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PROVIDED. 
Our objectives are to build a sustainable bioprospecting program in Panama, to enhance conseivation, and to discover
new produets for medicine and agiiculture. Panama has more forest cover than any other Central American country, and is 
considered a threatened diversity hotspot. Its unique position as a biological corridor joining the northem and Southern 
hemispheres has implications for both regional and intemational conservation strategies. To promote conservation and 
sustainable bioprospecting in Panama, we are stressing technology transfer and effective dmg discoveiy. First, we will use 
ecological research to target collections towards species and tissues that have a high biological activity. We will also extraer 
fresh samples, minimizing the loss of active compounds. Second we are placing a large emphasis on training and 
technology transfer to Panama We are establishing bioassays with HIV and cáncer at the University of Panama and with 
tropical diseases at Gorgas Memorial Institute in Panama City.. Active compounds will purified at the University of 
Panama. In addition, protein extraets will be tested for activity against whitefly, a crop pest that could become one of the 
major pests worldwide. Both oi^anic and protein extraets will be sent to Monsanto, our industrial coUaborator. Monsanto 
has committed to providing strong technical support for the pharmaceutical and agricultural investigations in Panama, 
especially with the Identification of active compounds, thus providing a substantial component of capadty buüding. Tliis 
emphasis on training and technology transfer creares immediate benefits to Panama and helps establish the scientific 

I ílfrastructure necessary to continué bioprospecting after the termination of the grant. In addition we will assist the Kuna 
¡ and Naso Indians of Panama to make a permanent record of their ethnobotanical knowledge and to increase their 
involvement in conservation and land management planning.
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Smithsonian Tropical Research Institute, Panama City, Republic of Panama
j University of Panama, Panama City, Republic of Panama
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SPECIFIC AIMS

2.

3.

1. To collect plañís, beetles and fungí from a wide variety of habitats within the Republic of Panama 

Planta will be collected using ecological insight to tórget collections with greater

• EndoXtic fungi^wiH be cultured from identified leaves and will be sent to Monsanto.
• Herbivorous beetles will be collected when our ecological and inventory dau suggest they

TO use frXÍ sX”n^e high-quality organic and protein extracta for bioassays and to

culture endophytic fungí.
To test organic extracts for activity against:

• cáncer (University of Panama and the National Cáncer Ii^titute)
• HIV (University of Panama and the National Cáncer Instituto)
• tuberculosis (GWL Hansen’s Disease Center at Louisiana State University).
• tropical diseases including dengue, dragas’ disease, leishmaniasis and malaria (Gorgas

Memorial Instituto, Panama). .
4. To test organic extracts in proprietary screens at Monsanto/Pharmaceutical.
5. To test protein extracts for their jxítential in crop plant transformation at

Monsanto/Agricultural. _
6. To establish bioassays in Panama testing protein extracts for activity against whi y.
7. To inventory the diversity of herbivorous beetles and to establish permanent collections in 

PnriHiTiH8. To Work with indigenous communitíes in the Provinces of Bocas del Toro and San Blas to 
preserve their ethnobotanical traditions and to increase their role in conservation.

9. To formalize contracts between all of the participants in this program that promote: equi^le 
^haring of benefits, collaborations among Panamanian scientists, collaborations between US
Panamanian institutions, and conservation of Panamanian biodiversity.

10 To channel a portion of revenues that may result from this work tó a Panamaman
which will administer a competitive grants program to promote bioprospectmg, conservation

rural community development. Minohu
11. To help build the scientific infrastructure and expertise necessary to support a sustaitiable

bioprospecting program based in Panama.

BACKGROUND AND SIGNIFICANCE

A COMPOSITION OF THE ICBG .The muU^le goals of the Internationa Cooperative Biodiversity Group (ICBG) 
assemblv of m interdisciplinary group of participants. The composition of our group is based on *e 
XTZÍTrea S on" demonstrated ability to collaborate in the concept.on of and tn
mosX" «he“xSn, of a shared and complex project. The Associate Programa are Usted on the 

next page, followed by a brief explanation of the role of each program.
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Ecologically Guided Bioprospecting in Panama
Group leader: Dr. Phyilis Coley
Smithsonian Tropical Research Instituto and the University of Utah

Associate Program 1: CoUections, coordination & database management
zljíoctoe Program Leaders: Drs. Phyilis Coley. Todd Capson & Jhomas Kursar

Smithsonian Tropical Research Instituto (STRI)
Management and coordination of the Panama-based program
Dr. Todd Capson (STRI) .
Collection of plants, preparation of extracts and culturing of endophytic fun^
Drí. Phyilis Coley, Thomas Kursar & Mireya Correa (STRI)

Associate Program 2: Panama-based screening, isolation, and characterization of biologically 

active natural producís
Associate ProRram Leader: Dr. Mahabir P. Gupta
Cerner for Pharmacognostic Research on Panamanian Flora (CIFLORPAN), University of Panam 

Anti-cancer screens and purification and Identification of active compounds 
Drs. Mahabir Gupta & Pablo Solis (CIFLORPAN, U. of Panama)
Screening of biological materials for activity against HIV m
Professor Basilio Gómez (Faculty'of Medicine, Department of Microbiology, U. of Panama) 
Screening of biological materials for activity against agricultural pestg
Professor Daniel Emmen, Dr.^ Cheslavo Korytkowski & Dr. Dora Quiros (Department of Zoo ogy 

and Entomology, U. of Panama)

Associate Program 3. Panama-based screening for tropical diseases 
Associate Program Leader: Eduardo Ortega-Barña, M.D.
Gorgas Memorial Instituto for Health Research, Ministry of Health

■Screening of biological materials for activity against dengyie, Chagas* disease, leishmama^

^Drs^^^rdo Ortega~Barria\ Evelia Quiroz\ Luz Romero' & Phillip RoserUhaP (‘Gorgas 

Memorial Institute and ^University of California at San Francisco)

Associate Program 4: Biodiversity inventories 
Associate Program Leader: Dr. Donald Windsor 
Smithsonian Tropical Research Instituto

Inventorv of herbivorous beetles and their host plants ,
Drs. Donald Windsor' & Héctor Barrios^ (‘Smithsonian Tropical Research Instituto and e 

^University of Panama)

Associate Program 5: Monsanto Company. Development of novel pharmaceutical agents and
producís for agricultural biotechnology
Associate Program Leaders: Dr. David Corley & Leslie Harrison

Associate Program 6í Ethnobotany and Conservation
Associate Program Leader: Manuel Ramírez 
Conservation International

Coley, Phyilis D.
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Tht^Gi-OTpt^ader of our program will be Professor Phyllis D. Coley. Dr. Coley is an uitemauonally 
recognized leader whose research focuses on the evolution and mechanisnB of defense by plants 
against herbivores and pathogens. Her published theory on plan! defensa (Coley et al. 1985) 
revolutionized the field and is still the dominant paradigm fot understanding plant tnvestmen i 
defenses. Science Watch recently identified the field of plant/lierbivore . .
hottest and most prominent research areas in ecology and environinental biology. Of the 10 most cit^ 
papers published in this field frotn 1981-1993. Dr. Coley is solé or first auto on two of «bem 
1 Ld 3) She recently (1995) received a Career Advancement Award from NSF. She has worked on 
the defenses of tropical trees for 20 years, and is an expert at vegetótive Identification of pl^ts^^Md 
quantitative analysis of fiingal pathogen and herbivore damage to leaves. As a faculty meinber ai. 
University of Utah for the past 15 years, Dr. Coley has trained 15 gradúate students, includmg 
Ph.D. students, all of whom have taken university positions.

The Smithsonian Tropical Research Instituíe (STRI) .
STRI has a 15 year tradition of conducting ecological research m Panama, employs a staí o 
world-renowned scientists, and hosts hundreds of intemational researchers annually . This ICBC 
proiect, based almost entirely in Panama, would be impossible without the comprehensive^and 
sophisticated logistical support provided by STRI. In addition, our scientific research has benefit^ 
immeasurably from the opportunity to interact with this large group of scientists wotog on suc a 
diversity of ecological questions. The proposed project also has the strong support of Dr. Ira Rubinott 
(see Letter of Support) who has been the Director of STRI for the last 25 years.

STRI has a history of successfiifly implementing complex projects, for example, mapping and 
censusing evety 5 years over 500,000 stems in a 50 hectare plot on Barro Colorado b and as well as 
establishing or facilitating 8 others world wide. In addition STRI managed a multi-milhon dolly, 5 
year project to investígate the consequences of an oil spill near Colon, Panama. anaging projec o 
this dimensión is feasible due to STRI’s skilled staff, süte-of-the-art Computer and commimiMtions 
facilities, ease of shipping supplies from the US, a fully equipped library, lawyers, ^rsoimel 
managers, and accountants. Equally important to the success of STRI is then edurational deparment 
which is engaged in publishing in the popular media, suging workshops, orgamzing educational 
programs for the public and running intemships for students. The results pr^ented m ^sociate 
Program 1 were obtainable only because STRI maintains modem laboratory fecihties that are m the 
heart of a protected rainforest reserve. Indeed, the use of ecological entena to drive a collecüon 
strategy is realistic only when one can catiy out long term research m the forest. The advantages 
inherent in the research environment provided by STRI make clear why out Panama-based research 
program is more likely than most to yield results in the near future.

