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EDITORS’ PREFACE
We are very pleased to introduce the proceedings of the 6th Research, Science & Technology
Conference held at University of Papua New Guinea from 17th – 21st November 2014. The theme
chosen for the conference “Promoting Responsible Sustainable Development through Science and
Technology, the PNG Way” was selected in recognition of the greatly extended focus on linkage
between the science & technology and the broad area of sustainable development in recent years. The
Conference format was deliberately kept broad and had four main pillars (social, environmental,
economic, and governance) with various subthemes. The conference addressed different but interrelated, cross-disciplinary issues that are critical to principles of sustainable development. Participants
representing several categories of stake holders from academia, policy makers, industries, businesses,
research institutions, and other sectors sent abstracts of their presentations; full papers of some of
these have been included in the proceedings.
Traditionally, the government and public support for science & technology has been weak, yet
scientific research and technological development has become more necessary than ever to solve
some of the most pressing problems facing society. We believe the conference proved to be an
important tool for all stakeholders committed to seeing science harnessed more effectively for the
promotion of human well being and sustainable development. Equally, the situation calls for a
commitment whereby scientists in various fields are responsive to these needs and governments
pledge support for research.
This Conference Proceedings are printed in three separate volumes and contain the written versions of
selected contributions presented during the conference. It also includes the Conference Chairman’s
statement and resolutions and recommendations adopted by the conference. The conference
committee hopes that these Proceedings will serve to strengthen the foundations of the rapidly
emerging fields of science and technology, and takes great pleasure in recommending the Proceedings
of the Conference to you.
Finally, we would like to thank all participants for their contributions to the Conference programme
and for their contributions to these Proceedings. Also, it is our pleasant duty to acknowledge the
financial support from the host institution, University of Papua New Guinea, Department of National
Planning & Monitoring, PNG Research, Science & Technology Secretariat, and other sponsors.
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CHAIRMAN’S STATEMENT
1.0. INTRODUCTION
The 6th Science and Technology conference was considered as biggest conference hosted by the
University of Papua New Guinea in November 2014. There were more than 130 technical and policy
papers/posters and presentations centered around Sustainable Development strategies, policies,
legislation and issues with specific emphasis on the “PNG Ways.”
On behalf of the Vice Chancellor, Professor Albert Mellam, and the Host Organising Committee we
acknowledge positive contributions by the presenters and participants who ensured it was a rewarding
experience for all of us.
One of the greatest challenges for Papua and New Guinea and the global community is achieving
Responsible Sustainable Development - RSD (The 4 pillars: economic, environment, social and
governance) by managing its natural resources and human capacity through the strong focus on
leadership and governance.
The PNG Sustainable Development Policy embraces The 5 National Goals and directive principles as
captured in our National constitution in 1975. Furthermore, the first principle of the Earth Charter
called the Rio Declaration, which was signed by PNG at the 1992 Rio (Brazil) summit states:
“Human beings are at the centre of Sustainable Development. They are entitled to a healthy and
productive life in harmony with Nature”.
Sustainable Development is defined variously as 'Development that meets the needs of present
generations without compromising the ability of future generations to meet their own needs' – WCED
1987. 'Improving the quality of life whilst living within the carrying capacity of supporting
ecosystems - 'Caring for the Earth' 1991. Diesendorf and Hamilton (1997) refers to Sustainable
Development as the types of economic and social development which sustain the natural environment
and promote social equity’. Moreover it is ‘... a process, which aims to create an ecologically and
economically sustainable and equitable society, (Diesendorf, and Hamilton 1997). Our own PNG
definition back in 1993 was: Stretim nau bilong tumora or Hari ita hanamoa kerukeru totona Waigani Seminar 1993. Perhaps during this conference we might need to redefine sustainable
development or more precisely responsible sustainable development (RSD) in our own PNG way!
PNG’s first National Strategy for Sustainable Development was launched after the 20th Waigani
Seminar on From Rio to Rai: Environment and Development in PNG. It was called “Stretim Nau
Bilong Tumora and was supported to be the action plan entitled “Yumi Wankain”, both published in
1993.
For PNG, the Sustainable Development Strategy has waned through the years and only now is the
impetus to resurrect it culminating into the PNG government policy on RSD by Minister Charles
Abel.
The PNG Research Science and Technology Secretariat, University of PNG and its partners have
embraced and supported this RSD policy to unfold the policy and programmes for PNG and its
communities. This gathering of leaders, experts and youths throughout the country and the world
will witness, endorse and discuss the PNG Government Policies on Sustainable Development Strategy
to be implemented in the country in 2015 through science and technology policy and programmes.
The 6th S&T (Science and Technology) conference facilitated open dialogue, discussions on the issues
and constraints about the implementation of the PNG’s Sustainable Development Strategy. The
Government of PNG and especially the Ministry for National Planning and Monitoring, Prime
VII
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Minister and NEC Departments, government sectors, companies and educational institutions will
promote and increase understanding of the roll out of PNG Sustainable Development Policy.
The following milestone achievements were witnessed as part of the Conference:








Launch of the PNG Sustainable Development Policy
Development of PNG Science and Technology Society
The Roll out of the UPNG University of PNG Bachelor of Sustainable Development Degree4 years
Launch of Comprehensive Hazards And Risk Management Diploma
Launch of new publications written by PNG experts on Sustainable Development
Announcement of PNG Centre for Renewable Energy
Announcement of East Sepik -April Salumei Reduced Emission on Deforestation and
Degradation (REDD) Project for selling Carbon

2.0. BACKGROUND
Many prominent leaders and various higher institutions in Papua New Guinea since Independence
have commented that the country lacks a clearly articulated vision and a long-term national strategy
for achieving that vision of building the best little country in the world. The many points of view
addressed a wide range of issues and possible solutions for the country including the PNG Vision
2050 and the Medium Term Development Strategy (MTDS) linked to global inventions such as
Millennium Development Goals and the Pacific Plan. But they have also contained recurring themes
about PNG core values, and our widely held priorities, which we have tried to capture in this policy
and conference. If we examine our Constitution we find a reference to PNG ways- a reference to the
ways of our forefathers. This is a reference to a culture based on the sharing of wealth andcommunity
well-being rather than individual wellbeing, and spiritual oneness with nature. This theme is found in
many ancient cultures in the world. Similar values are at the heart of the Christian religion. This
should help to lead the way back to a new or renewed paradigm.
We must question our automatic adoption of a paradigm that is quite contrary to this, particularly in
the light of historical experience and a current new consciousness. There are priority changes
happening to the world that is forcing a revision of our development thinking and models and we need
to recognize this and help to lead the way back to a new paradigm- RSD. The Recent RSD Policy
2014 recommends a framework of guiding principles based on the principles of sustainable
development, to help sectoral planners and leading institutions to design and manage sectoral
development action plans. These guiding principles are:














Internalizes Externalities,
Drives innovation,
Maintains economic growth,
Open and competitive markets and avoid trade restrictions,
Creates decent work and green jobs,
Inclusive; democratic; participatory; accountable; transparent Governance,
Equitable, fair and just – between and within countries and between generations,
Poverty reduction, well‐ being, livelihoods and social protection; access to essential
services,
Facilitates education and skills development,
Supports human rights, workers rights,
Retains and protects biodiversity and ecosystems and services,
Is resource and energy efficient,
Respect planetary boundaries or ecological limits,
VIII
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Sustainable consumption and production,
Be low carbon and low emissions,
Precautionary approach,
Is a means for achieving sustainable development,
Uses integrated approach to decision making,
Uses the beyond the GDP Principle to measure growth,
Promotes international cooperation, and
Is resilient to risks and shocks.

2.1. Sustainable Development Strategy through Science and Technology- Where do we Stand
Today!
In closely examining the PNG Government RSD Policy, the PNG Research Science and Technology
Secretariat and University of PNG and other Universities and partners are the first sectors to
contribute to unfolding the framework of RSD and its 21 principles and implement programmes and
activities in our owns institutions.
The 6th S&T conference was designed to deliberately create an exciting forum, where leaders,
overseas guests, provincial governments, sectors, academic, researchers, students, communities to
come together to discuss ways to support our laws and policies.
“By the year 2050, PNG will have achieved for all its citizens level of economic growth,
environmental protection and overall quality of life among the top 50 nations in the world”. The Four
Pillars of Sustainable Development strategy is the challenge.
Our country is internationally recognized for its vibrant, diverse cultural and tolerant society, its
contributions in the field of science and technology and contribution to its people and society and its
participation in solving global issues. Let’s assume for now that this vision statement is roughly right.
Let’s assume that the vast majority of PNG, representing all segments of our community, feel good
about being part of this vision. How would we go about making such a vision come true?
We would need a national strategy (RSD) – a carefully chosen and widely agreed set of actions for
getting to this desired future state. Suppose we choose quality of life, economic growth and protected
environment and governance (Responsible Sustainable Development) as our 4 fundamental priorities
for the future and we build a national strategy around them.
In the design of the framework for our strategy- “PNG WAY” (see Figure 1), we can visualize a
diamond shape with quality of life at the apex, supported by economic growth, protected environment
and strong governance at the base of the diamond shape figure. The arrows indicate that economic
growth and protected environment and governance all contribute to quality of life but can sometimes
be in conflict with each other.
A critical first step in developing a national strategy is defining exactly where we are today with our
communities/Landowners (governance). What was our quality of life in 2008? How good is our
economic growth? Is our environment sufficiently well protected? Are we already among the top 50
countries or do we rank much lower?
We can only answer these questions if we have a clear cut set of metrics that let us measure how well
we are doing and how our performance compares with the performance of other countries. What set
of actions (policies, laws, behaviors, training, investments and so on) will most likely get us from the
current values of the metrics to the desired values in the planned time?
This Conference plan and design is to contribute to the discussions in the forum and carefully assess
IX
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and evaluate the PNG RSD policy framework and how it will be rolled out into all sectors, provincial
governments, research institutions, communities, and donors in developing their action plans. The
Science and Technology issues are equally important in the RSD Policy and these must be integrated
in achieving the PNG Way- RSD Policy.
Much discussions and some conflict will inevitably arise as the action plan is put together.
Differences in philosophy between political parties, between unions and management, between cities
and rural areas, will produce a diversity of inputs which usually leads to better strategic decisions than
any one segment of society can generate on its own.
The action plan should also identify who in society is responsible for carrying out the different
actions. Which elements of the plan are under the control of government? For example the recent
decision by government 2010 by establishing the PNG Vision 2050, DSP and MTDS and now the
announcement of the PNG RSD Policy. What activities belong in the sphere of sustainable
development? Should individual citizens or private foundations be accountable for certain actions?
Figure 1: SUSTAINABLE DEVELOPMENT
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Only if accountability is clear upfront, and the viability of the actions is tested against available
resources and skills, can there be a reasonable expectation that the strategy will work. Actions which
are inadequately funded, or lengthen the deadline for achieving goals than to give lip service to
actions which cannot be successfully implemented and, therefore, undermine the entire strategy.
Once a set of actions has been selected for the national strategy, it is critical to maintain
communication with all Papua New Guineans about why these particular actions were chosen, what
results are to be expected, and when to expect them.
We will increasingly finding ourselves confronting John F. Kennedy’s challenge to American
citizens: “Ask not what your country can do for you. Ask what you can do for your country.”
However, in carefully reviewing and assessing the Sustainable Development Policy, the Ministry of
National Planning and Monitoring in partnership with PNG Research Science and Technology, UPNG
and others strongly believe it requires an important tool/drivers to achieve this visionA Sustainable Development Policy framework and programme of Actions for PNG will facilitate its
implementation as a cross cutting tool.
This conference is endorsed by the Ministry for Planning and Monitoring, Ministry for Higher
Education and Research, Science and Technology and the University of PNG.
3.0. CONFERENCE OBJECTIVES
The Conference objectives, and expected outcomes will include:









Support the PNG Government Sustainable Development Action Plan/Policy,
Contribute to the PNG Science, Research and Technology Framework policy,
Present findings in the field of science research and technology in PNG that contributes to
PNG SD policies,
Create PNG network, awareness and understanding of PNG national policies and its impact
on its people and partners,
Contribute to the UN Commission for Sustainable Development work programme,
Show case successful programmes and projects,
Create champions and leaders for PNG,
Forge important partnerships with PNG Government, private sector, Universities and
Research institutions and international partners.

4.0. MAJOR HIGHLIGHTS/ACHIEVEMENTS










Successful launching of the PNG Responsible Sustainable Development Policy and Action
Plan,
Substantial development of the PNG Science Research and Technology Framework,
Dissemination of the results of latest science research and technology work conducted and
published in PNG,
Highlighting PNG contributions to the UN Commission on Sustainable Development work,
Showcasing the contributions of PNG Science projects to government Policies,
Official announcement of UPNG and its partner of a new Degree Programme-Bachelor of
Sustainable Development for 2015,
Production and dissemination of Conference publications,
Provision of rewarding and lasting career opportunities,
Resolutions and summaries achieved for the PNG government and all.
XI
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5.0. ACKNOWLEDGEMENT
Indeed we extend our thank you and appreciation to our leaders, overseas guests, government sectors,
provincial members, Universities, research institutions, communities and private sectors who have
contributed, sponsored and created an environment conducive to all in staging this large gathering to a
successful conclusion.
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From the Conference Secretariat
Professor Chalapan Kaluwin Chairman
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Nonribosomal Peptide Synthase Gene as an Indicator for Peptide
Antibiotics Production in PNG’S Marine Microbial Communities
Jeffrey Noro,†*‡ John Kalaitzis,†Teatulohi Matainaho,‡ and Brett Neilan†
Biotechnology and Biomolecular Sciences, University of New South Wales, Kensington, UNSW 2052,
Australia†
School of Medicine and Health Sciences, University of Papua New Guinea, NCD, PNG‡
Corresponding author: jeffnokianoro@gmail.com
ABSTRACT:
Papua New Guinea is a maritime country with more than 70 percent of its area covered in oceans,
which support large and diverse microbial populations. Microbes play diverse roles in nutrient
recycling and retention of important nutrients some of which are used as precursors in the
biosynthesis of bioactive natural products. Since the discovery of penicillin, microbes have become
vital sources of new clinical drugs as new genetic tools are developed to explore and uncover their
basis for natural products biosynthesis. In this investigation, bacteria were isolated from different
marine sources. Using polymerase chain reaction and gene sequencing technologies, we screened
these bacteria for the presence of nonribosomal peptide synthetase (NRPS) biosynthetic genes. A
minimal NRPS system contains adenylation, condensation and peptide-carrier-protein domains set in
iterative modules, which maintain an assembly line operation that is responsible for constructing the
scaffold for peptide natural products biosynthesis using amino acid monomer units. Here we present
two bacterial strains, Bacillus sp. and Cobertia marina that were studied. The Bacillus sp. was tested
positive for NRPS gene and was cultured in marine broth to induce natural products biosynthesis.
Sephadex LH20 and C18 HPLC were used to purify the decapeptide, tyrocidine A, which was active
against methicillin resistant Staphyloccoccus aureus. In addition we detected production of the
antibiotics loloatin A and D, and cerexin B. Also present in the Bacillus sp. strain were laxaphycin B1
that inhibits cancer proliferation and the antitumor antibiotic zorbanomycin. Using similar
experimental conditions, C. marina was found to be producing the thiopeptides thiocillin I/II.
Although the compounds are ribosomally synthesized, they undergo posttranslational modification
using an NRPS system, reflecting its versatility and ability to produce structurally unique natural
products with interesting biological activity. Structure elucidation of the compounds was achieved
using 1D and 2D NMR and MS experiments.
Keywords: Nonribosomal peptide synthetase, biosynthetic gene, adenylation, condensation, peptidecarrier-protein
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1.0. INTRODUCTION:
Papua New Guinea is largely known for its marine biodiversity that has over the years marveled many
science researchers to focus on drug discovery efforts primarily from marine sponges. Over the
decades, many compounds with interesting pharmacological activities have been reported and
summarized in a review by Noro et al in 2012 [1].
Many of the compounds reported from marine sponges and other invertebrates resemble those that are
synthesized by microorganisms suggesting that these microorganisms are indeed responsible for some
of the compounds isolated from marine macro-organisms. An example of this is the discovery of
motuporin 1, a cyclic pentapeptide that was discovered from a marine sponge Theonella swinhoei off
Motupore Island [2]. Motuporin closely resembles nodularin 2 and microcystin LR 3, cyclic peptides
implicated as the causative agents of toxicity from the cyanobacteria Nodularia and Microcystis,
respectively [2,3]. Nodularin 2 induces hepatotoxicity by inhibiting protein phosphatase activity [3,4]
and its analog 1 was also found to inhibit protein phosphatase 1, at a concentration of <1 nm [2]. It
also showed activity against murine leukemia, human lung, ovarian, colon, breast, and brain cancer
cell lines [2]. Structural comparison of 1 with 2 and 3 indicated that the polar arginine residue was not
necessary for PP1 inhibition as motuporin [5] was able to induce potent activity despite substitution of
the arginine with the non-polar valine [2].

Both 2 and 3 are biosynthetic end products of nonribosomal peptide synthetase (NRPS) enzymes,
which are involved in the production of an array of biologically active peptides that have been
isolated from microbial sources. Using an assembly line system, NRPS activate a set of functional
enzymes to initiate polypeptide production by selecting from any of the twenty proteinogenic and
other non-proteinogenic amino acids from microbial producer cells as starting materials. These amino
acids are organized into a sequence of polypeptide chain via a series elongation steps triggered by
chemical condensation.
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The NRPS biosynthetic platform consists of sets of modules comprising adenylation (A), thiolation
(T) and condensation (C) domains as the minimal required for the production of polypeptides. The A
domain is 50 KDa in size and it selects and activates amino or aryl acid monomers for loading onto
the growing acyl chain as adenylates. By using ATP, the A domain catalyzes acyl transfer and
installation onto the adjacent T domain and in doing so play a vital role in controlling the arrangement
and sequence of the polypeptide. The receiver T domain undergoes posttranslational modification in
which it is primed by phosphopanthetheinyltransferase (PPT) enzymes on a conserved serine side
chain on the T domain (Figure 1) [6,7]. The resulting covalently attached phosphopantetheine
prosthetic arm allows the binding of activated monomer and acyl chains onto the T domain. The C
domain catalyzes acyl chain elongation and promotes a nucleophilic attack on the activated amino
acid between upstream peptidyl-S-Tn-1 to downstream aminoacyl-S-Tn. This step is achieved via a
chemical condensation step that forges amide bond linkages through C-N bond formations between
the activated monomers and the acyl chain (Figure 2) [6]. At the end of the modular assembly line, a
thioesterase domain is introduced to terminate the growing polypeptide chain and cyclize the
molecule. Other optional domains are utilized in the modular assembly resulting in the biosynthesis of
structurally diverse polypeptides, which typically may include dehydratase, ketoreductase and
enoylreductase tailoring enzymes.
Nonribosomal peptides are structurally diverse as a result of the enzymatic modifications and tailoring
steps involving the few domains described. These structural diversities in NRPs also translate into
diverse biological functions in the environment and as medicines. A number of NRPs are currently in
clinical use. Examples include daptomycin, a 13 amino acid cyclic peptide that exhibits antibiotic
activity against skin infections caused by the gram positive pathogen Staphylococcus aureus including
MRSA [8]. Another NRP compound is the glycopeptide vancomycin that has clinical importance as an
antibiotic [6]. Vancomycin was isolated from the actinomycete Streptomyces orientalis and is active
against gram-positive bacteria particularly streptococci, staphylococci and pneumococci. It’s mode of
action is via inhibition of mucopeptide polymer cell wall synthesis achieved by binding to the Dalanine-D-alanine terminus of the peptides essential for mucopeptide polymerization [9].

Figure 1: The A domain catalyzes the adenylation of the amino acid to be incorporated and its
subsequent acylation to the downstream T domain.
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Figure 2: The C domain catalyzes C-N bond formation between the electrophilic upstream peptidylS-T1 and the nucleophilic downstream aminoacyl-S-T2.

RESEARCH APPROACH:
Based on the hypothesis that marine microbes encoding NRPS genes would be viable sources for the
production of novel antibiotic peptides, our approach was to screen marine microbes from PNG
waters for the NRPS gene to guide our chemical isolation process. And those found to be positive for
NRPS to be cultured and chemical constituents be characterized using Nuclear Magnetic Resonance
and Mass Spectral analysis. In this paper we discuss how we isolated peptide antibiotics from two
marine bacteria using our genetic based screening approach.
EXPERIMENTAL:
General experimental
Optical rotations were measured using a Jasco P-1010 Polarimeter with sodium light (589 nm). The
1
H and 13C NMR spectra were recorded on a Bruker AV-600 spectrometer with a 5 mm CPTCI
cryoprobe. 1H chemical shifts are referenced to the residual DMSO-d6 signal (δ 2.49 ppm), and 13C
chemical shifts are referenced to the DMSO-d6 solvent peak (δ 39.5 ppm). Low and high resolution
ESI-QIT-MS were recorded on a Bruker-Hewlett Packard 1100 Esquire–LC system mass
spectrometer. Reversed-phase HPLC purifications were performed on a Waters 600E System
Controller liquid chromatography attached to a Waters 996 Photodiode Array Detector using a flow
rate of 2.0 mL/min. All solvents used for HPLC were Fisher HPLC grade and were filtered through
a 0.45 μm filter (Osmonics Inc.) prior to use. All thermal cycling was performed using a My
CyclerTM Thermal Cycler (BIO-RAD, USA). Automated sequencing used an Applied Biosystems
3730 DNA Analyser, which is housed at the Ramaciotti Centre for Gene Function Analysis at
UNSW.
Sponge (PG11-21-1) and sediment (RJA-2974) collection
Marine sponge Haliclona sp was collected using SCUBA from the waters of Milne Bay Province,
South Eastern PNG. The freshly collected sponge was incised in the field and cultured on prepared
marine agar plates. The cultures were grown at room temperature overnight and then incubated at 30
⁰ C for 48 h. The colonies were picked based on morphology and pure cultures were inoculated onto
fresh marine agar plates.

4

Proceedings of RST UPNG Sci. Conf. Nov 2014
A scoop of sediment was collected using 50 mL falcon tubes. The sediment was washed several times
using sterile seawater and was inoculated on Marine Medium-8 agar plates. Pure colonies were
isolated.
Genomic DNA extraction
Total genomic DNA was obtained from solid media using an XS buffer method. Approximately
⁰ C for 1 h, then
mixed thoroughly using a vortex and incubated for 1 h. The sample was chilled for 10 min and then
centrifuged at 12,000 g for 10 min at 4 ⁰ C. T
:
chloroform: isoamyl alcohol (25:24:1) was added to it, shaken and then centrifuged at 12,000 g for 10
min at 4 ⁰ C. The aqueous layer was incubated in two volumes of 100 % ethanol and 0.1 volume of 3
M NaOAc overnight at 4 ⁰ C, and then subjected to centrifugation at 14000 g for 30 min at 4 ⁰ C. The
10 min at 4 ⁰ C. The resultant genomic DNA was air dried and re-suspended in 30–
buffer. A Thermo Scientific NanoDrop™ 1000 Spectrophotometer was used to measure DNA
concentration and assess quality. The DNA was stored at -20 ⁰ C until needed.
16S rRNA PCR
The isolated Vibrio was identified by sequence analysis of the16S rRNA gene, which was amplified
of Taq polymerase 2.5 mM MgCl2, 0.2 mM deoxynucleotide triphosphates (dNTPs), 1 pmol each of
forward (27F) and reverse (1494R) primers and approximately 1 ng of genomic DNA (10). PCR
cycling was initiated with a denaturation step at 95 ⁰ C for 2 min, followed by 30 cycles of
denaturation at 95 ⁰ C for 10 s, primer annealing at 55 ⁰ C for 30 s and DNA strand extension at 72
⁰ C for 50 s. Amplification was completed with a final extension step at 72 ⁰ C for 7 min. Products
were checked using gel electrophoresis.
16S rRNA gene PCR products were purified prior to automated sequencing using the following
method. DNA was mixed with 2 volumes of 100 % ethanol and incubated at room temperature for 15
min. DNA was pelleted by centrifugation at 16000 g for 15 min, and washed with 190 µL of 70 %
ethanol (w/w) and centrifuged at 16000 g for 10 min. After air-drying the pellet, the DNA was resuspended in 12 µL of sterile deionised water.
NRPS targetting PCR
Degenerate PCR targeting the adenylation domain coding regions of NRPS genes was accomplished
contained 1 x Taq polymerase buffer, 0.2 units of Taq polymerase, 2.5 mM MgCl 2, 0.5 mM dNTPs,
25 pmol each of forward and reverse primers and 100 ng of genomic DNA. The cycle was initiated
with a denaturing step at 94 ⁰ C for 2 min, followed by 35 cycles of denaturation at 94 ⁰ C for 10 s,
primer annealing at 52 ⁰ C for 30 s and a DNA strand extension step 72 ⁰ C for 1 min. Amplification
was completed with a final extension step at 72 ⁰ C for 7 min.
Gel electrophoresis
PCR amplified DNA was subjected to gel electrophoresis (at 70 mV) with 1–2 % agarose (Biorad) in
TAE buffer, and visualized by UV transillumination (GELDOC 2000, BIO-RAD, Hercules, CA) after
staining with ethidium bromide (0.5 μg/mL). PCR amplification products were electrophoresed
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through a 1 % agarose gel, visualized by staining with 0.5-μg mL-1 ethidium bromide, and
documented with a Gel Doc XR camera using Quantity One 4.6.1 software (BioRad).
Sequencing of PCR amplified products
16S rRNA gene PCR products were sequenced using the PRISM BigDye Terminator v3.1 Cycle
Sequencing system. Reactions were performed in 20 µL volumes containing Big Dye v3.1 sequencing
mix (Applied Biosystems), 1x sequencing buffer, 3.2 pmol primer and ~50 ng of purified PCR
template. Cycling was initiated with a denaturation step at 96 °C for 3 min, followed by 30 cycles of
denaturation at 96°C for 10 s, annealing at 50 °C for 5 s and extension at 60 °C for 4 min. PCR
product purification and sequencing PCR reactions were performed as described above. The primer
MTF2 was used in the sequencing reaction.
Fermentation and extraction:
A starter culture of the NRPS-positive strain Bacillus sp. (PG10-21-1) was grown in 50 mL of marine
broth and fermented overnight. This culture was used to inoculate 4 L of fresh marine broth, which
was fermented for 7 days then harvested. The culture was exhaustively extracted with ethyl acetate,
and the extract was dried over anhydrous MgSO4 and concentrated in vacuo.
The marine microbe Cobertia marina (RJA-2974) was mass cultured in trays of MM-8 agar for 10
days and was exhaustively extracted overnight using ethyl acetate. The crude extract was then dried
down in vacuo and partitioned between water and ethyl acetate. The ethyl acetate fraction was dried
down and retained as a working sample.
Isolation of tyrocidine A (4) and thiocillin I and II:
The dried extract (PG11-21-1) was fractionated using a C18 Sep-Pak where 4 eluted with 50 %
methanol/ water. The 50 % methanol/water fraction was separated via C18 reversed-phase HPLC,
using a CSC-Inertsil 150A/ODS2 5 µm 25 x 0.94 cm column, and employing isocratic conditions
with 70 % methanol/water as eluent to yield 4 (0.8 mg). The ethyl acetate extract (RJA-2974) was
fractionated using LH20 and the bioactive fraction was subjected to C18 reversed phase HPLC with
isocratic conditions 45% acetonitrile in water. Two peaks were isolated containing thiocillin I and II.
25
1
Tyrocidine A 4:
D +13.7° (c 0.53, MeOH); H NMR, see Table 1;
13
C NMR, see Table 1; positive ion HRESIMS [M+H]+ m/z 1270.6630 (calcd for C66H88N13O13,
1270.6625).

Thiocillin I 9 and II 10: Isolated as while powder; 1H NMR, see table 2; 13C NMR, see table 2;
positive ion HRESIMS [M+Na]+ m/z 1182.1987 (calcd for C48H49N13O10S6) 9 and [M+Na]+ m/z
1196.21252 (calcd for 1196.21252) 10.
Antibacterial assays:
The bacterial isolates used in this study were Methicillin-resistant Staphylococcus aureus ATCC
33591, Escherichia coli BR513-90, and Pseudomonas aeruginosa ATCC 27853. The in vitro
susceptibility of Loloatin E was determined by the broth micro dilution method. Briefly, 2-fold serial
dilutions of the compound were prepared in 96-well microtiter plates (Corning Incorporated, 3595)
and Polymyxin B (Sigma) were used as control. The final compound concentrations tested were from
6
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Bacterial inocula were prepared from 24-h cultures on Tryptic Soy Agar plates at
37 C. The inocula were harvested by harvesting colonies into a sterile saline tube and diluted into
MH broth medium to yield a final inoculum concentration of 2 x 103 cells per mL. The micro dilution
wells, which contained 100 mL of the serially diluted compound, were inoculated with 100 mL of the
resulting bacterial suspension. The final inoculum concentration after dilution with the drug
suspension was 103/104 cells per mL. Four wells containing the drug-free medium, DMSO and
inoculum were used as controls. The inoculated plates were incubated at 37oC for 24 h. The growth
was determined by the OD at 600 nm using a DTX 880 (Beckman Coulter Inc.) plate reader. The
MIC endpoint was defined as the lowest concentration with complete (90 %) growth inhibition.
o

RESULTS AND DISCUSSIONS:
Part A: Bacillus sp.
Tyrocidine A (4) was isolated from a 4 litre culture of the isolate Bacillus sp. strain PG10-21-1 grown
in marine broth media for 7 days. A starter culture of the NRPS-positive strain Bacillus (PG10-21-1)
was initially grown in 50 mL of marine broth and fermented overnight. This culture was used to
inoculate 4 L of fresh marine broth, which was harvested. The culture was exhaustively extracted with
ethyl acetate, and the extract was fractionated using a C18 Sep-Pak where 4 eluted with 50 %
methanol/ water. This fraction was further separated via C18 reversed-phase HPLC, using a CSCInertsil 150A/ODS2 5 µm 25 x 0.94 cm column, employing isocratic conditions with 70%
methanol/water as eluent to yield 4 (0.8 mg).
The pale yellow glass (0.8 mg) gave an [M+H]+ ion in the HRESIMS at m/z 1270.6630, corresponding
to a molecular formula of C66H87N13O13, which required 30 sites of unsaturation. The 1H and 13C
NMR spectra for 4 (Table 1), closely resembled those of the loloatin family of decapeptide antibiotics,
a group of bioactive cyclic peptides 5-8 reported from a Bacillus sp. isolated from a marine tube
worm collected from Loloata Island, PNG [10]. The 13C NMR spectrum revealed ten resonances
between 49.1 and 59.5ppm attributable to methine carbons alpha to peptide bond carbonyls thus
confirming a cyclic decapeptide. Ten of the twelve carbon resonances observed between 169.2174.5ppm were assigned to the ten peptide bonds as required by a cyclic decapeptide. The remaining
two carbonyls were assigned to asparagine and glutamine side chains through analysis of HMBC, NHSQC and COSY correlations. Close inspection of HMBC, HSQC, and COSY data revealed the only
differences between 4 and loloatin A 5 [10] were substitutions of tyrosine and aspartate in 5 for
phenylalanine and glutamine respectively in 4. The ten amino acid sequence of 4, Phe-Pro-Phe-PheAsn-Gln-Tyr-Val-Orn-Leu, was confirmed by detailed analysis of NMR spectra and revealed to be
tyrocidine A [11,12].
The NMR data (Table 1) assignment of the cyclic peptide backbone was achieved through COSY
correlations between the nine amide protons,
-9.29 ppm, (the proline residue lacks an amide
-3.81-5.58
ppm, and HMBCs from these same protons
H
C-17.9 ppm and
C-18.7ppm) a
CC-22.0 ppm) allowed the assignment of their side
chains, while the ornithine and proline derived side chains were assigned largely on the basis of
COSY correlations between methylene protons and HSQC correlations. The complexity of the
HCC114.8 ppm respectively. The remainder of the aromatic resonances was assigned through the
7
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interpretation of a network of HMBCs from the ring protons of the three phenylalanine residues, and
the glutamine and asparagine derived side chains were assigned on the basis of COSY correlations
and HMBCs to and from the free amides.
Like 5-8, 4 were tested for antimicrobial activity. The in vitro susceptibility of tyrocidine A was
determined by the broth micro dilution method and performed in 96-well microtiter plates using
Mueller Hinton (MH) broth and rifamycin and polymyxin B as controls. The compound was tested at
o
C for 24 h. and
growth was determined by the OD at 600 nm. 4 showed moderate bioactivity with an MIC of 8
E. coli BR513-90 and P.aeruginosa
ATCC 27853.
Table 1: 1H (600 MHz), 13C (150 MHz), COSY and HMBC NMR data for 4 recorded in DMSO-d6.
13

Residue

Position

Phe1

1-NH

265.9

1

54.1,

2

35.5,

Pro2

C

15 a
N

1

COSY

HMBC

8.43 d (J=9.4)

H1

C9

CH

4.29 ndi

1-NH, H2

C2, C9

CH2

2.79 nd, 2.93 nd

H1

C1, C3, C4, C8

H

mult (J in Hz)

3

C

4

129.3b, oCH

7.22c nd

H5

C2, C6, C8

5

128.2d, mCH

7.24e nd

H4, H6

C3, C7

6

126.1f, pCH

7.05g nd

H5, H7

C4, C8

7

128.2d, mCH

7.24e nd

H6, H8

C3, C5

8

129.3b, oCH

7.22c nd

H7

C2, C4, C6

9

171.0

10-N

no

10

59.5,

CH

4.05 d (J=7.9)

H11

C12, C13, C14

11

28.4,

CH2

1.15 nd, 1.46 m

H10, H12

C12, C13, C14

12

21.9,

CH2

0.35 m, 1.02 m

H11, H13

C10

13

45.7,

CH2

2.13 m,

H12

C9

7.21 br s

H15

C14, C16

3.29 nd

Phe3

14

169.2, CO

15-NH

-263.2

15

53.5,

CH

4.47 nd

15-NH, H16

C16, C17

16

36.9,

CH2

2.19 m, 2.19 m

H15

C15, C17, C18,

8

Proceedings of RST UPNG Sci. Conf. Nov 2014
C22

Phe4

Asn5

17

138.5, iC

18

128.9b, oCH

7.17c nd

H19

C16, C20, C22

19

127.9d, mCH

7.17e nd

H18, H20

C17, C21

20

126.9f, pCH

7.21g nd

H19, H21

C18, C22

21

127.9d, mCH

7.17e nd

H20, H22

C17, C19

22

128.9b, oCH

7.17c nd

H21

C16, C18, C20

23

172.2, CO

24-NH

-260.0

9.05 d (J=9.5)

H24

C23

24

52.6,

CH

5.58 bt (J=9.5)

24-NH, H25

C25

25

40.0,

CH2

2.70 nd, 2.98 nd

H24

C24, C26, C27,
C31

26

137.3, iC

27

129.2b, oCH

7.17c nd

H28

C25, C29, C31

28

127.8d, mCH

7.07e nd

H27, H29

C26, C30

29

126.2f, pCH

7.09g nd

H28, H30

C27, C31

30

127.8d, mCH

7.07e nd

H29, H31

C26, C28

31

129.2b, oCH

7.17c nd

H30

C25, C27, C29

32

170.6h, CO

33-NH

-262.3

9.04 d (J=5.8)

H33

C32

33

49.1,

CH

4.49 nd

33-NH, H34

34

35.0,

CH2

3.04 nd, 3.34 nd

H33

35

Gln6

C33, C35, C36

-N

36

170.4, CO

35-NH2

-263.7

7.45 bs, 8.03 bs

37-NH

-264.9

8.73 d (J=3.9)

H37

C36, C37

CH

3.81 m

37-NH, H38

C38, C39, C41

CH2

1.63 m

H37, H39

C37, C40, C41

1.85 dt (J=15.5, 7.7)

H38

C37, C40

37
38
39

25.7,

CH2

9
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1.99 nd

Tyr7

40

174.5, CO-N

40-NH2

-269.4

41

170.7h, CO

42-NH

-249.5

42

56.2,

43

37.1,

44

128.1, iC

45

6.91 nd, 7.25 bs

9.29 d (J=2.0),

H42

C43

CH

4.30 nd

42-NH, H43

C43, C44

CH2

2.88 nd, 2.92 nd

H42

C42, C44, C45,
C49

129.8, oCH

6.92 d (J=8.3)

H46

C43, C47, C49

46

114.9, mCH

6.62 d (J=8.3)

H45

C44, C47, C48

47

155.7, pCOH

48

114.9, mCH

6.62 d (J=8.3)

H49

C44, C46, C47

49

129.8, oCH

6.92 d (J=8.3)

H48

C43, C45, C47

50

170.8h, CO

47-OH
Val8

Orn9

C39, C40

9.18 s

51-NH

-266.7

51

56.8,

52

C46, C47, C48

7.40 d (J=8.5)

H51

C55, C50

C

4.55 nd

51-NH, H52

C52, C53, C54,
C55

31.4,

CH

1.99 nd

H51, H53, H54

C51, C53, C54,
C55

53

18.7,

CH3

0.91 d (J=6.5)

H52

C51, C52, C54

54

17.9,

CH3

0.89 d (J=6.7)

H52

C51, C52, C53

55

169.8, CO

56-NH

-252.3

8.90 d (J=9.4)

H56

C55

56

50.3,

CH

5.29 m

56-NH, H57

C57, C58, C60

57

31.0,

CH2

1.69 nd, 1.77 m

H56, H58

C56, C58, C59,
C60

58

22.8,

CH2

1.67 m, 1.67 m

H57, H59

C56, C57,

59

38.5,

CH2

2.75 nd, 2.85 nd

H58, 59-NH2

C57

59-NH2

-266.7

7.43 br s

H59

10
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Leu10

60

170.2, CO

61-NH

-258.2

61

50.1,

62

7.91 d (J=8.5)

H61

C60, C61, C62

CH

4.53 nd

61-NH, H62

C62, C63, C66

41.5,

CH2

1.24 nd,1.36 m

H61, H63

C61, C63, C64,
C65, C66

63

24.6,

CH

1.46 m

H62, H64, H65

C61, C62, C64,
C65

64

23.0,

CH3

0.90 nd

H63

C62, C63, C65

65

22.2,

CH3

0.93 d (J=6.5),

H63

C62, C63, C64

66

171.9, CO

a

The 15
about 1 ppm in reference to CH3NO2 (0 ppm) and are assigned on the basis of 15NHSQC and 15NlrHMQC
correlations. no - not observed
b-h

Assignments are interchangeable

i

Multiplicity not determined due to overlapping signals/chemical shifts determined from 2D data.

