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MESSAGE FROM THE DIRECTOR

J

. 4

It is with great pleasure that I write this message on the occasion of the 2010 Annual
Review of the Institute of Fundamental Studies. As a leading scientific research institute
in Sri Lanka, the IFS scientists have contributed significantly towards the development
and dissemination of science both nationally and internationally. The institute has
emerged as a leading international research organization in the field of solar cells and it is
to the credit our research scientists that such an honour has been bestowed on Sri Lanka.
The emerging fields of nanoscience and nanotechnology will form the thrust of future
research at the IFS and it is our aim to contribute significantly towards the national

development of Sri Lanka through basic research.
Even as a relatively small institute with a team of 14 scientists, we have been able to

strengthen our collaboration with other scientific organizations in the country and this

spirit of collaboration and co-operation will be strengthened in the years to come.
[ consider it my pleasant duty to thank the new Minister of Technology and Research Hon.

Pavithra Wanniarachchi, the Deputy Minister Hon. Faizer Mustapha and the energetic
Secretary of the Ministry, Mrs. Dhara Wijayathilake for the support rendered to the

Institute of Fundamental Studies.
I wish the 2010 IFS Annual Review all success.

’
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Prof. C.B. Dissanayake
Director
Institute of Fundamental Studies
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GENERAL INTRODUCTION
Prof. C.B. Disanayake, Director, IFS

The Institute of Fundamental Studies (IFS) is a unique research institute in Sri Lanka. It is the only
institute in the country which has as its main objectives initiating, promoting and conducting basic
research in mathematics, physical and chemical sciences, life sciences and philosophy taken in the

broadest sense.
The IFS was established in 1981 by an Act of the Parliament of Sri Lanka. The IFS is administered

by a Board of Governors, with His Excellency the President as the Chairman and comprising of
eleven members. The Research Council, chaired by the Director of the IFS, serves as an advisory

body on scientific matters to the Board.
With greater emphasis on national development particularly after the end of the war in the country,

the need for scientific research with a clear impact on the welfare and standard of living of citizens of
Sri Lanka became imperative. His Excellency the President had made this clear in 2007 when he
addressed the Board members of the IFS. He commented thus “I would like to stress the importance
of IFS engaging itself in activities which has an impact on the masses. We are utilizing resources

coming from the people and the impdciofre'searchshouldalso be made visible ' _ \
Accordingly, the Institute of Funda_mental Studies changed its policy towards contributing to

national goals through basic research. Scientists who opted to carry out purely fundamental and
theoretical studies however, were also granted opportuniﬁeé to further their aims and objectives. Ina
genefal sense, it is our mission to carry out that type of research which is of a primary and
fundamental nature but with a clear purpose of having an impact on national development. This shift
of policy has already paid dividends and it is indeed encouraging to note the greater interest shown by
the private sector in our research. Buoyed by the enthusiasm of the scientists and the greater
recognition of our research efforts by the scientific community, both local and intemationél, a
Consultative and Collaborative Division (CCD) was set up to work in liaison with the state and

private sector corporate bodies, universities etc. for commissioned and collaborative research.
The IFS scientists have performed creditably during the past year and in spite of financial constraints

they have been able to achieve significant results in their investigations. The search for geothermal
energy and developmént of biofertilizer biofilms stand out as major developments. With the rapid
escalation of kidney diseases and fluorosis in the dry zone of Sri Lanka, mainly in the north central
regions, scientific research into ‘the'quality of groundwater in these regions.has become a national
priority. The IFS has been involved in the groundwater quality mapping of fluoride-rich regions and
has also produced a fluoride and water hiardness filter using the electro-coagulation method.

T R G e
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The Science Dissemination Unit (SDU) has, during the past year, carried out excellent programmes, mainly
workshops and seminars for a large number of teachers and students from several districts. Tamil has not been
neglected and the IFS has conducted several teacher training programmes for the Tamil science teachers. The
research collaboration with universities is better than ever before and a large number of students from

universities have been given opportunities to be trained at the [FS, under the able guidance of IFS scientists.
The Institute of Fundamental Studies will continue to be in the forefront of scientific research in Sri Lanka and it

is indeed heartening to note the extreme enthusiasm and the support given to us by our new Minister of

Technology and Research Hon. Pavithra Wanniarachchi and the Deputy Minister Mr. Faizer Mustapha.

Search for geothermal energy Electro-coagulation unit

The first issue of a trilingual popular science magazine

SCIENTIA was launched in October, 2010.

