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The Biannual Report 2015
With the second round of ICBG funding ending in 2014 (and no guarantee of major added funding for CDDC) the scope of activity of the CDDC in 2013 and 2014 was necessarily reduced. With many samples in storage to be studied, only minor collection trips were conducted, mainly to recollect specimens that had shown interesting activity. The contract of two postdoctoral fellows expired; Ramesh Subramani joined Fiji National University and Katy Soapi joined the Chemistry Department at USP. Both remain associated with CDDC; Katy as the Deputy Director.  Three of our scientific officers who had achieved their MSc degrees at CDDC all started PhD studies in Australia. We are happy that all CDDC students have been given scholarships to do overseas PhDs. We are also very pleased to report we were one of three (out of 25) successful applicants for renewed ICBG funding. In 2015 we also received  another major grant through the Global Environment Facility through the Nagoya Fund.
Two collection trips were carried out, one in the Suva lagoon and one to Namarai/Ra province under the newly established GEF (Global Environment Facility) project. Under this project, we are in the process of implementing the Nagoya protocol of Access and Benefit sharing with the Fijian government (Dept of Environment) and have approached the Solomon Islands government for a similar project. This three year project is funded by UNDP and will see USP’s Center for Drug Discovery and Conservation (CDDC) playing a key role in the research. The project objective is: “To discover nature-based products and build national capacities that facilitate technology transfer on mutually agreed terms, private sector engagement, and investments in the conservation and sustainable use in genetic resources.” The grant was approved in 2014 and is expected to start early 2015.
The majority of the material presented here is from new individual projects. However, the data presented here on the Solomon Islands work is related to the report presented in the 2012 biannual report as it presents the chemistry work done so far on some of the samples. Similarly, the data presented by P. Maharaj in this report is following up on the initial work done by her and presenting the chemistry data gathered since then.
Milestones: 
Graduation: Four students graduated with MSc, these include: Payal Maharaj and Ahilya Singh (both 2014) and Ngetem Amon and Satyendra Singh (both 2013). Joape Ginigini, who graduated in 2012 was awarded “most outstanding master’s thesis 2012” in 2013.
Overseas attachments: Both, Ahilya Singh (2014, SCRIPPS, USA) and Joape Ginigini (2014, 2015 Tahiti) spent time with overseas collaborators to further their education. Ahilya underwent NMR training to help identify a new, anticandida active compound, while Joape studied the phylogeny of dilo (Calophyllum inophyllum) (2014) and Chemistry (2015).
Workshops organized: In 2013 we had a very successful sponge taxonomy workshop, facilitated by a world leading expert (Prof. J. Hooper, Brisbane); All data have been uploaded onto the “SpongeMap” database, a taxonomy program developed by Prof Hooper’s team. A new molecular Biology approaches workshop was facilitated by Prof Peter Lockhart, an USP alumni based at Massey Univ., Palmerston North
Publications: 
Feussner, K-D. and Waqa, T. (2013).  Five new species of Sarcophyton (Coelenterata: Octocorallia) from the Fiji Islands.  S. Pac. J. Nat. and App. Sci. 31: 1-26.
Soapi, K., Feussner, K-D. and Aalbersberg, W. (2013).  Antimicrobial and cytotoxic activities of marine plants and invertebrates from the coast of Espirito Santo in Vanuatu.  S. Pac. J. Nat. and App. Sci. 31: 89-95.
Subramani, R. and Aalbersberg, W. (2013).  Culturable rare Actinomycetes: diversity, isolation and natural product discovery. Marine Applied Microbiology and Biotechnology, 97 (21): 9291-9321.  
Subramani, R., Kumar, R., Prasad, R. and Aalbersberg, W.  (2013). Cytotoxic and antibiotic drug resistant pathogens from marine sponge symbiont:  Citrinin, a secondary metabolite of Penicillium sp. Asia Pacific J. of Trop. Biomed. 3 (4): 291-296.    
All work, either being part of ongoing work or in the process of publication are being reported here individually.		K.-D. Feussner Oct. 2015
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Isolation and characterization of biologically active compound(s) from two sponges of the order Dictyoceratida.

Adi Kula Niradininoco

1. Introduction
Natural product scientists have since the early 1950’s been rewarded with the discovery of a range of diverse and new structures with useful biological activities from marine organisms.1 Pharmaceutical industries in collaboration with academic research groups recognize biologically active marine natural products as an attractive source material for useful drug leads that are either in clinical use or undergoing clinical trials to date.2 The increase in infectious diseases and multi-drug resistant pathogens in the world today in part drives scientific researchers towards exploring marine natural products as it is a fertile field for the discovery of biologically active compounds. A recent statistical research on the bioactivity of new marine natural products shows that 75% of the bioactive compounds reported during the 28 years from 1985 to 2012 were from marine invertebrates. Sponges (porifera) and Corals (cnidaria) in particular made up 56.9 % of the total bioactive compounds.3 Upon reviewing marine sponge derived natural products for the years 2001-2010, Mehbub et al. found that the highest number of new compounds reported for marine sponges were from the order dictyoceratida with two of its genera (Dysidea sp. and Ircinia sp.) having potential in producing new bioactives.4 Thus in this study the biologically active compounds of two different sponges belonging to phylum Porifera, class Demospongiae and order dictyoceratida will be investigated with the hopes of isolating and characterizing a bioactive novel compound. The result achieved from the study will add to the scientific literature on marine natural products from Fiji.5

2. Materials and Methods

2.1 Biological Material
The two marine sponges (ID: G1012 and G1018) belonging to the order dictyoceratida were collected in 2011 by a team from the Institute of Applied Sciences (IAS) Centre for Drug Discovery and Conservation (CDDC/USP). The sponges were collected from Namuka-I-Lau in the Fiji Islands. All the sponges were identified by Mr Klaus Feussner of the University of the South Pacific, Fiji. The sponge samples were kept frozen until processed.

2.2 Extraction 
Each sponge sample was thawed and cut into small pieces. Both were extracted with methanol (3x) and dichloromethane (3x) at room temperature. The first two extractions were sonicated for a period of 1 hr before leaving it to stand overnight for the third extraction. The extracts were kept separately and solvents removed under reduced pressure. The weights of the crude were recorded (Table 1).
Table 1: Mass of crude extracts.
	Sample ID
	Mass (g) 

	G1012M
	27.4385
	G1018M
	34.5438

	G1012D
	3.6444
	G1018D
	1.4579







2.3 Brine Shrimp Lethality Test
The refrigerated eggs of the brine shrimp Artemia salina were placed in a beaker of seawater which was then left for 48 hours at 27 + 2 ⁰C with constant aeration. Once hatched a minimum of 7 - 10 shrimps in 100 µL of seawater were then pipetted into multi-welled plates to which the crude extracts (100 µL) of 5 different concentrations (500 ppm, 250 ppm, 125 ppm, 62.5 ppm and 31.25 ppm) were then added. The test was done in triplicates for each concentration of the crude extract. Controls of the test are the crude extract being replaced by only brine solution in wells containing brine shrimps. Results are taken after 24 hours whereby the numbers of dead shrimps against the total number placed in each well were counted with the aid of a dissecting microscope. The method of BSLT described follows that of Sam6 with slight modifications.

2.4 Microbial Assay
For antibacterial activity the crude samples were tested against Wild Type Staphylococcus aureus (WTSA), Methicillin-Resistant S. aureus (MRSA), Rifamycin Resistant S. aureus and Vancomycin-Resistant Enterococcus faecium (VREF) while for antifungal activity they were tested against Amphotericin Resistant Candida albicans (ARCA) and Wild Type C. albicans (WTCA). The test plates were prepared using pour plate method and the test was carried out using disc diffusion method. Vancomycin was used as the control for MRSA, WTSA, RRSA while nystatin was the control for ARCA and WTCA and rifamycin for VREF.
 [image: ]Figure 1: Solvent-solvent partition method

2.5 Isolation and Purification
The extracts (crude) were subjected to solvent-solvent partitioning (Figure 1). Hexane, dichloromethane, butanol, methanol and water fractions were obtained from the crude extract. The fractions were then spotted on reverse/polar TLC plates to determine the mobile phase composition in order to obtain separation.

3. Results

	
	Sample ID
	MRSA
	WTSA
	RRSA
	ARCA
	WTCA
	VREF

	1
	G1012D (WB)
	-
	-
	-
	-
	-
	-

	2
	G1012D (WW)
	-
	-
	-
	-
	-
	-

	3
	G1012D (FH)
	-
	-
	-
	-
	-
	-

	4
	G1012D (FD)
	20 mm
	20 mm
	12 mm
	-
	11 mm
	7 mm

	5
	G1012D (FM)
	7 mm
	7 mm
	6 mm
	-
	10 mm
	-

	6
	G1012M (WB)
	7 mm
	7 mm
	-
	-
	9 mm
	-

	7
	G1012M (WW)
	10 mm
	-
	-
	-
	-
	-

	8
	G1012M (FH)
	-
	-
	-
	-
	-
	-

	9
	G1012M (FD)
	15 mm
	15 mm
	9 mm
	-
	-
	-

	10
	G1012M (FM)
	7 mm
	-
	-
	-
	9 mm
	-

	11
	G1018D (WB)
	7 mm
	-
	-
	-
	7 mm
	-

	12
	G1018D (WW)
	-
	-
	-
	-
	-
	-

	13
	G1018D (FH)
	-
	-
	-
	-
	-
	-

	14
	G1018D (FD)
	-
	-
	-
	-
	-
	-

	15
	G1018D (FM)
	-
	-
	-
	-
	-
	-

	16
	G1018M (WB)
	10 mm
	10 mm
	14 mm
	10 mm
	12 mm
	10 mm

	17
	G1018M (WW)
	-
	-
	-
	-
	7 mm
	-

	18
	G1018M (FH)
	-
	-
	-
	-
	7 mm
	-

	19
	G1018M (FD)
	-
	-
	7 mm
	-
	7 mm
	-

	20
	G1018M (FM)
	10 mm
	10 mm
	12 mm
	10 mm
	10 mm
	-

	
	CONTROL
	18-20 mm
	18-20 mm
	18-20 mm
	18-20 mm
	18-20 mm
	23-25 mm


Table 2: Microbial Assay results. Highlighted are the active fractions for further purification Note: Concentration of sample = Concentration of standard = 50 mg/mL, tested = 10 μL/disc. 
The crude methanol and dichloromethane extracts of the two sponges (G1012M, G1012D, G1018M and G1018D) were not active in BSLT. Solvent-solvent partitioning was done separately for the methanol and DCM extracts of each sponge. Five fractions (WW, WB, FH, FD and FM) were obtained for each crude extract which were again tested in BSLT and microbial assay. BSLT results showed no activity suggesting that the sponge extracts have no cytotoxic components or compounds. However the microbial assay results (Table 2) showed interesting activity with the dichloromethane fraction of the methanol extract from G1012 displaying strong antibacterial activity against MRSA and WTSA. With regards to the microbial assay data three fractions which have been highlighted in table 2 (G1012D (FD), G1018M (WB) and G1018M (FM)) have been chosen for further purification. TLC (normal phase) runs on different solvent systems have been carried out on the three fractions. As shown in figure 2 fraction G1012D (FD) shows good separation with the solvent system hexane/ethyl acetate (ratio 6:4) while fractions G1018M (WB) and G1018M (FM) with the solvent system DCM/methanol (7:3). 