In light of our discovery of 4 we re-examined a minor fraction derived from the Bacillus extract by
LC-MS. Close examination of this data revealed an [M+H]+ ion (m/z = 1273.63) which could be
attributable to loloatin A 5. This finding suggests tyrocidine and loloatin type peptides may be
produced by the same strain. It is notable that these molecules are also closely related to streptocidins
A-E, cyclic peptides originally isolated from Streptomyces sp. Tü 6071 [13] and later described from a
Brevibacillus sp. [14]. It is tempting to speculate whether both the tyrocidines and loloatins, known
products of Bacillus spp., are derived from a single NRPS cluster in Bacillus sp. PG10-21-1. This
speculation is supported by work carried out by Marahiel and co-workers who have characterised the
tyrocidine NRPS and determined the variability and specificity of the adenylation domains using
ATP-PPi exchange assays [15].
The L-Tyr (AA7) activating adenylation domain was revealed to be an L-Trp activating domain
accounting for the variability of amino acids incorporated at this position in both the tyrocidines and
perhaps also the loloatins. Interestingly, the loloatins also possess either L-Phe or L-Trp at position
AA3 reflecting the observed variability of the tyrocidines [16]. In order to confirm whether both the
tyrocidines and the loloatins are biosynthesised by the same NRPS in Bacillus sp. strain PG10-21-1,
whole genome sequencing of PG10-21-1 will be undertaken to identify NRPS gene clusters encoding
cyclic decapeptide assembly in this organism.

11
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Figure 3: Selected unambigious 2D NMR correlations observed for tyrocidine A (4) (left).
Loloatins A to D (5-8) (right)

Part B: Cobertia marina
A white circular flat creamy colony was isolated from a marine sediment sample collected from Papua
New Guinea (S9 34.87E 147 15.52) at a depth of 50 feet. 16S rRNA analysis of the strain was
undertaken and a BLAST analysis showed 99 % similarity to Cobetia marina. The strain was mass
cultured on Marine Medium 8 (MM8) agar tray extracted overnight with ethyl acetate (EtAOc). The
crude extract was dried in vacuo and then partitioned between EtAOc and water. Biological activity
was observed on the EtAOc fraction and LH20 sephadex column chromatography was undertaken on
the active fraction using a 4:1 methanol (MeOH)/ethylene chloride (CH2Cl2) solvent mixture. The
highest activity against MRSA was observed on fraction B and subsequent purification of the fraction
using reverse phase C8 HPLC with isocratic 55 % water/acetonitrile yielded the polypeptides 9 and
10. Thiocillins (I) 9 and (II) 10 were isolated as a white powder. Their molecular formulas
(C48H49N13O10S6 and C49H51N13O10S6) were determined upon analysis of the HRESIMS peak at m/z
1182.1987 [M + Na]+ ion and m/z 1196.21252 [M + Na]+ respectively; both requiring 31 degrees of
unsaturation. This data was consistent with the molecular mass of thiocillin I and II. Analysis of the
1
H and 13C NMR spectroscopic data for 10 (Table 2) revealed the presence of five carbonyls carbons,
fourteen quaternary carbons, and one methoxy carbon and five methyl carbons. The 1H-NMR also
showed six downfield singlets that supported the assignment of amide protons.
Four thiazole rings and a pyridine ring constituted the bulk of residue C and accurate assignment of
carbon resonances was quite difficult due to interchanges and very minimal differences in chemical
shifts. However there is clear connectivity from residue B to C due to HMBC correlations from H10
HC-166.3 ppm), and further HMBC correlations to residue F via an amide
H-8.
C-164.3 ppm). Linkage to residue D was via a
12
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H-5.26

ppm) to the amide proton on 27H-8.40 ppm), which was
C-164.3 ppm) from H27. The methoxy protons
HC-75.6 ppm) and the rest of the aliphatic spin system
was assigned using the COSY experiments.

Figure 2: 2D Correlations for thiocillin I (9) and II (10)

TABLE 2: 1H (600 MHz),
DMSO-d6.
13

13

C (150 MHz), COSY and HMBC NMR data for 9 recorded in

Residue

position

A

1

19.0, CH3

2

B

1
H

COSY

HMBC

1.02 m

H2

C2, C3

65.1, CH

3.70 m

H1, 2-OH

C1, C3

3

46.8, CH2

3.12, 3.08 m

3-NH

C1, C2

4

164.8, CO

2-OH

-

4.60 d (J=4.6)

H2

C1, C3

3-NH

-

7.90 (J=5.8x2)

H3, H3’

C4, C1

5

130.6, C

6

126.4, CH

6.48 quin (J=6.6 x 4)

H7

C4, C8 (w)

7

12.3, CH3

1.70 dd (J=6.6, 4.9)

H6

C4 (w)

8

166.3a, CO

C

mult (J in Hz)
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5-NH
C

D

8.36 d (J=8.1)

9

148.6, C

10

126.3b, CH

11

160.5c, C

12

148.2d, C

13

122.6e, CH

14

161.4f, C

15

151.6g, C

16

126.3h, CH

8.41 s

H17

C14, C15,
C18

17

141.8i, CH

8.45 nd

H16

C15, C18,
C19, C20

18

149.4j, C

19

150.3l, C

20

164.3m, C

21

126.3n, CH

22

150.1o, C

23

164.3p, CO

24

153.9q, C

25

121.6, CH

26

170.4r, C

27

54.7, CH

5.26 m

H28, 27-NH

28

75.6, CH

3.90 m

H27, H29

29

14.8, CH3

1.03 s

H28

30

55.9, OCH3

2.90 s

31

168.2s, CO

8.29 s

C8, C9

8.37 d (J=8.1)

C12

8.46 nd

C20, C22,
C23

7.97 s

C19, C24,
C26

C26,

C28,

14
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E

F

32

149.4t, C

33

120.6, CH

34

168.3u, C

35

58.9, CH

36

71.2, C

37

8.58 s

C31, C32

5.53 nd

35-NH

C34, C36,
C37, C38,
C39

27.5, CH3

1.28 s

36-OH

C36,

38

25.7, CH3

1.24 s

36-OH

C36

36-OH

-

5.21 s

27-NH

-

8.40

35-NH

-

8.20 nd

39

159.6v, CO

40

149.4w, C

41

120.6, CH

42

168.3x, C

43

129.1, C

44

126.4, CH

6.48 (J=6.6 x 4)

H45

C42, C43,
C44, C45

45

13.5, CH3

1.70 dd (J=6.6, 4.9)

H44

C43, C44

43-NH

-

2.92 s

46

55.6,CH2

2.89 s

43-NH, H47

C49

47

65.1, CH

3.63 br

H46, 47-NH,
H48

C49

48

66.2, CH

4.43 nd

H47, H49,
48-OH

49

19.1, CH3

1.44 d (J=6.3)

H48

48-OH

-

3.61 br s

H48

C36

H35

8.58 s

C39

C39, C40,
C42

15
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47-NH

-

8.09 d (J=9.8)

H47

a-x

Assignments are interchangeable

Residue A and B are part of an aliphatic amino acid chain that was assigned using a combination of
COSY and HMBC correlation experiments. Resonance signals denoting methyl (C1 and C7) and
hydroxyl (2-OH), carboxyl (C4 and C8), amide, and a methylene (C6) groups were observed. First
order H-H splitting (quinted) with a coupling constant (J = 6.6 Hz) was observed on the H6 methine
proton at ( H-6.48 ppm) indicating an olefinic vicinal 3JHHC166.3) confirming the link from Residue B to C.
The HMBC correlations f

HH-1.24 ppm) to
-71.2
ppm);
with
the
downfield
carbon
chemical
at
C36 indicating
C
correlations to a hyrdroxy group. This was confirmed by HMBC correlations from the singlet
H5.21 ppm (36C-71.2 ppm). Another three-bond correlation was observed from C36 to
-5.53
ppm),
which
had
COSY correlations to the amide proton at 35H
H-8.20 ppm)
proton suggesting a dimethylamino moiety. Connection to residue C from D was via the COSY
correlation between 27HH-5.26 ppm).

A methylbut-2-ene-2-amine moiety was assigned using COSY and HMBC correlations and confirmed
to be part of residue E. Correlations to the thiazole ring were evident through HMBC correlations
HC-159.6 ppm) that also showed COSY to the
methine proton at H35. Residue F was constructed as amino acid chain with the carbonyl at C46
showing correlations to t
H-3.63 ppm). COSY correlations from H47 to H48
H-4.43 ppm) and 47H-8.09 ppm) and from H48 to the hydroxyl proton at 48-OH and the
H-1.44 ppm) completed much of the assignment of residue F. HMBC
correlations from 47-NH to the carbonyl at C23 completed the link from residue F to C, thus
completing the ring structure.
1

H, 13C and accompanying 2D NMR experiments for 9 showed similar resonance with the absence of
the methoxy group which was confirmed using HRESIMS analysis. Both 9 and 10 showed potent
activity on our MRSA assay.
Thiocillin I (9) and II (10) are part of a class of thiopeptides, which are ribosomally synthesized [17].
There are 52 amino acid sequences in the linear peptide chain. 13 of the lead sequences are cleaved
and are uploaded onto an NRPS system to undergo a cascade of 14 posttranslational modification
steps to form cyclized bioactive forms [18]. This illustrates the robustness and flexibility of NRPS to
modify ribosomal peptides with inherent biological activities [18,19].
CONCLUSION:
In conclusion, we have used an innovative genetics based approach to identify a culturable Bacillus
sp. from a consortium of spongeassociated microbes. The Bacillus isolate demonstrated the
biosynthetic capacity to assemble non-ribosomal peptides, and further chemical investigations
resulted in the identification of tyrocidine A 4. In doing so we unexpectedly identified a new source of
4, reported previously only from soil dwelling Bacillus spp. The ability to culture isolated microbes
16
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on a scale much greater than in nature, has allowed us to access 4, which would have not normally
been identified from the sponge due to extremely low production levels. The isolation of tyrocidine A
and the tentative identification of loloatin A, a minor constituent from the same extract, suggests that
the assembly of the tyrocidine and loloatin families of cyclic peptides may also be linked.
Natural products database searches for C. marina produced very minimal records of natural products
report. The thiopeptide class that thiocillin I and II belong to are known to be produced by the soil
microbe Bacillus cereus and to the best of our knowledge, this may be the first time it is being
reported from a phylogenetically differentiated marine microorganism. Our search for the genome
sequence of C. marina for an identifiable biosynthesis pathway similar to that characterized for
thiocillin production in the B. cereus showed that the genome is yet to be sequenced. This presents yet
another opportunity for further investigation.
While our approach to using NRPS biosynthesis genes as a tool to identify culturable bacteria for
peptide antibiotics production resulted in the characterization of two peptide antibiotics, there were
certain limitations specifically relating to re-deplication of known compounds. However, with the
prospects of genome mining to identify biosynthesis pathways and the ability to use NRPS genes from
unculturable bacteria in heterologous expression systems, there are immense opportunities for
discovery of novel antibiotic drugs to target the ever-increasing problem of antibiotic resistance,
especially from PNG’s diverse micro-flora [20].
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ABSTRACT:
Access and equity have been among the strategic objectives in the PNG National Higher Education
Strategic Plan for more than fifteen years. The Papua New Guinea Vision 2050 statement of 2009
reaffirmed them under the first pillar for all levels of education. Specifically, Directional and
Enabling Statement 1.17.2.14 on page 6 of the Papua New Guinea Vision 2050 states, “Establish a
Papua New Guinea Open University to coordinate flexible learning programs of the four state
universities” and Directional and Enabling Statement 1.17.2.19 on the same page states, “Promote
and establish the use of information and communications technology (ICT) for sustainable
education”. Translating these statements into realisable actions involves many challenges that
require passion, knowledge, skills, experience, foresight, and total commitment of human, material,
financial and ICT resources. Specifically, the Government would need to invest heavily in ICT
infrastructure, ICT learning resources, and curriculum design and content knowledge specialists.
These are the fundamental considerations in the establishment and development of the PNG Open
University. In this paper, the role of ICT in open, distance and flexible learning (ODFL) is discussed
with evidence from three Open University systems in Malaysia where the socio-economic context
closely resembles what exists in Papua New Guinea. Findings from direct observation of three Open
University systems in Malaysia indicate that ICT resources and specialists are critical factors in
facilitating a blended learning mode of delivery contextualised to make higher education accessible,
flexible and affordable to as many people as possible, regardless of age, gender, personal disability
status or geographical location. It is recommended that the Government of PNG seriously consider an
investment outlay of significant proportions in ICT resources, and specialist intellectual capacity,
which are essential ingredients of an integrated system of learner-centred support for a blended
learning mode of delivery.
Keywords: Accessible, flexible, affordable, blended learning mode of delivery, integrated learning
management system.
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CONTEXT:
Access and equity have been among the strategic objectives in the PNG National Higher Education
Strategic Plan for more than fifteen years. The Papua New Guinea Vision 2050 statement of 2009
reaffirmed them under the first pillar for all levels of education. Specifically, Directional and Enabling
Statement 1.17.2.14 on page 6 of the Papua New Guinea Vision 2050 states, “Establish a Papua New
Guinea Open University to coordinate flexible learning programs of the four state universities” and
Directional and Enabling Statement 1.17.2.19 on the same page states, “Promote and establish the use
of information and communications technology (ICT) for sustainable education”.
Translating these statements into realisable actions involves many challenges that require passion,
knowledge, skills, experience, foresight, and total commitment of human, material, financial and ICT
resources. Specifically, the Government would need to invest heavily in ICT infrastructure,
ICTlearning resources, and curriculum design and content knowledge specialists. These are the
fundamental considerations in the establishment and development of the PNG Open University.
Popular opinion has it that in 2015, eighty nine (89) Open, Distance, and Flexible Learning Centres
(ODFLCs) will be rolled out across the country. Such naïve utterance shows a lack of understandingof
the complexities, issues and challenges involved in such an undertaking. The objective of this
discussion is to highlight some of the complexities, issues and challenges associated with the
application of Information and Communications Technology (ICT) resources, systems, services and
processes required for the effective delivery of Open, Distance, and Flexible Learning (ODFL) so that
the stakeholders, particularly the funders and providers are made aware and can make better informed
decisions on the implementation of ODFL through the PNGOU.
It goes without saying that PNGOU is the necessary solution to the PNG Government’s challenges of
managing the growing youth population leaving school after Grade 12. Post-grade 12 education and
workplace professional development programs can be delivered in ODFL modes through relevant ICT
devices according to the ICT capability of the local communities. ICT capability is defined by the
degree of accessibility to ICT resources as indicated in Figure 1 (Open University Malaysia, 2014).
Figure 1: ICT Capability and Blended Learning Delivery Modes (OUM 2014)
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Student Life Cycle
The student life cycle (UBC, 2014) consists of the following phases: prospect, applicant, student, and
alumnus. Each phase involves a set of services and processes, including market research, marketing
campaigns, relationship management, data collection and analysis during the prospective phase; entry
criteria, application, and admission decision during the applicant phase; registration, fees,
scholarships, learning content, pre-requisites, advanced standing, assessment, progression (exam
management, dissemination of results, transcripts, academic status, and graduation (compliance
monitoring, awards management, graduation ceremony, testamurs) during the student phase; and
alumni relationship management and alumni-as-donors during the alumni phase.
Viewed from a systems perspective, the following systems can be identified: learner recruitment
system, enrolment management system, learning management system, financial management system,
human resource management system, all of which can be integrated into a complex electronic
management system by a network of ICT resources system connecting learners, teaching staffand
administrative support staff, software engineers, content specialists, curriculum designers, marketing
specialists, communication specialist, and eLibrarians, in a blended learning environment.
“Systems thinking,” is a term coined by Peter Senge (1990) in his book, The Fifth Discipline, which is
the an analytical construct by which the whole is viewed as being totally dependent on the
interconnectedness and interrelationships between its components to the extent that the efficiency and
effectiveness of the whole depends on the efficiency and effectiveness of each respective component.
A blended learning environment delivers content volumes of learning in a variety of media such as
print, face-to-face, text and voice communication via mobile devices, online communication via
Email, short messaging system (SMS) or voice over Internet protocols (VOIP) such as Skype, Google
Talk and Viber, video conferencing, online seminars or virtual classrooms.
Challenges of ICT Applications in ODFL
ODFL has been in practice in Papua New Guinea for more than three decades. Learning and teaching
materials have been delivered mostly by print mediumand sometimes by pre-recorded voice replayed
using audio-visual devices (e.g. Cassette or DVD player) or transmitted by radio and TV.There have
been many issues and challenges associated with these traditional practices. The major challenges
have been either the loss or late arrival of learning and teaching materials due to poor postal or
transport services, which at times can be due to severe weather or road conditions.
With the introduction of advanced ICT resources a new set of challenges have emerged. We now
experience high cost and/ornon-availability of Internet services, low bandwidth, Internet security,
congested Internet traffic, high cost of infrastructure acquisition and installation, and ‘after-salesservice’ maintenance issues associated with both hardware and software technologies. The speed of
turn over of generations of ICT hardware, the proliferation of software and the high cost of procuring
and upgrading software are common concerns for most if not all developing countries. The human
factor involving specialist software engineers, learning content specialists, curriculum designers
specialised in writing for ODFL, communication specialist, and marketing specialists would present
pose and added dimension to the challenges. Later in this paper, three examples of successful
implementation of ICT enabled and enhanced ODFL environment are presented. The fundamental
motivation for such success is the political will by the Government of Malaysia Ali, 2014) to
“democratised education” and the passion and commitment of the respective leadership teams, which
manage these Open University systems.

21

Proceedings of RST UPNG Sci. Conf. Nov 2014
Benefits of ICT Applications in ODFL:
Given the geographical, socio-economicaland environmental terrain in PNG, the challenges in access,
equity, quality, flexibility, and affordability can be addressed by the application of ICT resources, to
the extent that such resources can be made available to them at a location nearest to their homes. The
solution lies in the Government’s political will and commitment to provide the financial resources
required for PNG nationals to experience real accessible, equitable, quality, flexible and affordable
higher education.
It will be demonstrated below that the Government of Malaysia has exercised such an option because
of the belief that ODFL is the most realistic means by wish large numbers of Malaysian nationals
would access higher education learning opportunities for personal and professional advancement, and
enhanced employment potential.
The benefits of ICT in ODFL are multifaceted.
The case of Malaysia will show that ICT tools:








Place the learner at the centre of the integrated university management system
Enhance the students learning experiences and facilitate deeper commitment and engagement
in the learning process
Generate interest in the ODFL mode of delivery and learning and enrolment will increase
exponentially
Quality and accreditation assessment can be completely in minimum turnaround time
Positive marketing and promotions can generate stakeholder participation and support
National and international partnership links can be enhance through cross-fertilisation of
research and learning experiences for both students and staff
Staff professional development will be enhanced by learning new tools and skills for
curriculum design and writing of units of learning for ODFL mode.

In the blended mode of delivery the learner can commence a program of study and progress at a pace
at which she/he is comfortable with complete as and when her/personal resource base permit it. The
blended mode of delivery using ICT would also eliminate the burden of travelling to a central location
far away from the remote village or school. Learning opportunity will be brought to them where they
reside.
Open University Malaysia (OUM)
The “OUM’s motto is University for all, which is consistent with its philosophy of democratizing
education” (quoted from the UOM Prospectus 2014, p10). OUM subscribes to the learner-centred
mindset, in which the student is placed at the centre of learning and the University creates a learning
community whose members include, students in a class, instructors, other schools and organisations,
Library, content experts, Internet, e-Learning Portal, and Company learning communities.
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Figure 2: Infographic of Learner-centred Learning Community (OUM 2014)
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The OUM maintains a blended learning environment using a combination of face-to-face, online or
combination of both. There are four distinct modes of learning:
 Fact to face learning led by an instructor
 Synchronous learning via webinars/ live streaming of learning materials and live simulations
 Collaborative synchronous learning by which learners are involved in discussion forums and
social networking
 Self-paced asynchronous learning through online self-study or students can access archived
materials
The most critical factor in the blended learning approach or open, distance or flexible learning mode
is the role of instructional designers and software engineers, who collaborate with the content
knowledge experts to prepare learning materials with the focus to make them learner friendly. The
instructional designers convert content into learner-friendly units of work and software engineers
write codes and customise learning management systems such as Moodle and Google Apps for online
self-paced learning.
At OUM they cater for all categories of students and provide learning materials according to their
accessibility criteria. Those who have low or no access to technology, are provided with printed
materials, attend intensive face-to-face classes for several weeks, or the learning materials are
provided on a CD. In addition, communication between the instructor and learning is conducted via
SMS on mobile devices (smartphones or mobile phones). Those who have access to average
technology are provided with asynchronous forum, email, chat, and online text-based materials. Those
who have access to high technology are provided with online seminars, streaming video, video
conferencing, virtual classroom, Google Apps, etc.
Learning components include, learning materials, assessments and interactions and support delivered
in the following modes:
o

Learning Materials
 Comprehensive learning modules
 Online Apps
 Video Lectures
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o

Assessment
 Assignments: Submit online, Marked online according to Rubrics
 Exams at designated centres (students are required to physically sit for exams)

o

Interactions and Support
 Face-to-Face Tutorials
 Support from lecturers via forum, chat and email
 Interact with other students via forum, chat and email
 Dedicated e-tutor

For online learning mode, the University provides learning materials, assessments, and online
interactions everyday, 24 hours a day, 7 days a week. For face-to-face mode, part-time tutors provide
assistance at 32 learning centres each fortnight. Class sizes range from 25 to 30 students with 8 hours
of tutorial per unit at weekends. Each learning centre is equipped with classrooms, meeting rooms,
computer labs, Library with physical and online resources, supported by administrative and support
staff.
Types of assessments include,
o

o
o
o
o

Continuous Assessment
• Course work
• Lab Practicals
• Quizzes
• Assignments/Essays/Project Paper
Mid-Semester Exam
Final Exam
Thesis/dissertation
Practicum

In the case of teacher upgrading for teachers in-service, the practicum component is assessed in the
form of teaching portfolios. The University acknowledges that as teachers in service, they possess
classroom experience and therefore, they are required just to submit a portfolio of their teaching
practice expressed through their prepared lesson plans, assessment tasks, marking rubrics, schedules,
etc. contributing to 30% of the overall assessment.
All of the above academic and student administration activities and services are conducted via the
Student Information System (SIS). The components of the SIS include, Admission, Registration/Reregistration, Timetabling, Assessment, Graduation, and Alumni relationship management. The student
finance system is a component of the Financial Information System (FIS), which is a sub-system of
the University Integrated Management System.
Support systems include, the electronic customer management system (eCRM), student affairs,
graduation management, hostel management, marketing, learning management system (LMS) and
assessment management.
Integrated Management System
The OUM has an integrated management system for the whole University comprising the Learning
Management System, Student Information System, Human Resources Management System, Financial
Information System, and Campus Management System. The extensive network of hardware and
software systems connects 32 learning centres within Malaysia, 10 international learning centres
across Asia, Middle East, Africa and parts of Europe. Figure 3 depicts the cascading relationship
between the components on the integrated system.
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Figure 3: OUM UNIVERSITY WIDE INTEGRATED MANAGEMENT SYSTEM

Figure 4: Student Information System (OUM 2014)
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Asia e University Malaysia
AeU’s commitment to accessibility and affordability is demonstrated by their flexible learning mode,
which allows accessibility to learning needs when and where the students are; sharing local facilities,
resources and expertisemakes blended learning more accessible to local learners and fees more
affordable.
Delivery in multiple countries via institutional partnership createsopportunities to study in more than
one country.
Students can attend up to 10 hours of tutorials.
Learning resources include,
o
o
o
o
o
o

Self-Instructional Materials
Textbooks
Links to articles, online tutorials, simulations, video-clips.
Online Forum
E-mail and SMS communication
Physical and Digital Library
 (OPAC. (Online Public Access Catalogue)
 Self-check Service
 Book Drop (24x7)
 Tutorials
For Face to Face Tutorial
o Academic Facilitator presents an overview
o Students ask questions on contents/learning problems
o Sharing /discussions/presentations/formative assessments;
o Seek clarification and guidance for assignments;
o Network opportunities
Other support services include,
o Print-on demand Service/Photocopier
o Discussion Rooms
o Reading Areas
o Multi Purpose Room
o Bookshop Corner
o Gallery
o Café
AeU’s learning management system is customised from a Moodle backbone.
AeU does not print learning materials. Students are free to print at their own cost. Learning materials
are made available on CDs for students who do not have access to Internet and online facilities.
o
o
o
o

e-Library is available 24 hours 7 days a week
Accessible from anywhere at a partner’s campus
Computer workstations
Wireless Internet access
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Wawasan Open University
WOU’s motto is “accessibility, affordability and flexibility”. The student profile includes, young
adults who need to upgrade their knowledge and skills, established workers preparing career change
or advancement, and fresh retirees who want to do further studies for personal fulfilment. They have
what they call “multi-entry and multi-exit learning opportunity”, where eligibility is based on formal
qualifications as well as recognition of prior learning or experience. For example, a workshop owner
who wishes to gain fresh insights into advances in the technology appropriate for his trade practice, a
taxi driver who wishes to change his career path, a dental surgeon who wants an MBA or a fresh
retiree who wants to fulfil a life’s ambition to gain a higher qualification but could not find the time
during his working life.
Students at WOU have a learning experience gained through blended mode of learning. Learning and
teaching resources include,





Self directed learning through written course materials
CD and textbooks
Face-to-face at the main campus or regional centres
Online tutorials through WiZ, iQ, or Skype, and Facebook support groups.

The online learning management system is called Wawasanlearn, which is customised from a Moodle
backbone. Electronic learning and teaching resources are available on a 24/7 basis regardless of
location and at the student’s convenience.
At WOU they pride themselves of a ‘quality culture’ (WOU, 2014) in which quality assurance in
WOU is premised on:
•
•
•
•

Extensive consultation and feedback from internal and external stakeholders,
Extensive involvement of external peer review (IAB, APG, ECA, EE, EPA,)
Compliance with MQA guidelines and good practice,
Benchmarked against national and international standards.

There is a checklist of quality assessments at every stage from program concept to delivery and
learning assessment with critical inputs from program writers, program coordinators, instructional
designers and web programmers.
The ICT hardware and software infrastructure support learners in various modes, including discussion
groups and tutors via the customized Moodle LMS, regional centre administrative support services,
digital library resources including electronic publications, face-to-face tutorials, learning resources in
print and electronic format, assessments and examinations.
Common Features in the ODFL Systems seen in Malaysia
Closer inspection of the three Open University systems reveals a number of common features, which
serve as important points of consideration by the various stakeholders of the PNGOU development
project.
Academic Programs
All of the three universities under observation offer programs that provide pathways of educational
advancement for students. The program offerings range from undergraduate diplomas through
bachelor’s degree to master’s degree and PhD or professional doctorate degrees. Students study in a
blended student-centred mode. Serious commitment is placed on the design and development of the
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curriculum with wide consultation with industry and Malaysian Government stakeholders. Fees are
linked to the student load according to the number of credit points enrolled in in a particular semester.
Entry requirements are flexible including recognised prior experiential learning as well as formal
matriculation.
Student Support Systems / Models
The students’ support systems are high tech. All of the three universities have integrated learning
management systems, comprising the student management systems, digital libraries, and students
have access to these facilities on a 24/7 basis. The corporate management systems are also
computerised. Learning support systems are available from the main campus and from all the regional
learning centres, which are managed by a dedicated small team of academic and support staff.
Academic Staff
All of the three universities have a core group of fulltime academic staff and a large number of parttime tutors who are registered on the learning management system and whose engagement is activated
as and when their services are required. Academic leadership is provided by School Deans. The
minimum requirement of the academic staff is master’s degree.
Finance & Resource Mechanisms
All of the three universities received seed funding from the Malaysian Government to establish the
university and launch the first set programs, and all of them became financially independent within
seven years. Students receive fees subsidy from various sources including special arrangements with
their home university.
Information and Communications Technology
All of the three universities have invested in highly qualified computer programmers and software
developers to write original source codes as in the case of OUM, or to customise open source
freeware as in the case of AeU and WOU, which is employed in each of their respective high tech
learning environments. All three Universities have an integrated Learning Managing System, Student
Information System and Campus Management System.
Potential of Successful Application of ICT in ODFL in PNG
There exists evidence that the application of ICT in ODFL has the potential to succeed. The blended
learning approach by the most appropriate mode of delivery is already in use in PNG. Print, prerecorded learning materials onto CDs, USB potable drives, external storage devices, re-playable on
personal computers, radio, and TV sets are already in use by the universities and other educational
institutions. Online group discussions and interactions with learning instructors are in use although
not in ODFL. Two areas, which have the greatest potential for group discussions and student-staff
interactions are the short messaging system (SMS) available on mobile phone sets and Internet (email,
Skype, Viber, Social Networking through Facebook, Linkedin, Tweeter, etc.).
The challenges of reaching remote areas across PNG through ICT infrastructure have been addressed
by the recent expansion of Digicel networks to “100% coverage”, (Air Niugini, 2014, p99). The cost
of Internet service is expected to decrease with the expansion of Internet communication over fibre
optics and minimizing the use of satellite traffic for data and information interactions.
The use ofSMS on mobile phones has the potential to revolutionise ODFL in PNG because just about
every potential applicant in an ODFL program has one. In towns they are being used for mobile
banking, to purchase/pay utility bills, and to top up mobile phone credits. In ODFL, learners can use
the mobile phone from any remote location in PNG to communicate with their discussion group
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members or instructors sharing information, asking questions and obtaining answers in real time. For
example, a recent study on the use of mobile phones for data collection has shown that “the use of
SMS does not require a data connection or plan. It does not require an advanced phone. SMSs can be
received and sent using any phone, from a basic cheap handset through to the most advanced
smartphone. SMS is quicker than posting forms, and does not require a large investment in technology
or infrastructure”, Watson and Morgan (2014, p135).
CONCLUSION:
The large numbers of Grade 12 school leavers who are unable to gain entry into the six traditional
universities of PNG serve as sufficient evidence and justification for the establishment of the PNG
Open University to provide education and training through open, distance and flexible learning mode
of education. Through the PNGOU people from all walks of life can access higher education and
training opportunities. The Government’s initiative of the Integrated Government Information System
(IGIS) project is a step in the right direction. Extending the IGIS to include the higher education
sector with a special component to support ODFL would be a clear demonstration of the
Government’s commitment to pillar one of the PNG Vision 2050.
The PNGOU would be a real catalyst for “human capital development, youth, gender and people
empowerment” (Government of Papua New Guinea, 2009,p3) by its very nature. It should be
adequately funded so as to have the following capabilities:
o
o

Experts who produce quality learning materials focused on the learner
Appropriately qualified and fairly compensated staff both academic and non-academic staff
who are hard working and possess multitasking capacity. They must be
 Content experts from within as well as external to the University
 Instructional Designers
 Computer Programmers
 Academic-Program Coordinators
 Providers of Quality Support Services (Registry, Finance, HRM)
 Providers of quality multi-media ICT services (CRM, LMS, SMS, e-Publications)

