Chapter 8
Iwokrama Fungal/Plant Bioprospecting
Project 2000-2003 — A Model for the Future?

Ramish Pingal

Abstract In 2000 the Iwokrama International Centre for Rainforest Conservation
and Development (IIC), Guyana embarked on a bioprospecting and bioinventory
project of endophytic fungi and their plant hosts in partnership with other institu-
tions. The project was called the Conservation and Sustainable Utilization of
Biodiversity in the Iwokrama Forest (CSUBIF) programme and was funded by the
European Commission (EC). The main objectives were (a) establishment of a
bioprospecting-bioinventory laboratory in Guyana, (b) an inventory of Iwokrama’s
unknown endophytic fungi, (c) isolation of bioactive natural compounds from fun-
gal endophytes and host plants, and (d) development/commercialisation of natural
products. A local laboratory was established at the University of Guyana to collect,
identify and analyse samples. The project was an overall success having identified
(a) hitherto unknown endophytic fungi and (b) 110 fungal and 29 plant extract leads
for further research and development. The major constraints of the project was its
short duration, lack of Intellectual Property Rights (IPR) agreements and access to
genetic resources and benefit sharing (ABS) protocols. There has never been a more
important time to reassess efforts such as the Iwokrama Bioprospecting Project,
given the current crisis caused by resistant bacterial and fungal diseases and the lack
of effective antibiotics with which to treat them.

8.1 Background

Guyana dedicated the Iwokrama Forest (Fig. 8.1) to the international community to
demonstrate how tropical forests could provide economic benefits at the 1989
Commonwealth of Nations Heads of Government meeting. This pristine forest
comprises 371,000 hectares which should be utilized without compromising eco-
logical integrity or biodiversity. The Iwokrama International Centre for Rainforest
Conservation and Development (IIC) was legally established by Guyana and the
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Fig. 8.1 Map of Guyana showing the location of the Iwokrama forest

Commonwealth Secretariat in 1996 as an autonomous, not-for-profit institution
governed by an International Board of Trustees with the mission to:

“Promote the conservation and sustainable and equitable use of tropical rain forest in a
manner that will lead to lasting ecological, economic and social benefits to the people of
Guyana and to the world in general, by undertaking research, training and the development
and dissemination of technologies.”



8 Iwokrama Fungal/Plant Bioprospecting Project 2000-2003 — A Model for the Future? 169

From 1993 to 2000 funding to establish IIC came from the Government of
Guyana and three main donor agencies, the: (a) Global Environmental Facility
(GEF) through the United Nations Development Programme (UNDP), (b)
Commonwealth of Nations Secretariat and (c) International Development Research
Centre (IDRC), Canada. From 2000-2007, Iwokrama’s work centered on the col-
lection of baseline information, such as biodiversity inventory surveys, to assist
with the management of the reserve which included zoning of the forest, forest
management and surveillance. Other research projects conducted during that time
included forest utilization, surveys of the wetlands and river systems bordering the
Iwokrama forest, marketing, social research and biodiversity prospecting. The IIC
was supported by several donor funded programmes, the major ones being: (a)
Sustainable Human Development, (Department for International Development
(DFID), UK), (b) Sustainable Forest Management (International Tropical Timber
Organisation (ITTO), (c) Ecotourism Development and Programme Support
(Canadian International Development Agency (CIDA), and (d) Conservation and
Sustainable Utilization of Biodiversity in the Iwokrama Forest (CSUBIF) (European
Commission (EC). The CSUBIF project included a component concerning
bioprospecting.

8.2 Conservation and Sustainable Utilisation of Biodiversity
in the Iwokrama Forest Project

8.2.1 Project Conception

The CSUBIF project proposal was conceived by IIC in accordance with its
Operations Plan 1998-2002 and Business Plan 1998-2007 (Baines and Warner
2000), both of which featured bioprospecting as one of the prominent potential
revenue generating activities for the Centre, together with eco-forestry, certified
logging, sustainable production of non-timber forest products, eco-tourism, training
services and the sale of expert forest management services (Gilmour 1999). The
project proposal, comprising three components - Wilderness Preserve, Bioinventory,
and Bioprospecting — was presented to the EC for consideration in 1998 and was
accepted on 20th January 1999. A three-year Financing Agreement was signed
between IIC and the EC with funding from the Tropical Forest Budget, line B7-6201.

The Wilderness Preserve component of the project focused on the development
and participative implementation of management plans for the Wilderness Preserve
area of the forest and the road corridor that runs diagonally through the forest from
Kurupukari (Fairview Village) in the north east to Corkwood on the south western
edge of the forest (Fig. 8.2) established through extensive stakeholder consensus.
Demarcation of the Iwokrama forest into two areas divided equally into the (i)
Wilderness Preserve for the conservation of nature and natural processes and (ii)
Sustainable Utilisation Area for the judicious use of the multiple resources of the
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The Iwokralma Forest

Uniksation Ares (SUA)

Fig. 8.2 Map of Iwokrama Forest showing the sustainable utilization area and wilderness preserve
zones, road corridor, river systems bordering Iwokrama and surrounding villages

tropical rain forest to yield benefits to the peoples of Guyana and the world in gen-
eral, without compromise of these resources for future generations. These were
requirements of the IIC Act of 1996. Zoning of the forest was carried out with fund-
ing from DFID, EC and ITTO.

The Biodiversity Inventory component of the Iwokrama project under discussion
herein was originally designed for a comprehensive inventory of the biodiversity of
the Iwokrama Forest serving as a basis for sustainable forest management, further
research and diversified forms of economic utilization. It was anticipated that this
would create opportunities for training, capacity building, employment and the dis-
semination of knowledge to the wider scientific community. However, bioinventory
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activities were modified to complement the bioprospecting project to avoid only
supplementing the existing flora inventory of over 1,075 plant species and the ver-
tebrate inventory (90 % completed) (Smith and Kerry 1996) previously carried out
by the (a) Smithsonian Institution (Clarke et al. 2001), (b) Philadelphia Academy of
Sciences, (c) Royal Ontario Museum (Engstrom et al. 1999, Lim and Engstrom
2001a, b, 2005), (d) University of Kansas, (e) Florida International University, and
(f) American Museum of Natural History.

A major goal of the bioprospecting component was to identify, develop and com-
mercialize bioactive compounds. Another was to initiate pilot ventures based on
clear legal foundations, making best use of national and regional laboratory facili-
ties, and operating through equitable business partnerships with local communities,
the private sector and other stakeholders. Recognizing the lack of intellectual prop-
erty rights (IPR) and access to genetic resources and benefit sharing (ABS) agree-
ments at IIC and the absence of national legislation to enact such agreements from
the outset, the EC recommended that these agreements be put in place prior to natu-
ral product commercialisation or publishing. IIC proceeded with its bioprospecting
project contingent on the expectation that once protocols on IPR and ABS were
established by IIC and high quality leads with good potential market value were
generated, national legal legislation would follow to enable these agreements to
work and for commercialisation to proceed thereafter.

8.2.2 Bioprospecting-Bioinventory Project Implementation

Work on the Bioinventory and Bioprospecting components commenced on June
2000, 16 months after the contractual agreement between IIC and EC was signed.
The later than anticipated commencement was due in part to the time taken to estab-
lish a unified strategy and establishing a broad enough framework for institutional
collaborators to agree the project objectives, as stated in Iwokrama’s CSUBIF final
project report to the EC in 2003. The initial three-year funded programme was
therefore given an 11 month extension by the EC to complete proposed objectives.

