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3 Young leaves have unique compounds not found in mature leaves. Is addition to having bigher

concentrations of chemical defense metabolites, young tropica! leaves frequently have different sccondary
tetabolites Son matwe feaves (Kursar 62 al, 199%). For example, our JCRG work with alkaloids, an important
class of medicinal compounds, showed & greater oscurrencs of uique compounds in young leaves (Kursar ef af.
1999}, We conteasted the number of alkaloids peesent in young and mature leaves of the same plant using TLC
and Dragendor{f's reagent. Ten out of 18 spocies had alkaloids that were found in the young feaves and absent
in mature leaves, while only three species had alkaloids unique 1o mature leaves (Figure 33, Ammong the 24
alkaloids that were uzlique to cither young or mature leaves, 71% ooourred only in voung eaves and 25%
oovurred only in mature leaves (data nol shown). HPLC analyses of the major peaks from alkaloidal extracits of
young and mature leaves of 23 species showed 60 poaks snigue to young leaves and 40 unique to mature leaves
{Kursar ef af. unpublished).

Young leaves have also provided our ICRG with most of our biactive compounds. We have pussued
iwolation of compourds from 15 species that were active in our bioassays, In bwo cases the anlive compounds
wors present in both young and mature leaves, but in 13 specics the compound was sbsent or af such low
concenirations in mature feaves that detection of activity and purification were only possible from young feaves.
In Novenbor 2002 we obtained 2 provisional patent for compounds extracted from voune lesves that are active
against leishmentinsis, Five of our sevey[Submited InFreparation
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&y Biologival activity i highot o extracts from fresh as compared to dried teaves, In this prolest, we bave heon
exiracting fresh samples o ensure 3 higher guality of extracts amd greater repealabilily. To test the hypothesis
that frosh samples bave higher biosctivity, we collected 2 leaf sample and immediately extracted half ofit
foltowing methods described below. The other hall of the sample was subject fo & mild air-drying treatment (4
days 1o the shade) t0 mimic typical colisstion technigues. Drfed leaves wore then vxtracted using idontical
raethods as for the (resh leaves, This comparizson was made for hoth yvoung and mature leaf samples from over
106 Panamanian species in assays with Ariemia saling and Baeillus subtilis. In genersl, exiracts of fresh izaves
had higher activities, with the difference being particularty dransatic for young keaves (Figure 6),

The comparison of parlicnlar interest 1o us is botween out approach, with Besh young leaves, and more
conventional approaches, with dried mature leaves (Figure 63, For both bicassays, o epproach yielded
significantly greater activity, In the case of Baeiflus, fresh young leaves were 2.7 thmes more active than dried
mature leaves, Results for Arfemia were similar. Therefore, by combining owr coological approach with rapid
extraction of fresh leaves, we are substantiadly increasing our ability fo find active compounds,
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Figure 6: A. Inhibition of Bacillus subtilis and Artemia saling by extracts from fresh and sir-dried samples of young and
mmature teaves of 104 specivs, For Bacillus, filler paper disks containing extracts wers placed un a bacterial fawn and zones
of growth inhibition measured. A larger zone of inkibilion indicates greater toxieity. For Artemia, extraciz wors dissolved
in media in $6-well platgs. A lower LUy (g Gry leaPmll) indicates gromior toxicity, Vales with different lefiess are
significantly different gt p=<0.31 by both ANOVA and paired tlests, (Dats from Kursar s1.af, 1599),

C12 Collection Sites

As wentionad previously, Fanama has an exceptionally rich flora due 1o strong chimatic gradients,
geolagical diversity and its unique position 2s a corridor befween Central and South America. This puts
researchers in the enviable position of belng able 1o sample extrasrdinarily high diversity over small spatia;
scales {4e. bigh bete diversity). Por example, the beta diversity of plants in Panaa is extiemsly high compared
to forests m Beuador and Peru (Condit 21 ol 2002), with major Horistic variation being found fn only 60 lan
across the Lsthimus of Panama (Pyke ef of, 2001}, '

To date we have made collections at 8 malu sites that repregest a diverdity of habitots sed flotigtic elements
(Figure 7). These includs several National Parks, Nature Monuments, Protected Foresis and Forsst Reserves a3
well an Intornational Park and World Heritage Site. Most ol the flowering plant diversity (R4%) is in the humid
and wet lowland rafnforests {IFAzcy 1987), 50 i was here that much of our initial collepting efforts were
turgeted. Now that we have established an efficient collecticss system, and have developed technigues for
initiating extactions whils il in the ficld {see Methods, 12.3), we bave started to sample more distant sites,
The lowland sites are disiribuied from eastern to western Panama 10 ensure oollestions of hoth Central and
South American species, a8 well as from the Atlantic to the Pacific coasts io sarnple foresls aeross n rinfall
gradient, Several sites are v dry forests, one of the most endangered hisbitats in Contral America. In sddition,
we have collested io foar highland sites, two in Westernt Pacams and two sites in Ceatral Panama that gre
purticularly threatened, Corro Campana sud Cerro Azul,

1.,1.3. Collections and Heeollections

The Panarantan flora fs one of the best known tropical floms in the workd {D'Ary 1987, Croat 1978,
Gentry 1890, 1993b) so wa have had few problems with identification. All plant idendfications are made by our
execlient e of field botanists (Rafael Alzprua, Blance Arauz, Nuyda Flores) in consultetion with Professor
Mireya Correa, Director of the herbaria at both the University of Panami and the Smithsonian {see Letter of
Supporty. The botanists have collected 156 families, 629 gencra and 1189 species from October 1998 1o Gotobar
2002 This incivdes 32 species of non-flowering plants. For 315 species they colfected both yoang and matore
seaves. In addition, 105 sproies with promising activity lave been recoliected do Jarges quantities. For eagh
collection, they record the exact location with GPS, photograph the plants, collect voucher spesimens, and note
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Figure 7, Map of the Republio of Pansima indicating Torested arcas (in gray) and sites where codlections have been wmade.
{squares}. Additional siles where we propose to coliect are alye marked (clicies). Marine siies are dicated by chreled
letters, A xummsry of the site chiaracienstios and the number of species collectad o date at each are listed below, Mare
detriied site descriptions are In Appendix &,

Sitns vollected o date (squares):

1. Barno Colorade Tsiend Mature Monument <100 m, semi-deciduous forest, 497 speciss

2, Chagres Mational Park and Porest Reserve: 1080 m, wel forest, 249 species

3. Oar Torrijos H. National Park: 800-1200 w, premontane to montane focest, B9 species

4, Soberanta Mational Park: 20-200 m, mwist forost, 129 speciss

3. Volean Barl Natlongl Park: 1300-3474 m, premontans to montane forest, 37 species

6. Portons Hydropraphic Reserver 10041300 m, montane mminfores, 28 sogsiss

7. Abos de Cwnpona National Park: 400-850 m, monfane foresl; 275 speches,

R La Amistad lnteraafional Pack: 30080 m, premontane to montaing rainforest, cloud forest, parano; 45 speciss
Future ealiection sites (airclush

i, B Montuoso Forest Reserve {Las Minask 800 m, promontanc

2. Los Pozos de Galobre Mature Momument (Santa Fék 800 m, moist lowlandpsamontane forest,

3. Cerro Hovs National Park: 0-1560 m, moniang 1o premoniane rainforsst

4, 18 Cungldn Forsst Reserve: 208 o, fowlang noist forest

5. Dsrido Mational Pk, Biosphere & World Heritags Site: 0-1845 my, evergreau wet forest

6. Chegagana Forest Reserve (Gorschingh 200 m, dry forest

7. Pata Boco Protented Forest: 200-2000 m, very wat foret

&, Coiba National Pack; 0-416 m, muodst tropical forest, very motst premontang forest,

9, San Fe Ngtional Park: 300 m, moist lowlapd-premontane forest
larine Colleptions sites {elrcios)
"4, Isla Bastimentos Marine Mationsd Parky B. Coiba National Fark; €. Poriohelo Natonal Park; D, Gt Pof Chivgnt
National Marine Park, E Taboga snd Urabd Wildiife Reluge; F. Peard Ishnds

tap Sourcer (ANAM) hup/www anam pohpaproveciosficha/choscosn 1992.ipy
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pertinent ecological data (see Appendix 7). In the Seld, our botanists are generally able to identify plants to
family and gevus, with the venchers being used (o confirm species identities in the herbarinns, Offen, these
vouchers lack reproductive structares, so plants are marked and monitared so that fowers and fults can be
collectad and & defimitive identification made. Peroanent vouchers are stored in herbaria at both the University
of Panams and the Smithsonian Tropieal Research Institute in Panama,

o minimize the ecologieal ispact of plant collections, we Initialty collect 20 i fresh weight of leaves,
Leaves are harvested by hand and stored in ziploe bags in 2 cooler during transportation te the laberatory for
extraction (see below). Onece a species has shown promising bioactivity, we make a larper collestion
(approximately 500 g} for bioassay-guided fractionstion. A significant challenge in any drug discovery program
15 the ability to quickly recollest samples with promising activity and fo ensure that the recollections retain the
activity of the original sample. Our program in Panama has several pdvantages that ensure both rapid and
retiable recollections. Firstly, AP1 is based in Paname. Secondly, field sites throughout Pasama are rola Hvely
accessible, 80 rotun collection trins can be made efficiently. Thirdly, because our extraction procedore ytes
fresh samples and all processing follows striet laboratory protocols, differences in extraction ere unjikely to
eavse loss of activily, And finaily, becauss vur botanists are trained at vegetative identification and do not
depend on ghort, infrequent flowering events, avcurats racolections can be made al any time of yoar. Although
there is some sesgonality to the production of young keaves, leaf production in the wndersiory is ruch mors
soORIAUOUS, :

Te date, AP1 has been asked to recollect 105 species that showed promising wGlivity i the bioassaye, All
of these were successfully recollected, most within a few weeks of the request. In some particularly srgent
reguests, recollections were reade the next day, Over 82% of the species we recollected maintained simitar
astivity 1o the arigiuals. Thus, our recollection success has been partieniarly high.

€14, Extraction Procedures
W bave made three types of extracts; organic extracis for the cancer, tropical disease and HIV bioassays in
Panama, protein pxtacts for the agricnlteral bioassays in Panama, and detannifted, fractionated satnples for
testing by Novattls in their high-Uwoughput anticancer screens. All of the samples that have been collected o
date were immediately exteacted and stored at ~70°C until needed for bioassays, Detailed methods of our
extraction provedures are deseribed below in Section 2.4

L2, Data Management

The ICBG project has developed an information system specifically tailored to our needs for maintaining
regords of plant collections, transfers of samples and bicagsay and chemical results. Our goal was o make the
syslem gasy to use mnd 1o have the data readily available to all members of the Papama ICBG, We have
developed a relational database that stores the information and also permits the rembers of the project 1o
intraduce new records, update or modify records, and export and import the bioassay results,
The information system is divided in two! 8 local database focaled in the AP laboratory and a password-
pretected database acoessible via the Tnternet, The Tocal, AP database Is written in Microsoit's Visual FoxPro
6.0 and is the iy repository of all the data. I makntaing records of plant collections, transfers of samples,
chemical information and bioassay results. The internet-accessible database 12 in PHP4 and wses MySQL as 3
daiabage. it is updated weekly from the AP1 dalabase, making it possible for all members of the Panama 1CBG
to obtain the speeies names and other collection informatton associeted with each sample number, download
bioassay resulis, and look upy bionssay results of the other Associate Programs. For scourity reasons, oritical
suformation on chemival sinsetures of active compounds will only reside in the AP database, but sny mewmber
of the Associate Programs can consulf this information by ) visiting AP1 10 use the computer at the
santhsonien, or b) requesbing thal the website administrator send this infornugtion as an attachment 1o an smail,
Correrly the Assoctate Programs send thelr results to AP data mansgers in Bxcel format via email, or vin the
internst and diese are Joaded into the centsalized database. Future improverents of the applications and
dutabases are explained in more dewll below in Section 13,11, We also bave an informative public webpaga for

PRS 3052890 Hav, 0501 - Pege 11 Continuation Format Page



@

Prcipal investigatoriProgiars Dirsclor (Lest, First, Mitdiel, GERWICK, Willam Manry

the project, with general information about the JICBG-Panama project, the scope and goals of the program, plang
species collected and formation on colleption shes (hitp/Avww. ichppanama ore/y.

C.3 Training and Outreach

3.1 Tuaining: A major goal of our ICBA i3 to provide baining to Panamanians, In the last four years,
AF1 has provided on-the-job training, student internships and volonteer opportunitics for 13 biclogists and 9
chemists, Seven students completed or are cunently conducting their undergraduate thesis researeh using AP1
resources and guidunce, and four have recelved Master's degrees in Panama. An additional two students have
gove abroad for a Master's program, and a third was just accepted into 2 PRI, program in Spain. fn addition,
one Canadian is finishing her 1escarch for 2 Master’s degree from MoGill and one US velunteer was just
aceepted into a PhuD. program in the US, We have given many other sfudenis from Panama and sbroad the
oppoTirnity to go oo batamcal eollecting irips. We slso encourage the full-time AT chemists and botanists to
study Englich and to pursug educstional opportunities such as short speciaity courses or infernational sclentific
meetings, We provide release time and in some cases funds, '

CA.2 Quieach: A key component of cur ICBG Is to provids information about biodiversity to the
public, and we have found that giving presentabions 15 an extremely effective and Inexpansive means of
aceomplishing this (see AP 4}, Perhaps ene of the most successful owireach projects that members of AP] have
injtiated is to pive talks to clementary and high schools. We have given 13 of these in the last year, and they are
extremely well received. Not onty do the talks convey information about the value and uses of biodiversity, but
thoy also provide students with sole models for contifuing in biolagy. The butanists have alse given numerous
imprompta and formal talks to pack guaeds and officials at the National Authority of the Envisonment (AMNAM?,
and one gives weekly naturg wours for Panamanian visitors to Barro Colotado Island. In the last year, AP1
members gave 3 falks at internations] mectings, and 4 talks 1o citizens, park emplovecs and nawralist guides.
Dis, Uoley and Kursar also seguaddy give talks o the sclentific compwaity and the general public in the US,
Paname and other countrivs. Additional sutrsach sctivities have oscurred in all of the Associate Programs.

£.3.3 Use of biglogieal inventories; Our inventory efforis are sxpending kmowledge of the disiribution
of plants, a service for hoth botanists and conservationists. Although the flora of Panama is exiramely well
known for & tropieal flown, many of the parks and protected areas bave never been faventoried. The lack of
information is particularly marked for the sites in castern and westorn Panarma. Howewer, even For well known
areas we have besn abls to make confributions. For example, the Barre Colorado Isiand Nature Monument
adminisierad by the Smithsonien, iz arguably the best studied tropical forest in the world, Yet two new bolanical
records were reported by our AP colleciors. In addition, they wers able to collect three species, previousty
reporied from Pangina, but for which 06 voucher specimens existed in Panama, Ouwr fertile voucher collechons
are now deposited nt STRI and the National Hesbariom st the University of Panama. One apparently new
specics of Svaplocos (Sywnlocacese) was colleoted aud has been gent {0 taxonomic exports for verifization,

3.4 Strengthening inlrastructure: We have aleo provided technical sssistance o the National
Authority of éhe Bavironment (ANAM), the Panamanian authority responsible for protected areus, on many
oesazions, Owr databage comaming information on botauleal collections ks available to them through the oniine
database end applicntion on the Internet, For example, they used our inventories in the recently funded project
entithed "Panama  Atlantic Mesoamerican Bislogical Corridor” (CBMAPR,;
bt wew hiodiv.orgfeventy/cbman asp). a2 $9 million i;mlen?jzﬁatiﬁn of the poals of the Convention on

Biological Diversity, Randed hyf vate Source The botanists have also served on several
ANAM commitices o identily THT a00 ondanReed spowss [Lwtados de sspecies en Peligro pama la Flora de
Panamd, 20023, They have kelped dosiga 4 kim of educational nature trpils in Torrijos National Park and have
identified and arked plants along the 1rail, And Gnally, our database manager Loma Sarchez, it consultation
with Dy, Todd Capson, bas ereated & computerized systent for ANAM se they can approve snd irack permits.
These include permits for scientists as well as commercial logping operations. ANAM has been very pleaged
with the database and, in November 2002, held a presz sonference (o insagurate the systep, ANAM haee
indicated that the pernut datebase places them in the [orefront of developing vations and should greatly reduee
perit abuse and henee illegal or overzealous logging. This database system s deseribed in more detail in AP4.

PHS BERFERA0 tRev, 06101) Page 112 Continurtion Format Fage

R

i



Prncipal invasligatonProgram Dirsotor Last, First, Mtidetey GERWICHK Willlam Henry

We are alsa holping a grass-rocts effort @ promole conservation. Peace Coms volusnteers and the
comomunity of Sania Russ, which borders Soberanis Nationat Park, are trying to develop scatourism such that
the local communities can benefit from protected areas. We were asked 0 help them establish nature tails and
provide interpretive information on the ecology and natural hisiory of the area,

C.4. Preliminary Results frouw Endophyfic Fungi

The fungi kave been called 3 "hyperdiverse” group of arganisms, and perhaps the most diverse group within
U fungd is the endophytic fangt (Bawksworth 1991, Amold et !, 2000, 2001). Endophyies are ubiquitous, may
rimaber well over & million species, and probably represent several indepondent svolutiooary lines including
symbiotic, pathogenic and saprophytic ancestors {Verhoeff 1974, Hawksworth 199, Potria} 1986).

One striking atiribute of endophytic fangl is the prevatence of chemically mediated interactions with their
host plants, other endophytes, herbivores and pathogens (Clay 1990, 1992, Broon 1994, Saikkonen ef o/, 1998}
Additienally endophytes have been noled a8 a proven source of novel secondary mwetabolites (Gusman and
Yenhaolen 2006, Uuo ef al. 2000, Wilson ef ol 2000, Brady e ol. 2000, 2001, Schulz of /. 20623,

Tropical endophytes may be a pacticalarly promising proup o screen for bioactivity becauge they are miore
diverse {Amold er al. 2000, 2001}, less studied, and more likely 1o contain notent seeondary metabolites than
teinperate species. n addition, since endophytic fungt are polyphyletic (Verhoef 1974, Petrind 1986), naving
arisen from many different ancestral taxa, there shouid be a diversity of cherical classes expressed withiv the
group, Thus, we suggest thal the envrmous naexplored diversity of fropical endaphyies may provide any nuvel
feads.

We imitiated eoljections of endophytic fungi to be tested in screens with our original jndustiial parmer,
Monsante. However, when they merged with Pharmacis-UpJohn, the pahisl products division was {erminated,
and we stopped our collestion effors. During the vear we were making onllections, we isolated encdophvies from
young, mature and sencscent leaves of over 200 plant species, From surface sterilized leaf preces (122 mm) we
cultored 1250 pure isolates on 2% malt extract ager and classifted 367 species based on morphological traits
{see Bills 1996, Amold ¢f of. 2000 for methods), We found that aver 95% of the leaves and 74% of the leaf
segments wire iected. We also found extrsordinary diversity compared o toniperate systems (Armold ef o/,
2000, soe alyo Lodge of af 1996, Bayman ef al. 1997, Arnold et ol 2001). Information on each isolate was
entered juto a data base to determine nwiphospecies and inctuded traits swch us olony color, texture, margin,
shape, grow bk rates and presence of aerial mycefiim of reproductive siructures, Classification based on
merphology showed hight congrusnce with moleculer classifications based on DN sequence data of 1T8-1, IT8-2
and the 5.8s gone (Aol 2002}, For long-lerm storags of fungal siraing, we transfer agar blocks containing
myeelia exvised from fhe growing margin of pure cultures to sterile plastic cryovials with distilled water {Burdsall
and Dorworth1934, Qlanggiang ef af. [998),

C.5, Preliminary Besults from Marine Plant Collections

The Gerwick rescarch group at Oregon State University has embarked on an unsupported colisboration
with the Panaton ICBG over the past year with the goal of contributing a new marine component to the 1CBG in
its apticipeted repewal poriod. This group has focused in recent years on the extraordinary rich chemistry of the
marine cyanobacterbum Lynghya mafuscula, and includes such notable furdings as that of euracin A, 4 novel and
potent antitubulin agent (Hamel ef ol 1995, Blobkin o1 of, 1995}, Fom a Curacao collection, the novet
molluseicidal agent barbamide (L.Cs 10.0 pg/mL againet the freshwater anail Blomphalaria glabrate, Orisla
and Gerwick 1996), and antillatoxin, 2 new voltage-gated sodiom channel petivator (Orjala of of, 1995 Liet ol
20015, Avother L. majuscuta sirain, cotlected from Heotor Bay Jamaiva, and now cnliured st OSU, yiclded
bectochlorin (Marquez ef al. 2002}, 2 potent antifingal agent which causes hyperpolymerization of sctin and
had greatest potency in the colon, melanoma, ovarian and renal panels In the in witre 60-c8ll [ine sereen al the
MNationa! Cancer Jnstityie (overall average Gl = 5.1 ). Interestingly, hectochlorin was also isolated from 2
red L. megiuscuda stoain oollected rom Bocas del Toro, Panama {Marquez o7 al. 2002).

Prelivatnary efforts to coliect marine algae in Panama have been rewarded with promising results,
. Excursions to assess algal diversity and biomass aromd Coiba Istand, Bocas def Tore and the Portebelo region
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(Figure 7) have revealed an exciting divorsity of spesies {we have photographed twelve different cyanobacterial
peviens on one snorkeling excursion in Bocas del Toro), with biomasses well in excess of that requiced for
large (2 Ly collections of several marine cyanobacteria. Several smalt algal collections obtained in September
and {etober 2602 have been worked up, and the majority of the crude extracis ghow activity in prefiminary
tropical disease and brine shrimp bioassays. Thrve pure compounds thal were previously knows, as well as two
novel peptides that are woder continuing investigation, luve been isolated from one of the £. majusculs steaiins
collected at Bocas del Toro (see deteils in AP3, Section C.2.1).

C.5.1. Collections and Callures

Collections of marine algae have been made at two sites in the Caribbean (Figure 7). In Seplember 2002, a
total of sixteen nigal samples were collected from four different locations near Portobalo using SCUBA and
snorketing {Isla Drake, Hidden Cove, Playa Francaise, Thiee Sisters). OF these, three were macroalgae
eollevied in quantities large encugh for chawaical investigation (1-2 L); four small scale collections of
cyanabacteria were made for chemical invegtigation (250 mL}) and samples for culiure were faken from thige of
these; six cyancbacterial specimens were collected only as samples for enlture 8t Oregon Stats University, In
Oetober 2002, four collections of algae were shinined frorm three different sifes around Beogas del Torp: one
fitamantous red macroslga {500 inl.), wnd three of vyanobacterip {300 ml} identificd as different stralns or
species of the genws Lynghpa, A culiurs specimen of one of the latier samples, 8 red Lynghya majuscula, was

alse obtamed, and i3 now prowing well in Oregon, thus validating cur ability 1o successtully franspart living
cultures from Panama o Oregon,

- CA2. Extractions and Prefractionations

The largest of the cyanvbacterial collections (approx 0.5 L wet masgs, 85.5 ¢ drv mass) made in the
Cagibboan Sea nesr Povtobelo (Figure 7) was exiracted using the scheme outlined for marine cyanohacteria (sce
Seation 119, see Appendix 9. The erganic extract (4.1 g} of this presently unidentified microalgal sample las
been “prefractionated’ according to our standard protocel for manne algae also deseribed in Section D.9 {see
Appendix ¥). The three other, simaller, cysnobacierial collections made from Portobelo have also been
extracied usiny our standard extraction protocol, Of the samples eollected around Bocas del Tors in Octobar
2002, the largest one, a red specimen of Lynghbya mafuserls (approx 1L wet mass, 56.5 g dry mass), has beon
extrectad snd fractionated according o our standerd pre-fractionation protocol (sec Appendix 9).

€83, Bioassays

A total of five eysncbacterial crude extrsets, four fom Portobelo and one from Bocas del Toro, have been
tosted in the standacd brine shrimp toxieity assay (Mayer ez g, 1982), OF these, four wers active at
conceatration of 100 ppo and two were sctive at 10 ppm. These more potent extracis were Fractionated and the
first ter fractions retested in the agsay, Oue, a Portobelo Lynghye majuscuda, yielded theee brine shrimp toxic
tragtions {at 10 ppm), while six fractions from the second, a Bocas de! Toro L. mafuscula, were also active (at
10 ppm). Fractions from these twe collections have been sdditionally fractionated accarding to the potecols
sud procedures outhned in AP to yield five pure compounds and severs! semi-pure fractions to date, All of
these sanples, together with the crude extracts have been subunitied to APZ for testing against maleria,
leishmaniesis and Chagas' disease, To dale, only the crude extracts have besn fested: one was active in the
malaria ag50y with an 1D = 3 ppn

B RESEARCH DESIGN AND METHODS

L1, Organizational Overview of the Panama 1CBG

The Panama ICBG consists of four Associate Programs as illusirated in Figure 8 and described in defail in
the Uiraup Plan, Here we sumsnarize the organizstion and the flow of samples and information among the
differenti Associgte Programs (AP).
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The proposed teseareh program for AP1 builds on our previous successful work at STRI with tervestrial
plant coliections and adds a new marine component based on the expertise of Dr. Gerwick’s group at Oregon
State Upiversity. The majority of the AP activities will still be bused in Panama, and the sulture and extraction
of marine macroslgae and cyanobacteria will be ascomplished in the facilities al Oregon State University. A
schematic of the specific aims aad How of samples and infbrmation betwess different components of AP is
presanted i Flgwe 9.
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Figure 9. Flow chart of Agsoetate Program | aetivities 25 they relate 10 the aims of this projest.

3.2, Associate Pregeam {1 Personnel

The interrelationships of the key personne! in Associate Program | are showa in Figure 10, D Phyllis
Coley is the AP leader and i the P1 of the current ICRG. She and Dr, Thenvas Kursar have worked on the
acology and evolution of anti-herbivore dafenses in tropleal plants for over 20 vears. Together they designed the
eoticvtion stiategy for tecrestrial plants and will conlinue to supervise this component. They wil spend 34
mnnths annually in Panania, a8 they bave for the past 20 years. Dr. Masda Heller is based at STRI aid carrenily
supervises the collection, extraction snd prefractionation of terrestrial plaris. She will continue {n this capacity
in consuliations with Dis, Kursar and Caley, D, Kerry McPhail s & nature! products chemisi and a Ressarch
Assistant Professor at Oregon State Unitversity. Bhe will be in charge of the warine slant cotlections and
extractions and will make three trips 0 Penama peryear. The three feld botanists, Mr. Alzprug, Ms. Flores and
Ms. Arauz, ore all extremely well trained and have worked on the project for several vears. Ms. Lakey and Ms.
Rios carry cut extractions and prefractonations i the STRI laboratory. Ms. Sanchez s the dats manager {see
letter of support. Professor Mireva Correa s director of the Nadional Herbarium nnd the herburium ot the
Smithsonian Tropical Research Insttute, She will confirm all identifications of active planis (se2 latter of
support). Dr. Valerie Pani (Head Sclentist at the Smithsondan Marine Stetion in Fort Pieroe, Flarida) will help
collect and will confivm all macroalga! identifications {see lelter of support). in addition, we anticipate
involving numerovs students and volunteers in the AP setjviifes.
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Figure 10: Crganizations! chart of key parsonnsl in Assosiate Program § and their resescol arses amd afflistions

113, Terrestrial plant collections (specific aim #1}

Our approach (deseribed sbove) of focusing on young leaves and muking fresh extractions has proved hoth
feasitde and highly cffective. Thus, we prapose o continue this approach. To date we have collected
appmxiz&ms!y 2% of the Panamanian flom, sad have concentrated ous coliections on central Pagama. Mugh
remaing to be explored, and significant mninbuims will be made to the understanding of the flora of these

less-studied National Packs, Based on the past veas, we anizz“zpam that 50% of the botanists’ coflection efforis
will be on new gollections, and 50% will be recollecting pronvising loads. We expect to make new collcctions
for 200-200 specics anuatly,

Most of the new collections will be made in wore vemote locations in western and eastera Pasae (Figure
73 Although we have made a fow collecting trips to sifes In Western Panaina, several areas, such as Fortuna,
Amistad, Baru and Torrijos need continued effort to adeguately sample thelr unique floras. We also propose (o
add maorc colection sites beoause we find now species ot every site, and because TCBG oollecting efforts slso
promote prolection of these arwas. We have suceessfully accessed these more remote sites by 4-wheel drive
vehicte and oocagionatly sdditionsl fransport in dugont canoes. Uollections in western Pansma present no
security sk, Mowever, for the last sevenl years, Colombian guerilia activity in castern Penams has made parts
of the Darién too dangerous for coliecting, Thers is no indization that this situation will change. D, Thomas
Kaursar has consiiorable experionos working in the Daridn, and has only suggested sitas (Figare 73 in areas that
have always been safe and that he and his collpagues vontinue 10 visif regalarly. Nonetheless, we ¢an acoess
much of the bindiversity of Darien frous tese sites,

For sites tn Central Panamaz thaf arg within a fow hours driving distanee from the lsboraiory, we place
laaves m coolers, returm to the extraction laboratory in Pansma City and extract inmnediately {see following
section). For more remote focations, inifial proesssing of lesves acours on site: afler collecting, leaves are
homogenized in a Waring blender in 100% ethanol, or if there 1 no slesineity, chopped finely with scissars,
The ethenclic homopenate is then stored in an inaudated eooler (HAR Industries, Beecher, IL) w1 30 (o 40°C
on dry iee for up 30 3 days before relwning (o the laboratory where the extractions are complated. This gystem
has warked very effectively. In the Held we use ethanol as a solvent instead of methanol beeanse of health
safely yssucs should the ethanol be stolen. Ethanol is widely used for the preparation of erude plant extrac
{Ghisalberd 19093, Cragg ef o, 1993} and can solubilize compounds having a wide range of ;}oiafiiiﬁzﬁ We hava
found no differencs in yield, activity or TLC patioms when extracting samples with methanol or ethano],
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When bioassay resulls snd literatuze surveys suggest promising species, recollections are made Fom both
roung and matwe leaves. I voung leaves of cerfain species are difficult to ebtain, snd scfivity or TLC patierns
are sinular in mature leaves, we will pussue bioassay-guided fractionation with matute leayes. We followed s
procedure foc Mryospermum fruciescens, which bad activity against Trypasosoma cruzi (Tostes ef al. 20033,

Voucher specimens will continue (o be deposited in the herbarin & STRI and the Untversity of Panama,

DB.3.1. BEudophytic Fungt (pecific sbm £1)

We witl provide DowAgrosciences with endopbytic fungal cultures fellowing the procedures we developed
over the fast few years to collect and isolate morphospecies {Armold e of. 2000}, Collections of endophytic
fisngl will be made at the same tme as owr plapt codlections. This bas the advantage of belag cost-effective in
ters of wavel and plant ideatification nod 15 only possible becsuse we are collecting fresh material, We will
culture endophytes from swrface-stonlized loaf picces on malt exfract spar and ship pure cultwes n aryovials
with distifled water {see Section C4.}). We will send approximately 500-1000 isolates per year which will take
less than 30%% offort of one of thie AP ! technicians,

Id, Extraction and Prefractionation Procedures for Terrestrial Plant Collections {specific aim #3)
(rganic extracts are prepared from 20 g of fresh leaves or from the ethenolie homogenates made in the field,
Samples are bomogemized in cold 160% methanol (20 g fresh weight ol leaves per 180 L)t & Waring blender
for 30 5. This is fotowed by 2 min of bomogenization at maximum speed with a PT-3000 Polytron {(Britdapann
Instruments) at 5°C. Studies in our laboratory have demonstrated that Polytron trestment provides rapid,
compiele cxtraction of metabolites at 5°C, oven with very tough leaves (Tovti ¢f af, 1995). After
homaogenization, the sample 18 Sltered, washed with ethyl acetate, dried under vatuum at room (emperaiure, and
stored at -70°C, On average, fresh leaves weighing 20 g vield 1.4 g of extract. Having ha extensive experience
working with both dried and fresh leaves, we have found that the yields fronx fresh leaves are higher than those

e frgirdeied-leaves: This-prolocel avoits deyving and-grindingthe samplo.to.a powdar, Jong extractions, orany.
other treatments that could jead to degradation of compounds. Glass vials with 3 mg of extrace are prepared for
testing in the Paneina-based bivassays. Bach vial teopives 2 uniqus barcode lubel that facilitates tracking
shanples and minkmizes potential srrors in the use of ul sample for bivassays. A subsatple of 150 of the enude
organic extracts witl be detannified and prefraciionated before sending to Novartis for testing in their anlicencer
blopssays and to Dow AgreScicnces for testing in thelr agricuitucal bioassays,

vanilimfeulfuric acid, I tannins are prosent, S60-800 mg of extract s dissolved in § ml, of methano] and passed
through a syringe with 15 g of polyamide (Yan e ol 1991, Wall er af. 1996}, The weight of polyamide is
adinsted socording o (he observed {annin level, The extracs is cluted with 306-500 ml. of methanol, The
methanol is removed 11 vecue, the extract weighed, tested for tannins and detannification is repeated as needed.
The yield is about 300 to 500 mg. Polvamide iz discarded afler o uge.

Prefiactionation: Prefractionation of plani exivacts is accompiished by reversed«phase vacuum-liguid
chromatography oria 100l vacuum lier fineed following an application developed in the PI's Iabesatory
{similar to that in Appendic 93, After dry-packing a coarse potosity vacuum filer Tanael hadf full with Cig siliva
gel under vacuum, the resaliing column is copditioned with methano! (apprex. 6 bed volumes), The colunn is
then equilibrated with a starting eluent of 11 methanol-waler {6 bed voi}. The sample {about 300 mg) is
dissolved in 11 methancl/water and loaded on the column. I imsoluble in methanol/water, the sangple is
diszolved in 100% methanol, Cig is added, the methanol removed in vacus and the sample ¥s loaded on the
cohumn as s powder, The colump is eluted with 6 bed volumes each of six different mobile phases: 141
methanol-water, 7:3 methanohwater, 9:1 methanol-water, 191 methanol-watge, 100 % methanol and 100 %
dichloromethane,

Teanslor i AP2 Pamaowe-based Assavs: 3 mg of each fraction are dissolved in methanol and aliquots ars
placedd invg bar-code-fabeled glass vizls and dried i vacue for transfer 1o AP2 for bivassays.

Trapsfer (o Movartis and Dow AproSciences: We propose to send Novartis and Dow AgroSciences {DAS)
extracts and prefractions fron [80-200 wwrrosiriel plant spzoies and 50-75 marine puwcroalgae and cyanobacteria
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{1,500-2,000 materials in total) per year. Crude extracts chosen for prefractionation will be thase that are active
in ope or more of the Panama-based whole celf anticancer assays of APZ, or from species for which there was
ng, of fittle, published information on the specics or genus acvording fo the Seiffinder database. Fractions for
{ransfer to Movartis {2.5 mg) and DAS (5 mag) are dissolved in 0.5 mL of methanol, sliquoted into a 96-well
(Regular and Decp Well, respectively) plate aud dried i vacwo (MPTR. 12218 rotor and Speed Vag, Savant
Tnstrufnents). We propoie to send extracts from 150 speeies (900 fractions) per year.

Pytification of samples setive in Novartis' agsays: Purifications for Novarlis must be done quickly beesuse
Novartis usnaily keeps an individual assay on-line for less then 6 months, Thus, some actives materials will be
further purified in AP1, Upon receiving prefraction activity duta from Navartis, candidates for bloassay-guided
purification are chosen, samples are revollected (30100 g of extract), separated again into 6 crude fractions on
Cus (the methods deseribed above are adjusted for o large sample), the original and new fractions are compared
by TLL, and the sctive fractions are chromatographed inte pure or semi-pure fractions on Cy HPLC, When
only a subiset of the prefractions from reversed-phase vacunme LC are active i Novartis’ assays (suggesting that
Cry 15 an effective separation method), we have bad good success in purifying sctive compounds using RP-
HPLC{Cs). In AP we bave both semi-preparative and preparative capabililies {Waters radial compression
with Radizl-Pak segments; Waters 29%6 HFLC with photodiode array detector and fraction collector). All of
the purifications in AP will be carsied oul using the guidasee of, and regular consulistion with, the }CRG
rafural products chiomists, adjusting the eluding solvent and other run conditions to optimize separation of the
aboadant compounds {as deteted on TLE). Pure or semispure fractions will he returned to Novartis for fuether

.agsay. This approach reguires only two rounds of fractionation and sssuy, and we have used & with suceess
during thig past year. In the last few months, 3 total of 33 plant species (147 fractions) wers detannified and
preftactionated and tested in Novariis’ bioassays for anticancer activity. We bave parified 2 active compounds
and have § more that are almost pure, One (s & potent Sir2 nhibitor (S22 Is an NAD-dependent histone
deacetylase). The strnctuees of purified, active compounds will be assigned by AP3 chemisis.

D.5, Ecologieally-guided Macroalgal and Cyanobacterial Collections (specific aim #1)

We intend to consult with Dr. Valerie Paul, a world-renowned smring chemical ecologist, to optimiza our
collections of chemically-defended nigal species. Mazine macroalgae e generaily nppertunistic specios and
the degenaration of hard corals in coral reels facilitates establishment of macroalgae a5 the dominant life form
{Littter and Littler 2000). Indeed, since the massive die-off of Diadema ses urching in 1983 in the Caribbsan,
thore has been noticoably inoreesed algal growth and overgrowth on corel reefs (Bdmunds snd Carponter 20813,
Thus, swch of the shallow reef habitat is characterized by & range of macroalpal species. Uncaloified
miacroalgal species are targsted for collection on the promise that the lack of a physieal defsnse could fndicaie a
chemical defense nrechandsin in organisis that aie not grazed excessively by the myriad predators in dus
environment {Hay 1996},

In the shallow subtidal zone of protected bavs, sea prasses on & saady boltom provide a shelterad habitat for
gyanobacteria, In addilion, cyanobacieria are ubiquitous on coral reels and with thelr sbility to fix atmospherie
nitragen, are primarily responsihile for the high produstivity of reefs (Littler and Liftlor 2000). These microaigae
can ocour as trellised plumes {e.g. Lynglha), a5 distinat gelatinous puffballs ez Schizothiix) or even pelatinous
mats on the sandy bottom {eg Phormidium), typically in locations with high light intensity sad temperature,
and fow wave gotion, Such conditions can fagilitale algal blooming whers copious ‘swathes' of algae are
evident al a partioular location. Agans, these algas are consplouousty free of associsted predators.