Dissemination of Science Training Programmes
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Prof. J.M.S. Bandara, Dr. C.T.K. Tilakaratne, Dr. D. Magana-Arachchi, Prof. M.A.K.L. Dissanayake, Mr. K.T. Waisundara, Prof. G.K.R. Senadeera, Prof. S.A.
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Dr. D. Subasinghe, Dr. M. S. Vithanage, Dr. R.R. Ratnayake, Prof. P.R.G. Seneviratne, Prof. A. Nanyakkara, Dr. M.C. M. Igbal

=
=
E
=
®
=
o
=
Do
S
i
=




B Annual Review 2010

GENERAL REVIEW AND SUMMARIES




R Annual Review 2010

7.1 ARTIFICIAL INTELLIGENCE AND APPLIED ELECTRONICS

Project Leader: Prof. Asiri Nanayakkara, Research Professor

7.1.1 Brain Computer Interface Project
Introduction

The Brain Computer Interface (BCI) project aims at
building high performance hardware and software

system, which provides communication link between -

the human brain and a computer. Using such a system,
a person can control any equipment or interact with
outside world using his or her thoughts alone without
any physical involvement.

Electrical Signal
———

Amplifier

Brain

I Analog / Digital l

BClI systems are especially invaluable for patients who
suffer from severe motor impairments (late stage of
Amyothrophic Lateral Sclerosis (ALS), severe
cerebral palsy, head trauma, and spinal injuries). This
way, patients who are with severe physical disabilities
can control equipments such as wheel chairs,
Televisions, etc and communicate with computer
voice in his or her native language (Sinhala, Tamil or
English). BCI research group at Institute of
Fundamental Studies (IFS) is mainly interested in
constructing a BCI system based on
Electroencephalography (EEG).

Objectives and progress

Since EEG equipment is usually quite expensive and
most people living in Sri Lanka cannot afford them,
one of the aims of the project is to design and develop
low cost software and hardware needed for BCI. The
other aim is to develop a real time BCI system which
could be used by severely physically disable people in
Sri Lanka. This includes development of new
techniques to extract thoughts from EEG signals and
carrying out activities according to thoughts. Research
and development work of BCI have been carried out
during last two years in two main avenues;

(1) Development of new methods and software
system to recognize thoughts from individuals
and control external devices according to
recognized thoughts.

(2) Design and construction of low cost BCI
hardware including EEG amplifiers, recording
electrodes, etc

Results

(1) New set of thoughts which can be recognized by
existing signal processing methods was developed. It
was found that these new thoughts can be recognized
more effectively compared to the motor movement
mental tasks which are the most heavily used set of

. thoughts in the BCI systems.

(2) Complete BCI software system was developed for

offline analysis of EEG signals and classifying the
thoughts associated with them.

(3) A low cost amplifier was designed and constructed
with eight channels, each of which can be software
programmable to be used as an EEG, ECG
(Electrocardiogram), EMG (Electromylogram), or
EOG (Electrooculogram) channel.

(4) One of the research assistants in this project obtained
an MPhil degree from Postgraduate Institute of
Science at University of Peradeniya.

Human resource development:

M. Phil. Zahmeeth Sakkaff MPhil 2010 University
of Peradeniya

7.1.2 Sinhala Language Based Artificial
Intelligence Project

Introduction

Individuals with speech disabilities (non-vocal) need
an effective way of communication with the general
public who may or may not understand sign
languages. Hence, it is useful for a person with speech
disabilities (PSD) to have a portable electronic system
which can produce Sinhala speech, according to input
received from him or her. If the PSD can use a keypad
or can control a glove type device, Sinhala speech
system with a keypad or an electronic glove is
suitable. For an individual who cannot speak and has
lost muscle control in his or her hands or arms, EMG
signals produced by working muscles in any part of
his or her body can be used as input. '

Objectives and progress
In this project we are developing a portable electronic
speech system based on microcontrollers which can
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produce Sinhala speech, according to the input
received from the disable person. For disable persons
who can use their arms or hands, a keypad or an
electronic glove is provided as input devises while for
individuals who cannot speak and have lost mussel
control in their hands and arms, a speech system can be
used with electrical signals produced by working
mussels in any part of their.

(1) Development of a keypad based Sinhala speech
system. First, a PC based system will be developed
and later, stand along portable Sinhala speech
systems will be developed using microcontrollers.

(2) Development of a hand glove based Sinhala
speech system. First, a PC based system will be
developed and later, stand along portable Sinhala
speech systems will be developed using
microcontrollers.

(3) For the people who cannot control the  speech
system with their fingers, EMG based Sinhala
speech system will be developed. For this purpose
EMG amplifier will also be designed and
developed. .

(4) A Speech recognition system with a limited
vocabulary to control a Personal Computer will be
constructed for individuals who can speak
Sinhala but cannot use a computer keyboard due
to physical disabilities.

Results:

(1) Sinhala speech database using Sinhala Phonemes
was developed and computer software was
developed for converting Sinhala text to Sinhala
speech.

(2) Electronic glove was designed and develobed
which can be used not only with speech devises
but also with any multimedia system.

