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As a part of searching for bioactive compounds from marine organisms, this
research describes the chemical constituents of an Australia sponge Aplysilla sulphurea
and marine bacteria associated with tropical Thai sponge. Two known chromodorolides A
(2a), B (2b) and a new derivative chromodorolide C (2¢) have been isolated from an
Australian sponge and characterized by 1D and 2D NMR experiments. Chromodorolides
exhibited the significant cytotoxicity against P388 mouse leukemia cell lines and also
showed nematocidal activity against the larval stages of Haemonchus contortus and
Trichostrongylus colubriformis, two important pathogens of sheep and other ruminants.
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CHAPTER I

INTRODUCTION

Natural products are the secondary or non-primary metabolites produced by living
organisms, and have been utilized by humans for many purposes including as food,
pesticides, insecticides and medicines. The research scrutinized into the pharmacological
properties of natural products has led to the discovery of many potently active agents for
many years. Plants have served as a major source of novel chemical structures with potent
biological activities, which have subsequently been developed as drugs for a long time.'
For example, the yohimbine alkaloid, reserpine (1) has attracted attention from chemists
for both its medicinal properties and its intriguing molecular structure. The bisindole
alkaloid, vincristine (2) inhibits mitosis by binding to tubulin, thus allowing a broad

spectrum of activity in the treatment of various carcinoma cell lines.”?

MeO

OMe

OMe

reserpine (1) vincristine (2)

In recent years, some untreatable diseases causing human death worldwide are
found such as AIDS, malaria and cancers. Accordingly, the scientists have tried to search
for novel pharmacological agents from other sources such as microorganisms and marine
organisms. Over the last decade, the marine environment has been recognized as a rich
source of biologically active natural products. Each year, an increasing number of novel

marine metabolites are reported in the literature, strongly indicating that the marine



environment is likely to continue to be a prolific source of new natural product for many
years to come.”
1.1 The Marine Natural Product Chemistry
There are an estimated 150,000 species of marine organisms; these can be divided
into three main groups, namely marine invertebrates, marine plants (algae) and marine
microorganisms. The distribution of marine natural products by phylum is shown in

Figure 1.1.°

Echinoderms  Brown algae _ Green algae
3% 1%

Red algae
6%
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%
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Molluscs > 383%
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Figure 1.1 The distribution of marine natural products by phylum®

Secondary metabolites are produced for many purposes, but a key role may be to
facilitate the survival of the host species in the highly competitive marine environment.
The use of secondary metabolites as a means to attract and deter is documented for both
marine plants and invertebrate animals in response to predation, spatial competition and
reproduction.® In addition, the role of microbial symbionts in the production of
biologically active compounds by marine invertebrates has recently been explored. Many
metabolites from marine organisms have never previously been found in terrestrial
organisms. In addition to terpenoids, flavonoids, alkaloids and glycosides which are
documented from the plant literature, marine organisms also contain novel halogenated
compounds, polypeptides, polyketides ' and desipeptides that have no terrestrial
counterparts owing to the physical and chemical properties of marine environments that
are quite different from terrestrial conditions. These differences depending on the various
biology between the ocean and terrestrial resource are (i) high quantity of elements in the
sea such as salt content and halogen element (CI, 19,000 mg/L; Br', 65 mg/ L; and I/IO5,
5x 10 mg/ L), (ii) hydrostatic pressures that increase 1 atm at every ten meters in the
depth of the ocean (iii) unusually high or low temperatures and light in the sea water.

These properties make the food chains in ocean environment become complex.



The discoveries of marine natural products throughout the past quarter century have
led to pharmaceutical products that have entered preclinical and clinical development.

Marine natural products and their analogues that have entered into clinical trials are

presented in Table 1.1. *°

Table 1.1 Marine natural products and their analogues currently in clinical trials’

Compound Disease area Phase

Agelasphin analogue (KRN 7000) (Sponge: Agelas Cancer |
mauritianus)

Contignasterol (IPL-567) (Sponge: Pefrosia contignata) Inflammation I
Methopterosin (Soft coral: Pseudopterogorgia elisabethae) Inflammation/ wound I
Anabacine analogue (GST-21) (Marine worm: Amphiporus | Alzheimer/schizophernia I
lactifloreus)

Dolastatin 10 (Sea hare: Dolabella auricularia) Cancer II
Dolastatin 15 analogue (Lu-103793) (Sea hare: Dolabella Cancer I
auricularia)

Ziconitide (Cone snail: Conus magnus) Pain I
Bryostatin 1 (Bryozoan: Bugula neritina) Cancer II
Didemnin B (Tunicate: Trididemnum solidum) Cancer I
Dehydrodidemnin B (Tunicate: Aplidium albicans) Cancer II
Ecteinascidin 743 ( Tunicate : Ecteinascidia turbinata) Cancer I
Squalamine (Shark: Squalus acanthias) Cancer I

An anticancer compound currently under investigation in phase II clinical trials,

bryostatin 1 (3) was isolated primarily from the bryozoan Bugula neritina. This
compound shows potent antineoplastic activity and continues to be of interest as an
aquaculture product.’® Dehydrodidemnin B (4) is a cytotoxic compound, showing a broad
spectrum of cytotoxicity against several carcinoma cell lines. This desipeptide was first
isolated from the tunicate Aplidium albicans."' Dehydrodidemnin B (4) which shows
improved hepatotoxicity over the related compound didemnin B, the parent compound
was first discovered from the tunicate Trididemnum solidum.”* Ecteinascidin 743 (5) is a
tetrahydroisoquinoline alkaloid which was first isolated from Ecteinascidia turbinata.” Tt

is a quite remarkable natural product because of the selective cytotoxicity against various



carcinoma cell lines in vivo. Among these novel drug candidates, Ecteinascidin 743 (5)
14,15

has been found to be the most promising new drug.

OCH;

bryostatin 1 (3)

dehydrodidemnin B (4)



ecteinascidin 743 (5)

1.2 Natural Product Chemistry of Marine Sponge.

Marine sponges are one of the richest sources of interesting bioactive compounds
among the marine invertebrates. Sponges are soft-bodied sessile invertebrates, which lack
the physical defense afforded by a shell or thick exoskeleton. Instead, they have
developed chemical defenses to prevent predators or larval settlement by  other
organisms.’® Novel compounds discovered from sponges have shown potential
bioactivity, with several novel sponge compounds showing promising as candidates for
new pharmaceuticals. Manoalide (6), an antimicrobial sesterterpene originally isolated
from Luffariella variabilis, inhibits phospholipase A, ( PLA, from bee venom: ICsy pM)
and is being developed as an anti-inflammatory drug.'” Discodermolide (7) first isolated
from Discodermia disoluta has been found to be a promising anticancer lead, with a
mechanism of action involving the stabilization of microtubules, similar to taxol.'8
Okadaic acid (8) and calyculin A (9), both cytotoxic polyketides from Halichondria
okadai and Discodermia calyx, respectively, are selective inhibitor of protein phosphatase
1 and 2A.1%% Contignasterol (10), a highly oxygenated sterol isolated from Petrosia
contignata, shows anti inflammatory activity 2! All the above are lead compounds from

sponges which are potential candidates to be a new drug.



manoalide (6) discodermolide (7)

okadaic acid (8)

calyculin'A (9) contignasterol (10)

A second sources of novel marine chemicals are nudibranchs, which are shell-less
mollusks acting as predators on sponges. Nudibranchs feed on sponges and concentrate
the sponge compounds as a potential chemical defensive. 9-Isocyanopupukeneane (11) is
a metabolite isolated from the nudibranch Phyilidia varicosa and also from its prey a
sponge Hymeniacidon sp. * This metabolite is excreted by the mollusks and protects the

delicate shell-less opisthobranch mollusk from its predators. Thus the component is the



allomone of the browser-prey relationship. This piece of research not only demonstrates
the finding of a bioactive metabolite, but also shows the important role of the ecological

interactions between two organisms in the marine ecosystem.”

CN

9-isocyanopupukeneane (11)

1.3 Natural Product Chemistry of Marine Microorganisms

Marine microorganisms are considered to be a new promising source of bioactive
substance. Recently, marine microorganisms have proven to produce several bioactive
metabolites and some of them are expected to serve as lead compounds for drug
development.®* The relevant investigations have also suggested that some bioactives
isolated from marine invertebrates such as sponges, coelenterates, mollusks or
protochordates are truly originating from symbiotic microorganisms such as bacteria, blue
green algae, fungi and dinoflagellates. Since it is quite impossible to collect unlimited
amount of marine animals and plants, isolation and cultivation of symbiotic
microorganism are of great importance for sufficient and constant supply of bioactive
compounds. Through this research, many novel compounds from marine microorganisms
with potent biological activity have been discovered.

Regarding the true origin of compounds discovered in marine invertebrate, some
evidence suggests that dietary or symbiotic algae have participated in the production of
metabolites. For example, the blue green algae, Lyngbya majuscula was determined to be
a source of aplysiatoxin found in the sea slug Aplysia sp>% Similarly, highly active
anticancer compounds found in other sea hares have their origin in the dietary blue green
algae. Symplostatin (12)”, a close analogue of dolastatin 10 (13)*, has been found in a
marine cyanobacteria Symploca hydnoides. The aforementioned compounds are probably

introduced into the invertebrates by the food chain.
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dolastatin 10 (R=H) (12)
symplostatin 1 (R= CH3) (13)

Marine bacteria are most generally defined by their requirement for sea water or more
specifically sodium ion for growth. Differences in the chemical composition of the
bacterial cell wall can be determined by gram-staining which shows the differences
between gram-positive and gram-negative bacteria. From early study of marine bacteria,
it was determined that most sea water marine bacteria are gram negative because the cell
wall of gram negative bacteria are better adapted for survival in the marine environment.
Unlike, cyanobacteria, marine bacteria do not have chiorophyll for photosynthesis® and
also usually associated everywhere in marine environment. Marine bacteria have been
isolated from three sources, namely sea water, sediments and surface of marine

invertebrates.*°

1.4 Natural Products of Marine Bacteria Associated with Sponge
Bioactive compounds-of marine sponge have been extensively studied by marine
natural product chemists. The isolated compounds from sponges are usually found in
small quantities and also discovered in marine microorganism which form symbioses in
sponge. The structural characteristics of the compounds strongly suggested that
microorganisms living on or in sponge may be responsible for the production of many
bioactive compounds found in sponges. Some compounds have been isolated from
extracts of sponge -and also found in culture media of marine bacteria isolated from
sponges.>
The gram positive bacteria Micrococcus sp. was isolated from the sponge Tedania
ignis. Three diketopiperazines (14-16) were obtained from the culture media of
Micrococcus sp.>! and these compounds were identical with those previously isolated
from the extracts of Tedania ignis.’* All of them show antimicrobial activity against

various bacteria.
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In 1996 Jayatilake et al. reported the isolation of the diketopiperazine (DKP) (14-
16) which were dipeptide containing proline unit and the phenazine alkaloid (17) were
separated from a strain of Pseudomonas aeruginosa associated with the Antarctic sponge
Isodictya setifera.®® Therefore, this evidence indicated that the same metabolites could be

produced from different bacterial strains.

(X N
N/

COoH
phenazine alkaloid (17)

Alteramide A (18) is the cytotoxic alkaloid which was isolated from the culture
media of Alteromonas sp. obtained from the Japanese sponge Halichondria okadai.

Alteramide A displays cytotoxicity against the P388 leukemia cell line.**

alteramide A (18)

The structure of alteramide A is similar to those of the antibiotic compound,
ikarugamysin (19) and discodermolide (2¢). The former was produced by a terrestrial
Streptomyces sp. while the latter was isolated from the marine sponge Discodermia
dissoluta. Both metabolites exhibited antifungal and cytotoxic activity. Since alteramide
A was obtained from bacteria isolated from a sponge, it can be suggested that

discodermolide (20) is of microbial origin.35
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ikarugamysin (19) discodermide (20)

1.5 Marine Natural Products in Thailand

Approximately, a half part of Thailand located on the coastlines between the Gulf of
Thailand in the east and the Andaman sea in the west, both of which the part of Indian
ocean. The marine environments have been explored and found to be highly biodiversity
environment. The earlier research on marine in Thailand was mainly aimed to explore its

environment and ecology.

MALA)

Figure 1.2 The map of Thailand

During the last decade, the research on marine natural products has been initiated. Many
bioactive compounds have been reported. For instance, mycaperoxide H (21),°° a new
cytotoxic norsesterterpene peroxide, was isolated from the Thai marine sponge Mycale

sp. This sponge was collected from Srichung island in the Gulf of Thailand. In 2004,
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Suwanborirux et al. reported the isolation of two new germacranes (22-23) from marine
sponge Axinyssa sp. collected from the Andaman sea.’’ Accordingly, sponges have also

served as a major source of marine natural product.

