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CHAPTER |

INTRODUCTION

In the discovery of biologically active substances, one important
source is microorganisms. Most antibiotics of microbia origin come from terrestrial
bacteria in the order Actinomycetales. Actinomycetes have been described as the
greastest source of antibiotics since Waksman introduced Streptomycetes into his
systematic screening program for new: antibiotics in the early 1940s. They have
provided more than 4,000 antibrotics , includimg many of those important in medicine,
such as aminoglycosides; anthracyclines, chleramphenicol, B-lactams, macrolides and
tetracyclines (Okamivand Hotia, 1983). However, inthe late 1960s, the search for
novel metabolites teok anew direction_as the readm of exploration expanded to
include organisms anddmi croargani Sms i‘r‘lJ'the sea.

Marine microorganisms h,él’\,/,e‘,become an important point of study in
the search for novel “microbial produétﬁqi Today, academic interest in marine
microorganisms is on the'rise because of the growing number of unique, biologically
active secondary metabolites reporied frcﬁmg_rine bacteria. The ability of marine
bacteria to produceibiologically active subsiaﬁc&s was documented for more than 45
years ago (Jensen.and Fenical, 1994). The biological activities reported for secondary
metabolites include not only antibiotic but also antitumor and antiviral activities.

It is\not, easytopdefine/ marine’, bacteria-because many isolates will
tolerate quite a'wide range of salinities. “Bacteriafound in coastal waters may have
been.washed.into-the-oceans-from rivers,estuaries and sewage outfalls. For these
reasons, it is probably best'to‘adop’a’pragmatic definition ‘ef ' marine baeteria as those
isolated on seawater media, from marine organisms and sediments (Faulkner, 1999).
Examples for metabolites from marine actinomycetes are wailupemycins A-C, 3-epi-
5-deoxyenterocin, 5-deoxyenterocin, and enterocin. These compounds were isolated
from Actinomycetes designated BD-26T (20) which was determined to belong to the
genus Streptomyces and isolated from sediment collected at Wailupe beach park on



the south-east shore of OaHu, Hawaii. Wailupemycin A exhibited antimicrobial
activity towards Escherichia coli, while 3-epi-5-deoxyenterocin inhibited the growth
of Staphylococcus aureus. Enterocin was reported to be bacteriostatic against gram-
positive and gram-negative bacteria (Sitachitta et al., 1996). Lagunapyrones A-C
were produced by an unidentified marine actinomycete (culture CNB-984) isolated
from sediment collected in the Agua Hedionda Lagoon in Carlsbad, California
Lagunapyrone B showed cytotoxicity against the human colon cancer cell line HCT-
116 at EDsp = 3.5 ug/ml (Lindel et al., 1996). Salinamides A and B, produced by an
actinomycete that was-isolated from the Surface of the jellyfish Cassiopeia
xamachana collected in.the Florida Keys, exhibited antibacterial activity against
Streptococcus pneumoniae and Staphylococcus pyrogenes with MIC 4 ug/ml for
salinamide A and 4 and 2 yo/ml for-B. Salinamides A and B showed potent topical
antiinflammatory activity us ng the-phorbol ester induced mouse ear edema assay
(Trischman et al., 1994),

In the caursa of our investi'gati‘bn on bioactive compounds from marine
bacteria, the actinomycetes strains AAR 1—’fand AAR 14 were isolated from a bluish
purple sponge AR 990325-20H and a purpllsh white sponge AR 99024-09K,
respectively, fronTAdang-ravee |sland, Satool Provi nee, Fhailand. The crude extracts
from those bacteria showed antimicrobial activity agamst Bacillus subtilis ATCC
6633 and Saphylococcus aureus ATCC 25923 for the strain AAR 1-1 and Candida
albicans ATCC 10231 for the strain AAR 14. Therefore, the main objectives of this
investigations.are as follows:

1. Toisolate and.identifycthe imarine.micraorganism strains AAR 1-1 and
AAR 14.

2. To isolate and purify seeondary metabolites from/the strans AAR 1-1 and
AAR 14.

3. To elucidate the chemical structures of the isolated compounds.

4. To evaute the antimicrobial, antimalarial, cytotoxic, and antituberculous
activities of the isolated compounds.



CHAPTER ||

REVIEW OF LITERATURE

Microorganisms have had a profound effect on the development of
chemistry and upon medical science. They are not only the cause of infection, but the
producer of organic substances those can cure infection. Over the past 60 years,
between 30,000 and 50,000. netura / products have been discovered from
microorganisms. More than 10,000 of these edmpounds are biologically actives and
more than 8,000 are antibiotic and antitumor-agents (Attaway and Zaborsky, 1993).
The microbial produeis™are 4n-use today as antibiotics, antitumor agents, and
agrichemicals. Masismetabolites of microbial origin.come from terrestrial bacteria
belonging to one taxonamic group, the order Actinomycetales. Although these
bacteria continue to be studied extensi}fély, it 1s clear that the rate of discovering
novel metabolites from terrestrial actinomycetes is decreasing, and infectious diseases
are rapidly developing resistance towardjt’r'ac‘jjtional antibiotics. For these reasons, it
isimperative that new sourges of i oactiVé}pqaiural products must be explored.

Marine microorganisms aré?tifr_}(_:(_)nsi derable current interest as a new
promising source "of -bioactive substances. ‘Mari ne microorganisms encompass a
complex and diverse assemblage of microscopic life forms and occur throughout the
ocean, including environments of extreme variations in pressure, salinity, and
temperature.  Marine microorganisms have developed unique metabolic and
physiological-eapahilities that not-only, easure survival in, extreme habitats, but also
offer the potential for the-production of-metabolites which“would not be observed

from.terrestrial. microorgani sms (Fenical,, 1993)
1. Characteristics of the oceans
The oceans occupy 71% or 350 x 10° km® of the earth’s surface. The

environmental conditions in the marine ecosphere are remarkably uniform. The great

uniformity is brought about by various mixing mechanisms that include tidal
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movements, currents, and thermohaline circulation. Tides are produced by the pull of
the moon and the sun. Currents arise from the frictional drag of wind blowing across
the surface of the oceans and rotation of the earth. The rotational force of the earth
and land obstacles result in largely circular current systems. Deep currents arise from
variations in temperature and salinity which create differences in water mass
densities. These water mass densities can cause thermohaline currents which mix the
water mass vertically.

The oceans are the ultimate'sink for.all water soluble minerals and are
saline because of the water.eyele. When the evaporated water precipitates as rain or
snow, it may enter the eeeans directly: or indirectly after passing over or through the
terrestrial environmenie@s punoftf, for ‘these reasons, minerals are leached into the
oceans at much higher saie'than they can be returned to land. The oceans contain
amost every naturally eccurring chemical element, but most elements are in low
concentrations (Table'1).. The nigjor élements are sodium, chlorine, magnesium,
sulfate, calcium and potassium: Minor cemponents are including of bromine, carbon,
strontium, boron, silica and flugrihie. Besid@, nitrogen, phosphorus and iron, which

are essential for microbial growifrare trace elements in sea water.

TheZenvironmenial—conditions-oi-the-oCeans are highly consistent.
They are found to vary only slightly from place to place. Salinities are normally in
the range of 33-37 ppt with an average of 35 ppt. The pH of seawater is generally 8.3-
8.5. Seasonal temperature-fluctustions at any location are usually no more than 20 °C

and variations.of temperaturejover al of the oceansare within.35 °C.

Thexe are definite zones that can be recognized for oceans. The littora
or intertidal zone, flooded and dried at high and low tides, respectively, is the
interface between the marine ecosphere and the lithosphere that occurs at the
seashore. The sublitoral zone, neritic, extends from the low tide mark to the edge of
the continental shelf. Pelagic is used for designation of open water, the high sea, and
includes portions of the neritic and the entirety of the oceanic province. The benthic

region begins at the intertidal zone and extends downward, including continental



shelf, continental slope and seafloor. There are known as bathyl region, abyssal plain
and hadal region.

Table1l Theeementsin seawater

Element | Concentration (ppm) Element | Concentration (ppm)
H 1.1x 10° B 4.6
o) 8.6 x 10° Si 3.0
Cl 1.9.x 10* F 1.0
Na Llxl0t @ N 5.0x 10
Mg T4 a0 Li 1.7 x 10™
S0 8.9% 107 Ru 1.2x 10"
Ca 40X A0° 4 P 7.0x 107
K 3.8% 402 . | 6.0 x 10
Br 65.0 ) 4 Fe 1.0x 102
C 28i0 34\ 24 1.0x 102
S 80 | o 1.0x 102
Ross, 1970 Bl

SN

The pelagic marine habitat Is a unique enyironment for macro- as well
as microorganisms./ All primary production IS microscopic algae and bacteria. The
highest biomass of microorganisms in seaweter is normaly near the surface and
decrease with depth because of light energy and mineral nutrients. Marine
microorgani sms shauld exhibit grewth at salinities-between 20-40 ppt and can grow at
the low nutrient concentrationSfound in the oeeans. Except in tropical surface water,
most.mari nesbacteria must,be.capable. of growth. at-low temperature, There are many
kinds of “microorganisms found in- marine ‘envirenments-such ‘as bacteria, fungi,
yeasts, viruses and such microorganisms do not occur in freshwater or in soil (Atlas
and Bartha, 1981).



In recent years, marine microorganisms are receiving increased
attention. Some newer chemicals that have been discovered are microorganism
metabolites. There aso is an interest in the culture of symbiotic marine
microorganisms, which are associated with macroscopic hosts. A variety of
interesting compounds are microbial origin and sometimes do not occur in terrestrial
microorganisms. There is a worldwide effort to better characterize the marine
microbial community and to study micr@organisms for modern biomedicines (Prescott
et al., 1999).

2. Characterizations of filamentous bacteria, Streptomyces.

In the classfication of bacteria, there is one major group of bacteria
that have filaments like'fungi and this group 1s called “actinomycetes’. The term
“actinomycetes’ is eommion name of bacteriain the order Actinomycetales which are
aerobic gram-positivebagteria that, form branching filaments or hyphae that may
persist as a stable mycelium of may break up into rod shaped or coccoid elements.
According to Bergey's manual-of sysiematic bacteriology (Williums, Sharpe and
Holt, 1989), the genera of actinemycetes are'dévided into eight sections. (Table 2)

Sreplonyees—is—a-—genus—ihi-—the- = family  Streptomycetaceae
(Streptomycetes and-related genera group). Bacteria-in this genus have vegetative
hyphae, 0.5-2.0 umdiameter, which produce and extensively branched mycelium that
rarely fragments. The aerial myeelium at maturity forms chains of three to many
nonmotile conidiospores with surface texture can be smooth, hairy or spiny. Form
discrete and lichenoid, leathery or butyrous colonies and producé‘a wide variety of
pigments responsible\for the color of, the vegetative and aerial mycelium. All have a
type | eell wall, L-diaminopimelic acid (L-DAP), and a guanine plus cytosine (G+C)
content 69-78%. Streptomyces can use a wide range of organic compounds as sole
sources of carbon for energy and growth (Williums, Sharpe and Holt, 1989; Prescott
et al., 1999).



Table 2 Characteristics of actinomycetes groups in Bergey’s manua of systematic

bacteriology.
Group Cell Wall Type Spore arrangement
Nocardioform .
. [, 1V, VI Varies
actinomycetes
Generawith multilocular
_ i1 Clusters of spores
sporangia
Actinoplanetes I Varies
4
Streptomycetes and | Chains of 5 to more than
related genera 50 spores
Maduromycetes [l Varies
Thermomonospora.and o | _
i Varies
related genera e
Thermoactinomycetes W Single spores
/4
Other genera® ol -
& cannot assigned to other genera T‘ %

Streptomyces IS an enormous genus, with the member around 500
species. They are determined by means of a combination of morphological and
physiological characteristics, including the following: the color of the aerial and
substrate myeelia-, spore ; arranaement, surface- features—of individual spores,
carbohydrate “Use;’ antibiotic “production,-melanin- synthesis;” nitrate reduction, and
hydrolysis cof..urea and.-hippuric acid., . Streptomyces are..very. important, both
ecologically: and medically. The natural’habitat 'of imost! Sireptomyces.is the soil and
they are best known for producing many antibiotics which are useful in medical and
biological research (Williams, Sharpe and Holt, 1989; Prescott et al., 1999).



3. Chemistry of actinomycins
3.1 Historical development

The actinomycins are orange to red crystalline antibiotic metabolites
from various species of Sreptomyces. These compounds are highly toxic and cannot
be used in the treatment of infectious diseases. However, they are interesting because
in small and nontoxic dose they have an aniineoplastic effect. Actinomycins D and
Cs; are highly effective. chemotherapeuties” in. the treatment of Wilms tumor,
trophoblastic tumors, and..rhabdomyosarcoma. (Brockmann, 1961 and Hollstein,
1974).

The group mnamed” actinomycins was coined by Waksman, who
discovered these antibioties /In cultures of Actinomyces antibioticus in 1940
(Waksman and Woodruff,1940). The molecule of the actinomycins consists of two
pentapeptide residues/ and “a chromophore. named 2-amino-4,6-dimethyl-3-
phenoxazone-1,9-dicarboxylic —acid — or —S{Qmin0~1,8-dimethyl-2—phenoxazone4,5—
dicarboxylic acid or actinocin: Actinomj/éins with the same two pentapeptide
residues are called isoactinomycins, while those.with two different residues are
referred to as aniseacinemyecins—Fhe—peniapepiide- chain which connected to
benzenoid ring is called o chain and the other chain that attached to quinoid ring is
called g chain. The chromophore moiety is responsible for orange to red color of the
compounds. Thus the actinomyciris are represeritatives of a class of natural products
which can be'named chromopeptides (Hollstein, 1974).