ICT experts and resources, instructional designers and content knowledge specialists are critical
factors in facilitating a blended learning mode of delivery contextualised to make higher education
accessible, flexible and affordable to as many people as possible, regardless of age, gender, personal
disability status or geographical location.
It is recommended that the Government of PNG seriously consider an investment outlay of significant
proportions in ICT resources, and specialist intellectual capacity. These are the essential ingredients of
an ICT-enabled integrated university management system of learner-centred support services for
delivering ODFL in a blended learning mode relevant and appropriate in the Papua New Guinea
context.
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ABSTRACT:
Fungal endophytes are fungi that reside in asymptomatic tissues of living plants offering chemical
protection and promoting growth of host plants. The chemistry and biological properties of their
secondary metabolites from monoaxenic cultures have been extensively studied, but co-culture
techniques using endophytes remain largely unexplored. Addition of Bacillus subtilis to fungal
endophyte cultures has been shown to be an effective way to elicit production of novel defensive
chemicals from the fungi. Such co-cultures of endophytic isolates have proven to be effective, leading
to the discovery of novel chemistry while simultaneously addressing the problem of rediscovery of
known metabolites from the monoaxenic culture techniques. In this study we demonstrate that cocultures of fungal endophytes isolated from endemic lianas with B. subtilis in liquid nutrient media
exhibited significant antibacterial activity relative to their monoaxenic cultures. Forty microliters
(40µL) of culture broth consisting of monoaxenic and co-cultures were placed in separate agar wells
with 5µg ciprofloxacin as positive control. The co-culture broth from one unidentified endophytic
fungus with B. subtilis showed a marked zone of inhibition measuring 24.7 ± 0.6 mm in comparison to
≥ 21mm as the sensitivity range for ciprofloxacin against Escherichia coli while its monoaxenic
culture exhibited no zone of inhibition. The mechanism of inhibition appears to be gram- selective
because there was no zone of inhibition against Staphlococcus aureus. The isolation and chemical
characterisation of the active components is underway, and the mechanism of B. subtilis induction is
under investigation. It is hoped that this unique Papua New Guinea endophyte will provide gramselective antibiotics to combat the growing global problem of drug resistant infections.
Keywords: Monoaxenic culture, co-culture, fungal endophyte, lianas, antimicrobial activity
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INTRODUCTION:
The emergence of drug-resistant infectious diseases continues to pose serious threats to human health,
re-directing efforts to search for newer and improved anti-infective agents. Natural products (small
molecules) derived from plants, animals and microbes have proven to be an invaluable source of
structurally diverse chemicals, providing an unparalleled pool of novel chemical moieties for drug
discovery [1-7]. New ecological niches represent new sources of natural products. The equatorial zone
sustains an unprecedented array of biodiversity (biological diversity), which, essentially translates to
chemical and genetic diversity, offering a plethora of novel platforms for future anti-infective
therapies [8]. As such, the unrecognized chemical diversity of tropical rainforest lianas with their
unexplored in dwelling microbes (endophytes) promises to be a rich source of natural products. To
our knowledge, this is the first study proposing tropical rainforest lianas as hosts of novel fungal
endophytes with novel chemical scaffolds.
Lianas are woody climbers that seek the architectures of adjacent trees to ascend to the canopy for
light and atmospheric carbon dioxide (CO2) [9-10]. Lianas consist of approximately 1,700 plus
species in more than 110 climber families representing a quarter of the total vascular plants [11-12].
Unlike trees, they concentrate much of their resources on stem and root elongation, canopy coverage
and reproduction. They structurally differ from parasitic epiphytes having established root system
deep into the ground. Lianas contribute significantly to the biodiversity of tropical lowland forests
constituting about 40% of total woody stem densities, 25% species richness and 40% canopy coverage
[9, 13-14]. At least 50% of trees in tropical forests play hosts to liana species [11, 15]. Lianas exist as
unique physiognomies in tropical forests. Their mature intertwining stems and diverse clasping
tendrils invade space, blanketing and deforming forest trees. Extensive leaf coverage furthers their
role in evapotranspiration process. Sequestration of atmospheric carbon amounts to approximately
10% of total forest biomass, limiting carbon content in trees. Overall, lianas seem to have a
devastating impact on forest dynamics (increasing tree mortality, slowing growth of saplings and
delaying forest-gap regeneration phase) raising concerns in forest management of commercial trees.
Nevertheless, they bridge arboreal pathways, provide food, medicines and building materials for the
community of people and forest animals [16-18]. Lianas thrive lavishly in moist, seasonal tropical
forests along forest edges, forest gaps and secondary vegetation [12, 18]. Schnitzer and Bongers [14]
positively correlated forest disturbance and seasonality to liana abundance and biomass. Effects of
global warming (escalated atmospheric CO2, temperature and prolonged seasonal droughts) coupled
with increased human activities (agriculture, logging and hunting) have further enhanced their growth,
threatening forest structure & function. Recent global climate change has vitalised efforts to study the
ecology of lianas. The chemical diversity of lianas however, remains severely understudied in most
tropical rainforests around the world including PNG. Even though, lianas display a wide array of
traditional uses including medicines, they lack corresponding documentation of their chemical and
biological properties. Adou E et al have characterized cytotoxic polyketides from 2 lianas species in
the Suriname forests [19].
Fungal endophytes are fungi that thrive in tissues of virtually all healthy plants for most of their lives
[4, 7, 20]. They offer chemically mediated host protection and resistance to external stress. To date,
the chemistry that co-evolved from such mutual interaction over billions of years, have been
extensively studied in the less than 1% known fungal endophytes and their biological properties
verified. About 5% of total fungal species in the fungal kingdom have currently been isolated from
terrestrial and marine ecosystems [21]. Fungi have been known to produce a diverse array of
biologically active molecules and with approximately 95% still awaiting their discovery, a call for
recognition should be directed to these unrecognized yet potential natural chemical producers,
residing in untapped ecological niches like tropical lianas. Fungi remain an important producer of
current drugs. Some of the current drugs on the market were either derived directly from fungi or
served as mere inspiration, notably the wonder drug penicillin, the cholesterol lowering statins and the
immunosuppressant cyclosporine. As such, fungal endophytes offer a plethora of novel chemical
scaffolds, a promising reservoir for natural product drug discovery [6].
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Co-culture system consisting of two or more organisms is an effective way to enhance chemical yield
and or elicit production of cryptic (silent) chemicals that otherwise would not be elicited under
traditional mono-culture technique [22-23]. Current available bioinformatics data indicate many of the
genes that encode for production of novel chemicals remain silent when organisms are subjected to
traditional monoculture. Co-culture, is one of the novel and simple method for activating cryptic
antibiotic pathways [24]. Studies of bacteria-fungi interactions at molecular level support the notion
of using whole-cell organisms in co-culture system to elicit production of cryptic defensive chemicals
[25].
MATERIALS AND METHODS
Sampling
Two mature healthy liana species were randomly selected with a diameter, breadth and height (dbh)
of ≥10cm at 1.5-2.0m above ground and the foliar samples collected from Varirata National Park
outside of Port Moresby, National Capital District. The fresh foliar samples were kept in a cool
storage container and transported to the drug discovery laboratory located in the School of Medicine
and Health Sciences, University of PNG to initiate work on fungal endophytes. Voucher specimens of
the host plants were prepared and deposited at the Biological Sciences Herbarium, UPNG.
Surface-sterilization
Surface-sterilization reagents were used to eliminate epiphytes from the foliar samples and was
carried out within 48 hours after sampling in field. Methods were modified from Santamaria J and
Bayman P [26]. Briefly, whole foliar samples were held under running tap water for about 10 minutes
to wash out any dirt and debris. Afterwards, a 2mm x 2mm incision were made by sterile surgical
blade (size 10) and the cuts dipped sequentially in 70% ethanol (EtOH) for 1 minute, then in 2.6%
sodium hypochlorite (NaOCl) for 3minutes and finally twice in sterile double distilled water.
Pure culture
Sterile potatoe dextrose agar (PDA) supplemented with 100mg chloramphenicol antibiotic was used
for the isolation and promotion of fungal endophytes while suppressing other forms of endophytes.
Aseptically air-dried sterile cuts were printed on control plates prior to plating. This vital step
determined the effectiveness of the surface-sterilization method used and was indicative with absence
of growth on control plates [27]. The cuts were left on plates for 3-4 weeks at 25°C, encouraging the
outgrowths of fungal endophytes. Contaminations were noticeable as growths protruding from the
outer margins of plates and thus discarded. Pure (single) fungal isolates were achieved by continuous
sub-culture of growths on freshly made PDA with an incubation period of 3-4 weeks per sub-culture.
Active stock cultures were maintained on nutrient agar (NA) and served as the primary source for
small-scale fermentation.
Small- scale mono-culture
Agar plugs (5mm x 5mm) were aseptically transferred from the active stock cultures into 100ml of
freshly prepared sterile nutrient broth (3.0g beef extract, 5.0g peptone per 1L) in sterile 500ml
Erlenmeyer® flasks. The fungal isolates were incubated for 3-4 weeks in stationary phase at 25 °C and
moderate periodic shaking applied manually. Controls of cell-free nutrient broth were used to
monitor contamination.
Small- scale co-culture with B. subtilis
Co-cultures of individual isolates with B. subtilis were carried out simultaneously with their
respective mono-cultures. Sterile nutrient broth (100ml) were inoculated with single fungal isolates as
per the above method. A 24 hour colony of B. subtilis grown on Mueller Hinton Agar (MHA) was
aseptically added into the nutrient broth. The co-culture flasks were left standing at 25 °C and
moderate periodic shaking applied manually.
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Concentration of culture broth
Both culture broths (100ml) were aseptically transferred to new and sterile 50ml tubes (CORNING
CentriStar®) and` centrifuged at 10 000 rpm and 4°C for 10 minutes. The supernatant collected
(100ml) were reduced to 3ml through aqueous-vacuum drying using an Eppendorf concentrator® set
at 4000rpm and 30°C. Concentrated supernatant were maintained at 4°C for future work.
Preliminary Bioassay
Antimicrobial agar-well diffusion assay was carried out in triplicates using supernatants from monoculture and co-cultures. Test pathogens employed include Staphyloccocus aureus ATCC 25923, B.
subtilis ATCC 6633, Escherichia coli ATCC 25922 and Pseudomonas aerigunosa ATTC 27853. The
standards of Clinical and Laboratory Standards Institute (CLSI) were followed [28]. Briefly, bacterial
inoculum matching standard 0.5Mc Farland turbidity was prepared and subsequently swabbed onto
sterile and freshly premade MHA to produce a uniform bacterial lawn. Wells were then aseptically
dug using the base of sterile Fisherbrand® Pasteur pipettes (6mm in diameter) and the supernatant
(40µL) added thereafter. Ciprofloxacin which is a broad-spectrum antibacterial agent was employed
as positive control. A standard dose of ciprofloxacin (5µg) was obtained through serial dilution in a
96-well plate and transferred onto the pre-dug wells. The plates were placed in VWR® incubator at
37.5°C for 24 hours and the zone of inhibition (in mm) measured afterwards.
RESULTS
The four fungal isolates that were used in this experimental set-up are listed in Table 1 and in Figure
1. The antibacterial activity of co-culture 2P3C2A against E.coli and B. subtilis were significant
relative to their monoaxenic culture when grown in nutrient broth showing bacterial sensitivity at 24.7
± 0.6 mm and 16.7±1.2 mm respectively (Tables 2 and 3). The monoaxenic culture of isolate
3P2GB1A demonstrated a significant zone of inhibition measuring 22.0± 1.0 mm comparable to the
sensitivity range of ciprofloxacin at ≥ 21.0 mm according to CLSI (table 2). Antibacterial activity was
observed for E.coli and B.subtilis and hence only the antibacterial results against these 2 bacterial test
pathogens were presented in Tables 2 and 3.

Table 1: Fungal endophytes isolates
Host Plant

Plant Part

Fungal endophyte

1

HK060

Midrib

3P2GB1A

2

HK060

Lamina

2P3C2A

3

HK060

Lamina

3P3C1

4

HK060

Lamina

2P3D1A
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1

2

3

4

Figure 1: Fungal endophytes of unknown liana HK060 1) 3P2BGB1A 2)
2P3C2A 3) 3P3C1 4) 2P3D1A
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Table 2: Antibacterial Activity against E.coli
Culture

Co- culture (40 µL) *
ZOIǂ (mm)

Positive control (5µg) **

SDβ (mm)

ZOI (mm)

Negative controls (40 µL) ***

SD (mm)

ZOI (mm)
£

SD (mm)

1

2P3C2A

25.0

24.0

25.0

24.7 ± 0.6

37.0

37.0

38.0

37.3± 0.6

6.0

6.0

6.0

6.0 ± 0.0

2

3P2GB1A

6.0

6.0

6.0

6.0 ± 0.0

35.0

35.0

34.0

34.7 ± 0.6

23.0

21.0

22.0

22.0± 1.0

3

3P3C1

15.0

15.0

15.0

15.0 ± 0.0

38.0

38.0

38.0

38.0 ± 0.0

6.0

6.0

6.0

6.0 ± 0.0

4

2P3D1A

6.0

6.0

6.0

6.0 ± 0.0

38.0

38.0

38.0

38.0 ± 0.0

6.0

6.0

6.0

6.0 ± 0.0

Keys: *Co-culture with B. subtilis, **, Ciprofloxacin, *** Pure culture without B. subtilis,βStandard deviation, ǂ Zone of inhibition , £ 6 mm represents the
diameter of the agar well
Table 3: Antibacterial activity against B. subtilis
Co- culture (40 µL) *
ZOIǂ (mm)
SD β (mm)

Positive control (5µg) **
ZOI (mm)
SD (mm)

1

Culture
2P3C2A

16.0

18.0

16.0

16.7±1.2

37.0

37.0

36.0

36.7± 0.0

Negative control (40 µL) ***
ZOI (mm)
SD
(mm)
6.0£
6.0
6.0
6.0 ± 0.0

2

3P2GB1A

6.0

6.0

6.0

6.0 ± 0.0

37.0

37.0

38.0

37.3 ± 0.6

6.0

6.0

6.0

6.0 ± 1.0

3

3P3C1

13.0

13.0

13.0

13.0 ± 0.0

38.0

38.0

39.0

38.3 ± 0.6

6.0

6.0

6.0

6.0 ± 0.0

4

2P3D1A

6.0

6.0

6.0

6.0 ± 0.0

38.0

38.0

39.0

38.3 ± 0.3

6.0

6.0

6.0

6.0 ± 0.0

Keys: *Co-culture with B. subtilis, **, Ciprofloxacin, *** Pure culture without B. subtilis, βStandard deviation, ǂZone of inhibition ,£ 6 mm represents the diameter of the agar
well
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Pure culture of
2P3D1A
Co-culture of 2P3D1A

Pure culture of
2P3D1A

+ve control
Co-culture of
2P3C2A
Pure culture of 2P3C2A

Figure 2: Antibacterial activity of monoaxenic culture and co-culture of 2P3C2A and 2P3D1A against B.
subtilis shown in triplicates

DISCUSSION
Fungal endophytes in lianas
The four fungal endophytes used in this co-culture study, have been isolated from the foliar samples
of a liana species HK060 (yet to be taxonomically verified). When grown in pure culture fungi
3P2GB1A isolated from midrib segment of HK060, demonstrated significant antibacterial activity
against gam-negative Escherichia coli, with a zone of inhibition measuring 22.0± 1.0 mm. Extensive
reviews have been published describing the diverse chemical and biological drug-like molecules
produced by fungal endophytes [4,20,29,30]. Using molecular sequence data of 1403 endophytic
strains, Arnold E and Lutzoni F [31] have shown that incidence of foliar endophytes on a latitudinal
basis, increases from Canadian arctic to the equatorial zone with less than 1 % to 99% in tissue
segments respectively. These findings infer that tropical foliar assemblages are biodiversity hotspots
for rare species of fungal endophytes with unknown host ranges and unrealized biological and
chemical potential. The foliar of tropical lianas in PNG are largely understudied ecological niches,
providing the impetus for natural product drug discovery.
Antibacterial activity in Co-culture versus monoaxenic culture
The cell-free supernatant of co-culture 2P3C2A (yet unknown) and bacteria B. subtilis exhibited a
marked zone of inhibition (24.7 ± -0.6 mm) against E. coli when compared to its corresponding
mono-axenic culture. When tested against B. subtilis, the same co-culture exhibited the greatest zone
of inhibition (16.7 ± 1.2 mm). The cell-free supernatant from co-culture 3P3C1 with B. subtilis
exhibited a zone of inhibition measuring 15.0± 0.0 mm and 13.0mm ±0.0mm against gram-negative
bacteria E.coli and gram-positive bacteria B. subtilis respectively. The marked zone of inhibition
demonstrated through co-cultures in this study, may support past studies of bacteria- fungi co-cultures
and the discovery of novel chemical compounds and or accumulation of presently constitutive
compounds. In vitro culture of endophytic fungi with phytopathogens (bacteria or fungi) is a way of
mimicking their natural interaction, which demonstrably led to the production of previously
unsurfaced chemical antagonists. For instance, the co-culture of endophytic fungi Fusarium
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tricinctum with B. subtilis strain 168 trpC2 on solid rice medium led to 78-fold increase in the
accumulation of constitutively present secondary metabolites and spectral analysis identified 3
additional novel compounds namely macrocarpon C, N- (carboxymethyl)-anthranilic acid and (-) –
citreoisocoumarinol. No such effect was observed with its mono-axenic control [32]. The ecological
roles of mutualistic fungal endophytes involve chemically- mediated host defence [33-34]. Even
though the functions of secondary metabolites in the producing microbes remain as yet elusive,
studies have positively correlated production of microbial secondary metabolites to the microbe’s
defensive response. Mycotoxins (eg. aflatoxins) and phytotoxins (eg. pigments) are known toxins
produced by fungi to coercively repress pathogenic growth [35]. In their review of the ecological roles
of fungal endophytes, Rodriguez R et al [33] considered the environment as a key influencer of the
type of association (parasitic or mutualistic) formed between the host and its fungal residents. During
abiotic or biotic stress, parasitism emerges as the more likely association [34]. When fungal
endophytes confer benefits to hosts (abiotic and biotic stress tolerance), the association shifts to
mutualism. The fungal endophyte-host symbiosis (also known as commensalism) exists as a fine
balance of chemical antagonism between host and endophytes and a slight deviation may ultimately
lead to plant disease and fungal death respectively. Three ways in which fungal endophytes enhance
host defence mechanism in response to phytopathogens are through direct secretion of chemical
antagonists, synergizing with host’s chemical antagonists or inducing hosts defensive mechanism
[36].
Co-culture promotes intimate physical interaction, which is required to activate silent antibiotic
pathways
The cell-free supernatant from co-culture of unknown fungi 2P3C2A with B. subtilis exhibited
pronounced zone of inhibition relative to its mono-axenic culture. The absence of zone of inhibition
observed with the same supernatant against test pathogens S. aureus and P. aerigunosa may reflect
the specific interaction of the unknown fungi 2P3C2A with B. subtilis inducing the secondary
metabolites to which only E.coli was most sensitive to and to a lesser magnitude B. subtilis.
Furthermore, the pure culture of the unknown endophytic fungi 3P2GB1A exhibited a pronounced
zone of inhibition (22.0± 1.0 mm) compared with its co-culture only against Gram-negative E. coli.
Schroeckh V and colleagues [25] verified that specific intimate physical interaction between whole
cell organisms was required to induce the biosynthesis of the cryptic archetypal polyketide orsellinic
acid (OA) and its derivative lecaronic acid. From 58 streptomycete species, Streptomycete
rapamycinicus solely triggered the induction of OA in Aspergillus nidulans. The unknown function of
these secondary metabolites in the producing organisms coupled with the organisms’ creative
potential triggered the study of regulatory genes and proteins involved in their biosynthesis. Penicillin
metabolic cluster is the most widely studied among fungi species. In Aspergillus spp. the biosynthetic
gene cluster of carcinogenic mycotoxin, aflatoxin (AF) and its penultimate precursor sterigmatocystin
(ST) have been extensively verified [35]. Nützmann et al [37] determined the molecular mechanism
responsible for the synthesis of OA. Using mutants of A. nidulans, they demonstrated that Saga/ Ada
complex mediated acetylation specifically of H3K9 and H3K14.
Co-culture a novel method for production of novel antibiotics
The co-existence of fungi and bacteria in nature, competing for space and nutrients, suggests a
coercive interaction between them. Diggle et al [38] emphasized that coercion is the predominant
interaction representing bacteria and fungi (interkingdom): there is more cost than benefit involved
given such interaction occurs. In vitro culture, in this sense co-culture of microbes mimicking their
natural interactions with pathogens (eg. bacteria) has proven to better translate the inexhaustible
supply of natural products genetically sustained in single strain microbes [39-40]. Co-culture has to
some extent successfully addressed the problematic rediscovery of chemical entities associated with
classical mono-axenic culture conditions. Furthermore enhancing presently constitutive metabolites
[24]. This co-culture technique has found great utility in pharmaceutical and agricultural industries by
producing an array of antibiotic-like molecules and biocontrol agents [22]. Thakaew and Niamsup
[41] determined the inhibitory effect of Bacillus subtilis against fungi Aspergillus flavus, the major
cause of food contaminant. Furthermore proposing the use of B. subtilis as a potential biocontrol agent
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for storage foods. Antibiotic activity of the fungus Rhizopus peka was significant when it was cocultured with B. subtilis while neglible in mono-axenic culture [42]. Fukuda et al demonstrated that
timing and concentration of both the bacterial cells and fungal spores were important factors for
maximal antibiotic activity of the fungus. The simultaneous addition and equal concentration
exhibited the greatest antibiotic activity of this co-culture [42]. The co-culture of marine-derived fungi
Libertella sp. strain CNL-523 and marine bacterium strain CNJ-328 led to induction of 4 new
pimaranes diterpenoids libertellones A-D [43].
CONCLUSION:
Natural product drug discovery is an ever evolving science and takes precedence in novel techniques.
The chemical diversity of lianas remains largely underexplored and provides the impetus for the
discovery of novel fungal endophytes with unrealized chemical potential. Co-culture is a novel
method for activating silent biosynthetic gene clusters by promoting intimate physical interaction,
which is required to elicit cryptic antibiotics. It is a relatively simple way of mimicking the natural
interactions of microbes. Current challenges in microbial biodiscovery (an interdisciplinary approach
to drug discovery) are to understand mechanisms involved in such natural interactions to fully harness
their synthesizing potential.
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ABSTRACT:
This paper is based on review of the literature on the role of participatory video in legitimizing the
use of Indigenous agricultural knowledge for rural poverty alleviation. The basis of the paper stems
from earlier research by the first author exploring the level of farmer participation through the use of
rural peoples’ knowledge. The discussion begins with an exploration of two theoretical perspectives:
(1) participatory development communication, and (2) agricultural knowledge and information
systems for rural development. Participatory communication recognises the use of Indigenous media
and Indigenous knowledge to allow people to articulate their thoughts on development issues
affecting their livelihood. Video promoting learning can allow development of two-way
communication between smallholder farmers and other stakeholders. Participatory video, used
appropriately with Indigenous media such as the garamut, sets a platform for genuine dialogue
between farmers and other stakeholders. The sharing and recording of Indigenous agricultural
knowledge recognizes and gives value to farmers’ experiences and increases their participation in
community development. Participatory video can also be used as a tool for learning to learn with
farmers; a process of facilitating self-empowerment through capacity building. Methodological
suggestions are given for the use of participatory video in remote rural communities. Poverty
alleviation strategies need collective learning across disciplines and valuing Indigenous Knowledge
to promote 2050 Vision, the Papua New Guinea Way.
Keywords: Participatory video, indigenous agricultural knowledge, development communication
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INTRODUCTION:
Indigenous agricultural knowledge systems (IAKS) play an important role in increasing farmer
participation. However, effective processes are needed to integrate IAKS into rural community
development interventions. Papua New Guinea (PNG) vision 2050 (Government of PNG, 2009)
recognises that agriculture and forestry play a crucial role in enhancing rural livelihood and goes
further to also have these developments being aware of cultural values of the people. In order to
achieve the 2050 vision, multi-stakeholder teams are needed to collaborate on processes that will
facilitate social changes among the rural households.
Two theoretical perspectives; participatory development communication (Quarry and Ramírez, 2009)
and World Bank (2000) framework for Agricultural Knowledge and Information System for Rural
Development (AKIS/RD). These two theoretical underpinnings give insight into our discussion to use
appropriate mechanisms that enable collective learning in utilizing Indigenous Agricultural
Knowledge. Agricultural knowledge systems (Röling, 1988) require an understanding of farmers and
their interaction with the environment. Therefore a need to revisit how agricultural Research,
Extension and Educational organisations can best utilizes IAKS for improved farming practices
leading to social change in rural communities.
Despite AKIS/RD framework, a commonly accepted practice still leaves the responsibility of
agricultural innovations to scientists while the dissemination is left to the extension system through to
the farmers as users. This linear process has been criticized by Röling (1998), as it does not address
the complexities in social systems where farmer realities are nested on their interaction with the
environment and the socio-cultural beliefs and values. In PNG AKIS/RD is still largely a linear
process although there are genuine efforts made to find alternative methods to have rural households
benefit from agricultural development.
Communication is not a transmission of information but people communicate to coordinate behaviour
between stakeholders. According to Woodhill and Röling (1998) meaningful interaction and
communication between different people is the focus and encouraged the need to facilitate learning so
people’s experiences are used to reconstruct reality instead of promoting the concept of transfer and
utilization.
Mutual dialogue among diverse stakeholders such as farmers, researchers, development agents and
extensionists creates new and useful knowledge, leading to an integration of ‘…both scientific and
aesthetic judgment’ (Russel and Ison, 2007:22).
Participatory development communication (Bessette, 2006; Quarry and Ramírez, 2009) and media
allows space for others to listen to the voices of those who are rarely heard. It is a shift from using
information to change behaviors to facilitating information exchange between stakeholders. Farmer
participation is essential to have their voices heard amidst the many other voices, often times
unrelated to their situations.
We explore the utilisation of participatory video (PV) as a process to incorporate IAKS with
knowledge derived through research by scientists in research organizations. Participatory video
enables control of learning processes in and between communities, to develop capacity building in the
communities and to preserve cultural heritages which is an important component of peoples’ lives in
rural communities.
The paper concludes by discussing suggested methodology in using video to promote learning
dialogue among stakeholders engaged in rural community development. Participatory video used as a
learning tool encourages people to take the responsibility to shape their development. Video can be
used as a tool to give voice to different stakeholders to negotiate and interact on complex issues
affecting rural livelihood. However,
45

Proceedings of RST UPNG Sci. Conf. Nov 2014
“…while video is a tool, it becomes more than a tool, when used within development
conceptual frameworks such as self-concept, reflective listening, dialog, conflict
management, or consensus building. It then becomes a vital force for change and
transformation of individuals and communities. It has unlimited potentials” (White, 2003: 21)
Therefore video camera used appropriately creates space for constructive exchange of ideas to
enhance farmer skills for changes in the farming practices.
Learning processes in utilizing Indigenous Knowledge
Through Indigenous Knowledge Systems (IKS) research, quality information continues to be
generated on local knowledge and practices, which can then be used by developers to communicate
and co-operate with people from other cultures. However, Hess (1997) noted that despite this
progress, communication still often only flows one way either from developers to the community or
from the community to the developers with little or no interaction between participants. The challenge
then is to develop non-ethnocentric theories and tools to facilitate dialogue and legitimate interaction
between members of different cultures.
For rural people to benefit from both Indigenous Technical Knowledge (ITK) and outside knowledge
there is a continuing search for processes to assimilate both knowledge types (Howes, 1980) and this
is where discussion on Indigenous Process Knowledge (IPK) is relevant. While ITK focuses on the
content of IK, the accumulation of such knowledge and how it is passed down through generations,
little attempt has been given to how the knowledge is accmulated and shared within the communities
(Mundy & Compton, 1995; Sillitoe & Barr, 2004).
Communication is one of the processes used in spreading knowledge over time and is important
component of development. People need to know how information from development projects can be
applied to their situations. Under these circumstances, Brokensha, Warren et al (1980) explain that
learning has to proceed from the known to the unknown or the not-yet-known. This type of learning
can be achieved more efficiently if development agents know the sociocultural context of the people
and when introducing new knowledge, to embed this within the cultural context.
Indigenous media and participatory video
Most communities identified as target beneficiaries of development programs, use information
communicated by word of mouth. Yet methods used in projects are not inclusive and do not
accommodate adequately the communication needs of the people. Communication is not a linear
process but genuine interaction among stakeholders.
In rural communities where literacy skills may be minimal, such media as participatory video is a
good way to enable sharing and exchanging experiences with stakeholders in the AKIS/RD
framework. Videos that promote learning have been shown to develop two-way communication (Van
Mele., Zakaria, 2007) between researchers, extension and smallholder farmers.
Learning involving modern and Indigenous media is capacity building where farmers and change
agents are co-learners. Video skills can be taught through games facilitated, initially, by outsiders and
includes identifying significant issues in local community development and how to organize this
information for recording on video. We like to think that at the initial phase of training, outsiders can
facilitate and when capacity is built in communities, then the community can take a more active role
in video production.
Facilitating video skills has also the potential to develop capacity in rural communities. Participatory
video engages people in rural communities through capitalising on rather than replacing, effective
existing Indigenous information and communication systems. This Indigenous system of
communication is highly relevant and trusted in the community. Therefore using modern media
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together with tradition media such as the garamut, PNG wooden drum, empowers people through the
use of their knowledge and acknowledges the values of such system.
Indigenous cultural preservation
Participatory Video also allows for making external information sources compatible and accessible
via local information systems and technologies. The use of garamut is a good example of using
traditional communication channel but at the same time recording the skills of sending messages.
Video has been used for learning technical agricultural knowledge and to work with communities on
various areas of development. Videos have been found to increase the use increase the use of neem
and bisbkatali leaves as insect repellent in seed storage in Bangladesh (Van Mele., Zakaria et al,
2007).
Video certainly has its place in the use of IAKS but what is the role of communication, in particular
engaging in dialogue? Images may be effective in the learning process. However, practical innovative
application of participatory communication is needed in rural communities. In addition, a well-trained
facilitator to mediate and support the notion of using video as a learning tool is essential. We address
these issues in the methodology section.
METHODOLOGY SUGGESTIONS:
There is significant attention to participatory research approaches in recognizing the importance of
farmer role in agricultural research, development and extension. Participatory Rural Appraisal
methods have been used in engaging farmers and other stakeholders in meaningful interaction as a
means to locate agriculture as one of the contributing factors in peoples’ livelihood. This method is a
‘bottom-up’ approach where research begins with the people in the community and focuses on
facilitating farmers to be creative in gathering and analyzing data on issues that affect them. The PRA
method does not only facilitate ‘participation’ but also encourages changes in approaches taken by
development agencies (Chambers 1992).
Farmer centred learning such as Farmer Field Schools (Röling & Van de Fliert, 1998) train farmers on
their own land which is far more important than learning through teaching skills using prescriptive
format. It is useful for building group dynamics and participatory methods that are relevant for
facilitating communication between smallholder farmers and research, development and extension
agents. The small group process reinforces collective learning, to act and think together as social
groups within a community; stresses the importance of group learning.
Model: Indigenous engagement as a choreographed dance
A way to facilitate collective learning of Indigenous knowledge and external knowledge generated
through research is to view it from a dance model of communication where change agents can create
conditions for a learning that encourages participation of farmers. Cox, Shulman et al. (1995)
described engagement process through dialogue using a dance metaphor. Table 1 incorporating
AKIS/RD, Social learning, Dance model and Indigenous singsing model (Sar, 2010).
Communication based on the dance concept captures both data collection and interventions as people
from diverse backgrounds engage in dialogue. “Everything we do is a structural dance in the
choreography of coexistence” Maturana and Varela (1998, p. 248). The concept of singsing (“singing
and dancing”) sustainably maintains social and kinship relationships through celebrations of cultural
exchanges. It required an understanding of farmers’ worldviews spending time with them, to gain
their trust and develop relationships. It also required giving building community capacity so people
could genuinely participate in bringing social changes into their community. We like to see
communities as ‘self-organisation’ (Capra, 1996:83) networks. Given appropriate skills and right
learning environment, communities can be resilient and respond positively to change.
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Table 1 Process of engaging through conversations
AKIS
SOCIAL
DANCE
LEARNING
(as an interaction, not
about the community)

Sinsing (Singing &
Dancing)
(as an interaction,
about sustaining
community well
being)

Information flow

Feedback loops

Discontinuity between
actors in their knowledge
of the steps. Discontinuity
because of the way the
dance metaphor
distinguishes and values
different ways of doing
things

Cultural exchanges for
creating and
maintaining social
bonds

Linkages

Structural Coupling

Engagement and
disengagement in
different dances

Empathy, gaining their
confidence and
commitment to
changing the situation
for improvement.
Exchange and
reciprocity in PNG
setting. Enduring
networks in PNG

Transfer of
information

Collective
Cognition

Transformation of
meaning through the
progress of the dance
between partners with
different levels of skill,
and preferences for
different dance styles

Genuine understanding
and desire to change
and improve the
situation. Meaning is
not in what I’m giving
you; it is in you... the
way you relate to this
thing. We need to stay
around long enough to
see what people make
of it.

Central source of
knowledge

Interactive
emergence

Knowledge emerges and
develops, and behaviour
changes, as a product of
the interaction
conceptualised as dance

Knowledge created and
shared through kinship
and social networks of
communication

(After Cox Shulman et al
1995 p.80)
Agrawal (1995) argued that to engage Indigenous Knowledge successfully in the development
processes, there is a need to go beyond the dichotomy of Indigenous and External knowledge.
Introduction of new knowledge into the community can be integrated into the existing knowledge
systems, not at the expense of people’s knowledge but for the different knowledge systems to co-exist
for sustainable rural community development.
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Application of Singsing model
The Sinsing model was applied to a case study in Bargam community, PNG (Sar, 2014).
The research explored whether the use of the garamut would increase participation of smallholder
farmers in rice productivity for self-sufficiency. The second purpose was to address concerns of
widening generational gap between youth and elders, and youth inability to connect with the land;
their identity to belong in a community. The drum language is location specific and uses the local
vernacular to encode messages through drumbeats. Selected youth used video to document garamut
messages. Combining traditional media with video created an enabling environment for farm families
to interact with the agricultural scientists on planning sustainable food security at the household level.
The recorded cultural knowledge on learning the skills of encoding and decoding agricultural content
messages on garamut were stored on CD. This is part of an on-going research to create a learning
space within communities and to train champions who ensure the development efforts made through
the use of Indigenous knowledge are sustainable. The process had truly begun in reducing the
generational gap using participatory video to create networks in agriculture and culture.
Lessons learnt from the above case study in relation to social changes require:
▫ Long term commitment
▫ Power balance between change agents and rural households allowing dialogue for
desired changes
▫ Local capacity building of champions
▫ A process of engaging and disengaging in addressing the complexities of using PV in
complex settings in rural communities
Sustainability of PV process will require:
• Networking with partners in the AKIS/RD framework
• On-going research interests
• Community resources as part of their own development plan
Indigenous media such as the garamut can be used together with the modern technologies such as
video and telephone.
CONCLUSION:
Facilitation of learning to engage in dialogue between Indigenous and External knowledge holders is
essential to move Indigenous knowledge upstream. Agricultural development is no longer about
technology transfer but the facilitation of interdisciplinary partnership for the rural households to
achieve social change.
In order to achieve development through Science and Technology in PNG, research, development and
extension agents need to find approaches in development that will work for more than 80% of the
rural population in PNG. The knowledge base from which this rural people draw from to make critical
livelihood decisions needs to be harnessed in development interventions. Participatory video is an
instrument for bringing about change in complex situations such as occurs in rural communities. The
PNG Way is about embracing diversity in rural peoples ’knowledge systems together with outside
scientific knowledge to make our communities resilient for sustainable development
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ABSTRACT:
This paper addresses the fundamental role of literacy and language education in ensuring that the
country has the scientists, doctors, teachers, engineers and other professionals to drive the national
economy forward. A brief account of where we are after two decades of vernacular education
indicates a sharp decline in students’ academic performance at secondary and tertiary levels of
education. We examine the reasons for this drop and contendthat English should be the language of
instruction at all levels of formal education, including elementary, because it best equips children
with the language skills they need to become productive members of the multilingual society that is
Papua New Guinea. This position, we argue, in no way contradicts the promotion and celebration of
PNG languages and cultures.
Keywords: Literacy, education, english, culture, academic, society
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INTRODUCTION:
PNG Vision 2050 National Strategic Plan Taskforce, the‘most ambitious planning document in the
county’s history,’ according to the Oxford Business Group website, outlines long-term national
development strategy, designed to ensure that society can provide its people with all the basic needs
that can make them “healthy, happy, and wise” (1; 2). This document focuses on seven broad strategic
areas, or ‘pillars’of sustainable development:
1.
2.
3.
4.
5.
6.
7.

Human capital development, gender, youth and people empowerment;
Wealth creation;
Institutional development and service delivery;
Security and international relations;
Environmental sustainability and climate change;
Spiritual, cultural and community development; and
Strategic planning, integration and control.

Amongst the Strategic Policies designed to position PNG globally, the Population Policy comes as
No. 1, even before the Strategic Food Security Policy and the Strategic Energy Security Policy.This is
because PNG policy makers recognize that all socio-economic development hinges upon the
availability of experts in every field of human endeavor, be it technology, science, medicine,
agriculture, or economics, etc. How can we satisfy our society’s need for expert human resources?
Only through education; and how can people be educated? This explains why literacy/elementary
education is the foundation upon which all subsequent transfer of knowledge depends. This is what
makes the Government Education Policy the cornerstone of all socio-economic development –
anywhere.
Because all specialized knowledge is acquired only through language, language education, especially
at elementary levels of formal education, must equip the children with the language skills necessary to
absorb specialized information in allother fieldsofknowledge – science, technology, you name it.
Also, to survive and prosper in our new Flat World reality, Papua New Guineans must communicate
and conduct business across language barriers. This poses a great challenge in the ‘land of a thousand
tongues,’ where adult literacy rates are still relatively low (Table 1).
Table 1. Adult literacy rate: Strategic Target Goals for Vision 2050 (p. 28).

To achieve 100% literacy by the year 2050, a wise and pragmatic language education strategy must
be used. Aristotle defined wisdom as“knowledge of the causes” of things (Aristotle: Metaphysics,
Book I). It follows that, in planning the future effects of an action, the actors must have a clear vision
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of all the given variables, as well as of the cause-effect relationships between them. What language
education strategy would be most effective in ensuring human resource development in the uniquely
multilingual and multicultural society of Papua New Guinea? We will argue that, despite the truism
that literacy is most effectively taught in the language that the children speak, vernacular education in
PNG has failed in providing the children with the language skills they need at secondary and
tertiarylevels of education.
Language is the means of all knowledge transfer:
Effective language education enables knowledge transfer, which is crucial for sustainable
development.
As we choose our means of transport, depending on how far we want to go, we must also choose the
meansof instruction (i.e., knowledge transfer), depending on how far we want to go in socio-economic
development.
First, we must determine our purpose: Do we just want to teach literacy for its own sake,or do we
want to prepare elementary school children for further studies, to become expert doctors and nurses,
teachers, lawyers, scientists, engineers, technicians, and business people who will ensure the
sustainability of future socio-economic development? Which means of transport will get us from Port
Moresby to Lae faster – a car or a plane? Which language offers fastest access to all specialized
knowledge accumulated by humanity over thousands of years? That language (means of instruction,
a.k.a. knowledge transfer) will get our kids where we want them to go in the most efficient manner.
To make a wise choice of the means of transport, we must know where we are and how far we want to
go; to make the wise choice of means of knowledge transfer, we must also know where we are and
how far we want to go. So let us first assess our present situation and consider the challenges we must
overcome, in order to build a “wise, healthy and happy” society by 2050
Challenges for language education in PNG:
 More than 830 languages are spoken in Papua New Guinea, of which over 200 are
Austronesian and over 600 – Papuan
 The population of over 7 million is about 20% Austronesian and about 80% - Papuan
 There are over 60 Papuan language families and a number of isolates
 Of Papuan languages, only Enga has over 100,000 speakers (Engan family, EHP)
(Aikhenvald: 2014)
A closer look at the linguistic make-upof the country’s population reveals the extent of the challenges
that the wise education strategy must overcome:
Number of speakers
>10,000 -100,000
1,000 -10,000
>500 - <1000
Between 100 - 500
<100

Austronesian Non-Austronesian
about 12
about 60
about 100
about 230
about 30
100 and more
under 50
170 and more
about 10
about 50
(Aikhenvald: 2014)
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Education Reforms in Papua New Guinea
We all know the history:
 Pre-Independence, and up until mid-1990s, English was the most common means of
instruction at all levels of education. This made learning difficult for children, for they had to
learn to read and write in an unfamiliar to them language.


Linguistic research has proved that learning literacy in one’s mother tongue (L1) is far more
effective. That was the rationale for introducing Vernacular Education Reform in 1995 and
implementing it for almost two decades.

However, the Department of Education re-introduced English as the means of instruction at all levels
of education, including elementary, in 2013.
Vernacular Education Policy is a complex and controversial issue in PNG: on the one hand, there is
the understandable concern for endangered and ‘dying’ languages (an emotional issue: Appeal to
Emotion); on the other hand, there is also a lot of concern about the falling standards of education in
the country.
Australian/ SILlinguists and missionaries have historically supportedthe idea of vernacular education,
(Bob Litteral, Wurm, Mihalic, etc.). Thomas Dutton, along with other ANU linguists, pushed hard for
TokPisin to be the official language of ‘the Melanesian Way’ (Handman: 2013). In a public lecture to
the University of Papua New Guinea in May 1976, he called for Tok Pisin to be the official language
of the country:
[English] creates divisions while it supposedly unifies; it isolates people and separates them
from their traditional societies; it creates elites who get further and further away from their
relatives the higher they go and causes them to congregate in ugly unfriendly towns. And
finally, it does nothing for the self-respect of the nation, for while it attempts to remain
English-speaking, it remains but a second-rate Western country without real identity. It can
only achieve real identity in the long run, I believe, if other countries and peoples have to
work to talk to it, especially if it has natural resources that others want (Dutton 1976: 9–10).
Similar sentiments had beenvoiced in the Proceedings of LSPNG 1973 Conference, themed “Tok
Pisin – I go we?” Presentations by Rev. F. Mihalic, S. Piniau, S.A. Wurm, Bickerton and many others
were published in the Special Issue of Kivung (1975), which is now available under the ‘Special
Issues’ tab in Language & Linguistics in Melanesia, the free-access online journal of the Linguistic
Society of Papua New Guinea, at www.langlxmelanesia.com.
We, however, view nationalist ideology with caution, because ‘frequently, this rhetoric of culture is
closely linked to power and material resources as well” (Hannerz 2000).
Support for Vernacular Education policy:
Today, who supports Vernacular Education?
 Most linguists in the SIL (Ukarumpa) and the Linguistic Society of Papua New Guinea (Bob
Litteral, R. Petterson, René van den Berg, NRI and some UPNG academics, etc. (LLM Vol.
32/2, 2014 @ www.langlxmelanesia.com, LSPNG 2014)
 Many Anthropologists: Prof. Bulmer, the ‘pioneer’ Professor of Anthropology at UPNG,
considered cultural preservation to be the duty of Anthropology, according to Simet & Iamo
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(See “Cultural Diversity and the United Papua New Guinea” NRI Discussion Paper No. 64,
1992)
National leaders and academics, such as Bernard Narokobi, John Waiko, etc. (Ibid).