/\FM\( COMH CH

CH
Hol CHSNHE
mycaperoxide H (21) (1Z,4Z)70.H-11-aminogermacra-1(10), 4-diene (22)
CH3 ch
CH, { HCss
HaC CH3NH—‘C—NH CH, CH;

N-N-11-bis{(1Z,47)-TaH-germacra-1(10), 4-dienyljurea (23)

At present, the environmental resources in Thailand are currently inadequate to
conduct large scale searches for bioactive marine organisms. Therefore, marine bacteria
associated with Thai sponges became an alternative source for challenging examination,
because that natural product resource could be cultured in the laboratory. Additionally,
searching for bioactive compound from marine bacteria in Thailand is later a new
research topic. All the above mentioned suggested marine microorganisms be of interest
for studying the chemical constituents along with their biological activities. The objective

and expectation of the research described in the thesis are as follow:

The objective of this research

To find bioactive compounds from the culture of marine bacteria which are derived
from the marine bacteria associated with tropical Thai sponges

To find bioactive compounds from an Australian sponge Aplysilla sulfurea.

An ultimate expectation of this research is to look forward to newly discovered

bioactive compounds for the use in basic research or medical applications.



CHAPTER II

Chromodorane Diterpenes from an Australian Sponge

Aplysilla sulphurea
2.1 Introduction ‘

Encrusting sponges of the family Aplysillidae (order Dendroceratida) have been
shown to contain a large atray of diterpenoids of the spongian class.®® Two species of
yellow sponge Aplysilla tango and Aplysilla sulphurea can be distinguished by their
yellow color. Several degraded spongian diterpenes were isolated. Aplysulphurin (24)

was the major constituent of 4. sulphurea, and was later also found in 4. tango.

Figure 2.1 The tropical marine sponge Aplysilla sulphurea

As a part of the research program towards searching for bioactive compounds
from an Australian sponges. Sponges were collected at Mooloolaba, Queensland.

The yellow sponge Aplysilla sulphurea (Figure 2.1) was close to Aplysilla var.
sulphurea. The sponge color is changed from yellow to blue on death. The yellow color
of Aplysilla sulphurea gradually changes to blue within an hour, whereas Aplysilla var.
sulphurea has changed only a small portion. Aplysilia tango is an encrusting sponge very
similar in appearance to Aplysilla sulphurea. Five degraded spongian diterpenes were
previously isolated as gracilin A (25), aplytandiene-1 (26), aplytandiene-2 (27),
aplytangene-1 (28), aplytangene-2. (29) There has been only are report on the chemical

constituent of Aplysilla var. sulphurea in which two spongian diterpene
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were isolated and identified to be 15,16-diacetoxyspongian (30) and 16-oxospongian
(21). ¥4

aplytadiene-1 (26) aplytandiene-2 (27)

aplytangene-1 (28) aplytangene-2 (29)
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R=0COCH; (30) R=H (31)

2.2 Experimentals
2.2.1 Biological Material

An Aplysillid sponge Aplysilla sulphurea was collected from Fish hole dive site,
Gneering reef, Mooloolaba, Queensiand Australia, in December 2002. The sample was
preserved in the freezer at —20 C° until extraction. A voucher specimen is available from
Dr. Mary Garson, the sponge deposited at chemistry department, the University of
Queensland
2.2.2 Equipments

Nuclear magnetic resonance (NMR) spectra were recorded on Bruker DRX 500
NMR spectrometer operating at 500.1325 MHz for 'H NMR and at 125.7685 MHz for
BC NMR. 'H NMR and C NMR chemical shifts were referenced to residual solvent
peaks: Oy 7.25 and &¢ 77.0 for CHClz . The HSQC experiments were optimized for 1JCH =
135 MHz and the HMBC experiments for "Jey = 8 Hz. ESI MS and HRESIMS was
recorded on a Finnigan MAT 900 XL double focusing magnetic sector mass
spectrometer. Optical rotations were measured on a Perkin Elmer 241 MC polarimeter.
The isolation of compound 2a to 2¢ was performed by high performance liquid
chromatography carried out on a Waters p-porasil semi preparative column (300 mm x
7.8 mm) connected to a Waters 515 HPLC pump and a Gilson 132 refractive index
detector. All solvents were freshly distilled or were of HPLC grade.
2.2.3 Chemicals

Thin layer chromatography (TLC) was performed on aluminium sheets precoated
with silica gel (Merck Kieselgel 60 PF 254). Adsorbents used for flash column
chromatography were silica gel (Kieselgel 60, Merck) and Seppak silica gel cartridges.
All solvent used in this research were commercial grade and distilled prior to use except
for HPLC grade for HPLC analysis. TLC plates were visualized by UV at 254 and 365

nm or by spraying with the solution of vanillin in HySO4.



15

2.2.4 Cytotoxicity assay against P388 Mouse Lymphoblast Cells

This assay was run by staff of the center for Phytochemistry, Southern Cross
University, New South Wales. Mouse lymphoblast cells were obtained from ATCC. Cell
culture media and sera were from in vitrogen and CSL. Cell cultures were routinely
grown at 37° C, 5% CO, in DMEM containing 10% horse sera with 2 nM L-glutamate
and 100 pg/mL penicillin and 100 pg/mL streptomycin. For the cytotoxicity assay, cell
growing in log phase were diluted in the same media described above but without phenol
red indicator, and then transferred (99 pl/well) to a 96-well tissue culture plate. Samples
for testing were dissolved in DMSO at an initial concentration of 10 mg/mL and then
diluted by serial dilution in DMSO to be 100, 10 and 1 pg/ml for crude extract and 10, 1
and 0.1 pg/ml for pure compounds. All concentrations were added in the well and placed

in an incubator (37 C°, 5% CO») for 24 hr.

2.2.5 Anthelmintic assay

Nematocidal activity was determined using the method of Lacey et al. *
Nematode (Haemonchus contortus and Trichostrongylus colubriformis) eggs were
placed into wells of a mictotitre plate containing extracts or purified compounds in 2%
agar. The eggs hatched overnight, a nutrient medium was added, and the larvae were held
at 27°C for 6 days. The number of larvae that developed to the L3 stage was counted and
compared to control wells. For each nematode species, the effect of chromodorolide C
was examined in two separate experiment at concentrations of 100 and 10 pg/mL
(duplicate or triplicate assays wells at each concentration for experiments one and two,
respectively) and the percentage development was calculated for each assay relative to the
mean development in twelve control assay wells. Data is therefore presented as Mean +
SE, n = 2 in separated experiments. This assay was run by Dr. Andrew Kotze of CSIRO

Livestock Industries, Brisbane.
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2.2.6 Extraction

The frozen sponge (5.9 g) was cut into small pieces and extracted with 100 mL of
DCM/MeOH (1:1) three times. The organic layer was filtered through a plug of cotton
wool and the solvent was evaporated in vacuo to give the crude extract (624 mg), as

shown in scheme 2.1

Frozen sponge (5.87 g, wet wt.)
Extract with DCM:MeOH (1:1)

DCM:MeOH Extract
| Concentrate in vacuo and

Partition with EtCAc and H,O

| }

EtOAc Extract (624 mg) Water Layer

Scheme 2.1 The extraction procedure of Aplysillid sponge.

2.2.7 Isolation and Purification

The EtOAc extract (624 mg) was subjected to silica flash column chromatography
using a step gradient from hexane to 100% EtOAc to give two major fractions. The first
fraction was identified as chromodorolide B (2b) (5.7 mg) and the second fraction was
purified by NPHPLC using hexane and EtOAc (7:2) as an eluent to furnish
chromodorolide A (2a) (3.6 mg) and the new compound, chromodorolide C (2¢) (1.7

mg). The summary of isolation and purification is shown in Scheme 2.2
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EtOAc Extract ( 624 mg )

l
JL J, |

NP Silica Flash Chromatography

Fraction (6-13) Fraction (14-20) Fraction (20-22)
Chromodorolide B (5.7 mg) Mixture (8.6 mg) Steroid (3.1 mg)
NP-HPLC

e Hexane:EtOAc (7:2)

Chromodorolide A (2a) Chromodorolide B (2b) Chromodorolide C (2¢)
(3.6 mg) (1.7 mg) (1.7 mg)

Scheme 2.2 The summary of isolation and purification of EtOAc extract

2.2.8 Acetylation of Chromodorolide C (2¢): To a solution of chromodorolide C (2¢),
1.0 mg, 2.2x10° mmol) in dry pyridine (10 mL) was added acetic anhydride (1.0 mL).
The mixture was stirred at room temperature overnight. The reaction was quenched by
adding 1 mL of water, and extracted twice with 1 mL of EtOAc. The organic layer was
blown down over N; gas. The acetate product (0.9 mg) was obtained as a colorless oil by
purifying on silica-seppak using hexane:EtOAc (7:2) as an eluent, and identified as 2b by
comparison of their "H-NMR. spectra.
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2.3 Results and Discussion
2.3.1 Structural Elucidation of Chromodorolide A (2a)

Compound 2a (3.6 mg) was isolated as colorless oil; [a]p -74° (¢ 0.1, CHCL). Its
mass spectra (Figure 2.3) showed the molecular peak at m/z 473 [M+Na]", corresponding
with Cy4H340sNa indicated by ESIMS.

The '"H NMR spectrum (Figure 2.4) indicated the presence of methine protons
signals at oy 6.35, 5.78, and 4.81 (1H each), and suggested that there were acetal
functionalities. Additionally, there were methine protons that resonated at oy 3.00 (2H)
and 2.45 (1H), and methyl protons at 8y 2.11 and 2.07 which could be assigned to acetate
moieties. The signals belonged to three methyl groups were detected at &y 0.83, 0.84 and
0.86. There were in addition several overlapping signals in the region oy 1.06-1.48.

The *C NMR spectrum (Figure 2.5) revealed 24 carbons, The presence of two
carbonyl resonances at 168.8 and 170.0 ppm suggested the ester, while the deshielded
carbon signals at 104.2, 95.5 suggested that there were two acetal functionalities which
were also corresponded with 0 6.35 and 5.78. Moreover, the quaternary carbon signal at
79.9 ppm could be assigned for a tertiary alcohol. As the evidence above, compound 2a
could be diterpene possessing bisacetal oxalone ring fused. Based on the literature
reported and molecular mass information, compound 2a was identified by comparison of
its spectroscopic data with those from the literature as chromodorolide A, which was
previously reported from Chromodoris cavae, collected in Indian ocean.”” The 'H and '*C

NMR assignment of compound 2a are shown in Table 2.1.

Chromodorolide A (2a)
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Table 2.1 The'H and *C NMR spectral data for Compound 2a in CDCl;

Atom # s'H? S3CP
1 ax 1.05, m 41.1
leg 1.35, m

2 1.50-1.52, m 20.8
3ax 1.08 40.4
3eq 1.69 -

4 - 33.1

5 .11, m 57.8

6 131, m 19.8

6’ 1.56, m -

7 115, m 26.5

7 1.80, m -

8 245, m 44.6

9 1.55, m 51.6

10 - 425

11 - 172.4

12 - 79.9

13 3.00, brs 52.1

14 3.00, brs 46.3

15 5.78, brs 104.2

16 6.35,s 95.5

17 4.81,d,(J=2.5Hz) 78.8

Me-18 0.86,s 33.4

Me-19 0.84,s 20.8

Me-20 0.83,s 13.6

OCOCH; 2.07,s 20.8
OCOCH; - 168.8
OCOCH; 2.11,s 20.8
OCOCH; - 170.0

*500 MHz; sample in CDCl; reference at 8y = 7.25 ppm
125 MHz; sample in CDCl, reference at 8¢ = 77.0 ppm.
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2.3.2 Structural Elucidation of Chromodorolide B (2b)

Compound 2b (7.4 mg) was isolated as colorless oil; [a]p -93° (¢ 0.1 CH,CL). Its
mass spectra (Figure 2.7) showed the molecular peak at m/z 493 [M+H]" and 515
[M+Na] corresponding with CagH3605.