3.2'Synthesis
3.2.1 Biosynthesis
In the biosynthesis of actionmycins, threonine is synthesized from

aspartic acid and threonine is precursor of isoleucine. Proline is synthesized from

glutamic acid. Glycineis precursor of sarcosine. The main source of the N-methyl in



sarcosine and methylvaline is methionine. The biosynthesis of the chromophore unit

proceeds from

tryptophan via kynurenine,

3-hydroxykynurenine to 3-

hydroxyanthranilic acid. The latter is methylated by methionine at the 4 position to

give 4-methyl-3-hydroxyanthranilic acid, Schemes 1-3 show the entire biosynthetic

pathway of the actinomycins (Hollstein, 1974).

fo) NH, 0
NH, [ | I |
| C-—CHj—HC—COOH C—CH,~HC—COOH
CH,—HC—COOH
Swaer /g quas
N N—CH NH
. 9 ’
o}

Tryptophan

o} NH,
C—CH,~HC——COOH

—_—
NH,

OH

3-Hydroxykynurenine

NH,

N=Formylkynurenine Kynurenine
\
cood: + L-methionine COOH
-t
NH3, HC NH,

Y

fd

OH

3:Hydroxyanthrenilic acid . 4-Methyl-3-hydroxyanthranilic

{
o
2l

acid (4-MHAA)

=
Scheme 1 Biosynthesis of 4-methyl-3-hydroxyanthranilic acid from tryptophan and
methionine (Hollstela;-1574)-

Glycine
+L-Methionine

Glycing

L-Praline

L-Threonine

+ L-Methionine

Sarcosing N

N-Methyl-L-valine

D-Valine

L-Praline
(4-hydroxy-L-proline)
(4-oxo-proline)
L-Threonine

Il\l-M ethyl-L-valine
Sarcosine
o L-Proline

I
L l|3-Va|ine

L-Threonine

+ 4-MHAA

Co

NH3

OH
CH3

4-MHAA -pentapeptide lactone

Scheme 2 Biosynthesis of amino acid precursors from intracellular amino acid pool

(Hollstein, 1974).
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N-Methyl-L-valine ‘

Sarcosine ‘Sarcosj ne ‘Sarcosi ne
Phenoxazinone synthetase
20 Lpoine + 1Y%,0, ¥ L-Proline  L-Proline o + 30

\ \
Il}Vdine D Valine D Valine

L-Threonine L Threonine L Threonine
\

: Gass

4-MHAA-pentapeptide lactone Actinomycin

N-Me-L-valine N-Me-L-valine 1

co

CHs

Scheme 3 Oxidative condensation of twe”molecules of 4-MHAA pentapeptide

V.
lactone to form one mol eculeof actinomycin (Hollstein, 1974).

3.2.2 Synthesisof actinomycins

. &
N

There are severd pathway's in which actinomycins can be synthesized,
as shown in Scheme 4: (Hollstein, 1974) ,1

r ) A
4

'

Path A: Connection of tm‘{e_—lptact lactone rings with 2-amino-4,6-

4 4
Y

dimethyl-3-phenoxazone-1,9- dncarboxyhc:aeld prepared by oxidative dimerization.
Path B: Connectien of .an intact factone ﬁng‘\Nlth the menomeric unit, followed by
oxidative dimeriZation—Paih-C:-Conneciion-of-iwo-pepiite residues either in the open
pentapeptide chain (€-1) or with amino acid[ 5] esterified with [ 1] (C-2) to 2-amino-
4,6-dimethyl-3-phentxazone-1,9-dicarboxylic acid followed by cyclization to the
lactone rings. | Path D:*Buildiig up of one~pentapeptide chain (D-1) or one
tetrapeptide esterified with,5{D2) on the mohameric unit, followed sucessively
by oxidative dimerization and lactonization. Path<E: Building up 6i-0ne pentapeptide
chai(E-1)\or oné'tetrapeptide esterified a1 witf] § (E-2) on the monomeric unit,

followed sucessively by lactonization and oxidative dimerization.
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Scheme 4 Pathways for the synthesis of actinomycins (Hollstein, 1974).
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3.3 Actinomycin antibiotics

The actinomycins are a family of chromopeptide antibiotics isolated
from various Streptomyces strains, of which twenty-five native and many synthetic

variants are known. The natural actinomycins are shown as follows.

Actinomycin C; (D) [1], red crystals, was produced by Streptomyces
antibioticus and S chrysomallus. Actinomyein C; was active against gram-positive
bacteria but had only a limited activity-against gram-negative organisms. The
minimum inhibitory conceniration agélinst Bacillus subtilis had been given as 0.02
ug/ml.  This antibiotieswas highly toxic, the lethal. dose in mice was 5 mg/kg
intraperitoneal or 50 4mo/ko ©oral. - It had antineoplastic effects in treatment of
carcinoma. The cytostatic properties were due to its complexing with DNA and the
consequential inhibifon 8f RNA synthes's (Glashy, 1993).

Actinomycin C; [2], red ﬂeedles or bipyramids, was isolated from
antibioticus and S. chrysamallus- The bro’r‘oglcal activity and toxicity are virtualy
identical to those given for actmemycin D?The concentration required to inhibit the
growth of Bacillussubtilis was 0.25 ug/ml (Glasby, 1993).

Actinomycin Ca; [3], the isomer of actinomycin Cy, was red needles
antibiotic and was produced by S chrysomallus. Its toxicity and biological activity
were similar to those actinomycin D (Glasby, 1993).

Actinomycin C; [4] “formed reddish crystals and“was produced by
S antibioticus and'S. ‘chrysomal lus.. This compound was aCtive against gram-positive
bacteria and inhibited the growth of B. subtilis at a concentration of 0.25 pg/ml.
Lethal dose in mice was 50 mg/kg when given orally. The antibiotic complexed with
DNA and inhibited the synthesis of RNA (Glasby, 1993)
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Actinomycins E;-E, [5,6] were produced by S antibioticus in a
medium containing DL-isoleucine. Both formed red crystals. The biological activity
was similar to actinomycin C; (Glasby, 1993).

Actinomycins Fi-F4 [7-10], reddish crystals, were isolated from
S chrysomallus and Streptomyces sp. BOP476 (NRRL 2580). They had a biological
activity similar to that of actinomycin C3 (Glasby, 1993).

Actinomyein Fs [11] was preduced by S antibioticus as red plates.
This compound was active against gram-positive organisms and possessed
antineoplastic property (Glasy, 1993).

Actinomycin' Xo.« [12] was produced by S. antibioticus as reddish
crystals. It had not'yet been established in which chain the hydroxyproline moiety
was located. This antibiotic inhibited the growth of B. subtilis at a concentration of
only 0.15 times that of agtinoniycin C; (Glasby, 1993).

Actinomycin Xgz 433}, reddisﬁ ‘crystal s, was isolated from a number of
Streptomyces species. - The minimum inhibit—o'r‘)_/'concentration against B. subtilis was
0.25 times that of laetinomycirCs (Glashy; 1993):

Actinomycin Xg, [14] furnished red prisms and was produced by
S antibioticus..It was active against. gram-positive organisms.and had antineoplastic
effect (Glasby; 1993).

Actinomycin Xos ] 15p was praduced by thé_ reduction of! actinomycin
X1 with aluminium isopropoxide. It formed red prisms. The minimum inhibitory

concentration against B. subtilis was 0.4 times that of actinomycin Cs (Glasby, 1993).

Actinomycin X1, [16] was obtained from Sreptomyces species. This
compound was red crystals and the minnimum inhibitory concentration against
B. subtiles was 0.7 times that of actinomycin Cs (Glasby, 1993).
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Actinomycin X, [17], red crytals, was obtained from severd
Streptomyces species. The minimum inhibitory concentration again B. subtilis was
1.5 times that of actinomycin Cs (Glasby, 1993).

Actinomycins Z;-Zs [18-22] were isolated from S fradiae and
S antibioticus. Actinomycins Z3 and Zs were more potent than actinomycin D in
cytotoxicity assays against three human tumor cell lines; stomach, liver, and breast
(Glashy, 1993 and Lackner et al., 2000).

Actinomycins-Pip la, Pip 1f and Pip 2 [23-25] was produced by
antibioticus when DL -pipecalic acid was provided in the culture medium. All were
red crystals and actives@gainst gram-positive bacteria (Glasby, 1993; Formica et al,
1968 and Formica and Kaize€t al; 1973).

4. Chemistry of antimycins
4.1 Historical development —

Antimycins aré a group of naturalsantipiotics that produced from
various species of Sireptomyces-(Kimret-al:;-1999)—1hese antibiotics are responsible
for the antifungal activity and considerable biochemical use in connection with
electron-transport processes because of its specific inhibitory action on certain of the

enzymes involved (Birch et‘al., 1991).

The structure of @antimycins reveded two rng moieties, 3-
formamidosalicylamide and 9-membered dilactone, which are conrected through an
amide bond bridge (Kim et al., 1999). The dilactone ring has akyl and acyl side

chains that were different in each antimycin.
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4.2 Antimycin antibiotics

The antimycins are the natural antibiotics produced from various
species of Sreptomyces. These compounds have long been considered to be a group
of very closely related compounds, differing only in the nature of acyl and alkyl
substituents in the dilactone ring (Ha and Wilkins, 1989). The natural antimycins are
shown as follow.

Antimycin. A; [26] was iselated. from Sreptomyces sp. (Ha and
Wilkins, 1989) and its |somer, antimycin As{2/], was produced by Streptomyces
NRRL 2288, S. kitazawaensisand various species of Streptomyces (Birch et al., 1961;
Ha and Wilkins, 1989; Selweod et al., 1990; and Glasby, 1993). Antimycin Ajp wasa
potent specific innibiter of / mammalian electron-transport systems (ubiquinol-
cytochrome ¢ oxidoreductase);  in, vitro imoderately active against adult filarial
Dipetalonema viteaey and exhibited insecticide, fungicide, and miticide activities.
Because of high specifigity and strong affinity, antimycin A1y has been widely used in

functional studies of the enzyme. =

Antimycins Az and Az, [28-29] Were isomeric compounds that were
produced by SireptCryeces-sp-{Ha-and-Witkins-1989)-

Antimycin Az, [30] was isolated fromi” Sreptomyces sp. (Ha and
Wilkins, 1989) and its isomer antimycin Az [31]5Was isolated from S. blastmyceticus
as colorless needles (Ha and Wilkins, 1989 and Glasby, 1993). Antimycin Az, was a
potent specific inhibitor of theocytochromesbcl complex “(ubihydrogquinone:
cytochrome!c oxidoreductase) (Miyoshiet/al., 1991) and-had an‘antthiotic activity
similarto that of antimycin A1y, (Glasby, 1993).

Two pair of isomers, antimycins A, Agp [32-33] and antimycins Asg,
Asp [34-35] were isolated from Streptomyces sp. (Ha and Wilkins, 1989).
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Urauchimycins A and B [36-37] were produced by Streptomyces sp.
Ni-80, which was isolated from an unidentified sponge collected in Japan. They
exhibited inhibitory activity against morphological differentiation of Candida
albicans at the concentration of 10 ug/ml (Imamura et al, 1993).

AONUUINYUINNS )
ANRINITUAIVENAY
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CHAPTER I I

EXPERIMENTAL

1. Sample collection and isolation of actinomycetes

Two marine actinomycetes strains, AAR 1-1 and AAR 14, were
isolated from two unidentified marine sponges, a bluish purple sponge AR 990325-
20H and a purplish white sponge AR 990324=09K, respectively. The two sponges
were collected at the depth of 35-40 feet from Adang-ravee Island, Satool Province,
Thailand, in March 1999:"1n order to isolate the marine bacteria, 1 g of each sponge
was cut into small pieces and suspended in 5.0 ml sterile sea water. The suspension
was subsequently diluted to 1:10, 1:10(5, 1:1,000, 1:10,000 and 1:100,000 with sterile
sea water. The forthsand fifth dilutiorlé: (0.1 ml) were spreaded on the surface of
marine agar (MA) plates (Brock et al., 1\,993) and then incubated at room temperature
for 7-14 days. The powdery colonies offq:tinomycet% were picked up and streaked
for purification on yeast extract-malt eﬁ}ﬁct (YM) agar. Each single colony was
tranferred to YM slants/@nd  {ncubated at room temperature for 7-14 days. The
cultures were preserved at 4°C and depogjt@_‘a_t the Department of Pharmacognosy
and the Departiment of Microbi ologyj, ) Eéculty off Pharmaceutical Sciences,

Chulalongkorn University, Thailand.
2. ldentification of actinomycetes

The characterization of the-actinomycetes strains AAR 1-1 and AAR
14 were carried out as dercribed.in the methods for. characterization of Streptomyces
species (Shirling’ ‘and Goltieby 1966)" and in Bergey's manual “.of systematic
bacteriology (Williams, Sharpe and Holt, 1989).
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2.1 Morphological and cultural characteristics
2.1.1 Determination of morphological characteristics

The morphological characteristics and spores bearing structures were
studied by using simple inclined coverdlip technique (Williams and Cross, 1971).
The isolates were streaked in a cross-haiched pattern on the surface of YM agar plates
then inserted coverdlips at an angle. The agar plates with inclined coverdlips were
incubated at room temperature for 10-14"days until mature spores bearing hyphae
were shown. The spores.and myc)elium were observed with scanning electron
microscope (SEM) usingthemethod of De man et al. (1986)

i

2.1.2 Cultural characteristics

-

'
Y
\ v/

Cultural characterigtics v(/’ere studied on the colors of mature aerial
mycelium, substrate myeelium; spores, aﬁd diffusible soluble pigment when growing
on different agar media, such asyeast ex%ééét malt extract agar, inorganic salt-starch
agar, oatmeal agar, tyrosine agaf;-and glyéérbT asparagine agar. The streaked plates
were incubated at room temperature for 10’ I4‘days, then examined the colors of aeriad

mycelium, substrate myeetium;-spores-and-ther-growih Characteristics.
2.2 Physiological and biochemical characteristics
2.2.1 pH tolerance
Theability of growth.was abserved on Y M-agar plaies with different

pHs (pH 5, 6, 7, 8, 9, 10 and 11). The isolates were inoculated, and they were
subsequently incubated at room temperature for 10-14 days.
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2.2.2 Salt tolerance

The ability of microorganisms to grow on YM agar plates with
different salinity was tested. The YM agar plates were supplemented with 1, 2, 3, 4,
5, 6, 7, 8, 9,10, 11, and 12% w/v of NaCl. The isolates were inoculated, and they
were subsequently incubated at room temperature for 10-14 days.

2.2.3 Carbon utilization

Carbon utilizaiton media were prepared and carbon sources were
added to give concentraiion of approximately 1% w/yv.. The carbons required for the
test were no carbon _sourge (negative control), D-glucose (positive control), L-
arabinose, sucrose, Dsxylesg, ‘L-inositél, D-fructese, rhamnose, mannose, and
raffinose. Streakedplates were observed after incubating at room temperature for 10-
14 days. The growth on/eagh carbon sourse was compared with the two controls,

negative and positive.
224 Médanin fermation

TheJsclaies-were-culitvaied-on-tyrosineagar plates and incubated at
room temperature for 10-14 days. Melanoid pigments of inoculated plates and
uninoculated control"were compared. Culture forming a greenish brown to brown to
dark diffusible pigment or“a distirict brown pigmerit-modified by other color should be
recorded as positive (+). | Absence of brown!to black color, or total absence of
diffusible pigment, should be recorded as negative (-) for mélanoid pigment

proddetion:
2.2.5 Nitrate reduction
The isolates were incubated in tubes of broth containing 0.01% KNOs

(at room temperature for 4-6 days). On the forth day, 1 ml of culture broth was
transfered into a test tube and added three drops each of 0.33% sulphanilic acid in 5
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N-acetic acid solution and 0.6% dimethyl - o - naphthylamine in 5 N-acetic acid
solution, respectively. A red color showing the reduction of nitrate to nitrite indicated
apositive reaction.

2.2.6 Starch hydrolysis

The isolates were inoculated on the surface of inorganic salt-starch
agar plate and incubated &t room temperaitire for 10-14 days. After incubation,
Lugol’ s iodine solution was flooded on the plate.~The clear colorless zones indicated
that starch was hydrolysed.

2.2.7 Gelatia'hydrolysis

e
N

The isolaies were inocu['ateg in tubes of nutrient gelatin broth and
2, . . :
incubated at room temperature for 10-14 days. Liquefaction was examined after
incubating 2-3 days by keepingina refrid%af'br for 2 hours.

da
2zl
2.2.8 Milk coagutation and peptonization
e
Yd=-
The-isotateswere inoculated-1n-tubes-conitaining skim milk broth, and
incubated at room temperature for 10-14 days. It milk was peptonized, it would be

converted to clear sofution and if it was coagulated, it would be precipitated.
2.2.9 Cellulosedecompasition
The\isolates were inoculated/in tubes of /cellulose decomposition broth

and incubated at room temperature for 30 days. If the strain was considered to

produce cellulase, the filter paper (Whatman No.1) would be digested.
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2.3 Cdl wall analysis

The chemical analysis of cell wall 2,6-diaminopimelic acid (DAP)
isomers were carried out by the method of Komagata and Suzuki (1987).
Approximately 3 mg of dried cells were hydrolysed with 1 ml of 6 N hydrochloric
acid in a screw-capped tube at 100°C for 18 hours. After cooling, each hydrolysate
was filtered and then applied on the base line of a cellulose TLC plate (20 cm x 20
cm, E. Merck No.5577).  The standard of DL-DAP was applied for reference
purposes. The TLC plate was developed with the mixture of methanol, water, 6N
hydrochloric acid and pyridine (80:26:4:10, v/v). The spots were visualized by
spraying with 0.2% niahydin solution in water-saturated n-butanol followed by
heating at 100°C for Saminutes. ' DAPisomers appeared as dark-green spots with R
0.29 (LL-isomer) and 024 (mese-and DD-i1somer). Spots will gradually disappear in

few minutes.

