield. Biomass and
Bioenergy, Volume 35(4) (2011): 1582-1587
Biofuel (e.g. biodiesel) has attracted increasing attention worldwide as blending component or
direct replacement for fossil fuel in fuel energized engines. The substitution of petroleum-based
diesel with biodiesel has already attained commercial value in many of the developed countries
around the world. However, the use of biodiesel has not expanded in developing countries
mostly due to the high production cost which is associated with the expensive high-quality virgin
oil feedstocks. This research focuses on producing of biodiesel from low cost feedstocks such as
used cooking oil (UCO) and animal fat (AF) via alkaline catalyzed transesterification process
investigating the effects of process parameters, for example (i) molar ratio of feedstock to
methanol (ii) catalyst concentration (iii) reaction temperature and (iv) reaction period on the
biodiesel yield. The biodiesel was successfully produced via transesterification process from low
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cost feedstocks. It was also observed that the process parameters directly influenced the
biodiesel yield. The optimum parameters for maximum biodiesel yields were found to be
methanol/oil molar ratio of 6:1, catalyst concentration of 1.25 wt% of oil, reaction temperature
of 65 °C, reaction period of 2 h and stirring speed of 150 rpm. The maximum biodiesel yields at
the optimum conditions were 87.4%, 89% and 88.3% for beef fat, chicken fat and UCO,
respectively. The results demonstrate high potential of producing economically viable biodiesel
from low cost feedstocks with proper optimization of the process parameters.
Keywords: Biofuel; Fossil fuel; Biodiesel; Low cost feedstock; Transesterification
Anubha Kaushika and Kamra Anjanaa. (a Department of Environmental Science and
Engineering, Guru Jambheshwar University of Science & Technology, Hisar 125 001,
India). Biohydrogen production by Lyngbya perelegans: Influence of physico-chemical
environment. Biomass and Bioenergy, Volume 35(3) (2011): 1041-1045
Biohydrogen production by a non-heterocystous cyanobacterium Lyngbya perelegans was
studied under varied physico-chemical conditions including oxic/anoxic, light/dark period, light
intensity, temperature, pH and salinity. Some important biological characteristics of the species
that favored its selection as a hydrogen producing organism included its dense biomass in the
culture, moderately good chlorophyll-a and carotenoid concentrations, high glycogen content,
and high hydrogenase activity at its mid log phase (7d). Biohydrogen production by the
cyanobacterium was found to be significantly influenced by its physico-chemical environment.
H2 production by the species could be increased 1.4 times by optimizing the light/dark duration,
light intensity, pH and temperature, while maintaining anoxic conditions and supplementing the
medium with a low concentration of salt.
Keywords: Biohydrogen; Lyngbya perelegans; Temperature; pH; Light intensity; Salinity
Adriana Veloso Maciela, Aldo Eloizo Jobb, Wagner da Nova Mussela, Walter de Brito c and
Vânya Márcia Duarte Pasa a. (a Departamento de Química, Universidade Federal de Minas
Gerais, Av Antônio Carlos n° 6627, CEP: 31270-901, Belo Horizonte, Minas Gerais, Brazil,
b
Departamento de Física, Química e Biologia FCT-UNESP, Rua Roberto Simonsen, 305,
Centro Educacional, C.P. 467, CEP: 19060-900, Presidente Prudente, São Paulo, Brazil, c
Centro de Desenvolvimento da Tecnologia Nuclear – Comissão Nacional de Energia
Nuclear, Rua Professor Mário Werneck s/n- Pampulha- Campus da UFMG – CP: 941,
CEP: 31270-010, Belo Horizonte, Minas Gerais, Brazil). Bio-hydrogen production based on
catalytic reforming of volatiles generated by cellulose pyrolysis: An integrated process for
ZnO reduction and zinc nanostructures fabrication. Biomass and Bioenergy, Volume 35(3)
(2011): 1121-1129
The paper presents a process of cellulose thermal degradation with bio-hydrogen generation and
zinc nanostructures synthesis. Production of zinc nanowires and zinc nanoflowers was