(3) EMG amplifier was designed and constructed

Human resource development:

Dammika Wijetunga M. Phil (registered), Faculty of
Engineering, University of Peradeniya
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7.2 BIOFUEL RESEARCH PROJECT
Project Leader: Dr. Renuka Ratnayake, Reserach Fellow

7.2.1 Bioﬁlm based biofuel production using
invasive weeds as the substrate.

The biofuel research project commenced activities on
October 2009. The project intends to develop
biofilmed microorganisms for the production of
cellulosic biofuels using invasive weeds as the
substrate. A biofilm is a special community of
microorganisms where a variety of microorganisms
such as fungi, bacteria, actinomycetes etc. live adhered
to each other and/or a solid surface. Biofilms have a
potential to improve efficiency of biofuel production
by combining the three processes delignification,
saccharification and fermentation in a single reactor.

In Sri Lanka biofuels can be produced domestically,
reducing oil import bills and dependence on countries
which possess fossil fuel deposits. Ability to produce
biofuels from invasive weeds may provide adequate
amount of low cost raw materials while reducing its
threat to the biodiversity. The project findings so far
have proved that Panicum maximum (Sinh. Mana) is a
suitable substrate for biofuel formation using
microbial bioflms. Further experiments are
continuing.

Research Expertise: Prof.S.A. Kulasooriya

Human Resource Development

Research Assistant, IFS- Registered for M.Phil degree
Under graduate student, Uwa Wellassa University-
thesis submitted

M.Sc. Student from PGIS: research completed
Trainees:

Graduate Student from Bangalore University

Pre University Research assistant-

7.2.2  Soil carbon sequestration to mitigate global
warming

The project commenced on August 2010. This project
studies the mechanisms of organic matter
stabilization, changes of carbon stocks and the role of
microorganisms in soil carbon sequestration. Soil is
known as a carbon sink, which means that it can absorb
and hold carbon for years without releasing it as
carbon dioxide in to the atmosphere. If the soil is
properly managed, the carbon content will increase
gradually. In this project agricultural plantations,
forest plantations and home garden systems will be
studied for the potential of soil carbon sequestration
and methods to improve their carbon sequestration.

Various land-use parameters results in very rapid
decline of soil organic matter as a result of different

management practices. Therefore in this project we
will be looking at the possibilities of ensuring
maximum retention of carbon in the soil.

7.2.3 Potential of soil carbon sequestration in
home garden systems

Home gardens are reported to be the best-developed
agroforestry system in Sri Lanka. They are rich in
plant diversity and have been ranked top among all
manmade agroecosystems for their high biological
diversity after natural forests. These multispecies
plant associations are speculated to have high carbon
sequestration potential due to their forest-like

_structure and composition, particularly in

accumulating carbon in the soil. After the decline of
natural forests these diverse gardens will be the last
remnants of land that are capable of capturing carbon
dioxide from the environment.

In this study we quantify total storage of organic
carbon in home garden systems of different species
compositions. The overall objective of this research is
to study the effects of home garden systems of
different species composition on soil carbon
sequestration and its contribution to the total carbon
budget of the country. We will also be looking at the
long-term socio-economic implications of
management practices which aim to increase carbon
sequestration in order to better understand the effects
of climate change.

The research findings will be utilized to develop a
model home garden that maintain a high-output and a
maximum carbon sequestration potential.

7.24 Soil carbon sequestration in forest
plantations

Forests and forest soil can store about 20 to 100 times
more carbon per hectare than croplands. Forest tree
plantations have been shown to be an effective way to
enhance carbon sequestration. Changes in microbial
community composition and function in response to
different stages of forest plantation may play an
important role in determining rates of carbon
sequestration in the soil.

The objectives of this research are to quantify the
effects of forest plantation on soil carbon
sequestration and its contribution to the total carbon
budget of the country and to study the soil microbial
contribution to carbon sequestration. The research is
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still at its initial stages and results are pending. Finlay
Tea Estates and Uwa Wellassa University are the
collaborators of this research.

Human Resource Development

D. Wasalamuni, Research Assistant, IFS- Registered
fora M.Phil degree

S. Premathilake, Lecturer, Uwa Wellassa University-
registered for Ph.D.

R. Jayawardena, M.Sc. Student, PGIA

Conference proceedings

Ratnayake, R.R., Seneviratne, G., Kullasooriya, S.A.,
(2009). Soil C sequestration in labile organic and
stable mineral fractions of natural forests and
cultivated lands in Sri Lanka. In Proceedings of the
International Symposium on Organic matter
Dynamics; Land use, management and global
change, Colarado, USA, 6-9 July 2009.

Visits .
R. R. Ratnayake visited the National Renewable

Energy Laboratory, Colorado, USA, J uly 2009
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7.2.5 Research Summary

BIOFILM BASED BIOFUEL PRODUCTION USING INVASIVE WEEDS AS THE SUBSTRATE
~ Damitha Gunathilaka, Renuka Ratnayake, & S.A. Kulasooriya

Introduction

The development of alternatives to non-renewable
fossil fuels is an urgent global priority as they would
be exhausted soon and their use aggravates
environmental pollution and global warming.
Development of fuels from biomass is widely
accepted as a timely strategy towards energy
independence from fossil fuels.