Associate Program I; CoUections, coordination and dotábase managetMnt 
This program will focus on the use of ecological insight for sample collecüon and the collecüon of 
fresh samples, two factors that should greatly improve the probabihty of findmg active ^mpo^ . 
Dr. Coley will be the Program Leader and Drs. Capson and Kursar will serve as ctbleaders. All toee 
have interacted productively for three years in the planning and implementation of this pro^. D . 
Colev’s perspective as an ecologist, Dr. Kursar’s as a plant physiologist and ecologist and Dr. 
Capson-s experience in organic chemistry. biochemistry and natural producís chemistry have allowed 
them to create an innovative and productive program m Panama with minimal resources.

Dr. Capson is a Research Assistant Professor at the University of Utah and “
STRI His full-time presence in Panama will be an important component to the continued suecas of 
this project Dr Capson has had input on virtually every component of this application, in particular.

Coley, Phyllis D.
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Associate Programs 1, 2, 3 and 6. In collaboration with Dr. Kursar, he has been involved in all of 
the contractual agreements that are being developed for this project. He was also the principie 
architect of the trust fund developed by Fundación Natura for the program’s competitive grants 
program. He is solely responsible for esublishing a productivo dialogue with the Kuna indigenous 
group (Associate Program 6). He was instrumental in arranging the establishment of <^<xr and HIV 
assays at the University of Panama (Associate Program 2). He has organized airi will, play an a«ive 
role in Marianne Guerin-McManus’ contribution to developing a legal framework for bioprospecting 
in Panama (Associate Program 6). Dr. Capson will continué his role of faciliUting and overseeing the 
programs in Panama, of coordinating sample distribution and compilation of resultó, and of Promotmg 
public relations. In addition, he will be involved in the purification and structure elucidation of active 
compounds in Dr. Gupta’s laboratory at the University of Panama.

Dr. Kursar is an Associate Professor at the University of Utah and a Research Ass^iate at STRI. He 
and Dr. Coley have worked together for over 15 years on the mechamsms by which ramforest plantó 
are defended against attack by herbivores and pathogens. The insightó obtained from t ^e 
investigations have been incoiporated into the sampling and extraction protocola of this ICBG. Dr. 
Kursar’s research on proteins found in developing leaves led to the collaboration with Monsanto on 
plant transformation. In addition, his work with tropical endophytic fungí to enhanc^ th? 
collaboration with Monsanto, as they will batch culture our endophytic collections and make extractó 
for testing in their own bioassays as well as those in Panama.

Drs Coley and Kursar will be responsible for the collection and extraction of plantó and for the 
isolation of of endophytic fungí. Dr. Kursar has considerable experience working with plam proteins 
and will be responsible for assufing the quality of the protein preparations. As in the p^t, Drs.
Coley Capson and Kursar will train Panamanian smdentó m vegetative Identification of ramfores 
plantó, the making of organic and protein extractó and in the isolation of endophytic fungí from toh 
leaves. Plant identifications will be confitmed by Professor Mireya Cortea who to ovm 30 years of 
experience in identification of rainfotest plantó, resulting in 70 publications. Professor CmrM is e 
Director of the herbaria at both STRI and the University of Panama. In summaty, Drs. Coley 
Capson and Kursar, by working as a team, provide the capacity, commitment and attention to de i 
that will be required to make this a productive ICBG.

Associate Program 2: Panama-based screening, isolation, and characterhation of biologicaUy active

T^^^s^iM^Program Leader, Dr. Gupta, will be responsible for supervising all of the biologi^ 
assays to be run at the University of Panama and the use of those assays to guide the punfication of 
selected compounds. The program to the strong support of the Rector (Pr^ident) «f
Pharmacy at the University of Panama (see Letters of Support from Rector García de Pared^ and Dr. 
Angela Aguilar). Dr. Gupta, is a key colleague in Panama and is the founder of the (>nter for 
Pharmacognostic Research on Panamanian Flora (CIFLORPAN) at the University of P“. He has 
published 90 papers and his contributions to natural producís chemistry are reragnized world-wide, in 
particular his effortó to promote technology transfer to developing countries. Associate Program 
epitomizes our effortó to facilitóte the technology-transfer and development of hum^ resources 
necessary for a long-lasting and productive bioprospecting effort in Panama. Dr. Soltó, also 
intemationally recognized for his work in natural producís chemistry, will play a major role in 
purification, dereplication and structure elucidation. Ms. Angela Calderón '**''“«
In addition, Dr. Gupta will hire a postdoctoral associate with training in natural productó 
This team along with two student trainees, assistance from Dr. Capson, and technical support (NMR 
and MS) from Monsanto, will have the capacity to effectively and rapidly carry out purification, 
dereplication and structural elucidation of active compounds.

Coley, Phyllis D.
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Associate Program 2 also demónstrales our efforts to tap the most relevant expertise among Panama s 
academic community, and to spread, to the greatest practical degree, technology transfer te 
research programs. Thus, the bioassays to detect activity against HIV will be ®
Gómez, a microbiologist from the Department of Microbiology in the Faculty of Medicine at the 

University of Panama.

As described below under Associate Program 5, an important component of our work in Pan^ is to 
perform bioassays to detect proteins with activity against a major agricultural j^st the whitefly.
These assays will be accomplished by a team of qualified entomologists from the Entomology 
Program at the University of Panama. Purification of the active components m this assays will be 
accomplished in collaboration with Monsanto.

Associate ProRram 3: Panama-based screening for tropical diseases
The Associate Program Leader, Eduardo Ortega-Barria, M.D., is affiliated wnh the Pan^m 
Ministry of Public Health, through the Gorgas Memorial Institute for Health R^^rch. Dr. Ort g 
Barría has over 15 years experíence as a parasitologist and specialist m pedíame mtoious distes, 
and trained at both Stanford University School of Medicine and Tufts Umversity Schwl of Medicine. 
This Associate Program represents another major emphasis of our ICBG program to develop a long- 
term, productive bioprospecting program, in which we provide support tó qualified Panamaman 
scientists and create training opportunities for students. Dr. Orteg^a-Barria is co^tt^ to re- 
establishing Gorgas as a cerner for research and education in tropical diseases^The Direaor ot 
Gorgas has endorsed this collaboration (see Memorándum of Understanding, Guillermo Casto). At 
Gorgas Dr. Ortega-Barria will coordínate a program responsible for screemng of biological penáis 
for activity against dengue, Chaéas’ disease, and leishmaniasis. Extracta will ^so be scr^ned for 
anti-malarial activity at the University of California at San Francisco by a collaborator of Dr. Ortega- 
Barria’s, Dr. Phillip Rosenthal. Dr. Ortega-Barria’s plans inelude runnmg anti-malanal ffisays at 
Gorgas in years 3-5. In addition, Dr. Ortega-Barria will assist with rural health care m Associate 

Program 6.

Associate Program 4: Biodiversity inventories .
The biodiversity inventory of this ICBG will focus on herbivorous beetles, coll«:tiiig taxonomic, 
ecological and Chemical information about one of the most diverse groups of animáis m Ae tropics. 
Collections of inseets will be the responsibility of two Panama-based entomologists, Dr. Don^d 
Windsor and Héctor Barrios, representing STRI and the University of Panama, resp^tively. Dr 
Windsor has over 54 publications on the ecology and biology of tropical mseets, and is a specialist m 
beetle-host plant interactions. He has worked closely for 10 years with Dr. Heaor Barrios, an 
entomologist who has specialized in weevils (Curculionidae). Drs. Wmdsor and Barrios have collected 
inseets throughout Panama and are ideal candidatos for carrymg out the bi^iversity inventoiy 
component of this proposal. Their cholee of collection locales wiU Mlow thein to
diversity in different biomes, greatly increasing our knowledge of the regional distnbution of beetles 
in protected and threatened habitats. While the focus of out inventory is beetles, our work a so 
addresses plant biodiversity in Panama. Professor Correa’s work m Associate Program 1^11 
contribute substantially to the understanding of Panama’s flora. In addition, ftmds from this ICBG w 
support botanical collecting trips by the University of Panama Heriiarium to poorly collected regions, 
enhancing our knowledge of plant distributions, and creating traimng experiences for studen s. 

