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CHAPTER I

INTRODUCTION

Actinomycetes are a proven source of structurally diverse secondary metabolites
possessing broad ranges of biological activities such as antibiotics, erythromycin and
tetracycline; anticancers, mitomycin C and daunomycin; immunomodulators, bestatin and
erbstatin (Goodfellow, Williams, and Mordarski, 1988). The most useful in the chemical
discoveries and biological activities reported from the actinomycetes are terrestrial
actinomycetes. Although it is tempting to draw an analogy between actinomycetes in various
terrestrial soils, they are generally not considered to be closely related microenvironments.
Secondary metabolites of the terrestrial actinomycetes show wide varieties of chemical
structures such as polycyclic quinones, quanolirones I and II (Qian-Cutrone et al., 1998);
polyhydroxylated compounds, aflastatin A (Sakuda et al., 1996); peptides, polyoxypeptins A
and B (Umezawa, 1999); macrolides, tetrin C (Ryu et al., 1999); terpenes, compound 11904w
(Gansser, Pollak, and Berger, 1995). Since the frequency of novel bioactive compounds
discovered from terrestrial actinomycete decreases with time, academic and industrial
programs are increasingly screening actinomycetes from diverse environments for their ability

to generate new metabolites such as estuarine environment.

Like the soil, in terms of sedimentation, estuaries are many complex environments
(Burton, and Liss, 1976; Dawes, 1998). One principle reason for this is that the sediments
themselves can originate from a number of areas. These include both upstream and marine
sources. This characteristic makes estuarine sediments more nutrient-rich than terrestrial or
marine sediments. Recent investigations have demonstrated that estuarine actinomycetes
provide a diversity of biologically active metabolites. Although known compounds are
frequently encountered, novel compounds are being reported at a high frequency. Examples
include lagunapyrones A-C, the cytotoxic acetogenins of the new skeletal class from an
unidentified actinomycete culture CNB-984 isolated from estuarine sediment collected in the

Agua Hedionda Lagoon in Carlsbad, California (Lindel, Jensen, and Fenical, 1996);



wailupemycins A-C and 3-epi-5-deoxyenterocin, the a-pyrone containing metabolites from
Streptomyces sp. BD-26T isolated from shallow water estuarine sediment in Wailupe beach
park, Hawii (Sitachitta, Gadepalli, and Davidson, 1996); Halawanones A-D, the quinone-
containing metabolites from Streptomyces sp. BD-18T isolated from a sediment sample
collected in the estuarine environment at the mouth of Halawa stream, Oahu, Hawaii (Ford,
Gadepalli and Davidson, 1998); the pentacyclic polyether arenaric acid from estuarine
actinomycete culture CNH-248 isolated from sediment sample collected in an estuary near
Doheny Beach, San Diego (Cheng, Jensen, and Fenical, 1999a); luisols A and B, the aromatic
tetraols metabolites from Streptomyces sp. CNH-370 isolated from sandy sediment collected

near San Diago in the San Luis Estuary (Cheng, Jensen, and Fenical, 1999b).

In the course of our screening for bioactive metabolites from actinomycetes, we
planned to study the secondary metabolites of actinomycete strains isolated from mangrove
forests in the estuarine environments because the sediments contain high organic matters. We
found an interesting strain TRA9851-2 which had been isolated from a soil sample collected
at the bottom of a canal in a mangrove forest (dominate in coastal zone), Trang Province,
Thailand. It was determined to belong to the genus Streptomyces based on morphological and
chemotaxonomic characteristics.  Preliminary bioactivity screening on the ethyl acetate
extract of the fermentation broth from this actinomycete strain showed antimicrobial activity
in a disc diffusion assay against Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC
25923 and Candida albicans ATCC 10231 with 20, 10 and 23 mm zone of inhibition at

1 mg/6 mm disc, respectively.

The main objectives of this investigation are as follows:
1. Identification and characterization of the strain TRA 9851-2 isolated from mangrove
sediment.
2. Purification and bioactivity evaluation of secondary metabolites from the strain TRA9851-2.

3. Structure elucidation of isolated secondary metabolites.



CHAPTERII

REVIEW OF LITERATURE

Microorganisms have had a profound effect on medicinal science since the discovery
of not only the cause of infection but also the production of secondary metabolites, which can
cure the infection diseases. Since the discovery of penicillin in 1929, between 30,000 and
50,000 natural products have been discovered from microorganisms (Fenical, and Jensen,
1993). Of these substances, more than 10,000 are biologically active and more than 8,000 are
antibiotics (Betina, 1983). Despite the many discoveries, most antibiotics of microbial origin

come from terrestrial bacteria belonging to one taxonomic group, the order Actinomycetales.

Organisms belonging to the group of actinomycetes are Actinobacteria,
Actinoplanetes, =~ Maduromycetes, = Micropolysporas, = Multilocular, = Nocardioform,
Streptomycetes, and Thermomonosporas. In many members of actinomycetes, the species in
the genus Streptomyces, family Streptomycetaceae, have proven to be the major source for
antibiotics and related bioactive metabolites (Nolan, and Cross, 1988; Goodfellow, and
William, 1983). Its secondary metabolites show wide varietics in the chemical structures and
are still regarded as a major potential source of new bioactive substance such as new
macrodiolide antibiotics, 11-O-monomethylelaiophylin and 11-11'-O-dimethylelaiophylin
(Ritzau et al., 1998); a novel antioxidant, diphenazithionin (Yoshiko et al, 1996); a new
inhibitor of human cytomegalovirus protease, bripiodionen (Shu et .al., 1996); a new antitumor
antibiotic, UCE6 (Fujii et al., 1997); potent apoptosis-inducing peptides, polyoxypeptins A
and B (Umezawa ef al., 1999).

Although these bacteria continue to be studied extensively, it is clear that the rate of
discovering novel metabolites from terrestrial actinomycetes is decreasing and that new
sources of bioactive natural products must be explored including the actinomycetes from

saline environments, including marine and estuary.



1. Characteristic of mangrove forests

Mangrove forest formations usually exist and thrive in estuarine environments with a
range of salinity between 10-30 ppt (Goodfellow, and William, 1983), along the sea coast and
estuary mouth between land and sea. Mangroves are typically highly productive regions
because nutrients carried by rivers are deposited at the river mouths or deltas. Mangroves
represent a rich and diverse living resource and are valuable to both the economy and
protection of coastal environmental factors such as climate, tides, waves and current, salinity,

dissolved oxygen, soils and nutrients.

Global geographical distribution of mangroves is mainly restricted to the tropics, but
they are also found in some parts of the subtropics, particularly in Japan and New Zealand
(Aksornkoae, 1993). The total mangrove area of the world has been assessed to be
approximately 18.14 million hectares. There are 168,683 hectares of mangroves in Thailand,

approximately 89% (150,272 hectares) is found on the south of Thailand especially on the

West Coast of the peninsula (1sziasg nailni, 2540).

In Thailand, mangroves occur on the sheltered muddy shores and low-lying bogs of
river and stream estuaries at levels between low and high tides, along the banks of the Gulf of
Thailand and on the west and east coasts of the peninsula. The best developed natural

mangrove forests remain only along the west coast of the peninsula, especially in the

provinces of Ranong (szue4), Phang-Nga (#s91) and Trang (n59). The mangroves along the

coasts of the Gulf of Thailand are mainly classified as young growth because most of these

mangrove. forests have suffered heavy felling for many years, especially along the upper part

of the Gulf of Thailand, in the provinces of Petchaburi (mej_ﬁé), Samut Sakorn (aynsa1ms) and

Samut Songkram (aynsasnsu) (Aksornkoae, 1993).

Mangrove sediments are formed by the accumulation of sediment derived from

coastal or river banks erosion, or eroded soils from higher areas transported down along rivers



and canals, which make mangrove sediments contain a high percentage of high organic
matter. Sediments that have accumulated in mangroves have different characteristics,
depending on their origin. Sediment from rivers and canals is fine muddy soil, while coastal
sediment is mainly sand. The degradation of organic matter deposited through time is also

part of mangrove sediments.

Nutrients in mangroves are divided into two groups: inorganic nutrients and organic
detritus (Aksornkoae, 1993). [Inorganic nutrients are nitrogen, phosphorus, patassium,
calcium, magnesium and sodium. These nutrients usually exist in adequate amounts, the only
exception being nitrogen and phosphorus, the quantities of which are often limited. Organic
detritus are organic nutrients derived from biogenic materials through several stages in the

microbial degradation process.

Mangrove is the region where water and land meet. The species of mangrove
microorganisms are only transitional members of terrestrial and true marine microorganisms.
Since mangroves are areas of highly variable environmental parameters in terms of
temperature, salinity, pH, organic loading and other factors, microorganisms in mangroves
must be eurytolerant to many environmental factors. Mangrove microorganisms are bacteria

and cyanobacteria, yeast, fungi, and microalgae (Suwanarit, 1998).

There are very few studies of the microbiological aspects of the mangroves.
Accordingly, mangrove microorganisms are the prolific resources to discover the interesting

strains, which may produce new biomedically important compounds.

2. Characteristics of the genus Streptomyces

The Streptomyces are gram-positive bacteria in the family Streptomycetaceae, order
Actinomycetales (Table 1). Outgrowth from spores or fragments of mycelium, (colony
forming unit, CFUs) develop into hyphae (branching filaments) that penetrate the agar
(substrate mycelium) and hyphae that branch repeatedly and become cemented together on
the surface of the agar to form a tough, leathery colony. In strains of Streptomyces, the

colony becomes covered with aerial mycelium (free, erect hyphae surrounded by a



hydrophobic sheath that grow into the air away from the colony). These hyphae are initially
white but assume a range of colors when spore formation begins. Colonies then appear
powdery or velvety and can then be readily distinguished from the more typical bacteria
colonies. Streptomyces strains produce a wide variety of pigments responsible for the color of
the vegetative and aerial mycelia. Colored diffusible pigments may also be formed. Many
strains produce one or more antibiotics. The cell wall peptidoglycan contains major amounts
of L-diaminopimelic acid (L-DAP). Streptomyces strains use a wide range of organic

compounds as sole sources of carbon for energy and growth (Goodfellow, 1989; Cross, 1994).

Cultural characteristics of the genus Streptomyces on various culture media are such
characters as the colors of the soluble pigment, the color of the vegetative growth, the aerial
mycelium and spores, and the micromorphology of the sporulation structures. Mycelia
pigments and pigments that are produced in the substrate mycelium and diffuse out into the

medium have been used as criteria for descriptions the species of Streptomyces.

Physiological and biochemical properties such as hydrolysis reaction (starch, gelatin
or milk), nitrate reduction and melanin formation and utilization of carbon sources have been

used extensively to characterize Streptomyces strains and species.

Organisms of the genus Streptomyces occur infrequently in soils but in relatively
high numbers in aquatic habitats such as lake mud, river sediment and marine sediment. The
Streptomyces have also been isolated from estuarine environment such as sandy sediment,
intertidal sediment and sediment sample collected in the estuarine environment at the mouth

of stream (Goodfellow, and William, 1983; Jensen, Dwight, and Fenical, 1991).



Table 1 Classification and morphological characteristics of the genus in Streptomycetaceae®

(Cross, 1994).

Genus Morphological characteristics

Intrasporangium No aerial mycelium, substrate mycelium forms terminal
and subterminal vesicles.

Kineosporia No aerial mycelium, radiating vegetative hyphae is
formed which spore is motile with polar tufts of flagella.
Sporichthya No substrate mycelium is formed, aerial chains of
motile, flagellated conidia are held to the surface of the
substratum by holdfasts.

Streptomycesb Acrial mycelium with chain (usually long) of non-
motile conidia.

Streptoverticillium | Same as Streptomyces, but the aerial mycelium bears
verticils consisting of at least three side branches, which
may be chains of conidia or hold sporulating terminal

umbels.

“Streptomycetaceae, All are aerobic sporoactinomycetes with cell wall type I
(containing of L-diaminopimelic acid, L-DAP).
bStreptomyces, This genus includes the most common soil forms and most of the

important producers of antibiotics.



3. Secondary metabolites from Streptomyces strains

3.1 Compounds of Streptomyces strains found in saline environments

Studies of secondary metabolites of actinomycetes have been mainly focused on
terrestrial strains, with a small number of investigations on actinomycetes from other sources,
especially those of marine or estuarine origin. Sediments from estuaries and bays are
obviously organic rich and different chemical characteristics from terrestrials. Sediments from
these habitats have provided the most fertile resource for the isolation of chemically prolific
bacteria including bacteria in the genus Streptomyces. A review on the chemical discoveries
and biological activities of Srepfomyces strains found in saline environments are shown in

Table 2.

3.2 Chemistry of 2H-benzo|c,d|pyrene

Benzopyrenes are polycyclic aromatic hydrocarbons, which can be divided in to
three classes, benzo[a]pyrene, benzo[e]pyrene, and benzo[c,d]pyrene. Derivatives of benzo[a]
pyrene and benzo[e]pyrene are found mainly in coal tar and cigarette smoke, and in atmosphere
as products of incomplete combustion (Richard, and Lewis, 1997). Some derivatives of benzo
[c,d]pyrene are found as naturally occurring compounds especially in the rare group of 2H-
benzo[c,d]pyrene. Up to the present, only two derivatives of 2H-benzo[c,d]pyrene have been
found in nature, resistomycin [S0] and resistoflavine [S1]. The compounds resistomycin and
resistoflavine, are polyhydroxyquinoid. pentacyclic -structure ‘only found as secondary
metabolites of Streptomyces spp. The chemical discovery and biological activity reported from

2H-benzo[¢,d]pyrenes are as follows:

Resistomycin, CxH0¢, was isolated from Streptomyces resistomycificus
(Brockmann and Schmidt-Kastner, 1951); from Streptomyces JA 3733 (Eskardt, Bradler, and
Fritzsche, 1970); from S. erythrogriseus var. itamiceticus as itamycin (Francisco ef al., 1971);
from Streptomyces strain as antibiotic A3733A (Eckardt et al., 1972); from S. griseoflavus
(Bradler and Eckardt, 1972); from new species of actinomycete 4. atrovirens as geliomycin

(by Chugasova, and Preobrazhenskaya , 1975); from S. griseoflavus B 71 (Holfle and Wollf,



1983); from S. heliomycini as heliomycin (Vinogradava, Kirillaova, and Sokolova, 1991); and

from culture of actinomycete strain DSM 7357 (Roggo et al., 1994).