Terrestrial and water plants contain lignocellulosic
materials and once these lignocellulosic materials
break into simple sugars, fermentation of sugars into
biofuels can be done by using’ micro organisms.
However in cellulosic biofuel production the major
problem is that the crystalline structure of cellulose
makes it difficult to hydrolyze into simple sugars.
Development of microbial consortia or microbial
enzymes which can be used i in this purpose is a major

concern of biofuel researchers. o

A biofilm is a special community of microorganisms
where a variety of microorganisms such as fungi,
bacteria, actinomycetes etc. live adhered to each other
and/or a solid surface. The conversion process of
lignocellulose materials into biofuel is expensive: as
the process involves three steps: pretreatment,
saccharification, and product recovery. Biofilms have
a potential to improve efficiency of these processes by
combining delignification, saccharification,
fermentation, and separation in a single reactor

(Seneviratne et al. 2008).

Aims and Objectives
The main objective of this project is to produce

biofilms that are capable of:
*Breaking down llgnocelluloses of i mvaswe weeds

into simple sugars

*Processmg sugars in to biofuel. Invasive weeds used
are Eupatorium odoratum, Panicum maximum,

Lantana camara, Mimosapigra
Most of the countries try to reduce the dependence on

fossil fuels by introducing biofuels as a substituent. In
Sri Lanka biofuels can be grown and processed
domestically, reducing oil import bills and
dependence on countries which possess fossil fuel
deposits. Biofuels reduce the risk of green house effect
and air pollution. It is a renewable energy source and
consumes carbon dioxide while they (plants used in
biofuel production) grow offsetting the CO, emission
while burning. Ability to produce biofuels from
invasive weeds may provide adequate amount of low
cost raw materials while reducing its threat to the
biodiversity.

Results

All-together 230 organisms of cellulose utilizing
bacteria, fungi and actinomycetes from different
locations have been isolated and stocked. Fifteen
fungal-bacterial biofilms that are effective on
cellulose degradation have been developed. However
the effectivity and persistence under different
substrate conditions have to be tested. The simple
sugar production by one biofilm, the individual
bacterium and the fungus (which was used in the
production of that particular fungal-bacterial biofilm)
has been studied. The study was carried out in both
plant substrate (Panmicum maximum — an invasive
weed) and in commercially available cellulose. Result
up to now show that there is an improvement with the
biofilm microorganisms over microorganisms.
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7.2.6 Research summary

SOIL CARBON SEQUESTRATION: TO MITIGATE GLOBAL WARMING
Dailini Wasalamuni and Renuka Ratnayake

Introduction

To mitigate the risk of global climate change, many
analyses have focused on reducing emissions of
carbon dioxide and other greenhouse gases. Much less
attention has been given to the potential for
sequestering significant amounts of carbon as an
alternative means of offsetting the effect of future
emissions on GHG concentrations in the atmosphere.
Via carbon sequestration, carbon can be stored for
hundreds to thousands of years in carbon pools
reducing the threat of global warming. From the three
major pools of carbon, soils sequester higher amount
of carbon, which is about 1,500 gigatons of carbon
while terrestrial plants and the atmosphere store about
560 and 720 gigatons of C respectively (Six et al.
2006).

Carbon sequestration is now becoming a global trend.
After the suggestion of trading carbon, at Kyoto
protocol, in 1997, total annual emissions are capped in
many countries and shortfalls are to be covered
through trading, using carbon credits. So CO, is now
turning in to a product that can be marketed, and help
countries to earn billions of foreign exchange which
encourage countries that emit less and sequester more
carbon. As a developing country, with less emission
Sri Lanka's economy can be upgraded by sequestering
more carbon in the soil.

A thorough understanding about the underlying
processes and mechanisms controlling soil C levels is
necessary for increasing the potential for soils to
sequester C. Soil microbial communities are key
regulators of soil carbon dynamics. They are the
pioneers of shifting organic carbon to more stable
fractions in soil. Identification and understanding the
roles of those microorganisms will be useful in the
management of C sequestration potential of soil. If
properly managed, the humus level of the soil and the
resulting carbon content will increase gradually.

Aims and objectives

* Quantify the effects of forest plantations,
agricultural plantations and home garden systems
onsoil C sequestration

*  Estimate their contribution to the total C budget of
the country

* Soil microbial
sequestration.
The resulting data will also be used in the future
CDM activities.

contribution for carbon

Results

Field trials have been set out in Eucalyptus plantations
and tea plantations belonging to different age groups
in Uwa province and home garden systems in the
central province. Sampling and analysis are
continuing. Results are still pending.

