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ABSTRACT OF THE DISSERTATION
Investigation of the potential anticancer and anfal active secondary metabolites
from marine natural products
by
Chollaratt Boonlarppradab
Doctor of Philosophy in Oceanography
University of California, San Diego, 2007

Professor William Fenical, Chair

The oceans are a unique resource that has coetlilgueatly to the field of natural
products chemistry. Secondary metabolites fronmurahtsources still play an
important role in drug discovery and development grgviding pharmaceutical
candidates with novel structures that are valutdleynthetic modification. Of the
marine organisms described to date, the vast nhajofi marine natural products
derive from invertebrates such as sponges, assidibryozoans, and tunicates.
Recently, marine microbes have also come to thefrmmt of natural products
research since they are now being recognized amdicant new source of diverse
and unique chemical compounds. With the existefe@rious diseases which pose
a dangerous threat to human health, many bioadsays been developed in an
attempt to find suitable agents as cures to thgagp®ms. Among recognizable
infectious diseases, fungal infection is one of slgmificant causes of mortality and

morbidity. As there are only few numbers of amtdgal drugs available for

Xix



therapeutic treatment, searching for new classeactive compounds proves to be
crucial. This thesis discusses different methamsstreening extracts of marine
organisms in search of novel antifungal agents plogisess relevant clinical value,
with emphasis on the isolation and characterizatfdhese compounds.

Chapter | introduces the concept of the main thessgarch that is described in
subsequent chapters. Chapter Il provides dethilseodiscovery of new secondary
metabolites from marine invertebrates, includingrgges and ascidians, through a
bioassay-guided screening process. The new comdpadhat were isolated include
the merotriterpenoid adociasulfate, steroidal se#faand a pyridoacridine alkaloid.
This chapter also describes antifungal bioassagtswiere performed and the results
of the screening. Chapter Il describes the igmtabf new secondary metabolites
from marine actinomycete strains selected basedh upe results of a liquid
antifungal assay. In this latter chapter, the [mobregarding the screening of
marine microbes using the liquid antifungal assad the subsequent adjustment by
assay modification are described. The isolatiash identification of new quinoline
alkaloids, a bacterial sesterterpenoid and a naysbtoxic macrolide are also

discussed in detail, with respect to structuratielation and biological activity.
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Introduction to the thesis research



General overview of marine natural products

The oceans are a unique resource that has coetlilsignificantly to the field of
natural products. The large area, over 70% ofetlmth’s surface, is covered by the
ocean. This incredible and potential resource e¢@ap more than 300,000 described
species of plants and animals, as well as countlesters waiting to be discovered
and explored. Nevertheless, research institutions and the pheentical industry
started to become interest in the ocean only apmetely 50 years ago with the
discovery of antiviral nucleosides, spongothymidiaed spongouridine, from the
spongeCryptotethia crypta.? Of the marine organisms described to date, thet va
majority of marine natural products derive from enebrates such as sponges,
ascidians, bryozoans, mollusks, and tunicates. ef®¢ marine microbes have also
emerged to the forefront of natural products redeasince they are now being
recognized as an important new source of diverseummue secondary metabolites.
In total, over 14,000 novel compounds have bedatess from marine organisms with
an increasing trend in numbérsThe process of natural selection and ecological
pressures such as competition for space, preda@fiprotection, or fouling, exert
great influences on the development and evolutionnique secondary metabolites
that possess distinct biological activitfes.

In addition to novel chemical structures, marinaured products chemistry research
has yielded significant numbers of important bioactnetabolites that are now being
developed as drug candidates. Secondary metabbiiie natural sources still play a
crucial role in drug discovery and development bgvpaling potential drug candidates

with novel skeletons that are valuable for synthatbdification> The importance of



natural products in this field has been demonstratethe fact that 5 % and 23 % of
drugs approved by the FDA over the last 25 yeatwden 1981 and 2006 are natural
products or natural product-derived moleciflesAdditionally, at least 21 natural
products or natural product derived drugs have lsmroved in the United States,
Europe or Japan during the 6 years between 1992@04%{ Not surprisingly, quite a
few clinically effective drugs have also been depeld by the pharmaceutical industry
through marine natural product drug-discovery paogs. Approximately 15
promising marine derived compounds are scheduledodgin or are currently
undergoing clinical evaluation, mostly in the arefaanticancer chemotherapfy.
These include the potent marine alkaloid anticamgemnt ecteinasidin-743, isolated
from the tunicateEcteinascidia turbinata, bryostatin-1, a macrolide with potent
antitumor activity from the common bryozoBngula neritina, and halichondrin B, a

potent anticancer agent derived from a New Zeatka®p water spondassodendoryx

spp?

Anitifungal drug discovery and development

Over past two decades, the incidence of fungattie in humans has significantly
increased. These rising trends have occurred migtio superficial infections of the
skin, but also in more serious systemic infectiohthe internal organs, particularly in
immunocompromised patientsinvasive fungal infections are now consideretiéca
significant cause of mortality and morbidity. THequency of systemic fungal
infections has risen in conjunction with the ingieg number of patients with

immunodeficiency. For example, patients who reeeiwancer chemotherapy,



immunosuppressive therapy, and those infected Mithare particularly susceptible.
As a result, there is a critical need for the depaient of new antifungal drugs. This
urgency stems from the therapeutic limitations led present antifungal agents, the
emerging development of widespread antifungal dregistance, the toxicity of
current drugs, and non-optimal pharmacokinetics dmakzardous drug-drug
interactions.

Despite the fact that invasive fungal diseases bazeme more frequent than in the
last 50 years, there are still difficulties in obial diagnosis. One of major problems in
therapeutic treatment is limitation of antifunggkeats for pharmaceutical use. Since
the 1950s, only two classes of natural products€gfulvin and polyenes), one class
of semi-synthetically derived natural product (@duandins), and four classes of
synthetic chemicals (allylamines, azoles, flucytesiand phenylmorpholines) have
been identified as clinically viable drugs for mmadi treatment against fungal
infections!® The difficulties in antifungal drug developmeng@stem from the fact
that pathogenic fungi are eukaryotic as are mamamalells. Hence, searching for
cellular targets upon which antifungal agents caadtl without serious side-effects,
proves to be very difficult to achieve. This coexplain why only a few classes of
chemical compounds represent the major portiomtfiengal drugs.

As it was mentioned earlier, several therapeuttdliargal drugs in the market were
derived from natural sourcés. This evidence suggests that natural products are
prominent candidates in the area of antifungal ddegelopment. The field of
antifungal drug discovery research is being dikdtmvard the screening for lead

compounds with defined mechanisms of action that feaction as templates for



further development and modification as potentdpeutic agents. Researchers aim
to discover compounds possessing a broad spectfuamtibungal activity against
crucial pathogenic fungi, such &andida albicans, non-albicansCandida (e.g. C.
krusei, C. glabrata, and C. parapsilosis), Aspergillus fumigatus and Cryptococcus
neoformans. Stemming from the fact that marine organismssess novel secondary
metabolites, which differ from those in terrestiwagjanisms in term of both structures
and specific bioactivities, it is believed that imar organisms may be significant
resources for providing antifungal agents with cile modes of action. The
screening of marine organisms for antifungal meigsohas led to the discovery and
characterization of a significant number of noveltunal products with distinct
chemical structures and clinically relevant antgfahactivities.

As the main focus of my thesis research, | hypatieelsthat careful investigation of
both marine invertebrates and marine microbes lsghvimanipulating antifungal and
cytotoxic bioassays as screening methods wouldhbeetfective approach to the
discovery of novel secondary metabolites with pbéemd selective antifungal activity.
Thus, the objective of this dissertation researel t@ examine novel natural products
from marine organisms, and to isolate, purify, ahetidate the structures of the new
chemical compounds potentially useful as effecéingfungal therapeutic agents.

Chapter Il discusses new bioactive secondary mbte®dérom marine invertebrates,
such as sponges and ascidians. Two different tgpastifungal bioassays that were
conducted as screening tests and their resultdiscassed there in detail. Reported
are merotriterpenoids of the adociasulfate clasemfa marine sponge of the genus

Haliclona, steroidal sulfate metabolites from a marine spor@f the genus



Euryspongia, and cytotoxic pyridoacridine alkaloids from a mar ascidian of the
genusEudistoma.

Chapter Ill describes the discovery and struct@terghination of novel secondary
metabolites from marine microorganism of the suixlactinomycetales. The
bioassay-guided screening method was also appiedarine microbial sources for
selection of the promising strains, although therapch that was taken is slightly
different from that applied to the marine invereles. This chapter also discusses an
unexpected pitfall regarding the use of liquid fmigal assay with microbial strains,
and the method that was developed to resolve thisigm. These studies include the
isolation of quinoline alkaloids, a bacterial temp&l, and a new class of cytotoxic
macrolides with a novel skeleton from marine agtigoetes of the newly recognized

MAR3 clade!?
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New secondary metabolites from marine invertebrates



Chapter Il describes three different invertebratgqets providing different types of
bioactive compounds, which were isolated by theassay-guided fractionation
method. The major focus of this chapter is basedhe investigation of marine
invertebrates for potential antifungal candidateattmay prove to be useful as
therapeutic agents. Chapter Il.1 provides an dhiction and a few examples of
potent antifungal metabolites from marine inverédes. The following chapter 11.2,
discusses two standard antifungal susceptibilgystéhat were chosen for screening of

marine invertebrates, as well as the obtained tesul

Chapter 11.3 details the most promising projectpange of the genusaliclona that
was chosen based upon the result of antifungaésirg of over one hundred marine
invertebrate samples. This chapter demonstrases@essful example of the isolation
and characterization of the selective antifungaltatmelite with potent antifungal

activity with insignificant cytotoxicity.

In chapter 1.4, two new cytotoxic and antifungtrsidal sulfates, isolated from an
undescribed species of marine spokgeyspongia sp., are discussed in detail. The
slight differences in their structures proved tovéna significant impact on their

biological activity in both antifungal and HCT-146says.

Chapter I1.5 describes the isolation of a cytotgyradoacridine alkaloid from a
purple ascidian of the gen&sidistoma. The new derivative isolated is a sagitol-type
compound, which was isolated along with a few knemetabolites through the

process of bioassay-guided fractionation.
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Il. 1. Antifungal metabolites from marine organisms

The marine environment supports a great biodiwersith a correspondingly great
potential for the discovery of unique and pharmécally active secondary
metabolites. Various species of macroscopic plantsanimals are known to adapt to
different regions of the oceans , which includeapotemperate or tropical seas. In
particular, the Indo-Pacific Ocean has been re@ohia comprise the world’s greatest
tropical marine biodiversity. The high diversity in species is particularly ineable
on coral reefs where up to 1000 species peoeaur in certain areds.These highly
competitive locations are founded on an intensdogeamal pressure which serves as a
significant driving force that led to the evoluti@nd development of biologically

active marine natural products.

According to the literature up until the year 1998 Porifera has been the most
studied phylum, followed by the Cnidaria, Chromogdta, Rhodophycota, Mollusca,
Chordata and the Echinodermataln comparison to terrestrial organisms such as
plants and microorganisms, published screening ftatn the US National Cancer
Institute (NCI) clearly indicated that marine intebrates are a preferred
pharmaceutical potential source as it shows mugdheni incidence of significant
biological activity, particularly with regard to @cencer activity As can be
expected, marine natural products contribute mostlythe area of anticancer
chemotherapy. The list of compounds currently ugoieg clinical investigation
strongly supports this argument. Among marine liekrates, the intensive

investigation reveals that certain groups of orgausi, including sponges, molluscs,



12

tunicates and bryozoans, have a higher incidenceiadbgical or pharmacological

activity from their secondary metabolites.

As for the research in the field of antifungal setcompounds, the investigation of
marine invertebrates has led to the isolation ahdracterization of unique and
unprecedented natural products with distinct bigdgt Since many of the secondary
metabolites from marine sources appear to be stulkgtdifferent from their terrestrial
counterparts, it is hypothesized that effectiveifangal compounds with selective

modes of action could be obtained from marine deyas.

The first example of a marine-derived antifungainpound is jasplakinolidel), a
19-member macrocyclic cyclodepsipeptide isolaternfra marine spongéaspis sp.
collect in Fiji2 Jasplakinolide, also known as jaspamide, exh#sisctivein vitro
antimicrobial activity with MIC value of 2hg/mL againsCandida albicans, while at
the same time shows vivo topical activity (2% solution) again§landida vaginal

infection in mice®

The extremely potent antifungal agents, gambieridsa have been isolated from an
epiphytic marine dinoflagellat&ambierdiscus toxicus. Gambieric acids are the first
representative group of antifungal compounds thagsess novel brevetoxin-type
(fused polyether rings) structures, consisting ioencontiguous ether rings and one
isolated tetrahydrofuran. Gambieric acids 3 and B @) inhibit the growth of
Aspergillus niger at the concentration of 10 and 20 ng/disk, respelgt and the

potency exceeds that of the clinically efficaciosg amphotericin B by 2000-fofd.
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The cytostatic and antifungal macrolides, phorbolex, were derived from a
marine sponge of the genuBhorbas collected in Western Australia. The
phorboxazoles represent a new class of macrolideshware composed of a unique
oxazole-trisoxane fused ring system. Phorboxa2ol@) showed a 9 mm zone of
inhibition in the agar disk diffusion assay agai@stlbicans at the concentration of

0.1pg/disk?

McCarthyet al. reported a polycyclic alkaloid, meridinb)( isolated from a deep
water Bahamian marine spon@erticium sp. The study showed that meridine was
highly active against pathogenic fun@i albicans and Cryptococcus neoformans at
MIC values of 0.2 and 0.8g/mL respectively. Meridine was also tested against
various strains of filamentous fungi with signifitaactivity being observed against

Trichophyton mentagrophytes and Epi detmophyton floccosum.®

Bengazoles, unique bis(oxazoles) with a carbohgedita¢ polyol side chain, which
were characterized from a marine sponge of the gydgmpis, were reported to have
excellent antifungal activity® Bengazole A®) is very potent ergosterol-dependent
agents whose activity agairtalbicans andSaccharomyces cerevisiae is comparable
to that of amphotericin B. In a simple agar digkudtion assay, 9 to 10.5 mm zone of

inhibition at 0.5ug/disk were observed.

Extraction of a bright red spongtaliclona sp. from Palau, followed by purification,

lead to the characterization of haliclonadiamiii® @n antifungal alkaloid which
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showed growth inhibition again€t albicans at concentrations of 1.0 to Qug/disk in

the standard disc assay.

Despite the fact that marine invertebrates reptesgneat source for novel bioactive
chemicals with potential as pharmaceuticals, mdésciprobes, cosmetics, or
nutritional supplements, there is one major lingtfiactor that often prevents further
development in these fields. As one can imaginser@ous problem with marine
invertebrates is the limitation of supply of mosanne-derived compound$. More
often, the active metabolites only occur in traceoants in the organism, and the
limited harvest that can be performed without diting the ecosystem or depleting
the resource will not provide enough target complofor the development in each
field. In particular, drug discovery and developmerogram usually require large

amounts, ca. 100 gm, of chemical compounds foripreal studies.

Apart from the supply problem, most antifungal rbeldaes from marine organisms
usually turn out to be very cytotoxic toward humealls. Consequently, these
compounds are not considered to be suitable agafagents for pharmaceutical drug
development. In most cases, it will be necessaigstess whether antifungal activity
outweighs cytotoxic effects. Given the fact thabsin marine-derived antifungal
compounds possess high cytotoxicity, the modificatof the target molecule to

improve therapeutic index will be extremely crucial
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Il. 2. Antifungal bioassay-guided screening of mane invertebrates
Introduction
Pathogenic Fungal Infections

Of the numerous fungal genera known to date, masgtogenic fungal diseases in
humans are caused by only 10 to 15 different speeigen though these strains can be
deadly if the patient has a weaken immune syst&imce the 1980s, an increasing
trend of fungal infections has been observed with parallel emergence of new
fungal pathogens and opportunistic fungi which ceause infection in the
immunocompromised host. The incidence and fatality rates of several djgeci
mycoses were also examined with the resulCafdida species being accounted for
most infectiong. During this past three decad€sndida has emerged worldwide as a

significant cause of bloodstream infections.

Pathogens of the genuSandida are opportunistic fungi that infect primarily
immunocompromised human hosts. They are the Igadinse of invasive infections
in hospitalized patients. These pathogens arefdbgh most common cause of
bloodstream infections in the United States withatinbutable mortality rate of 19%
up to 49%>* The increasing rate of invasive infections@andida species is likely to
result froman increased prevalencesufsceptible hosts, who have receivrgdnsive
care therapies or immunosuppressherapies associated with organ transplantation,
cancer chemotherapy or the use of broad-spectrumbiaits. There is also an

increased awareness of the high morbidity and riyrtate associated with fungal
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infections caused by resistant fungi in variousuge of patients. The clinical
consequences of antifungal resistance can be seentfeatment failures in infected
patients especially witiCandida species. Despite the fact that there are over 100
species ofCandida that have been described, only a few species bhewe associated
with clinical infections! Overall, most infections are caused®yalbicans. Within

the group of patients infected by pathogenic fufigim approximately 30% up to

over 50% are caused Iy albicans”” as shown in Figure 11.2 4.

Other Candida sp.

C. krusei 4%

3%

C. tropicalis
11%

C. glabrata

14% C. albicans

54%

C. parapsilosis
14%

Figure 11.2.1 Distribution of Candida species from 8,197 clinical isolates obtained

internationally from 91 medical centers from 208dotigh 2004.
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Due to the high rate of infection bg. albicans, and its importance as a major
human pathogenic fungushe specific target for my discovery program was
albicans wild type (ATCC32354) and the amphotericin B r&mi$ strain available
from the American Type Culture Collection (ATCC938.7 The wild typeC. albicans
strain is used as the standard test organism fosargening of crude extracts in order

to identify active projects.

Antifungal Susceptibility Tests

In the field of drug discovery and development framarine natural products,
selection of the appropriate biological assay ie ofhthe crucial factors that can lead
to the discovery of novel target compounds with tlesired bioactivity from the
sources of interest. Generally, there are varigpss of methods that may be suitable
for different type of samples, or serve the purpafsthe screening better one way than
the other. Typically, primary assays are desigfmedthe initial screening of large
numbers of crude extracts, with the purpose of tileng active extracts. Most
primary assays do not usually give accurate qusiv® results but are more
qualitative and still provide sufficient data févetselection of interesting projects with
appropriate levels of biological activity. On tléher hand, secondary assays are
usually designed for more specific purpose, sudhasguantification of activity of the

pure chemical compound or the activity observetthéprimary assay (MIC values).

As there are various types of antifungal assayslabla to select from, it was
important to search for the most appropriate sengemethod that could best provide

the anticipated results. The criteria for chooding proper antifungal assay for this
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study was mainly based on the reliability, repraldiity, simplicity and the cost of
the assay system. For marine invertebrate extescthe main screening target, the
antifungal susceptibility tests that were choserttie screening step, consisted of two
types of assays, the “Disc Diffusion Method” andikution “Liquid Assay” (Broth

Dilution Antifungal Susceptibility Testing).

Disc Diffusion Method

The Disc diffusion assay is the simplest and madely used approach for initial
screening of crude extracts. This assay reliesthan diffusivity of the active
compound(s) into the agar matrix which has beemfasarinoculated with the test
fungal strain. The metabolites that possess arg#lactivity will generate zones of
inhibition of fungal growth around the zone of apation. This method utilizes the
small filter-paper disc to which the potential setmixtures are applied, and allowed
to diffuse from. A known concentration of liquicb the crude extract is applied to a
circular paper disc with a diameter of 6.5 mm tisasubsequently placed on tke
albicansinnoculated petri dish. The fungal petri dishesthen incubated at 37° C for
24 hours and inhibition zones are determined. diameter of the zone of inhibition
extending outward from the paper disk is read asree of inhibition (in mms).This
method does not yield a quantitative number, sushaa minimal inhibitory
concentration (MIC), but gives a rough estimatidéactivity in terms of the diameter
of the zone of inhibition. Using this approache thterpretation of the data is more

qualitative than quantitative.
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This method has one major limitation, which is ttte activity is dependent upon
the diffusivity of the test compound. Certain tgp#f molecules, such as extremely
non-polar compounds, do not diffuse well in theragatrix and result in a small zone
of inhibition, while molecules with higher polarignd diffusivity can create larger
inhibiting zones, regardless of their antifungaiaty. Hence, the ability of chemical
metabolites to diffuse through agar matrix has eageffect on the size of zone of

inhibition, and often leads to the misinterpretatad antifungal potency.