The mhorently changeable nature of the marine envirnament diciates that we make as large cellections as
possible {up o 2 L volume) on first encountering notewosily speeies. In our experience, the distribation of
marine cyanchacteria is highly napredictable, varying both in aceord with the season, the vear of collection, and
exposure of the site. Therefore, we plan to oblain enough material from the initial setlection to purify ¢
sufficient amount of any active pure compound for structare slucidation and preliminary bioactivity testing, In
the case of the cyanobacterial vollections, the potential need for recollection can be overcome by the succosshid
culturing of the organism (see Section 13.8), Portunately, the refative sccessibility of Panamz greatly enbances
the likelihood of making successiul reeollections, should this be accessary.
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Samples are coliected in fine mesh bags or ziplock plastic bags by hand using SCURA or snorkeling, An
wnderwator photograph of each species collected is teken for identification purposes using 8 SONY digita)

camera (DSC-P1} in 2 "MARINE-PAK” underwater housing, Upon conmpletion of the collestion ectivity, the
samples are processed immedialely as follows, A few filaments of interesting cyanobacterial specimons are
taken for culmre (see Section D8} Muatertal for chemicel investigation is added to 70% ethanol or jsspropan!
in the appropriate size Nalgene bottle (250 ml, 580 mi, 1 L or 2L). While packing an alga into a botile, small
arnonnts of alcohol are continuously added and the botile Is shaken fo ensure thet the sample becomes
completely saturated, without having exoess aleohol, At the same fime, two voucher specimens are prepared In
0% ethanol in seated Whirlpak™ bags for submission to the herbarta at the University of Fanama and STRL
The algal samples are stored at amblent ternperature unti! our refuen fo Oregon, at which fime they ars deposited
al ~Z4 " 1o awall extraction and pre-factionation.

6. Marine Cellection Bltes Gpecific alm #1)

We plan to collect in both the Caribbean and Pacific in order to sample a broad range of algal diversity,
Within the Pacific, we intend Lo target sies in both the warmer Gulf of Chirigui and the strikingly colder
upwellings in the Gulf of Panamu.  All colieetions will be mizde within National Park boundavies, soncentrating
on the locations listed befow. Examples of collection and export paemits negotiated through ANAM are
presented in Appendix 6,

Bocas det Torg, Western Caribbeay: SHuated on Panama’s northwesters coast, this region comprises a
patchwork of istands and shallow water reefs which ere mogtly st depths of less than 10 m, although same
extang (6 20 . This extensive lagoon habitat is dominated by mangroves, grassbeds and sand. Pristine
raangrove habitat, which we found o harbor a rarely encovntered and extrasrdinary proliferstion of marine
cyanobacieris, is extremely abundant, The Smithsoniun Tropical Research institute {(8TR1) is in the procass of

e begnyand - with continve tobey based-dormg-ourcoltectioneitorts - thisregionBocas-det Yorer s alser the-site o
ag extensive maing nations! park known as Bastimentos Island, which comprives 122 squave km, of which 113
sguare km are marine, The park pretects the largest exiension of Caribbean mangroves in the country as well as
extenstve coral reels (Navarre 1998). In the Northeastern scction of the park ave the Zepatillos cays which
comprise coral recis extending over 500 ha,

Fortobelo, Central Cacibbican; A recont Reefkeeper report (Panama ReefMonitor Update 2001) presented
the reefs off the north const of Panama around Portabelo as belng surprisingly healthy, with a high percentage
of hard corsl cover. Our brief survey of the shallow subtidal in this aten revealed & high diversiiy of slgae, in
particular cyancbacteria, While the biomass of oyenobacteria observed was relatively low, this conld be
seasonal nevertheless, composite collections over a periad of days are cortain 10 yield sufficient bomass for
chemical extractinns,

Last of Portobelo is an area known as Ban Blas, which is srder the furisdiction of the Kuna Indians {Clifton
et af. 1997}, Due to the polential complexity of negotiating with the Kuna lodiang, we do not intend to eollect
samples in thiz area of the Caribbcan, _

Cotba Island, Ot of Chivigul: Situated 20 miles off the southwest commer of Panarea in the Gudfof
Chiriqui {Pacific Doean), Coiba iz a 493 knd® tsland which wag declared a national park in 1991, The marine
environment around Caiba is world-renowned for its diverse, pristine reefs, and the island with its surrounding
maring teserve is currenily under review ss 5 World Heritage Site (as part of AP4). The relatively stable and
warrs beraperatures in the Gulf of Chirqul are manifest in differences in coral reef growth and community
structure {(Glyan and Maté 1997). Generally, coral recfs are more abuadant, larger and have 1 prester verfical
buildup and 3 higher species diversity in nor-upwelling western Pasama than iy upwelling contraleastern
Pasara, The best developed reefs in the Gulf of Chivige! bave vestical buildups of 10-12 nsetors and maxinm
ages of 5,600 years (Glyon and Maté 1997), The Pacific shores of Pavamae have g diverse coral B,
representing 91% of the genera of the eastern Pacific reef bullding species, many of which are found in the Gulf
of Chiriqul {Glymn and Matd [997). Since Cotba is some distance from the mainkend, #t s largely fies of
sedimentation resulting Trom mainland deforesiation and the clean rocky substeate is home lo 4 rich complement
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of Pacific marine organisma not found closer inshore, As such it is anticipated t be a unigue collection site for
naring algae and cyanobmetoria.

The Gulf of Panama; Reef development in the Guif of Panama oconrs slmost oxclusively on the Peard
islands and Isla Iguans. The largest aggregation of coral reefs is located around the Peard Istands, a group of 53
rock islands, islets and shoals gitvated 70 Jan south of Panama City. In this ares, the maximum recf depth s 34
m below water, Carpets of filamentous nlgae are known 1o cover large areas of the reef flat on the 11,7 ha
expanse of Contadora Isfand, The largest reef of the Pear! Islands is Saboga Island (14.3 ha), which is a shallow
reaf dominated by a fow massive reef species where reef fishes are ofien observed feeding on turf alzac. lguana
Island, 5 kum cast of the Azucre Peninsula is the site of the largest reef in the Guil of Panama (16 hay und wag
declared o wildlife refuge in 1981, Wo have yet 1o explors firsthand the promising alpal blediversity of these
Gulf of Pansma sites.

D7 Taxonomy of Algal Collections (specife alm #13

identification of macroalgas will be made primerily with the aid of & highly comprehensive puide to the
rrartae aigas of the Caribbean provided by Littler and Littler 20003, which provides a superh rosowres for
wdentifying marine plasts from & composite of marphology (outstanding eolor photographs), snatorical features
(fine drawings}, and clearly understood taxanomic descriptions. Litder and Littler have also produced a general
guide to the Southern Pacific flora (2003} Most recently, an extensive Panama survey undertaken a3 part of a
Phuld. project by Wysor (2002} reported a tota] of 308 Caribbean taxa, of which 178 appeared to be now
records, and 180 Pacific taxe, of which 87 were new for Panamsa. Thus, including previous records, over 450
taxa have been decumented o dale. Determinations of the 1500 specimens collected from both cousis of
Panara in this study are incomplede to date. Wysor er 2/ (2000) alse rzpart that 4 Hierature sutvey revealed
that masroalgal diversity in Panama is sctually higher than bu most other sountries of either the Caribbean or the
sastern Pacific, When pecessary for Jess ensily identified specimens, maeroalgal voucher samples will be sent

B P VakriePautfSmithsonian-Marine-Station-in-Fort Pleroer Flonde) for-berexpert-idontificaton

Identifivation of Cyanophyceas genera will be carried out by Dr. MePhail and the Oregon graduate student,
with advice from the Gerwick laboratory algst cultuse techinician, and is based on the boranical taxonomies of
Geitler (1932) and Destkachary (1959). Rippka’s (1988) cyanobacierial taxonmny work is used for
comparative descriphions, I addition to Dir, Paul’s support (soe lotter in Appendix 2), we antivipate the
continued assistance of scveral other colleagues in the field of maco- and microalgal tlaxonomy to help identify
problematic ypecimens (Richand Castenbolz, University of Oregon; Gail Hanson, Oregon State University
David Ballanting, University of Puerte Rico, Mavaguez),

LR, Iselation snd Culture of Marine Cyanohacteris (pecific aim #1)

Cur collection technigues 1o date bave beon highly succassfitd in retusning to the laboratory 2 broad
assurtrment of viable material {n casily handled small containers. We anticipate using this same suceesaful
methodology on this project (Geewick o7 of, 1994}, Our coflection containers are sterilized 30 mL Nalgene jars
into which ace placed small portions of algal materfal in nstive seawater. Key parsmelers in maintaining viable
cuftures in the field until return 10 the laboratory sre lemperature (ambiant tropieal}, light level {low),
oxygenation (high), and mrbulence (minimal). Once the samples are back in the lsboraiory, the sultures sre
surveyed w eslablish the nature of the initially dommant algse and allowed (o acclimate to the cultnre room
sonditions £28 °C, 16 b day/8 b dark). We have found it best to Jat new isolates remain undisturbed for 2-4
weeks following return, Afler this initial screening and acclimetion pariod, cyanobacteria are plysically
isolated and put into one of several selooted media: OMM (Gerwick ef of, 1988), BGHISW and 112 (Castenhiols,
1988), BS (Starr and Zeikus 1993}, employing roulti-well tray technology and agar plates using Noble Agar.
Lsolations for unialgal cultures are done according to standard Hterature procedures {Walerbury 1988).

Initial seale-up i3 2 3 L volume, grown for about four woeks or until & cell mass dense enough for
exiraction purposes is achicved. Usually, about 1.5 g of Beeze-dried coll material ts obtained from 3L of
cufturs volume (average weight of 140 x 3 L seale-up cultures). Cultures are grown as static culiures
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supplemented with moderate accation, Harvest of eyenobacterial filaments is most effectively accomplished by
filtration wing @ custom-modified Whatiman filter appatatus and then the cellular material is freeze-dried,

.9, Extraction sud Prefractionation Procedures for Marine Collections (specific alm #2)

Extracis are prepared from macrealgac and cyanobaateria according to the schemes outlined in Appendix 9.
In ¢ach case, afler allowing the algal sample to defrost, 8 vousher specimen (stored in a Whiripak® bag st 20
°C} is prepared for the Gerwick research group voucher repository and excess preservalion alcokiol is filtered off
the sample, Macroalgal colloctions are homogenized in an industrial Waring blender before being imsnersed in
2:1 dichloramethane-methanol, After standing for 15 minufes, the extesetion solvent is filtered off and fresh
solvent is added w the algal material and heated gently for 0.5 hour, cocled, snd fltered, Addition of fresh
solvent, gemtle heating and filiration i3 repeated uniil the decsnted extraction solvent is pale to colorless, The
combined fitrates ave cobctabrated i vacws and the resulting aqueous residus is exiractad using
dichloromethane, fillered o remove particulates, and concentrated /n vacuo. A poction of this cruds extract
{100 myg) 5 kepd aside in 2 111 ethanol-isooctane stoek solution (10 mg/mb.) as & supply for the bloassays
described in AP

Cyanobauteria are chopped by hand if necessary, or simply fmmersed directly in the 2:1 dichlorometbane-
methanol solvent mix. The same procedure as outlined above for the macroalzas ix carvded out with the
following additionsl steps: onoe the alge has been extracted exhaustively in dichlororaethane-mothanol, it is
soaked in 311 methanol-water overnight. This aqueous exteact is then fikiered off, reduced in vacue and twice
pariitionsd belween secvd uiamz and water. The water layer is discarded, while the combined see-bmtancl layers
are coneentrated to yiekd an “aqueous extract.”” As with the macroalgs! extractions, s portion of the
cyanobactonal extracts (50-100 mg) are kept aside as stock solutions for bioactivily testing in AP2.

Organic extracts of both maerealgas and cyanobacteria are pro-fractionated by nornal-phase vacoum- litgidh

shronmiography ag reprosented in {he Ap;*m;d;x 2. A coarse porosity vacunm i lter funnel i3 packed with TLO
"""" e wiion gel wrder vaconsy wd conditoned mrd wpiied witv hexaresPhevacuany is released and e
applied intermitiently as the sample is loaded into the column, afler which a stepped pradiont of hexanes
through eyl scetate and methanol 15 wsed 10 ¢lute the sample in 9 distinet fractions. Bach resulting faction is
made up in 111 ethanol-isoectane {10 mg/mi.} ds 2 stock solution, from which the required amounts can be
withefrawn for submission o APZ for bloactivity testing together with the crude eximet,

Pre~-fractiopation of aqueous eyanobacterial exttucts It sccomplished by reversed-phase vacuun-liquid
chromstopaphy (Appendiz 93 ABler dry-packing a coarse porosity vaces filter Bmnel with Cyg silica gel
undet vacuuns, the resulting column is condittoned with methano! (approx. § bed volumes), The eolumn is Hhen
equilibrated with a starting eluent of 111 methanol-water (spprox. 3 bed volumes) before the sxtract sample is
loaded as deseribed above for the organic extracts. Four distinet fractions are efuted {11 methanolwater, 7.2
meipanol-water, 160 % methano] and 106 % dichlotomethane} snd prepared as Yioassay stock solutions {10

mg/mL} in 160 % ethanol. All macroalgal and eyanobacterial crude extracts and pre-fractions to be submitted
for initial bicactivity testing in AP2 (Tropical Diseases, Cancer cells, Novartis Mechanism-Based screening,
Deow Agroseienses Agricnltural sereentog) will be sent to Panama in 10 mg quantity in sorew-top glass vials,
and alt distributions to APZ biclogy groups will ocour Gwough the AP laboraiory, :

.10, Permits for Collection and Sample Transfer {specific ainy #3)

_ As deseribed m the overview, the }{:g'lf agreement (signod Aprl 8, 19993 between STRI and the MNational
Authority of the Envirorunent (ANAM) allows caiieztmg for the }CBG project and outlines bencfit sharing. We
sef up the agreement to reruire additioral permits frooy AMAM for each collecting and sample transfer. Thus,
before we begin collecting in a partionlar ares, we send ANAM a Hst of species we expect 10 collect, This s
revigwed and approved, usuatly within 2 weels and 15 good for one vear {see Appendix 6}, Recoleations that
are accomprlished within a year of the orbginal pormit o colicet do nof require additional permits. We do nat
collect endangered ov Greatened species, por species for which we feel 3 would be too destructive {sach ag
most orchids), After exiraction, we obtain additional pormifs to transfer spinplos from STRI o other instiutions
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for bioassays {Appendix 6). This includes APZ bioassavs at INDICASAT in Panama, Novartis, Dow
AgroSeiences sud any additional collabosators,

Marine collections within National Parks are also under the jurisdiction of ANAM and are covered by the
STRVANAM aprevment. We casily obtajned collection and fransfer permits {or the collecting and subssquant
transfer of samples 1o Oregon State University soccomplished in September and Ociober 2002, We anticipate

- that marine areag within Nationa] Parks should pz‘m:de an excetient diversity of algee and cyanobacteria,
However, if additional cotlections outside of parks seom desirable, we will enter into Agreements with fhe
Paramanian Maritime Authonty {AMP).

The permitting process has become very streamiined sud bas engendered much good will with ANAM. We
felt that it was better to have a permit process vather than ask for blanket approval for all collections in the
STREVANAM agrecment. This increases the transparency of our work and allows Panama 1o meaintein more
controk. Beeause the majority of the ICRG research is done in Panama by Panamandans, and because we have
imade svery effort to be open, the projeet is beld in high regard (see AP 4 for more details). Nonetheless,
bloprospecting projects with fnvolvement of foreigers must be proactive in order 1o avoid any perception that
we might be unfairly exploiting Panamantan blodiversity, The permitting process is just one of the ways we
mainigin open and positive relations with the Pasamanian government.

.11 Data Management {specific alm #4)

AP will continue fo manage the refational database (deseribed in C.2.) that we developed for tracking
information on vollections, bioassay and chemical resulis for both marine and terrestrial collections. Ag
described in a proviovs seolion (see C.2. "Data Management”}, the gosl of our information system is to
maximize accuracy and case of use, and to facilitate rapid access to resuls by all members of the Pansmn
ICBG. To zecomplish this, the information system has both a database located in the AP1 laboratory at STR,
and an infernet-aceessible, password-protecied database, The AP daiabase is the main repositery of all the

e et warehouse-that stores records-of plant collcetionstiarsfers-of samples- chemiesHnlormation-and e o
oassay tesulis, The mivrnet-accessible database is updated weekly from the AP database and members of our
HUBG can fransfer data oy browse collestion information or bivassay results frem all of the AP’s. For seaurity
reasons, ¢ritical information on chemical siructires of active compounds will only reside in the APY databass,
but any mamber of Ui AP'S van consult this information by a) visiling AP to use the AP computor at the
Smithsonian, or b) requesting that the websie admindstrator send this information a3 attachment 1o sn email,

Situs of current database: The detabase included information on collestions for terrestrial plants (e.g
HXOROMIC idcniifzfaﬁam collection locales, collectors, dates and GPS coordinates, ecological information, see
Appendix 7). All eoliections by APT are given a unigue barcode identification, and bar code kabels aie phaced
on ali samiples leaving the laboeatory, as weli as the herbariumy voucher specimens. Information on collections is
entered info the detabase by the botanists, Examples of soveral pages, sl with pull-down menus, aze also
presented in Appendix 7. Poll-dows menus hielp to avold inconsistent data eatry or speiling mistakes. The
database also contains au up-fo-date pull-down menn with extensive taxonomic information from the Missowri
Botanical Garden’s species [ist, We will continue to confirm ali the curent taxonomie names as well a3
synonyms by uaing the Missouri Botanical Gardens Neotropical Web-bosed Flora
(hilp:/mobot.mobot.org/W3T A earch/vast tml). This web site provides acgess to the Missoud Botanical
Garden's VAST (V ASeudar Tropicos) nomenclatural durabase, including plant names, authorily, genus and
famnily, synonyms of the curcenl name, references and recent nomenclatural changes. The information at the
VAST website on Panama's flowa is complete, lncluding now species and range cxiensions, as Missouri
Botanfeal Gardens has conducted the floristie Invertory of Panama sad Professor Correa, head of the University
of Panama and Smitheonian herbaria, works closely with Missourd,

In addition, the detabase cusrently contains information ou exteacts, distribation of sataples to different
iaboratories, results from our bicassays in Panama, results of bioussay-guided fractionation, and siructures of
active compounds. Bach labotatory has iis own barcode reader and software. Results from thie bioassays in AP2
are recorded directly from the 96-well plate readers inio an Bxcel Ble where all identifying information has been
obtained from the barcode, The Bxeel format is the same for all AP's, 3o the information can easily be imported
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directly into the centralived database in AP Thess files can sither be sent by envail or via the Internct sire,
Recollections of promising leads are riso given uninue barcodses, and ones retested 1n bivassays, tnsferred to
AP3 for bioassay-guided fractionation. Again, all pertinemt chemical information is stored in the sentralized
AP database, An example of blogssay results ars presented in Appendix 7,

The aurrent information system works very well, nevertheless, our neads are constantly evolving and we
will be adding a new marine compoaent. In sddition, we would like to cxpand the database and application to
be a more complete infornation tool. We would like 1o provide more extensive information and, by adding
more pifective search engines, facilitate sophistivated gueries of the database,

Eghancement ¢f the databage: In addition to the infurmation already in the current database, we plan to
mtegeate exiraction protocels, images of collections, improved management of results from our bioassays in
Panama and the U8, pertinent biomedical and chemical data from literature searches {e.g. Scifinder), structures
of avtive compannds, and a summary of the caurent status of sach sample under investigation at Novartis, We
are also adding general lnformation about the collectinn sites, as wel] as shout the faboratories, methods end
bioassay protocois,

Another significant change i the database will be the addition of modules to manage the marine
coliections. The marine module will be tailored to the specific information assaciated with these sallections and
will hclude the underwater phatos, However, witls the experience obtained in our management of teprestvial
samples, we expect these changes to be relatively staightforward.

ggarch engines: Beeause of the large quantity of data generated by the ICBG, we will nced semch engines
timt can not only retsieve simple informabion, but cao also uncover relationships among the data, For example,
we would like lo more easily explore corralations between the bloassay resulis and seological or taxonomic
inforrativn on the active plants, or between chemnical similarities of actives in different biosssays,

Additicnal improvements: We plan on improving the public webipage so that # includes an inventory of all
of the species that the project bag collected. We would also like to expand the visual and text information about
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APT will also be responsibiie {or transferring the necsssary miormation In compatible formats o Z\iiii S0
that they can maintain an overviow of resulls from all the ICBG projects. This nfornntion must be compatibile
with NAPIS, the data management program used by NIH, We witl work o streambine this provess.

D2, Ouireach and Dissomination of Information {specific altn #8)

A major goal of the 1CBG will continue o be putreach and the dissemination of basle scientific resulis as
well a3 information on the value of and threats to biodiversity, Outrench, along with conservation, is alse the
primary focus of AP4, However, APT botanists and chemizts have regularly given tatks, workshops and adwise
a2 sehools, government sgencies and public fora. in the last vear, API members gave over 20 formal
presentations. We propose to continue these preseniations, as (hey have been extremely well received and
provids our APT team with experience in public speaking, These talks not only convey information about
research on Panamanian diversity, but alro provide schoal childien with male and fomals role modals of
Pynamanians in scionce. Typically, biology degress are only viewed as Iraining @ teach biology, a rather pomly
paid professon, However, we have been informed that our presentations have inspired studends to continue their
studics of biology because of an expanded vision of what might be possible with & biolopy degres,

We also roputlarly give formial and informial presontations to park guards, saturalist tour guides and loeal
communities, When in the ficld, our botanists feel like umbassadors for biodiversity, and always take time o
explain what they are doing to interested citizens,

Both the expertise of our botenists and the collections database have provided seful information o the
Wattonal Authority of the Envirenment (ANAMY, As mentioned before, ANAM has access 1o all our collection
information on lime, and we have helped thein to became familiar with vse of the databage. {n order for the
government {0 make reasomable decisions about managernent and conservation, they wust have information on
species digributions, Purthermaore, many iternational funding organfzations such s GEF-World Bask and
LISAID, requirs this type of information. We will cooperaie with ANAM 10 help themt 1o be as competitive as
possible in their attempiy to ablain funding for large-seale conservation intliatives such &s the Mesoamerioan
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Biological Coidor Project {sae also AP4). The species lists of colleptions that we are beginning to make i the
more remote parts of Panama will be particularly helpful, as these areas have been much less studied, Almost
nothing is known about the slgae or cyanobadierss, so this new component wiil be extremely interesting, We
will continue to provide ANAM and any other hiterested conscreation or sducational organizations acoess o
our database and update their leaining when necessary. Because these data will be posted on the web, they may
alse bonefit the large nember of scientists working &n Panama,

B.13, Training and Technoley Transfer (specific aim #6)

A major goal of gur 0BG s to provide Panania with the lechnology and training nscessary to conduct drug
diseovery tesearch, as this is potentiatly 8o ecologically gentle and sugtaindble use of biodiversity,
Unfortunately, the probability of having a drug roake it to market is extremely low, 50 it is untikely that
developing natfons will receive rovaltics from uses of their blodiversity, However, large sums ero invested in
research and development of drugs, for example $30.3 billion for US eompandes in 2001 (PhRMA Annual
Survey 2001}, The resenrch and development costs of each novel drug is controversial, but estimates range from
$150 to 3800 million per approved dmg {Grabowski and Vernon 1994, Love 1999, Agnew 2006, ton Kate and
Laird 199%, DiMast ot al 2002, Publie Citiren 2002). Worldwide pharmaventica! B & D is estimated st 27.43
bititon doHars per vear {Agnew 2000), with about one third of that apent on research that could be carried out in
developlag countries such as extraction, synthesis, biogssay and toxicity testing (en Kate and Laird 1999). If s
fraction of these hrvestinents could be made i developing natons, then biodiversity-rich countrizs would
receive immediate and graranteed henefits from the swon-destuetive use of their natural tesources. Purthermore,
by conducting a8 much of the drag discovery research as possible in ynderdeveloped nations, the potentiat
exists for providing more jobs than alierative uses of biodiversity such as logging or caltle ranching. Tn
addifion, bioprospecting is compatible with other nop-desiructive nas of biodiversity, such as ecotourism and
suosyiiem services,

e Pl pur-goal-isto-design-an JOBG project that sl provide the taining, pifragioucinca and tochnology ..
such that Penamanians can conduct a significant propertion of the regearch in Panama. We have lorged
practical lind between diug discovery and conservation while also providing benefits to the host country, This
approach addregses the widely peroeived and pressing need thet sociely recognizes the trus ccontmic vatue of
the conservation of biodiversity.

With these goals in nuind, all patd APY positions have been filled by citizons and permanent regidents of
Panama. Non-Panarsunians ave participated only on & voluntoer basis, We will continue to provide jobe and
unique kaining opportunities for fearning chomistry and taxonomic identification of terrestvial and marine
plants. In addition to the laboratery head, there will be positions Jor thres Bal-ime bolanists rosponsible for
terrestial piaot colleciions and endoplyyies ss well 85 twocheomists responsibls for extractions. Matipe
cotlections will oceur during several Intensive irips each year, snd will include studeuts from the University of
Panana as well as Tocal field assistants. We encourage the AP employees (o view this a5 a siepping stone 1
better educational or job options, so we expect there o by Ritpover,

In gddition {o these smployment opporfunitics, we will continue to provide opportunities for students to
conduct thelr theses and practicums or simply o galn experience by working with our AT] team, Because

" rzsearch options are few @ the University of Panama, this has opened many opportunities for studenss. For
then, participation it marine or terrestrial coHecting iips, or working inn the chemistry extraction laboratory,
provide wonderfl leaming oppertunities. We anticipate that two to four stndenis per vesr will take advantege
of this. By generating an tnderest in the biology and chemical ecology of plants, we hope some students will
coptinue with advanced degress. De. Geowick is apen 1o the possibility of having students interested in marisie
natural produsts chemistry and biochemistry purse degroes in his laboratory at Oregon State University,
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for a sustainable Panama-based program for the discovery and commercislization of new drugs sad products
for agrenlture,

PRAFORMANGE SITES) {orpmlzalion, nity, 566)
fnstituls of Advanced Scientific Investigations and High Techrology Services Secrstariat lor Sdience and Technalogy,
Panama Cly, Mepublis of Panama

REY PERGONNEL. Do Telrucions, Las cantinualion pages 05 A8o063 ¥ povign (e requiren inirmalion i e fnma shawn below,

Giart with Principet yvesdastor List gl olher %oy parsermw! in alphebelicd) order, 18t narme fst

Mame nganizoiion Fale on Propst

ORTEGABARRIA, Edunde Inslitste of Advanced Bolentific 1. Assndiate Program 2,
fvestigations end High Technwlogy

ves ] ; i ghange of anifmalarial and
Services Bocratavial for Solence and

apli-Uhages dissase

Teohnology [Panama) Bioassays
ROMERD, Luz] frslitids of Advanced Sclendific In charge of lsishmaniasis
inveshigalions and High Tedmotogy and anficancer boassays

Services Secrahariat for Sclence and
Tuuhnology [Pansms)

PG 388 {Rev. 0501} frage 15 Form Page 2

i
.



Priips) nvasiaatorPragam Direclor (Last, Fie, Misdey GERWICK, Willlam Heary

ASSOUIATE PROGRAM 2
%S%Rgﬁ&;ig}ﬂ? Of‘ Bi{}ﬁ()’i‘l?i 1Y AGAINST PARS

iz
ABSTRACT (Forin Page 2) 213
TABLE OR CONTENTS FOR ASSOCIATE PROGRAM 2 214
A, BPECIRIC AIMS 216
B. BACKGHROUND AND SIGMIFICANCE 256
B.1. The Impact of Tropieal Parasific Diseases 27
8.1.1. The Leldmaniases 217
B8.1.2. American Trypanosomiasis ({Chagas® Disease} ' 218
B.1.3. Malaria 219
B.2. Natural Products as Aoticancer Troatments 6
Bl Moleealar Target Assays Implemented at Novarts Oncology 2
B.2.LE SineIMIDACT Regulatory Mechanism 2i8
B.2.1.2, -Raf Kinase Regulatory Mechanism 21
B.2.1.3. p308/HIP-1 Regulatory Mechanisn 2?22 -
1.3, Natural Products as Agrochemicsl 222
B.3.1. Sereening for Novel Agrochemicals by Dow AgroSciences, 223
C. PROGRESS REPORT AND PRELIMINARY RESULTS 24
.1, Ectablishment of Research Frograms to Find Treatmests for
Tropical Disense 224
{01 Drug Discovery fov Lelshmaniasis 124
CLIL Developient and Applcation of a Novel Pmmastwate
AHHISRTEAE AEY o PAL
€112, Testing of Plant Extracis and Pure Compounds for
Antileisheanisl Activity, 325
C.LL3, Cytotoxicity of Antilzishmanial Compounds 225
~ 114, Bevelopmaent snd Application of a Movel Amastigote
Antileishmanial Assay 224
C.L2, Drug Discovery Tor Trypanosema crasi {Chagas® Dscase) 226
CLZL Establishwent of Colorimetric Assays 226
C.LL.2. Testing of Plant Extracts and Pare Conipounds for
Antitrypanosomal Activity, 226
€13, Brug Discovery for Malaria 227
C1.3.1. Bevelopment of & MicroBiuorimetrie Technigue fo Measure
Auntiplasmodial Activity 227
C.1L3.2 Sereening Plants for Antiplasmodial Activity 229
LA, Sunsmary of the Tmpact of thie Trapical Dissase Research
Program in Panama F¥4
(.2, Digcovery of Anticancer Medicine 234
C.2.1. Cancer Cell Lines 238
{.2.1.1. Biagszay-guided Fractionation with the Panama-based
3-Call Cancer Spreens 238
C.2.2. Peefractionation of Plants for Novartis’ Screens 231
CLIL Page Compounds Sent for Serpening af Novariis 31
C.3 Tratndng and Outreack 232
C.3.). Training in Antilelshmaniad Assays 232
3.2 Traivisg in Antiplasmadial Assays _ 232
C.3.3, Training in Antitrypanssomal Assays 232
PHE 92550 {Ray, 0O ) Poge g} !51« _____ Coatinuation Format Page



Principal lavestigatosProg ran Disector {Lask, Fie, Miadiey, GERWICHK, Wilar Henry

B, RESEARCH DESIGN AND METHODS
DL Organizational Overview of Assoeiate Progeam 2
1.2, Rereening Biojogieal Materials for Activity Against Protazean Parasites
D24 Drug Discovery in Leisfimania
D.2.2. Orug Diseovery for Aserican Trypanosomiasis (Chagas’ Disease)
D.2.3. Drog Biscovery in Plasmodiion
D3, Discovery of Novel Anticancer Agents
B3 Naturai Product Screening tn Panania-based 3-Cell Cancer Scveens
B.3.2. Natural Produet Screening in Mechanism-based Assays ai Novariis
13.3.2.1, Gelection of Tervestrial and Marine Samples for Screening
D322 Pretocols for Screening Samples
.33, Tsalation and Structure Elucidation of
Mechanism-lrased Leads
4. Natural Products as Agrochemicals
4.1, Screening Samples
D42, Samale Distribotion
D.4.3, Dereplication of Secoumdary Screen Hity
Ba4. Isolation Chemistry
E HUMAN SUBJECTS. '
F.VERTEBRATE ANIMALS
G. LITERATURE CITED
H. CONSORTIUM/CONTRACTUAL ARRANGCEMENTS
LALETTERS OF SUPPORT(Consultants/Collaborators)

233
233
234
134
235
233
236
236
237
237
237

237
247
238
23R
238
218
239
239
239
243
243

PHS SUS5D0 (Rey, DS0T) Page B

Coctinustion Farmat Page -



@ ®

Prinuinal investigaonbroga Ditestor (Lo, First, MadexGERWICK, William Henry

A SPECTRIC AIMS

The eversll goad of Associate Program 2 is o conduct medicinally relovant assays for the discovery of tTeatments
for neoplastic and tropical parasitic diseases and compounds for the control of agricultural pests. An additions]
objective is to enhance the capacity of locs! seientifie infrastructure, 1o provide rezearch opporiunities for traming
students and to develop tong-tarm relationships batween Pasamanian and US acadetnic, pharmacentical and
agricultural companies that will help secure the base of o permanent and productive Pansma-based program for the
discovery of new medicines and products for agricwliure,

The Spésiﬁe Abms of Assopiate Program 2 are to

1, "Te analyze biological sumples for medicinally relevani setivity against the protozoun parasites
responsible for teishmaniasis, American trypanosomiasis {Chagas® disease) and malaria.
Crude extrasts fron: 130-200 species of Panamantan terrestrial plants and 3075 speeles of Pansmanian marine
algae and cyanobacieris will be tested for activity in tropical disease assays, The assays will be used to
direot the bigassay-guoided fractionation that wil! take place in Assosiate Program 3. Bioactive nwlecules
that show exceptional promise will be further ovalusted in order w study their mechanism of astion,
potency, stability, and gyiotoxic activity,

Z. To evaluate hiological sonples for anticancer actlvily using tamar celf lines in Panmmy ynd
mechanism-based assays at the Novartls Institute for Blomedical Research,
We will carry out bioassays in our Iaboratories with three cancer cell linas {NCE-HAS0 (lung), SF268
{CNS), and MCF7 {hreast)] to deteet cytotoxie activity and to direct bioassay-guided fractionation in
D — Associate Program. 3. di addition, prefractionated exteacts. from tertestrial snd marine plante {1, 500-2,000 ...
materiale) witl be sent to the Novariis Institute for Biomedicat Research for mechanism-based agsays.

3. To cvaluate the agrochemical utility of pht and marine samples in collaboration with Dow
AgraSeiences,
We will sond crude exiracis and prefiactions {1,500-2,000 materials) for testing with DowAgroSciences. JAS
will soreen those samples for insectividal, fungicidal, and herbicida! notivity and carry oul the isolation aud
structure elucidstion of the compounds of Intersst.

4. To develop the host~ountry capacity for 3 permanent Panama-based deug discovery progran.
We will reinforie the bioassay corsponent of 8 long-turm and sustainable Panama-based drug discovery
prograu by transierring technelogy and tratning studeats i the woholques of tissue-culinre, the cultivation
of parasitos and the evalpation of data,

B. BACKGROUND AND SIGNIFICANCE

Natural products have been and coniinug fo be one of the most impertant sourees of phanuaceuticat agents
in use taday. For exampie, it has been estimated that 37% of total pharmeceutical sales, and 45% of wday's
hestselling drugs, are from natural products and natural producte-derived molecules (Frormann and Jas 2602).
Another analysis reported that & of the top 25 top selling drugs worldwids derive from miccoorganisims
{Chiearelli-Robinson ot al. 1997} Approximately 60% of the agents in clinfal trial for the freattnent of cancer
owe their Grigin 1o natural products (Cragy and Mewman 2000). For tropieal parasitic discases, there exisis a
pressing need to discover novel reatments and to devetop technigues that will facititate the participation of
seientists from the developing nations where those diseages have the greatest impact (Gelb and Hol 2602,
Sachs 2002} and this Associate Program has sttempled 1o address thoss nesds for the parasiles respensible for

M|

leistunnniasis, Amatican frypanosomiasis (Chagas' disease) snd malariz. 1o the field of agricultue, natusal
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orodusls bave a long and impostant history related 1o erop profection. They have beon used a3 orude extracts,
purified companents and as tempiates for the design of new synthatic compounds.

B.i. The Impact of Tropieal Pacasitic Discases

The burden imposed ou the developing world by tropical diseases continues to generate an enommous price
in human sulfering and contributes to poverty and underdevelopment [Sachs 2002). Collectively, malaria,
Chayas' discase aad leishinaniasis affect 3 billion people, most of whom survive on less than 32 a day {Gelb
and Hol 2002), Por most parasitic diseases, drugs remain the madnstay of contrel (Marshall 2000, Modabber
2002). However, for mapy of these diseases the current repertoire of pharmacentical agents is inadequate, a
problem which is cxacorbated by the emergance of drug resistance (Gelb end Hol 2002). While most
pharmacsutical companics have concentrated on finding remedies for the afflictions of industrialized sountrics,
.z, cancer, heart discase, and chronic pain, no new classes of antiparasitic drugs have been daveloped since
the 19608, angd fow are in the pipeline (WHG 2000). O the 1223 new drugs that entered the market between
1975 and 1996, only 11 were directed against the pamsites that affect miflions &t Afvica and the Americas
{TDR news 2000). With the exception of ALDS, rescarch and development for the world's preatest cauass of
premature death (pacamonia, diarrhoeal diseases, mberculosis and malaria) amounted to less than §500
rnibion, the cout it takes to bring one drug to market. Since it takes an estimated 1020 years fo develop a
drog, B is orftical that research and development be accelerated and that the poal of researchers be expanded
{WHQ 2000, Sachs 2002). Beyoud the mortality inflicted upon residents of developing eonntries, cutbreaks of
parasitic discases are likely to affectrich countries as well, since drug resistant discasss can spread vig
immigration and trave! (Kirchboff 1993}, Despite the taditional lack of interest on the pari of the
phasmmesitical industry in the development of novel chemotherapeutic agents for parasitic digeases, recent
initiatives bave been described that are desipned 10 bring affordable and effective antiparasitic drogs (o the

———miirket-{Gelb and-Hol 2004 B

B.LY. The Lelshmaniaxes

The leishmantases comprise a group of miections caussd by 2 number of species of the obligate
intraceliular parasite Leishmania (Dosjeus 1998) Infections are scquired through the bite of female sandflies
of the genera Phicbotomus and Lutzomyia. Leishmanial infections oceur in nature in & wide range of vestebrate
hosts but ere patticularly commaon 10 canids, rodents, and primates, inchading humsns (WHO 1996, Clinisal
syndromes including asymptotratic fafections, self-healing cutancous or disfipuring mucocutenecus lesions,
and severe disserninuted discase with fate] ontcomes (WHO 19903, An estinmted 12 million people are
infected worldwids, and 3530 million live in endemic areas and are o risk of acquiring leishmaniasis (Degjeux
19963, There are no effective means of prevention gs vector and reservoir control are of limited value {WHO
1990

The clinfesl manifestations of leishmaniasis are caused by the amastigote form of the parasite, wiidch is an
obligate intraceilular parasite of host-cell mactopluges, Sanddlics feeding on infecied hosts ingest cells containing
amastigotes which rapidly transform into promastigotes. These ere extrscellular forms of the patasite which
maltiply rapidly in the lumen of the sandfly gut. Following inoculatien inio the host skin by an infected sandfly,
promastigotes rapidly attach and enter cells of the mononuclear phagocyte system, where they transform into the
amastigote form (Figore 1, WG 19903, In the New World, leishmmaniasis i widespread from southern Texas o
Northers Argentina and the Caribbean Islands (Welgle snd Saravia 1996, Maloney ef of. 20003, Most cases
oeour innwal arcas whore the parasite, the host, and the vector coexist, While leishmaniasis can be treated with
pentavalent antimonials, resistance to the treatment is emerging (Croft and Yeardley 2002). The cificacy of the
antimony treatinent is vanisble (57-100% cure raie), requires long courses of therapy and causes significant
fver and cardine toxicity in up to 20% of patients (Croft and Yardley 2002). Oiher teatments for lelshmaniasis
such as amphotericin-B and pentamidine are assocsated with multiple adverse side effects such as bone
marrow guppression, renal torkity and ghicose melabolipn disturbauess (Bermun 1997, Mywhofl {9900
While miliefosine (hexadeeylphosphocholing) has shown promise us a treatment of Indian visceral
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teishorantasis (Ihe ef al. 1999) the author of a recent review atticle reported “thers remaing & pressing need for
new aatileishmanisls” (Croft and Yardley 2002),

B.L3, American Trypanosemiasis (Chagas® Disease)

Trypanasoma cruzd 1s the etivlogic agent of Chagas’ discase, a chronio maltisysterstc disease that ai‘ﬁ,m
millions of peaple in temperate, sublroplcal, and tropical repions in the Americas snd West Indies, killing 10-20%
of the people it infecis (Gelb and Hol 20023, Infection is zoonotic, ransmitted to humaens by bloodsucking insects
of the family Reduvidae, Approximately 90 million peopie 1n Latin America are at rigk of tufection, and 15 (o I8
miltion arc acally infected. The overall incidence of the disease has been estimated at 200,000 eases o year, and
over 70,000 individuals die aunually as n consequence of the infection (WHO 1991, Dusanic 1991}, While
huunes wfection is rare In arews north of Mexico, 2 serosurvey conducted in 1989 1o determine the prevalepce of 7,
cruzi infection among Central Ametican immi grants in the Washiz*gtm L res found 3% of them to be infecled
(Rirchhwfl of af, 1987}, suzgesting that 50,000 to 100,000 US immigrants may be living with the dissase (Grant

ef al, 1989}, Fulminant infections resulting from blood transfision in the United States and Canada have been
reposted (Kirchhofl of ol 1993).
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The developments! cyele of T cruzd includes three morphologic formis: amastigotes, epimaatigotes, and
wypomastigotes (Figure 7). The amastigots is the dividing intracellular form found in the tissuss of the
marmnaliag bost, The rypomastigote is Tound in the Bssue and bloodsteeam of infocied rmammals and is
seeponsible for the spread of infection from cell to cell and i3 also the form thot i tansmitted to the fusect vestor.
The epimastigote & the o that madtiplios in the digestive fract of the tristome vector, The epimastisote can also
be cultured axenically, /6., i the sbsence of s host cell. While the jngect foedds, the trypomwastigote is exorcterd in
its feces and urine, and then enters the body Uuough an abrasion on the skin, ap intact mucous membrane such as
the eonjunciiva, o the wound caused by Hhe bite.