References

Seneviratne, G., Zavahir, J.S., Bandara, WM.M.S. and
Weerasekara, M.LM.A.W.  (2008). Fungal-bacterial
biofilms: their development for novel biotechnological
applications. (World J microb BioE) 24:739-743.

Six, J., Frey, S.D., Thiet K. And Batten , K.M. (2006)
Bacterial and Fungal contributions to carbon sequestration
in agroecosystems, (Soi Sci Soc Am J) 70 :555-569.

(10x100x5)
Biofilm

Field work
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7.3 CELL BIOLOGY PROJECT

Project leader: Dr. D.N.Magana - Arachchi s Research Fellow

The Cell Biology project was initiated in 2004
December with research conducted on cyanobacteria
and since 2009 research is focussed on cyanobacteria
and tuberculosis with research projects which explore
the resources available, improvement of human
welfare and contribution to national development.

73.1 Molecular Phylogenetics of

Cyanobacterial species in Sri Lanka

Objectives and progress of the project: Commenced in
2004 December, the objectives of the study are to
isolate and identify cyanobacteria to ascertain their
biodiversity, to characterize the isolated cyanobacteria
using morphological characters, to study their
phylogeny and to develop assays for waterborne
toxicants. Cyanobacteria represent a major untapped
reservoir of biodiversity for potential discovery of new
biotechnological products. The present study provides
information on the enormous diversity and wealth of
cyanobacterial species in Sri Lanka to explore their
hidden wealth and potential for human welfare. In
many eutrophic fresh water lakes, cyanobacteria
frequently form toxic blooms which are a potential
health risk. Determination of the toxigenicity of the
cyanobacteria gives a warning of potential toxicity
development and permits early intervention to avoid
health problems. The monitoring of toxicity levels in
water bodies, similar to other countries, is a must to
minimize the potential health risks.

Presently 44 isolates from 14 genera and 17 isolates
from two orders were identified revealing the vast
diversity of cyanobacteria which could be used in
biotechnological processes. A simple and rapid

molecular technique was developed to detect the -

presence of a cyanotoxin (microcystin) in water bodies
enabling the early detection of potential toxin
producing cyanobacteria, and their efficient
management before a bloom occurs throughout water
bodies in Sri Lanka.

Collaborations
Dr. N.V.Chandrasekharan, Department of Chemistry,
University of Colombo

Human Resource Development
Ms.R. P. Wanigatunge, RA — M.Phil (Reglstered fora
PhD -2010) University of Colombo

73.2 Cyanotoxins and Chronic Kidney Disease
(CKDu)

Objectives and progress of the project: This project -
commenced in 2009 December with the objectives of
isolation, molecular characterization of foxin
producing Cylindrospermopsis strains with special
reference to the North Central Province where a
chronic kidney disease with unknown etiology is
prevalent (CKDu)) and to identify whether
cyanotoxins are a risk factor for this disease in Sri
Lanka. Among the cyanotoxins, microcystin and
cylindrospermopsin are the predominant toxins in
freshwater lakes and have been implicated in several
cases of animal and human poisoning by damaging
the liver and the kidney. Further, more recently, an
epidemic of CKDu prevailing in the North Central
Province and its related areas of Sri Lanka has
increased the concern of cyanobacteria in Sri Lankan
water bodies. However, the incidence, etiology, and
demography are largely unknown and only few
studies have been published. The reason might be due
to the combined effect of chemicals and biological
compounds, probably cyanotoxins, present in water
sources in these areas. Therefore, identification of
such cyanobacteria in water sources would meet our
long term objective of providing new, rapid molecular
monitoring capability for tracking cyanotoxin
producing cyanobacteria. According to our findings,
tanks in Anuradhapura (Nuwara wewa, Tissa wewa
and Kala wewa), has a vast distribution of
cyanobacterial species Microcystis, Cylindros-
permopsis, Phormidium, Lyngbya etc with toxin
generating ability and it could be a major risk factor
for the CKDu in the dry zone. Data collection was
completed from 200 CKDu patients at Girandurukotte
Kidney Dialysis Clinic and blood and urine samples
and water samples from different water sources (well
water, streams, paddy etc) were also collected from
CKDu patients for further analysis.

Collaborations

Dr. Thilak Abeysekara, Consultant Physician,
Dialysis Unit, General Hospital, Kandy

Dr. N.V.Chandrasekharan, Department of Chemistry,
University of Colombo
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Scientific expertise
Prof. S.A. Kulasooriya

Human Resource Development
Ms. H. M. Liyanage, RA — Registered for an M.Phil,
University of Colombo

Ms. C. Prematilake, Volunteer RA

7.3.3 Study on Mycobacterium strains
Multidrug-resistant Tuberculosis

Objectives and progress of the project: This project
commenced in 2007 January with the objective of
developing a simple, rapid and inexpensive assay
based on PCR methodology for direct detection of
Multidrug-resistant (MDR) strains from tuberculosis
(TB) patient's clinical samples. MDR TB is an
emerging problem of great importance to public
health, with higher mortality rates than drug-sensitive
TB. One of the most important challenges in the
control of TB is a rapid diagnosis of cases and the
optimization of anti-tuberculous treatment, mainly to
prevent the development of resistance and the
dissemination of resistant strains. Presently, TB
patients in Sri Lanka are provided free treatment from
Government hospitals. If chronic cases could be
prevented and/or cured this could lead to considerable
savings in the national economy. It is now widely
appreciated that better health has an important role in
reducing poverty and promoting economic growth.