In 1999, IIC decided that the best way to enhance the outputs of the bioinventory
work and simultaneously maximize the likelithood of commercial development of
bioactive products from projects involving the forest, was to focus on lesser known
smaller-bodied organisms and microorganisms well-known to be rich sources of
novel bioactive compounds in some cases (Chin et al. 2006; Giddings and Newman
2013; Sneader 1996). IIC realized that it was very unlikely for a single natural prod-
uct chemist (NPC) to achieve a high measure of success without some level of
external collaboration with institutions having modern laboratory facilities and mar-
keting capacities. With this strategy in mind, IIC advertised for institutional partners
with a track-record of product development and commercialisation from local and
international sources to work with the Centre. In August 1999 two consortiums
were chosen, (a) CABI Bioscience, UK and the Royal Botanic Gardens (RBG),
Kew, UK and the (b) University of the West Indies (UWI), Trinidad and Jamaica,
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University of Guyana (UG), Guyana, and Institute of Applied Science and
Technology (IAST), Guyana, from a field of 12 institutional and individual appli-
cants. CABI was selected on the basis of providing training and technical support
on macro and endophytic fungi. In addition, their proposal was designed to be
closely linked to the parallel bioprospecting programme, in which potentially valu-
able biochemicals from fungi during the bioinventory activities would be screened
for biological activity in collaboration with RBG Kew. The UWI-UG-IAST group,
were selected on the basis of their extensive experience in plant natural products
research and ability to provide local and regional laboratory facilities to the project,
together with technical support for local bioprospecting staff.

Consortium members met for the first time with IIC staff in Guyana in January
2000 to decide how to utilize capacities in natural product chemistry and product
development by research collaborators. The need to establish clear objectives for
each collaborator was discussed. IIC agreed that the (a) CABI-RBG Kew group
comprising Drs. Joan Kelley, Paul Cannon, Russell Paterson, Paul Kirk, and Tetsuo
Kokubun, and Prof. Monique Simmonds, and (b) Guyana-based NPC, should focus
on endophytic fungi isolated during the biodiversity inventory programme. This
involved the production of extracts for screening by bioassays developed by CABI
and RBG Kew. IIC established a bioprospecting lab in Guyana to facilitate the work
and provide a useful output per se. The UWI-UG-IAST group comprising (a) Profs.
Bladwin Mootoo, and Wilfred Chan, (b) Drs. Anderson Maxwell, Helen Jacobs,
Marlene Cox, and David Singh and (¢) Mr. John Caesar would focus on structural
elucidation and biotesting of compounds isolated from host plant species to exam-
ine the interaction between host plant and endophyte chemistry.

A target of producing 2000 extracts was considered suitable to establish linkages
with companies for more in depth examination and screening. Subsequent interests
in commercial development of extracts produced by the project would be contingent
on clear and well-constructed IPR and ABS protocols within the framework of a
national IPR and ABS policy. This is stipulated under the Convention on Biological
Diversity (CBD) of which Guyana is party to since 27 November 1994.

8.2.3 Recruitment and Training of Bioprospecting
and Bioinventory Staff

IIC advertised internationally for applicants to undertake the bioinventory and bio-
prospecting components in Guyana. In June 2000, Coralie Simmons, a Guyanese
national and biology graduate with experience in fungal systematics from UG, was
hired as the Biodiversity Inventory Scientist (BIS). Vijay Datadin, a Guyanese
national, was hired as a Geographical Information System specialist to manage the
georeferenced field sample collection data from the different collection sites in
the forest and to integrate this data into maps. Dr Ramish Pingal (the author of the
current chapter), a Trinidadian NPC and recent PhD chemistry graduate from the
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UWI, was recruited to manage the bioprospecting component in Guyana who entered
the programme with over 5 years of research experience in the extraction, isolation,
characterization and bioassay analysis of natural products from terrestrial plants.

Bioinventory and bioprospecting activities commenced shortly after the BIS and
NPC were hired with a 4.5 month training period of the BIS on endophytic fungal
isolation, identification at CABI Bioscience. The NPC also underwent training on
aseptic culture and bioassay techniques, isolation of fungal metabolites and labora-
tory safety training split between CABI Bioscience and RBG Kew from July—
November 2000. Plants collected from the Iwokrama forest prior to the departure of
the BIS and NPC to the UK were used for isolating fungal endophytes during the
training period in order to yield immediate results for both components. Four
Guyanese nationals (a) Henry James and Linsford Lagoudou (parataxonomists,
field technicians and research assistants), and (b) Melanie McTurk (BSc, Chemistry,
UG), were hired in early 2001 to fill the positions of (a) two full time field/labora-
tory technicians and (b) laboratory technician, respectively. The main duties of the
technicians were to collect plant samples from the rainforest and to prepare fungal
cultures, plant extract generation and other routine activities in the lab in Guyana.
Technicians were trained in-house by the BIS and NPC on plant collecting, aseptic
and mycological culturing techniques, preparation of fungal and plant extracts, han-
dling and disposal of hazardous materials, and laboratory health and safety
procedures.

8.2.4 Project Management

The BIS and NPC were responsible for the day-to-day management of the bioinven-
tory and bioprospecting components of the EC project, respectively. The Centre’s
Principal Forest Ecologist, Dr. David Hammond, served as the component head of
the Wilderness Preserve aspect of the project and the team leader for the entire EC
project. The BIS and NPC reported to the team leader and each component head
also reported directly to the Director General of Iwokrama Mr. David Cassells July
1997-June 2001 and Dr. Kathryn Monk July 2001-May 2003.

8.2.5 Rational for Selection of Endophytic Fungi

Fungi were selected as the microorganisms to study because they had not been stud-
ied in Iwokrama, and some of the most valuable and widely used pharmaceuticals
from natural products originate from these organisms (Kelley et al. 2003; Butler
2004, 2008; Butler et al. 2014, Newman and Cragg 2007). These include penicillin
(Sneader 1996), the antifungal cyclosporins used in transplant surgeries, and
cholesterol-busting drugs based on zaragozic acids (Bergstrom et al. 1995; Dreyfuss
and Chapela 1994). Other fungi-derived metabolites undergoing development
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include the diketopiperazine, plinabulin from Aspergillus, which was under clinical
trials for the treatment of lung cancer (Bhatnagar and Kim 2010).

Other compelling reasons that made fungi the organism of choice included (a)
they are the second most diverse major organism group on Earth with species esti-
mated at 1.5-5.1 million (Hawksworth 2012; Blackwell 2011; O’Brien et al. 2005;
Hawksworth 1991; Hammond 1992; Cannon and Hawksworth 1995; Rossman
1994), (b) 10,000 to 15,000 fungi are estimated in the Iwokrama forest, of which
50-80 % were expected to be undescribed (Rossman et al. 1998; Kelley et al. 2003),
(c) they have close associations with a wide range of other organisms; (d) host-fungi
specificity, (e) the major functional roles fungi play in terrestrial and aquatic ecosys-
tems; (f) their anticipated high diversity within tropical ecosystems in general and
(g) the ease of maintaining ex-situ in some cases (Arx 1980; Cannon 1996; Domsch
et al. 1993).

Although fungi can be challenging to isolate and culture, studying fungi in spe-
cific fungi-host associations makes the sampling process easier enabling initial col-
lection to focus on the host rather than the fungus. This approach (a) facilitates
isolation from many species where the fungal fruiting bodies are difficult to sample
directly because of small size, (b) reduces the risk of sample contamination from
other organisms, and (c) allows simple reproducible manipulations of culture condi-
tions for effective isolation.