Three clinival stages are recognized in Chiagas’ disease: a short acute stage, a long-lasting chronic stage, and a
long, chucally asymptomatic mdeterminate stage (WHG 1991). There 18 no evidance that individuals in the
shronic or indetermainate phases of the disease benefit from diug fhempy, therofore, reatment is presaribed
only for patents in the shorf acute phase of Chagas' disease, Treatment with nifurtimox {3 pitrofuran
derivative) andé benznidazole (8 nifreimidazole) results in adverse side offoots, ma.fudmg; wenkness, anorexia,
nausen, and voaniting in most patients {Viotti 2 ol 1994), Continued therapy y is fznqamtly assoniated with
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toxic hepalifis, contral and peripheral aervous sysier symptoms, such as toss of memory, remar polyneuritis,
paresthosie, sefzures, and bematologic slterations, Of additional concers, lymphomas developed in 33% of the
rabbits treated with nifuriimox and 42% of the rabbiis given benznidazole (Viotd f of. 1994), Thus, there is an
urgent need to develap of new pharmacologic agents against Tryparsoma cruzf (Gelb and Hol 2002).

B3 Malaris

Mularia is the world's most inportant purasitic infection, mnging among the majer health and
developmentai challenges for the poot countries of the woild {Sachs o7 @l 20021 More than a third of the
world's population {(about 2 billion people} five in malacia endemic areas, and | billion psople are estimated to
varty parasites at any given tme (Guerin o o, 2002). Bach year there are 300 to 500 million new plasmodium
infections and 1 fo 3 axllion deaths from malaria in the developing world (Marsh 1998, Marshall 20001,
Flasmodium falciparas: 15 the most meligeant of the four human malarial parasite species { Wellems 2002),

The qunoline antimalarials and related aryl aleohols owe their origing to quinine, fsolated from the bark of
the Perurvian tree Cinchora ledgeriana, which was fiust imported into Burope from Pere for antimalarial use in
the seventeenth century (Meshuick and Dobson 2001 ). The quinoline antimalarial, shloreguine, has for
ducades been the primary chemotherapeutiv means of malaria treatment and coniral, but resistance o
chlotoguing hag developed ot 3 global seale and has buen mot by a fow allemative drugs, all of which were
e expensive, encountersd resistance problems of their own, or were less sale and more difficult to use than
chioroquine iisell (Radley 2002, Welleras 2602). In Chins, infusions propared from warmwood (Artemisia
apnua) were used for treating fever over a thousand years ago, a property atiributed 1o srtemisin, 2
sesquilerpene lactone that has been used increasingly over the past swo decades to weat malaria (Silachamroon
et al. 2001, Ridley 2002}, No clinically relevant resistance of P. falciparum to artemisin a3 vet hag been
described, nevertheless toxiclty associated with high doses has negatively hapacted s use {Ridley 2002). The
—-somplexityof thematariaparssite’s life oyclehas made the developmeni-oflvaccines. problematicand
antimatarial drugs are congiderad the last cortain line of defense (Bigure 3, Marsh {998, Marshall 2000},
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B,2. Maturaf Produecis as Anticgncer Trogiments

Approximately 60% of the agents in clinival tial for the teatment of cancer owe thedr origin to natural
produets (Cragg and Newiman 2000), Fron a very recont analysis by Newman et ¢ (unpublished), which
updates their earber ity of the origing of clinically usefid agents (Cragy 2¢ 2/, 2000), 697 agents are cumently
i use In thio clinie. OF these, 30 (4.3%) are upmodificd natural products, 195 (22.2%) are modified nalural
produets, 77 (11%;) have a natural products “ancestry” and 42 (6% are “biologicals™ (e.g. protemns). The
cemgintig 393 (56.4%} are syntbetic compounds. Flence, In raw numbers, nstural products have played a
eritical role in the development of 262 (37.5%) of the agents in use today. Approximately 40 chemotherapeutic
agents and 20 hormonal agents are used to elinfcally treat cancer, These compounds used afone or in
combination with surgery, radiation, or biomolecules (e proteins} bave had Hmited suocess with only 10% of
rdividaals affiicted with cancer attaining fong tevm survival. Therefore, there exists a need to discover novel
potent chemotherapsutic agents. In the past two years, some of the natural products or natural product
derivatives entering clinical trials include SOW-10 (from Escharichia coli, Smith 2001}, Bavopiridol (from the
Indian tres Dysoxylem hinectariferum, Wang 2001), rapamycin {from Strepiomyoes hygroscopicus, BEE 20023,
irofutven (from the nushroom Ompholois Mludens, Baekelandt 2002), FRAO01228 (from Clramebacterium
viglacesm, Vigushin 2002), ecteinascidin-743 {from the marine tunicate Ectelnaseidia lurbinote Verschracgen

and Glover 2001), s mitomyein C (Trom Strepromyces coespiiosus) somplexed Lo hydrexypropyl-8-
syslodexten (Grosios 2002).

B.2.1, Motecudur Targel Assays Implomented 2t Novartis Oucology
Novartis Pharmaceuticals is s world loader in the research and development of produsts (o protect and
improve health and welb-being. In tormms of research and development, Novariis Oncology is 8 flagship
therapentic area having a pipeline that is the covy of the indostry. The recent ¢hinical sucoess of Gleevee, for
oG ARPIE- - the restment of certain Jeukemia and other cancess has sofidified Nowartis’ rolain ushesingina

new ers of molecular turgeted therapentios (Bakhtiar o7 of. 2002}

The Molecular Target Peasibility Unit {MTEFL) of Nevartis Oncology has been created to susfain g
continuous flow of molesular targeted soraens relevaat to cancer. These will be used in the current proposed
vollaboration {Section D.3.2} to discover novel compounds from terrestrial plant and marine algal extracis
from Parama that gre usefud in keating the major types of cancer (oolon, lung, breast, prostate, and ovarign).
This will be achievad by antaclanyg appropriste aegeis for cancer drug development including modulation of
the netivity of oncogenes, lumor suppressor genes, apeploss, and vartous signal transduction pathways.
Targets that have beets addressed by the MTFU of Novenis Oacology in the past calendar year ars: My B-1af,
Fit-3, Mu-Abl, FAK, PRE, P3O0 HAT, Sut2, Bdg-1 FLIPR, Bdg-1/5-1-P Bindiag, Axi, DNMT3b, UXCRA4,
PAL UBCHID UBCIZ, UBCS, E2-10,E2-12 H2-17 B34, HDACH, Epbrin 48 Kiaase, Bphrin 4B/Fph 2
Bimding, USP2, FAS, RET, FOFI-R, ALK, BACEZ, PPAR-S, Hapd0, Bub-1 Kinase,

Scwe of lhe more active targets ot Movartis include apoptosis screens, Kineses, histone acetylases, kisione
deacetylases, methylransferases, SMACIAD, Hep0, BDG-1, hypoxis inducible fctor/p3i0 and CXCR-4,
Four active kingse programs include prolein dnase B, mutant and wild-type Abl, mutant and wildtype #-Raf,
and protein dependent kinase -1, Histone acetyluansferases and doacetyllransferases include HAT, HDACH,
SIRE-2, amd SIRTV]. There are also programs for DNA methyitransferage | and DNA methyltrangferase 303,
The SIRT-2MDAC-1 system is a recontly developed target against which deacetylvismione A showed pood
activity and 13 desoribed here, fogetber with two other examplas, to provide a background of the criteria of
gpidemiology, nathophysiology, assayability, and drugability et are considered prios (o developing o new
target for sereening,

L Sirs2HDAC] Regulatory Mechanism
Reversible histone acetylation is a major regulatory mechanisn that is thooght 1o modulate gene expression
by altering the accessibility of wansoription factors to DNAL Histone deacetylnse (HDA) inhibltors have beon
shown to result in activation of gene expression and anti-prolifemative effects in fumor cells, such gs induction of
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cell cyele arrest and differentiation in certain trangformed gell Hnes, The collshoration of histones with
transeripion coastivators and factors in post-translatioral modification is important in gene repulation. HDA
inhibition throngh histone deacetylation is postulated to produce transeriptional activation by facilitating the
asccessibility of ranscription factors 1o nuclensotnal DNA, The anti-profiforative effects of compounds that
inhibit HDA include cell oyela arrost, differentiation or apoptosis of transformed cells (Yoshida ez of, 1990,
Hoshikawa ef 2l 1991, Sugita ez af, 1992, Hoshikawa ey al. 1994, Sambucetti er l. 1997, Yoshida snd Beppy
1998}, Purthermore, HDA inhibition leads direcily to induction of humen 821 ovelin dependent kinase inliibitor
{Sambucetti ¢f al. 1997, a key mediator of G1 arrest and differentiation, suggesting tat p21 induction is
invotved in mediating cerfain of the anti-proliferative effects cansed by BIA inhibition. A large mumber of
human cancers have low levels of p21 expression possibly due, in part, 10 Joss of p33 activity, 2 franseriptional
activator of p21. Inhibiting HDA may arrest the cell cycle in cells with 5 defective p33 pathway. This strategy
would potentially lead (o compounds selectively toxic to caneer cells, sines normal tissues penerally have lower
levels of HDA than nimers. Two HDA enzymes currently being evaluated are HDAC-T and Sirt-2 using the
detection mechaniam itlustrated in Figure 4, ’
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Fignre 43 Schewatic representation of the Sint- 2/HDACH assay

B.2.1.% §-Raf Kinase Regulatory Mechaniam

The serine/theeonings kinase Raf-1 plays o oritical rele in linking growth factor receptors at the celt
menibrane with transcription factors. The regulation of Raf-1 activity is complex and Involves Ras, as well as
soveral serine/threonine and tyrosine kinages. Through a series of phosphorylation events, extracellular sigrals
arg connceled throngh the Ral- 1/MAP kinase pathway to tenscription factors involved i controlling cell
growth, dilferentistion, and survival {(Magnuson ef ol 1994}, This cascade also medistes transformation by
meny onsogenes (Daum ef ol 1994). It has been demonsirated (hai blocking ¢-Raft! protem production by
antisense oligonucieotides is sufficient o jnhibit both Ras-dependent signal transduction and tumor growth
{Monia et af, 1996}, Therefore, the inhibition of ¢-Raf-1 kinase sclivity represents an altractive rget for
phantacological intervention and the mechanism o detection of inhibition Is presented in Pigure 5.
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Figure 8, Schematic represenintion of the ¢-Rafe| Xinase assay
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B.2.1.3, p300/HIF-1 Regulatory Mechanism

Mew blood vessel forrpation is essential for tumor growth, lnvasion, and metastasis. Hypoxia-induced
ygeaes such as VEGF play an important role in angiogenesis by acting as potent inducers of vasoular
permaability, as well as serving as specific endothelial cell mitogens (Semenza 20000, High expression of

VEGE was confinmed in tusnor tissues, and platglet activation was identified within the tumor vaseulaturs

(Verheul ef ¢l 1999}, The transcriptional activation of hiypesia-induced genes, including VEGF, requires the
interaction of HIF with the p3O0/CBP nuclear goactivators (Kawasaki ef of. 1998), Antagonists of HIF activity,
through disruption ofits binding o p304, may prevent nevangiogenesis associated with solid taors. The
principle behind detection of HIF activity anfagonisis s dlusirated in Figure 6,
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Figure &. Schematic diagram of the HIR-1/p300 binding assay

B3, Natural Products ag Agroehemicals

Natural products have a long and important history celated to crop protection, They have been usad as
crede extracts, purilicd components and as templates for the design of new syﬁthutle compounds. The unique
stetural diversity represented by paturad products has boey a%so&;at&d with mz:qae moddes-of-action (Henkel
et al, 1999, Duke ef of, 20000, 2 key factor in the success of new agrochemieals, The most notable Bunily of
wmm&miai products dertved from 4 natural product template i that of the pyrethrods which were developed
ag syathohie mimics of the pwrethrms. Diied pyrethvum (Fanacetum cinsrarifoliem) Bowers have Deen known
for centuries in ancient China and Persia to be offective for inseet gontrol {Gullickson 1994). The synthetis
pyrethraid analogs are much more active and photostable than the pyretheins from which they were modaled
{Eiiot 1596) and represent one of the priscipal fusect control agents used around the world, accounting
cotlectively for aver | billion dollars in sales annually, Other examples include the discovery and
cormmesciatization of the sulcotrione herbicides, modeled after the natural produet, leptospermone (Lec ¢f al,
1997, and the steobilurin family of fungicides which were developed from the basidomyeete natweal producy,
strobilurin A (Sauter ¢7 af. 1996).

in some cases the biomedical activity of the natural product ilsell s sufficient to achieve high levels of
efficacy under field conditions. Such is the case of spinosad, a vew microbially devived insect condrel agent
dizscovered and developed at Dow AgroSciences. Spinesad s the first commercial representative from this new
famitly of macrolides. A mixture of two closely velated factors {spinosyns A and b3, Figure 7) are produced by
the actinomycete Saccharopalmpora spinose and are present in the final product,
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Figure 7. Stmuctares of spinosyn A {Re=H) and spinosyn It (R=ide),

Spinosad s an extremely polent insecticide against a number of important lepidapteran pests including
tobatco budworm, begt armyworm, Buropean comborer, and pink bollworm, [ 13 alse very selsctive with
raspect to predators and certain parasites allowing it 0 be incorporated inte many Itegrated Pest Management
(IPM]} programs. Spinosad bas a povel action on nicotinic receptors which has been identified as the primary
canse of death. No cross-rosistance has been identifiod and there is no mstabolio or ofher type of resistance
known, Tracer®, the spinosad fonnulation for use i cotion, received ULE, registration in 1957, The expertise of
Dow AgproSeiences in discovering, developing, and cammerctalizing natural products is iHustrated by the
recent succesefil leunch of spinosad arpund the world, Further, there are & number of other novel natural
products that have been discoverad at Dow Agrobuiences with potential agrochemieal wiility (Figlds o2 ol
19946, Corvick ef of, 1597, Schentzer ¢f al 2000, Lower ef af. 2002, Lewer ef o, 2003},

B.3.1. Sereening for Novel Agrochemicals by Dow ApraBSciences.
Bow AgroScisnces (DAS) is the global agrochemicalbiotechnology division of The Dow Chemieal Co,,
with headgquarters logated in Indianapolis, Indiana. Dow AgroScicnces discovers, develops, and markets pest

insecticides, fuogicides, berbicides, soll fumigants, plant growth regulators, and nitrogen stabiltzers, Dow

AgroSoiences eraploys approsimately 3,000 employees globally, with annual sales near 3 billion dolfars, The
cornmittent o discovery of new agrochemicals is evidenced by the Resezrch and Development Center which
eimgoyees over 430 soientists, The Natural Produets Discovery group is located within the Rescarch Center
and has accountability to deliver leads and products offering new modes-of-action and reduced risi to the
applicator, beneficial erganians, and the snvironment,
A pumber of proprietary assaye have been developed at DAS to wdeatify sromising activities against
insects, orop diseases, snd weeds, The standard testing protoco] for crde extrects apd natural product mixtures
inchudes a geries of sercening nssays in each therapeutic area, followed by increasingly refined assavs o
identify those candidates with desisable lead and product sttributes. These screendng assays include 2 number
of in vivo and i viley targets, ere adapled fo a $6-well mucrotiter plate format, and can be executed at high
throughput with rapid data ture around, Most assays are performed with robod assistance and with automated
data acquisition. The precise assays and targets are propeictary but include tnsect pests representitive of the
orders, Lepidoptera (caterpiliars), Colzoptera (heetlos), Homeopter {aphids, seales, hoppers), Dipiera (flies),
sopters (ermites), s well ag representatives from the class Arachinida (mites). Similarly, sssays are in place
to identify activity against the major plant diseases including Phycemycetes (late blight), Ascomyaeles
{blotches), and Basidiomysetes {rust, sheath blight). Phytotoxic (herbieidal) activity is also evaluaied in the
high throughput $6-well format. Dow AgrofBciamnces mutinely evaluztes tong of thousends of extracts and
fermieniation brodhs sach vesr for promising sow activities,
Extracts described in the current proposal will be screencd in the sbove batlery of assays and pronuiging
activities corefully examiosd (o secondary and advanced levels of testing. Secondary tests typieally involve
evaluation of the pest tn, or op, s crop host and are not conducted in microtiter plate format. Further, a dose
range is applied to understand the relative sensitivity of difforent pests and the levet of crop tolerance to the
nest control agent. in the case of herbicide teating, exiracts are applied directly to one or more of the following
targel weeds growing in a soil maitix; Amaranihus retroflecs, Chenopodinm aibum, Lamis anplecicanle,
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Polygonum lapathifolim, Galeopsis wivabit, Abwiion theophrasti, Ipomaea hederaceae, Fhavbitis purpures,
Setaria faberi, Echinoching crus-galll, and Sorghum helepenye. Accordingly, it s important that the amount
of extract giilized in the initlal soreentng assays be adjusted to achieve a hit rate of 2% or less in & givon assay.
The level of activity observed in secondary tests is generally sufficient to coable a decision on whether to
pursue identification of the active component, Occazionally, other advanced levels of tests may be performed
1o examine additional performance attributes eg. systemic ve. contact sctivity, curative ve, prolectant,
preemergence vs. postemergence. The biology staff al Dow AgroScisnces are highly capeble of iraplementing
advapeed levels of tests to clearly define performance attributes, Those sctivitios that appear promising will be
sddvanoed inftially to dereplication and subsegnently w isolation and identification.

C. PROGRESS REPORT AND PRELIMINARY RESULTS

C.1, Bstablishment of Research Programs fo Find Treatmonts for Troplcs] Discage

Over the past four vears, seiendists working on the fropical disease component of the Pansma ICRG have
worked with the olber JCBG participanis 10 reate two new research programs in Panama. Their primary
agcomplishroents inchudes (i) the creation of two flly-equipped leboratories in Panama, one for lroplcal divease
bioassays and the other for bloassay-guided fractiopation, (31} the training of & group of Panamanian students in
the culture of parasites and the technigues of bioassay-guided factiouation, (i) the establishraent for the first
time i Papsma of cultvres of Plasmodizm jalciporum, () the development of 2 novel DNA-based
microfluorimetric bloassay o measure antiplasmodial activity, (v} the development of two nove! non-
mdicactive bloassays for meastring antileishrania] sctivity, (vi} the implementation of a colorimetric hicassay
1 measure antitrypanosomal activity, {vil) and the purification and eharacterization of novel compounds with
activity against Leishmania spp., Plasmodiun falciparum, and Trypanosoma crusi. Presently, the programs of

e P riega-Barrta-end-De Lo Cubilla-are-wadely-regarded-as-among-the-most-productive dnthe-couninypad

have already trained students that are now seeking M5, and Ph.D). degrees abroad. $r. Cubille will be part of
Associate Program 3 in the noxt soration of the 1CBG.

CLLL Drug Discovery for Ledsinnaniasis
CLLL. Development and Application of 2 Novel Promasivate Aptileishmanial Assay

The Ledshmania group is headed by Dr. Lz Romero, who devotes] " =" bf her time to the ICBG
program, We lnltially chose to work with the promastigole stage of LedSTmania mexicana sineg 3t is the form
of the parasits most casily grown in vifro and if can be cultured in well-defined media in the absence of a host
cell, reaching high titers (0.5 x 10%mL}. A noval colorimetric assay was developed and standardized that
provided a quantitative and efficient method for the evaluation of snileishmamial activity on plant extracts and
purified compounds [>UPmTed The assay employs the letrazobivm salt, sodivme2 3-bis-{2-
Methoxy-4-nitro-S-sullopheny Fon-ioasonuo-a-carboxanilide (XTT In the presence of the eleciron-
coupling agent, phenazine methasulfate, XTT i3 reduced Ly mithocondrig! dehydrogenase to 5 water-solable
praciuet in the culuire media supernatant whose concentration can be defonnined by measuring the opticat
deosily at 450 n in 2 avicroplate reader. The XTT nethod offers several advantages over the copvertional
eodorimetric method that employs 3-(4,5-dimethylthiazob2-y)-2, S-diphenvitetrazeiiun bromide (MTTY.
Unlike the water-ingoluble formazen produced upon reduction of MTT, which requires aspiration of the wedia
followsd by solubilization with isopropanol prior i measuring the opfical density at 570 nm, the forntazan
product produced upon reduction of XTT s water-soluble, rmwaning that the optical dengity can be read divently
withoul aspiration of the media. As s resuli, the XTT mothed is simpler and avolds an aspiration step thut may
resull o the inadvertent removal of parasites, an important consideration in time-course expetiments. An
additions! advantage ofthe XTT method is the shorter periad of insubation, a result of the nocelerated
reduction of the XTT substrale by phenazine methasudfate (Buttke ef af. 1999)

Optical donsity values obtained at 450 b with the XTT method comrelated well (= 0.965) wiih parasite
numbers in g growth curve of L. mexicana determined by microscople counting. Similarly, paragite nunibers
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measured by the XTT method cosrolated with the vatues obtained by the conventional MTT methed (r=0.961}.
Likewise, both the XTT- and MTT-based assays showed the same degeee of sensitivity in terms of their ability
to deteot Lelimonia promastigotes. The minimal aurmber of parasites detected over the control background
was 277 promastigotss for both methods. The 1 valugs obtained for the reference anti-lsishmanial dra o5,
acphotericin-B, hexadecylphosphocholine (Miltefosine) and Ketoconazole were 0.037 pgiml., 102 pa/ml
and 0.023 ppfrol, respectively, and were similar to those proviously dotumented (Berman ef of, 1984,
Kuhlencord ¢t al. 1992, Golenser 1999),

C.1.1.2, Testing of Plant Extracts and Pyre Compounds for Antileishmanial Activity

The XTT-based methodology was employed (o screen 1647 crude plant extracts {vousisting of original
collections, and sevollsrtions, of young and mature leaves from the same species) in addition to 609 pactially
purified fractions and purified compounds. For plant extracts, we considered any extmet with 1, values Jower
than 40 pgiml as “active”. Plants selested for bivassay-greided fractionation were chosen on the basis of
congisiant bloactivity below 40 np/mi. and the absence of reported bioactivity or known antilpishmanial
compounds in the SaiFinder database. The XTT-based methodology was used to diredt the bicassay-guided
fractionation of Guatieria amplifelia leading to fhe isolation of the known aporphing alkaloids, xylopine and
nornuciferine, while fractionation of G, dumetorum yielded aporphine alkaloids, eryptodorine and nornantenine
{see AP3 Section C.1.1.1.), The antileishmanial activities of these compounds are shown in Table 1. Due to the
promiging yet unreported antileishmanial activities of these componnds, an| FATENTFENDING

THo 1801000 0F aCESING wom Sarcarhacuy naranfoana (Piperacene) 15 dosonbed 11 ATS (Seation

C.LEL) While segeline 13 2 known compound, its antileishmantal properties were not previously recorded
tf{: 53 12 ;&.M},,

Table 1. Asgleshoreal sptivity of pacificd compouads from Guatterin amplifolia and G, dusetorios, and evicioxicily
to mmen foreskin fibroblasts.

Sample 1Czs, poimidstd dey, (i) .
e L BREXICARG E. panamensis Mucrophages ~ HFF
Xylopine 1£0.08 () 240,07 {6) 3320.05 (112)  34& 003011 %)
Cryplodarine BLAEH 20,024 (6) 20+0.01 (64} 184 0,02{58)
Nerpantening 80,1 24} 530,145 (153 >4 >4{)
Mornuciferine  4x0.28 (143 8432 (28) >40 >4{)

*Resulis me expressed as 3105 (the concentraion ol ecompound that indibied wrowth of filty percent of the pasasite or celf
line). *Hweran foreskin fbroblasts, '

CLLA Cytotoxieity of Antileishmanial Compounds
1o determine if xyloping, cryptodosine, nernantening and nornusifering show greater togicity o the
Leishmanta parasites than to mamunalian cell lines, we measured their toxicity towards human foreskin
fibroblasts and the murine macrophage cell Hoe, I-774. Fibroblasts ave maesenchymal celis commonty found
in organs aind connective tissue and are isolated in cur laboratory from the Toreskin of newborns, Macrophages
ave whiquitous immate celis th manunalian tissues and are the host colls of the Leivhmania parasite in infocted
individuats. As shown in Table I, sylopine showsd approximately 37-fold higher toxieity towards L. mexicana

{han magrophages while : 4 nucifering was not detectable at the highest

. Submitted . ' ™ .,
concentration testec Inordar to assess the potential utility of thege
‘our aporphine alks oW 03 SONTCSINIATIA] Toaments, 5 11T recently awarded scientisty from our Associate

Pragram 565,600 to test the iz vivo potential of these alkaloids to cure leishmaniasis fo a muring model of the
discase. AP3 chemists will work in collaboration with scientists at the Depariment of Laboratory Animals of
the University of Panama,
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C.L14, Development and Application of a Novel Amastigote Antilelshmanial Assay

The assay described in Section C. 1. 1.1 utilizes the infactive, or promastigote form of the parasite. OF
greater clinical relevance is the amastigote form of the parasite which muitiplies inside the host macraphages
and is responsible of the discase manifestations in humans and which should the target of any novel treatment
(Croft and Yeardley 2002). A method to convert the Leishmanio promastigotes info amastigotes by annlating the
phagolysosome conditions at low pH (5.5} end temperature (36 °C) has been deseribed (Bates et of, 1992), We
subsequently found that pH resuived to induce the promastigots to amastigote transformation was inconsistient
with the reduction of the XTT substrate, prompling the search for an elternative method to quantitatively
evaluate parasite multiplication. n responss, we developed a novel microflucrimetric amastigote assay which
smploys PleoGreen®, a DNA intercaluting agent that forms & Buarescent complex with the parasitic DNA. As
the promastigotes arc grown axenically (ie., cell-frec) there is no potential interference with collular DNA and
growth is measured with a fluorimeter in 36-well plates. The fluorescence values obiained with the
ricrofluorimetric method showed a strong corrclation with parasite number when counted manually fr = 0.97).
This assay was eslablished with Leishmania panamensis, which produces both the cutansnus and
musoculancous clinjos! forms of the disease {WHO 1990), Since May of 2002, we bave used this method for
the surcening of plant exiracts and for bivassay-gulded fractionation. A total of 15% crude extracts have besn
processed, 11 of which (79) were consistently active and which are considerad as candidates for bioassay-
gutded fractionation.

C.L2. Drug Discovery for Trepanssema crugi {Chagas® Disease)
.1.2.1, Establishmient of Celorimetric Agsavs
Dr. Eduardo Oriega-Barrls Yeads the Chagss” disease group. Ours is one of fow labotatories in the world o
employ # vecombinant strain of 7. cruzd thet express the Escherichin coli B-galactosidase zeng to st candidate

wha generonsly provided the recombinant strais to Dr. Ordega-Burrds. Transfecied pavasites catalyse a
solorimetric psantion with shiorephenol red-f-D-galactopymanoside (CPRG) a5 substrate and the amount of f-
galactosidase activity is directly proportional to the number of transfected parasites. The assay Is perfoimed in
a Be-well plate and 1s casily and aceurately quantitaled with a microplate reader,

We initially established a technique to evaluate the eximagellular (epimastigowe) formeof the T, erd
pardsite sinoe the growih regnivemants and conditions of the culture are relatively strsightforward. We have
sinee established a hicassay with the intrecellular (amastigote) form which we now use routinely to svaluate
potential antitrypanosomal compounds. As mentioned in Section B.L2, while the trypomastigate stage of 70
erpef i respapsibite tor spreading the infection from colt fo cell, i is short-lived (hours), rapidly transfomming
into the amastigote forms upob entering into the host-celf pytoplasm. I is the amastigote form of the parasiie
which is the most relevant clinically. The bioaseay uses human fibroblasts a8 host-cell, and to belter mimic
patiral conditions, we altow the trypomastigotes 1w invade the host cell monolayer ovenight prict 1o exposing
the jufected cells 1o the test substamor. Contiols are performed to accurately determine the effect of the test
compound on both the parasite and the hostwcell, Plant extracts are inilislly tested in duplicale at two
congentrations, 50 and 10 pg/mi., snd extracts that show [y lower than 30 wg/ml. me considared active.
Extracts that are active af a single conconlration are recondinmed by icsting in duplicate at 38, 19, and 2 ug/ml,
and the same concentrations are nved for testing fractions [rom bivassay-guided frachonation. The availability
in Panaria of assays for both the amastigoie and wypomastigote forms of the parasite allows yz o explore the
spesificity of any antitrypancsomal activily and o addresa the potentia! mechanism of action of the
compounds dug to the biochemical and antigenie differences belween the developmental stages of 70 cruzi
{e.g Furnya et al. 2000).

_ .1.2.2. Testing of Plant Extracis and Pure Compoeunds for Antitrypanosomal Activity
& total of 2,181 extracts, {cousisting of origine{ coilections, young and muture leaves from the same
spenies. aud recollections) have been tesied for antitcypanosomal activity. In addition, ¢ ol of 268 assavy
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from partially purified fractions as well as purified compounds. The extraceflular (epimastizor) method was
employed to analyze 896 extracts and [,283 exuscis were studied for astivity with the intracelluler
(amastigoe) form of the parasite.

Bacause the plants initially subjected 1o purification. were selected on the basis of their actyvity against the
extrapeilular form of the parasite, as purified sompounds have become available, they are helag evaluaied for
their effect on the inteseellular {amastigote) siage. Although with some differsnces in the relative values, our
sesulis with Myrospermum frutescens shows that all the compounds purified using the extracellular method
were also active when tested in the intracelular assay (sce Table 23,

The bivassays discussed above were used to guide the purification of compounds from Nectandra linsata,
Hedyosmum bonplandianion and Myrospermon frufescens, discussed in greater detasl in AP3, Section C.1.12.
Table 2 shows the results of seven new cagsane diwerpencids (1.7) isolated fromy Myrspermmn frutescens.
Interestingly, compounds 8 and 7 were more aclive against the extraceiiular form of the paresite than the
tracelbidar form, while compounds 1 and 2 were more active against the miore clindsally refevant intracellnlar
form of the parasite.
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‘Fable 2. Bioaetivilies of Myrospernuom diterpencids against T, criay
Extra-celblar®  Intvacelislar®  Cviotedeiy”

Compound 1€y, (vl By (M) oy (g
4 4864154 Fid g ai 14%
2 6% 33 et 15 148
5 1158 84 59+ 17 118
7 65:+12 J58E 04 124

‘Resuits show the 10, value + 8D (p s k19 fiemp@mzds 3, 4 and & wape assaved fo the extracollilar T ored sssay and
showed 1Cq, volues of 36, 37 and 104 uM, mapestively. "Bxperiments were performest with hutman foreskin bsoblasts,

To accurately Interpret the results of the intrace]lular assay, it is necessary to determive whetler ts
mgasured toxicily of a compound results from the killing of the parasite or from sirply killing the host cells,
Accordingly, we determined the eytotoxicity of these sompounds against marmmnalisn cell lines using privary
huemax foreskin fibroblasts (HEF), the cell lne routingly emploved w enliure the intraceiiular forme of T oonzi
{Chiari ¢f @i 1984). In the case of compounds 1 and 2, the intmacellular form of the paragite was approximately
nine-fold more sensitive to the compounds thau were (he HFF cell lines (Table 23, The enhanced tonicity of
compounds T and 2 towards the intracellular for of the parasitc as compared w the HEF celf line is
paniouiarly relevant (o the development of new dougs Tor treating Chagas” dizease as it involves the more
clinically and biologically relevant form of the parasite for which there are curreatly no sffeciive tieatments.
Compounds 5 and 7 showed approximately §- and 10-fold greater effect, respectively, on the extracellulnr
form of the pagasite than on the HEF cells.

C.1.3, Drug Discovery for Malavia
C.L3.1 Revelopment of & Microfluerimetric Technigque to Measure Antiplasmadial Activity
The malaria group is led by De. Oriega-Barrde, Ouwrs is the only sboratory 1o Fanama culturing Plosmodivm
Sabeiparan tnviire. Dennds Kyle (Walter Reed Army Institate for Research) and Phillip Rosenthel (University of
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Californin at San Prancisco] provided both materials and training opportunities for pessannel. Both chivroguine-
sonsitive and chloroguine-sesistant sirains of 2 falciparem and bave beon sstablished.

The standard bioussay for soroening petem;ai drugs for antipiasmodial activity 5 s radioactivity-based
method that relics upon the incorporation of [*FiJhypoxanthing into the parasite’s DNA in order o messure
parasitic replivation in ervihroeytes (Desiarding ef . 197%). This method i3 sensitive and it can be used to sereen
a Jarge namber of compounds, but empleys hazardons radioastive materials that require spesial Beilities and
procecures. In Panarme, the regulations for the baportation, use and disposel of radivactive isotopes are not in
place, nor 4o we have ﬁ‘w squipment or ixfrastructure wauived for their use, therefore # was necessary to seek
alternative methods of testing Plasmodion susceptibility to potential aziiimaiariai agents, Alternatives o the
{Hihypoxanthine-based methodology included a labor-intensive and thme-consuraing microscopic nsthod and
several colorimettie sssays (Malkder and Gibbins 1991, Delhaes e of. 1999, Makier and Hinrichs 1993, Basco of
ai. 1995}, Colotimetric methods, however, are based on enzymatic activity rather than replication of the parasite
and raay be subjsct to artifacts caused by pignients present in crade eatracts. Alreruatively, fluorescence-hased
mhzziqnas benefit from high signalio-noise ratio available with newdy developed fivorochronses, mnsgenic
organisms expressing Green Fluorescent Protein, and the sffordability of deske-top Hourtmetars that use standard
S4-well plates, Furthermore, sinoe the ervihrocyies in which the parasites are cultivaiad have no DNA, they do not
micriere with the malysis of parasitic DNA. We elected to use Picolireen®® which is an ulttasensitive Ruorsscent
aucleic acid stain for measuring double-stranded DNA {(dsDRA) in solotion and which enables the detection of
guantities a5 low s 25 p/ml. of dsDNA with a moderately priced spestrofluoromeater using fluorescein excitation
and enission wavelengths (www probes.com). The subsequent development of a novel, straightfonward, efficient
and acewrate method Jor the detection of antumalarial agents based upon o Huorimetric technigue marks a
sigmifieant achievernent for the bioassay group of the Panama ICBG. The developmant of o raicroflucrimenic
method is Ekely w find wide application, especially in developing nations that contend with logistical problems

e ARSI FRAIGRCTVE 150t0pes. The global nead for the-establshment-oF o fwiliby-Porscrepaing materiale-for— o
antiplasmiodial activity has besn evident in samples we bave receivesd from Drve, David Kingston

(&ursﬁmefﬁiadaga&sa%%mmmmﬂﬁmigw {Univarsity of Poeato Rico), sven though the assay has nol
Lomite
yet baen published

To test the sondTIVIY OT W ICronOr R Tr: fucthad a8 a means of detecting Plasmoditan DNA in infected

erythroeyies, we compared the perceniage of infected ervthrooyies as determined by microscopic counting with
results obtained fron the microfluorimetric techniqua, We used serial double dilutions of infected ervirocvie
cultures (0 prepare Giemsa-stained thin simgers and the porcontage of parasitemia was then svaluated by light
microscopy. Aliquots of the swme culiure were miined in a 96-well plele with an egual volume of PiooGreen®
covktmit aud the amount of Buoroscence was quantiiated with 2 fluorescence microplate reader at 485/20om
excitation and 528/20nm emissinn. As can be seen in Riguee 8, there i a dieset relationship between the
percentags of infected red bloud cells and the fluorssCanes signal between 0.1 and 13% of ving stage infestad
crvthrooyies (520,99},
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Plucrassancs wnites (X185

# ¥ ¥ é 4 & 3 i A - )
% infected arythrocyles

Figare 8, Compasison of the percentuge of Plasmodivm fulciparem-lnfoctead erythrocytes a5 deternaingd by microscopic
counting with Ouorsscenge inlewsily obtained from the micreflorimetic fechnique. The resuhts are Brom four
independently processed samples. The inset shows the relntionship below 1% of prrasitemia,

The values oblained with nigrofluorimetric method in dase responss experiments with the known
mtimaimai drugs, chlopoguing (Is o£ 31 4 0.7 nM) were comparable to those previousty reported by
{Hihypoxanthing Incorporation (Cs = 29 £ 9 p, Makler ef af, 1093, Comparable rosults were obtained with
mafloguine (Basco of gl 1995), When the dose response curves obtained with the radioactivity-based and
microfluerimetric methods were eompared for measuriog the effect of chloroquine on the growth of the
chloregquine-resistant W2 clone, simitar Hlse values were determined by both wethods (lop values of 86,5+ 9 and

s 58 A1 0. T2 00N, Fop the radicactivity-msed snd oo Suorinstnis methods, wspectivalyl, The I valuss

determined for chdoroquine in these experiments are comparabl to the published value of 128573 nM fr the
chioroquine-resistant strans (Dethacs ef @, 1999, Makler ¢ ol 1993). We also compared the radicactivity-based,
migroseopic, and microfluorimetric technigues to detecd plant exiracts with antiplesmodial activity, We considered
a5 active” those plent extracts with 15 values <50 pg/mI, and wsed 9 (out of 14} that were known to be active in
the madivactivity-based assay. In every case, plants foungd to be active by the mdicactive method were aolive in the
macroscopic and miceouotimetric methods.