Love for human ingenuity, uniquely expressed in Papua New Guinean languages and cultures, the
desire to keep the smaller languages from extinction may well be what also motivatespeople to
support vernacular-only elementary education. Arguments that literacy is most effectively taught in
the language the children speak (L1) have also been put forward (R. Litteral, K. Devette-Chee, etc.),
along with concerns for cultural preservation.
In a recent publication, Challenges with the implementation of vernacular and bilingual education in
Papua New Guinea (2014), Prof. Paraideof Divine Word University (DWU) identified numerous
‘hindrances’encountered during the implementation stage of the vernacular education policy, among
them:









“The general public view vernacular and bilingual instruction as inferior to English
instruction.
Existing primary school teachers were trained to teach in English and English instruction is an
established practice. Therefore they were reluctant to use the bilingual teaching strategy.
The teachers’ negative attitudes on vernacular and bilingual teaching strategies influenced
their degree of commitment to implementing them.
The teachers were not adequately aware of the wealth of indigenous knowledge that is similar
to subject contents taught in formal learning environments.
The primary school teachers received inadequate training and professional support on the
bilingual teaching strategy before and during the implementation stages.
The cascading training strategy employed to prepare teachers to teach the reform curriculum
was inappropriate because teachers selected for training did not acquire the required capacity
to train their colleagues well.
The teachers were inadequately monitored during the implementation stages of the lower
primary reform curriculum.
Vernacular and bilingual education is not included in primary school teachers colleges’
courses.”
(Paraide 2014:44-57)

Yet, Prof. Paraide argues for a return to vernacular education policy, stating that “The study and
literature review show that vernacular and bilingual instruction is equally effective as English
instruction. However, the cognitive development benefits gained from vernacular and bilingual
education outweighs that of English education especially when students are not competent in the
English language. The findings support the previous language policy and provide essence for its
revival. However, for the school system to gain maximum benefit from vernacular and bilingual
education in future, the hindrances discussed in this paper should be evaluated and addressed well
before implementation commences. Teachers’ capacity to implement the vernacular and bilingual
teaching strategy must be well monitored, and remedial strategies must be employed during the
implementation stages so their effectiveness can be sufficiently exposed and better established in the
PNG school system”(Ibid.)
The ‘Melanesian Way’ ideology has also promoted the concept of ‘Unity in Diversity’:
“…PNG maintained a fine sociological balance based not on large nation states, but on small
communal autonomy. Some people call this disunity, anarchy, even chaos. I say it is an aspect of
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unity, because no one group can claim on the basis of its technology that it is better or superior to
another” (Narokobi 1980, 24-25).
The concept of ‘Unity in Diversity’ is largely retrospective, resonating with nostalgia for the idealized
Past, in which “Communities are centered around tracing their kinship roots back to a village and
land, having faith in beliefs in magic and sorcery, death after life, and customs and traditions, and,
despite possessing different physical attributes, they see themselves as blacks…, as compared to
Caucasians or Asians” (Simet & Iamo: 1992).
Opposition to the Vernacular Education policy:
In contrast to these widespread views and attitudes, many parents oppose Vernacular Education,
claiming that they can best teach their children the names of birds, animals and plants in their Tok
Ples and demanding that their children are taught the skills required to get a good job in the modern
economy. This was evident in the results of the sociolinguistic survey we conducted in the Linguistics
& Modern Languages Department, SHSS UPNG in 2007. Our 2007 conclusions have been
corroborated by more recent research (Rumsey 2014; our own 2014 study “UPNG Students’
Voices”@ www.templeok.com; numerous TV and newspaper reports, structured ‘live’ interviews,
etc.).
Many teachers and educators have also criticized the Vernacular Education policy, i.e., Dr. B.
Robertson, Dr. A. Ryan, Mr. A. Hayes (http://rausimobe.wordpress.com); Dr. Honan, E. Consultant at
the DoE, PNGEI (1999-2000); Bev & Vic Romanyshyn (Canadian Volunteer Teachers), and many
others.
Eileen Honan, employed by the National Department of Educationin 1999-2000, alsodelivered inservice professional teacherdevelopment programs at the Papua New Guinea Education Institute. In
her online article Disrupting Assumptions about Vernacular Education in Papua New Guinea, she
examined the issue of developing literacy technologies for oral languages in Papua New Guinea and
discussed the many unwarranted assumptions implicit in the Vernacular Education Policy, i.e., that





Choice of languageis straightforward (it isn’t for community schools in areas where
several smaller languages are spoken)
Community participation is guaranteed (it isn’t in areas with high illiteracy/poverty
rates)
Transition from elementary to primary school is easy (it may not be, for many
reasons: lack of teachers/ teacher training, malnutrition, critical age in language
acquisition, lack of teaching materials, etc.)
Acquisition of literacy skills in mother tongue is easier for all children (even in
unwritten languages?)

And then, there is the question of practicality: “For what purpose will these students use these
vernacular literacies in their communities outside of school?” asks Honan (a highly appropriate
question, in our opinion, that should be asked!) www.readingonline.org/international/honan/
Bev & Vic Romanyshyn, Canadian volunteer science teachers who returned to Keravat National High
School over 30 years after working there, were shocked to discover the marked decline in students’
academic performance in 2010. In their online article, ‘Obstacles to Student Success in Papua New
Guinea,’ they analyze the situationand make recommendations for “collaborative and cooperative
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action towards improvement.”Amongst the most serious obstacles to education in PNG, the top three
they list are:


Inadequate Funding: “The young people of PNG are its greatest resource. Their education is
the best investment PNG can make in its future. ...Careful planning and budget allocation to
bring education up to standard must be paired with fully accountable systems of plan
implementation. Surmounting the various obstacles to excellence in education requires swift
action to stem the downward spiral of education and to bring it back to an internationally
recognized standard. That standard must be maintained to assure a continuous supply of well
educated, highly skilled and motivated graduates that are critical to PNG’s progress.”



Lack of Teaching and Learning Resources: “Teacher and student access to computers,
internet, textbooks, reference materials and audio-visual aids is essential for effective teaching
and learning.” Their account of the “blackboards, worn to the point where we had to repaint
them,”being“the only resource we had to fall back on” depicts the reality teachers and
students face at all levels of education. “Chronic lack of resources contributes strongly to the
lack of teacher motivation,” they noted.



Poor English Skills (this is a fundamental issue, so it warrants an extended quote): “In the
1970s and 80s, PNG education was moving strongly toward English because English was the
official language of the country. As we returned to PNG in July 2010, we expected the
population to be speaking good English assuming that over the last 38 years two generations
or more of students would have learned English well during their schooling. We were
surprised to find that instead Pidgin continues as the language of choice. As Pidgin was being
taught at the primary and elementary school levels and even being used in high school by
teachers in the course of daily instruction, English skills are sadly lacking throughout the
population. Such practices put students facing grade 12 final examinations requiring the
skilled use of English at a great disadvantage. These students have great difficulty
comprehending examination questions and expressing their answers in proper written English.
The national examinations in science, and in fact in all subjects, demand a certain level of
English proficiency that our grade 12 students simply did not have. When students lack
proficiency in English, even if they understand the prescribed science concepts and their
application, they will not be able to read, understand and answer the questions posed.
Tragically, such poor comprehension of English contributes to poor performance in all grade
12 subjects. This problem must be addressed and remedied or the standard of English
speaking and comprehension will continue to deteriorate bringing the whole standard of
education in PNG down with it.”

Here is a selection from a very long list of recommendations they offer:
 Make education a top budget priority. Allocate sufficient funds to raise the standard of
education in PNG to an internationally acceptable level upon completion of grade 12.
 Factor in the costs of development/adaptation of a national curriculum, assessment and
student and teacher resource package, the upgrade of educational facilities, provision of
teaching and learning resources, including computers, internet access, textbooks, audio-visual
aids and subject-specific equipment and supplies, teacher training and professional
development programs to bring English skills, assessment, development skills and teaching
expertise to a level appropriate to deliver a new higher standard syllabus.
 Assure each student has access to functioning and current computers, internet access,
adequately stocked library and a text book for each course.
 Assure teachers have access to reliable computers and the internet and are provided with the
audio-visual aids, texts and teacher guides required to support their implementation of the
syllabus. Science teachersspecifically require budget for maintenance, upgrading and
replacement of materials needed for practical activities.
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Increase teacher salaries and the quality of teacher housing to attract strong candidates into
the profession.

With regard to proficiency in English, they insisted that, even though the National Educational Plan at
the time specified that the language of instruction for grades 1-3 should be that of the community
(TokPles), they argued that English should be taught on a daily basis right from Elementary 1, quoting
research on language learning, which indicates that “early introduction and use of a second language
is the most effective method for students to become fluent.” Therefore, they recommended that:



English should become the exclusive language of instruction from grade 4 onward.
Professional educators, lacking in proficiency, shouldbe helped to boost their English skills to
the required level: complete fluency in English for all educators must be the number one
priority in teacher training.

In their concluding remarks, they warn, “The political stability of PNG will ultimately be affected if
the government fails to respond [to the issues they raised] appropriately. PNG must make swift
changes to the educational system if the country is to remain a stable democracy with a healthy
economy. Without a strong cohort of citizens educated to acceptable international standards to
provide leadership and expertise for development and management of the country’s infrastructure and
public services the standard of living for the average citizen will not improve. This would be a tragedy
as PNG has the potential to do so much better.”
According to the recent survey (Temple 2014), the vast majority of UPNG students also believe that
children should be taught English at the earliest possible age, because they will need their English
skills to do well at secondary and tertiary levels of education: 91% of eighty-six students from the
Schools of LawLaw, Business Administration and Management, Natural and Physical Science, as
well as from the School of Humanities and Social Sciences held that view (their essays are available
for download on the Linguistics & Cognitive Science website @ www.templeok.com under the
RESEARCH tab (scroll down to “Students’ Voices: On vernacular Education, Cultural and
Linguistic Change&Preservation Survey 2014”).
Call for pragmatism in language education
We totally support these calls for pragmatism in the National Education Policy: English should be the
language of instruction at all levels of education, with vernacular language to be taught as a subject.
We see this as the most effective way forward, because English is the Master Key to all the
knowledge stored on the Internet; it will give all Papua New Guineans, irrespective of their Tok Ples
or ethnicity, access to quality education. PNG urgently needs highly skilled professionals whose
competencies are in compliance with international standards. Linguistic diversity presents numerous
logistic and financial challenges that can only be overcome by selecting the most appropriate vehicle
for knowledge transfer (we cannot use a car to cross an ocean). Demographic shifts, especially in the
smaller speech communities, require a thoughtful government policy in promoting that vehicle for
communication and knowledge transfer that most appropriately suits the needs of the country – that
will get us where we want to go; for example, the Ku Waru people, who progressively view English
education as best for theirchildren (Rumsey: 2014); UPNG Students’ Voices (Temple 2014), etc. To
add to these examples, here is the story of the Hamtei people of the Gulf Province, in the words of my
co-author, Justin Nobeda. Currently an anthropology student at UPNG, he was the Head Teacher at
the Kanabea community school, where he taught the Elementary 3 (‘bridging’ to English) classfor
over 6 years.
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Vernacular education through the eyes of a ‘bridging’ teacher: Mr. Nobeda
The name of my Language is Kame’a. The name of my People is Hamtei. We have approximately
36,000 Kame’a speakers in Kantiba area alone. Ours is a very isolated area – that is why Tok Pisin is
not widely spoken, and elementary education has been conducted in Kame’a.

Caption:My school, Kanabea; for six years, I taught here.

Caption: Justin’s 2012 Class with over 100 students.

Each class had over a hundred students. Here is one of the photos I took of my 2012 class:
Generally, 3rd graders cannot read or write a sentence –12-13 year oldscan only read or write a few
isolated words, i.e.,
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anga (house); inga (bird); e’a (water); sa’a (animal); sopa (smoke); or pit’a (black).
Why is that? I attribute it to many contributing factors, among them
1. Inadequate teacher training:
 To become teachers, 10th-graders take a 6-week course
 Teacher ‘trainers’ themselves are not familiar with Kame’a phonology
 No standard orthography; i.e., the Kame’a lower faringeal phoneme [kh] is confusing
to both students and teachers – there is no standard way of representing it in writing:
These words could be written as:
ko - lowland pit-pit
qo, go, co
kho – footprint

qo, go, co

kha – bilum

qa, ga, ca

2. Inadequate infrastructure causes overcrowding and unacceptable students to teacher
ratios: How can teachers respond to the individual needs of their students in a class of over a
hundred?
3. Lack of teaching materials: Basic teaching and learning aids, such as chalk and blackboards,
textbooks, reading and writing materials are in short supply; Internet access is just a dream.
It is then no wonder that my Elementary 3 students had acquired no knowledge to ‘bridge’ to English
– basically, they had been left to drift, with no help or guidance, throughout their elementary school,
until they became teenagers.
CONCLUSION AND RECOMMENDATIONS:
Only pragmatic education strategies that will produce the human resources needed to achieve the
responsible and sustainable national and regional development. Peter O’Neil’s government has made
the step in the right direction, but more must follow. We recommend that:


In order to establish national educational standards, commensurate with international, English
must be made the medium of instruction at all levels of formal education in PNG context,
with local vernaculars taught as a subject by fluent speakers of the local language.



Teacher trainingand professional development must be properly funded



Investment in infrastructure developmentmust be adequate to the growing needs of the society
for skilled workers



Standard text books and teaching materials must be made available at all levels of education



The use of digital technologies in the classroom should be encouraged (i.e., Internet and smart
phones, etc.).

Some of the many practical advantages of using English at all levels of education are:
 English teachers can be better (and more cost effectively) trained


Teaching materials are easily available



Standard grammar and orthographyin English = better, more effective communication
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English is a ‘world’ language– it is the key to the world, and all human knowledge; it is the
language of the Internet.



Pragmatic education strategies will bring about sustainable national development!

About the Authors:
Olga Temple teaches linguistics @ Linguistics & Modern Languages, SHSS, UPNG
Justin Nobeda, the Head Teacher in the Kanabea community primary school, Kaintiba, the Gulf
Province (2006-2012), currently studies anthropology @ UPNG.
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ABSTRACT:
The impact of micronutrient deficiency on sustainable development is multifaceted – it often leads to
stunted growth in children, impaired physical, cognitive and psychomotor function, and,
consequently, reduced capacity for critical thinking, impaired learning ability, lower work capacity
and, therefore, reduced productivity. Inadequate intake and utilization of iodine can result in a
spectrum of diseases, collectively called Iodine Deficiency Disorders (IDD). Iodine deficiency is the
world’s greatest single cause of preventable mental retardation. Universal salt iodization (USI) is the
most effective and sustainable intervention strategy for prevention, control, and elimination of IDD in
a population. USI strategy was implemented in Papua New Guinea (PNG) in June 1995 with the
enactment of the PNG Salt Legislation, which banned importation and sale of non-iodised salt. The
PNG Food Sanitation Regulation (PNFSR) stipulates that the iodine content in all salt used in PNG
should not be less than 30.0ppm. This paper presents the data obtained in some mini-surveys aimed at
monitoring the iodine content in the brands of salt sold in the National Capital District (NCD) from
2009 to 2014 and in other cities in PNG. The iodine content in each brand of salt was measured using
the single wavelength semi-automated WYD Iodine Checker Photometer. In NCD, a total of 15 brands
were purchased and analysed in 2009, 12 brands in 2010 and 2011, 14 brands in 2012 and 2013 and
16 brands in 2014. In 2009, the iodine content was below 30.0ppm in 7 (46.7%) of the 15 brands of
salt, indicating violation of the PNFSR. In 2010, 6 (50.0%) brands were in violation of the PNFSR.
The other results will be presented and compared with the brands of salt sold in three other major
cities in PNG. In conclusion, the situation analysis of the status of implementation of the USI strategy
in NCD can be characterized as “existent but needing strengthening”. Our findings indicate the need
for an efficient, sustainable, systematic and functional monitoring system to strengthen and improve
on the implementation of the USI strategy in Papua New Guinea.
Keywords: Iodine deficiency, iodized salt, salt brand, Papua New Guinea.
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INTRODUCTION:
Inter-generational and Intra-generational equity involves fulfilling collective responsibilities to ensure
a safer, cleaner, healthier and more inclusive world for today’s children, and for their children [1, 2].
The United Nations (UN) Resolution on the “The Future We Want”, states that “We will also consider
the need for promoting intergenerational solidarity for the achievement of sustainable development,
taking into account the needs of future generations” [1]. Recent WHO, FAO, UNICEF reports
indicated that sustainable development starts in early childhood [1 – 3]. The real and effective
development in a society can occur if sustainable development is aimed at supporting the “whole
child”, by promoting and safeguarding the child’s emotional, social, physical, cognitive development
and basic livelihood needs [1 – 3]. According to the Lancet group, adequate nutrition is “A
quintessential sustainable development goal” [4].
One of the major requirements for achieving these laudable objectives and goals is to ensure the
availability of adequate nutrition for the vulnerable groups in the population. These groups include
pregnant and lactating mothers, infants, young children and adolescent women.
The negative impact of malnutrition on sustainable development is multifaceted - it often leads to
stunted growth in children, impaired physical, cognitive and psychomotor function, and,
consequently, reduced capacity for critical thinking, impaired learning ability, lower work capacity
and, therefore, reduced productivity in affected countries. It may also affect Public Health policies and
strategies for prevention and control of malaria, Tuberculosis (TB), HIV/AIDS and other diseases [1 –
3]. One of the specific examples is the impact of iodine deficiency on health. Iodine is required for
biosynthesis of the Thyroid Hormones {Thyroxine (T4), Triiodothyronine (T3)}.
Low dietary intake and utilization of iodine can cause the spectrum of diseases, called “Iodine
Deficiency Disorders (IDD)”. Iodine deficiency (ID) is the world’s greatest single cause of
preventable mental retardation [5, 6]. Effects of Mild to Moderate ID are manifold. In apparently
normal children it causes, mild neurological changes, impaired learning ability, underperformance in
school, poor performance in psychometric tests [5 – 7]. In adults, low intake of iodine can cause,
hypothyroidism, which is characterized by: low energy levels, dry scaly or yellowish skin, tingling
and numbness in extremities, weight gain, forgetfulness, personality changes, depression, anemia,
high blood cholesterol, etc [6].
Universal Salt Iodization (USI) is the most effective and sustainable intervention strategy for
prevention, control, and elimination of ID in a population. The Pure Food Standards of the Papua New
Guinea (PNG) Pure Food Act of 1970 were amended in June 1995, promulgating the PNG Salt
Legislation as the legal instrument for implementation of the Universal Salt Iodization (USI) strategy
[8]. The Pure Food Standards, which were further amended in 2007 as the PNG Food Sanitation
Regulation [8, 9] stipulates that “Salt, other than Table Salt, shall contain Potassium Iodate (KIO 3) in
proportion of not less than 50ppm and Iodine content shall be not less than 30ppm (30mg iodine in
1000g of salt). Table Salt shall contain Potassium Iodate in a proportion not less than 70ppm and
Iodine content shall be not less than 40ppm.
One of the nutritional objectives in the current PNG National Health Plan (2010 – 2020) is to
eliminate ID and to monitor the availability and utilization of iodized salt at district and provincial
levels [10]. This is important to improve the health and wellbeing of all Papua New Guineans so as to
be a “Smart, Wise, Fair, Healthy and Happy Society” as indicated in “The PNG Vision 2050” [11].
Thus, the need to ensure effective implementation of the PNG Food Sanitation Regulation cannot be
overemphasized. This paper presents the data obtained in mini-surveys aimed at monitoring the iodine
content in the brands of salt sold in the National Capital District (NCD) and in other cities in PNG.
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MATERIALS AND METHODS:
The study sites were NCD, which included Port Moresby the capital of PNG, Gouno in Lufa district
Eastern Highlands Province (EHP), Wewak the capital of East Sepik Province (ESP), Lorengau the
capital of Manus Province, and Lae city the capital of Morobe Province. Convenience sampling was
used to select three different trade or retail stores in the study sites. One package of each available
brand of salt was purchased from each of the three different retail shops or trade stores. Thus, a total
of three packages per brand were obtained from each of the study sites. The salt packages were
transported to the Micronutrient Research Laboratory in the Division of Basic Medical Sciences
(BMS), School of Medicine and Health Sciences (SMHS) University of Papua New Guinea (UPNG)
for analyses of their iodine content.
The iodine content in each salt package was measured in duplicate using the WYD Iodine Checker
[12]. Internal quality control (QC) monitoring of the assay procedure was by “Westgard” Rules using
Levy-Jennings Charts.
Microsoft Excel Data Pack 2007 and the Statistical Package for Social Sciences (SPSS) software
(version 15) were used for statistical analyses of the data.
The results obtained were interpreted using the 30ppm cut-off point proposed in the PNG Food
Sanitation Regulation [8, 9, 13].
(NB: 1.0ppm = 1.0mg iodine in 1.0kg of salt).
RESULTS AND DISCUSSION:
The mean ± standard deviation of the iodine content (ppm) in all the packages for each brand of salt
was calculated. The results obtained were separated using the 30ppm cut-off point recommended in
the PNG Food Sanitation Regulation (PNGFSR). The names of the different brands of salt presented
in the results were omitted because permission was not granted for that purpose. The brands of salt are
represented by alphabets selected randomly. However, the names of the brands of salt are presented in
Table 1, Annex 1 in a random order.
In 2009 a total of 15 brands of salt were purchased in the NCD. Of the 15 brands of salt 12 (80.0%)
were imported into PNG. The mean iodine content (ppm) in each of the different brands is presented
in Figures 1 & 2. The iodine content in 7 (46.7%) of the 15 brands was below the 30ppm cut-off in the
PNGFSR. This indicates failure in the implementation of PNGFSR.

Fig. 1: Coded brands of salt with Iodine content Fig. 2: Coded brands of salt with iodine content
<30.0ppm sold in NCD in 2009
≥30.0ppm sold in NCD in 2009
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A total of 12 brands of salt were available in the trade and retail shops in NCD in 2010. The imported
brands of salt were 9 (75.0%). The Iodine content in 6 (50%) of the 12 brands was below 30ppm,
which indicates failure in the implementation of the PNGFSR. Similar results were obtained in the
mini-survey in NCD in 2011. The results for 2010 and 2011 are presented in Figures 3 & 4.
Fig. 3: Coded brands of salt with Iodine content Fig. 4: Coded brands of salt with iodine
<30.0ppm sold in NCD in 2010 and 2011.
content ≥30.0ppm sold in NCD in 2010 and
2011.

In 2012 and 2013 a total of 14 brands of salt were available in the trade and retail stores in NCD. Of
the 14 brands of salt 9 (64.3%) were clearly identified as imported into PNG. The iodine content in 10
(71.4%) brands was below the 30ppm cut-off, which indicated failure in the implementation of the
PNGFSR. Figures 5 and 6 show the results obtained in 2012 and 2013.
Fig. 5: Coded brands of salt with iodine content Fig. 6: Coded brands of salt with iodine
<30.0ppm sold in NCD in 2012 and 2013
content ≥30.0ppm sold in NCD in 2012
and 2013

The results obtained in the mini-survey in 2014 are presented in Figures 7 and 8. A total of 16 brands
of salt were available in the trade and retails shops in NCD. The clearly identified imported brands
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were 12 (75.0%). The iodine content in 11 (68.8%) of the 16 brands were below the 30ppm cut-off
indicated in the PNGFSR.
Fig. 7: Coded brands of salt with iodine content Fig. 8: Coded brands of salt with iodine
<30.0ppm sold in NCD in 2014
content ≥30.0ppm sold in NCD in 2014

The mean iodine content in each of the different salt packages purchased in Wewak, Lufa, Manus and
Lae are presented in Figures 9, 10, 11 and 12 respectively.
In Wewak 8 brands of salt were available in trade and retail shops in 2013. Iodine content was below
30pp in 7 (87.5%) of the 8 brands of salt.
Fig. 9: Coded brands of salt with iodine content <30.0ppm and those ≥
30ppm sold in Wewak East Sepik province in 2013.

A total of 4 brands of salt were available in Gouno Lufa district EHP in 2012. The Iodine content was
below 30ppm in 2 (50.0%) of the 4 different brands of salt.
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Fig. 10: Coded brands of salt with iodine content <30.0ppm and those ≥
30ppm sold in Gouno Lufa district EHP in 2012.

In 2014 a total of 6 different brands of salt were sold in Lorengau Manus province. The iodine
content was below 30ppm in 2 (33.3%) of the 6 different brands of salt.
Fig. 11: Coded brands of salt with iodine content <30ppm and those ≥
30ppm sold in Lorengau Manus province in 2014.

In Lae city 8 different brands of salt were available in the trade and retail stores in 2014. The iodine
content was below 30ppm in 5 (62.5%) of the 8 brands of salt.
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Fig. 12: Coded brands of salt with iodine content <30.0ppm and those ≥
30ppm sold in Lae city Morobe province in 2014.

Our data indicate that by comparison 71.4% and 68.8% of the brands of salt sold in NCD in 2013 and
2014 respectively had iodine content below 30ppm (Fig. 13). This very close similarity may indicate
the lack of systematic monitoring of implementation of the PNGFSR. This should be of concern to
program planners of the salt iodization program in the PNG National Department of Health (NDOH).
Port Moresby is the major port of entry of imported goods, such as salt, into PNG. The need for
effective monitoring of the iodine content in the over 70% of salt imported into the country cannot be
over emphasized.

Fig. 13: Comparison of the percentage (%) distribution of the brands of salt
with iodine content below and above 30ppm sold in NCD in 2013 & 2014.

Our findings also indicate default in the implementation of PNGFSR in the other 4 study sites; the
highest percentage of salt brands with iodine content below 30ppm was in Wewak followed by Lae
city. This indicates the need for effective monitoring of the implementation of the PNGFSR in
Wewak, Gouno, Lorengau and Lae. It is important that program planners in these cities carry out
intensive nutrition education, information and awareness campaign to advocate for appropriate
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monitoring of iodized salt at the point of entry, point of distribution in the provinces and districts, the
major retail outlets and in the households.
Fig. 14: Comparison of the percentage (%) distribution of brands of salt with
iodine content below and above 30ppm sold in Wewak, Gouno Lufa, Lorengau
and Lae.

CONCLUSION:
Our findings indicate that the iodine content was below 30ppm in many of the brands of salts sold in
NCD, Gouno Lufa, Wewak, Lorengau and Lae. The findings strongly suggest systematic failure in the
implementation of the PNG Food Sanitation Regulation in these study sites. This indicates the urgent
need for reassessing the PNGFSR, which is a major component for successful implementation of the
USI strategy in these study sites. The findings also show the need for efficient, sustainable, systematic
and functional monitoring systems to strengthen and improve on the implementation of the salt
iodization and iodine deficiency control programs in the study sites. There is also need, for aggressive
awareness campaign, intensive nutrition education and information emphasizing the significance of
proper storage of iodized salt and for using appropriate amount of adequately iodized salt by the
vulnerable groups in the various communities in PNG.
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Annex 1:

NCD 2009
Saxa Rock Salt
(Sea Salt Crystals)
Cerebros table salt
Crown table salt
Saxa table salt
Saxa Cooking Salt
Saxa Sea Salt
Crystals Iodised
Healthy Choice
Salt
Saxa iodised table
salt
Crystal salt
Jumbo fine salt

NCD 2010 &
2011

Lorengau Manus
2014

Lae city 2014

Cerebros table
salt
Crown table salt
Saxa table salt
Saxa table salt

Saxa iodised
table salt
Crystal salt
Jumbo fine salt

Saxa Iodised Rock
Salt (Sea Salt
Crystals)
King Budget Salt

Kooka iodised salt
Tru cook salt
Majesty Salt

Table 1: Brands of salt sold in NCD and other areas in PNG
NCD 2012 &
NCD 2014
EHP 2012
Wewak
2013
2013

Kooka iodised
salt
Tru cook salt

Saxa iodised
table salt
Crystal salt
Jumbo fine salt

Saxa iodised
table salt
Crystal salt
Jumbo fine salt

Saxa iodised table
salt

King budget salt

King budget salt

King budget
salt

Tru cook salt

Tru cook salt

Tru cook salt Trucook salt

Crystal salt
Jumbo fine
salt

Cap krista
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Crystal salt
Jumbo fine salt

Tru cook salt

Tru cook salt
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Cerebros
iodised table
salt
Majestic fine
iodised salt
King fine salt

King fine salt
5-Star salt
Bakery delight
Black and Gold
iodised salt
Fabulus table salt
Mermaid Sel De
Iode
Olssons
Australian table
salt
Right choice fine
salt
Star salt

5-star salt

5-star salt

5-star salt

Mermaid Sel De
Iode

Right choice fine
salt
Star salt
Saxa lite table
salt
Perfect choice
iodized table salt
Revela fine
iodised salt
5-Star iodised
fine table salt
Sunny select
iodized salt
Mermaid Sel De
table
Australia’s own
Saxa iodized
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Star salt

5-star salt

Star salt
Saxa lite table salt
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rock salt

Payless
iodized salt

Lion salt
Ezy cook
iodised salt
Sel sky salt
Payless
iodized salt

Lion salt

Payless iodized
salt
Saxa natural sea
salt Flakes
Saxa nautral lower
sodium sea salt
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Nuku District Project Management Team, P.O. Box 57, Nuku West Sepik Province. Ph: 326 6396
Corresponding Author: jwsowei@gmail.com
*Vice Minister for Inter-Government Relations and Member for Nuku
**Stakeholder Interface, Nuku District Project Management Team
ABSTRACT
The Papua New Guinea (PNG) Vision 2050 has challenged the system of governance in creating
conducive environment that will “create opportunities for personal and national development through
economic growth, smart innovative ideas, and quality service to ensure fair and equitable distribution
of benefits in a safe and secure environment for all citizens”. Pre-Independence system of governance
under the Australian Department of District Services and Native Affairs was centred on districts to
deliver basic social services and establish order among native tribes to unite to develop the districts
and the country. Post-Independence, the Organic Law on Provincial and Local-level Government
created three levels of Political and Administrative Governance system. The Organic Law allowed for
the Provincial Government to be formed by elected representatives from the Local-level Government
areas in the districts; an elected representative for the District (Electorate) for the National
Government. However, over the years the social and economic indicators have reflected badly on the
three levels of governance system to facilitate effective delivery of social services to the majority of
people in the districts. The Alotau Accord of 2012 has provided a way forward to establish the
District Development Authority (DDA), the Provincial Support Improvement Program (PSIP),
District Support Improvement Program (DSIP), and Local-level Government Support Improvement
Program (LLGSIP). Under this arrangement DSIP and LLGSIP would be transferred from the
National Treasury Department direct to the District Treasury Account. Ten (10) million Kina has
been paid to District Treasuries under the 2013 and 2014 budget appropriation. Drawdown of funds
in the 89 districts in the country to facilitate service delivery to the rural majority is still problematic.
The challenges of managing change for the good of the people using the DSIP and LLGSIP funds will
depend on qualities of a Political Leader. Nuku District Development Authority has initiated service
delivery concepts that seem to provide a way forward for a “Model Service Delivery Concept” to
share with other districts of PNG.
Keywords: Government, local, provincial, district, service, delivery, electorate
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INTRODUCTION:
The service delivery concept pre-independence was administered through an Administration system
we refer to in this paper as the ‘Kiap System’. Bob Cleland, son of former Territory of New Guinea
Administrator, late Sir Donald Cleland, in his book ‘Big Road’ described a system of Governance
under the Australian Department of District Services and Native Affairs (DDS&NA). Cleland (2010)
wrote:
The Pidgin word kiap, probably derived from the German kapitan (captain or skipper), is a
word that was usually used throughout PNG to describe a field officer of DDS&NA. It was
usually qualified to distinguish different levels of seniority and responsibility. A District
Commissioner in charge of a District was Namba wan kiap (number one kiap); his deputy, a
District Officer or an Assistant District Officer was Namba tu kiap (number two kiap); other
ranks were just kiap; and a cadet patrol officer was Liklik kiap (little kiap).
Under the ‘Kiap Administrative Structure’, the Administrator based in Port Moresby administers
the operations for respective districts in the territory. Each district was administered by a District
Commissioner, who is assisted by junior staff under him, the District Officer or Assistant Officer, a
Kiap and Cadet Patrol Officer. The line of communication was from the Administrator based in Port
Moresby to the District Commissioner and the lower ranking Officers under him manning the
administrative centres.
In the inland Sepik region, or what was latter commonly referred to as the ‘Central Sepik’, the District
Administration Centre was located at present day Lumi where the kiaps would conduct patrols and
carry out village census and other administrative duties for Green River, Aitape, Lumi, Nuku,
Dreikikir, and Ambunti (George Oakes, per. Comm).
After Political Independence on 16th September 1975, a number of Political reforms were undertaken
which facilitated the administrative arms of government to administer the flow of basic social services
such as Law and Justice, Health and Education. These reforms were initiated to facilitate the flow of
services to the rural people. Little did we know that political and administrative processes were likely
impediments for the efficient flow of financial services to facilitate the service delivery process.
The enabling Legislation of the Organic Law on Provincial and Local-level Government paved way
for establishing the Provincial Government System and the Provincial and District Administration
system. The four districts of West Sepik had zones where there were Elected Representatives on the
Provincial Assembly, with a Provincial Government headed by the Premier, Treasurer, Speaker and
Provincial Ministers forming the Legislative Assembly. Regional and Open Members were mandated
representative on the National Parliament.
There were three administrative systems: the National System, Provincial System and District System
of Governance. The Provincial Treasury was managing the financial system and disbursing funds
intended for district projects including functional grants. Different level of political, administrative
and sectoral service delivery mechanisms has not been able to facilitate efficient delivery of services
to the people in rural communities.
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Table 1: Political Representation after the Organic Law on Provincial and Local-level Government
and after the legislation was amended.
National Government

Provincial Government

Open Electorate

Organic Law on PLLG

Nuku Electorate

1 x Open MP

1 x Open MP

1 x Governor

Premier
Speaker
Treasurer
Departmental Ministries
Back Benches

4 x Provincial MPs

84 x Census Unit Councillors
Revised Organic Law on PLLG
1 x Provincial Governor
1 x Open MP

1 x Provincial Governor

1 x Open MP
4 x LLG Presidents
84 x Ward Members

Table 2: Administration system pre-independence (Kiap Days) and post-independence

Port Moresby Administration

Provincial Administration

Pre-Independence
Administrator

District Administration
Central Sepik District

No Provincial Administration District Commissioner (Nambawan
Kiap)
District Officer/Assistant District
Officer (Nambatu Kiap)
Cadet Patrol Officer (Liklik Kiap)
Luluais & Tultuls

Post-Independence
Chief Secretary

Provincial Administrator

District Administrator

Multi-lateral and bi-lateral development partners have not been convinced that the administrative and
financial management processes of the National and Provincial Government system was unable to
facilitate their efforts to align counter-part funding and development assistance to enhance the service
delivery process.
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The difficulty of the PNG Government System to facilitate development partner assistance in
efficiently and transparently manage funds was the impetus for major development partners to design
their own Program Management Systems such as the Australian Aid Agency’s Community
Development Scheme (CDS). Alternatively, Department of Foreign Affairs and Trade (DFAT) have
opted to outsource to Service Providers such as URS, GRM, and Coffey to manage development
programs in the country.
The service delivery process seems to have been constrained by the inability of three levels of
political and administrative systems to efficiently manage the processes aimed at delivering the
intended outcomes of improving the Human Development Indicators (HDI). It seems the quality of
Political and Administrative Leadership has been the stumbling blocks to the efficiency of the service
delivery process.
To complement the HDI, a study was commissioned by the Department of National Planning and
Monitoring to identify the Disadvantaged Ranking Index for the 85 districts using five categories
(Hanson, et., al., 2001):
1.
2.
3.
4.
5.

Land potential;
Agriculture pressure;
Access to services;
Income from Agriculture; and
Child malnutrition.

The Disadvantage Ranking Index has provided the basis to guide development planning in the
districts. The 85 districts that were surveyed were classified according the Disadvantage Ranking
Index:
1.
2.
3.
4.

Extremely disadvantaged;
Seriously disadvantaged;
Moderately disadvantaged; and
Not disadvantaged.