The >C NMR (Figure 2.9) spectrum displayed four carbon signals at 170.2, 169.9,
169.2 and 169.1 ppm which could be assigned for three ester carbonyls and one lactone
ring, respectively. The 'H NMR spectrum (Figure 2.8) indicated the presence of acetal
protons at &y 6.50 (1H) and 6.08 (1H), which were correlated in HSQC (Figure 2.11) to
BC NMR at 97.7 and 103.4 ppm revealing that there were two acetal functionalities.
From the COSY spectrum (Figure 2.10), the connection of acetal methine proton at y
6.50 through the intervening methine iproton resonated at oy 3.79 (1H), 2.93 (1H) to the
second acetal at 8y 6.08 was clearly observed. Additionally, the methine proton at &y
2.93 showed the correlation to a methine proton at &y 2.56 that was in turn correlated to a
deshielded methine proton at og 5.30. Additionally, the singlet protons at &y 0.84, (.82
and 0.78 were assigned as three methyl groups and the signals at 8y 2.19, 2.11and 2.04
were assigned as three protons of acetate moieties. By the literature survey, all NMR data
as shown (Table 2.2) were compared with those of isolated compound. Compound 2b
was identified to be chromodorolide B, which was previously isolated from the

. . IY)
nudibranch, Chromodoris cavae.

chromodorolide B (2b)



Table 2.2 The'H and *C NMR spectral data for Compound 2b in CDCl;

Atom # 3'H*® 3P
1 1.03, dt (J=3.6, 12.3 Hz) 40.9
1.38, m -
2 1.50-1.52, m 21.1
3 0.94, m 39.1
1.69 -
4 \ 33.0
5 1.09, dd (J=6.6, 13.1 Hz) 56.9
6 1.55,m 19.9
1.40, m -
7 1.15,m 252
1.80,m -
8 2.56,ddd (J=4.0, 7.5, 11.0 Hz) 48.0
9 1.70, dd (J=9.5, 10.0 Hz) 50.3
10 - 43.8
11 X 169.1
12 2 81.3
13 3.79, dd (J= 6.0, 9.0) 50.4
14 2.93,t(J= 8.5 Hz) 45.6
15 6.50, bs 97.7
16 6.08, d (J = 6.0 Hz) 103.4
17 5.30,d (J=12.5 Hz) 739
Me-18 0.78,'s 334
Me-19 0.82,s 21.0
Me-20 0.84, s 13.7
OCOCH; 2.04, s 20.8
OCOCH; - 169.2
OCOCH; 2.11)s 208
OCOCH; - 169.9
OCOCH; 2.19,s 209
OCOCH; . 170.0

* 500 MHz; sample in CDCI; reference at 8y = 7.25 ppm

® 125 MHz; sample in CDCl; reference at 8¢ = 77.0 ppm.

21
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2.3.3 Structural Elucidation of Chromodorolide C (2¢) (New compound)

The new chromodorane, compound 2¢ was isolated as a colorless oil; [a]p -78°
(¢ 0.1 CHyCly) and had a molecular peak at m/z 473.2148 (Figure 2.12) corresponding to
Ca4H340¢Na indicated by HRESIMS. The 'H NMR spectrum (Figure 2.13) indicated the
presence of three singlet methyls (8 0.82, 0.83 and 0.76), and two additional singlet
methyls (& 2.05 and 2.13) that could be assigned to acetate moieties. Two methine
protons (Oy 6.51 and 6.00) supported the presence of acetal functionalities. Numerous
complex signals in the region dy 1.06-1.48 were consistent with the compound having a
terpene skeleton. In the C NMR spectrum (Figure 2.14), signals at 174.8, 168.8 and
169.1 ppm were consistent with a lactone carbonyl and two acetate carbonyls
respectively. The similarity of the "H and >C NMR spectra of 2¢ to those of 2b indicated
that this new compound should be categorized in a chromodorane diterpene class,
possessing a 3,4 ring fused bisacetal-oxalone. DQFCOSY (Figure 2.16) correlations
connected the acetal methine proton H-15 at & 6.51 through two intervening protons, H-
14 at 6 5 2.98 and H-13 at & 3.52, to the second methine H-16 at & 6.00. However
comparison of the spectral data showed that 2¢ only differed from 2b in its acetylation
pattern. The HMBC spectrum (Figure 2.19) showed the connectivity from H-15 at oy
6.00 to an acetate carbonyl at & 168.8 and from H-17 at 6 5.19 to the acetate carbonyl at
169.0 ppm, and from two methyl acetate signals at 6 2.05 and & 2.13 to the acetate
carbonyls at 168.8 and & 169.1 ppm, respectively, confirming the position of the acetate
substituents. Additionally, in 2¢ a signal at 78.1ppm, assigned to C-12, was evident and
this suggested a quaternary carbon bearing a hydroxy group, whereas in compound 2b,
the corresponding signal resonated at 79.9 ppm. These data manifestly identified 2¢ as a

new compound and allowed all resonances to be assigned (Table 2.3).

chromodorolide C (2¢)
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Ccosy= =
Figure 2.2 The 'H-"H COSY correlation and HMBC connectivity of compound 2¢



Table 2.3 The'H and *C NMR spectral data for Compound 2¢ in CDCls

24

Atom # stce 5'H 'H-"H COSY HMBC"
1 39.0 ax 0.93,dt (J=2.0, 12.0 Hz) H-1leq Me-20
eq1.53, m H-lax
2 19.9 ax 1.38, m H-2eq, H-3ax, H- H-3ax
eq 1.55,m 3eq
H-2ax, H-3ax
3 40.9 ax 1.03,dt (J=3.0, 12.0 Hz) H-2ax, H-2eq, H- Me-18, Me-19
eq 138, m 3eq
H-2ax, H-3ax
4 33.0 - - H-5, Me-18, Me-19
5 57.0 1.09, dd (/=6.5, 13.0 Hz) H-6ax, H-6eq Me-18, Me-19, Me-
20
6 21.10 ax 1.30, m H-5,H-6eq, H-7 H-5
eq 1.55, m H-5, H-6ax, H-7
7 252 ax 1.42. m H-6ax, H-6eq, H- -
eq 1.55, m 9
H-6ax, H-6eq, H-
9
8 47.5 2.58,ddd J=28.2,12.0,12.0Hz) H-9,H-14,H-17  H-15, H-17
9 50.2 1.71,dd (/= 9.8, 12.0) H-7ax,H-7eq,H-8 H-8, H-17. Me-20
10 438 - - H-5, Me-20
11 174.8 - - H-16, H-17
12 78.1 - - H-13, H-14, H-16,
13 52.1 3.52,dd (/=6.0, 8.2 Hz) H-14, H-16 H-15, H-16
14 454 2.98,t(J=8.2 Hz) H-8, H-13 H-8, H-15
15 98.1 6.51,s - H-8, H-13, H-14
16 103.3 6.00,d (/= 6.0 Hz) H-13 H-15
17 75.3 5.19,d (J=12.0 Hz) H-8 H-8, H-13, H-14
Me-18 334 0.82,s - Me-19
Me-19 21.0 0.83, s - H-5, Me-18,
Me-20 13.6 0.76, s H-5, H-9
OAc 169.2 - H-15, -OAc
20.8 2.05
OAc 168.8 - H-17, -OAc
20.9 2.13

500 MHz; sample in CDCIl; reference at 8y = 7.25
125 MHz; sample in CDCl; reference at 8¢ =77.0 ppm
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In particular, the bicyclic terpene framework of 2¢ was carefully assigned by
DQFCOSY and HMBC. The assignments for C-1 and C-3 were made on the basis of
correlations to nearby methyl groups as shown in Table 2.3, while assignments for C-2
and C-6 were confirmed by HMBC correlations to H-3ax and to H-5, respectively. These
data suggest that the NMR assignments published by Andersen et al. for chromodorolide
B * may need the revision.

Small scale acetylation of 2¢ with acetic anhydride in pyridine provided an acetate
product whose '"H NMR spectrurh was identical to that of chromodorolide B 2b. This is
the first report of these chromodorane diterpenes from a sponge source. It has been

proposed by Andersen et al.*

that the biosynthesis of the chromodorane skeleton starts
from a spongian diterpene followed by opening and contraction of the six membered ring
to the five membered ring. Oxidative cleavage of a second six-membered ring, followed
by lactonization of the C-11 carboxyl group with the hydroxy group at C-15 or C-16 then
leads to two different bisacetal oxalone skeletons. The discovery of 2e¢ indicates that

acetylation could be a stepwise process in the sponge.

Scheme 2.3 The biosynthesis pathway of chromodorane diterpenes
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2.4 The bioassay testing result

Chromodorolide A has been reported to exhibit cytotoxic and antimicrobial activity.*?
When tested individually against the P388 cell line, chromodorolides A, B and C
displayed significant inhibition (66 (+£3), 70 (+ 2) and 42 (+ 4) %, respectively) at
concentrations of 10 pg/mL, but did not show useful activity at concentrations of 1
ug/mL. Chromodorolide A 2a also showed nematocidal activity against the larval stages
of Haemonchus contortus and Trichostrongylus colubriformis, two important pathogens
of sheep and other ruminants. A concentration of 100 pg/mL caused 94 (£ 3) % and 95 (¢
4) % (Mean + SE, n = 2 separate experiments) inhibition of the development of H.
contortus and T. colubriformis larvae, respectively. A concentration of 10 pg/mL did not
affect development for H. confortus, however 7. colubriformis development was inhibited
by 33 (= 1) %.
2.5 Conclusion

Two chromodorane diterpenes, chromodorolides A and B, were isolated together

with the novel compound, chromodorolide C. This is the first report of the isolation of

chromodorane diterpene from the Aplysillid sponge. Chromodorolides A and B have
)

previously been found in Chromodoris cavae.

chromodorolide A (2a) chromodorolide A (2b) chromodorolide A (2¢)

Chromodorolide A and B (2a-2b) are identified as ¢ytotoxic compounds, When tested
against the P388 cell line, chromodorolides A, B displayed significant inhibition (66, 70
and 42%, respectively) at concentrations of 10 pg/mL Additionally, Chromodorolide A
(2a) also showed considerable nematocidal activity against the larval stages of

Haemonchus contortus and Trichostrongylus colubriformis.
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Figure 2.4 The "H NMR spectrum of Chromodorolide A(2a)
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Figure 2.6 The DEPT 135 spectrum of Chromodorolide A (2a)
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Figure 2.10 The ge 'H-"HCOSY spectrum of chromodorolide B (2b)
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Figure 2.11 The HSQC spectrum of chromodorolide B (2b)
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Figure 2.12 The ESIMS spectrum of chromodorolide C (2¢)
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Figure 2.16 The DQFCOSY spectrum of chromodorolide C (2¢)(Expand)
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Figure 2.17 The HSQC spectrum of chromodorolide C 2¢)

Figure 2.18 The HMBC spectrum of chromodorolide C (2¢)



Figure 2.19 The HMBC spectrum of chromodorolide C (2¢) (Expand)
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CHAPTER III
Part I : Peptides from a Marine Bacterium Associated with a
Tropical Thai sponge.
3.1 Introduction

The marine environment is a rich source of biologically active natural products
many of which have not been found in terrestrial sources. This is due to the physical and
chemical properties of marine environment that are different from terrestrial
environments.*> Marine microorganisms are widely recognized as the newly emerging
source of secondary metabolites. These organisms flourishing in diverse marine
environments have produced a variety of structurally unique and biologically active
compounds that have attracted considerable attention for biomedical studies.*

Marine bacteria are defined as those bacteria needing sodium ions for growth.
Among them, chemoheterotrophic eubacteria are the most thoroughly studied of the
bacteria, because many strains can be easily cultured in nutrient-rich media. Therefore,
marine bacteria are a renewable resource. One such marine source are the marine bacteria
associated with marine invertebrates. These are considered to be of particular importance
since metabolites previously thought to arise from the invertebrates may in fact be

biosynthesized by their endobionts.*

Numerous bioactive compounds of marine
invertebrates have later been found to be of bacterial origin. For example, tetrodotoxin
(TTX) (32) causes illness and death following the consumption of raw puffer fish, but
lately it has been found that Pseudomonas sp. from the skin of puffer fish is the true
producer of TTX.*® The potent anti-inflammatory, salinamide A (33) and its derivatives
are produced by Streptomyces sp.-strain CNB-09 which was first isolated from the
jellyfish Cassiopeia xamachana.”’ "Andrimid (34) and moramide 'A-C (35-37) are
produced by Pseudomonas fluorescens isolated from tissue of an unidentified Alaskan
tunicate and show antimicrobial activity against methicillin resistant Staphylococcus
aurens.*These example show that the metabolites from marine bacteria have a high

biodiversity of their structures and show useful bioactivities.
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andrimid R="""H (34)
moramide CR= =Q0OH (35)

moramide A_ (36) moramide B (37)