The structure of resistomycin was established as 3,5,7,10-tetrahydroxy-1,1,9-
trimethyl-2H-benzo[c,d]pyrene-2,6 (1H)-dione (Rosenbrock, 1967; Hoefle, and Wolf, 1983).
Biological activities of resistomycin were HIV-I protease inhibitory activity (Roggo et al.,
1994) and antimicrobial activity against gram-positive bacteria and protozoa (Eckardt et al,
1972) such as Bacillus subtilis, Staphylococcus aureus and Mycobacterium tuberculosis at a

dilution of 1 : 20,000,000 and 1 : 1,000,000, respectively.

Several bromo derivatives of resistomycin were synthesized for elucidation its
chemical structure such as 4,8,11-tribromo-3,5,7,10-tetrahydroxy-1,1,9-trimethyl-2H-benzo
[c,d]pyrene-2,6(1H)-dione  [52]; 4,11-dibromo-3,5,7,10-tetrahydroxy-1,1,9-trimethyl-2H-
benzo[c,d]pyrene-2,6(1H)-dione [53]; 4,8-dibromo-3,5,7,10-tetrahydroxy-1,1,9-trimethyl-2H-
benzo[c,d]pyrene-2,6(1H)-dione [54]; and 4-bromo-3,5,7,10-tetrahydroxy-1,1,9-trimethyl-
2H-benzo|[c,d]pyrene-2,6(1H)-dione [55] (Brockmann, and Meyer et al., 1969).

Resistoflavine, C»,H;s07, was isolated from Streptomyces sp. JA 3733 (Eckardt,
Bradler, Fritzsche et al., 1970); from a Streptomyces strain (Eckardt, Bradler, Tresselt et al.,
1972); and from S. griseoflavus (Hoefle, and Wolf, 1983).

The structure of resistoflavine was established as 3,5,7,11b-tetrahydroxy-1,1,9-
trimethyl-2H-benzo[c,d]pyrene-2,6(1H)-dione - (Eckardt, ~Fritzsche, and Tresselt, 1970).
Resistoflavine showed antibacterial activity against gram-positive bacteria, mycobacteria,

viruses and protozoa (Eckardt, Bradler, Tresselt et al., 1972).
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3.3 Chemistry of diketopepirazines (DKPs)

Diketopiperazines (DKPs), the closed-ring compounds produced by the condensation
of two amino acids, the carboxyl group of each combining with the amino group of the other.
DKPs are widely distributed in nature as secondary metabolites especially terrestrial yeast,
lichen, fungi and also observed in marine bacteria and marine actinomycetes (Adamczeski,
Reed, and Crews, 1995). DKPs are also found in culture broth of Streptomyces strains and

some of them showed biological activity as shown in Table 3.



Table 2 Compounds produced by Streptomyces strains in saline environments.

11

No. Compounds Sources Activities References
1 | Urauchimycin A [1] Streptomyces sp. Ni- | antimycin antibiotic Imamura
2 | Urauchimycin B [2] 80, unidentified etal., 1993
sponge
3 [ Altemicidin [3] | S.  sioyaensis SA- | antitumor against LI210, | Takahashi,
1758, sea mud at|carcinoma, acaricidal | 1990
Gamo, Miyagi |activity and inhibit growth
Prefecture, Japan of gram-positive and
gram-negative bacteria,
yeasts and molds
4 | Aburatubolactam A [4] | Strepromyces sp. | potently inhibit superoxide | Bae ez al.,
SCRC-A20, derived | anion generation 1996
from marine mollusk
5 [ Salinamide A [5] | Streptomyces sp.|potent topical|Trischman
6 | Salinamide B [6] CNB-091, surface of | antiinflammatory activity, | et al.,
7 | Salinamide D [7] jellyfish Cassiopeia | moderate antibiotic activity | (1994)
xamachana from the | against gram-positive
Frorida Keys bacteria
8 | Desotamide [8] | same extract that | inactive in bacterial RNA | Miao et al.,
yielded [5] polymerase inhibitor assay | 1997
while salinamide A active
9 [ Cyclomarin A9] | Streptomyces sp. |91 | Renner
10 | Cyclomarin B [10] CNB-982, < sediment | potent antiinflammatory etal., 1999
11 | Cyclomarin C [11] samples collected in | agent
Mission Bay, CA.
12 | Anthranilamide [12] | Streptomyces sp.|antimicroalgal and | Biabani
B7747, sediment | phytotoxic agent etal., 1998

from the Gulf of




Table 2 (continued)
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No. Compounds Sources Activities References

13 | Istamycin A [13] S. tenjimariensis SS- | strong in vitro antibacterial | Okami

14 | Istamycin B [14] 939, shallow-water | activity against gram- | efal., 1979
mud sample from | negative and gram-positive
Sagami Bay, Japan bacteria

15 | Halichomycin [15] | S. hygroscopicus, | potent cytotoxic activity | Takahashi,

isolated from |(EDsy0.13 pg/ml)in the 1994
gastrointestinal tract | P-388 lymphocytic
of marine fish: | leukemia
Helichoeres bleekeri.

16 | Marinone [16] | Streptomyces sp.|antibacterial activity | Pathirana,

17 | Debromomarinone [17] | isolate CNB-632, | mainly gram-positive | Jensen
sediment sample at | bacteria etal., 1992
the Torrey Pines
Estuary, La Jolla,

CA

18 | y-indomycinone [18] | Streptomyces  sp. | mixture of [19] and [20] | Schumacher
19 | Rubiflavinone C-1 [19] PCI/B2, deep-sea | cytotoxic to the human | efal., 1995
20 | Rubiflavinone C-2 [20] sediment 1n|colon cancer cell line
21 | findomycinone [21] | University of Hawaii | HCT-116

Corelab.

' 22 | Halawanone A [22] | Streptomyces sp.| ND. ] Ford,
23 | Halawanone B [23] BD-18T, sediment Gadepalli,
24 | Halawanone C [24] sample collected in and
25 | Halawanone D [25] the estuarine Davidson,

environment at the 1998

mouth of Halawa

stream, Oahu




Table 2 (continued)

13

No. Compounds Sources Activities References
26 | &-indomycinone [26] Streptomyces sp. | pluramycin-class antibiotic | Baibani,
B8251, sediment Laatsch
sample collected at etal., 1997
lagoon on the Gulf
of Mexico

27 | Wailupemycin A [27] | Streptomyces sp.|[30]and [31] | Sitachitta,
28 | Wailupemycin B [28] | BD-26T, shallow | bacteriostatic against gram | Gadepalli,
29 | Wailupemycin C [29] water sediment at | positive and gram-negative | and
30 | Enterocin [30] Wailupe beach park, | bacteria Davidson,
31 | 5-deoxyenterocin [31] | Oahu Hawaii 1996
32 | 3-epi-5-deoxyenterocin

[32]

33- | Phenazine L-quinovose | Streptomyces sp. | inactive in cytotoxicity test | Pathirana
36 | esters [33] — [36] CNB-253, shallow | against murine and human | ef al., 1992
37 | 6-acetylphenazine-1- | sediment in Bodega | cancer cell lines, broad

carboxylic acid [37] Bay, CA spectrum activity against
38 | Saphenic acid [38] gram-negative and gram-
positive bacteria while
[34] more active overall,
[33] shows potent activity
against Heamophilus
influenzae (MIC 1 pg/ml)
39 | Bioxalomycin 0, [39] |Streptomyces |potent activity against | Singh ez al.,
viridodiastaticus | gram-positive bacteria 1994

subsp. litoralis LL-
31F508, intertidal
soil sample collected

in Key West, Fla.




Table 2 (continued)
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No. Compounds Sources Activities References
40 | Dihydrophencomycin | Streptomyces  sp. | weakly antimicrobial | Puseker
methyl ester [40] B8251, marine | activity etal., 1997
sediment sample
from the Gulf of
Mexico
41 |Luisol A[41] |, Streptomyces sp.| ND ] Cheng,
42 | Luisol B [42] CNH-370, sandy Jensen, and
sediment collected Fenical ,
near San Diago in 1999
the San Luis Estuary
43 | Actinoflavoside [43] | Streptomyces sp. | weak antibacterial activity | Jiang,
CNB-689, intertidal | against gram-positive | Jensen, and
sediment collected | bacteria Fenical,
near Christchurch, 1997
New Zealand
44 | Arenaric acid [44] | Streptomyces sp.| ND ] Cheng,
CNH-248, sediment Jensen, and
sample collected Fenical,
from the north of 1999
San Diego in ‘an
estuary near Doheny
Beach
45 | Octalactin A [45] |, Streptomyces sp.PG- | [45] cytotoxic against | Tapiolas,
46 | Octalactin B [46] 19, derived from the | B-16-F10 and HCT-116 | Roman, and

surface of the Sea of
Cortez gorgonian

octacoral Pacifigorgia

sp.

with ICso 7.2 x 107 pg/ml,

and 0.5 pg/ml, respectively

Fenical, 1991




Table 2 (continued)
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No. Compounds Sources Activities References
47 | Aplasmomycin A [47] | S. griseus SS-20, | antibiotic activity against | Okami

48 | Aplasmomycin B [48] | shallow mud sample | gram-positive bacteria, | et al., 1976
49 | Aplasmomycin C [49] | from Sagami Bay, | antimalarial agent against

Japan

Plasmodium berghei—

infected mice

ND, No data
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Table 3 Sources and biological activity of the Streptomyces derived diketopiperazines.

No. Compounds Sources Activities References
1 cyclo-(L-Pro-L-Leu) | Streptomyces |antimicrobial|{Johnson,
[56] griseus activity against | Jackson, and
Staphylococcus | Eble, 1951
aureus

2 |cyclo-(L-Pro-L-Val) | Streptomyces —sp.| ND | Ogura,

[57] No. K-73 Furuhata, and
Furuhata, 1975

3 | 1-N-methylalbonoursin | Streptomyces albus | ND | Robins and
[58] Sefton, 1984

4 |3-benzylidene-6+|Streptomyces| ND | Brown, Kelly,
isobutylidene-2,5- | noursei and Wiberley,
dioxopiperazine [59] 1965

5 3,6-dibenzylidene-2,5-
dioxopiperazine [60]

6 3-benzyl-6-benzylidine-
2,5-dioxopiperazine [61]

7 3,6-dibenzyl-2,5-
dioxopiperazine [62]

8 |tryptophan-|Streptomyces|reverse transcriptase | Kakinuma and
dehydrobutyrine |spectabilis inhibitor Rinehart, 1974
diketopiperazine [63]

9 | diketopiperazine of | s soil bacterium, | calpain inhibitor =~ | Alvarez
N-methyltyrosine [64] | Streptomyces etal., 1994

griseus SC 488
10 | XR330[65] | Streptomycessp. |inhibitors of|Bryans et al.,
11 | XR334 [66] plasminogen| 1996
activators

ND, No data
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CHCPTER I

EXPERIMENTAL

1. Sample collection and isolation of actinomycete

A sediment sample of actinomycete (TRA9851-2) was collected from the bottom of a
canal (3 meters in depth) in a mangrove forest on the West Coast of Trang Province, Thailand, in
October 1998. Spread plate technigue (Brock et al., 1993) was used to isolate the strain. The
sediment sample (0.5 g) was suspended in 5.0 ml of sterile seawater. The suspension was diluted
to 1:10 in sterile sea water and then heated on a water bath at 60°C for 5 minutes, and 0.1 ml of the
dilution was spreaded on plates of sodium casienate agar (SCA) and potato carrot agar (PCA)
added with antibiotics. The plates were incubated at room temperature for 7-14 days until white
powdery colonies appeared. The colony was picked up and streaked on yeast extract-malt extract
agar (YMA) to obtain several single colonies. Each single colony was transferred into YMA slants
and incubated at room temperature for 7-14 days. The mature slants were kept at 15°C

temperature.

The isolated actinomycete strain TRA9851-2 produced abundant white aerial mycelium,
which afterwards transformed into dark-gray powdery spores. The stock culture of a strain
TRA9851-2 was kept on YMA slants at 15°C temperature at the Departments of Pharmacognosy

and Microbiology, Faculty of Pharmaceutical Sciences, Chulalongkorn University.
2. ldentification and characterization of actinomycete
The characterization of the actinomycete strain TRA9851-2 was carried out by the

methods of Burgey’s Manual of Systematic Bacteriology (Cross, 1994) and the methods of the
International Streptomyces Project (ISP) (Shirling, and Gottlieb, 1966).
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2.1  Morphological and cultural characteristics

2.1.1 Determination of morphological characteristics

Morphological characteristics, gram staining, spore bearing hyphae, spore chain,
number of spores, spore morphology and spore surface were studied by using simple inclined
coverslip technique (William, and Cross, 1971). The bacterium was cultured on YMA medium for
14 days until mature spores bearing hyphae were shown. For the scanning electron microscopic
(SEM) examination, the selected strain was grown on YMA plate by crosshatch streak technique
(Shirling, and Gottlieb, 1966) and incubated at room temperature for 10-14 days. The spores and
mycelia were observed with a scanning electron microscope (SEM) using the method of De man,
De man and Gupta (1986).

2.1.2 Cultural characteristics

Cultural characteristics were studied on the colors of mature aerial mycelium,
substrate mycelium, spore and diffusible soluble pigment using crosshatch streak (Shirling,
Gottlieb, 1966). The strain was cultured on five different agar media, inorganic salt-starch agar,
glycerin asparagine agar, tyrosine agar, yeast extract-malt extract agar, and oatmeal agar. They
were incubated at room temperature for 7-14 days, and examined for the color of the substrate
mycelium by observing the reverse (under) side of mass growth on various media, color of spore
and cultural characteristics.

2.2 Physiological and biochemical characteristics
2.2.1 Melanin formation
The strain TRA9851-2 was cultured on tyrosine agar slants and incubated at room
temperature. Melanoid pigments of inoculated tubes and uninoculated controls were compared.

Cultures forming a greenish brown to brown to black diffusible pigment or a distinct brown

pigment modified by other color shall be recorded as positive (+). Absence of brown to black
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colors, or total absence of diffusible pigment, shall be recorded as negative (-) for melanoid

pigment production.

2.2.2 Carbon utilization

Basal agar medium (carbon utilization medium) was prepared and a carbon source

was added to give concentration of approximately 1%. The carbons required for the test were  no

carbon source (negative control), D-glucose (positive control), L-arabinose, sucrose, D-xylose, L-
inosital, D-mannitol, D-fructose, rhamnose, and raffinose. Plates were observed at 10-16 days.
Growth on a given carbon source was compared with the two controls, growth on basal medium

alone and growth on basal medium plus glucose.