C. 13,2 Soreening Plants for Antiplasmodial Activity
Species from a lotal of 889 crude extrachs have boen assayed, of which 413 were tested during 3 pcr’aés of

Emmmg at the Walter Reed Army Institule for Research and the University of California at San Francisee uting
fhe PHInyposanihing method, and 476 were svaluated in Ponama by the microfiuorimetric technique. A total of

182 (2056} of the erude extracts showed netivity below the coboff puint of i = 50 g/l Those exteacts are
currently being tested at 30, 10 and 2 pg/ml. in order to confinn their activity. The fluoregoent assay has been
used to guide the purification of compounds from 3 plants, Lafoensia punicifolia, Trattinickia aspera and
Covcoloha parimansts, that showed high levels of activity against £, fafciparum, A total of 191 solvent
partitions, columm factions and pure compounds have also beantested,

C.14, Semmary of the Impact of the Tropleal Ihsesse Research Program in Panama
The developuient of an antiparasitic disease program in Paname over {be past 4 years has had a nusnber of
positive effects. The IUBG program has offered an opportunity for Panamanizn and American scientists to
cooperate towards the common goal of establishing a program for the sysiematic search of sew medicines in
the mdnforests of Panarsa, & country in the eenter of the region with the grestest concenization of tesrestrinl
plant species m the world (Berthioll «f ol 1996, Myers af @f. 2000}, The nmajority of the research has begn
conducted n the host-couniry, resuling in the creation of beo uew rescarch laboratories and their respective

[——
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research programs, A large group of plant extracts bas been analyzed resulling in the isclation of nevel anti-
paragitic compounds. A provisiona! patent has been filed for aniilsishmanial alkaloids and we ae in the
process of esting the in vive activity of the compounds. Three new bivassays, two for Leiskmania spp. and ons
for Plasmodium faleiparim, were developed and standardized and are used routinely in our drug discovery
program, Training opportmities have been created for 5 large number of students who have had the
opporfunity 10 work urder a group of highly sidlled scientists and learn the principies of good academis
resedrch,

C.2. Discovery of Anticancer Medicines
C.2.1 Caneor Cell Lines :

In collaboration with the National Cancer Institute (Monks ef al, 1991), a panel of 3 cancer colt lines was
established at the University of Panama in the laborataries of Dr. Mahabir Gupta in the Depariment of
Pharmapy, The cell lines consist of NCI-HSG0 (lung), SF268 {CNS), and MCF7 {breast}. The proocols used to
cullue oell lines and to measure eytotoxicity are identical w those used by the KCI, with the exception of the
use of XTT instead of sulforbodandne B to measure viability {as suggested by Anne Monks, pers. comm}, For
the tesiing of orude extracts, alter dissolving in DMSO, the extraels arc initially tested ab & single concentration
of 100 pp/ml. Extracts that cause at feast 30% cytotoxicity are then tested af five concentrations (1.8, 3.2,70.0,
316 and 100 ugfnl), the deta from which are used to calculate Gl values, The assays were used 1o screen
1152 species at one caneentration, from which a total of 2,568 extracts were seresned (consisting of young
and mature leaves from the sams gpacies, recollections and repetitions). Prom these assays 364 species were
active in one or more of the 3 cell lines, A total of 786 camples were tested at five concentrations. Fxiracis that
demonstrate Glsg valaes of 10 pgiml, or less are considered active, revesling 40 species that were sctive
againat the MCE-7 line, 37 that were active apainst the NCL-H460 line and 41 against the §F-268 line, From

———thiygroup; S plenis-were selected-for bivessuysguided purifioation resulting-in-the completed structure -~
ehuridation of a total of {8 hieactive compounds, as deseribed in detail in AP3 (Section C.L2.LY, and
summarized in the following section,

C.2.1.3, Bioassay-puided Fractiopation with the Panama-based 3-Cell Cancer Sercens

A clabarsted in AP3 (Bection C.12.1.) andd summarized in Table 3 below, both known and novel
compounds have been isolated as actives in the J-cell cancer sursens. A novel maguiroside derlvative was
isolated s the active constituent of Maguira gulenensts (Moraceae). Three compounds fram Stoene
zulinensiy (Blaeocarpacene) showed significant sctivity: Z-deoxyeucurblacin I3 and two new cardenclides. The
previously uninvestigated spacies Prioria capaifera {Fabacene) vielded the known compound ellictinole acid
as the active constituent. Piliotinolc acid was fisst reported from Piaus elfioti (Joye and Lawrence 15633,
although its anti-cancer activity is unreported. Adenarfa floribunda, another previousty uninvestigated species,
yielded 3 active movel compounds, One, a pew y-pyrone, showed good sctivity, while the activity of the other
two compounds wag only low 1o moderate, Mabea vocidentiolls (Buphorbinces) voung lesf extracts showed
acttvity against the SF-268 cel! Hne (Glse = 5.5 ug/mb) and 2 phenolic compound with low activity has been
isotated so far. The exteacts of Fiopia macrophyll, V. bacoifera and ¥, fefonsis were all active against the 3
cancer cell Tines, Five active known compounds {Table 3) were isulated from the young leaves of 7,
macraphyila: ferraginin A, Brvuglnin B and C, vigmin and harunganin. V. baceifera yielded the three active
compounds vismione B, deacetylvismione A and deacetylvismions H, Deagetylvismions A and
deacetylvismione H wers re-isolated as the sctive constituents of ¥, jefensis. Deacetylvismione A (8) showed
good activity 03 a Sut-2 mhibiter in Novartls screens a5 deseribed below in Section C.2.2.1. While the
benzophenone and agthranoid chemistry of the Vienie genus is well-documented (Delle Monacke 1985), none
of tha thise species, whose chernistry is deseribed in AP3 {Section €. 1.2.1.}, have been investigated
proviously,
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Table 3. Activity of terresinal plant metabelites egamst 3 cancer cell fines,

Sourse Plant Species  Compound o /ity é:;:;i:zi:f;éw
MCE7 M40 BE268 i avd peoposal’

Muaguirg pubssensd: Maeqdrosids derivative kX3 25 35 off
Soapnea salfovnsiy gg;c;;:wm%aitm:in I i - i 3!
Unnmzed Cardenslide A 2 i3 41 £2
Unmmened Caedonulide B t1g 65 & 43
Prioric copaifera RlEotinie ackd 4 B0B 3,400 5,600 &4
Adenario floriunds Danamed meroterpenoid A 430 350 390 8
Unngrned mesnterpeacid B R i 1150 BA400 5%
Unnasngd mmmqammd LR L A0 0000 8
Mabea pecidualis Ummr:wd paeiyphenol 4,700 4,40 2,400 i3
Vismfa movrophylle  Forrugmn A 300 310 494 T2
Berruginin B 500 580 4080 73
Ferrpginin © 450 546 400 74
Vigmin 52 730 578 73
Hamunganin : 608 H40 605 %
¥, baceifery C Wizmione B 160 250 254 71
V. infensis Deacoryhvismione A{8) 180 14 220 i)
{macetylvismicae If 7 a7 G el

® These strucsure mmbaes refor 1o those ysad in the Associaie Program 3 dosument of this ICBG uposa.

€.2.2. Prefractionatisn of Plants for Novartis® Screens

[n. order to provide enviched fmctions for screening in MNovartis meehanism-based assays, the Panama
ICBG colleborated with Movartis chemists to develop prefractionation protocels, A total of 16 orude plant
oxtravts were sent fo Novartis in Oclober, 2000 in order to determing the best means of removing tannins and
providing enriched fractions for sereening. A protocol was developed that involved detennification with
polyamide followed by reversed-phase HPLC, and the protocol was wed to “prefractionate” an additional 18
plant extrocts. Samples were dded under vacoum and the contents ransfenved with DMSO to 96-well ‘Deep-
Well” plates which were seot to Novartis for sereening. From this group of 18 plants, twe species, Linduckeria
lniring {Flacourtsceae) and Allophylus ;mfmpemm (Sapiudacene), wers gonsistently active i the 82
sereen and were targoted for additional purification, Stactural elucidation studies of the individual compounds
are underway. Subsequently, s second group of 16 samples was prefractionated by reversed-phase vacuum-
tignid chromatography using an application developed in the PUBI Gorwick’s Jaborutory {sce APT in Section
£.9.). Results from (wse factions are pending. A tota] ol approximately 1,000 factions from prefisctionated
plants have been sent 0 Novartis for screening,

C.2.2.4. Pure Compounds Sent fov Scresaing at Movartis
To datg, a iolal of 147 pure natural products and parttslly purilied fractions have been provided fo
Movartis for screening. Descetylvismione A (B) from Vienda bacelfera and ¥, jefensis has been shown
inbibit Sir12 activity {see Section B.2.1,1.) Jn virs and was resupplied for additional testing. Novarlis selentisis
subsequently showed that treatment of HUT LG colon cancer eells with B inhibits their proliferation (1€ =
113 a, Figore 9) and inducss increased histone and fubulin scetylation, HI299 proliferation is also inhibited
(15 212 oM by 8. Further investigation of this compound is in progress,
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.3, Tratnipg upd Ouiveach

Training and education have been & eritical component of this Associate Program (rom the beginning,
with the goal of obtaining a eritical mass of scientific personnel t maintain a sustaipable, independent and
productive research apotda. Accordingly, all research activities have been linked fo the haining of personnel.

{034 Training in Antilsishmanial Assays

Anuther terioriag, Cormetly Witttams; devetoped-the colorimetric method-for-measwing-antleishmanialb-——

activity w%}ich i«. discussed in Section 11,1, [Pubmited The XTT-based zzzef :-ca(}eig)  wag
subse to isolate the antileishroanidTaT TRATOTS avomssed in Seation C.1,1.2,[PUPmited I
ayster oi

submited v, Williams hag since finished his PR, studies and is geizntific advisor ze zim

paucation 1a Fanaing,

With the support of the ICBG progran, pwoy other students have benefitted from the infrastructure,
equipment, and fechaology developed in our laboratory. §ix biology and 4 medical fechnology undergraduates
have completed their graduation reguiriinents nador Dy, Ortega-Barrta and Dr. Romero over the last four vears,
An pdditional student is pursuing his MS degree in tropieal medicine will finish his thesis by March 2003

C 2. Training in Antiplasmodial Assave
Apather tochaician in our Associate Program, Yolanda Corbetl, was given the difficuli tasks of establishing
the calture of Plosmoddium flciparum and doveloping a nontadicactive bioassay fo defect antiplasmodial
aativity, Ms, Corbet spent a tok] of nine months in the laborstones of Dennis Kyle {(Walter Reed) and Phillip
Rogenthal (University of California i San Franciseo) and eventually established the Plasmodium faleiparum
culture in oul laboralory, the only lab in the country with this capacity. Ms. Corbett’s experience has since bean
used o traln 3 more techaicians in cur lahoratory in the skills of cultivating the parssite, Tn collaboration with
another fechnician, Liuris Herrera, the novel micsofluoriettic assay discussed in Section C.1.3.1. was
~established, Yolanda Corbett 15 now pursying ber Ph . stadies af the Istituto di Microbiclogia, Universatd Degli
Studi di Milano w Italy ander Professor Donatells Tarameli

€.3.3, Training io Antitrypanosomal Assays
The antitrypanosomal assay presented in Section C.1.2.1, was adapted by a technician, Venansio Polanco,
whao first establishoed e assay with the extraceliular {epimastigote) stage of the parasite. My, Polance was also
responsible for establishing the assay with the intracellular (amastigole} stage of 7, cruzi. Both
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&miitrypamsa:ﬁzﬁ assays were used fo guide the purification of the novel antitrypanosomal diterpencs from
Lbvris espens. 85 discussed tn Section €122, work which has been prestnted for publication
HPImIHe While working in the JCBG program, Mr. Polanco was enrolled in 2 Mastars in

Bictecanology program and highdS thecic was acennigied with his research under Dr. Qriega-Barria. He is now
rivate Source
an independent scientist at the

DL RESEARCH DESIGN AND METHODS

.1, Orgaalzational Overview of Associate Program 2

Associate Progoam 2 will be responsible for the screening of terrestrial plant and marine samples from
AP's 1, 3 and 4 for antiparnsitio, anun&cg} asiic and agriculiural activity. For the antiparasitic bioassays and the
3 cancer cell lin soreens carried ot in Panama, we will utilize the high-capacity colorimetric and fluorimetric
BsRAYS, deseribed in Section .2, and 10.3.1., for which the necessary expertise and infrastructure already exists
in D, Ortegn-Barrda's Iaborslory, Bxiracts 'md prefractions will alse be screened st Novartis (Section D3.2)
and Dow AgroSciences (Se{:u&n D.4; gee lettors of support in Appendix 3). We propose to centralize sl of the
Panama-based screening activities in owr [shoratory at the Iastitute of Advance Scisntific lovestigations and
High Technolegy Services (INDICASAT) which will zllow us fo standardize technionss, economize on the
necessacy eopipiment and reagents, centralize data-handling and fuke advantage of the diverse mnge of tissue
cultuce and parasitology expertise nvailable in our group (see letler of suppoit fom Gonzalo -Cor{l{)?;aj Natiynal
Secretary of INDICASAT, Appendiz 1), Plant extracts coming from AP are barcoded to minimize ervors and
enhance efficiency and fhe exchauge of data will be facilitated by our web-bused dizcussed in API {Seation
.11, and appendix 7 for axample). The whole cell cancer assays will be complemented by the mechoniam-
based assays of Movartis Onoology. In addition, we will collaborate with DowAgroscience fo provide samples
for aprdoultyral pests. The overall structure of the proposed Panama ICBG program sad interactions between

the Assoctate Programs ave summarized in Figure 10, while the key personnel and associaled researchers are
presented io Figure 1L
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Asgsociate Program 2 Lesder. D Eduards Odega-Bamia
Parasilologist/Physician

In eharge of malada snd Chages' disease {7, oruzl} assays
NDGASAT :

O buz | Romero

Rasgarch Physician

In charge of inishmaniasis assays and 3 cefl line cancer scresns
INCHCASAT

% biclogists for malaris assays 1 ruiczobiologist for andicancer 833ays

1 bivlogist for T.orur? assays 1 mwdical lechnician for lelshmanfasis assays

Figore 11: Owpanizational chart of key persenncl in Associate Program 2 and their ressareh aress and affiliations,

B.2. Sereening Biological Materials for Aetivity Against Protozoan Parasites
For each of the bloassays discussed below we will utitize the mummalian host cells in which the parashtes
survive sad multiply, thereby improving the odds that the antiparasitic agents we dlseover will be of elinical
”””””” —utifity - Wewittesethe microffuorimetrioandcotorimetrie-techniques that have beerdeveloped-oradaplod o
o irboratory that do not require the use of radionctive isotopes, but at the same time are relinhle and
amenable to the processing of o lerge pumber of samples,

L2, Drug Discovery is Lelshmania

Thess studies will be the responsibility of Dr. Luz Romero, a desmatologist and expert in leishmaniasis
whose group was responsible for developing the methods deseribed in Section C.1. A WH reference steain of
Letshmenia mexicana MOHMMB2/A2BELZ iz used for this bioassay and additional Leishmanio strains i our
taboratory will be used as needed, Assays will be conducted with the amastigote, the stage found in infected
Iniman tissues. A misthod for the axenic arowth of smastigotes will be enployed in order (0 assess the sifect of
1est subsfance withou the possible interference of 3 host cell (Bates of o, 1992), We will use the
microflucrimetric method deseribed in Sectjen ©.1.1.4 1o assess parasite viability in viro which employs the
flnorochrome FicotUreen®. Leishmania parasifos will be cultired asing established protocols (Morel 1984).
Amagiigotes will be allowed o grow in the absence and the presence of the test substance for 3 days. At the
sud of the fncubation, the fluorachrome cockiuil is added 1o liberate and label the parasitic DNA, The amount
of fluorescence present is detocted using # flporescence microplate reader at 48520 nm excitation and $28/20
wm emmsstan, Controls include () grovh of the parastte in fhe absence of i test substance, (i1} parasite-fren
seatrols o determine the fluorescence from the test substance, and (1) the use of the knows antileichmanial
substance, amphuotericin-B, o evalpate the sensitivity, uniformity and consistency of the parasite response,

We aze in the process of developing an additional bioassay to test amastigotes for antileishynanial activity
that employs 2 recently develnped teavsgenic siraty of Ledshaenia infantem. This strain constitutively
axpresses Groon Fluoresgend Proigin {OFP, Karoeu ef of. 2001} The GFP-based methodolopy has the polential
advantage of aliowing the weasurement of Huerescence without the addifion of external fluorochromes such as
PicoCresn® and fcilitates cxperiments mquidng multiple time polnts, 3ince measurement does not nterfore
with parasile development (Gubbels ef el 20033, Dy, Adrian Hehl from the Bstituie of Parasitology at
University of Ziirich has agreed to provide the transpenic organrsm {pers conm.j.
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B.2.2. Drug Discovery for American Trypsnosomissis (Chagas® Discase)

The life eyele of Trypanosoma crizi can be reproduced easily in vitro following fiterature protocols long
sincg established in this laboratory, which alfow the evaluation of the susceptibility 1o test substences of the
each developmental stage of the parasite (Buckner et al. 1996), We will continue to utilize the colorimetric
assay deseribed in Section C.1.2.1, which employs the recombinent Tulabuen clone C4 of T omef expressing
bacterial H-galactosidase {Buckner i of. 1596}

We will focus our drug discovery efforis on the amastigets stage, the most clinically relevant formn of the
parasile, using 7. cruzi-infected huroan foreskin fisroblusts (HFE), which models a chronic host cefl infoetion.
(Buckner et ol 1996). Briefly, 96-well plates are seedad with HEF followed by the addition of B-Gal-
exprassing trypomastigotes. After wn ovemight incubation te allow for parasite invasion, tes! substances are
added. The colorimetric reuction is quantitaled with a microplate reader at an optical density of 570 ram.
HMifurtimox and amphotericin B, drugs koown 10 have activity against 70 2ruzi, are used as controls 1o ensure
consistency between assays and the susceptibility of the parasite response o test substances. In afl cases,
akiquots of the T, crazi suspension are subjected o parshlel moek treatments with RPMI-1640 alone without
test substances. Each expormicnt also inclodes dimethy! sulfoxide (DMSO0) i the absence of e test
subsiance, and al the seme Tinal concertration wiilized In the bloassay, in order to assess the effect of the
solvent on the experinent. To determine whether the inhibitory effect of bloactive compounds is due to
antitrypanosomal sctivity or is a result of cyloxicity to the host cell, confluent HFF monolayers will be
incubated without parasite in the presence and absence of the test substance, Viabitity of the host-cell will he
determined by the redoetion of (3-(4, S-dimethylthiazol-2-¥1}-2,5-diphenyitetrazolivm bromide thinzoly! biue
{MTT} by the mitochondrial deliydrogenase of the fibroblasts as previonsly published (Kilani et o/, 2002},

0.2.3. Drag Biscovery in Plasmodiven

We will investigate the antiplasmodial effoct of test substances vsing chloroquine-sensitive {Sierra Leons
clone D6 and Tanzanis F32) siraing and a elloroquine-resisfant (Indoching clone W2) strain of Plasmedivm
Jalciparum. We have established 2 secure and consistent sowcs of human erythrecyies and serum (Banto Tomas
Hospital Blood Baok). The i vitre astiplasmodial activities of test substances will be assessed by the
microfiuoromietric assay described in Section C.1.3.1, thal measures parasite DNA levels with the Picollrcen®
DNA intercalator,

The malaral steains are maintained i vigre by a modification of published methods (Trager and Jengen
1976}, bealed culture Hasles are Hilled with RPMI 1640 culture medium supplemented with 10% heat-
innetivated human type O+ serm. Cultures are maintained in type O hutnan erythrotyte suspensions prepared
in gitrate-phosphate-dextrose anticoagalant (CPD) s anticoagulant at  hematocrit of 2%. The parasite density
is maintained below 2% parasitaria under an stmosphore of g censified gas mixtore (5% COs, 3% O, and 90%
Ngbat 37°C, The culture media consist of standard RPMI 1640 supplementad with 25 raM NaHUG:, 2 oM
Clotamine and 25 miM M-2-hydroxythylpiperazane-A"-2-cthanesutfonic acid (HEPES). For each experiment,
samnples of stock cultures are fusther diluted in cnlture medium containing sufficient non-infected type O
human erytlrucytes o yield a fisal hematoornit of 2% and parasitemia of 1% in preparation for addition to
microtitzation plates. For some fruorimetric assays the parazites ere syachronized using sorbitol as described
previousty (Lambros of of. 1975)

Synchronized cing form caltures (hematocrit 2% and parasitemia 1%] ar¢ uged to lest pure compounds or
serial dilutions of lesi substance in 96-well culture plates. Cultures of P, falviparum are placed ina homidified,
alr-tight aontainer, fushed with the gas mixture deseribed above and incubated at 37°C. After 2 48-hour
incubation partod to allow for parasile growth, an aliquot of culture media is transferred to a new 96-well gl
boltors plate, & Pieolreen® fluorechrome cockiail is then added to liberate and label the DMA from parastics
present in the erythrocytes and the plates are tnoubated for 530 min in the dark. The amount of Fuoresconce &
measired with 2 (uorescence micioplate roader at 485/20 nm excitation and 528/20 wn emission.
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Figure 12 depicts our siralegy for lead priocitization. The cut-If for activity has been established as an
s lower than 50 pa/ml. for . faiciparum and 7. oruzi, and 40 pgfinl. for Leishaania spp. Active exiracts
are tanked according 1o their level of antiparasitic activily and extracts that have promising levels of agtivily
are then cheoked in the Seifinder database. Those active species with little or no Hierature precedence are
considered as candidates for bloassay-guided fractionation. Candidates for purification are sulected in mestings
between APL, AP2, AP3 and Central Operations. We will work in close consultation with the P who will have
input on all samples that are selected for blosssay guided fragtionation,

Plant ;Extf:act

¥
Prvnary test dels
{single concentration)

N
Y

Active (iCsp) , Inactive: abandon
<40 ragiml. Lefshaania :
< &0 mohmb mzanis sad T crug

Active (igad Inactive: abandon
NMalars: confemin

salcroscoplc assay

Leishmanioand T, onesd

confirm s cotorimeinic apg

miCroscopic assays \\

fhactive: asbandon

Chack mibiished Candidates are selosted i
iitaratuee gﬁd place of ——  monthly mestings betwaan AP1,
moaster praowify lisl AF2, AP2 and Central Operalions

Figure 12, Decision tres for lead priosiiization of tropics! dissase biosctives,

Priorities will be based upon (1) polency, (i) litthe or no reported cliemistry, {H1} few or no reporis in the
literatyre of activity, and ethnobotaical information iy e public domain {that indicaies thet the plant is
stive). The data will e compiled and compared for each candidate,

B2, Dascoviry of Novel Anticancer Agents
1.3.1, MNatural Product Screening in Panama-based 3-Cell Cancer Screens

The antivancer bioassay program will be coordinated by De. Rowero, We will test extracis from terrestrial
plants, marine algae and mavine oyancbacterda supplied from APT, AP3 and AP4 in bivassays designed to detect
new anticancer agents in our laboratories at INDICASAT (Institute for Scientific Advance Investizations and
High Technology Sarvices).

I soreening extracts {or anticancer activity we will use the MCEF7 (breast), NCL-H460 {(lung) and SF268
(CNS} eell lines as reconumended by the NCE (Gordon Cragg, pers. comm.]. The protocoly used Lo culture cell
lines and to measure cytoloxicity are identical 1o those used by the NCI (Monks ezl 15951), with the exception
of the vse of the etrazolivm salt XTT to mcasure viability instead of sulforhodamine B {Anne Monks, pars.
COTIHEL )

PHS BUS2500 {Hey, DB} Pagp 200 Continuntion Format Page



Principal rvastigarriProgrem Dirsctor {Lagt, First, Micdie GERWICK, William Heney

13.3.2 Natural Product Screcning in Mechanism-based Assays at Novartis
D.3.2.1. Seleetion of Terrestrial and Marine Samples for Screening

Approximately 1,500-2,000 samples will be screened annually in a suite of soolecufar taeget assays siwilar to
that listed s Section C2.2. through collaboration with Novantis Oncelogy (see Jetter of suppost, Appendix ).
These saroples will generally be crude extracts and prefimetons frony tervestrial planis and marine algae that have
rlready shown interesting activity profiles in the Panama-based i vitro 3-cancer cell Hine eytotoricity assays. Thus,
we anticipate that the prefractions of 130-200 spacies of plants and 20-40 species of marine algae and cyanobasteris
will be sceeened amnually for mechanizm-bused anticancer propertiss,

D.3.2.2. Protacols for Screening Samples

Detannified terrestrial plant prefractions, as well as maring macroslgal and cyanobactenial prefractions, will
be sent in 96-well microtiter plates to Novartis where they will be assigned » “BAN number and registered into
Novartis” Molecular Target Feasibilily Group computor detabase. Initial scresns can be completed with less
than 2.3 mg of extect.  The samples sre distributed from master plates to daughter plates with the aid of a
robat-assisted sample handling system. Materials in dawghter plates are dried, resuspended for testing, and
evaluated sgatust validated stendards, The tests are usually complete within 30 days of reception at Novartis,
Actives are noted in an intornal acking dutabase and advanced automativally for secondary testing,

£2.3.2.3. Tsolation awd Structure Eincidation of Machanism-based Leads \

The activities of profractions showing positive resalis in the mechanism-based assays will e
communicated 1o AP (Dr. Capson will mansge information taesfer from Novartis by email, and then
entersd into the ICB3G web-based dalabase in Panama (see database exareples in Appondiz 7). Subsequent
HPLC fiastionation of these reduced complexity materials fo pure compounds will ccour in the ICBG

..... extaotianand Sactionation laboratories of APL a8 STRLin Paname, Movertis will provide rapid sssay.ofthese
sub-fractions, usuvally providing data within one week of sample reception, and these results wil be used fo
direet the wolation provess, Pure compounds will be provided to the AP3 chemistry laborstoriss for structure
elucidation, Those deriving from terrestrial plants will be strusturally analyzed in the Cubilla Iaboratories in
Panuumna while those deriving from algse or cyanobacicria will be studied n the Gerwick/McPhail laboratory in
Cregon.

114, Matural Prodaets a5 Agrochemicals

DowAgroscience (DAS) will evaluate the potential agrochemica] wiility of exteacts and prefractions from
150-200 terrvestrial plant species and 30-73 macine algal and cyanobacterial species from Panama (1,300 —
2,000 maderials) by completing primiary sereening bioassays for insecticidal, fangicidal, and herbicidal activity
(se¢ leiter of support, Appendix 3). The terrestiial plant samples will have been detannified in the exireetion
laboratories of AP1 st STRE DAS will pussue secoudary testing of all extracts pagsing primary sereening, and
utilize the results of those assays {o prioitize samplos for subsequent isolation and strocturs elusidation, To
complete preliminary dereplication of extracts passing secondary testing, DAS will use chromatographis
profiling hnked to LOC/MS analysis and conupereial natural produet database scarching. DAS will isolate snd
identify promising and potentally undque actives emerging From this program internally or in callshoration
with the [CBG participants utilizing conventional or SEPBOX™ techinology. In effoct, DAS will support the
ipolation offors of this ICBG by providing rapid biosssay of chromatographic fractions during fhe isolation
process, 1 will be important o obtain sufficient quantities of lead compounds to pursue advanced lovels of
testing and developrient, as warranted by their activity. DA will initiate synthetic programs, when possible,
around lead structures ideatified by this program, and aggressively file and maintain patents covering
compogsition and ntility of compounds discovered in the course of this investigation,
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4.5, Soreening Sampnles

Seresning samples recetved from ICBG will be registored inlto Dow AgroScicnces’ data trackisg computer
detabase and cxtracied with solvent for blonssay. Plant samples evaluated st Dow AgroSciences to date have
been processed by etraction with methanol. The resulting solution has heen ftered through a polyamide
sohid phase extraction (8PE} carinidge 10 remove phenolic compounds, espaciatly tamins. Phenolic
compouads from plants have historically cavsed false or unwanted positives in our it vitre soreening assays,
and also cause weak activity in insect and fungal in vive assays. To eliminate these interferences snd allow
focus on more potent compounds acting on specific targets, all plant extracts are filicred through polvamide,
The extract 1= dried and distributed to micratiter plates. It is fally acceptable if extiacts are prepared at ov near
the field collestion site by a methed equivalont to that deseedbed above, provided it penerates an organic exiract
free of tapnins and that teis is clearly documented before we reveive the semples,

1042, Sample Distribution :

Initial soreens in all three therapentio areas can be completed with 5 rug of extract. The samples are
distribustad from masier plates to daughter plates with the aid of a Hamihon liquid handling system, The
daughter plates are dned, resuspended for testing in sach bislopioal ares, and evaluated against validated
standards. The tests are complets in 7-14 days, Actives are noted in an interna! racking database and
advenced sutormatically for secondary fosting. The amount of extract required for seoondary cvaluafion varies
by discipline, with habicide testing requiring 10 my, insecticide testing requiring 40 mg, and fungicide tsting
vequiring 40 mg. All of these samples are dispensed with the aid of a robot-assisted sample handing system
and distributed to each therspeutic area for evaluation, Secondary test dain I8 generally available in 10-30 days
from reseipt of the sanple,

Preliminary dereplication of actives from secondary testing in cach biological aren will be compieted by
chromatography using a standard LC-MS method. Under gradient elition conditions an extract is separated
tnio its components, whose positive ad negative fon B3I mass speciea are recorded, and the eluent is eollested
into a singie microtier plate. A 96-well dauphier plaie is prepared from this master plate and submitted 1o the
primary screening binassay. Compeounds present in the active regions of the chromatogeam are then
interrogated using the acquired mass speetral data, Using the taxonemis identity of the organism and the likely
mass(es) of the sctive(s), searching of commereial databases will be complsted to rapidly dereplicate most
known compounds. Although Dow AgroSoicaces has access 1o 8 number of natural product databases
including Antibase and the Berdy database, The Chapman Hell Dictionary of Natueal Products will bz the
primary tool for dereplication of active samples eriginatiog from Peoama. This detabase includes over
130,000 eniries of diverse origin and 15 searchable by a combination of binlogical source and molecular weighs
{Buckingham and Thompson 1997)

14,4, Isalation Chemistry

Fxtracts demonsirating promising activity that is nol associated with known compounds will be
communicated to D, Garwick and the Panama ICBG pasticipants, Additicual semple will be obtained from
the Panama HCBG for isolation and identification {up to 5 g dried exiract will be required for fractionation on
fhe SEPROXN™ an antomated preparative rulti-dimensional HPLCY I isolation is doae in collaboration with
ICBG pasticipants (Gerwick or Cubilla laboratories), Dow AgroSciences will provide rapid assay of test
fractions throughout the isolation and identification process using the primary sereening bicassays deseribed
above, The results of those assayvs will prowiptly be retumed vin electronie mail,
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E. BUMAN SUBJECTS
Nowne,

F.VERTEBRATE AMIMALS
hone,
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A, SPECIFIC AImS

The overall goals of Associate Program 3 are to provide chemical isolation and structars elucidation support o
the dog discovery programs from servestrial and marine plants as outlined in AP! and AP These Iatter two
AP programs focus on collections of these natural maferiale, extractions, pro-fractionations, and biemedical
evaluations to a buttery of targets, including tropical diseases, cancer, and agricultural pests. As such, this AP is
a necegsary and logical component of this overall JCBG application,

‘The Specific Alms of this Froject are:

1. 'Fo use bloassay results from AP2 1o select and then direet the cheandeal iselation of active constituenis

from pre-fraclionsted extracts or extracts as appropriate,
Pro-finctionaled cxiracts will be tested for activity In anticancer sereens (Novartis, cancer cell fines in
Panarna) and agrochemical assays (Dow AgroSciences), while oruds exteacts will be lested in the tropical
disense assays and 3 cancer cell Hnes In Panama, all as part of AP2. Efficient dereplivation of known and
ruisance compoutds from aetive extracts will be sccomplished through the extensive use o electronic
setentific litorature databases jn concert with tuxonomsie information and HPLC profiles. Active
terrestrial and marine plant pre-fractions will be subjected lo various chromatographic procedares (SPE,
HPLC) to obtain pure compounds, and these will be provided to the appropriats binassxy for further
evaluation. :

1. Fo apply state-of-the-art structure elncidation technology, featuring 2D-NMR aud various ionization
mades of Mass Spécirametry, t rapidly and efficiently defermine the structures of new and bioactive
compotds. .

Chemical structures of new and bioactive compounds will be rapidly and efficiently described utilizin

nut-dimensional mass spectromotry, an extended complement of NMR methods (TCOSY, TOCSY
HSQC, HMBC, and NOESY) as well as other standard spectrosoopic mothods. Absolute stereochenisiry
will ba determined by either spettroscopic mothods (U, NMR wethods (Mosher gster), or chemical
degradation foliowed by chiral chromatographic methods (Marfey's).

3. Fo train students at various tevels from the US and Panama in the muttidisciplinary science of modern
natural producks ehemisiry.
Students both in Panarox and in the US will participate in these modemm tatural products nvestigations
through reciproeal exchanges and partisipation in graduate programs in Chemistry at the University of
Panama and Pharmacy, Chemistry or Blochemistry at Oregor State University, Frequent use of web and
emuit based technologies, in addition to telephone conforencing, will facilitaie conununication between
AP and the other AP's.

4. 'Fo work with the other AP programs and our Industrial partners te advance lead molecules into the
drog developmest procoess, and fo seek thelr application as researeh biochamicals.
MNewly discovered bioactive molecules wiil be further evaluated as to mechanism of action, potency,
stability, aud in vivo eflicacy both by our various collabarators and within the ICBG. Saniples of the
natural products as well as derdvatives will be sapplied to aid and foster the further pharmacological
deseripdion of lead corpounds.

5% To promote our discoveries of valuable Blagctive molccules into the economic sector, and 10 use these
discoveries as foels for justifying and divecting conservation efforts in Panama.
Scientific publications and presentations alang with the provision of new compounds tu soliaborators will
stitnilate development efforis. Integration of resoarch findings with the activitios end goals of AP4 will
foster conservation efforts in Panamu by providing the Pacamanian population with inforration related
to biological and chemical diversity, and ita possible benefits,
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B. BACKGROUND
B, Intreduction
B.1.1 Rele of Marine and Ferrestrial Nateral Products in Bumnan Medicine

Naturat products have played an enotmous and pivotal role in the developaent of huran modicd e, with
approximately 45% of alt current drugs either being a nurural produce, natural product derivative, or being
inspired by nataral products chemistry, and 37% of all pharmaceutical sales being for natural product dertved
medicines (Frormenn and Jas 2002}, Terrestrial plant-derived natural products, in particniar complex afkaloidat
substanices, have a long standing history and sppreciation in buman medicine, in partieular in cancer
chemotherapy (vinea atkaloids, taxol, camptothecin), pain control (morphing, codeine), as cholinergics and
anticholinergics (physostigmine, atropine, scopolamine), anti-infeotivos (quining), UNS stimulanis {caffeing),
and many other drug classes. A relatively large number of these medicinal drugs have been isolated from
tropical rainkorest plants (Balick e all 1996}, Leaves of trapical forest species lave both higher levels of
chenncal defense as well as a groater diversity of componods thas (erperate species {Coley and Kursar 1996,
Leigh 1999). For example, an oxtenzive survey of the distribution and activity of atialoids showed that they are
mere common and more toxic in the tropics (Levin and York 1978), ARl ather classes of compounds that have
buen surveyed show similar pattorns {Coley and Alde 1991}, Given that only a small percentage of the tropical
flora has been examined (Cox and Balick 1994), investigations of wild tropical plants sheuld produce a wealth
of new compounds. In 1995, the value of undiscovered pharmaceuticals in tropical forests was estimated at US
$147 billion {(Mendelsobn and Balick 1985, ‘

The roarine enviconment s extraordinarily rich in specics, espacialty in tropical environments, hut to date
has only been examined for its potentially useful natural produsts chentistry o a cursory oxtent, Among the
major gronps of maring organisms known to be rich in secondary metabolite chemistry {e.g. sponges, funieaies,
soft corals, marine bacteria, bryozoans, and algac), the slgac were the first studied {Sehever 1973), and beeause
of the many novel and surprising natural product structures they viekded, these shudics wese instrumental in

R dirscting more-atieation to-the-eonceptot *Drigs fromthe Sea¥--Despite these-carly sacorsses withralgas fow-——
contemporaty natural products fabozatorics target marine plants for drug discovery efforts; instead, more
emphesis has been given to sponges, tunicates aud marine bacteria in vecent years. To date, only vary fow
natural products bave been properly ovaluated fa modern assay-based blochenrival or pharmacological
screening programs. Maoreover, soie elusses of these orgauisms, such 23 the cyanobacteria (blue-green alpae),
have continued to emerge oe extracrdinarily dich producers of bloactive natural products (Gerwick er al. 2001,
and new and surprising saolecudes of impatiange to hursn medicing sontinue fo be discovered at a high i, In
addition to comtinuing owr collections of terresirial plants, the inclusion of & marine macroalgne and
cyanebacterial-based drug divcovery component i this ITRG program will add a tich sow dimension and
provide addilional opportunities for training, blodiversity investory and conservation, and infrasiruetuze
davelopment. :

B.1LL Natural Product Anticancer Agents

Isolation aud developmoent of new drugs which may aid in the trestment of neoplastic and tropieal parasite
diseases represents one of the major long term goals of this research peapesal. The use of novel
phaumacological and celi-based assuays 1o detect now anticancer lead compounds, as well as more traditional yet
quite difficelt assays to tropical disease parasiles, s almed al the developtuent of new classes of chemothetapies
for these diseases, sspesially those for which thete is no traly effective current theragy, Beyond the
developsnt of 8 specific therapeutic lead compound, a significant potentinl exists to discover from these
effbrty # new pharmacological probe which may lead 1o an enbancement of our understanding of the
bivchemical basis of cancer or ropical diseases. Many natural products have led indirectly (o the development
of very useful elinieal drugs by providing new chenical ideas which have subsequently been explored and
further developed by chemical synthesis, This is especially true in the onvology clinic (Cragg and Newman
2000} where there is frequent use of naturl product ageats {e.g. taxol), semi-synthetic comspounds {e.g.
eloposide], ot compounds of synthetic origin but which are based on the structure of 2 natural product (e.g.
mitexantroney, However, success i the chemotherapeutic trentiment of the complex mosaic of diseases falling
PHE SU82680 (Fov. D501 Pege 24"t Goutinnntion Formet Pags
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under the general title of "cancer” has generally been disappeinting: in the USA alone, 536,500 peoaple are
expecied to die in 2003 with most succunibing to solid twumors of the lung, stomach, colon, bresst, ovarian or
prostate as has been the trend in the past {Anierican Cancer Society onling raport 20033, Unfortunately, until
recentty the major screening program for new chemotheraeatic agenis was vie mechanisme-blind assays directed
towards the discovery of new antileskemics or other cancers of a rapidly proliferating nature (Gibhs 2000). T
has been argued that fhis strategy hag decreased the likelthood of developing new ngents with selectivity fo the
major solid and slow growing cancws fsted above.