Associate Program S: Monsanto Company. Development oj novel pharmaceutical agents and

at St. Louis, MO, adds enormous strength to our 
íioprXcting work in Panama, and is a critica! component of this ICBG application. In addition to
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brineine the resources of a company of global importance in the areas of agriculture and

in manv ways Monsanto’s participation stems from their mterest in our ecologically-driven rationale 
lorTsetoL of plants, which Ly consider more likely to yield novel b.olog.^ly active 
compounds than plants selected from random, ethnobotanically or taxonomically driven search 
strateeies Both the pharmaceutical and agricultural components of Monsanto benefit from our tue o 
fresh materials- endophytic fungi isolated from leaves will be provided to Monsanto/Phamuceuücal 
and defensivo proteins isolated from the same leaves will be provided to Monsante/Agriculture^ 
Another crucial role of Mons-nto will be to obtain patents on important discoveries and develop and 
commercialize producís. The association with the pharmaceutical and agriculmral components resultó

fiindamentally different etnphases. henee the leadership of this 
Dr. David Corley and Leslie Harrison, from Monsanto/Pharmaceutical and Monsanto/Agnculture, 

respectively.

Monsanto/Pharmaceutical will address the discovery of medic^ly
endophytic fungi Using organic extractó of biological materials provided by Ass^iate Program 1, 
they wiU use state-of-the-art facilities to test for active meubolites 
noL compounds, patticularly alkaloids, in high-throughput screens. By offermg the 
spectroscopy facilities to our Panamanian coUeagues, they are also assistmg m the development of 

scientific infrastructure related to bioprospecting.

Dr Corlev an Associate Fellow in Natural Products Chemistry at Monsanto, is a lutionally 
recognized leader in the field of namral producís chemistry. His extensive training in the isolaUon an 
structural elucidation of biologically active natural producís from microbial, marme and terrestnal 
sources has lead to numerous publications in leading journals. With ten years of industrial «xperience 
in high-throughput screening of natural producís, he is considered an expert m bioassay-guided 
isolations. Through Dr. Corley’s role as an Associate Program Leader on the Peruvian ICBG h 
gained experience in intemational negotiations with respect to bioprospecting tssues as well as 

valuable team-building skills.

M A Miller-Wideman, a Research Group Leader, is responsible fot ‘“8*'
Monsanto. In addition, she will be responsible for the culturing of ^^^i
experience both in field and laboratory testing, and experience in “rganic
effotts including namral producís, protein discovery, mictobiology, and mycorthizal projeets. Org^ 
Í rX tom Xhytic fungi culmred by her program will be remmed to Panama to be run m the 

bioassays of Associate Programs 2 aiwi 3.

Monsanto/Agriculmre The association with Monsanto/Agriculmre provides numerous opportunities 
bioprospecting programs. First, we are using bioassays

with activitv against itisect pestó and plant pathogens. The ultímate goal is to traitóform ctops so ftat 
plantó prot^t themselves, eliminating the need for pesticides. S^ndly, we will °
rallaborate with Panamanian scientists who deal with problems of great importan^ to
agriculmre. This componen! is accompanied by explicit and practical provisions or ec gy 
transfer from Monsanto to Panamanian scientists.

Leslie Harrison a Sénior Research Biochemist at Monsanto, is a co-leader of this Associate Pr°gr^- 
She has 9 years’of experience with Monsanto, during which she has worked pnmanly on identify g 
Xic" that can be used to develop crop plants that can defend themselves against pathogens 

and herbivores-
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Associate Program 6: Conservation and ethnobotany
Manuel Ramírez serves as the Associate Program Leader, and brings 15 years of expenence m 
conservation and sustainable development along with the expertise and resources of Conservation 
International. The program will hite an ethnobotanist and focus on assisting Panama s mdigenous 
communities to preserve their ethnobotanical traditions. Another object of this program is to enhance 
the role of indigenous communities in the conservation of cultural and biological diversity m Panama. 
This program complements worldwide interest in esublishing a protected, forested comdor 
throughout Central America.

B. GOALS AND SIGNIFICANCE OF THE ICBG
Tropical rainforests are the most diverse habitats in the world, yet are increasingly threaten^l with 
destruction. However, this trend might be slowed if the economic valué of keepmg a for^t muct 
were greater than other uses, such as logging or agriculture. One promismg mechamsrn for generatmg 
sustainable revenue from rainforests is the successful commercialization of drugs or other products 
from rainforest sources (Reid et al. 1993). The valué of bioprospecting for conservation is still 
unproven, but it has received considerable attention. Unfortunately, we do not have the luxury of time 
to demónstrate that bioprospecting is an economically productivo use of biodiversity- Sever 
pharmaceutical companies have abandoned natural products and many govemments and enyironmental 
groups are becoming disillusioned with bioprospecting as a tool for economic development and 
conservation. Thus, if bioprospecting is to be embraced by industry and biodiversity-rich nations, it is 
imperativo to produce successful exámples quickly. These will confirm the valué of ^oprospectmg 
and also provide a variety of demonstrably successful models that can guide future efforts around the 

world.

Highlights of the Proposed ICBG . i
The proposed ICBG program has several innovative attributes that should help meet the goals of 
linking effective drug discovery with conservation and sustainable development in the Republic of 

Panama.

Effective Drug Discovery Several components of our program sugg^t that we will be successful at 
discovering novel compounds of importance to agriculture and medicine. First, Panama is 
extraordinarily diverse and is considered a "biodiversity hotspot" (Conservation International, 1997). 
Panama is at the center of the región with the greatest concentration of plant species in me world 
(Barthlott et al. 1996), and the isthmus provides a unique link between the Northern and Soumern 
Hemispheres. Second, we plan to use our extensive ecological research on plant defenses to target 
collections towards species and tissues that have a higher biological activity. For exan^le, our results 
show that organic extracts from young leaves, and particularly from slow-expandmg young leaves, 
have significantly higher amounts and a greater diversity of active compounds tiian the more 
commonly collected mature leaves. Third, we will use ecological and taxonomic Information on 
beetles collected as part of our inventory program, to identify beetles that are both toxic and common. 
Our approach to making ecologically guided collections of plants and beetles is umque, yet our
research suggests they are extremely promising. . r u - •
Another important component of our collection program is the extraction of fresh tissue mmed ately 
upon collection, thus minimizing the loss of active compounds. By usmg fresh samples and ecological 
insight, our organic extracts have 3-10 times the levels of biological activity found m conventional 
samples. Another advantage of fresh samples is that we will extract proteins Proteins with fungicidal 
or insecticidal activity can be used to transform crop plants, a major focus of agricultura - 
biotechnology. And fmally, collection of fresh leaves allows the isolation of endophydic fungí, a 
diverse and chemically interesting group of organisms. Thus, because of the extraordinary 
biodiversity in Panama, and our innovative collection and extraction program, we suggest we will be
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successful in finding promising lead compounds.

SiKtainahle Develonment and Conservation A key component of our proposal explicitly links drug 
discovery with sustainable development and conservation. To accomplish this goal, we have placed 
enormous emphasis on training and technology transfer to Panama. We are estóblishing numerous 
biomedical and agricultura! bioassays, and enhancing the capabilities for purification of active 
compounds at a number of research laboratories in Panama. Our bioassay program ineludes diseases 
of importance to both developing and developed nations, as well as an agncultural co^nent for 
protectio- of températe and tropical crop plants. In every associate program. we prov.de 
training opportuiüties for students, technicians and professors. Technolo^ tr^fer is a romeisto^ of 
our ICBG"and creates immediate benefits to Panama as well as opportumties for substantially addmg 
valué to collections. It also establishes a scientific community that depends on muct for^ts to fuel 
both research and financial rewards. In addition. we are developing a meclmism whereby a 
substantial portion of the financial benefits retuming to Panama will be used to promote consem 
initiatives and sustainable bioprospecting research. And finally, b^use much‘'““‘“"f 
forests in Panama are inhabited by indigenous peoples, we are mcludmg plans to help them preserv 
their ethnobotanical knowledge and share information among themselves on conservation and land 

management strategies.

In summary, we have an excellent group of Panamanian colleagues who, over the last few^yeara, have 
demonstrad their ability to collaborate and contribute productively to the ICBG project. Toge±er we 
can build a sustainable bioprospecting program in Panama, one we hope will promote conserva 
and serve as a general model for other biodiversity-rich nations.