[image: ] [image: ]

Figure 2:                                             a) TLC of fraction G1012D (FD) viewed under UV at 254 nm, solvent system hexane/ ethyl acetate (6/4)    
 b) G1018M (WB) and G1018M (FM)- solvent system DCM/methanol (8/2) viewed under UV at 254 nm.
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Future work
Purification of the active fractions is in progress. 
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Title: Bioactive Secondary Metabolites from Culturable Unusual Actinomycetes from Solomon Islands Marine Sediments: Isolation and Characterization of Bioactive compounds

Ahilya Singh

Summary
 A total of 37 actinomycete strains were purified from 25 Solomon Islands marine sediments using four different types of isolation media. Among them, 54% of the strains had obligate requirement of seawater for growth. The ethyl acetate extract of 100 ml fermentation product of each strain was screened for antimicrobial activity against multidrug resistant human pathogens and cytotoxic activity against brine shrimps. A total of 67% of the ethyl acetate extracts showed antimicrobial and/or cytotoxic activities. A strain F-1915 was selected for isolation and evaluation of bioactive compound(s) based on its bioactive properties and chemical profile analysis using the LC-MS. The strain F-1915 was identified to have 96% sequence similarity to Streptomyces violaceusniger on the basis of 16S rDNA sequences using BLAST analysis. The 16S rDNA revealed that the strain F-1915 is a new member of MAR4 clade of actinomycetes. The MAR4 clade is an interesting clade of actinomycetes known for the production of pharmaceutically important hybrid isoprenoid compounds. The ethyl acetate extract of the fermentation product of this strain was purified by silica gel column chromatography and afforded the isolation of one bioactive pure compound. Based on the 1D and 2D NMR spectral data of F-1915F7F2F3 it was identified as a new mono-brominated phenazinone, Marinophenazimycin A, a structure which has already been studied by external collaborators at Scripps Institution of Oceanography but is yet to be published. F-1915F7F2F3 displayed significant antimicrobial activity against drug resistant human pathogens. The minimum inhibitory concentration (MIC) of F-1915F7F2F3  was against Methicillin Resistant Staphylococcus aureus (MRSA) was about 1.9 μg/mL and MIC recorded against Amphotericin Resistant Candida albicans (ARCA) was about 0.24 μg/mL. The bioactivity of F-1915F7F2F3 against ARCA was found to be better than the standard antifungal agent amphotericin B. F-1915F7F2F3 however did not show any cytotoxic activity against brine shrimps.
Introduction
Actinomycetes hold a prominent position in the microbial community due to their diversity and ability to produce unique bioactive compounds (Subramani & Aalbersberg, 2012). The order Actinomycetales accounts for 45% of the total microbial metabolites that has been isolated, out of which 75% are from the genus Streptomyces and the other 25% was from rare actinomycetes . The genus Streptomyces is considered economically important since it is the producer of 50-55% of the 10,000 known antibiotics. The need for the discovery of novel and effective therapeutic agents is increasing and this has led to the search for rare and new actinomycetes for drug discovery.
Traditionally, actinomycetes from terrestrial sources were studied and this led to the discovery of many antibiotics like streptomycin and neomycin. About two-thirds of the antibiotics of natural origin are produced by terrestrial Streptomycetes. The exhaustive studies of the terrestrial microbial world led to rediscovery of known strains of actinomycetes and known compounds. In this esteem, researchers changed over to the marine environment for new medicinal compounds and for battling human pathogens (Subramani & Aalbersberg, 2012). The isolation of new microbes that are powerful producers of bioactive secondary metabolites are represented in the unexplored marine environments which is the source of many bacteria, fungi, actinomycetes, microalgae-cyanobacteria and diatoms. But, it is said that studies related to the bio-potential activities of antibacterial and antitumor metabolites from marine actinomycetes grounded drug discovery are quite inadequate (Ravikumar et al., 2012).
In the year 1991 the first obligate marine actinomycete was discovered and the genus was later named Salinispora (Maldonado et al., 2005).  ‘Salinospora’ strains were cultured from marine sediments from oceans around the world including the Caribbean, gulf west of Mexico, the Red Sea, and the Pacific Ocean (Jensen, 2005). The three known species of Salinispora: S. arenicola, S. tropica and S. pacifica have been studied and it has been concluded that they have species- specific secondary metabolite making pattern (Jensen et al, 2007). Salinosporamida A is one of the molecules, from the treasure of new bioactive metabolites generated from the genus Salinispora, which is currently in clinical trials as an antitumor drug (Prudhomme et al., 2008). Other indigenous marine actinomycetes that have been isolated include the members of the genera Dietzia, Rhodococcus, Streptomyces and Marinispora. (Subramani & Aalbersberg, 2013). The occurrence of rare actinomycetes in comparison to the commonly occurring Actinomycetes such as streptomycetes is however very low due to the fact that it is hard to isolate them from the environment and maintain them under conventional conditions. However, the application of various selective isolation methods like the use of unique enrichment media, pre-treatment of samples and selective isolation has resulted in effective culturing of unique groups of actinomycetes (Subramani & Aalbersberg, 2012).
Even though the search for novel bioactive compounds from marine Actinomycetes is in its initial stages, the rate of discovery of unique bioactive compounds from marine Actinomycetes has outshined that of the terrestrial equivalents. This is apparent due to the discovery of the many different chemical compounds from the Actinomycetes of the marine environment (Subramani & Aalbersberg, 2012). The present study aims to isolate rare Actinomycetes strains from Solomon Islands sediment samples and characterization of their bioactive metabolites.
Project objectives
The main aim of this research was the isolation of new bioactive compounds from unusual actinomycetes from the Solomon Islands sea sediments.
The main activities of the project were:
· Actinomycete strains isolation and purification from the Solomon Island sea sediments.
· Purification and fermentation of Actinomycete strains for the extraction of secondary metabolites.
· Bioassay screening against drug resistant bacterial (MRSA, WTSA and VREF) and fungal (WTCA and ARCA) human pathogens and cytotoxicity test by means of Brine Shrimp cytotoxicity test of the crude metabolites.
· De-replication of crude metabolites using Liquid Chromatography-Mass Spectroscopy (LC-MS) for selection of novel bioactive compounds.
· Isolation, purification, structure elucidation and evaluation of unique compounds from rare actinomycetes.
Project methodology 
 Actinomycetes Isolation and Purification
Sediment samples were selected from the preserved Solomon Islands sediments at CDDC, Institute of Applied Sciences, for this study. These samples were processed using the selective method of Stamping. The stamping method was carried out as follows; approximately 10 grams wet weight sediment was transferred on to sterile Petri dishes, dried overnight using aseptic condition in the laminar flow hood. The completely dried sediment was ground lightly using a sterile spatula, pressed onto a sterile foam plug and inoculated by stamping 8-9 times in a spherical manner. A total of three different nutrient media was used for isolation and was prepared in 100% filtered natural seawater and supplemented with cyclohexamide to inhibit fungal growth. The three isolation media had the following constituents: M1A (40 g starch, 4 g yeast extract, 2 g peptone, 18 g agar and 1 liter of 0.45 μm filtered natural seawater), Trace elements media(0.1 g yeast, 0.1 g glucose, 0.5 g K2HPO4, 0.7 g Na2HPO4, 0.1 g KNO3, 0.1 g MgSO4.7H2O, 200 mg CaCl2.2H2O supplemented with 1 ml of Trace mineral ( 280.2 mg FeSO4 ⋅7H2O, 180 mg ZnSO4⋅7H2O, 20 mg MnSO4⋅4H2O, 90 mg CuSO4⋅5H2O, 10 mg CoSO4⋅7H2O, 200 mg H3BO3, 5 mg (NH4)6Mo2O24⋅4H2O)) and seawater agar (18 g Agar, 1 liter of 0.45 µm filtered natural seawater). 
The inoculated isolation plates were incubated for 15-21 days at 28 ˚C. Selective and morphologically unique actinomycetes were sub-cultured on new purification M1A agar media upon observation of good growth during the incubation period. The sub-culturing was done constantly to obtain pure culture of the actinomycetes strains.
Fermentation and Preservation
The purified actinomycete strains were subjected to small scale fermentation. Fifty milliliters A1 Broth in 100 ml flask was used for small scale fermentation and the conical flasks were left in the shaker for 7-14 days. Large scale fermentation was done only for interesting or selective strains based on bioassay results and de-replication by LC-MS. All purified bacterial strains were preserved using glycerol (15%) at -70 ˚C.
Extraction and Isolation of Compounds
Ethyl acetate was used for extraction of secondary metabolites from the fermentation broth. The solvent was evaporated under reduced pressure. The residues was dissolved in methanol and used for bioassay, TLC and purification.
Bioactivity Testing: Antimicrobial and Antifungal Test Against Drug Resistant Pathogens
Pathogenic fungi and bacteria were used to test the bioactivity of the crude extracts. The fungal strains   consisted of Amphotericin Resistant Candida albicans (ARCA) and Wild Type Candida albicans (WTCA) while the bacterial strains will consist of Methicillin Resistant Staphylococcus aureus (MRSA), Wild Type Staphylococcus aureus (WTSA) and Vancomycin Resistant Enterococcus faecium (VREF).
Preparation of Pathogenic Bacterial/Fungal Strains
Ten microliter of bacterial cultures was grown in 10 ml Tryptic Soy Broth and 100 µl fungal culture was grown in 10 ml of PDB broth. The seed cultures were incubated for 24 hrs at 37 ˚C. 
Disc Diffusion Method 
The agar media to be used for the test was prepared using 5.6 g of Nutrient Agar, 7.8 g of Potato Dextrose Agar and 7.4 g of Luria-Bertina Agar in 200 ml of distilled water. The agar media was autoclaved for sterilization before use. After autoclaving, the pathogenic cultures were inoculated into respective media and plated. The 6 mm sterile paper disks were impregnated (250 μg/disc) with 10 µl of 25 mg/ml crude extract. Also the positive control disks (250 μg/discs; Vancomycin for MRSA and WTSA, Rifamycin for VREF and Nystatin for ARCA and WTCA) were maintained in the experiment for comparison and validation of the bioassay results. All the experiments were done in triplicates. All the disks were dried aseptically and placed on the plates with inoculated pathogenic bacteria and fungi. Then the plates were incubated overnight at 37 °C. The zone of inhibition will be noted after incubation.
 Cytotoxicity Testing Using Brine Shrimp Test
This test will was out to check the possible anti-cancer activity of the crude metabolites/ compounds. Brine shrimp eggs were hatched in filtered sea water 48 hours prior to testing. Twenty microlitre of the ethyl acetate extract from the 25 mg/ml stock was mixed with 980 µl seawater to give a concentration of 250 ppm and was transferred to each test vial containing 7-14 phototrophic nauplii. A potent cytotoxic antibiotic Actinomycin D was used as a positive control for the results. Negative (solvent) control vials contained methanol (20 µl of methanol in 980 µl of seawater) and phototropic nauplii. The percentage mortality was calculated at each dose level against the control and the LD50 value will be calculated. All the experiments were done in triplicates. 
Metabolite Profiling Using Thin Layer Chromatography and De-replication by LC-MS
The ethyl acetate extract was subjected to Thin Layer Chromatography to analyze the metabolite profile. The profile was visualized by observing under UV lamp at 254 nm and 365 nm. Interesting strains crude metabolites were analyzed in high resolution LC-MS for the de-replication of known compounds.
Purification and Characterization of Bioactive Metabolite
The crude extract was fractioned using various Column Chromatographic methods to purify the compounds. The fractions were tested for bioactivity to help locate which fractions are to be further purified by HPLC to obtain the pure compound. The pure compounds were subjected to 1D and 2D NMR spectroscopic analysis to identify and elucidate the structure of the compound(s).