8.2.6 Field Sample Collection

Thirteen plant host species from the genera Carapa, Catostemma, Cecropia,
Chlorocardium, Eperua, Eschweilera, Euterpe, Goupia, Jacaranda, Manilkara,
Mora, Sclerolobium and Swartzia were selected to study their endophytic fungi.
Seven bioinventory plots of one ha were established within the Sustainable
Utilization Area of the Iwokrama Forest representing different (a) vegetation and
edaphic types, (b) spatial distributions and (c) levels of disturbance within the for-
est. Selected host trees were tagged and georeferenced. The plots were located at the
“3 Mile” and “8 Mile” satellite camps along the road corridor that runs through the
Iwokrama Forest and Corkwood swamp, Kabokalli, White Water, Pakatau falls and
Moco-Moco. A map showing the spatial distribution of the plots was generated by
the Geographical Information Staff at IIC using the georeferenced data collected for
each of the seven plots. A total of six field collections of healthy leaves and soft
stems were carried out at six different times over the project duration: June 2000;
April, October and December 2001; and February and June 2002. From the six field
collections, leaf samples of 13 host plant species representing 10 families were col-
lected. A secondary investigation into wood and bark endophytes was undertaken.
Furthermore, two macro fungi collections were made from within the sample plots
and other areas within the sustainable utilization area. A total of 125 macro fungi
samples were collected that yielded 71 different species.
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For the phytochemical work, aerial parts of all 13 host plant collections were
made from two field collections in April and August 2001. A third collection was
made in March 2002 of nine additional plant species from six genera (Annona,
Clusia, Dugetia, Piper, Tovomita, and Vismia). This represented 22 different plant
species. All plant collections were made from within the Sustainable Utilization
Area and voucher specimens of each plant species collected have been lodged at the
herbarium of the Centre for the Study of Biodiversity at UG.

8.2.7 Rational for Selection of Host Plants

Thirteen plant host species were selected for study from which endophytic fungi
were collected based on (a) their commercial importance as timber species, (b) their
abundance in the Iwokrama forest and (c) no, or very limited, phytochemical infor-
mation on seven of these species. Selection of the nine additional plant species for
phytochemical analysis was made on the basis of the known bioactivities of plants
from the genera to which they belonged. Importantly, use was not made of ethnobo-
tanical information or traditional knowledge in the selection of plants because of the
lack of IPR and ABS protocols at Iwokrama and in Guyana more generally.

8.2.8 The Biodiversity Inventory Programme
8.2.8.1 Endophytic Fungal Isolation and Characterisation

The inventory programme focused on isolation of endophytic fungi from healthy,
mature and symptomless plant leaf samples from saplings and young trees. Leaf
samples of 13 host plants were collected from which a total of 912 pure fungal cul-
tures were obtained representing over 10,000 isolations of endophytic fungi. Fungal
cultures were identified using morphological techniques, including observation of
cultures grown under defined conditions, and description and measurement of
microscopic features. Initial fungal identification was carried out to the species
aggregate level, followed by assignment to a morpho-species using a combination
of cultural and micromorphological characters to make the overall process
manageable.

Sixty-four fungal morpho-taxa were characterized from 2,492 cultures. Most of
the endophytic fungi samples isolated belonged to four genera: Colletotrichum,
Phomopsis, Nodulisporium and Pestalotiopsis. The complete strain set of
Colletotrichum and Pestalotiopsis, ca. eighty strains each, was selected for further
studies using inter-simple sequence repeat polymerase chain reaction (ISSR-PCR)
and random amplified polymorphic deoxyribonucleic acid (RAPD) techniques.
Analysis of the data from both techniques indicated that host specificity could not
be detected in Colletotrichum nor Pestalotiopsis even at the strain level (Lu et al.
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2004). Colletotrichum strains only were selected for further analysis with the aid of
ribosomal deoxyribonucleic acid internal transcribed spacer (rDNA ITS) sequenc-
ing, owing to the large number of strains to be analysed within a short time, and the
fact that Colletotrichum is an important and large genus of over 900 species com-
prising numerous endophytes and a few phytopathogens of tropical plants.

8.2.9 The Bioprospecting Programme
8.2.9.1 Extract Profiling and Biotesting

Over 360 endophytic fungal cultures and 17 macrofungi samples were received
from the bioinventory component. These were subcultured and bulked up for extrac-
tion with a chloroform-methanol mixture followed by extraction with pure metha-
nol to give a total of over 900 organic and aqueous extracts.

Plant Samples A total of 13 host plant species and nine additional species of plants
were collected, air dried, milled and extracted with a chloroform-methanol mixture
followed by extraction with methanol. A total of 60 organic and aqueous plant
extracts were prepared.

Metabolic Profiling A comparison of the profiles of compounds in the fungus and
plant extracts was determined by thin layer chromatography (TLC) using a range of
different spray reagents and high-performance liquid chromatography (HPLC).
Liquid Chromatography-Mass Spectrometry (LCMS) profile was also obtained for
selected extracts. The chemical profiles of ca. 880 fungal and host plant extracts
were determined at RBG Kew using HPLC equipped with a photodiode array
detector.

Bioassay of Fungus and Plant Extracts Over 2800 fungal extracts obtained from
332 fungal isolates, and host plant extracts were tested by RBG. These were sub-
jected to up to six bioassays using insects, bacteria and fungi as test organisms.
Cultures of all fungal isolates extracted and assayed have been stored in Guyana and
256 of these cultures are also held in a reserve collection at CABI Bioscience
Genetic Resource Collection.

A total of 60 plant extracts transferred each to UG, the UWI Trinidad and UWI
Jamaica were subjected to 16 different assays which tested for antibacterial, anti-
fungal, anti-insect, antioxidant, antiretroviral and cytotoxic activities. At the bio-
prospecting natural products lab in Guyana, 547 fungus extracts and 60 plant
extracts were tested in cytotoxicity (using brine shrimp nauplii, antifungal and anti-
oxidant assays).
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8.2.9.2 Bioassay Results

Endophytic Fungal Extracts Of the 332 fungal isolates cultured and extracted,
185 derived from 152 fungus strains showed bioactivities in at least one of the six
assays. The activities were: 13 antibacterial, 14 antifungal, 92 anti-insectal and 103
cytotoxic. Of the 185 fungus extracts that were active in at least one of the assays,
130 were of organic origin whereas 55 were aqueous. Furthermore, 33 fungal iso-
lates had organic and aqueous extracts that were active in at least one assay. Aqueous
extracts showed only cytotoxic (40 % of aqueous extracts) and anti-insect (60 % of
aqueous extracts) activities whereas organic extracts showed cytotoxic, antibacte-
rial, anti-insect and antifungal activities. From the 185 active fungus extracts identi-
fied, 110 extracts derived from 100 fungus isolates were selected as possible leads
for further research to continue bioprospecting in the future. This was reported in
the Iwokrama’s final CSUBIF report to the EC in 2003, and the final evaluation
report of the CSUBIF by Stephen Devenish, 2003 for the EC.

Plant Extracts Host plant extracts tested in the six assays at RBG Kew all showed
activity in at least one assay. The bioassay results showed that a high proportion of
the extracts exhibited anti-bacterial activity, whereas extracts from only two plants
showed anti-insect activity. This contrasts with the high levels of anti-insect activity
observed from screening the endophyte fungal extracts of organic and aqueous
origin.

Of the 60 plant extracts obtained from 13 host plants and nine additional plants,
tested at the lab in Guyana and by UWI-UG project collaborators, a total of 29 were
selected as possible leads for further work as indicated in Iwokrama’s CSUBIF final
report, 2003. Only one extract showed activity in the anti-retroviral assay and in
antibacterial and antifungal assays. Three extracts showed activity in cytotoxic,
antioxidant and antibacterial assays, six extracts showed activity in only two assays,
and two extracts each demonstrated activity against two bacterial and two fungal
strains. Of the extracts tested in anti-insect assays, only four showed activity against
only one insect, whereas one showed activity against two insects.