International Applications of the ICBG Program \ mnntriec
We expect that our proposed bioprospecting program can serve as a ^eM m^eI for o*er 
that are anticipating such research. Here we outline key elements. which we thmk will con r^te the 
most to the success of our program, and which can easily be applied to other countries. (i) TO 
specifics of our ecologically guided collection scheme can be followed m all tropical ramforests. ( ) 
We have emphasized the preparation of fresh, high-quality extraets, somethmg that is easi y 
accomplished if collection sites are near simple laboratory facilities. (ui) We ^opose to develop ^d 
test a field lab for preparing extraets from fresh samples at remóte sites, (iv) We will demónstrate 
that substantial host-c^untry benefits can be obtóined through collaborations and tectaology tr^fer. 
(v) We have expended considerable effort to develop a Material Transfer AgreemenMhat wil 
adequately detailed and sufficiently flexible for adaptation in other countries. (vi) We w. l Ptovide 
intemships to visitors from other biodiversity-rich countries to facilítate the transfer of all aspeets of 

our bioprospecting model.

C* WHY PANAMA?
One of the principal ¿oals of the ICBG program is to aid in the development of
to drug discovery biodiversity conservation and sustained economic growth. Perhaps the most crit

X hi#, .Mbl. bbp...p«inB ICBG. ... d- ,
to determine their viability as strategies for conservation and sustainable development (Simpson al. 

1996).

Bioprospecting in biodiversity-rich nations involves serious technical, legal and logistical ^ifficuUies. 
Henee, we befieve that the best route to long-term success is to start with « *
that emphasize practicality and rapid results. We therefore propose to work in a.
that also has the infrastructure and political stability that will encourage successfu drug dis“v®ry. 
Panama, as in most other biodiversity-rich nations, bioprospecting is a nascent activity, and
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lacked the necessary fmancial and technical inputs to establish a self-sustaining program. However, 
we suggest that Panama is a country where the probability of success is great and where one might 
demónstrate a viable and productive bioprospecting program. Below we outline more specifically the 
characteristics and advantages of working in Panama.

High Biological Diversity , . j- .
In the most comprehensive analysis to date of the global distribution of vascular plant diver i y, 
Barthlott et al. (1996) calculated regional diversity on the basis of the number of species per 10,000 
square kilometers. In their analysis, the Panama región (including the western Colombia and eastern 
Costa Rica) was ranked as having more species than anywhere eise on the globe. This regional 
measure of diversity is the most useful spatial scale for evaluating diversity with respect to 
bioprospecting. Diversity measured at smaller scales, such as the number of species per hectare (loca 
or alpha diversity) cannot be used to calcúlate diversity in a larger area. For example, Malaysian 
forests have extremely high local diversity (per hectare), but the same species occur throughout the 
country, fesulting in a relatively low regional level of diversity (Condit et al. 1996). At the other 
spatial extreme, it can be misleading to compare species lists for entire countries if the countries 
differ in size. Thus, when biodiversity is measured at a scale relevant to bioprospecting, Panama 
compares favorably to any región in the world.

The extraordinary regional diversity in Panama results from an unusual mosaic of habiut tj^ and 
contains plant species from both Central and South America (D’Arcy 1987, Condit et al. 1996). The 
thin 76,000 km^ isthmus is oriented east west, and is divided down the middle by a mountam range 
that reaches 3500m. The montane habitats are straddled by wet aseasonal slopes on the Atlantic, ^d 
dry seasonal slopes on the Pacific. This diversity of physic^ and climatic characteristics has r^ulted 
in 13 life zones and over 8,500 species of flowering plants in a country about the size of South 
Carolina (Tosí 1971, Heckadon 1993, D’Arcy 1987, Professor M. Correa pers. comm.).

From the perspective of bioprospecting, the extremely high concentration of biodivereity in Panama is 
ideal, as new species are encountered across short distances. For example, annual rainfall 
Atlantic slopes is more than twice that on the Pacific slope 65 km away (S. Patón et al. unpublish^ 
data, STRI). Despite this short distance, 77% of the trees and shrubs are different between lowland 
forests on the Atlantic and Pacific sides (Condit et al. unpublished data). Thus the combmation of 
extraordinarily high biodiversity in a small land area makes Panama an outstanding site for 
bioprospecting.

Biological Corridor . . ,
Panama’s unique geographic position and high biodiversity make it a critical area for both regional 
and global conservation planning. These forests have served as important migratory corridors^tween 
Central and South America for the last 3.5 million years (Coates and Obando 1996). Today, 104 
species of birds and 38 species of mammals are found only in the Panama región ^etw^n Comrnbia 
and Costa Rica, and are thus completely dependent on protected habitats in Panama. Of the 9W 
species of birds that have been recorded in Panama, over 200 are North American migrante that use 
Panama as a wintertime destination. Destruction of migration destinations may be responsible for the 
observed decline in North American songbird populations (Robbins et al. 1989).

The role of Panama as a biological corridor is particularly vulnerable, because the isthmus is only 
lOOkm wide. Thus habitat destruction can easily disrupt this important Imk between the hemispheres. 
As extreme climate fluctuations become more severe, it becomes increasingly important for species to 
migrate in response to adverse conditions. Henee maintaining the Panamaman corridor will be vital 
for the long-term persistence of many tropical and températe species. In recognition ofjhe key role ot
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this biológica! corridor, 7 Central American Countries recently pledged to help preserve this forested 
connection (The Pantera Paseo Agenda, lllueca 1998).

Threaís to Conservation of Forests .
Panama is unique in Central America in having so much land still under for^t (Figure 1). A 
remarkable 42% of its land is still forested (INRENARE 1992), and although is under some 
fX^proSon, much of this is threatened (Guttierez 1992). Pan^a’s ’

as with most countries, there are increasing dangers to both protected MdI non P™ 
deforestation continúes at the current rate of 70,000 hectares per year (2.7%), Panama^s umque 
forests will disappear within 37 years ONRENARE, 1990). For example the rema^b y 
Darien región of Mstem Panama has been designated a World Heritage Site and a World B osphere 
Reserve yet it lacks sufficient funds for protection against encroachment by colonists ^d illegal 
loggers Darien National Park is meant to protect 570,000 hectares but there are only 1^, people 
asfigned to this formidable task. This is equivalen! to 520 km’ of rugged terram per park guard The 
Darfen province holds vast expanses of primaty forests, yet also has the highest “eforesution^^rató m 
the country, accounting for 93% of the area in Panama that has been given to loggmg conc^swm. 
Between 1985 and 1990, 360,000 hectares were converted to either agriculture or pasture. Sim 
Xuoss is occurring throughout Ihmama; Central Panama still con^ns large tracts of for^nn the 
watershed of the Panama Canal that have been protected in the past. However, the^fiimre «f 
forests is uncertain, particularly since they lie adjacent to the major ^pulation renter, Pa^a C y.
At present very little of the biologicaUy rich province of Bocas del Toro has been given X"-; yTmining exploratJand newly planned roads pose serious thr.^ to . pr^,^me area 

(see Associate Program 6). Several of Panama’s ecosystems were recently acknowl^ged by the 
World Bank (1997) as being of'global significance for conservation. The cruciM role PmiaiM p ays in 
the protection of global diversity is also manifest by Conservation International s classification o 
Panama as a ”threatened biodiversity hotspot" (1997),

In summary, while extensivo areas of Panama are still forested, diese forjas are under ¡nm^ute ^d 
substantial threat. This is therefore a particularly critical time when effective plannmg can still make a 

difference to conservation.

A Tradition of Research on Biodiversity
Because Panama is so diverse, there are many taxa and regions which are poorly taown. NoneAeless, 
Panama has a long tradition of obtaining superb information on biodiversity and of providmg the 
logistical support to make this happen. The existing knowledge of the flora is particularly Wressi 
and will be invaluable for facUitating the identification of our samples. For example, excellent 
herbaria exist at both the University of Panama and STRI, and the Missouri Botamcal Garden has 
published dozens of volumes of the Flora of Panama.

biodiversity is accessible from Panai^ City, a situation Mm^t 
tropical forests. For example, within a 2 hour drive of Panama City, one can sampl^-t^ ftom sea 
level to llOOm, and lowland forests from "dry.deciduous" through very wet-evergTOn _ 
remóte sites in Bocas province near CosU Rica and in the Danen province n^r C°'^ia ^e 
reached by daily flights of approximately one hour. Thus, the extraordmary
of intact forests means we can readily collect across large gradients m ramfall and altitude and 
biomes with primarily Central or South American influences.
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Figure 1: Forest cover in Panama in 1992 (INRENARE, 1992).
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C Va^'a'T krf^geLus'cullures llave a profound undcralanding of dicir physical

Uq41 <some of Panamaes indigenous groups are extraordmanly well orgamzed, in particular 
S whoTeul"tedXgree of Ltural and poli.ical autonomy has earn^ them mtenuuonal 
recognition (Ventocilla et al. 1995, World Bank 1997). Among the Kuna are Western-^u^ted 
nrXsionals that are receptive to innovative strategies for biodiversity preservation. These

^^prtv deTw opportunities for ineorporating indigenous Panamantans -nto effect.ve 
X"TstXies that cTserve as models for other indigenous commumnes worldw.de. 