Results
Bioassay
The ethyl acetate extracts were tested for antibacterial activity against resistant and wild type strains of human pathogens and cytotoxic activity using brine shrimp assay. Twenty five extracts exhibited antibacterial activity and/or cytotoxic activity (Table 1).
 
	Strain ID

	MRSA (mm)

	WTSA (mm)

	VREF (mm)

	ARCA (mm)

	WTCA (mm)

	RRSA (mm)

	BSA LD50


	1624

	28

	15

	10

	-

	-

	10

	16


	1633

	22

	8

	-

	-

	-

	-

	230


	1670

	10

	12

	-

	-

	-

	-

	>500


	1674

	27

	12

	10

	-

	-

	11

	24


	1880

	28

	14

	10

	
	
	10

	130


	1881

	25

	14

	9

	-

	-

	-

	130


	1884

	-

	-

	-

	-

	-

	-

	>500


	1885

	24

	15

	-

	-

	-

	15

	125


	1886

	-

	-

	-

	-

	-

	-

	>500


	1887

	-

	-

	-

	-

	-

	-

	>500


	1888

	21

	22

	-

	-

	-

	-

	187


	1889

	9

	10

	-

	-

	-

	-

	>500


	1890

	-

	-

	-

	-

	-

	-

	>500


	1891

	-

	-

	-

	-

	-

	-

	>500


	1892

	25

	12

	8

	-

	-

	-

	80


	1893

	31

	28

	10

	-

	-

	12

	375


	1894

	24

	21

	10

	-

	-

	12

	125


	1895

	-

	-

	-

	-

	-

	-

	>500


	1896

	23

	12

	10

	-

	-

	-

	>500


	1897

	24

	17

	16

	
	
	15

	16


	1898

	-

	-

	-

	-

	-

	-

	>500


	1899

	-

	-

	-

	-

	-

	-

	>500


	1900

	11

	12

	-

	-

	-

	-

	>500


	1901

	-

	-

	-

	-

	-

	-

	>500


	1902

	-

	-

	-

	-

	-

	-

	>500


	1903

	-

	-

	16

	-

	-

	-

	390


	1904

	10

	9

	-

	-

	-

	-

	>500


	1905

	-

	-

	-

	-

	-

	-

	>500


	1906

	-

	-

	-

	-

	-

	-

	>500


	1907

	-

	-

	-

	-

	-

	-

	>500


	1908

	25

	23

	-

	-

	-

	-

	>500


	1909

	9

	28

	10

	-

	-

	20

	>500


	1910

	31

	32

	10

	-

	-

	12

	>500


	1911

	22

	21

	-

	-

	-

	-

	230


	1915

	20

	24

	16

	12

	13

	16

	>500


	1922

	21

	12

	8

	-

	-

	-

	92


	1923

	22

	9

	10

	-

	-

	-

	135


	  Control

	25

	28

	25

	25

	25

	30

	>500




Samples were tested at a concentration of 0.25mg per disc. Zones of inhibition were measured after 24 hours of incubation at 28 ˚C. The following organisms were tested: MRSA, WTSA, RRSA, VREF, ARCA and WTCA, positive controls used were Vancomycin for S.aureus, Rifamycin for E. faecium and Nystatin for C. albicans. For BSA results, >500 indicates % dead as zero at the concentration 500ppm
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Based on the bioactivites, seven ethyl acetate extracts were sent to SIO (collaborators) for LC-MS dereplication and one strain, F-1915, was chosen for large scale fermentation and isolation of bioactive compounds.
Table 2 Strains selected for de-replication of metabolites using LC-MS.
	Strain ID

	Colony Morphology

	Growth on Distilled H2O amended media

	Growth on Rifamycin amended media

	Bioassay

	BSA (ppm)

	Predicted Genus

	Reasons for Selection


	F-1885

	Orange flaky

	-

	-

	MRSA WTSA RRSA

	125

	Salinispora

	No growth on Rifamycin amended media but is RRSA active.


	F-1911

	Orange flaky

	-

	+*

	MRSA

	230

	Salinispora

	Isolated from sediment samples pretreated by dry heating at 120 ˚C for 1 hour.


	F-1893

	Orange flaky

	-

	+*

	MRSA WTSA RRSA

	375

	Salinispora

	Isolated from sediment samples pretreated by dry heating at 120˚C for 1 hour.


	F-1903

	White powdery

	+

	NA

	VREF

	390

	Streptomyces

	VREF/modest cytotoxic activity


	F-1915

	Greenish-beige flaky

	+

	NA

	ARCA MRSA WTSA VREF RRSA

	NA

	Micromonospora

	Active against drug resistant pathogens including ARCA but no BSA activity.


	F-1900

	Orange flaky

	+*

	-

	MRSA WTSA

	NA

	Micromonospora

	Morphologically like salinispora. Active against MRSA & WTSA only.


	F-1906

	Orange

	+

	-

	NA

	NA

	Micromonospora

	Morphologically like salinispora (and Orange pigmentation) but no obligate requirement of sea water for growth.



Strains were selected based on colony morphology, growth on distilled water and Rifamycin amended media and antimicrobial activity against multidrug resistant pathogens. The values for zone of inhibition are given in Table 5. The Genus was predicted based mostly on colony morphology. Key: + (good growth), +* (poor growth), NA (Not applicable), - (no growth)
Strain F-1915 showed an interesting LC-MS profile indicating a chlorine atom in the structure. This strain was picked from the collection for large scale fermentation and purification of the bioactive compound with the chlorine atom.

Figure 1 TIC mass scan showing the major fragments of the ethyl acetate extract of strain F-1915.
















Cultivation of strain F-1915 and isolation of bioactive Compounds

The actinomycete strain F-1915 was obtained from a marine sediment sample SI-544 collected on the 16th of March, 2013 from Vasala Point, Solomon Islands. Strain F-1915 was isolated using the air drying pre-treatment and stamping method of isolation and colonies appeared within 10-14 days, recognized by their tough leathery texture and lack of aerial hyphae. Small colonies were beige-green in color which produced beige-green pigments within 7-14 days. Strain F-1915 did not require sea-water for growth, best growth was seen with M1A media supplemented with 10% distilled water. Strain F-1915 was obtained in pure culture by repeated sub-culturing on M1 media. The strain was identified using DNA sequencing (Appendix 8) as a new member of an interesting clade of marine actinomycetes, the MAR4 clade. The NCBI BLAST tool was used to discover that this strain had 96% sequence similarity to Streptomyces violaceusniger. Large scale fermentation of strain F-1915 was done in 2.8 L fern back flasks (30 x 1 liter) containing A1B media (10 g starch, 4 g yeast extract, 2 g peptone, 900 ml SW, 100 ml DW) for 7-8 days at 25-27 ˚C on a shaker at 170 rpm. The fermentation broth was extracted using 1:1 ethyl acetate and dried for TLC analysis. A total of 3 grams of crude was obtained from 30 L of fermentation. Preliminary analytical TLC was used to decide the solvent system to be used for further purification of compounds.

Figure 2 TLC chromatograms of hexane: ethyl acetate: methanol constituted F-1915 ethyl acetate extract as seen under λ=254 nm UV lamp.


