A Dilution Liquid Assay (Broth Dilution Antifungal Susceptibility Testing)

The liquid antifungal assay is the most widely uspdantitative susceptibility
measurement that defines the concentration of ¢isé ¢compounds. C. albicans
cultures, containing serial dilutions of the tegeiats, are used to establish the lowest
drug concentration that prevents detectable fuggaith. This method provides a
more accurate measurement of antifungal activitygégerating a specific Minimum
Inhibitory Concentration (MIC value), which can lmsed to estimate therapeutic
concentrationsn vivo. The endpoint of a susceptibility measuremeneddp on the
starting microbial cell concentration, conditiorfde@mperature and pH, and how early
or late in the growth cell cycle that results aldamed. AlamarBlue, which is an
oxidation-reduction (REDOX) indicator, can be u#d as the growth indicator in this
assay. During cell growth, metabolic activity ntains a reduced environment, while
the inhibition of growth results in an oxidized @owment. Therefore, continued
growth of fungal cells will result in the chemigalduction of AlamarBlue that can be

observed as the change in color from blue (oxidipeah) to pink (reduced form).
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During the inoculum preparatiorf;. albicans was cultivated in the RPMI 1640
medium (GIBCO) and shaken at 3Z overnight. The density of cell suspensions was
counted using a haemocytometer. These cell sagpenwere eventually diluted to
make the final concentration of 1 x“ells/mL. Subsequently, AlamarBlue (Trek

Diagnostic System, Inc.) was added to the culirasiolution at 1% concentration.

For the purpose of my screening program, this diqassay technique is divided into
two different methods, the Single Concentration et and the Serial Dilution

Method.
1) Single Concentration Method

This method is designed to test the antifungalvagtiof the extract at a single
concentration again&l. albicans. This assay will not yield an exact MIC valuef bu
rather indicates whether there is growth inhibitiaha preselected concentration.
Hence, it is a useful method for the primary scregiof the large number of samples
in a short period of time. The assay was set upgus 96-well plate format. The
crude extracts (1Ql) were added into each well (column 1 to 10) anxlech with 100
pl of C. albicans inoculum solution. The standards, DMSO (@pand amphotericin
B (Sigma) solution (1@, 0.5 mg/mL) were added to 190 of C. albicans inoculum
solution at the top row of column 11 and 12, resipely, as the negative and positive
control. Subsequently, a half-fold serial dilutieas performed in these two columns
by mixing the top row and transferring 1Q0 of mixtures down the plate. The

dilution process was repeated down the plate @adrtvells) until the mixtures were
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diluted 128 times in the last row and the final 3010of mixtures were discarded.
After that, the plate was incubated at 37 °C foilhzhours. The results of antifungal

activity can simply be indicated by turbidimetriswalization.

2) Serial Dilution Method

The principal of this method is very similar to thst one, but instead of focusing
at one single concentration, this assay employalfafdid serial dilution method for
all the tested samples. Hence, this method camsbd to determine the exact MIC
values of the antifungal metabolites. This assaysually performed to test pure
chemical compounds or antifungal-active extractamfrthe primary screening to

derive specific MIC values.

For the basic procedure, each chemical extracul)l@as added to a 19@ of C.
albicans inoculum solution in the first row. Each verticalumn (from 1 to 10) was
designated for a single test sample, while DMSO amghotericin B were added to
columns 11 and 12 , as was done in the first metwdhe negative and positive
controls. The half-fold serial dilution method watdlized entirely for both the tested
compounds and the standards. The MIC value wasrdigted from the concentration
of the last well that retained blue color in eaclumn. The range of concentration in
each column from the first row to the last row degseon the initial concentration of
the test compound as illustrated in Table II.2ZThe numbers in the first row represent
concentrations of the test materials, while numbersach column stand for MIC

values expressed gg/mL.
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Table 11.2.1 The range of MIC values for various starting coniions of the tested

compounds

Row | 0.5 mg/mL | 5mg/mL | 10 mg/mL | 20 mg/mL | 25 mg/mL
A 25 250 500 1000 1250
B 12.5 125 250 500 625
C 6.25 62.5 125 250 312.5
D 3.125 31.3 62.5 125 156.3
E 1.56 15.6 31.3 62.5 78.1
F 0.78 7.8 15.6 31.3 39.1
G 0.39 3.9 7.8 15.6 19.5
H 0.19 1.95 3.9 7.8 9.8
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Marine Invertebrates Screening

In this chapter, the main sources of potentialvackeads were marine sponges and
ascidians. The initial screening method for theder extracts was performed by the
disc diffusion method, and samples were obtaineun fdifferent locations and
collections, including Palau, South Africa and F&h. The average hit rate was 10%
or less, and more importantly, those antifungaivacextracts were also significantly

cytotoxic.

What | discovered was that the more antifungal slaenples were, the more
cytotoxic they were likely to be in the HCT-116 aol carcinoma assay. These
projects are, therefore, not suitable candidatesfitifungal drug development, since
the ideal project should be non-cytotoxic to huroalks. From an available collection
of marine invertebrates, it proved to be extrem@il§icult to find a project with
selective antifungal activity. This is one of thmajor reasons that later on, the focus

was shifted toward marine microbes.

Nonetheless, on the basis of primary screeninghbydisc diffusion method using
the invertebrate collection, promising chemicaltjeated projects were chosen and
the crude extracts were fractionated using appaigpchromatographic methods. The
resulting fractions were tested for antifungalhdttiin the dilution liquid assay, and it
was found that more than half of them showed naviactat all. This outcome
illustrates the uncertainty of data from the digéudion method. Most samples that
showed activity from the disc diffusion method laedkcomparable activity in the

antifungal liquid assay. (Table 1.2.2) The di#face may stem from the compound
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being degraded or the pharmacokinetic propertieth@factive molecules. For that
reason, the disc diffusion method was eventualBcatided in favor of the more

reliable liquid antifungal assay in the initial pess of screening crude extracts.

Table 11.2.2 Antifungal screening results of marine invertebsaising disc diffusion

and liquid broth dilution methods.

Number of Antifungal
Number of Active Extracts HCT-116
Collection the Crude Disc Liquid (IC50>20
Extracts Diffusion Agsa pg/mL)
Method y
South Africa
(2003) 100 6 4 2
Palau (1999) 167 20 6 1
Red Sea (2000) 54 NA 6 2

According to the overall results of the antifungstreening for the marine
invertebrate extract collection, approximately 5%tatal extracts showed antifungal
activity. Of all the test mixtures, only less tharb% possess selective antifungal
activity with a low level of cytotoxicity. Even tlugh, the screening process yields
only few promising projects, chemical investigation those extracts were conducted

in order to isolate and identify those potent amtifal metabolites.
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Dereplication of known chemical metabolites from ative extracts

The crude methanol extracts of marine invertebrdhed exhibited antifungal
activity in the liquid antifungal assay, were fiacated first using HP20SS column
chromatography. By utilizing the bioassay-guideacfionation method, the active
fractions were further separated and purified byghHiPerformance Liquid
Chromatography (HPLC) to obtain pure chemical conmos. The structures of
known compounds were identified by a dereplicapyocedure and confirmed as
known by direct comparison of ESI-MS and NMR spestopic data to those in

Marinlit™.

Isolation of Agelasine F (Ageline A) from marine spnge of the genusAgelas

(Project 99-446)

The marine spongAgelas sp., designated 99-446, was collected by membetseo
Faulkner research group in Palau in 1999 by scidaagd The specimen (1 kg wet
weight) was kept frozen immediately after colleotiantil being processed. The
sponge was exhaustively extracted with methanol taedextract was tested in the
liquid antifungal assay. The crude extract exkibiantifungal activity at MIC values
less than 15ig/mL in the antifungal assay, while showing cytatity with an 1Go
value (HCT-116 assay) at 25.4/mL. In addition, a zone of inhibition of 12 mnasv

also observed in the disc diffusion assay.
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The crude methanol extract was separated by HP2@88nn chromatography,
using an acetone-water gradient from 10% to 100f6, approximately 50 fractions.
Fraction 29 which was eluted with a 60% acetonedmatixture was found to deposit
crystals after sitting on the lab bench for 3 wegs. ThéH NMR spectrum indicated
that the compound appeared to be very pure. Thgpeond was recrystallized from
the same solvent condition in order to obtain thighdést quality crystals.
Unfortunately, bothtH NMR and MS spectral data pointed out that the oumd was
the previously reported, agelasine F (also knowmagaline A), which is known to
possess potent antimicrobial activity. Agelasinevhich belongs to a group of 7,9-
dialkylpurinium salts, also exhibits strong actywitagainst Mycobacterium
tuberculosis.” The liquid antifungal assay showed this compoumcdssess very

potent antifungal activity with MIC value less th&m pg/mL, unfortunately with

moderate cytotoxicity showing kgof 4.8pug/mL in the HCT-116 assay.

Agelasine F (Ageline A)
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Isolation of psammaplysin A from marine sponge of lte order Verongida

(Project 99-371)

An unidentified marine sponge (600 g wet weight) tbk order Verongida,
designated 99-371, was collected from Palau in 19%98e crude methanol extract
showed slight antifungal activity from disc diffosi method, but did not possess
significant cytotoxic activity (16 over 40pug/mL in the HCT-116 assay). The crude
extract was fractionated by HP20SS column chromaptoy eluting with
acetone/water gradients from 10% to 100%. Frast@hto 23 (60% acetone/water
fractions) were discovered to contain one majoodahated metabolite, which by
mass spectrometry was found to contain four bromat@ms. This chemical
compound, as directly derived from HP20SS chronrajlyy was fairly pure and
didn’t require further purification by HPLC. Howen the'H NMR and MS data
from this compound indicated that it is a knownilzsintic, psammaplysin A% In pure
compound testing, psammaplysin A was active inHR-116 assay with 1§ = 50
pg/mL, while the antifungal activity again€t albicans (MIC value of 250ug/mL)

showed the compound to have little pharmaceutictdrgial.

HO““\\IN Br NH,

H Br

Psammaplysin A
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1.3

Adociasulfate 13, an antifungal merotriterpenoamhirthe Red Sea sponge

Haliclona (akaAdocia) sp.
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Abstract

A new hexaprenoid hydroquinone sulfate, adociasulfe8, was isolated from the
spongeHaliclona (akaAdocia) sp. collected in the Red Sea. This compoundstieey
with the previously reported adociasulfates 2, &, were isolated by tracing their
antifungal activities using bioassay guided-fracéton. The structure of
adociasulfate 13 was elucidated by interpretatiospectroscopic data. Adociasulfate
13 exhibited significant antifungal activity agaimenphotericin B-resistant and wild-

type strains o€andida albicans with MIC values of 4.3uM.

Keywords: adociasulfate; sponge; marine natural dgecg merotriterpenoid;

antifungal, cancer cell cytotoxicity
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Introduction

Merotriterpenoids belong to an uncommon class ofabwites produced by both
terrestrial and marine organisms. A wide rangé&itdrpenoid hydroquinone sulfates
have been obtained from marine sources, and foumobisess remarkable biological
activities.  Akaterpin, isolated from the marineosge Callyspongia sp., was
discovered to be a phosphatidylinositol-specifiogpholipase C inhibitdr. The
shaagrockols, toxicols, and toxiusol from the Red Spongd&oxiclona toxius were
reported to show inhibition against HIV reversens@iptasé* In particular, sponges
of the genusAdocia (order Haplosclerida, family Chalinidae) have befwown to
contain an interesting group of biologically activexaprenoid hydroquinone sulfates,
the adociasulfates'® So far, there were twelve adociasulfates thaemen isolated.
Adociasulfate 1-6 and 10, isolated from a Palauongp, were reported as kinesin
motor protein inhibitor8? In addition, adociasulfates 1, 7 and 8, derivednfmarine
sponge of the same species collected in Austrakae shown to act as inhibitors of
the H-ATPase proton pump activify.

As part of our program to investigate marine ndtpraducts that exhibit selective
antifungal activity with no significant cytotoxigit both the aqueous and organic
extracts of 321 sponges and ascidians collectedalau, the Red Sea, and South
Africa were evaluated using both antifung@h(dida albicans) and HCT-116 colon
carcinoma cytotoxicity assays. The extracts thatewiound to be effective in fungal
inhibition with negligible cytotoxicity were chosdor further examination. Among
the most promising candidates from the initial enieg was the crude extract of the

spongeHaliclona (aka Adocia) sp. collected in the Red Sea. The partially fpadi
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material showed inhibition again€t albicans at a MIC value of 2%g/mL, whereas
no significant activity was observed in the cytatoassay (IG > 78 ug/mL). Using
antifungal bioassay guided-fractionation, we issdat a new antifungal
merotriterpenoid, adociasulfate 13),( along with the three known compounds,
adociasulfates 2§, 5 3) and 6 4). This chapter describes the isolation and stratt

elucidation ofl, and the biological activities of these four a@dscilfates.

Results and Discussion

The sponge (Figure 11.3.2), identified aslaliclona sp., was collected by Faulkner
group members using scuba in Egyptian waters inRbd Sea in 2000, and the
specimen was kept frozen until being processede Jdmple (213.1 g) was later
defrosted, exhaustively extracted with excess Me@wt] then driedn vacuo. The
yellow crude extract was first fractionated by pemh on HP20SS resin, subsequently
eluting with acetone/water mixtures to obtain 208@%, 50%, 60%, 70%, 80% and
100% acetone fractions. The 80% acetone fracBai (ng), which proved to exhibit
the most potent antifungal activity, was furtheriped by reversed-phase;£HPLC
to yield adociasulfate 13L( 5.4 mg) along with the previously reported compis)

adociasulfates 2, 5, and 6 (1.5 mg, 21 mg, andn,2respectively).



Figure 11.3.1.

The structures of adociasulfates2?, 6 3), 6 @), and 13 {)
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Figure 11.3.2. Photograph of the Red Sea spohigiclona (akaAdocia) sp.

Adociasulfate 13%) was isolated as an amorphous white solid, whicdyaed for
the molecular formula £Hs,0sS;Na& by analysis of NMR data (Table 11.3.1) and
high-resolution ESITOFMS data ([M+Naf m/z 745.2794). The HRMS spectrum
also showed ions that analyzed for [M—Na} nvz 699.2998 which suggested the
presence of two sodium sulfate ester groups indbmspound. Furthermore, analysis
of the IR spectroscopic data showed strong broadration bands at 1269 énand
1042 cnt', both of which supported the presence of sulfataigs. The molecular
formula of1, which required ten degrees of unsaturation, \@esggned to an aromatic
ring and two olefinic bonds by interpretation € NMR data, which revealed 26
aliphatic and 10 aromatic/olefinic carbons. Basedn this initial analysis of°C
NMR data, the additional four degrees of unsatanaguggested the presence of a
tetracyclic ring system connected to an aromatig.ri The overall data, and

considering the source, suggested the tetracynlicsystem was of a terpenoid origin.
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Figure 11.3.3. *H NMR spectrum of adociasulfate 18 (500 MHz, CQOD)
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Table 11.3.1. *H, *C, COSY, HMBC and ROESY NMR spectroscopic data (500

MHz, MeOH-d,) for adociasulfate 131}

C# [ [ J (Hz) COSY HMBC ROESY
1 25.1 CH 2.92 brd 6.5 2 C-1,C-2,C-2,C-3, 6, 8a, 25a, 26
Cc-6,C-7
2 57.4 CH 2.28 brt 6.5 1 C;XC-1, C-3, C-7, 4b, 6, 6
C-25, C-26
3 149.1 C
4a 39.4 CH 2.34 brtd 125 4b, 5b C-2,C-5 5a, 5b, 25b
b 2.03 brd 5,125 4a,b5a C-3,C-5,C-25 2,6
5a 25,5 CH 1.76 m 4b, 5b C-6, C-7 4a, 27
b 1.43m 4a, 5a, 6 C-6,C-4 4a, 26
6 59.1 CH 1.33m 5b C-5, C-7,C-10, C-26 2, 4b, 27
7 411 C
8a 40.4 CH 1.88 m 8b 1
b 1.29m 8a C-26 2
9 20.6 CH 1.49m 10b, 26
10a 385 CH 1.74 m 10b C-8, C-27
b 1.03 m 10a C-12 9
11 383 C
12a 37.1 CH 1.86 m 12b, 13a Cc-27 26
b 1.04 m 12a C-27 14
13a 229 CH 1.35m 12a, 13b C-12,C-14 20a, 27, 29
b 1.06 m 13a, 14 28, 29
14 57.3 CH 1.49m 13b 12Db, 18, 20b
15 1365 C
16 123.0 CH 5.36 m 17a, 28 17a, 28
17a 249 CH 1.95m 16, 17b, 18 16, 18, 30
b 1.87m 17a, 18 24, 29
18 51.6 CH 1.18 m 17a, 17b C-14, C-17, C-19, C-23,4, 20b, 30
C-24, C-29, C-30
19 382 C
20a 40.4 CH 1.83m 20b 13a
b 0.97m 20a C-29 14, 18, 22b
21 19.8 CH 1.44m
22a 43.5 CH 1.41m 22b C-18,C-23
b 1.19m 22a C-24 20b
23 339 C
24 223 CH 0.89s C-18, C-22, C-23, C-30 17b, 29
25a 108.8 CH 4.62 brs C-2,C-3,C4 1,6
b 4.70 brs C-2,C4 4a
26 16.1 CH 0.87s Cc-2,C-6,C-7,C-8 1, 5b, 9, 12a, 28
27 299 CH 0.92s C-6, C-10, C-11, C-12 5a, 6, 13a
28 22.6 CH 1.69s 16 C-14, C-15, C-16 13b, 16, 26
29 141 CH 0.77 s C-14, C-18, C-19, C-20 13a, 17b, 20a, 24
30 33.7 CH 0.85s C-18, C-22,C-23,C-24 17a, 18
1 1376 C
2 149.0 C
3 123.1 CH 7.33d 8.5 4 Cc-1,C-2,C-B &
4 119.8 CH 7.03 dd 85,25 '3 C-2,C-5,C-6 3
5 1505 C
6 123.4 CH 7.11d 2.5 C-1,¢C;z-4,C5 1,2,25a




40

The'H NMR spectrum of adociasulfate 1B) (neasured in CEDD (Figure 11.3.3)
illustrated three aromatic proton signal®at33 (1H, dJ=8.5 Hz), 7.11 (1H, d] =
2.5 Hz) andr.03 (1H, ddJ = 8.5, 2.5 Hz) that corresponded to HSQC coratatiof
aromatic carbon signals ab123.4 (C-6, 123.1 (C-3 and 6119.8 (C-9),
respectively. The position of the sulfate esteugs at C-2and C-5was assigned by
analysis of COSY and HMBC NMR spectral data. HM&%®relations (Figure 11.3.4)
of the aromatic proton signals to the carbond H50.5 (C-5, 149.0 (C-2, 137.6 (C-
1, 123.4 (C-6, 123.1 (C-3 and 5 119.8 (C-4), defined the substitution pattern of
the aromatic ring to be 1-alkyl-2,5-disulfate. Theethylene proton H-15(2.92)
showed HMBC correlations to C;1C-2, and C-§ which confirmed the alkyl
substitution at C-1

The framework of the C/D decalin ring system arsdcibnnection to the aromatic
moiety were established by HMBC, COSY and TOCSYralations. HMBC
correlations from two methyl signals, Me-2%{.87) to C-2, C-6, C-7, C-8, and Me-
27 0 0.92) to C-6, C-10, C-11, were used to assemii@jar part of the C/D rings.
The exocyclic olefinic methylene protons (H-25) at4.62 and 4.70 showed
correlations to C-2, C-3, and C-4. The connectibmethylene signal & 2.92 to the
methine carbon at C-2 was confirmed by a COSY tation between H-1§2.92)
and H-2 $2.28). A three-bond HMBC correlation from the methsignal at H-2 to

C-1, further supported the connection from methyleaoon at C-1 to C:Iposition

on the aromatic ring. The ethyl linkage that carnee the A/B and C/D decalin ring
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systems was established from COSY correlations ethyhene group between H-

12/H-13, and H-13/H-14, as well as from HMBC caat&lns from Me-27 to C-12.

Figure 11.3.4. Selected COSY (bold lines) and HMBC (arrows) datrens observed

in the NMR spectra fot.

Likewise, HMBC and COSY correlations allow the nrajsortion of the A/B
decalin ring system, including the trisubstitutemlible bond, to be established. The
planar structure of the A/B rings was defined usiMBC correlations from Me-28)(
1.69) to C-14, C-15, and C-16, from Me-Z0(77) to C-14, C-18, C-19, and C-20, as
well as from Me-24 §0.89) and Me-30§0.85) to C-18, C-22, and C-23. The
location of double bond was confirmed by COSY datrens between H-16 and H-
17, and from HMBC correlations of Me-28 to the euaary carbon at C-1% (136.5)

and olefinic methine carbon at C-186123.0). TOCSY correlations were used to
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confirm the connectivity of C-5/C-6/C-7 and C-2@C/C-22, thus allowing the
complete assignment of both decalin rings.