XSl“Xs"any project comhining hioprospecting,

is the enthusiastic participation of scientists, NGO’s and govemment officials from tte host country.
Al of these components have been incorporated into the ICBG program in Panama There is a
"L"i;S. SX—,y ..e...l. e,o™ cidd — “

bv collaborating with local acadfemic institutions, we can combine research with ^ucation a
extremely effecúve of enhancing scientif.c training, We have X°epartment
auidance from Panamanian NGOs as well as the director of Panama s INRENiMlE, the deparen, 
iith jurisdiction over natural resources. An example of the strong
within Panama is the fact that we were awarded a highly con^^titive grant from Fa Panamanian 

NGO.
As foreieners we view our role as caulysts and collaborators. The long-term future of hioprospecting 
clearly iS with our Panamanian colleagues, many of whom have been working with us for two years 

in order to bring this project to fruition.

^faMit^ XXdy“"íí^*™XorlS‘in

and to transfer technology to the host country deman^ good logist es. M»y ^of wortang m
Panama make these goals realistic. Panama has a suble govemn»« ^““8
likelihood of achieving meaningful accomplishments m SuToX with
scientific infrastructure and trained personnel necessary for drug discovery. We ate co laboratmg 
the Universitv of Panama and a govemment-run research laboratory, Gorgas Memorial Instimte o

(STRI) is highly respected and has a long history of interaetmg with scientific and educatio 

institutions in Panama.

Modern laboratory facilities are, available at STRI many ‘aboramries at *e Umv^sity ofjan^, 
and GMIHR In addition, a research and industrial park ( Ciudad d ... <ind
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Secretariat for Science and Technology in Panama and would be managed as a Central American and 

Caribbean facility.

Access to NAPRALERT, Chemical Abstracts Service (CAS), e-mail and the internet (vía ai dir^t 
satellite link to the US) are all possible through either STRI or the University of Panama. STRl 
obtains research permits, provides library facilities and offices, and manages a large^otected forest 
reserve. Import of equipment and reagents is handled by the US Armed Services^ (APO) an is 
reliable and prompt. After the year 2000 when APO privileges expire, STRI will arr^ge for similar 
Services to continué. Thus Panama provides a remarkable, and perhaps unprecedented opportunity, 
where the combined infrastructure and logistics permit productivo interactions for bioprospecting.

in Xmnary, Panama has one of the highest concentrations of plant biodiversity in the world, as well 
as superb logistical and scientific advantages that should ensure the success of the proposed project. 
Our program should help create lasting substantive changes in the scientific infrastructure, facilitatmg 
a sustained and productivo bioprospecting effort. Because Panama houses both outstandmg scientific 
expertise and infrastructure as well as enormous biodiversity, we think we are m excellent position 
to successftilly demónstrate the valué of combining drug discovery with conservation.

D. RAINFOREST PLANTS ARE RICH IN BIOLOGICALLY ACTIVE COMPOUNDS 
Rainforest plants have historically bcen a rich source of novel, biologically active compounds (Balick 
et al. 1996, Kinghom and Balandrin 1993). Given that only a small percentage of the tropical flora 
has been examined (Cox and Balick 1994), investigations of wild tropical plants should produce a 
wealth of new compounds.

Leaves of tropical forest species have both higher levels of Chemical defense as well as a greater 
diversity of compounds than températe species (Gentry 1993, Coley and Kursar 1996). For example, 
an extensive survey of the distribution and activity of alkaloids showed that they are more common 
and more toxic in the tropics (Levin 1976, Levin and York 1978). All other classes of com^unds 
that have been surveyed show similar pattems (Coley and Aide 1991). Tropical rainforest plants are 
so rich in secondary metabolites because they use Chemical detenses against attack by a diverse and 
abundan! set of herbivores and pathogens. And no where in the world are these biotic interactions 
more intense than in tropical rainforests (Price et al. 1991). Thus, the high biotic prestiré in the 
tropics has lead to the evolution of an unsurpassed diversity of effective Chemical defenses (Coley an 
Barone 1996).

E. RATIONALE FOR ECOLOGICALLY GUIDED COLLECTIONS
We have invested considerable thought and experimentation in the design of an ecologicafly guided 
collection scheme for plants, endophytic ftmgi (Associate Program 1), and beetles (Associate Program 
4). The collections are complemented by an extraction protocol that ensures repeatable sanóles ot 
high quality. The rationale and preliminary results are discussed in detail in Associate Programs 1, so 
here we simply summarize some key points.

Plants Our collection strategy is based on 20 years of ecological research on plant defenses to target 
classes of species and leaf tissues that are more likely to contain biologically active compounds. For 
example, our work has identified some simple leaf characters that serve as good field indicators of 
chemically well-defended species. WelMefended species are unrelated taxonomically, so a-diversity 
of active compounds should be responsible for any observed biological activity
collecting novel plant tissues, and because we are extracting fresh tissue, we should discover new 
compounds, even from species that have been previously collected.
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Beetles and endophytic fungí We will also use ecological insight to guide smaller collections of two 
other groups of organisms, herbivorous beetles and endophytic fungi. Both groups are extraordinarily 
diverse and both have complex, chemically mediated interactions with their hosts and predators. 
Herbivorous beetles are frequently well protected by Chemicals against their predators. Pnmitive 
species tend to synthesize their own, and more advanced species tend to sequester plant toxins. 
Knowledge of the anti-predator behavior and host-plant use of beetles can suggest both beetle and 
plant species that may contain useftil compounds.

The other group we will collect for screening in bioassays is the endophytic fungi. Endophytes are 
orders of magnitude more abundant in the tropics than in the températe zone, and tens of species can 
co-occur in a single leaf. Endophytes are known to synthesize biologically active compounds that 
protect the leaf from herbivores and pathogens and that may also regúlate competition among 
endophytes within the leaf. For example, taxol is a medically important compound that may be 
produced by a number of species of fungal endophyte (Stierle et al 1993), including Pestalotiopsis 
(Strobel, pers. comm.), a common genus in the tropics.

Thus, using decades of ecological research on tropical organisms that rely on Chemical signaling and 
warfare should guide us towards previously iinexplored sources of biologically active Chemicals.

F. DISEASE TARGETS ..........................
We propose to screen the biological extracts in as many activities as is practically feasible. We have 
selected a wide variety of assays, to test for a wide variety of activities. All of the bioassays that we 
are using target diseases of global importance, all in need of innovative treatments. We have included 
an Associate Program that is deáicated exclusively to tropical diseases: diseases that are frequently 
overlooked in bioprospecting programs. Among the bioassays that are included m the proposed work: 
cáncer, HIV, tuberculosis, dengue, malaria, leishmaniasis and Chagas’ disease.

G. AGRICULTURAL PEST CONTROL
Agricultural "pests" (insects, nematodes, pathogens and weeds) cause the loss of about one third of all 
crops in the US and even more worldwide (Pimentel et al. 1975; Oerke and Heinz 1997). These 
losses occur at a time when the demand for food is increasing both due to increases in world 
population as well as increases in the standard of living in developing countries (Tzotzos and Leopold 
1995). Despite substantial pesticide application, invasive species and the evolution of pest resistance 
have resulted in crop losses that have remained constant over the last 50 years. Recent experience 
demónstrales that chemically based anti-pest technologies are not adequate to lower crop loss rates. 
Even more striking is the observation that pesticides result in 8.3 billion dollars in socio-economic 
losses in the US each year (Pimentel and Greiner 1997). Crop losses and the socio-economic costs of 
Chemical application are as severe, if not more so, in developing countries such as Panama. To 
confront these problems, Monsanto and others are currently investing considerable resources to 
identify protein-based defenses that, following transformation into crop plants, will allow plants to 
protect themselves. To date Monsanto has three new products, Bollgard Cotton, YieldGard Com and 
NewLeaf Potato, for which transformation with defense proteins has resulted in improved 
productivity.

The goals of the Agricultural Pest Control program are to discover new protem-based defenses in 
Panama’s plants, including those that inhibit the growth and development of whitefly (Bemisia tabaci; 
Homoptera: Aleyrodidae). B. tabaci is a major pest and virus vector in Panama, and without more 
effective control, may become one of the preeminent pest problems in the world during the next 
century (Brown 1994).
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Protein extracts will be prepared from both plants and will be test^ at Mo^anto in a
proprietary assays. In addition. Monsanto will transfer their whitefly assay for det^ting_
proteins to Professor Emmen, and Drs. Dota Quitos and Cheslavo Korytkowski of the Ento 
Program at the University of Panama. Active extracts will be sent to Monsanto for punfication and 

ftirther characterization.