Many bioactive components from marine bacteria are nitrogen-containing
compounds and are the combination and integration of peptide, polyketide and alkaloid
fragments which utilize amino acids as a starter unit in their biosynthesis partway. Mostly
peptide from marine bacteria are small peptides such as diketopiperazine (38). DKP’s are
cyclic dipeptide which have previously been isolated from terrestrial organism. For
marine bacterium-~derived, DKP’s have been isolated from strain of Pseudomonas
aeruginosa associated with the Antarctic sponge Isodictya seti 2ra.®® In 2003 Shin at el
reported the isolation of a new cyclic peptide cyclo (L-isoleucyl-L-prolyl-L-leucyl-L-
prolyl) (39)°° from a marine bacterium derived from sediment. This compound is related
to three cyclic tetrapeptides (40-42)°" that have been previously reported from the marine

ascidian Cystodytes delle chiajei which are cyclic tetra peptide containing- proline unit
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Diketopiperazine (38) R1=Leu, R2=lLeu (39)
R1=Leu, R2=Leu (40)
R1=Val, R2=Val (41)
R1= Phe, R2 = Phe (42)

In continuing research on marine bacteria in Thailand, a strain of marine
bacterium associated with tropical Thai sponges has been investigated and has been
reported the isolation of violacein (43) and pentabromopseudiline (44). Both compounds
were previously the first bacterial natural products from Pseudomonas bromoutilis and

also exhibited autoinhibitory acivity to the producing strain Chromobacterium.*”

oH" Br
AT
N Br
H
Br
(43) 44

The discovery of bioactive compounds from marine bacteria associated with
tropical Thai sponges provided an alternative source of natural product. As the mentioned
above, marine bacteria are of interest for further studying of their novel metabolites. As a
part of a research program at marine research institute, the preliminary bioassay screening
of marine bacterial extract was carried out. One gram-negative strain of marine bacterium
derived from tropical Thai sponge later identified as Demospongae, family Halisarcidae
Schmidt ‘was “of interest. The methanolic extract of this strain exhibited strong
antibacterial activity against several bacterial testing stains, thus it was selected to further
study. In this chapter describes the isolation of a mixture of peptides from this marine
bacterial strain, while the topic of the next chapter of this thesis is the isolation and

elucidation of some additional cyclic tetrapeptides that contain proline.
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3.2 Experimental
3.2.1 Equipments

Nuclear magnetic resonance (NMR) spectra were recorded on Bruker DRX 500
and DMX 750 MHz spectrometers. ESI mass spectra were recorded on a Finnigan MAT
900 XL double focusing magnetic sector mass spectrometer. LC-ESIMS; Agilent,
column, Zorbax (2.1X50 mm, 5 pm, SB-C18) and HPLC analysis were performed on
Agilent series 1100 instrument with a Waters reversed phase analytical column
Ultrasphere (ODS dp 5 micrometer; 4.6 x 250 mm) and semi-preparative column p
bondapak C-18 (7.8 x 300 mm) using a step gradient starting from 50% MeOH in water
to 100% MeOH in 20 minutes. The detector was set at 250 nm.
3.2.2 Chemicals

Thin layer chromatography (TLC) was performed on aluminum sheets precoated
with silica gel (Merck, Kieselgel 60 PFjss). Adsorbents used for open column
chromatography were Silica gel (Merck Kieselgel 60) and sep-pak cartridges (Water ™).
Most solvents used in this research were of commercial grade and were distilled prior to
use except for those of HPLC grade quality, which were used directly for HPLC
experiment.
3.2.3 NMR experiment

All 1D and 2D NMR spectra were recorded on Bruker DRX 500 MHz and DMX
750 MHz spectrometers. The sample was placed in a shigami NMR tube and NMR data
sets were collected in both CD3;0D and CD3OH. The HMBC and the phase sensitive
geHSQC spectra were acquired with 64 and 24 transients, respectively. The evolution
delay was set for "Jey of 8Hz (geHMBC) and "Jeyi 135 Hz (geHSQC). The DQFCOSY
spectra were acquired with 16 and 24 transients per increment while NOESY were
acquired with 32 transients per increment. A mixing time of 800 ms was used in the

NOESY experiment and 0.5 s for the TOCSY experiment.

3.2.4 Collection and Taxonomic Identification

Tropical marine sponges were collected in the Gulf of Thailand by the staff of
Marine Research Institute Burapa University, Chonburi, Thailand and the bacterial strains
were isolated and purified by Dr. Chutiwan Detchsakulwattana of this university.

The taxonomic identification of the sponge was carried out by Mr. Sumet

Puthchakarn. This sponge is Demospongae, family Halisarcidae Schmidt, and is
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characterized by the presence of irregular tubular chambers and the lack of any fibrous or
mineral elements in the skeleton. The order contains one family and one genus
(Halisarca) with 24 nominal species, however many are so poorly described that they are
unrecognizable, and the number of valid species is probably around ten. The genus has a
wide distribution in temperate and tropical shallow waters. The small size and fragile
texture of these sponges render it unlikely that they would be detected in fixed or deep
water dredge sample, and consequently they may be more widespread than present data
indicates.”
3.2.5 Fermentation

The bacterial strain (S-9) was isolated from a Thai sponge culture in ORI medium
(Ocean Research Institute). The ingredients of ORI are 0.1% proteose peptone, 0.1%
yeast extract, 0.05% phyton, 0.02% Na;S;03, 0.005% Na;S0s, Fe®*. The condition of the
fermentation was maintained at pH 7.6, 25 °C, 3 days.
3.2.6 Extraction and Isolation

The combined culture broth (20 L) was centrifuged to separate bacterial cells from
supernatant. Bacterial cells were extracted with 500 mL. CHCl; : MeOH (1:2) three times
and filtered. The combined filtrate was evaporated in vacwo and further extracted by
partitioning between EtOAc and water (1:1) (500 mL). The organic layer was evaporated
to afford the EtOAc extract (52.3 mg). The supernatant was divided into two parts, the
first part (5.0 L) was passed through an Amberlite XAD-2 column chromatography and
eluted with 100% MeOH to give MeOH extract (60.5 mg). The second part (8.0 L) was
further partitioned with EtOAc, then concentrated by evaporation in vacuo to achieve
EtOAc extract (20.8 g). All crude extracts were assayed for antimicrobial activity. The
methanolic extract displayed antimicrobial activity against various bacterial cell lines.
This fraction was selected for further separation. The summary of extraction is shown in

Scheme 3.1.
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Bacteria culture (S-9) (20L)

i Centrifuge 500 rpm/min
Cell Pellets Supernatant (20L)
Extract with CHCly/MeOH (1:2) Amberlite XAD-2
Centrifuge 500 rpm/min chromatography
Eluting with MeOH
l l ‘,
Residue CHCl3/MeOH extract MeCH extract (MB, 60.5 mg)
Partition with Partition with
EtQAc : H;O(I:1) l EtOAc : HgO(f )
EtOAc extract (52.3 mg) H>0 layer EtOAc extract (20.8 mg) H,O layer

Scheme 3.1 The extraction for bacterial strain

3.2.7 Fractionation and Purification

The active fraction (MB) 60 mg was fractionated by C-18, reverse phase sep pak
eluting with step gradient, starting from 50% then 80% methanol in water and then 100%
methanol to give three fractions (MB1-MB3). The second fraction was selected for
further separation as a result of the presence of peptide signals, suggested by 'H NMR.
Accordingly, this fraction was subjected to RP-HPLC by step gradient starting from 50%
MeOH in H,0 to 100% MeOH. The HPLC chromatogram for separation of MB fraction
is shown in figure 3.1. Two major fractions MB2-4 and MB2-8 with R; 10.5 and 13.3 min

respectively were obtained. The summary of isolation is shown in scheme 3.2
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MeOH extract (MB)
(60 mg)
! C-18 RP-SepPak
50% MeOH in H,O (MB1) 80% MeOH in H,O(MB2) 100% MeOH(MB3)

(25.5 mg) (13.5 mg) (15.5 mg)
Gradient RP- HPLC from 50%MeOH in

0 to 100 %MeOH

VoV e ey by

MB2-1 - MB2-2 MB2-3 iMBZ-4 MB2-5  MB2-6 MB2-7 MB2-8 {MB 2-9
(2.1mg) (0.6 mg)(2.3mg) (1.5mg) (1.8 mg) (0.1 mg) (1.4 mg) (2.0 mg) (1.8 mg)

Scheme 3.2 The fractionation and purification procedure of MB fraction
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Figure 3.1 The HPLC chromatogram of MB2 fraction
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3.3 Result and Discussion
3.3.1 The Structural Elucidation of Peptide

Fraction MB2-8 (1.5 mg) was isolated as a yellow amorphous solid and was
found to be a mixture of three metabolites by the analysis of LC-ESIMS (Figure 3.2) also
displayed the molecular peak in range of m/z 200-900.
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S & 3 550 Fhe BHg SO0

¢ NMR spectra of the fraction were complex, and showed two type of signals, including
many that could be matched up to peptide signal as discuss in detail below. However,
there were also 'H and *C NMR spectra that could not be assigned to peptide component.
These signals were subsequently assigned to be heteroaromatic component of fraction
MB2-8, as described in section 3.3.2 of this thesis.

Returning to the peptide components, 'H NMR spectra (Figure 3.7) ran in
CD;0D indicated the presence of methine o protons of five different amino acids at
011 3.94,3.90,3.84, 3.65 and 4.31. When the sample ran in CD;OH (Figure 3.8), five
additional signals assigned to NH protons could be detected at 6y 8.30,8.23, 8.20, 8.14
and 8.05. Nevertheless, the spectrum also revealed signals, each integrating for one
proton, with unusual chemical shifts corresponding to aromatic protons at &y 7.75, 7.89
indicative of heteroaromatic. The HMBC spectrum (Figure) suggested five CONH, bonds
at 168.8, 170.5, 169.5, 171.0 and 171.1 ppm and aromatic carbons were found at 136.6,
131.5, 129.3 and 128.2 ppm. The amino acid residues was determined by the combination
of "H NMR , TOCSY and COSY spectra which revealed the presence of phenylalanine
(Phe), isoleucine (Ileu) and three different leucine (Leul, Leu2 and Leu3) fragments.

The o proton at 8y 4.31 (dd, J = 5.0, 4.4 Hz) was identified as the o proton of
phenylalanine since it was coupled to the two B protons at 5y 2.95 (dd, J= 14.0, 5.0 Hz)
and 3.28 (dd, J = 14.0, 4.4 Hz). The NOESY spectrum also showed an NH proton at 8u
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8.20 correlated to the signal at 8y 4.31, 2.95 and an aromatic proton at 8y 7.20 (d, J = 8.4
Hz). This last signal was coupled to a proton at 6y 7.26 (d, J= 7.5 Hz) and also coupled to
the signal at 6y 7.31 (dd, J=17.5, 8.4 Hz).

The proton at y 3.84 (dd, J =4.2, 1.12 Hz) was defined as the o proton of
isoleucine residue as a result of the intervening coupling of protons between oH (g
3.84)/BHa (6u 1.93), BHb(dy 1.93)/yCH3(8x11.02, 3H), yH(dy 1.25, 1.54) and yH (84 1.25,
1.54)/6CH; (0.95) which were observed in the DQFCOSY spectrum. The correlations
between the PH and the y methyl and y methylene protons suggested that the residue was
isoleucine. Additionally the NH signal of this unit was confirmed by TOCSY which
showed the linking from a NH signal (8u 8.05) to the signal at oy 3.84, 1.93, 1.25 1.02
and 0.95.

The first Leucine unit (Leu-1) had an « proton (aH3) at dy53.94. The
DQFCOSY revealed the cross peaks between aH (6y 3.94)/BHa,b (6g 1.75, 1.61), BHa,b/
yH(3y 1.86) and yH /6aCHj , dbCH; (8g 0.96, 0.97). The correlation between y protons
and both & methyls suggested this unit was leucine. The TOCSY spectrum also showed
the linking from an NH at 6y 8.23 to a, 3, y and & protons at 611 3.94, 1.86, 1.75 and 1.61
respectively.

The second Leucine unit (Leu-2) showed a similar coupling pattern to
Leucine-1. Starting from an o proton at oy 3.90, the DQFCOSY showed the links
between oH/BHa,b (d4l1.71, 1.62). BHa,b/ yH(éyn 1.85) and yH /6aCH;, 6CHj3 (8y 0.96,
0.98). The NH proton was assigned by TOCSY which revealed an NH at 6y 8.30 linked
to the other proton within this Leucine unit.

The remaining methine proton &y 3.65 is assigned as the oH of Leucine-3
TOCSY showed the correlation between aH at 8;33.65 and an unusual signal at 3y 0.06,
methine proton at 8y 1.42 and two methyl signals at 65 0.73 and 0.69. Hence, the signals
at 8y 1.42 could be assigned as yH which was also coupled to the signal at §y 0.87. The
signals at 8y 0.73 and 0.69 were assigned to the daCH3, 8bCHj respectively. Interestingly,
the oH signal coupled to a single B proton at 8y 0.06. while in the other leucine units in
this peptide were observed the coupling between oH to both adjacent protons. However,
an unusual signal also showed the geminal coupling to dy 0.87 (d, J= 14 .0Hz). TOCSY

spectra also gave the same correlation as showing in DQFCOSY when the experiment ran
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at 298 K°. After reduce the temperature from 298 to 278 K° the linking from NH signal at
3y 8.14 to 0.06, 0.87, 1.42, 0.73 and 0.69 were observed in the tocsy spectrum. Thus, the
unusual down field signals at 8y 0.06 (1H, m, J=4, 10, 14 Hz) and 8y 0.87 (1H, m, J= 14
Hz) could be assigned as B proton of leucine-3. Both of them were attached to the same
carbon at 44.9 ppm as indicated by HSQC spectrum.