The relative stereochemistry of adociasulfate 13 (vas determined by
interpretation of ROESY NMR data that showed catiehs as indicated in Figure
11.3.5. The benzyl chain and Me-27 were found édrbequatorial positions, while the
ethyl bridge that linked the two decalin ring systewas attached in an axial position
to the C ring. This geometry was confirmed by R@E®rrelations from the axial
Me-26 to H-1, H-5b, H-9, and H-12a, and also fromtimme signal at H-65(1.33) to
Me-27, H-2, and H-4b. These correlations suggettedC/D rings werérans-fused.
The exocyclic olefinic methylene protonséa#.62 showed ROESY correlations to an
aromatic proton ab 7.11 and a methylene protond2.92, providing further evidence
that the benzyl chain was positioned in an equaltpasition.

In a similar way, thdrans-fused nature of the A/B ring system was estabdidhe
ROESY correlations from Me-29 to Me-24 and H-17ig &rom H-18 $ 1.18) to Me-
30 and H-20b. The ethyl linkage C-12/C-13 was gdlain an equatorial position next
to C-14 on the basis of a ROESY correlation betwelen29 and H-13a. Thes-
configuration of double bond at C-15-C-16 was dpiteed by ROESY correlations
between H-16 and Me-28. The assignment of relaste@zeochemistry was quite
difficult due to highly overlapped signals of algilt protons, in particular, the signals
between two decalin rings system A/B and C/D. Minetess, the observed ROESY
correlations from the methine proton at H-14 to 2b,land from Me-26 to Me-28 and

H-12a, allow the relative stereochemistry betweem decalin rings to be established.
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The relative stereochemistry of adociasulfate1)3an therefore be assigned aR*(2

6S, 7S, 11R*, 14S, 18S*, 19S).

H /‘\
H
H CHs CH3 NaO3;SO
H20 29 H
— u# H H H / H25a
H H12a Czlg3>H ?\
CHs; H Hsa H \\
H H°
H H 0SO;Na
11 » ' 3
cHy  H [& f 7 H{
H H 5"". H

Figure 11.3.5. Assigned relative stereochemistrylogéstablished by selected ROESY

correlations.

In addition to the previously reported bioactistief the adociasulfates, the newly
derived adociasulfate 13)( along with three known adociasulfates 2, 5, @ndre
reported here to possess antifungal activities nafjaihe pathogenic fungus.
albicans. In this study, all isolated adociasulfates wevaluated for their inhibitions
against both wild-type and amphotericin B-resis&trains ofC. albicans. Cytotoxic
activities against the HCT-116 human colon tumdt lbxee were also determined.

The results are illustrated in Table 11.3.2.
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Table 11.3.2. Antifungal and Cytotoxic Activities of-4

HCT-116 inhibition  C. albicans (WT)  C. albicans (AmBR)

compound ICs0 (Hg/mL) MIC (ug/mL) MIC (ug/mL)
1 >39.5 3.1 3.1
2 > 78 31.3 31.3
3 >78 250 250
4 16.2 250 250

Among all derived adociasulfates, the newly isaladociasulfate 13f was found
to exhibit the most potent antifungal activity agaiC. albicans at 3.1ug/mL (4.3
puM). Despite structural similarities between adeultates 2 and 6, they exhibited
different biological activities. Adociasulfate 2) (wvas more active in fungal inhibition
with a moderate MIC value of 31@g/mL, while the compound was much less
cytotoxic in the HCT-116 assay. The presencelofdaoxyl group instead of a sulfate
ester in adociasulfate @)(seemed to drastically decrease inhibitory adigiin the
antifungal assay. Adociasulfate 3) @nd 6, both of which possess a single sulfate
group, showed very weak inhibition & albicans with MIC values of 25Qug/mL.
According to the results from HCT-116 assays, stlated adociasulfates exhibited
weak or insignificant cytotoxic activities, hentlee selectivitiy of adociasulfate 13)(
toward fungal inhibition has been demonstrated.

Most active antifungal metabolites isolated fromrima invertebrates are found to
express a similar level of cytotoxic activitiestire mammalian cancer cell, HCT-116
assay. Adociasulfate 13)( however, is one of very few marine natural pduhat

possess potent antifungal activities with negligitytotoxicity.
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Experimental Section

General Experimental ProceduresOptical rotations were measured on a Rudolph
Autopol Ill polarimeter. UV spectra were obtainesing Varian Cary 50 Bio UV-
Visible spectrophotometer. Infrared spectra wemdrded on a Nicolet IR100 FT-IR
spectrometer. *H, °*C, COSY, HSQC, HMBC, and ROESY NMR spectra were
recorded on a Varian INOVA 500 MHz spectrometer. ightesolution mass
measurements were obtained on Agilent ESI-TOFunstnts at the Scripps Research

Institute, La Jolla. All solvents were distilledqr to being used.

Biological material. The spongéialiclona sp. was collected by hand using scuba
at Red Sea, in 2000. The specimen was immediatedgn after collection and stored
at —20°C until extracted. The color in life is purple arfietsponge was assigned as
Haliclona sp. (order Haplosclerida, family Chalinidae). T&gonge, which was
identified by Mary Kay Harper, was previously knows anAdocia sp. A voucher

specimen has been deposited at the University af L.8ponge Voucher Collection.

Extraction and isolation. The sponge (213.1g wet weight) was extracted with
methanol (4 x 500 mL) for 24 h. The pale yelloviragts were combined and dried
vacuo to obtain a crude brown extract, which was frasted by HP20SS column
chromatography (acetone/water) to yield nine foati All nine fractions were
concentrated to dryness and tested in a standamebaiiution antifungal assay. The
fraction eluted with 80% acetone-water (617 mg) i@md to possess promising

antifungal activity (MIC = 12.5ug/mL), and was subjected to further purification on
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reversed-phase HPLC (DynamaxigCsemi-preparative, 3 mL/min; 70-80%
MeOH/H,O over 25 min, 80-100% MeOH{B over 15 min) to yield, in order of
elution, adociasulfate 2(1.5 mg), adociasulfate B,(21 mg), adociasulfate @,(4.2

mg), and adociasulfate 18,(5.4 mg, 2.5 x 16 % wet weight).

Adociasulfate 13 (1): white amorphous solidfo]p — 6.0 € 0.07, MeOH); UV
(MeOH) Amax (Iog €) 270 nm (2.05); IRmax (KBr) 2923, 1732, 1648, 1269, 1042, 849
cm™; NMR data, see Table 11.3.1 ; EIMS [M+Najvz 745; HRESITOFMS [M+N4]
m/z 745.2794 (calcd for £gH5,0sS,Nag, 745.2797), [M—Na]m/z 699.2998 (calcd for

C36H5:085,Na, 699.300 1)

Antifungal assay with C. albicans. The C. albicans strains ATCC 32354 (wild
type) and ATCC 90873 (amphotericin B-resistant)eyaurchased from the American
Type Culture Collection (ATCC). Inhibitory actiyitwas determined by a standard
microdilution liquid antifungal assayC. albicans was incubated overnight at 3C in
RPMI 1640 media (GibcoBRL) and aliquots transfetie6-well plates the next day.
The indicator Alamar Blue was added to fGealbicans culture before they were
transferred to the plates. Samples were added aih Amphotericin B (Sigma) and
DMSO (solvent) as positive and negative controlpeetively, and serially diluted.
The plates were then incubated overnight for 14HL6 Minimum inhibitory
concentration (MIC) values were determined by th@nge in color from blue to pink

of the media according to the indicator.
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Human colon tumor (HCT-116) cytotoxicity assay.Aliquot samples of HCT-116
human colon adenocarcinoma cells were transfeoe@biwell plates and incubated
overnight at 37C in 5% CQ/air. Test compounds were added to the platesMsO
and serially diluted. The plates were then furtineubated for another 72 h, and at
the end of this period, a CellTiter 96 fgsnon-radioactive cell proliferation assay
(Promega) was used to assess cell viability. itibib concentration (I values
were deduced from the bioreduction of MTS/PMS lwnly cells into a formazan
product. MTS/PMS was first applied to the samp#disy followed by incubation for
3 h. Etoposide (Sigma) and DMSO (solvent) wered s the positive and negative
controls in this assay. The quantity of the foramagproduct (in proportion to the
number of living cells) in each well was determirgdthe Molecular Devices Emax
microplate reader set to 490 nm wavelengthso Malues were calculated using the

analysis program, SOFTMax.
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1.4

Eurysterols A and B, cytotoxic and antifungal stéabsulfates from a marine

sponge of the genu&uryspongia
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Abstract

Two new steroidal sulfates, eurysterols & @nd B @), were isolated from an
undescribed marine sponge of the gekusyspongia collected by Faulkner group
members in Palau. The structures of the new conguwvere assigned by NMR
spectroscopic data interpretation. Compouhdmd 2 showed cytotoxicity against
human colon carcinoma (HCT-116) cells withsd®alues of 2.9ug/mL and 14.3

pg/mL, respectively, and exhibited antifungal adgivagainst amphotericin B-resistant
and wild-type strains o€andida albicans with MIC values, in turn, of 15.6g/mL

and 62.5ug/mL.
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Introduction

Sponges of the gend&uryspongia (order Dictyoceratida, family Dysideidae) have
been shown to contain various types of secondatgboétes, including secosteroitls,
hydroquinone$, sesquiterpene quinongsand furanoterpenoids. As part of an
interest in the discovery of antifungal and cytatomatural products, we examined a
cytotoxic crude methanol extract of a previouslydescribed sponge of the genus
Euryspongia collected in Palau. Using cytotoxicity against HC16 human colon
carcinoma cells as a guide, two new moderately toyio steroidal sulfates,
eurysterols AQ) and B @), were isolated. In this paper, we describe Huation,

structure elucidation, and biological activitiestivése new steroidal sulfates.

Figure 11.4.1. The structures of eurysterols B @nd B @)



53

Results and Discussion

The Euryspongia sp. sponge was collected by hand using scubalapth of 37 m
from a reef slope, west of the lighthouse at KoRalau. The frozen sample (187.6 g)
was defrosted and extracted exhaustively with MeOHie MeOH extract was then
dried in vacuo and the extract was fractionated by partition oR2BISS resin,
subsequently eluting with acetone/water mixtureshtain 20%, 40%, 60%, 80%, and
100% acetone fractions. The 60% acetone fracBdril(mg), which contained all of
the antifungal and cytotoxic activity, was furtHeactionated by reversed-phasesC

HPLC to yield eurysterols AL( 5.5 mg) and BZ, 2.1 mg).

The molecular formula for eurysterol A)(was determined as.@450;SNa by
high-resolution MALDIFTMS vz 559.2688, [M+Nal]) and from its NMR data. The
LRMS spectra showed ions that analyzed for [M—Nadd [2M—Na] atm/z 513 and
1049, which suggested the presence of Na in tHer gompound. Initial analysis by
'H and ®C NMR methods, including interpretation of the DERIRd HSQC
spectroscopic data, revealed that the moleduis steroidal. Analysis of the IR
spectroscopic data showed a broad absorption kridl6 crit and 1072 cm, both

of which suggested the presence of a sulfate dtoup.
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Table I11.4.1. *H, *C, COSY and HMBC NMR spectroscopic data ¢OD) for

eurysterol A Q)

C# Oc (o J (Hz) COSY HMBC
1a 264 Ch 1.85m 20, B C-2,C-5,C-10
B 1.56 m 2a, B C-2
20 31.8 CH 2.13m 1a, 18,3 C-10
B 1.18m 13 C-4
3 76.6 CH 4.63 tt 11.6,4.4 2a, 4a, 48
4a 39.9 Ch 2.05m 3 C-2,C-3,C-10
B 2.23dd 136,116 3 C-2,C-3
5 773 C
6 756 CH 3.42dd 4.0 7a, B C-5,C-7,C-8,C-10
70 426 CH 1.87m 6 C-5,C-6,C-8,C-9
B 1.87m 6 C-5,C-6,C-8,C-9
8 855 C
9 46.5 CH 2.03m 11a, 118 C-10, C-11,C-19
10 503 C
1la 216 Ch 1.39m 9,1x,13 C-10
B 1.41m 9,1x,133 C-8,C-9
120 40.0 CH 1.14m 110, 118 C-11
B 2.04m 110, 118 C-9,C-14
13 428 C
14 548 CH 1.32m 150, 153 C-8, C-13,C-18
150 216 CH 1.66 m 14, 16 C-13,C-14,C-16
B 1.49m 14, 16x C-8,C-14
160 28.8 CH 1.87m 153 C-14,C-15
B 1.30m 150, 17 C-15,C-17
17 578 CH 1.09m 168, 20 C-12, C-13, C-18, C-20
18 126 CH 0.84s C-12, C-13,C-14, C-17
19a 72.2 CH 3.63d 8.4 C-1,C-5,C-10
b 4.33d 8.4 C-5, C-8,C-9, C-10
20 36.7 CH 1.39m 17,21 C-21, C-22
21 193 CH 0.92d 6.4 20 C-17, C-20, C-22
22 372 CH 1.01m 23 C-17
23 250 CH 1.37m 22,24 C-22
24 40.7 CH 1.14m 23,25 C-26, C-27
25 29.2 CH 1.52m 26, 27 C-23, C-24, C-26, C-27
26 230 CH 0.87d 6.4 25 C-24, C-25, C-27
27 232 CH 0.87d 6.4 25 C-24, C-25, C-26
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Table 11.4.2. *H, *C, COSY and HMBC NMR spectroscopic data ¢OD) for

eurysterol B2)

C# 3c B COSY HMBC
la 264 CH 1.86 m 2a, 2B C-5,C-10
B 1.56 m 2a, 2B
20 318 CH 2.13m 10, 18,3
B 1.18 m 10, 18
3 76.6 CH 4.63 tt 11.6,4.4 24, 4o, 43
40 399 CH 2.04m 3 C-2,C-3
B 2.23 dd 13.6,11.6 3 c-3
5 774 C
6 75.6 CH 3.41dd 40  7a, 7B
70 426 CH 1.87 m 6 C-5,C-6,C-8,C-9
B 1.87 m 6 C-5,C-6,C-8,C-9
8 855 C
9 46.6 CH 2.02m 110,113 C-10,C-19
10 503 C
110 216 CH 1.39m 9,1x,18 C-12
B 1.42m 9,12,18 C-12
120 400 CH 1.17m 110,113 C-18
B 2.03m 110, 113
13 427 C
14 549 CH 1.34m 15,193  C-13,C-15,C-18
150 216 CH 1.62m 14, 168 c-13
B 1.49 m 14, 161
160 293 CH 1.69 m 158, 17
B 1.27m C-17
17 576 CH 1.13m 160, 20 C-13
18 128 CH 0.85s C-12, C-13, C-14, C-17
19a 722 CH 3.63d 8.4 C-1,C-5,C-10
b 4.33d 8.4 C-5,C-8,C9
20 412 CH 2.03 17,21
21 214 CH 1.00d 6.8 20 C-17, C-20, C-22
22 139.1 CH 5.20 dd 152,84 23 C-20, C-24
23 1274 CH 5.30 dt 152,68 22,24 C-20, C-24
24 431 CH 1.83m 23,25 C-22, C-23,C-25, C-
26, C-27
25 298 CH 1.57m 24,26,27  C-26,C-27
26 227 CH 0.87d 6.8 25 C-24, C-25, C-27

27 228 CH 0.87d 6.8 25 C-24, C-25, C-26
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The *H NMR spectrum ofl (Figure 11.4.2) measured in GDD (Table 11.4.1)
demonstrated three methyl signad0[84 (3H, s), 0.87 (6H, d, = 6.4 Hz), and 0.92
(3H, d,J = 6.4 Hz)]. A portion of the side chain of the lecule was assembled by
analysis of HMBC correlations (Figure 11.4.4) framno methyl signals ab 0.87 and
0.92 (Me-21 to C-17, C-20, C-22; Me-26 and 27 t84;-C-25). Oxygenation at C-3
(576.6), C-5 ©77.3),and C-6 §75.6) in rings A and B was deduced from the
NMR chemical shifts, which were in the downfieldgi@n. A sulfate group was

placed at C-3 on the basis of the low-field resapasf H-3 § 4.63) and C-3& 76.6).

The major part of a tetracyclic steroidal backbopald be assembled through the
interpretation of COSY, HMBC, and HSQC-TOCSY NMRretations. Analysis of
the COSY and HSQC-TOCSY data allowed the assignmketite C-1/C-2/C-3/C-4,
C-6/C-7, C-9/C-11/C-12, and C-17/C-20/C-21/C-22R1224/C-25/C-26/C-27
connectivities. Interpretation of the HSQC and HMBIMR data suggested that an
ether bridge was present involving the A-ring bedgad methyl group and C-8.
HMBC correlations from H-19a to C-1, C-5, C-10 &nmaim H-19b to C-5, C-8, C-9,
C-10 supported this assignment. The carbon rietesdn borne byl was previously
known from the literature. The main steroidal skeh is similar to abscisterol D,
which has been isolated fro@ryptosporiopsis abietina and found to be useful as a

herbicide’
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Figure 11.4.4. Selected COSY (bold lines) and HMBC (arrows) NMRrelations

observed fod.

The relative stereochemistry of the3-8ulfate, ®-hydroxyl, and @-hydroxyl
groups inl was determined by interpretation of the ROESY NBffectroscopic data
and by analysis of vicinal coupling constants. téme H-3x (64.63) and H-
43 (0 2.23) were both placed in axial positions basechupeir large vicinal coupling
constantJ; 4= 11.6 Hz. This configuration was also confirmed ROESY NMR
spectroscopic correlations (Figure 11.4.5) betwdd8a and H-In (61.85), and
between H-# and H-190(d 4.33). The stereochemistry of th@-Bydroxyl group was
established by a ROESY correlation betweenoH®3.42) and H-& (6 2.05). The
assignment of stereochemistry at C-20R&swas indicated by ROESY correlations
from Me-21 to H-1P and H-12. Hence, the structure of eurysterol & (was

elucidated as®-cholestan-8,19-epoxyB3,§3-triol-3-sulfate.
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Figure 11.4.5. Assigned relative stereochemistrylofrom selected ROESY NMR

correlations

The structure of eurysterol B2) was also elucidated on the basis of the
interpretation of its 2D NMR data. The correlatigaiterns of the COSY and HMBC
NMR spectroscopic data (Table 11.4.2) were foundbéosimilar tol. A molecular
formula of G7H430,;SNa for 2 was established by HRESITOFM&VE 557.2523,
[M+Na]*) and only differed froml by having one additional degree of unsaturation.
The'H NMR spectrum of2 (Figure 11.4.3) was almost superimposable on tfat
except for the presence of the two additional nlefproton signals a 5.20 and 5.30,
respectively. The geometry of the double bond e&iablished asans on the basis
of an observed vicinal coupling constant of 15.2. HHSQC and HMBC NMR
correlation data indicated the exact position @& tlouble bond at C-22 and C-23 in
the steroidal side chain. Therefore, euryster¢2Bwvas defined as (E)-5a-cholest-

22-en-8,19-epoxy{85,§3-triol-3-sulfate.
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Marine organisms such as sponges and starfishfeme found to contain sulfated
secondary metabolites. Among these, a group obidid sulfates derived from
marine sponges has been shown to exhibit diversldical activities including
anticancef antiviral? antifungal®® antibacterial! HIV-inhibition,*? and antifouling
effects’® Several of these compounds were also discoverepossess selective
inhibitory activities against the specific celluldargets in significant cellular
pathways, such as halistanol sulfate and sokostmstulfate, which were identified

as inhibitors of endoglucanak.

Table 11.4.3. Antifungal and cytotoxic activities dfand2

HCT-116 inhibition C. albicans (WT) C. albicans (AmBR)
compound ICso (Mg/mL) MIC (ug/mL) MIC (ug/mL)
1 2.9 15.6 15.6
2 14.3 62.5 62.5

The isolation of steroidal sulfates from marine reges of the genuBuryspongia
has not been reported previously. Eurysterolsl)Aafd B @) were tested for their
cytotoxic activities against the HCT-116 human ooltumor cell line and for
inhibition against wild-type and amphotericin Bistant strains oCC. albicans. The
results are shown in Table 11.4.3. Despite theuwdural similarities1 and2 showed
somewhat different biological activities. EurysteA (1) was more active in both the
cytotoxicity and fungal inhibition assays with abs4 value of 2.9ug/mL and MIC
values of 15.6ug/mL, respectively. The presence of the doubledbion? reduced

activities in both assays when compared.to
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Experimental Section

General Experimental Procedures.Optical rotations were measured using a
Rudolph Autopol IlIl polarimeter. UV spectra werbdtained using Perkin-Elmer
Lambda Bio-20 spectrometer. Infrared spectra wecerded on a Perkin-Elmer 1600
spectrophotometer. COSY, HMBC, ROESY, NOESY, HSQ@ESY, and HSQC
NMR spectra were recorded on a Varian INOVA 300 Migectrometer, andH, »°C,
and DEPT NMR spectra were recorded on a Varian Gie#i0 MHz spectrometer.
High-resolution mass spectrometer measurements amened on lonSpec Ultima
FTMS and Agilent ESI-TOF instruments at the Scriiesearch Institute, La Jolla,

CA. All solvents were distilled prior to being use

Biological Material. The sponge, collection #00-317, was collecteanfi® reef
slope on Light House Reef, west of the lighthouskaor, Palau, from a depth of 37
m, in August 2000. It was kept frozen and stored2® °C until processed. In life,
the sponge is composed of multiple conulose fingegtscm tall, 10 mm diameter, that
are fused at the base. The texture is firm butpressible, the sponge is elastic and
tears quite easily, and the color is deep azure.bllihe surface is closely conulose
and granular. The skeleton is a reticulation 0é fprimary fibers that are packed with
spicules and sand debris, and secondary reticolafiglear fibers with a granular pith
region. The mesophyll has large eurpylous chamb&lse sponge is an undescribed
species ofEuryspongia (order Dictyoceratida, family Dysideidae). A vbeac
specimen has been deposited at the Natural Hisarseum, London, UK (BMNH

2005.9.2.1).