Preparation of protein extracts will be coordinated by Dr. T. Kursar. who has cot^HeraWe pre^ous 
experience working with plant proteins, Our preliminary data on young leaves ^te , y
abimdant, developmenully regulated proteins occur frequently in tropical plants (Kursar and Coley 
1992). Such proteins may play a tole in defense. Based on the above observation, t e ig sp 
diversity and the fact that numerous species interactions are mediated at the molecular leve!, w 
anticípate that new defense proteins will be discovered. Henee, this program has the potential t 
produce a considerable numbet of interesting leads in agricultural biotechnology, providmg an 
exciting and highly visible use of biodiversity.

H. INTELLECTUAL PROPERTY RIGHTS
The use of forest resources in ways that could become commercialized has raised coi^lex qu^ lo 
in the intemational community regarding the role of bioprospectmg m conservation effom The 
Convention on Biological Diversity provides a ffamework for the m^er m which ^loprosp^W 
activities should take place. To ensure clarity, the prior and planned arrangements that address 
intellectual property issues are all discussed in "Research Design and Methods .

PRELIMINARY RESÜLTS - Existíng Rdationships Among the ICBG Participants

The work proposed in this application is an extensión of a program that has run productively for over 
two years. The ICBG award constitutes an opportunity to enhance the scope aid size of our prog . 
Equally important, we wUI increase the number of trained personnel, and facilítate the ttansfer of 
nXessary technology to ensure that the proposed bioprospecting program will surtive beyond the 
Sr^riod of fe ICBG. Examples of our collaborative efforts are ouüined below, and described 

in greater detail in the appropriate Associate Program.

Testing Ecological Theories: Collaborations Between STRI, the University of Panama and

Monsanto ., , „
The ecological studies of Drs. Coley and Kursar over the past twenty years provided a umque 
perspective for selecting rainforest plants (Associate Program 1). Over the past two y^s, we have 
svstematically tested those theories using Chemical and biological assays m Panama. The resul 
presented in Associate Program 1 reveal that ecological insights, coupled wKh our logisti^ ’
provide the basis for a productive bioprospecting program. Most of the work was carried out by 
three Panamanian assistants we have employed, two of whom are obteimng Master s degrees m 
Biotechnology using fiinds provided by Coley, Capson and Kursar’s research program.

In Associate Program 5. we discuss TLC and HPLC data that showed that young leav^ have a _ 
greater concentration and diversity of alkaloids than mature leaves from the same speci^^The TLC 
experiments were performed by us with the assistance of Panaman™ students. The HPLC 
experiments were performed in the CIFLORPAN laboratories in collaboration with Drs. Mahabir 
Gupta and Pablo Solis of the University of Panama (Associate Program 2). The work waifiinded in 
pan by Monsanto/Pharmaceutical, which recognized that our collection and extraction
provide compounds not usually available from bioprospecting programs based in tropical forests 

(Associate Program 5).
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Establishing Anti-cancer and HIV Screens oí the University of Panama
As described in Associate Program 2, we have collaborated with scientists from the National Cáncer 
Instituto (NCI) and scientists at the University of Panama to establish assays to detect anti-cancer and 
anti-HIV activity. The NCI was involved in the selection of the cell lines and sent the biological 
materials to Panama via STRI. We are now at the stage of establishing the bioassays in the tissue 
culture facilities that are available in Professor Gómez’ laboratory in the Department of Microbiology 
at the University of Panama. Dr. Gupta, with the assistance of Dr. Capson, is sponsormg a workshop 
in which scientists from all over Latin America will come to Panama to leam the techniques necessary 
for working with the cáncer and HIV cell lines, and using them in biological assays. Dr. Arme 
Monks, the head of the NCI’s Primary Drug Evaluation Laboratory in the Anticancer Drug Screemng 
Program will demónstrate the use of the cáncer cell lines at the Panamanian workshop. Similarly, Dr. 
David J. Clanton, the head of the AIDS Drug screening and Development Laboratory at the NCI, will 
demónstrate the use of the non-infectious HIV assay.

The successful completion of these bioassay and chromatography experiments demonstrates that we 
can work with institutions in the US and Panama to bring together the necessary expertise and 
resources for collection, recollection, extraction, Chemical analysis and bioassays. Equally important, 
these projects have demonstrated the ability of the participants to work together productively. 

linking Bioprospecting and Biodiversity Conservation in Panama
Working with the Government of Panama An explicit goal from the beginning of our work has been 
to link our bioprospecting program to initiatives that promote conservation of biodiversity in Panama. 
To that end, we have worked closely with the Panamanian govemment through the National Institute 
of Renewab’le Natural Resources (INRENARE). A Letter of Understanding was signed between 
INRENARE and Coley, Capson and Kursar, in which INRENARE agreed to allow the investigators 
to carry out the preliminary experiments described in Associate Program 1.

Working with Panamanian Non-Govemmental Organizations (NGQ) We have worked closely with 
the Panamanian foundation. Fundación NATURA (Natura) to design a bioprospecting project with 
explicit ties to conservation. Natura is a non-profit organization devoted to biodiversity conservation 
in Panama, through the promotion, financing and strengthening of conservation initiatives. Natura was 
legally established in 1991. The money for Natura’s projects comes from an endowment currently 
valued at $33 million that was provided by a variety of private and govemmental sources. The trust 
ftind created by this endowment, FIDECO, generates interest which has been the solé source of 
money available to Natura for funding projects. Proposals submitted to Natura are funded through a 
competitive grants program. They are reviewed by professional volunteers, the Technical Cominittee. 
Natura has received intemational ecognition for both its innovative design and the projects it ftmds.

Using STRI for institutional support, Coley and Kursar received $69,800 from Natura, for 
bioprospecting research in Panama. The approval of our project by the Technical Committee, the 
Board of Directors and the Executive Director, is an expression of the widespread support for our 
bioprospecting work. In their award letter, the Board of Directors indicated that "bioprospecting can 
constitute an important tool in the conservation of Panamanian rain forests .

The donors to FIDECO have stipulated that the majority of the projects supported by the interest on 
their endowment must be executed within the Panama canal watershed. Thus Natura is unable to 
support many worthwhile projects that lie outside of the canal watershed.

Creation of a trust fund to promote biodiversity research in Panama: Fundación NAI’URA 
The infrastructure of Natura provides an excellent opportunity to effectively channel revenue from
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bioprospecting to projects that promote conservation, sustainable development and contmued 
bioprospecting research by Panamanian scientists. We have worked with officals from Natura to 
create a trust fund that takes advantage of Natura’s infrastructure for supporting projects, but that can 
ftind projects throughout the Republic of Panama. Natura has established a "National Environmental 
Fund" that will manage a portion of the funds that may result from the work described in mis 
proposal (see Letter from Executive Director McKay and altached proposal for me fund) The 
creation of this mechanism before me arrival of funds, and before me signing of a formal agreement 
between the STRI and INRENARE, has obvious strategic advantages. There now exists a discrete 
entity, the National Environmental Fund, that is ideally poised to receive a portion of the funds that 
may be generated through our bioprospecting work.

RESEARCH DESIGN AND METHODS

The following organizational chart outlines the exchange of information, extraets, and students 
between me various participants in mis ICBG group.

Communication, Material Transfer, Reports, and Caordination _
The majority of the participants in our ICBG program are based in Panama City, greatly facilitatmg 
communication, me transfer of materials, and me sharing of data. All of me meetings mcludmg 
annual meetings among me Associate Program leaders, will take place m Panama. Al^f me 
participants in mis ICBG have committed to attending at least one meetmg per year. The Program 
leaders not living in Panama have pledged to attend annual meetings. As described below, our 
affiliation wim me Sinimsonian'Tropical Research Institute (STRI) makes possible our management of 
a complex program in Panama.

The exchange of materials will only oceur following me signing by all of the relevant parties of 
Material Transfer Agreements mat provide for equitoble sharing of benefits and that protect me 
sovereignty of Panama and intellectual property rights of all me parties to mis ICBG. Mátenos will 
be exchanged between me participants prompüy in order to meet me demands of me proposed 
research except as restricted by me terms of material transfer and collaboration agreements.

All participants, including Monsanto Company, will report me results of meir assays, mventories or 
other work in a timely manner and these data will be stored in a central database (see below).

Drs. Coley, Capson and Kursar will coordínate me collecting and extracting of biological^terials, 
and the distribution of extraets to me participants in me US and Panama. Dr. Capson will be bas in 
Panama for me duration of me project and will be in ffequent contact wim Drs. Coley and Kursar. 
Drs. Coley and Kursar will spend four months annually in Panama.

Data Management
Effective data management will be a crucial due to coordínate the extensivo collecting, extracting 
programs we propose to carry out. A central database will be esUblished at STRI to track barc^ed 
samples and results (Associate Program 1). The database will inelude details of time md site of 
collection, scientific nomenclamre, extraction procedures as well as bioassay results obtamed from 

coUaborators.