The attachment of protons with their corresponding carbon were well-
assigned by HSQC, while quaternary carbons could be assigned by HMBC techniques.
The amide carbon of each amino acid residucs were assigned by the *J CH correlation
from o protons to amide carbon. The amide carbons at 168.8, 169.5, 171.0 and 171.1
were assigned as amide carbon of phenylalanine, isoleucine, leucine-1 and 2,
respectively. However, the unusual leucine, Leu-3 showed the correlations from B proton
signals at 8y 0.06 and 0.87 to an amide carbon at 170.5 ppm. 'H and 13C assignment of
all amino acid residues in the same peptide are shown in Table 3.1. Now that the amino

acid constituent had been identified, the connectivity of the amino acids needed to be
deduced. This was done using data from the HMBC, DQFCOSY and NOESY spectra.

5 3 3
H.C.. _CH HaCl 2
o o
— 4NCH~c— ——HNCaH‘lCI?—-
o i} o
0

Phenylalanine Leucine Isoleucine
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In the TOCSY spectra, the o methine proton at 8y 3.65 of leucine-3
correlates to the oo methine proton of phenylalanine at & ¢ 4.32, which must represent a
five bond coupling. In the HMBC spectra a long- range interaction was observed between
the carbonyl of leucine-3 at 170.5 ppm to the o methine proton of Phe at 8y 4.31 and
from the carbonyl of phenylalanine at 168.8 ppm to the a methine proton of leucine-3 at
Ou 3.65. The NOESY spectrum showed the coupling through space from the NH of
leucine-3 to the o proton of phenylalanine. Also the higher shielded leucine methyl
signal at 3y0.69 showed correlations to the 4- and 3/5-aromatic protons of the
phenylalanine ring in the NOESY spectrum. Hence, leucine-3 is next to phenylalanine
(Phe-Leu-3) which now explains the unusual upfield chemical shift at 8y 0.06 of B proton
of leucine, which is shielded by aromatic ring of phenylalanine. The NOESY data also
suggested that one leucine-3 methyl is sitting over the benzene ring, while the other may
be tilted back towards the alpha proton of its own chain. The LC-ESIMS was found m/z
261[(M+2H)/2]" and also found m/z 521 [M+H]" which corresponding with [Phe-Leu]
and [Phe-Leu-Phe-Leu], respectively. Thus, one component of MB2-8 is cyclic peptide
( Phenylalanyl-Leucyl-Phenylalanyl-Leucyl) (3a).

Cyclo(Phenylalanyl -Leucyl- Phenylalanyl-Leucyl) (3a)



Cyclo( Phenyl-Leucyl-Phenyl-Leucyl) (3a)
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Table 3.1a 'H and *C NMR for peptide component of fraction MB2-8

NO. Residue

1~ Phenylalanine

Leucine

Position

a

2/6
3/5

CO

(CHs)
8(CHs)

CO

NH

8'H®

431, dd (J=5.0,44Hz)

2.95, m (a)
3.28, m (b)

7.20,d (J = 8.4 Hz)
7.31,1(J=17.5, 8.4 Hz)
7.26,t(J=17.5 Hz)

8.20, s

3.65,ddd (J=8.1,4.4,

1.0 Hz)
0.06, m (a)
0.87, m (b)

1.42,m

0.69,d(J=66Hz)a
0.73, d(J=6.6 Hz) b

8.14,s

613cb

57.2 (d)
39.9 ()

136.6 (s)
131.5 (d)
129.3 (d)
128.2 (d)
168.8 (s)
53.8 (d)
449 (0

24.4(d)

23.1(q)
211 (g

170.5(s)

2 obtained in both CD;0D and CD;0H recorded on 750 MHz

® Assignments made from HSQC correlation and HMBC

DQFCOSY

fHla, b
oH1, BHIb

82 CH,
HI(3/5)
H1(2/6), H1(4)
HI(3/5)

BH2a, 3H2b, o H1

oH2, BH2b
yH2, fH2a
BH2a, BH2b dH2a
oH2b
yH2
yH2

HMBC
("Jen = 8Hz)
BHla, b
aH1, H1(2/6)

HI(3/5)
HI(2/6), H1(4)
H1(3/5), H1(4)
H1(3/5)
BH1a. aH2

oH2, BH2a, BH2b
8H2a, SH2b
8H2a, SH2b

SH2b, BH2a, BH2b
§H2b, pH2a, BH2b

H2«, BH2a, BH2b,
aHl1
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For the next component, the TOCSY spectrum revealed the intercorrelation between the
o methine proton at 8y 3.94 of Leucine-1 to o methine proton of isoleucine at 8y 3.84,
which must represent a five bond coupling ( >Jey = 1.1 Hz ). Additionaily, the NOESY
spectrum showed the coupling through space between o proton of isoleucine at &y 3.84 to
NH proton at 3y 8.23 of leucine-1. The intensities of the NH proton signal in CD3;0H of
leucine-1and isoleucine were of similar size and indicated that both residue could be part
of the same peptide. Hence, leucine was placed next to isoleucine. The Leu-lleu fragment
corresponded to m/z 226 [(M+2H)/2]" and m/z 452 [M+H]" which were observed in LC
ESIMS. Thus, cyclo (Leucyl-Isoleucyl-Leucyl-Isoleucyl) (3b) was another component of
MB2-8.

cyclo (Leucyl-lleucyl-Leucyl-Tleucyl) (3b)
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cyclo (Leucyl-lleucyl-Leucyl-lleucyl) (3b)

Table 3.1a 'H and *C NMR for peptide component of fraction MB2-8

NO. Residue Position S'H® halel DQFCOSY*® HMBC®
(nJCH = SHZ)
1 ' o 3.84,dd (J=4.1,1.1 Hz)  60.7 (d) BHI, aH2, NH2 yHI(CH;)
Isoleucine
B 1.93, m 40.3 (d) yHla, yHIb, oH1, yHI(CH;),
yH1(CH;), aH1 51(CH,)
y 125, m (a) 25.6(t)  BHI, yHla, § (CH,) oH1,yHI(CH,),
1.54, m (b) BH1, yH1b, 31(CHs)
y (CH;) 1.02, d (J=7.1 Hz) 154 (q) BH1 -
8 (CHs) 0.95,d(J=17.6 Hz) 11.9 () vyH1a,yH1b
Cco = 169.5 - oH2
8.05, s - - -
2 Leucine-1 3.94,d (J=4.2Hz) 540(d)  pH2a, PH2b, oH1 oH2, BH2a, PH2b
1.61, m(a) 44.5 (8) aH2, BH2b, yH2 yH2, 8H2a, SH2b
1.75, m (b) oH2, PH2a, YH2
1.86, m 25.0 (t) BH2a, BH2b, BH2a, BH2b, SH2b
SH2a, 5H2b
0.96, d (J= 6.8 Hz) 21.6 (q) yH2 BH2a, BH2b, SH2b
0.97, d(J=6.9 Hz) 23.4(q) yH2 BH2a, BH2b, 5H2a
CO - 171.8 - aH2, pH2a,b
NH 8.23,s - oH1

? obtained in both CD;0OD and CD;OH recorded on 750 MHz
® Assignments made from HSQC correlation and HMBC



50

The last unit, leucine -2 fragment have no correlation to link peptide as shown in 3a and
3b. Both compounds revealed 5 bond coupling from the o proton to the o proton of the
next amino acid in TOCSY and NOESY spectra including, 5 bond coupling from the o
proton to carbonyl carbon in HMBC. However, the intensities of the o proton signal of
leucine-2 was of similar size as the others leucine units. Hence, 2 units of leucine-2 were
placed next to each others because 'H NMR showed only one set of '"H NMR. The LC-
ESIMS spectra display numerous fragments which was containing leucine residue, the
fragment at m/z 113 was one leucine unit, and the fragment at m/z 226 (2xLeu), 452
(4xlen), 678 (6xLeu) and 904 (8XLeu) were observed. Among them, the fragment m/z
226, 452 were corresponding with [leucine-leucine| and [leucine-leucine],. Thus, this
compound was proposed as ¢yclo [Leucyl-Leucyl],. The structure was evident by the one

set of NMR suggested it was cyclic peptide of the same amino acid unit.

[Leu-Leu] [Leu-Leul,
m/z 226 m/z 452
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cyclo[Leucyl-Leucyl]; (3¢)

Table 3.3a 'H and °C NMR for peptide component of fraction MB2-8

NO. Residue  Position 8'H* (o DQFCOSY* HMBC
("Jeu = 8Hz)
1 Leucine-2 o 3.90, dd, (J=9.1,4.7) 54.4(d) BH, BHb oH, BHa, BHb
B8 1.71, m (a) 45.6 () oH, BHb, yH vH, 6Ha, SHb
1.62,m (b) oH, BHa, vH
y 1.85,m 25.0(d) BHa, pHb BHa, pHb,
5Ha, SHb 8Hb (CH,)
5a (CH;) 0.96,d (J=6.5 Hz) 21.6 (q) vH BHa, BHb, SHb
b (CH3) 0.98,d(J=7.2 Hz) 233 () vH 3Ha , BHb, SHb
CO - 171.1(s) = oH, BHa, BHb
NH 8.30,s - - -

? obtained in both CD;0OD and CD;0H recorded on 750 MHz
® Assignments made from HSQC correlation and HMBC

Thus, MB2-8 fraction was shown to consist of three cyclic tetrapeptides namely, cyclo
[phenyl-leucyl]s (3a), cyclo[Leucyl-Ileucyl}], (3b) and cyclo[Leucyl-Leucyl]; (3¢). All of
peptide are new natural occurring cyclic tetrapeptide from marine bacterium. The
limitation for the elucidation their structure were the purity and the quantity, the small
amount of MB2-8 was a mixture. Accordingly, MB2-8 need for separation and
purification of peptide by HPLC. The pure peptide were subjected to the LC-ESIMS and
HRESIMS to confirm their molecular weight. To syntheses all peptide and compare with

those spectrum to confirm the structural identity.
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3.3.2 The Structure Elucidation of Heterocyclic Units

In the earlier section of this chapter, it was deduced that fraction MB2-8
contained three cyclic peptides. One of the features of the NMR spectra that complicated
analysis of this fraction was that there were some additional NMR signals that clearly did
not belong to the three cyclic peptide compounds. These signals were two downfield
singlets, each integrating for 'H, at 8y 7.89 and 7.75 accompanied by two singlet methyls
at oy 2.52 and 2.55. The HSQC spectrum revealed that these four different proton signals
were linked to carbon at 127.4, 129.4, 19.9 and 20.5 ppm. The NOESY spectra also
showed the coupling through space between oy 2.55 and 7.75, and between 8y 2.51 and
7.86. The HMBC spectra revealed the correlation between aromatic proton at oy 7.75
signals at to 140.7, 141.3 and 20.5, while the aromatic proton at oy 7.89 correlated to
144.3, 146.9 and 19.9 ppm. The chemical shift values indicated that all these extra signals
belonged to hetero aromatic units. Additionals correlations were between the methyl
proton at oy 2.55 and 127.4, 141.3 and 146.9 ppm and methyl proton 8y 2.52 and the
carbon at 1294, 141.3 and 146.9 ppm. This evidence indicated that there were two
individual aromatic units. However, the methyl protons at oy 2.55, 2.52 correlated to the
same carbons at 141.3 and 146.9 ppm. Conversely, neither methyl proton correlated to the
carbons at 140.7 and 144.3 ppm while the aromatic protons correlated to different carbons

(0u 7.75 to 140.65 and 141.27 ppm) and (dy 7.89 to 144.31 and 146.90 ppm).

2435 20.52 19.862.52
3C CHs
)140.65 144,31 ’
1294
H 127.4 H
7.75 7.89

Figure 3.2 The carbon and proton assignment for heteroaromatic unit

255 2.52
,H3C;< CH3\\
N\ <

7.75 7.89
~ HMBC
-7"v NOESY

Figure 3.3 The HMBC and NOESY correlations for heteroaromatic unit
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The natural product of purely amino acid are rare from marine organism. The oxazoles
and thiazole moieties usually found in the peptide chain. The heterocyclization of
cysteine residues to form thiazole while serine and threonine counterparts to form
oxazole. A wide range of marine derived peptide contain oxazole ring example,
wewakazole,® lyngbyabellin A.°' which have been isolated from cyanobacteria.