2.2.3 NaCl tolerance

Growth of the strain TRA9851-2 was observed on the cell grew on YMA plates

containing 0%, 5%, 7%, 8%, 9%, 10%, 11% and 12% of NaCl and incubated at room temperature for 7-

14 days.

2.2.4 pH tolerance test

Growth of the strain TRA9851-2 was observed on the cell grew on YMA plates
adjusted to pH 3, pH 4, pH 5, pH 6, pH 7, pH 8, pH 9, pH 10, pH 11, pH 12, pH 13 and pH 14 and

incubated at room temperature for 7-14 days.

2.2.5 Nitrate reduction

The strain TRA9851-2 was inoculated into peptone nitrate broth and incubated at
room temperature for 4-6 days. On the forth day, 1 ml of the culture broth was transferred into a
test tube, and three drops of the sulfanilic acid reagent and two drops of dimethyl-a.-napthylamine

solution were sequentially added. If nitrites were present, the mixture would become pink to red.
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2.2.6 Starch hydrolysis

The strain TRA9851-2 were streaked on the surface of inorganic salt-starch agar
plate and incubated at room temperature for 10 days. After incubation, Gram’s iodine solution was
poured on the surface of the agar plate. If starch hydrolysis was present, a dark blue color did not

appear.

2.2.7 Gelatin liquefaction

The strain TRA9851-2 was inoculated into a test tube of nutrient gelatin broth and
incubated at room temperature for 21 days. The appearance of inoculated tube was compared with
uninoculated after incubating both tubes at 20°C for 30 minute; if the gelatin was hydrolyzed, it

was liquid, not solid.
2.2.8 Milk coagulation and milk peptonization
The strain TRA9851-2 was inoculated in a tube of skim milk broth and incubated at
room temperature for 21 days. If milk was peptonized, it would be then converted to clear
solution. 1f milk was coagulated, it would be precipitated.
2.2.9 Cellulose decomposition
The strain TRA9851-2 was inoculated in a tube of cellulose decomposition medium
and incubated at room temperature for 31 days. If the filter paper (Whatman NO.1) was digested,
therefore the strain was considered to produce cellulase.
2.3 Cell wall analyses
The chemical analyses of cell wall diaminopimelic acid (DAP) isomers were

carried out by the method of Komagata and Suzuki (1987). Dried cell of the strain TRA9851-2

was hydrolyzed by whole-cell analyses. DAP isomers were separated by thin layer
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chromatography on cellulose plate (Merck no. 5577). The standard of DL-DAP (0.01 M) and the
hydrolysate of two known strains that contained meso- and L-DAP were applied for reference
purposes. TLC was developed with the solvent system methanol-water-6 N hydrochloric acid-

pyridine (80:26:4:10, v/v). The spots were visualized by spraying with 0.2% ninhydrin solution in

water-saturated n-butanol followed by heating at 100°C for 5 minutes. DAP isomers appear as
dark-green spots with Ry 0.29 (L-isomer) and 0.24 (meso- and DL-isomer). Spots will gradually

disappear in a few minutes.

3. Fermentation method

A loopful of the TRA9851-2 cultivated on YMA slants (7 days) was inoculated into a
500-ml Erlenmeyer flasks containing 100 ml of a seed medium (glucose beef extract, GBP). The
flask was shaken on a rotary shaker and incubated at room temperature for 3 days. One milliliter
of seed culture was inoculated into 250 ml of the production medium (glycerol peptone medium,
GPM) in a 500-ml Erlenmeyer flask incubating on a rotary shaker (200 rpm) at room temperature

for 5 days.

4. Chromatographic techniques

4.1 Analytical thin-layer Chromatography

Technique : one dimension ascending
Adsorbent .-Silica gel Fas,

Layer thickness +250 um

Distance »5cm

Temperature : room temperature (25-30°C)
Detection 1. Visual detection under daylight

2. Visual detection under ultraviolet light at wavelengths of 254 and 365 nm
3. Visual detection in iodine vapor
4. Visual detection under daylight after spraying with anisaldehyde

reagent and heated until colors developed.
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4.2 Column chromatography

4.2.1 Gel filtration chromatography

Gel filter . Sephadex LH-20 (Pharmacia Biotech AB)

Packing method : Sephadex gel was suspended in an eluant and left standing to swell for 24
hours prior to use. It was then poured into a 2.5 cm diameter column and
allowed to settle tightly.

Sample loading : The sample was dissolved in a small volume of an eluant and loaded on
top of a column.

Detection . Fractions were examined by TLC technique in the same manner as

described in Section 4.1.

4.2.2 Flash column chromatography

Adsorbent . Silica gel 60 (No.7734), particle size 0.063-0.200 nm (70-230 mesh
ASTM) (E. Merck)

Packing method : The adsorbent was suspended in an eluant. The adsorbent slurry was
poured into a column, and then allowed to settle overnight.

Sample loading : The sample was dissolved in a small volume of an eluting solvent and
loaded on top of a column.

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

5. Crystallization technique

Compound TM-HO01 were crystallized by dissolving in ethyl acetate until saturation and

left standing at room temperature until yellow- needle crystal was formed.

Compound TM-2F21 was crystallized from a mixture of hexane and chloroform. It was
dissolved in hexane until saturation, then chloroform was added. The solution was left standing at

room temperature until colorless crystal was formed.
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Compound TM-2F07 was crystallized from mixture of chloroform and acetone. It was
dissolved in acetone until saturation, then chloroform was added. The solution was left standing at

room temperature until dark-brown crystal was performed.

6. Spectroscopy

6.1 Ultraviolet (UV) Absorption Spectra

UV spectra were obtained from a Milton Roy Spectronic 3000 Array spectrometer
(Pharmaceutical Research Instrument Center, Faculty of Pharmaceutical Sciences, Chulalongkorn
University).

6.2 Infrared (IR) Absorption Spectra

IR spectra (KBr disc and NaCl cell) were obtained from a Perkin EImer FT-IR 1760X
spectrometer (the Scientific and Technological Research Equipment Center (STREC),

Chulalongkorn University).

6.3 Mass Spectra (MS)

FAB-MS spectra were obtained from JEOL JMS-HX 110 double focussing mass
spectrometer of EBE arrangement with JMA-DA 7000 data system, 10 kV acceleration voltage,
and fast-atom xenon gas accelerated at voltage of 3 kV.  Glycerol and m-nitrobenzyl alcohol
(mNBA) were used as the matrix, and sodium chloride was used as alkali metal cation source (the
Institute of Molecular and Cellular Biosciences, the -University of Tokyo). Electronspray
lonisation-Time of Flight mass spectra (ESI-TOF MS) were recorded on a Micromass LCT mass
spectrometer. MeCN : H,O (50 : 50) containing 0.02% of formic acid was used as a solvent (the
National Center for Genetic Engineering and Biotechnology, BIOTEC). The Electron impact mass
spectrum (EIMS) was measured on a Fission Micromass VG Platform Il mass spectrometer.
Methanol was used as a solvent (Pharmaceutical Research Instrument Center, Faculty of

Pharmaceutical Sciences, Chulalongkorn University).
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6.4 Proton and Carbon Nuclear Magnetic Resonance (*H and *C-NMR) Spectra

'H and *C NMR, DEPT 135, HMQC, and HMBC spectra were obtained from a
Bruker AVANCE DPX-300 FT-NMR spectrometer operating at 300 MHz for proton and 75 MHz
for carbon. Proton detected heteronuclear correlations were measured using HMQC (optimized for
"Jhc = 145 Hz) and HMBC (optimized for "Jyc =3, 4, and 8 Hz) pulse sequences (Faculty of
Pharmaceutical Sciences, Chulalongkorn University). Selective NOE difference spectra were
recorded with a JEOL JMN-A 500 NMR spectrometer (the Scientific and Technological Research
Equipment Center (STREC), Chulalongkorn University).

Deuterated solvents; dimethylsulfoxide-ds (CDsSOCD3); chloroform-d (CDCls);
methanol-d, (CD3;OD); and acetone-ds (CD3;COCD3) were used in NMR experiments. Reference
signals were the signals of residual undeuterated solvents at & 2.49 (*H) and 39.7 (**C) for
CD3SOCD3, 7.24 (*H) and 77.0 (*°C) for CDCls, 3.30 (*H) and 49.0 (**C) for CDsOD, and 2.04
(*H) and 29.8 & 206.5 (*C) for CDsCOCD3.

6.5 Optical rotation
Optical rotation was measured on a Perkin-Elmer 341 polarimeter using a sodium
lamp operating at 589 nm (Pharmaceutical Research Instrument Center, Faculty of Pharmaceutical
Sciences, Chulalongkorn University).

7. Solvents

Throughout this work, all organic solvents were of commercial grade, which were

redistilled prior to use.
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8. Extraction

The fermentation broth (25 liters) was filtered through a Buchner funnel packed with
kieselguhr (diatomaceous earth or diatomite or bacillarieae earth). The mycelial cake was washed
with a minimum amount of water that was subsequently combined with the original broth filtrate.
The broth filtrate was extracted with ethyl acetate (4 x 25 liters), and the aqueous layer was
discarded. The combined ethyl acetate extracts were washed with a minimum amount of water
and concentrated under reduced pressure at temperature not exceeding 50°C to give an ethyl

acetate extract (7.70 g), which was dissolved in 90% methanol solution (400 ml) and re-extracted
with hexane (3 x 400 ml). The remaining methanol extract was diluted with water to give 65%

aqueous methanol solution and then extracted with chloroform (3 x 200 ml). Concentration of the
three fractions yielded 0.50 g of a hexane extract (yellow oil), 6.12 g of the chloroform extract
(dark-brown oil), and 0.57 g of an aqueous methanol extract (dark-brown solid) as shown in
Scheme 1. The mycelial cake was marcerated in methanol (500 ml) for 3 days and then filtered.
The filtrate was evaporated to remove methanol. The residue (100 ml) was extracted with ethyl
acetate (3 x 100 ml). The combined ethyl acetate extracts were concentrated to give a dried
mycelial extract (yellow oil, 1.80 g) as shown in Scheme 1. All extracts were examined for

antimicrobial activity by the method as described in this Chapter, Section 10.

9. Isolation and purification of the extracts

Both crude hexane and chloroform extract from fermentation broth of the Streptomyces
sp. TRA9851-2 showed antimicrobial ‘activity in a disc diffusion assay at the concentration of
1 mg/6 mm disc. The crude hexane extract (0.50 g) exhibited antibacterial activity against Bacillus
subtilis -with. 20 mm zone ‘of -inhibition, while the crude chloroform extract (6.12 g) was active
against Staphylococcus aureus and Candida albicans with 10 mm and 20 mm zone of inhibition,
respectively. The biologically active compounds of crude hexane and chloroform extracts were

isolated by chromatographic technique as shown in Scheme 1.

During evaporation of the hexane extract, there was a powder precipitated from the

solution. This powder was recrystallized from ethyl acetate, yielding a pure compound TM-HO01
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Fermentation broth (25 L) of the strain TRA9851-2

EtOAc extract
(7.70 g)

washed with water
cornc. to dryness

dissolved in 90% Methanol
extracted with Hexane
conc. to dryness

Hexane extract
(0.50 g)

Methanol extract

filtered
Broth filtrate Myecelial cake
extracted-with EtOAc marcerated in methanol
filtered
-EtOAc extract Myecelial filtrate

conc. to dryness

| Mycelial filtrate

extracted with EtOAc
conc. to dryness

Mycelial extract
(1.80g)

diluted to 65% aq. methanol solution
extracted with chloroform
conc. to dryness

Chloroform extract

(6.12.2)

aq. Methanol extract
(0.57 g)

Scheme 1 Extraction of the fermentation broth of the strain TRA9851-2.
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EtOAc extract
(7.702)
solvents extraction
* Hexane extract * Chloroform extract ag. Methanol extract
(0.50g) {612 o (057
recrystallization from EtOAc .| Sephadex LH-20, methanol
ML-HO1 *1F s A 3F ‘AF
(0.10 8 (1.52 g (3.78 g) 0.18 g (0.02 )
Sephadex LH-20, methanol
I I [
3F01 3F02 3F03 3F04
(80.2 m g) (60.3 mg)| | (11.1 mg) (30.4 mg)
recrystallization g
from EtQOAc
!
ML-3F02
(40 mg)

Silica gel column,
chloroform-methancl

gradient
3F08 3F09 3F10 3F11
(10 mg)[ (9 mg) (3mg)| ({10 mg)

Sephadex LH-20,
methanol

| | l 1

3F12 3F13 | | 3F14 3F15 3F16
{trace) (3.4 mg)| |(trace) (1.4 mg)|" (0.6 mg)

Sephadex LH-20,
chloroform-methanot (1 : 1)

3FI8
(1.3 mg)

(*) = positive antimicrobial activity

Scheme 2 Isolation of the ethyl acetate extract from the fermentation broth of the strain TRA9851-2.
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(380 mg, 4.9% based on the ethyl acetate extract). Compound TM-HO1 gave a yellow spot on

TLC (Si gel, 10% methanol in chloroform, Ry = 0.6) and later identified as resistomycin (section

3.1, Chapter IV).

The concentrated brown oil of the chloroform extract (6.12 g) was diluted with a small
amount of methanol and then fractionated on Sephadex LH-20 column (column 2 x 90 cm). The
column was eluted with methanol, and fractions (25 ml each) were collected. The combined

fractions were guided by TLC (Si gel) using 10% methanol in chloroform as a developing solvent.

Fractions with similar chromatographic pattern were combined to give four fractions (1F-4F) as
shown in Table 4. The fractions were evaporated to dryness and examined for antibacterial

activity.

Table 4 Combination of fractions obtained from column chromatography of the chloroform
extract from fermentation broth of the strain TRA9851-2.

Fraction code Fractions Volume of Total weight
solvent (ml) (9)
1F 1-11 275 1.52
2F 12=15 100 3.78
3F 16-28 325 0.18
4F 29-68 1000 0.02

Since the TLC chromatogram (Si gel, 10% methanal in ‘chloroform) of fraction 3F

(0.18g) showed spots of resistomycin (TM-HO01, R = 0.6) and TM-3F17 at Ry between 0.2-0.4,
fraction 3F ‘was further purified by gel filtration chromatography. It was dissolved in a small
amount of methanol and subjected to a Sephadex LH-20 column (column 2 x 90 cm) using
methanol as an eluting solvent. Fractions (25 ml each) were collected. The combined fractions

were guided by TLC (Si gel) using 10% methanol in chloroform as a developing solvent. Fractions

with similar chromatographic pattern were combined to give four fractions (3F01-3F04) as shown

in Table 5. The fractions were evaporated to dryness.
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Table 5 Combination of fractions obtained from column chromatography of fraction 3F.