3. Chromatographic techniques

3.1 Analytical thin-layer chromaiodf aphy (TLC)

Technique : One dimension ascending
Adsorbent ; Silicagel Fzs4 (E.Merck)

Layer thickness : 250 um

Distance : 5 cfii

Temperature : Room temperature (25-35°C)
Detection : 1. Visual detection under daylight.

2. Ultraviolet/light et wavelengths of 254 and 365 nm.
3. Spraying with anisaldehyde reagent and heated until
colors devel oped.

4. Visual detection iniodine vapor.
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3.2 Column chromatography

3.2.1 Gd filtration chromatography

Gel filter
Packing method

Sample loading

Detection

Sephadex LH-20 (Pharmacia Biotech AB)

Sephadex gel was suspended in the eluant and left
standing overnight to swell prior to use then poured into
the columnand@llewed to sattle.

The sample ‘was dissolved in a small volume of the
eluant an)d loaded on top of the column.

Fractions were examined by TLC technique in the same
manner.as described in Section 4.1.

. &
N

3.2.2#Fash golumn ¢chramatography

Adsorbent

Packing method

Sample loading

Detection

Y

fd

Silica gel 6&(!%. 7734), particle size 0.063-0.200 mm
(70-230 meé@‘A?T M) (E. Merck)

The adsorbéﬁftf\;vas suspended in the eluant. The
adsorbent slidffr\fWas poured. into the column and then
allowed {0 sefile overnighi.

The sample was dissoived in a small volume of the
eluant and loaded on top of the column.

Fractions were exarfined by TL C technique in the same

manner as described in Section 4.1.

4. Crystallizationtechnique

Compound FK009 was crystallized by dissolving in chloroform until

saturation and left standing at room temperature until orange-needle crystals were

formed.
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Compounds TK030, TK034 and TK034-2 were crystallized from a
mixture of chloroform and methanol. Each compound was dissolved in methanol
until saturation and 1-2 drops of chloroform were subsequently added. The solution
was left standing at -29°C until crystals were formed.

5. Spectroscopy
5.1 Ultraviolet (UV) absor ption spectrescopy

UV specira were obtained from.a Milton Roy Spectronic 3000 Array

spectrometer.
5.2 Infrared (IR) albsor ption spectr oscopy

IR specira were obtained from a Perkin Elmer 2000 FT-IR
spectrometer. The compoundswere examined with KBr disc.

5.3 Mass spectr oscopy-(M-S)

Electiespray-tonizaiion-Thme-oi-Highi-mass spectra (ESI-TOF MYS)
were recorded on a Micromass LCT mass spectrometer. MeCN : H,O (50:50)

containing 0.02% of formic acid was used as a solvent.

5.4 Proton and carbon nuclear magnetic resonance (*H and *C NMR)

Spectr oscopy

'H and **C NMR, DEPT 90 and 135, HMQC, HMBC and *H-'H
COSY gpectra were obtained from a Bruker AVANCE DPX-300 FT-NMR
spectrometer, operating a 300 MHz for protons and 75 MHz for carbons and
chemical shifts (ppm) of the residual undeuterated solvents (CDCl3;, DM SO-ds) were
used as reference. Proton detected heteronuclear correlations were measured using
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HMQC (optimized for *Jyc = 145 Hz) and HMBC (optimized for "Juc = 3, 4, and 8
Hz) pulse sequences.

5.5 Optical rotation

Optical rotations were obtained from a Perkin-Elmer 341 polarimeter

using a sodium lamp operating at 589 nm.

The measurements of UV, IR, NMR and optical rotation properties
were performed at the Pharmaceutical Research Instrument Center, Faculty of
Pharmaceutical Sciences, Chulalongkarn University. The MS property was
performed at the Natonal™ Center. for Genetic Engineering and Biotechnology
(BIOTEC).

6. Solvents

All commercial giade solventswere redistilled prior to use.

7. Biological activity

7.1 Antimicrobial activity

The antimicrobiaactivitiy of <the isolated fractions and pure
compounds was examined by the agar disc diffusion method, (Lorian, 1980) against
Staphylococcus aureus ATCC 25933; Bacillus subtilis ATCC 6633,/Escherichia coli
ATCGC 25922 and Candida albicans A TCC 10231. Alltested bacteriawere cultivated
on tryptic soy agar (TSA, Difco®) slants at 37°C temperature for 24 hours, but the
yeast strain was cultivated on Sabouraud’s dextrose agar (SDA, Difco®) slant at 30°C
temperature for 24 hours. After that the cultures were suspended in sterile normal
saline solution (NSS). Each 20 ml of molten culture media was poured into 9-cm
diameter petri dishes and allowed to gel. To prepare seed plates, a sterile cotton

applicator swab was dipt into the suspensions of the test organisms, expressed excess
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liquid and streaked a sterile petri dish containing gelatineous culture media in all
directions. Test samples were dissolved in suitable solvent and then applied on sterile
paper discs (6 mm diameter) or silica gel TLC aluminum sheets, and blank paper
discs were impregnated with 20 pl of using solvent. After the disc or TLC plates
were dried, they were applied on to the seed plates and allowed to prediffuse at 4°C
for 2 hours. The plates and discs were placed in an incubator for 24 hours at 30°C or
37°C for yeast and bacteria, respectively: The diameter and Ry values of inhibition
zones were measured. The fractions those exhibited antimicrobial activity were
subsequently selected for-further study.

7.2 Antimalacial"acuvity

Plasmoditim faciparum, K1 multidrug resistant strain was cultured
according to the method of /Trager and Jensen (1976) using continuous cultures (in
vitro) of a sexual eryihrogyti€ stage. Quantitative assessment of antimalaria activity
(in vitro) was determingd by means of the microculture radli oisotope technique based
upon the method described by, Besardins etal 1979. Effective concentration (ECsp)
represents the concentration which causesAVSO% reduction in parasite growth as
indicate by the initro-uptake of [°H]-hypoxanthine by Plasmodium faciparum. An
ECso value of 0.16 wgfmi(3:2 vy was observed for the standard sample, chloroquine
diphosphate, in the Same test condition.

7.3 Cytotoxic activity

Cytotoxic activity against a breast=cancer cell line"(BC), a human
epidermoid .carcinomacell line af, the nasopharynx (KB), and a VVero céll line (African
green monkey kidney cell line) was performed by sulforhodamine B (SRB)
colorimetric method (Skehan et al., 1990).
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7.4 Antituber culous activity

Antituberculous activity against Mycobacterium tuberculosis H37Ra
was done using the Microplate Alamar Blue Assay (MABA) (Collins and Franzblau,
1997). The candidate compounds were tested against Mycobacterium tuberculosis
H37Ra strain in the volume of 200 ul in 96 well microplate. In each well, a standard
inoculum of the bacteria (of about!10° eell/ml) was incubated with the candidate
compounds for about one week. Then Alamear Blue dye was added to a control well
every day. If the color of.the eontrol well tdrns.pink, which means that the bacteria
has grown enough, then the-@yeis added to all wells in the plate and the color is read
aday after.

8. Fermentation method

Both cultures, AAR.1-1 and AAR 14, were streaked on YM agar slants
and incubated at room temperature for 7410 days. Then each of culture was
transferred into a 500 ml Erienmeyer ﬂ‘ai‘sk; containing 250 ml of seed medium
(GPBY) and incubated on a rotatery shaker (200 rpm) at room temperature for 3 days.
Five milliliter of each seed culture was inoculatedsinto 250 ml of production media
(GPM) in 500 mi’ Ertenmeyer-frask-and-tncubateg-en-aiotatory shaker (200 rpm) at

room temperature for'6 days.
9. Extraction and isolation

9.1 Extraction and“isolation of=marine actinomycete AAR 1-1

fermentation broth.

The fermentation broth (42 L) of marine actinomycete AAR 1-1 was
filtered through a Buchner funnel packed with kieselguhr. The mycelial cake was
washed with a minimum amount of water which was subsequently combined with the
original broth filtrate. The broth filtrate was partitioned with ethyl acetate three times.
The ethyl acetate parts were combined and then evaporated under reduced pressure at
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temperature not exceeding 50°C to yield 9.31 g of the ethyl acetate extract I. The
mycelial cake was macerated in methanol for 3 days and then filtered. The filtrate
was evaporated to remove methanol and was further partitioned with hexane and ethyl
acetate, respectively. Each extract was evaporated to give 1.85 g for the hexane
extract and 2.09 g for the ethyl acetate extract 1l (Scheme 5). All extracts were
examined for antimicrobial activity using an agar diffusion method (Section 8.1)

The ethyl acetate extract 4 (9.31 g) showed antimicrobial activity
against Saphylococcus aureus ATCC 25923 “and. Bacillus subtilis ATCC 6633 with
V.
the inhibition zones of 16 and19 mm (1 mg/disc), respectively.

The ethyl*acetete extract | (8.87 g) was dissolved in a small amount of
a mixture of CHCI3: MeOH (50:50) and then fractionated by a Sephadex LH-20 gel
filtration column. The golumna (2.5 cm'\'inper diameter and 70 cm long) was eluted
with isocratic elutionof CHCI; : MeOF(XéO'SO) and 20-ml fractions were collected.
The combined fractionswere guided by TLC technique (Section 4.1, CHCl3: MeOH,
9:1) to give six fractions (FOG2-FO07). ff}rrected by bioassay using antimicrobial
activity against Staphylococcus-aureus A:'EEEC 25923, fraction FOO3 (419 mg) was
further purified by, a silica get flash colurrfrr (‘Z.Scm inner-diameter and 16 cm long),
using a gradient eltiien-ef-CHEls-and-MeOH-from-100% CHCIl; to 100% MeOH to
yield seven fractions(~008-F014).
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Scheme5 Extraction of AAR 1-1 fermentation broth.
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«"Silica gel flash column
(CHCI5s-MeOH gradient)

| | | | | | |
FOO08 FO09* 010 FO11 F012 FO13 FO14
61 mg 77 mg 24 mg 10mg 35 mg 167 mg 71 mg
& fecrysallization,

FK009*
40img

*Positive test for antimicrobial activity aganst Staphylococcus aureus ATCC 25923.
Scheme 6 Fractignation‘of the ethiyl ‘acététe éxtratt | ©btainedfrom AAR 1-1.

Fraction FOO9=(77mg)) gaverorange needle crystals (FK009 40 mg,
9.5x10:" % wiv of fermentation broth) which were washed with cool methanol and
recrystallized from chloroform (Scheme 6). The TLC of purified crystals showed
only one spot at Rs 5.2 (CHCl3: MeOH = 9:1) under detection as described in Section
4.1. Compound FKO009 showed several bioactivities, such as antimicrobial activity
against Saphylococcus aureus ATCC 25923 and Bacillus subtilis ATCC 6633,
antimalarial activity against Plasmodium falciparum, K1 multiple-drug resistant
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strain, at ECsp 2.6 ng/ml, antituberculous activity against Mycobacterium tuberculosis
H37Ra at MIC 0.125 ug/ml, and cytotoxic activity against KB cells (oral human
epidermoid carcinoma) at EDsp 0.078 ug/ml and BC cells (breast cancer) at EDsg 0.15
ug/ml. The isolated compound FK009 was identified as actinomycin D which was a
known compound previously isolated from terrestial Sreptomyces sp. (Waksman and
Woodruff, 1940).

9.2 Extraction and isolations 0" marine actinomycete AAR 14

fermentation broth.

The fegmentation broth (55 L) of marine actinomycete AAR 14 was
filtered through a Buehneifunnel packed with kieselguhr. The mycelial cake was
washed with a minimum agnount of water which was subsequently combined with the
origina broth filtrate. The broth filtrate was repeatediy partitioned three times with
ethyl acetate. The ethyl aceiaie parts were combined and evaporated under reduced
pressure at temperaturenot exceeding 50°C t‘c») yield 18.80 g. The crude ethyl acetate
extract was dissolved in methanol sol utio’ff and then partitioned with hexane. Each
part was evaporated to give the hexane ex’tr‘aét 1.06 g and the methanol extract 17.82
g (Scheme 7).

The methanol extract exhibited fungisiatic activity against Candida
albicans ATCC 10231 at the concentration of 1 mg/disc with inhibition zone 35 mm
in agar disc diffusion.method (Lorian, 1980). Therefore, the methanol extract was
subsequently ‘purified by chromatographi ¢c.technique.
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Fermentation broth
55L

| |
Broth filtrate Mycelia cake

- partitioned with EtOAC
- evaporaied

Broth EtOAC extract

18.80.g

- dissolved in 90% MeOH
- pertitioned with hexane
- evaporated

Hexane extract* MeOH extract*
1.06-g 17.82¢

*Positive test for antimicrobial activity against Candida albicans ATCC 10231.

Scheme 7 Extraction of AAR_ 14 fermentation broth.

Themethanol extract was dissolved in asmall volume of methanol and
then fractionated by a Sephadex LH-20 gel filtration column. Methanol was used to
elute the column and 20-ml fractions were collected. Fractions were combined by
TLC technique (Section 4.1, CHCI3 : MeOH = 9:1) and gave five fractions (T008-
T012). The fractions TO09 and TO10 showed fungistatic against Candida albicans
ATCC 10231 with 32 and 36 mm of inhibition zones at concentration 1 mg/disc,
respectively. Fraction TO09 was then purified by flash column chromatography over
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silicagel (5 cminner diameter and 15 cm long) with gradient elution of 100% CHCl3
to 100% MeOH. This procedure provided seven fractions (T013-T019) and fraction
TO17 gave colorless crystals (TKO17 46 mg, 8.4x10™ % w/v of fermentation broth)
which were washed with cool methanol. The TLC of purified crystals showed only
one spot at Ry 0.22 (CHCI3 : MeOH, 9:1) under detection as described in Section 4.1
(Scheme 8).

Methanol extract

T005, 17.82+¢
- Sephadex LH-20
~ MeOH
[ | | | |
T008 1000 Todox | \TOL1 T012

728 mg 99309 51749 135 mg 38 mg

> —Siticage=,
- —CHCl3 - MeOH gradient (100:0 to 0:100)

| | ] ] | |
TO13* T014* TO15* TO16 TO17 TO18 TO019
714 mg 395 mg 454 mg 866 mg 825 mg 860 mg 362 mg

- recrystallization
- MeOH

TKO017
46 mg
*Positive test for antimicrobial activity against Candida albicans ATCC 10231.

Scheme 8 Fractionation of the methanol extract obtained from AAR 14.
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Fractions T013, T014, and TO15 showed fungistatic activity against
Candida albicans ATCC 10231 with 40, 36, and 32 mm of inhibition zones at
concentration 1 mg/disc, respectively. Therefore, fractions TO13 and T014 were
further purified.

Fraction TO13 (714 mg) was purified on a Sephadex LH-20 column
(2.5 cm inner diameter and 90 cm long), and eluted with CHCI; : MeOH (50:50),
providing six fractions (T027-T032). Fraetien T030 (277 mg) gave amorphous solid
that was recrystallized fram a mixture of CHE!; and MeOH to yield 10 mg of TK030
(1.8x10° % wi/v of fermentation broth)) (Scheme 8a). The TLC chromatogram of the
purified compound showed enly one spot at R; 0.43 in CHCI; : EtOAc (6:4). This
compound showed fupgistaiic/activity  against Candida albicans ATCC 10231 with

inhibition zone 24 mm at concentration 500 ug/disc.