Bioassay guided vacuum liquid chromatography of F-1915 crude

The first step of purification of F-1915 crude was the use of normal phase VLC with the solvent system determined by the TLC profile. About 3 grams of crude material was dissolved in minimum volume 1:1 (v/v) methanol:ethyl acetate and eluted using a gradient solvent system consisting of hexane, ethyl acetate and methanol in the ratio: 100% hexane, 10% ethyl acetate/hexane, 20% ethyl acetate/hexane, 30% ethyl acetate/hexane,m 40% ethyl acetate/hexane, 50% ethyl acetate/hexane, 70% ethyl acetate/hexane, 90%  ethyl acetate/hexane, 100% ethyl acetate and 20% methanol/ethyl acetate. The 10 fractions were tested for antimicrobial activity. Fraction mass and activity of the fractions are shown in Table 8. Fraction F7 and F8 showed the desired ARCA activity but F7 was selected for further purification since it had more mass and from the antimicrobial activity it could be assumed that they contained the same compound which was active against C. albicans and S. aureus.

Table 3 Mass and activity of VLC pooled semi- pure fraction of F-1915 crude

	Crude Fractions 0.25 mg/disc

	Mass (mg)

	MRSA (mm)

	WTSA (mm)

	ARCA (mm)

	WTCA (mm)


	1

	308.10

	-

	-

	-

	-


	2

	826.30

	12

	11

	-

	-


	3

	117.60

	10

	9

	-

	-


	4

	183.10

	20

	10

	-

	-


	5

	97.60

	22

	11

	-

	-


	6

	40.50

	19

	10

	-

	-


	7

	329.20

	17

	16

	17

	16


	8

	121.70

	16

	16

	14

	10


	9

	50.90

	16

	10

	-

	-


	10

	409.80

	18

	17

	-

	-


	Crude F-1915

	100.00

	15

	10

	12

	13


	MeOH : DCM wash

	398.90

	10

	9

	-

	-


	Positive Control (0.05 mg/disc)

	
	
	
	

	Nystatin

	
	NA

	NA

	17

	17


	Vancomycin

	
	20

	20

	NA

	NA




Samples were tested at a concentration of 0.25 mg per disc. Zones of inhibition were measured after 24 hours of incubation at 28 ˚C. Nystatin was used as a positive control for C. albicans and Vancomycin for S. aureus. Key: NA (not applicable), - (no activity).

Fraction F-1915F7 (330 mg) was chosen for further purification using normal phase VLC The 330 mg semi pure crude was dissolved in a minimum volume of 1:1 (v/v) methanol: ethyl acetate and eluted using a gradient solvent system consisting of hexane, ethyl acetate and methanol in the ratio: 100% hexane, 20% ethyl acetate/hexane, 30% ethyl acetate/hexane, 40% ethyl acetate/hexane, 50% ethyl acetate/hexane, 60% ethyl acetate/hexane, 70% ethyl acetate/hexane, 80% ethyl acetate/hexane, 90% ethyl acetate, 100% ethyl acetate, 20% methanol/ethyl acetate, 30% methanol/ethyl acetate. Mass and activity of the fractions are shown in Table 9.

Table 4 Mass and activity of VLC pooled semi-pure fractions of F-1915F7

	Fraction F-1915F7 (0.25 mg/disc)

	Mass

	MRSA (mm)

	WTSA (mm)

	ARCA (mm)

	WTCA (mm)


	1

	13.30

	12

	16

	-

	-


	2

	78.70

	23

	20

	20

	21


	3

	41.90

	17

	20

	-

	-


	4

	34.00

	22

	23

	-

	-


	5

	54.50

	23

	20

	20

	19


	6

	30.40

	20

	19

	-

	-


	7

	18.80

	19

	18

	-

	-


	8

	45.30

	16

	20

	-

	-


	9

	28.70

	16

	18

	-

	-


	10

	20.90

	20

	21

	-

	-


	11

	15.50

	10

	22

	-

	-


	VLC Fraction 7

	17.00

	17

	16

	17

	16


	F-1915 crude

	10.00

	15

	16

	12

	13


	Positive Control (0.05 mg/disc)

	
	
	
	

	Vancomycin

	
	20

	20

	NA

	NA


	Nystatin

	
	NA

	NA

	15

	15




Samples were tested at a concentration of 0.25 mg per disc. Zones of inhibition were measured after 24 hours of incubation at 28 ˚C. Nystatin was used as a positive control for C. albicans and Vancomycin for S. aureus. Key: NA (not applicable), - (no activity).

Based upon TLC profile examinations (Figure 16), Fractions F-1915F7F2 and F-1915F7F5 were further purified on a Sephadex LH-20 column.
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Figure 3 TLC chromatogram of sub fractions F-1915F7F2 and F-1915F7F5 viewed under UV lamp λ =254 nm, Mobile phase- 90%Acetonitrile: 10% water

Purification of F-1915F7 VLC pooled fractions 2 and fraction 5 on Sephadex LH-20 column

A Sephadex LH-20 column was used to further purify the semi-pure fractions 2 and 5 collected from the VLC of F-1915F7. The column was eluted with 50:50 methanol/DCM without the use of vacuum. Mass and activity of the sub-fractions of F-1915F7F2 are shown in Table 10. Fraction F-1915F7F2 afforded 50.3 mg of a dark blue ARCA active powder which was run in Sephadex LH-20 column again before it was purified using HPLC. Mass and activity of the sub-fractions of F-1915F7F5 are shown in Table 11. Fraction F-1915F7F5 afforded 30.0 mg of a light blue ARCA active powder which was run in Sephadex LH-20 column again before it was purified using HPLC.

Table 5 Mass and activity of VLC pooled semi-pure fractions of F-1915F7F2

	Fraction F-1915F7F2 (0.25 mg/disc)

	Mass

	Color

	MRSA (mm)

	WTSA (mm)

	ARCA (mm)

	WTCA (mm)


	1

	7.7

	Brown

	NT

	NT

	-

	-


	2

	6.0

	Dark brown

	NT

	NT

	-

	-


	3

	50.3

	Blue

	NT

	NT

	20

	21


	4

	8.7

	Orange

	NT

	NT

	-

	-


	5

	6.0

	Yellow

	NT

	NT

	-

	-


	6

	8.0

	Pale yellow

	NT

	NT

	-

	-


	7

	0.7

	Pink

	NT

	NT

	-

	-


	F-1915F7F2

	10.0

	Dark blue

	23

	20

	20

	21


	F-1915F7

	10.0

	Dark blue

	17

	16

	17

	16


	F-1915 crude

	10.00

	Green

	15

	16

	12

	13


	Positive Control (0.05 mg/disc)

	
	
	
	

	Vancomycin

	
	
	20

	20

	NA

	NA


	Nystatin

	
	
	NA

	NA

	17

	15




Samples were tested at a concentration of 0.25 mg per disc. Zones of inhibition were measured after 24 hours of incubation at 28 ˚C. Nystatin was used as a positive control for C. albicans and Vancomycin for S. aureus. Key: NA (not applicable), NT (Not tested), - (no activity).

Table 6 Mass and activity of VLC pooled semi-pure fractions of F-1915F7F5

	Fraction (0.25mg/disc)

	Mass

	Color

	MRSA (mm)

	WTSA (mm)

	ARCA (mm)

	WTCA (mm)


	1

	0.7

	yellow

	NT

	NT

	-

	-


	2

	1.4

	yellow

	NT

	NT

	-

	-


	3

	1.1

	yellow

	NT

	NT

	-

	-


	4

	16.4

	Light blue

	NT

	NT

	20

	22\


	5

	9.9

	Light blue

	NT

	NT

	19

	20


	6

	8.9

	Light blue

	NT

	NT

	18

	19


	F-1915F7F5

	10.0

	Light blue

	23

	20

	20

	19


	F-1915F7

	10.0

	Dark blue

	17

	16

	17

	16


	F-1915 crude

	10.00

	green

	15

	16

	12

	NT


	Positive Control (0.05mg/disc)

	
	
	
	

	Vancomycin

	
	
	20

	20

	NA

	NA


	Nystatin

	
	
	NA

	NA

	17

	15




Samples were tested at a concentration of 0.25mg per disc. Zones of inhibition were measured after 24 hours of incubation at 28 ˚C. Nystatin was used as a positive control for C. albicans and Vancomycin for S. aureus. Key: NA (not applicable), NT (Not tested), - (no activity).
Purification of F-1915F7F2F3 and F-1915F7F5F4 by high performance liquid chromatography (HPLC)

Purification of F-1915F7F2F3 using semi-preparative reverse phase HPLC with    75 % acetonitrile: 25 % dDW H2O afforded 21.9 mg of a dark blue powdered compound. Peak purity check was done using 67 % acetonitrile: 33 % water. Purification of F-1915F7F5F4 using semi-preparative reverse phase HPLC with    75 % acetonitrile: 25 % dDW H2O afforded 9.3 mg of a light blue powdered compound. Peak purity check was done using 67 % acetonitrile: 33 % water.

NMR spectral data analysis and structure elucidation of F-1915F7F2F3
The compounds F-1915F7F2F3 and F-1915F7F5F4 were later shown by 1H NMR to be the same. The structural characterization of F-1915F7F2F3 was done with the help of external collaborators at Scripps Institution of Oceanography. It was evident from the spectral data obtained for F-1915F7F2F3 that it is a brominated phenazine compound that has been previously studied by the external collaborators at the Center for Marine Biotechnology and Biomedicine by Professor William Fenical and his group. They isolated seven bromine containing antitumor-antibiotics of an N-alkylated phenazinone class, marinophenazimycins A-G (Asolkar et al., unpublished data). Marinophenazimycin A (Figure 4) and F-1915F7F2F3 had very similar spectroscopic data and thus the data which were obtained for F-1915F7F2F3 were analyzed to reconfirm the structure of marinophenazmycin A. The crystal structure elucidation of marinophenazimycin A had been undertaken by our collaborators yet the structure of this compound was not published.