63

Extraction and Purification. The sponge was lyophilized (22.2 g dry weight/
187.6 g wet weight) before extraction with methaf@ok 500 mL). The extracts were
dried to obtain a dark green oil, which was fratdted by HP20SS column
chromatography (acetone/water) to give five fratdio The fraction eluted with 60%
acetone—water (64.1mg) was further purified by resd-phase HPLC (Dynamax{
semi-preparative, gradient from 40%-100% MeOH, 3mh) to obtain eurysterols A

(1, 5.5 mg, 2.5 x 18 % dry weight) and B 2.1 mg, 9.5 x 18 % dry weight).

Eurysterol A (1): colorless oila]p —15.4 € 0.5, MeOH); UV (MeOH}max (l0g €)
258 nm (2.79); IRvmax (KBr) 3449, 2952, 2868, 1216, 1072 ¢NMR data, see
Table 11.4.1; EIMS [M+Na] m/z 559; HRMALDIFTMS [M+Na] m/z 559.2688

(calcd for G/H4507SNa, 559.2681).

Eurysterol B (2): colorless oil; §i]p =19 € 0.2, MeOH); UV (MeOH\nax (l0g €)
258 nm (2.59); IRVmax (KBr) 3449, 2952, 2868, 1212, 1071 ¢NMR data, see
Table 11.4.2; EIMS [M+Na] m/z 557; HRESITOFMS [M+Nd] m/z 557.2523 (calcd

for Co7Ha30:SNa, 557.2525).

HCT-116 Assay. HCT-116 human adenocarcinoma cells were platedar96-well
plates and incubated overnight at €7 in 5% CQ/air. Compounds were applied to
the plates in DMSO and serially diluted, then ti&tgs were further incubated for
another 72 h. At the end of this period, a CelliT®6 Aqeous NON-radioactive cell

proliferation assay (Promega) was used to assefis vability. Inhibition
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concentration (I6) values are determined from the bioreduction of YAMS by
living cells into a formazan product. MTS/PMS wast added to the sample wells,
followed by incubation for 3 h. The positive angigative controls that were used in
this assay consisted of etoposide (Sigma) and DNvent), respectively. The
Molecular Devices Emax microplate reader, set 49@ nm wavelength, was used to
determine the quantity of the formazan productpfoportion to the number of living
cells) in each well, and Wg values were calculated by an analysis program,

SOFTMax.

Antifungal Assay with C. albicans. The C. albicans strains ATCC 32354 (wild
type) and ATCC 90873 (amphotericin B-resistant) evpurchased from American
Type Culture Collection (ATCC). Inhibitory actiyitwas determined by a liquid
antifungal assay.C. albicans was incubated overnight at 3€ in RPMI media and
transferred to a 96-well plates the following d&ompounds were added to the plates
and serially diluted. The plates were then incetbdbr 14-16 h. Amphotericin B
(Sigma) and DMSO (solvent) were used as positivel aegative controls,
respectively. Minimum inhibitory concentration (@) values were interpreted by the

change in color from blue to pink of the media adow to the indicator Alamar Blue.
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.5

Sagitol B, a cytotoxic pyridoacridine alkaloid frahme palaun ascidian of the genus

Eudistoma



69

Abstract

A new pyridoacridine alkaloid, sagitol B, was ideld from a purple ascidian of the
genuskudistoma collected in Palau. The structure of the new coumgal was assigned
using spectroscopic data emphasizing on the ird&fpon of 2D NMR. Sagitol B
showed cytotoxicity against human colon carcinom@T-116) cells with 1G, values
of 2.2 pg/mL, while it did not exhibit any inhibition agahboth amphotericin B-
resistant and wild-type strains Gandida albicans. The known derivatives, sagitol,

and kuanoniamine B-D, were also obtained from rigsine ascidian.
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Introduction

Marine ascidians of the genuSudistoma have been intensely studied and
investigated in both biological and chemical aspedk large number of biologically
active alkaloids, including eudistomins At eudistomidins A-F;” eudistalbins A-
B.? isoeudistomin$ eilatin'®, eudistones A-B, and segoline & have been isolated
from variousEudistoma species. Several of these chemical metabolites veported
to exhibit potent cytotoxic, antimicrobial or antal activities. Due to their
interesting bioactivities and challenging strucsnmany of these alkaloids have been
chosen as excellent targets in the chemical syntlsétidies, in particular, for the
development as therapeutic agents.

During the cytotoxicity bioassay screening of marinvertebrate collection, the
extract of a purple marine tunicate frdfndistoma sp. was shown to possess potent
cytotoxic activity. Bioassay-guided fractionatiohthe crude extract, using HCT-116
human colon carcinoma cells as a screening mettaxlled to the isolation of a new
cytotoxic pyridoacridine alkaloid sagitol B)( and several known isomers including
sagitol® (2), and kuanoniamines B¥H(3-5). In this chapter, the isolation, structure

elucidation, and biological activity of this newrmoacridine alkaloid is described.
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Figure 11.5.1. The structures of sagitol B), sagitol @), and kuanoniamines B-D

(3-9
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Results and Discussion

The ascidian of the genu&udistoma, designated 00-341, was collected by hand
using scuba at a depth of 5 t010 m from Palau 0020This purple ascidian (334.3 g,
wet weight) was chopped into small pieces and etddaexhaustively with methanol
overnight. The crude extract (deep red purple) waed in vacuo and further
separated by HP20SS column chromatography. Thentolwas eluted with 25%,
50%, 75% and 100% acetone-water. HCT-116 cytotagivity was observed in the
first three fractions (25% to 75%). The 50% acetbmaction (202 mg) was shown to
possess the highest cytotoxicity withs§@alues less than Opg/mL, thus the fraction
was subjected to purification by reversed-phase-PRHAPLC to yield fractions with
the previously isolated bioactive pyridoacridinekadbids, sagitol %), and
kuanoniamines B-D3-5). The new isomer of these pyridoacridine alkapishgitol
B (1, 4.2 mg), which exhibit 16 value of 1.231g/mL, was also isolated by reversed-
phase PRP-1 HPLC from the 75% acetone fraction.53d@)).

Sagitol B () was obtained as amorphous yellow solid. The oubée formula was
determined as £H..N4O,S by high-resolution MALDIFTMS rfVz 441.1365,
[M+Na]*) and from its NMR spectroscopic data (Table I)5.The LRMS spectra
showed ions that analyzed for [M—Hand [2M+Na] at m/z 417 and 859. The
molecular formula implied that there were fifteergoees of unsaturation. The
analysis of DEPT antC NMR spectrum indicated a high degree of unsdamats
most carbon resonances, including seven methingoesay were downfield of 100

ppm, and revealed the nature of this compound twf beteroaromatic system.
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Figure 11.5.2. *H NMR spectrum of Sagitol Bl (300 MHz, CQROD)
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Table 11.5.1. *H, *C, COSY, HSQC, and HMBC NMR spectroscopic data{0D)

for sagitol B )

CH 3c 3y J (Hz) COSY HMBC
2 1492 CH 8.92 d 6.0 3 C-3, C-3a, C-12b
3 116.7 CH 8.58 d 6.0 2 C-2, C-3b, C-12c,
3a 1396 C
3b 1229 C
4 124.3 CH 8.79 d 84 5 C-3a, C-6, C-7a
5 129.4 CH 7.841 84 4,6 C-3b, C-7
6 1325 CH 7.96t 84 57 C-4,C-7a
7 130.9 CH 8.33d 81 6 C-3b, C-5
7a 146.7 C
8a 1623 C
9 739 C
9%a 1459 C
11 156.9 CH 9.26 s C-9a, C-12a
12a 149.1 C
12b 1500 C
12c 1159 C
13 473 CH 2.48 m 14 C-8a, C-9
2.90 m 14 C-14
14 35.9 CH 2.72m 13 C-13
2.90 m 13 C-9
16 1747 C
17 46.0 CH 1.61d 6.6 18 C-16, C-18, C-19, C-20
18 27.1 CH 1.73m 6.9 17,19,20  C-19, C-20
19 226 CH 0.73d 6.9 18 C-17, C-18, C-20
20 226 CH 0.73d 6.9 18 C-17, C-18, C-19
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The'H NMR spectrum ofl. (Figure 11.5.2) measured in GDD demonstrated seven
aromatic protons. The COSY correlations showed fbvar aromatic protons, H-4
(68.79), H-5 $ 7.84), H-6  7.96) and H-7&8.33), were on contiguous atoms of an
aromatic ring. The isolated vicinal proton pa¥8(92 andd 8.58) at C-2 § 149.2)
and C-3 §116.7), could be assigned as and [3-pyridine protons due to their
homonuclear coupling constadt£ 6 Hz). The remaining singlet aromatic proton at
H-11 ©9.26) was likely to be positioned between two hedgoms as suggested by
the downfield chemical shift of C-11 &156.9. In addition, théH NMR also
contained few signals in the upfield region inchglthree methylene, two equivalent

methyl, and one methine proton.

Figure 11.5.3. Selected COSY (bold lines) and HMBC (arrows) NMRreltions

observed fod.



76

Both COSY and HMBC spectroscopic data (Figure 3).5vere used to establish the
skeletal framework of the main heteroaromatic risgstem. The HMBC correlations
of four connective aromatic protons, from H-4 t8&-C-6 and C-7a, H-5 to C-3b and
C-7, H-6 to C-4 and C-7a, H-7 to C-3b and C-5, taréd the presence of a benzene
ring (C-3b to C-7a). The downfield chemical sliftC-7a ¢ 146.7) indicated that it
might be attached to one of the aromatic nitrogemma. The observed HMBC
correlations from H-2 to C-3a and C-12b, and fron8 Ho C-12c suggested the
presence of a pyridine ring, with nitrogen beinggeld between C-2(149.2) and C-
12b © 150.0) due to their low field resonances. Thedobatween C-3a and C-3b
was confirmed by HMBC correlations from H-3 to C-3md H-4 to C-3a. The
singlet proton at C-11 showed only correlationt@a and C-12a, thus, suggesting
an isolated system away from the other aromatitopso This isolated ring system
was deduced to be a thiazole ring as supportetidogignificantly downfield chemical
shift of proton § 9.26) at C-11.

The comparison between the NMR data bfwith the previously reported
metabolites, indicated that heteroaromatic ringesysin this compound is similar to
the known pyridoacridine alkaloid, sagita?)( isolated from the marine sponge
Oceanapia sagittaria® Sagitol is a pyridoacridine alkaloid that is s#ty related to
kuanoniamine C4) (aka dercitamide) with a quite similar structuexcept for the
addition of one more oxygen. More importantly, is@igvas reported to be the first
pyridoacridine alkaloid from marine sponge whosenaatic ring system has been

disrupted. CD measurements, however, proved #uid was not an artifact.



77

In the case of sagitol Bl), its molecular formula (&H2:N4O.S) contained one
more oxygen atom than that of kuanoniamine8B &nd from the comparison of both
'H and*C NMR data to those of sagitol, the structurelofan be assigned. The
disrupted aromatic system with the presence oftetg alcohol at C-9 was supported
by the IR spectrum with a broad absorption ban@®2&8 cnt, and a°C NMR signal
of C-9 atd 73.9. The side chain attached to the aromaticsysgem at C-9 was found
to be similar to that from kuanoniamine B. The H®Borrelations from H-13 and H-
14 to C-9 also served to confirm the position & s#ide chain. The rest of the side
chain was assembled through interpretation of &d$Y and HMBC correlations.

In addition to sagitol B1), another new derivative of sagitol was obserueanf
another HPLC fraction. According to it4i NMR data and mass spectrum, this
compound was predicted to contain a similar heteroatic ring system like sagitol,
but possessed a side chain that was identicalatoothkuanoniamine D. The LRMS
spectra showed ions that analyzed for [M+Naf m/z 399, which agreed with this
prediction. ThéH NMR spectra was almost identical to thatlpéxcept the presence
of a singlet methyl signal instead of di-methyleanethylene and one methine proton.
Unfortunately, the newly obtained metabolite wadated in very low yield (less than

0.5 mg) thus a full data set of NMR experimentsldmot be acquired.

Biological Activity
Among marine-derived alkaloids, pyridoacridines egupto be the largest group that
has been isolated. There are over 50 alkaloidscdbrtain pyridoacridine skeleton

isolated from various marine organisms, includirgyime sponges, ascidians, mollusk
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and cnidariart® Pyridoacridine alkaloids usually possess intérgstiological
activity, and distinct heterocyclic structures thaike them a good target for synthetic
studies and development of future generation afafheutic agents. These alkaloids
have excellent biological activities including iftre and in vivo cytotoxicity against
several tumor cell lines, inhibition against tomomerases | and 1, and DNA
intercalation>

Kuanoniamines B-D demonstrated moderate cytotiyxieigainst KB (human
pharyngeal cancer) cell lines in vitro at§®f >10ug/mL for 3, and Sug/mL for 5.1
The newly isolated sagitol Bl was evaluated in both the cytotoxicity assay regfai
HCT-116 human colon tumor cell line, and in theifangal assay for inhibition
against wild-type and amphotericin B-resistantigraf C. albicans. Sagitol B ()
exhibited moderate cytotoxic activity with J€of 2.2 ug/mL in HCT-116 assay,
whereas the inhibition against both strainsCofalbicans was not observed (MIC >

250 pug/mL).

Experimental Section

General Experimental Procedures.UV spectra were obtained using Varian Cary
50 Bio UV-Visible spectrophotometer. Infrared dpacvere recorded on a Perkin-
Elmer 1600 spectrophotometetH, COSY, HMBC, and HSQC NMR spectra were
recorded on a Varian INOVA 300 MHz spectrometerd &iC, and DEPT NMR
spectra were recorded on a Varian Gemini 400 MHxctspmeter. High-resolution

mass spectrometer measurements were obtained o8pdon Ultima FTMS
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instruments at the Scripps Research Institute olla,JCA. All solvents were distilled

prior to being used.

Biological material. The marine ascidiaikudistoma sp. was collected by hand
using scuba at the depth of 5-10 m from Palau, 0002 The specimen was
immediately frozen after collection and stored 20 =C until processed. The color in
life is dark purple and the ascidian was assigree8udistoma sp. The taxonomic
identification was not officially confirmed but thaitial examination by Catherine
Sincich suggested that this ascidian might be ifledtas Eudistoma Reginum sp. A

voucher specimen has been deposited in the SIOhBdntertebrate Collection.

Extraction and isolation. The marine ascidian (334.3 g wet weight) wasaex¢d
with methanol (3 x 500 mL) for 24 h. The cruderagts were combined and dried
vacuo to obtain a deep red purple extract, which wastifvaated by HP20SS column
chromatography (acetone/water) to yield 25%, 50986 7and 100% fractions. All
four fractions were concentrated to dryness antbden HCT-116 assay. The first
three fractions eluted with 25%, 50% and 75% aaeteater were found to possess
potent cytotoxic activity (I6p = 1.98, 0.08, and 1.22, respectively). The 50%ae
fraction was subjected to further purification ceversed-phase HPLC (Hamilton
PRP-1 semi-preparative, 2 mL/min; 10-70% ACpHwith 0.1% TFA over 60 min,
70-100% ACN/HO over 15 min) to yield sagitoR( 0.8 mg), kuanoniamines @&,(
2.6 mg) and DY, 3.7 mg). Using similar approach, the 75% acefoeaion was also

purified by reversed-phase HPLC (Hamilton PRP-ligaeparative, 2 mL/min; 20—
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70% ACN/HO with 0.1% TFA over 60 min, 70-100% ACN/M over 15 min) to
yield kuanoniamine B3, 0.9 mg), and the new derivative of sagitol, sad# (1, 4.2

mg, 1.3 x 15 % wet weight).

Sagitol B (1): yellow amorphous solid)V (MeOH) Amax (I0g €) 354 nm (3.99), 337
nm (4.12), 262 nm (4.51); IRmax (KBr) 3283, 2355, 1631, 1596, 1561, 1455"tm
NMR data, see Table 11.5.1 ; EIMS [M-Hiwz 417; HRMALDIFTMS [M+Na] nvz

441.1365 (calcd for £H2,N4O,SNa, 441.1361).
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Chapter Ill describes several marine microbial gety that yield different types of
bioactive secondary metabolites, all of which weéselated by bioassay-guided
fractionation. The major focus of this chapter tiee investigation of marine
actinomycete bacteria for their potential produttad bioactive compounds that may
prove to be efficient therapeutic agents for tleatiment of cancer and fungal diseases.
Chapter 111.1 provides the details of the screermhg marine actinomycete collection

using the standard liquid antifungal susceptibiést.

Chapter 111.2 reports a study of the non-traditioaatinomycete, strain CNJ787
collected in Palau. This chapter discusses an pgoted problem encountered
utilizing the liquid antifungal assay. The compdsrisolated are proven to possess
significant antifungal activity, but they are sidphores and express their antifungal

activities via the complexation of iron.

In chapter 111.3, two new quinoline alkaloids aresdribed as a result of a screening
effort utilizing the extracts of marine actinomyegt The new metabolites possess
interesting structures although they do not exh#gnificant antifungal activity

againstC. albicans.

Chapter 111.4 discusses a modification of the lj@intifungal assay, which was
required in order to overcome the pitfall that wigscovered in project CNJ787. The
adjustment was necessary to eliminate undesireflulagal activity from known
siderophore metabolites. The results from the rs#cscreening of marine

actinomycetes after the adjustment was made tadbay is presented.
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Chapter IIl.5 describes the isolation and structehgcidation of an uncommon
bacterial sesterterpenoid, and two novel cytotoxacrolides from the MARS3 clade, a
new group of marine-derived actinomycetes colledredn coastal waters in San
Diego. The active metabolite possesses very ungekedistinct chemical skeleton
with potent cytotoxic activity as demonstrated byegning results utilizing the HCT-

116 human colon carcinoma assay.
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lll. 1. Antifungal bioassay-guided screening of maine actinomycetes
Introduction

Actinomycetes are known to be the most prolifitiree of microbial secondary
metabolites, and historically provided a significaesource for drug discovery
research. By the 1980s, the actinomycetes accounted forlyn@8% of the world’s
naturally occurring antibiotics. Still, the rate of discovery of useful microbial
metabolites declined progressively after 1970, avttie ratef dereplication of known
compounds has increas&dHence, it is critical to examine new groups ofmbes
from unexplored habitats that may serve as potestiarces for novel therapeutic

agents.

The ocean, which covers more than 70% of the eadhbtface, is composed of
highly complex microbial communities with typicahdterial abundances of ®%6ells
per ml in seawater, and up to®i&lls per ml in ocean-bottom sedimehthe great
diversity of these unique marine microbes remaiaggdly unexplored in both
chemical and biological aspects. Despite the tlaat terrestrial actinomycetes have
been thoroughly studied during the past 60 yedrs, ihvestigation of marine
actinomycetes has recently emerged as a potentiaices for pharmaceutical
development. It has been speculated that numeseusndary metabolites with
clinically relevant bioactivities and novel skeletstructures are waiting to be

discovered from these microbial communities.
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Since marine invertebrates have been exhaustivelgstigated and the continued
discovery of new metabolites with unprecedentedesties has become extremely
difficult, actinomycetes from the marine environmeare judged to be the next
promising candidate for the Fenical group screepiragram. An obvious benefit of
microbial discovery programs over examining invieréges is that the supply problem

can be resolved by cultivating the organism to iobt@re secondary metabolites.
Antifungal Susceptibility Tests and Results

Because of the uncertainty of the disc diffusionthrod, the liquid dilution
antifungal bioassay method was employed. Thisget upon my previous antifungal
screening of marine invertebrate extracts, the ltesaf which demonstrated that
almost half of the test samples that showed agtivam the disc diffusion method
seemed to lack activity in the antifungal liquidag. The difference may stem from
compound degradation, but there are also chaneéshila metabolites with antifungal
activity may not exhibit zone of inhibition in thdisc diffusion method due to their
poor diffusivities in agar. For that reason, tiecdliffusion method was discarded in
favor of the more reliable liquid antifungal assayhe screening process. The major
pathogenic fungal target still focused Gnalbicans wild type (ATCC32354) and the
amphotericin B resistant strains (ATCC90873) as #t@ndard test for overall

screening of crude extracts in order to identifyrpising marine microbial projects.