-

'
Y
\ v/

Fraction T029 showed intérsti ng spots under the detection of UV 254 SO
it was further chromatographed over asi’f;’i‘éa‘:gel flash column (2.5 cm inner diameter
(TO42-T045). Fraction T043 wasfuriher éﬂ%ﬁi@d by silicagel 60 Fzs4 TLC plate with
a solvent system-of CHCl; : MeOH (QQS\TE double~developing) to yield three
fractions (T046-T048)—Then fraction T046 was purified by silica gel 60 Fusy TLC
plate, eluted with héxane : EtOAc (7:3) as a developing solvent, triple developing, to

and 13 cm long), using a mixture of CHé?a i MeOH (98:2), to give four fractions

give three fractions (T049-T051). Fraction TO51 gave white amorphous solid
(TK051-1 and TK051-2 3 'mg, 5x10° % wiv of fermentation broth) that showed a
single spot (Rp0.5) CHCI5.. EtOAc = 6:4).under detectionasdescribed in Section 4.1
(Scheme 8a),



T013
714 mg
- Sephadex LH 20
- CHCI3: MeOH =1:1
| | | | | |
T027 T028 T029 TO30* TO31* T032

277 mg 307 mg 6 mg

6 mg 8 mg 61 mc
\ /// - recrystallization
N

MeOH and CHCl;

Wl ,
~—CHCIgZMeOH = 98.5:1.5, 2 times

x4

0

*Positive test for antimicrobial activity against Candida albicans ATCC 10231.

Scheme 8a Fractionation of fraction TO13 obtained from AAR 14.
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Fraction T014 was further seperated on a Sephadex LH-20 column (2.5
cm inner diameter and 90 cm long) using CHCl3 : MeOH (50:50) as an eluting solvent
to yield four fractions (T033-T036), as shown in Scheme 8b. All fractions showed
fungistatic activity against Candida albicans ATCC 10231. Fraction T034 gave two
pure compounds, TK034-1 (10 mg, 1.8x10™° % w/v of fermentation broth) and
TK034-2 (65 mg, 1.2x10* % w/v), at R; 0.20 and 0.13 (CHCls : EtOAC = 6:4)
which exhibited fungistatic activity ageinst Candida albicans ATCC 10231 with
inhibition zones 25 and 24 mm at coneentration 500 pg/disc, respectively. The
compound TK034-2 wassimilar to compound-030.

T014
395'mg
- Sephadex LH-20
- CHCl;: MeOH=1:1
| i =" |
T033* T034* 035 T036*
67 Mg 306-mg 3mg 12 mg

- recrystallization
-6 MeOH and-CHCl 3

[ |
1K034-1* TKO034-2*

10 mg 65 mg

*Positive test for antimicrobial activity against Candida albicans ATCC 10231.

Scheme 8b Fractionation of fraction T014 obtained from AAR 14.



CHAPTER IV

RESULTSAND DISCUSSION

1. Sample collection and isolation of actinomycetes.

Two unidentified marine sponges were collected at 35-40 feet deep,
‘ ince, Thailand, in March 1999. The

plate technique on marine agar
arine sponge AR 990325-20H

purplish white marine sponge

from Adang-ravee ldland,

actinomycete strain AAR 1-1
(MA) plate (Brock et al.
(Figure 1) and the strai
AR 990324-09K (Fi

om.a blu

ANIRINIUNRINEAEL

Figur &1 The unidentified bluish purple marine sponge AR 990325-20H.
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Figure 2 The unidentifigd p h whitemari R990324—09K.

2. ldentification of acting

bacteriology (Williams, Sharp ] 89) and the methods for characterization

of Streptomyces speuas eﬁmﬁn@ 19646%

were employed for the

21 Morph;;])gical o tcr st
G oy 9495 1)) 5 )
0 TR chas s e i it o

yeast q<tract-ma|t extract (YM) agar plate at room temperature for 14 days. The
strain AAR 1-1 was a gram positive bacterium. Vegetative growth was powdery
colonies with irregular edge and yellow pigment. Aerial mycelium growing
abundantly on YM agar medium was initially white and then changed to yellowish
gray during the incubation period as shown in Figure 3. The hyphae were 0.6-0.9 um

in diameter with cylindrical spores in coiled chains on lateral branches of the aerial
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hyphae. The cylindrical spores were smooth and 0.5t0 0.6 by 0.7 t0 0.9 um in size as

shown in Figure 4.

Figure 3 The colonia & 1ce sp. AAR 1-1 on YM agar

iskyu X1S5.000 iPm 110710

Figure 4 Scanning electron micrograph of Streptomyces sp. AAR 1-1 on YM agar
incubated for 14 days.
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The strain AAR 14 was a gram positive bacterium. Vegetative growth
on YM agar plate at 14 days old was powdery colonies with irregular edge as shown
in Figure 5. Aerial mycelium was powdery brownish yellow, 0.5-0.6 um in diameter.
The hyphae were long, straight and branching. The spores were smooth and

cylindrical in shape, 0.5 by 0.6 to 1.0 um, as shown in Figure 6.

Figure 5 The ¢colonial-appearance-of -Streptomyvees so. AAR 14 on YM ar
He Ve A a0
incubated for 14 da

AONUUINYUINNS )
ANRINITUAIVENAY
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Figure 6 Scanning eléct eptomyces sp. AAR 14 on YM agar

incubated for 14 days.

of the strains AAR -1 and AAR 14 cultivated

on various media &t ro e re shown in Tables 3 and 4,

respectively.

R e T pp—

extract agar, tyrosine agar, glycerol_asparagine agar, and inorganic salt-starch agar
~ RN RIATEUH VAN ARl o =
mycelium was yellowish gray on all media but the color of substrate mycelium was
different, gold or brownish olive, on particular medium. However, the strain AAR
1-1 produced soluble yellow pigment on all media. For strain AAR 14, the color of
substrate mycelium and aerial mycelium were different in each medium. The strain

AAR 14 did not produce soluble pigment in any media.
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Table 3 Cultura characteristics of AAR 1-1.

Color tone of?

Medium Growth Substrate _ _ Soluble
_ Aerial mycelium _
mycelium pigment
Y east extract- malt _
Good Gold Y ellowish gray Yellow
extract agar
Oatmeal agar Moderate - Y ellowish gray Yellow
Tyrosine agar Good )Brownish olive | Yelowish gray Yellow

Glycerol asparagine
agar
Inorganic salt-starch ,
Gaood ' 4 Gold Yellowish gray Yellow
agar .
%Color names used in this table were based onithe Jacal Color Card L 2200 (Japan Color Research
)
Ingtitute). £

Good Brownish olive | Yellowish gray Yellow
i

DAt 44
s v

7
Table4 Cultural characteristics 6 AAR $/4:—f

— Color tone of?
Medium Growth Sibstrate Soluble
: Aerial mycelium .
mycelitim pigment
Y east extract- mait Y ellowish _
Good Grayish yellow -
extract agar brown
Oatmeal agar Moderate - Y ellowish white -
Tyrosine agar Good Reddish.brown Grayish pink -
Glycerol 'asparagine Light yelfowish
X PR Good 1Y Grayish alive -
agar brown
Inorganic salt-starch Dark yellowish S
Good Grayish pink -
agar brown

%Color names used in this table were based on the Jacal Color Card L 2200 (Japan Color Research
Ingtitute).
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2.2 Physiological and biochemical characteristics.

The strains AAR 1-1 and AAR 14 were able to use D-glucose,
L-arabinose, D-xylose, D-fructose, and mannose as carbon sources and showed

different activities as shown in Table 5.

Table5 Carbon utilization of AAR1 d AAR14.

Carbon \Wl/ 1-1 AAR 14
No carbon (negati —— -
D-glucose (posiii ++++
L-arabinose ++++
Sucrose +
D-xylose ++++
L-inositol +
D-fructose ++++
Rhamnose +
Mannose ‘&:ﬂ-_ ++++
Raffinose ,“ @ +

owth; ++, moderate growth; +, weak

Carbon utilization; ++++, very good growth; +++, good gr
growth; -, no growth W A

NOUUIWYUINIT )
RN IUNATINE IR



Table 6 Physiological and biochemical characteristics of AAR 1-1 and AAR 14.

Characteristics AAR 1-1 AAR 14
Melanin formation - -
Nitrate reduction + +
Starch hydrolysis + +

+
+
+
+
+
+
+
+
+
+
+
12% @ = o= +
Jresiel ) '1‘/’i U ‘i’ 1173

o me PR 1 i B

reduction, starch hydrolysis, and milk peptonization. They could grow at pH 5-11 and
in 0-10% wi/v of NaCl. In addition, the strain AAR 14 probably grew in 11-12% w/v
of NaCl. Variable characteristics are shown in Table 6.
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2.3 Cdl wall analysis

The chemical anaysis of cell wall component of the two strains

exhibited that they contain LL-isomer of diaminopimelic acid, cell wall typel.

On the basis of morphological, cultural, physiological, and
biochemical characteristics and cell well component, the strains AAR 1-1 and AAR
14 were identified as of the genus Stireptomyees: However their species could not be
identified on the basis of avallable data.

3. Structure elucidatien of.theisolated compounds.

3.1 Structure el ucidation of atinomycin D (FK009)

Compound FKO09 was isolated as orange-needle crystals. The ESI-
TOF mass spectrumi (Figure 26): established the pseudomolecular ion pesk at m/z
1255(M+H)" implying the mol egtilar formula of CeoHgsN12016. The UV spectrum (in
MeOH) (Figure 27) exhibitedAma (109 ) ét1"240 (4.35) and 442 (4.20) nm. The IR
spectrum (Figure 28) confirmed the presence of amide carbony! (v 1636 cm'™®) and
lactone carbonyl (Viecd754-com ). Lhis compound showed optical rotation [o]p®
-181.72° (¢ = 0.132'tn MeOH).

The 300 MHz *H-NMR spectrums(in CDCl3) of compound FK009
(Figures 29-30) exhibited eighty four/protans whic¢h were refered to thirteen methyl
proton signals [6 0.71 (6H), 0.86, 0.88, 0.92, 0.94:.1.09, 1.10, 1.22.(6H), 2.22, 2.53,
2.85 (6H), 2.87, and 2.91 ppm], thirteen methylene proton-signals (o 179, 1.84, 2.05
(2H), 2126 (2H), 2.67, 2.95, 3.59, 3.61, 3.70 (2H), 3.80, 3.94, 4.69, and 4.76 ppm), ten
methine proton signals [ 2.14 (4H), 2.64 (2H), 3.49 (2H), 4.46, 4.57, 5.15 (2H), 5.94,
6.00, 7.34, and 7.62 ppm] and four amide proton signals (6 7.15, 7.76, 7.94, and 8.09
ppm). The 75 MHz **C NMR spectrum (in CDCls) of this compound (Figure 31)
showed sixty two carbons which could be classified by the DEPT 90 and DEPT 135
spectra (Figures 32-33) as sixteen methyl carbon signals (6 7.93, 15.17, 17.53, 17.93,
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19.12, 19.18, 19.22, 19.24, 19.37, 19.42, 21.70, 21.80, 34.92, 34.98, 39.27, and 39.38
ppm), eight methylene carbon signals (6 22.98, 23.14, 31.05, 31.37, 47.38, 47.64,
51.40, and 51.44 ppm), fifteen methine carbon signals [6 26.96 (2C), 31.63, 31.91,
54.93, 55.30, 56.22, 56.38, 58.74, 58.91, 71.27, 71.43, 74.97, 75.04, 125.72, and
130.10 ppm] and twenty one quaternary carbon signals [6 101.59, 111.38, 127.42,
128.95, 132.48, 140.29, 144.92, 145.69, 147.47, 165.83, 166.07, 166.24, 166.28,
167.32, 167.41, 168.20, 168.68, 178.02 (2€), 173.10, 173.48, and 178.85 ppm].

Compound FKO09 has two majorparts, one phenoxazone ring and two
pentapeptide cyclic rings«(e and B rings). The *H-'H COSY spectrum (Figures 37-
38) exhibited the coirelaiions.in each amino acid as fellow: threonine (o); N-H (6
7.15 ppm) to H-2 (5.4:46 ppm) and H-3 (6 5.15 ppm) to H-4 (5 1.22 ppm): threonine
(B); N-H (8 7.76 ppm) ta'H-2 (6 457 ppm) and H-3 (5 5.15 ppm) to H-4 (5 1.22
ppm): valine (a); N-HA6 8.09 ppm) taH=2 (5 8.49 ppm) and H-4 (& 1.09 or 1.10
ppm) to H-3 (5 2.14 ppm) and the,3:Vie protons (5 0.86 or 0.88 ppm): valine (3); N-H
(5 7.94 ppm) to H-2 (&' 3.49 ppm.and H=4(5 1.09 or 1.10 ppm) to H-3 (5 2.14 ppm)
and the 3-Me protons (6 0.86-or 0.88 ppm):_: ﬁroline (a); H-2 (6 6.00 ppm) to Ha-3 (6
2.67 ppm) and Hy-3 (6 1.79-ppm) and and Hx4 (3. 2.05 ppm) to Hp-4 (5 2.26 ppm),
Ha5 (6 3.94 ppmi) and Hy-5.(6.3.70 ppm)._proline (5} -H<2 (5 5.94 ppm) to Hy-3 (8
2.95 ppm) and Hp-3+(0 1.84 ppm) and Hax-4 (6 2.05 ppi) o Hp-4 (6 2.26 ppm), Ha5
(6 3.80 ppm) and Hy"5 (8 3.70 ppm): sarcosine (a); Ha-2 (8 3.61 ppm) to Hy-2 (6 4.69
ppm): sarcosine (B); Ha-27(3.59 ppm) to Hy-2 (0°4:76 ppm); methylvaline (a); 3-Me
protons (6 0.920r0.94 ppm) to H-2 (6 2.64 ppm), H-3 (6 2.64 ppm) and Hs-4 (5 0.71
ppm): methylvaline (B); 3-Me protons (5 0.92 or 6:94 ppm) to H-2(6 2.64 ppm), H-3
(8 2.64 ppm) and Hz*4 (5. 071 ppm).~The *H:"H  COSY _spectruim(of FK009 also
showed the ortho coupling correlation in the phenoxazone ring of H-7 (6 7.34 ppm) to
H-8 (5 7.62 ppm).
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Figure 7 The H-'Hecorrelaions (bold line) in the 'H-'H COSY spectrum of
actinomycin D (FK009):