To determine a detailed picture of TB epidemiology in
Kandy, a total of 190 sputum specimens obtained from
TB patients, are being studied. Upto now, 1.4% of the
M. tuberculosis/M. tuberculosis complex isolates from
first visit patients showed isoniazid resistance and
23.3% were resistant to rifampin and 1.4% were multi-
drug resistant. During this period gene sequencing was
completed for 54 strains of M. tuberculosis and
nucleotide sequences obtained from Gene Sequencing
for inhA, katG and rpoB genes were deposited in the
GenBank.

Grant: NRC No. 07-47. Rs. 4,233,000.00
Collaborations

Prof. V. Thevanesam, Department of Microbiology,
Faculty of Medicine, University of Peradeniya.

Dr. D. Medagedara, Respiratory Unit, General
Hospital, Kandy

Human Resource Development
Dr. V. Ambalavanar Registered for an M.Phil,
University of Peradeniya

Mr. B.A.DeSilva, RA.
7.3.4 DNAfingerprintingof TB

Objectives and progress of the project: This project
commenced in 2007 January with the objectives, to
characterize the M. tuberculosis strains by DNA finger
printing and to determine the use of DNA finger
printing (RFLP and Spoligotyping) in the study of
person to person transmission of pulmonary TB
among the general population and their effect on the
epidemiology of TB. It is widely accepted that TB is
one of the most important threats to human health on a
global scale. Infection with M. tuberculosis complex
causes the greatest number of deaths by a single
infection agent. Molecular Epidemiology is a field
that has emerged largely from the integration of
molecular biology, clinical medicine, statistics and
epidemiology. In essence, molecular epidemiology
focuses on the role of genetic and environmental risk
factors, at the molecular, cellular or biochemical level
in disease etiology and distribution among
populations. ‘

RFLP analysis showed that majority of the circulating
M. tuberculosis strains in Kandy belong to a single
family, but the degree of DNA polymorphism among
strains was high. Spoligotyping of 110 M. tuberculosis
isolates revealed a total of 24 families including the
nine major families of TB. This was the first study in
Sri Lanka in which both the RFLP pattern of M.
tuberculosis strains and the spoligotyping in a
population has been examined. In most countries the
RFLP and spoligotyping patterns are recorded from
each tuberculosis patient and data are deposited for
future reference in treatment and here we have
demonstrated the feasibility of establishing molecular
typing methods in Sri Lanka especially in RFLP &
spoligotyping without using any commercial kits.

Grant: NSF No. RG/2006/HS/07 - Rs. 1,616,387.00

Collaborations
Prof.V.Thevanesam, Department of Microbiology,

* Faculty of Medicine, University of Peradeniya.

Dr.D.Medagedara, Respiratory Unit, General
Hospital, Kandy
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7.3.5 Arapid method to detect non-tuberculosis
mycobacteria

Objectives and progress of the project: This project
commenced in 2009 April with the objective of
developing an assay to differentiate tuberculosis and
non-tuberculosis mycobacterium (NTM) in patients
using DNA methodology. Atypical mycobacterium is
one of the common infections, which affect immuno
suppressive patients and the patients with pre-existing
lung diseases. Now we are labeling those patients as
sputum negative patients. Because of this, we need
exact information regarding the atypical

mycobacterium prevalence and sensitivity patterns in
this country. In preliminary investigations from 120
bronchoscopy samples collected from patients
attending the Central Chest Clinic, and General
Hospital, Kandy, 36 (30%) were suffering from non
tuberculosis mycobacterium diseases.

Collaborations
Dr. D. Medagedara, Respiratory Unit,
General Hospital, Kandy

Hdman Resource Development:
Ms. U. Karunatatne, Volunteer RA
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7.3.6 Research summary
CYANOBACTERIA, ITS SECONDARY METABOLITES AND CKDU

R.P. Wanigatunge, H.M. Liyanage, D. N. Magana-Arachchi and S.A. Kulasooriya

Introduction

Cyanobacteria are prokaryotes (single-celled
organisms) often referred to as "blue-green algae.”
While most algae are eukaryotic (multi-celled),
cyanobacteria is the only exception. Cyanobacteria
obtain their energy through photosynthesis. They exist
as unicellular, colonial and or in filamentous forms.
Cyanobacteria are very old, with some fossils dating
back almost 4 billion years (Precambrian era), making
them among the oldest things in the fossil record. They
played akey role in increasing the amount of oxygen in
the Earth's atmosphere.