Fraction code Fractions Volume of Total weight
solvent (ml) (mg)
3F01 1-11 275 80.2
3F02 12-15 100 60.3
3F03 16-19 100 111
3F04 20-54 875 30.4

The 3F02 was recrystallized from ethyl acetate to yield yellow powders of TM-HO1
(11.1 mg). The mother liquor containing TM-3F17 was evaporated to give ML-3F02 (40 mg).
This residue was further purified on a silica gel column (column 2 x 20 cm, 30 g of Si gel) using a
chloroform-methanol gradient as an eluting solvent. Fractions (25 ml each) were collected.

Fraction combination was guided by TLC (Si gel) pattern with using 10% methanol in chloroform

as a developing solvent. Fractions with the same TLC pattern were pooled and dried to give four
fractions (3F08-3F11) as shown in Table 6.

Table 6 Combination of fractions obtained from column chromatography of fraction ML-3F02.

Fraction | Fractions Percentage of Volume of Total weight
code methanol in chloroform | solvent (ml) (mg)
3F08 1-4 10 100 11
3F09 5-8 10 100 9
3F10 9-10 20 50 5
3F11 11-20 30 250 10

21-30 50 250
31-40 100 250

Fraction 3F09 (9 mg) containing compound TM-3F17 was separated on a Sephadex LH-
20 column (column 1.5 x 50 cm) using methanol as an eluting solvent. Fractions (5 ml each) were
collected, and fractions having similar TLC pattern were combined, yielding four fractions (3F12,
3F14, 3F15, and 3F16) as shown in Table 7.
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Table 7 Combination of fractions obtained from column chromatography of fraction 3F009.

Fraction code Fractions Volume of Total weight
solvent (ml) (mg)
3F12 1-9 45 trace
3F13 10-16 35 3.4
3F14 17-23 35 trace
3F15 24-31 40 14
3F16 32-51 100 0.6

Fraction 3F13 (3.4 mg) was further purified by a Sephadex LH-20 column (column 1.5 x
50 cm) using a mixture of chloroform-methanol (1:1) as an eluting solvent. The fractions were
collected according to a color of each band to give two fractions (3F17 and 3F018) as shown in

Table 8. The first eluate, 3F17, gave a yellow spot on TLC (Si gel, 10% methanol in chloroform, R¢

0.24). This TLC chromatogram showed only one spot under detection as describe in Section 4.1.
It was evaporated to dryness and assigned as TM-3F17 (1.7 mg, 0.02 % based on the ethyl acetate

extract) and later identified as a benzo[c,d]pyrene derivative (Section 3.2 Chapter IV).

Table 8 Combination of fractions obtained from column chromatography of fraction 3F13.

Fraction code Fractions Volume of Total weight
solvent (ml) )
3F17 yellow 100 1.7
3F18 pale red 200 1.3

The active fraction, 2F (3.78 g) was investigated for its active pure compound against
Candida albicans (23 mm inhibition zone at 1 mg/6 mm disc). This fraction was purified with the
bioassay-guided isolation; one of these fractions exhibited antifungal activity, however the isolated
yield was too low to carry out further study. A diketopiperazine, TM-2F21, was also isolated from

this isolation as shown in Scheme 3.
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Fraction 2F
(3.78 2)
Sephadex L.H-20,
chioroform (C)-methanol (M)-hexane (H)
I (6:3:1)
*2F01 2F02 2F03
(1.73 g (1.78 g) (0.05 )
Sephadex LH-20,
C-M-H (1:1:3)
2F22 2F24 [ 2F26 | (S:eﬂ‘alje’; ’114??'205
(0.11 g) (0.06 g) (0.01 g) -M-H (2:1:1)
*2F21 2F23 2F25 2F27
(L.15g) (0.04 g) (0.05 g (0.06 g))
recrystallization
from Hexane-Chloroform
2F04 2F05 2F06 2F07 2F08 2F09
(051 2| |(0.38 g}| [(0.18 )| { (0.1 g { [(0.01 g)| [(0-04 &)
TM-2F21 **ML-2F21]
(18 mg) (1.13g) Sephadex LH-20, recrystallization
methanol from chloroform-acetone
TM-2F07
| bioassay-guided isolation]| (103 mg)
2F10 2F11 2F12 2F13 2F14 2F15
(1tmg) | [(134 mg) (| (40mg) | [(46 mg} | | (18 mg) | | (48 mg)
Sephadex LH-20,
methanol
l
2F40
(26 mg)

(*) = positive antimicrobial activity

Scheme 3 Isolation of fraction 2F from the chloroform extract of the fermentation broth of
the strain TRA9851-2.
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Fraction 2F was applied to a Sephadex LH-20 column (column 2 x 90 cm) using
chloroform-methanol-hexane (6:3:1) as an eluting solvent. Fractions (25 ml each) were collected.

The eluates were pooled by TLC pattern (Si gel, 10% methanol in chloroform) and evaporated to

give three fractions (2F01-2F03) as shown in Table 9.

Table 9 Combination of fractions obtained from column chromatography of fraction 2F.

Fraction code Fractions Volume of Total weight
solvent (ml) (9)
2F01 1-10 250 1.73
2F02 11-13 75 1.78
2F03 14-20 175 0.05

The fraction 2F01 (1.73 g) was further purified on Sephadex LH-20 column (column 2 x
80 cm) using chloroform-methanol-hexane (1:1:3) as an eluting solvent. Fractions (25 ml each)

were collected. The eluates were pooled by TLC pattern (Si gel, 10% methanol in chloroform) and

dried to give seven fractions (2F21-2F27) as shown in Table 10.

Table 10 Combination of fractions obtained from column chromatography of fraction 2F01.

Fraction code Fractions Volume of Total weight
solvent (ml) (9)
2F21 1-24 600 1.15
2F22 25-32 200 0.11
2F23 33-37 125 0.04
2F24 38-48 275 0.06
2F25 49-81 825 0.05
2F26 82-91 250 0.01
2F27 92-111 500 0.06
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Fraction 2F21 (1.15 g) gave a colorless amorphous powder after removal of the solvent.
It was washed with butanol and crystallized from a mixture solvent of hexane-chloroform. The
TLC chromatogram of purified crystals showed only one spot under detection as described in

Section 4.1 (R 0.66, 10 methanol in chloroform). It was assigned as compound TM-2F21 (18

mg, 0.23 % based on the ethyl acetate extract) and later identified as cyclo-(propyl-leucyl) (Section
3.3, Chapter 1V). Although, the remaining mother liquor (ML-2F21) was active against Candida

albicans ATCC10231, the active pure compound could not isolate.

Since the TLC chromatogram (Si gel, 10% methanol in chloroform) of fraction 2F02

(1.78 g) showed an interesting orange spot at Ry = 0.24 (TM-2F39) and the main spot which
showed yellow color after spraying with anisaldehyde reagent at Rs = 0.1 (TM-2F07), this fraction

was further separated by the method as shown in Scheme 3.

Fraction 2F02 (1.78 g) was divided into three portions (600 mg each), A, B and C. Each
portion was separated on Sephadex LH-20 column (column 2 x 90 cm) using chloroform-
methanol-hexane (2:1:1) as an eluting solvent. Fractions (25 ml each) were collected, and

examined by TLC (Si gel) using 10% methanol in chloroform as a developing solvent. Fractions

with the same TLC pattern were pooled and dried to give six fractions (2F04-2F09) as shown in
Table 11.

Table 11 Combination of fractions obtained from column chromatography of fraction 2F02.

Fraction code Fractions Volume of Total weight
A B C solvent (ml) (9)
2F04 1-10 1-10 1-8 700 0.51
2F05 11-16 | 11-15 | 9-14 425 0.38
2F06 17-21 | 16-19 | 15-19 325 0.18
2F07 22-25 | 20-22 | 20-23 275 0.10
2F08 26-27 | 23-24 | 24-25 150 0.01
*2F09 28-67 | 25-74 | 26-45 2000 0.04
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* 2F09 was eluted with methanol.

cm) using chloroform-methanol-hexane (1:1:3) as an eluting solvent. Fractions (20 ml each) were

collected, and then examined by TLC (Si gel) using 10% methanol in chloroform as a developing

solvent. Fractions with the same TLC pattern were pooled and dried to give six fractions (2F10-
2F15) as shown in Table 12.

Table 12 Combination of fractions obtained from column chromatography of fraction 2F05.

Fractions code Fractions Volume of Total weight
solvent (ml) (mg)
2F10 1-17 340 11
2F11 18-25 160 134
2F12 26-29 40 40
2F13 30-34 100 46
2F14 35-39 100 18
2F15 40-64 500 48

Fraction 2F12 (40 mg) was further purified by a Sephadex LH-20 column
chromatography (column 1 x 50 cm), using methanol as an eluting solvent to yield two fractions
(2F39-2F40) as shown in Table 13. The TLC chromatogram of 2F39 showed only one orange spot
under detection as described in Section 4.1. It was assigned as compound TM-2F39 (12 mg,
0.16% based on the ethyl acetate extract)-and later identified as syringic-acid (Section 3.4, Chapter
V).

Table 13 Combination of fractions obtained from column chromatography of fraction 2F12.

Fractions code Fractions Volume of Total weight
solvent (ml) (mg)
2F39 8-9 20 12
2F40 1-7,10-19 170 26
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Fraction 2F07 (97.9 mg) was crystallized from a mixture of chloroform and acetone to

give a brown crystal. The TLC chromatogram (Si gel, 10% methanol in chloroform) of this crystal

showed yellow color after spraying with anisaldehyde reagent. It was assigned as compound TM-
2F07 (10.3 mg, 0.13% based on the ethyl acetate extract) and later identified as p-hydroxyl

coumaric acid (Section3.5, Chapter IV).

The active fraction 1F (1.52 g) against Staphylococcus aureus (15 mm zone of inhibition

at concentration 500 pg/6 mm disc) was kept in a desiccator for further investigation.

10. Biological activity

10.1 Antimicrobial activity

The antimicrobial activities of the isolated fractions and pure compounds were
examined by an agar disc diffusion method (Lorian, 1980). Evaluation of the antimicrobial activity
was performed against Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 25923,
Escherichia coli ATCC 25922 and Candida albicans ATCC 10231. All tested bacteria were
cultivated on tryptic soy agar, TSA (Difco®), whereas the yeast strain was cultivated on
Sabouraud’s dextrose agar, SDA (Difco®) at 37°C temperature for 24 hours. The cultures were
then washed from agar by normal saline solution (NSS). The cell suspensions were adjusted to
0.5 turbidity, standard of McFarland NO.1, provided approximately 1x10® CFU (colony forming
unit/ml). Each 20 ml of molten was separately poured into-9-cm diameter petri dishes and allowed
to solidify to form base agar. A loopful of each tested microorganism was spread on the surface of
each plate. Test'samples were dissolved.in suitable solvent and then were applied on sterile paper
disc for disc diffusion assay or Silica gel TLC aluminium sheet for autobiography assay. These
paper discs or TLC plates were left in each sterile petridish until the solvent were completely dry.
Then disc or plate was placed on the surface of the agar plate already spreaded with tested
microorganisms and were incubated at 37°C, 24 hours for bacteria and 48 hours for yeast. The
diameter and R¢ value of inhibition zones were measured. Fractions showing antimicrobial activity

were subsequently selected for further study.
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10.2 Anti-herpes simplex virus

Anti-herpes simplex virus was performed by plaque reduction method as follows.
Cell-free HSV (30 plaque forming unit, PFU/well) was mixed with the maintenance medium
containing various concentrations of sample and incubated at 37°C for 1 hour. After incubation the
mixtures were inocculated into monolayer Vero cell culture on 96-well microtiter plates and
incubated at 37°C for 2 days in CO, incubator. The cells were stained with 1% crystal violet in
10% formalin for 1 hour. The plaques were counted under an inverted microscope. Acyclovir was
used as a positive control.

10.3 Antimalarial activity

Antimalarial assay was examined according to the method of Trager and Jensen (Arai,
1975) using continuous cell cultures (in vitro) of asexual erytrocytic stages of Plasmodium
falciparum (K1, multidrug resistant strain). Quantitative assessment of antimalarial activity in vitro
was determined by means of the microculture radioisotope technique. Effective concentration
(ECso) represents the concentration, which reduced 50% of parasite growth as indicate by the in
vitro uptake of [*H]-hypoxanthine by P. falciparum. An ECsp value of 0.16 pug/ml (3.1 uM) was

observed for the standard sample, chloroguine in the same condition.
10.4 Cytotoxic activity
Cytotoxic activity against breast cancer cell line (BC), human epidermoid carcinoma

cell line of nasopharynx (KB) and Vero cell line was performed by sulforhodamine B (SRB)
method (Ahmad et al., 1999).



CHAPTER IV

RESULTS AND DISCUSSION

1. Sample collection and isolation of actinomycete

The actinomycete strain TRA9851-2 was isolated from a sediment sample collected
from a mangrove forest on the West Coast of Trang Province, Thailand, in October 1998.

The strain was isolated by spread plate technique (Brock et al., 1993).

2. ldentification and characterization of actinomycete

The characteristics described in Bergey’s Manual of Systematic Bacteriology (Cross,
1994) and the method in International Streptomyces Project (ISP) (Shirling, and Gottlieb,

1996) were employed in the identification and characterization of the strain.

2.1 Morphological and cultural characteristics

2.1.1 Morphological characteristics

The morphological characteristics were observed after cultivation on yeast
extract-malt extract agar (YMA) plate at room temperature for 14 days. The strain TRA9851-2
was a gram-positive bacterium. Vegetative mycelium of the ‘strain TRA9851-2 growing
abundantly on YMA medium was initially white and then changed to dark-gray during the
incubation termas shown in Figure 1. Examination by light microscopy revealed that the aerial
mycelium was gray, branched and did not show fragmentation into bacillary or coccoid forms.
Scanning electron micrograph, as shown in Figure 2, indicated that the spore was cylindrical in

shape, 0.2 ~ 0.6 x 0.3 ~ 1 um in size with a smooth surface.
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Figure 1 The colonial appearance of the strain TRA9851-2.

STREC EEEE 135kU

Figure 2 Scanning electron micrograph of spore-bearing substrate mycelium

of the strain TRA9851-2.