According to the HMQ&: spectrum . (Figures 34-36), the one-bond
connected protons and carbons could b’e’assigned as summarized in Table 7. The
complete 3C assignments of FK009 were achieved by analysis of the HMBC (“Juc =
4 and 8 Hz) spectra (Figures 39-45). The{ﬁl\ﬂ BC spectra exhibited the *H-*C long-
range correlations in the phenoxazone rm@\ és_f_ollows H-7 at (7.34 ppm) to C-9 (6
132.48 ppm), C-5ay(5.140.29 ppm), C-6-Me (6 15.17 ppin), and C-8 (5 125.72 ppm);
H-8 (5 7.62 ppm) 10 C-6 (o 127.42 ppm), C-5a (140.29 ppm), C-7 (& 130.10 ppm),
and C-9-CO (6 166.24 ppm); the 4-Me protons (o 2.22 ppm) to C-3 (6 178.85 ppm),
C-4 (5 111.34 ppm), and C-4a (6 145.69 ppm); and the 6-Me protons (6 15.17 ppm)
to C-5a (5 140:29:ppm),C-6(51127.42ppm)nC: 75 4:30:204ppm), and C-8 (5 125.72
ppm). For the two pentapeptide cyclic rings, the *H-*C thelong-range correlations
obtained:from-the-HMBC-spectrawere shown-asfollows Threonineof the o chain
showed long-range correlations of the amide proton (6 7.15 ppm) to the amide
carbonyl carbon (C-1, 6 168.20 ppm) and C-9-CO of the phenoxazone ring (6 166.24
ppm); H-2 at 4.46 ppm to C-9-CO of the phenoxazone ring (6 166.24 ppm); H-3 (5.15
ppm) to amide carbonyl carbon (C-1, 6 168.20 ppm); and H-4 at 6 1.22 ppmto C-2 (&
55.30 ppm) and C-3 (5 74.97 or 75.04 ppm). Threonine of the B chain showed long-

range correlations of amide proton (5 7.76 ppm) to amide carbonyl carbon (6 168.68
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ppm) and C-1-CO of the phenoxazone ring (6 166.28 ppm); H-2 (6 4.57 ppm) to C-1-
CO of the phenoxazone ring (6 166.28 ppm); H-3 (5.15 ppm) to amide carbonyl
carbon (C-1, 6 168.68 ppm); and H-4 (6 1.22 ppm) to C-2 (& 54.93 ppm) and C-3 (6
74.97 or 75.04 ppm). Valines of the a. and  chains showed long-range correlations
of the 3-Me protons (6 0.86 and 0.88 ppm) to C-2 (6 58.74 or 58.91 ppm), C-3 (6
31.63 or 31.91 ppm), and C-4 (19.12 or 19.18 ppm); and H-4 (5 1.09 and 1.10 ppm) to
C-2 (6 58.74 or 58.91 ppm), C-3 (6 31.63.0r 31.91 ppm), and C-3-Me (6 19.22 or
19.24 ppm). Sarcosine of the e chain’ shewed:long-range correlations of methyl
amide protons (5 2.85 ppm)-ie-amide earbonyl-carbon (C-1, 5 165.83 or 166.07 ppm),
C-2 (8 51.40 or 51.44 ppmy); and amide carbonyl carbon (C-1) of proline (6 173.02
ppm); Ha-2 (6 3.61 ppm).io amide carbonyl carbon (C-1, 6 165.83 or 166.07 ppm) and
amide carbonyl carbon (C-1) of ‘praline (o 173.02 ppm). Sarcosine of the B chain
showed long-rangecorrelaiions. of methle amide protons (6 2.85 ppm) to amide
carbonyl carbon (C-1;6 165:83 or 166.07 ppm), C-2 (6 51.40 or 51.44 ppm), and
amide carbonyl carbon (€-1) of proline (6 173.02 ppm); He-2 (5 3.59 ppm) to amide
carbonyl carbon (C-1, 6 165.83 o1 166.07 ppm) and amide carbonyl carbon (C-1) of
proline (6 173.02 ppm). Methytvalines of ihe a and B chains showed long-range
correlations of methyl amide protons (6 287and 2.91 ppim) to amide carbonyl carbon
(C-1) of sarcosine (6 165.83 or 166.07 ppm), and C-2 (6/71.27 or 71.43 ppm); H-2
and H-3 (5 2.64 ppm) to C-3 (6 26.96 ppm), C-3-Me (6 21.70 or 21.80), and amide
carbonyl carbon (C-1) of sarcosine (6 165.83 or 166.07 ppm); the 3-Me protons (6
0.92 and 0.94-ppm) 10,C-2 (d 71:270n 7143 ppm),«C-3+(6:26.96 ppm), and C-4 (6
19.37 or 19.42 ppm); and H-4 (6 0.71 ppm) to C-2(d 71.27 or 71.43 ppm), C-3 (8
26.96ppm), “and- €-3:Me) (8-21.70 or 22.80-ppm).q Ahe [connectian between the
phenoxazone ring and two pentapeptide cyclic was achieved by the analysis of
HMBC spectra.  The amide proton of threonine of the a chain (6 7.15 ppm) was
attached to C-9-CO of the phenoxazone ring and the amide proton of threonine of the
B chain (5 7.76 ppm) was attached to C-1-CO of the phenoxazone ring. The HMBC

correlations of FK009 are shown in Figures 8-13 and summarized in Table 7.
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Figure 12 The *H- : " \ ns in the HMBC spectrum of the
phenoxazolering of a '
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Figure 13 Theimportant *H-*3C long-range correlationsin théHMBC spectrum
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Table 7 The *H and *C NMR spectral data (in CDCls) and the *H, **C long-range
correlations in the HMBC spectrum of actinomycin D (FK009).

FK 009 (actinomycin D)
N 81 (ppm), mult. 'H-°C long-range correlations in
Position 8¢ (ppm)
(JinHz) HMBC ("Juc=8Hz) HMBC ("Jyc = 4 H2)
Chrom 1 101.59 -
2 147.47 -
3 178.85 i
y
4 111.38 /7
4a 145.69 3
-
5a 140.29 | -
6 127.42. | &
130104 |7.24 1H,"‘1 @) 9 5a 6-Me, 8
125ﬁy 762, 1H,d (7.77) 6 5a, 7, 9-CO
4 4 &%
13 -
Y 4 el
%a 128.9 4k {4
10a 14492 [ R
2-NH - BER - -
2 f ¢ "/ /. '
4-CH3 793 F | 2.223H A0 3,4,4a 3,4,4a
l — _— -
6-CHs 15.17 142583H- 2222l 5a, 6, 7 5, 6,7, 8
9-CO 16624 'L"-ﬁ- N
1-CO 1166:28 - Vi
P i/
Thr(1, 1 168:20/168:68 v
( "j_‘ &)
2)2 2 55:30 (1) 4.46,1H, dd (6.68, 1.90) | — 9-CO
54.93 (2) 457,1H, dd (6.34,1.90) | 1-CO
74.97/75.04 » | 5.15, 2H, dq (5.04, 1.90) 1(T)
4 1753/17.93| { 1122,6H,4d (5.04) 2(M). 13N 2(T), 3(T)
NH - 715,1H, d (6:68) (1)° 1(T), 1-CO, 9-CO
- 7.76, 1H, d (6.34).(2)® 1(T), 1-CO, 9-CO
D- 1 173.10/173.48 |
val(1, 2 58.74/58.91 | 3.49,2H, m
2)* 3 31.63/31.91 | 2.14,2H,m
3-Me 19.22/19.24 | 0.86, 3H, d (6.79) 2(V),3(V),4(V) | 3(V),4(V)
0.88, 3H, d (6.87) 2(V),3(V),4(V) | 3(V),4(V)
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Table 7 The *H and *C NMR spectral data (in CDCls) and the *H, **C long-range
correlations in the HMBC spectrum of actinomycin D (FK009) (continued).

FK 009 (actinomycin D)
. 8y (ppm), mult. 'H-13C long-range correlationsin
Position 8¢ (ppm)
(JinHz) HMBC ("Juc=8Hz) HMBC ("Jyc = 4 H2)
4 19.12/19.18 | 1.10, 3H, d (6.34) 2(V),3(V),3-Me | 2(V),3(V), 3-Me
V) V)
1.09,3H, d(6:38) 2(V),3(V),3Me | 2(V),3(V), 3-Me
S W V)
NH - 8.09, 1H, d (5:85)(1)*
= 7.94, 1H‘,|-."d (6.19)(2°
Pro(1,2 1 173.(3? I1 -
)2 2 56.2 % 6.00, AH ‘ii(g .05) (1)?
// 5,94, 1H, d(908) (2°
3 31.(%7 o TH, m/2.67, 1M,
/ J/'ﬁl) A 4
V | 1.84,1H, rFQ,Z 95, 1H,
m (ZL /)y 4
4 22.98/2'3.1y 2 p:;. R _//_
r 4:226 2H; /22l
5 47.38 (1) p 37@1H miﬁé&m
b [ S £
Tj;j_,@(?).a 3.70, iH, m/ 3.80, iH :‘j
- m (2)2 =~
Sar(1,2 1 165.35/166.07 - )
)2 2 51.40/51.44 _ | 3.61, 1H,d (18.31) / 1(S), 1(P)
469:1H, A (48:81) (1)2
3.59/1H, d (18/13)./ 1(S), 1(P)
476, 1H, d (18.13) (2)*
N-CH: || 84.92/3498 |12.85,6H,s 2(9),1(P) 1(S),2(9), 1(P)
MeVal 1 167.32/167.41 -
(1,2? 2 71.27/71.43 | 2.64,2H, m 3(MeV) 3(MeV), 3-
Me(MeV), 1 (S)
3 26.96 2.64,2H, m 3(MeV) 3(MeV), 3-

Me(MeV), 1(S)
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Table 7 The 'H and 3C NMR spectral data (in CDCls) and the *H, **C long-range
correlations in the HMBC spectrum of actinomycin D (FK009) (continued).

Chrom, chromophore

Thr, T, threonine
Val, V, vdine
Sar, S, sarcosine

Pro, P, proline

MeVal, MeV, methylvaline

4(1), amino acid in a chain; (2), @

Ve
v‘\\

7Y (=
W

J‘Nas

\ yredey
"‘Tw %

.ﬂd/‘

FK 009 (actinomycin D)
Bosition 5c (P 84 (ppm), mult. 'H-C long-range correlationsin
(JinHz) HMBC (“Juc= 8 Hz) HMBC (“Juc = 4 H2)
3-Me | 21.70/21.80 | 0.92, 3H, d (5.64) 2(MeV), 3(MeV), | 2(MeV), 3(MeV)
4(MeV)
0.94,3H, d(5:2 2(MeV), 3(MeV), | 2(MeV), 3(MeV)
SN \ 4(MeV)
4 19.37/1942 1 0.71, 6H, d (506 __.[ 2(MeV), 3(MeV), | 2(MeV), 3(MeV),
— !’ "3-Me(MeV) 3-Me(MeV)
N-CHs 30. i'/’ ’/ \‘\ S), 2 (MeV) 1(S), 2 (MeV)
//7/ 3H, ‘\\\\\\ S), 2 (MeV) 1(9), 2 (MeV)

AONUUINYUINNS )
ANRINITUAIVENAY
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Table8 The'H and **C NMR spectral data (in CDCl3) of FK009 and actinomycin D
(in DM SO-ds and CDCls3).

FK009 (actimomycin D) Actinomycin D? (in DM SO) Actinomycin D (in CDCl3)
Position Sy (ppm), mult. Sy (ppm), mult. Sy (ppm), mult. Sy (ppm), mult.
dc (ppm) _ d¢ (ppm) _ . b . c
JinHz) JinHz) JinHz) JinHz)
Chrom 1 101.59 - ND - - -
2 147.47 - ND - - -
3 178.85 - ND - - -
4 111.38 o l\;Dl - - -
4a 145.69 - ND 1 _ - - -
5a 140.29 = ND - - -
6 127.42 - ND - - -
7 130.10 7,34 1H,d ND 7.42 737 7.37(8.0)
-
8 125.72 762, 1H d i ND 7.44 764 7.64(8.0)
XW) 2R
9 132.48 & f £l - -‘4 NP - - -
%a 128.95 [ F o ) ND - - -
10a 144.92 =& - 0 ~ND - - -
4-CH, 788 feadad %!32’ 215 224 227
6-CHs 15.17 288, 3H41% t{é% | 282 256 255
1-CO/ FESS ND- -
0.co 166.24/166.28 ) —_ ?; 7 - -
=2 2l Pt
2-NH ) - - ND[ 7.3-74 7.0-75
Thr 1 166.247'\166_1,29 ND: ”, T - -
1,2 2 5493"° | 446, 1H, 560 |[453 -~ 451 (2.0-2.5) 4.50, (6.8/2)
| | dd (6.68,2.10) _
5530 457, 1H, = 4.62 (6.5) 4.60, (6.6)
6-(6.34, 1:29)
3 7497/75.04 |['5.15,2H, dq 7517 | 5u1 5.21 5.21(6.1/2),
(2.0-2.5)/5.15 5.17 (6.1/2)
4 17.53/17.93 | 1.22,6H,d 185 | 120,d 1.27 (6.0) 1.26, (6.2)
(5.04)
NH 7.15,1H,d 7.49,brs 7.20 (6.8) 7.21, (6.8)
) (6.68) )
7.76,1H,d 7.82(6.2) 7.84, (6.6)
' (6.34)
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Table8 The'H and **C NMR spectral data (in CDCl3) of FK009 and actinomycin D

(in DM SO-ds and CDCl3) (continued).

FK009 (actimomycin D) Actinomycin D? (in DMSO) Actinomycin D (in CDCl5)
Position Sy (ppm), mult. Sy (ppm), mult. | &y (ppm), mult. | &y (ppm), mult.
dc (Ppm) _ dc (pPpm) _ : b . .
JinHz) (JinHz) JinHz) (JinHz.)
val(1,2 1 173.10/173.48 - ND - - -
) 2 58.74/58.91 | 3.49,2H, m 59.2/59.3 | 3.57,q 3.62 3.53(5.6), 3.55
3 31.63/31.91 2.14,2H,brs 32.3 2.00, m ~2.2 2.17 (M)
3-Me 0.86, 3H, d 202 0.76,d 0.91 (6.5) 0.89 (6.5)
19.22/19.24
(6.79)
0.88, 3Hyd 0.90 (6.5)
(6.87)
4 110, 3H, d 207  |-1.00,d 1.13(6.5) 1.11(6.4)
19.12-19.18 i
(634 :
/1.09, 3H, d' ! 19
(6'38) —
K 4
NH 8.09, 1H, d ) ’« ND 8.19 (5.7) 8.10 (5.6)
| (8'85) "y
7.04 14, d° =9 7.94(6.0) 7.94(5.6)
- | , < -
(619) f;«ﬁ “jd
Pro(1,2 1 173022C0 | @ i~ ND- - - -
) 2 56.22/56.38 | 5.94, 1H, @ T 6.09, m ~3.9 5.98 (8.0)
= S NS
(9.08) 4
-1 6001H.d ) ] ~4.0 6.03 (8.0)
« Al | (9.05 N
3 31.05/31.37 1.79,1H)m 2 174, m 21-22 1.7-2.4/2.70, m
[ 267,1H,m
1.84, 1H,m
2.95,1H, m 1.7-2.4/2.90, m
4 22.98/23.14 2.05, 2H, m 24.1 2.02,m 1.85 17-24
2.26,2H, m
5 4738 3.70, 1H, m 484 3.49, m 3.70-3.75 3.4-42
3.94,1H, m 2.67
47.64 3.70, 1H, m
3.80,1H, m
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Table8 The'H and **C NMR spectral data (in CDCl3) of FK009 and actinomycin D

(in DM SO-ds and CDCl3) (continued).