Figure 4 Structure of Marinophenazimycin A (F-1915F7F2F3)
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Work in Progress:
Isolation of Bioactive compounds from marine invertebrates; Solomon Islands
Chemodiversity and phylogenetic assessment of Tamanu/Dilo Calophyllum inophyllum from the South Pacific
By Joape Ginigini
[bookmark: _Toc391895400][bookmark: _Toc393722043]Abstract

According to the International Union for the Conservation of Nature (IUCN) endangered species index, C. inophyllum is placed on their red list 1998 (9). Efforts to create awareness have begun in the South Pacific and as such a diversity study of the oil was applied here from 3 pacific countries; French Polynesia, New Caledonia and Fiji in order to reveal chemical and biological diversity. This objective was accomplished through the systematic identification of C. inophyllum samples from the coastal locations of the 3 three countries through corroborative evidence from genetic analyses and chemical analyses. In retrospect also revealing the movement of this drift nut with ocean currents across the Pacific Ocean around the three countries. Different parts of this plant are used in the field of traditional medicine in most of the Pacific Islands: its oil, leaves, roots, bark, fruits and resin. We pay special attention to the "Dilo" resin for chemodiversity studies and leaf for phylogenetic studies. The main objective was the application of a method of analysis for kernels in small quantities, which would allow us to establish the chemo-diversity of Dilo. The various components contained in the resin oil of Calophyllum inophyllum was defined by different geographical boundaries but also we distinguished the chemical diversity aspect by comparing the samples chemical profiles from High Performance Liquid Chromatography (HPLC) analyses against 7 standards. The use of universal barcoding genes accD, ndhJ and psbA markers revealed genetic variations intra and inter-geographically and co-elution experiments discovered 24 cryptic compounds of low chemical intensity present in the sampled data set.  
[bookmark: _Toc391895401][bookmark: _Toc393722044]Introduction

The Dilo plant belongs to Kingdom Plantae, Phylum Magnoliophyta, Class Magnoliospida, Order Malpighales, Family Calophyllaceae, and Genus Calophyllum. It is native to Africa, India, South East Asia, Australia and the Pacific. It grows to a height of 8 – 15m and has a large canopy with a network of branches, an attribute that has been utilized by most to protect inland crops from salt and sea breeze by strategically planting them on the shoreline as wind and salt breakers. The wood is widely used for building cabinet and furniture, carving, boat and canoe building. The oil from the plant has been used for medicine against skin infections, as a scar remover and other cosmetic uses (1).
 
In Fiji, the oil is used to cure arthritis and joint pain, as eye wash for conjunctivitis (16) and also to prevent rash.  The bark contains 11 to 19% tannin and its juice is purgative as a cleanser for bowels. It is considered medicinal in Asia, being used in India for orchitis [footnoteRef:1](2). The bark when taken internally acts as an expectorant[footnoteRef:2] and is useful in chronic bronchitis and phthisis. The resin mixed with strips of bark and leaves is a household application for sore eyes. A decoction[footnoteRef:3]of the root is employed for dressing ulcers and also for application in heatstroke. The leaves soaked in water produces a bluish color and natural scent is applied to inflamed eyes (3), also used for this purpose in Fiji and the Philippines (3). The green fruit is used for tuberculosis (16). [1:  Orchitis is an inflammation of one or both of the testicles, mostly associated with the virus that causes mumps. ]  [2:  Promoting the discharge of mucus or other fluid from the respiratory tract.]  [3:  Water in which a crude vegetable drug has been boiled and which therefore contains the constituents or 
principles of the substance soluble in boiling water.

] 


 The chemical composition of the “Dilo” oil is higly rich in medicinal properties. The composition of the oil are as follows; the free fatty acids, glycerides and sterols. Terpenoids and steroids (canophyllal, canophyllol, canophyllic acid). The Coumarinic derivatives with some of their corresponding activities are calophyllolides (natural neo-flavonoids with antibacterial, anti-inflammatory and anti-blood coagulation properties), inophyllolids (natural neo-flavonoids with antiviral properties), calophyllic acid (natural neo-flavonoid with anti-molluscidal and healing activities). The flower contains calaustalian, a 7-glucoside of myricetin (17) which has moderate activity against ƘB cells (IC50: 42ug/mL). 

Table 1. Biological activities of some C. inophyllum compounds
	Compound
	Anticancer
	Antimicrobial
	Antioxidant
	Anti-HIV
	Anti-Molluscidal
	Anti-Inflammatory

	Calophyllolide
	⧾
	⧾
	
	
	
	⧾

	Inophyllum P
	
	
	
	⧾
	
	

	Inophyllum C
	⧾
	⧾
	⧾
	
	
	

	Inophyllum D
	⧾
	
	⧾
	
	
	

	Inophyllum B
	
	
	
	⧾
	
	

	4-Phenyl coumarine
	⧾
	
	
	⧾
	⧾ 
	 


Research into encompassing chemotype and phenotype variation for elucidation of diversity has been archieved by Kiran et al., 2011 but a slight difference used in his research was the application of only coumarine derivatives as chemotype markers and also the use of simple sequence repeat markers for the study of genetic variation. In comparison to afore mentioned work, the present study aims to utilize barcoding universal gene markers in accD, ndhJ and psbA as tools to study the genetic variations occurring intra-geographically and inter-geographically. In addition, chemotypic support for chemical diversity would be provided by 7 standard C. inophyllum curnel produced compounds; Inophyllum E, C and P, Calophyllolide P, Tamanolide C, and oxo-calanolyde P. In collecting these data a relation may be made with considerations to chemical diversity of the C. inophyllum and further links to their specific genetic variations along the lines of the gene regions targeted. 
[bookmark: _Toc391895402][bookmark: _Toc393722045]Method

Sample collection – The Dilo nuts were collected during the fruit flush of June to August and some were even collected late into December summer solstice on the more sunny sides of Fiji. The samples from the Fiji aspect of the study were divided into 5 locations. Four of the locales were on the main island of Viti Levu and the fifth was from Rotuma, a far flung island north of Viti Levu. On the main island, 4 sites were chosen consisting of the 4 southern, eastern, northern and western coasts. 
Table 2. Sampling plan with GPS and DNA sample pretreatment for all samples

	Country
	Island
	    GPS Co-ordinates
	Orientation / Village 
	Nuts
	Leaf Storage

	

Fiji
	Viti Levu



Rotuma
	S18⁰ 09. 559     E178⁰ 25. 518
S18⁰ 10. 532     E177⁰ 32. 141
S17⁰ 40. 836     E178⁰ 34. 644
S17⁰ 31. 450     E170⁰ 21. 887

S12° 43' 33.9035  E179° 7'15.9375"
	South
West
East
North
-
	5
5
5
5
5
	Fresh
rNA Later
rNA Later
rNA Later
rNA Later



Treatments – The nuts were placed on polyethylene trays and aired to remove moisture for two weeks before they were placed into a solar drier fitted with concrete heat tanks, thermometers and covered with UV-Vis plastic roofing material. These nuts were then left for a period of 6 to 8 weeks. The leaves were immediately placed into rNA Later solution in triplicates for each tree sample after each day of sampling. Eventually, only 3 sample replicates per site from the 4 Fiji locales on the main island was used for HPLC analysis. In theory, they were replicates from the same locales and a triplicate would satisfy the maximum sample number for statistical requirement. 
                   
Dried fruits after 6 to 8 weeks. Six dried kernels were chosen according to similar size and the absence of fungal and other adulterants. 

			
Kernels were wrapped in cheese cloth and crushed in a pastel and mortar until	the cheese cloth had fully absorbed the maximum exuded oil from the Dilo flesh

			
Cheese cloth with absorbed oil from the crushing process placed in a
			cone funnel


EtOAc solvent exhaustive extraction from the oil
			Separation of Ethanol fraction from EtOAc fraction(v/v)
Removal of EtOH and evaporation in vacuo @ 30°C

EtOAc Evaporation in vacuo and addition of EtOH

						
			
			
 
			
Collected EtOAc fraction from oil
Figure 1. Chronological treatment of Dilo kernels after the drying period to obtain resinous fraction

High Performance Liquid Chromatography (HPLC) analysis

An Agilent 1100 series gradient HPLC fitted with a UV/DAD system was used. The column used was an INTERCHROME MODULO-CART QS UPTISPHERE 5µ Si column and the data were viewed on Agilent’s chem station software. The elution conditions were as follows; Flow rate 1mL/min, pressure 2500psi max, injection volume 4 µL   and the step gradient sequence as mentioned in table 3.  After numerous trials( not shown in this aspect), the conditions shown in Table 1. was formalized for the analysis of the Dilo samples. Resinous extracts were dissolved in EtOAc: Cyclohexane at a 1:1 ratio v/v.
Table 3. Step gradient for HPLC analysis of Dilo samples with DAD λ (nm)
	Time
(min)
	Line B (EtOAc)
%
	Line D (Cyclohexane)
%
	DAD (λ nm)

	0
	8
	92
	
A-254

B-280

C-320

D-360


	2
	8
	92
	

	32
	15
	85
	

	45
	15
	85
	

	47
	25
	75
	

	49
	25
	75
	

	50
	100
	0
	

	55
	100
	0
	

	57
	8
	92
	

	60
	8
	92
	






Sample preparations for HPLC analyses
Solvents were filtered and sonicated before injected into the HPLC system. The samples were dissolved into EtOAc and sonicated before equivalent volume of cyclohexane was added to make a final concentration of 10mg/mL. An automated sampler was utilized for the purpose of injection and sample injection sequences were inserted into the setup program prior to commencement of analysis. Samples that were analyzed are as shown in table 1.1 in Appendix A. 

Data treatments
The acquired HPLC data was first treated in RStudio to define a baseline and then re-zero the chromatograms in Scilab. Noise removal was also applied followed by alignments and correspondence analysis in Scilab. The Fiji data was then separated from the combined data and Principal Component Analysis (PCA) was employed on the HPLC chromatograms to generate diversity plots. Similarly, the same was applied to the combined data set to reveal chemo-diversity patterns in the three locales of study.