2.1.2 Cultural characteristics
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Cultural characteristics of the strain TRA9851-2 on various media at room

temperature for 14 days are shown in Table 14. Melanoid pigment was observed in YMA

medium.

Table 14 Cultural characteristics of the strain TRA9851-22,

Color tone of:

Yeast extract-malt extract
agar

Oatmeal agar

(wrinkled, dry)
Good

(sandy, dry)
Good

(sandy, dry)

Pale yellow

Light brown

Medium Growth
Substrate mycelium |  Soluble pigment
Inorganic salts-starch agar Good Pale yellow None
(sandy, dry)
Glycerine-asparagine agar Good Pale yellow None
(sandy, dry)
Tyrosine agar Good Orange yellow | None

Reddish brown

None

#Color names used in this table were based on the Jacal Color Card L2200 (Japan Color

Research Institute).

2.2 Physiological and biochemical characteristics

Physiological and biochemical characteristics of the strain TRA9851-2 are shown

in Table 15 while the utilization of carbon sources are shown in Table 16.



Table 15 Physiological and biochemical characteristics of the strain TRA 9851-2.

Characteristic Result Characteristic Result
Optimum growth temperature 25-30°C | Melanin formation Positive
Nitrate reduction Negative | Tyrosinase reaction Negative
Liquefaction of gelatin Positive | Cellulolytic activity Negative
Starch hydrolysis Positive | NaCl tolerance >0,<11%
Coagulation of milk (37°C) Positive pH tolerance 6-11
Peptonization of milk (37°C) | Positive

Table 16 Utilization of carbon sources of the strain TRA9851-2.

Carbon source Result Carbon source Result
No carbon sources Positive | L-inositol Positive
D-glucose Positive | D-mannitol Positive
L-arabinose Positive | D-fructose Positive
sucrose Positive | Rhamnose Positive
D-xylose Positive | Raffinose Positive

2.3 Cell wall analyses
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The chemical analyses of cell wall diaminepimelic acid (DAP) isomers revealed

the presence of the L-isomer of diaminopimelic-acid, indicating the cell wall type I.

The actinomycete strain TRA9851-2 was identified as Streptomyces sp. based on its

morphological and cultural characteristics.

Specifically, the organism produced abundant

dark-gray aerial mycelia, which transformed into chains of smooth, cylindrical spores, as

shown in scanning electron micrograph. The presence of L-DAP in cell wall peptidoglycan

supported the identification of this strain in the genus Streptomyces. This Streptomyces strain

also demonstrated the ability of starch and gelatin hydrolysis, milk coagulation, milk

peptonization and melanin production.
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The Streptomyces sp. TRA9851-2 has been preserved by freeze-drying and deposited at
the Department of Pharmacognosy and the Department of Microbiology, Faculty of

Pharmaceutical Sciences, Chulalongkorn University, Thailand.

3. Structure elucidation of the isolated compounds

The fermentation broth of the Streptomyces sp. TRA9851-2 was extracted with ethyl
acetate. The ethyl acetate extract was further separated to give hexane, chloroform and
aqueous methanol extracts, respectively. The hexane extract (yellow gum) was further
purified by recrystallization from ethyl acetate to give yellow crystals of TM-HO01 (380 mg).
The chloroform extract was separated using several chromatographic techniques (Section 9,
Chapter 111) to give five compounds including, TM-HO1 (11.1 mg), TM-3F17 (1.7 mg), TM-
2F21 (18 mg), TM-2F39 (12 mg), and TM-2F07 (10.3 mg). The percent yielded of these
compounds were 4.9%, 0.02%, 0.23%, 0.16%, and 0.13% based on the ethyl acetate extract,
respectively. These isolated compounds were characterized by analyses of their spectroscopic
data including MS, UV, IR, and NMR spectral data.

3.1 Structure elucidation of compound TM-H01

Compound TM-HO1 was obtained as yellow crystals. The FAB-MS of TM-HO1
(Figure 4) showed a protonated molecular ion [M+H]" peak at m/z 377 corresponding to the
formula CxH1606, Which indicated fifteen degrees of unsaturation. It was identified as
resistomycin. The.*H NMR spectrum of TM-H01 (Figure 7) showed eight singlet signals.
Six equivalent protons of a geminal dimethyl group appeared as a singlet at & 1.54, which was
assigned to CH3-12 and CH3-13. The three-proton singlet at & 2.87 was readily assigned to
the methyl group (CHs-14) connected to a double bond. The aromatic protons appearing as
three singlets at 6 6.30, 6.95, and 7.20 were assigned to H-4, H-8, and H-11, respectively.
The exchangeable proton signals at & 13.95 (5-OH), 14.32 (3-OH), and 14.45 (7-OH) could be
assigned to chelated phenolic hydroxyl protons. Although one phenolic hydroxyl proton

(10-OH) was not observed, it was recognized based on its molecular weight.
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The *C NMR spectral data (Figure 8) revealed twenty-two carbon signals
confirming the molecular formula C;;H160s. The DEPT-135 (Figure 9) and HMQC (Figure
10) techniques were employed for the classification of the type of carbons and their
connectivity with nearby protons, respectively. Accordingly, the signals were classified into
one methyl carbon at 6 26.1 (CH3-14) and two equivalent carbons of the geminal dimethyl
groups at & 28.9 (CHs-12 and CHs;-13); three aromatic methine carbons at 6 100.6 (C-4),
119.7 (C-8), and 109.9 (C-11); one sp® quaternary carbon at & 46.5 (C-1) and thirteen
aromatic quaternary carbons. The signals at 6 170.3 (C-3), 169.8 (C-5), 168.0 (C-7), and
162.6 (C-10) appeared in the more downfield region than other aromatic carbons, suggesting
the connection to the hydroxyl groups. The downfield carbon signals at 6 204.9 (C-2) and
184.6 (C-6) were assigned to carbonyl carbons. This information suggested that the structure
of TM-HO1 should be a polyhydroxy quinoid polycyclic structure that was substituted with
three methyl (CH3-12, CH3-13, and CH3-14) and four hydroxyl groups (3-OH, 5-OH, 7-OH,
and 10-OH). The presence of the polyhydroxyquinoid structure was supported by the UV and
IR spectral data. The UV spectrum of compound TM-HO1 (Figure 5) showed maximum
absorption, Amax (log €), at 266 (4.78), 289 (4.73), 318 (4.55), 366 (4.43), and 454 (4.59),
confirming the presence of conjugated aromatic rings. The absorption bands at 3248, 1639
and 1597 cm™ in the IR spectrum of compound TM-HO1 (Figure 6) indicated the presence of

hydroxyl group and conjugated ketone carbonyl group, respectively.

The HMBC spectra ["Juc 8 Hz (Figures 11-14) and "Jyc 3 Hz (Figures 15-19)] of
compound TM-HO1 providing the long-range heteronuclear correlations, are the most useful
spectra for establishing the chemical structure of compound TM-HO1. The correlations of
both CH3-12 and CH3-13 (8 1.54) to C-1 (5'46.5), C-11a (6 152.6), and C-2 (5 204.9) clearly
confirmed the nearby relations of the geminal dimethyl groups and the ketone carbonyl C-2.
Furthermore, the correlations of the 3-OH (& 14.32) to C-2 (6 204.9), C-2a (6 102.9), C-3
(6 170.3), and C-4 (5 100.6) supported the assignment of the hydroxyl group at C-3. In
addition, the correlations of H-4 (& 6.30) to C-2 (5 204.9), C-2a (5 102.9), C-3 (6 170.3), C-5
(5 169.8), C-5a (5 106.0), and C-6 (5 184.6); 5-OH (5 13.95) to C-4 (5 100.6), C-5 (5 169.8),
C-5a (8 106.0), and C-6 (5 184.6); 7-OH (& 14.45) to C-6 (5 184.6), C-6a (5 106.7), C-7
(5 168.0), C-8 (5 119.7), and C-9 (5 152.1); H-8 (5 6.95) to C-6a (5 106.7), C-7 (5 168.0),
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C-9a (5 114.4), and C-14 (26.1); and CHs-14 (5 2.87) to C-8 (5 119.7), C-9 (5 152.1), C-9a
(6114.4) established the carbon connectivity of C-3/C-4/C-5/C-5a/C-6/C-6a/C-7/C-8/C-9
(CH3-14)/C-9a and also defined the assignments of H-4, H-8; 5-OH, 7-OH, and CHj3-14.
Finally, the correlations of H-11 (5 7.20) to C-1 (5 46.5) and C-10 (& 162.6) revealed the
position of 10-OH and the carbon connectivity of C-9a/C-10/C-11/C-11a/C-11b and C-11a/
C-1. The correlation of H-11 to C-11c was also observed. Selective NOE difference
experiment (Figure 20) was used to confirm the close proximity of the CHsz-14 and H-8.
Irradiation at CH3-14 (64 2.87) resulted in NOE enhancement at H-8 (5.8 %, oy 7.22),
confirming that H-8 was nearby to CH;-14.

Compound TM-HO01 was therefore proposed as 1,1,9-trimethyl-3,5,7,10-tetrahydroxy-
1,2-dihydro-2H-Benzo[cd]pyrene-2,6(1H)-dione [50]. Comparison of its *H and *3C spectral
data with the reported values (Holf, and Wolf, 1983) confirmed its chemical structure as
resistomycin. Resistomycin had been previously isolated from several culture broths of
Streptomyces strains (see Section 3.2, Chapter 11). The *H and *C NMR data of resistomycin

and compound TM-HO1 with long-range correlations are summarized in Table 17.
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Table 17 'H and *C NMR spectral data of TM-HO1 and resistomycin, and the *H-*C

long-range correlations in the HMBC spectra.

Posi- | Resistomycin® TM-H01"
tion dc Sn S¢c SH long-range correlated carbons
(ppm) | (ppm) | (ppm) | (ppm) HMBC HMBC
("Juc = 8 Hz) ("Juc =3 Hz)

1 495 - 46.5 - - -
2 2046 | - [ 2049 | . - T e
2a | 1025 | - | 1029 | N S
3] 1702 | - [ w03 | ARRN, A
4 |1001 | 629 | 1006 | | 630 |C-2aC3,C5 | C-23,C-3,C-5,

C-5a C-5a, C-2, C-6
5 | 169.7 | - | 169.8 | ‘s VN - T e
5a | 1057 | - | 1060 | YAV I
6| 1845 | - | 1846 | 2 | WY - e
~6a | 1064 | - | 1067 | 722 - e
7] 1679 | - | 1680 | i S - e
8 | 1192 | 697 | 1197 | 6.95 |C-6a C-7,C-9a, |C-6aC-7

C-14
9 | 1515 | - [ 1821 | — | A
C9a | 1141 | - | 1144 | - - e
10 | 1623 [ - [ 162.6 | . Bila 1~ ~e | -
11 | 10950 727 T 1009 | T 7200 | C-1,C-9, C-10, |C-1,C-9aC-10,

C-11a, C-11b C-11a, C-11b,

C-11c

~11la | 1522 | - | 1526 | - -
“11b | 1074 | - | 1076 | - -
S 11c | 1395 | - | 1398 | - -
11d | 1285 | - | 1287 | A - T e
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Posi- Resistomycin TM-HO01
tion dc Sy S¢c SH long-range correlated carbons
(ppm) | (ppm) | (ppm) | (ppm) HMBC HMBC
("Juc = 8 Hz) ("Juc = 3 Hz)
12
13 28.4 1.61 28.9 1.54 C-1,C-2,C-11a C-1,C-2,C-11a
14 | 254 [ 296 | 26,1 | 287 |C8,C9C9 | C9
3-0H | - - 1400 [T 1432 | C-3,C-4,C2a | C-3,C-2,C-2a,
5-OH | - - [ 1120 | 7// B 1395 |C4,C5C5a | C-4,C-5,C-5a,
C-6
7-OH | - VY 4V Y T R= 1445 |C-6a C-7,C-8 | C-6a, C-7,C-6,
C-9
"10-OH | - VL ) OWr e ik 4N\ A

*Resistomycin from Hoefle and Wolf, 1983
13C NMR spectral data recorded in DMSO-ds + CDCls (8:2)
'"H NMR spectral data of hydroxy protons recorded in CDCl; + DMSO-dgs (9:1);
aromatic protons recorded in CDCl; + DMSO-ds + CD3OD (9:1:1).

"TM-HO01 recorded in DMSO-ds

ND, Not determined




56

3.2 Structure elucidation of compound TM-3F17

Compound TM-3F17 was obtained as a yellow powder. The ESI-TOF MS of TM-
3F17 (Figure 22) showed a protonated molecular ion [M+H]" peak at m/z 381 corresponding

to the tentative molecular formula CyoH;,0g (fifteen double-bond equivalents).

The 'H NMR spectrum of compound TM-3F17 (Figure 25), recorded in DMSO-ds,
showed one methyl group attached to a double bond at & 2.54 (CHs3-12); three singlets in the
olefinic region at 6 6.57 (H-5), 7.04 (H-3), and 7.53 (H-1); and a singlet of a hydrogen-
bonded phenolic hydroxyl proton at & 13.19 (6-OH) (D,O exchangeable). While the signals
of H-3 and H-5 were singlets in this spectrum, they appeared as two doublets with J = 2.2 Hz
at & 7.08 and 6.53 in the ‘*H NMR spectrum recorded in CDsOD (Figure 27), indicating their

meta coupling relation.

The *C NMR spectrum (Figure 26, recorded in DMSO-ds; Figure 28, recorded in
CDs0D) of compound TM-3F17 showed only nineteen signals. The DEPT-135 (Figure 29)
and HMQC (Figure 30) spectra of TM-3F17 were used to classify type of carbons and their
connectivity with nearby protons. The *C NMR spectrum, recorded in CD;0D, established
that TM-3F17 possessed a methyl group connecting to a double bond at 6 19.7 (CHs-12) and
three sp? methine carbons at & 113.0 (C-1), 108.2 (C-3), and 109.3(C-5). The downfield
quaternary carbons at & 166.1 (C-6), 165.3 (C-4), 159.0 (C-10), and 141.3 (C-8) were
assignable to hydroxylated sp? carbons. The carbon signals at & 139.2 (C-2a), 122.8 (C-5a),
138.0 (C-9), 124.7 (C-9a), 1382 (C-11a), 1236 (C-11b), 111.8 (C-11c), and 135.6 (C-11d)
were defined as non-oxygenated sp® quaternary carbons. The most downfield carbon signals
at 8 183.4 (C-2) and 189.4 (C-7) were carbonyl carbons.-However, the upfield shifts of these
carbonyl carbons implied that TM-3F17 contained two quinoid carbonyls. The presence of the
polyhydroxyquinoid structure was suggested by the UV and IR spectral data. The UV
spectrum of TM-3F17 (Figure 23) showing maximum absorption, Amax (l0g €), at 268 (3.36),
286 (3.41), 308 (3.25), and 435 (2.65), confirmed the presence of conjugated aromatic rings.
The IR absorption bands at 3804-2260 and 1702-1620 cm™ in the IR spectrum of TM-3F17
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(Figure 24) indicated the existence of the hydroxyl group and conjugated ketone carbonyls,

respectively.