performed by a novel processes based on cellulose pyrolysis, volatiles reforming and direct
reduction of ZnO. The bio-hydrogen generated in situ promoted the ZnO reduction with Zn
nanostructures formation by vapor–solid (VS) route. The cellulose and cellulose/ZnO samples
were characterized by thermal analyses (TG/DTG/DTA) and the gases evolved were analyzed by
FTIR spectroscopy (TG/FTIR). The hydrogen was detected by TPR (Temperature Programmed
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Reaction) tests. The results showed that in the presence of ZnO the cellulose thermal degradation
produced larger amounts of H2 when compared to pure cellulose. The process was also carried
out in a tubular furnace with N2 atmosphere, at temperatures up to 900 °C, and different heating
rates. The nanostructures growth was catalyst-free, without pressure reduction, at temperatures
lower than those required in the carbothermal reduction of ZnO with fossil carbon. The
nanostructures were investigated by X-ray diffraction (XRD), scanning electron microscopy
(SEM), energy-dispersive X-ray spectroscopy (EDS) and transmission electron microscopy
(TEM). The optical properties were investigated by photoluminescence (PL). One mechanism
was presented in an attempt to explain the synthesis of zinc nanostructures that are crystalline,
were obtained without significant re-oxidation and whose morphologies are dependent on the
heating rates of the process. This route presents a potential use as an industrial process taking
into account the simple operational conditions, the low costs of cellulose and the importance of
bio-hydrogen and nanostructured zinc.
Keywords: Cellulose pyrolysis; Catalytic reforming; Bio-hydrogen; Zinc nanostructures; TGFTIR spectroscopy
Evan Michael Vissera, Delly Oliveira Filhoa, Marcio Arêdes Martinsa,
and Brian L.
b
a
Steward . ( Departamento de Engenharia Agrícola, Universidade Federal de Viçosa,
Campus Universitário 36570-000 Viçosa, MG, Brazil, b Department of Agricultural and
Biosystems Engineering, Iowa State University, 214D Davidson Hall, Ames, IA 50011,
USA). Bioethanol production potential from Brazilian biodiesel co-products. Biomass and
Bioenergy, Volume 35(1) (2011): 489-494
One major problem facing the commercial production of cellulosic ethanol is the challenge of
economically harvesting and transporting sufficient amounts of biomass as a feedstock at
biorefinery plant scales. Oil extraction for biodiesel production, however, yields large quantities
of biomass co-products rich in cellulose, sugar and starch, which in many cases may be
sufficient to produce enough ethanol to meet the alcohol demands of the transesterification
process. Soybean, castor bean, Jatropha curcas, palm kernel, sunflower and cottonseed were
studied to determine ethanol production potential from cellulose found in the oil extraction coproducts and also their capacity to meet transesterification alcohol demands. All crops studied
were capable of producing enough ethanol for biodiesel production and, in the case of
cottonseed, 470% of the transesterification demand could be met with cellulosic ethanol
production from oil extraction co-products. Based on Brazilian yields of the crops studied, palm
biomass has the highest potential ethanol yield of 108 m3 km−2 followed by J. curcas with
40 m3 km−2. A total of 3.5 hm3 could be produced from Brazilian soybean oil extraction coproducts.
Keywords: Biodiesel; Oil crops; Cellulosic ethanol production; Oil extraction co-products;
Transesterification
Zhimin Lia, d, Yan Liuc, Wei Liaoc, Shulin Chena
and Robert S. Zemetrab.
a
( Department of Biological Systems Engineering, Washington State University, L.J. Smith
213, Pullman, WA 99163, USA, b Plant, Soil, & Entomological Sciences, University of
Idaho, Moscow, ID 83844, USA, c Biosystems and Agricultural Engineering, Michigan
State University, East Lansing, MI 48824, USA, d State Key laboratory of Bioreactor
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Engineering, East China University of Science and Technology, Shanghai, 200237 China).
Bioethanol production using genetically modified and mutant wheat and barley straws.