DNA Extraction and PCR amplification
Plant DNA was obtained from young leaf tissue using a commercial kit (Macheral) Plant Nucleospin II kit with leaf samples lyophilized in liquid nitrogen and crushed before being subjected to kit protocols. Three plant universal chloroplast regions were targeted for amplification namely; the Acetyl-CoA carboxylase (aCCD) gene,  the NADH dehydrogenase 30 kDA  (ndhJ) subunit, and the Photo system II protein D1 (psbA) gene. The PCR conditions are as shown on table 4.

Table 4. PCR amplification conditions for accD, ndhJ and psbA genes with specific melting and annealing temperatures 
	Cycle
	Temp  accD °C
	 Temp ndhJ °C
	Temp psbA °C
	Time

	1
	92
	2 min

	
8
	92
	30 sec

	
	44
	      43
	43
	30 sec

	
	72
	1 min

	
40
	92
	30 sec

	
	46
	      45
	45
	30 sec

	
	72
	1 min

	1
	72
	5 min

	Hold
	4
	∞



The amplification was accomplished using a Thermo Scientific Arktik Thermo Cycler. Utilizing the above conditions for the individual markers. The primers were diluted to a concentration of 60ρmol before use in PCR mix. All sample amplification were eluted in distilled milliQ water at 50 (µL) volumes and tested for purity in 1% gel electrophoresis and concentrations were found by running ladders together with the samples during gel electrophoresis.

Table 5. Chloroplast gene markers targeted for PCR 
	Code
	Name
	Forward

	Reverse
	Accession No.

	
accD
	Acetyl-CoA carboxylase 30Db
	
AGTATGGGATCCGTAGTAGG
	
TCTTTTACCCGCAAATGCAAT
	
GQ861354.1

	
ndhJ
	NADH Dehydrogenase
	
TTGGGCTTCGATTACCAAGG
	
TCAATGAGCATCTTGTATTTC
	
GQ998816.1

	
psbA
	
Photosystem II
	
GTTATGCATGAACGTAATGCTC
	
GCGCATGGTGGATTCACAATC                      
	GU014469.1                                               



Sequence analysis
The samples were sequenced in GATC Biotech sequencing services, Germany. Data received in AB1 format were viewed under sequencing scanner and corrected for contiguous read lengths and quality of data. Files were then analyzed using MEQA6 where indel editing was done before they were blasted in NCBI using nucleotide search tool. Only hits from 100 to 94% were considered and included into the alignment list. The samples thus were aligned with selected nucleotide sequences using Clustal W and Maximum likelihood trees constructed using MEQA6 phylogeny tool. Work is still in progress to sequence the PCR products from New Caledonia and Tahiti. They will be included into tree re-constructions after sequencing has been done. Sequences will be deposited into the NCBI data base for publication purposes.
[bookmark: _Toc391895403][bookmark: _Toc393722046]Results and Dis
cussion

Fiji chemical and biological diversity
A common chemo-diversity pattern was observed from the Principal Component Analysis (PCA) of the Fiii HPLC data in Figures 3 and this was the clear similarity of the Rotuma and Fiji west samples and their distinction from the rest of the samples from the Fiji locales. 
[image: F:\Documents\Back_up_docs\Dilo\Dilo\DNA\HPLC_files\RplotFJ7.jpeg]
Figure 3. Principal Component Analysis R-scatter plot generated with the RStudio software for the Fiji locales HPLC profiles (λ 280 nm). 

There is no present scientific data on this theory of geographic chemotype specificity for C. inophyllum from warmer habitats, nevertheless the data here appears to support this idea. Works by Tori et al; 2008 (11) and Kiran et al; 2011 (12) have further shed light on the chemical specificity and its direct relation to genetic diversity and geographical point of origin from C. inophyllum. Furthermore, PCA analysis on combined HPLC chromatogram data at λ 280nm has been represented in Figures 4 and 5 revealing a total variance of 10.6% and 6% respectively again revealing that chemical diversity has been immensely dictated by the geographical point of sampling. From Fig 4, the lower end of the x-axis on the plot shows all compounds from French Polynesia while the upper x-axis shows the Fiji samples on the right and the New Caledonian samples on the left.

[image: F:\Documents\Back_up_docs\Dilo\Dilo\DNA\HPLC_files\Chromato280\Rplot.png]
Figure 4. Principal Component Analysis R-plot based on the variation of the number of peaks and their relative proportions present in the chromatograms HPLC-UV/DAD at 280 nm of  the combined total 80 samples from Fiji, French Polynesia and New Caledonia.

[image: F:\Documents\Back_up_docs\Dilo\Dilo\DNA\HPLC_files\Chromato280\fig1.png]
Figure 5. R-plot eclipse from the PCA analysis of all HPLC profiles (λ 280nm) based on number off peaks and relative peak concentrations. 

The eclipse of the three islands in Fig 5 shows a better representation of geographic isolation and its effects on chemical diversity. The dots appearing out of the circular eclipse account for the specific compounds which are produced from the respective locales only. The average relative absorbance for the peaks was 0.26 x 10-4 to 1.32 x 10-2 per sample. Interestingly, there appears to be cosmopolitan chemotype diversity in the Fiji samples as some chemotype patterns are observed to be shared between Fiji/French Polynesia and Fiji/New Caledonia locales but nothing is observed for French Polynesia/New Caledonia correspondingly.

 An interesting point of view to the Fiji diversity pattern is if a broader view of the locales and the corresponding oceanic currents that each island experience is considered as depicted here in figure 6. The map and the South Pacific gyre attempts to describe perfectly a possible scenario for the existence of these chemotype patterns. The south circumpolar current from the south appears to merge with the South American current and the North Pacific current circulation and turns around from French Polynesia to travel towards Fiji on the west. As it passes Fiji, the South Pacific gyre turns south and begins to merge again with the circumpolar current. This may have caused the shared diversity observed for Fiji and the other 2 locales. The South Pacific gyre is travelling around it thus Fiji is receiving drift nuts from both Tahiti and New Caledonia while preventing certain diversity to reach French Polynesia on its path from New Caledonia and vice versa for those nuts drifting to New Caledonia on their way from French Polynesia.   
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Figure 6. A map of the sampled countries circled black and over-layed is the South Pacific gyre. The red line signifies the South American current, blue is the circumpolar current from the south, and yellow shows an area where a mixture of the North Pacific circulation gyre occurs with the South American gyre (11). 

Table 6. List of peaks specific to each geographical location. Values ​​represent the absolute integration (%) of each peak relative to the 100 peaks from each chromatogram


	Peaks No.
	Geographic locales
	Peaks
	Geographic locales

	1
	French  Polynesia
	69
	French Polynesia

	2
	French  Polynesia
	70
	French  Polynesia

	3
	French  Polynesia
	74
	French  Polynesia

	4
	French  Polynesia
	77
	French  Polynesia

	5
	French  Polynesia

	6
	French  Polynesia

	13
	Fiji

	27
	New Caledonia

	28
	New Caledonia

	32
	New Caledonia

	37
	French  Polynesia

	38
	French  Polynesia

	40
	French  Polynesia

	51
	Fiji

	52
	New Caledonia

	56
	Fiji

	57
	Fiji

	63
	Fiji

	64
	Fiji

	65
	Fiji


[image: F:\Documents\Back_up_docs\Dilo\Dilo\DNA\HPLC_files\Chromato280\standards.jpeg]
Figure 7. The HPLC chromatogram of a co-elution of a sample and the standards used. Conditions remain the same as for a normal sample analysis. The sample injected here is from French Polynesia. Generated using Scilab and R studio softwares.

The HPLC method employed for the study had a 60 minute run time with 60 compounds detected both minor and major. Although there were such a large number of compounds presented here, the recurrence of peaks in HPLC analysis shows that they are not noise or contaminants and are in fact signals. Although, slight variability may be attributed to treatments from the respective locales in terms of the extraction processes and removal of oil and lipids from the resinous extract. Figure 7 shows the co-elution of standards and samples. Calophyllolide is the highest in concentration and this appears to agree with literature data on the compound dominance in biological activity and its gravimetric scores. 

The geographic assignment of peaks in Table 6. has been achieved through a shorter HPLC sequence program which reveals a maximum of 100 peaks from a 60 minute run under conditions mentioned in table 1. Previous work not mentioned here has optimized the HPLC and microscale methods for extraction enabling the co-elution and subsequent identifications of constituents. Work by Pawar et al., 2011(12) has targeted Pyranocoumarins as an excellent target for chemodiversity studies in Calophyllum inophyllum. Similarly, this study has also utilized a number of Pyranocoumarins for chemodiversity delineation along the three geographic locations. Specific peak integrations for each peak was applied and compared to 
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Figure 8. The unrooted phylogenetic tree for the Fiji and Tahiti samples targeted at the aCCD chloroplast region. Tree was constructed using Maximum Likelihood (ML) inference method and 1000 bootstrap realignments. The scale represents the number of substitutions per site.  

standards for C. inophyllum resulting in 7 geospecific compounds uncovered from the Fiji samples, 14 for French Polynesia and 4 for New Caledonia. Although, a more detailed investigation has not been applied to ascertain the location of the most bioactive extract from the 3 locations and thus confirm the location for the highest quality and yield of C. inophyllum samples for upscale pharmaceutical processes, continuation of work herewith may reveal such results.



  Figure 9. The phylogenetic tree for  Tahiti samples targeted with the psbA marker       Figure 10. The ML phylogenetic tree for Fiji samples amplified 
[image: ][image: ]constructed using maximum likelihood inference method and 1000 boostrap resampling                 ndhJ gene regions. 1000 boostrap resampling
[bookmark: _Toc391895404][bookmark: _Toc393722047]This is the first reported work for the use of the universal bar coding genes accD, psbA  and ndhJ on C. inophyllum.  The plastid accD gene which encodes for the ß-carboxyl transferase subunit of acetyl co-enzyme A carboxylase is present in the plastids of most flowering plants, including non-photosynthetic parasitic plants and is involved in fatty acid biosynthesis. Reasonably noticeable is the fact that accD has a lower discriminating power when compared to the psbA marker on Figure 8. A closer look at the aCCD ML tree shows Fiji (Viti Levu) North samples clustered together with Rotuma in Figure 8 which is far removed from what is observed for Rotuma and Fiji West samples generated using HPLC data as shown in Figure 7. This may again be ascribed to the accD markers discriminatory capability. This dissimilarity may be due to the fact that the scatter plot was generated using chemical data which is inferred from HPLC analyses while the maximum likelihood tree is inferred from sequenced data. Thus inference algorithms in translational or statistical programs such as Scilab, Mega 6 and R studio play a key role in the generation and representation of data. In addition, possible sources may include geographical proximity of samples as in Fiji North and Rotuma samples and the equivalent evolutionary rates together with climatic factors that affect them. Sequences will be deposited in the NCBI database for publication purposes.