8.2.10 Analysis of Results and Summary of Achievements
8.2.10.1 Bioinventory

Although more work is required, no correlation was observed between any defined
fungal communities and individual plant species, indicating that host specificity is
low in the Iwokrama Forest and by extension tropical rain forests, in contrast to
temperate forests. Further, molecular fingerprinting studies carried out on
Colletotrichum and Pestalotiopsis did not reveal any host specificity even down to



178 R. Pingal

the individual strain level. Analysis of the sequences of the ITS region of the rDNA
of a subset of the Colletotrichum strains revealed significant variation within spe-
cies. Based on the analyses, several taxa appeared to be new, including at least two
species of Colletotrichum and an apparently undescribed genus of anamorphic
fungi (Lu et al. 2004).

The main achievements of the bioinventory aspect of the project were:

 Firstinventory of endophytic fungi and macrofungi within the Iwokrama Reserve

» Establishment of a herbarium collection at the Iwokrama field station

» Establishment of a comprehensive database on endophytic and macro fungi

» Publication of two scientific papers on endophytic fungi from the Iwokrama for-
est (Cannon et al. 2002; Lu et al. 2004) and presentations on Iwokrama’s bioin-
ventory programme at four international, regional and local conferences and
workshops (Simmons 2002a, b, ¢; Simmons and Cannon 2002).

8.2.10.2 Bioprospecting

The results of the initial bioassays on the fungal and plant extracts gave very good
bioactive hit rates of 3.9 % (110 bioactive fungal extracts from 2800 extracts tested)
and 48 % (29 bioactive plant extracts from 60 extracts tested) respectively com-
pared to the average ‘hit’ rate of 0.03 % in carrying pre-screened samples to market
(Lesser and Krattiger 2007). Bioactive hit rate refers to that percentage of samples
which show biological activity in a given series of chemical assays (Guérin-
McManus et al. 2011). Lead rate may be defined as the proportion of expected lead
compounds identified from the total number of samples screened to yield a given
lead compound (Lesser and Krattiger 2007). Further research on these 139 selected
bioactive extracts would involve secondary screening: bioassay directed fraction-
ation, isolation, purification and characterization of bioactive compounds using
High Performance Liquid Chromatography (HPLC), Nuclear Magnetic Resonance
spectrometry (NMR) and Mass Spectrometry (MS) to rapidly identify new com-
pounds from those that are known. Further work would also involve the (a) testing
of purified bioactive compounds in several specialized assays e.g. anti-inflammatory,
antioxidant, and anticancer to assess their suitability for a specific use, (b) toxico-
logical assessment of compounds for possible drug development, and (c) structure
activity relationship studies to enhance activity.

The striking difference in bioactivities exhibited by fungal and host plant extracts
in antiinsect and antimicrobial assays, where a higher proportion of plant extracts
showed antimicrobial activity, compared to fungal extracts which showed mainly
antiinsect activity, suggests that the metabolites of fungal endophytes may be
responsible for providing protection to the plants against predatory insects. The
poor antiinsect activity exhibited by host plant extracts compared to endophyte
extracts was corroborated in independent assays conducted by UWI-UG project
collaborators and further points to a possible role of fungal endophytes in the fitness
and survival strategy of their plant hosts. Early work on plant endophytes centered
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mainly on the endophytes of grasses and crops (Clay 1988, 1990; Marqueza et al.
2012; Saikkonen et al. 2013). Research on plant endophytes has mushroomed over
the past two decades owing to the paucity of knowledge on fungal endophytes from
other plant sources and the significance of endophyte-plant interactions and endo-
phyte secondary metabolites. The emerging insecticidal (Omacini et al. 2001;
Shrivastava et al. 2015; Simons et al. 2008; Zhao et al. 2011) and antimicrobial
(Gutierrez et al. 2012; Guzman-Trampe et al. 2015; Lv et al. 2010; Mousa and
Raizada 2013; Nisa et al. 2015) activities of endophyte metabolites and their poten-
tial for use as biopesticides and pharmaceuticals have played a major role in influ-
encing and promoting research in this field. Despite the recent intensive work on
plant endophytes, research on the endophytes of tropical rainforest plants remains
limited (Arnold et al. 2001). However, data from this present study points to a low
diversity of fungal endophytes and a high diversity of endophyte metabolites con-
trary to initial predictions. An investigation of the secondary metabolic profile of the
leaves of the Iwokrama host plants with and without fungal endophytes and their
resultant bioactivities is required to determine the role played by endophytes in
plant-fungal associations. Wider research on endophytes of tropical forest plants is
a priority to develop a more complete understanding of endophyte-plant interac-
tions and the metabolites they produce. In summary, this project has built capacity
within Guyana to carry out endophyte fungal isolations and identification, together
with bioprospecting activities, and has established a collection of fungi, plants, and
extracts thereof of interest to the agrochemical and pharmaceutical industries.

Major accomplishments during the implementation phase of the bioprospecting
project component include:

» Establishment of a natural products bioprospecting laboratory in Guyana cur-
rently operated by UG through a MOU with Iwokrama.

* Preparation and screening of over 3400 fungal and 60 plant extracts for biologi-
cal activities in 23 different assays

* Metabolic profiling of over 880 fungus and plant extracts

» Fractionation of eight bioactive extracts

e 110 fungus and 29 plant extract leads with anti-insect, anti-bacterial, anti-fungal,
antioxidant and/or cytotoxic properties identified

» Establishment of a comprehensive database on fungi and plant extracts

* Antifungal, antioxidant and cytotoxicity assays established at lab in Guyana

» Laboratory technician trained in microbiological culturing, extraction, bioassay
techniques and data management

* Two UG students trained in bioassay techniques and four UG students assisted
with projects

* Bioprospecting project information disseminated at three international/regional
conferences (Pingal 2002b; Pingal et al. 2001, 2002). Two public lectures (Pingal
2001; Pingal and McTurk 2002) were given and two national meetings with rep-
resentatives of the 16 Amerindian communities that have legal rights over the
Iwokrama forest were made. Two talks on biodiversity and natural product
development were given at two international workshops (Pingal 2002a, c). In
addition, the current chapter represents an output.
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Table 8.1 Bioprospecting objectives and level of achievement (X = the level achieved)

Objectives of bioprospecting component

Level of achievement

Not
done

Partially
completed

Completed

Sample selection: Select plants for endophytic fungal
and phytochemical research

X

Sample preparation: Prepare endophytic fungal
cultures for chemical profiling and subsequent
fractionation

X

Extract preparation: Prepare at least 2000 fungal and
plant extracts for metabolite profiling and analysis

Bioassays: Establish a set of bioassays at the
bioprospecting lab in Guyana

Analyse & Test 2000 Extracts: Test at least 2000 fungal
and plant extracts in a series of bioassays in Guyana and
through regional and UK collaborators,

Isolate & Identify Bioactive Compounds: Isolate and
characterize bioactive compounds from fungi and plant
extracts

Database Tracker: Establish a database to track extracts
prepared

Establish Local Lab Facilities: Establish a
bioprospecting lab in Guyana

Commercial Products: Develop bioactive compounds
for commercialization

Pilot Ventures: Initiate pilot ventures based on clear
legal equitable business partnerships with local
communities, private sector and other stakeholders

The extent to which the original objectives and activities of the bioprospecting
aspect of the project was achieved during the project’s life cycle is indicated in

Table 8.1.