FK009 (actimomycin D) Actinomycin D? (in DMSO) Actinomycin D (in CDCl5)
Position Sy (ppm), mult. Sy (ppm), mult. | 8y (ppm), mult. | Sy (ppm), mult.
dc (Ppm) _ 8¢ (ppm) : : b . ¢
JinHz) (JinHz) JinHz) (JinHz.)
Sar 1 165.83/166.07 - ND - - -
(12 2 3.61,1H,d 4.08,d 3.63(17.8) 3.61(18)
51.40/51.44 52.5
(18.31)
4.69, 1H,d 453,d 479 (17.8) 4.73(18)
(18.31)
3:59,1H,d 3.63(17.8) 3.62(18)
(18.13)
4. 76pTH4d 4.72 (17.8) 4.79 (18)
(1843)
N-CH3 34.92/34.98 4| 2.85,6H, s I 359 2.75,s 2.89/2.94 2.87
MeVal( 1 167.32/167.41 3 * “ND - -
1,2) 2 — 3.10, d/3.06, d 6.03 (7.5)/5.95 267, m
71.27/7143 | 2.64;2H, m 710
S v (7.5)
3 26.96 264, 2H, m ?2‘8 2 247, m 2.60-2.75 2.67,m
0.92 34, = N
3-Me 21.70/21.80 1203 0.95,d 0.96 0.95 (5.3
(5.64) Ndda
0.94, 8Hyd 2]
(5.25) Tf‘ —
0.71, 6H, d )
4 19.37/19.42 22.7 0.64/d 0.76 0.74 (5.2)
(5.06)
N-CH; 39.27 2.87,3H,s 40.1 2.64;s 2.89 2.88
39.38 291,3H,s 2.96, s 293

#From YU and Tseng, 1992

® From Arison and Hoogsteen., 4970
¢ From Lackner,1971
ND, Not determined

The 'spectral’ dataof compound FK009 were'identical to those of the

known compound, actinomycin D, which was previoudly isolated from Streptomyces
antibioticus (Waksman and Wooddruff, 1940) and Streptomyces chrysomallus
(Glashy, 1993).
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3.2 Structure €elucidation of N-[2'-(4"-hydroxyphenyl)ethyl]acetamide
(TK017)

Compound TKO017 was isolated as colorless crystals and identified as
N-[2'-(4""-hydroxyphenyl)ethyl]acetamide. The ESI-TOF mass spectrum of
compound TKO17 (Figure 46) showed the pseudomolecular ion peak at m/z 180
(M+H)" implying a molecular. formulas of CioH1sNO,.  The UV spectrum (in
MeOH)(Figure 47) exhibited Ayax (l0g &)/@ir228 (3.87) and 278 (3.22) nm. The IR
spectrum (Figure 48) showed absorption bandsfor hydroxy group (Vmax 3333 cm™)

and amide carbony! (vmese?631ernh).

The 300 MHZ *H/NMR specirun (in DMSO-dg) of TK017 (Figure 49)
showed signals due tadydroxy proton (8 9.17 ppm), and amide proton (6 7.86 ppm),
two set of aromatic equivalent protons |8 6.66 ppm (H-3", H-5") and 6 6.97 ppm (H-
2", H-6"")], methyl protons [§ 1.76 ppm, 3H (H-2)], and two methylene groups [6 3.15
ppm, (H>-1') and 6 2.55 ppm, (Ha-29)] |

The 75 MHz ¥C NMR, DEPT 90, and DEPT 135 spectra (in DM SO-
ds) (Figures 50-52)showed signals that have been assigned to one methyl carbon, two
methylene carbons/ four methine carbons, and three guéternary carbons. Further
assignments of correlations between the directly bonded protons and carbons by
analyses of the HMQC spectrum (Figure 53) are shown in Table 9. The H-'H
correlations i) the “*H3'H QCOSY 9 speétivim | (Rigtire” 54, exhibited the proton
connectivities as follows; H-2"or H-6" / H-3"" or H-5"; H-N / Hp-1"./ H>-2'.

Figure 14 The *H-'H correlations (bold line) in the *H-'H COSY spectrum of N-[2'-
(4'"-hydroxyphenyl)ethyl]acetamide (TK017).
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All spectral data indicated that this compound contained a phenyl ring
which has been substituted at para-position, one is a hydroxy group and another is the
N-ethylacetamide group. The complete assignment of compound TKO17 was
achieved by the analysis of splitting pattern of protons and chemical shifts of carbon.
The methyl carbon at 6 22.15 ppm (C-2) and the carbonyl carbon at 6 168.23 ppm
were assigned to the acetamide group. The quaternary aromatic carbon at 6 154.80

ppm (C-4"") confirmed the attachment of athydroxy group to the phenyl ring at C-4"".

Table 9 The *H and *C NMR,spectial~data (in DMSO-de) of N-[2'-(4"-
hydroxyphenyl)ethy!] agetamide (FIK017).

Position O (ppn? & (ppm), mult. (Jin Hz.)
1 168.23% % -
2 22.15 -S' £ 176,3H,s
L 4087 7, 4 ‘815, 2H
2 3392 7/./: 2.55, 2H, t (7.40)
1 12883 :
o 15670 0T 1 6.97,d (8:17)
3! 114.41 6.66, d (8.17)
4" 154.80 -
5" 144.41 6:66, d (8.17)
6 128.70 6.97,d(8.17)
1-NH - 7.86, br s
4"-OH : 9.17,brs




Figure 15 Chemica structure of N-[2'-(4"'-hydroxyphenyl)ethyl]acetamide
(TKO017).

3.3 Structure @uedation of cyele=(L-propyl-D-leucyl) (TK030 and
TK034-2)

Compound TKO030 was isolated as colorless amorphous solid. The
ESI-TOF mass spectrum (Figure 55)-showed the pseudomolecular ion peak at m/z 211
(M+H)" suggesting'a melegular formula of Cy1HygN20,, and this compound showed
optical rotation ([o]p* -80.36°, c.= 0.125 in‘M eOH). The UV spectrum (in MeOH)
(Figure 56) exhibited Ama(log &) at 210 (3.53) nm. The IR spectrum (Figure 57)
presented several bands of amide NH grbﬁp (vmex 3215 cm™) and amide carbonyl

group (Vmax 1674 cm™).

The.800MHz ‘H NMR spectrum (in CDCls) of compound TK030
(Figure 58) was integrated to eighteen protons and one proton at 6 5.96 ppm was an
amide proton, designable to 4-NH. The 75 MHz **C NMR, DEPT 135, and DEPT 90
spectra (in CDCls)) (Figures! 59461)- eéxhibited 'that 4his” compound contains eleven
carbons; two methyl carbons, four methylene carbons, three methine carbons, and two
guaternany, carbons; . The HMQC spectrum (Frgures 62<63) allfowed the assignments
of protons and their respective carbons, as shown in Table 10. The*H-*H correlations
in the *H-'H COSY spectrum (Figures 64-65) established the proton connectivities as
follows: H-11, 11-Me protons and H3z-12; H»-9 and H,-8; H-3 and H,-10; H-6 and
Ho-7.
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Figure 16 The 'H-'H correlati
(L-propyl-D-leucyl) (TK

,y/) n the *H-'H COSY spectrum of cyclo-

—
The co te-assi( m achieved by the analysis of
the HMBC ( "Juc \ - 66). The HMBC spectrum showed
correlations of 11-Me'y 6 0,93 ppm 0.98 ppm) to C-11 (5 24.84

ppm) and C-10 (& 3872 | 5 \ t C-11 (5 24.84 ppm) and C-2 (6
165.93 ppm); H-10b (6'2.0 m)‘ 1 (5248 ‘\.u ) and C-3 (6 53.45 ppm); Ho-

corsr HOTUMD VLD T s v
”°"§W&K@ﬁmum'm ekl
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Table 10 The *H and *C NMR spectral data (in CDCl3) and the *H, **C long-range
correlations in the HMBC spectrum of cyclo-(L-propyl-D-leucyl) (TK030).

Cyclo-(L-propyl-D-leucyl) (TK030)
position 5c (ppm) 81 (ppm), mult. 1H--13C long-range correlations
(JinH2) inHMBC ("Jcv = 8 H2)
2 165.93 -
3 5345 |3 3.18)
4 ]
5
6
7a
7b
8a
8b
9a/9b
10a 38.728 | 150, 2 C-3,C-11
.............. A time
10b o= C-2,C11
11 :)24.84 SN
11-Me r‘ﬁa=33= 10, C-11
12 2. %10, C-11

AU R T o

o

ies of cyclo

e T

SIS

erazine were

PIVIE

|ously reported



Table 11 Sources of diketopiperazine, cyclo-(prolyl-leucyl).
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Compounds

Source

References

cyclo-(prolyl-leucyl)

a marine Micrococcus .
associated with a marine sponge,

Tedaniaignis

Stierle et al., 1988

Streptomyces sp. TRA9851-2

Suntornchashwej, 2000

cyclo-(L-prolyl-L-leucyl)

Sreptomyces lavendulae No.314

Kubo et al., 1977

a Caribbean sponde

Tedaniaignis

Schmitz et al., 1983

]
an Ahitarctic sponge-associated
bacterium, Pseudomonas

aeruiginosa \

Jayatilake et al., 1996

cyclo-(L-prolyl-D-leueyl)
cyclo-(D-prolyl-D-leugyl)

a gcaribbean . sponge . Calyx “ef.
podatypa, :,

Adamczeski et al., 1995

cyclo-(D-prolyl-leucyl)

amarine Bacillus'sp. Sc018

cyclo-(L-prolyl-D-leueyl)

amarine Bacillus sp, Sc026

Jaruchoktaweechai, 1999

(

"’ ‘//—

It is well known that- optical refetions ([a]p) for proline-containing

diketopiperazines are positive it prolinq?zi%‘gi_ ketopiperazines is D-proline, while

showing negative if -the proline is L-proline (Adamczeski et al, 1995).

Optical

rotation of TK030 was -80.36°, therefore this compound.contained L-proline in the

structure. TKO030 was then identified as cyclo-(L-prolyl-D-leucyl) by comparison its

'H, BC NMR spectra data and optica rotation with the previous report
(Jaruchoktaweschaty 1999) asshomwndn il ebles 12<13.

Figure 18 Chemical structure of cyclo-(L-prolyl-D-leucyl) (TK030).
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Table12 The'H and *C NMR spectral data (in CDCls) of cyclo-(L-prolyl-D-leucyl),
cyclo-(L-prolyl-L-leucyl), and cyclo-(D-prolyl-D-leucyl).

Cyclo-(L-propyl-D-
leucyl) (TK030)

Cyclo-(L-prolyl-D-leucyl)

Cyclo-(L-prolyl-L-leucy!)’

Cyclo-(D-prolyl-D-leucyl)®

Position S (ppm),
S¢ S¢c Sy (ppm), mult. Sy (ppm), mult. S¢ Sy (ppm), mult.
mult. _ 3¢ (ppm) , .
(ppm) ) (ppm) JinHz) JinHz) (ppm) JinHz)
JinHz)
2 165.93 - 166.0 - - - 169.6 -
3.99,
3.95, dd(9.3,
3 53.45 | dd(9.41,3.1 | 534 5360 | 3.9-4.24, m 56.4 |3.92,dd(9.9, 5.4, 4.5)
3:3)
8) o’
|
4 - 5.96, brs - 613, hr s - - 6.18, br s
5 | 169.91 - 170.0 / \ - 166.4 -
4.09, g
6 59.02 5900 S 411, (8.1 ¥ 59.20 | 3.9-4.24, m 58.1 |4.07,dd(6.9, 1.5)
1(8.06) >
B Y 2.37,ddd (8.7, 6.4,
7a 2822 | 211, m 28.2 ) 2.10,ym ) 2833 | 14-25 29.1
4 24)
A Bl = ’7 e 2
7b 2.32,m 2.32-m _7’ v
v‘-/‘[
8a 22.86 | 1.89,m 22.8 +171:89; 2H,mj;,;l;'j213.50 14-25 23.1 [1.96,m
222043
8b 2.00, m ;}:_’ . 1.88,m
3.55, 2H; 3.52, dt, (9.8,
9a/9%b 45,57 45,5 1-3.52. 25 m 45.72--3.6,m 457
m ‘ 2.7)/3.62, dt (9.0, 4.5)
10a 38.72 1.50,m7 38.6 | 1.50, m 3887 | 1425 426 [1.75,9(6.3)
1.63, ddd (11.1, 6.5,
10b 2.04, m 1.99, m
1.8)
11 24.84 [ .L71.m 2471 |.1.79,m 24,96, | 1.4-2.5 245 |1.60-1.66, m
0.93, 3H, 0.90, 8H, d
11-Me 21.33 21.3 21.40..{. 0.96,.d 21.4..10.97, 3H, d (6.3)
d(6.49) (6.3
0.98; 3H, 0:95, 3H,d
12 23.40 23.4 2295 | 1.02,d 22.3 |0.94,3H,d (6.3)
d(6.56) (6.3

& From Jaruchoktaweechai, 1999.

® From Jayatilake et al., 1996.

¢ From Adamczeski et al., 1995.
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Table 13 Optical rotations of cyclo-(L-prolyl-D-leucyl) (TK030), cyclo-(L-prolyl-D-
leucyl), cyclo-(L-prolyl-L-leucyl), and cyclo-(D-prolyl-D-leucyl).

Concentration

0
Compounds ([ado ) (/100 ml)
cyclo-(L-prolyl-D-leucyl) (TK030) -80.36 0.125¢
cyclo-(L-prolyl-D-leucyl)? -91.3 0.140°
cyclo-(L-prolyl-D-leucyl)® 90.6 0.140°
cyclo-(L-prolyl-L-leueyl)® =136.0 0.120°
cyclo-(D-prolyl-D-leucyl)® +142.14 0.280°

& From Jaruchoktaweechaiy 1999
® From Adamczeski et al #1995
¢ From Jayatilake et alt, 1996

9 Data were recorded in'MeOH

¢ Datawere recorded in EtOH

The TKO30 was propo%a?as‘ a diketopiperazine, cyclo-(L-prolyl-D-

leucyl), which was previously isolated from%}tﬂg Caribean sponge, Calyx cf. Podatypa
(Adamczeski et al, 1945) and a n“]arf'i_‘r‘\e bacterium, Bacillus sp. SC026

(Jaruchoktaweechai, 1999).

The "M and *C NMR spectral data of compound TK034-2 was
identical to those of compound TK030 and both compounds showed similar optical
rotation, ([o]p)¢=80.36° at ¢ = 0.125 in MeOH for-compound-TK030 and -97.85° at ¢
= 0.175 in MeOH'for compound TKO034-2: Theréfore, TK034-2 was aso identified

as cyclo-(L -prolyl-D-lgucyl).
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3.4 Structureelucidation of cyclo-(L-propyl-D-valyl) (TK034-1)

Compound TK034-1 was isolated as colorless amorphous solid. The
ESI-TOF mass spectrum (Figure 67) gave the pseudomolecular ion peak at m/z 197
(M+H)", indicating a molecular formula C1gH16N>0,. The UV spectrum (Figure 68)
showed Ama (l0g €) at 212 (3.58) .and 724 (1.38) nm. The IR spectrum (Figure 69)
exhibited amide NH at v 3259 em, and@mide carbonyl at v 1634 cm™. This
compound showed optical rotation ([alDZS -121.94°, ¢ = 0.099 in MeOH).

The 300"MHz "H NMR spectrum (in. €DCls) of TK034 (Figure 70)
showed two methyl gproten sgnals a‘\t 6 0.88 and 1.04 ppm, six nonequivalent
methylene proton signals at's 1.87(1H);;éf00(1H), 2.02(1H), 2.33(1H), 3.51(1H), and
3.56(1H) ppm, three methine proton sig‘pars a 6 2.60(1H), 3.91(1H), 4.05(1H) ppm,
and one amide proton signal at & 6.20 pﬁm.J,The 75 MHz **C NMR, DEPT 90, and
DEPT 135 spectra (in €DCls) (Figures 7&}13;) showed ten carbon signals attributable
to two methyl carbons (6 16. 17 and 19.@1@, three methylene carbons (6 22.46,
28.61, and 45.18 ppm), three methine caergﬁ§L8 28.47, 58.83 and 60.41 ppm), and
two quaternary carbons (8 164.69 and 169.84 ppm). The ‘H-'H COSY spectrum
(Figures 76-77) exhibited the connectivities as follows: H-10/ Hz-11 / 10-Me protons;
H-6/H-7a/ H-7b; H-8a/ H-8b / H-9a/ H-9b.