There is a considerably large marine microbial extilbn from Fenical research
group that can be evaluated for both cytotoxic amtifungal activities. This includes

marine fungi, and marine bacteria such as actinetegcof theSalinospora genus
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and members of the MAR2-13 groups. Crude extraftgultured actinomycete
strains, produced under different media conditi@ns,stored in 96-well plate formats,
each of which contains about 80 samples of battenale extracts. For the first
screening, the liquid antifungal assay againstraphmtericin B resistant strain @f.

albicans was performed on ten randomly chosen 96-well pléBox #120-129). The

extracts in this plate were primarily from actinarete strains.

The initial screening of crude extracts for antgahactive agents was carried out at
a single concentration of 13@/mL. Approximately 800 crude extracts were tested
the first screening. Unexpectedly, the screenesylts were shown to exhibit a hit
rate over 50% (466 active extracts), which is miig/her than that observed from the
marine invertebrates (10% or less). It is possib& this difference may arise from
the use of different type of antifungal assaysvé\theless, it is undeniable that the hit
rate of antifungal active metabolites from marinenobes is still much greater than
that of marine invertebrates. As there were tomymeandidates for the selection
process, the serial dilution method of liquid amdal assay, that can establish a
specific MIC value, was used to narrow down the bemof these active microbial

extracts.

In addition, | imposed an antifungal selectivityterion by comparing the results
from the HCT-116 human colon carcinoma cytotoxi@gsay with results from the
liquid dilution antifungal assay. The crude midedbextracts with at least 50%
survival in the HCT-116 assay and M¥C150 pg/mL in the liquid antifungal assay

were chosen for further investigation. Selectiv#yone of the important factors that



90

determine whether the active metabolites will betable candidates for drug
development. Factors for choosing projects aretbieacompound should be effective
against pathogenic fungi but non-cytotoxic to huroalts. It is important to note that
even though the result from the HCT-116 assay nhayvsnon-significant cytotoxic

activity, it is possible that tests against othell tnes may exhibit higher levels of
cytotoxicity. Basing upon the above selectiveeridt, 183 extracts from a total of

approximately 800 samples were found to meet thetia.

To further refine the sample pool, a serial dilntibquid antifungal assay was
performed with samples at the concentration ofigsnL, to assign the specific MIC
value of each selective strain. The result ofdtreening program is shown in Figure
[11.1.1. From 183 samples, approximately 75% d tbst extracts showed moderate
to weak growth inhibition ofC. albicans with MIC values over 2Qug/mL. The
remaining 36 strains were found to exhibit the bigthantifungal activity with MIC
values< 9.8 pg/mL. These strains were retested in the liquitifiamgal assay at 5
pg/mL in order to select even further and obtain aremaccurate inhibition
concentration. The results of antifungal screerfimgthe 36 most active marine
actinomycete strains compared with the reportedgmérsurvival from the HCT-116
assay are illustrated in Table 11l.1.1. In additigl0 marine bacterial extracts that
possessed moderate antifungal activity with MlGQuealbetween 20 and 4@/mL are

also shown in Table I11.1.2.



91

O Number of Samples

150 78.1 39.1 19.5 <9.8
MIC (ug/mL)

Figure I11.1.1. Screening results of 183 samples of marine mictabitracts using

the liquid dilution antifungal assay agaiistalbicans (AMBR).

The 36 samples with the most potent antifungalvagtand negligible cytotoxicity
were found to share some unexpected similariti€hese 35 strains of marine
microbes were discovered to have been culturedyubmnsame media condition (TCG
media). This result is very interesting as it nsggest that the media somehow
influences the production of antifungal compoun@ the other hand, there is also a
possibility that the active metabolites may be difrom the growth media itself. In
order to confirm that the active compounds weree@td produced by the
microorganism, the media itself was extracted, tasted in both antifungal and HCT-
116 assays. The media extracts showed no signifiaatifungal and cytotoxic
activity, thus indicating that the antifungal corapds are not derived from the

growth medium.
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Table 111.1.1. The results of antifungal screening agai@salbicans (AMBR) for 36

of the most active marine actinomycete strains smgwWIC < 9.8 ug/mL.

Box # Extract # Strain # Media HCT-116 C. albicans (AMBR)
(% Survival) MIC (ug/mL)

120 1386 CNQ803 TCG 105 3.9
120 1426 CNQ877 TCG 60 3.9
121 1470 CNQ917 TCG 69 <1.95

121 1490 CNQ949 TCG 129 3.9
121 1556 CNRO26 AIBFe-C 60 3.9
121 1550 CNRO16 TCG 115 <1.95

121 1558 CNRO26 TCG 87 3.9
122 1618 CNRO79 TCG 70 3.9
124 1686 CNQ857 TCG 65 3.9
125 1858 CNQ695 TCG 81 7.8
125 1902 CNR530 TCG 96 7.8
126 1850 CNQ435 TCG 52 7.8
126 1854 CNQ554 TCG 72 3.9
126 1918 CNQ702 TCG 75 3.9
126 1986 CNR381 TCG 67 <1.95

126 1922 CNQ749 TCG 83 7.8
126 1958 CNR165 TCG 85 <1.95

127 2046 CNP853 TCG 82 <1.95

127 2062 CNP943 TCG 79 3.9
127 2074 CNP947 TCG 60 7.8
127 2098 CNP962 TCG 68 3.9
128 2078 CNP948 TCG 70 <1.95

128 2082 CNP949 TCG 91 3.9
128 2194 CNP956 TCG 65 3.9
128 2066 CNP944 TCG 70 3.9
128 2210 CNP967 TCG 71 3.9
128 2218 CNP971 TCG 82 7.8
129 2242 CNP961 TCG 76 3.9
129 2262 CNP973 TCG 139 7.8
129 2266 CNP975 TCG 139 <1.95

129 2286 CNP989 TCG 81 7.8
129 2302 CNP995 TCG 69 <1.95

129 2342 CNQO24 TCG 93 7.8
129 2314 CNP998 TCG 65 7.8
129 2322 CNQOO1 TCG 64 <1.95

129 2338 CNQO23 TCG 61 <1.95
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Table I1l.1.2. The results of antifungal screening agai@salbicans (AMBR) of 40

active marine actinomycete extracts with MIC valge39.1ug/mL but> 19.5ug/mL.

Box # Extract # Strain # Media HCT-116 C. albicans (AMBR)
(% Survival) MIC iig/mL)
120 1434 CNQ894 TCG 81 19.5
122 1614 CNRO78 TCG 80 19.5
123 1590 CNRO14 TCG 66 19.5
123 1598 CNRO43 TCG 80 19.5
125 1851 CNQ435 AIBFe+C 81 19.5
126 1938 CNQ989 TCG 78 19.5
127 2022 CNP847 TCG 88 19.5
128 2226 CNP977 TCG 59 19.5
129 2278 CNP987 TCG 84 19.5
129 2326 CNQO002 TCG 72 19.5
120 1478 CNQ932 TCG 92 39.1
120 1382 CNQ802 TCG 97 39.1
120 1410 CNQ822 TCG 51 39.1
120 1422 CNQ868 TCG 77 39.1
122 1582 CNRO004 TCG 65 39.1
123 1755 CNR157 AIBFe+C 60 39.1
124 1706 CNR106 TCG 71 39.1
124 1674 CNQ732 TCG 82 39.1
124 1806 CNR266 TCG 80 39.1
125 1635 CNRO91 AIBFe+C 72 39.1
125 1699 CNRO094 AlIBFe+C 66 39.1
125 1727 CNR135 AIBFe+C 72 39.1
125 1759 CNR158 AIBFe+C 67 39.1
125 1836 CNR363 AlBFe-C 89 39.1
125 1888 CNR382 AlBFe-C 73 39.1
125 1896 CNR431 AlIBFe-C 79 39.1
125 1903 CNR530 AIBFe+C 71 39.1
126 1659 CNQ445 AIBFe+C 66 39.1
126 1912 CNQ685 AlIBFe-C 56 39.1
126 1928 CNQ936 AlIBFe-C 94 39.1
126 1940 CNQ995 AlIBFe-C 69 39.1
126 1950 CNRO49 TCG 50 39.1
126 1954 CNR143 TCG 60 39.1
127 2042 CNP852 TCG 96 39.1
128 2084 CNP952 AlBFe-C 90 39.1
128 2080 CNP949 AlBFe-C 73 39.1
129 2241 CNP961 Mar2DPh 62 39.1
129 2296 CNP994 AIBFe-C 68 39.1
129 2290 CNP992 TCG 91 39.1

129 2298 CNP994 TCG 75 39.1
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After several rounds of the antifungal screeningha crude extracts, 24 projects
were selected from 36 promising candidates thatbéxMIC < 9.8 pg/mL. To
confirm activity on these strains, 24 bacteriahists were recultured in 1L scale and
the extracs were rescreened for antifungal activiljhe results of this retest are
provided in Table Ill.1.3. Unfortunately, 11 straiof the regrowth did not retest
positive and showed significantly less activity wikiIC values over 6Qug/mL. The
rest of the test extracts retained their antifuragaivities, however several were less
active with recorded MIC values at much higher @mt@ations. This is not
uncommon when working with microbial cultures sintefrequently occurs that
microbes may not sustain their abilities to prodibe active compounds from
different cultivations. The remaining 13 projewatsre under investigation selected for

isolation and identification of the antifungal aeticompounds.

The crude acetone extracts derived from the 1Lrsbcwoltures of the 13 bacterial
strains were fractionated by HP20SS column chrogmafthy. The column was
eluted with 20%, 40%, 60%, 80% and 100% acetonemwatadient to yield five
fractions for each strain extract. The fractiobsamed were drieth vacuo and tested
in the liquid antifungal assay to assess if theg karvived chromatography. Table
l11.1.4 lists these promising 13 microbial straingth their corresponded HP20SS
fractions and antifungal activities. Analysis bétactive fractions by both LCMS and
'H NMR spectroscopy allowed these projects to beriided. The strain producing
fractions with unique UV absorbing metabolites, artdresting'H NMR spectral data

was given a higher priority for investigation.
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Table 111.1.3. Antifungal screening results of the regrowth cudtwxtracts of 24

marine bacterial strains agai@talbicans (AMBR).

Samples from Mother Plates Regrowth in 1L Cultures

Strain # C. albicans (AMBR) HCT-116 C. albicans (AMBR) HCT-116
MIC (pg/mL) (%Survival) MIC 1g/mL) ICso (Ug/mML)
CNP853 <1.95 82 <3.9 NSA
CNP948 <1.95 70 <3.9 78
CNP975 <1.95 139 15.6 NSA
CNP995 <1.95 69 250 NSA
CNQOO1 <1.95 64 3.9 78
CNQO023 <1.95 61 3.9 NSA
CNQ917 <1.95 69 7.8 NSA
CNR165 <1.95 85 62.5 NSA
CNP962 3.9 68 7.8 56
CNP944 3.9 70 62.5 NSA
CNP956 3.9 65 <3.9 NSA
CNP961 3.9 76 500 NSA
CNP967 3.9 71 7.8 NSA
CNQ803 3.9 105 15.6 NSA
CNQ877 3.9 60 7.8 NSA
CNRO26 3.9 60 500 NSA
CNRO79 3.9 70 62.5 78
CNP949 3.9 91 <3.9 21.3
CNP973 7.8 139 250 NSA
CNP989 7.8 81 62.5 NSA
CNP998 7.8 65 62.5 78
CNQO024 7.8 93 500 78
CNQ749 7.8 83 62.5 48
CNP971 7.8 82 7.8 78
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Table 111.1.4. Antifungal screening results of HP20SS fractior@rfrthe regrowth

culture extracts of 13 marine actinomycete strains.

CNP853  MIC (ig/mL)  HCT-116 (IGy) _ Mass (mg) CNP975 MIQug/mL) HCT-116 (IG)  Mass (mg)
20% 31.3 NSA 485 20% 250 NSA 22
40% <39 48.2 37.8 40% 500 NSA 18.3
60% 15.6 NSA 5.4 60% 15.6 NSA 21.7
80% 62.5 NSA 6.4 80% <3.9 NSA 20.9
100% 500 NSA 9.5 100% 7.8 NSA 435

CNP948  MIC (ig/mL)  HCT-116 (IGo) _ Mass (mg) CNQO01 MICug/mL) HCT-116 (IGo)  Mass (mg)
20% 62.5 NSA 25.7 20% 313 NSA 495
40% <3.9 NSA 50.1 40% <3.9 NSA 411
60% 15.6 NSA 218 60% 15.6 NSA 7.2
80% 31.3 NSA 5.7 80% 31.3 NSA 12.2
100% 125 NSA 16.3 100% 250 NSA 15

CNP949  MIC (ig/mL)  HCT-116 (IGy) _ Mass (mg) CNQO23  MICug/mL) HCT-116 (IGy) _ Mass (mg)
20% 500 NSA 35.7 20% 78 NSA 62
40% <39 316 245 40% <39 75.03 35.9
60% <3.9 67.9 24.8 60% <3.9 NSA 14.6
80% <3.9 70.2 26.2 80% 7.8 NSA 7.6
100% <3.9 NSA 215 100% 15.6 NSA 11.3

CNP956  MIC (ig/mL)  HCT-116 (IGo) _ Mass (mg) CNQ803 _ MICug/mL)  HCT-116 (IGy) __ Mass (mg)
20% 125 NSA 445 20% 500 NSA 28.7
40% <39 NSA 52.8 40% 7.8 NSA 26
60% 7.8 73.6 13.1 60% 31.3 NSA 18.6
80% 31.3 NSA 8.2 80% 31.3 NSA 11.5
100% 250 NSA 13.7 100% 125 NSA 7.2

CNP962 MIC (ig/mL)  HCT-116 (IGy) _ Mass (mg) CNQ877 MICug/mL) HCT-116 (IGy) _ Mass (mg)
20% 7.8 NSA 24 20% 250 NSA 16.2
40% <39 NSA 30.9 40% 125 NSA 20.6
60% 7.8 NSA 16 60% 15.6 NSA 37.4
80% 31.3 65.3 21.1 80% <39 NSA 12.1
100% 62.5 NSA 7.6 100% 62.5 NSA 37.3

CNP967 MIC (ig/mL)  HCT-116 (IGo) _ Mass (mg) CNQ917 MICug/mL) HCT-116 (IGo)  Mass (mg)
20% 125 NSA 100.5 20% 500 NSA 75.5
40% 7.8 NSA 34.1 40% 15.6 NSA 17
60% <39 NSA 47 60% <39 NSA 26.2
80% <3.9 NSA 19.8 80% <3.9 25.1 7.5
100% <39 NSA 22 100% 15.6 NSA 26

CNP971  MIC (ig/mL)  HCT-116 (IGy) _ Mass (mg)

20% 31.3 NSA 51.1
40% <39 424 34.3

60% 7.8 NSA 10.5
80% 15.6 52.1 15.7
100% 62.5 NSA 211
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.2

Isolation of desferrioxamine E, a known siderophooen the non-traditional
actinomycete CNJ787 (genKscuria) from Palau. Identification of an inherent

problem in the liquid antifungal bioassay-guidetesaing
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Introduction

The research in the field of marine natural proslettemistry from bacterial sources
is mostly concentrated on the actinomycetes, whom@bers have axcellent ability
to produce diverse secondary metabolites with rkafde biological activity. In fact,
as terrestrial actinomycetes continue to yield aaptablyhigh numbers of previously
described compounds, the search for novel spetiemone microbes is emerging to
the forefront as a new focus in pharmaceuticalaieseprograms.

Despite the fact that major understanding of marmerobial diversity has been
largely derived from the intensive studies of baoankton, which are mostly gram-
negative bacteria, there is evidence suggesting gnam-positive bacteria may
account for a significant proportion of complex mar microbial communities,
particularly those in marine sedimefts.

An investigation of 1,624 gram-positive bacterimlased from Palaun marine
sediments by Erin Gontang, has revealed severatésothat represented new taxa.
In particular, the distinct unicellular strains tivaere designated as “non-traditional
actinomycetes” (non-filamentous forms) are beingleated as a potential source for
novel secondary metabolites. Chemical investigatiof these bacterial strains is just
beginning and many aspects of these organisms melaajely unexplored. Since
little is known about these actinomycete straintsidies of the compounds they

produce may prove to provide a better understanafitigese microbes.
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Antifungal screening of “non-traditional” actinomyc etes

The liquid antifungal assay, usii@ albicans (AMBR), was performed on samples
from four mother plates (Boxes #165-168) of nomhtianal actinomycete strains.
The initial screening of crude extracts was caroatlat a single concentration which
would yield MIC values< 10 ug/mL. Instead of using the single concentratiods®
png/mL, the test concentration was lowered due toldhge number of active strains
derived from the first screening as illustratedfiapter I11.1.

From the total of approximately 320 bacterial estisafrom four microbial extract
mother plates, only 8 strains (2.5%) showed intgbitagainstC. albicans (AMBR) at
MIC values< 10 pg/mL. Table 111.2.1 shows the list of antifungatti@e non-
traditional actinomycete strains with their mosisdly related genera derived by Erin

Gontang through comparison of partial 16S rRNA gesguences.

Table 111.2.1. The list of active crude extracts from the antifahgssay screening on

the non-traditional actinomycete collection isothfeom marine sediments collected

in Palau.
Strain # Closely related genera C. albicans (AMBR)
MIC (ug/mL)
CNJ752 Gordonia <10
CNJ754 Gordonia <10
CNJ786 Gordonia <10
CNJ770 Kocuria <10
CNJ787 Kocuria <10
CNJ736 Micrococcus <10
CNJ811 Micrococcus <10

CNR872 MAR2 <10
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From 8 promising candidates, 4 strains of non-tiaaal actinomycetes were
chosen for 1L recultivations. The crude acetorteaets, obtained using XAD-7 resin,
were tested in the liquid antifungal assay aga@hsalbicans (AMBR) to yield the
exact MIC value for each strain. The results difangal assay along those of the

complementary HCT-116 cytotoxicity assay are showhable I11.2.2.

Table IIl.2.2. Antifungal screening results again€t albicans (AMBR) of the

extracts of regrows of 4 non-traditional actinontgcgtrains.

Strain # C. albicans (AMBR) HCT-116
MIC (ug/mL) ICso (Hg/mL)
CNJ770 <3.9 NSA
CNJ787 15.6 NSA
CNJ736 125 NSA
CNJ811 15.6 NSA

Out of 4 promising projects, the results of antffahassay after the regrowth of 1L
cultures showed that only 3 of them retained angél activity. These three active
strains, including CNJ770, CNJ787, and CNJ811, wszkected to be carefully
investigated for the antifungal metabolites. $t@NJ787 was chosen to be examined
first because it yielded the largest amount ofwrelextract, thus facilitating chemical

examination.
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Chemical investigation of strain CNJ787 Kocuria sp.)

The crude acetone extract from the 1L regrow of TBYJwas fractionated by
partition on HP20SS resin, and subsequent elutidth acetone/water mixtures to
obtain 20%, 40%, 60%, 80% and 100% acetone frextidine fractions were dried
vacuo and tested in the liquid antifungal assay aga@hsélbicans (AMBR). The
screening results (Table 111.2.3) showed that tlh&e4(B2) and 60% (C1) acetone
mixtures exhibited the most potent antifungal agtiwith an MIC value of< 0.39

pg/mL.

Table 111.2.3. Antifungal screening results of HP20SS extraattions from strain

CNJ787 againgt. albicans (AMBR).

Fraction # % Acetone/Water C. albicans (AMBR)
MIC (ug/mL)
Al 20 250
A2 20 125
Bl 40 7.8
B2 40 <0.39
C1 60 <0.39
C2 60 31.3
D1 80 125
D2 80 125
E1l 100 125
E2 100 500

The 40% (B2, 15.4 mg) and 60% (C1, 6.3 mg) acefmawtions were subjected to
further purification by gradient reversed-phasgs EIPLC (Dynamax &g semi-
preparative, 3 mL/min; 40% MeOH¢B over 25 min, 40-60% MeOH/BD over 30

min) to yield a major metabolite identified as @@abxamine E. This compound was
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identified by comparison of its spectral dated NMR (Figure 111.2.1), COSY and
HRMS data) to that in the literatuteThis known compound, desferrioxamine E, was
evaluated in both liquid antifungal test and HCBldssay. Desferrioxamine E
exhibited very potent antifungal activity agai@stalbicans (AMBR) at an MIC value

of 0.31pg/mL, whereas the Kgobserved in the HCT-116 assay is 18gAmL. Apart
from the fact that this metabolite has been preslioveported, it appeared to match
with the selective criteria for an antifungal dre@ndidate very well. This molecule

possessed a high potency of antifungal activity levlehowed non-significant

cytotoxicity.
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Desferrioxamine E

Figure 11.2.1. *H NMR spectrum of desferrioxamine E (500 MHz, {0ID)
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The presence of desferrioxamine E also raises ignestegarding its antifungal
activity and what impact this compound may havetl@antifungal screening of the
marine bacterial collection. Desferrioxamines argructurally related family of tris-
hydroxamate siderophores that form strong complex#és ferric iron. Given the
condition of the liquid antifungal assay that wasfprmed, there is a high possibility
that these siderophores are likely to inhibit thewgh of C. albicans by iron limitation.