The *H and *C NMR assignments of TM-3F17 were achieved through analyses of
the HMBC spectra optimized for "Jyc = 8 Hz and 4Hz (Figures 31-36 and Figures 37-40,
respectively). From the HMBC spectral data recorded in CD3OD (Figures 31-34), the signals
of non-oxygenated quaternary carbons at 6 138.2 (C-11a), 123.6 (C-11b), 139.2 (C-2a) were
distinguished by their long-range correlations to H-1 (6 7.56); and at 6 111.8 (C-11c) showing
correlations to H-3 (6 7.08). The upfield meta-coupled aromatic protons at C-3 (64 7.08,
d¢c 108.2), and C-5 (6 6.53, 8¢ 109.3) were assigned to position ortho to the phenolic group
C-4 (5 165.3) which was confirmed by the HMBC correlations between H-3 and H-5 to C-4.
Furthermore, the correlations between H-1 and H-3 to the quinoid carbonyl at 183.4 (C-2)
were also observed. These spectral evidences suggested the linkages of C-11c¢/C-11b/C-11a/
C-1/C-2/C-2a/C-3/C-4/C-5. The proton signal of 6-OH appeared in the downfield region at
d 13.19 ppm, suggesting the hydrogen-bonded phenolic hydroxyl proton. Accordingly, the
carbonyl carbon at 6 189.4 was assigned to C-7, which chelated the 6-OH. From the HMBC
spectral data recorded in DMSO-dg ("Jnc = 8 Hz, Figures 35 and 36), the 6-OH showed long-
range correlations to C-6 (6 164.3), C-5 (6 108.3), and C-6a (111.3), suggesting the 6-OH was
in peri-position to H-5. The HMBC correlations between the methyl proton, CH3-12
(s, oy 2.62), to quaternary carbons at 6 124.7, 138.0 and a hydroxylated carbon at & 141.3
revealed the assignments of carbon signals to C-9a, C-9, and C-8, respectively. Furthermore,
the HMBC spectrum (optimized for "Jyc 4 Hz, recorded in DMSO-ds) revealed the
correlation of H-1 to the hydroxylated sp? carbon at & 158.2 (C-10). The carbon signals at
6 122.8 and 6 134.1, they were assigned to C-5a and C-11d, respectively. Based on the above
information, the partial structure of TM-3F17 corresponding to CigH100s.  The remaining
fragment of CH,O, should be assigned as a ketal group placing between C-10 and C-1la.
Then the structure of TM-3F17 is proposed as 9-methyl-4,6,8,10,11,11-hexahydroxy-2H-
benzol[c,d]pyrene-2,7(1H)-dione [67]. However, the carbon signal of C-11 was not observed
in the 3C NMR spectrum. Therefore, one possible structure of TM-3F17 is proposed as
9-methyl-4,6,8,10-tetrahydroxy-11-nor-2H-benzo[c,d]pyrene-2,7(1H)-dione [68]. Selective
NOE difference experiment (Figure 41, in DMSO-ds) was used to confirm the position of
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CHs-12; irradiation at CHs-12 (8 2.54) resulted in no enhancement at H-1 (& 7.53), H-3

(6 7.04), and H-5 (& 6.57) which confirming that these aromatic protons were not nearby to
12-CHs.

The assignments of protons and carbons of TM-3F17 for the structure [67] are
summarized in Table 18.

[68]
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Table 18 'H and *C NMR spectral data and *H-"*C long-range correlations in the HMBC
spectra of TM-3F17.

Posi- TM-3F17
TM-3F17 (in CD;0D)
tion (in DMSO-ds)
dc Su (ppm), dc Sn (ppm), long-range correlated carbons
m mult. m mult.
e (J in Hz) N (J inHZ) AMBC AMBC
("Juc = 8 Hz) ("Jnc = 4 Hz)
1 1125 | 7.53(s) | 113.0 7.56 (s) | C-2,C-10,C-11a, | C-2,C-2a,C-10,
C-11b C-11b
""" 2 [ 1820 | -7 1834 | - | -
[ 2a | 1382 | - 7 [1892 | AN S, - -
3 | 107.1 | 7.04(s) | 1082 |7.08,d(2.2) | C-2, C-4, C-5|C-2 C-4, C-11c
C-11c
""" 4 11639 | - 1853 - | -
""" 5 | 1083 | 6.57(s) | 109.3 |6.53,d(22) |C-3,C-4,C-6, |C-3, C-4, C6,
C-11c C-11c
[ 5a | 1212 | - | 1228 | A - -
""" 6 | 1643 | = 1661 { = - |
[ 6a | 1113 | - | 1128 | - = - -
""" 7 [8r7 | - 1894 | - | -
""" 8 [ 1395 | - Puars| - - o
""" 9 [ 132 | - l|sso | - L
- 9a | 1245 | - [ 1247 | - - -
10 has82 | - [ 189.0 [T IA I YV AR -
11 | ND | - ND | ST - -
| 11a | 1871 | - [ 1382 | - N -
- 11b | 1224 | - [ 1236 | - - -
| 11c | 1103 | - [ 1118 | - N -
- 11d | 1341 | - | 1356 | - - -




Table 18 (continued)
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Posi- TM-3F17 )
. ) TM-3F17 (in CD3;0D)
tion (in DMSO-dsg)
dc Sn (ppm), d¢c dn (ppm), long-range correlated carbons
m mult. m mult.
(ppm) ] (PR , HMBC HMBC
(JinHz) (Jin Hz)
(nJHc =8 HZ) (nJHc =4 HZ)
12 19.4 2.54 19.7 2.62 C-8, C-9, C-9a C-8, C-9, C-9a
4-0H | - NDW oz | & ([ — - -
' 6-OH | T Y/ BN ND | C-5C-6a,C6 | -
' 8-OH | - N YIS NN SN N - -
10-OH | - ND#F A T ND | S -
[11-oH | | " A PORNANNN T
11-0H | N ) N ) )

#Correlation in HMBC spectrum recorded in DMSO-ds.
ND, Not determined
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3.3 Structure elucidation of compound TM-2F21

Compound TM-2F21 was isolated as a colorless amorphous solid, and identified as
cyclo-(propyl-leucyl) [69], a natural diketopiperazine (DKP) derivative by comparison its
spectral data with the reported data (Jaruchoktaweechai, 1999; Adamczeski, Reed, and Crews,
1995).

Compound TM-2F21 had the molecular formula Cq1H1sN2O, as deduced by ESI-
TOF MS (Figure 43), showing an abundant pseudomolecular ion peak of [M+H]" at m/z 211,
which indicated four degrees of unsaturation. The UV spectrum (Figure 44) exhibited Amax
(log €) at 205 (3.08), 260 (2.67), 292 (2.66), and 320 (2.54) nm. The IR spectrum (Figure 45)
showed absorption bands for amide NH at 3265, cycloalkane at 2955 and amide carbonyl at
1674 and 1641 cm™, supporting the presence of an amide functionality in the diketopiperazine
TM-2F21.

The *H NMR spectrum (Figure 46) of compound TM-2F21 showed a signal of amide
NH at & 5.98 which was assigned to 4-NH. Analyses of the *C (Figure 47) and DEPT-135
(Figure 48) NMR spectra revealed that compound TM-2F21 contained two methyl carbons at
8 23.4 (CH3-12) and 21.3 (11-Me); four methylene carbons at & 28.2 (C-7a, C-7b), 6 22.9
(C-8a, C-8b), & 45.6 (C-9a, C-9b), and 6 38.7 (C-10a, C-10Db); three methine carbons at & 53.4
(C-3), 59.0 (C-6) and 24.8 (C-11); and two amide carbonyl at 6 165.9 (C-2) and 170.0 (C-5),
respectively. The presence of the diketopiperazine ring system in compounds TM-2F21 was
evident from the characteristic >*C NMR chemical shifts of two CONH groups (8¢ 165-170)
of C-2 and C-5: and *H NMR chemical shifts of the two o-methine residues (8 3.9-4.3) of
C-3 and. C-6.  Diketopiperazine containing proline typically. exhibited three broad 2H
multiplets (84 1.8-3.7), C-7a and 7b, C-8a and 8b, and C-9a and 9b.. Comparison these
spectral data with reported values conclusively confirmed that compound TM-2F21 is
cyclo-(propyl-leucyl). Complete assignments of protons and carbons of compound TM-2F21
are in Table 19.
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Table 19 Comparison of *H and **C NMR spectral data of TM-2F21 with the published values.

Posi- TM-2F21° cyclo-(L-propyl-D-luecyl)® cyclo-(D-propyl-D-luecyl)°
tion dc & (ppm),mult. 3¢ Sn (ppm),mult. | 8¢ (ppm) 3 (ppm),mult.
(ppm) (Jin Hz) (ppm) JinHz) (J in Hz)
2 165.9 - 166 - 169.6 -
""" 3 | 534 | 399,dd | 534 | 395dd | 564 |  392ddd
(3.4,9.6) (3:3,9:3) (4.5,5.4,9.9)
""" 4 |- | '59brs | - | 618brs | - | 668brs
""" 5 [ 1700 | - 700 | - fF1ee4 | -
""" 6 | 59.0 | 409,t@82 | 590 | 411,t(81) | 581 |  407,dd(156.9)
 7a | 282 | 2109 S L0T 2 ) 2100m | | 202,m
7b 232, m Foe 232, m 29.1 2.37, ddd
(2.4,6.4,8.7)
B & VNG MY YN e 196,m
8b 229 1.89, 2H, m 22.8 1.89, 2H, m 23.1 188, m
ea | W N A Alk WY 352,dt(2.7.9.8)
o 45.6 3.54,2H, m 455 3.52,2H, m 45.7 2,62, dt (45,9.0)
""" 10a | | 1s50m | | 150m | | 163dd
38.7 38.6 42.6 (1.8,6.5,11.1)
10b 1.99,m 1.99, m 1.75,q (6.3)
o1 | 248 | 179m | 247 L 179m | 245 | 1.60-1.66, m (under H-10)
| 11-Me® | 213 | 092,3H,d(65) | 213 [090,3H,d(63) | 214 | 097,d(63)
""" 129 | 234 ]097,3H,d(65) | 234 |0953H,d(63)| 223 |  094d(63)

*TM-2F21 recorded in CDCls
°Cyclo-(L-propyl-D-leucyl) recorded in CDCl; (Jaruchoktaweechai, 1999):

‘Cyclo-(D-propyl-D-leucyl) recorded in CDClz (Adamczeski, Reed, and Crews, 1995).

YAssignments may be interchangeable.
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3.4 Structure elucidation of compound TM-2F39

Compound TM-2F39 was obtained as a pale yellow powder. The EIMS of
compound TM-2F39 (Figure 50) showed a molecular ion peak of M™* at m/z 198, suggesting a
molecular formula of CyqH100s (five double equivalents). The UV spectrum (Figure 51)
showed maximum absorptions, Amax (l0g €), at 257 (3.75) and 292 (3.77), and 320 (3.68) nm.
The IR spectrum (Figure 52) exhibited absorption bands for a hydroxyl group at 3377, and a
carbonyl group at 1702 cm™, indicating the existence of carboxylic functional group. From
the UV and IR spectral data, the proposed structure for the compound TM-2F39 was a

derivative of benzoic acid.

The 'H NMR spectrum (Figure 53) of compound TM-2F39 showed signals for
aromatic protons (both at 6 7.32, H-2 and H-6) and two methoxy protons (6 3.87, 3-OCHjs
and 5-OCHg;). Although one signal of phenolic hydroxyl proton was not observed, the
assignment was performed based on its molecular weight. Analyses of the *C (Figure 54)
and DEPT-135 (Figure 55) NMR spectra revealed the presence of six signals for nine carbons
which were classified into two methoxy carbons at & 56.3 (3-OCH3z and 5-OCHs); six
aromatic carbons of two methine carbon at 6 107.6 (C-2, C-6), four quaternary carbon at
6 141.0 (C-1), 121.1 (C-4) and 147.8 (C-3, C-5); and one carboxylic carbonyl carbon at
6 167.0 (1-COOH). From the HMQC spectrum (Figure 56) all protonated carbons could be
assigned. The HMBC experiment (Figure 57) revealed correlations of H-2 and H-6 (dn 7.32)
to C-1, C-2, C-6, C-3, C-5; and 1-COOH, while 3-OCH3 and 5-OCHj; (84 3.9) having
correlations to C-3 and C-5. The correlations of HMBC spectrum-indicated that compound
TM-2F39 was 4-hydroxy-3,5-dimethoxy benzoic acid (syringic acid) [70]. The 'H and *C

NMR data of compound TM-2F39 with long-range correlations are summarized in Table 20.

Syringic acid is a natural phenolic acid derivative of benzoic acid which are found
mainly in plant species (Torssel, 1997). While syringic acid was reported as the constituent
of cane molasses (combination of fermentation broth used in this study) (Takeshi, Tohru, and
Yukiko, 1967), data in the literature data suggested that some microorganisms also produced

syringic acid in its metabolic pathway. The bacterium, Arthrobacter species isolated from
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soil converted gallic acid into 3,4-dimethoxy-5-hydroxybenzoic acid, 4,5-dihydroxy-3-
methoxyybenzoic acid, 3,4-dimethoxy-5-hydroxybenzoic acid, and 3,5-dimethoxy-4-
hydroxybenzoic acid (syringic acid) (Catroux, and Fournier, 1969). The Alternaria sp.
isolated from soil, when grown in malt extract medium (combination of fermentation broth
used in this study), rapidly metabolized various cinnamic acid and benzoic acid to
p-hydroxybenzoic acid and protocatechuic acid (Nambudiri, Rao, and Bhat, 1970). Finally,

syringic acid is also found in metabolic pathway in fungi (Cain, Bilton, and Darrah, 1968).