Recent increases in knowledge of the biochemical bagis of cancer have opened up new opportunities for the
design of innovative soreening methads (Sikora 2001, Morin 2002}, One fype of the new gengration of assays
incorporates understanding about the enzymatic reactions and biochemical pathways that might be involved
with the onset of cancer. Bxumples of these targets include the cvelindependent kinases and dual spacificity
phospliatases (Mownan e ol 2002), Siet-2 (Grozinger ¢2 af. 2001 ). DMA metlryl transferases (Bedinsky ef al,
1996), p21 Cip/Kip protoins (Blagesklonny ef al. 2002) and inhibitor of apoptosis (JAP) proteins (Deveraux
1999} Programs, including our own, have employed these innovative assays in prismiry soreans to wncover new
natural product enzyme inhibitors which are being farther evaluated a3 potential anticancer leads. Howsver,
additionsl understanding at the frontier af biology involves the regulation of coll growth and the genetic and
biochemical changes that promote malignancy (Harguindey 20023 These newly identified targets are highly
relevant w e development of rationally-based therapies for the troatment of colorectsl, fung, breast, avarian,
and prostate cancers, and many involve inhibition of protein-protein interactions which are eritical to inchecked
celiular proliferation {Gietema and De Viies 2002). A general proposition to be explored in this research vig
collaboration with MNavartis (see letter of support in Appendix 3) is that use of targets such as oncogene
products, erzymes involved in signal transduetion pathways, and the potential to modulate cell transformation
and apoptosis, wilt enhance cur discavery of new classes of tarrestrial and marine natural producd anticances
feads, and that these Jeads will be maore effective i treating the maior lethal solid humors Hsted above,

e Seopieal reinforest plants haveevolvedammmmrpased chemmioat arseral of seoondary sfstboties apmime

aitack by a diverse and abundant set of herbivores and pathogens {Coley and Barone 1996) becanse no otlier
terrestrial binwme on sarth hag more intkense biotic interactions than those in tropical rainforests {Price ¢f g/,
1981y, Considering the high number of clinically useful anticancer and other drugs (Farngworth and Sosjarto
1991} iselated from the small proportion of tropical reinforest planis investigated, there is potentially a huge
reservoir of metaboliles 10 be tested for thelr anticancer activity in tropica) raiuforest biomes. Similarly, the
great species diversity available in the roarine environment combined with the uniqueness of its competitiva
enviromment makes marine organisms & rich source of structurally diverse and bloactive natural products.
Sesaile mecine organisms are purticularly rich in this regard as they depend solely on either physical o chemical
fealures inonder to cucape predation. The group of sessile maring erganisms that we have focused onias &
source of new potential anticancer agents, the macroalyae and cyanobacteria, a1e rich in divarse siruemrl
classes of natural products, waay of which have toxic and other medicinatly-relevant properties,

B.1.3. Natural Producis in Tropical Disease Medicine

Natural products have played an abselutely crucial role in the developmant of mur rather limited arsenal of
agonts for Weating parasitic diseases. In the antiprotozosl aves, terrestrial plants have yieided a number of
useful sgents, including quinine and its ensuing derivative stractures (chivroquine and mefloguine), artemismin
(1), and ometine (Phillipson and Wright 1981}, While amphotericin B from Straptomycns spp. plays a critical
role in the treatment of amoebie meningoencephalitis, srlemisinin has recently found some utility in this area
(Gupta 24 &l 1995}, Derived from different Strepiomyees spp., the aminocyclitol-sminoglycoside antibiotics,
aminosidine, pacomonyein, hydroxymycin and maovormycin are chemically identical (2. Although, eriginally
developed as anti-bacteris] agents they also have significant antiprotozoal activity, against Leishmanta, Entamocba
ansd Crapiogporidium species (CeoRt and Yardley 2002),

From the marine eovimoument, 4 aumber of compoundy with antiprotozeal activity have been reported
{Crews and Honter 1993}, with some of the most promising befog Isonitriie-containing terpenoids from sponges
of the family Halichondrida (Wright of o/, 2001), monzamine-type alkaloids [e.g. wanzamine A (3), Ang & af.
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2000} from various sponges including Xestaspongia sp., and bengamide E from Jaspis sp. {Adamezeskt er of.
19893

Other types of tropical dissages, such as thuse caused by helminthes bave algo benefited enarmously from
natucal products-derived medicines, which include avermectin By (marketed as abamectin) from Streptomyces
averniifilis and its semisynthetic analog ivermectin (Fisher 1950). From the marine environment, e red alpal
{(Digenia sbwplexy amino acid *Kainic acid’ (4) s an crample of & clinically useful antiparasitic agent,
Additionally, karnic acid is 2n extremely useful ool in neurabiology, and has defined an entire class of
seceplors knows as “kainete receptors’ (MoGesr ef al, 1978),

1 - Screez;_éng terrestrial and marine natural products for additional
HO.. T A chemotypes with antiparasitic properties shoutd be productive in
vy g o8 M defining new molecules & the weatment of a varisty of human
Ny ?}5%*‘; pLOH diseases, especially those prevalent in impoverished couniries,
e A e, However, the economics of discavering and bringing to market new
% fy,  drgs inihis avea, one which primarily affects thivd world populations,
are such that karge pharmaceutical companies are not abie to directly
participate in this search, Hence, it in Jefl 10 ather organizations to
{"\;:‘ % = whveoon  tondngt these types of screening prograras, wc‘h as the US military, a
Nt g;““’ mzé g few US and European academic laboratories, and tropical disease
macssagnie A (3} ' hospitals and insfifutions actually lecated in third world tropical
couniries.

B.1.4, Naturs! Products 33 Agrechemicals

Matural products have also played an fraportant role in the discovery and development of new agrochemicals,

both historically as well as mors contempornoecnsly. An older discovery supporting this premise is that of
~nereistoxtrfromrthe-fapasese baft wornr brenbricomer iy hrteropode Following wpron reports Tromr sty —

fhat imsects luuding vear the wonms were rapidly incapacitated and subsequently died, sarly marine natural
products reaserchers isolated an unusual salfur containing heletocycle, nereistoxin (8, Hashimoto and Okaichi
¥960). Bynthetic modification of this structure rosulted in the sitaplified derivative 6, seld under the same
Padan, to treat insest infestations of vice flelds (Haslimeoto ef 2l 1973). A more recent success story of a
nataral product finding utility in agricelture is represented by the spinogyns (Kirster al. 1991}, 2 novel family of
fermentation-derived natural products that exhibil potent tnseoticidal activities. A naturally-oeeurring mixture
of splnosyn A (7) and spinosyn [ (Sparks 2001) ts sold as Spinosad or Traeer for their wiility in crop protective
applications. Pelential applications of this unique chemional family of macrolides have also been investigated in
{he field of animal health (Kirst af o/, 2002). Fueled by thess successes, the search for novel nataral provducts
with divesse agrochemical utilities has mtensified; antibiotic 1100-50 (8) which is active o nematodes and
helminihes (Takatsn o af. 2002}, and (S)-bravione B (9), sctive ag o herblcidal agent (Macias ef al. 2009), are
examples. Justas in phatmaceutical drug developroent, satural producets play 2 crucial role i1 identifying new
snd unpredictable chemotypes that show useful agrochemics! properties, and ag Such, identify now “lead
compounds” as well a3 now targets by which to inhibit agricultus! pests.
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B2, Tervestrial Plants of Panams
P21 Biodiversity ol Terrestrial Planis in Panms
Panama 15 an excellent site in which to underizke a drug discovery program because of its mwswrpassed
floristic biodiversity which encompasses habitats of mangrove jungle, fowland forests, flondland foresis and
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foothill forests. Panams is considered a biodiversity hoispot since it lies af the conter of the repion with the
greatest concentration of tirestrial plant species in the world (55,000 species/10,000 ker', Mysrs ef af. 20007,
In part, this is bosausc Panama links two contineats and has large gradients in rainfall and altitade cavsed bya
mountainous backbone. Panama's unique geographic position means that it is home to gpecies from both
Central and South Americs and if is estimated that thers are over 13 52 zones contain; ng batween 8,500 and
9,000 species of flowering plants, 14% of which aee endewmic (Tosi 1971, D’ Arcy 1987, Corres, pers. com.},
Furthermere, this terresteial diversity ocours within « relafively small and accessibls area, making collections
and reeotiestions feasible,

B.2.2. Chemistry and Medicinally-Ralovant Activity of Panoma Terrestrial Plants

Although Panama bas some of the greatest wealth of vegetative species in the world, the chemical
composition of these plants bas been shedied relatively littls nod most of these mnvestigations have been carried
out by non-Panamagian researchers. However, a number of bivactive pure compounds have been reporied from
Panamanian plant speeies. The pronounced sctivity of leaves of dnnong purpurea {Annonaceas) against larvae
of the dedes aegypel was artributable & 6 acefogening, of which purpurcacin | (19) and 2 were novel {Cepleann
et o 1993). These compounds also showed antifungal activity against Condidy aibicans. Three now
raphihoquinones from the rools of Cordia linaast (Boraginaceas), including cordiaquinons B (11), werg active
against yeliow {Sver mosquite larvae and Candida albicans (Ioset et of. 1998, The Panarmartian shrub Piper
villlramulum (Piperaceas; Galinis and Wicmer 1993} yielded two new phenol detivatives, one of which was
repeliend fo leafoutior ants {villiamulin B, 12). Prenviaed benzoic acid dertvatives, including the new
methyltaboganate acid (133, were suggesied to provide an effective natural defense against leafoutter aats in fhe
feaves of P, fabogum alier ey were found to be repellent st or befow Hieir appatent natural concentrations
(Roussis et al. 19903, Six prenylated benzoic acid devivatives and three chalcanes were isolated fom the leaves
of £ diladum, and four of the benzofe acid derivatives displayed aniifungal properties against Clodosporivon

::zfcmm.{-;,.am--{%m@g&--i&%-}:ﬂf{%ew-an%%ﬁmga%iea%ﬁac1»«@%ﬁgc@h&rf&---}eg@ﬁm&aﬁw{ﬁszera@eaega»—yi{,*idcdw-w-
lacbnophythuin lactone (14}, a preaylated cownarin and a 3methyl sther flavone as the active prineipies, and ag
ingetive flavone (Rahalison 1995). The acetylonic lactone (14) also showed very high toxicity 2 ngfml)
against human kepatinocytes, A nwmber of mostly known sfkaloids have been isolated from Paamanian planty.
The stem bark of Sremmadenia obovaty afforded ten known alkaloids and the new ibogame-type alkeloid,
obovasnine (15, Madioaveitia of ol 1996). Inkibition of the malarial enzyme plasmepsin 1 by methane!
extracts of the leaves and stem back of Allizin adinocephaly {Leguminosae) led io the bivassay-guided isolation

of two new speraine alkaloids, budmunchiamines L4 (16) and LS (17, Ovenden ef of. 202y, Cephaelis
ingrecusahaemetic was shown to be the botanical source of Parsmanian ipecas, an emetic syvup widely used in
the trsatment of poisoaings (Haifisld ef ol 1981}
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B.2.3. Biomedical Propertics of Panama Teorvestvial Plant Extracts

A multitude of Panamanian plast crude extracts have besm tested in diverse biomedical assays carzied out
by the Panama-based research group of Dr. Gupta. [n their sarly studies on medicingl plants from Panama,
extiracts frony & species were screened for bomedical activity and toxieity i rats (Eposito-Avella of of. 1985).
While the extract of B glonierata increased motor activity, all other extracts decreased motor activity. Six
plants increased snicturition, white four were analgesic. Thirty-four orude extracts of Panamanian plats
representing, 4 species of Celastraceas and § speciss of Lamiacoase were subsequently screened for
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antinierobial aetivity against 13 bacterial strains and 2 yeasts, and cytotoxicity againgt Hela and Hep-2 cell
lines (Gonzalez ef o, 1994}, Fifty-three percent of the plant extracts had significant antimicrobisl activity
egainst at least 2 of the test organisims, while 26.5% possessed 105 < 100 pg/mib. againgt one celt line}. Assays
for brine shrimgp toxicity, wmor inhibition, DMA-intcroalation and clonogenic eytotoxicity were carried ont on
crude extracts from 20 plants used in traditional medicine (Gupta ef of. 1996), The mothane! extracts of &
plants were active in the DNA-interalation assay; 16 of the 20 methane! extracts wers active in potaty disk
tumor inhibition assay; only 3 extracts were eylotuxic in the slonogenic assay, while 13 of the 20 extracs tested
were 1oxic {0 brine shrimp (LCso< 100 ppm). The correlation of brine shrimp activity with DNA intercalation
and tumor inhibition supports the use of tis rapid and ecenomical bioassay in setivity-guided Fractionation of
plant extacts (Meyer of al. 1982}, Based on their traditional uses in the treatment of hypertension,
cardiovaseular, mental and feeding disorders, 19 Panamanian plants were selected, producing 149 extracts that
wers soreaned using radioligandereceptor-binding assays (Cabaltero-George 20013, Seversd organic extracts
inhibited [3H]-AT H binding {(angiotensin [ ATT receptor) by more than $0%. Two extracts were potent
inhibitoss of the [SHI MPY binding (neusropeptide Y Y1 receplor). Extracts froma 4 different spocies showed
high inbibition of the [3H] BG-123 binding {endothelin-1 BT{A) receptor} in prefiminary soreening, A more
recent focus in the Gupta cesearch group has been the testing of Panamanian medicinal plants for anti-H1V
aclivity. Exiracts of 35 plants were tested for the inhibition of HIV-tnduced evtopathis affects in cultured cells,
HIV woverse transeriptase (R} and HIVprotease (PR} enzymes (Matsuse of /. 1999).

B.3. Macrophytic Algae of Pavana
B.3.1 Biodiversity of Macrephytic Algae In Panams

Because the taxenonic standings of macrephytic alyae are diverse at the Phylure Tevel, there is inhersatly even
grenter genetic diversity smong alpae than in tervestrial plants (Liiler and Littier 20003, The Scuthern Caribbean
Sea (Nicamgua, Costa Rica, Panama and Cofumbia} is host fo a rich diversity of marine algae that is critioal to coral

e peetatmctarerhealth; '&ﬁ{i’%&ii:igei}clwmicai“cyz;i&séz"ﬁnf@ﬁﬁﬁ'ﬁ%‘tﬁy;'iﬁ'?hfc"p‘asi“tﬁ'}‘&”{i‘@m{di‘%‘{miy walnpk gl
floral survey of Panama has been published (Barle 1972), although a hand sl of studies bave focnsed on
particuler genera or species (Hay and Galoes 1984, Huy and Norels 1984, Kilar and Norris, 1988}, However,
Littler and Littler’s (2600} recent comprehensive and detailed photographic work on Caribbean Reef Plants is of
remendous ald in taxonomic assignments of both macro- and microalgas, Also, recently complated doctoral

rescarch by Wysor (2002, University of Louisiana) describos an extenstve survey of the macroalgal biodiversity in
Panarua along both consts, and reports an increass of 125% in the total estimated macraalgal diversity of Pangma,
tnehuding previous records, over 456 taa have boen documentad fo date. A survey of the literature also
revesled that macroslgal diversity in Panama is sctuslly Righer than in most other sonntries of sither the
Caribbean or the eastern Pacific (Wysor 2000). Littler and Liftler have also produced a general guide to the
Southern Factiic Hora (2003 The Pacific and Bay of Panama zones of Panama’s Southern aud Western shores
remain less well charnctorized for their algal diversity and habitats thaa the Caribbean, and this reprosents one of
the aulstanding opportunities for discovery and mafine biodiversity inveatory in this propused ICBG program,

B.3.2. Chemistry of Macrophytic Algae

Genetic diversity normally eguates with diversity in the types of pathways that ave used 1o construed secondary
metaboliles, and hence, the inherent high diversity among macroalpae results in highly diverse melecular
arclgiectures. Marine macroalgae, the first group of mariee organisis to be widely investigaled {or unique
constituents (Scheuver 1973), ave vielded the greatest nmber of structures in the literature which are of diverse
siructural type (Tringalt 1997}, The major trends in the brown algae inshude sesquiterpenss and diterpencs (2.,
18, Suxuk o al. 2002}, phioroghcinol derivatives (19, Glombitza and Schmidt 1999), mixed biogenesis
terpene-quinoncs {e.g 2, Wessels of of. 1999}, and oxyliping {21, Todd et el 1993). Tn the red algae,
halogenated terpencs of various sizes {22, Brite ¢2 g/, 2002), bromophsenols {23, Karibara et of. 1999,
acetylene-containing futly acids (24, Hiopoulou ¢r 44 2002) and oxylipins (25, Graber ef of 1996 represent the
major trendy, The greon algae have been found 1o contain 2 nurmber of unusual sesquiforpencids and
diterpenaids (26, Riopoulon e ol 20003 and halozennted phenols (e.g. 27, Dorta ¢/ af, 20073,
PHE B9B2580 (Hev. BRGH Page 7 5% Contipustion Format Page
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However, relatively few macioalgal metabolites have been reportad as possessing useful biomedicat
aclivitis, primarily, we believe, as a consequence of their being studied sarly in the development of the ‘marine
natral products’ field and pre-dating the curcent reszarch focus on biologicatly active natwrsl products, Harly
efforts into marine ratural products chamistry were largely undertaken by organic chemists trained in synthetic
organic chemistry, For them, the interest in algal natural producis was focused on novel structural molifs,
Consequently, the mavrophytic algae are known o be abuadant producers of structurally intercsting natural
prodocts, taul of paroeived low biochemical inferest, Tu all Hkelihood, i1 is shply G Hmited ranpe of bioassay-
based evaluations that gives rise 1o this erronepus perception.

B.3.3. Medicinaliy-Relevant Properties of Macrephytic Algst Natural Products
Bupported by our recent resulis with several different maernalgan from elsewhere in the world, wo beliove
hat there are a substantial munber of marine macroalgal metabolites praviously reporied as biomedically

IGCLVE OF Ae Ve Ouly T lisined aienas (g g TR oiciyy which witl show sipai fieant sedvity i theproposed ——
biochersdcal and cell-based assays. More specifically, it seems particularky compeliing that the many and
diverse terpenes produced by macrophytic marine algae will show inporiant sclivities in the modafation of
signal transduction cascades. An example thet partially validates his hypothesis comes from the discovery that
d-limonese is a seleciive inhibitor of preuylation of 2126 kDa protelns, including p21ras (Urowell e al. 1994),
de-Limonene and related ferpenes are currently in various phases of pre-cliniesl and clinteal wials (Phillips «¢ o
1995, Matthys er al. 2000). The discovery of helomon from Portieria Fornenennii, a simple halogenated
mototerpent, as 4 significant and seleclive eytotoxin with i vivo anditumor effeets (Fuller of of, 1992),
represents another Important lead compound from algae in which the olags of natural product was discovered
years parhier, but not secognized inttially for ifs potentially useful medicinal properties (Konig snd Wright
1993). Becently, we have diseovered that halomon owes at least s part of jts biomedical properties to iis ability
to ithibit DNA methyltransferases, Unsatarated and halogenated sesquiterpenes of the chamigrene class,
cormmdh in Lawrencia spp., have been identified as possessing an interesting profile of ovtoloxicity in the NCI-
DCT (Mational Cancer Institute ~ Division of Canser Treatenent) 12 vitro 60-cell ling panel (Kirk Gusiakson,
pecs. sorom ) In genersl, recognition of the subtle yot fundamendal mechanisms by which marine algst
melatlites, exert their pharmacological activity will be usightful to the cellular process under study and to the
development of these componads into useful drags.

Only one study of imited scope has focused on the madicinally relevant activity of extracts ol marine algas
from Panoras (Gupta ef cl 1991}, In this work, seven macepalpae from the Pacific const were collected,
melbanol extracts formed and tested for antibintie activity 1o shy different haman pathogens (2 Gram 1, 2 Gram
-, ancl 2 fungd); five of these showed activity to the Gram positive bacteris (Canlerpa racemose. Hofimeda
opuntia, Gelidicl acarosa, Lavrencia papillosa and Acasthophora spiclfera). No fallow-ap isolation of active
materials has been reporied to date.
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B4, Mavine Cyanehacteria of Panama
B.4.1. Biodiversity of Marine Cyanobacteria in Panama

The warn vater habitws in the Caribbean and Gulf of Chiriqui sections of Panama are ideal for the growih of
diverse marine cyanobacteris, which we have observed on preliminary collection trips. Agein, specific eollection
records and biodiversity invettories of marine cvacchacteria in this region are rather poor, with the recent volume
of the Litiers” on Caribbean Reel Plants heing one of only a very few sourses reporting species from this ares, On
the other hand, the superb photographic docnmentation in this book, as well #s tine drawings of anatomical
featuces, iy a wemendous 28d in species identification. In the words of the authors of this schelarly work, their
“...gogl was to create 4 “user-friendly’ identification guide 1o approximately 585 macrophytic maring plants of the
Caribbean ..,” and ™. provides a dependable source o identify most tropical western Atlantic mariie plants,
without the Hability of shipping materials to overcomuniited specialisis For determinations.” A tolal of 37 species of
mafing cyanohacteria ars sovered in detai] tn this trentise (Littlor and Littler 2000). Most resently, tiese authors
have aiso produced s stmilar guide (o the Bouth Pasific marine flora (Linker and Littler 2003,

8.4.2, Chomistry of Marine Cyanobacteria

The natural products chemistry of madne cysnobacteria is highly diverse, and directly reflects the
exiraordinary biosynthedic capasitics of these organisms (Gerwick 2 of 2001} 'The major theme in evanobacterial
chemistry is the production of polypeptides modified with various Hpid components to make diverss classes of
Hpopeptides. The types of Hpid components found in these metabolites include ftty acids, polyketides, and ketide-
extended amino soids. The greatest number of marine evimobacienal metabolites deseribed to dake come from a
single species, Lynghva majuscudn, from which over 200 different compounds are knewn. The molecular weight
raoge of these L. majuscals metabolites has an even distribution between 256 and 600 daltons (810 metabolites per
50 g division}, with only a few compownds of cither smalier and larger size. All £, majusents mstabolites
confalit parbon, tydrogen and oxypen; 58% also possess nitrogen, 17% chlorine, 6% sudfur (sl ehlosine- and

sutfur-contaiing metdboliies also comtain aitrogen), and 4% possess bromune, While boflt imbrached and highty
branched (ap to 27 meliine, quaternary carbon, or tortiary amide branches in a single molevule!) metabolites are
prodoced, the majority range from 2 1o 8 beanch points per molecule, A small number of £, mafusende metabolites
ate acyehic; most have between 10% and 60% of thelr non-hyddrogen/non-Tdogen atoms invelved in ring structures.
Dassection of the blogenetic subunits saking up these metabolites indicates 8 range of | {0 § units of a di fferent
origin permolecule, with 3 being most common, About 25% of the biogenetic subunits of these metabolites are
polyketides or fatly acids, another 25% are atino acids, and 25% are methy] groups likely deriving from SAM.
The remaining 25% of the biogenetic subunits derive from terpenes and sugars, or are of an unsertain origin. The
anmne actds present are dominaied by the aliphatic (34% leu, e, val, pro, ala) and aromatic (32% up, phe, 1)
regidues, with the remainder being polar restdues (gly, ser, th, oys, and hypro} and modified amine acids, In
genezal, the types of oxypen-derived functional groups Inclide alkcohols, spoxides, ethers, ketones, esters, and
carbaxylic seids, while nitrogen-containing functional groups Tnclude amides, amines, thinzoles snd thiazolines, It
cant be concluded that the roughly 200 metabolites currently knove from Dynghya mafuscde form an
extraordinanly diverss set of natural product structures (Genwick er of. 20010

To the best of our knowledge, there re ooly two reports of chemistry from Panamanian cyancbacterial
species. A rod strain of L. majwrenda collected from Bocas ded Tore yielded wriehlorinated metabolites Chrainey and
Scheuer 2001) simitar o those deseribed from the Dysiden sponge-associated symbiotic cyanobasterivn,
Oscillatoriz spongelige (Lee and Molinski 1992). Thee pew wichlorinated wetabolites, pseudodysidenin (28),
dysidenamide (29) and nordysidenin (38}, snd a terminal acelylene-conlaining peplide, dragonamide (31), were
wolstad. Psewdodysidenin (28) was cytotoxic to several canser cell lines with [s’s > 1 ug/mi.. Alihough less
welf characterized, horbamide B (32), also previously obtained from Dysidea herbacea (Clark apd Crovws 1095),
was reported as & moetabolite of this Pasamanias L. mafuscide as well. The sate L. maiusewda collection from
Bovcas del Toro also vielded heotochiorin (33}, 2 matabolite which we had recently isolated froem an £
mufuscnis streain {pow cultured in house) collected from Hector Bay, Jamaics (Marquez et al, 2002), {nilis
combined publication we reported that hectochlorin canses hyperpolymerization of actin and was found o have
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an average Glso = 5.1 uM in the assay pancl of 60 cancer cell lines at the Mational Cancer Institute, with
dreatest potency in the colon, melanoma, ovariay and renal panels,
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B.4.3. Medicinally-Belevant Properties of Mavine Cyanobacterial Natural Products
Arguably, cyanobacteria have been the richest squatic or maring source of new olinival condidates and lead
compannds Tor the treatment of cancer. Cloarly, the fagship of this effort has been the discovery of dolastatin 16
{34) a3 a vinca stie antitubulin agent (Bal et al. 1990), which is currently iz Phase U clinteal irfals {Margolin ef af
2001}, Dolastatin 10 is one of 2 series of ketide-extended polypeptides (E’mmt 999, Luesch er af. 2002) otiginally
fsolated in very small vislds from the herbivorous
2% mollusk, Delabellu aurfontaria, Bt now clear from the
WQ‘}/L 13 - isolation of close stractural homologs, barbamide (35)
Dua trom Dynpbva majusenls (Oriala and Gerwick 1996)

o ‘mﬂ 1‘*‘*’&‘“‘“ 035 and the symplostatins (e 36) from Symploca
':r ;g \i )\ Q Avdnoldes (Harrigan ef gl 1998), and sven more
T *"“’ 3 W recently, from the direct isolation of dolastatin 19 from
m‘*é" M“’ S@:“*«? a Spmploca specics {Luesch e al, 2001), that the

Syuplosratin 1 {35) dolestatins derive fiom marine eyanobacteria,

&’y;gtoﬁ hiyain A (37) i an inteiguing vieea sie antitubulie agent (Trimeculu e o, 1994) which has shown
szzperb fit vivo properties, when admiRisErd by mravesms routss mdhas tevently-completed Phase 4 olinical
trials, Cuzrently, lovs toxic analogs arc being considered for additional preclinied and elindcal evatuation (Shih and
Teicher 2901, Sessa ez of. 2002}, From some of our previcas work, 2 Crragao collection of . majuseudz vielded a
novel antitubulin agent, euracin A (38) which binds sl the colebicing binding site on wbulin (Hamel ef al. 1995,
Biahkin er o, 1995). Curacin A hag shovwn significant i vivo antifumor effects in homan renografls (TAC 21% ot
6.7 wg/kg 1P daily 1 5, NCIH522 non-small ca¥l lung carcinoma; 2/6 suimal deathe) se wall as an Ineresting
profife in hollow fiber assays (NCI Tote] Scone = 8 with a Cell Kill = 4). However, zigaificant problams with the
msﬁabﬁﬁy and poor water solubility of curacin A bave hindered it development as an snticancer lead compound.
Wiples al, (2007) have been applymg combinatorial synthesis methods io produde more statde and efficacious
anatogs (2. g. 39} Tolytoxin (48, Carmelt of o/, 1990) and the soytophycins (41, Ishibashi ef of 1996} are relaied

complex polyketide metabolites with potent sicrofilament disrapling properties (Smith ot ¢l 1993, Paterson o7 /.
1993,
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Ar intergsting trend fo the natural products of cvancbacteria is thelr frequent production of metaboliles which
mterfers with microtubule assembly, as Hlustwated sbove. At first consideration, i 18 difficnlt to undersiand how
these organisos are able to withatand the toxic effects of thefr napomolar level potency inkibitors which ih severat
vases we produced jn very largs quantities (= 0% of extracted lipids), However, this adaptation of cyanobacieria
appeats more reasonuble it aue considers that these organsems lack microtubudes, and hence are unaffected by the
toxic effects of these antitubulin agents,
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A quliivatable classes of organizis, the problem inherent to natural products chemizstry of having (oo litlle
of a compound for full biomedical evaluation, i3 in principle overcome, Further, it should be pointsd out that
there 15 Hetle disturbance to the naiural ecology of & habitat from the collection of thase microalgas for culture-
based activitics. With a cultured organism which produces pharmacentinally useful natvral products, an
exciting auay of expesimentation aimed at enhancement of drug availability and drug activily is possible,
including optimization of drug production, exploration of the physiology of drug production, bicsynihetic
studies, dirsated biosynthesis, mutesynthesis and genetic manipulations. We are currently engaged in these
types of siudies with the collection of Lnghye majuscuda which yielded curaéin A.

B.5, Advances In Natural Preducts Technology
B.5.1, Advances in Chromatography

To & large extent, the modem approach to chromatographic isolation of natural prodacts has been
influenced by the demand created by industrial high through-put bicassay capabilities (Hook ef al. 1997), This
demand has generated 4 paradigme shift away from more traditional mmlti-tiered, exhaustive chromatographic
schemes. Modern nateal products chemisiry javestigations routinely involve a bicassav-guided approach, with
the bleacvity testing often being carried out by pharmaceutical companies running large-seale operations with
a high turn-over of assays, Thus, in both the Panara and Oregon laboratories, “prefractionstion” of crude
extracts, which allows simullaneous submission of the crude material and its fractions for wsting, hag been
found to provide a mechanism by which the natural product isolation process may be integrated with industrial
high through-put screening. Tn gther Oregon projects, we have abserved that prefractionation resulifg in
testing of samples of reduced complexity significantly increases {15-fold) sur “hit rates™ of bioactive fiactions.

A reduction in the number of separations required 10 obtain pure compounds from orude exlmots has been
achiovable on ever more finely engineerced stationary phases and has several advantages, Fewer
chromatographic steps way deastically reduce losses of often linited, even wreplacesble sangple materials,

e pgpeeilly-where Intge-sesie-column chromatography wleps-are kepi-to & mipinuun.-Sample-viabilityis 8150
betier preserved by avoiding repeated exposure of the material to potentlally scidic eolumn conditions, which
rapidiy degrade fabile components. The isolation of small quantities of difficult to detact, minor components
from orude cxtracts is fagilitated by the use of phote diode array or evaporative light scattering detectors such as
those available in both the Cubilta and Gerwick laboratories, . '

B.5.2. Advances in Structare Elucidation dMethods
in the last theee decades, developments in nuclear magueiic resonance (INMR) specirascopy and mass (MS)
spectrometry, the primary analytical methods in modetn natural produsts research, have been unparaileiod
(Keifer 2000, Bahktiar and Nelson 2000, respsctively), Significant advences bave been made in improved
hardware, new experimental techniques {(new pulse sequence tools) and also more powerful data process ing and
analysie software.

Perbaps the most profinent advance s muss spectrometry applications has come with the advent of Matrix-
Assisted Laser Desorptionflonization-Time Of Flight (MALDETOF) and multi-step tandem mass spectrometry.
MALDI-TOF has become an casential tol for the investigation of large biomoleeules (Juhasz af o, 2007) and
ity polential uses range from rapid microbial identiflcation {Lay 2002}, detection of virnlence and snfibiotic
resistance markers and identification of possible vacolne components (Van de Waler ez 4/, 1997), to structure
determination of targe pephides and polyketides such as those we bave isolated from oyanchaeteria {Cohen and
Gusev 2002). Natably, landem mass spectromelry has been used suceessfully Io sequencs cyeltic peptides
because of the eapability to execufe several sequential ionizations of 2 precurser lon and Hs resulting fragrments
{(Ngoka and Gross 1959). Thus amino acid residues aro sequentially ramoved, one at each stage of the
iontzation cavsad by collisionally activated decomposition (CAD) from the Cotcrminus of the peptide, until v
dipeptide won is produced. A MALDETOF fpsttument bas recently been assembled at Oragon State University
and this will provide us with enhasced facilities to aid in the efficient stmcturs assignment of metabolites
isolated from cyansbacteria collected in Panatw, especially where NMR data are complicated by syimmetry
presant in s molecule, o by wweselvable chemical shift overlan.
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Compatible with the chromatographic capabilities to detect and isclate smatler amounts of compounds,

developments in NMR spectroscopy, an inherently insensitive technique, have made possible the struchire

“elucidation of sub-milligram quantities of higher molesular weight natural products. Besides the increased ficld
strengths of arger and Targer superconducting maguets, recent deveiopments {n probe iechnology bave
conuribited enormously to pushing the limits on the amount of sample needed Bor comprahensive NMR data
acquisition and therefore stnicture elucidation, Cryogenic probe technology reliss on the reduced operating
temperature of the coil and pre-amplifier which lowers the noise temperatare of the coil and pre-amplifies and
improves the efficiency of the coll (Katsubo and Nast 1996). It has Improved signalinoise ($/N) ratios by up to
a factor of four, Howaver, an sven more recent, fat less expensive, improvement in probe technology has heen
the development of solenoldsl iierocol] probes which bave been shown to pexmit the aequisition of 213 NMR,
data on smmples at concentrations of less than 100 oM (e.g. 75 pg for 2 compound of MW 300 132 injust a few
bours (Subramanian ef &l 1999}, The small size of the solencidal coils as well as the inherent increage in
sensilivity over saddle coll devign resulls in data acquisition times belng reduced by over ag order of magniinds.
A micracot] probe has been purchased for the DRX 600 spectrometer ar Oragon State University which is
anticipated 10 greatly increase our efficiency in the structure elucidation of small amownis of relatively large
molecules, such as we have routinely isolated from eyanabacteria (Uerwick of af. 2001}

Major improvements in data analysis tools have also contributed enormously to efficient dats processing
anid steucture slecidation of natural products. The compilation of data for known compounds into databages that
arg used in software siructute elucidation programs such as that markeisd by ACTVLabs, which hos recently
been acquired at Oregon State University, allows for e drastic reduction in the thne spent o dats processing,
This soltware actelerates not only the de-replication process, which is inherent in natural products chemistry,
but also the elucidation of novel structures. Another tool we use to assist in the structure elucidation of complex
natural products 1s NMRBIM, so accessory program in the Bruker XWINNME package, which i3 useful for
simulation of predicted coupling constant information. Also contributing to effisient NMR data sequisition and

—processing irthe generab move away fronrinherently inseoure-thnix-phatformsogrexpensive Siicon Graphics
{(SGI) machines 1o Linux platforms on ordinary persons! computers. Folowing a campus-wide trend at Oreson
State University, the Gerwick research laboratories have recently acquired a site Hoense for the Bruker
XWINNME package for Linux to facilitate remote data processing. Such data stations are critical for detsiled,
unaminguous data analysis which, i our expecience, is most efficiently cartied out while using the XWINNME
software, rather than working exclusively with prntouts, I Heht of this, neiworking of the Braker Avance 300
speatrometer {which uses o Windows platform} af the STRY headqiarters in Panana City, and purchase of
further site iconses for XWINNMR for Windows are planncd to coable data stations for NMR data processing
16 be instalied at the University of Panama.

B.6, Cenclusions fo Backpgreund

There 1 considerable justification for the scrvening of tervesirial plents and marine ayancbacteria and
macroalgas for new anticancer, antiparasitie and agricultural fead compounds. Previons studiss have shown
these groups of organisma 0 possess many siructuraliy-novel natwal products, several of whick display
promising medicinally refevant activitics, However, the full potential of these organisms remains to be
explored, sspecially so through applivation of a broader range of madern biochemizal and cell-based biomedical
assays. The proposed research will provide eritical insights into the prevalence of potential anticancer,
antiparasitic and agricultural fead compourdds in terrestrial plants nud marioe cyenobacieria sod macroalgas
from Panama.

C. PROGRESS REFORT AND PRELIMINARY RESULTS

.1, Pragress Report for Terrestrial Plants .