Figure 19 The *H-'H correlations (bold line) in the *H-'H COSY spectrum of cyclo-
(L-propyl-D-valyl) (TK034-1).
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The correlations between protons and their respective carbons were
assigned by analyses of the HMQC spectrum (Figures 74-75) as shown in Table 14.
The complete assignment of compound TK034 was achieved by the anaysis of the
HMBC ("Juc = 8 Hz) spectrum (Figure 78). The amide carbonyl carbon at § 164.69
ppm was assigned as C-2 by its long-range correlations with H-11 (6 0.88 ppm), 10-
Me protons (6 1.04 ppm), and H-10 (5 2.60 ppm). The HMBC spectrum also showed

the correlations of H-11 (6 0.8 p 10-Me protons (6 1.04 ppm) to C-3 (6
60.41 ppm), H-7b (6 2.3 ppm), H-7a (3 2.02 ppm) to C-6
(58.83 ppm) and H-8b ) t.C-6 m) (Figure 20).

/

\

Figure 20 The {HA2C long-rang o0 lationsinlR Y (5 3C spectrum of cyclo-(L-

1
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Table 14 The H and *C NMR spectral data (in CDCl3) and the 'H, *3C long-range
correlations in the HMBC spectrum of cyclo-(L-prolyl-D-valyl) (TK034-1).

TKO034 [cyclo-(L-prolyl-D-valyl)
Position dc Su (ppm), mult. | *H-C long-range correlations
(ppm) (JinHz) in HMBC ("Jci = 8 H2)
2 164.69 -
3 60.41 | 3.91, brs
4 - 6.20, br s
5 160.84 "
6 58183 405 m
7a 28.611.2.02,/m \ C-6
7 288 m . _ c-9
8a 22.46 §1487.n ..'
. iy , g N
9a/9b 4548 J 3.5152H, r’é, 4
10 2841 | 2.60;2H, rf/}f/_: C-2
10-Me 1031 04 3H, dg:.’fé) C-11, C-10,C-3,C-2
11 16.17 10:68,3H, d (6.80) | C-10-Me, C-10, C-3, C-2

Compound TK034-1 was then proposed-as a diketopiperazine, cyclo-
(prolyl-valyl). A ‘series of cyclo-(prolyl-valyl) diketopiperazines was previousy
reported as follows:. cyclo-(L-pretyl-L-valyl) from. Sreptomyces lavendulae No.314
(Kubo et al.,[.1977), a marine.sponge Tedanialignis (Schmitz et al., 1983), and an
Antarctic sponge-associated bacteritm, Pseudomenas aeruginosa(Jayatilake et al.,
1996);, and, cyclo=(L -prolyl-D-valyl) from & Caribbean sponge, Calyx cf. podatypa
(Adamezeski et al., 1995).

It is know that optical rotations of proline-containing diketopiperazines
depended on the configuration of proline; diketopiperazines containing D-proline
present positive but those with L-proline present negative (Adamczeski et al, 1995).
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Figure21 Chemical structuresof cyclo—(L/-pronI-D-vaIyI) (TKO034-1).
/
/'
Table 15 The'H and *€ NMR spectral data{aGDCls) of cyclo-(L-prolyl-D-valyl)
(TK034-1), cyclo-(L-prolyl=k=valyl), zT"nd cyclo=(L-prolyl-D-valyl).

TKO034 [cyclo-(L- /Cydo-(L-‘rolyl-L- eyclo-(L-prolyl-L- cyclo-(L-prolyl-D-
pronI-L-vaIyV 4 vaI;/Xa valyl)® valyl)®
Position S (Ppm) | 34 (ppm), 34 (ppm), 34 (ppm),
5C 8(;. Al — v 8(: BC
( ) mult. )+ mult. ( ) mult. ( ) mult.
m m 7 m m
PP (JinHz / 4 (J\\)n Hz.) \\ (dinHz) PP (JinHz)
| V.
164.69 > 4 [\ID Ll 165.1 ND ND -
3 6041 | 3.91,brs f NDY & 3.96%1, m | 60.58 ND 60.4 | 3.94,brs
¢ ey
. 6.0 b / Y 2T /N \D 5.72,dd (1.5,
- 20, Drs ,N?D} — N@; B - -
SSSS ’:’J’JZ/} 1.2)
5 169.84 - ANDZ == | 170.19 ND ND -
A=A o il
- - i 4.08, dt (7.8,
6 58.83 | 4.05,m ND | 369-41m | 59.03 [y ND 58.9
\i— - = J 1.8)
¥
7a 2861 | 2.02m ND ND 2874 7 ND 286 |2324,m
7b 2.33, ND ND I ND 2.06-2.1, m
8a 2246 | 1.87,m ND ND 22.57 ND 225 | 1.99-2.02, m
8b 2.00, m ND ND ND 1.88-1.93, m
355, dt (9.1,
9a/%b 45.18%("351, 2H, m ND “ 36, 2H;m 45.36 ND 45.2
2.8)/3.63,m
10 284742160, 2K, m ND ND 2858 ND 284 | 264,m
1.04, 3H, 1.06, 3H, d
10-Me {) 19.31 ND | 1.10,3H,d | 16.26 ND 16.1
d(7.18) (7.2)
0.88, 3H, 0.91, 3H, d
11 16.17 ND | 0923H,d | 16.26 ND 19.4
d(6.80) (7.2)

*From Schmitz et al., 1983
®From Jayatilake et al.,1996
°From Adamczeski et al., 1995
ND, Not determined




74

Table 16 Optical rotations of cyclo-(L-prolyl-D-valyl) (TK034-1), cyclo-(L-prolyl-
L-valyl), and cyclo-(L-prolyl-D-valyl).

Compounds ([o]p (°) | Concentration (g/100 ml)
cyclo-(L-prolyl-D-valyl) (TK034-1) | -121.91 0.099'
cyclo-(L-prolyl-L-valyl)? -134.0 0.160°
cyclo-(L-prolyl-L-valyl)® -139.4 0.160°
cyclo-(L-prolyl-L-valyl)* -180 ND®
cyclo-(L-prolyl-L-valy})® 461 ND?
cyclo-(L-prolyl-D-valyh® <7415 0.260°
cyclo-(L-prolyl-D=valy!)® -120 ND¢

& From Schmit eval’., 1983

® From Jayatilakeet al ., 4996

“From Fischer et aly 1908

From Siemiong4971

® From Adamczeski et al., 1995

" Data were recorded in MeOH

9 Data were recorded in EtOH

ND, Not determined —

By-the comparison of ‘H, *C NMRuspectral data and optical rotation
with the literatures-as-shownn-fables45=16-(Frscheretf al., 1908 and Adamczeski et
al., 1995), the compound TK034-1 was identified as cycio-(L-prolyl-D-valyl).

35 Structure ducidation of antimycins B; and B, (TK051-1 and
TKO051-2)

Campound TK051 was.isalate as colorless solid. The UV spectrum (in
MeOH) (Figure 80) showed Ama (lOg €) at 221 (3.82) and 314 (3.04) nm. The IR
spectrum (Figure 81) showed absorption bands of carbonyl (v 1736 cm™®) and NH
group (Vmax 3421 cm™). The ESI-TOF mass spectrum (Figure 79) of compound
TK 051 showing two sets of the large pseudomolecular ion peaks at m/z 493 (M+H)",
515 (M;+Na)" and 507 (Mo+H)", 529 (M+Na)" indicated that TKO51 was an
approximate 1:1 mixture of two major closely related compounds, one (TK051-1)
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having molecular weight 492 (CxH3N.O,) and the other (TKO051-2) having
molecular weight 506 (C5H34N200).

Based on extensive analyses of NMR spectral data including 1-D 'H,
3C, DEPT 90, and DEPT 135 and 2-D 'H, *H COSY, TOCSY, HMQC, and HMBC
spectra (Figures 82-98), the compounds contained the common basic structure of an
3-acetamidosalisylamide connecting with. a 9-membered dilactone ring, accounting
for Ci9H23N20s.

The 300 Mz NMR ard the 75 MHz °C NMR, DEPT 90, and
DEPT 135 spectra wergshown in Figures 82-85. The HMQC spectrum (Figures 86-
88) alowed the assigamenis of protons and their respective carbons, as shown in
Table 17. The *H-"H gorrelaiions in the *H-'H COSY and the TOCSY spectra (in
CDCls) (Figures 89-92) presented the gonsecutive proton connectivities in the
aromatic ring as follows; H-4¢/ H-5"/ H:E}' and in the dilactone ring as follows: 3-NH
/ H-3/ H-4 ] 4-Me protons and'9-Me protéﬁs‘/ H-9 / H-8/ H-7 (Figure 22).

-

I3

‘ J
= =
o O
)k Ne /2
HaC N 3
H | H 4
(@] .0
N

H3C H

Figure 22 "The *H-'H correlations'(bold line) in the *H, *H COSY' spectrum of the
basic structures of antimycins B; and B, (TK051-1 and TK051-2).
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The difference of the two compounds was the alkyl side chains located
at C-7 which were C4Hg and CsHy; for TK051-1 and TK051-2, respectively. The C4Hg
was identified as an n-butyl group by the following connectivities in the *H, *H COSY
spectrum Hy-1" / Hy-2"" | Hp-3" | CH3-4"" (Figure 23) and the CsHi; as an isopentyl
group by Hp-1"" / Hp-2"" | H-3"" | CH3-4"" and CH3-5" (Figure 24). Then the dilactone

ring was connected to the side chain by the correlation from H-7 to H-1"".

H
H H
o)
)J\ N
N
HaC N | L
o) o}
'y H

Figure 23 The 'H-'Horr€ ations (boldline) in the *H, 'H COSY spectrum of
antimycin By (TK051-1)s v

5
H H
HaC N | "
o .0
1 5%

3C

ZT

Figure24 The'H-'H correlations (bold line) in the *H, *H COSY spectrum of
antimycin B, (TK051-2).
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correlations in the HMBC spectrum of the basic structure of antimycins B; and B,
(TK051-1 and TK051-2).

Antimycins B; and B, (TK051-1 and TK051-2) (CDCl5)
" 1413 ] I
position 8, (ppm), mult. H-"°C long-range correlations in
¢ (ppm) (JinHz) HMBC HMBC
("Jen = 8H2) ("Jen = 4 Hz)
2 169.34 N
3 53.75 526,(79/ 4, | 1-coc4
7>
4 71.03 5.70, QUIN(7.5)" 1-CO, C-6
6 172.669172.63" d - =t
7 50.18760:38° 248, n11
8 75.813/75 850|503 ©-9,8-OCOCH, | C-7,8-OCOCHS
9 7 497, m\ c2,C8 C-2,C-7
3-NH A /S 1saas 1-CO 1-CO
4-Me 48140 [ [[1.30.3H:0 (75) C3,C-4 C-3,C-4
8-COCH; 16987 f 7 [0
7d
8-COCHs 20880 [ ;. g}Ii, Sy 4 8-COCHs 8-COCHs
9-Me 1786 § |12 3Hd(E3) | co co
aid ~dia
1' 112-4J ’.J_’—,’ osacd A
> 15031 e
3 128,29 A A7/ A 7/ SRS ,‘
4 112404 | 850,d(7.9) c2. €6
5 L /11891 6.89,  (7.9) C1,C8,C6 |C3,Cca
6 1119.46 7.19,d(7.9) C2, Ca C-4,1-CO
1-CO 169.86 ] -
3-NHCOCHs 168.36 -
3-NHCOCHS 24,97 221, 8H, $ 3ENHCOCH; | 3-NHCOCH;
3-NH - 7.85, bss
OH ! 192,55, {r s €4/ /€218 ~N\CA'JC-2, C-3

a= antimycin B,
b = antimycin B,
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Table 18 The'H and *3C assignment of the alkyl side chains of antimycins B, and B,

(TK051-1 and TK051-2).

Antimycins B, (TK051-1) (CDCl3) | Antimycins B, (TK051-2) (CDCl3)
position 5 (ppm) S (gc:r:)l_lgult 5 (ppm) SH (([\)]ﬁ?)H gult.
1" 29.36 1.20,2H, m 26.50 1.70, 1H, m/ 1.30, 1H
2" 28.29 131,2H, m 36.21 111,2H,'m
3 22.56 1.23,2H, m 27.95 151, m
4" 13.95 0.85, 3H, t(6.9) 22.19 0.84,3H,d (6.7)
5" - 22.77 0.84, 3H, d (6.7)

v

The complete asstgnment of the basic structure was achieved by the

aids of the HMBC ("Jge =4, 8 Hz) spectra (in CDClg) (Figures 93-98) as shown in
Table 17. The connectivities of the\quaternary carbons assigned by the HMBC
spectra as follows: H-64 34H. arid-+-8 to 1-CO; 3:NH and H-9 to C-2; H-4 to C-6
suggested the connectivities of each fraément in the molecule. The hydroxyl proton
at 6 12.55 ppm wasSubstituted at C-2* Of th aromatic ring based on its downfield

chemica shift due to the chelation to tﬁ%amide carbonyl at 1'-CO and the *H-*C

long-range correlations of 2“0 to C-1/,C-2, and C-3'. The O-acetyl group was
placed at C-8 by the observation: of 1H-?’f@-];qug-range correlations of H-8 and the

methyl protons to carbonyl carbon at 6 169.27 ppm. Therefore, the remaining NH-

acetyl group was fecated at C-3' of the aromatic ring.

I
H H

[ SRl
oq £

-
2 O
HSC H\_j

9

o}
——\‘
3

H/‘\
o ,/CT-|3
3 \n/

)

antimycin B4

antimycin B,

H,
C. 3 CH
1 LG 3 CHg
R= HzC/ 2\8/4
H, - 4"
1 G 3 CHy
R = HZC/ >on”

5
CHj

Figure 25 The important *H-*C long-range correlations in the HMBC spectrum of

antimycins B; and B, (TK051-1 and TK051-2).
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The basic structures of antimycins B; and B, (TK051-1 and TK051-2)
was confirmed by comparison of the *H and **C NMR spectral data with previous
reported two antimycin antibiotics, urauchimycins A and B (Imamura et al., 1993), as
shown in Table 19.

Table 19 The *H and *C NMR spectral data (in CDCls) of the basic structures of

antimycins B; and B, (TK051-1 and TK051-2) and urauchimycins A and B.