8.3 Project Analysis

8.3.1 Aspects of the Programme That Worked Well

The project ran smoothly throughout its entire cycle despite the complexity of the
relationship among individual partners comprising the consortium. Initial training
of the BIS at CABI Bioscience on endophytic fungal isolation, aseptic culturing
techniques and identification before the project activities started in Guyana, was
essential in the provision of pure fungal isolates of the highest integrity to the bio-
prospecting programme. Similarly, training of the NPC at CABI Bioscience and
Kew Gardens UK on aseptic culturing techniques, basic fungal identification,
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natural products research, lab/database management and health and safety proce-
dures assisted tremendously in the establishment of the lab in Guyana. Preparing,
analyzing and tracking extracts at all stages of the process ensured accountability.
Ample support and technical assistance was provided by both groups of consortium
partners over the entire course of the project facilitated by eight in country visits by
eight persons and regular communication via email. CABI Bioscience assisted with
ordering vital general equipment for the lab during the latter half of 2000 in order
for these to arrive in Guyana in time for the establishment of the laboratory. A stock
of general lab supplies and reagents sufficient for 1 year’s work was ordered ini-
tially in early 2001 to avoid any delays in the progress of the project owing to the
slow shipping (up to 2 months) of foreign purchased goods from Europe, the UK or
EC based companies in the USA to Guyana. This core stock of materials was main-
tained by placing orders for spent stock at least 1 month in advance to give sufficient
time for items to be delivered to Guyana on time to prevent shortages and project
work delays.

There were no injuries and loss of time during the entire project cycle owing to
the strict adherence to standard laboratory safety procedures as specified in 1IC’s
bioinventory-bioprospecting laboratory safety manual, regarding the (a) safe stor-
age, handling and disposal of biological specimens and hazardous chemical sub-
stances; (b) adequate training of all laboratory personnel on the collection of
biological specimens from the forest, and the handling of plant and fungi specimens
and hazardous chemicals; (c) the use of personal protective equipment e.g. respira-
tors, gloves, safety goggles, lab coats; and (d) other safety engineering controls e.g.
fume hoods, eye wash station, emergency showers and safety cabinets by all labora-
tory personnel. Standard laboratory health and safety rules were enforced by the
BIS and NPC.

Staff at the Iwokrama Centre and Field Station provided excellent general project
administration services and support in Georgetown, Guyana and in the field that
enabled both components of the project to proceed without interruption. Collection
of plant samples was carried out with the assistance of the field technicians, lab
technician and BIS as well as the NPC upon occasion. Since collection of plant
samples was restricted mainly to timber host trees ranging in height from a few
metres to several metres high, collection of some leaf samples required a trained
tree climber. Mr. Rodrigues Antone (now deceased) an Amerindian - a descendant
of the indigenous peoples of the Americas, was hired on contract from one of the
nearby communities to collect leaf samples from especially tall trees.

Linking the bioinventory activities with the bioprospecting project was a prudent
decision at the time that enabled both components to work as one unit. The bioin-
ventory component provided excellent support to the bioprospecting component by
furnishing it with a continuous supply of large numbers of high quality pure strains
of fungi (over 258) ready for bulking up, extraction and bioassay testing. The link-
ing of both components eliminated the need for duplicate plant field collections for
the endophyte fungal work and afforded the project significant reduction in time and
resources as a major benefit.
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Immediately fungal samples were received by the NPC, these were quickly sub-
cultured by the lab technician and then bulked up for extraction, metabolic profiling
and bioassay testing before being shipped to the UK collaborators. Similarly plant
extracts were prepared quickly after collection following a period of air drying,
milling, extraction, metabolic profiling and bioassay testing before delivery to UG
and the UWI collaborators. So there was a steady progression at all stages of the
process from plant collection, to (a) fungal isolation, (b) culturing, (c) extract prepa-
ration, (d) extract profiling, (e) extract biotesting, (f) extract tracking and (g) extract
delivery to collaborators.

Semi purified extracts and isolates exported to collaborators in the UK, Trinidad
and Jamaica for further analysis required the normal adherence to the regulatory
procedures of the Environmental Protection Agency (EPA) of Guyana for access to
genetic resources. The EPA, Guyana and the UG facilitated this process through the
acquisition of relevant export permits on a timely basis. The UK and regional part-
ners at the UWI and UG also provided valuable laboratory services in terms of test-
ing of extracts in a series of insect and microbial assays as well as in the purification
and analysis of extracts using modern analytical techniques: HPLC-Diode Array
Detector, Liquid Chromatography-MS-MS and NMR spectroscopy. These analyti-
cal instruments were unavailable at the lab in Guyana. Reports on results of fungal
identification and extract analysis and testing were provided by both UK and
regional partners to IIC in very good time.

8.3.2 Aspects of the Programme That Did Not Work Well

The Iwokrama Forest lies 274 km south of Georgetown — a 7-11 h drive by road
depending on road conditions. Since the majority of the road comprises unpaved
laterite, road conditions especially during the May-June rainy season delayed acces-
sibility to the forest and sample collection on a few occasions. In addition, intermit-
tent bouts of malaria and dengue fever among field staff were a constant threat to
sample collection, but did not affect the project significantly overall. There were
some delays experienced in upgrading the laboratory at the UG and this coupled
with power cuts/irregular power supply resulted in lost time and degradation of
some fungal cultures. Contamination of sterile cultures through air borne fungi and
bacteria severely hampered easy retrieval and re-culturing of fungus strains and the
progress of antifungal assaying activities. The lack of basic analytical instruments
e.g. Ultra Violet-Visible (UV-Vis) and Fourier Transform Infrared (FTIR) spec-
trometers and HPLC in the lab in Guyana prevented bioprospecting staff from pre-
paring more extracts of higher quality.

The reference herbarium established at the Iwokrama Field Station by
Bioinventory project component staff containing 140 herbarium sheets collected by
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the Ecology Unit at Iwokrama and over 400 sheets donated by the Smithsonian
Institution through a MOU with Iwokrama, have been infested with cockroaches
from time to time leading to damage to the collection. This problem needs to be
rectified to preserve the remaining current collection.

Despite the fact that 50 species of macrofungi were collected and photographed
for the production of a field guide to the macrofungi of the Iwokrama Forest, images
obtained were not of sufficient high quality for completion of the guide. Improved
photography equipment is required.

The absence of legal IPR and ABS protocols in Guyana prevented access to
Amerindian and other traditional knowledge, which would have provided excellent
support to sampling of plant samples for endophytic fungi and general plant sam-
ples. The exclusion of Amerindian traditional knowledge in this project prevented
the targeted selection of flora and fauna which may have resulted in higher isolation
of potentially useful and marketable natural products upon which bioprospecting
depends, as indicated by Stephen Devenish in the final evaluation report on the
CSUBIF project in 2003. One must be mindful though of the intricacies involved in
the use of traditional knowledge and medicine guided selection of samples for the
development and commercialisation of natural products. Although an attractive,
more selective and cost-effective approach than random screening, this type of
selection is fraught with challenges, relating to the long periods of time and general
difficulties involved in arriving at mutually accepted legal agreements between the
knowledge holders and commercial companies relating to ownership of intellectual
property and equitable Benefit Sharing (BS) (Kingston 2011).