Lndar the existing Panama KCBG structure, the research groups of Dr. Lois Cubilla and Dy, Mahabir Gupta,
both based at the University of Panama, have focused on the bicassay-guided tsolation snd characterization of
novel, Mosclive natural products from Panamanian terresirial plants. In this section, we summarize the resplis
from the terrestriad plant chomical bnvestigations carricd out in this JUBG for the last 4 years, Plant materials
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were collected according o eoologicul principles which indicate that fresh, young leaves are richest in natural
products, and extracted, as described in APY, The plant extracts sefected for furtber purification were chosen for
their consistent, significant bicactiviey in Panama-hased tropical disease, anticancer and anti-HIV bisassays
described in AP, az well ag for the absence of any reported bioactivity or known compounds, as determined by
Napralett and Sci¥inder database scarches (see APZ, Fignee 12). fa Ogiober 1998, Panarma YOBG scientists
purchased all of the equipment, remodeled laborstories aud trained the personnel necessary to establish
bioassays for malaria (Plasmodinm falciparum), Chagas” disease (Tripanesoma cruzi) end leishoniasis
Ueisiminia mexicana), None of the bioassays hed been rug proviously in Panama and in most cases required
the development of novel methodologies, as deserbed in AF2 (Sestion C.1.). The cell-based assays using 3
tumoor cell lines [H-460 (lung), SF-268 (central nervous systen) and MOFT (breast)] from the NCI were run by
L. Gupta’s {aboratory, while aati-1IV assays were run in the Department of Microbiology at the University of
Panama. These assays have boen succsssfully used to guide the isolation of the hioective metubolites presented
hore. Thus, the government of Pasams ks embracing drug discovery as & sustainable and promising use of thelr
extonsive biodiversity and has provided positive support throughout the Pasama [CBG projest (see letter of
support from Ricardo Rivers, National Authority of the Environment),

(1.1 Progress Report for the Cabilis Laboratory

The Cubitla research group collaboration with the Panarma ICR(G began in January 2000, with a goal to
pursue the fractiosation of crude extracis active in the tropioal disease {feishmaniasis, Chagas’ dissase and
maliaria) bioassays ran it Panama by Dr. Orlega-Barrid’s laboratory. As Dr. Cubilla did not have a Iahoratory
prior to joining the [CBG, the firet 6 months were dedicated 10 preparation of the laboratories and office space
and the acquisition of equipment and materials. Initially, the group comprised one research assistant and two
studonts, but the leboratory has sinee prown to inchude 3 research assiztants and numerous students. During this
time, an HPLC system with Photodiode Array (PDA) detector, 2 Medine Pressure Liquid Clcomatography )

{(MPLC) system and a melting point apparalus were acquired. The capacily 1o carry oul separations by Flash ™™
Liquid Chuornstography (FLC), Vacuam Liguid Chromatography (VLC), Preparative Thin Layer
Cheomatography (PTLC) and Cobunm Ligaid Chromatography (CLC) has also been acquired, Preliminary
fractionations of extracts from 31 plant species have bean catried out, including 20 extracts from voung leaves
angl 28 extracts {rom mature leaves. Projects on extracts from 6 of these species are comgpleted and work en o
farther 12 spocies I8 in progress, with 23 pare compounds isolated apd at feast partialiy characterized to date.
Fustherroore, effors have been inilinted fo pucify gram guantities of alksloids for f2 wvo testing in AP2. This
exciting expansion in the Panarsa ICBG follows m award of $65,000 from STRI for the development of i vive
mouse bioassays for cutaneous and visceral leishmaniasis in Dy, Ortega-Rarda’s Iaboratory (see A2, Section
C.LL3) To obtadn pure compounds, liquid-liquid partitioning {as is shown in the partition schere, Appendiz
9 ol the crade extracts was followed by VLC, CLC, PTLC, FCLC or HPLC at preparative and semi-preparative
scale. In oases where the presence of alkalofds was detected, an acid-base extraction of the crude extiact o
fraction was carried out. i

C.LLL Componnds with Activity againg Leishnrandasis
Some of our most refevant results are the solation of several known aporphine alkaloids from Guatteria
amplifotie and G, dumeroram {Annonacese; which possessed potent activity in the antileishmantasie assny. The
resuilts summarized below, ted us to oblain a N

and are discussed further in AP2 (Section T.T.LLT Threc collcclions of

YOG Teavens Ul these twi Gualleria spacies were made on the Barro Colorado Natural Mooument (2000-2061),
which is the largest island located in Gutlin Lake {the main water roservoir for the Parsmos Canall, Although
extracts from G amplifolic wers previously reported to have activity against Lelshmaniz, the chemdeal
constituonts wete not igolated and identified tWeniger e ol 2001). Tweo previous stadies of G, amplifolic led to
the iselation of aporpline aad oxoaporphing alkaloids {Weniger ef o/, 2000, Lopez e al. 1993), some of which
hud sntimalarial properties (Weniger ef ¢f. 2000). There are no reported chemica] investigations of G,
dumetorian, & species known only 1o Costa Rica and Panume (Croat 1978), Therefore, after finding that the
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eruile extracts of G. amplifolia and G, dumetorum were active in assays egainst Leishmanio mexicata, these

vo species were targeted for further investigation. Bioassay-guided fractionation of e &, amplifolia extract
led o the isclation of the known atkaloids xylopine (42), nomuciferine (43), lysicamine (44), and landanosine
{45}, while the G. dhanetoram extract yielded alkaloids cryplodorine (46) and tornantening (47, The molecnlar
struetures of all of these compowds were determined from 1D pad in some cases 20 (COSY, HSGC, HMBC
and NOBESY) NMR date and confirmed by IR snd mass spectroscopy, Compounuds 42, 43, 46 and 47
demonstrated significant activity against L. mexicana and L. panamensis (L Cx = 7, 13, 24 and 14 HM,
respectively) and consequently, cytotoxicily testing againal two manunalian cell lines was condhuctod wilh
compounds 42-44, 46 2nd 47 to explore their poteatial as treatments for leishmsariasis. Xylopine (42) and
eryplodoring (46) showed 33-fold and 63-fold higher wxieity, respectively, towards L. mexicans thas towards
rnactophages, the regular host ool of the Lefshmania pazasite. Activities of 172 uM and 21 uM, respectively,
for lysicamine {44} znd nomuciferine (47) compare favorably with the reported activities of 135-292 1M For the
quinoline alkaloids tsolated as antileishimaniasiz agents from Golipen longiflora (Akedengue ot af. 1999),
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Kyiopine (43 Mormucilieins (43) Lysicaing {44} foudannsing (43) Crypredoriag {46) Homaienine (47}

Crule extracts of young and mmture leaves from Sarcorhachis naranjoang (Pipersceae) collected in the
Mational Park Altos de Campuna Uaouary-April 2002) showed aotivities of 35 pg/ml. and 29 pg/ml
respretively ngainst Lefshmania promastigotes. In this case, sitica gel TLC analysis of the young snd mature

leaf extracts revealed no apparet differance between-therm - Blomssay-peded fractionation of the hegpne. o

soluble portion of the mansre Joaf exitact chosen for further investigation led to the solation of aegeline (48),
which was the active constiteent (3.5 ug/ml, 12 uM). Although this alkaloid has

o 4 @ beeon isolated previously from degle marmelps (Patra of ¢l 1979, Patra ef af, 1981,
E\j/‘\ g% Sharma er &f, 1981 and Govindachari and Premita 1983), Frgara hyemalis {Patra e
HC0 al. 1981} and Zonthoxphom ocumarense (Dellz Caga de Marcane of 2l 1972), no
axgebion (485) radicinally relevent activity for this compound has been reporied to our

kmowledge, .

Recently, we have isolated an unidentified alkaloid from a Chomielia barbellata (Rubfaceac), slse collectad
in the National Park Altos de Carapana {August 2002). Although the activity of this compound is still unknown,
the young leaves of thiy species showed an activity of 17pg/ml, against Leishmaria. The strueture shucidation
of two alksloids from Tachigali versicolor (Fabacens), a apecies collected on the Barre Colorado Natural
Manmment duting August and October 2602, & also underway. Both young and maturs leaves showed
significant leishmaniasis activity (18 and 11 pe/ml., respectively).

C.LLZ, Compounds with Activity agalnst Chagas® Disease (American Trypanosomiasis)
The methano! extract of young leaves of Mectandra fineata (Lauraceae) collected on the Bamo Colorade
Natural Monument (2001} displayed an 1Css ranging from 4-33 pg/mi. in the Chagas® discase hiogssay.
o Ry Bloassay-puided fractionation led o the isolation of twe norlignans (49 and 50), the
e O,Q structures of which were determined by slandard NMR taghmiqneg, Il§ and %,i frass
<0,- " ook, spectroseopy, The morlignans have various reported activities, including antibacterial and
antifungal (Meudonen 2f o, 2000} as well a5 in witre vaseular sotivities (Palazzinn o of,
R Mgy 2000), and are also inhibitors of byeluronidase (Jeong of o, 19993, Norignan 58 was
48 o, )i\ originally isolated from dnaxageres dlavata {Anponaceae) several years ago (Puentes De
Diaz 19963, However, fo our knowledge, its biomedical activity has nover been assessed

= R ) T _ . . ..
and thus its activity {0Csp= 18.6 ue/mb) aeainst 7. cruzd is novel, Comrmound 49
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axhibited a fower bionetivity (ICss= 40 pgfal.), which could be due to problems in rendering it completely
soluble under the zonditions of o bicassay,

Myrospermaon frutescens {Febaceae} was collected on the Rarro Colorado Nature Monument in fanuary
2001, Extracts of both young and mature leaves demounstrated significant and consistent activity against the
extraccihular form of 7 eruai (10~ 36 and 22 pugfnl., respectively). Beeause previons chemical Investigations
of M. frutescens wese Hinited (v the lsolation of oils from its seeds (Vielm et ai. 2002, Ds Costa ef al. 1996), we
selected these extracts for further investigation, Bioassay-gutded fractionation of the methauo! soluble portion
of the extract led 1o the isolation of seven new cassane diterpenoids (51-57) and one new cleistagthane {58). The
moleeylar structures of these diterpenes were determined primarily by NMR techniques (including 1D seleciive
'H decoupling, 1D NOK difference and 2D MOESY experiments), and confirmed by 1R and mass spectroscopy.

Compounds 53-57 were tested for activity fa both the intra~ and extra-cellular versions of the T, cruzi asssy,
and the resuls are presented in full in APZ. Compounds 55 andd 57 were most active 8 gainst the extracellular
torm of the parasite (16 and 11 M, respectively), while compminds 5 and 82 were active against the more
climeally relevant intrseellular torm of the parasite (17 und 16 M, respectively). The majority of diterpenes
reporied to have activity against 7 cruzf possess kourane skeletons (Alves ef al. 1993, Ragasa of ¢f. 2002, Lyder
ef ad. 1998}, Compounda with the cassanc skeletons, such a8 those desoribed here, have been isclated from the
genus Coeselpinia and are mosily furanoditerpenoids (Papotf ef of. 1960, Gunstene ef ¢l 1972, Yang ef of.

2601}

KRR Tha o

51 O CH, H H e

5 O OHy O f‘«} it ~ -

58 OH  OHy <D k{ - !

54 Az CHy Qde 0 [ S5

35 OAc OH; OH e M b

56 QAc COOM H 57 {38

............... m e Twrgthor plantextrasts; frant Hedyasmmn bonplmrdianmn sad HampEs appenaiila were

selocted for fractionation on the basis of their agtivity against the intracellutar form of the parasite. In Febrary
2002, Hedyosmum bonplandianum {Chioranthaceas) was sollested in the National Park Altos de Campana,
Both young and mature leaf entracts, which had similar TLC profiles, showed activities of 6 p/mlL in the
Chagas” discase assay, The sesquiterpene lactone enoseriolide (59) was isolated as the major active constituent
{363 my) of the young leaf methano! fraction (IC; <6 yg/mb), and its molecnlar struchyre was confirmed fiam
NME, IR and mass spectroscopy. Onoseriolide, isolnfed inrtially from Onoseris aibicans (Bohlmann ef af
1980} and subsequently trom Hedvosmum brasiliense (Trentin of ol 19993, is known o
@‘f‘j’@ .o, Produce graded atinociception againgt acetic acid writhing and cagssicin-induced licking in
. { mice, but no antitrypanosonial activity is reported. Bloassay-guided fractionation of crude
an exiracts of young and mature lsaves of Hampen appendiculaia, {(Fabaceas) collecied from
Onserioligz (s9y  MIAICh o Aprdl 2002 in the Mational Park Chagres, has thus far led 1o the isolation of two
sompounds, whose structure elusidation is ongoing,

C.1.1.3, Compounds with Activity in the Malavia Assay
Wo are cuttently pursuing the isolation and characterization of metabolites from Tratinickio aspera, young
and mature leaf extracls of which demonstrated significant sotivity in the malaria bioassay (14 and 18 pgimi,
respoctively). Similady, young and mature leaves of Lafeensia punicifolia demonstrated significant
antimalarial activity (6 pg/ml.) and these extracts are also being fractionated further, Both species were
coltected on the Barre Colorado Natural Mooument in Seplember 2001 and Apiil 2007, respeetively,

C.1.1.4. Traiving and Oatreach
Buring the three versrs i which the Cubilla group bas been assosinied with the current B, 6 chemdstry
students have finished their undergraduate theses using the JCBG reacurces and 4 studenis have obiained
training ternships. Two research assistants have obtained scholarships and are currently pursidig advanced
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degrees abroad (Mexivo and Spain). We are currently trying to securs similar opportunities for 2 other research
assistants. Bucavse Dr. Cubiiffa is the most active researcher in the Depariment of Chemistry, other professors
coguiarly bring their classes to bis laboratory for demonsirations of different chromatogeaphic techigues.
Recently we have pasticipated in « scientific workshop orgenized by the Faculty of Natura! Sciences aud
Technology of the University of Panama, where the process of separation and isolation of terrestrigh plant
naturad products was demonstrated to 150 collage Tevel students, with sn emphasis on the relationship between
natural products and the conservation of the tropical forests. The members of AP3 have presented ai
conferences (o chemisiry professionals sud Dr. Cubills hag lectured at high school and university levels, Dr,
Cubilla’s work has also heen featined in soveral artivles in the major Panamanian newspaper, La Prersa (ses
AP4, Section C.1).

C.L2 Highlights of {CBG Research in the Gupia Laboratory

Dr. Maimbir Gupta, the present leader of AP2, heads the Center for Phamnacognistic Research on
Panamanian Flora (CIFLORPAN) which has a woll-esteblished record i the field of temrestrial plant natural
products, As mentioned above, Dr, Gupta’s kboratories have been responsible for running the ccll-hased As8AYS
using 3 wumor el ines [H-460 (lung), SF-268 (vantral nervous system) and MOF7 (breast)] obtained from the
National Cancer Institute. This research group follows up investigations of extracts active in these anticancer
assttys, and also extracts active in an anti-HIV whols celf aysay (noninfeetions HIV steais *™MC99), which
is run by Professor Basitio Gomes, ¢ microbiologist fom the Department of Micrabiology at the University of
Panarma, Highlights of their recent work are presented below,

C.1LL1 Compomnds with Activity in the Pannms-based 3-Call Cancer Assays
The extractz of young and matwre leaves from Maguira gufanensis (Morgceas) collected in Barro Colorado
Natoral Monument showed activity in the 3 tuwor cell line assays (Glse < 2 pg/mL in euch gasc;)i Thus, the

o denter Hauid-tiquid padition fraction from the matwre leaf exiract was fractionated by DIAJON® geadiont

chromatography (water, water-nethianol, methanol and ethyl acetate). The maguiroside derivative 60 was
isolated as an astive gonstitnent (Gly MCF-T: 0.033, H-460: 0.023, 8F-26%; 0.03 pg/mL) by Cyg reversed-phase
MPLU. Young and mature lesl extiacts of Stoarea zuffacasis {Blacocapaccae) also showed activity in all 3
cancer el lines and both kinds of leaves wese recollostod in Barro Colorado Natural Monument ducing 2001
and 2002, For both extracts, liguid-liquid partitioning produced active methanol partitions which yielded 3
active fractions after chromatography on silica gel. Three compounds were obtained upon further silica gel
purilication: L-deoxyeucurbitacin D (61, Glso, MCE-7; 0.041, SF268: 0.20 pgfml) and 62 (Gl MOURT: 002,
F46G: 0.013, 3F268 0.021 pganl} Gom both young snd maure leaves, and 63 (Glsp MCE-7: 0.11, H-460;

0.065, SF-268 0,087 pghnl.) from mature Joaves onfy,
iwé‘g e o
. e - (o " N N
Eiiiﬁl ,%:0 0166/ {;i«l H?;Jb“m }{;H H i HO &;’i{jr\t ot 3}
zfg’%o ' A rm’();,g' ' e oF
50

i

it O8 CH,
Ideonyrueutbinods (51 62 £

Broassay-guided fractionaiion of the methanolic extraet from young leaves of Prioria copaifera
{Fabaceae), collected in the Barro Colorado Natural Monument in Qclober 1998, vielded elliotinoie acid (64) as
the active constiment (Glsg, MCF-7 = 4.8 pghnl, 13460 = 3.4 up/ml., 3F-268 = 5.6 up/mL). Elliatinoic acid
was first reporled from Pruus ellioti (Joye and Lawrence 1963), although fts anticancer activity is unteported.
Additicnally, two other inactive and ubiguitous labdase diterpenes were isolated from 7. copaifora: 12-
wolambertianic acid {68), originally fsolated froro Brickellia giomerata {Caldoron et ol 19%7), and hardwickiic
acid (68), reported as an insecticklal agent from Crofon arematicus (e.g. Fandara «f ol 1987), To ihe best of
our knowixlge, this 13 the fst roport on the natural products chemistry of the single Prioria species known.
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Liguid-liquid pactitioning of the total methanalic exteact from young leaves of ddenaria floribusde
yietded active hexanes and methanol partitions. Further ehromatographic purification of hoth partitions yiclded
4 new compaunds (67-70), of which 3 were active. The y-pyrone 68 showed good activity (Glay, MCE-7: 0.43
‘ o o pg/ml, He460: 0,29 ug/mb., $7-268: .39 ug/ml), whilo
},,5’ f 3 the activity of compounds 89 {Glsg, MCF-7. 1.2 pgfml,
]
9
Sou

H-460; 1.1 pgfnl, SF-268:1.4 pe/mb) and 70 (CGilso

L 1L MCUP-7 =10 pgiml, H-460: 2.3 pgiml, $F-268: > 10
g(\j C;J\f Hg/mi} was moderate to low. ddenaria is auother genus
OO oS for which there is no repert of any chemdeal investigations
effiothonis peid (641 1 Zonolanhenianic avkd (63} bardwickifc 2cid 166) in the literature.

i . el ET '

The extract of young leaves from Mabea cccidentalis (Buphorbiaces) showed significant activity against
the &F-268 cell line ((go = 5.5 pg/mL). Notably, the mature luaf extrect showed no 2ctivity againgt the 3 cell
lines. Working on the methanolic extract of the young leaves, we obtained pure white
o on  Srystls (30 mg), of polyphenalic compound 71, the structure of which was deduced
HO e \/g[: o from NMR daia, and which showed modersie activity in all 3 cell lines {(Glg, MCF =
HOI “‘”]ﬁ?’g 4.7 pg/ml, H460= 4.1 pg/ml, SF-268 = 9.4 up/ml). Other species of Maben are

8 4 reporfed {o contaln highly inflammatory ingensne diterpenes {as "chechusm foxin™,

Brooks ér al. 19907 and cotiaroyighocosides [Harmes o af. 1981y, T

Some of our mast exciting results have como from Fiomie species. Upon testing against the 3 cancer ool
{nes, activity was found in the methanalic extracts of the young leaves of Fiemia macrophplin (Gley = 2.4, 4.4
and 3.7 pgmL, regpectively), ¥ baceffern (G = <1.0, 13 and 2.3 piml, respectively), and ¥ Jofensis (Glg
= 0.5, 05 and 0.4 pg/ml, respectively). The fractionation process way cartied out using both Hguid-Hiquid
partition and column chromatography. Five sctive compounds (Table 1) were isolated from the young leaves of
Y. macrophyita; fervoginm A (72), ferruginin B (73} and C {74), vismin (75) and harunganin (76). ¥, baccifern
yielded the three active compounds vismione B (77), deacetylvismione A (78) and deacetylvismione H (79,
Table 1}. A new bianthrone {80}, which we have pamed bivismiaguionone, and the known vismlaguinone
(Goncalves er al. 1981) were aleo isolated as insetive constituents from the same specios. Compounds 78 and 79
ware re-isolated ag the active constitnents of ¥, jefensis, Vismione H (81) is roporied to be  potent antimalasial
agent against Plagmodium falciparun (15 88 ng/mk, Francols of ol 1999). Deacetylvismione A {78) was
submitted to Novartis and has been found to potently inhibit HCT-116 colon cancer cells (= §13 oM} as a
Sirt-2 inhibilor. It also showed activily rgainst H1799 fung carcinoma cells (ICsg = 312 nM). These exciting
resufts and the mechanism of inhibition are described in AP2 {Section C.2.2.13. While the benzophenone and
anthyanckd chemistry of the Viemie genus is well-doswmented (Dolle Monache 1985), none of the thres speciss
whose chemistry is deseribed bere appear in the chemical literature.
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Table 1 Activity of Vismie metabolites aguinst 3 cancer cell lines,

Compoid 05 {np/inl) !
| MOE7 M40 SE26R d 1
Farruginin A (723 500 430 490 /i -
: - ; T2 Railh), Radyn, R0
Ferruginin B (73) 00 560 400 3 B 0. Rogon
‘ T3 Ry(H), RylH), Ry
Fernginin C (74 430 540 400 T8 Rl Rt Bt
Viantn (75) 520 754 §H o8 o4 O
Hanganin (76} & 640 &40 i
.
Vismione B (71) 160 280 250 T a
Doty ivismione A (T8 181 10 220 Ew ot
Pracetylvismions H {79 47 §7 4 jm
& oR
d M-
LTS

C.12.2, Compounds with Activity in the AnthIIV Assay
The aati-HIV activity demonsirated by the total methanclic sxtract of the young leaves of Hiraeg reclinate,
prompled us to purify the ante TV 2ctive constituent{s) of this plant. Leaves were collected from two Watiooe!
Parks in Central Panama (2001} Again, the genus Hiraea docs not appear in the chamica Berature and this
species was tharefurs 3 prime larget for further investigation, Ligeid-liguid partitioning and column
ehmmmegraﬁhy of the aciive: cm(iﬁ fraction frara the met] zami extract of z;x'" rec*fz'naz’a afforded the now

galiaﬁeé 1_,3?435 letfa;&,él%{) ;iqwme at,ri{i {33)2 vt?em 7

..... w2 3 rhammoside, orientin 27 -thamuoside, isovitexin 27
fy}_ﬁﬁ TNl P Q‘m rbamnoside, and isvorientin 27 -rhamnoside, However,

B ( MG F:

M ,-v;?_ Les™  when these motabolies wore evalusied for their ang-HIV
”“j‘ opsd f::;f Ho x}» Hugt netivity, onty 83 showed consistent activity (15 8.3
)4 J & b Y, befml, Protection = 53,3%). Similar anti-HIV activity for

™ 83 has been reporied proviously foliowing the isolation of

kaunyrien {823 i . L , .
3.8 Scien. O galfoplquinic acid g O from s commercial fanmic eeid (Mishizawa e gl 1989).

(L2, Prelipdnary Results for Marine Algae and Cyanabacieris

The Gerwick research group at Oregon Siate University has reconily embarked on an urzszzpparim
collaberation with the Panama ICBG. Over the last 14 months of active offort 1o develop a marine component o
this afready highly successful FUBG projset, we have made izngible and productive progress in efforte to 1)
demonstrate the biological and chemical richness Panama’s marine flors, 2) fo show the affectivensss of bi-
directional transmission of plant and algal saniples for straciural chemical studies as well as for biomedion
testing, 3) 1o test and improve bi-dircetional information trassfor between Oregon and Panata, and 4) to
establish a positively-focused drug discovery team invelviag rolentists from all of the applicant organizations,
Chemical investigations of marine cyanobacteria carvied ot in the last five months have resulted in the isolation
of several new and bivactive componnds, soms of which are active in the tropical disease hioaszays being
gonducted 1 Panama, A relatively Jorge number of compounds isolated by the 2 Panawa-based laboratosies
have been analyzed by detailed NMR studies, mass spectrometry, and polaimetry in the Oregon laboratorics,
heloing Lo compiate the delincation of thely chomical structures. In a few casey, the structure slucidation of
these terrestrial plant derived natural products has besy g collsborative effort, and has resolied in regearch
acoomplishments which will be vider joint suthorship between Oregon and Panarsa seientists. Thus,
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stimufating preliininacy interactions between the curent FCBG program ansd Oregon State University bode well
for the productive addition of this marine component 1o the Panama ICBG in its proposad renews! perlod,

2.1, Evaluation of Marine Algal Blodiversity and Prefiminary Colteciions

An intial wip to Panama i January 2007 allowed the P.1. to assess the high biological diversity around the
Pacifte island of Coiba, which is the principat conservation project of this JCBQ application [see AP4). A rich
subtropical macroalgal flors was obeerved with muny meimbers of the chemically-rich Dictyotaceae in evidence,
Tropieal and sub-ropical green and red algae were also present, slthough less conspicuousty, Unidentified
masine cyanobacteria were {ound as tufts snd small mats in several shallow water habitats. In Septamber 2002,
algal coliections made by Oregon participants while using SCURA and snorkeling near to Poriobele prosented
an opportunity 1o assess marine algal biodiversity of this Caribbean site ag well, A tola] of sixicen different alga!
samples were oollected, as dosoribed in AP (Section C.5.1). OF these samples, theee wers macroa lgaz collected
in quantities farge enough for chemical investigation; four small seale coflections of ovanobacteria were made
for chemical tnvestigation and samples for calturs were taken from thres of these; six cyanobacterial apecimens
wire only ¢ollected as culture samples. The istand of Bocas del Toro was also visited where pristine mangroves
proved 10.be the site of prolific cyanobacterial it and we aunticipate large seale collections (rom this area in the
fature, Four algal samples from Boeas del Tore (one brown macrealgs, and thyes Zyaghpa cyanobacterial
species) were received i Oregon In November 2002 as a result of preliminary collection efforts made by
Panamma partictpanis,

Organic extracts of the largest cyanobacterial sarople from each site {a brown and a red L. majusexda) wers
generated following the standard AP] protoco] for cyssobecterial exitaction (Appendin 9) and were found to be
toxic at 100 ppm and 10 ppm in our standard brine shrimp toxicity assay used to guide exiract fractionation.

APl fractionation by nonmisl-phase vaounm-liquid chromatography (o

i,
patY s _’(K) give nine “prefractions’ was performed acpording to the stendard pre-
A b b ek e, b et ‘:M‘H&;‘}t t;%fi\;;k? .E‘—:‘&‘z ____________________
¢ i o BTG

tractionation proiacol Tar organic exfracts from marine algas {Appendix
9}. The muost active brine shrimy factions from sach extract were then
targeted for further purification using HPLC. Thus, two fractions (80 %
e N\,,L%ﬁ_? Y qai-;\{,ﬁfﬁ? o BiOAs-hexones and 100 % BtOAC) from the brown Portobelo L.

o

T

draguramide {31}

_ § g @ majuscyla extract and three fractions (40 % EQAc-hexanes, 100 %
Nd awt EtOAc and 25 % msthanol-B1OAC) from the red Booas del Toro /..
herbawside 1 (123 dptieninimeote (88 pgfuscada oxtract worg fractionated by HPLC, To date, thered L.

mafusciia has vielded a complex serios of intriguing compounds including two unidentified, novel pepiides and
the known substanees dragotmmide (31}, horbamide B (32) and dysideathiazole (84). These cempounds, and a
sembpure fraction contaming similar trichlorinated compounds, have been submitied 1o AP2 for testing against
raalaria, lelshmaniasiz and Chagas® diseaze.

Five crude extracts are cwrrently undergoing testing in AP2. Thus far, one of these samples, an
uaidentificd Lynghya specics, displays promising activity in the antimalarial bioassay, and therefors is likely to
be the next target for AP? bioassay-guided fraconation at Oregon State University.

.2.2. Colinborative OSU-Pasama Analytical Data Acquisition for Carrent 1CBG Prejents
Oregon State Usniversity has provided and is continising to provide mass spectrosoopic support i the
current ¥CBG grant (28 low resolution and 14 high resolution pure compound samples (0 date, see Group Plan
Figure 4}, That these forecunner samples have been sestly and efficlently tramsferred belwesn Panams and
Crregon Siate University porfands well for the effectiveness of the Panama-Oregon logistic. We have #lso
seguived optical rotation data on 10 terrestetal plant products for the Cublilz and Gupta research groups since
Auguet 2007, Returning M3 data in electronic farmat to our Panamanian colicagues has nswred their] |
acauisition of thess materials in a tmely fashion, Praviding this analytical support o the current ICBG, as well
as working out the logistics for compound shipment and date retum, in advance of our formally participating in
this JOBG pioject, helps o nsure an «fficiest and effective Interastion between the collaborating AP's in tiis
anticipated renewal of the prograny, o L
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1o cases where structurally complex, high molesular weight tervestrial natural products are Isolated, the 300
VIHz fieid of the spectrometer housed at STRImay be insufficient to provide the speciral resolution NECHLALY
to pernil structire elucidation. We anteipate that the acquisition of MMR data for these compounds on the
DRX 600 spectromater housed at OSU wiil provide extended resources for the Panamanian chemists, The
enhanced capabititios of the DRX 600 may also facilitate the assigrment of storecchemistry in problesnatic
somponnds wolated and structurally assigned in Pavama.

2.3 Training Opportunities Throngh Natural Products Investigations

In Septemiber 2002, program participants from Panara and Oregon met ie Panama. Interactions included
tralning opportunities provided by discussion of the spectrascopic data for novel compounds isolated from
tereesteial plants by the Panama participants (Cubilla), and possible modifications te the procedures for
produsing and screcning chromatographic fractions to generate higher ‘hit’ vates for bicastive compounds,
These tderactions have gonerated nogoing dialogue berween the Panama and Oregon groups. Additionally, the
Bruker Avancs 300 MMR spectrometer located of STRI beadguarters in Panama was assessed by the Ciregon
participants with the goal of improving its efficient use by medifications in its operation and data prosessing
{e.g. netweorking it, and scquiring software o pesmit remote data analysis af the University of Panama). Plars
ar s place to bring Panama participants to Oregan o gain Birther experience in NMR data acquisition and
processing by using the NMR facilities at Oregon State University while interacting with & cross-section of
NMR speciroscopisis on the OSU campus

.24, Further Collaborative Interactions hetween the Gerwiek Group and the Current 1CBG
C.2.4.1. Testing Marine Natural Products in Tropical Disease Assays

Seven pure marine algal natural products selectod (o represent a range of bioactive chemotypes from the

Gerwick laboratories” pure compound Jibrary have been tested in the tropical disease bioassays run by AP2 in
T angnia- Hotmothammione trigostate-(85) from the marine cryptophyte-Chrvsaphacun ayloris the lipopeptides -
carmabn A (86} and malyuganide 1 {87} from Curibbean sod Okinawan collections of Zyngbya majuscida
respectively, the lnctone tanikolide (88) from a Madagascan vollection of £. majuscula, cymepol (89) from the
calcareous green alge Cymopolia barbata, an unreported indele (98 from a specics of Martensia red alga and
the halogenated chamigrane sesquiterpene, obiusol (91) from the red alga Lawencie obtusa were tested for
astivity against malarie, Chagas’ disease and leishmaniasis (Table 2], Obtusof was by far the most cyioioxic
natsbolite and was alse the most bioactive compound in general, with its most notable achivity i the

iniracellular Chagas® disease assays against HFF and VERQ cells. Notably, malyngamide I showed significant
activity in both the intrecellular and extracellufar Chagas® disease assays, being the most active of the seven
compounds in the extacellular assay. Cymopol showed the best activity In the antimalatial sssay, while
tanikolide showed promising activity in the sssay against leishmaniasis. Plans for further mvestigations of the
mist promising activities shown by these compounds are currently under discussion,

QAL
H@:;YA\\)\,

O 0 w5 WO
H;Cf})ﬂ‘?ﬁi"ﬁv \ih”’m&; %INHM”‘P\Y‘J‘L!}“ Hgﬁ;ﬁ“fg{\:)&ﬁ"%h‘/ };{'\ﬁ:l\g ey
oty » b "L L P
toanalmpione roeese (357 Aae £ wsdbis A (BB} Lw malgmgaeidic b (32} ar
9 B, T g o B, 58 e
[Jla oH N 75 ﬁg/m‘;q‘”ﬁ‘é’“‘(“\ A Rt
V%mvﬂvﬁ/‘v‘\ Gt Ayt T HOT
1
aikotids (483 syirkpe! (39} T dertansie indels (30 ool (¥}

RS 30B50C (Ruv, DSY] Page 7 (6 Gantinustion Fomiat Page



Prinofpal investigaiorProgrom Direstor (Last, Firet, Misdie). GERWICK, Willam Henry

Tabde 2, Regalts from the Serening of Gregon Pure Componads in Pansmma-based Tropical Disesse Bioassays
Assuy (3 wafmb)

Compaund Code Leishmaniagis | Chogas' disease Maladia {E;zggfw
Totraoellaber Extenceliutar
inHFF i VERO

Hormothamaion . i :

(g WS 2300 300 2909 17 50 - 1l 19,51
Carmabin {86)  SW-107  »300 >300 2010 508 15,52 546 1437
z’;‘%f agEde b ey e B m §14 1250 895 1 15,62
Tarikolids (88)  SW-119 31 2978 e 24,04 2 14,48
Cymopol (B9 SW-102  i24 51 2537 2.7 10,6 ¢ 1.8
f;g;’ma WA swms 61 w3 193 4068 50 1 19,44
Gibtssol (91} SW.56 58 1 <7 <2 26,39 13 .04

C.24.2. Collaboratian Planaing Meetings
This ICBG tear has met several times to establish close working relationships between all of the team
mernbers, to plan for the renewal applisation, and to develop 2 werk plan for the progosed new ICBG program,
Two of these meetings were held in Panama City, Panarma in Janugry and September 2002, and a third was held
inn Salt Lake City in June 2002, Gn-golng profects were roviewed and evaluated, and the strenpthe of the
existing program identified. New dimensicns of this [CBG were developed through work sessions involving all
of the ICBG participants, and goals were ostablished for the anticipated renewal period.

€C.2.4.3. Proparation of this JUBG Renewal Application
TTrTHE eongTietonaf thiveumpetitive renewalapplicstion-and resesrch plan has required exiensive
cosmntnication and effort on Tie part of all assoctated persounel, The timely complation of this spplication &
testament to the growing sense of coliesion botween the new ICBG participants. Communication has beed most
frequent by emall, using a “hst-serve” approach such that information is copied to 23 participants in an
antomatic fashion, Numerous phone calls have taken nlace on a regular basis during the cousse of the
preparation and review of this document, including two conference calls invelviug all key participants. These
communieations bave geoeraied sod sustained a momentum of efficiont responses botween paiticipeels in the
compitation and exchange of written malerials,

D, RESEARCH DESIGK AND METHODS

B, OGverview of the Research Plag for Assoviate Program 3

The chart below {Fignre 1) summarizes the organization and inferactions among the four Associate
Progrions (AP's) of this Panama ICBG proposal, which are described i detall in the Group Plan. Associste
Program 3 will focus on chemical investigations of Grst Gor chromutographic fractions (Mprefractions™) and
extracis generated by AP, which show activity in the tropical disease, anticancer snd agrochemical binassays
of AP2, with a goal to structurally characterize novel, blolegically active natural products from serresiral plaots
and marine macroalgae and cyanobasteria. Investigations of tervestrial plants and some macroalgas will be
carried out at the University of Pasama in the Cubilla Iaboratorics, while the purification of marine
cyanobactertal and some macrealpal nalursl products will be accomplished in the Gerwick luboratories at
Orepon State University (OSU; Figures 2 and 33 Both rasearch groups have access o comprehensive
chromatographic and spectroscopic facilities, and protocols sre in place o collaberate in the acquisition and
analysis of data, as is necessary, In all cases, AP3 fractionations will be hicassay-guided, with derivative
fractions being sent fo AFL laboratories at STRI in Panama for distcibution to the appropriale tropicst disease or
cell-based anficancer assayvs rug in the Criege nboratories, mcchenisom-based assavs st Wovarils (see letter of
support, Appendix 3} or the aprochemical assays at Dow AgroSciences (see lefler of support, Appendix 3).
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Crude prefractions sotlve in the mechanism-based cancer assays at Novartis Institute for Biomedical Researsh
MIBER] wiil be subfractionated by AF] technislans, Only the structure clucidation of pure biogetives from
these Novartis samples will be undertaken by AP3 chemists. Panamanian chemists of AP3 will participate in
traiping i general isolation and strectural elucidation techniques at OSU, and at lnast once a year OSU shemists
will lead NMR workshops at the University of Papamsa and 8TRI in Panama. In ne with overalt I0RG goals,
we will participate in AP4-coordinated activitics to give workshops, public presentations, and scientific leotes,

P - William Geraiek s SEMDIES
STRL, Panema and Orgoon Sigte Urivargity :

s finrmaRlion

AP1 - Plant callections and exfractions | AP - Dalg managemant

{sedm PO Colay 5TR), Panama ot e
A,
i é 2 *3\"&
APZ - Biclogical screens _ ;
~ trupical diseases (Fanama) PR A i}j' S;: ;’;Zf§f§i'
- canser Fansma and Movgllsy | ¢ g@iﬁ% Q&pso?f ity
- agtisullure Dow AgreSelences) "?" SR Panars
Leader. £ Orega, NDICASAT Panama ! :
. et  — : ‘(
¥ ¥ ¥ f:‘
AP3 - Uhemical Iselation and shruclure slucidation f«*
- tarresirial plants (Univesity of Panema) 3

= maring glgas (Dregon. Slate Uinkeersity) o

Loader W Gorwck BT and Drsgon Staly Univarsity

Fignre £ Overview of the Associate Program interactions snd imerrelationships In this JCBO proposal, including sample
and data mansmissions.

Assaciate Program 3 Leaden U, Willar Gensisk
Malural Producls Chemintry
Oregon Siste U, & §TRI

5 ]

D Ladts Cubllia Cr. Koy MoPhatl _
Choristry of Teresyial Plants and some Macodiges Chaminlry of Marine Cyanohaciarin ond some Maoroalgae
Usniversity of Papsma Cregon State University & 5TRE

1 postdaniond fellow ; i N

o Lot e 1 PR, sudenl

2 chomisly BB, shudants

Hecky Montenagr Haelaician)
{gwlation end Shuciure Blucidetion Chemistry
Usieerslly of Panama

Floure 2 Organizational chast of key pepsonnel in Assosiate Program 1 and thelr researcl arsas and affiliations,
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B.7. Reseavch Plag te Accemplish Spocific Alms
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Fimure 3: Flow chart of Assosinte Program 3 activitics as they relate (o the abms of this project.