In fact, desferrioxamine is known to be used asmphaeutical agent in the treatment
of iron overload in the patients.

Therefore, to categorize desferrioxamine as argdinompound may not be correct
since they do not interact directly with fungallselRather, these metabolites prevent
cell growth by uptake of available iron which iscassary for the proliferation @.
albicans.® Iron is an essential nutrient f@. albicans, andiron uptake may play a
special role in promoting virulent infectiofslf the above hypothesis is true, then the
supply of an excess iron along with desferrioxantimehe liquid antifungal assay
should result in no growth inhibition.

After discussion with Dr. Kathy Barbeau at SIO rifercitrate was suggested as a
source of excess iron to be applied to the liquitifiangal assay. Ferric citrate was
added to the&. albicans cultures in the liquid antifungal assay with deséxamine E

in 1:1 and 2:1 mol ratio. The result of this amifal test is shown in Table I11.2.4.
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COzH
HO,C—CH,~C~CH,—COzH
OH

- Fe (Ill)

Ferric citrate

Table 111.2.4. Antifungal evaluation of desferrioxamine E witdded ferric citrate

againstC. albicans (AMBR).

Test Samples C. albicans (AMBR)
MIC (ug/mL)
Desferrioxamine E 0.31
Desferrioxamine E with ferric citrate (1:1) NSA
Desferrioxamine E with ferric citrate (2:1) NSA
Ferric citrate NSA

The results indicated that the hypothesis regardimg mechanism of fungal
inhibition by iron uptake from siderophores is iadecorrect. With excess ferric ion,
provided from the added ferric citrate, desferriok@e E no longer shows inhibition
of C. albicans (AMBR). This outcome confirms that desferrioxamii& exhibits
highly potent antifungal activity in the liquid @&ssbecause of its ability to form
strong complexes with free iron in the media, andsequently leads to the iron
deficient condition which prevents the growthMfalbicans.

It has come to our attention that these sideroghargy cause a difficult problem in
the antifungal screening of marine actinomycetelectbn.  Unlike marine
inverterbrates, marine bacteria often produce deéskamines as their common

metabolites. Since this type of siderophore apptatse non-cytotoxic and exhibit
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very potent activity in the liquid antifungal assaging the selective criteria that were
mentioned earlier for choosing promising candidatwds likely result in numerous
strains that contain these siderophores.

This critical complication will need to be solveds the reported antifungal activity
from the chosen active projects may all derive fittva presence of desferrioxamines,
the modification of liquid antifungal assay is veryucial in order to remove the
unwanted activity caused by this group of compoundsdification of the assay will

be discussed in a later chapter.
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1.3

Actinoquinolines A and B, new quinoline alkaloid®@uced by the marine

actinomycete CNP975
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Introduction

The quinoline skeleton is a bicyclic aromatic comnpe that contains a nitrogen
atom in a place of a carbon adjacent to the risipfy it is also a weak tertiary base.
Quinoline and isoquinoline alkaloids are one of kugest groups of alkaloids (the
other being indole alkaloids and their derivatiyes)d they have been isolated from
various sources including, plants, cyanobactetiagif marine invertebrates, marine
microbes, and amphibia8. Quinoline alkaloids have also been widely used in
medical applications and in the chemical industry.

As part of my interest to identify selective antifial metabolites, actinomycete
strains isolated from marine sediments collectedmfrvarious locations were
investigated carefully. From the results from firet antifungal screening of the
marine microbial collection (Chapter 11l.1), mariaetinomycete strain CNP975 was
one of the 13 promising projects that was chosem fapproximately 800 crude
extracts to be further examined. This project feamd to be active in the antifungal
assay againsC. albicans, while exhibited negligible cytotoxicity in the HEI16
colon carcinoma cytotoxicity assay. This projecswselected over the other 12
strains because the “active” chromatography frastigielded interestingH NMR
spectra and unique UV spectral data (Figure 11).3.12 this chapter, we describe the
isolation, purification and structural elucidatiai two new quinoline alkaloids,

actinoquinolines AJX) and B @) from marine actinomycete strain CNP975.
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Figure 111.3.1. The structures of actinoquinolines B @nd B @)
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Figure 111.3.2. The UV spectrum of actinoquinoline A
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Results and Discussion

Marine actinomycete strain CNP975 was isolated froarine sediments collected
from La Jolla, San Diego. The study of this stréiegan with the chemical
investigation of a 1L culture, as mentioned in dbapll.1 (Table I1l.1.4). The crude
acetone extracts were partitioned by HP20SS coleimomatography into 5 fractions
eluted with 20%, 40%, 60%, 80% and 100% acetoneswnaixtures. The most active
fraction with the lowest MIC from the result of dahgal assay again€. albicans
(AMBR) was the 80% acetone fraction (MKC3.9 ug/mL). This partially purified
material was further separated on reversed-phagéiLC to yield the potentially
new metabolite with antifungal activity at MIC of8fug/mL. Unfortunately, the yield
of the target compound was extremely low, less thh8mmg, which is insufficient for
NMR analysis.

Consequently, a 35L regrow of strain CNP975 pravigdmough crude extract
facilitating the isolation and structure elucidatiof the target compounds. The crude
acetone extract was fractionated using HP20SS, resbsequently eluting 9 fractions
with 20% to 100% acetone-water mixtures. The 8@¥tane fraction, which was
found to exhibit the most potent antifungal actiiimIC < 3.9ug/mL), was subjected
to further purification by reversed-phase gradiépg HPLC to yield actinoquinolines

A (1, 4.6 mg) and BZ, 1.1 mg).
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Actinoquinoline A 1) was isolated as an amorphous green oil, whictyaee for
the molecular formula £H>9N3Os by analysis of NMR spectroscopic data (Table
11.3.1) and high-resolution ESITOFMS data ([M+HJmz = 404.2183). The
molecular formula ofl required nine degrees of unsaturation. Initielgsis of*C
NMR data revealed 10 aliphatic, 9 aromatic/olefinamd possibly 2 quaternary
carbonyl carbons. On the basis of the molecwanitla, and interpretation of NMR
data, those nine degrees of unsaturation were stegheto be assigned to a
heteroaromatic ring and two unsaturations from aaybgroups.

The *H NMR spectrum of actinoquinoline ALY measured in acetortk- (Figure
[11.3.3) illustrated five aromatic proton signals &7.74 (1H, s), 7.87 (1H, m), 7.60
(1H, m), 7.60 (1H, m) and.98 (1H, m) that corresponded by HSQC NMR coriatat
spectroscopy to aromatic carbon signal® 420.6 (C-4), 127.3 (C-5H, 129.4 (C-6,
128.1 (C-7) andd 130.2 (C-8), respectively. The carbon framework of the glime
ring was established by analysis of COSY and HMBKIRNspectral data (Figure
[11.3.4). The connectivity of four aromatic pro®id 7.87,0 7.60,0 7.60 andd 7.98)
was assembled by the interpretation of COSY NMRetations, while the last singlet
aromatic proton ad 7.74 (s) appeared to be isolated from the othétIBC NMR
correlations from H-6to C-44, H-7' to C-88, H-5 to C-4 and C-44 H-8 to C-8&, H-

4' to C-2, C-3, and C-8awere used to establish the quinoline ring strgctuifhe
position of nitrogen between C-and C-8awas also supported by thC chemical

shifts of the carbons observedddt36.1 and 142.1, respectively.
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Table 111.3.1. 'H, *C, COSY, HSQC and HMBC spectroscopic data (500 MHz,

acetonedg) for actinoquinoline AX)

Position # dc o J (Hz) COSsY HMBC
1 169.1 C
2-NH 8.83 m 10.0 3
3 525 CH 417 m 2,4,13 C-1,C-4,C-5,C-13
52.1* CH 4.17*m 2,4,13 C-1,C-4,C-5,C-13
4 280 CH 1.76 m 3,5 C-3,C-5,C-6,C-13
197 m 3,5 C-3,C-5,C-6,C-13
27.9* Ch 1.86* q 8.0 3,5 C-3,C-5,C-6,C-13
5 321 CH 161 m 4,6 C-3,C-4,C-6,C-7
31.9* CH 1.54*m 4,6 C-3,C-4,C-6,C-7
6 716 CH 3.68 m 57 C-4
71.2* CH 3.68*m 57 C-4
7 46.1 CH 3.18 m 6.0 6,8 C-5,C-6,C-9
3.29 m 5.0 6,8 C-5,C-6,C-9
8-NH 7.18 m 7
9 1736 C
10 458 CH 2.01 m C-9, C-11, C-12,C-14
11 266 CH 201 m 12,14 C-9, C-10, C-12,C-14
12 226 CH 0.84 m 11 C-10, C-11, C-14
13 642 CH 375 qd 50,115 3 C-3,C4
14 226 CH 0.84 m 11 C-10, C-11, C-12
1!
2 136.1 C
3 1547 C
4 120.6 CH 7.74 s CsxC-3, C-5, C-84
4d 1329 C
5 127.3 CH 7.87 m '6 C-4,C-44 C-8,C-7,C-84d
6 129.4 CH 7.60 m '57' C-44, C-8
7 128.1 CH 7.60 m '68' C-5,C-84
g 130.2 CH 7.98 m 7 C-44, C-6, C-84
8d 1421 C
3'-OH 12.39 s Cf2C-3,C-4

* The chemical shifts of an amide rotamer of actinngline A



115

The HMBC correlations from hydroxyl proton at12.39 to C-2 C-3, and C-4
indicated the position of OH group in the ring atwhfirmed the presence of 3-
hydroxyquinaldic acid as an aromatic chromoptdreThe side chain was attached to
the quinoline ring at C‘dy the interpretation of both COSY and HMBC caatins.
The major portion of the side chain was assigne€©®gY correlations from H-2 to
H-8 to confirm the connectivity of N-2/C-3/C-4/C&6/C-7/N-8. The location of
carbonyl groups was assigned by HMBC correlationsl-@ and H-11 to C-9, and

from H-3 to C-1.

OH
ég%ﬂ? Sk
@ N H OH H

Figure 111.3.4. Selected COSY (bold lines) and HMBC (arrows) datrens

observed in the NMR spectra for
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The isolation and structure assignment of actinogjine A (1) was complicated by
the fact that the isolated metabolite was obseaged mixture of two amide rotamers.
This rotameric mixture, presumable derived by isanadout the C-1 — N-2 bond, was
observed in both the HSQC ahniC NMR spectroscopic data. The carbon signals
from C-3 to C-6 and their corresponded protons vepli into two sets as illustrated
in Table 111.3.1. Unfortunately, these rotameraildonot be stabilized, hence the
structure determination had to contend with th@setsal complexities.

Actinoquinoline B @) was obtained as a viscous oil that showed a mtaewn at
m/z 400.1887 ([M—H]) by the high-resolution ESITOFMS. This minor caupd
was obtained in a very low yield in comparison ¢treoquinoline A ). In fact, there
were three missing quaternary carbon signals whes&s were too small to be seen
in °C NMR data. Nevertheless, UV arftl NMR data (Figure I11.3.5) provided
obvious evidence that this compound had a simitamatic chromophore as ih
The chemical shifts of five aromatic protors7(76,57.87,07.62,0 7.62 and 7.99)
from 'H NMR in acetonads were almost exactly identical. The only differenc
between actinoquinoline A and B was seen in the sidin.

COSY and HMBC NMR correlation data (Figure lll.38)owed the major portion
of the side chain of this molecule to be assembl@the side chain of actinoquinoline
B was almost similar t@ except that it formed a six member cyclic etheglinstead
of the linear chain. Two methyl signals&0.96 (H-12 and H-14) showed HMBC

correlations to methylene and methine carbons B @nd C-11, respectively.
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Table 111.3.2. 'H, °C, COSY, HSQC and HMBC NMR spectroscopic data (500

MHz, methanold,) for actinoquinoline B2)

Position # dc o J (Hz) COSsY HMBC
1 C
2-NH
3 50.1 CH 416 m 4,13
4 248 CH 1.92m 3,5
2.00m
5 292 CH 1.51m 4,6 C-4,C-6
1.76 m 4,6
6 67.8 CH 4.09m 57
7 447 CH 3.24m 6 C-5,C-6,C-9
3.32m 6 C-5,C-6,C-9
8-NH
9 1757 C
10 46.3 CH 2.08 m C-9, C-11, C-12, C-14
11 274 CH 2.07m 12,14 C-9, C-10, C-12,C-14
12 228 CH 0.96d 6.5 11 C-10, C-11, C-14
13 92.1 CH 5.21d 35 3 C-4,C-6
14 228 CH 0.96d 6.5 11 C-10, C-11, C-12
1!
2 C
3 C
4 121.8 CH 7.56s C-8a
4d 1337 C
5 126.9 CH 7.69m '6 C-7,C-84
6 129.2 CH 7.47m 57
7 127.2 CH 7.47m '68
g 130.4 CH 7.97m 7 C-44, C-6
8d 1421 C

3-OH
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The framework of an ether ring was established I&YS¥ correlations which
defined the connectivity of the carbon skeletonCa$3/C-3/C-4/C-5/C-6. A three-
bond HMBC correlation from the methine signal a1 8- 5.21) to C-6, further
supported the presence of an ether ring. Theiposiff oxygen was placed between

C-6 067.8) and C-13q92.1), which was consistent with their chemical shifts.

Figure 111.3.6. Selected COSY (bold lines) and HMBC (arrows) datrens

observed in the NMR spectra far
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Figure I11.3.7. Assigned relative stereochemistry 2f established by selected

ROESY correlations.

The relative stereochemistry of actinoquinoline B) (was determined by
interpretation of ROESY experimental data thatsiitated key correlations forming
the chair pyranose ring (Figure 111.3.7.). The R®XEcorrelations between H-3
(64.16) and H13 § 5.21) confirmed that both proton signals were on theesaide of
the ring. H-3 was also found to show ROESY cotiets to H-4 § 1.92) and H-5
(61.51). In contrast, a ROESY correlation between H@.09) and H-13 was not
observed, while H-6 showed correlations to H582.00) and H-5 § 1.76). According
to these ROESY NMR data, it can be deduced thatadeBH-13 are on the same side
of the cyclic ether ring while H-6 was on the opp®side.

Since the®C NMR data of2 were incomplete, the structure assigned was
established based only on the available data. efdwey, the proposed structure 2f

must be considered unconfirmed.
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Biological Activity

In this study, actinoquinolines A)and B @) were evaluated for their capability to
inhibit both wild-type and amphotericin B-resistattains ofC. albicans. Cytotoxic
activities against the HCT-116 human colon tumol dee were also tested.
Actinoquinolines were initially thought to be potemtifungal compounds. However,
after the purification process by the reversed ehA®LC, bothl and 2 were
discovered to be no longer active in the liquidfangal assay against both strains of
C. albicans. The careful inspection of LCMS afid NMR spectral data indicated that
the partially purified fraction that was tested ime beginning, contained
desferrioxamines which were likely to be the melid® that caused the antifungal
activity. These two quinoline alkaloids were ats@luated in the cytotoxicity assay
but they did not exhibit any cytotoxicity againS€H-116 colon carcinoma.

This, again, provides an excellent example of hadersphores can affect the
screening results. Even if there is only a verglsmmount of these contaminates, it
can easily result in the misinterpretation of théfangal potency of the test samples.
Despite the fact that the biological activity oefle quinoline alkaloids has yet to be
defined, it appears that this group of metabolitgsy be common among certain
species of actinomycetes. According to their ditiUV spectrum andH NMR,
these quinoline alkaloids were rather easy tordisish. Out of 13 promising projects
from the first screening, other derivatives of thesiinoline alkaloids have also been
found in the other actinomycete strains includindlF®62 and CNP967. This
discovery suggests that this group of quinolinealalkls may share a similar

functionality or common role among marine actinoetgs.
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Experimental Section

General Experimental Procedures. Optical rotations were measured on a
Rudolph Autopol Il polarimeter. UV spectra weflgtained using Varian Cary 50 Bio
UV-Visible spectrophotometer. Infrared spectra avescorded on a Nicolet IR100
FT-IR spectrometer!H, 3¢, COSsY, HSQC, HMBC and ROESY NMR spectra were
recorded on a Varian INOVA 500 MHz spectrometer. ightesolution mass
measurements were obtained on Agilent ESI-TOFunstnts at the Scripps Research

Institute, La Jolla. All solvents were distilledqr to being used.

Collection and Phylogenetic Analysis of strain CNPB. The marine
actinomycete, designated CNP975, was isolated froarine sediment sample,
collected in La Jolla, San Diego by Alejandra D&reeto. Phylogenetic analysis has
not been performed on this strain, hence no confiteexonomic assignment can be

made.

Fermentation and Extraction. Strain CNP975 was cultured at Z7 with shaking
at 250 rpm in 35 x 2.8-L Fernbach flasks each dnimg 1 L of TCG medium. After
6 days, the organic constituents from a 35 L caltwere extracted by a solid-phase
extraction method using Amberlite XAD-7 resin. Tt¢rede extract was prepared by

washing the resin with acetone and concentratedtayy evaporation.

Isolation and Purification. The crude acetone extract (17 g) from 35L cufwt

CNP975 was driedn vacuo to obtain a sticky brown substance, which was
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fractionated by HP20SS column chromatography (ae#teater) to yield nine
fractions (20%, 30%, 40%, 50%, 60%, 70%, 80%, 98A6, 100% acetone mixtures).
All nine fractions were concentrated to dryness tstied in a standard microdilution
antifungal assay. The fraction eluted with 90%taoe-water (1 g) was found to
possess very potent antifungal activity (MfC3.9 pg/mL), and was subjected to
further purification by reversed-phase HPLC (Dynantdgs semi-preparative, 3
mL/min; 30% ACN/HO over 30 min, 30-40% ACNA® over 10 min, 40-100%

ACN/H,0 over 20 min) to yield, actinoquinolines A @.6 mg) and B4, 1.1 mg).

Actinoquinoline A (1): green oil;[a]p +3.5 € 0.2, MeOH); UV (MeOHM\nax (log
€) 356 nm (3.69), 298.1 (3.69), 231 (4.58), 220 %.3R vmax (KBr) 3343, 2957,
2872, 1655, 1538, 1445, 1334, 735 ¢rAIMR data, see Table 111.3.1; EIMS [M+H]

m/z 404; HRESITOFMS [M+H] m/z 404.2183 (calcd for £H3oN30s, 404.2185)

Actinoquinoline B (2): green oil;[a]p +16.7 € 0.03, MeOH); UV (MeOHM\max
(log €) 357.1 nm (3.59), 298.1 (3.61), 231 (4.48), 22@3% IR Vmax (KBr) 3326,
2957, 1656, 1532, 1445, 1334, 1069, 750'tMMR data, see Table 111.3.2 ; EIMS
[M+Na]® nmvVz 424; HRESITOFMS [M-H] m/z 400.1887 (calcd for £H26N3Os,

400.1872)
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.4

Antifungal bioassay-guided screening of marineraxtiycetes using the modified

liquid antifungal assay
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Introduction

The liquid dilution antifungal assay was chosentles standard method for the
bioassay-guided screening of marine microbial extralue to the accuracy of the
results obtained. However, it was discovered thate was an unexpected pitfall
regarding the use of this liquid assay that cowolasequently become a big obstacle in
conducting screening for new antifungal compoundss it was demonstrated in
chapter 111.2, given the selective criteria for doantifungal but low HCT-116
cytotoxic activity, the selection of the promisibgcterial strains led to the isolation of
a known metabolite, desferrioxamine'. E Desferrioxamines are iron-chelating
compounds that are produced and secreted by maimpragcetes including species
of Sreptomyces, Nocardia, and Micromonospora.? This group of siderophores is
considered to be common among actinomycetes anduiglly found to be produced
in significant amounts.

The problem regarding this type of siderophorethé even trace quantities can
exhibit extremely potent antifungal activity (MIC kug/mL) in the liquid assay due
to their abilities to uptake iron, eventually leaglito the inhibition of fungal cell
growth. Hence, all actinomycete strains that poedihese siderophores will show up
as promising candidates in the antifungal screenimgthe worst situation, all of the
chosen active strains may exhibit antifungal atstiblecause of the presence of these
and perhaps other siderophore molecules. As dtrése modification of the liquid
antifungal assay to remove the undesired effecinfrthese siderophores was

considered a crucial component of this thesis rekea
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The modification of the liquid antifungal assay

Since it has been shown that desferrioxamines iin@ibal bicans growth by means
of iron limitation, the best way to modify liquichefungal assay is to provide excess
iron to the media so that it can counteract theatfof siderophores. Ferric citrate
appears to be an appropriate candidate for thie fiermr source as it does not interfere
with cell proliferation. However, it was, noneteg$ important to test ferric citrate in
the liquid assay at different concentrations toneix@ its impact on the growth @.
albicans. It is also important to determine that ferritraie addition will not alter the
antifungal activity of other possible active meti#les. Consequently, several
experiments were performed to confirm that ferricate will be suitable to use in the
modified assay.