The expected pilot level commercial outputs from the bioprospecting compo-
nent did not materialize. This was due to the short time frame of the project, and the
speculative nature of bioprospecting. Most importantly, the lack of (a) IPR and
ABS protocols at IIC and (b) national legislation to enable these agreements to
work and facilitate extract leasing, development and commercialization meant
commercial outputs were impossible. As such, companies could not be approached
for private sector funding to continue bioprospecting activities or entering into
commercial ventures based on the extracts generated from the project as high-
lighted by Stephen Devenish, final evaluation report of the CSUBIF project. Despite
this, exploratory meetings were held between the NPC and CABI-Kew collabora-
tors and three private sector and semi-autonomous companies in Guyana in the
latter half of 2002 on possible collaborations and financial support for the bio-
prospecting initiative. These meetings revealed that whereas private sector and
semi-autonomous companies showed a high interest in, and support for, the pro-
gramme and that they would have liked to provide financial assistance, they did not
have the liquidity at the time to do so.
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8.4 Suggestions for Improvement: Future of Bioprospecting
at Iwokrama and Lessons Learned

Funding Iwokrama should aim to secure funding of at least 10 years for future
bioprospecting projects owing to the well-known (a) speculative nature of bio-
prospecting, (b) significant investment in time required (ten to twenty years (Conniff
2012; Guérin-McManus et al. 2011; Lesser and Krattiger 2007) and (c) money
needed (US$230 million to US$1 billion (Conniff 2012; Lesser and Krattiger 2007).
This would give enough time and resources to transform biota into potentially mar-
ketable products, especially in light of the on-going crisis with resistant bacterial
infections. Funding should be considered from a variety of multiple financial bodies
such as local and international donors and private sector. It is important that govern-
ments of large countries become involved and provide incentives for pharmaceuti-
cal companies to work in these areas. One can consider using funds obtained from
multiple donors to fund one large project or individual donor funds to finance indi-
vidual small projects. Although each approach would have its inherent strengths
and weaknesses, the former approach is more likely to lead to the successful devel-
opment and marketing of a useful product through long term and larger financial
investments. One major disadvantage of multiple donor funding of a large project is
the resolving of mutually acceptable legal agreements between donors and their cli-
ent and any third party beneficiaries (Cordell and Colvard 2005; Kingston 2011)
such as the 16 Amerindian communities that have legal rights to the Iwokrama for-
est in this case, before the project starts, which could take a very long time. Whereas
the latter approach, where a single donor funds a smaller project, is more likely to
result in partial success owing to smaller financial support and an expected shorter
time period of funding. Private sector funding should be used principally to advance
natural product research, and the development and commercialisation of useful bio-
products. Funding from donor agencies should be reserved for short term aspects of
the project such as capacity building, outfitting the national bioprospecting lab at
UG with basic analytical instruments, and maintenance of laboratory infrastructure.
Not to be overlooked though is funding from academic institutions and groups
engaged in bioprospecting. Although individual institutions may not have the finan-
cial leverage to fund bioprospecting initiatives they certainly have the technical
expertise and modern analytical tools and facilities to identify lead compounds suit-
able for further development into potential marketable products if efforts and
resources from a few institutions are combined (Harvey and Gericke 2011). It is
important to reiterate that governments of wealthy countries especially should pro-
vide financial incentives for pharmaceutical companies to become involved in bio-
prospecting projects because of the current problems with resistant bacterial
infections.

Collaborators In selecting collaborators to continue its bioprospecting pro-
gramme, IIC should consider to advantages of working with the previous consor-
tium or new specialist service providers. The major advantage of working with the
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same consortium partners is the ease with which previous work completed can be
reinstated and further built upon. Furthermore, 256 of the original endophytic fun-
gal cultures are held in reserve at CABI Bioscience Genetic Resource Collection for
retrieval in the future.

Alternatively, since the bioprospecting lab is already established at UG and cur-
rently being maintained by UG, IIC can work with UG together with other organisa-
tions. These could be regional and/ or international academic institutions, industrial
groups, and pharmaceutical companies, capable of conducting modern natural
products research and development, coupled with business and marketing compa-
nies. For IIC to maximize its chances of finding and commercializing a bioactive
compound, collaborators should be carefully selected to include those who are
capable of:

(i) conducting dereplication of extracts using HPLC coupled with MS or MS/MS
and IR-MS in combination with bioassays and reference libraries of natural
compounds;

(i1) selectively identifying bioactive compounds early in crude extracts with the aid
of modern techniques e.g. Liquid Chromatography-MS, 1D NMR and 2D
NMR for faster purification and isolation of compounds;

(iii) characterizing pure isolates using automated structure elucidation software and
routine techniques such as UV-Vis, FTIR, MS, 1D and 2D NMR, in addition to
the latest NMR experiments e.g. Long Range Heteronuclear Sequence Quantum
Multiple-Bond Correlation (LR-HSQMBC) experiment optimized to obtain
very long-range (> “Jy.c) heteronuclear correlations to assist with the elucida-
tion of proton deficient compounds (Saurf et al. 2015). Microscale NMR tech-
niques would be especially useful for the elucidation of metabolites of 1 mg or
less (Kingston 2011), together with Comprehensive Multi-Phase NMR to char-
acterize samples in their natural state (Monette et al. 2015);

(iv) screening extracts against a broad range of targets (e.g. antimicrobial, antican-
cer, insecticidal, immunological) and conducting new screening approaches
even on crude extracts such as cell-based assays focusing on specific mecha-
nisms of action and

(v) synthesizing a prospective lead natural compound to reduce the impact of col-
lection from its natural source and to ensure that supply is unlimited (Kingston
2011).

Should a new specialist service provider be selected to take Iwokrama’s bio-
prospecting programme to the next level, IIC should consider limiting collaboration
to as few partners as is necessary per project to simplify working relationships and
project implementation as recommended by Stephen Devenish in the CSUBIF final
evaluation report, 2003.

National Laboratory One of the major disadvantages of the previous project was
the lack of basic analytical instruments to help with the isolation and purification of
natural products. The bioprospecting lab at UG should be outfitted with basic ana-
Iytical instruments e.g. UV-Visible and FTIR spectrometers and HPLC to assist
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with preliminary extraction, isolation, purification and analysis of natural products,
if this project is to continue at some stage. Acquisition of an FTIR spectrometer
could be justified from its two-fold use in the analysis of natural products, and in
plant research to discriminate closely related plant species through analysis of leaf
samples in the Near-IR region (Durgante et al. 2013). Having these instruments
would assist the lab at UG to prepare purer extracts and compounds of higher qual-
ity faster for regional and international collaborators on which to work. Essential to
the isolation of high quality, value added potential leads for further development is
the establishment of a set of routine and easy to maintain bioassays, such as antimi-
crobial, insecticidal and cytotoxic, in the field laboratory. The results of these pre-
liminary bioassays can give collaborators an insight into the type of activities to
expect and so guide further testing. In addition, facilities for local long term storage
of pure fungal strains and plant samples is recommended to avoid the loss of tem-
porarily stored samples. The avoidance of, or provisions for, power cuts is
essential.

Reference Herbarium To preserve and protect the over 500 herbarium sheets
lodged in the reference herbarium at the Iwokrama Field Station, the room should
be sealed and air conditioned, to prevent entry by cockroaches and other destructive
insects. New and adequate storage cupboards should be installed.

Traditional Knowledge Use, IPR and BS Protocols Traditional knowledge
should be employed from the beginning of any new bioprospecting initiatives at the
IIC to reduce the time spent on selecting flora and fauna and to improve the chances
of developing a useful marketable product. The projects must be reciprocal to avoid
one-way capacity building by the bioprospecting partner. According to McAfee in
the conference on “Development as if Equity Mattered” Georgetown, Guyana
September 24-26, 2001, any new bioprospecting projects should therefore move
away from extractive research and shift towards participatory research in which the
need to share benefits with indigenous communities is fundamental (Insanally
2003). This would necessitate Amerindian involvement from the beginning of the
project and will require the draft IPR and ABS protocols prepared by IIC to be
agreed and sanctioned according to the laws of Guyana.