Biomass and Bioenergy, Volume 35(1) (2011): 542-548
To improve the performance of wheat and barley straws as feedstocks for ethanol biorefining,
the genetic modifications of down regulating Cinnamoyl-CoA reductase and low phytic acid
mutation have been introduced into wheat and barley respectively. In this study, total 252 straw
samples with different genetic background and location were collected from the field experiment
based on a randomized complete block design. The fiber analysis (neutral detergent fiber, acid
detergent fiber, and acid detergent lignin) indicated that there were no significant differences
between modified and wild type straw lines in terms of straw compositions. However, the
difference did exist among straw lines on fiber utilization. 16 straw samples were further
selected to conduct diluted acid pretreatment, enzymatic hydrolysis and fermentation. The data
indicated that the phytic acid mutant and transgenic straws have changed the fiber structure,
which significantly influences their hydrolysibility. These results may lead to a possible solution
of mutant or genetic modified plant species that is capable to increase the hydrolysibility of
biomass without changing their compositions and sacrificing their agronomy performance.
Keywords: Transgenic straw; Triticum aestivum; Hordeum vulgare; Ethanol; Hydrolysis; SSF
Ahmad Marasabessy, Maelita R. Moeis, Johan P. M. Sanders and Ruud A. Weusthuis.
Enhancing Jatropha oil extraction yield from the kernels assisted by a xylan-degrading
bacterium to preserve protein structure. Applied Microbiology and Biotechnology, Volume
90(6) (2011): 2027-2036
We investigated the use of bacterial cells isolated from paddy crab for the extraction of oil from
Jatropha seed kernels in aqueous media while simultaneously preserving the protein structures of
this protein-rich endosperm. A bacterial strain—which was marked as MB4 and identified by
means of 16S rDNA sequencing and physiological characterization as either Bacillus pumilus or
Bacillus altitudinis—enhanced the extraction yield of Jatropha oil. The incubation of an MB4
starter culture with preheated kernel slurry in aqueous media with the initial pH of 5.5 at 37 °C
for 6 h liberated 73% w/w of the Jatropha oil. Since MB4 produces xylanases, it is suggested that
strain MB4 facilitates oil liberation via degradation of hemicelluloses which form the oilcontaining cell wall structure of the kernel. After MB4 assisted oil extraction, SDS-PAGE
analysis showed that the majority of Jatropha proteins were preserved in the solid phase of the
extraction residues. The advantages offered by this process are: protein in the residue can be
further processed for other applications, no purified enzyme preparation is needed, and the
resulting oil can be used for biodiesel production.
Keywords: Jatropha curcas – Aqueous oil extraction – Bacillus pumilus – Bacillus
altitudinis – Protease – Xylanase
David B. Ringelberg, Karen L. Foley and Charles M. Reynolds. Electrogenic capacity and
community composition of anodic biofilms in soil-based bioelectrochemical systems.
Applied Microbiology and Biotechnology, Volume 90(5) (2011): 1805-1815
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Although a number of bacteria are known to be capable of generating an electrical current, the
diversity of electrogenic bacteria in soils and the commonality across soil types is relatively
unknown. Simple bioelectrochemical cells were constructed to measure the electrogenic capacity
and community composition of bacteria originating on cell anodes from three biogeochemically
distinct soil types. All three soils supported electrogenic activity, amounting to a maximum
sustained current of 1.5–2.1 mA over 55 days. Analysis of fatty acids identified differences in
microbial community composition between anode biofilms and far-field soil materials. Anode
communities showed greater percentages of fatty acids indicative of Gram-negative bacteria and
Actinomycetes. By analysis of anode biofilm genomic DNA via terminal-restriction fragmentlength polymorphisms, commonalities in community composition across the three soil types
were identified, specifically, the putative presence of bacterial species belonging to the α- and ßProteobacteria and the Firmicutes. Subsequent culture and isolation of bacteria from the anodes
confirmed the presence of similar classes of bacteria. Results showed that, under saturated
conditions, different soils can support electrogenic activity and that the bacterial communities
that develop on the anodes share certain common inherent community traits.
Keywords: Bioelectrochemical system (BES) – Anode biofilm – Community composition
Sharon B. Velasquez-Orta, Eileen Yu, Krishna P. Katuri, Ian M. Head, Tom P. Curtis and
Keith Scott. Evaluation of hydrolysis and fermentation rates in microbial fuel cells.