Cyanobacteria are best recognized for its production of peptide.

cl, Gl
HaC 0
Q NH ’ CHa
NH

wewakazole (43) lyngbyabellin (44)
Additionally, an attractive feature of the peptides from lithistid sponges in the presence of

histidine that joined two chain end of peptide in theonellamide F*? and aciculitins.”

H,NOC

N-{_ CONH,
© NH

theonellamide F (45)
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O?H o
- o OH
OH HN
A o
HN N
r;; { HNj/\/\OH
HN.__O
QN 07 NH
B pnoC N o OY(\/Ph
H H
OH N N WNH
o N
o} 0
H,NOC HO
aciculitins (45) Br

However, the HMBC correlation of these heteroaromatic unit of MB2-8 seem
like the correlation that usually observed in oxazole, thiazole or imidazole units.
Accordingly, the chemical shift of this unit were compared with literature values of some

. 4 . 4
heteroaromatic, oxazole, thiazole or imidazoles.>*>

7.09 713(
7.70
7694*)795 741£‘)888 ) !

Figure 3.4 The proton chemical shifts of oxazole, thiazole and imidazole®*

100.5 143.2 122.3

138. 1[) 106 118 0()1527 (}1362

Figure 3.5 The carbon chemical shifts of oxazole, thiazole and imidazole®*>
6. 8647 Mes n 6.50
oo
7.45 Me 732 O)\H )\CHZCHg
7.70

Figure 3.6 The carbon chemical shift of methyl oxazole®®’
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When compare with chemical shift values in literature,® the proton chemical shift
values seem to fit with thiazole unit but the carbon chemical shifts are different. In all the
examples above, the methyl carbon signals resonated at the range between 11-13 ppm for
oxazoles, whereas, in the compound from MB2-8, the carbon chemical shift value for the
methyl is close to 20.0 ppm. The C chemical shift of O=C-X (X=heteroatom) occurs
at 150-160 ppm for oxazoles and 160-170 ppm for thiazoles. While in compound MB2-8,
signal were observed in the range 144-150 ppm. However, that was a comparison with the
isolated system of heteroaromatic. In fact, a heteroaromatic unit incorporated into peptide
structure usually demonstrates the wide range of the unusual chemical shift values which
caused by the influence of the other residues within its chain. For example,
dihydromirabazole (47),”" dolastatin(48)’® were complicated compound containing

thiazoles and oxazoles unit.

2.38,s
HsC 152.8
113.07 N 1755
: - 2.66/11.6
670 / \/». Me e o
S 153.5 N TR
N 285
N\ S —N
f HN N0
NH
N N
H\\ O)7</\17o.3
S=g 14978\ d
'71 Mo 8.06/123.0
7/%
dihydromirabazole (47) dolastatin 1 (48)

The HMBC experiment is a practical method for assigning the peptide chain.
Spectral data for peptides containing oxazole and methyl oxazole residues have often
noted a lack of HMBC correlation between the carbonyl equivalent and the o proton of
adjacent amino acid. This non peptidic component of MB2-8 also have no HMBC
connectivity. Noticeably, the compound might be contained two similar heteroaromatic
units each possessing methyl moiety and both of them were placed next to each other. For
instance in, bengazole (49),%® leucamide (50),” muscoride (51)%° were all alkaloids

containing two heteroaromatic units. In all of these, the carbon carbonyl equivalent
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resonated in the range of 150-170 ppm while in the MB2-8 component the signals were

found in the range of 140-149 ppm.
2.74/11.8

CHy ©
1532
q g 130.2{\'{/%/\0
7.06/124.7 _N N
N C~(773/137.2 H 544 =
gaas3zll DL N\ o 7.81/119.5Y=(1432
K o PNy

N
1614

bengazole(49) leucamide (50)

2.63/11.8
2.65(12.1
CHg

CHs
~ N q28.5
%&f 1247 154.1 4
o

muscoride (51

From the above mentioned, information, it was concluded that the heteroaromatic
component do not involved oxazole thiazole or imidazole residues. The quaternary
carbons in the range of 140-149 ppm suggest the compound must contain substituted
aromatic or ring fused with heteroaromatic ring. Based on the NMR information the
carbon and proton signal were certainly assigned for two unit of heteroaromatics. The
four carbon at 20.5, 127.4 and 140.7 are in the first unit and 19.9, 129.4 and 144.3 are in
the second unit. In HMBC spectra, both methyl aromatic signals at 19.9 and 20.5 ppm
correlated to the same two quaternary carbon at 141.3 and 146.9 ppm which were
assigned a and b. The aromatic proton also showed correlations to these same carbon a
and b. Hence a possible structure(), in which the carbon assigned as a and b appear as
ring fused aromatic carbon. The example of ring fused heteroaromtic unit and their NMR

data are shown in the (figure)
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144.0 128.4
130.9 142.8 144.8
N R ta02 1206 Nt Ny1aas P In
P ] N | D4re
N 129.4 N/ 152.0 Nt y?j
154.94

Figure 3.7 The "*C chemical shift of some condense heteroaromatic RingsRef

[N

Me

X = heteroatom

Figure 3.8 The possible structure of heteroaromatic unit

As a result of NMR data, suggested the possible structure as figure The
appearance of carbon chemical shift from HSQC and HMBC experiment were good agree
with two five membered ring. when X atom was nitrogen atom which was pyrrolic ring
fused which can not be found in the nature and the proton chemical shift of pyrrolic ring
resonance in the range 6.8-7 while heteroaromatic component resonance at 7.5-7.9.
Additionally, the pyrrolic ring fuse have never been found in the nature thus no NMR
information for the comparison with these unit and the biosynthesis possibility. Notably
*H NMR spectra suggested hetero aromatic units were not stable fragment for the reason
that the decreasing of integration values of methyl protons (3x2.55 and 2.52). While the
peptide are more stable indicated by the invariable integration of o proton signal. The
problem of the identification these unit were the limitation of sample quantity and no
information about their molecular weight. Consequently, to confirm structure of
heteroaromatic unit, MB2-8 by the separation with analytical HPLC and then collected
the trace amount for HRESIMS which was the useful method for elucidated theirs

structure at the moment.
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3.4 Conclusion

The fraction MB2-8 were successively separated by step gradient HPLC, starting from
50% MeOH in water to 100% MeOH. This fraction identified as mixture of threes cyclic
tetrapeptides, Cyclo ( Phenylalanyl-Leucyl-Phenylalanyl-Leucyl) (3a) Cyclo (
Phenylalanyl-Leucyl-Phenylalanyl-Isoleucyl) (3b) Cyclo( Leucyl-Leucyl-Leucyl-Leucyl)
(3¢) and an unidentified heteroaromatic components. The strategy for investigation of
MB2-8, the sample was first investigated by NMR experiments, using CD30D (dy) as
solvent spectra ran on a DMX 400 NMR instrument gave a good "H-NMR spectra but
there was insufficient sensitivity for acquisition of *C NMR. Subsequently, the sample
was ran using DRX 500 NMR spectrometer, and HMBC and HSQC spectra were
observed. The sample was transfered to shigemi tube and ran on DMX 500 and 750,
respectively that gave some more detailed structure information. The peptide structure
was appeared after the sample was ran in CD3;0H (d5) since these techniques allowed the
presence of amide protons to be observed. TOCSY and DQFCOSY were useful methods
for elucidating amino acid residue. Detailed interpretation of HMBC and TOCSY
experiment revealed the intercorrelations between amide carbonyl and the proton of
adjacent amino acid units. As a result of the limitation of the structure elucidation were
small quantity of sample, the complexity of the sample and no mass spectral data
exceptionally for high resolution mass spectroscopy. Thus, MB2-8 need to be separated
into the individual peptide components, Molecular weight information on each individual
peptide could then be obtained by high resolution electron impact (EI) or electrospray
ionization (ESI) spectra. Additionally, the structure elucidation of the heteroaromatic
component can be completed by additional quantities of MB2-8 are made available
through large scale culture of the bacterial strain. A second approach to this structure
elucidation problem would be to explore synthesis of the individual peptide components,
so as to compare their NMR characteristics with those of the peptide mixture present in
fraction MB2-8. synthesis of the peptide would also allow detailed biological evolution of

the peptides.
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£.0 7.5 Tt &5 &0 Z. B 5.0 4.8 4.0 Ky N T E 2.0 1.B 1.0 D5
. 1
Figure 3.9 The 'H NMR spectra recored on 500 NMR spectrometer
—l |
¥ 13 ¥ i 1 T H 1 1 ¥ T
4.4 .3 L4 .1 4.0 2.8 3.8 H.H .8 % E.4 3.8 E.2 3.3 B 2.0 wem

Figure 3.10 The "H NMR spectra recored on 500 NMR spectrometer

(o proton of amino acid )
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Figure 3.11 The 'H NMR spectra in CD;0H (NH proton of amino acid )

Figure 3.12 The DQFCOSY spectrum of MB2-8
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Figure 3.13 TOCSY spectra of MB2-8
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Figure 3.14 The NOESY spectra of MB2-8
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Figure 3.15 HSQC spectrum of MB2-8
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Figure 3.20 The HMBC spectra of MB2-8 (heteroaromatic unit)
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CHAPTER IV

Part [1 : Cyelic Tetrapeptides from a Marine Bacterium Associated

with a Tropical Thai Sponge.

4.1 Introduction

As mentioned in chapter I, cyclic peptides have been isolated from a range of
marine organism, including sponges, tunicates and their associated marine bacteria.
Fenestin A and B (83, 54) represent cyclic tetra- and pentapeptides isolated from Fijian

sponge Leucophloeus fenestra®

fenestin A (53) fenestin B (54)

In 1993, Francisco et al. reported the isolation and partial characterization of three

cyclic tetrapeptides (55-57) from the New Caledonian tunicates Cystdytes delle chigjei.*®
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(7) (58)

More recently, Shin et al. described the cyclic peptide (L-isoleucyl-L-prolyl-L-
leucyl-L-prolyl) (58) from actinomycete Nocardiopsis sp. isolated from a Pacific deep sea
sediment.*’ The cyclic peptides cyclo-(glycyl-L-seryl-L-prolyl-L-glutamyl) (59) and
cyclo-(glycyl-L-glutamyl -L-prolyl-L-glutamyl) (60) have been reported from a Ruegeria

strain of bacteria associated with the sponge Suberites domuncula **

/\v OH COOH
N © o\§ © ;g‘
O

HOOC H HooC
(59) (60)

All of these medium ring peptides are characterized by the presence of proline,
which may facilitate cyclisation of the linear peptide to cyclic product. A second
interesting feature of these cyclic peptides is that some of them (eg 55-57) are symmetric
in structure (ABAB), while others contain an asymmetric arrangement (AABB) of amino
acid building blocks, for example in fenestin A (583). The previous chapter in this
dissertation explored the leucine-containing cyclic peptides from a Thai marine bacterial
culture. The second fraction (MB2-4) of the isolation also contained cyclic peptide
components, and a discussion of their isolation and structural elucidation forms the basis

of this chapter.
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4.2 Experimental

All experimental procedures are as described in chapter III, but an additional
experiment was amino acid analysis by Marfey’s method.
4.2.1 Equipments

The products from amino acid analysis were carried out on HPLC Water™ model
662 model 486MS, Altech ™ Econosil C18, variable-wavelength UV detector at A 340
nm and model 600s controller.
4.2.2 Chemicals

(FDAA, Marfey’s reagent) 1-Fluoro-2,4-dinitrophenyl-5-L-alaninamide, authentic
L-, D-proline, L-,D leucine and L-,D-phenylalanine.
4.2.3 NMR experiment

| All 1D and 2D NMR spectra were recorded on Bruker DRX 500 MHz and DMX

750 MHz spectrometers, the sample was placed in shigami NMR tube and NMR data sets
were collected in CD;0D.
4.2.4 Amino Acid Analysis
Amino acid composition of MB2-4 was accomplished following the general guide line of
Marfey’s analysis.”” MB2-4 (300 pg) was hydrolyzed with 0.5 mL of 6 N HCl placed in
sealed ampoule at 105°C for 12 hours. Trace HCl was removed under N, steam. The
resulting of hydrolysate was resuspended in 50 uL of 0.1% of 1-fluoro-2,4-dinitrophenyl-
5-L-alaninamide (FDAA, Marfey’s reagent) solution in acetone and 100 pL of 0.1 N
NaHCO; were added. The reaction mixture was heated at 80°C for 3 min. The solution
was cooled to room temperature, neutralized with 50 pL of 0.2 N HCI and diluted with
100 pl. of MeCN:H,O:TFA(50:50:0.05). This solution was analyzed by reversed phase
HPLC with isocratic. solvent system (Altech ™ Econosil C18; solvent 40% MeCN +
0.05% TFA,) in 20 min at 1.0 mL/min (UV detector at A 340 nm) The retention times of
authentic L-, D-proline were 5.56 and 6.06 min, L-, D-leucine were 18.7 and 28.6 min,
and L-,D-phenylalanine were 20.0 and 32.9 min. The retention times of hydrolysate
products at 5.54, 18.7 and 20.0 min, respectively suggested the presence of L-proline,

leucine and phenylalanine.
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4.3 The Results and Discussion
4.3.1 Structural Elucidation of MB2-4

The fraction MB2-4 fraction from HPLC (1.5 mg) was isolated as a pale yellow
solid. The 'H NMR spectrum (Figure 4.5) clearly suggested that the fraction contained
peptides, since the signals for o proton of amino acids were visible at 6y 4.07, 4.13, 4.21,
4.26, and 4.45. Additionally, the “C NMR spectral data (Figure 3.6) showed
corresponding six carbonyl signals at 172.8, 171.3, 170.8, 168.9, 167.4 and 166.8 ppm,
and suggested six amino acid residues were contained in the peptide mixture. However,
the LC-ESIMS data indicated that this fraction was a mixture of three compounds which
had the molecular peak [M+H]" at m/z 489, 455 and 421, respectively. Each amino acid
component was then identified by extensive 1D and 2D NMR experiments.