In 2007 the Government of Guyana established a national policy on ABS and has
enacted relevant national legislative and administrative measures to uphold the
national policy through the EPA Guyana to enable agreements to work properly.
The poor success by companies such as Shaman Pharmaceuticals and Phytopharm
to commercialize new pharmaceuticals or botanical medicines from traditional
medicines or ethnomedicine to date, have made the use of traditional knowledge
and ethnomedicine in the prospecting for bioactive compounds from flora and fauna
samples less appealing (Firn 2003, Harvey and Gericke 2011; Kingston 2011). In
addition, the renowned Instituto Nacional de Biodiversidad (INBio) of Costa Rica
had a vibrant bioprospecting programme. After over 20 years of existence with
more than twenty agreements with academic institutions and industry, the most
prominent being the commercial bioprospecting research collaboration agreement
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with Merck & Co. from 1991 to 2008, INBio’s work has so far yielded over 27
patents (Lesser and Krattiger 2007), and several lead bioactive compounds, nutra-
ceuticals and biological control microbes (Gamez 2007). However, INBio’s bio-
prospecting efforts has failed to produce a blockbuster drug or to market a product
to date (Conniff 2012). Similarly, the International Cooperative Biodiversity Group
(ICBG) Projects in Suriname (1993), and Madagascar and Panama (1998), have
yielded promising lead compounds. For example, (a) ipomoeassins A-F from the
Suriname plant Ipomoea squamosa with potent antiproliferative activities, (b) a
depsipeptide coibamide A from Leptolyngbya sp. from Panama with a unique selec-
tivity profile in NCI 60 cancer cell lines and (c) schweinfurthins from the Madagascar
plant Macaranga alnifollia with strong antiproliferative activity have shown poten-
tial. Nevertheless, they too are yet to be developed into commercial drugs (Kingston
2011), indicating the pitfalls of bioprospecting projects.

Despite this, IIC should consider the use of traditional knowledge and ethno-
medicine in its search for new and useful bioactive compounds with market poten-
tial for two major reasons: (i) IIC, from its inception has engendered a good and
long standing working and congenial relationship with the Amerindian communi-
ties within and bordering the Iwokrama forest thereby facilitating collaborations,
and (ii) IIC is expected to demonstrate how tropical forests can be used in a sustain-
able manner to provide economic benefits to the people of Guyana and the world in
general through research, training and the development and dissemination of tech-
nologies according to the Iwokrama Act. IIC is therefore presented with a good
opportunity to be the first to show how traditional knowledge and ethnomedicine
can be used effectively to select and commercialise new bioactive compounds into
useful products or pharmaceuticals in the post CBD era. These points are even more
relevant given the crisis being experienced now from resistant bacterial infections
which completely changes the societal dynamics regarding bioprospecting for novel
antibiotics.

Bioproduct Selection & Development By the turn of the twenty-first century
most pharmaceutical companies either considerably scaled down or eliminated their
investment in bioprospecting as a means of identifying new lead compounds
(Conniff 2012; Harvey and Gericke 2011; Firn 2003). Developing countries with
untapped pristine biodiversity resources with a high potential of new bioactive prod-
ucts are unable to access and utilize these resources owing to the lack of financial
and technological capability to do so, thereby making bioprospecting almost nonex-
istent. Such biodiversity rich countries are therefore confronted with the dilemma to
either ‘exploit’ their biological resources for short term profit or ascribe a monetary
value to their biodiversity for its sustainable use and profit, an issue about which
consensus is divided (Castree 2003; Lesser and Krattiger 2007; Harvey and Gericke
2011). However, the steady rise of antibiotic resistance infections caused by multi
drug resistant microbial pathogens since the discovery of penicillin and the first
recorded and recent emergence of a colistin-resistant strain of E. coli carrying the
colistin-resistance gene, mcr-1 in the United States of America (McGann et al.
2016), has engaged worldwide attention for new antibiotic leads in recent times
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even more than before (Lewis 1995, ECDC/EMEA Joint Technical Report 2009;
Overbye and Barrett 2005; Braine 2011; Garner and Brown 2015). Natural prod-
ucts, an underexploited source of potentially novel leads with new modes of action,
may be discovered through bioprospecting initiatives (Koehn 2008a, 2008b; Li and
Vederas 2009; Nobili et al. 2009; Xiong et al. 2015). There has never been a better
time to reconsider the work undertaken in this Iwokrama Bioprospecting project,
and to develop it further with the lessons learned given the urgency and the highly
increased awareness of the problems of multi drug resistant bacteria.

Should IIC decide to further develop the 110 lead fungal extracts in future from
the present project, the repatriation of the 100 viable fungal strains held in long term
storage at CABI from which the extracts were obtained would be required, since
these fungal strains held at the lab in Guyana may no longer be viable. However, the
Guyana strains require checking for viability as soon as possible as indeed do the
CABI strains. A diverse collection of products should be carefully selected to study
to enable IIC to improve the probability of developing a useful product to market.
The selection of products can usefully be divided into two categories:

Category 1; Essential oils, resins and waxes, nutraceuticals, teas, health and so
called “well-being” products, cosmetics, herbal or food supplements, and repellants
requiring a short time for product development; and

Category 2; Bio-pesticides, food ingredients, botanical medicines and bioactive
lead components for pharmaceuticals and which require a longer time to develop.

In making this distinction, the category 1 products that do not need the same
strict regulatory testing as category 2 products and could be commercialized quickly
and provide immediate financial support to IIC. Whereas the category 2 products
could be commercialized over a longer period funded by resources obtained from
the category 1 products.

8.5 Iwokrama Post 2003

By the time Iwokrama’s initial bioprospecting project finished in March 2003, the
project provided IIC with a solid start. Experience, technical knowledge, laboratory
facilities, local, regional and international collaborators, skilled local staff and suf-
ficient lead extracts were also obtained. These deserve further development and
possible commercialisation by a collaborator with adequate funds to advance its
programme to the next stage. Unfortunately, bioprospecting activities at IIC also
ended in March 2003, since new donors or private sector funding was not procured.
Iwokrama was unable to capitalize on the momentum generated by the initial proj-
ect owing to financial constraints.

All staff hired under the CSUBIF project left Iwokrama in search of alternative
employment. The bioinventory aseptic lab and the bioprospecting lab established at
the University of Guyana was formally handed over to the University shortly after
the project terminated through the establishment of a MOU between IIC and
UG. The UG was given custodial responsibility of the facility with the understanding
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that IIC will resume bioprospecting activities, should funding become available.
Completion dates for the two remaining and active major donor funded programmes
(ITTO, December 2003 and CIDA, March 2004) was imminent. IIC was at the
crossroads of being an organization that was primarily funded by external donors
through its various programmes, to one that was expected to be self-financing.
Unable to realize the goal of becoming financially self-reliant by the end of its
donor funded programmes, activities at the IIC was reduced considerably over the
next 5 years and IIC made a radical shift in focus to short term commercial projects
such as reduced impact and sustainable logging.

An acting Director General was reserved to oversee a short transition period
before a new Director General was appointed in January 2005 to manage the IIC for
a 3 year term where major emphasis was placed on sustainable income generating
activities and business development through the sustainable use of forest resources.
Following the resignation of the Director General in October 2007, IIC appointed
the CEO, Mr. Dane Gobin shortly thereafter to manage its operations. Between
2005 and 2014, IIC was actively engaged in nine large projects that complemented
its research goals and among these were sustainable timber operations. Phase I log-
ging activities in the Iwokrama forest commenced in 2008 and continued until 2012,
to give sufficient time to prepare for phase 2 logging activities to commence from
the third quarter of 2015 following finalization of a contractual agreement in 2014.

Three main research themes exemplify the work currently being carried out by
IIC: (i) Environmental Resilience, (ii) Human, Social and Cultural Capital and (iii)
Ecosystem Service Values. These three themes were carefully selected to establish
a harmonious partnership among (a) sixteen local communities within and border-
ing the Iwokrama Forest, (b) scientists, and (c) sustainably managed business opera-
tions to reinforce Iwokrama as a global leader in forestry management. Oversight
for onsite research themes is the responsibility of the Iwokrama Science Committee
established by IIC in 2009 in accordance with Article 14 of the Iwokrama Act 1996.
The committee includes representatives from (a) Newcastle University, UK, (b) UG
and (c) UWI, amongst other institutions.