Table 20 'H and *C NMR spectral data and *H-**C long-range correlations in the HMBC
spectrum of TM-2F39%,

Position dc (ppm) 81 (ppm),mult. HMBC
("Juc =8 Hz)
1 141.0 - -
2 1076 | 7325 | C-1,C-2&C-6,C-3,C-4
1-COOH
3 147 Bl T -
4 120" #9771 | '\\ -
- 1B LT 1) NN
T 1076 |  782s | C-1,C2&C-6C4C5,
1-COOH
1-COOH | T -
3-0CH; | coff Faf< e Ny c3
5-0CH; | 563 ol 38%s | cs5

*TM-2F39 recorded in acetone-dg
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3.5 Structure elucidation of compound TM-2F07

Compound TM-2F07 was obtained as a brown crystal, and its spot on TLC (Si gel)
showed yellow color after spraying with anisaldehyde reagent. The ESI-TOF MS (Figure 59)
of compound TM-2F07 showed a molecular ion peak of [M+H]" at m/z 164 corresponding to
the molecular formula CyHgO3. The UV spectrum (Figure 60) showed absorption at Amax
(log €) at 223 (4.18), and 309 (4.32) nm, indicating an aromatic system. The IR spectrum
(Figure 61) displayed absorption bands for a hydroxyl group at 3382, and a carboxylic group
at 1674 cm™. Aliphatic alkene was also observed at 1629 cm™ (C=C st), while strong
absorption band at 805 cm™ (=C-H bending) indicated compound TM-2F07 bearing the
disubstituted trans-alkene.

The 'H NMR spectrum (Figure 62) showed four signals including two signals for
four aromatic protons (indicating the molecular was symmetrical), two signals for olefenic
protons and one phenolic hydroxyl proton at 6 8.72 (4-OH). The aromatic protons at & 6.83
(H-3, H-5) appeared as a doublet with ortho-coupling (J = 8.5 Hz) to the protons at  7.41
(H-2, H-6). The olefenic proton at & 7.56 (H-1") appeared as a doublet with trans-coupling
(J = 15.9 Hz) to the proton at & 6.24 (H-2"). Analyses of the spectral data suggested that
compound TM-2F07 had two symmetrical fragments of a disubstituted aromatic ring with a

trans-alkene residue.

The *C (Figure 63), DEPT-135 (Figure 64), HMQC (Figure 65) and HMBC
(Figure 66) technigues were used to-assign protons and- carbons-in compound TM-2F07
(Table 22). The HMBC revealed correlations of H-2 and H-6 (& 7.41) to C-4 (6 158.4), C-2
and C-6 (5.128:9), and C-1' (5 143.9); H-3 and H-5 (5 6.83) to C-1 (5 125.1), C-3 & C-5
(8 114.9), C-4 (5 158.4), and C-1' (8 143.9); H-1' (8 7.56) to C-2 & C-6 (& 128.9), C-2'
(5 113.8), and C-3' (5 166.9); and H-2 (5 6.24) to C-1 (5 125.1), C-1' (5 143.9), and C-3’
(6 166.9). These HMBC correlations conclusively supported the connection of aromatic ring
and trans-alkene residue. This proposed structure was additionally support by UV spectrum,
which showed the molar absorbtivity (¢) more than 10,000 (loge > 4), indicating the

conjugated aromatic system linked with the trans-alkene residue. The signal of C-1" (6 143.9)
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was more downfield than C-2' (& 113.8), due to the beta-position to carboxylic group, C-3'
(6 166.9). The signals at & 6.83 (H-3 and H-5) were ortho-position to phenolic hydroxyl
proton (4-OH), thus having upfield shift signals. Analyses of the spectral data indicated that
compound TM-2F07 was 4-hydroxy cinnamic acid (p-coumaric acid) [71]. The ‘H and
3C NMR data of compound TM-2F07 with long-range correlations are summarized in Table
21.

p-Coumaric acid, is a natural phenolic acid derivative of cinnamic acid, which is
found mainly in plant species (Torssel, 1997). While p-coumaric acid was reported as a
constituent of cane molasses (combination of fermentation broth used in this study) (Takeshi,
Tohru, and Yukiko, 1967), data in the literature data suggested that some microorganisms also
produced p-coumaric acid in its metabolic pathway such as an Alternaria species (Nambudiri,
Rao, and Bhat, 1970).




Table 21 'H and *C NMR spectral data and *H-*C long-range correlations in the HMBC
spectrum of TM-2F07%,

Position dc (ppm) 81 (ppm),mult. HMBC
("Jnc = 8 Hz)
1 125.1 - -

2 1289 | 741,d@85 | c4,c6C1
3 1149 | 6.83,d(85) | C-1,C-4,C5,C-1'
4| 15wl 1 —— -
T 1149 | 6.83,d(85 | C-1,C3,C4,C1
T 1289 | 741,d@85) | c-2,c4,C1
| 1439 |- 756,d(15.9) | C-2&C-6,C-2,C-3'
""" 20 | 1138 | 624,d(159) | c-1,c1,C3 0
""" 3 | dMee9 & [ o
C40H | F F o 872,brs | -

4TM-2FQ7 recorded in acetone-dg + CDCls.
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4. Biological activity

Results from the preliminary bioactivity screening of the ethyl acetate extract from
the fermentation broth of Streptomyces sp. TRA9851-2 showed antimicrobial activity against
Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 25923, and Candida albicans
ATCC 10231 and potent cytotoxic activity against Vero cell line (LDsp < 0.1 pug/ml). The
ethyl acetate extract was therefore further separated to yield hexane, chloroform, and aqueous
methanol extracts, respectively. Each extract was subsequently investigated for the
biologically active metabolites using bioassay-guided isolation. Finally, five chemical
compounds were obtained including TM-HO1 (resistomycin), TM-3F17 (a benzo[c,d]pyrene
derivative), TM-2F21 [cyclo-(propyl-leucyl)], TM-2F07 (syringic acid), and TM-2F39
(p-coumaric acid). The autobiographic technique (on TLC, Si gel) was then employed for
examining the inhibition zones of the fractions to determine the active spots, using 10%
methanol in chloroform as a developing solvent. The TLC exhibited a clear zone only on
B. subtilis ATCC 6633 agar plate at R¢ 0.5-0.7, which was related toTM-HO1 (resistomycin).
The mycelial extract of the strain also showed the activity against B. subtilis ATCC 6633 and
S. aureus ATCC 25923, similarly to the ethyl acetate extract. Both extracts showed the main

spot of resistomycin on TLC chromatogram (Si gel, 10% methanol in chloroform).

Based on the bioassay-guided isolation, its active pure compound was isolated from
either hexane or chloroform extract. However, the active pure compound against C. albicans
ATCC 10231 from fraction ML-2F21 could not be obtained because of limited amount of the

sample.

The biological activities of “crude extracts ~and pure compounds including
antimicrobial, cytotoxicity, antimalarial, and anti herpes-simplex virus type | (anti-HSV I) and

type 11 (anti-HSV 11) activity are shown in Tables 22 and 23.
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Table 22 Antimicrobial activity of crude extracts and pure compounds obtained from
Streptomyces sp. TRA9851-2.

. ) Inhibition zone (mm)
Fraction or Concentration _ _ i
compound (ug/6 mm disc) B. subtilis S. aureus E. coli C. albicans
ATCC 6633 | ATCC 25923 | ATCC 25922 | ATCC 10231
EtOAC extract 1,000 20 10 - 23
Hexane extract 1,000 20 - - -
*TM-HO01 100 15 +- - -
50 9 + - - -
10 + - + - - -
CHCI; extract 1,000 - 10 - 20
1F 500 = 15 ND + -
2F 500 - + - ND 23
*TM-2F21 100 ND - ND -
*ML-2F21 500 ND ND ND 20
*TM-2F07 100 = - - -
*TM-2F39 100 - - - -
3F 500 - +- ND -
*TM-3F17 < ND >
4F 500 - - - -
ag. MeOH extract 1,000 - +- - -
Mycelial extract 1,000 28 10 -

ND, Not determined
+ -, 6-8 mm inhibition zone

-, Inactive
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Table 23 Cytotoxic, antimalarial, and anti-HSV | and |1 activities of the isolated compounds
from Streptomyces sp. TRA 9851-2.

Compound Cytotoxic activity Antimalarial ) .

EDsy (ug/ml) activity Anti HSV activity

KB BC ECso (ng/ml) HSV I HSV I
TM-HO01 0.52 0.65 0.77 toxic toxic

at 20 ug/ml | at 20 pg/ml

TM-2F21 |- B - S~ | ND | ND
TM-2F07 | - /AN —— ND | ND
TM-2F39 | - e /IR R\, N ND | ND
TM-3F17 | —/ ———— 1 ND ———— >

ND, Not determined

-, Inactive

Resistomycin (TM-HO01) has previously been reported as anti HIV-l protease

inhibitor and antibacterial agent against gram-positive and mycobacterium, however, the

present work reported, for the first time, the antimalarial and cytotoxic activities of

resistomycin.

Malaria is one of the most devastating diseases causing enormous health problems in

Thailand. The emergence of parasite resistant to almost all the available antimalarials has

made it necessary for new antimalarials effective against the drug-resistant parasite to be
developed (World Health Organization [WHQ], Malaria unit, 1993). Secondary metabolites

from Streptomyces strains have been known.in rich sources of hiologically active substances

but so far the discovering of new antimalarials candidate from Streptomyces strains have not

been of interest for scientists. In our screening, we found that resistomycin was active against

Plasmodium falciparum (Ki, multidrug resistant strain). The compound was incorporated
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is stronger than that of chloroquine (ECso = 0.16 pg/ml, 3.1 uM), a well-known antimalarial
agent. Although, resistomycin possessed potent antimalarial activity against P. falciparum,

this activity was due to cytotoxicity.

Resistomycin was found to be toxic against HSV | and Il Vero cell lines, and also
exhibited strong cytotoxicity against KB and BC cancer cell lines with EDsy = 0.52 and
0.65 pg/ml, respectively. This cytotoxic activity is the first report from resistomycin. The
other pure compounds including cyclo-(propyl-leucyl) (TM-2F21), syringic acid (TM-2F39),
and p-coumaric acid (TM-2F07) did not shown any biological activities, while compound
TM-3F17 (a benzo[c,d]pyrene derivative) was not determined for its biological activities due
to the limited amount of sample. Previous reports of biological activities of a series of cyclo-
(propyl-leucyl) diketopiperazine are in Table 24. Syringic acid and p-coumaric acid were
reported its activities such as antibacterial (Fernandez, Garcia, and Saenz, 1996), antioxidant
(Hosny, and Rosazza, 1999) and anti-inflammatory activity (Fernandez, Saenz, and Garcia,
1998). Syringic acid was also reported for radical-scavenging activity (Hirota et al., 2000).
Coumaric acid was reported for antimicrobial activity (Hegazi, Hady, and Allah, 2000) and
cytoprotective agent (Vieira et al, 2000). Recently, p-coumaric acid was characterized as the
principal tyrosinase inhibitor from the fresh leaves of Panax ginseng (Araliaceae) (Lim,
Shiguro, and Kubo, 1999).
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Table 24 Sources and biological activities of cyclo-(propyl-leucyl) diketopiperazine.

Compound Source Activity Reference
cyclo-(L-Pro-D-Leu) | cyanobacterium (symbiosis ND Adamczeski
with sponge Calyx cf. etal., 1995
podatypa)
' marine Bacillussp. | anti-HSV | and Il activities | Jaruchokta-
Sc026 weechali,
1999
cyclo-(L-Pro-L-Leu) | bacterium Streptomyces | antimicrobial activity against | Johnson,
griseus and fungus | Staphyloccus aureus Jackson, and
Aspergillus fumigatus and Eble, 1951
algae Scenedesmus sp.
sponge, Tendania ignis | | ND Luedemann
etal., 1961
| sponge-associated | inactive against cytotoxicity | Jayatilake
bacterium,  Pseudomanas | and antimicrobial assay etal., 1996
aeruginosa
cyclo-(D-Pro-D-Leu) | cyanobacterium (symbiosis ND Adamczeski
with sponge Calyx cf. etal., 1995
podatypa)

ND, No data
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CHAPTER V

CONCLUSION

A sample of mangrove sediments from Trang Province was investigated for
actinomycete strains with biologically active metabolites. We found an interesting strain
TRA9851-2 that was identified as Streptomyces strain based on morphological, cultural,
physiological, biochemical and cell wall component studies. The preliminary antimicrobial
screening on the ethyl acetate extracts of cell free culture filtrate of the strain TRA9851-2
showed antimicrobial activity against Bacillus subtilis ATCC 6633, Staphylococcus aureus
ATCC 25923, and Candida albicans ATCC 10231. A large-scale fermentation broth of the
Streptomyces sp. TRA9851-2 was extracted with ethyl acetate and the ethyl acetate extract
was partitioned to give hexane, chloroform, and aqueous methanol extracts. Directed by
antibacterial activity, resistomycin (TM-HO1) was obtained from the hexane extract, while a
benzo[c,d]pyrene derivative (TM-3F17) was isolated from the chloroform extract. Further
isolation of the chloroform extract yielded cyelo-(propyl-leucyl) (TM-2F21), syringic acid
(TM-2F39), and p-coumaric acid (TM-2F07).

Resistomycin exhibited antimicrobial activity against the gram-positive bacterium,
Bacillus subtilis, with 15 mm zone of inhibition at concentration 100 pg/disc, and showed
toxicity against herpes-simplex viruses type I and type II at concentration of 20 pg/ml.
Resistomycin also possessed potent cytotoxicity against oral human epidermoid and breast
cancer cell lines with the EDsy = 0.52 and 0.65 pg/ml, respectively. The antimalarial activity
of resistomycin against Plasmodium falciparum (K, multidrug resistant strain) at ECso = 0.77
pg/ml (2.0 uM) was stronger than that of chloroquine (ECsy = 3.1 uM), a well-known
antimalarial agent. However, the antimalarial activity of resistomycin might be due to its
cytotoxicity. The present work is the first report for antimalarial and cytotoxic activities of

resistomycin.
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Compound TM-3F17 was a derivative of benzo[c,d]pyrene class, which its two
possible chemical structures were closely related to resistomycin. The two possible structures,
i.e. 9-methyl-4,6,8,10,11,11-hexahydroxy-2H-benzo[c,d]pyrene-2,7(1H)-dione and 9-methyl-
4,6,8,10-tetrahydroxy-11-nor-2H-benzo| c,d]pyrene-2,7(1H)-dione were proposed. However, it
could not be tested for any biological activities due to the limited amount of sample. The
isolated cyclo-(propyl-leucyl), syringic acid, and p-coumaric acid were tested for antimicrobial,

antimalarial, and cytotoxic activities, but none of them showed activities.
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Figure 3 The long-range heteronuclear correlations observed in the HMBC spectra

of resistomycin (TM-HO01).