In the first experiment, fl of ferric citrate solution at concentrations @ thg/mL,
20 mg/mL, and 40 mg/mL, were added to the liquitifamgal assay. The ferric
citrate solution was prepared by dissolving theidecitrate powder in DMSO or DI
water. The serial dilution bioassay was performeith added ferric citrate and the
results showed no inhibition &andida growth. This test indicated that the addition
of ferric citrate can be tolerated in tBealbicans bioassay.

As shown in chapter 111.2, the addition of ferritrate with desferrioxamine E can
suppress fungal inhibition caused by the iron &tdn. In addition to
desferrioxamine E, ferric citrate has also beerteteswith another derivative,
desferrioxamine B and the results were the same. Without an auditif ferric
citrate, desferrrioxamine B exhibited MIC valueleds than Jug/mL, however, after

the addition of free iron, inhibition againSt albicans was not observed. Hence, it is
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confirmed that the additional supply of iron frorerric citrate can cancel the
inhibitory effect by desferrioxamines and, perhajbker siderophores.

As for the final test, ferric citrate was addedthe liquid antifungal assay in the
presence of the known antifungal drug amphoteriBin The MIC value of
amphotericin B derived from this bioassay was igahtwithout added ferric citrate.
The similar outcomes were also obtained when fatrate was added to the assay
with the previously tested crude extracts that amtd antifungal active metabolites,
which were not siderophores. Therefore, it canabgumed that ferric citrate will
probably not interfere with the other antifungalivae compounds or alter the potency
in fungal inhibition.

After several trials of the liquid antifungal assaith ferric citrate, it was decided
that the amount of ferric citrate to be added fache sample will depend on the
concentration of the test materials. For examfie, crude extracts tested at a
concentration of 10 mg/mL, additional ferric cigatwith at least the same

concentration will be required.

Antifungal screening of marine actinomycetes by thenodified liquid assay

After the modified antifungal assay had been testsd functioning properly, it is
crucial to retest the previously selected proje¢lots were discussed in chapter I111.1.
The results of the first screening of the microbgallection gave 13 promising
bacterial strains that were discovered to exhibityvpotent antifungal activity with
negligible cytotoxicity. The crude extract fromethegrowth of 1L culture for each

strain had already been partitioned using HP2098mo chromatography and tested
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in the regular liquid antifungal assay. (Figurelll4) At this time, the active fractions
from those 13 marine actinomycete strains werealeeted with the newly modified
liquid antifungal assay.

The results of the antifungal screening using tbe-modified method proved to be
very disappointing. All of the chosen active frans from 13 microbial strains were
discovered to be inactive after an addition ofifenitrate to the antifungal assay.
None exhibited antifungal activity, which can ontyean that the metabolites that
cause inhibition againsC. albicans from those 13 projects are likely to be
siderophores. The inspection by LCMS dHdNMR has led to the same conclusion.
As a result, it was necessary to go back and resdiee microbial collection again
using the newly developed method in order to seéocla better antifungal project

whose activity does not come from siderophores.

The second screening of marine microbial collection

Two random mother plates (Box #136 and #148) tloatatned crude microbial
extracts were chosen for screening with the madlifiguid antifungal assays. The
initial screening of crude extracts for antifungative metabolites was carried out at a
single concentration screening at MiC150ug/mL. Out of the total of 160 test
samples, 76 of them (48%) exhibited antifungahagtiat this concentration.

The serial dilution method of the modified liquidtdéungal assay was performed
with these 76 samples at the concentration of 4nhgfo determine the MIC value of
each selective strain. The result of this modiedifungal screening was illustrated

in Figure 111.4.1.
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Figure 1ll.4.1. Screening results of 76 marine microbial extractenf a modified

liquid antifungal assay againSt albicans (AMBR).

Of the 76 active samples that were evaluatedenitiuid antifungal assay, only 5
bacterial extracts (7%) exhibited potent antifungefivity againstC. albicans with
MIC value less than fug/mL. These results included both cytotoxic and-no
cytotoxic bacterial strains, and yet the numbeadfve crude extracts was very low.
The remaining 71 samples were found to exhibit mateéeto weak antifungal activity
with MIC > 12 ug/mL. In fact, approximately 53% of the total exits showed weak
inhibition againstC. albicans with MIC values over 5Qug/mL. Since the antifungal
hit rate was much lower in the modified liquid agsthe promising candidates that
were chosen for further investigation included battotoxic and non-cytotoxic

strains.
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Table 111.4.1. The details of antifungal screening results of th®sen marine

actinomycete strains for the regrowth of 1L culture

Box # Strain # Media HCT-116 C. albicans (AMBR)
(% Survival) MIC (pg/mL)

136 CNQO040 TCG 71 25
136 CNQO41 TCG 100 50
136 CNQO41 AlBFe-C 3 25
136 CNQO41 AIBFe+C 19 50
136 CNQO45 AlIBFe-C 26 50
136 CNQO45 AlBFe+C 13 25
136 CNQO87 AlIBFe-C 4 <1.56
136 CNQO089 TCG 17 12.5
136 CNQO089 AlBFe-C 3 12.5
136 CNQO091 AlIBFe-C 20 50
136 CNQOQ94 TCG 47 50
136 CNQO094 AlBFe-C 85 100
136 CNQO095 AlBFe-C 4 50
136 CNQO095 TCG 1 25
136 CNQO095 AlIBFe+C 2 25
136 CNQQ97 TCG 2 12.5
136 CNQQ97 AlIBFe-C 1 12.5
136 CNQ100 TCG 2 25
136 CNQ100 AlIBFe+C 100 50
136 CNQ104 AIBFe+C 3 125
136 CNQ110 AIBFe+C 57 25
136 CNQ111 AlBFe+C 1 25
136 CNQ111 AlBFe-C 2 12.5
136 CNR292 TCG 40 25
148 CNQ449 AIBFe+C 78 50
148 CNQ450 AIBFe+C 84 50
148 CNQ456 TCG 88 50
148 CNQ456 AlBFe-C 98 50
148 CNQ456 Mar2DPh 92 25
148 CNQ461 TCG 88 50
148 CNQ506 TCG 85 50
148 CNQ506 AlBFe+C 99 100
148 CNQ551 TCG 13 3.13
148 CNQ551 AlIBFe-C 11 <1.56
148 CNQ598 AlIBFe-C 93 50
148 CNQ617 Mar2DPh 74 25
148 CNQ617 AlBFe-C 97 50

148 CNQ625 AIBFe-C 71 25
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After several antifungal screenings, 23 promisirgin@mycete strains (Table
l11.4.1) from 76 active extracts were chosen tadgrown in 1L culture volumes. The
crude acetone extracts derived from the regrowthLafecultures from these bacterial
strains were partitioned by HP20SS column chromrajdyy. The column was eluted
with 20%, 40%, 60%, 80% and 100% acetone-waterigmatb yield five fractions for
each selective strain. The partially purified fraes were driedin vacuo and
evaluated in the modified liquid antifungal assayable 111.4.2 demonstrates the
screening details of these promising bacterialrsgraith their corresponding HP20SS
fractions and antifungal activities. Analysis bese active fractions by both LCMS
and'H NMR methods data gave better insight to determihizh project should be
given higher priority for investigation.

Unfortunately, the majority of the selective stsaxhibited very weak antifungal
activity, even after the fractionation of crude erv&ls by HP20SS column. A few of
the cultures did not retain antifungal activityeafthe regrowth, while most of the
others still showed antifungal activity but at muwareaker levels. This result
suggested that the number of marine actinomycetsnst that produced potent
antifungal active metabolites is in fact very smalid it will require a great effort to
find both chemically novel and therapeutically effee compounds. Hence, in order
to find a promising project with potent antifungadtivity may require a lot more
screening of microbial collections as the modifessay proved that the number of
antifungal active strains after removing the intaby effect by siderophores is much

lower than it was expected.
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Table 111.4.2. Antifungal screening results of HP20SS fractiomsrrextracts of the

regrowth of 1L culture of 23 marine actinomycetaisis.

CNQO40  MIC (g/mL)  HCT-116 (IGy) CNQO95 MIC ig/mL)  HCT-116 (IGy)
20% NSA NSA 20% 62.5 NSA
40% NSA NSA 40% 15.6 NSA
60% 250 NSA 60% 15.6 NSA
80% NSA NSA 80% 15.6 NSA
100% NSA NSA 100% 125 NSA

CNQO41  MIC (ig/mL)  HCT-116 (IGo) CNQ097 MIC ig/mL)  HCT-116 (IGy)
20% NSA NSA 20% NSA NSA
40% NSA NSA 40% NSA NSA
60% 62.5 NSA 60% NSA NSA
80% 125 NSA 80% 62.5 NSA
100% NSA NSA 100% NSA NSA

CNQO45  MIC (ig/mL)  HCT-116 (IGo) CNQ100 MIC ig/mL)  HCT-116 (IGy)
20% NSA NSA 20% NSA N/A
40% NSA NSA 40% NSA N/A
60% 250 NSA 60% 125 N/A
80% 250 62.5 80% 31.3 N/A
100% NSA NSA 100% 62.5 N/A

CNQO87  MIC ig/mL)  HCT-116 (IGyo) CNQ104 MIC ig/mL)  HCT-116 (IGy)
20% NSA N/A 20% NSA NSA
40% NSA N/A 40% NSA NSA
60% 31.3 N/A 60% 250 NSA
80% <39 N/A 80% 250 NSA

100% 7.8 N/A 100% NSA NSA

CNQO89 MIC (ig/mL)  HCT-116 (IGy) CNQ110 MIC gg/mL) HCT-116 (IGy)
20% NSA NSA 20% NSA NSA
40% 250 86.4 40% NSA NSA
60% 62.5 NSA 60% 250 NSA
80% 125 NSA 80% 250 NSA

100% NSA NSA 100% NSA NSA

CNQO91 MIC (ig/mL)  HCT-116 (IGy) CNQ111 MIC ig/ml) HCT-116 (IGy)
20% NSA NSA 20% NSA NSA
40% NSA NSA 40% NSA NSA
60% 250 NSA 60% NSA NSA
80% NSA NSA 80% 250 NSA

100% NSA NSA 100% NSA NSA

CNQ094  MIC (ig/mL)  HCT-116 (IGy) CNQ449 MIC ig/mL)  HCT-116 (IGy)
20% NSA NSA 20% NSA NSA
40% NSA NSA 40% NSA NSA
60% 250 NSA 60% NSA NSA
80% 250 NSA 80% NSA NSA

100% NSA NSA 100% NSA NSA
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Table 111.4.2. Continued.

CNQ450 MIC (ig/mL)  HCT-116 (IGy) CNQ598 MIC ig/mL)  HCT-116 (IGy)
20% NSA NSA 20% NSA NSA
40% NSA NSA 40% NSA NSA
60% NSA NSA 60% 31.3 NSA
80% 250 NSA 80% NSA NSA
100% 31.3 NSA 100% NSA NSA

CNQ456 MIC (ig/mL)  HCT-116 (IGy) CNQ625 MIC ig/mL)  HCT-116 (IGy)
20% NSA NSA 20% NSA NSA
40% NSA NSA 40% NSA NSA
60% 250 67.2 60% NSA NSA
80% 62.5 19.5 80% NSA NSA
100% NSA 75 100% NSA NSA

CNQ461 MIC (ig/mL)  HCT-116 (IGy) CNR292 MIC ig/mL)  HCT-116 (IGy)
20% NSA NSA 20% NSA NSA
40% NSA NSA 40% NSA NSA
60% NSA NSA 60% 125 NSA
80% NSA NSA 80% 250 NSA
100% NSA NSA 100% 250 NSA

CNQ506  MIC (ig/mL)  HCT-116 (IGy) CNQ617 MIC ig/mL)  HCT-116 (IGy)
20% 250 NSA 20% NSA NSA
40% 250 NSA 40% NSA NSA
60% 7.8 NSA 60% NSA NSA
80% 62.5 NSA 60% 125 14.2
100% NSA NSA 80% 250 12.9

80% NSA 0.75

CNQ551  MIC (ig/mL)  HCT-116 (IGg) 80% NSA 18.7
20% NSA N/A 100% NSA NSA
40% NSA N/A
60% 25 N/A
80% <39 N/A
100% 0.78 N/A

Basing upon the obtained results, an initial inigagton using LCMS andH NMR
spectroscopy has been performed on these actiedofta. Two most promising
actinomycete strains CNQO087 and CNQ551, which etddbthe highest antifungal
activities with MIC values less than 3)99/mL, were discovered to possess a
previously reported anticancer metabolite, stawwosp which was originally isolated
in 1977 from the bacteriun®reptomyces staurosporeus by Omura et al. Since

staurosporine was also known to be very antifuntfedse two projects were not
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further pursued. Nevertheless, it has been preévatdthe modified antifungal assay
successfully eliminated the antifungal projectdwsitderophores.

Despite the fact that most of the derived actinostgcstrains exhibit rather weak
antifungal activity, several projects including CBIY, CNQ456 and CNQ506 appear
to be interesting and have a high potential forisoéation of new metabolites on the
basis of data analysis by LCMS afttl NMR spectroscopy. A project involving strain

CNQ617 will be described in detail in the followingapter.
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.5

Novel bioactive secondary metabolites from the nedctinomycete strain

CNQ617 (a member of the new MAR 3 clade)
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Abstract

Two novel cytotoxic macrocycles, marineosins A d@dalong with an uncommon
bacteria-derived sesterterpenoid, marinoquinolinehAve been isolated from the
culture of a marine actinomycete CNQ617 (MARS3 c)adeovered from a sediment
sample collected in San Diego. The structurebede¢ new metabolites were assigned
using spectroscopic data emphasizing the intepataof 2D NMR experiments.
Marineosin A exhibited very potent cytotoxicity against humariooo carcinoma
(HCT-116) cells with an 16 value of 0.5uM, while it did not show any antifungal
activity against both amphotericin B-resistant amdd-type strains ofCandida

albicans.
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Introduction

Marine actinomycetes have been perhaps the modifigreource of bioactive
secondary metabolites, which have had a great iimipanany areas, particularly in
the field of pharmaceutical drug developmknSince the decline in the discovery of
novel lead compounds from terrestrial actinomycetdsch began in the early 1990s,
actinomycetes from marine sources have becomevarggdocus as a new source for
bioactive agents. The search for rare or novel actinomycete taxa dlao gained
importance as well as the development of varionsvative bioassays to find unique
metabolites. The first obligate marine actinomgcefenus,Salinispora, which
requires sea water for growth and is highly prolifn the production of secondary
metabolites, has been recently discovérebh addition toSalinispora sp., there are
other taxonomically unique strains of marine aatiyoetes that have remained
largely unexplored both chemically and biologically Among those is the
phylogenetically distinct group, MAR3 which is part of the family
Streptomycetaceae. Chemical studies of a membbisohew taxon will be the main
focus of this chapter.

As a result of the secondary screening of the meamicrobial collection using the
modified liquid dilution antifungal assay, strairNQ617, a member of the MAR3
group, was chosen to be further investigated.ialnscreening indicated that extracts
of CNQ617 exhibited good antifungal activity withsignificant cytotoxic activity.
Unfortunately, the obtained results on the secasrlltivation proved to be very
different. Unexpectedly, the new crude extractsiwhin CNQ617 was found to be

significantly cytotoxic (IGy < 10pg/mL) in the HCT-116 assay, while the antifungal
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activity was shown to be extremely weak with MIGueaover 10Qug/mL. Therefore,
instead of pursuing the antifungal metabolite, tbeus was changed toward the
isolation of the cytotoxic compound. Bioassay-@didfractionation of the crude
extract using HCT-116 human colon carcinoma cella acreening method, led to the
isolation of two novel cytotoxic macrocycles, maasin A () and B ). In addition,
an uncommon bacterial sesterterpenoid, marinoga@d (3), has also been isolated
from this same strain. In this chapter, the isofgt structure elucidation, and

biological activities of these new metabolites Wi described.

Results and Discussion

Marineosin A {) was analyzed by EI high-resolution mass spectgnfer the
molecular formula HzsNzO, ([M]* m/z 409.2726). The LRESIMS also showed
ions that analyzed for [M+H]at nvz 410. This molecular formula was further
supported byH and**C NMR spectral data (Table 111.5.1). The obtaimedlecular
formula implied that there were ten degrees of wmaton. The initial analysis of
DEPT and™®*C NMR spectrum indicated that the majority of protsignals are
methylene protons. ThH#l NMR spectrum ofl (Figure 111.5.2) measured in acetone-
ds also demonstrated five aromatic proton$ &t44 (t,J = 3 Hz), 5.68 (tJ = 3 Hz),
6.11 (dd,J = 2.5, 3.5 Hz), 6.37 (dd} = 1.5, 3.5 Hz), and 6.97 (dd,= 1.5, 2.5 Hz).
NMR analysis by both COSY and HMBC methods, showedelations (Figure

111.5.3) which illustrated that these proton siggalere parts of two pyrrole rings.
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Table I11.5.1. 'H, **C, COSY, HMBC, and ROESY NMR spectroscopic data

(acetoneds) for marineosin AX)

# Bc B4 J(Hz)  COSY HMBC ROESY
1 1225 CH 6.97 dd 15,25 2 C-2,C-3,C4 2
2 109.9 CH 6.11 dd 25,35 1,3 C-1,C-3,C4 1,3
3 1135 CH 6.37 dd 15,35 2 C-1,C-2,C4 2,6b
4 129.1 C
5 1644 C
6 a 39.0 CH 1.88 dd 8.5,16.0 7 C-5,C-7
b 2.88 dd 8.5, 16.0 7 C-5,C-7,C-8 3
7 89.9 CH 3.85t 8.5 6 C-6, C-8, C-25 9,25
8 106.1 C
9 459 CH 291d 12.0 21 C-7, C-8, C-10, C-11, ¢-207, 11, 20b, 22a
C-21, C-22

10 1299 C
11 110.1 CH 5.68t 3.0 12 C-10, C-12, C-13 9,12
12 104.7 CH 5.44 t 3.0 11, 14 C-10, C-11, C-13 w1,
13 1316 C
14 28.6 CH 2.23m 12,15 C-12, C-13, C-15, C-16 12
15 a 25,5 CH 1.37 m 14

b 1.64 m 14
16 a 28.0 CH 1.28 m 17 C-14, C-18

b 1.34m 17 C-14, C-18
17 a 25,5 CH 0.52 m 16, 18

b 0.69 m 16, 18
18 a 25.7 CH 1.02m 17,19 C-16, C-17, C-20

b 1.52m 17,19 10-NH
19 a 25.4 CH 0.88 m 18, 20

b 1.18 m 18, 20
20 a 320 CH 0.88 m 19,21

b 1.35m 19,21 9
21 29.6 CH 2.32m 9, 20, 22 10-NH, 22b, 24
22 a 39.6 CH 1.61td 6.5, 12.0 21,23 C-9, C-20, C-21, C-23, C- 9, 20a

24

b 1.77 m 12.0 21,23 C-9,C-21 20a, 21
23 70.4 CH 423 m 6.5 22,24 C-8, C-21, C-22, C-24
24 228 CH 1.51d 7.0 23 C-22, C-23 10-NH, 21
25 585 CH 3.40s C-7 7
1-NH 10.93 br

10-NH 8.23 brs 14, 18b, 21, 24
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COSY NMR correlations between H-15 %.68) and H-12 §5.44), and HMBC
correlations from H-11 to C-10, C-12 and C-13, H#b2C-10, C-11 and C-13,
suggested the presence of a 2,5-disubstituted Ipyring. The proton coupling
constants of H-11 and H-12 € 3 Hz) also supported this substitution pattefine
remaining three aromatic proton signals showed C@&velations between each of
them that allowed the connectivity of C-1/C-2/CeBlte established. The observed
HMBC correlations from H-1 to C-3 and C-4, H-2 tedCand H-3 to C-1 and C-4
indicated that these olefinic protons could begrs=il to a pyrrole ring with mono-
substitution at C-4. The additional evidence, alhconfirmed the presence of this
pyrrole ring, were the expected carbon chemicdtshind proton coupling constants

of these three methine signals that matched wétother known pyrrole derivativés.