The HDI values and the Disadvantage Ranking Index is a projection of the general wellbeing of the
people in respective districts. However, the dataset available for the district is not representative of the
real conditions, which are subjected to geographical and agro-ecological conditions that exist within
the district. In Nuku District, people of Maimai-Wanwan Local-level Government (LLG) have been
denied access to basic social and economic services over the past 30 years as a result of lack of
transport infrastructure.
To compensate for differences that exist within the district, a baseline survey was undertaken in
October 2012 for Nuku district. Stakeholder consultations were conducted to document issues of
concern and aspirations of the people Nuku Electorate.
The district development Program Plan 2014-2018 was formulated using the qualitative and
quantitative data that was compiled from the baseline survey. The development plan became the
roadmap for the Joint District Planning and Budget Priorities Committee (JDP&BPC) to plan and
prioritise projects for respective programs that have been identified.
However, the bureaucratic and financial process was still a major impediment in timely release of
funds to the districts for service delivery projects. The development plan is the requirement of the
New Organic Law on Provincial and Local-level Government.
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The District Centred Development Concept was the system of service delivery that was in place
during the ‘Kiap Days’ from the 1950s until after Papua New Guinea’s Political Independence in
1975. This post-independence service delivery mechanism was designed to emulate the initial service
delivery process. However, the enabling legislation that established the Provincial and Local-level
Government system was designed with good intentions but administrative instruments did not allow
efficient flow of goods and serviced to the majority of people in rural areas.
The instruments or an operational guideline to empower the Ward Development Concept was the
brainchild of like-minded professionals, Joseph Sungi in his capacity as the Provincial Administrator
of West Sepik and James Ogia, in his capacity as the Corporate Management Advisor with the
Provincial and Local-level Government Program (PLGP) for West Sepik. It was during the
interactions that the concept of a Ward Development Policy was developed. This policy was used as
an instrument to sell to Bank South Pacific (BSP) to establish Ward Development Accounts. Through
this initiative, West Sepik is the only Province in the country that has established Ward Development
Accounts for all the 346 Wards.
After establishing the Ward Development Accounts and with an understanding of the impediments to
the Political and Administrative processes, Joseph Sungi was prepared for his next challenge; to be
involved at the Policy-level to drive the Ward Development Concept.
During the campaign trail he had three platforms: (1) Transport Infrastructure Development; (2)
Economic Sector Development; and (3) Ward Development. When he was declared as the mandated
Leader of the people of Nuku, he wasted no time but to travel to Alotau to form Government with the
Ruling Party, the People’s National Congress Party (PNC). He was fortunate to have been given the
task to represent the National Alliance Party (NA) to be involved in writing the Maiden Speech for the
Prime Minister, Hon. Peter O’Neill.
The opportunity presented itself for Hon. Joseph Sungi to make it his business that his dream of
shifting funds directly to the districts was brought to fruition. In that speech he made sure that there
must be a way out from the current system of administration from Waigani to shift funds direct to the
districts. The District Support Improvement Program (DSIP) was the source of direct funding to the
District Treasury that was captured in the Maiden Speech that was prepared for the Prime Minister.
District Development Program Plan 2014-2018
The Provincial and District Development Plans are roadmaps used to guide development initiatives
aimed at improving the social and economic development indicators identified in the United Nations
Human Development Index (UNHDI) and the 1998 Papua New Guinea Human Development Report.
The Minister launched Nuku District Development Program Plan 2014-2018 for National Planning
and Monitoring Hon. Charles Abel on 14th June 2013. Under the Political Leadership of Hon. Joseph
Sungi, the first-ever District Development Plan for Nuku was launched to provide a road map for
development initiatives designed to improve or eliminate the impediments of service delivery for the
people of Nuku.
The concept of Provincial Integrated Development Planning, Implementation and Management
Process (PIDPIMP) was used to formulate the Nuku District Development Program Plan 2014-2018.
The planning process is in response to Section 32A and Sub-Section 3(b) of the Organic Law on
Provincial Government and Local-Level Government (OLPGLLG) which stipulates that Provincial
Governments and Local-level Governments must have five year development plans.
There are 84 Wards that make up the four Local-level Governments in Nuku district. Under the
OLPGLLG, this means that 84 Ward Development Plans must be produced as the basis to frame the
District Development Plan. However, the Provincial Planning Team reviewed the development
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planning process and opted for an alternative, and that is to have only one development plan for the
district. The 84 Wards will only have a list of projects, which should be in line with the development
programs identified in the District Development Plan.
Nuku District Development Program Plan 2014-2018 envisioned to deliver the National
Government’s commitment to the UNHDI through the PNG Vision 2050 by improving the general
wellbeing of the people of Nuku district. Five parameters, which include, land potential, agriculture
pressure, access to services, income from agriculture, and child malnutrition were used in the Rural
Development Handbook as the basis to identify disadvantaged districts in PNG (Hanson et. al., 2001).
These parameters have been used to frame an appropriate Mission Statement for the Nuku District
Development Program Plan: “with God, we strive to improve the basic standard of life for our people
and be ranked amongst the top 20 districts in the country that have access to quality social and
economic services and development opportunities”.
Over the years, we have been advised to undergo reforms of the governance system in managing
service delivery to the rural majority. Irrespective of the types of approaches, the bottom line is that
“Effective Service Delivery rides on Good Governance, Good Financial Management, Commitment
of implementing agents, Honest and Transparent Deals with Service Providers, and Good
Visionary and Honest Political and Administrative Leadership”. Politics and service delivery
process is also dictated by the personality and character of a Political Leader and his relationship with
key people within the administrative arms of government at the National, Provincial and Local-level
of Government. His/her relationship with the Administrators and Treasurers is just as important to
maintain a transparent process guided by the Public Finance Management Act and the service delivery
process.
The initiatives of service delivery being instituted by a Committed Visionary Leader in Nuku can go a
long way to facilitate effective Service Delivery Strategies that will have immediate and long-term
impacts on improving the social and economic indicators that will contribute to the PNG
Government’s commitment to the United Nations Vision 2050.
Present Condition and Issues of Concern
Qualitative and quantitative data from the baseline survey conducted in October 2012 provided the
basis to identify the present conditions of transport infrastructure, social and economic indicators and
issues of concern. Various community and stakeholder consultations also identified the needs and
aspirations of the people of Nuku. The needs and aspirations of the people are driving development
initiatives in Nuku.
District Development Programs
There are 15 development programs, which were identified in the District Development Program
Plan.
Program 1: Improve access to quality social and economic services and development opportunities
through improved transport infrastructure.
Program 2: Improve and sustain quality health services aimed at reducing infant and maternal
mortality and reducing the rate of malnutrition in the district.
Program 3: Improve and sustain the quality of Education Services to enhance the combined Gross
Enrolment Ration of Grades 1-12 and improve adult literacy.
Program 4: For the people of Nuku district to realize the very high land potential for agriculture,
livestock, inland-fisheries and forestry; through improved extension and support services.
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Program 5: Strengthen the capacity for law enforcement, magisterial and correctional services in the
district to create a safe environment to administer social and economic service delivery and for the
people to conduct their business safely.
Program 6: Through a community engagement program, harness the ability of people to have a
positive outlook in life to bring about change in personal development as a starting point for
sustainable long-term impacts of community development initiatives undertaken to improve the
indicators that determine a better quality of life.
Program 7: Through improved commerce and economic extension and development services,
promote small to medium enterprises and manufacturing as a means of wealth creation to support
rural economic growth.
Program 8: Promote good governance through effective administrative services at the District
Headquarters and Local-level Government administrative centres.
Program 9: Improve internal audit and inspection services that will strengthen the financial
management and tracking system of the district
Program 10: Enhance the capacity of the manpower of the district workforce to facilitate the service
delivery process for the strategic development objectives
Program 11: Facilitate land access for government service centres and assist customary landowners
mobilize and make land available for potential investment to promote rural economic growth in the
district.
Program 12: HIV and AIDS have been given prominence as a development issue at all levels of
government. Awareness and mitigation measures are required to reduce the rate of infection that is
prevalent in the economically active age group; it is this age group who are also the sexually active
age groups.
Program 13: Promote culture and tourism potential in the district.
Program 14: Identify common disasters that are prevalent in the district and establish a disaster
preparedness and mitigation strategy to deal with natural and man-made disasters when they happen.
Program 15: Support capacity building for Ward Members and Ward Development Committees to
take ownership and drive service delivery projects for respective Wards.
Governance and Political Leadership
A workable formula for rural development is determined by the qualities of a Politician. Development
Initiatives in Nuku District are being managed by a Political Leader who prepared himself while
serving as the Provincial Administrator of West Sepik Province before contesting the Nuku Open Seat
in 2012. There are a number of factors that determine the level of competence and the ability of a
Leader.
 Understand linkages between politics and service delivery;
 Uphold ethics and values of Good Governance;
 Understand roles and responsibilities of the different levels of government;
 Understand the requirements of the Public Finance Management Act;
 Have visionary approaches to alternative methods of service delivery: and
 Have good public relations to foster informal relationships between village people, provincial
and district administrations, service providers and others that are important in the logistical
aspects of the service delivery process.
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If the Politician does not know about alternative approaches to service delivery; there will be no
development. For example, delivering impact projects such as road transport infrastructure, relying on
traditional approach of utilizing the Department of Works Engineering Division and private
contractors. We have experienced and know about the capacity of Works Department to deliver road
transport infrastructure projects. The Member for Nuku Hon. Joseph Sungi has opted to engage a
District Engineer on the Project Management Team to oversee the roadworks undertaken through
outsourcing to a Managing Contractor.
Administration and Service Delivery Process
In order for development projects to be delivered, a Political Leader must also be supported by:
 Efficient District Administration Mechanism to facilitate processing of funds for service
delivery programs;
 Provincial Supply and Tenders Board Process to facilitate tendering of good and services to
support the rural development process;
 Outsourcing Technical Expertise to beef-up the capacity of the District Administration (Nuku
District Project Management Team);
 Outsourcing to a Managing Contractor for Infrastructure Programs and other impact projects;
 Establish partnerships with Multi-lateral, Bi-lateral Aid Partners, International and Local
Non-Government Organisations to assist with selected service delivery programs;
 Establish partnerships with Sector Programs such as Provincial Health Authority and
Department of Provincial and Local-level Government Program;
 Establish Networking with other Members of Parliament within neighbouring Electoral
Boundaries to partner in important infrastructure programs that will be of mutual benefit for
the wider community. For example the Nuku-Aitape Road which is providing access to
Banking and other services in the coastal township of Aitape for the people of Nuku,
Yangkok, Lumi in West Sepik and Dreikikir in East Sepik Province.
 Importance of Informal Relationships in the service delivery process. It is important to
maintain informal relations with the Administrators and Treasurers, and the beneficiaries of
the service delivery programs - the people of Nuku Electorate.
In Search of a Service Delivery Concept for the District Support Improvement Program Service Delivery Concept in Nuku District
Outsourcing Technical Expertise to Beef Up Capacity of the District Administration
In Nuku District Hon. Joseph Sungi is piloting a number of pioneering concepts of service delivery.
Outsourcing of technical expertise is an option to support the capacity of the District Administration
in an effort to drive impact projects. There are positive indications that the concept of outsourcing a
Civil Engineer to supervise civil works also outsourced to a Managing Contractor for infrastructure
projects in the district is showing tangible benefits in driving the service delivery process. We are
confident that if this concept works, it could be replicated in other districts in West Sepik and Papua
New Guinea (PNG). The reality is that the District Authorities will eventually phase out the
Provincial Government System and options must be explored now to prepare the districts to handle
the added responsibilities in driving the process of rural development in the country.
The general perception is that if we have an efficient procurement and management system to
complement good governance, the pace of service delivery should be “what you see in the
development plan is what you get on the ground”.

83

Proceedings of RST UPNG Sci. Conf. Nov 2014

Caption: Hon. Joseph Sungi with members of the Nuku District Management Team
Outsourcing to a Managing Contractor for the Road Transport Infrastructure Program
The aspirations and issues of concern of the people are driving development Initiatives in Nuku
District. The most important impact project which has been given prominence is Road Transport
Infrastructure: maintain and upgrade 128 kilometers of existing roads and construct 90.6km of new
roads; a total of 218.6km of roads in Nuku District. This is in response to the slogan of the people of
Nuku district: “give us the road and forget about us”.
Three options were considered for the construction and upgrading of the existing and new roads that
were identified in the district road transport infrastructure schedule. The options for the service
delivery concept for Road Transport Infrastructure were evaluated. As a former Provincial
Administer, Hon. Joseph Sungi is well versed with the limitations of engaging the Work Department
or a private Contractor. The option of the district purchasing the earthmoving equipment and
outsourcing to a Managing Contractor to undertake road works under the supervision of a District
Civil Engineer was endorsed by the Joint-district Planning and Budget Priority Committee
(JDP&BPC).
The Vice Minister of Inter-Government Relations and Member for Nuku has given his commitment to
“secure funding and allocate financial and other resources towards the maintenance and upgrade of
existing infrastructure and construct new transport infrastructure, including roads, bridges, airstrips
and waterways. Specifically his aim is “to provide an all-weather two-wheel-drive road connecting 84
Wards in Nuku.
Earthmoving equipment was purchased using DRIP & DSIP funds and is owned by the people of
Nuku. A Civil Engineer was recruited to oversee roadworks that were outsourced to a Managing
Contractor. This is a pioneering concept that the Member for Nuku has initiated. He has demonstrated
that the concept is much cheaper than the conventional approach of road construction and
maintenance using the Department of Works and Private Civil Contractors that are being used by
other districts throughout the country.
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Program Service Provider

Comments

Roadworks Provincial or District Works

Inflated construction costs
Funds paid to Workd Department is subject to abuse and/or
delayed because of the drawdown process
Lack of capacity of earthmoving equipment; end up hiring
privately owned equipment which is subject to inflated claims.
Roadworks not completed or takes a long time to complete.

Roadworks Private Contractor

Inflated construction costs
Lack of capacity of earthmoving equipment; end up hiring
privately owned equipment which is subject to inflated claims.
Roadworks not completed or takes a long time to complete.

Roadworks Outsourcing Concept: Nuku Model

Concept to be evaluated

Hire of Civil Works Engineer to
supervise Infrastructure Projects
Engage a Managing Contractor
through PSTB
Earthmoving Equipment owned by the
district
Service Contract with the Suppliers of
Earthmoving Equipment

Caption: Nuku station before roadworks (top photograph) and Nuku station after roadworks and
gravelling in September 2014 (bottom photograph).
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Caption: Gravel pit at Yiliwombuk
Immediate Benefits of Road Transport Infrastructure
It is evident that Road Transport Infrastructure provides immediate benefits for Women and Children
to participate in the Informal Sector of the economy. This is an incentive to provide opportunities for
the people of Nuku district to increase the level of household income.
Research evidence shows that people with good road transport access have a high level of income
compared to those that have limited or no road transport access. Furthermore, the more money people
earn, the more they spend (Sowei, J.W. 2008; Sowei et. al., 2003).
The respondent that was interviewed recently had to travel downstream on a motorized canoe from
Kupkain village along the Sepik River to Pagwi and hire a truck and travel through Wosera, Maprik,
and Dreikikir to sell smoked tilapia (makau) at Nuku. The road transport schedule to build a road that
will open up the waterfront along the Sepik River from Nuku will enable easy access for him and
others involved in the trade of smoked tilapia. The families in Nuku also have an option to access the
coastal fish market in Aitape.

Caption: Informal sector trade along the roadside at Mansuku village
The Missing Link: Nuku-Aitape Road
Vice Minister for Inter-Government Relations Hon. Joseph Sungi in his address during the official
launching of the West Sepik PHA Sea Ambulance in Aitape reaffirmed the importance of the MaiTadji Road to the people of Nuku, Lumi and Yangkok. This sea ambulance would only be of benefit
to the people living along the coastal villages of Vanimo, Aitape and the Islands of Aitape. However,
opening up of the access road from Mai to Tadji has meaning for the people of the hinterlands to
access the services of the Sea Ambulance.
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To reaffirm the commitment of Nuku District JDP&BPC, Vice Minister Sungi launched a vehicle
ambulance to be used to transfer referrals from health facilities in Nuku Electorate to access West
Sepik Provincial Hospital in Vanimo through the Sea Ambulance. A cheque of K58,000 was also
presented by Vice Minister Sungi to the Deputy Chairman of West Sepik PHA as contribution from
Nuku Electorate towards the administration costs of West Sepik PHA.

Caption: Google Map showing the Nuku-Aitape Road, an important road link for the people of Nuku,
Yangkok and Lumi to access banking and other services in Aitape and Vanimo.

Caption: Vice Minister Sungi being interviewed by Kundu2 Cameraman at the look-out along MaiCaption: Photo 1 (left): Kundu2 Cameraman interviewing the Vice Minister at Kitawali lookout with
the coast of Aitape in the background. Photo 2 (right): A truck load of cargo and people from
neighbouring Dreikikir (East Sepik Province) travelling to Aitape.
Other Infrastructure Projects
Communications Tower: The communications tower project has been outsourced through the
Managing Contractor arrangement. The JDP&BPC has opted for the district to buy and erect a heavy
duty telecommunications tower. The District Project Management Team has had consultations with
Telecom PNG and has agreed that Nuku district will purchase and erect its own communications
tower. The Nuku District Administration will own the tower and service providers such as Kundu 2,
FM100, Telikom, NBC, Hitron and EMTV will be invited to co-locate on the tower and pay a
monthly rental fee to the District for the use of the tower. That way the district gets to generate
revenue from the tower as well. It's a win-win situation - the district will generate revenue and service
providers make money from the services they provide from co-locating on the tower.
A pre-Installation and Site Visit Assessment Report has been presented by the contractor to the Office
of the Member for Nuku Hon. Joseph Sungi. The Communications Team are of the opinion that the
site is an ideal location for Communication Services that will receive relay signals from Mt. Sapau at
Sibilanga. The tower will be 45m tall and once completed should have a network overage area of
50km. A micro-wave link will be set-up to relay signals to the existing Telikom Exchange at Nuku
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Station.The tower is being fabricated by Tower Master in Malaysia and will ship the components
when the final payment is made to the company. This is the same company that fabricates all Telikom
PNG Towers. If all logistics and the procurement processes are in order, the contractor assured the
Member for Nuku that the Communications Tower should be completed by February 2015.
Institutional Housing Project: The institutional housing project for Nuku district is also being
outsourced through the Managing Contractor arrangement. A standard architectural design including
building specifications is being finalised. The structural design and frames are being negotiated with
the supplier Atlas Steel in Lae to pre-fabricate all steel frames for the buildings that will be shipped to
Wewak and transported to Nuku to be erected.

Caption: Hon. Joseph Sungi receiving the first instalment of K1 million for the institutional housing
project for Nuku district.
The Vice Minister for Inter-Government Relations and Member for Nuku Hon. Joseph Sungi received
a cheque of K1 million on 9th October 2014 from the Public Service Minister Dr. Puka Temu who
presented the cheques on behalf of the Minister for National Planning and Monitoring, Hon. Charles
Abel. One million Kina is the National Government’s counter-part funding for Institutional Housing
Program in the districts. Unlike other MPs, Vice Minister Sungi has secured K1 million from the PSIP
and was waiting for K1 million from the National Government as top-up funding on a Kina-for-Kina
arrangement. This brings the total funding for Nuku District Housing Project to K2 million for this
year.
During the 39th Independence Day Celebration at Nuku, Vice Minister Sungi informed the Public
Servants and the people of Nuku that old institutional houses will be demolished and new houses
constructed under the Institutional Housing Program initiative of the National Government.
The Public Service Minister during his speech to the Members of Parliament (MPs) who were present
during the presentation ceremony highlighted the importance of improving infrastructure in rural
areas to attract qualified Public Servants back to the districts to help improve the service delivery
process. This is in line with the 1995 revised Organic Law on Provincial and Local-level Government
to shift from the Provincial Government System back to the Local-level Government in the districts
where the focus of service delivery programs should be.
Nuku District Hospital Project: The Nuku District Hospital Project has been outsourced to the
newly established Provincial Health Authority (PHA). A meeting was arranged between the Chairman
of West Sepik Provincial health Board and the Acting Chief Executive Officer to meet with Vice
Minister Joseph Sungi on 2nd July 2014.
The purpose of the meeting was to inform the Member for Nuku Hon. Joseph Sungi that the
Provincial Health Plan Document has been submitted to the Department of National Planning for a
proposed funding of K49 million under the Public Investment Program (PIP) for 2015. It was their
intention also to provide a briefing to the Vice Minister on the Provincial Health Plan and the New
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Structure that was recently endorsed by the Sandaun Provincial Health Board and seek views from the
Vice Minister regarding rural health facilities and state of health facilities in Nuku district.
The challenge for West Sepik PHA is how best can the Provincial Health Authority (PHA) deliver
effective health services to 176 LLGs and 346 Wards in West Sepik Province? The aim for West
Sepik Provincial Health Program is to rehabilitate “Primary Health Care” in the province.
In his response the Vice Minister discussed with the PHA Team the following issues:
 Vice Minister Sungi is concerned that the Diocese of Aitape owns most Health Facilities in
Nuku. The Provincial Health Authority needs to establish dialogue with the Diocese of Aitape
on how best to manage the health facilities in Nuku district;
 The PHA to work towards making sure that all health workers in West Sepik Province are to
be paid under the Government’s Payroll System; and
 Vice Minister Sungi gave his assurance to the Chairman and CEO of the Provincial Health
Authority that Funds for Nuku district health program will be handed over to the PHA to
manage for the health program in Nuku.
The PHA Team has completed baseline survey of Health Facilities and staffing requirements. In the
meantime PHA will rehabilitate the existing district hospital facilities and construct a residential
house for visiting doctors from West Sepik Provincial Hospital in Vanimo to provide specialist
medical consultations for patients at the district hospital in Nuku.
The West Sepik Provincial Health Authority Sea Ambulance Service
Minister for Treasury, Hon. Patrick Pruaitch and Vice Minister for Inter-Government Relations Hon.
Joseph Sungi officiated at the Launching of the Sea Ambulance in Aitape on the 12th September 2014.
West Sepik Province is the sixth province in the country that has operationalized the Provincial Health
Authority (PHA) Concept. The West Sepik PHA will be responsible to manage health infrastructure,
staffing and delivery of health service programmes in the four districts in West Sepik. The theme of
West Sepik PHA is “Quality Health Care for Sandaun People”.

Caption: Hon. Patrick Pruaitch, Treasury Minister and Member for Aitape-Lumi and Hon. Joseph
Sungi, Vice Minister for Inter-Government Relations and Member for Nuku Officiating during the
launching of West Sepik Provincial Health Authority (PHA) Sea Ambulance Service in Aitape (top
left); West Sepik Sea Ambulance (top right); Nuku District Hospital Ambulance and Aitape-Lumi
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Heath Support Vehicle for Raihu Hospital (bottom left); Hon. Joseph Sungi presenting a cheque of
K58,000 to the Deputy Chairman of West Sepik PHA.
Independence Day Message from the Member for Nuku Hon. Joseph Sungi
The 39th Independence Anniversary Speech from Vice Minister Sungi to the people of Nuku was loud
and clear. Next year Papua New Guinea will celebrate its 40th Independence Anniversary and will be a
significant milestone for the Independent State of Papua New Guinea. The 40 th Independence
Anniversary marks the beginning of Financial Independence of this country as the LNG revenue
flows into the Government Coffers. Biblically, God’s chosen people were roaming around in the
desert for 39 years and on the 40th year entered Cannan, the promised land of milk and honey.
The road from the “Old Nuku” to a “New Nuku” has started as we plan to drive service delivery
programs with the aim of improving the livelihood of the people of Nuku Electorate. We have the
Vision and Mision to bring about changes that will determine the quality of life of our children and
young people of Nuku.
Planning for the 40th Independence Anniversary Celebrations for Nuku will start early next year. The
grand flag raising ceremony will be held at Nuku district headquarters and the Presidents of respective
Local-level Governments and their organising committees will celebrate in designated locations of
their choice. The celebrations next year will start off on 26th August, the national day of prayer and
continue with church and sporting activities and terminate on the 16th September.
While we are planning and initiating impact projects in Nuku Electorate, we are still confronted with
antisocial behaviour of our young people. Vice Minister Sungi reiterated that the greatest enemy to
our efforts to bring about changes in the district are DRUGS and ALCOHOL. He appealed to all
young people of Nuku Electorate to value life and moves away from bad habits and have a positive
attitude and mind-set in life.
In Search of a Service Delivery Concept Model for PNG
There is a common perception that, if you are doing something good, chances are that people are
watching. Rugby league fans know that potential rugby players standout among the team members
and they attract attention from talent seekers of the code, hand-picked and coached to become
professional rugby league players.
Development concepts and the quality of Governance of the Vice Minister for Inter-Government
Relations and Member for Nuku, Hon. Joseph Sungi has attracted attention of Big-time Development
Partners, in particular AusAID, which now comes under the Australian Government’s Department of
Foreign Affairs and Trade (DFAT).
A high-powered delegation led by Steve Hogg, Councillor Development Coorporation Governance
(Policy & Strategy) met with Vice Minister, his First Secretary, the District Administrator and the
Stakeholder Interface. The meeting lasted for almost one hour where consultations focused on DFAT
interest to assist Nuku District Administration to develop and establish a platform of the approach and
standard of service delivery; documenting and refining Governance and Rural Development Concepts
being initiated by Vice Minister Joseph Sungi in Nuku district. The issue of an efficient coordination
mechanism to accommodate various programs under DFAT and other development partners was also
discussed. DFAT has made an undertaking to ‘start immediately’ through this partnership and work
with Nuku District Administration.
Aspects of the operational arrangements between DFAT and Nuku District Administration will be
contained in a Concept Document, which will be drafted soon. DFAT is interested to study and
develop the concepts of Service Delivery being initiated in Nuku District by Vice Minister Sungi and
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come up with a ‘Service Delivery Model’ to tell the rest of the country how service delivery should be
done.
The Provincial Health Authority (PHA) is an initiative of the present Government to improve
management the delivery process of rural health services. The District Authority will replace the Joint
District Planning and Budget Priorities Committee (JDP&BPC) and will take on more responsibilities
including the corporate functions in an effort to enable the district operate more efficiently. District
Authority will take on more decentralized functions under the Provincial Government System. The
implication is the focus has been shifted to the districts, but the concept still doesn’t have the ‘Modus
Operandi’ in place. It is for this reason that Development Partners are also interested to see how best
they can come in to focus on approaches to service delivery at the district.
Vice Minister Sungi, who was appointed to represent the National Alliance Party was involved in
drafting the Alotau Accord; the maiden speech that was delivered by Prime Minister. The K10 million
funding through the District Support Improvement Program (DSIP) was the initiative of Vice Minister
Sungi. To meet the requirement of the reform process he has gone ahead and started shifting funds
directly to the Wards to fund community projects at lowest level of government, where the people are.
These are initiatives that no other MPs are able to do in the 88 districts in the country. Vice Minister
Sungi has the advantage, because when he was the Provincial Administrator (PA) for West Sepik, he
teamed up with James Ogia, a like-minded colleague who is now the Sub-National Service Delivery
Advisor with the Department of Provincial and Local-level Government Affairs (DPLGA),
established the Provincial Ward Development Policy and used that to convince BSP to open bank
accounts for 346 Wards in West Sepik. To this day West Sepik is the only province in the country that
has established Ward Accounts. In his current capacity as the Political Leader, the initiatives he put in
place when he was the Provincial Administrator has given him the advantage to shift funding to the
Wards starting 2013 and 2014.
The pioneering concepts of service delivery in Nuku district are attracting attention of development
partners who are also interested to understand how best to assist the 89 districts in the country. The
National Government has shifted its focus from supporting the Provincial Government System and its
Administration to directly provide funding to the JDP&BPC and the District Administration to
manage the service delivery process.
DFAT and other development partners have been attracted by the concepts of service delivery being
initiated in Nuku District by Vice Minister Sungi. Steve Hogg has expressed the intention of how best
DFAT could support and promote good governance in service delivery in the 89 Districts of PNG.
Their assessment of Vice Minister Sungi compared to other Open MPs in the country is that Sungi
seems to know what he is doing and is committed to service delivery to the people of Nuku. Steve
Hogg representing DFAT is of the opinion that if Joseph Sungi can do it in Nuku, the rest of PNG can
do it.
Steve Hogg has given his commitment that this is a long-term partnership with the Nuku District
Administration and there is possibility of inviting the Incentive Fund to support some of the
infrastructure development in Nuku.
DFAT has its performance standards. Is Nuku District Administration prepared to lift its game? Are
we prepared to lift our game to support the initiatives being driven in the district by Vice Minister
Hon. Joseph Sungi? Are we prepared to work with DFAT to develop a ‘Model Concept of Service
Delivery’ based on the lessons learnt and experiences in Nuku to set a benchmark to assist Bilateral
and Multilateral Development Partners in their effort to provide development assistance throughout
the country?
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Collaborative Projects and Development Partners in the Service Delivery Process









Aitape-Nuku (Mai-Tadji) Road: this is an important road link that has recently been opened
up as a result of collaborative partnership between the Sandaun Provincial Government and
Members of Aitape-Lumi and Nuku Electorates for funding and technical resources that were
mobilised to complete upgrading the road. This has open up access for people from Lumi,
Yangkok and Nuku to access Banking Services and conduct other business in Aitape;
Telikom PNG: Nuku District Project Management Team has had initial consultations with
Telikom PNG to establish the operational requirements and standards for the district to
purchase and install a heavy duty communications tower. Service Providers will be invited to
Co-Locate on the Communications Tower based on a lease agreement;
Provincial Health Authority (PHA) of West Sepik: The aim for West Sepik Provincial Health
Program is to rehabilitate “Primary Health Care” in the province. In Nuku PHA will be incharge of all health programs; starting with upgrading the District Health Facility;
Population Services International (PSI): Community Nutrition and Food Security
Development Program. An intervention program to mitigate the level of malnutrition and high
rate of stunting that affects brain development in children and increases the chances of them
dying before their fifth birthday;
Department of Foreign Affairs and Trade (DFAT) Australia, has made a long term
commitment to work with Nuku District Administration to develop a “Service Delivery
Model” to guide development assistance programs in other 88 districts in the country.

Expected Outcomes of the Service Delivery Concept in Nuku District
The challenges ahead is for Nuku district to be ranked amongst the top 20 districts in PNG where its
citizens will have access to quality social and economic services and development opportunities
which will be achieved by managing the following development indicators:









Promote Good Political Leadership and Governance in planning and implementation of
service delivery programs;
Build new roads and upgrade existing access roads to link all 84 Wards in Nuku district;
Improved quality of Education Services and academic performance of students and improve
the level of adult literacy;
Improve quality of Rural Health Services by reducing infant, child and maternal mortality;
Improving nutrition intake to mitigate the level of malnutrition and the high rate of stunting of
children which affects brain development and increases the chances of them dying before
their fifth birthday;
Increase life expectancy of 45.7 years lived from birth, the lowest life expectancy in the
country;
Increase the level of Household Income by improving market access through road transport
infrastructure, thereby promote income earning activities and economic development
opportunities; and
Reduce the occurrences of common forms of lawlessness in the district
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ABSTRACT:
Plant Cyclotides are unique, 28-37 residues, macrocyclic mini-proteins discovered from three plant
families - Rubiaceae (coffee plants), Violaceae (ornamental), and Cucurbitaceae (pumpkins). They
are synthesized in the cell ribosome and act as defence molecules to host plants. Studies (in vitro and
in vivo) demonstrated that Cyclotides display a broad spectrum of biological activities and they
include uterotonic, haemolytic, cytotoxic, anti-HIV, antimicrobial, and as potent nematocidal and
insecticidal agents. Just recently our group has discovered a cocktail of Cyclotides from the fresh
seeds of Clitoria ternatea (Fabaceae - Legumes), a completely new and unrelated plant family of the
order Fabales. MALDI ToF experiment revealed presence of over 12 novel Cyclotides and amino acid
sequence of four were successfully obtained. In this study the three-dimensional structures of the four
sequences were generated using molecular modelling techniques. In order to achieve this, the first
step was to expand the capacity of the existing structural biology setup in-house from just
manipulation and visualization modules to include 3-D structure calculation, molecular dynamic
simulation, and energy analysis. The computer programs used for determining the structures were
downloaded by piece-meal from their proprietor web sites over the internet and assembled together to
achieve a complete suite of molecular modelling unit. This approach led to calculation of four new 3D structures of the four Cyclotides previously obtained. The four model structures displayed the
secondary structure elements of a classical plant Cyclotide - the α-helical coil in loop 3, anti-parallel
beta-sheets in loops 5 and 6, and the cystine knot motif that embeds the core of the molecules, and a
covalently cyclized backbone. The structure-activity relationship of one of them (Ct-3094) was
analysed using its homologous Cycloviolacin O2 from Viola odorata (Violaceae).
Keywords: Clitoria ternatea, fabaceae, cyclotide, structural biology, food security, traditional
medicine.
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1.0. INTRODUCTION:
Plant Cyclotides are a novel class of macrocyclic polypeptide discovered from Rubiaceae (Craik et
al., 1999), Violaceae (Trabi et al., 2004) and Cucurbitaceae (Felizmenio-Quimio et al., 2001), and
just recently from a Fabaceae plant family (Tam et al., 2011, Poth et al., 2011). They are small (23kDa) 28 to 37 amino acid residues (Craik et al., 1999) with three disulfide bonds formed by six
conserved cysteine residues. Cyclotides contain what is described as a ‘cystine knot motif’ original
known in knottin-types (Heitz et al., 2008). This knot motif is formed by three disulfide bonds – one
forming a ring with its backbone segments, the second on the arc whilst the third threads through the
ring. Interestingly, the two terminals (N- and C-) of the first and last amino acid residue are
connected via a covalent peptide bond forming the seamless sequence of amino acid residues
composing loops 1 to loop 6 (Craik et al., 1999).
The overall three-dimensional structure of plant Cyclotides is dominated by three anti-parallel βsheets – two are well defined and the third is distorted (Craik et al., 1999). These secondary structure
elements (β-sheets and turns), cystine knot motif, and the cyclized backbone qualifies them as fully
mature protein, hence, they are often referred to as mini-proteins. Figure 1 shows a 3D structure for a
representative Cyclotide Kalata B1.

Figure 1.1
(Left) The ribbon representation of the
backbone chain of Kalata B1 showing the secondary structure
elements – anti-parallel β-sheets (sky blue) and the short αhelix (yellow). Disulfide bonds are removed for clarity; (Right)
Its disulfide bonds are shown (yellow). Sulphur atoms are
indicated in sky blue colour.

The cystine knot motif and the cyclic backbone rendered the molecule exceptional stability. For
instance, the traditional Congolese folklore medicine, “Kalata-Kalata” would be boiled and the
decoction taken orally by mothers in term to assist in childbirth. The active compound is now known
to be the prototype Kalata B1. Based on this tale and other reported cases (Gran et al., 2000),
Cyclotides demonstrated to retain their structural integrity under extreme physiological condition such
as the acidic condition of the gastrointestinal tract and also withstand the boiling temperatures of
water. Recent findings suggest that Cyclotides can also withstand chemical degradation (Simonsen et
al., 2008).
Cyclotide display a wide array of biological activities and they include uterotonic (Saether et al.,
1995), cytotoxic (Lindholm et al., 2002), hemolytic (Daly et al., 2006), anti-HIV (Wang et al., 2007),
anti-microbial (Pränting et al., 2010), larvicidal (Jennings et al., 2001) and as nematocidal agents
(Colgrave et al., 2008b). Such an array of biological activities owes it to its structural architecture –
the cyclic cystine knot motif - and is described separately in the next section(s).
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1.1. Cystine knot motif
Cystine knot motif is often referred to as a structural feature (but not as a secondary structure
elements) to describe Cyclotides and other knottin-type polypeptides. As alluded to earlier (section
1.0), the knot motif is formed by three disulfide bonds. These disulfide bonds are formed by six
conserved cysteine residues that are conventionally labelled as I-VI, in order from the N-ter to the Cter. An intrinsic feature that defines the Cystine knot motif is the order in which these conserved
cysteines are paired to form the three disulfide bonds: Cysteine I bonded with Cysteine IV (CysICysIV), Cysteine II with V (CysII-CysV) and Cysteine III with VI (CysIII-CysVI), Two of these
disulfide bonds with their backbone segments form the embedded ring while the third disulfide bond
penetrated the ring. A schematic diagram depicting the cystine knot motif is shown in Figure 1.2
below

Figure 1.2
(Left) Schematic representation of the cystine knot motif. The
ring formed by two disulfide bonds and the backbone segments that connect
them is shown by a rectangular shape. The third disulfide bond that threaded
the ring is shown by an arrow; (Right) Representation of cystine knot motif
drawn from the backbone atoms (red spheres and bond lines) and the cysteine
residues with their disulfide bonds (yellow) of Kalata B1.

1.2

The Loops

Cyclotides have six (6) distinct regions or loops and is used to denote the region between two
cysteines that are involved in the cystine knot motif (Note: any cysteine residue if present not
involved in the formation of the cystine knot motif is ignored). That is, loop 1 refers to the region
between the hypothetical CI & CII, loop 2 refers to CII & CIII, loop 3 refers to CIII & CIV, loop 4
refers to CIV & CV, loop 5 refers to CV and CVI, and finally loop 6 refers to the region between loop
CVI & CI. Schematic representation below (Figure 1.3) shows the loops described here.
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Figure 1.3
Schematic representation of the Cyclotide structure. The βstrands are shown as large arrows. Cysteine residues are labelled as C1-6
and intra-cysteine loops are labelled as loops 1-6. The dotted arc in loop 6
represents the covalently cyclized ends.