Antimycins By and B, (TK051-1L@nd | . Urauchimycina A Urauchimycina A
TK051-2) (CDCly) (CDCly) (CDCly)
position 5 (ppi), mult 5. | Sn (pom), 5o | o (pom),
e (1 Qink) ) | | eem) | T
| (JinH2) (JinH2)
2 169.34 - 170.1 - 170.1 -
3 5378 /15261 (7\5) 53.8 5.24 53.7 5.32
4 7‘fo§., 570, quin %5 | 707 5.69 70.8 5.69
6 172668072634 [ 1738 - 1738 -
7 5018%5038) 248 /N A 50.0 2.49 52.3 2.32
8 75.81875.85" £ 5.03m 4 7.1 259 77.1 3.60
9 74.80 497 m i’L 1 %63 488 76.3 487
3-NH Y PE TR 7.09 - 7.07
4-Me 1514" “5E30,3H,d(@8)% 150 1.30 15.0 1.30
8-COCH; 169.27 7 S\ % ;;'J/:g; b - - - -
8-COCH; "420.86 2.11,3H,s - L) - - -
9-Me ::‘;1 7.96 1.28,3H,d (5.3 185 ‘\:JJ 1.45 18.4 1.46
1 112.42 - e - 1126 -
2 150.31 - 1506 1" - 150.6 -
3 128.29 - 127.4 - 127.4 -
& 194104 850, d(719) 1248 855 1248 8,55
5 11801 6.89,1(7.9) 119.0 6.92 119.0 6.92
6 119,46 7.19,d (7.9) 1201 7.24 120.1 7.26
1o 169.86 1 1694 ] 169.4 -
3'-NHCOCH, 168.36 - 158.9 - 158.9 -
3'-NHCOCH; 24.97 2.21,3H,'s - -
3'- NH - 7.85, bss - 7.90 - 7.88
OH - 12.55, br s 12.63 - 12.40

a= antimycin B,
b = antimycin B,
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Additionally, the ESI-TOF mass spectrum of the mixture antimycin B3
(Figures 79) also presented the small pseudomolecular ion peaks at mvz 521 (M+H)"
and 543 (M+Na)" implying a molecular formula CzsH3sN209. This minor compound
should have the same basic structure as antimycins B; and B, but contained different
alkyl side chain. Its side chain was then proposed as C¢Hi3. The minor compound

was hamed as antimycin B3 and its tentative structure is shown below.

antimycin Bg

In summary, TK051 was a mixture of three components containing
two major compounds, antimycins B; and By, and a minor compound, antimycin B,
in the approximate ratio 5:4.1, respectively, on the basis of its pseudomolecular ion

peak intensity in the mass speetrum.

In the-previous reports, antimycin A was a mixture of closely related
compounds, antimyers A1, Az, As, A4 and As, that were produced by various species
of Sreptomyces. Antimycins Agand As; were aspotent inhibitors of the cytochrome
bcl complex @ndiexhibited insecticidal; fungicidal, and miticidal activities (Selwood
et al., 1990; Miyoshi et al., 1991; and-Glasby, 1993).

4. Biodlogical activity

The results of biological activities including antimicrobial,
antimalarial, cytotoxic, and antituberculous activities of the crude extracts and pure
compounds obtained from Sreptomyces sp. AAR 1-1 and AAR 14 are shown in
Tables 19-23.
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4.1 Biological activity of the extracts of the fermentation broth from

Streptomyces sp. AAR 1-1

From the screening tests of antimicrobial activity, the ethyl acetate
extracts | and Il from the fermentation broth of Sreptomyces sp. AAR 1-1 was active
against Saphylococcus aureus ATCC 25933 and Bacillus subtilis ATCC 6633.
Based on bioassay-directed fractionation, one active compound, FK009 (actinomycin
D), was purified from the active fraction F003 which was fractionated from the active
ethyl acetate extract 1. - The biological activities.of the crude extracts and the pure
compound including antimierabial, )anti malarial, cytotoxic, and antituberculous
activities are presented i Tables 20 and 21.

i
Table 20 Antimicrobial activity of the crude extracts, fractions, and actinomycin D
obtained from Streptomyces sp/AAR 1-1.

» 4
Al
v

] _ 2 I nhibition zones (mm)
Fractions or Concentration =
: Saureus | B.subtilis E. cali C. albicans
Compounds (ngldisc) ¢
ATCC 25923 | ATCC 6633 | ATCC 25922 | ATCC 10231
EtOAC extract | 1,000 167228 20
EtOAcC extract |1 1,000 IS5l ok ND
N
Hexane extract 1,000 - ND
F002 1000
F003 1,000 17 ND ND ND
FO04 1,000 7 ND ND ND
FO05 1,000 7 ND ND ND
FO06 1,000
Fo07 1,000
Actinomycin,D
500 22 i -
(FK009)
-, Inactive

ND, Not determined
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Table 21 Antimalarial, cytotoxic, and antituberculous activities of the crude extract

and actinomycin D obtained from Streptomyces sp. AAR 1-1.

_ _ o Cytotoxic activity _
Fractions or Antimalarial activity® . Antituberculous
ED m
Compounds ECso (ng/ml) w0 (ng/mi) activity MIC (ug/ml)
KB® BC*

EtOAcC extract | 0.34 ND ND ND
Actinomycin D
(FK009) 0.0026 0.078 0.15 0.125

®Antimalarial activity against Plasmodium fal cipar um;, Klwmulti-drug resistant strain.
PK B, Human epidermoid carcinomaell lines of nasopharynx.

°BC, Breast cancer cell lines.

dAntitubercul ous activity against Mycobacterium tuber culosis H37Ra

ND, not determined

In the previgus report, actinemycin D was used as antineoplastic drug
Reynolds, 1996). Additionally,. It was found to be a potent inhibitor of human
immunodeficiency virus (HIV) type reverse transcriptase (Davis et al., 1998 and Rill
and Hecker, 1996). =

4.2 Biological activity of the extracts of the fermentation broth from

Streptomyces sp. AAR 14

In the preliminary bioactivity screening test, the methanol extract and
the hexane extract-trom the fermentatian-broth of-Streptemyees sp. AAR 14 showed
fungistatic activity "against Candida” albicans~ATCC "1023%1. Based on bioassay-
guided, isolation, .two..active.compounds were-isolated, TKQ30 [cyclo-(L-prolyl-D-
leucyl)] and TK034-1"[cyclo=(L*prolyl=D-valyl)] from the-active methanol extract.
The pure compound, TK017 [N-[2'-(4"'-hydroxyphenyl)ethyl]acetamide], was isolated
from inactive fraction, TOl7. The results of biological activities including
antimicrobial and antimalarial activities are shown in Tables 22 and 23.
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Table 22 Antimicrobial activity of the crude extracts, fractions, and pure compounds
obtained from Streptomyces sp. AAR 14.

Inhibition zones (mm)
Fractions or Concentration S aureus B. subtilis E. coli C. albicans
Compounds (ng/disc) ATCC ATCC ATCC ATCC
25923 6633 25922 10231
MeOH extract 1,000 - - - 35
Hexane extract 1,000 4 - - 11
¥ 4
T008 1,000 ND 7 ND ND -
T009 1,000 ND ND ND 33
T010 1,000 ‘l’ ND ND ND 36
To1l /],,OO/O | _ND ND ND -
3
TO12 & 14000 \ ND ND ND -
T013 " 14000 " ND ND ND 41
To14 / 1,000' J “|——=ND ND ND 37
F _—)
TO15 | /1, of., ND. ND ND 32
T016 Y, ]oc? 1 “ND ND ND 14
To17 [1,0 0,2 4 I’ND 4 ND ND -
g £

T018 y 11000 i ND . ND ND -
T019 1,000%< ND 4| T ND ND -
T027 1,000 . ND - | ND ND 10

-t A N Ll
T028 ) 1,000 ND ND ¢ ND 13

A £ )
T029 T 1,000 ND ND - ND ND
Y, N

TO30 4 1,000 ND NG~ ND 35
TO31 -+ 1,000 ND ND- ND 32
T032 1,000 ND ND ND -
T033 1,000 ND XD ND 12
T034 1;000 ND ND ND 45
T035 1,000 ND ND ND 35
TO36 1,000 ND ND ND 24
N-[2-(4"-
hydroxyphenyl)ethyl] 1,000 ND ND ND -
acetamide (TKO017%)
cyclo-(L-prolyl-D-

500 ND ND ND 24
leucyl) (TK030%
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Table 22 Antimicrobial activity of the crude extracts, fractions, and pure compounds
obtained from Streptomyces sp. AAR 14 (continued).

Inhibition zones (mm)

Fractions or Concentration S aureus B. subtilis E. coli C. albicans
Compounds (ng/disc) ATCC ATCC ATCC ATCC
25923 6633 25922 10231
cyclo-(L-prolyl-D-
500 ND ND 25
valyl) (TK034-1%)
clo-(L-prolyl-D- s
cyclo-(L-proly - ND ND 24
leucyl) (TK034-2)%
—
®Pure compound
-, inactive

ND, Not determined

Table 23 Antimalari
AAR 14.

tained from Streptomyces sp.

. ntimalarial activity®
Fractions
ECso (ng/ml)
MeOH extract Wb o1 R
a - n - . . 2 = — i :
Antimalarial activity agg%jl’,g//\/\l fal um, K1 multi-drug resistant strain.
inactive (:)

It wﬂ : o—(L_'ﬁrolyl-D-leucyl) showed anti-
herpes simplex viruses type | and type Il activity (Jaruchoktaweechai, 1999).

AOUUINBUINT )
ANRINITUAIVENAY
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CONCLUSION

Two actinomycetes strains, AAR 1-1 and AAR 14, were separately
isolated from two unidentified marine sponges, bluish purple sponge AR 990325-20H
and purplish white sponge AR 990324-09K, respectively, from Adang-ravee Island.
The organic solvent solubles of these streins showed interesting antimicrobial activity
against Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC 6633, and
Candida albicans ATCC 10231. Based on morphological, cultural, physiological,
and biochemical charaeteristic-and cell wall component studies, the strains AAR 1-1

and AAR 14 were identifi ed'as Sir eptomyces.

Directed by antimicrobia‘lfactivity against S. aureus ATCC 25923, a
known compound, actinomycin:D '(FK009), was obtained from the ethyl acetate
extract of the fermentation broth of Strep}gnyces sp. AAR 1-1. The bioassay-guided
fractionation, using antimigerobial, against F. albicans ATCC 10231 of the methanol
extract from the fermentation broth of Sygp;prwces sp. AAR 14 gave two known
diketopiperazines including cyclo—(L-pronVfl\:_I‘;)_-l_eucyl) (TKO30 and TK034-2) and
cyclo-(L-prolyl-D-valyl)  (TK034-1), orie‘ acetamide, derivative, N-[2'-(4"-
hydroxyphenyl)ethyllacetamide (TKO017), and a mixture of three new derivatives of

antimycins, namely antimycins By, Bz, and Bs.

The-isolated; actinemycin ® (FK009) .exhibited antimicrobial activity
against S. aureus ATCC 25923 and'B. subtifis ATCC'6633 with inhibition zones of 22
and 21 mmy respectively-at .coneentration, 500-ugidiscantimalaria activity against
Plasmadium falciparum, K1 ‘multiplédrug resistait strain; at 'ECsp 2:07x10° uM,
cytotoxic activity against KB cells (oral human epidermoid carcinoma) at ECs
6.22x107% uM and BC cells (breast cancer) at EDsy 1.20x10™ uM, and antituberculous
activity against Mycobacterium tuberculosis H37Ra at MIC 9.97x102 uM. Both
diketopiperazines, cyclo-(L-prolyl-D-leucyl) (TK0O30 and TK034-2) and cyclo-(L-
prolyl-D-valyl) (TK034-1), showed fungistatic activity against C. albicans ATCC
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10231 with inhibition zones of 25 and 24 mm, respectively at concentration 500
ug/disc. The isolated N-[2'-(4"-hydroxy phenyl) ethyl] acetamide was tested for
antimicrobial and antimalarial activities, but it did not show any activities. The
mixture of new antimycins derivatives, antimycins B1, B,, and B3 has not been tested
for any biological activities due to the limited amount of sample.

This study is the the marine Streptomyces strains AAR

1-1 and AAR 14 associat es can produce biologicaly active
substances such as actin | d dik ines. Additionally, the acetamide
derivative, N-[2'-(4"- ylJacetamide and the new antimycins

derivatives, antimyci B awe}&;. oy the strain AAR 14.

AONUUINYUINNS )
ANRINITUAIVENAY
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Figure 50 The 75 MHz *C NMR spectrum (in DMSO-ds) of N-[2/-(4"'-
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Figure 61 The 75 MHz DEPT 90 spectrum of (in CDCl3) cyclo-(L-prolyl-D-leucyl)
(TK030).
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Figure 71 The 75 MHz **C NMR spectrum (in CDCls) of cyclo-(L-prolyl-D-valyl)
(TKO034)



125

Figure 72 The 75 M PT/135.speetru )Cls) of cyclo-(L-prolyl-D-valyl)
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Figure 73 The 75 MHz DEPT 90 spectrum (in CDCls)of cyclo-(L-prolyl-D-valyl)
(TKO34).
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MEDIA

Each media was dispensed in 100 ml distilled water or sea water and
sterilized at 121°C under 15 pound pressure for 15 minutes, except for the carbon
utilization media which were sterilized at 100°C

1. Carbon utilization mediu f’ y
7.,

Carbohydrat .
arbohydrate

e UUINYUSENS )
. AWIRATRVNINENRE

Filter paper saturated with Czapek’s solution, free from sucrose.
Czapek’ssolution

KzH PO4 0.1 g
MgSO. 005 g
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NH,CI 02 g

KCI 005 g

FeSO, 0.001 g

Didtilled water 1000 ml
pH  7.0-7.2

3. Glucose peptone beef extract tract medium (GPBY)

Glucose
Peptone
Beef extract
Y east extract
MgSO,. 7H>

Q Q@ Q© O «

4. Glycerol asparagi

L-asparagine (anhydro Shasis)— 01 g
J‘fg/w/

Glycerol ez 0 g

KZHPO, (aydros besig)——————0:- 7 1

Tracesalts 0 0.1 ml
| 2.0 g

Agar

B EAEHAVIBUTNT
FIRINTOLUYI I &I’]ﬂ&l

“MnCl,. 4H,0
ZnS0O,. 7TH,0 01 g
Distilled water 100.0 ml



5. Glycerol peptone medium (GPM)

Glycerol 20 g
Mollase 10 g
Beef extract 05 g
Peptone 05 g
CaCOs3 04 g
Seawater 35 /oo ml
Didtilled water ml
6. Inorganic salt-st
e
Soluble star 28 ® g
K,HPO, (anh Sis) 41 g
MgSOy. 7H,0 izé?{ g
NaCl — g
(NHa4)2 SO4 ‘ g
CaCOs3 g

pH 7.0-7.4

1w ARURARU AT )
WL MR

“KNO; 0.
Starch 10 g

Agar 15-1.8¢g
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8. Nutrient gelatin broth

Beef extract 10 g
Peptone 10 g
NaCl 01 g
Gelatin 100 g

9. Oatmeal agar (Difco®)

Oatmeal aga7

10. Peptone nitrate

Peptone
KNOs

NaCl

ik
025 g
Agar VU oa 15
NOUUINUIN
Potato and carrot were cut in to small pieces and theh boiled them at

mﬁm@g&mmmamm prepare e

12. PY medium

Glucose 20 g
Soluble starch 10 g



Y east extract 03 g
Peptone 05 g
Beef extract 05 g
CaCOs; 03 g

13. Sabouraud dextrose agar (SDA, Difco®)

/ 65 g
Z=,

Sabouraud dextrose

——

14. Skim milk brom7

Skim milk (Di g
15. Tryptic soy agar (T.

Tryptic soy ag g

16. Tyrosine agar
Glycerol | 7 ¥ g
L-tyrosine (Difco) 0. g
L-asparagine (leco)

ﬂﬂﬁ“ﬁﬁmuﬁh*a
&ﬁmﬁﬂmwﬂ% énaﬂ

race salts solution (A)
Agar 20 g
pH 7.2-74

150
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17. Yeast extract-malt extract agar

Glucose 10 g
Peptone 05 g
Y east extract 03 g
Malt extract 03 g
Agar g

18. Yeast extract-malt

Glucose g
Y east extr g
Malt extr g
Agar g

AONUUINYUINNS )
ANRINTUNINEAE
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