The psbA marker appears to satisfactorily differentiate the different samples from Tahiti into clusters by location with Rangiroa and Raiatea on opposite sides of the tree. Two samples have not been included due to their distortion effects on the tree matrix. They are Tahiti Takuhe Ohoho and Tahiti Moorea Paopao. The ndhJ phylogenetic tree for the Fiji samples is shown in Figure 10 and again noticeable is its low discriminating ability with only Fiji East samples 4 and 5 showing observable genetic variations. A closer look at psbA literature reveals works by Lin et al., 2012 (13) revealing that the psbA-trnH spacer region has high resolution at order and family level but low resolution at genera level. The rbcL spacer region was also included in the initial research but was indiscrimatory during initial analysis therefore discarded. 

The use of Internal Transcribed Spacer (ITS) regions for this work is more robust in supporting genetic variation due to longer variable regions being considered. In contrast, Inter-simple spacer regions (ISSR) such as used by Kiran et al., 2011 (12) is suitable for phylogeography work and is not as sensitive to differentiate at individual sample level. Similarly, work by Setsuko et al., 2012 (15) has highlighted the significance of using Expressed Sequenced Tags (EST) rather than SSR markers at species level. It provides enormous support since EST markers are derived from transcribed regions and are less polymorphic for C. inophyllum. Thus, species level delineation would be more reliable since they are conserved in these regions. 
Conclusions

The use of the micro extraction method for obtaining crude resinous extract from Calophyllum inophyllum was successfully applied. The percentage yield was high enable the use of the extracts for chemotaxonomy analysis under gradient HPLC conditions. A total of 80 samples were analyzed in HPLC and sequenced from the three island locations studied namely; French Polynesia, Fiji and New Caledonia and it was observed that genetic variation patterns were dictated by geographic effects. Although, it is a challenge to develop barcoding for terrestrial plants (14), a robust use of spacer regions such as applied in this work was able to reveal highly profound intra and inter-geographical genetic variations. It should be interesting to review all phylogenetic and chemodiversity data once all sequencing work is completed. The research done here should be immensely useful as a baseline for future investigations into C. inophyllum bio and chemodiversity. 

Chemodiversity patterns showed a noticeable clustering towards areas of high sunlight which is a common mechanism for plant reproduction and survival strategy. Furthermore, although there is no current evidence to support higher genetic variation and upscaled biosynthetic activity in warmer climates, this study appears to hint the existence of such a pattern. Chemodiversity analysis revealed the presence of 7 unique compounds from the Fiji locale, 13 from French Polynesia and 4 from New Caledonia. Although relatively small in intensity, these peaks have been observed to be statistically significant proving their existence as secondary or low concentration compounds and not as contaminants.
 
[bookmark: _Toc391895405]In short, the study here was able to reveal chemodiversity patterns existent in the sampled locations and thus reveal cryptic secondary compounds within each of the three data sets. In addition, when over-layed on a map including ocean currents experienced by the three locales, diversity origins of Dilo drift nuts may be observed. 
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The search for bioactive compounds from marine invertebrates of the Solomon Islands.
Katy Soapi, Ilaisa Kacivakanadina and Emi Vunisaravi
Summary of Project
A major survey/collection trip was carried out to the western Province of the Solomon Islands (Tetepare, Gizo, Munda) with approximately 120 marine macrosamples and 80 sediment samples collected in March 2012. In this project, marine invertebrates and algae samples from the collection were identified through morphology, and tested for their bioactivity against relevant models including: drug resistant bacteria, fungi, and cytotoxicity. The identification of the marine invertebrates and algae samples were conducted as part of a workshop. This research was carried out in the hope of providing better knowledge of the biodiversity of marine invertebrate and algae of the Solomon Islands as well as to isolate bioactive compounds from chemically diverse coral reef organisms that can provide potential drug leads for further studies. This report includes all the activities that have been conducted so far since its inception. 
Background and Significance
Natural products derived from terrestrial and marine ecosystems have for a long time played an important role in the treatment and prevention of many diseases. Nearly 50% of currently used drugs have their origin in natural products[endnoteRef:1] derived from various sources including plants, micro- and macro-organisms found in the environment.  [1:  	Newman, D.J.; Cragg, G.M., Natural products as sources of new drugs over the last 25 years, J. Nat. Prod., 2007, 70, 461-477] 

With over 70% of the earth’s surface covered by the ocean, this marine environment represents an exceptionally rich resource for exploration of novel biologically active natural products with great potential as pharmaceuticals, nutritional supplements and cosmetics with immense economic interests. Many marine micro- and macro-organisms (for example marine bacteria, sponges, bryozoans and tunicates) do not have the ability to move and/or to escape and tend to use strong chemical defenses to prevent predation. These organisms and their chemical taxa are inadequately documented, but can be exploited to enhance discovery of novel bioactive metabolites that can form possible sources of effective therapies for diseases of importance to the South Pacific. Some examples of marine derived natural products with biomedical interest include the potent anti-tumor compounds ecteinascidin 743, salinosporamide A, discodermolide, the pseudopterosins and many more either currently in clinical trials or are incorporated into commercial products [endnoteRef:2],[endnoteRef:3] [2:  	Newman, D.J.; Cragg, G.M., Marine natural products and related compounds in clinical and advanced preclinical trials. J. Nat. Prod., 2004, 67, 1216-1238. ]  [3:  	Newman, D.J., Natural products as leads to potential drugs: an old process or the new hope for drug discovery? J. Med. Chem., 2008, 51, 2589-2599.] 

Until recently, very little was known about marine natural products from the Solomon Islands. However, in the last four years, a number of important discoveries have been reported from marine invertebrates particularly sponges. These include the antimalarial alkaloids, agelasine J, agelasine K, and agelasine L and the anti-inflammatory compounds coscinolactams A, [endnoteRef:4]  solomonamides A and B,[endnoteRef:5] perthamides C and D[endnoteRef:6] amongst others. Two new cytotoxic depsipeptides, papuamides E and F were also reported from our laboratory recently.[endnoteRef:7] A report by Clua[endnoteRef:8] et al. revealed that bio-prospecting proved exceptionally fertile in Solomon Islands with only 17 of 174 sponges not showing any bioactivity on assay models insinuating that Solomon Islands is extremely ideal for bio-prospecting research.  [4:  	Marino, S.D.; Festa, C.; D’Auria, M.V.; Bourguet-Kondracki, M.; Petek, S.; Debitus, C.; Andre´s, R.M.; Terencio, M.C.; Payá, M.; Zampella, A., Coscinolactams A and B: new nitrogen-containing sesterterpenoids from the marine sponge Coscinoderma mathewsi exerting anti-inflammatory properties. Tetrahedron, 2009, 65, 2905–2909.]  [5:   Festa, C.; Marino, S.D.; Sepe, V.; D’Auria, M.V.; Bifulco, G.;  Debitus, C.; Bucci, M.; Vellecco, V.;  Zampella, A., Solomonamides A and B, New Anti-inflammatory Peptides from Theonella swinhoei, Org. Lett., 2011, 13, 1532–1535.]  [6:  	Festa, C.; Marino, S.D.; Sepe, V.; D’Auria, M.V.; Bifulco, G.;  Andrés, Terencio, M.C.;  Payá, M.; Debitus, C.; Zampella, A. Perthamides C–F, potent human antipsoriatic cyclopeptides. Tetrahedron, 2011, 67, 7780-7786.]  [7:  	Prasad, P.; Aalbersberg, W.; Feussner, K-D.; Wagoner, R.M.V.  Papuamides E and F, cytotoxic depsipeptides from the marine sponge Melophlus sp.  Tetrahedron, 2011, 67, 8529-8531]  [8:   Clua, E, Sciecne and Technology: Exploring marine sources for active substances, Islands Business.http://www.islandsbusiness.com/islands_business/index_dynamic/containerNameToReplace=MiddleMiddle/focusModuleID=19713/overideSkinName=issueArticle-full.tpl (accessed 1/12/2011). Islands Business story June 2011.
9 Dilip de Silva, E.; Scheuer, P J. Manoalide, an antibiotic sesterterpenoid from the marine sponge luffariella variabilis. Tetrahedron Lett. 1980, 21, 1611–1614.


















Human health security and climate change: Investigation of therapeutic compounds from Fijian sponge derived marine fungi
Payal Nandini Maharaj
(payal.maharaj@gmail.com)
Sponges associated fungi project:
A total of ten sponges were selected for the isolation of marine fungi for this study. Except for the family Mycalidae, none of the nine selected sponges had any reports on bioactive compounds from microbes associated with sponges (Thomas et al. 2010). The family Mycalidae was chosen for study out of curiosity for potential bioactive compounds. 