Figure 111.5.3. Selected COSY (bold lines) and HMBC (arrows) NMRrelations

observed for marineosin A
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The major portion of the macrocyclic skeleton framek, which is composed of
mostly methylene carbons, could be assembled throlg interpretation of COSY,
HMBC, TOCSY and HSQC-TOCSY NMR correlations. Amagyof COSY, TOCSY
and HSQC-TOCSY data allowed the establishment @#(C-15/C-16/C-17/C-18/C-
19/C-20/C-21/C-22/C-23/C-24 connectivities. Th&yhlchain was connected to a
pyrrole ring at C-13 based on the HMBC correlatifnasn H-14 to C-12 and C-13.
On the other side of the alkyl chain, H-21 showd&dS¥ correlation to the methine
proton at C-9. HMBC correlations from H-9 to thgnple carbon at C-10 and C-11
established the 12-member macrocyclic ring. Tlad pf the structure is somewhat
remniscent to the macrocyclic ring of roseophiumich is an antibiotic isolated from
the terrestrial actinomyce&reptomyces griseoviridis.®

The H-9 and H-23 methine protons both demonstréd&tBC correlations to
guaternary carbon at C-8, suggesting the preseh@e @membered cyclic ether.
Oxygen was placed between C-®&106.1) and C-23 § 70.4) on the basis of their
appropriate carbon chemical shifts. HMBC correlasi from the methylene protons at
H-6 and the methine proton at H-7 to C-8 were olekr The methoxy group was
connected to C-7 on the basis of HMBC correlatietween H-25 and C-7. Both H-6
and H-7 also showed HMBC correlations to the quiagr carbon at C-5, which was
initially thought to be a carbonyl group due toateemical shift ad 164.4. However,
analysis by IR spectral data indicated a lack abaayl groups in this molecule.
Based upon the molecular formula and the partralcgiral data defined above, C-5
was deduced to be attached to the other mono-tubstipyrrole ring at C-4, and

formed a double bond with the nitrogen that wasneected to C-8. This completed
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construction of a five-membered ring with carbor8 @rming a spiro center. This
part of the structure, which includes two five-mankrings is very similar to
structural features of the common 4-methoxy-Bjgyrrole chromophores from the
marine-derived tambjaminesind the bacterial pigments of the prodigiosin fahi
The only difference is that the methoxy grouplims attached to the pyrrole whose
conjugated system has been disrupted.

Additional evidence that confirmed the structure Iofcame from the EIMS
experiment that clearly illustrated fragment ionssupport of the structure. Two
major fragments, including the peakratz 189.2 and 231.3 are illustrated in Figure
[11.5.4 along with their corresponded partial stires. This result also supported the
presence of a bipyrrole chromophore, as it appetir&idthe substructure fragmented
in predictable ways in this experiment.

The assignment of the relative configuration of imassin A (), and confirmation
of the overall structure, was achieved by integiieh of the ROESY NMR
spectroscopic data (Figure 111.5.5) and by analg$igicinal coupling constants. The
methine protons H-82.91) and H-210 2.32) were both placed in axial positions
based upon their large vicinal coupling constdnt {2 Hz). Me-24§1.51) was also
placed in an axial position on the same side ofritg with H-21 on the basis of a
mutual ROESY correlation. This result suggestes dix-member cyclic ether ring
was in a chair configuration. The methine signaHa9 also showed a ROESY
correlation to the pyrrole proton at H-11, and #fere proved that both protons were

on the same side of the molecule.
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ROESY correlations observed from H-7 to H-9 andnfrel-6 to H-3 and H-11
confirmed the assignment of the spiro center ptaaitrogen on the opposite side of
the molecule from the H-9 methine proton. The d@dbstitution pattern of the
pyrrole ring was also supported by ROESY correfetiobserved between H-11 and

H-12.

Figure I11.5.5. Assigned relative configuration @fbased upon selected ROESY

NMR correlations

The molecular formula for marineosin B)(was assigned as;£E13sN3O,, isomeric
with 1, by HRFABMS Wz 410.2804, [M+H]) and from its NMR spectral data
(Table 111.5.2). Initial analysis of théH NMR spectral data foR (Figure 11.5.6)
illustrated features very similar to those If although most chemical shifts were
slightly different. From this observation, it wdsduced that these molecules are very

closely related and possibly share an epimeridiogiship.
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Table I11.5.2. 'H, 3C, COSY, HMBC, and ROESY NMR spectroscopic data

(acetoneds) for marineosin B2)

# Bc B J (H2) COSY HMBC ROESY
1 122.6 CH 6.95 dd 15,25 2 C-2,C-3,C4 2
2 109.7 CH 6.10 dd 25,35 1,3 1,3
3 113.4 CH 6.39 dd 15,35 2 2,6
4 128.8 C
5 162.8 C
6 a 41.0 CH 2.27 dd 6.0, 16.5 7 C-5 3,25
b 2.58 dd 2.5,17.0 7 C-5,C-7,C-8 3,25
7 825 CH 4.03 dd 2.0,6.0 6 C-5, C-25 10-NH, 21
8 1059 C
9 495 CH 2.71d 13.0 21 C-7,C-8, C-10, C-11, 11,23
C-21

10 129.8 C
11 110.4 CH 555t 3.0 12, 10-NH 9
12 106.3 CH 557t 2.5 11, 14, 10-NH 1l4a
13 131.8 C
14 a 28.8 CH 244 m 15 12

b 2.67m 15 10-NH
15 a 26.6 CH 1.44 m 14,16

b 1.77m 14,16
16 27.4 CH 1.34m 15, 17 C-14, C-18 10-NH
17 a 25.8 CH 0.51m 16, 18 C-15

b 0.72m 16, 18
18 a 25.8 CH 1.07m 17,19

b 1.58 m 17,19
19 a 25.0 CH 1.00 m 18, 20

b 1.28 m 18, 20
20 a 33.7 CH 1.09 m 19,21 C-21, C-22

b 1.36 m 19, 21
21 31.4 CH 2.26 m 9, 20, 22 7, 10-NH
22 389 CH 1.72m 6.0 21,23 C-9, C-20, C-21, C-23, 23

C-24

23 66.1 CH 4.30 m 6.5 22,24 C-8, C-21 9, 22,24
24 223 CH 1.20d 6.5 23 C-22, C-23 23,25
25 57.8 CH 3.23s C-7 6, 24
1-NH 10.57 br

10-NH 9.39 brs 11,12 7,14b, 16, 21




151

The major portion of this compound was assemblethbyinterpretation of COSY,
TOCSY and HMBC NMR data. Although the yield 2fs very small and there were
difficulties which arose due to insufficiedfC NMR data, the comparison of all
spectral data with compourdallowed the structure &to be established. Several of
the carbon chemical shifts were obtained by intggtion of HMBC and HSQC NMR
data. The only missing chemical shift was the eumary carbon, C-13, which also
proved to be the smallest carbon peak.in

The correlation patterns derived from interpretataf COSY and HMBC NMR
spectroscopic data were found to be similaf,t@and consequently, the same planar
structure was also assigned2to Despite the fact that marineosin B possessed the
same planar structure ds differences in the proton and carbon chemicaftshi
suggested that this compound had stereochemidalrdetes. Ultimately, the relative
stereochemistry of2 was also established by interpretation of ROESY RNM
spectroscopic data and by analysis of vicinal dogptonstants (Figure 111.5.7).

The stereochemistry of the cyclic ether ring wasfibto be virtually identical ta.
The methine protons H®2.71) and H-2102.26) were both placed in axial
positions due to their large vicinal coupling camés (= 13 Hz). Proton H-21 was
placed on the same side of the molecule as NBI9L30) based on observed mutual
ROESY correlations. A ROESY correlation betweer® ldnd H-23 suggested that
this six-member cyclic ring may not possess a chamformation. The ROESY
correlations from NH-1 to H-14®@.67), H-12 to H-14a)2.44), and from H-9 to H-

11 confirmed that the pyrrole ring also possess2d-alisubstitution pattern.
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Figure 111.5.7. Assigned relative configurations 2fderived from selected ROESY

NMR correlations.

The difference between marineosin 3 é&énd B 2) was concluded to result from the
stereochemistry at the spiro carbon, C-8. ROESetations from2 indicated that
H-7 (64.03) correlated to NH-1 and H-21, an observatidnctv proved that these
protons were aligned on the same side of the migeclhis assignment also explains
why the chemical shifts of NH-1 and H-7 were shiifteownfield in2 since this part of
the molecule became more structurally constraiteeh the same part of structure
found inl.

Along with marineosins A1) and B @), an uncommon mixed biosynthetic
terpenoid was also isolated from strain CNQG617.ribbauinoline A @) was obtained
as a colorless oil which showed a LRMS [M+N@n atnvz 550. The molecular
formula of 3 was determined asz§H4sNOs by high-resolution FABMS ([M+H] m/z

528.3484). Initial analysis & by *H and**C NMR methods, including interpretation
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of HSQC spectroscopic data, revealed that marimmdjue A @) is consisted of a
bicyclic heteroaromatic ring system with a linehain of trisubstituted olefinic bonds.
Evaluation of IR spectroscopic data showed a strapgprption band at 1562 &m

which suggested the presence of an N-oxide funatigroup’

Figure 111.5.8. The structure of marinoquinoline A)(

The'H NMR spectrum oB (Figure 111.5.9) measured in GDD demonstrated five
singlet methyl signals a 1.67 (3H, s), 1.69 (3H, s), 1.72 (3H, s), 1.79 (3Hand
2.73 (3H, s). Analysis of HSQC NMR data (Table3IB) illustrated that there were

10 olefinic and aromatic protons in this compound.
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Table 111.5.3. 'H, **C, COSY, HMBC, and NOESY NMR spectroscopic data

(CDs0D) for marinoquinoline AJ)

# Bc B J(Hz)  COSY HMBC NOESY
1 33.1 CH 3.61d 7.0 2 Cc-2,C-2C-3,C-3 C4 9,21
2 122.1 CH 5.33t 7.0 1,21 C-1,C-4,C-21 4
3 139.4 C
4 40.2 CH 2.18m C-5 2
5 28.7 CH 2.12m 7.0 6 C-6, C-7 22a, 22b
6 121.0 CH 5.32m 5,22 8a, 8b
7 140.2 C
8 a 40.3 CH 2.18 m 9 C-7 6
b 2.58 dd 5.5,15.0 9 C-7,C-22 6,9
9 775 CH 455 m 8, 10 C-22 8b, 23
10 126.3 CH 5.18 m 9 C-8, C-23 12
11 140.7 C
12 40.0 CH 2.06 m C-10, C-11, C-13, C-23 10
13 28.6 CH 2.05m 14 C-14, C-15 24a, 24b
14 120.8 CH 529 m 13,24 16a, 16b
15 140.2 C
16 40.3 CH 2.18 m 17 C-15 14
2.58 dd 5.5, 15.0 17 C-15, C-24 17
17 774 CH 4.55m 16, 18 16b, 25
18 125.9 CH 5.18 m 17, 20, 25 C-16, C-20, C-25 20
19 138.0 C
20 259 CH 1.72s 18 C-18, C-19, C-25 18
21 16.4 CH 1.79s 2 C-2,C-3,C4 1
22 a 69.0 CH 421d 13.0 6 C-6, C-7 5
4.38t 12.0 6 C-6,C-7,C-9 5
23 16.7 CH 1.67s C-10, C-11, C-12 9
24 a 69.0 CH 421d 13.0 14 C-14, C-15 13
4.38t 12.0 14 C-14, C-15, C-17 13
25 18.3 CH 1.69s 18 C-18, C-19, C-20 17
1/
2 149.6 C
3 136.4 C
4 129.2 CH 7.89s 1 C-1, C;Z-5, C-84 5
4d 129.8 C
5 129.3 CH 7.97d 8.0 '6 C-4, C-7, C-8d 4,6
6 129.5 CH 7.69t 7.5 '57 C-44, C-8 87
7 131.7 CH 7.82t 8.0 '68 C-5, C-8d 6,8
8 119.7 CH 8.60d 9.0 7 Cc-6 7
8a 1405 C
9 15.0 CH 2.73s C-2C-3 1
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The heteroaromatic ring iB was assembled by the interpretation of COSY and
HMBC spectral data (Figure 111.5.10). COSY cortglas of four methine signals
from H-5 to H-8 (6 7.97, 7.69, 7.82, and 8.60) established four carnsecaromatic
protons. HMBC correlations from H-8 C-84, H-6' to C-4&, and from H-7to C-84
confirmed the presence of the benzene compondheajuinoline system (C-4to C-
8d). The downfield chemical shift of C-8@ 140.5) suggested that it was connected
to the aromatic N-oxide. The remaining aromatiot@n, observed as a singlet at
07.89, showed HMBC correlations to G-Z-5 and C-88 thus suggesting the
presence of the adjacent six-membered quinoling wiith the N-oxide nitrogen
positioned between C-8and C-2(d 149.6) on the basis of their low field resonances.
The aromatic methyl group, 3¢9’ (02.73), was positioned at C-&n the basis of
HMBC correlations from H-9to C-2 and C-3 Based upon the above analysis, this
bicyclic heteroaromatic component ®fvas confirmed to be a disubstituted quinoline

N-oxide.

Figure 111.5.10. Selected COSY (bold lines) and HMBC (arrows) NMRrelations

observed foB.
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The remainder of the molecule appeared to be arisesterterpenoid chain that was
attached to the quinoline ring at the quaternampaa C-3 (6 136.4). This was
.confirmed by the observation of a definitive HMBC correlatiorom C-1 to C-3
Overall '"H NMR spectroscopic analysis illustrated that thee schain contained
repeating units of a similar oxygenated functiogralup, along with five double bonds
in the side chain. Analysis by COSY and HMBC spsttopic data allowed the side
chain to be established as a regular sesterteghesithough there were difficulties in
this interpretation due to several overlapping @nosignals. Interpretation of COSY
correlations allowed several fragments of the sitlain to be established; these
included correlations between H-1 and H-2, H-5 Hr8l H-13 and H-14, yielding the
connectivity of C-8/C-9/C-10 and C-16/C-17/C-18.

The full sesterterpenoid side chain was assembigdhigh confidence based upon
interpretation of HMBC data. The remaining fouethyl singlet signals showed
correlations (H-21 to C-2, C-3 and C-4, H-23 to @-C-11 and C-12, and from H-
20/H-25 to C-18 and C-19) that allowed a major ipartof the side chain to be
established. Two tetrahydrofuran ether rings wesasily assigned from the HMBC
correlations from H-22 to C-9 and C-7, H-8 to C-Bi224 to C-15 and C-17, and from
H-16 to C-24. Oxygenation at C-22 §9.0) and C-24 ¢ 69.0) in these two ether
rings was deduced from tH€C NMR chemical shifts, which were considerably

shifted downfield.
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The geometries of the olefinic bonds in marinoglimeA (3) were determined by
interpretation of NOESY NMR spectroscopic data.e Beometry of the double bond
between C-2 and C-3 was establishettass (E) based upon a NOESY correlation of
H-2 (65.33) to H-4 §2.18), and no correlation between H-2 and the nhgtfotons
Hs-21. Using similar observations, notably an NOE&drelation between H-10
(65.18) and H-12& 2.06), atrans (E) configuration was also observed for the double
bond between C-10 and C-11. A NOESY correlatiopeobed between H-18 6.18)
and H-20 § 1.72) also established the spatial relationshifhefC-19 methyl groups.
The geometry of the exocyclic double bonds attadioetétrahydrofuran ether rings
were assigned configurations on the basis of observed NOESYetations between

H-6 and H-8 as well as between H-14 and H-16.

Figure 111.5.11. Geometries of the olefinic bonds3rbased on selected NOESY

NMR correlations
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Neither the relative nor absolute configuration€& and C-17 could be defined by
any data obtained for marinoquinolind).( Making this assignment will require
alternative approaches perhaps capitalizing on @l spectral features of this

metabolite.

Biological Activity

The marine actinomycete strain CNQ617 (MAR3) waisaily chosen for chemical
investigation as the promising antifungal proje¢iowever, it was later discovered
that this bacterial strain possesses very poterit-H{B colon carcinoma cytotoxicity,
while its antifungal activity was rather weak (MK 100 pg/mL) and not worth
pursuing. Hence, bioassay-guided fractionationtted crude extract led to the
isolation of marineosin A1, which is the most cytotoxic metabolite from this

bacterial strain.

Table I11.5.4. Cytotoxic and antifungal activities {3

HCT-116 inhibition C. albicans (WT) C. albicans (AmBR)
compound ICs0 (ug/mL) MIC (ug/mL) MIC (ug/mL)
1 0.2 NSA NSA
2 19 NSA NSA
3 NSA NSA NSA

Marineosins A 1) and B @) were tested for their cytotoxic activities agaitise
HCT-116 human colon tumor cell line and for inhimt against wild-type and
amphotericin B-resistant strains ©f albicans. The results are demonstrated in Table

l11.5.4. Despite their structural similaritie$,and2 show rather different cytotoxic
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activities, while both did not exhibit any antifualgactivity. Marineosin A X) was
more active in the cytotoxic assay with a highlygmd IG, value of 0.2ug/mL. On
the other hand, marineosin B exhibited very weabtoxicity with 1Cso = 19 ug/mL.
The difference in stereochemistry at the spiro@esnin marineosin A and B appear to
significantly affect their bioactivities.

Marinoquinoline A 8), which is another new metabolite derived from &4Q,
was also tested in both antifungal and HCT-116yadsat no biological activity was

observed in any assay.

Experimental Section

General Experimental Procedures.Optical rotations were measured using a
Rudolph Autopol Il polarimeter. UV spectra weflgtained using Varian Cary 50 Bio
UV-Visible spectrophotometer. Infrared spectra eveecorded on a Perkin-Elmer
1600 spectrophotometettH, *C, COSY, HMBC, HSQC, NOESY, ROESY, TOCSY,
and HSQC-TOCSY NMR spectra were recorded on a WalOVA 500 MHz
spectrometer. High-resolution mass spectrometeasarements were obtained on
ThermoFinnigan MAT900XL instrument at University Galifornia, San Diego, CA.

All solvents were distilled prior to being used.

Collection and Phylogenetic Analysis of strain CNQB7. The marine
actinomycete strain CNQ617 was isolated from a measediment sample collected

off shore of La Jolla, CA by Alejandra Davo Prietdhe strain was designated as
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MAR3 clade based on 16S rDNA analysis. The phylegie analysis revealed that

this strain showed 98% similarity 8reptomyces cacaoi.

Fermentation and Extraction. Strain CNQ617 was cultured at°€7with shaking
at 250 rpm in fifteen 2.8-L Fernbach flasks eacintaming 1 L of the medium
Al1BFe-C[10 g starch, 4 g yeast extract, 2 g peptone, Fa(SO,)34H,0 (8 g/L in DI
water), 5 mL KBr (20 g/L in DI water), 1 L seawdter After 5 days, the organic
constituents from a 15 L culture were extractedabsolid-phase extraction method
using Amberlite XAD-7 resin. The crude extract waspared by washing the resin

with acetone and concentrating by rotary evapanatio

Isolation and Purification. The crude acetone extract from a 15 L culturstiafin
CNQ617 was driedn vacuo to obtain a sticky dark brown substance (1.8 djictv
was partitioned by HP20SS column chromatographgtéame/water) to yield eight
fractions (20%, 40%, 50%, 60%, 70%, 80%, 90%, ab@Pd acetone mixtures). All
eight fractions were concentrated to dryness araluated in the HCT-116 colon
carcinoma cytotoxicity assay. The fraction thattedl with 90% acetone-water (173
mg) was found to possess very potent cytotoxicigt{ICso < 0.8 ug/mL), and then
fractionated by flash C18 column chromatographyirduwith 30%, 50%, 75%, 80%
and 100% MeOH-water mixtures. The 75% MeOH/wataction from the flash C18
column was subjected to further purification bycisdic HPLC (Dynamax {g semi-
preparative, 3 mL/min; 77% MeOH#B over 70 min) to yield marineosins A, 4.7

mg) and B 2, 1.7 mg). The 80% MeOH/water fraction was alsahier purified by



162

isocratic HPLC (Dynamax {g semi-preparative, 3 mL/min; 80% MeOH{®I over 60

min) to obtain marinoquinolineg( 1.6 mg).

Marineosin A (1): colorless oila]p —101.7 ¢ 0.06, MeOH); UV (MeOH nax (log
€) 285 nm (4.06), 227 nm (3.88); MRax (KBr) 2925, 2856, 1610, 1508, 1435, 1261,
763 cm'; NMR data, see Table 111.5.1 ; ESIMS [M+Hijnvz 410; HREIMS [M] m/z

409.2726 (calcd for £gH35N30,, 409.2729)

Marineosin B (2): colorless oilja]p +143.5 € 0.09, MeOH); UV (MeOH)mnax (log
€) 287 nm (3.24); IRmax (KBr) 2926, 2856, 1607, 1434, 1106, 743 crIMR data,
see Table 111.5.2; ESIMS [M+H]m/z 410; HRFABMS [M+H] m/z 410.2804 (calcd

for C25H36N302, 4102807)

Marinoquinoline A (3): colorless oil; §i]p +5.0 € 0.08, MeOH); UV (MeOHM\max
(log €) 318 nm (2.89), 237 nm (3.72), 204 nm (3.80) VIR« (KBr) 3404, 2919, 2851,
1562, 1439, 1379, 1047 EmMNMR data, see Table 111.5.3; ESIMS [M+Na}vz 550;

HRFABMS [M+H]" m/z 528.3484 (calcd for £§gH46NOs, 528.3478).
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