The structural elucidation of the peptide of MB2-4 started with methine proton
at 8y 4.13 (t, J=5.0 Hz) linked to adjacent protons by ‘H-'H COSY. Cross peak between
o proton at 8y 4.13 and methylene [3 protons at 8y 1.51 and 1.93 were observed. Both
methylene protons were also correlated to a methine y proton atdy 1.89 as were two
doublet methyl groups at 8y 0.95 and 0.96. All the above proton assignment suggested
that this amino acid unit was a leucine unit. Following from these proton assignments,
attached carbon chemical shifis were determined using an HSQC experiment. The
methine carbon at 54.6 ppm was identified as o carbon and the methylene carbon at 39.4

ppm was assigned to be the B carbon, with two methyl carbons at 23.6 and 22.2 ppm.

4135460
el

——HN—-(,:H'C——
CHo,1.51, 1.93/39.4
1.89/25.8 (l)H-CHs 0.95/22.2

CHg
0.96/23.6

Leucine
The second amino acid residue was identified as proline (ProA). A methine o
proton at &y 4.26 (t, J= 7.5 Hz) showed 'H-'H COSY correlations to two B protons (8
2.31, 2.03), and then each P proton showed correlations to the y proton (6y 1.90, 2.03),
which were further coupled to dy protons 3.51 and 3.55. The BC NMR spectra revealed
the presence of methine o carbon at 60.3ppm, and three methylene carbons at 29.1, 23.7

and 46.5 ppm were assigned as 3, y and & carbons, respectively.
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0
172.8C—
4.26/60.3
2.03, 2.31/29.1

1.80/23.7
3.51,3.55/46.5

—N

proline A
The signal at 4.07 (t, J/=5.33 Hz) correlated to methylene B proton at 2.10 and 1.20
which were then correlated to methylene y proton in the 'H-"H COSY (Figure 4.9). Both
the signals of 3 and 6 protons also correlated to methylene y proton at 1.81(2H). All above
proton signals suggested a second proline unit (ProB). The “C NMR, Dept 135 and
HSQC spectra (Figure) allowed the identification of the carbon signals of this proline
residue as methine a carbon at 60.1 ppm with the methylene carbons of B, y and

d position resonating at 29.4, 22.8 and 46.0 ppm, respectively.

Q
TR CT—

4.07/60.1

2.10,1.20/29.4
—N

1.81/22.8
3.35,3.56/46.0

proline B

The next amino acid that was identified as a phenylalanine residue. The up field
methine proton at 4.45 coupled to § methylene proton at 1.51 and 1.93 which correlated
to aromatic carbons at 131.1 (C-2) and 137.3 (C-1) ppm indicated by HMBC. The 'H
NMR spectrum revealed the presence of overlapping aromatic signal but clearly separated
from data set of phenylalanine 1. The carbons and attached protons were assigned by
HSQC, the aromatic protons at 7.31 (H-2), 7.30 (H-3) and 7.29 (H-4) were corresponding
with the carbons at 131.1 (C-2), 129.5 (C-3) and 128.1 (C-4) ppm. The assignment of
amide was confirmed by the HMBC cross peak between the signal at 166.8 ppm to o and
B protons. Thus, this unit could be assigned as phenylalanine A (PheA).
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4.45/57.7¢)
PG

1.51,1.93/38.2 CHp
137.3
7.31/131.1

66.8

7.30/129.5
7.29/128.1

phenylalanine A
Additional signals in DQFCOSY spectrum, the chemical shift at 421 (t, /= 4.8
Hz) was assigned as o proton of phenylalanine (Phe B) coupled to the double doublet
which could be assigned to the B proton at 3.19 (dd, J = 4.8, 13.8 Hz) and 2.99 (dd, J=
4.8, 13.8 Hz) by in 'H-'"H COSY. In the HMBC spectrum, both 3 protons displayed long
range correlations to aromatic carbons at 131.3 (C-2) and 136.7 (C-1) ppm. This evidence
clearly suggested the presence of the phenylalanine unit. The aromatic protons at 7.19,
7.31 and 7.24 were linked to aromatic carbons at 131.3 (C-1), 129.7 (C-3) and 128.5 (C-
4) ppm, and the carbons at 59.8 and 40.9 were assigned as o and B carbons of
phenylalanine by HSQC.
4.21/59.8()
H ¥ ]

—N=CHC7,

3.19,2.99/40.9 CH,
136.7
7.19/1131.3

7.31/129.7
7.24/128.5

phenylalanine B

Phenylalanine A was different from phenylalanine B by the integration intensity
of the methine o protons, integrating for 2.5 protons for Phe-A and 0.5 proton for Phe-B.
Hence, Phe-A and Phe-B were not in the same peptide chain.

Inspection of the 'H NMR spectrum showed a remaining set of amino acid
signals. The signal at 2.58 (dd, J = 6.3 Hz) linked to a methine carbon at 59.1 ppm,
seemed like an o methine carbon of one amino acid even though the proton signal was
higher field than the common o methine protons. This was an unusual chemical shift for

an o methine proton. Cross peaks were observed in 'H-'H COSY between this o proton
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at 2.58 and methylene protons at 1.65, 2.00 (B protons) and to methylene protons at 3.30,

3.53 (8 proton) which also correlated to y protons at 1.61and 1.90. This evidence strongly

suggested this unusual unit was a third proline unit (ProC).

1
171.3C—

2.58/59.1
1.65,2.00/29.83

—N
.61,1.80/22.5
3.30,3.53/46.2

proline C
The carbonyl carbons within each amino acid residue were assigned from HMBC
correlations between the C=0 and their respective a protons. Cross peaks were observed
in the HMBC spectrum between Leu-CO (168.9 ppm)/Leu—oH (8u 4.13), ProA-CO
(172.8 ppm)/ProA—oH (dyg 4.26), ProB-CO(171.8 ppm)/ProB—oH (dy 4.07), PheA-
CO(166.8 ppm)/PheA—oH (du 4.45), PheB-CO/PheB-aH and ProC-CO (171.3
ppm)/ProC—aH (8y 2.58) as presented in Figure 4.1

(¢}
F AR
6
S B 1177 o 5
4 2 B Y
(Phenylalanine) (Proline)
0
H
LLr v
P, —cH
¢ ° :
o
{Leucine)

Figure 4.1 The assignment of amino acid residue



Table 4.1 The proton and carbon assignment of MB2-4 component
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NO. Residue Position ' B¢t DQFCOSY HMBC
Jeun=8Hz
1 o 4.13,t(J=5.0Hz) 54.6 (d) oH2, H1pa, H1pb oH2
Leu
B 1.51,m 39.4 (1) aHI1 81 CHa, 82 CHs
1.93, m
y 1.89,m 25.8(d) 82 CH, aHl1
81 CH;
§1CH,  096,d(J=6.5Hz) 23.6 (q) Hly, 82 CH; 82 CH; H2Ba, H2pb
§2CH, 0.95,d(J=64Hz) 222 (q) Hly, 31 CH, 81 CH;, H2Pa, H28b
Co s 168.9 - H2o., H2Ba, H2pb
2 Pro A o 426, t(J=7.5 Hz) 60.3 (d) oH1, BH2a, BH2b yH2a, yH2b
231, m 29.1 (Y oH2, yH2a, yH2b 8H3a, SH3b
2.03, m
y 1.90, m 23.7 (t) PH32, BH2b, 3H2a, 3H2b
2.03, m 8H2a, 5H2b
5 3.5, m 46.5 (1) yH2a, yH2b BH32, BH2b
350, m
Co - 172.8 - BH3a, BH3b
3 ProB o 4.07,t(J= 53 Hz) 60.1(d}  «H4, aHS5, PH3a, BH3b yH3a, yH3b
2.10, m 29.4 (1) aH3, yH3a, yH3b 3H3a, SH3b
1.20, m
v 1.81(2H), m 22.8 (1) BH3a, BH3b, 8H3a, 8H3b
8H3a, SH3b
5 3.35,m 46.0 (1) vH3a, yH3b BH3a, BH3b
3.56,m
CO - 171.8 - aH4
4 Phe A o 4.45,t(J=4.8 Hz) 577(d) o4, PH4a, BHAb,aH4 o3
B 151, m 38.2 (1) aH4 81 CH;, 82 CH;
193, m
1 - 1373 (s) - H2/6, H3/5
2/6 7.31,d (J=7.3 Hz) 131.1 (d) H3,5 H3/5
3/5 7.30,d(J=72Hz)  129.5(d) H2,6 H2/6
4 7.29,d(J=79Hz)  128.1(d) H2,5 H2/6, H3/5
CO - 166.8 - oH4, BH4a, BH4b




75

Cont.
NO. Residue Position 'l §B¢h DQFCOSY * HMBC®
5  PheB o 421,t(J=4.8 Hz) 59.8(d) BHSa, BHSb, oH3
3.19,dd (J=48,13.8Hz) 409 () oHS
2.99, dd (J= 4.8, 13.8 Hz)
1 - 136.7 (s) - BH4,},
2/6 7.19,d (J=7.2Hz) 131.3 (d) H3,5 BH4a,b, H4, H5
3/5 7.31,d(J=7.2Hz) 129.7 (d) H2,6
4 7.24,d(J=17.9 Hz) 128.5 (d) H2,5
Cco - 167.4 - aH4,BH4a, pH4b
6 ProC o 2.58 ,dd (J=6.4 Hz) 59.1(d) BH6a, BH6b , aH4 aH5
B 1.65 29.8(t)  «H6, yHé6a, yH6b 8Hla, 8H1b
2.00
y 1.61 225 (1) BH6a, pH6b, yH1a, yH1b
1.90 8Hla, H1b
5 3.30,m 46.2 (V) yHla, yHIb -
353, m
Co A 171.3 - oH4

? obtained in CD30OD recorded on 500 MHz
® HMBC correlation for at “Joy =8 Hz

Consequently, six individual amino acids, one leucine, two phenylalanines and three
different prolines were readily identified from NMR data. All six amino acids could be
constructed from the 2D NMR data. The carbon and proton assignments are shown in
table 4.1.

The amino acid sequence of component MB2-4 was established by HMBC, COSY and
NOESY data. An 8 Hz optimized HMBC experiment was used to initiate amino acid
sequencing. Firstly, the 3 Jeu correlation was observed in HMBC spectra between the
carbonyl carbon of  phenylalanine B at 167.4 ppm and the o proton of proline C at 8y
2.58. "H-"H °J sy COSY cross peaks were observed between ProC-ocH ( 2.58) and PheB-
oH (4.21), and between ProA-oH (4.26) and Leu-aH (4.13) . Interestingly, ProB-aH
( 0 4.07) showed COSY interactions to both PheA-oH ( oy 4.45) and PheB-aH (4.21).
The HMBC and COSY correlation clearly suggested that proline C was located adjacent
to phenylalanine B (fragment I) and proline B was linked to both phenylalanines A and B

(fragment II). The last amino acid, leucine was placed next to proline A (fragment III)
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corresponding with their integration. The correlations within partial fragments are shown
in Figure 3.2. These data suggested the key molecular fragments of the peptide
component of MB2-4 shown in Figure 4.2 .