IIC is currently managed by its CEO and staff in Georgetown and at the Iwokrama
River Lodge and Research Centre with support and strategic policy guidance of
IIC’s International Board of Trustees. Financial support is provided by the
Government of Guyana, the Commonwealth Secretariat, the Commonwealth
Foundation and the Commonwealth Forestry Association. The three broad research
themes are currently achieved through seven work programmes: (i) community
development, (ii) conservation and monitoring, (iii) science and research, (iv) sus-
tainable timber operations, (v) eco-tourism, (vi) learning services and (vii) informa-
tion and communication.

The Learning Services programme has only recently become a promising area of
revenue generation and the sustainable timber operations programme is only
expected to become a significant contributor to revenue earnings when phase 2
operations commences in the latter half of 2015, although ecotourism continues to
be a profitable activity for the Centre. IIC is likely to continue to experience major
funding challenges in the short term to meet its core annual costs owing to current
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international financial volatility and reduced donor subsidies. In light of this reality,
IIC issued a Request for Proposals representing a wide range of scientific research
from private and public companies, institutions and universities, donors as well as
other organisations engaged in tropical forest conservation and research in 2014, in
order to initiate and catalyse the revenue generation potential of IIC’s Research and
Science Programme. IIC is seeking scientific research proposals on sustainable for-
est management, climate change, hydrology/geochemistry interactions, ecosystems
services, community impacts, biodiversity and bioprospecting. Proposals are also
being actively sought from pharmaceutical companies interested in developing
products from medicinal plants with the anticipation of long term income genera-
tion for the Centre. At present IIC is collaborating with UG and other institutions to
develop another bioprospecting project building on the work that was done in the
earlier project. This is crucial, amongst other things, in light of the current crisis
caused by the lack of novel antibiotic leads and shortage of compounds to control
multi drug resistant pathogenic bacteria.

8.6 Conclusions

In the current author’s opinion, IIC’s bioprospecting-bioinventory project was over
optimistic and ambitious in its design considering the (a) capricious and risky nature
of bioprospecting, (b) large investment in time and development costs required to
successfully commercialize a product and (c) legal and ABS issues involved in com-
mercializing a product developed from the Iwokrama Forest. The over optimism in
the initial design of the project can be attributable to several reasons: (a) it was one
of the few low impact and sustainable projects with the potential of earning signifi-
cant financial rewards for the Centre at a time when IIC was expected to become
financially self-sufficient and less dependent on donor funding, (b) IIC regarded this
as a rare opportunity to initiate its bioprospecting programme and to achieve a great
deal within the limited timeframe and resources allocated, given the shortage of
donors and private sector organizations willing to fund bioprospecting, (c) the lack of
interest worldwide by large pharmaceutical companies in bioprospecting as a viable
means of identifying new bioactive lead compounds, and (d) an inadvertent response
to conform to donor funding requirements and expectations in an effort to secure
limited but vital funding for the project. Iwokrama’s bioprospecting project almost
met 50 % of the original project objectives, and resulted in the identification of more
than 25 host plant extract leads and 110 fungal extract leads worthy of further devel-
opment. The objectives on commercialisation of bioactive compounds and the estab-
lishment of pilot ventures to generate revenue for IIC were near impossible from the
beginning in the absence of any IPR and ABS protocols prior to 2003.

The combined performance of Iwokrama’s bioinventory and bioprospecting
projects is a much better picture though, having achieved five out of the seven objec-
tives of the project with an overall success rate of 70 %. Linking the bioinventory
activities with the bioprospecting project was therefore a prudent decision that
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enabled both components to work in unison and achieve better success overall.
Nevertheless, the bioprospecting project may have achieved more, with greater
efforts placed on identification, purification and bioactivity of compounds of inter-
est, if the time and financial support for the project was focused less on bioinventory
aspects. This was a matter of judgment: time and resources would still have to be
committed to the selection, collection and identification of plants and fungi. In any
case, the project still would not have been able to lease extracts, commercialize
bioactive compounds and establish pilot ventures as explained before and the bio-
prospecting project would have only been able to achieve a 50 % success rate at
best. Further, if the project was simply centered on bioprospecting, the EC and other
donors may have been more reluctant to fund such a high risk project and it may not
have materialized in the first place. It is a matter of obtaining the correct balance.

The bioprospecting project, after only 33 months of research, performed admira-
bly in comparison to other bioprospecting initiatives. However, compared to the
International Cooperative Biodiversity Group (ICBG) projects in Suriname (1993),
and Madagascar and Panama (1998), and the much publicized INBio of Costa Rica
project, more could have been done. Technical backstopping, support and extract
analyses provided by the consortium of collaborators was essential to the success of
the Iwokrama programme overall.

In its future bioprospecting initiatives, Iwokrama should aim to achieve the
following:

» secure funding of at least 10 years for future bioprospecting projects to give
enough time to transform genetic resources into potentially marketable
products

e procure funding from a variety of multiple financial bodies such as national,
regional and international donors, private sector and academic institutions and
other groups engaged in bioprospecting. Iwokrama could use private sector fund-
ing principally to advance natural product research, and the development and
commercialisation of useful bioproducts. Funding from donor agencies should
be reserved for short term aspects of the project such as capacity building, outfit-
ting the national bioprospecting lab at UG with basic analytical instruments, and
maintenance of laboratory infrastructure

* work with either the previous consortium of partners or UG together with new
specialist service providers such as regional and/or international academic insti-
tutions, industrial groups, and biotechnology and small pharmaceutical compa-
nies, capable of conducting modern natural products research and development,
as well as business and marketing companies to market products

» re-fit the bioprospecting lab at UG with basic analytical instruments to assist
with preliminary extraction, isolation, purification and analysis of bioactive
compounds

» establish a set of routine bioassays and long term storage facilities for fungal
strains, flora and fauna specimens at the bioprospecting lab at UG; and undertake
the repatriation of the 100 viable fungal strains held in long term storage at CABI
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e upgrade the reference herbarium at the Iwokrama Field station that will serve as
a reference collection of all biological specimens collected from the Iwokrama
forest

e ensure that from the establishment of any new bioprospecting project, there is
continued strong participatory involvement of stakeholders of those Amerindian
communities with legal rights to the Iwokrama forest as has been practicing from
inception. Ensure that traditional knowledge is employed in the selection of flora
and fauna, in accordance with the Amerindian Act 2005, Iwokrama Act 1996,
Iwokrama’s Policy on IPR, Access to Genetic Resources and BS. Guyana’s
National Policy on Access to Genetic Resources and the Fair and Equitable
Sharing of Benefits Arising from their Utilization, 2007 should be adhered to.

* identify and conduct research on a diverse array of biological resources ranging
from raw and semi purified natural products such as exudates, essential oils, and
herbal food supplements to biopesticides.

* in particular, emphasis needs placing on novel pharmaceuticals with emphasis on
antibiotic lead compounds to tackle multi drug resistant bacteria in light of the
increase in antibiotic resistant infections worldwide.

Finally, IIC should actively seek out and engage the attention of national, regional
and international donors, natural products researchers and private sector companies
to re-establish its unique programme on bioprospecting that involves an integrated
and strong partnership among Amerindian stakeholders, scientists and businesses to
realize lasting ecological, social and economic benefits to the peoples of Guyana
and the world. Iwokrama is therefore poised to be the first to demonstrate to the
world how traditional knowledge and ethnomedicine can be used effectively to
select and successfully transform new natural products from the Iwokrama forest
into marketable products or pharmaceuticals.
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