The number and types of amino acid residues in these loops varies. In some, the residues are
conserved depending on the Cyclotide under consideration is a Bracelet or a Möbius sub-type. The
Möbius class has a cis-Pro in loop 5 that introduces a twist in the backbone, and if a ribbon represents
the backbone chain, this twist will result in a single-sided Möbius ribbon when the ends are joined
(Craik et al., 1999). The second class lacks this cis-Pro in loop 5 and its ribbon structure is a twosided bracelet chain and consequently referred to as the Bracelet sub-class.
1.3

Cyclotide Sequence

Direct amino acid sequencing of Cyclotide is not possible due to backbone cyclization and disulfide
network of six cysteine residues that results in the formation a knot motif. However, the method
generally adapted is to reduce the disulfide bonds and then digest the protein with enzyme to open the
backbone (Saether et al., 1995). The sequence of each fragment revealed by the enzyme is overlaid
and a final protein sequence would be obtained. Using this strategy an increased number of Cyclotides
have been discovered making it as the largest family of cyclic proteins described to date in any
organism.
Around the time this work was started amino acid sequence of over 200 Cyclotides were chemically
sequenced. In addition an almost 24% were determined as linear precursor proteins by nucleotide
sequence translation (Wang et al., 2008). A complete list of Cyclotides known to date is appended in
Table A5.1 – A5.3 (Appendix 5).
1.4

3D Model Structure

Kalata B1 was the first Cyclotide whose three dimensional structure was fully solved (Saether et al.,
1995). Since then 3D structures of other members of Cyclotides have been elucidated. During the
course of this work 3D structures of over 20 Cyclotides have been fully solved. The structural
coordinates of these molecules have been deposited in the National Centre for Biotechnology
Information (NCBI) Protein Data Bank (PDB) for public excess.
Generally, the structural data generated for all the Cyclotides have been consistent despite the
sequence variation: The disulfide bonds are formed by CysI-CysIV, CysII-CysV, and CysIII-CysVI;
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the secondary structure elements are dominated by β-sheets; the cystine knot motif formed by the
three disulfide bonds; and a head-to-tail covalently cyclized backbone. The overall structure fold back
on it and is braced by extensive hydrogen bond network and the three disulfide bonds making the
structure look almost like a clenched fist of a person.
The data to solve the structures is generated by NMR spectroscopy and remains the single most
important tool as far as the structural work is concerned. However, there are a large number of
parameters associated with it and requires absolute commitment in resources and time to achieve
structural data of a single molecule. That may be discouraging, especially for those who do not have
the luxury of time. An alternative method to obtain the structural information, once the sequence
information is available, is therefore necessary. Given this scenario, part of this work focuses on
developing a computational method using Sequence Homology techniques to model 3D structures of
known Cyclotide sequences. This notion forms the aim(s) of this work and is listed below.
1.5

Aims of the Investigation

This work therefore aims to:
1. Build the capacity for Structural Biology Program at University of Papua New Guinea
(UPNG); the first task is to expand and improve the structural biology facility currently
established at the Chemistry strand at UPNG. Given the financial constraints at the Chemistry
Discipline, proprietary softwares are difficult to obtain. In this work free wares are
downloaded over the internet by piece-meal and assemble them together to achieve a
complete suit of the modelling tool.
2. Model 3D structures of Cyclotides; the modelling facility is used to model three dimensional
structures of at least two Cyclotides whose amino acid sequence have been known.
3. Provide additional information on the Structure-function studies; the structural information is
critical to understand the biology and the activity of a molecule. It is hoped that this work will
provide additional information to the structure-function profiles of Cyclotides. The
information could potentially assist drug companies and research institutions in their hunt for
superior protein molecules with novel mode of actions.
The main trust of the work and in consistent with the aims focuses on three-dimensional structure
modelling. The molecular modelling work requires highly dedicated proprietary software that comes
in an en suit of program modules. These softwares are often expensive to obtain. In the absence of
such tools, the strategy employed in this work is to download and install the program modules made
available freely over the internet. These tools, installations, and methods used are described in
Materials and Methods. Results of the modelling work are discussed in Results and Discussions. The
last section Conclusion and Future Directions concludes the modelling work and also provides the
future direction of the work.
2.0

Materials and Methods

It has become apparent that the numbers of new proteins solved and deposited in the Research
Collaboratory for Structural Bioinformatics (RCSB) Protein Data Bank (PDB) have declined
significantly in recent years. However, the numbers of new amino acid sequences discovered have
been constantly increasing. Amino acids are building blocks of a protein molecule, that is, a sequence
of amino acids gives rise to a protein. This means that the number of proteins in the world put
together is a universal set and different amino acids are subsets of the universal set of proteins.
Sequence variation, whether by deletion or insertion, outside of critical sections (loops) within the
same class does not influence the overall fold of a protein structure, and therefore the function of that
protein.
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This realization means that the tedious and cumbersome traditional method of solving the threedimensional structure experimentally can be a thing of the past. As long as the amino acid sequence of
the protein under investigation are known, modelling techniques can be employed to retrieve
structural coordinates from the database and the structure(s) of the protein can easily be solved using
the modelling tools. This process is called the "High through-put protein screening" and research
laboratories around the world have just realized it. This work utilizes molecular modelling and
computational techniques to develop a High Through-put Screening facility in-house and is described
in this section.
2.1

Molecular Modelling

Molecular modelling is a computational technique for Structural Biology and is now routinely applied
towards the construction of 3D protein models (Sali, 1998). Such a technique requires an initial
sequence similarity search of novel sequence(s) against the protein database depository. The blast
often reveals the experimentally determined 3D structure of the template protein molecule. A template
structure with highest sequence homology would then be used to generate atomic coordinates for the
target sequence(s). The Concept Map below (Figure 2.1) shows the molecular modelling protocol
designed to solve the 3D structure of the plant Cyclotide molecule.
In this work, four novel sequences - Ct-3094, Ct-3275, Ct-3152, and Ct-3292- of the Fabaceae
Cyclotides were queried against the RCSB PDB using the Basic Local Alignment Search Tool Protein
(BLASTP) search tool on the online National Centre for Biotechnology Information (NCBI) server.
The query returned with a number of hits and amongst these a viola Cyclotide, Cycloviolacin O2, was
found to share high sequence homology (between 70-80 %) with the four target sequences. The
structural data of Cycloviolacin O2 (CyO2) was retrieved from the PDB (Ireland et al., 2006). These
experimentally determined structural data was used as template to model the 3D structures of the four
(4) novel sequences and are described in the rest of this section The next section (2.1.1) describes the
Molecular Modelling Tools.

Figure 2.1

Concept Map of Molecular Modeling
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2.1.1

Molecular Modelling Tools

The Structural Biology and Bioinformatics facility at the Chemistry Department, UPNG, was used for
3D structure modelling work. The computational tools used include a desktop computer, a laptop and
a range of Computational Chemistry software which were obtained using the K6000.00 grant given by
the UPNG Post Graduate Centre.
Both the desktop and laptop computer systems were used for the modelling work: The desktop
computer system is an Intel Duo Core running on a 32-bit operating system with a processor of 2.3
GHz and a RAM of 2 GB; the Laptop brand is an Intel (R) Core (TM) i3-2350M running on a 64-bit
operating system with a dual processor of 2.3 GHz (4.6 GHz) and a RAM of 4 GB. The computer
machines were installed with the Computational Chemistry Programs. These programs are described
in the next section (2.1.2).
2.1.2

Computational Chemistry Programs

The Computational Chemistry programs used for modelling work include both online and standalone
programs: The online programs include BLASTP (Altschul et al., 1997) provided by the NCBI, the
RCSB PDB managed by Rutgers and UCSD (Berman et al., 2003), CYBASE (Wang et al., 2008),
PSIPRED v3.3 (Jones, 1999) and Gen THREADER (Lobley et al., 2009; McGuffin and Jones, 2003;
Jones, 1999) both managed by the PSIPRED server (Buchan et al., 2010), and ANOLEA (Melo et al.,
1997; Melo and Feytmans., 1998); The standalone programs include PYTHON1 v2.6.6, BioEdit
v7.0.5.3 (Hall, 1999), MODELLER v9.10 (Sali and Blundell, 1993), Matplotlib-0.99.1 and Numpy1.6.2 for windows 32 with PYTHON v2.6, CHIMERA v1.5.3 (Pettersen et al., 2004), Molmol,
PyMOL v1.3 (Delano Scientific), POV-Ray2 v3.62 and YASARA STRUCTURE v12.7.13 (Krieger et
al., 2002). Whilst the rest of the modelling programs were downloaded freely over the internet, the
latter was purchased from the YASARA Biosciences, Vienna, Austria.
The standalone programs were installed into laptop computer and desktops for modelling work. After
the standalone programs were installed and open for use, the online servers were searched on the
internet using Microsoft Internet Explorer as the browser of choice. The Microsoft Internet Explorer
was then used to navigate to online server sites for NCBI3, BLASTP4, ANOLEA5, RCSB PDB6,
PSIPRED7, CYBASE8, GenTHREADER9 and each server site was assigned to a separate respective
tab or window in the Internet Explorer browser. The specific task performed by each is described in
the next section(s). The first Bioinformatics task is conducting a sequence similarity search and is
described in the next section (2.2)
2.2

Sequence Blast Search

The Amino acid sequences of the four Clitoria ternatea seed Cyclotides - Ct-3094, Ct-3152, Ct-3275
and Ct-3292 - were blasted against the experimentally determined Cyclotide structures available in the
RCSB PDB: Internet Explorer as the choice browser was enquired for the bioinformatics on-line
modelling programs and the amino acid sequence BLASTP search window (Altschul et al., 1997) was
1

http://www.python.org/
http://www.povray.org/
3
www.ncbi.nlm.nih.gov/
4
http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastpandBLAST_PROGRAMS=blastpandPAGE_TYPE=BlastS
earchandSHOW_DEFAULTS=onandLINK_LOC=blasthome
5
http://melolab.org/anolea/index.html
6
http://www.rcsb.org/pdb/home/home.do
7
http://bioinf.cs.ucl.ac.uk/psipred/
8
www.cybase.org.au
9
http://bioinf.cs.ucl.ac.uk/psipred/
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selected. The amino acid sequence alignment data for each of the target sequence was entered in the
option provided in the default setting. (Note: The queried information can be entered in a PDB
accession code if structure is already solved). After all the information requested were entered and all
check boxes have been checked, the query was submitted.
The blast search (query) returned a number of hits as amino acid sequence homology. The sequence
alignment files with high sequence homology (70-90%) were downloaded and saved as “.fasta”
format in the program BioEdit v7.0.5.3 (Hall, 1999). The file was stored in a folder labeled as
‘Structure Files’ to be accessed by the program MODELLER later during modelling. Of all the
homology sequence hits that were returned, the viola Cyclotide Cycloviolacin O2 evidently shares
high sequence homology (80-90 %) to the four target sequences. This sequence was considered as the
template model and was queried against the RCSB PDB for its 3D structure information and is
described in the next section (2.3).
2.3

PDB 3D Structure Download

The PDB accession code for the Cycloviolacin O2 was then submitted for structural information from
the RCSB PDB10 website: The word ‘Protein Data Bank’ was Googled on the Google search engine in
Internet Explorer and from the list of options the RCSB Protein Data Bank was selected. From the
RCSB PDB home page the “download file” tab was selected from the tool panel on the side bar. In
the download file page the PDB ID (or accession code 2KCG) was entered; the PDB format was
checked for the download type and uncompressed was checked for the compression type and the
query was submitted. A number of hits were returned but the one relevant to this study was the NMR
solution structure. Hence, the structural data were downloaded in both pdb and Notepad file formats
and were saved in the Structure File folder. These data were then computed for identification of the
ideal representative NMR structure within the ensemble of template structures and is described in the
next section (2.4).
2.4

Identification of the most Representative NMR Structure

Atomic coordinates of only a single structure from the ensemble of NMR structures is required for
modelling. In this work the program CHIMERA was used to identify the most representative structure
of the template Cycloviolacin O2 (CyO2) structures: The PDB accession code (2KCG) for CyO2 was
entered as input data into the Ensemble Cluster module within the program CHIMERA. The data was
computed and the output data generated was a cluster of NMR structures and the one closest to the
centroid of the largest cluster was selected as the most representative structure. Structure number 8
was shown to be the best representative model out of 20 structures of CyO2 and was saved in
Structure File folder for eventual modelling in the next section (2.5.0).
2.5.

The 3D Structure Modelling

To begin the modelling process, all input files including the sequence alignment files retrieved from
the Sequence Blast Search, the PDB structure files of the template structures, MODELLER Python
Scripts (MPS) and the target sequence alignment file(s) prepared in MS WordPad/Notepad were
stored into folder Structure File. Some programs have inbuilt modeller versions that are user friendly
and can be operated by writing small python scripts. The modeller used in this work was downloaded
over the internet and executed on basic command prompt using python programming language.
Modeller reads python programming language written in scripts and therefore all data files have “.py”
extensions. Altogether eight (8) different scripts were written and saved in a single folder (Structure
File) for Modeller to access. This is the first rate determining step, which involves the processing of
modelling commands written in Python programming language on MODELLER'S user-interface to

10

http://www.rcsb.org/pdb/home/home.do
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run the comparative modelling process. These commands to run the processes are contained in the
scripts and are described below (section 2.5.1).
2.5.1

Build Database

The modeller program was opened and the command prompt environment was initialized. The
Change Directory commands were executed to navigate to the folder; structure file, to access the
python command scripts: The python script command "convert_db.py >convert_db.log" was entered
on the command line and executed11. This instruction commands Modeller to convert the sequence
alignment database file from fasta to Hierarchical Data Format 5 (HDF5), a binary format as well as a
log file. The database in HDF5 format was created for each of the target sequence - Ct-3094, Ct-3152,
Ct-3275 and Ct-3292. These sequence alignment database file was then used to build a profile of the
homologous pdb sequences and is described below (section 2.5.2).
2.5.2

Build Profile

The python command script "build_profile.py>build_profile.log" was entered on the command line
and was executed12. This command instructs modeller to read the target sequence and compares it to
the homologous pdb sequence alignment database generated in the previous section (2.5.1). It also
produces a log file of the process involved. The modeller uses the command script to search the
sequence database in the binary format and construct a pdb sequence alignment profile. This sequence
alignment profile shows clusters of pdb homologous template sequences and the corresponding evalues and percentage sequence similarities. The pdb sequences having a homology value between 70
to 99% are selected from the profile and programmed in to the next python (salign.py) script to carry
out a multiple sequence alignment. The multiple sequence alignment is described in the next section
(2.5.3).
2.5.3

Multiple Sequence Alignment

The python command script "salign.py>salign.log" was entered on the command line and was
executed13. This command instructs modeller to compare the selected pdb sequences and create a
multiple sequence alignment, which is highly similar to the target sequence. A log file is generated
after the process has completed. The multiple sequence alignment created in this step is then used to
execute a 2D sequence alignment. The next section (2.5.4) describes the 2D sequence alignment.
2.5.4

2D Sequence Alignment

The python command script “align2d_mult.py” was entered on the command line and was executed14.
This command instructs modeller to align the target sequence with the multiple pdb sequence
alignments and execute the transfer of structure coordinates from the template sequences on to the
target sequence. A log file is generated after the process has completed. The 2D sequence alignments
from this step contain structural information, which is then used to build the 3D structure of the target
sequences with non-hydrogen atoms. This process is described in the next section (2.5.5).

11

see Appendix A2.1: Convert_db.py
see Appendix A2.2: Build_profile.py
13
see Appendix A2.3: Salign.py
14
see Appendix A2.4: Align2d_mult.py
12
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2.5.5

Build 3D Model

The python command script "model-single.py>model-single.log" was entered on the command line
and was executed15. This command instructs modeller to read the structural parameters from the target
structures to guide the model building of the target protein and also creates a log file. This process
generates 10 structures for each target sequences and is saved by default in pdb format. This structural
data can be uploaded on any molecular graphics software (Molmol, Chimera, PyMol, etc) for viewing
and manipulation pending structure refinement analysis.
Each of the model was assessed with the Discreet Optimized Protein Energy (DOPE) method (Shen
and Sali, 2006); an inbuilt quality assessment function within modeller and the DOPE calculations are
recorded in the log file. The model with the lowest value of the objective function is selected as the
best model (Shen and Sali, 2006) and was subjected to further evaluation and Molecular Dynamic
Simulation. The next section (2.5.6) describes the evaluation of the models.
2.5.6

Model Evaluation

Two python commands script were used separately to evaluate the target and the template models.
The script for the target16 was entered as "evaluate_model.py>evaluate_model.log". The script for the
template17 was entered as "evaluate_template.py>evaluate_template.log". Both of these commands
were entered sequentially on the command line and were executed. This command instructs modeller
to carry out four functions as well as produce a record in a log file: first it reads all atoms in the pdb
file; second, it prepares the models for DOPE energy calculation; third it calculates the DOPE energy;
and finally, writes a profile of the DOPE energy for graphical view. The latter (DOPE profile) is
described in the next section (2.5.6).
2.5.7

DOPE Profile

The python command script “plot_profiles.py>plot_profiles.log” was entered on the command line
and was executed18. This command instructs the Modeller to use Matplotlib and Numpy; two modules
within the modeller program, to read the DOPE energies of both the template and the target structures
and draw their linear plots for graphical viewing. These plots are by default saved into Structure Files
in “.png” format together with the log file. The plots can be viewed by entering "dope_profile.png" on
Modeller command line and edited in any popular image processing programs such as Microsoft Paint
and Adobe Photoshop v7. The shape of the plot is discussed in section (3.0) on Results and
Discussion. The next section (2.6.0) describes the Molecular Dynamic Simulations.
2.6.0

Molecular Dynamic Simulations

The proprietary molecular modelling software "YASARA Structure" was used for most of the
structure refinement, prediction, and simulation work (Krieger et al., 2004). Molecular Dynamics
Simulations (MDS), a module with the YASARA Structure was used to refine the modelled
structures: In this step, three (3) YASARA macros containing commands in PYTHON syntax
required to; process a MDS, analyze the trajectory and minimize the free energy of the model, were
edited to comply with required simulation settings using the Microsoft Windows default Notepad
software and converted to macro file(s) with “.mcr” file extensions. This is the second rate
determining step and involves the processing of molecular dynamic simulations commands written in
Notepad for YASARA to read and display the running MDS process using its molecular Graphical
User Interface (GUI).
15

see Appendix A2.5: Model-single.py
see Appendix A2.6: Evaluate_model.py
17
see Appendix A2.7: Evaluate_template.py
18
see Appendix A2.8: Plot_profiles.py
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The molecular dynamics simulation protocol for the peptide and water molecules consisted of an
initial energy minimization of the models to relax the structure and to remove bad contact with water
with a heating phase to reach 298K. To begin the MDS, a macro assigned for this process was
accessed using the Options Menu in the GUI of the program YASARA STRUCTURE (Krieger et al.,
2004). Firstly, the pdb structure file of the target sequence was loaded into the GUI area in YASARA
STRUCTURE, selected then cleaned by adding hydrogen atoms using the Clean Object command on
the Edit menu. Secondly, the target structure was set using the Set target command in the Macro and
Movie module on the Options Menu. Thirdly, the standard macro “md_run.mcr” was selected and
initialized in the mcr folder19; a folder containing macro scripts executable by the program YASARA
STRUCTURE and is located in the YASARA root folder in the C: drive of the laptop and desktop
computers. The model structure(s) were subject to MDS and subsequent refining using the macro
“md_run.mcr” from the Play macro command in the Macro and Movie module on the Options Menu.
The macro “md_run.mcr” when activated, places the initial models in a 10 Å simulation cell size and
immersed in 442 water molecules at pH 7.4, NaCl concentration at 0.9% mass, temperature at 298K,
pressure at1atm and density rescaled to 0.997 g/L, respectively. Then, the water molecules were
modelled using TIP3 potential in SETTLE (Miyamoto et al., 1992); a simulation module for
modelling water molecules implemented in the program YASARA STRUCTURE (Krieger et al.,
2004). The simulation for water molecules was performed for 6250 pico seconds at 298K. The timestep in the MD simulation for water molecules was 4 femto seconds. Trajectories were saved every 25
pico seconds.
The peptide molecules were modelled using AMBER03 potential (Duan et al., 2003); a Force Field
simulation module for modelling protein and nucleic acids implemented in program YASARA
STRUCTURE (Krieger et al., 2004). The simulation for peptide molecules was performed for 10000
pico seconds at 298K. The time-step in the MD simulation for peptide molecules was 2.5 femto
seconds. Trajectories were saved every 25 pico seconds. The next section (2.6.1) describes analyzing
a trajectory of peptide molecules.
2.6.1

Analyzing a Trajectory

After running a MDS, the trajectories generated are examined to analyze structural changes (a
trajectory) of the peptide molecules over the nano seconds applied during the MDS; the RMSD of the
refined average structure model(s) from the starting structure was assessed using the macro
“md_analyze.mcr”. To begin analyzing a completed MDS trajectory, the Stop command in the Macro
and Movie module on the Options menu was selected to command the simulation process to stop.
Then, the standard analysis macro “md_analyze.mcr” was selected in the mcr folder using the Play
Macro command in the Macro and Movie module on the Options menu and initialized20. The result of
analyzing a completed MDS trajectory includes a refined average structure model in “.pdb” format, a
YASARA scene of the energy minimized structure in “.sce” format and a tabulated data sheet in
“.tab” format is processed; this data sheet can be viewed in Microsoft WordPad or imported in to
Microsoft Excel and formatted. The data sheet contains the simulation time in pico seconds (ps); time
when the snapshots were saved, the total Force Field Energy (Kj/mol); which is the sum of the Bond,
Angle, Dihedral, Planarity, Coulomb and Van der Waals energies. On the right side, the table lists the
RMSDs from the initial structure. First the C-alpha RMSD then the backbone RMSD, and finally the
heavy atom RMSD. Since the RMSD measures the difference to the initial structure, it is observable
that the simulation has reached a stable state when the RMSDs no longer increase for a long time
(nano seconds). The refined average structure model in pdb format is the time (nano seconds) average
structure, whose atoms have B-factors calculated from the root mean square fluctuations during the
simulation. Since the average positions are calculated individually for all the atoms, the covalent

19

see Appendix A3.1: md_run.mcr
see Appendix A3.2; md_analyze.mcr
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geometry (bond lengths, angles etc.) is usually wrong, the structure still needs to be energy
minimized.
All the snapshots of the simulation trajectories were analysed for their RMSD’s and superposed. This
was done by editing the macro md_analyze.mcr with Microsoft WordPad and setting the command
macro “pdbsaved=0” to “pdbsaved =1” to command YASARA to save a pdb file of the solute
(protein molecule) for each simulation snapshot. After this, all the snapshots of the structure were
loaded using the Load PDB file module on the File Options and aligned or superposed using the
Theseus (Theobald and Wuttke, 2006) module or Align multiple based on structure module with
MUSTANG (Konagurthu et al., 2006) on the Analyze menu in YASARA STRUCTURE. Their
RMSD’s can be calculated using the RMSD’s of Module and viewed in the Log file. The result of this
process includes a pdb file bearing three superposed structures and RMSD values of each. The next
section (2.6.2) describes minimizing the free energy of the 3D structures using the YASARA scene of
the energy minimized structure in “.sce” format.
2.6.2

Minimizing Energy of 3D Structure

To begin an energy minimization process, the YASARA scene of the energy minimized structure in
“.sce” file type .e.g., “Ct-3094-MD_energymin.sce”, was loaded in to the GUI of YASARA
STRUCTURE using the Load YASARA Scene module on the File menu. The energy minimized
structure was selected to show whilst the Simulation Cell and Water objects were removed by
selecting the Visualization option in the right Head-up display. Then, the energy minimized structure
was extracted from the YASARA scene and saved in “.pdb” format using the Save as PDB file
module on the File menu. After this, the YASARA force field with default parameters was selected
from the Simulation menu and initialized. Finally to perform the energy minimization simulation, the
macro “em_run.mcr” was selected and activated using the Play macro command in the Macro and
Movie module on the Options menu21. When completed, YASARA shows the RMSD from the
starting structure in the console. Now, the resulting structure is saved in “.pdb” file format using the
Save as PDB file module on the File menu. This pdb file of the model structure is the correct structure
with very low free energy. The result of the simulation was the refined target structures with very low
free energy. These were submitted for Superimposition, Secondary Structure Assessment, Rotamer
Assessment and Energy Assessment against the template and are described in the next sections
(2.6.3).
2.6.3

Superimposition

The backbone conformations of the homology models were checked by superimposing the homology
models on to the template structure (CyO2) and processing the RMSD values. To begin this step, the
model structure(s) with very low free energy and the template structure (CyO2) were loaded in to the
YASARA GUI. Then choosing the Edit Menu and navigating to the Select In box Molecule module to
select the two protein molecules selected both. After this, the template and target structures were
superimposed using the Align Objects with MUSTANG method (Konagurthu et al., 2006) on the
Analyze menu in YASARA STRUCTURE (Krieger et al., 2004). In this step, the Root Means Square
Deviations (RMSD) of the modelled structure(s) from the template was calculated on the basis of
sequence alignment(s). The RMSD values are saved in text document in Structure Files for viewing
using MS WordPad. Furthermore, a scene of the molecular simulation was saved in Structure Files in
“.pdb” format in YASARA STRUCTURE program for manipulation in MOLMOL software. The
nature of each superimposed structures are discussed in the section (3.0) on Results and Discussion.
The next section (2.6.4) describes the Stereochemical quality assessment.
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2.6.4

Ramachandran Plot

The Stereochemical quality of the homology models and the template (CyO2) model were assessed
by running a Ramachandran Plot in the program UCSF Chimera. The Ramachandran Plot is a graph
of the distribution of amino acid backbone conformations in peptide and protein structures. Each
amino acid residue is shown as a dot in a graph of φ vs  more commonly known as a Ramachandran
map. Residues are shown as blue dots, or when selected, as red dots. Probability contours based on
reference set of high-resolution proteins can be shown on the plot as green lines (Lovell et al., 2003).
Probability contours can be displayed for different subsets of the amino acid residues in the reference
protein. For this work, all residues were selected to be displayed on the map except for glycine,
proline and those residues immediately preceding proline in sequence. To begin this step, the
model(s) in “.pdb” format was loaded in to the UCSF Chimera GUI by opening the file using the
Open module on the File menu. Then the model was selected by choosing its name or Chain I.D
using the Select chain module on the Select menu in UCSF Chimera. After this steps, the Model Panel
in General Controls module on the Tools menu was activated to open the modelling panel containing
the Ramachandran Plot function which can be accessed to process a plot each for the four homology
models and the template (CyO2) model. The resulting Ramachandran Plots for each homology
model(s) and the template (CyO2) are saved in to Structure Files by choosing the Save As icon on the
menu tab in the graphical dialogue box. The Ramachandran Plots for each homology models and the
template (CyO2) model are presented in Appendix 622. The next section (2.6.5) describes the Fold and
Secondary Structure assessment.
2.6.5

Fold Recognition and Secondary Structure Assessment

The Fold recognition and Secondary structure of each 3D model were assessed using the using the
online Prediction Methods managed by the PSIPRED server (Buchan et al., 2010); pGenTHREADER
(Lobley et al., 2009; McGuffin and Jones, 2003; Jones, 1999) and PSIPRED V3.3 (Jones, 1999) on
the PSIPRED Protein Sequence Analysis Workbench23. To begin the fold recognition and secondary
assessment, the program Microsoft Internet Explorer web browser was used to navigate to the online
PSIPRED Protein Sequence Analysis Workbench website. Under the Input menu, the PSIPRED v3.3
(Predict Secondary Structure) and GenTHREADER (Rapid Fold Recognition) options are selected.
Then the sequence alignments of the 3D model (s) were entered in the text area or Input Sequence on
the webpage of the PSIPRED Protein Sequence Analysis Workbench. After this, the users email
address is filled in the Submission Details section and the Predict button is selected to process the
Fold assessment and Secondary Structure Assessment. After processing the queries submitted, the
result are sent via email to the users email address. This step confirms the identity of secondary
structures such as α-helices or β-sheets in the molecule model(s). The output result from the PSIPRED
Protein Sequence Analysis Workbench on secondary structures assessment is displayed in “png”
format whilst the fold recognition assessment can be viewed and both can be saved from the website
directly into Structure Files. The next section (2.6.6) describes the Rotamer Assessment methods.
2.6.6

Rotamer Assessment

To begin the assessment of the side-chain rotamers of the model protein molecule(s), the “.pdb” file(s)
of the 3D models were loaded in to the GUI of YASARA STRUCTURE. Then the Optimize module
on the Edit menu was selected by choosing the Edit menu. This step optimizes the structure and
prepares it for the assessment of side-chain rotamers using the Side-chain with rotamer library
(SCWRL) method. The SCWRL method in YASARA examines the validity of the side-chain
rotamers of the models, (Canutescu et al., 2003). The results of the Rotamer assessment are in RMSD
values of the initial structure from the modelled structure and are saved in text document in to
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Structure Files for viewing using MS WordPad. The next section (2.6.6) describes the Energy
Assessment.
2.6.7

Energy Assessment

The energies (E/kT) of heavy atoms of a residue composing the primary structure were assessed using
the online program ANOLEA (Melo and Feytmans, 1997; Melo et al., 1997; Melo and Feytmans,
1998). To begin the energy assessment of heavy atoms, the program Microsoft Internet Explorer was
used to navigate to the ANOLEA website24. The name of the target structure is used as the job title for
the submitted work and is typed under Job title (optional) in the text area. Then the pdb structure files
are uploaded from Structure Files in to the ANOLEA server. The server processes the energy
calculation on a protein chain, evaluating the “Non-Local Environment” (NLE) of each heavy atom in
the molecule. In this work, the energy of the 3D models was calculated prior to the template, i.e.,
CyO2. Specifically for the template, the chain names, i.e., Chain A, was identified and entered in the
text area under the Protein chain information (Mandatory) menu. The result is a profile of energy
coordinates per residues, which are displayed on a new webpage and saved in Structure Files25. The
data in this document can be transferred on to a Microsoft Excel document for plotting a linear graph.
The behaviour of each graph is discussed in the next section (3.0) on Results and Discussion.
2.6.8

The 3D Models

The 3D structure model for the four target sequences were generated following the processes
described above. The process involved, quality of the models generated, and the structure-function
activity relationship of the overall Cyclotide molecule is in the next section (3.0) on Results and
Discussion.
3.0

Results and Discussions

This section (3.0) discusses the results generated in this work. These include the Sequence Alignment
Profiles, Discreet Optimized Protein Energy (DOPE) score profiles produced in Modeller v9.10, the
energy analysis from ANOLEA, the molecular surface plots generated using the program PyMOL
v1.3 and the correctly folded structures and the backbone superimposition of target model and the
template model in YASARA STRUCTURE. The Structure-Function Relationship of one of the
homology model Ct-3094 and CyO2 are discussed in this section (3.0). The next section (3.1)
discusses the comparison of the target sequences to the template sequence in the Sequence Alignment
Profiles.
3.1

Sequence Alignment Profiles

The four target sequences were firstly queried against RCSB Protein Data Bank using the on-line
NCBI BlastP search tool for homology sequences identification. A number of hits returned with a
range of percentage homologous sequences for each of the target. The viola cyclotide Cycloviolacin
O2 (PDB accession code 2KGCA) was shown to share high sequence similarities (70 - 90%) to the
four target sequences and was considered as the template structure for the modelling. The template
pdb sequence and the target sequences (4) are shown in Table 3.1. According to the Table (3.1), the
conserved sequences are coloured green whilst the non-conserved sequences are coloured red. Indels
are introduced where necessary to achieve maximum alignment and numbering is also based on the
sequence alignment for consistency.
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Based on the sequence alignment, Ct-3094 shares 87% sequence homology to Cycloviolacin O2. The
13 % difference in the amino acid composition of Ct-3094 includes the phenylalanine on position 11,
the two valine (V) on positions 18 and 19, and leucine (L) on position 31; Ct-3152 shares 70%
sequence homology to Cycloviolacin O2. The 30% difference in amino acid composition are
contributed by phenylalanine (F) at position 10, two threonine (T) on positions 16 and 17, two valine
(V) on positions 18 and 19, the two asparagine (N) on positions 26 and 32. Similarly Ct-3275 shares
80% sequence homology to Cycloviolacin O2. The amino acid residues that contributed to the 20%
sequence variation has been contributed by two threonine (T) on positions 14 and 16, valine (V) on
position 15, leucine (L) on position 18, aspartic acid (D) on position 25 and leucine (L) on position
29; Perhaps the target sequence with highest homology sequence is the Ct-3292 with 86% sequence
by comparison to Cycloviolacin O2. The 14% amino acid sequence variation is contributed by glycine
(G) on position 1, valine (V) on position 2, phenylalanine (F) on position 11, threonine (T) on position
17, valine (V) on position 18, and the asparagine (N) on position 26. The next section (3.2) discusses
the analysis of the most representative structure.
3.2

Most Representative Structure

The NCBI Protein Data Bank was queried for the solution NMR structures for Cycloviolacin O2. The
search revealed a bundle of twenty (20) available structures. In order for comparative modelling, only
a single most representative structural data is required of the 20 structures. Using the program
CHIMERA, the most representative structure was identified to be structure 8 of the 20 NMR
structures of Cycloviolacin O2. This structure was used as the template structure and was used to
construct the homology model structures for the four target sequences using the seven modeller steps
described in Materials and Methods section (2.0). The next section (3.3) discusses the modelling of
the 3D structures.
3.3

3D Structure Modelling

The program modeller was used to construct the 3D homology models of the four template structures.
By default these structures were saved in pdb format in the designated folder, the Structure file. The
raw models were subjected to the rigour of structure refinement analysis: first is the Dope score
profile. Spatial restraints existed due to amino acid sequence variation of the target structure against
the template provides useful hints on the stability and therefore availability of the model structure.
Here comparative modelling for favourable (lowest) energy of the four target structures was processed
using the DOPE module within the Modeller v9.10. The result was a plot of energy functions of the
3D structures represented in DOPE scores. The DOPE score profile of Ct-3094 as representative of
the four target structures is shown in Figure 3.2. It is a linear curve with the structure of Ct-3094 (red)
superposed on the template structure of CycO2 (black).
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superimpose on the template CyO2 (black).

The sequence alignment of Ct-3094 and Cycloviolacin O2 are 30 amino acids long. The DOPE score
profile of the structure model of Ct-3094 differs from Cycloviolacin O2 at position 11, 18, 19 and 29
on the sequence alignment. The phenylalanine (F) residue on position 10 is shown in low DOPE
scores regions. The two valine (V) residues on positions 18 and 19 cause a significant degree of
structural distortion and disorientation and are reflected in the high DOPE scores regions. The leucine
(L) residue on position 29 causes a shift of the plot to low DOPE scores regions. The leucine (L) is a
hydrophobic residue and is located on loop 6. The phenylalanine (F) and the two Valine (V) residues
are hydrophobic residues and are part of the sequence alignments composing loop 2 and the alpha
helice on loop 3 respectively. The next section (3.5) discusses the energy optimization.
3.4

Energy Optimization

The models were finally subjected to rigorous molecular dynamics simulation within the YASARA
Structure to achieve low energy structures. The optimized structural data with presumably low overall
molecular energy was fed into the on-line program ANOLEA (Melo and Feytmans, 1997; Melo et al.,
1997; Melo and Feytmans, 1998). This energy assessment program generates the energy (E/kT)
profile of individual amino acids of the target structures (see Appendix 1). According to the profile,
the positive integer value shows high energy (HEZ) whilst the negative values indicate the low
energy. The high energy values indicate that the corresponding amino acids experience a great deal of
steric hindrance, and also further imply that the coordinates that defines their orientation has departed
from the real values. On the contrary, the low energy values indicate that the corresponding amino
acids exist favourably within the defined coordinates with less steric hindrance.
The sequence positions of high energy amino acids and the overall non-local energy for each of the
target structures were analysed: Ct-3094 shows four (4) amino acids with high energy at alignment
position 10, 12, 16-17 with a total non-local energy to be -173 E/kT units; Ct-3152 shows 2 amino
acids with high energy at alignment position 16-17 with the total non-local energy to be -185 E/kT
units; Ct-3275 shows 5 amino acids with high energy at alignment position 9-10, 16-18 with a total
non-local energy -176 E/kT units; similarly, Ct-3292 shows 3 amino acids with high energy at
alignment positions 13; 17-18 with a total non-local energy -148 E/kT units. The energy values and
the alignment positions for each of the target structure were extracted from the energy assessment
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profile and used to plot a linear graph in MS Excel (Version, 2007) as shown in Figure 3.3 below. The
next section (3.5) discusses the 3D model of the Cyclotide molecule.

Figure 3.3

3.5

Graph of the energy profile of Ct-3094, Ct-3152, Ct-3275,
Ct-3292 and CyO2 after Molecular Dynamic Simulation.

The 3D Model

The model structure of Ct-3094 was generated using the standalone modeller program and the best
structure was subjected to further energy minimization and conformational refinement using the
molecular dynamics simulation module in the program YASARA Structure. The refined structures
saved in pdb format were opened with "Molmol", a molecular modelling and manipulation and
visualization program. The model structure of Ct-3094 as a representative structure was manipulated
in the graphical user interface and visualized, and is shown in Figure 3.4.
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Figure 3.4

(Left Panel) Structure of Ct-3094 blue) superimposed over the
backbone of CyO2 (red). The cysteine residues forming the cystine knot
motif are rendered in yellow ball and stick configuration, dominating
the core of the molecules and exposing the hydrophobic side chains.
(Right panel) The ribbon representation of the backbone chain of Ct3094 showing the secondary structure elements – anti-parallel betasheets (green) and the short alpha-helix in red/yellow.