S^eOTfted in "Background" above, our collection scheme focuses on making bioprospecting more 

effective. This program emphasizes obtaining organic extraets from plants (400 per year) ol high
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General organization of the ICBG program
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1: Samples active in the anti-cancer assays will be sent to the National Cáncer Insútute (NO) for analysis in thetr 

panel of 60 human tumor cell lines.
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quality by working with (i) fresh material, (ii) using vegetative plant identification m order to make 
recollections highly efficient, and (iii) the application of 20 years of ecological insight m order to 
select samples with greater biological activity. In Associate Program 1, we present prelimina^ results 
demonstrating the effectiveness of the proposed collection scheme. We also will prepare protein 
extraets from plants (400 per year), isolate endophytic fungí (approximately 1000 isolates per .y^), 
and make organic extraets from species of herbivorous beetles and other orgamsms that are likely to 
harbor active compounds (25 per year). Lastly, Monsanto will batch culture 100 samples/yr of 
endophytic ftmgi and provide us with organic extraets for our Panamanian bioassay program.

As many wildlSds are not located near modem laboratorios, we will develop a mobile field lab m 
years 4 and 5 with the capacity to make high quality extraets at remóte sites. Our goal is to make ±e 
biodiversity of threatened areas more accessible to bioprospecting. Our experience with other sm^l 
portable "laboratorios" in Africa, Asia and Central America suggest that this should be feasible. A 
complete extraction laboratory can fit in a double cab jeep or small aircraft, ai^ can be set up at 
selected field camps. These techniques will be applicable not only in Panama, but also in much ot the 

developing world.

This component epitomizes our efforts to provide the basis for a long term, productive bioprospecting 
program in Panama. To maximize tbe possibilities for discovering useful compounds, we are using a 
broad range of bioassays. We will test organic extraets tnade through Associate Program 1 or 
obtained via Monsanto from cultured fungi (a total of 525 per year) in the bioassays described in 
Associate Programs 2, 3 and 5, and in laboratories in the US. The bioassays used in A^wiate 
Programs 2 and 3 can be run efficiently, safely, and at reasonable expense in Panama. Those ^says 
will detect activity against cáncer, HIV, dengue, Chagas’ disease, malaria and leish^iasis. Each of 
the laboratories carrying out bioassays in Panama will receive a bar-code reader to facúltate a^te 
collection of data and will feed results to the central daubase at STRI. Bioassays tl^ me either 
nroprietary, e.g., those at Monsanto (Associate Program 5), or that require special facilities e.g., 
mberculosis, are being run in the US. In addition, protein extraets obtained from Associate '
(400 per year) will be assayed for activity against a major agricultural pest, Benusia tabaa (white y) 

(Associate Program 2).

Our cáncer screening efforts are typical of the coordination between Panamaman Md US mstitutions. 
The three cáncer cell Unes we are using in Panama were selected by the head of the NCI s Anti^cer 
Drug Screening Program, and serve as a pre-screen for the NCI’s panel of 60 tumor cell Imes. e 
tumor cell assays are complemented by mechanism-based anti<^r screens m use by Mo^W- 1“ 
addition, Dr. Frank Fitzpatrick, from the Huntsman Cáncer Institute at the University of Utah as 
had substantial experience in the pharmaceutical industry and has offer^ to act as a wnsultant in th 
evaluation of results from the bioassay program (see Letter of Support m^sociate Program K 
Similarly, extraets and compounds that are active in the non-infectious HIV scr^n m Panama will be 
subjected to the wild-type HfV assay currently in use at the NCI’s AIDS Drug Screenmg and 
Development Laboratory. The latter facility also conduets mechamsm-based HIV screens.

Capacity Buüding
Training students in biological research
Providing educational opportunities for Panamanian scientists ^d students is a 
our program. The ICBG program will train students in the “ll“tmn of plants fong. 12 nSo“s to 
well as in extraction and bioassay techniques. We have requested funds for a total of 12 po ‘tmns 
be filled by Panamanian students, representing a substantial mercase in the num er o p
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available for gradúate research in Panama. Each year one intem will spend 6 months at the GWL 
Hansen Diseñe Center in the US running assays for activity against tuberculosis^ Z. m X fár 

Support, Associate Program 1). The ICBG program will also provide
stXnts participating the Master’s program in Entomology at the University of ‘
newly created (1996) gradúate program in Biotechnology at the University of Santa María U 
Antigua Many of these students, as well as undergraduates majoring in botany, microbmlo^, 
JiXcy ^d chemistry, are looking for research opportunities in order to confíete their thesis 

requirements. Thus the ICBG program could fill an important training need in Panama.

Rinaccav-oiiided Purification and Structure Elucidation of Biologically Active Compounds
The PanaM-based bioassays mentioned above will permit Drs. Gupta, Solis and «mll^rators to use 
bioassay-guided purification of the active components in the CIFLORPAN namral pr^ucts 
laboratory resulting in the isolation of numerous biologically active compounds As there are no 
NMR OT^ass specfrometry facilities currently available in Panama. we have made 
Monsanto to provide access to their sute-of-the-art facilities (Associate Progr^ They wiü provide 
routine protón and carbón NMR daU and mass spectral daU, as well as consult cksely with Dre.
Gupta and Solis on interpretation, dereplication and structural elucidation. In addition Mons^tó will 
assfst in the purification of natural products when the necessary equipment is unavailable m Pai^ . 
Finally, Monsanto has agreed to offer their facilities for use by our Panwaman colleagues for tw 
months per year, affording valuable training and practice opportumties. Thus _
Information will be exchanged betwien the scientists in Associate Programs
possibility of establishing a regional NMR facility in Panama, this traimng will facilítate the success 

of that endeavor.

TWsÍsa^kdesigned to detect proteins that inhibit whitefly, Bemisia tabaci, a major crop p^t in 
™ L aíoui^ the world for eventual use in crop plant transformation. 

will leam the assay at Monsanto. Hiis project will involve three members of the Entomology 
Program at the Uiüversity of Panama, including Dr. C. Korytkowski. the Dnectór (see of 
Support in Associate Program 2). Because this approach to crop protection probably w«ll becom 
standard in the next century, such research expenence representa valuable capacity buddmg.

Gorgas Memorial Instituto for Health Research . x» ir.
Gorgas Memorial Laboratory (now Gorgas Memorial Institute for Health Research) h^ a >«"8 
tradition as world center for both investigation and research traimng in tropical diseas^. Dr g 
Barria’s goal is to reestablish Gorgas as a center for education and research
work oroDOsed by Dr Ortega-Barria in Associate Program 3 provides a valuable first step toward 
this end program also will send several interns to laboratories working wnh den^e and insana
X iraLg T^is component has strong support from the Director, Guillermo Castro (see attached 

Letter of Support).

SSSSSí», «1...« ™.i».g™». -ns p—

the sovernment of Panama. As many of these issues have not previously been addressed in Panama, 
considerable education of all parties is involved. Thus we have attempted to encourage discussio® 

and the dissemination of information to academic, industrial.
examole in February 1998, we have arranged for Ms. Marianne Guerin-McManus,
: ’ » r™..c= Corsé,vaiion ,r,™„...l. ,o .i.l, P— “
presentation at an international workshop on bioprospecting as well as meet with officials 

INRENARE and STRI.
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Biodiversity Inventory
As described in Associate Program 4, we will study herbivorous beetles ihroughoui Panama. Our 
Work will shed light on important criteria such as their diversity, endemism and host-plant speciíicity. 
Our collection sites will inelude threatened forest ecosystems throughout Panama, possibly leadmg to 
the discovery of rare, geographically restricted or economically valuable inseets and plants, thus 
providing incentives for conservation. This program represents another facet of our emphasis on 
ecologically guided hioprospecting. When ecological data suggest that a beetle may have Chemicals of 
interest to our bioassay components, the beetles will be collected (assuming their numbers are 
sufficient) and tested in bioassays.

Intellectual Froperty and Beneftí Sharing Mechanisms
The development of drugs, agricultural inputs, and other commercial producís derived from genetic 
resources has raised complex questions in the intemational community regarding the role of 
hioprospecting in conservation efforts. The Convention on Biological Diversity, signed by more than 
150 nations at the Earth Summit in Rio de Janeiro, in June, 1992, affirms Sutes’ sovereign rights 
over their own biological resources and encourages the equiUble sharing of the benefits arising from 
the utilization of genetic resources and the knowledge of indigenous communities. Thus, the 
Convention provides a framework for the manner in which hioprospecting activities should take place.

This ICBG will comply in all regards with the Program Principies for the Treatment of Intellectual 
Property and assure adequate patent coverage of new inventions that may issue as a result of 
Govemment funding in accordance with Appendix 1 of RFA: TW-98-001 dated August 15, 199 .