Figure Error! Main Document Only.: Sponge families. 1: Agelasidae, 2: Dictyonellidae, 3: Dictyodendrillidae, 4: Plakinidae, 5: Desmacellidae, 6: Phloeodictyidae, 7: Crellidae, 8: Astroscleridae, 9: Mycalidae, 10: Phloeodictyidae. Photo credit: CDDC, IAS, USP, Fiji.
Results obtained from the project
Within the auspices of the project the following was accomplished:
A total of 21 fungal isolates have been isolated from 10 different fijian sponge samples. All the isolated fungal strains were facultative in requirement of seawater for their growth. This indicated that the fungal isolates are capable of growing in both marine and terrestrial environment.
Potato Dextrose Agar (PDA) was found to be an excellent broad spectrum nutrient media for the growth of the majority of the fungal isolates isolated from this study.
All the isolated fungal strains were subjected for slide culture technique and the results obtained revealed that all the isolates were sporulative.
The 21 different marine fungal isolates (from 1. Above) were isolated and purified from 10 marine sponges. Among them, 62% of the isolates showed activity against methicillin resistant Staphylococcus aureus, 57% isolates exhibited activity against rifamycin resistant S. aureus and 38% of the isolates displayed activity against vancomycin resistant Enterococcus faecium and wild type S. aureus respectively. Interestingly, 24% of the fungal isolates showed antifungal activity against Cryptococcus neoformans and cytotoxicity against brine shrimp larvae respectively. 
There was considerable biological and chemical diversity among the 21 fungal isolates which was observed throughout the duration of isolation, purification and small scale fermentation evident in photographs provided in results section.
Among the biologically active strains, FF-0022 and FF-0035 were selected as candidates for mass production and purification of active molecules based on their high antimicrobial activity. 
Based on condiophore aggregation, conidia development and mycelia morphological characteristics, the isolates FF-0022 and FF-0035 were classically identified as Biopolaris papendorffi and Aspergillus niger respectively. 
A total of six bioactive compounds were purified from selected fungal strains. Among them, compound 1(FF22MF4H2H1) was suspected of being a new compound however, due to the limited quantity of the compound all the necessary NMR spectral data for analysis could not be obtained. Compound 2 (FF35MFDCM2ABF4H7) was identified as chloramphenicol (Figure 1), compound 3 (FF35MFDCM2ABF4H3H1) and 5 (FF35MFDCM2ABF4H3H3) were confirmed of being aurasperone E (Figure 2). Compound 4 (FF35MFDCM2ABF4H3H2) was identified as fonsecinone B (Figure 3) and compound 6 (FF35MFDCM2ABF4H3H4) was identified as aurasperone B (Figure 4). 
All of the purified compounds exhibited significant activity against WTSA. On the contrary, none of the purified compounds displayed activity against WTCA and ARCA. Furthermore, compounds 3, 4 and 6 were not active against MRSA, VREF and RRSA. Interestingly compound 1 showed the highest antibacterial activity against MRSA, VREF and RRSA.
                 
             
                    Figure 1: Chloramphenicol                                  Figure 2: Structure of Aurasperone E
                  
                 Figure 4: Structure of Fonsecinone B                 Figure 4: Structure of Aurasperone B
Based on the literature review, it can be concluded that chloramphenicol has not been reported from any fungal sources so far and interestingly, chloramphenicol is reported for the first time from a fungal source by this study. In addition to this, the Aspergillus niger (FF-0035) isolated from the sponge Mycale sp. was the source of aurasperone E, aurasperone B and fonsecinone B which has been reported here for the first time from a sponge derived marine fungus.
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This project focused firstly on the taxonomic identification of marine invertebrates and algae.  Information gained from these studies can help in biodiversity conservation of the biotic resources from which the extracts are derived and the education of local stakeholders. With the samples identified, the project then focused on the discovery of potential medical agents from these poorly understood marine organisms. Extracts from these organisms were bioassayed against Brine shrimps for cytotoxicity and also against relevant models including: drug resistant bacteria, fungi, TB, malaria and cancer by our overseas partners. Those extracts found to be bioactive were purified and further studied in order to evaluate their potential as pharmaceutical drug leads. 
3. Project Methodology

· Sponge/Soft coral and Algal Identification
Identification of sponges required two forms of histological preparation for use with light microscope. These were:
1) Spicule preparation (bleach and acid digestion) to determine the diversity and geometry of spicules in the skeleton. Identification was based on spicule morphology.
2) Section preparation to determine the structure of the skeleton, the water-canal system, and other aspects of histology. Identification was based on internal anatomy for accurate identification. 
Soft coral identification was done in a similar manner but identification was done mostly through sclerites morphology. Other invertebrates were identified through the help of Dr John Hooper from Queensland Museum, who is an international authority on sponge taxonomy for identification of sponges.  
Algal samples were identified through the use of a light microscope.  Section preparation was also done to determine algae samples. Dr Antoine De Ramon N’Yeurt, an expert on algal taxonomy in the Pacific region also  assisted in the identification of algal samples.
· Extraction and screening for bioactivity of marine invertebrates
Marine samples were extracted with the appropriate solvent at room temperature. The combined crude extracts were tested for cytotoxicity using a brine shrimp assay. Antimicrobial (antibacterial and antifungal) and other tests (antimalarial and anticancer) were conducted by our overseas collaborators.   
· Purification and structural elucidation of bioactive compounds
Through a bioassay guided fractionation, bioactive samples from sponges were subjected to a purification process that included solvent-solvent partitioning followed by semi-preparative high performance liquid chromatography (HPLC).  Pure compounds isolated are yet to be spectroscopically analyzed.  Spectroscopic analysis is not available at USP and samples will be sent overseas to the laboratories of our collaborative partners to help deduce the structure of the compound(s).
Results, Summary of main findings and work completed.
1. Algal  workshop,    August  2012
Dr. N'Yeurt   was hired to identify all the Solomon Algal samples collected.  In addition to this, he was requested to conduct an Algal workshop to staff from IAS, MSP and biology.  All 47 algal samples were identified during this workshop and several of the specimens were new to our collection.  During this workshop, a new genus of a red alga was found and DNA fingerprinting is currently underway to identify the genus. A research paper is currently being prepared by the researchers and Dr. N'Yeurt to formally describe the plant. This was a successful workshop in that the samples were taxonomically identified and staff members benefited from this training and learnt how to identify alga in the field.  This workshop was reported on the IAS website and also on the USP website.
2. Sponge workshop,   July  2013
The world's leading sponge taxonomist Dr. John Hooper was hired to identify all the Solomon sponge samples. In addition to this, he was requested to conduct a sponge workshop to staff from IAS, MSP and biology.  Forty eight sponges were identified during the workshop and all participants had the opportunity to get a hands-on experience in identifying sponges to genus/species level. During the workshop, Dr Hooper introduced SPONGEMAP, an online database that has been developed to help taxonomists in identification of sponges. USP has been given access to this database and has been formally requested by Dr. Hooper to upload the data on to the database. This was also in the national newspaper, the Fiji Times.
3. Bioactivity studies 
A major objective of this project was to carry out pharmaco-chemical studies to determine the biomedical potential of our invertebrate samples.  Subsequently, we extracted a small amount of each of our samples (as a micro-screens) to test the bioactivity of our macro samples.  The followed have been achieved:
a) Extraction of all samples collected (117 sponges/algae). From these samples we collected 656 fractionated extracts. 
b) All fractionated extracts have been tested for cytotoxic activity through the use of a brine shrimp assay test. Approximately 60% of all fractionated extracts tested were found to be biologically active (cytotoxic).
c) For other biological tests (antimalarial, anticancer, anti-tuberculosis and antimicrobial tests) that cannot be carried out at USP, fractionated extracts (656) have also been sent to our overseas collaborators for testing. 
4. Pharmaco-chemical   
A number of sponge samples were selected for further studies based on their bioactivity results from the micro-screen results. These samples were extracted in methanol and dichloromethane and tested further to ascertain their activity.  Table 1 shows the result of the bioactivity test and the sponge samples selected. 
Table 1: Bioactivity of selected sponge samples 
	Crude 
Sample
	MRSA
(mm)
	WTSA
 (mm)
	RRSA
(mm)
	WTCA
(mm)
	ARCA
(mm)
	Brine Shrimp Assay

	G1135M
	10
	-
	10
	-
	-
	Highly Toxic

	G1135D
	-
	-
	-
	-
	-
	Extremely Toxic

	G1149M
	-
	-
	-
	-
	-
	Highly Toxic

	G1149D
	-
	-
	-
	-
	-
	Extremely Toxic

	G1118M
	10
	-
	11
	-
	-
	Moderately Toxic

	G1118D
	-
	-
	-
	-
	-
	Toxic

	G1121M
	9
	-
	10
	-
	-
	Slightly Toxic

	G1121D
	-
	-
	-
	-
	-
	Slightly Toxic

	G1152M
	14
	12
	11
	-
	-
	Extremely Toxic

	G1152D
	-
	-
	-
	-
	-
	Toxic

	Control 
	20
	20
	25
	10
	20
	>97% alive



As shown in table 1 above, samples G1135M, G1118M, G1121M and G1152M were active against bacterial strains MRSA and RRSA. The only sample active against WTSA was G1152M. All crude samples except G1121M showed activity in the Brine Shrimp Assay (BSA). 
All samples shown above are currently undergoing bioassay guided purification. Four pure fractions have been isolated so far from G1135M and the samples will be sent overseas for spectroscopic analysis, particularly NMR and LC-MS soon. The other samples are still awaiting HPLC purification. HPLC profiles of two of two pure fractions of G1135M are shown below. 
	G1135 : Chromatogram 1
[image: ] 
70% DCM 30% MeoH, 0.2ml injected, 0.1 aufs, run time 30 min,  2ml/min 1000 psi
	G1135 : Chromatogram 2
[image: ]
90%DCM 10% MeOH



An additional two samples G 1116 and G 1120 were analysed separately from the samples listed above. G116 (sponge) was found to be bioactive and a crystal was isolated from this sponge. NMR studies showed that the isolated crystals were from a known compound called manoalide.9 G 1120 was also found to be brine shrimp active and an oil was extracted from this sponge.  Preliminary data indicated that the oil could be the known cytotoxic compound manoalide which was previously reported from this sponge.
Conclusion:
In this project, the invertebrate and algal samples collected from the Solomon Islands in the 2012 were taxonomically identified as part of training workshops. Having identified the samples, they were subjected to bioactivity studies to ascertain their pharmaceutical potential.  From the bioactivity studies, a number of samples were selected and subjected to bioassay guided fractionation. From one of these samples (G1135), 4 pure samples have been isolated and awaiting spectroscopic analysis overseas.  Further HPLC purification is underway for the remaining samples.
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