Certain cyanobacteria notably Aphanizomenon flos-
aquae and Arthrospira platensis (Spirulina) are
commercially important and sold as food. Recent
research have also hinted at their possible application
in the generation of Clean and Green Energy via
converting sunlight directly into electricity. Currently
efforts are underway to commercialize algae-based
fuels such as diesel, gasoline and jet fuel. Certain
cyanobacteria produce cyanotoxins including
anatoxin - aplysiatoxin, cylindrospermopsin, domoic
acid, microcystin LR, nodularin (from Nodularia), or
saxitoxin. Sometimes a mass-reproduction of
cyanobacteria results in algal blooms. These toxins
can be neurotoxins, hepatotoxins, cytotoxins, and
endotoxins, and can be toxic and dangerous to humans
and animals. Several cases of human poisoning have
been documented but a lack of knowledge prevents an
accurate assessment of the risks.

Concern about cyanobacterial blooms in fresh waters
in Sri Lanka has also grown in recent years due to
numerous reasons. These include: frequent recordings
of cyanobacterial blooms, suspected fish kills by these
blooms, problems created by blooms formed- in
aesthetic water bodies in the capital and other cities. In
addition to these, a patchy distribution of thick
cyanobacterial scum in irrigation water bodies in Sri
Lanka is commonly observed, particularly in the dry
season. However, studies of the distribution and bloom
formation of cyanobacteria in fresh waters of Sri
Lanka are scarce, despite the fact that waters in most of
the irrigation reservoirs in the dry zone are also used
for drinking without appropriate purification.
Moreover, recently, an epidemic of Chronic kidney
disease of unknown etiology (CKDu) prevailing in
North Central Province has increased the concern of
.cyanobacteria in these water bodies. Chronic kidney

disease (CKD), also known as chronic renal disease,
is a progressive loss of renal function over a period of
months or years. Many studies have being conducted
over the last eight years with a view to elucidating the
prevalence, nature and cause of CKDu in several parts
of Sri Lanka. However, from the studies conducted so
far, CKDu reported cannot be related to diabetes,
hypertension, snakebite or any other known causes of
traditional kidney diseases but likely triggered by an
environmental factor.

Cyanobacteria, the ancient oxygen-evolving
photoautotrophs are the dominant microbial
inhabitants of rice fields. According to a study in
India, following genera of Anabaena,
Cylindrospermopsis, Hapalosiphon, Lyngbya,
Nostoc, Phormidium, Oscillatoria, Aulosira,
Gloeotrichia, Fischerella, Aphanothece, Gloeothece,
and some unidentified cyanobacteria were present in
paddy fields. As mentioned above most of these
genera have the toxin generating ability. Therefore,
there is a possibility that cyanotoxins is a cause for the
CKDuin SriLanka.

Aims and Objectives

To (1) determine the cyanobacterial diversity in
different geographical locations of Sri Lanka and their
potential toxic generating ability.

Morphological and molecular data will be used and
thereby a rapid DNA method will be developed to
determine their potential toxin producing ability.

To (2) determine whether cyanotoxins are a risk factor
for the CKDu prevailent in the North Central Province
of Sri Lanka

Molecular and bio assay methods will be used for this

purpose.
Results

A series of field expeditions were made to collect
water and soil samples from different environments.
Cyanobacteria were grown in culture media and
microscopic observations were used to identify
diversity of cyanobacteria isolated from different sites.
Based on morphological features cyanobacteria were
tentatively identified as Microcystis aeruginosa,
Chroococcidiopsis spp., Oscillatoriales
cyanobacterial spp., Plectonema spp., Synechococcus
Spp., Synechocystis spp., Calothrix spp., Leptolyngbya
spp., Limnothrix spp., Pseudanabaena sp.,
Microcoleus sp., Chlorogloeopsis spp., Merismopedia
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sp., Cyanothece sp., Nostoc sp., Anabaena sp.,
Spirulina sp., Cylindrospermopsis sp. and Calothrix
sp. Genomic DNA was isolated and purified from
environmental samples and cultured cyanobacterial
isolates using Boom's method. A PCR procedure was
developed for the selective retrieval of cyanobacterial
rRNA gene fragments from a variety of natural and
artificial settings and to determine the phylogenetic
relationship and DNA partial sequencing was
completed from the tentatively identified 93
cyanobacterial species. The sequences obtained from
this study were deposited in the GenBank at the
National Center for Biotechnology Information
(NCBI) and some selected species are shown in Table
L.

The detection of toxic cyanobacteria and their toxins is
fundamental for water management as such
investigations of cyanotoxins present in Sri Lanka
water bodies' needs extensive attention. We developed
a rapid DNA-based method to identify toxin
producing cyanobacteria from Sri Lankan reservoirs.
Cyanobacteria isolated from Lake Gregory, Lake
Beira and Kandy Lake showed the presence of
potential microcystin producers. DNA-based
detection methods may provide proper solution
because of their potential specificity (targeting genes
involved in toxin biosynthesis), sensitivity and speed.