The model shows the overall global fold and secondary structure elements of Cyclotides; all the
structural features of plant Cyclotides were present in the model. As illustrated in Figure 3.6, the
backbone is cyclic and the cystine knot motif dominates the core of the structure and cause the
hydrophobic residues to be exposed to the solvent. The cyclic cystine knot defines the globular shape
of the molecule and also renders the molecule structurally rigid.
The final structure of Ct-3094 superimposed on CyO2 shows Root Mean Square Deviation (RMSD)
of 0.92Å over the entire backbone chain, which is an indication of the best-fit and stable conformation
(Figure 3.4). The perturbations in their backbone alignment appear to be localized near the short αhelix in loop 3 and more pronounced near loop 6. These flexibilities are directly related to the amino
acid substitutions in loop 3 (α -helical region) in which a single alanine on CyO2 was substituted by
two Valine residues on Ct-3094. Tyr30 on loop 6 is substituted by a leucine, and near the turn region
in loop 2 CyO2 has Tryptophan10 while this residue is mutated to a Phenylalanine in Ct-3094; The
amino acid substitution by the two cyclotide have direct effect on the inter-residual H-bond
interactions: In loop 3, the two Serine residues (15 and 16) orientated in an almost 180° angle with
respect to each other. This orientation has enabled an extensive network of hydrogen bonding in that
loop (3): The gama hydrogen (HG) of Ser15 forms hydrogen bond with the hydroxyl oxygen atom of
the carboxylic acid (-COOH) group in Glu6. The hydrogen atom of its backbone amino (NH) group
forms a second hydrogen bond with the carbonyl oxygen (O) of the carboxylic group in Glu6. A third
hydrogen bond by Ser15 is formed between the backbone carbonyl oxygen (CO) and the hydrogen
atom of the backbone amino group in Val18. The later causes Gly19 to be oriented towards the core
of the molecule where its backbone amino hydrogen is involved in an H-bond with the backbone
carbonyl oxygen (O) of Ser16. The same carbonyl oxygen atom of Ser16 forms a second bond with
the hydrogen atom of Cys18. A third bond is formed between the gama hydrogen (HG) of Ser16 and
the backbone carbonyl oxygen of Cys13.
The extensive network of hydrogen bonds observed in this loop (3) is crucial for structural rigidity
and bioactivity. Recent report showed that mutating the Glu6 on loop 1 has significant consequences
in that its activity has been considerably reduced (Herrmann et al., 2006). Glu6 forms three hydrogen
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bonds with Cys13, Ile14 and Ser15 in loop 3, hence a substitution in that position would result in the
loss of structural rigidity and therefore its activity. The next section (3.6) discusses the surface plots
of Ct-3094.
3.6

The Surface Plots of Ct-3094

The molecular surface plot of Ct-3094 was to understand structure-function relationship of Cyclotides
from Clitoria ternatea and is shown in Figure 3.5.

180°C
Figure 3.5

Molecular surface plots of Ct-3094 colored by polarity using different color
codes (red indicating acidic residues, blue indicating basic side residues, yellow
indicating the cysteine residues that involve in disulfide bonds, green indicating
polar residues and white indicating hydrophobic residues). The molecular
surfaces were calculated using PyMol and is represented in two molecular
surface plot with the one to the right represent a 180 degrees rotation around
the vertical axis.

The surface potential model of Ct-3094 generated using PyMol in Figure 3.7 shows that the
hydrophobic residues dominate the surface of the molecule. This is typical of most Cyclotide
molecules, however and perhaps a notable observation is that the hydrophobic residues dominate 90%
of its rigid surfaces. This is essential for accessibility and ease of hydrophobic interaction with the
lipid membrane. The hydrophilic residue Ser24 is flanked by two positively charged basic residues
(Lys23 & 25) all located in loop 5. Glu6 on loop 1 is oriented in an orthogonal direction towards loop
three. This is quite a significant displacement and is due to the hydrophobic patches located at the turn
region of loop two and directly above it on loop5. The next section (3.7) discusses the structurefunction relationship of Ct-3094 and CyO2.
3.7

Structure-Function Relationship of Ct-3094 and CyO2

Bioactivity studies of Cyclotide molecules amassed over the last 1.5 decades have revealed that
hydrophobic patches are involved in mediating hydrophobic interactions (Huang et al., 2009). The
cytotoxic/antitumor activity of Cycloviolacin O2 follows a common mechanism that involves initial
lipid membrane interaction followed by rapid (5 minutes) pore-formation and disruption, content
leakage and eventual cell death. Moreover, it was reported that CyO2 cytotoxicity is selective in a
dose-dependent manner (Svangård et al., 2007). Structurally the site of membrane interaction was
reported to be specific on loop 2 and 3 (Herrmann et al., 2006). This is clearly evident from the
surface potential shown in Figure 3.6 that the hydrophobic residues are lumped in these two loops (2
& 3).
Recently report of the Clitoria leaf cyclotide, Cter M, also showed interaction with lipid membrane
followed by pore-formation and cell disruption (Poth et al., 2011). Comparing the two surface plots a
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great resemblance is seen in the charge distribution and demarcation of the hydrophobic patches.
Hence, it would be desirable for this cyclotide (Ct-3094) to be tested for cytotoxic/antitumor activity.
CyO2 also show activity against gram-negative bacteria (Pranting et al., 2010). The positively
charged basic amino acids (Lys23 and Lys25) dominate the surface distribution in loop 5 and are
therefore responsible for the inhibitory action against gram-negative bacteria. Similar charge
distribution is observed for Ct-3094 and hence any antimicrobial activity observed for Ct-3094 would
likely be a gram negative strain of bacteria. The next section (3.8) discusses the summary of
modelling and molecular dynamic simulation.

Figure 3.6
CyO2;

(Top panel) Molecular surface plot of
(Bottom) Molecular surface plot of Ct-

3094.

Based on sequence homology of plant Cyclotides the 3D structure of Ct-3094 was modelled. The raw
structure was subjected to rigorous structure refinement analysis (energy minimization plots, side
chain rotamers, stereochemical quality checks etc.) and the final refined structure was superposed on
the template CyO2. Known Cyclotides have diverse biological activities and to understand the basis
for these activities three-dimensional structures have been investigated (Rosengren et al., 2003). It
was seen that the modelled Ct-3094 structure contains all the features of a Cyclotide, that is, the
cystine knot motif embedded within the interior of the three dimensional structure, the 310-helix in
loop 3 and the two anti-parallel β-strands that stacked on top of each other; Surface plots of Ct-3094
shows a distinct demarcation of hydrophobic patches which dominated loops two and three whilst the
hydrophilic patches lumped up at the interior. CyO2 demonstrated antitumor activity as well as gramnegative bacteria activity. The 3D model of Ct-3094 clearly shows a high degree of resemblance in
both the three dimensional structure elements and molecular surface plots. In addition, extensive
hydrogen bond has been observed in loop 3 due to the mutation in that loop. In particular, both the
carbonyl oxygen atom and the hydroxyl hydrogen atom of the carboxylic acid group of Glu6 are
involved in the hydrogen bonding. Since Glu6 is critical for structural integrity and biological activity,
the additional hydrogen bond imposes added stability to the overall structure. Taken together the
resemblance in the distribution of the hydrophobic patch, location of the charge residues, secondary
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structure elements, and the stability perceived due to added hydrogen bond to Glu6, Ct-3094 present
as an attractive molecule to be considered and prioritized for biological testing.
4.0

CONCLUSION

The molecular modelling work utilizes the on-line (internet) bioinformatics tools and the in-house
Structural Biology Facility established at the Chemistry Strand, UPNG. This work clearly
demonstrated that the UPNG Chemistry Department now has the in-house capacity to do molecular
modelling and structural biology work. The 3D molecular models of the four novel amino acid
sequences have been successfully generated using in-house molecular modelling techniques. All the
features of a classical Cyclotides - secondary structure elements (α-helix, β-sheets, and coils), the
cystine knot motif, and the covalently cyclized backbone - were observed in all the four Cyclotides.
Molecular surface plots of one of them (Ct-3094) shows a distinct demarcation of the hydrophobic
patches and the charge distribution suggesting that Ct-3094 has perhaps an important structure and
warrant further studies into the biological importance.
4.1

Future Direction

This work shows modelling of the 3D structures of the four Cyclotides to understand the bioactivityrelationship of these molecules. The molecular surface plots described the chemical environment of
the molecule under consideration. Molecular surface plots of Ct-3094 shows high resemblance to the
surface plots of CyO2, which is a potent anti-tumor and antimicrobial agent. The high sequence
homology of Ct-3094 to CyO2, its three dimensional structures, the molecular surface plots, and the
charge distribution have all converged on the conclusion that Ct-3094 could be a potential molecule
with interesting biological activity. Hence, it is highly desirable to establish the bioactivity profile of
Ct-3094, in particular antimicrobial, anti-tumor and anti-HIV activities.
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ABSTRACT:
Aflatoxins (AF) are toxic metabolites produced by the fungi Aspergillus flavus and Aspergillus
parasiticus in mouldy food crops. Aflatoxin B1 (AFB1) is a highly toxic secondary metabolite
produced by these fungi. AFB1 is converted to Aflatoxin M1 (AFM1) in the Liver. AFM1 is secreted in
breast milk of lactating mothers that consumed AFB1 contaminated food crops. The level of AFM1 in
breast milk of lactating mothers is of major public health concern, because it is hepatotoxic,
immunosuppressive and teratogenic. It can cause birth defects, malnutrition and growth retardation
in neonates. This prospective cross-section study assesses the AFM1 levels in breast milk of lactating
mothers in the National Capital District (NCD), Hagen Central District Western Highlands and
Manus Provinces in Papua New Guinea. Breast milk samples were obtained from 268, 100 and 54
randomly selected lactating mothers in NCD, Western Highlands and Manus provinces respectively
after obtaining their informed consent. AFM1 levels were assayed, using solid phase direct
competitive enzyme immune-assay (EIA) kits. AFM1 was detected in 56.0%, 64.0% and 96.3% of the
breast milk samples from lactating mothers in NCD, Western Highlands and Manus provinces
respectively. The Median and Interquartile Range AFM1 levels in breast milk were 2.44ppt and 0.84
– 5.82ppt for NCD, 2.45ppt and 1.08 – 3.57ppt for Western Highlands, 4.63ppt and 3.24 – 5.75ppt for
Manus respectively. The prevalence of AFM1 contamination in the breast milk samples was assessed
using the cut-off limits for safe levels of AFM1 in milk recommended by Australia and by the Codex
Alimentarius. The data will be presented and the need for continuous monitoring of AFM1 levels in
breast milk of lactating mothers as a biomarker for post-natal exposure of infants to Aflatoxins will be
discussed.
Keywords: Aflatoxin M1, breast milk, lactating mothers, Papua New Guinea
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INTRODUCTION:
Aflatoxins (AF) are toxic metabolites produced by the fungi Aspergillus flavus and Aspergillus
parasiticus in mouldy food crops. Aflatoxin B1 (AFB1) is a highly toxic secondary metabolite
produced by these fungi [1, 2]. AFB1 is converted to Aflatoxin M1 (AFM1) in the Liver. AFM1 is
secreted in breast milk of lactating mothers that consumed AFB1 contaminated food crops [2 – 4].
The level of AFM1 in breast milk of lactating mothers is of major public health concern, because it is
hepatotoxic, immunosuppressive, mutagenic and teratogenic [4, 5]. It can cause birth defects,
malnutrition and growth retardation in neonates. AFM1 is Immunosuppressive, mutagenic,
teratogenic and hepatotoxic, [1, 3, 4, 5]. Repeated intake of small amounts of AFM1 may cause
hepatomegaly, hepatocellular carcinoma, chronic hepatitis and cirrhosis [1 – 4]. Level of AFM1 in
breast milk is one of the biomarkers for assessing consumption of AFB1 contaminated foodstuffs in a
community [1, 3, 5]. This project is in line with section of the nutrition policy indicated in PNG
National Health Plan [6] and Vision 2050 [7]; this is because consumption of adequate and safe
nutritious meals is the best form of preventive medicine and good health for the community.
The major aim of this project was to assess the AFM1 levels in breast milk of lactating mothers in
some major cities in PNG. The major objective was to compare the AFM1 levels in breast milk of
lactating mothers in the Western Highlands Province, National Capital District and Manus Province.
METHODOLOGY:
The major sites for this prospective cross-section study were the Hagen Central District Western
Highlands province (WHP), the National Capital District (NCD) and Manus Province in Papua New
Guinea (PNG). The subjects included lactating mothers attending paediatric clinics and Susu Mama in
WHP, NCD and Manus province. About 5.0ml of breast milk was collected only once from a lactating
mother after obtaining her signed informed consent. Breast milk samples were obtained from 100 268
and 54 randomly selected lactating mothers in WHP, NCD and Manus provinces respectively. Breast
milk from WHP and Manus were kept frozen and transported by airfreight to the Micronutrient
Laboratory (MNL) in the Division of Basic Medical Sciences (BMS) in School of Medicine and
Health Sciences (SMHS) University of Papua New Guinea (UPNG). AFM1 levels were assayed,
using solid phase direct competitive enzyme immune-assay (EIA) kits. Analytical procedures and
quality control (QC) monitoring were as indicated in the protocol of manufacturer [8]. Statistical
analysis of the data was carried out using SPSS version 20 for Windows & MS Excel 2010 Data pack.
Ethical clearance and permission for this study were obtained from the SMHS UPNG ethics and
research grant committee, the WHP & Manus Health Authorities, PMGH and from each of the
participants.
Interpretation of Results: Currently in PNG there are no recommended cut-off limits to indicate the
safe level of AFM1 in breast milk. In Australia, New Zealand and Austria the recommended safe cutoff limit for AFM1 in breast milk is AFM1<10.00 pg/ml (10.00ppt or 10.00ng/L). The Codex
Alimentarius Commission (CAC), European Union (EU) and the United States of America (USA)
recommended the safe cut-off of AFM1<50.00ppt for AFM1 in breast milk [9]. In the present study
both recommended cut-off limits were used for interpretation of the results.
RESULTS & DISCUSSION:
The assay for AFM1 was carried out in the 100, 268 and 54 breast milk samples from WHP, NCD and
Manus province respectively.
The mean (± standard deviation) age of the mothers in WHP was 25.7 ± 5.1 years, the median age was
25.0 years and the age range was 17 – 40 years. For NCD, mean age was 25.4 ± 5.6 years, median age
was 24.0 years and the age range was 15 – 42 years. For Manus province, mean, median and age
range of the lactating mothers were 26.9 ± 6.4 years, 27.0 years and 18 – 48 years respectively. The
age groups of the lactating mothers are presented in Table 1. Most of the mothers were in the 20 to 29
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years age group, 71.0% in WHP, 64.2% in NCD and 58.2% in Manus Province. The 30 to 34 years
age group followed this.

Table 1: Distribution of mothers in WHP, NCD and Manus according to age groups

Age groups
(yrs)
15 – 19
20 – 24
25 – 29
30 – 34
35 – 40
>40

WHP
(n = 100)
9 (9.0%)
34 (34.0%)
37 (37.0%)
12 (12.0%)
8 (8.0%)
0

NCD
(n = 268)
36 (13.4%)
99 (36.9%)
73 (27.3%)
36 (13.4%)
23 (8.6%)
1 (0.4%)

Manus Province
(n = 54)
6 (11.1%)
15 (27.8%)
17 (31.5%)
10 (18.5%)
5 (9.3%)
1 (1.9%)

Figure. 1: Percentage of breast milk from lactating mothers in WHP, NCD and
Manus with detectable levels of AFM1

Figure 1 shows the distribution of the breast milk samples from lactating mothers in WHP, NCD and
Manus with detectable levels of AFM1. A total of 64 (64.0%) and 150 (56.0%) breast milk samples
from the lactating mothers in WHP and NCD respectively contained detectable levels of AFM1. Of
the 54 breast milk samples from lactating mothers in Manus province 52 (96.3%) contained detectable
levels of AFM1. The Box-plots of the AFM1 levels in breast milk of lactating mothers in WHP, NCD
and Manus are shown in Figure 2. The data indicates that the values were not normally distributed.
This was supported by the Kolmogorov-Smirnov test for normality of distribution for each set of data.
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Figure 2: Box-plots of the AFM1 levels in breast milk samples of lactating mothers in Western
Highlands Province, National Capital District and Manus province.
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Table 2: Summary statistics of AFM1 (ppt) levels in breast milk with detectable levels of AFM1

Median (ppt)
Interquartile Range (IQR) (ppt)
Mean (ppt)
Std dev
Range (ppt)

WHP
2.45
1.08 – 3.57
3.88
6.74
0.02 – 41.02

NCD
2.44
0.84 – 5.82
6.06
11.66
0.01 – 90.71

Manus
4.63
3.24 – 5.75
4.45
1.80
0.90 – 7.69

Table 3: Distribution of AFM1 levels in breast milk from lactating mothers in WHP, NCD and Manus
according to AFM1 cut-off limits.
Breast milk
AFM1 cut-off limits
WHP
NCD
(n = 100)
(n = 268)
AFM1 = 0.0ppt
36 (36.0%)
118 (44.0%)
AFM 1 < 10.0ppt
97 (97.0%)
254 (94.8%)
AFM 1 > 10.0ppt
3 (3.0%)
14 (5.2%)
AFM 1 > 50.0ppt
0
2 (0.7%)
NB: Figures and % are cumulative, thus do not add up to 100

Manus
(n = 54)
2 (3.7%)
54 (100%)
0
0

The summary statistics of the AFM1 levels in breast milk with detectable levels of AFM1 are
presented in Table 2. The median AFM 1 level and Interquartile range (IQR) in breast milk form
WHP was 2.45ppt and 1.08 – 3.57ppt respective. The median AFM 1 in breast milk from NCD was
2.44ppt and the IQR was 0.84 – 5.82ppt. For Manus the median was 4.63ppt and the IQR was 3.24 –
5.75ppt. The Mann-Whitney U and Wilcoxon W tests indicate that the AFM1 level in breast milk
from WHP was not significantly different (p = 0.464, 2-tailed) from the AFM1 in breast milk from
NCD. However, the AFM1 levels in breast milk from Manus were significantly higher (p = 0.001, 2tailed) than the AFM1 for WHP, and also for NCD (p = 0.002, 2-tailed).
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Table 3 shows the distribution of the breast milk samples according to recommended cut-off limits for
AFM1. AFM1 was above the cut-off limit of 10.00ppt in 3.0% breast milk samples from WHP and
5.2% from NCD. AFM1 level was above 50.0ppt in 2 (0.7%) of the breast milk from NCD;
CONCLUSION:
AFM1 was detected in breast milk from WHP, NCD, and Manus at the time of this study. AFM1 was
above 10.0ppt in 3.0% and 5.2% of breast milk from WHP and NCD respectively. AFM 1 was above
50.0ppt in 0.7% of breast milk from NCD. Although the frequency of AFM1 contaminated breast
milk from the 3 study sites was high, the extent of contamination was not at the level indicating public
health significance. Appropriate health education and awareness of the harmful effects of consuming
Aflatoxin contaminated foodstuffs should be carried out among vulnerable groups in the community.
Effective public health and community health policies should be included in all food-based
sustainable intervention strategies. Adequate access to affordable and quality nutrition, as well as
improved maternal and child health are prerequisites for the promotion of sustainable and responsible
development through science and technology.
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ABSTRACT:
The University of Papua New Guinea considered the possibility in community health threats
associated with the quality of drinking water sources in a recognized PNG setting. Common
complains in use of nearby waterway was a central focusto motivate the assessment inharmful effects
to human healthofunknown causes. The study criteria included the immediate surroundingsof the
residential population from 8 locations in Angabanga River basin in the Central Province of PNG.
Complementary information was gathered in assessing related health threats such as in human daily
occupation in water preference and fish consumption along the mined river system. Field surveys
conducted in specific villages and Health Centers were located in Kairuku-Hiri District of the Central
Province in Papua New Guinea. The prevalent health problem for diarrhoea morbidity in unknown
causes was considered using thehealth records in identified health facilities. The observation of 47%
diarrhoeaepisodes was evident among the frequency of children at risk, the adults at 40% and the
visitors at 13% in the fivevillages surveyed. These groups were exposed to common health threats of
recalled symptomatic diarrhoea related illnesses prevalent in the community atoccurrence frequency
of 74%. The main objective of the study was therefore to assess possible causes in water pollution and
its health impacts using water contaminants in theexposureof notable bacteria presence. Water
samplings were taken from selected sites to check with laboratory detection criteria in theetiology of
bacteria profile. Respective bacteria analyses were used for enumeration and confirmation incoliform
/fecal coliform and the Escherichia bacteria presence in potential water-borne pathogens at the
Central Public Health Laboratory. This data would be used to evaluate people’s choices in water
preferences for drinking, cooking and washing from the river, well and tank sources. There is no
significant difference between coastal and inland villages for water use in this study population.
People are therefore exposed to the same health threats of water pollution in the Angabanga River
basin. Consequently, a significant level of coliform, fecal coliform and E.coli bacteria in Angabanga
water sources were detected. In future research endeavors a case control study in diarrhoea related
illnesses in this community as well as in integrated scientific technology in detection of indicator
enteric bacteria may be pursued.
Keywords: Water, Angabanga, health, bacteria, diarrhoea
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INTRODUCTION:
Water crisis is enormous. It poses health risks to billions of earth’s inhabitants. The global estimates
that 3-4 million people die each year as a result of poor sanitation and related disease spread
especially in contaminated drinking water sources in developing countries. Up to 90% of these
casualties are among the children (Adamson and Williams, 1990; Wright and Nebel, 2002). Water
impurity and its unsafe use in a recognized environment commonly result from water-borne diseases
and chemical toxic wastes. Implicated etiological causes included bacteria in typhoid and cholera,
specified viruses, helminthes and other related parasites. Similarly for animal wastes that get into
environmentally unsafe waterways, this may pose common problems in fecal contamination (Maier
et. al., 2000). This prevalent problem in the tropics is related to other living conditions such as
poverty and socio-economic status due to water contamination (Modak and Biswas, 1999).
In a healthy environment, drinking water sources must be free of any suspended solids,
microorganisms and toxic chemicals including recommended and maximum mineral strength that
may vary from country to country. The maximum contaminant level (MCL) is the standard given by
the Environmental Protection Agency (EPA) for public water system and use. The EPA is a federal
(U.S.A. based) agency responsible for the control of all forms of pollution and other kinds of
environmental degradation. The maximum contaminant level goal (MCLG) refers to Safe Drinking
Water Act passed by the US congress in 1974. This law requires EPA to determine safe levels of
chemicals in drinking water, which contribute to causing health problems. In instances of monitoring
water quality the most relevant information may be designed in a recognized community for purpose
of retaining clean water sources closer to them (Wright and Nebel, 2002, EPA, 2010).
Recent observation showed indication from environmental run-offs leading to possible disease spread
in livestock to humans via water supplies. The presence of zoonotic parasites including protozoa and
helminthes in aquatic environment need special attention, as these agents are reservoirs for infectious
diseases. Prior to recent developments PNG has had an experience of lower parasitic zoonosis. Since
the introduction of agriculture and other cost effective developments an increased mode of
transportation from neighboring countries is observed (Owen, 2005).
Similarly for animal wastes that get into environmentally unsafe waterways, this may pose common
problems in fecal contamination. This prevalent problem in the tropics may be related to other living
conditions such as poverty and socio-economic status. Water borne bacterial causes like cholera and
typhoid in diarrhoea/dysentery are common. Protozoa (Cryptosporidium) and viral (enteric rotavirus /
adenovirus) are other implicated causes (Prescott et. al., 1993). Prevalence of diarrhoea appears to be
greater in less developed countries, possibly as a result of lack of clean water and sanitary facilities,
crowding, and animal reservoirs in close proximity to residences (Weinstien et. al., 2000; Maier et.
al., 2000).
When diarrhoea develops, certain changes appear in affected individual. Usually fecal-oral route is a
mode of disease transmission. . In humans, the protozoan, viral, helminthes or bacterial parasites
infect intestinal epithelial cells, resulting in acute self-limiting diarrhoea for immune competent
individuals. However, the infection produces more severe and potentially fatal symptoms of
voluminous diarrhoea in immune compromised individuals. Similar cases of opportunistic parasitic
infections are seen in malnourished children (Maier et.al., 2000).
Diarrhoea and related illnesses have origins in water and food-borne causes of health concern in
Papua New Guinea (PNG). Predisposing environmental conditions such as polluted water supplies
poor environmental sanitation as well as other health care hygienic levels should not be overlooked.
The prospective study by PNG Institute of Medical Research found the important link between
children’s health and their livelihood in the national nutrition survey in 1988 (Lehmann et al. 2005;
National Health Plan, 2002; Wyrsch, et. al., 1998).
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In a retrospective study Biddulph and Pangkatana observed critical condition for weanling diarrhoea
among the pediatric population admitted into the Port Moresby General Hospital. The prevalent
condition observed here were due to environmental factors such as in safe water and sanitation
(Biddulph and Pangkatana, 1971).
According to the National Health Plan 2001-2010, common and preventable diseases are associated
with unsafe water, waste disposal and handling of food. In rural PNG setting, 70% of its population
lack safe water supply. Consequently, diarrhoea and skin diseases result from unsafe water supply.
The peri-urban and provincial governments in communities share responsibility for clean water
supply in these locations. The role of Health Inspectors in each location for monitoring and
surveillance on water supplies are vitally important (National Health Plan, 1998; 2002): Papua New
Guinea has important goals and objectives on safe water sanitation to achieve beyond 2000. Under the
Environmental Health Impact Assessment for PNG, specific health components are defined. These
roles are to determine potential environmental, social and health hazards due to development. Since
the 2000 implementation era, the national estimation in PNG rural population was less than 5% in
environmental water supply. Environmental health excreta disposal guideline for safe disposal of
bucket systems had since been in place as in other developing countries of WHO recognition
(National Health Plan, 2002, WHO, 2006): In one of the decade statements by Sir Paulias Matane,
Governor General of PNG stated in the cover page of recognized handbook by the quoted version
in.”every citizen influences the well-being of our rich natural heritage” (EA PNG, 2005).Such
slogans convey in environmental awareness for today and future generations. In recognizing the
implication of environmental protection and sustainability, the EA PNG sympathizes with the need
for strong partnership among the stakeholders, landowners, Government, private sectors and the
NGOs. Obtaining valid data on information system on environment issues are important policy
guidelines and framework.
PNG has natural and rich heritage of 170,258 cubic meters (volume) of fresh water ((EA PNG, 2005).
Just 29% of these in rural population have access to improved water sources and 60% piped water in
urban communities. These fresh water sources are easily polluted by mining, sewage treatments and
run offs not regulated, plus domestic contamination. As a result of these effects high incidence of
water-borne diseases result. Interestingly, 14% of fresh water in PNG is in forms of rivers, streams
and ground water sources near the coast. The abundance of rainforest incidentally provides significant
sites of stored rain water (EA PNG, 2005).
With additional demands on fresh water from natural sources as in ponds and streams, the man-made
storage capacities are confined in tanks, dams, wells and bores. These sources are usually maintained
for purpose of water security during droughts and as in situation of water depletion. The uses of fresh
water in general are distributed among the institutions, homes, agricultural, industry as well as
maintaining total wildlife and whole ecosystem.
Pollution of fresh water source is related to human activities such as industrial waste, household and
community waste disposal, mining and agricultural chemicals. With industrial waste, there is buildup
of high biological oxygen demand (BOD) where aquatic life forms are affected. For purpose of
conservation and ensuring its depletion, education and community awareness are of vital importance
(Prescott et. al., 1993; Wright and Nebel, 2002).
Micro-organisms are known to grow in much broader series of environmental conditions. These
include, in icy poles, hot springs, fresh water, salt water, with or without oxygen, in highly acidic and
alkaline conditions, generally all environment on earth. Those able to grow only in specified
environments are called obligate, and those growing in mixture of different environments are called
facultative microbes. Among the microbial community, recognized bacteria have broad ranges of
temperatures for growth at 0oC to above (>) 100oC. Different categories of the bacterial species are
grouped and identified accordingly to temperature growth requirement. The specified groupings
include: the Psychrophiles at -10o C to +20o C, the Mesophiles at 20o C to 40o C, the Facultative
thermophiles at 30o C to 70o C, and the Thermophilesat 50o C to over (>) 100o C. However, the normal
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pH ranges in bacterial growth include the Acidophiles at pH 0-5, the Neutrophiles at pH 5-8.5, and the
Alkalinophiles at pH 7-11.5 (Alcamo, 2009).
Enteric bacteria significance
Some members of the microbial community commonly known as enteric bacteria are facultative
anaerobic in nature meaning that they can grow either in presence or absence of oxygen. Many of the
genera under this grouping cause disease of the gastro-intestinal tract (GIT) in the digestion related
body systems. The growth morphology and description of some of the notable bacteria from this
family Enterobacteriaceae, especially those species of health concern identified in this study. These
gram negative intestinal organisms included the genera, Escherichia, Klebsiella, Enterobacter,
Citrobacter are all important in bacteria hierarchy. Presence of other groups under the gram negative
category including Salmonella, Shigella and Pseudomonads are also significant as human
pathogens. In Salmonella and Shigella causes may vary with environment that is conducive for their
growth and spread. Since transmission of Shigelloses by food, fingers, feces and flies from person to
person are known. One of the best control measures is to eliminate the organism from its reservoir by
sanitary control of water and food. Pseudomonas aeruginosa is pathogenic to man especially in the
cause of urinary tract as well as in nosocomial or hospital related infections (Water and Israel, 1972;
Cowan and Steel’s, 1975; Jawetz et. al., 1982). However, there are other bacteria types identified from
the similar survey locations in Central Province that have other health implication. These included the
gram positive bacteria identified as Staphylococcus epidermidis and Streptococcus faecalis (Sungu,
2006,Slaterand Narayan, 1986).
Among the Klebsiella genus, the gram negativespecies (GNB) possess a capsule formation feature
which enables the unique identification in cellular morphology. The K.pneumoniae is more
pathogenic to humans than K. oxytoca in its retained ability in gelatin and indole positive formation.
The biochemical growth activity of the GNB is significant in fermentation tests observed in many
sugars. For instance in glucose fermentation, both aerobic and anaerobic organisms are involved. In
examples of lactose fermentation, involving E. coli and most other coliform bacteria, both acid and
gas production come about in the growth process specified in the differential MacConkey agar (MA)
selective medium for identifying lactose fermenting bacteria. The lactic acid produced by E.coli turns
the neutral red indicator to pink color making the colonies pink, whereas growth colonies of
Salmonella, Shigella, Pseudomonas and Proteus remain colorless as these organisms are not able to
ferment lactose (Cowan and Steel’s, 1975). The Streptococcus faecalis with its alternate/ former
name as enterococcus is usually present in the colon of humans It is also responsible for urinary tract
infections, alternatively known as non-hemolytic streptococcus due to its inability to be soluble in
hemolysis factor found among the Lancified group of bacteria (Water and Israel, 1972; Cowan and
Steel’s, 1975,Slater and Narayan, 1986). However, the fecal coliform significance as in defined terms,
these include the total coliform bacteriaas a collection of relatively harmless microorganisms that live
in large numbers in the intestines of man and warm- blooded animals.
The main role of these microbes is to aid in the digestion of food; though these organisms have lost
the ability to survive in the harsh “outside world” including both the aquatic and terrestrial
environments. The most possible routes of entry of these organisms to the exposed natural
environment whether land or water, are through the human and animal wastes or through sewage
materials (Prescott et. al., 1993). A specific subgroup of this collection is the fecal coliform bacteria,
the most common member being Escherichia coli. These organisms may be separated from the total
coliform group by their ability to grow at elevated temperatures. The presence of E. coli associated
with the fecal material causing water contamination is also known as an indicator organism for
presence of other potential pathogens affecting humans26. The coliform bacteria were abundantly
present in river water that was fed with sewage in a Fijian community study. Roberts (1992) deduced
in one observation that these bacteria could survive and grow in both river water [fresh] and sea water
26

See (http://www.state.ky.us/nrepc/water/wcparint.htm; Prescott et. al., 1993; Jawetz et. al., 1982).
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for over 5 days. These coliform bacteria grown under ideal laboratory conditions were characterized
by the API 20E identification system (Roberts, 1992).
Honda and others (1989) used Pili serology assay to show that the enterotoxigenic factor, adhesion in
E.coli affecting the pediatric population causing diarrhoea. This was evident in one PNG study where
among the nine (9) isolated E.coli strains identified, only three (3) produced heat labile and stable
enterotoxins. The bacterial pili that had water resistant properties may aide in such phenomena
(Honda et.al (1989). The toxicity effects of E.coli from the environmental sources have different
morphological and biochemical changes affecting specific community. In an epidemiological survey
among the New Caledonians, Germani and others (1988) observed that the strain of enterotoxigenic
E. coli as a cause of acute diarrhoea was evident in the community. Its spread was affected by the
climatology, the enterotoxicity, carbohydrate fermentation patterns and colonization antigenic factors
(Germani et.al., 1988).
Enteric bacteria, viruses and parasites have all been investigated in the laboratory in PNGIMR where
epidemiological surveillance activity has been practical since the 1980s. The program has achieved
new findings on rotavirus, campylobacter and cryptosporidium. Pathogenic strains of Escherichia coli
and enteric adenoviruses have been studied at PNGIMR (Siba, 2006).
In the Pacific island countries, the South Pacific Applied Geosciences Commission (SOPAC) has
taken an active role in information dissemination to encourage safety and sustainability in potable
water usage. PNG with its Pacific neighbors has the experience of climate variability where average
rainfalls may have over 4,000 mm to less than 500 mm in a year. The experience of 1997/1998 with
El Nino (drought) and La Nina (flood) PNG ought to be more prepared especially in unpredictable
and natural climatic changes. These hazards plus others for emergency attention in tropical Pacific
including cyclones, and volcanic eruptions are natural occurrences. Human hazards contributing to
water problem include civil unrest, land disputes for water intakes on customary land, land use as well
as degradation of water quality through inadequate sanitation and waste disposal (Scott et. al., 2003).
Usage of fresh water sources in surface, ground andrain water are at risk as human activity relating to
notable presence of health hazardsin the environment. In PNG as in other Pacific island countries the
main fresh water sources are obtained from all of the available springs although no restrictions are
enforced as yet. Potable water is used for drinking and cooking in many human settlements. These
water reserves are used for bathing, cleaning and washing apart from other applications in toilet
flushing, cooling, freezing, and drinking for animals and garden watering.
The opposite effects of human inactive practices with water utility are inadequate resources, lack of
information, limitation in budgets and lack of legislation. These may be limiting factors towards safe
water usage and distribution to rural and urban communities. Water resource and management
capability are encouraged for a bulk of peri-urban to rural communities (PNG Health Plan 2002; Scott
et. al., 2003; EA PNG, 2005). Application of modified technology for rapid water testing kit using
Hydrogen Sulphide [H2S] kit could be pursued, since it is easily manipulated for determining turbidity
in water, and total fecal coliform (TFC) for safe drinking water under the World Health Organization
(WHO) standard. The use of the H2S kit is recommended because it detects both the coliforms and
TFC. It is also suitable for wider uses and is inexpensive and easy to use (Mosely et. al.,
2004,Bukenya, 1990). In another twist, the use of DNA technology in probing the indicator organism
especially Escherichia coli presence in monitoring water quality is highly recognized. When a
radioactive signal indicates a match to detect E.coli presence, then the water is contaminated (Alcamo,
2009).
Rationale in current study area
The focus for study site selection is primarily based on people’s immediate need for seeking clean
water sanitation and for maintaining healthy lifestyle.
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Over sixteen villages and settlements inhabited the Angabanga River basin with a growing population
of the defined community. Since the last national census, total populations in the study area were
over 10,000 people (NSO PNG, 2000). The Angabanga community depends on the waterway as one
of the main sources for its livelihood. However, the target population in the study was 600 people
selected from within the Bereina and Kairuku-Hiri District. Systematic sampling had drawn 65
individuals taken from these villages including the emphasis of equal gender participation. The water
sampling sites in current study are in closer proximity to the previous and related observation in
citation (Sungu, 2006).
The type of fish population including gouramis and tilapia namely co-existed with mullet as marine
and fresh water fishery along the lower Angabanga River flood plains in Central Province. In the
study Hyslop (1996) identified several indigenous and introduced fresh water fish fauna, Oreochromis
mossambicus and Trichogaster pectoralis. The presence of these fisheries provides potential food
security for the expanding population along the Angabanga flood plain. In this location tilapia and
gouramis were observed along horizontal migration pattern as opposed to the mullets that follow
longitudinal migration from fresh water to marine for reproduction purposes. Mullets were also
found abundant in more rapid locations of the Angabanga River further upstream (Hyslop, 1996).
There were complains raised by villagers about the water quality and health problems they faced like
diarrhoea episodes and skin infections present for the past ten years. Impact studies were carried out
by other organizations including the recognized community oriented groups. The Auga and
Angabanga Rivers have drawn common interests from PNG based group of NGOs like the OXFAM
(Bice, 2005). The recent observations on chemical pollution have been highlighted as of 2006. An
independent group observed river contaminations on the Auga-Angabanga River basins from toxic
chemical wastes. The presence of chemical pollutants such as lead, mercury, arsenic and cyanide in
the human body system is a public health concern.
The same concerns were raised by authorities of the Central Provincial Government for the affected
population along the Anganbanga River system. Kotapu and Associates of Australia confirmed these
findings from blood samples tested among the residents of the Tolukuma gold mine affected areas in
Mekeo Kuni and Giolala of the Central Province (National Newspaper, 14 March, 2007; Kotapu,
2008). Consequently the strategized water research activity was conducted with the University of
PNG. The baseline survey involved environmental health impacts for clean water supply and the
community benefit in sustaining human livelihood. Field assessments in five villages along the
Angabanga River flood plain and three nearby Health Centers were complemented with the laboratory
investigations on water samples undertaken in July 2006 (Sungu, 2006). Water sources from the
Angabanga River basin are not safe for people’s use. The logical idea to test the river and the well
water sources for assessing in potential water pollutants was considered. Specific questionnaire were
obtained for water preferences, sources and household uses from both the surface and ground water
origins situated along the river banks.
AIM:
The main aim of this study is to assess in natural and anthropometric causes in possible water contamination
contributing to the health related threats and in personal hygiene impacting human behavior in the specified
Angabanga community in Central Province.
Principal objectives
 To identify potential water pollutants in the drinking water sources
 To define prevalence of health risks and related illnesses in the community
 To assess significant levels of dissolved oxygen in water quality markers in the distinct
aquatic environment
 Toassist local community groups in developing information concerning the quality of water
resources close to them
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The achievable objectives are:
i)