Applied Microbiology and Biotechnology, Volume 90(2) (2011): 789-798
This study determined the influence of substrate degradation on power generation in microbial
fuel cells (MFCs) and microbial community selection on the anode. Air cathode MFCs were fed
synthetic medium containing different substrates (acetate, glucose and starch) using primary
clarifier sewage as source of electroactive bacteria. The complexity of the substrate affected the
MFC performance both for power generation and COD removal. Power output decreased with
an increase in substrate complexity from 99 ± 2 mW m−2 for acetate to 4 ± 2 mW m−2 for
starch. The organic matter removal and coulombic efficiency (CE) of MFCs with acetate and
glucose (82% of COD removal and 26% CE) were greater than MFCs using starch (60% of
COD removal and 19% of CE). The combined hydrolysis–fermentation rate obtained
(0.0024 h−1) was considerably lower than the fermentation rate (0.018 h−1), indicating that
hydrolysis of complex compounds limits current output over fermentation. Statistical analysis of
microbial community fingerprints, developed on the anode, showed that microbial communities
were enriched according to the type of substrate used. Microbial communities producing high
power outputs (fed acetate) clustered separately from bacterial communities producing low
power outputs (fed complex compounds).
Keywords: Microbial fuel cell – Fermentation – Hydrolysis – Organic substrates
Won Jae Choi, Maria Regina Hartono, Weng Heng Chan and Suan Siong Yeo. Ethanol
production from biodiesel-derived crude glycerol by newly isolated Kluyvera cryocrescens.
Applied Microbiology and Biotechnology, Volume 89(4) (2011): 1255-1264
The rapidly expanding market for biodiesel has increased the supply and reduced the cost of
glycerol, making it an attractive sustainable feed stock for the fuel and chemical industry.
Glycerol-based biorefinery is the microbial fermentation of crude glycerol to produce fuels and
chemicals. A major challenge is to obtain microbes tolerant to inhibitors such as salts and
organic solvents present in crude glycerol. Microbial screening was attempted to isolate novel
110
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strain capable of growing on crude glycerol as a sole carbon source. The newly isolated bacteria,
identified as nonpathogenic Kluyvera cryocrescens S26 could convert biodiesel-derived crude
glycerol to ethanol with high yield and productivity. The supplementation of nutrients such as
yeast extract resulted in distinguished enhancement in cell growth as well as ethanol productivity
under anaerobic condition. When glycerol fermentation is performed under microaerobic
condition, there is also a remarkable improvement in cell growth, ethanol productivity and yield,
compared with those under strict anaerobic condition. In batch fermentation under microaerobic
condition, K. cryocrescens S26 produced 27 g/l of ethanol from crude glycerol with high molar
yield of 80% and productivity of 0.61 g/l/h.
Keywords: Crude glycerol – Ethanol – Fermentation – Kluyvera cryocrescens
Olivier Lefebvre, Arnaud Uzabiaga, In Seop Chang, Byung-Hong Kim and How Yong Ng.
Microbial fuel cells for energy self-sufficient domestic wastewater treatment—a review and
discussion from energetic consideration. Applied Microbiology and Biotechnology, Volume
89(2) (2011): 259-270
As the microbial fuel cell (MFC) technology is getting nearer to practical applications such as
wastewater treatment, it is crucial to consider the different aspects that will make this technology
viable in the future. In this paper, we provide information about the specifications of an energy
self-sufficient MFC system as a basis to extrapolate on the potential benefits and limits of a
future MFC-based wastewater treatment plant. We particularly emphasize on the importance of
two crucial parameters that characterize an MFC: its electromotive force (E emf) and its internal
resistance (R int). A numerical projection using state-of-art values (E emf=0.8 V and R int=5 Ω)
emphasized on the difficulty at this moment to reach self-sufficiency using a reasonable number
of MFCs at the laboratory scale. We found that a realistic number of MFCs to provide enough
voltage (=5 V) at a sufficient current (=0.8 A) to power a pump requiring 4 W would be of 13
MFCs in series and 10 stacks of MFCs in parallel, resulting in a total number of 130 MFCs. That
would result in a treatment capacity of 144 L of domestic wastewater (0.5 g-COD L−1) per day.
The total MFC system would be characterized by an internal resistance of 6.5 Ω.
Keywords: Electromotive force – Internal resistance – Microbial fuel cells – Scalability – Stack
configuration
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