Spectral data of compound TM-H01

FAB-MS

uv

IR

'H NMR
BC NMR

m/z (% relative intensity); Figure 4

377 ([M+H]',124), 307 (22), 289 (18), 246 (27), 185 (18), 154 (100),
137(98)

Amax nm (log €), in methanol; Figure 5

454 (4.59), 366 (4.43), 318 (4.55), 289 (4.73), 266 (4.78)

Vinax cm’”’, KBr disc; Figure 6

3248 (br), 1629, 1597, 1570, 1253, 848, 571

Sppm, 300 MHz, in DMSO-dg; see Figure 7 and Table 17

Sppms, 75 MHz, in DMSO-dj; see Figure 8 and Table 17
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Figure 4 The FAB-MS spectrum of compound TM-H01.
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Figure 5 The UV spectrum of compound TM-HO1 (in MeOH).
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Figure 7 The 300 MHz "H NMR spectrum of compound TM-H01 (in DMSO-dp).
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Figure 8 The 75 MHz PC NMR spectrum of compound TM-HO1 (in DMSO-ds).
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Figure 9 The 75 MHz DEPT-135 spectrum of compound TM-HO1 (in DMSO-dj).
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Figure 10 The 300 MHz HMQC spectrum of compound TM-H01
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Figure 11 The 300 MHz HMBC spectrum ("Juc = 8 Hz) of compound TM-H01
(in DMSO-d).
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Figure 12 The 300 MHz HMBC spectrum ("Juc = 8 Hz) of compound TM-H01

(in DMSO-ds) [expanded: &y 1.1-3.3 ppm; 8¢ 90-220 ppm].
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Figure 13 The 300 MHz HMBC spectrum ("Juc = 8 Hz) of compound TM-HO01

(in DMSOQ-ds) [expanded: 8y 5.9-7.6 ppm; 8¢ 90-190 ppm].
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Figure 15 The 300 MHz HMBC spectrum ("Juc = 3 Hz) of compound TM-H01
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- Figure 16 The 300 MHz HMBC spectrum ("Jiuc = 3 Hz) of compound TM-HO01

(in DMSO-dj) [expanded: 8y 5-15 ppm; 8¢ 90-220 ppm].
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Figure 17 The 300 MHz HMBC spectrum ("Jic = 3 Hz) of compound TM-HO01

(in DMSO-dj) [expanded: &n 5.9-7.5 ppm; 8¢ 130-220 ppm)].
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Figure 18 The 300 MHz HMBC spectrum ("Juc = 3 Hz) of compound TM-HO01

(in DMSO-dp) [expanded: &y 13.5-15 ppm; &¢ 95-125 ppm].
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Figure 19 The 300 MHz HMBC spectrum (“Jy¢c = 3 Hz) of compound TM-HO1

(in DMSO-ds) [expanded: 8y 13.5-15 ppm; 8¢ 145-210 ppm].
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Figure 20 The one-dimensional difference NOE spectrum of compound TM-H01

(in DMSO-dj).
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Figure 21 The long-range heteronuclear correlations observed in the HMBC spectra
of compound TM-3F17.

Spectral data of compound TM-3F17

ESI-TOF MS : m/z (% relative intensity); Figure 22

381 ([M+H]", 100), 359 (15), 353 (43)
uv : Amax nm (log €), in methanol; Figure 23

435 (2.65), 308 (3.25), 286 (3.41), 268 (3.36)
IR " Vmax €M, NaCl cell; Figure 24

3804-2260, 1702, 1671, 1620, 1574, 1355, 1290, 1235,
1025, 1000, 761, 621

'HNMR : Sppm> 300 MHz, in DMSO-ds and CD30D; see Figure 25
and 27, and Table 18
BC NMR ; 8ppms 75 MHz, in DMSO-ds and CD;0D; see Figure 26

and 28, and Table 18
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Figure 22 The ESI-TOF MS spectrum of compound TM-3F17.
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Figure 23 The UV spectrum of compound TM-3F17 (in MeQH).
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Figure 24 The [R spectrum of compound TM-3F17 (NaCl cell).
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Figure 25 The 300 MHz 'H NMR spectrum of compound TM-3F17 {in DMSO-dy).
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Figure 28 The 75 MHz *C NMR spectrum of compound TM-3F17 (in CD;0D).
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Figure 30 The 300 MHz HMQC spectrum of compound TM-3F17 (in DMSQ-dj).
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Figure 32 The 300 MHz HMBC spectrum ("Jic = 8 Hz) of compound TM-3F17
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Figure 33 The 300 MHz HMBC spectrum ("Juc = 8 Hz) of compound TM-3F17

(in CD;0D) [expanded: &y 6.3-7.7 ppm; &¢ 100-190 ppm].
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Figure 36 The 300 MHz HMBC spectrum ("Juc = 8 Hz) of compound TM-3F17
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Figure 37 The 300 MHz HMBC spectrum ("Jijc = 4 Hz) of compound TM-3F17
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Figure 38 The 300 MHz HMBC spectrum ("Juc = 4 Hz) of compound TM-3F17

(in DMSO-ds) [expanded: &y 2.4-2.6 ppm; ¢ 100-180 ppm].
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Figure 41 The one-dimensional difference NOE spectrum of compound TM-3F17
(in DMSO-dp).



Figure 42 The structure of cyclo-(propyl-leucyl) (TM-2F21).

Spectral data of compound TM-2F21

[’ : +6.4 (c0.14 g/ 100 ml, in methanol)
ESI-TOF MS : m/z (% relative intensity); Figure 43
211 ((M+H], 100)
|0AY : Amax nm (log €}, in methanol; Figure 44
320 (2.54), 292 (2.66), 260 (2.67), 205 (3.08)
IR : Vimax cm'', KBr disc; Figure 45
3265, 2955, 2877, 1674, 1641, 1434, 1306, 710, 640
'H NMR : dppms 300 MHz, in CHCL;; see Figure 46 and Table 19

3¢ NMR : 8ppm> 75 MHz, in CHCl3; see Figure 47 and Table 19
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Figure 48 The 75 MHz DEPT-135 spectrum of compound TM-2F21 (in CDCl3).
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Figure 49 The long-range heteronuclear correlations observed in the HMBC spectrum
of syringic acid (TM-2F39).

Spectral data of compound TM-2F39

EIMS

IR

"HNMR
3C NMR

m/z (% relative intensity); Figure 50

198 ([M]™, 11), 127 (19), 109 (12), 93 (13), 84 (19), 81 (26),

79 (37), 69 (43), 67 (66), 65 (59), 55 (98), 53 (100)

Amax nm (log €), in methanol; Figure 51

320 (3.68), 292 (3.77), 257 (3.75)

Vinax e KBrdisc; Figure 52

3377 (br), 1702, 1620, 1523, 1462, 1420, 1378, 1324, 1211,
1180, 772,691

Sppm, 300 MHz, in acetone-ds; see Figure 53 and Table 20

Sppms 75 MHz, in acetone-d; see Figure 54 and Table 20
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Figure 51 The UV spectrum of compound TM-2F39 (in MeOH).



121

o
77
3 G
H,CO
1

& )’ 690

3377 1702+ 1211~ 1180

. T T i : T T R N | ‘
£o0.0 50 3000 5% g B0 W0 u @ w0 aw O
Figure 52 The IR spectrum of compound TM-2F39 (IKBr disc).
t
3-OCH3
5-0CH3
0
Il /.
T ]
2,6
]
A
non 10 9 H T 4 2 1 o pm

Figure 53 The 300 MHz 'H NMR spectrum of compound TM-2F39 (in acetone-ds).



122

205.733
X)5498
205.250
—— 167041
—— ATIE
— 493
—12L.139
e 107631

<z

oy

T T T T T T T T T T T T T T T T T T
n’ﬂ 2;0 1;” l;’ lr” l‘:’o K& M50 140 130 120 LK 100 90 » " 60 30 40 » r. 1 1 9 ppm

Figure 54 The 75 MHz *C NMR spectrum of compound TM-2F39 (in acetone-ds).
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Figure 56 The 300 MHz HMQC spectrum of compound TM-2F39 (in acetone-dj).
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Figure 57 The 300 MHz HMBC spectrum ("Jyc= 8 Hz) of compound TM-2F39
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Figure S8 The long-range heteronuclear correlations observed in the HMBC spectrum
of p-coumaric acid (TM-2F07).

Spectral data of compound TM-2F07

ESI-TOF MS : - m/z (% relative intengsity); Figure 59
165 ([M+H]", 42), 147 (28)
uv : Amax nm (log €), in methanol; Figure 60

309 (4.32), 223 (4.18)

IR 3 Vinax cm", KBr disc; Figure 61
3382 (br), 1674, 1629, 1602, 1513, 1450, 1380, 1246, 1216,
1173, 980, 834

"H NMR : Oppm, 300 MHz, in acetone-ds + CDCly; see Figure 62
and Table 21
>C NMR : Sppms 75 MHz, in acetone-ds + CDCl;; see Figure 63

and Table 21
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Figure 60 The UV spectrum of compound TM-2F07 (in MeOH).
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Figure 61 The IR spectrum of compound TM-2F07 (KBr disc).
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Figure 62 The 300 MHz 'HNMR spectrum of compound TM-2F07 (in acetone-ds +CDCl3).
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Figure 63 The 75 MHz C NMR spectrum of compound TM-2F07 (in acetone-ds + CDCl3)
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129

1154 2 e — 2 3,5

130 &> ——2¢

11

145 0p

Figure 65 The 300 MHz HMQC spectrum of compound TM-2F07 (in acetone-ds + CDCl3).
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Figure 66 The 300 MHz HMBC spectrum ("Jyc = 8 Hz) of compound TM-2F07 (in acetone-ds + CDCl;



AONUUINYUINNS )
ANRINITUNINE AL



132

MEDIA

All media were dispensed and sterilized in autoclave for 15 minutes at 15 pound
pressure (121 °C) except for media for carbon utilization test which was sterilized at 110

pound for 10 minutes.
1. Carbon utilization medium (ISP-9)
carbon source

No carbon source (negative control)

D - glucose (positive control)

L- arabinose

Sucrose D - fructose
D —xylose Rhamnose
Inosital Raffinose

D — manitol Cellulose

Pridham and Gottlieb trace salt

CuS04.5H,0 0.64 g
FeS0,.7H,0 0.11 g
MnCl,.4H,0 0.79 g
ZnS0,4.7H,0 0.15 g
Distilled water 1,000 ml
Basal mineral salt agar
(NH4),S04 2,64 g
K,HPQO,(anhydrous) 2.38 g
K2HPO,4.3H,0 5.65 g
MgS04.7H,0 1.00 g
Pridham and Gottlieb trace salt 1.0 ml
Distilled water 1,000 ml

Agar 15-20 g



2. Cellulose decomposition medium

Czapek’s solution, free from sucrose.

3. Glucose beef extract peptone medium (GBP)

Glucose

Beef extract
Peptone

Yeast extract
Seawater 35 ppt
MgS04.7H,0
pH 7.0-7.4

4. Glycerol asparagine agar (1SP-5)

L- asparagine (anhydrous)
K;HPO,

Glycerol

Distilled water

Trace salt solution

Agar

pH7.0-7.4

5. Glycerol peptone media (GPM)

Glycerol
Molasses

Beef extract
Peptone

CaCOs3
Seawater 35 ppt

15

1,000
2.5

1.0
1.0
10.0
1,000

15-20

20.0
10.0
5.0
5.0
4.0
1,000
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6. Inorganic salt-starch agar

Difco soluble starch 10.0 g
K2POy(anydrous) 1.0 g
MgS04.7H,0 1.0 g
NaCl 1.0 g
(NH4)2S0,4 2.0 g
CaCOs 2.0 g
Distilled water 1,000 ml
Trace salt solution 1 ml
Agar 15-20 g
pH7.0-7.4

7. Nutrient gelatin broth
Peptone 10.0 g
Meat extract 5.0 g
NaCl 5.0 g
Gelatin 150.0 g
Distilled water 1,000 ml
pH 7.0-7.2

8. Oatmeal agar
Oatmeal agar 18.0 g
Distilled water 1,000 ml

pH 7.2



9. Peptone nitrate broth
Peptone
KNO3
NaCl
Distilled water
pH 7.0

10. Potato carrot agar (PCA)

Potato
Carrot
Tap water
Agar

pH 7.0

11. Sabouraud’s dextrose agar, SDA (Difco® Sabouraud dextrose agar)

Neopeptone
Dextrose
Agar

Purified water
pH 5.60 + 0.2

12. Skim milk

10.0
1.0
5.0
1,000

30.0
25.0
1000
15-20

10.0
40.0
15
1,000

Bacto skim milk. dehydrated (Difco®)

Distilled water

100
1,000

ml

ml

g

mi

ml
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13. Sodium casienate agar (SCA)

Sodium casienate
Glucose
K2POg4(anhydrous)
MgS0O,.7H,0
FeS0,4.7H,0
Distilled water
Agar

pH 7.0

14. Tryptic soy agar, TSA (Difco® Tryptic agar)

Tryptone peptone

(pancreatic digest of casien)
Soytone peptone

(papaic digest of soybean meal)
Sodium chloride

Agar

Purified water

pH 7.3+0.2

15. Tyrosinase reaction agar

Peptone

Meat extract

L — tyrosine
Distilled water

Agar

20.0
10.0
0.2
0.2
trace
1,000
15-20

15.0

5.0

5.0
15
1,000

5.0
3.0
5.0
1,000
15-20

Q o «Q «

ml

ml
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16. Tyrosine agar

Glycerol

L — tyrosine

L — asparagine
K2POy4(anhydrous)
MgS04.7H,0
NaCl
FeSQO,.7H,0
Distilled water
Trace salt solution
Agar

pH7.2-7.4

15.0
0.5
1.0
05
0.5
0.5
0.01
1,000
1 ml
15-20

17. Yeast extract - malt extract agar (Y MA)

Glucose
Peptone

Yeast extract
Malt extract
Distilled water

Agar

10.0
5.0
3.0
3.0
1,000
15-20

o o O o @ o «

Q @ o «
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