.21, Adm { - To ase hioassay resnits from AP €0 select and then direct the chemical isolation of
getive constituents irom prewfmgsﬁmzaiaé gxiracts or extracts as aporapriafe
Generally, a larger munber of spacivs is colfested than cap be processed dmmediately by AP, In addition,
thers are many previously deseribed natural products from terrestrial plants, and 8 sigaificant number from
maarine macrozlgae and Lymghva species of cyanobacteria, Thus, in order to optimize the possibility of
otraining novel ad blosctve compounds, candidate species for further fractionation will be gelected according
to the following criteria {also see APZ, Figure 12). Species with pootly documented chemistry or bioactivity
will he givon greater prioity than those whose nataral products chemistry 18 well known, Uther constderations
are the specificity of the extraol aclivity 1o the relovant bivassay, and whether the souree organism is endenic o
Panarma. Bioassays which identify an AP! prefraction as sotive will be ueed f gmdc‘ subseguant fractionation,
De-replication of known and musance substances will sceur by Uwee overlapping siralegies. Froatly, the
taxonomic identittes of plants and algae will be used, m conjunction with various literature databages including
MNapralert, SoiFinder, and ManipeLat, to identify known conststuents of a given plant species, This information
will be used in assigning the priority with which an extract s pursued. Morgover, # will be consulted durisg
fractionation so a3 to wWentify known or nuisance compounds at the varliest stage pusstble (e.g by compatison
with the "H NMR of crude fractions). Secondly, a growing lbrary of Diode-Array HPLC information f boing
penerated in Panaira for terreshiial plants and in Qregon for algae and cyanobacieris, and thﬁsi} will be utilized
fo desroplicate substances previously sncountered by these respective laboratories, The Oracle” database in the
Millennium-32 HPLC software can assoctate chemical strugturas with chromatogiaphic peaks, and this can be
searehed by a computer algorithuy in 2 semi-automaiic process. Thirdly, iu the Oregon Isborastoriey, a
substantiel sumber of previously encountered maring cyanobacterial and alggl substances are present as a
searchabla library on our 1P Gas Chromatograph-Mass Spectrometer (GO-MS). Active non-polar fractions of
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atgal and cyanobacterial extracts will be profiled by GO-MS, and previcusly encmmtsced compounds identified
by the mass spectral pattern matching software. Additioeally, mass spectra of poaks in these aetive fuctions
#1li be seatched against the commercial Hibrary of 54,000 known substances that is provided in the M3
software, Lastly, the Oregon laboratories will soon bave regular access to a now Liguid-Chromatograph-Mass
Speotrurmeter (LC-MS} and anticipate integrating this into their de-replivation steategy.  Purification steategies
for terrestrial plant fractions are tailored to take aocount of the coraplexity of the fractions. While it is desirable
to go direstly to HPLC using s radial compression cofunm (up 10 250 myg per injection) or Medium Pressure
Liguid Chromatography (MPLC), for more pomplex fractions flash chromatography of column chrumatography
{normul-phase silica gel, Cyq silica gel, fonie interchange resing or sephudex gel filiration) will be camied out
before HPLL, Preparative Thin Layer Chromatography (TLC) and HPLC at preparative or semi-praparative
scales are other useful techniques available for the purification of terrestsial plant feactions. Derivative fractions
will he sent, in pasatlel with the parent fraction, to the AP} extraction and prefractionation Jaboratory at STR1 i
Panama, for distribution tw the appropriate bicassay laboratories at INDICASAT in Panama, or at Novastic or
Dow AgroSciences in the USA. Sawples will be submitted to the tropical disease srd 3-cel} cancer tdosssays in
glass vials, while 96-well “Regular-Well” plates of samples will be supplied to Novariis and D6-well “Deep-
Well” plates of samples witl be sent to Dow AgroScisnces. The amount of sample will vary aceording to the
size of the fraction. Generatly, 2 mg of fractions larger than 10 mg, and 10% of smaller fractions will be sent
for bivactivity testing,

b our experience with marine macroalgae and eyanobactsria, it is often possible 1o go directly to HFLC with
the reduced complexity AP1 prefractions, & sequence which is bighly desirable for conserving lmited materials,
Howeves, we faver reverstrd-phase HPLC af this stage because there 15 a greater rangs of stationary materials
availeble and it is a mwore efficient separation (schnique. Because the organic extract Hrst tier “prefractions™ result
from fractionation on novmal-phase silica gel, they requite pre-HPLC filtering over Cis Solid Phase Extraction
{SPE] nartridges. We find it advantageous to colleet four 1o five secondary fructions, eluted with mixturss of water
o mgthanol, al this miervening step. Since we have used prefractionation on silica 26l followed by SPE on i

~overthe past two yerrs wenvedevelopud considerableinchmise keovwitdpe of s Trost sffsctive

chromatographic approaches using this general puadigie for feactionation. Tor example, prefiaction D compounds
from normal phase VLC etuted with 49% ethyt acetate-hesanes require secondary fractionation on Cyp 5PE and
these are well separated by HFLC on €y in acetonitrile-water mixtures, whereas prefiactions F (80% ethy! acetate-
hesanes) and CG{100% othyl acetate) require po Cig SPE and arc better approached using HPLC on C g columms in
rethanol-water mixtures. Whils samples are first profiled by gradient elution using a Photo Diede Amay (PDA)
detector 10 establish optimal separation condiions, muliiple related compounds ofien co-clute under the relatively
standard conditions used (o achieve best separation of the crude prefaction. To fasilitate thess separations, we have
an agray of mote speciatized anaiytion! colurnns with, for example, phenyl-hoxyl, Lichrosorb diol angd amiino
stationery phases, A D-penicillamine colunmn is also available for chiral analyses of amine acid residues from
hydrolyzed peptidic natural products. Marine samaples from Oregon will be prepared as deseribed ahove and will
be sent to AP Isboratories at STRI by FedEx shipment.

D.2.2. Aim I - To apply state-of-the-art structure elucidution technology, featuring 2D-NMR and
various ionization modes of Mags Spectromeiry, to rapidly and efficiently determine the
structures of new and IHeactive compounds
Terrestrial plant and any macroalgal metabolites isolated at the University of Panasma will be effectively
charactertzed using the squipment and infrastraciure existing at the University of Fanama and INDICASAT
{Panama} with the additionz] suppert of the facilities at Oregon State University, Metabolites will be rovtinely
charasterized by NMR spectroscopy ou the Bruker Avance 300 spectrometer locttod at STRY. Whete groater
chermical shift wesolution is reguired, compound data will be acquived on the JBGL 400 housed ar INDICASAT
{available August 2003} or if necessary on the Bruker DRX 600 at Oregon State University, Mass spectral data
will aleo be acquired at cithar INDICASAT or Oregon State University,
Al Oregon State Unaversity, new and binactive marine algal and evansobaclesial natural products will be
charactertzed by wltraviotet and Fourler-transform infrared spectropholometry, optical rotation and circelar
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dichroisa, mass spectrorelry, and high resolution NMR spectroscopy (Braker Avance DRX 600, DPX 400 and
DPX 300} To help factiitate the tapid structure elucidation of newly isolated natural produsts, we have .
developed and described several new MMR pulse sequences. Por these studiss, we utifize our Bruker DRX 600
MHz spectrometer, equipped with triple axis gradients and a waveform genersior for selective excitation,
Recently, we have encountersd munerous examples of szmz:twaﬁywmmarkabie cychic peptides from marine
cyanobacteria. The structure elucidation of these peptides is made elmllenging Dy several consitlerations, inclading
1) they are geoeraliy of large molecular size (700 to 1500 MW), 2) they commonly pussese multiple aliphatic
aming acid residues thet results in considerable signal degeneracy in the region 0.7 (o 2.5 ppm, 3} maring
cyanobacterisl cyelie peptides Trequently possess one or more Nemethy! amide moups which results in the
wolecule sxisting in solution as 8 mixture of terliary smide conformens, 4} they are oflen isolated in small quantity
from miarine cyancbacteria (0.2 t0 2 mg}, 5} they often contain many siies of sterecchemisiry that are remole from
ope another, and 6} they frequently contain unusval functional groups or vausual constetlations of atoms for which
there is litle spectroscopic precedent. Thevelore, we have needed new tools by which to solve their struotines. In
aikdition to application of vatious published NMR experiments, such as HSQC-TOCSY, 1D DPPGSE NOE,
GHMBC, GHNMBC, 1D HMBC and GS-TLCOSY, we have created several new expariments. ‘To help to define
the contiguomus spin- systems of the constitutive amine scids, we have developed the 'H-""N PEPHSOC-
TOCSY experiment (Wilkamson e:a‘ al. 199%a), I addition, we have described a GHMMBC experiment for
looking af the intetaction between 'H and their long-range soalar-coupled "N nuclel, for both structurad
information as well ag investigation into biosynthetic pathways via lsotopically-labsled procursors {(Williamson
et al. 19998}, To facilitate the use of heteronucivar coupling constants for determining stercoshemical features
in new molocules of inforest, we have developed both 1D and 2D I%A%QM BC pulse sequences {Williamson e 2.
20007). These experiments allow the acourate measurernent of all ™ /ey coupling vonstants, and facilitate the
use of J-based conligurational analysis (Williamson of ol 2002). Recently, we have developed and describod a
new varignt of the HMBC, named the FIMPBACH-MBC (Williamson ef al. 2001), This expefimeni allows

qualitative determination of long-range heteronuclear conpling constants i the 7 dimengion and retaing the

ability to fake quantitalive measurements of this em:;aimg interaction in Fy, Another experiment recently
develnped by our laboratery for stereachemical investigations ie a derivation of the BHRIY pulse sequence. This
naw experiment allows for a elear distinction balween efs and frang olefins even if they contain fsochronous
protonr resonanees {(Willlamson ef g/, 20006} Of the NMR experiments from the lilerature, we have found the
D HMBOC ex;}erimeﬁt to be highly ueshil in the sinucturs elucidation of complex oya sobaciorial (i&psi weptides
and macrolides. This pulse pragram allows one to targst prob‘ematac commeetivities 1o ¢ highly selective
faghion and observe long-range "H-PC interactions with greal sensitivity, Our

@ T 2. ) suscess with thiz expedment is llustrated in the structure elucidation of
g Hﬁ”; ﬁ wewakazole {%}, wcyelic depmipeptide from L. majuscule (Nogle ef af, 2003),
5 ; rN4i which appears in a recent Chemical and Eoginecring News report (C&EN, Jan 13
/ ""%: 2043, p33). Inthis case, long range inleractions indicated in the 10 HMBC

P AP C‘r’;\/\‘ specirumn engbied uneqnivocal crientation of & tripeptide fragrment within the
wd jﬁj g’ﬁTi_} dudecapeptide macrooysle.

These spectroscopis inethods will be used in coujunction with standard
aatural product degradation, derivative formation, and synthetic schomes alined at
providing snequivocal structural proofs. Pisally, X-ray crystallography will be used to determine the structures
of crystaliine metabolites {or detlvatives) which are exceptionally conmplex. These serives are available t the
Departments of Chemistry, and Blochemistry and Biophysies, at Oregon State Uwiversity, or through
collaboration with & number of X-ray crystallogranlers with whom we have worked in the past.

.
wewakazole (51}

P.2.3. Alm 3 - P tradn students st various levels from Panama and the USA in the .
multidisciplioary science of modern natural products chemistry ' E
Onie of the most important elerents of his ICRU project is the tmasfer of echnology with the gr;al of
contribating o an elevated fovel of educationin Panama. This project expeocts Bachelor degree students in
Panama to carry out laboratory tesearch for up to 2 vears snd to propare a disseriation on their research.
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Students both in Panama and i the US will slso participate in these modern natural products investizgations
theough reciprocal exchanges and participation i graduate programs iy Pharmacy, Chesnistey or Biochemistry
at Oregon State Univarsity. In addition, we will sontinue fo provide Panamanian students with the opportunity
to conduct thelr BE thesis research in Dr. Cobilla’s laboratory in Panama. His laboratory Is the onfy one in the
Depariments of Chemistry or Biochemistry wherein research is actively being pursued. Based on experiences
of the current ICBG program, we anticipate 2-3 students per year will take advantage of this unique
opportunity. Once a yeer, Dr. Cubilla will visit OSU to gain experignce using the NMR. facilities there and
obsgrve general isolation and structural elucidation teehniques at OSU, and at feast once a yeat OSU chamists
wiil] participalc in workshops at the University of Fanama and TR in Panama. Frequent use of internet and
et} based technologles, i addition 1o telephone conferencing, will facilitate continuous communication
between members of AP3, a3 well ag besween AP3 and the other APs,

D.2.4. Alm 4~ To work with the other AF programs and our industrinl partuers to advance lead
motecules into the drug development process, and to seck their application as research
biachiemieals '

Newly discovered bioactive moleeules will be further evaluated as to mechanism of sction, potEney,
stability, and in vivo efficacy by our various collaborators within the ICBG, Key to this development process s
the re-bolation of latger quantities of materials ns well as the production of simple analoge by semisynihesis,
AP3 chemists will re-isolate active natural products as necessary using scaled-up cotleetions or culturss,
extractions, and chromatographic procedures. In fact, the large-scale isolation of alkaloids for newly instigated
APZ in vivo mouse assays s already in progress in the Cubills laboratories, While it is a widely held perception
that re-supply or scaled-up supply of a natural product can be preblematic, to dafe our kiboratories have bean
highly suecessful in providing up (o multigram quantities of pure natural products to industtial colizborators as
weil as to vendors of specially research biochemicals (Moleoular Probes - ouracin A, debromosplysiatoxin,
Signa ~ seytonterning, The combination of aceurate collection records, culture sammples teken @t the fime of
colleotion of cyanobacterial specles, and the stability of production of secondary meiabolites in tabioratory
cultares of cyanebacteria, has allowed us to be susceseful in this pursuit several times, For evample, following
up ot sesuits from e mechanis-based assay in enother project, we were able to provide 1.5 g of stypoldions
{Grenwick and Fenical 1981} as well as 1.5 ¢ of 2 produug analog 1o our colleboralors «f Novartls, On snother
accasion, we pravided 2 g ofhectochlorin (Marquez e al. 2002) to an industria) pariner that was exploriag the
medicmally refevand properties of this molecule, fu general, the aceurats collection rscords assosiated with our
terrestrial plant samples aliow reliable recollections. Samples of the natural products a3 well a3 derivatives will
be supplied as necessary to APZ and our collaborating industrial partners, and will aid and fosier the
development of these melecules as lead compounds. ‘

D25 Alm 5~ Te promots sur discoveries of valuable bioactive malecules into the econamie

sector, wad To use these discovertes as fools for justifying and dirccting conssrvation efforts in

Fanama

Sciertific publications and presentations, along with the provision of new compounds to cotiaborators and

cemmercial vendors of research blochemicals, will stimulate development effonts in Panama. Intogration of
research findings with the activities and goals of AP4 will also foster conservation efforts in Panarma, For
exaraple, our discovery of & prrise cysnobasterine in Curagac in 1993 which produced a potent antieanser
tead cotapound, curacin A (Uerwick ef af. 1094}, helped fo defeat an attempt by a development group to change
a protecied classilication for a sensitive mangrove hay habitat so that they could build & tourist facility,
Additionally, in tandem with the pervasive poverly of countries in frgpical regions, » general lack of education
as to the value and importanee of envirommental conservation contributes enormously to the destruction of
tropicul ecosystems. i is cur goal that the AP3 participants will annually contisbute at least 12 oral
rezentations te the peneral public, or in sulentific mectings or workshops, in order to Inform the Panamanian
population abeut the TCRG project, with an emplmsis on (e sconomic and scientific valus of chemical,
biochensical and biclogical diversity.
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Gesciplon., a5 Jp, val bectmme pablic inferwtion. Thomefore, do nel dnulude propdstndconfidentisl informmdon. DO NOT EXCEED THE SPACE
FROVIDED,

Associate Program 4 has three basic objectives: i) to use the resources of the Panama [CBG to deveiop
programs that cantribute jo biodiversity conservation in Panama, (i1} 1o conduct biodiversity imveatorios in
unigue nmring and terveatrial ecosystems in Panams, and (i) to provide materias For the dog discovery
components of the Panama ICBG. Objective (1) will be achieved by engaging in extensive public cuireach
and environmental edocational sctivities In Panams, and by working with the State agency for profecting
natural rescuress, the National Authority of the Environment (ANAM Y. We wifl work with ANAM o
strengthen their capacity to protect Pansma’s extensive system of national parks through improved database
management, to design and mploment strtegies W protect the Colba National Park (in collaboration with
Congervation International and the Woods Hele Oceanographic Institution) and te place the park on
UNESCO's list of Workd Herftage Sites, Objactive (11 will fnvolve hiodiversity inventories in the Coiba
Dational Park. Bowndeal inventories will be conducted on Coiba Istand, whose intact flors is largely
unstuslied but known to consain andemic species. In the park’s marine environment, we will wock with STRI
rusring biologists to conduct an inventory of coraly. Cyanobacteris and other algae collecied i the Coiba
Mattonal Park will alsa be collected and inventoried. Qbjective (i) will provide an interface botween the
biodiversity inventories in the Coiba Mationa! Park and the drug discovery program of the JORG  Associate
Programs 1.3}, The exiracts of plants from Coiba Island that are new to the JCBG will be fested for activity iy
tropical disesse and anticaneer assays. Octocoraly will bo provided o chemists working in collaboration with
the Panama ICBG for bioassay-guided fractionation,
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Smithsonian Tropical Research lnstitude, Panarg Cily, Republic of Pansma
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A, SPECIFIC ATMS

The overall goals of Asyociate Program 4 wre 1o (7) use the tesources of the Penamz [CBG to deve fopy
progeams that contribute {0 bodiversity conservation in Pansma, (i) conduct biodiversity inventosizs in nnigue

tarine and tervestrial ecosystems in Panama, and (i) provide nustedals for the drug discovery components of the
Paoarns ICBG. :

The Specific Alms of this Asseciate Progran are:

1. To liuk the activitics of the Panama ICBG In Associate Programs 1, 2 and 3 {o blodiversity conservation,
Waorking tn collaboration with the Panamanian government and focal NGOs we will chgage in 8 mnge of
public oulreach and cnvironmenial educational activities in Panamea. The programs will emplasize the
importance of marine and terrestrial ccosysiems in the tropics, the connestion between hutan health and
biological diversily and the activities of the Paname ICBG program,

2. To strengihon Panama’s National Avthority of the Exvirenmeni.
We will work with the National Authority of the Environmant 1o strengthen their sapacity o protect nativenl
resources through improved database manapement and by contributing to environmental education PEORIRIS.

3. To design and imploment programs to protect Pagama’s Coiha Natlonal Park.
We will work with the National Anthority of the Eavironment, Jocal and intemational NGOs, the Woods Hele
Qceavographic Institution and private individvals in the design and implementation of programs fo protest e
Coiba National Pack,

4 To zarry out blodiversity inventaries of terrrstrial and. marine plants and corals in the Coiba National
Park.
Torrestrial botanical inventories will be carried owt on Coiba Isfand whose flora is larzely unstudied but known
t include endemic species. STRI staff sclettios to conduct an inventory of corals in the Cotba Nationsl Park's
mtioe environment. Cyanobacteria snd ofher zlgae will aiso be collected and mventoried,

3. To provide terrestrial and marine plasts from the Colba National Park for drag discovery setivites of the
Panana 1CBG.
Plant eollected i the Coiba National Park that are new to the Panama ICBG will be supplied to Assosiats
Programs 1, 2and 3. Octocorals collected in the Coiba National Park will he subjected to bicassay-guided
fractionation by cheinists working in collsboration with the Panama 10RO,

6. Te work with the Natlonal Awthorily of the Eavirommnent te have the Coiba National Park included i
UNESCO™s list of World Heritage Sttes, '
Cince added o the fist of World Herltage Sites, we will use that status 10 taise awarenass of the unportance of
the Coiba Nationnt Park and to help scture the funds necessary for the park’s profestion.

B. BACKGROUND AND SIGMIFICANCE

A priotity of the Papama ICBG over the past 4.5 yeurs has beon the design and implementation of mitiatives
that promote biodiversity conservation in Panama. These activitics were not gart of any pasticulsr Associate
Program bat arose from an appreciation of two important factors that conriisnie (o the loss of biodiversity in
Suama. Fiestly, theee e # general lack of awarencss in Pansmanian society of the importance of biclogical
diversity other then as o sotres of raw materials such ag timber, When national development priositios are
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wtablished, the strategic value of binlogical diversity for uses such as drug discovery, and the importance of the
goods and services that intact coosystems provide, are not s significant priotity. Secondly, the nstiufion thai i
responsible for protecting biclogical diversity in Panamna, the National Authority of the Bavironnent (knoswn o5
CANAM for its acronym in Spanish) needs (o be strengthened in order 1o effectively protect Ponama’s nafural
YEROUICES,

In respumse fo thess needs, we have implertented two basic strategies o fink the Panama ICBG to biodiversity
coservation: (1] We have engaged in consistent public outteach efforts that have taken the form of fectures,
newspaper articles, and other activities. As aresult of these offorts, the Pasama 1CBG is well-knowsn and widely
perceived a5 heneficial for the country. Consequently, thery is o greater appreciation of the potential bonefits to he
gained from natural products-based drug discovery. (i) We have worked closely with ANAM in a collaboration
that hes ranged from investments in infrastracture to the design of steategies for the profection of nationst parks.

In erder to increase the impact of these programs, we propose to create 2 separaic Assosiale Program that wilt
cxpand upon the initiatives deseribed above 35 well as coordinate biodiversity investories in ths Coiba National
Park, the focus of our cousérvation efforts, The biodiversity inventories will also supply biological materiale snil
information for Assoctate Program 2 (Bioactivity Testing) and Assotiate Program 3 (Chenical lsolation and
Stmctural Elucidative). -

£.1. Panama’s Biological Diversity
B.LY, Terrestrial Bislogical Diversity '

As deseribed in Associate Program 1, Panam (Figure 1) is at the centor of the region with the greatest
concenfration of terresirial plant species in the world £=5,000 species per 16,000 ke and is considerad a
“biodiversity botspot” (Myess e al. 2000). 1t is estimated that there are over 13 Hfe zones containing between 8,500
il 3,000 species of flowering plants, with over 8,400 slready identified by taxenomic experts (Tosi 1971, I¥Arcy

e A8 M AET08; PRES- 0T} Bridorsie species secount-for-14% of the floras-ln-addition; Panamas-unigue -
geographic posilion weans it is home {6 gpecies from both Ceatal and South America, Far example, Panara is the
most northom extent for approximately 4,000 South American species. The Panama forests alse serve as Ruporian!
wigratory cowridors for flors and fauna between Central and South Arverica (Coates and Gbando 1996). Today, 104
species of birds and 38 species of mammals ave found only in Panema and are thus completsly dependent on the
cowntry’s protecied habits, Of the 900 species of birds that have been vecorded in Panama, over 200 are North
Americen migrams that use Panama a3 o wintertime destination, Destruction of migration destinations may be
responsible for the observed decling in Morth American songbird pepulations (Robbins ef of. 1989). Ag extreme
climate Buchutions becarss more severe, it becomes increasingly important for species to migrake in response
adverse conditions, This role of Params as a biological corridor is particularly vulnerable beeavse the isthimus is

. only H0 ki wide, In recognition of the key role of this biclogical corvidor, 7 Central American Countries roesntly
pledged 1o help preserve this forested comnection (The Panters Pasen Agenda, Hlueca 1998),

Panama is wnique in Contral America in baving 38.6% of its fand still in forest cover with an sstimated 79,000
square km of tomaining forest cover. Almost a quarter of Panarna's hand arca is protected in the country’s 43 parks
and reserves, Howevar, deforestafion continues ai 4 rapld rate: 1.6% or 5319 square km per year. AL this rate,
Pangmanian forests will disappesr within approximately 50 years (FAO 2001). Pue to its exteordinary yot
threatencd biodiversity, Panama is now considerad a threntened biodiversity hotspat by Conservation Inlernational
{(Myers ef of, 2000).
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Figure 1. The Republic of Pavama. The Coiba National Park is matpé within the Gull of Chirigel and s borders are
indicated by solid Hines. Bee Appendix § for ihe aolor version,

B.1.2. Marine Bislogical Diversity and the Gull of Chivigu{
Panama’s 2,490 ke coastline and the surrounding oceans are home to an extraardinary marine biological
lversity (see APL, Section B.1.; Allen and Roberison 1994, Glyan and Maté 1997), Panama is surroended by

N 11154 ﬁl"wiﬁui‘“hﬁ{h%ﬁ wiwater; the Caribtbean (1o the worth), the Goit of Chitiqd Souiwas s e Gulr e ™

Panama {sovtheast). The tompsrature differences between the Gulf of Chiriqul and the Gulf of Pansgma can be
seen in the satellife-dertved sea-surface temperature fiekl taken during the dry sepson of 1995 (Fipure 2). The
trade winds blow yearround over the Jsthmus of Panama and where thelr flow is uaimpeded, such as the Gulf
of Params, the surface flow produces an vpwelling of cold nuizient-laden water, resul ting bt a marked diop i
temparature, which dips helow 20 °C during wpwalling phases (Glyan and Maté 1997, By contrast, the Contral
Cordillers {shown {n Figure 1) blocks the flew of frade winds in westers Panama, protecting areas such 25 the
Gulf of Chirigaf,

The relatively stable and wann temperatures in the Guif of Chivigui sre manifest in differences 9 coral regf
growth and community structure {Glyan and Maté 19973 {"memiiy, coral yeefs are more gbundan, larger and bave
higher species diversity in non-upwelling western Panams thap in upwelling contgalieasierns Panama. The best
duveloped reefs in the Gulf of Chiriqul have vertieal buildups of 10-12 meters aud maximum ages of 5,600 years,
The Pacific shores of Panama bave a diverse coral fauna, representing $1% of the genera of the castom Pacific reef
building species, many of which are found in the Gulf of Cliriqui {Glyns ead Maté 1997),

The Culf of Chiriqul is situated within the eastern tropical Pacific Ocean, in a tegion knova as the Panama
Bight, an aves consisting of the islands and their surrounding waters in the east central Pacific ofl the consts of
Eonador, Colambia, Panama and Costa Rica. The Panama Bight is one of the most biclpgically produciive areas of
the easters tropical Pacific and one of the world"s most biclogically diverse geographical provinces (Glyan and
Watd 1997). The aren has a high degree of ceological interconvection and complex ooeanographic charsctentslics,
mainty due to the convergence of major marine currents which facilitaie the dispersal of marine larvac {e.g., from
corals, crustacesns, echinoderus, reolhusks and fishes) and affect the migrations, movenmesnts and distribution of

nany speeies of regional and global significance, The waters and currents vehich link these isfands play an
important role as bridees for the species within the vﬁ:gi{)ﬁ {Clymm and Matd 1997, Wellington 1997). ;

Due 1o the global importance of this marine region, at the Summit on Sustainable Developmaent held in
Johamneshurg, South Africa . (Septeber &4, 2002), the imitiative “Marine Conservation amd Sustainable

pr—
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Development Corridor: Galapagos, Coces, Coiba, Gorgona and Malpelo Telands™ was launched. The PrOGrRM
invelves the establishment of & marine conservation corridor that encompasses each of the islands mentioned ahove
and their surounding waters and ivolves the govenments of Costa Rica, Panama, Fousder and Colombin in
addition to the United Nations Fnvironment Programme, the Woild Conservation Union and Conservation

intermational, The Coiba Mational Park s a key fink in this initative, and its protection iy sigrificant on both
nafional and internations! levels.

Figure 2. Satellite derived sea-surface temperatore (88T) field taken during the diy scason of 1995 demonstrating the
tempermture differences batween the Gulf of Chirgul and the Gulf of Punard. Tempershunes are indicated on the meale st the
hottors of the figure {from Glyas and Mad 19973, See Apnendix 5 for the coles version,

B.2. The Colba National Park

While thera are numsrous marine and terestrial ecosysiens in Panama worthy of national and internationad
sowservation o, the case for the Coiba National Park (Figures | and 3) is particularly compelling, Much of the
Gull of Chiriqu’s tenestiial and marine blodiversity ocours within the Coiba National Park, of which 2,165 square
ke are masine and 535 squars kon are fosular, including Coiba Island (303 square km) and 38 smaller islands
{Figure 3,

With s lacgely tnlact warine and teceesiial eoosystems, the Colba National Park is one of the greatest
reinaining natural treasures in Parama, The pristive aature of the Coiba National Park 15 largely s consequence of
Clotha lsland’s uge 45 3 penal eolony since 1919 (Castrovigio and Ihifier 2001 However, the prisoners are being

cemoved from the istand and there are now less than 70 inmutes, down from a kigh of over 1,008, By crealing the
Coiba Mational Park in 1991, the government of Pasama took a key siep by providing the logal basds for the arca’s
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protestion, and it Is now a question of coordinating with ANAM to devise and implement sirategies that will protect
e park,

Figuve 3. TR Colls Narional Tark. Ths arl boandariss sre o Rasd with soiid lins See Appemlic S for i wotor
Version,

B.2L The Uoilyn National Park’s Biologicat Diversity
Caiba Island has a vanety of epdemic birds, marmals and planis (Castroviejo 1997, Indfier 2001), Coiba
Island possesses one of the lagt relicis of tropieal mofst forest in the Pacific slope of all Ceniral America (Ibafiez
20013, Coiba Island encompasses 94% of the insular ares of the park and is the largest island In the Centeal
Amerigan Facific. Approximately 80%, of the forests of Coiba Island are primary and largely uniouched (Jhifies
2001}, The following section will foeus en those species of relevance o drug discovery.

B.2.L1. Terrestrial Plant Blodiversity

The flore of Coiba Island hag been the subjeot of preliminary stadies only {Velavos ef al. 1997, Castrovisio
and Ihéfiez 2001, Ihafiez 2001}, These studies suggest that there are around 2,000 species of vascular plants, 758 of
which have been identilied, and have resylied in the discavery of s new genus, endemic o Colba, Desmotes
(family: Rutaceae) and three endemic species (Castrovigio and Mabficz 20013 The main forest fypes are tropical
nioist forest and very moist pramontane forests in addition to stands of mangroves, Prioria copaifera wad Mora
aleifera. Remarkably, most of the interior of Cotba Island is siitl unexplored botanically (Thiftce 2001, M. Correa,
pars, comun. ). The authiors of 8 yocent study reported, “we do not doubt that a more detaifed study will yield many
marge snderio species”™ (Castrovigio and Ihaficz 20013, Professor Mireya Correa of STRI, a foremost authority on
the Panamanian flora, bas reached 2 similar conclusion {pers. comm.),

B.2,1.2. Marige Biodiversity
The reels found in the Cotbs National Park are an extraordinary resource as they contain sune of the few
rentaming eastern Pacilic coral reefs n relatively good condition {Cartés 1997, The marine ecosystems of the
Coiba National Park are poarly understood and largely vostudied (Tuan Maté, Heetor Guzmidn, pers. com b During
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a recent study of the distribution and status of corat rectk and communities in the Coiba National Park by D,
Hlestor Guzmdn, 8 STRI staff selentist and expert on the ecology and popuiation dynamics of coral reafs, imporiant
“hat spots” of cordl diversity were identified, These areas contain sumerous actocoral specias, some of which ars
known o constitute new species (Breedy and Guzmmén 2003, discussed in Preliminary Results, Section C.4). These
octocorals, together with the hard cotals {scleractinians), are considered major reef-building specios in the region,
The survey indicated that high coral diversity was observed in coral communities rather than coral reefs (H,
Cuzmgn pess. comu)

Eastern Pacific reeft are considered small and sparsely distributed by comparison to their countveparts in the
central and western Pacifie. However, an exception & seert in the Ensenada Maria roef, which is immediately
adjacent to Loiba Island and is the second Targest reef in the eastern Pacific covering 160 hectarss (1.6 squars ko,
Giyno and Maté 1997). In addition to the Ensenada Mara reef, there are smaller coral reefs 2t sites throughout the
Coiba National Park, inchuding the Islands of Jicardn, Hewrita, Uva, Brincance and Canal de Afuera (Flgure 3).
Coral zeefs in the Gulf of Chisiqui also occur at mainland sites not assovtated with istands (Glyan and Maié 1997)
in adilition to the coral diversity, a reconnalssance tp to several different sites In the Colba National Pack by D
Bilt Gerwick in February 2002 revealed a significant diversity of cyanobacteria and otber algae.

B2 Threats to the Coiba National Park

While the most inynediate fhreat t the Coiba Netiousl Park is Jrons iilegal fishing, threals o the tervestrial
anviraranent are bBkely (o increass wpon removad of the penal eolony,

B34 Threats to the Marine Enviromnont :
Fishing is one of the human activities associated with cotal reef destruction in the Central Arnerican region. It
canzes removal of herbivores which results In slgal blooms and the destraction of reefs, over and sbove the direet
Jhysical effent of ne!s, traps and anchors (Cortés 1997). The need to incorpnsate local communities and resource

users into proprams involving marine protected areas s well doconrented (Barahons and Guamén 1995, White of
al. 2002, Chrisve of al. 2002) and in (he Coiby National Pak, there was substantial anscdistal ovidence form
ANAM park gussds and dive operators that ilfegal fishing wilhin the park’s boundartes s extensive. As defined by
ANAM’s Management Plan for the Coiha Nutional Park, “iflegal fishing” is anything ofher than Fshing with hand
lines. The wstimated threat to coral reefs within the Cotha National Park is considered mediuni- to highaisk by the
Werld Resources lonstitule (Bryant o7 ol 1998).

To assess the nature of the fishing aetivities accuralely, the Panama ICBG ceordinated a detatted survey of
fishermen frop; the regton by geientists from the Duke University School of the Environment and STRI (Moretti
2002 [PUbmited e survey was mplemented in 14 towns & the Gulf of Chiriqui (Figee 1) a3 well
a5 In {5 T ge el ening parts. A total of 170 fishermen participated, providing invaluable data for the
{irst systensatic analysts of fishing in the Coiba National Park. Among the issues addressed were the extant of
Hiegal fishing within the park boundaries, the techniques employed, the species caught (fncluding unintended
bycatoh), the productivity of the fishery, and the fishenmen’s knowledge and atiimudes towards the Colba Mationa!
Pk (Moratt 20033, The survey revealed that flegal fishing within the Cotba National Park is widesproad. The
survey resulls ars congistont with the observations of recreational dive operators who have seen mstked decroases
in the number of sharks, billfish, says, groupess and snappers over the past four 1o fve yerrs, which is the same
time that commercial fishing eperations increased in the Coiba National Park,

Oniy 11% of the comumercial shrimp {ishermen interviewed knew that the Coiba National Park was saything
more than Coiba {sland, even though hall of those interviewed were hoat captains. When these saroe fishermen
were shown a map of the Gulf of Chiriqud, sl of hem indicated that they routisely fish withie the park boundaries
{Moretti 2002). Jn addition to shrimp fishing, indiseriminate fiching vechmgues such a5 gill nets and long lnes are

videly employed within the park boundarics, The survey identified a total of six communities that have fhe greatest
impact on the park’s marine resources: between $6% and 100% of the Gshermen from fiose atzas routinely fish
within the Cotba National Park. The same fishermen showed a widespread unavareness of the park’s boundaries.
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“respite (he extent of llegal fishing within the Coiba National Park, the survey indicated that many of the fishermen
were supportive of the concepl of a national park: fully 67% of the Bshermen frotn the six communilies memtionsd
above responded that protoeting the region as & National Park was beneficial (Morsti 2002). Seventy-six percent of
these tnterviewed said that the development of toutism wonld be benaficial for thelr community.

B2 Threuts ie the Tervesirial Eaviromnent
Tise Coiba National Park Is part of the provinee of Veragues, which ts among the most impovorished of
Panama’s inferior provinces (Elten 1997). The prossure from squatting snd temestrial resource exiraction is ltkely to
increase once the penal colony has been completaly removed. '

B.3.2.1. Colondzatien by Kural Peasants
It i & comumon practice throughount Panams for peasants to nvade unoeuupied lands which are then clearerd for
housing end subsisterwe setivities. Even National Parks within the Panara Canal watershed sre subject to squatting
[see, for example, La Frense, May 8, 2002, “The footprints loft by squatters in Mats Redonda in the Nationa] Park,
Carning de Crunesi,

B.3.2.2. Logging and Sake of Wildlife
Comepercial logaing also puses  threat since Coiba Island has vahusble hardwoods such as drecardiu
excelsum, Calophyllue longifoliun and Mardtkara sp, which have long sines disappearad from the Pagific slopes
of the nearby provinces of Veraguas and Los Santos. The capture of Scarlet Macaws (47 macan) for commercial
sale has resulted in thelr disappearance froim every forest in Panama gxoent in two areas, Coibg Istand and the
remote Cerro Hoya Natlonal Park,

e e EA. The Nead ta Enhasce ANAM’s Capacity (o Protect the £oiba National Pagko -

The fondamental causes of the Toss of biodiversity in Panama are complex, but a key componsit iz goonormic:
40.5% of the population live in general poverty, of which 26.5% live in extreme paverty (UNDP 2002}, Under such
ciroumstances, social issues we 8 far greater priovity to the government than those pertaining to conservation of
natural resouress. Subsequently, institetions such as ANAM are chronically under-funded (Elton 1997}, The
situation in Pawansa is similar (o many blologically diverse developing countries in tems of poverty, loss of
biodiversity, ineffective nwnagement of protected sreas and fnsufficiant fnancial resources for the institutions
responsible for the protection of those sreas (Terborgh 1999). Thore is an obvious and urgent need to develop
models for the protection and managernent of protectod arcas tha integrate and steengthen host-courtry institutions.
Recognizing the financial constraints upon the governmenis where those profecied arses are found, finding
inpovative and effective means of using funds and exportise from external sowrces is erucial (Terborgh 1999).

The National Bystern of Protecied Aveas in Panama includes 43 protested arcas and encompasses an arg of
19,000 spuare kilometers, approximately 25% of the national fersitory (Mavarro 1998). In the Coiba National Patk,
there are thros park guards on duty at any given time. As the park comprises 2700 square kilometers, cach park
guard 38 thus responsible for patrolling 900 square ki {pers. comm, from Claments Nufier, ANAM®s Director of
the Coiba National Park).

B.5, Cenducting Scientific Research within the Coiba Natisnal Park

As desoribed in Section B2, the prisoners are gradually being removed from Coiba Istand, which will
climinate 4 signiticant impediment 10 scientific research. The ANAM ficility on Coiba Island ineludss a simple
field station that has served as  base for the resesnch carried out to date (Castroviejo 1997). STRI has fodging
fuctiities on the Island of Coibita (Figure 33, less than a kilometer from the ANAM facilities,

A bivlogical Iaboratory is currently being coustructed by Mr. Jean Pigozzd, n private landowner intorested in
conservation and in promoting seientitic researeh in the Coiba National Park, The 20,000 square foot faeflity is
toeated approximately 15 ks from Coiba Island on the Telund of Canal de Tierra, near the island of Babia Honda
(Figure 3}, The laboratory will be ready by March 2003 and will comprise both a chemical taboratory and a
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binlogical laboratory, an herbarium and a small workshop {www.hiquidjunglelab.comyfacilitieslinal ltml), The
bickogical laboratory un the Istand of Canal de Tierra will also nclude bouts and diving facilities and will be at the
disposal of the researchers associated with the Panarma ICBG (see letter of support from Mr, Jean Plouzad,
Appendiz 1) The ANAM facilities on Coiba [sland, the STRT lodaing fcilities on Coibita and the Iaboratory on
the Lsiand of Canal de Tierrn will greatly facilitate the collections of marine and terresivial organisms within the
Coiba National Perk. STRI and the Woods Hole Ocennograptric Institution have signed collaborative agreements
with Mr, Pigozad and will bs involved i the adminisization of the Taboratory.