The geographical distribution of CKDu appears to be
biased towards the North Central Region (NCR) of the
country and also part of North Western and part of Uva
provinces. The populations at risk are scattered in the
North Central Region with high prevalence observed
at Medawachchiya, Padaviya, Dehiattakandiya,
Girandurukotte, Medirigiriya, Kabithigollawa and
recently Nikawewa. Targeting the CKDu issue
disease information from 200 kidney patients of
unknown etiology attending the Kidney Dialysis
Clinic at Girandurukotte hospital were collected along
with 98 blood and urine samples and 120 water
samples from different water sources (well water,
streams, paddy etc) of kidney patients of unknown
etiology were also collected. Further 25 water samples
from 3 tanks in the Anuradhapura District, Nuwara
wewa, Tissa wewa and Kala wewa, were also
collected for analysis. Genomic DNA was isolated
and purified from environmental samples and
cultured cyanobacteria using Boom's method. PCR
conditions were optimized to identify the presence of
cyanotoxin, cylindrospermopsin and
Cylindrospermopsis raciborskii. PCR was done to
identify cyanobacteria (unicellular and filamentous
types) cylindros- permopsin toxin and
Cylindrospermopsis raciborskii. For
microcystin,from Microcystis, a positive
amplification resulted.
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Figure 1. Percentage mortality of A. salina for
different environmental filters
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Tablel. Isolated Cyanobacteria with GenBank Accession numbers

Sample Name | Accession Number Organism
BL1 EF051239 Microcystis aeruginosa BL1*
BL1 EF051238 Microcystis aeruginosa BL1 mcyE gene
IR EU276382 Chroococcidiopsis sp. 1IR*
H1 EU276384 Oscillatoriales cyanobacterium H1
H2 EU276385 Oscillatoriales cyanobacterium H2
YRS 3 EU310419 Plectonema sp. YRS 3
N2b GU368105 Synechococcus sp. N2b
N14 GU368106 Synechococcus sp. N14
Nla GU368107 Chroococcales cyanobacterium Nla
N1INIb GU368108 Microcystis aeruginosa N11*
N1b GU368110 Calothrix sp. N1b
N2c GU368111 Leptolyngbya sp. N2¢
nal GU368112 Limnothrix sp.nal
na3 GU368113 Pseudanabaena sp. na3
M3 GU594024 Chroococcidiopsis sp. M3
Ml GUS594025 Leptolyngbya sp. M1
T2 GUS594035 Microcoleus sp. T2
WWSI1 GUS594036 Chorogloeopsis sp. WWS1
Kul GU815987 Merismopedia sp. Ku 1
TWI1 GU815989 Cyanothece sp. TW1
KW5 GU967428 Leptolyngbya sp. KW5
KW6 GU967429 Synechococcus sp. KW6

* Potential microcystin producers

Bioassay was performed for 12 samples using brine
shrimp (4. salina) to test the lethality of water samples
in three tanks. Both filtrate and filter was assayed and
higher toxicity was recorded from filters of both
environmental and cultured samples (Figurel).
According to our findings in Anuradhapura water
samples (Nuwara wewa, Tissa wewa and Kala wewa),
has a vast distribution of cyanobacterial species with
toxic generating ability and it might be a major risk
factor for the CKDu in the dry zone.

Relevance of results achieved to national / socio-
economic development

Based on morphological features and molecular data
immense diversity of cyanobacteria was identified
from samples collected throughout the country.
Screening of identified cyanobacterial species will be
carried out with a view of their potential innovation in
pharmaceuticals, new enzymes or new chemicals for
biotechnology industry.

In the present study we have used PCR-based tests for
determination of microcystin producing ability of
cyanobacteria in selected locations

Due to the high sensitivity of PCR, it is possible to
detect toxic genotypes long before a toxic
cyanobacterial bloom may occur. The technique used
in this study was found to be highly sensitive for
detecting the presence of microcystin-producing

~ ability of cyanobacteria both from environmental

samples and cultured isolates. As a developing
country we have to find toxicity levels of water bodies
and should maintain toxicity level minimally;
otherwise more money would have be spent on
purifying drinking water sources to overcome health
problems.

More epidemiological studies are required to explore
the relationship existing between human illnesses and
cyanotoxins in water. As the actual cause for CKDu is
still unknown, identification of the causative agent is
an important national health concern. Further, if
cyanotoxins are identified as the cause for CKDu,
further monitoring, remediation and prophylaxis
methods could be employed for water sources to
prevent toxic cyanobacterial growth and also medical
treatments could be initiated as a medical therapy and
thereby rescue victims and further susceptible victims
for the disease