PheB
6\ H{j,w Leu
%58HN>}5.$'\/© 413 %

.0 .
Pro C H N
4.268
Pro A
AR
PheB
o o) LV Phe A
N. OO
N H 445
4.07
Pro B

Figure 4.2 The DQFCOSY correlation of compound MB2-4

However, the mass spectral data was an alternative method used to resolve this
sequencing issue. LCESI-MS revealed significant molecular peaks for [M+H]" at m/z
489, 455, 421 and also showed [(M+2H)/2]" ions at m/z 245 and 211.

O BEA min (3 seansy Ty BIBBAZ 0988 609,
211,82 4521 ¢
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H : 53138 i !
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Figure 4.3 The LC-ESIMS spectrum of MB2-4
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At this point, it was recognized a similarity of this data to that of Shin ef al., who
described the cyclic peptide cyelo-[L-isoleucyl-L-prolyl-L-leucyl-L-prolyl] (58) with
[M+H] of 421. Therefore a peptide component of MB2-4 seemed to be cyclo-[L-leucyl-
L-prolyl-L-leucyl-L-prolyl}(55 or 4a) consisting of two units each of leucine and proline.
This symmetrical cyclopeptide would give an [M+2H] ion at 211, as was observed in the
LC-MS data. The peptide differs from Shin’s compound by the replacement of an
isoleucine by leucine. We then considered the pair of ions at 489 and 245 in the LC-MS
spectrum, and recognized that these corresponded to [M+H]" and [(M+2H)/2]"
respectively for a compound of molecular weight 488. 1f the two leucine’s of 4x were
replaced by phenylalanine, then the product cyclo (phenylalanyl-prolyl- phenylalanyl-
prolyl}(57 or 4b) has a molecular weight.of 488. This cyclic peptide has been reported
from an ascidian Cystodytes delle chiajei” but was not well characterized by these
authors. The NMR data for this compound is presented in CDCls and so could not easily
be compared with the data for our peptide 4b, which was acquired in dy MeOH. The
remaining component of the peptide mixture of MB2-4 had m/z of 455, which could now
be seen to fit the cyclic peptide cyclo-(phenylalanyl-prolyl-leucyl-prolyl)(4¢). This
peptide had an asymmetric structure and so no [(M+2H)/2]" ion was observed. This is a
new peptide structure, and has not been reported previously from marine organisms.
Therefore, three peptides had been identified. These were cyclo-(L-leucyl-L-prolyl-L-
leucyl-L-prolyl)(4a), cyclo-(phenylalanyl-prolyl-phenylalanyl-prolyl)(4b) cyclo-
(phenylalanyl-prolyl-leucyl-prolyl)(4c).

cyclo(leucyl-prolyl-leucyl-prolyl)(4x) cyclo(phenyl-prolyl-phenyl-prolyl)(4y)
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o)
Nm NH
HN._/C
\%)N
cyclo (leucyl-prolyl-phenyl-prolyl) (4¢)

The next consideration was to assign the six amino acid components, one leucine,
two phenylalanines and three prolines, to these three individual peptides. However, this
NMR analysis was complicated because proline residue can show two conformations of
the amide bond (cis or frans) in peptide chains, and these two conformational possibilities
lead to proline-containing peptides showing more than one set of signals. Therefore it was
difficult to assign individual proline NMR signals to the suggested peptide structures.

Peptide units can adopt two different conformations, cis and frams. In the trans-
form, the C=0 and the N-H groups were pointed in opposite directions whereas in the cis
—form they were pointed in the same direction. For the most peptide, the trans-form is

about 1000 times more stable than cis-form.%

HO o X
N Ca H\N)C_(;RZ
Oi bk ﬁ/g
R
Cao. 1 O
% TRy = s
cis trans

O
Z%IOLF% \@&o

AN

cis-proline trans-proline
In the molecule of peptide-containing proline ring, the frans form is only about
four times more stable than the cis-form. The geometry of the peptidic linkage was
assigned on the basis of the difference in >C chemical shift values of the f§ carbon and y
carbon of proline residues (Adcp.y) %7 The use of values (Ad¢py) in cyclo(Leucyl-Prolyl-

Leucyl-Prolyl allowed to deduce the cis conformation (AScpy = 9.4 ppm) for peptidic
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bond between Leul-CO-N-Prol and frans conformation (Adcp., = 3.5 ppm) for Leu2-CO-
N-Pro 2.

Figure 4.4 3Cp and 8C, assignment for cyclo(leucyl-prolyl), (58) by Francisco et al “*

The difference in °C chernical shift of (Adcp.y) for proline residue in MB2-4 for
proline A, B and C were 5.4, 6.6 and 6.7 ppm, respectively.

0 O
{l I il
172.8C— 170.8C— 171.3C—
4.26/60.3 4.07/60.1 2.58/59.1
2.03; 2.31/29.1 2.10,1.20/29.4
—N 2N N 1.65,2.00/29.8
1.90/23.7 1.81/22.8 61,1.90/22.5
3.51,3.55/46.5 3.35,3.56/46.0 3.30,3.53/46.2
proline A prolineB proline C

The values (Adcp.cy) of prolines A, B and C are in the range between cis and trans
conformation. The role of proline in these molecules has been linked to control of
conformation of the molecule in solution because restricted of dihedral angel (¢) of
proline.’’” Generally, cyclic peptide or cyclic tetrapeptide could be dissolved in
chloroform. The NMR experiment of MB2-4 was run-in CD30D. The NMR data of 4b
differed significantly from that obtained in CDsOD. This is suggested to be due to
conformational change taking place within the molecule. The most significant change was
evident in BC and yC of proline indicated that the conformation are switching from cis to
trans. These evidences have previous been observed in Phakellistatin 2(61)°® which gave

the different conformation, less polar (in CDCls) and more polar conformation (in
CD;0D).
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Phakellistatin 2 (61)

The difference in conformation observed in CD3OD is similarly large and is due mainly
to the disruption of one hydrogen bond between NH and C=0. However, MB2-4 was a

mixture, their conformation are certainly unambiguous.

4.4 The Stereochemistry of the Cyelic Peptides

The stereochemistry of the peptide mixture MB2-4 was explored by the acid
hydrolysis and derivatisation of peptide with Marfey’s reagent followed by HPLC
analysis.®” The mechanism of Marfey’s method is shown in Scheme 4.1. The amino acid
components of MB2-4 were demonstrated to have the L- stereochemistry of

phenylalanine, leucine and proline in the peptide mixture.
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NO,
. CHj
NH»
+  HoN
OoN 0
P L-Ala-NH
1,5-difluoro-2 ,4-dinitro benzene ~Aia-INH2

NO2 H 0 FDAA= Marfey's reagent
N«
H,

O,N

l L~ or D- Amino acid

NG
2 A5 NOp O
N = N_*
NH, NH,
CH CH
O,N y O,N 8
HN COOH NH
\T/ HOOC~T/
R R
L- amino acid-FDAA D - amino acid-FDAA
HPLC

Scheme.4.1 The reaction scheme for Marfey’s method
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4.5 Conclusion

The chemical investigation of peptide fraction MB2-4 led to isolation of two
known cyclic peptide (4a and 4b) and a new cyclic peptide (4¢). The peptide structure
was elucidated by the assistance of NMR and LCESIMS experiments. The
stereochemistry of individual amino acids was deduced by Marfey’s method. Since MB2-
4 was a mixture, thus there was a need for separation by HPLC. If the compounds can be
separated by HPL.C, the individually purified peptide should be further studied by NMR
(in both CDCl; and in d;-MeOH) and by L.C-MS. High resolution mass spectral studies
(HRESIMS) would also confirm the proposed structures. Finally the stereochemistry
conformation of each of these proline containing peptides could be explored in much
more details than is possible with the mixture MB2-4. Individual peptides could also be

subjected to biological assay.



4.6 The spectroscopic data
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Figure 4.7 The integration '"H NMR spectrum of MB2-4
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Figure 4.8 The BC NMR spectrum for MB2-4
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CHAPTER V
CONCLUSION

The search for bioactive compounds from marine organism, the chemical
investigation on an Australian sponge Aplysilla sulphurea provided three chromodorane
diterpenes. chromodorolides A (2a), B (2b) were isolated together with a new compound
chromodorolide C (2¢). This is the first report of the isolation of chromodorane diterpene
from the Aplysillid sponge. As a part of the research on marine bacterium associated with
tropical Thai sponge led to the isolation of six cyclic peptide : cyclo-(phenylalanyl -
leucyl-); (3a), cyclo-(leucyl-isoleucyl), (3b), cyclo-(leucyl-leucyl), (3¢), cyclo-(leucyl-
prolyl-leucyl-prolyl) (4a), cyclo-(phenylalanyl-prolyl-phenylalanyl-prolyl)(4b) and
cyclo(phenylalanyl-prolyl-leucyl-prolyl)(4e) and including unidentified heteroaromatic
unit.

All isolated substances from marine sponge and marine bacteria associated with

tropical Thai sponge including their bioactivity were summarized in Table 5.1



Table 5.1 The structure of isolated compound from marine organism and their bioactivities.
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Marine organism

Aplysilla sulphurea

(2b)

Compounds Structure Molecular formula Bioactivity
chromodorolide A
(2a) antimicrobial activity
C24H340g cytotoxicity
nematocidal activity
chromodorolide B C26H3609 antimicrobial activity

cytotoxicity




Table 5.2 (Cont.)

Marine organism Compounds Molecular formula Bioactivity

Aplysilla sulphurea chromodorolide C (2¢)
(New compound)
C24H3403 cytotoxicity
Marine bacterium cyclo(Phenylalanyl -
Leucyl- Phenylalanyl-
Leucyl) (3a)
C30H40N4O4

(New compound)
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Table 5.2 (Cont.)
Marine organism Compounds Structure Molecular formula Bioactivity
Marine bacterium \i{
H
N
cyclo [leucyl-isoleucyl], Wo & o\'}”"
c” ~C
o} CoaH44N4O
. 7 N NGRS
(new compound) j;u\H
'f;t
N
Wo 0 NH CoaHuaN4Oy -
C/

cyclo[Leucyl-Leucyl],
(3¢)

(New compound)




Table 5.2 (Cont.)
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Marine organism

Compounds

Structure

Molecular formula

Bioactivity

Marine bacterium

N

o ZONHNH

N O
H%M

Cyclo(Leucyl-Prolyl- CraH3cN4Oy
leucyl-Prolyl)(4a)
Cyclo(Phenylalany! -
CosH3aN4O4

Prolyl-leucyl-
Prolyl)(4b)

(new compound)
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Table 5.2 (Cont.)
Marine organism Compounds Strueture Molecular formula Bioactivity
Marine bacterium
2
Cyclo-(Phenylalany! - @Moo Vtﬁ/@
00
Prolyl- Phenylalanyl - i C2sH32N4O4 n.d.

Prolyl)(4c)

N

**%p.d. no detected
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It can be seen from this research work that the isolated compounds from sponge were the
bioactive compounds which showed the wide range of bioactivity such as cytotoxic
activity against P388 carcinoma cell lines, nematocidal activity and antimicrobial activity.
Chromodorolide A (2a) showed higher activity than chromodorolides B (2b) and C (2¢)
in cytotoxic activity against P388 carcinoma cell lines and nematocidal activity. Thus,
chromodorolide A is the bioactive compound which is more potent and selected to further
study for its bioactivities.

From the isolation of compounds from marine bacteria associated with Thai
sponge, all of them were identified as a cyelic terapeptide, six cyclic peptides had the
striking structure with complicated NMR. Compounds 3a-3¢c and 4y were identified as
new naturally occurring compounds. This is the first report on the peptide from marine
bacteria in Thailand, indicating that marine bacteria is the new challenging topic for
continue studying on natural product chemistry. However, some known compounds have
been reported about their activity for example, both 4x and 4z both of them revealed the
antibacterial activity. All of peptides isolated were detected in the fraction that showed
antibacterial activity. However, the peptides were not testing bioassay due to the limited

supply of the compound.

Proposal for future work

MB2-4 and MB2-8 were a mixture of known cyclic peptides including some new
peptides. Additionally the peptides were also detected in the others fraction such as MB2-
2. The mixture of peptide components was elucidated by the assistance of high
performance instruments. The NMR experiments were recorded on 500, 750 MHz and
samples were prepared on Shigami tube and trace amalysis of peptide molecular mass
were recorded on LC ESIMS. To complete theirs structural elucidation, MB2-4 and MB2-
8 need to be separated to individual compound and then measured theirs molecular mass
by HRESIMS. However, it can be seen in this research, this bacterial culture was found to
be the tich source of peptides. Therefore, this bacterial strain could be cultured in the
large scale and investigated their chemical constituents and bioactivities including the

absolute stereochemistry.
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