This ICBG project will encompáss the study and implemenUtion of a variety of innovative benefit- 
sharing mechanisms that will be used in connection with hioprospecting to promote environmental 
conservation. The design of adequate benefit-sharing mechanisms can help to ensure that this 
economic activity encourages the preservation of Panama’s biological diversity. The estabhshment o 
the National Environmental Fund (see "Preliminary Results") is an important first step m this 
direction. During the first year of the ICBG project, Ms. Guerin-McManus, a lawyer for 
Conservation International with expertise in conservation finance, will make 3 trips to P^iama to 
consult with US as well as other academic and govemmental represenutives concemmg these issues.

Another goal of the ICBG project is to develop a legal and contractual framework which can serve as 
a tool for developing a national policy and legislation to guide participants in hioprospecting projects. 
Our agreements address issues relevant to equiUble hioprospecting, including biodiversity 
conservation, sustainable economic development, training of students and scientists, development of a 
scientific infrastructure in Panama, equiUble sharing of benefits and many others. The final maten 
transfer, intellectual property and contractual agreements are being developed t^rougli a participatory 
process involving Panamanian institutions and collaborating scientific researchers. The development ot 
these contractual documents have enUiled considerable dialogue among James Haisley (University o 
Utah lawyer), Mirei Endara (Director of INRENARE), INRENARE lawyers, Marianne Guerm- 
McManus (CI), Dr. David Corley (Monsanto), Monsanto’s lawyers, Leonor Motta (Executive Otticer 
and lawyer for STRI) and Drs. Capson and Kursar. A final draft of the appropnate contraets is 
currently being prepared by the parties to this ICBG project. Although the final form of the 
agreements must await completion of the on-going discussions among group members, we ^ticipate 
that it will generally implement the following principies, which have been agreed upon e 
institutions participating in this application (see "Statements of Intellectual Property Rights. under 

Consultants/Collaborators):

"The participating institutions accept the principies for the treatment of intellectual property and
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the sharing of benefits described in Section J-2 and Appendix 1 of RFA: TW-98-001 dated August 
15, 1997. In particular, we understand and concur with the principies for the treatment ot 
int’ellectual property and the sharing of benefits that have been outlined by Drs. Coley, Capson and 
Kursar for their ICBG. These inelude the foliowing.

All collection of biological materials and research will be carried out in a manner consistent with 
the United Nations Convention on Biological Diversity, dated June 5, 1992 and adopted December 
29, 1993 and ratified by the Republic of Panama on January 12, 1996.

The Republic of Panama will receive the majority of net revenue (such as royaities or other 
payments) which could be obtained from the commercialization of producís that are derived from 
the ICBG project. The revenue will be distributed in the Republic of Panama for the benefit of 
projects within the country.

An agreement will be formulated that assures that a portion of the ftmds retumed to Panama are 
explicitly committed to conservation and scientific research in Panama.

Appropriate agreements will be made that ensure adequate compensation for joint inventions made 

by collaborators in the proposed research.

We recognize that the ICBG guidelines specify that ICBG projects must have an industrial 
participant to develop and commercialize producís. In cases where the participants in this ICBG 
group make discoveries that could be commercialized, Monsanto Company will have nghts of irs 

refusal."

Conservation
Of utmost importance is the explicit linkage of our bioprospecting program to concrete measures tor 
promoting conservation of biodiversity. This will be accomplished by several means: (i) by 
establishing and supporting a conservation and bioprospecting trust fund, "Natioi^ Environmen 
Fund" in Panama, (ii) by enlisting the help of experts in conservation finance to draft contractual 
agreements for bioprospecting, (iii) by increasing the involvement of Panama’s mdigenous 
communities in conservation issues in Panama, (iv) by developing a scientific commumty of 
bioprospecting researchers that depends on intact forests, and (v) by promoting the public s 
appreciation of biodiversity.

We propose^to help indigenous communities make a permanent record of their ethnobotanií^ 
traditions. This ICBG program will not use ethnobotanically guided collections unless invited to o s 
by indigenous groups. The recorded ethnobotanical information will remain the solé property ot the 
respective indigenous community. Should any of the indigenous groups mvolved m this study choose 
to offer their knowledge or resources to the ICBG bioprospecting program, the appropriate legal 
agreements will be careftilly conceived and drafted.

The ethnobotany program will be carried out with the Kuna and Naso indigenous groups. They 
Xiuwo d^nct Atlantic Coastal ecosystems that are both still forested but threatened (Associate 
Program 6) In both regions, ethnobotanical traditions are still widely used, but are disappearmg 
STour ethnobotmiy program represents an ideal means of buH^ing trust between ou.se ves 
these communities who are crucial participants in any well-conceived scheme to promote biod y 
conservation in Panama. In support of this effort, Dr. Ortega-Barria (Associate Program 3), a 
pediatrician with training in infectious diseases, has agreed to visit the study sites of our
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ethnobotanical studies to assess the State of health cate and offer assistance when possible at no cost to 
the grant, either for time or travel.

Dissemination of Resalís
To work effectively in Panama, and to raise awareness of the importance of conservation issues, 
requires that we inform the general public as well as our professional colleagues. Results will be 
presented in a variety of fora, including internet access. Drs. Coley, Capson and Kursar have all 
presented results of this work in Panama and will continué to do so.

Scientific Community ' . , -ui uz
We intend to submit manuscripts to the appropriate refereed joumals whenever possible. We 
anticípate that the majority of our publications will be joint papers between colleagu^ m Ae US and 
Panama. We have given scientific talks in Panama, Colombia, Venezuela, México, Costa Rica and 
the US A recent visit to Panama by Monsanto’s Leslie Harrison (Associate Program 5) was 
accompanied by a lecture at the Department of Zoology and Entomology at the Umversity of Panama. 
Harrison’s lecture led to the contacts that now constitute the whitefly screening project (Associate 

Program 2).

A recent invitation to a World Bank workshop on bioprospecting policy in Bogotá. Colombia, 
suggests that the model we have developed is of interest in other countries diat are foimulating their 
bioprospecting policy. Previously we also were invited to submit an editorial outlimng our ^proach 
to Nature Biotechnology (Capson et al. 1996). We envision becoming increasingly involved m 
national and intemational policy issues.

Our project has been featured at least 8 times in the popular and intematio^ media, mcluding the 
BBC, newspapers in the US and Panama, Panamanian televisión, etc. Public lectures and fieles will 
continué to be an important médium for informing the scientific and lay public of our work m 
Panama.

Provisions for a Long-term, Self-sustaining Bioprospecting Program
Each componen! of our work in Panama is designed to contribute to a long-term. self-sustaim^ 
bioprospecting program: one that will endure fiir longer than the five years support^ by the ICBG 
program. This is reflected in our emphasis on (i) intemships for students. (ii) estoblishing bioassays m 
four different laboratories in Panama. (iii) retuming a portion of the revenue to support conservation 
and bioprospecting research and (iv) transferring of ethnobotanical knowledge l^tween generations m 
indigenous communities. The infrastructure and the human resources necessary for a vi^le 
bioprospecting program must be in place before Panamanian scientists will be in a position to solicit 
financia! support. in the context of either a commercial or academic enterprise for bioprospec W 
research. A component of our program that complements the development of the human scientif 
capital is the trust fund established in collaboration with Fundación Natura: their competitive grants 
program provides a potential means of fimding research fot a well-conceived b,oprosp«:ting Progjam- 
We will also pursue mechanistns for channeling revenue to Panama at as early a stage m the drug 
discovery process as possible. for example. by negotiating for early milestone payments.

^"TcOTtrl^goal^rf our ICBG program is to establish a successftil model of bioprospecting and to 
make this available to the intemational community. To facilítate the transfer of all ^peets of our 
program to other biodiverse countries, we will host interns and visiting scientists who are interested m
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starting bioprospecting programs. Because we ate conducting all components of our ICBG project in 
Pa^Z kfs possible for visitors to study the entire program. This ineludes (.) ecológica entena for 
making collections, (ii) procedures for extracting fresh samples (iii) XÍents
agricultural bioassays, (iv) purification of active compounds, and (v) financial and legal ag^em 
for benefit sharing. We will host short-term visitors who would like to obtain an ove^iew of the 
program, as welllis intems who wish to leam about a particular component in more detall. We have 
budgeted for several visitors each year. By sharing our experience and results with other countries, 
we hope to promote sustainable bioprospecting as a successftil tool for conservation.

Statement of Acceptance of "Terms and Conditions" of Award u • c r i Dow nf
This ICBG accepts the provisions of the "Térras and Conditions", as desenbed in Section J, Part 3, of 
RFA- TW-98-001 dated August 15, 1997 including contributing to health benefits, the understanding 
and conservation of biological diversity and the provisión of economic benefits for Panama.
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