To evaluate potentially harmful levels of bacterialin drinking water sources of the Angabanga
riverside community.
ii) To identify common link of symptomatic diarrhoea in related health threats.
iii) Providing health education and awareness for sustaining clean and safe water resources in
rural community.
The survey area is located in the Central Province, some 90 -120 kilometers NW of Port Moresby in
National Capital District using the Hiritano Highway road links. Those respective villages and Health
Centers that participated in the survey were included in the topographic analysis using the 3D satellite
[image] Map (Figure 1).
Figure 1: Map showing the survey and sampling sites in Mekeo – Kuni & Kairurku Rural
LLGs, Central Province 2006
(Source:RSU upng/snps, 2010)

FIGURE 1: Survey and water sampling sites in Kairuku-Hiri District, Central Province
2006 & 2008: [3D- SATELITTE IMAGE, RSU – Upng, 2011]

MATERIALS:
The study materials & methods used in the field, laboratory and office were recognized respectively.
The field materials; including survey questionnaire forms, stationary items and community
participation of recent school leavers, respondents in the five villages and three Health Centers.
Different materials were used in the respective laboratories tests: Required water quantities were
collected in both sterile glass bottles for bacteriology and in plastic bottles for chemistry tests and
transported in water cooler Eskers by road.
Dissolved oxygen parameters: manganese - sulfate & alkaline iodidein the field and the “YSI” as in
oxygen probe and sodium sulfate used in the laboratory setting...
Microbiology test materials: Sterile glass bottles, 50mls, 250mls and 500mls. Suitable dilution
blanks, Culture media – solid and liquid, Petri-dishes, plastic & disposal (90 x 15 mm), Graduated
bacteriological pipettes, 1 ml/ 0.1ml capacity, Balance in grams, Water bath for temperature control,
Incubators & fridges at suitable temperatures, Dust free working hood, Suitable molten and semi-solid
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agar medium, Staining racks, slides, reagents and accessories, Microscope - light & bright field,
Distilled water – used in control samples and saline diluents. The biochemical testing reagents were
kept in test kits holding recognized bacteria profile of the Enteric Bacteria used in guidelines of
water/food testing protocol (Biomerieux, 2005)
Microcomputers & HP printers & Internet tools used in: Writing, coding, searching, analyzing,
copying, and transferring of research materials.
METHODOLOGY:
The strategized activity involved data collection/coding in field to laboratory investigation, eventually
entering and data analyseswith consistent library search and write up.
Field Survey
This activity was done while on study sites through guided questionnaires with coding for each village
survey and interviews conducted. The individual responses obtained from the five respective villagers
and three Health Centers were collated. Lists of 22 questions were used for the survey in five villages
of Aipeana, Babiko, Inawi, Mou and Veifa’a. An additional six questions were assigned specifically
for the three Health Centers entered in the study. Of the total of 65 individuals taking part in the
interview, 51 were from the villages and 14 from the three main Health Centers of Bereina, Inauaia
and Veifa’a. The total participation of both males and females residents and health workers were
realized. There were 54% males and 47% females among the total village participation. In the Health
Centers participation, however, there were 85% females and 15% males.
Water sampling and Laboratory Testing
Thirty-seven (37x) water samples were initially collected from specific sites, of which 28x were
assigned for the respective chemistry test: (**)15xsamples for trace/heavy metals and 13x for
dissolved oxygen determinations. The microbiological analysis took 9 single water samples from the
same locations using specific materials. Both disposable and sterile glass water bottles were used.
The analytic method using heterotrophic plate count (HPC) was developed under the guideline of the
Environment Protection Agency and its application has no health effects. Its general application is to
measure the variety of bacteria that are common in water. The HPC measures a range of bacteria that
are naturally present in the environment. The lower the concentration of bacteria in drinking water,
the better maintained the water. Recognized microbiology water testing procedures were described
(EPA, 2010).
NOTE: the results of water samples (**) in trace metals were not presented here.
Determination in most probable number of coliform bacteria
The enumeration procedure namely, Turbidity tube test for determining the most probable number
(MPN) in particular for fermenting bacteria are summarized. In the MPN method, a "presumptive
test" was performed first. A series of fermentation tubes that contained lauryl tryptose broth were
inoculated with the water sample and incubated for 24 hours at 35oC. Fermentation tubes were
arranged in 3 rows, with 5 or 10 tubes per row, with varying dilutions of the samples in each tube. For
example in a10-fold dilution, 9.9mls.of the blank was added to 0.1ml of water sample. If there was no
gas production, the samples were incubated for another 24 hours and re-examined. If gas production
was observed by the end of 48 hours, the presumptive test was positive; coliform bacteria were
present in the sample. A "confirmed test" was then performed to determine if fecal coliform bacteria
were present. For the confirmed test, some content of the fermentation tube was transferred with a
sterile loop to a fermentation tube containing another bile broth medium. The sample was incubated in
a water bath at 44.5oC for 24 hours. Gas production in the fermentation tube containing selective
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bacteriological agent, Brilliant Bile Green (BBG) broth was observed after 24 hours. This was
considered a positive reaction, indicating fecal coliform. Based on which dilutions showed positive
for coliform and/or fecal coliform, a table of most probable numbers was used to estimate the
coliform content of the sample. The results were reported as most probable number (MPN) of
coliform per 100 milliliters of water (Microbiology Manual, 2008; Reed et. al, 1999; UTS, 1997).
Water analysis in bacteria profile indices
The laboratory procedure used in identification was to quantify the different taxons of the
ENTEROBACTERIACEAE and the isolates in environmental water sources included under the
Analyses of the Profile Index (API). In the API application of microbact 20E or microbact 23E strip
assay were arranged as based on taxa of determined database that allowed calculations of frequencies
based on observed specified reactions. These biochemical reactions were observed and read from the
Identification Table following the final test runs (Biomerieux, 2005).
In all of the observations in culture, the controls were run against using similar quantities in laboratory
grade distilled water.
Calculation in cell numbers
Total numbers of water samples used are 9 + 10 = 19. Out of these, only 6 are eligible in repeat
analyses, including 1 sample in 2006 and 5 in 2008 all of which are presented with the respective
results. To determine the bacterial cell number contained in the original water sample from respective
sources.
GENERAL FORMULA IN CALCULATION IS BASED ON: C / V x M.
The most acceptable bacteria colony counts are recognized in range of 30 -300 single young colonies.
The mean colony count (C) as well as colony count per ml per dilution determined in dividing by
volume (V) in milliliters transferred to each plate culture. Finally the count per ml of original sample
is determined in multiplying by the reciprocal of that dilution also called multiplication factor (M)
(Reed et. al., 1999). In determining the most probable number (MPN) of bacteria present in water
sources, statistical table is consulted resulting from the turbidity in duplicate tubes showing growth of
unknown bacteria in culture. Total MPN is then calculated by proportion of dilution factor used in
initial stages of experiment.
In the follow up visit additional 30 sampling was obtained in laboratory analyses for microbiological
assays were employed.
Data Analysis
The raw data was entered initially into the Epi Info versions 6 and 3.4.3 (Dean et. al,. 1997; Dean et.
al,. 2007) and later analyses were done on MS excel. The analyzed data was dispatched into Microsoft
word and oral presentation on MS PowerPoint.
Ethical clearance
In accordance withthe medical research criteria, an ethical clearance was a necessity. The governing
authority of the national Health Department together with its research arm of the PNG Institute of
Medical Research committee had previously given the assurance in respective instrumentation
specified elsewhere.
Additionally, initial contacts for people’s consent were sent from the University of PNG with the
respective village counselors in the LLG system of governance, together with the Community and
Public Health sectors of the Central Provincial Government. There was also good contribution of time
and space by the churches and the NGOs in the respective community survey.
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In addition, the personnel data that was collected from all 65 interviewees were kept for confidential
record keeping and identification purposes.
RESULTS
Water Preferences in the Angabanga Community
There are three main water sources in this area, including the Angabanga River and its spills, to the
well or bore comprising ground water sources as well as rain water in the confined tank capacity.

Figure 2: Water source preferences in sampled villages in Angabanga River basin (n=51)
Most people in all five villages prefer and use bore and tank water sources with observation at 47%
and 46% respectively and fewer (7%) preferring river water source for their daily chores (Fig 2).
Table 1: Total water user preferences in the Angabanga community 2006
Category
Drinking
Cooking
Bathing / Washing
Others
Total

Occurrence/51
47
45
39
25
156

Percent (%)
30
29
25
16
100

Drinking (30%) and cooking (29%) followed by bathing, washing (25%) in common water use
preferences as grouped frequency was observed from all five villages (Table 1 & Fig.3).
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Figure 3: Water user preferences in Angabanga Community 2006 (n=51)
Observation in Angabanga Community Visible objects in surface water
Those people interviewed had indicated seeing different objects floating down the river at different
times in particular during seasonal floods (Table 2).
Table 2: Visible objects in afloat in flooded Angabanga River 2006 (n> 51)
Objects
Dead logs/leaves
Uprooted trees/green leaves
Dead animals/ wildlife
Human and animal wastes
Tins /plastics/paper
Coffin
TOTAL

Frequency (n = 143)
55
45
17
13
12
1
143

Percent (%)
38.5
31.5
11.9
9.0
8.4
0.7
100

Under the exploration category including gold mining was in majority of the residents at 93%
frequency, followed by logging and oil drills collectively observed at 7% occurrences.
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Figure 4: Potential water contaminants in commercial activity. In Angabanga community 2006
Livestock rearing
The rearing of domesticated animals such as the pigs at 55%, chickens at 43% and cattle at 2%
indicated potential land use in farming.

Figure 5: Livestock rearing in Angabanga Community survey 2006 (n=51)
Observation on fish consumption
Over 50% of the respondents indicated that river fish was affected by unknown causes.

135

Proceedings of RST UPNG Sci. Conf. Nov 2014

Figure 6: The river fish consumption in Angabanga Community 2006 (n=51)
Those people from five villages showing 51 % responded with the experience of stomach upset and
related problem from fish consumption, 48% responded without it and 1% did not response.
Effects of symptomatic illnesses
Total observance of diarrhoea related illnesses in village community

Figure 7: Stomach upset in related illnesses in Angabanga community 2006 (n=51)
The stomach upset and related conditions were observed at 74%, with 8% not affected and the
remaining 18% did not respond in Angabanga community.
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Figure 8: Potential health threats comparable In Angabanga community 2006 (n=51)
There was an observation of 47% diarrhoea episodes observed among the children category, the adults
at 40% and the visitors at 13% in the five villages over the past six months at time of interview.

Figure 9: Health threat forecast on village children In Angabanga community 2006
[Total gender participation in Angabanga community surveys 2006 (n=65)]
The disease trends among the children in the villages of Veifa’a, Mou and Babiko were obviously at
25-30 % with only Veifa’a continued upward while the others with downward trends among the
adults and visitors.
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Table 3: Common illnesses treated in nearby Health facility Angabanga 2006

Illness category
Diarrhoea with vomiting
Diarrhoea with dysentery
Diarrhoea only
Others- flu fever head ache
Total

Occurrence
10
9
8
7
34

Percent (%)
29.4
26.5
23.5
20.6
100

Health Center Results
From the three main health centers in Kairuku Hiri District, relevant data for assisting with morbidity
were collated for analysis. Category of diarrhoea with vomiting showed 0% for Veifa’a and 67 % for
Inauaia Health Centers, and diarrhoea only category has been commonly seen in all three Health
Centers with the topmost threshold in Inauaia at 44%, frequency Inaiaia HC at 40% and Veifa’a. HC
whereas14% was recorded in Bereina Health Center.

Figure 10: Diarrhoea related illnesses treated in Health Centersin Angabanga community 2006 (n=14)
Of the diarrhoea related illnesses treated at the Health Centers, higher than 42% incidents occurred at
Inauaia HC and diarrhea with dysentery at nil observed in VHC. Other common conditions like fever,
malaria, skin infections were also treated at these health facilities.
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Laboratory observations of water chemistry
Stable physical parameters

Figure 11: Stable physical parameters in water sources Angabanga 2008
The air temperature (AT) was at 30 o C and over in the lakes, wells and river water sources
respectively and below 27 o C in the tank water source in Inauaia HC. And the water temperature
(WT) mean was observed at 28 o C with the river sources between 24 o C - 25 o C and above28 o C in
other sources of the lake, well and tank.
Potential dissolved oxygen effects
The pattern of dissolved oxygen (DO) activity in both the surface and ground water sources varied
from 6 mg/L - 7.68 mg/L in the lake and well water sources. However, in the river sources the DO
level was at 9 .28 mg/L - 9.68 mg/L in 2006 (Figure 12).

Figure 12: Dissolved oxygen activity in mg/L in Angabanga Water sources 2006 (n=13)
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Laboratory observations of water bacteria culture
Potential microbiological distribution
The findings of potential microbiological agents present in Angabanga water sources were
summarized in the respective table 5 and graphs [Figs. 13, 14, 15&16).

Figure 13: Total number of bacteria in CFU ml -1 Angabanga Water sources 2006 (n= 9)
The observation of cell growth in 30 -300 bacterial colonies is most accurate in replicate plates at the
most appropriate dilutions (Reed et. al., 1999:84).
Fecal coliform
Table 5: Enumeration in MPN /100mls of fecal coliform&E.coli in Angabanga water sources 2006
Site
ABR 115
BBR 475
IBR 235

Coliform
2400
2400
2400

Fecal coliform
240
1100
2400

E.coli
240
1100
2400

VOL 355
BWB 35
V W25
VHt 55
VHw 27
MWB 45
Total
Mean

1100
460
23
1100
0
23
9906
1100.667

460
460
23
1100
0
23
5806
645.111

460
460
23
2400
0
23
7106
789.555
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Figure 14: Coliform and E.coli bacteria counts in 10x103 MPN/100mls In Angabanga water sources
2006 (n=9)
The E. coli was present in recognized surface water sources and one tank source at 1.1x10 3 MPN/100
mls. However, in one well source observation, there was bacterial growth size at 4.6x10 2 MPN/100
mls.

Figure 15: Median occurrence in coliform bacteria in 10x103 Mpn/100ml in Angabanga water sources
2006
The application of median here represented the main body of data better than the mean when the
distribution is asymmetric.
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4.4.3

Limitation of microbial water threats

Figure 16: Common bacteria profile (%) in Angabanga Water sources 2006 (n=5)
In this observation three different sites were threatened at 95% -100% API thresholds with C. freundii
(Figure 16).
DISCUSSION
Descriptive statistics
This is presented to determine type of data in quantitative, qualitative (ranked) and nature of
underlying frequency distribution in observed differences. In this data analyses the results presented
in discussion were in two categories. Firstly the descriptive statistics was used to tally and tabulate
the frequencies of the observations with water quality uses in five Angabanga village communities
(Figs. 3-10& Tabless.1-3). However, in the second observation in inferential statistics for the nonparametric data where comparisons for water uses, their preferences among the inland and the coastal
villages were made using contingency tables. The observations of the differences in water
preferences saw both the inland and coastal villages deduced as same. Using the chi-squared analysis
the null hypothesis was accepted as there was no difference in exposure of water sources in these
locations along the Angabanga River basin (Appendix).
Pigs are kept for people’s common cultural heritage in bride price giving and other ceremonial
customary obligation. Rearing of chickens is kept for their protein supplement in food security and the
cattle livestock for some agricultural uses.
The river fish including the tilapia, gouramis or mullet as observed in local markets (Sungu, 2006) as
well as from other studies (Hyslop, 1996& 1996). Fish availability and consumption are common
practices in the area. The river fish provided the community for major source of protein and are
exposed to the aquatic environmental challenges. Peoples’ most affordable protein source available in
the community was ahealth threat in possible water contamination.
The introduced river fish including tilapia (Oreochromis mossambicus) and gouramis (Trichogaster
pectoralis) co-existed with the local mullet (Crenimugil hereocheilus /Cestraeus goldiei) (Hyslop,
1996). These fresh water and marine fishery provided affordable protein diet in the Angabanga
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community. Presence of familiar fishery was observed in the local Bereina and Angabanga Bridge
Markets (Sungu, 2006).
The Health Centers (HC) visited were in closer proximity to walking distance to the five respective
villages... The closest walking distance from Veifa’a village to the same HC was about 10 minutes
compared to the furthest distance from Mou and Babiko taking over 30 minutes of walking distance to
either Inauaia or Bereina Health Centers.
Quantitative data in observation
The data based on quantitative observation waspresented for water chemistry for physical features and
dissolved oxygen as well as in microbiology.
The air temperature (AT) was at 30 o C and over in the lakes, wells and river water sources. In the
tank water source it was 27 o C. The patterns of air and water temperatures (AT/WT) in the river
sources were slightly lower at 24 o C - 25 o C than the observed mean of 28 o C. The pH was above the
observed mean at 6.73 in the notable wells, inland river sites and lake water sources. However, the pH
observed at 3.5 reflected the river source nearer to the mouth that was more salty water. These details
are given in Figure 11.
There are recognized groups of organic and inorganic substances in water sources may be of life
threatening when present in significant levels. The dissolved oxygen (DO) curve presented in Figure
12 indicates oxygen as vital part of survival in aquatic life forms. When water is freely flowing in
flowing streams there is sufficient gas circulation and the nutrients exchange flow. However, this
may not be so of the observed study, in the stagnant waters of the lakes and the wells that were
exposed.
In the microbiology laboratory setting, these observations were presented. In Figures 13 - 16 and
Table 5, the bacterial growth was estimated in determination of the colony forming units (CFU), most
probable number (MPN) determined in biochemical analysis of the bacterial profile indices (API).
These observations show that there are potential water-borne biological contaminants present in the
well and river sources in the Angabanga community. In water microbiology assessment total of nine
samples were tested with four from surface/ river water sources, four from the wells and with one
from the tank water source. Different ratios in occurrence of coliforms, fecal coliforms and E.coli are
given in Figures 14 & 15. This indicates presence of such organisms that may pave the way to impact
other water-borne parasites of health concern.
Bacteria of intestinal origin (Enterobacteriaeceae) are implicated in this observation. Main groups of
coliforms, fecal coliforms and Escherichia coli as lactose fermenting bacteria are present in the
environment for short period Bacteria in particular those of the Enterobacteriaecae group are present
in the natural environment for limited time. Presence of other intestinal parasites including protozoa
and helminthes are influenced by the presence of indicator organisms such as E.coli and related
coliform bacteria in possible water-borne morbidity causes (Prescott et. al., 1993).
The most recognized threshold of the Biochemical testing procedure is at 80% observed in the
Analytical Profile Indices (API) analogy for identification statistical tables of recognized
Enterobacteriaceae positives. Those observations below the 80% threshold are considered less vital.
However, the API ratio of 100% in Citrobacter freundiimeant as susceptible organism inthese
biochemical tests determined in Angabanga water sources (Biomerieux SA, 2005, Sungu, 2006)
Interestingly potential pathogenic and free- living bacteria co-existed in both river and the wells
sampling sites. Observations of these microbes from one of the ox-bow lakes of the Angabanga and
near Veifa’a showed Shigella spp at 82 thresholds, Enterobacter cloacae at 94%, Serratia marcescens
at99%, and Acinobacter lwoffii at 64% showed that natural relationship. In the nearby site at Aipeana
143

Proceedings of RST UPNG Sci. Conf. Nov 2014
the river sample had two bacteria varieties, namely Citrobacter freundii at 95% threshold and
Providencia rettgeri (Proteus mirabilis) at 99%. Three of the bacteria: Chromobacterium violaceum
at 63% threshold, Pseudomonas aeruginosa at 65% and Citrobacter freundii at 100% were depicted
from the river/surface water source nearby to the main highway between Mou/Babiko and Inawi
villages. In the nearby well source in Babiko alone, Vibrio fluvialis at 99% and Citrobacter freundii
at99% threshold were detected (Figure 16).
Related health effects
Many different organ systems and physiological processes such as neurological, hematological,
cardiovascular, renal, immune, and other functions are affected by lead even at extremely low
exposure levels, for both children and adults. Therefore to define safe exposure of lead levels is
complicated (Grant, 2010).
Of the water soluble metals including iron (Fe), phosphorus (P), copper (Cu) and zinc (Zn) are
considered important nutrient elements as minerals required in trace amounts by humans. These
metals alternatively known as food minerals also help maintain the volume of water necessary to life
processes in the body. For instance minerals help draw toxic chemical substances into and out of cells
such as in keeping blood and tissues from becoming too acidic or too alkaline (Bakhru, 1996).
Copper is also a cofactor for enzymes used to build proteins, whereas, calcium, phosphorous, and zinc
are responsible for bone development, maintenance and growth (Hill, 2011).
The important aspect of iron recognized in human dietary intake must not be overlooked. Being a vital
mineral that enters into the blood and glands, it chiefly exists as hemoglobin in blood distributing
oxygen into the lungs and body. In situations of iron deficiency anemia resulting from malaria
epidemic, the health care facility may recommend iron remedy for administering the required amount
in the forms of folic acid or folate or to opt for high protein diet in a recognized community (Bakhru,
1996).
The Pacific island countries implicated in the community based study by Willets (2010) included
countries like Fiji and Vanuatu considered gender participation by women groups in ensuring water
and hygiene in household management targeting the Millennium Development Goals (Willets et .al.,
2010). In participation of Cook Islands, Fiji, and Kiribati were again acknowledged in a different
water security and related studies overviewed by the SOPAC team (Scott et. al, 2003).
CONCLUSIONS
There were potential harmful bacteria such as the fecal coliforms, coliforms and E. coli harvests in
viable quantity in water sources in Angabanga community.
Diarrhoea episodes are experienced in the villages of the Angabanga River basin and its catchment’s
area. The related illnesses are reported at the three main Health Centers. There is a closer link for
people’s activity to their use of Angabanga River for daily chores. The water quality has proven to be
unsafe for human use. There is no difference in water preference of inland villages in Aipeana, Inawi
and Veifa’a to the coastal villages in Babiko and Mou. People (majority) from inland prefer the river
whereas coastal prefer the well for daily use. The presence of coliform bacteria is indirectly linked to
quality of water available from the river and wells in the nearby community. Of all the diarrhoea
related illnesses treated at the Health Centers, higher than 42% incidents occurred at Inauaia HC and
diarrhoea with dysentery observed at nil in Veifa’a HC.
There is no significant difference between the inland and coastal villages on the use of water
preferences and their sources between the wells and river for their livelihood as indicated in chisquare test analysis. People are therefore exposed to the same threats of water pollution in the
Angabanga River basin. (Appendix)
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There is a significant difference observed in coliform and fecal coliform presence in all water sources
in Angbanga community (Appendix)
RECOMMENDATIONS:
These included the strategies for current and in future implementation in community benefit.












Proposed research to investigate most reliable water-borne causes including viruses, protozoa
and related parasites in water contamination
Presence of major chemical water toxicity to be explored further.
Community awareness for clean water and improved sanitation, construction of latrines and
fencing of domesticated animals be strengthened at rural setting.
Tree planting along the Angabanga flood plains may prevent soil erosion for long term land
restoration program
Working in partnership with other health and environmental awareness and stakeholder
groups for long term benefits.
The information collated may assist future researches for case-control studies for control of
infectious disease prevalent in the Angabanga River basin.
Data may be useful for recognizing common sources of epidemics and causes of water
pollution here or elsewhere in PNG
To strengthen diagnostic laboratory control in diarrhoea related and water-borne causes in
strengthening and integration.
Inexistence of clean water policy for Papua New Guinea to strengthen with main focus in
drinking water protection suitable for PNG. For instance in engagingdraft policy guideline for
sustaining clean water in terms of maintaining toxin and microbe free aquatic environment.
The emphasis in maximum contaminant level goal (MCLG) has not yet been defined in
drinking water standard for PNG.
PNG likewise sympathizes in the need for strong partnership among the stakeholders,
landowners, Government, private sectors and the NGOs to ensure sustainability of water and
natural resources.
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APPENDICES:
APPENDIX 1: List of 28 Questionnaires and coding for Community survey for villages and health
centers as on separate sheets
APPENDIX 2: List of water sampling sites in Angabanga River basin for laboratory- as on separate
sheets
APPENDIX 3: Microbiological tests as used in water analysis. There were nine duplicate water
samples collected for bacterial counts. These were transported in sterile cool microenvironment from
field to the laboratory. Microbial detection tests were applied to study biological activity of suspected
microorganisms present. These tests included, culture of samples in laboratory conditions by
providing sufficient nutrients, biochemical/physical requirements and Conducive environment in
microbial growth. The standard plate counts for determining most probable number (MPN) as
estimates for enumeration purposes of bacteria present. Biochemical tests and serology for
confirmation proceeded. Differentiation tests in culture for observing growth of both lactose and nonlactose fermenting microbes (bacteria) were used with inoculations in selenite broth culture. Serology
and biochemical determination for screening coliform presence and other free-living microbes were
attempted using analyses of profile index for Enterobacteriaceae database procedure. (Prescott et al,
1993; Biomerieux, 2005; Reed, et. al,. 1999)
APPENDIX 4: The chemistry tests included detection of dissolved oxygen present and physical
/chemical water parameter strength using quantitative titration methods.
APPENDIX 5: CHI SQUARED TEST (X2)
Question1: Is there a significant difference in water preference for the five coastal and inland villages
in Angabanga River basin? (Griew, 1981; Reed, et. al,. 1999).
Table 6: Observed and expected frequencies in water preferencesIn Angabanga community (n < 51)
Source Inland
Coastal Total
Bore
10 (8.2) 6 (7.8) 16
River
1 (1.5) 2 (1.5) 3
Tank
9 (10.5) 11 (9.7) 20
Total 20
19
39
P < 0.05 < 1.932
Chi2 squared(X2) [Yates test] = sum of observed minus expected minus 0.5 all squared all divided by
expected.
0.206+0.678+0.667+0+0.315+0.066 = 1.932 (observed)
Probability p of 0.05 as critical value is taken. The DF is (3-2) (2-1) = 2
From CHI2 SQUARED TABLE – The probability of the observed result at 1.932 is less than the p
0.05 taken for critical probability at 5.991 (tabulated value)
Therefore the Null hypothesis (Ho) is accepted in this regard of one tailed observation.
Conclusion 1: That there is no significant difference between coastal and inland villages for water
sources and preferences for the river, well and tank. Any differences seen were due to chance.
Question 2: Is there a significant difference in water uses for drinking, cooking and washing for inland
and coastal villages? The difference may be due to chance? (Griew, 1981; Reed, et al. 1999).
TABLE 7: Observed and expected frequencies in water usesIn Angabanga villages (n >51)
Category Inland Coastal Total
Drinking 9 (10) 11 (10) 20
Cooking 9 (10) 11 (10) 20
Washing 10 (8) 6 (8)
16
Total
28
28
56
P > 1.40, P < 0.05 at 5.991
Chi2 squared (X2) is equal to the Sum of observed minus expected frequencies all Squared then
divided by the expected frequency of occurrence
Example of the sum of above: 0.1+0.1+0.5+0.1+0.1+0.5 = 1.40 (observed probability)
Critical probability at 0.05 in chi squared table
The Degree of freedom is: (3-1) (2-1) = 2
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At 0.05 critical probability obtained is 5.991 (tabulated probability value) which is p> 1.40 at; P<
0.05 for one tail observation
Therefore the null hypothesis (Ho) is accepted in this observation.
Conclusion 2: There is no significant difference in uses of water for drinking; cooking and
washing in the coastal and inland villages of the Angabanga River basin. Any differences seen
were due to chance.
Question 3: What are the similarities / differences in surface and ground water sources in effects of
bacteria load in size of the Angabanga community?
The option in 3 x 3 contingency table and available data was used to test the hypothesis (Griew, 1981;
Swinscow, 1983; Reed et. al., 1999).
Fecal coliform bacteria presence in ground and surface water sources
Table 8: Observed and expected quantity of coliform bacteria in Angabanga community.
Source
Coliform
Faecal Coliform E.coli
Total
Tank water
1100 (1660) 1100 (1207)
2400 (1733) 4600
Ground water 202 (218)
202 (159)
202(228)
606
Surface water 2800 (2223) 1680 (1616)
1680 (2321) 6160
Total
4102
2982
4282
11366
P>0.05> at 9.49
X2 formula: ∑ (O – E) 2 / E
Sum of observed minus expected all squared divided by expected is:
Coliform:(1100 – 1660)2 / 1660 + (202 -218)2 /218 + (2800 – 2223)2 /2223 = 189 + 1.2+ 150 = 339.96
= 340
Fecal coliform: (1100 - 1207)2 / 1207 + (202 - 159)2 /159 + (1680 – 1616)2 /1616 = 9.5+ 11.6 +2.5
=23.63 = 24
E.coli: (2400 – 1733)2 /1733 + (202 – 228)2 /228 + (1680 - 2321)2/2321 =
256.7+ 3+ 177= 436.7= 437
Ground water:(202 -218)2 / 218 + (202 -159)2/159 + (202 - 228)2 /228 = 1.2+ 11.6 +3= 15.8 = 16
Surface water: (2800 – 2223)2 /2223 + (1680 – 1616)2/1616 + (1680 - 2321)2 /2321) = 150+ 2.5+177=
329.3 = 329
Tank water:(1100 - 1660)2 /1660 + (1100 -1207)2 /1207 + (2400 -1733)2 /1733 = 189+ 9.5+ 257=
455.5= 456
With DF at (3-1) (3-1) = 4,
From the tabulated value in X2 = 9.49, P = 0.05.
Chi square variation shows greater deviation from the results. That is these results ought to be tested
again with increased degrees of freedom at the end of the probability Table of acceptance.
Conclusion 3:
THE CHI SQUARED RATIOS OF THE OBSERVED VARIABLES IN BOTH GROUND,
SURFACE AND TANK WATER SOURCES TESTED ARE ALL SIGNIFICANT (P> 0.05) IN
HOLDING COLIFORM, FAECAL COLIFORM AND E. coli BACTERIA. THE NULL
HYPOTHESIS IS THEREFORE REJECTED IN THIS OBSERVATION. THERE IS A
SIGNIFICANT CLASS OF WATER CONTAMINANT IN COLIFORM BACTERIA AS HEALTH
THREATS AFFECTING THE ANGABANGA COMMUNITY. Additionally, observed differences
in bacteria population are also affected by arising factors such as causes in continual natural disasters
and seasonal flooding in the Angabanga River basin.
APPENDIX 6 – Biochemical principles in lactic acid fermentation in bacteria
Fermentation is a reduction reaction from pyruvate derivative to lactate. The reactivity is also
common in some enteric bacteria, water molds, protozoa and animal skeletal muscle. Fermentation of
sugars as a biochemical process takes place in animals after digestion. The similar pattern is seen in
microbial life forms that are recognized normal micro flora of human and animal digestive tracts.
The Enterobacteriaceae bacteria commonly found in the gut are able to metabolize pyruvate from
formic acid and other by-products by the process of the Formic Acid Fermentation (FAF) process
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where it is reduced to release the by-product of CO2 gas [ HCOOH converted to CO2 (g) in the
activity of hydrogenlyase, a formic acid enzyme (Alcamo, 2009; Jawetz et.al.,1982).
Two types of Formic Acid Fermentation
i) Mixed acid fermentation – MAF where Butandiol fermentation (BDF) is used in identification of
Enterobacteriaceae to genus and species groupings. Under the MAF listing, these members of the
Enterobacteriaceae form both products of alcohol and complex acids. Some end products of this
reactivity include ethanol/ lactic/ succinic/and formic acids as complex mixtures. Organisms
responsible include genera Escherichia / Salmonella/ Proteus.
In the BDF process, characteristic organisms include Enterobacter/ Serratia/Erwinia/ Bacillus
(some species). These organisms react by converting pyruvate to acetoin – that is then reduced to 2,3,
butanediol with NADH and ethanol (at high amounts) plus small MAF products.. Three ways to
distinguish from MAFs and. BDFs include:
By Vogues Proskauer (VP) test to detect acetoin/ butanediol which is positive for BDF and not MAF
With MAF more acidic products are produced than the neutral ones, which are produced by the
BDFs. The MAF acidify media on incubation and are tested on methyl red (MR) indication as
positive for MAF reactivity at pH 4.4 in color changes from red to yellow.
Changes are expected or observed in the CO2/H2 ratios:
With the MAFs there are equal amounts/ratios of formic acid and hydrogenlylase at 1:1 whereas in
BDF an access amount of CO2 is produced in the ratio of 5:1 for CO2/H2 (Jawetz et.al., 1982).
The free-living bacteria including Chromobacterium violaceum, which isheterophilic in nature, is an
important organism for nitrification purposes in soil (Alcamo, 2009).
APPENDIX 7: Descriptive Statistics in the Health Centers,
SPECIFIC WATER AFFECTED GROUP- in three Health Centers
MEANS Age Affected Group STRATAVAR= Nearest Health Facility
Veifa’a Health Center: Means of affected age group
Descriptive Statistics for Each Value of Crosstab Variable (Dean et. al, 2007)
Obs Total
Mean Variance Std Dev
Both
13 457.0000 35.1538 107.1410 10.3509
Nil
9 353.0000 39.2222 263.6944 16.2387
Residential children 1 40.0000 40.0000 .0000
.0000
Visitors

3

122.0000 40.6667 201.3333 14.1892

Minimum 25%
Median 75%
Maximum Mode
Both
19.0000 25.0000 39.0000 44.0000 47.0000 25.0000
Nil
0.0000
38.0000 40.0000 50.0000 53.0000 53.0000
Residential children 40.0000 40.0000 40.0000 40.0000 40.0000 40.0000
Visitors
28.0000 28.0000 38.0000 56.0000 56.0000 28.0000
ANOVA, a Parametric Test for Inequality of Population Means (For normally distributed data only)
Variation SS
df MS
F statistic
Between 134.2393 3 44.7464 0.2592
Within 3797.9145 22 172.6325
Total
3932.1538 25
P-value = 0.8540
Bartlett's Test for Inequality of Population Variances
Bartlett's chi square= 97.7774 df=3 P value=0.0000
A small p-value (e.g., less than 0.05 suggests that the variances are not homogeneous and that the
ANOVA may not be appropriate.
Mann-Whitney/Wilcoxon Two-Sample Test (Kruskal-Wallis test for two groups)
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Kruskal-Wallis H (equivalent to Chi square) = 1.2889
Degrees of freedom =
3
P value =
0.7318
ii) Inauaia Health Center: Means of affected age group
Descriptive Statistics for Each Value of Crosstab Variable (Dean et. al,. 2007)
Obs Total
Mean Variance Std Dev
Both
12 460.0000 38.3333 275.5152 16.5986
Residential adults 1 38.0000 38.0000 .0000
.0000
Residential children 3

123.0000 41.0000 31.0000 5.5678

Minimum 25%
Median 75%
Maximum Mode
Both
0.0000
28.5000 39.0000 50.0000 59.0000 0.0000
Residential adults 38.0000 38.0000 38.0000 38.0000 38.0000 38.0000
Residential children 36.0000 36.0000 40.0000 47.0000 47.0000 36.0000
ANOVA, a Parametric Test for Inequality of Population Means
(For normally distributed data only)Variation SS
df MS
F statistic
Between
17.7708 2 8.8854 0.0373
Within
3092.6667 13 237.8974
Total
3110.4375 15
P-value = 0.9634
Bartlett's Test for Inequality of Population Variances
Bartlett's chi square= 60.0329 df=2 P value=0.0000
small p-value (e.g., less than 0.05 suggests that the variances are not homogeneous and that the
ANOVA may not be appropriate.
Mann-Whitney/Wilcoxon Two-Sample Test (Kruskal-Wallis test for two groups)
Kruskal-Wallis H (equivalent to Chi square) = .0592
Degrees of freedom =
2
P value =
0.9708
iii) Bereina Health Center : Means of affected age group
Descriptive Statistics for Each Value of Crosstab Variable (Dean et. al, 2007)
Obs Total
Mean Variance Std Dev
Both 3 116.0000 38.6667 17.3333 4.1633
Nil 1

24.0000 24.0000 .0000

.0000

Minimum 25%
Median 75%
Maximum Mode
Both 34.0000 34.0000 40.0000 42.0000 42.0000 34.0000
Nil 24.0000 24.0000 24.0000 24.0000 24.0000 24.0000
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ANOVA, a Parametric Test for Inequality of Population Means
(For normally distributed data only)
Variation SS
df MS
F statistic
Between 161.3333 1 161.3333 9.3077
Within 34.6667 2 17.3333
Total
196.0000 3
T Statistic = 3.0509 P-value = 0.0927
Bartlett's Test for Inequality of Population Variances
Bartlett's chi square= 6.8463 df=1 P value=0.0089
A small p-value (e.g., less than 0.05 suggests that the variances are not homogeneous and that the
ANOVA may not be appropriate.
Mann-Whitney/Wilcoxon Two-Sample Test (Kruskal-Wallis test for two groups)
Kruskal-Wallis H (equivalent to Chi square) = 1.8000
Degrees of freedom =
1
P value =
0.1797

154

Proceedings of RST UPNG Sci. Conf. Nov 2014

155