C PRELIMINARY STUDIES

C.1. Public Outreach
A significant emphasis of the Parama ICBG has bean to actively infosm govemmental instit tions, tha
scienfific community, and, in particular, the public at large, about the nature of the program and the cunsmciion
hatween bivdiversity and human health, The outreach activitios emphasize how the country can benefit froms drug
discovery research through educational epportunities, ereation and support of Panama-bused research PIOgTAIS,
development of local seientific fnfrastrocture, opportunities for econnmic development and vontributions to huran
fealth. During the past 4.5 years, 1CBG members eogaged in 2 total of [ 10 owreach pativities it Panama in e
tollowing fora
+ lectures at elementiry and high schools
» pregentstions (o povernments] oficials
* lectures (o nor-governmwnial organizations
= leciures to scigntific organizations
« lechures at Incal universities
s s i mé@g{gm&ggﬁ;&gﬁ{ﬁi& . et

» radic and television appearances
» nevrspaper articles

There have beer: a total of 13 newspaper artisles wrilten on the Panama [CBG ever the past 4.5 years, {1 of
which appeared in La Prewsa, Panami’s most widely respectod newspaper, The articles dealt with subjects such as
the everall strusture of the program, emphasizing the large host-country eomponent {April 30, 1999; Aprl 20,
2000, e 7, 2000, Celober 22, 2000}, an article of Parsmanian forpsts and chemins Lvérsity (Aprid 14, 2002),

|F””*TENT PENDING twaining African scientiats
M ANLHESTIOGIT aEsays (MY 21, JUUL), Tared articles on conservabion slforts in the Coiba National Park (August

4, 2002), the use of aposematic insects (those with warning coloration) to guide plant coltestions for drug discovary
(October 21, 2002}, the ressarch program of Dr. Lais Cobilla, an ICBG participant at the University of Panama
(Qetober 28, 2002}, the developiment of a flogrimelric technique to deiect antiplasmodial componnds {December
23, 20023 aud the nomisation of the Cotha Nattonal Park as & World Heritage Site {January 27, 2003]. Most of the
lectures were given by the Pls (25), but many were given by the Panamanian participants in the 10BG as well {17},
Although the impuot of these cutreach efforts is not casily messured, they have undoubledly confribnted to 2
posiltive perception of the programn in Panama (ses letter of support from Lider Sucre, Appendix 1) In ESPORSE K 4
tafk by an B pavticipant on the design of the program aud the importance of biodiversity 1© human health, s
ex-Govarnment Minister published an cditorial entitled “Save Qur Forests™ in La Prensa (August 20, 2601Yin
which he proposed an immediate ban on the felling of primary forests and the opening of those forests to drug
discovery. In addition to these outreach efforts in Panams, 4 total of nine leotures have been presented by the
~rend eo-PPs in the US, Mexico, Colombia and Aupstralia,

el 11
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C.1.1. Conservation Workshops
During the previous fundiag period, the Panama 1CBG progran held three workshops which were des igned
to ceordinate the efforis of governmental organizations, enviropmental non-governmentsl organizations
(NGOs) and research institutions fnvolved in biodiversity conservation in Panama. Two of the workshops dealt
with the Corba National Park. The workshops also provided a forum for each group to learn from the
experiences of the others, which is significant for the Panamunian NGO comeunity which docs not a histery of
collaboration. The workshops wers orgauized atound the following themes:

» The workshop “Couservation and Sustainable Development in Panama: lussons learned and visionz for tho
future” brought together e coordinators from Panama’s five largest conservation programs, including Pasama-
baszd NGQs, foreign aid instifutions, STRIE and the reprosentatives from ANAM. This half-day workshop was
attended by over 80 people (November 28, 2002).

* Reprosentatives from STRE ANCON (a Panaroa-hased NGO), The Nature Conservancy-Panama, 2nd private
Iandowners with holdings oear Coiba National Park attiended a workshop to coosdinae activities among the
conservation organizations working i the Colba National Park (Mareh 7, 2092).

» Representatives from STRI, AWNCON, the Panamanian Maritime Authorify, snd ANAM atiended a workshop 1o
eoordinate sctivities among the institutions working in the Coiba Mational Park {September 23, 2002),

C.2, Working with the Natloual Authority of the Envirorment (ANAM)
There are two basic means by which the Panama ICBG has worked with ANAM, Fisatly, permits are obtained
from ANAM for all plant and marine collections and for sxports of extracts and compounds to laboratories
outside of Panama, The contractual framework for those transactions was sstablished through a legel agresment
octwgen STRY and ANAM that was signed on the 17" of August of 1999, ANAM officials have expressed their

WillReH W renew the weeme R o e next wwnrd cyils Geer Tener of suppor from M Kioasio Rivers, ———
Head of Netural Patrimony, Appendix 1}, Secondly, we have provided resourcos and expertise fo ANAM 1o
mcrease the effectivencss of thieir National System of Proteoted Areas. Our collaboration with ANAM to help
protect the Coibi Nagoual Park will be treated separaiely {Section C3).

C.2.1 Permits for Terrestrial Plaot and Marvine Colloctions and Exports
To date, a total ol 40 permitg have been songhi and obteingd from ANAM for cotlecting plants 2nd maring
samypiles and for the export of exfraets and purified compounds, Permits are rovtinely approved between 12
weeks from the date of submissien,

C.2.L1 Collecting Perinits

The ICBG carries out plant collections in the Nationa! System of Protected Areas for the following reasons:
(1) Panama’s Mational System of Protected Aress eovompasses 25% of the national territory and is largely
represemative of the couniry’s termstrial and marine ecosystems, (3} collecting in National Parks provides as
upambiguous means of working with the Panamenian Government (1.e., ANAMY, (5} by collecting in Protected
Areas, we belp provide valuable information on the flors, supporting ANAM prograns as well as other rescarch
and congervation programs, A iotal of 10 collecting permits have been solicited and pranted. Bach permit is
valtd for 2 period of one year and includes several Protected Arcas,

(L7212, Export Permiis _ :
A totad of 18 permits have boen obtained from ANAM in order 1o expoct samiples from the FORG o the
following tnatitwtions: (1) Novartis Phanmacsuticals Corporation, (i) the National Cancer {nstitute, (i) Oregon
State University, {iv} the Universidad de Santiago de Compostela i Spain, end (v) the Walter Reed Army Hospital,
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C.2.2. Instiunionzal Strengthening and Technical Cooperation
As mentioned in Section B.4 in the context of the Coiba National Park, an important elesoent in the
conservation of biadiversity in developing countries is the need to steengthen host-country institutions such as
ANAM. The Panaima [CBG has worked closely with ANAM hath in the fiold and with their administrative
headquarters in Panama City & provide information and resources that has resulted in substantial raproverments in
ANAB s operations. Contributions to ANAM include, (§) invesimenss in database management, and (i) providing
tiodiversity inventory data on plants in Mational Parks. Both are discussed below,

C.2LL Development of Databsases and Permit Management Systems for ANAM

The Panama 1CBG reeently doveloped a database that fulfills two roles: (1} it provides a digital interfuce for
preparing research, extractive (2.2, togging) and export permits and (i1} #t faoilitates data nrnagement. The
Gatabase was created at the request of ANAMs National Director for Matural Patsimony and was built by the
Panama ICBG Systems Analyst, Lorna Sdnchez. ANAM parsonne! were involved in every aspect of the degigh
and implomentation of the system.

This system has fundamentally changed every tnsaaion mediated by permits, from monitoring thuber
concessions to scieatific research. Previously, pennits were fifled ot on typewritars, an inefficient and emov-prone
process. The lack of an slectronic system For cvelunting permits made i difficult to tonitor compliance, for
exanple, detecaining il the species appraved for harvest in a imber concession were the same as the spemes That
were eventually harvested. The new system helps ANAM monitor the compiiance of permit holders and makes 3
casier (o vompare separale parmits dealing with the same ares or rasource. The system allows ANAM fo determine
easily the status of a given species, for example, 10 56t whether a species is Histed on the Convention on
Enternational Trade in Endangered Species of Wild Fauna and Flora (CITES) list of endangered SPECIDS,

A sexonid datsbase was also developed by the Panama ICBG for use by ANAM s Division of Natera!

Palirony in which thetr ibrary of over 800 publications was catabogetl, organized ond labeled, and the jufonmation

was subsequently placed on a comyterized database, They previousty relicd on nor-computerized methods for
orgamizing their Hbrary and documentation on oatural resources, such as environrnental impact statements,
magagement plang for MNationsl Parks and international teaties.

€.2.3. Providing Biodiveysity loventory Dats ou Terrestrial Plands in Nationat Pavks

We orgated an infomet-based database sysieon that gllows all ICBG collaborators, including ANAM, to have
ingans gceess to infrmation on ICBG plant collections and on the status of satples associated with the Panama
HOBG. This databese (also disoussed in AP, Section .11, *Daia management”} gives ANAM instant sccess to
information on all of our plant collections including their GPS coovdinates, the date of collection and ecotogienl
conditions. We coardinated with » rasjor, World Bavk-supporied ANAM program for sustsinable development,
known as the Panana Atlantic Mescamerican Biological Corridor, to provide information on our plant colfections
in the Ormar Torrfjos H National Park. This park is 2 World Biosphere Reserve that includes both Costa Rica and
Pagnma (www biodiv.orgleventsicbmap.asp).

.3 Design and Implementation of Progemms to Protect the Coibu National Park

As described in Section B.2, the Coiba Nationst Park is an extraordinary repository of terrestrial and marine
biological diversity as well s a key link inmarine biolagical corridors of regional and international importance.
There are 3 pumber of tircurmstanees that combine to make the Coiba National Pack an aftractive setting for the
devetopraent of novel and slfective conservation strategios: (i) its terrestrial ecogysterns ate inrgely intact and the
home of endemic species, (1) W is relatively isolated and bas no significant resident population, (iil) i bordess can
be cleardy marked and enforced amd (iv} its protesction has clicited the interest of a range of influentisl organizationg
scluding Panamanian povernmental institotions, international non-governmentsl organizations (e.g., Conservation
International, World Conservation Union), international research institutions (8TRI, Woods Hole Creeanographic
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Ingtitution}, wealthy private individuals (g, Jean Pigorsd) and the United Nations {cremplified by the Marine
Biological Corridor discussed in Section B.1.2).

Accordingly, the Panama ICBG bas worked with a number of local and international institutions to developa
strategy that is designed to secure the protection of the Colba National Park. The slements of this strategy are
described in the following sections and Include:

1. To have the Coiba National Park designated as a World Heritage Site by the United Mations Eduestional,
Scientific and Cultural Organization (UNESCO)
2, Te catry out an environmental edueation campaign with the local communitics about the imporiance of the
Cotba National Park and thy patential bonefits they may derive when the park’s ecosystems ave ¢ffectively
consgrved,

3. To courdinate with ANAM, the Woods Hale Ocespagraphic Institution and Conservation Intermational to instali
a gysten of buoys to delinit the park’s boundaries and radurs to defect the eniry of fshing boats within the patk’s
boundaries,

The combined impoct of these activities s Bikely to bave a significant impact on the park’s protection, siost
irnediately, to reduce fishing within the park boundaries. It bas been demonstrated jn other marine peotected nrens
that when an area is protected from over-fishing, the adjacent fisheries are enhanced fo the benefit of surrannding
commurities (Sumaila 2000, Roberts er ol 2001). Other benefits 1o these communities are alst seen by enhanced
activities sich as tourism and recreation {Sumaila 2000, White & of 2002}, By creating evonomic opportunities, the
~ombined benefits to local conwnenities are expected 1o decrease the threats to the Coiba Matonal Park that were

,,,,,,,,,,,,,, -geseribed in Section B.3.-LWhile.ef ol - 20023 " R s

.31, Warld Heritage Site Status for the Colba Natianal Park
Frote October 2002 to Jangary 2003, the Pasama HCBG worked clusely with ANAM in order to nominate the
Criba Natiorsl Park fior placement on the list of UNESCO’s World Heritage sites. The information for tie
application was supplied primarily by ICBG personinel who then worked closely with the Division of Natural
Patrigsony on subsequent drafis, The final application was submiited by ANAM 1o UNESCO headguariers on the
21¥ of Jamary, 2003, The inscription of the Coiba National Park to this st will be conducive to the park’s
protection in several ways:

C.3.1.%. The Convention for Werld Heritage Sites is a legaliy hindiug treaty in which the State
Party pledges protection of is properdies on the Jist of Warld Heritage Sites
Among other pledges, the stafe 18 obliged 107, ensure that elffective and sotive mensnres are faken for the
profection, conservation and presestation of the culiugal and natural berifage situated on {15 territory” and “not 1o
take any deliberate measures which mizght damage directly or indireatly the cultural and namral heritage”,

C.3.1.2. The Coiba National Park will benefit frons the enbonced nationa] and nternational
profile thiat will be associated with the nominstion
The park still suffers from fts image as o distant, Inaccessible and largely wnseen penal colony, leading w a
degrree of neplect thit has been conducive to tHegal Gshing within the park’s boundarfes, vesource extraction and
iHegal squaiting. '

€.3.1.3, Funderaising eflorts for the park’s protection will be facilitaied
Institutions and individuals will be mare inciined to donate money and resources 1o the profection of the Coiba
Matiomal Park when the government sakes concrate and conspiouous steps that promote the park’s protection, There
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are now funds availeble only to World Heriage Sites, in particalar, the newly created $15 million fund from

rrivate Saurce I

press release from November 15, 2002,
www.conservation. org/yyCIWEB/newsroomypress_releases! 111502.xmb).

C.32, Werkdng with Local Communities that Fish within the Park Reundaries
C.3.2.1. Sacioicconomic Survey and Environnmatsl Edueation by Bahia Honda
e of the six communities whose fishermen most routinely fish in the Coiba National Park i3 that of Rahia
Handa (Figure 3). Located 15 km from Coiba Island, the residents of Bahia Honda have aaditionslly used the
watets of the Colba National Pack for fishing and they will be key plavers in the development of ary yealistic
steatogy to protect the park (Moretti 2002). their proximity to the Coiba Nationa) Park and destitute poverty
(UNDP 2002} suggests that the resonrces of the par such as valuable hardwoods, and marketeble wildlife such as
Suarlet Macaws, ate likely to reprosent a significant tempiation voce the prisoners are removed from the isfand,
Te gain a greator understanding of the community of Bahia Honda, from October 2002-June 2003, a vistling
Fulbright Seholar working with the Panama ICBG hes worked in the coramunity to gain insight info some bagic
issues such as: (i) Wha sre the greatest scctosconomic issucs Bacing the communitics surrounding the Coiba
National Park that nmy impede suceessfinl canservation programs?, (i) How can envhionmental education and
sustainable developent programs incrense motivation to promete conservation?, and {i1) How can programs soed
alternative sourees of income be developed that are sensitive fo the socioeconomic needs of the residents of Bahia
Honda, while effectively protecting the Coiba National Park?
A standardized interview is being implemented tn sach of the 116 househalds in the cormmunity of Bahia
Horda, The questionnaire includes basic socioeconomis fnformation such as bousing, bealth and nutrition, culturs
nd religion, and idividual attitudes regarding fishing practices, conservation, tomvism sad alemative sources of

e ~—treope-Fhe survey-wis designed-in-collaboration the- Pensamnisn-Maritime -Authority-fwhielrhag £xensive e
experience in the implementation of Inegrated Constal Management programs in Panams), the Duke University
Nicholas Sehool of the Environment and the Duke University Center for Aging and Human Development (hoih
with experfence in the design and implementation of qualitative surveys), and physicians and epidlerniologists from
Panarna’s Giorgns Memorial Tostitute for Healih Research. The prograns in Babia Honda is being loplemented in
collaboration with Pamamanian non-governmental organizations (NGOgY ANCON (Panama’s laegost
eavironmentat MGO) and ProMar {an NOU dedicated to envirooments] education regarding marines resouress) {see
Letters of Support from Lider Sucer and Carlos Bicbeach, Appendix 1),

His expoected that the results of this work will not only provide wsight into the commuaity of Bahia Honda, buy
will also factlitate our work with other communities within the Guif of Chiriquf that fish within the Coiba Matiopal
Purk and who may elso pose a threat to the park’s natwral resources. The extensive coordination with Panana-based
organizations will help ensere that the work will have the continuity and consistency necessary for @ long-term
ippact, :

,3.2.2, Enviroamental Educailon in Bahia Honda

The survey disvussed in the preceding section indivated that the residenss of Rahia Honds do viot have a clear
undesstanding of the purpose of Coiba Mational Park nor of the benefits that the park could provide o the
comuunity. kn response, an environmendal education program has been organized for the community by the ICBG
and the NGOs ProMar and ANCON and ncludes an introduction to ecology; eavironmental contamination and its
effects; the papese and characteristics of national parks in Panams; the importance of Coiba National Park and
polential econone benelils that can resalt from the park’s protection (e.g., Fom an increase in research and towrism
activities), A major gool of this education campaign 13 (0 develop an apprecistion among community members of
the potential ecologisal and persenal benehits of conserving the Cotba National Park, :
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CA.2.3, Previous Constal Management Studies

Hector Chuzsndn, whose studies of the cotals of the Cotbe National Park were mentioned in Section B 2. has
warried out research in Bocas del Toro in northwestern Panama (Figure 1) and in Cayos Covhinos, Hondayas, in
order to understand the fmpact of foral communities on nearby marine orotected areas, thetr attitudes towards
profected areas and their relationchips with park authorities (Baruhona and Guzman 1998, Cruzmén and Guovara
1998, Guzeman and Jécome 1988}, The reaults of lis research have been nsed to make recammendations io local
authorities regarding the design of marine prtected areas and to develop strategies for warking with communities.
Eir. Guaman has also contribuied to the design of the studies with the compninity of Bahis Honda, discussed in the
preceding section.

.23, Instatiation of a System of Buoys to lindicate the Boundaries of the Coiba National Park
and Radar to Detect the Entry of Boats
The survey discussed in Section 8.3 indicated & widespread unawareness of the park’s boundaries by local

fishermen in addition to the need for enhanced enforcament of Habing astivities by ANAM personnel. In response
10 those needs, & proposal was submitied (0 Conservaiion Interpational’s Global Conservation Fund {GCF for »
freasibility stdy that would determine; (i) a cost-effactive strategy for placing buoys around the houndaries of the
Uoiba National Park in order (o clearly indicads the park’s boundaries and, (i) 1o employ a system of mdars to
detect the entry of boats into (he park. The proposal waz submitted in collahoration with the Woods Hole
Oreanographic Institation, (he largest independent ocsanographic research institution in the United States and &
fender inthe design and nwatlation of buays (see letter of support from Larry Madin, Appendix 1). The feasibality
stardy was approved and work began in August of 2002, A collaborative agreement has been drafied berween
ANAM, STRI and Conservation International that details the sole of each of the institutions. The draft has been
approved by STRI and Conservation International and iz currently uuder revision by ANAM,

5334 Fhe- Yo of Buoys-to-Bedimit the Boundaries-of the Coiba-National-Park e

Buoys can be used to mark the boundaries of mane protected areas and help reduce illegal fishing (Roberts
and Hawkins 2000). As part of the frasibility study supported by the Global Comservation Fund, engineers from the
Woods Hole Oceanographic Institation camied ont a seady of the ovenn floor and the acean depths around the entive
veundary of the Cotba Natfonal Park (Figure 3} in order to design the appropriate buoys and a strategy for their
deployment. Combining these data with the results fom the survey of fishermen {Section B.3.1) and the
observations of ANAM park guards, & program was designed that iavolves the plasement of buoys around the
perimeter of the park. The spacing of the buoys is contingent upon cost ang the nature of the fishing activities,
Buoys will be spaced closely {1 mile intervals) where small scale fishing sctivities are greatest and whers
fishermen are tikely to rely upon visual contact with ihe buoys (northem, eastern and southem boundaries of the
park) and at greater inlervals whers larger sommercial boats operate that employ radar {western boundary, Figure
K)

C.3,3.2. The Use of Kadar {0 Detect the Euiry of Boats within the Coilis National Park

The extensive marine area of the Coiba National Park {2,163 square k) suggests that routine patrolling by
boat tor detect illogal fishing is not a cost-effective option. Alisrmtively, the use of eonventional marine radars
based on Colba Island will permit the detection of boats within the patk boundasies without patroifing, Radars
have been emplayed in other maring protected areas, such as the Tubbataha Reef National Mavine Park in the
Philippines, which is also to World Heritage Site {Dobkowski 2001, White & al, 2002), Upon detection of o
boat by radas, lishermen can be coptacted by radio and, if necessary, the boat can thes be approached by
personnel from ANAM and the National Police. Techuictans from a tocal supplicr of merine navigationnl radars
made two brips to the Colba National Park and have suggested the placement of 10 KW sadars at the following
torations, {1} the Mologicul station maintained by ANAM (the northern end of Coiba Tsland), (i) the islond of
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Fieary and, {3i1) Panta Heomose, on the western side of the isfand {Figure 3). The regions covered by the three
radars are subjected to heavy itlegal fishing according to both ANAM patk guards and fishermen.

Based on the resuits of the feasibility study, on February 20-23, 2003, the full proposal to smploy buoys and
radurs in the Cotha National Park will be presented to Conservation International’s Board of Direciors, a reflection
of the importance of the program o the organization. The activity will be presented in the context of the Marine
Biological Comrider program mentioned previeusly in which Conservation Intersations! s a key participant

(Section B.1.2). Additional fonds for this program bave also been pledged fromd

Private Source

€.4. Biodiversity Inventory of Corals from the Colba National Park and Preliminary Bioassay

Results
In Seotion B.2.1.2, the results of preliminary biodiversity inventories of the coral reefs and communities in the
Cotbe National Pack by Dr. Hector Guamin were doscribed. In the sammer of 20072, octocoral and hard corals
(scleractinians} wers collecied from sites throughout the Coiba National Park, While the taxonomy of those speciey
is curegnily being determined by Dr. Guamin, at teest ons o the ovtocorals, Peeifigorgin rubinoffi, is 2 vew specips
(Breedy and Guaman 2000). The holotype of & rubingffi was collested near Brincanco Tsland { Vigare 3}, Several
oiher species appear to be now 1o science as well but they have not yet been named (H. Guzmén pors. cony),

As cotocorsls arg knowen ko be sources o bivlogically active compounds (2.2, Osping ef @l 2003}, we
cumbined Dr. Guzmdn's investigation with the drug discovery activities of the Fanams ICBG. Working in
collaboration with Dy, Ricardo Riguers, a rarine natutal products cliemist from the Deperiment of Organic
Chemistry in Spain’s Universidad de Santiage de Compostels, exiracts fom 13 octocoral species were fested for
ami-parasitic activity using the assays described in Assotiate Program 2. Prefiminary tests indicated that extracts
from several of the octocoral species have activity against Plasmodium falciparum including P, rubinofy

{percentage plasmodial visbility < 12 % when fested a! o stugle concentration of 50 pg/mL). Species that showed
anti-plasmodial activity are currently being evaluated at lower concentrations in order to confinm thai activily.
Promising candidatas will be subjected to bioassay-guided Sactionation in the Jaboratory of Dr, Riguera by Mr.
Marceline Guttbtrez, » chemist formetly assovigted with the Pasarea (0BG and gurrently pursumg doctoral studies
with Dy, Riguera,

While the prunary foces of the deug discovery aetivitiss of the ICBG will involve terresirial 2d marine
plants (Associate Programs T and 3), the isolation of biolagically active compounds from ogtocorals rEPIESERS
a means of adding value to the marine biodiversity inventory work we propose to carry out in the Cotha
Natiopal Park. It is alse a means by which a young Panamanian chemist can pursue drug diseovery on
organisins from Panama while tratuing in a well recognized nmural products laboratory. The collaboration
between 3TRI and Undversidad de Santiago de Compostela is carried out under s Memorandum of
Understandiog between the two institetions signed on May 8%, 2002, and which estblishes that any compounds
of interest fo drug discovery will be subject to the provisions of the lzgal sgreement betwesn STR  and ANAM
for the ICBG progratn. Representatives from STRL and Universidad de Santiago de Cowpostela are currently
developing a comprehensive legal sgroemest that will fully define the working relationship,
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0. RESEARCH DESIGN AND METHODS

This ICBG proposal comprises four Assoeiate Programs which are described in detail in the Group Proposal.
The chart in Figwe 4 provides an overview of the Associate Progran feractions and their leaders.

SR, Panama ang Qragon State Universily

B} - Willlam Gorwick

R TS5
e dinformation

AP - Plant colleclions and sxtractions

AP - Dala managoment

| Leader W Gurvick, TR and Orogoa Siale Universily

APS - Chomical isolation and struchirs elucidation |

~terresirial planis (Universify of Panama) ¥
—~asine-algae (Oregon State-Universiyy -

Leader PD Cséw,&??{?mz@ Qb i
.
N N
P72 - Blological screens P -
- ropical diseasos {Panams) " 224 ) E::zss;r\;*aijeg,
- cancer (Pariema and Novarls) |} L&&f; T c? o
~ agricidiure (Dow AgreSclences) *“‘g g STR ?anamz
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. ; % 5 ?ﬁ
\d ¥ ¥ {

Pigure 4: Overview of the Agsociate Program interactions and interatetionships in this HUBG proposal, inchuding sminple and
data transmissions, .

The conservation itiatives for the protection of Coiba National Park will be zpeatheaded by Dy Capson in
pellaboration with the organizations shown in Figure 5. The other key personnel in Associaie Peogram 4 ars Drs,
ibéafiez and Guamin, who are responaible for the AP4 terresidal and rarine biodiversity foventories, respectively.
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Figura 5. Orgaavational chant of key persomelfeoliabomiors in Assoeiate Progran € snd thelr eoscarch areas and affifiations
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1.1, Public Outreach
.11, Levtares and Warkshops

The Fanama ICBG will continue to engage in outresch activities tiat reach ali fevels of Pananwnian society,
using the fora desorfbed in Section C1 ep., lectures at elementary and high schools, universities, 1o governmental
and nen-governimental organizations (NGOs) and 1o community groups. Similsr to the preceding 4.5 yeats,
warkshops between governmental and NGOs will be held as frequently as necessary in order to onsure coordination
and cohesion, in particular, when different groups are working in the same area, such ss the Coiba National Park.
STRI provides an excellent sefting for such workshops. The contacis that have besn established duing the past 4.5
yeas, for example, with public schools, with ANAM, with Panama-based NGOs and sewspapers such a5 L
Prensa, will provide an invaluable network for disseminating results,

D12 New Directions for Public Outreach

In addition to the activities desciibed in the preceding section, we will seek new channels for promoting the
importance of biclogieal diversity in Pasama. An explicit goal of the public seiresch efforts For the next five p ik
witl be 1o make contributions with greater permancuce, such as classroom and lexthook materiils, ANAM has an
elfeetive environmental edusation program and has worked with the Panamanian Ministry of Bducation in the
preparstion of a wide variety of materials for schools and local corrmunities. We will coordimte with ANAM in
order b incotpotate information pertainiog to the Importance of biological diversity for human health, Materials
such us that shown in Pigure 6, which shows the use of aposematic inseets (insecte with defnsive coloration) o
gruide drug discovery will be prepared {see latter of support fTon Ms. Mabel Morcillo, National Dirocior of
Fromotion of Environmental Bducation, ANAM, Appendix 1)
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Figore 6 Didachiz material prepared by the Panania KIBG for environmends! education purpases. The title reads “i"mtgg:z the
forest! Did you know that the forest is an important seurse of medicines fo trest disense”” The poster shows aposematic'
tseets that feod on host plants with toxio ssoondary melabolites, See Appendix 3 for the color version.
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1.2, Werking with the Nutional Authority of the Enviranment {ANAM)

We will contioug W work with ANAM over the next five years much as we have in (e past. The Office of
Natural Patrimony has requested our assistance in the design and implementation of databases similar to the
darabase that was developed for mataging permits (Section C.2.2.1) for the Departments of Hydrologie Resources
{see tetler of support from Ricardo Rivers, Dirsctor of Natural Patrimony, Appendix 1). Such measures can be very

vost-effective and constitute permanent and substantive contributions to ANAM’s opsrational capacity in addition
to ereating good-will for the ICRG program,

o

.3, Conservation Activities in the Coiba National Park
D31, Installation of 2 Sys o{ Bug al Radar fay
Upan approval of the Rxnds Inyf Vet S0 vork wiit begin on
the imstallation of the buoys ard racais aronnd (he Loiba National PATK (SCHON L.3.3), MOsL tikely in the fall of
2003 1CBG funds will not he used for these activitios other than a portion of the Associale Program leader’s time
{Todd Capson). For afl conservation activities carried out by the Panama FCBG in the Coiba Natiopal Patk, we will
continue ta work closely with the Panatma-based NGO, ANCON, to enswre that our programs are complementary.
ANCON has reosived finds from the AVINA foundation, an institution that works in partvership with civii socioly
and business leaders [n sustainable development initistives in Latin America {wweweavina.net), As deseribed in
Section €,3.3.2, with funds from|Private Source witl hire § additional park guards and build the two additional
ANAM gutposts (Figure 3, see letter of support from Lider Sucse, Exeentive Direciar of ANCON, Appendix 13,

TR £

%
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D.3.2, Wearkiag with Marine Resoucce Users In the Coiba National Park

The environtmental education and community oulreach work with the coramunity of Bahia Honda desceribed in
Section €.2.2. is in progress. The experience gained in thet communiy will be applied to other communitics in the

Gulf of Chiriqul that are known o fish within (e limits of the Colbia National Park (Section B.3.1). In order to add

continuity and conmistency to the conumunity outreach work, we will wark closely with (he Punamanian Maritire
Authority and the Panama-based NGOs, ANCOR and ProMar with whom we ate already coordinating our
activities (300 lotters of support from Lider Sucre, Brecutive Dirsctor of ANCON, and from Carlos Bicberach,
President of FroMar, Appendix 1). All of thess organizations have extensive experience in cnvisonmental edusation
in Danama. The Panamsnizn Meritime Authority has worked in the Passmanian provines of Daviée fo implement
progeams of integrated coastal management and their experience will be valuable in the Coiba National Ik (see
fetter of support from Arnulfo Pranco, Director of Marine Resources for the Panamanian Maritime Authority,
Appendiz b, Weowill also consslt routinely with Dr, Heotor Guzmdn whose experience with soastal compunitiss
in Bocas del Toro {porthwestern Panama) and Honduras vl be valuable (Barahions and Cunmén 1908, Camdn
and Guevara 19983,

B33, Developsent of Susiainsble Economic hudtiutdives In the Cuiba National Park in
Coilaboration with Conservation International
As mentioned in Section C.3, examples from other narine protected srcas show that the adjacent conumunities
benefit @ numbier of ways 0nec an area is protected from over-fishing, including enhanced fisheries ontside of the
protectad area and economic oppoituiitios that resull from tourism and recieation {Sumaits 2000, White of af.
20023, Ancardingly, an expected outeome of the conservation activities in the Coiba National Purk s the orealion of
new economic opporfanities for the communitics sureounding the park and a deorease of the threats to the Coiba
Natzonal Park that were described in Section B3
The Pavama [CBG has worked closely with Conservation International in e development of conservation
strategies for the Coiba Nationa! Park, and will continue o do so for the next fundiog eyele (ses Teltsr of suppart
from Russell Mittermeler, President of Consavation International, Appendix 1), Conservation Iniermational s
- Conservation Enterprise division works worldwide with communities lo develop producis and 1o open markets that
creale ceonomic incentives 1¢ voaserve their aatural resources rather than dostroy habitals, Coaservation
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International has developed conservation enteyprises In nearly 20 countries and also hus extensive eXperenes in tha
development of eeotourism programs throughout Latin Ameriea,

Combined with the contacls sstablished by the Panara [CBG with the goverrment and other insiihutions, the
expertise of Conservation International will facilitate the development of programs with the communities in the
Gulf of Chivsqud that will provide altematives 1o resource exteaction from the Coiba National Park, Much of the
information needed w lmplement thase peograms will be provided by the survey work now being carried out in
Bahis Honda, which will be extended to the other commugites in the Guifof Ol riqut that are known to have an
impaet on the Coiba Nattonal Park’s resources.

B4, Bladiversity Inventories in the Colba National Park and Druy Discovery

Aside from the AP leaders salary, the primary use of K2BG fands for this Asscoiate Program will be for
the biodiversity inventories in the terresinial and marine ecosysiems of the Coiba Mationat Park. In order to take
advaniage of available expertise and to provide a logical interface to the drug discovery activities of the ICBG
we witl focas on terresirial plants on Ceiba Jsland and ectocorls in the park's madne scosystents,

B4 L Terrestrisl Plant Blodivesity Inventory

The primary ICBG-sponsored aclivity for this Associato Prograny s the botanica! inventory for Coiba
Island. As mentioned m Section B.2.1,1, the interior section of the island is larpely wnexplored and is likety
yield additional endemic spocies, We praposs 1o hire Dr. Alicia Ioafier, 7779V botanist who spent 4 vears
studying the flora of Colba Island for ber Ph.D. work and is uniquely qualified for this task (Ibdfisz 2001,
ibifiez and Castroviejo 2001, see letter of support from Alisia batiez, Appendix 43 Dr. Ihafiez will work
closely with other ICBG botanists and STRE bolanist, Mirsya Correa {Associate Program 1, see leteer of support
from Mireya Correa, Appendix 2}, Dr, Yoafies will be working with two ssudent inferns who will receive
waining while working as her assistants, Dr. Tbéfies estimates that tiere Is & 1otaf of 2000-2500 species on Coiba

Tstard (persr ooy She Taunmaes Tar she Wil STHES T 000 §560ics dorng year Tor i S, SU0 EpaciEs
during year 2, 250 species during year 3, 130 species during year 4 and 100 specics during year 3, a5 # hesomes
increasingly difficult io enconnter new species. Herbarium vouchers will be stored in hecharinms at STRL the
University of Panama and the Royal Botanieal Garden in Madrid, Spain,

DAL, Mavine Coral Biodiversity Inventory

Dr. Guenvdn estinmates that he will soske two s por vear to the Colba National Park for each of the 5 years of
the program. He will ulilize the R/Y Uyracd, STRDs 96-foot rescarch vessel that is fulfly equipped for making
smarise collactions. There are an estivaated 60 oclocoral species and 20 hard corals (seleractinians) in the Coiby
Hational Park. When the species are unknown, they will be collected und their taxonomy determined. For both
kiowm and unknown coral species within the perk, data will be recorded with regerd to their abundance, precise
lovation (determined by GPS], distribution, and any ofher data relevant to the ecology or biology of the specics.
Work iy already uinderway, resulting in the discovery of Pacifigorgin rubinagli (Broedy and Guzmin 2003, Section
C.4). The work will take place Jargely but not exciusively in the Coiba National Park as thers are areas satside of
the park, but within the Galf of Chidqud, that we kaown fo have a rich diversity of corals and marise inverichrates,
2.4, Secas Islands, approximately 45 lon gorthwest of Coiba Inland (Glyny and Maté 1997}, T is suticipated that all
of the corals within the Coiba Mational Park, and other areas of Interest within the Gulf of Chirigud, will have been
identified and mapped during the course of the ICBG program, His taxenomic work will be supported in part by
[CBG funds, in particular the travel o museums for fle taxonomic work necessary 10 identify new species {an
estimmated (wo frips per year). As an expert in the ecology and popalation dynamics of coral reefs, and with
extensivi experiencs in both the Panamasian Caribbeon and Pacifie, he is highly qualified for the proposed work
see Tetter of support fom H.Guzmén, Agipendix 2). The coral bolotypes he collects will be stored in the Museo
Zoologla, Bscucla ds Riologie, Universidad de Costa Rica {UCR} and paratypes will be deposited in the UCR, the
- Smithsonian Institation’s National Musenm of Natural tistory and af the Museum of Comparative Zoology,
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tarvard Univessity, Cambridge, MA. The marine plant biodiversity inventeries in the Coiba National Park will
. nclude algae and cyanobacteris, both of which are important elements of the frug discovery components of this
LCRG (Associate Progremns 1 and 3) and 8 major component of D Gerwick’s research program. The survey of
algas and cyanobucteria witl be carried out by Drs. Bill Gerwick, Vaterje Pavl and Kerry MePhait (Associate
Program [},

DA3, Mavine Macroaigae and Cyanohseteria Blodiversity Inventary

We anticipate thal at least one collection tip per year will be mads to Coiba National Park by Oregon State
University patticipacts (Drs. MoPhail and Gerwick), Two voucher specimens for submission & the STRI and
Uriversity of Panama herbaria (see APL, Section 13,5} will e prepared from each macroalgal or cyanobactadal
sample eollested. Collection samples will then be fransported to Cregon for extraction and prefiustionation (s part
of AP}, In Ozegon, the algel specimens will be identified with assistance from Dr. Valerie Paul when nocessary for
more problematic species. [dentification of masroalgas will be made primarily with the aid of two comprehensive
guides by Littier and Littler, oue for the Caribbean flora (2600) and one for South Pacific flora (2003; see AP
Section D.7}. We also intend 1o use the oxtensive survey data resulting fiom a Ph.D. profect by Wysor (2007) come
of which arz presented ondine {(Wysor 2000). These taxonomic records witl be added to the bindiversity inventary
tlaabases maintsined by Assoctate Progmam 1

1.5, Providing Sclected Plants and Octoenrals for Dyng Discovery
B35 Dreg scavery from Tervestriat Plants Collocted in the Coila Netional Park
When species new to the Panama HOBG are discovered from the botanica! inventorics deseribed in the
preceding section, plants will be stored in ethano} and stored in freezers on Coiba Isfand or in the bislogieat
taboratory on the Island of Canal de Tierra, Samples will then be shipped ns necsssary to STRI kiboratorisg
ising boats and terrestrial transporfation from ANAM or the laboratory on the Island of Canal de Tierra. Plants

uuuuuu p—

will be processed in the TUBG Taboratories a1 STRI {Associate Program 17 and tesfed for anliparasitic and
cytoloxie activity in the bioassays deseribed in Associste Program 2,

D.5.2 Drog Discavery from Qutocorals from the Coiba National Park

This project has been initiated theough collaboration with & previows student of the University of Panama,
Mr, Marcelino Gutidorez, whe is eurrently pursuing doctoral studies in Spain (described in Section C.4), Ho wilh
carry out bioassay-gwided fractionation in Dr. Riguera's Iaboratory in Spain. Extracts of these Paramanian
cotals will be prepared in the STRI laboratories currently 1o use by the ICBG program, using profocols
esiablished by the Riguera faboratory (Femandes 1996}, Extracts will bo tested for antiparasitic and cyviotoxic
aciivity in the medicinally-relevant assays established in Associste Program 2. All collections and recollentions
ol octocorals will be sotncident with Dr. Guaman’s studies and will net require the use of JCRG funds, although
support is reguested for Do, Guzman’s taxonomic siadies.

0.6, Using World Heritage Sites Status for the Coiba National Park (o Promote the Profection of the

Park and Additional Fund-valsing Activities

Wa will work closely with ANAM and UNESCO in order (o place the Coiba National Park or the Hst of
Warld Heritage Sites a process which takes approximately | year from the time of submission (Jaruary 24,
2003, pers. com. from Marjaana Kokkonen, Assceiate Bxpert, Natura! Heritage, UNESCO)L As stated in
Section C.3.1,, the addition of the Cotba National Park 1o the list of World Heritaze Sites will facilitare the
search for additional funds which will allow us fo increase the impact of the aciivities su v i

rogram. One polential souree of funding is the 315 rillion fund eatablished by the[Tae Source

I%"ag{eISOLJrce Fwo uses of additions] fands af€ Tisted below. i
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{1} To create of & trust fund which will be used 1o fund the long-term protection of the Coiba National Park. The

inferest generated from a trust fund would be used fo pay for ilems such as maintenance of buoys and radars and
salaries of park guards.

(i) To increase the scale of both marine and lerrestrial biodiversity loventorics in the Coiba National Park
described in Section D4, Additional funds woukd permit more frequent trips to the park and would facilitate the
acklitional involvement of Panamanisn scientists and students,
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