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บทคดัย่อ 
 

 งานวจิยันี้ศกึษาสารเมทาบอไลท์ทุตยิภูมทิีแ่สดงฤทธิท์างชวีภาพจากราดนิ Botryosphaeria rhodina 

NSTRU-PN1.4 และ Trichoderma virens NSTRU-PP3.8 โดยท าการแยกส่วนสกดัหยาบจากราดนิทัง้สอง

ชนิดด้วยเทคนิคทางโครมาโทกราฟีแบบต่างๆ ไดส้ารบรสิุทธิท์ ัง้หมด 19 สาร โดยเป็นสารใหม่จ านวน 3 

สาร (4-5 และ 13) และสารที่มกีารรายงานโครงสรา้งแล้วจ านวน 16 สาร วเิคราะห์โครงสรา้งของสาร

บรสิุทธิด์้วยข้อมูลทางสเปกโทรสโกปี น าสารที่แยกได้ซึ่งมปีรมิาณเพียงพอมาท าการทดสอบฤทธิท์าง

ชวีภาพ โดยน า (3R,4R)-4-acetyl-3-methyl-2(3H)-dihydrofuranone (7) ที่แยกได้จากเชื้อรา B. rhodina 

NSTRU-PN1.4 มาทดสอบฤทธิต์้านเชื้อแบคทีเรยีและต้านเชื้อรา พบว่า สาร 7 แสดงฤทธิต์้านเชื้อรา 

Cryptococcus neoformans ATCC90113 ในระดบัทีต่ ่าด้วยค่า MIC 200 g/mL นอกจากนี้พบว่าสาร

ดงักล่าวไม่แสดงฤทธิต์้านเชือ้มาลาเรยี (Plasmodium falciparum) และต้านเซลลม์ะเรง็ (KB cell lines) 

ส าหรบัสาร 14-15 และ 17 ซึง่แยกไดจ้ากเชือ้รา T. virens NSTRU-PP3.8 ถูกน ามาทดสอบฤทธิต์้านเชือ้

แบคทเีรยี ตา้นเชือ้รา ตา้นเซลลม์ะเรง็เต้านม  ต้านเซลลม์ะเรง็ล าไสใ้หญ่ และต้านการอกัเสบ พบว่าสารทัง้

สามชนิดไมแ่สดงฤทธิต่์อการทดสอบทัง้หมดขา้งตน้ 
 

 
 
ค าหลกั : ราดนิ Botryosphaeria rhodina Trichoderma virens ฤทธิต์า้นเชือ้รา 
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Abstract 
 

 This research project involved investigation of bioactive secondary metabolites from the soil 
fungi Botryosphaeria rhodina NSTRU-PN1.4 and Trichoderma virens NSTRU-PP3.8. Purification of 
the crude extracts by various chromatographic techniques resulted in the isolation of nineteen 
compounds including three new metabolites (4-5 and 13) as well as sixteen known ones. Their 
structures were elucidated by extensive spectroscopic analysis. The isolated compounds with 
sufficient amount were tested for biological activities. (3R,4R)-4-acetyl-3-methyl-2(3H)-
dihydrofuranone (7) isolated from B. rhodina NSTRU-PN1.4 was tested for antibacterial and 
antifungal activities. It exhibited weak antifungal activity against Cryptococcus neoformans 
ATCC90113 with the MIC value of 200 g/mL. In addition, 7 was evaluated for antimalarial 
(Plasmodium falciparum) and anticancer (KB cell lines) activities. However, it was inactive against 
both assays. Compounds 14-15 and 17 obtained from T. virens NSTRU-PP3.8 were evaluated for 
antibacterial, antifungal, anti-breast cancer (MDA-MB-231 cells), anti-colorectal cancer and anti -cell 
inflammation activities. Unfortunately, they were inactive against all assays. 
 

 
 
Keywords: Soil fungi, Botryosphaeria rhodina, Trichoderma virens, Antifungal activity 
 



4 
 

Executive summary 
 

 This research project involved investigation of bioactive secondary metabolites from the soil 
fungi Botryosphaeria rhodina NSTRU-PN1.4 and Trichoderma virens NSTRU-PP3.8 isolated from a 
soil sample collected from Paknakhon mangrove in Nakhon Si Thammarat Province, Thailand. 
Preliminary investigation revealed that the extracts from the fungi NSTRU-PN1.4 and NSTRU-PP3.8 
selectively displayed antimalarial and antimycobacterial activities, respectively. Both extracts were 
weakly active against noncancerous (Vero) cell lines. Accordingly, the crude extracts were purified 
using various chromatographic techniques. The structures of pure compounds were elucidated by 
the extensive spectroscopic methods including UV, IR, NMR and MS. The relative configuration was 
assigned according to NOEDIFF data and/or coupling constants while the absolute configuration was 
determined by comparison of the specific rotation or ECD data with those of the known or 
structurally related compounds. The isolated compounds with sufficient amount were tested for 
antibacterial, antifungal, anticancer, antimalarial and anti-cell inflammation activities. 
 Twelve metabolites including five dimeric -lactones, two new botryosphaerilactones D and E (4 
and 5) and three known botryosphaerilactones A (1), B (3) and C (2), as well as seven known 
compounds (6-12) were isolated from B. rhodina NSTRU-PN1.4. Known (3R,4R)-4-acetyl-3-methyl-
2(3H)-dihydrofuranone (7) with sufficient amount was tested for antimicrobial activity against 
Staphylococcus aureus ATCC25923, methicillin-resistant S. aureus SK1 (a clinical isolate), 
Pseudomonas aeruginosa ATCC27853, Escherichia coli ATCC25922, Candida albicans NCPF3153, 
Cryptococcus neoformans ATCC90113, Microsporum gypseum and Penicillium marnefeii clinical 
isolate. It exhibited weak antifungal activity against C. neoformans ATCC90113 with the MIC value of 
200 g/mL. In addition, 7 was evaluated for antimalarial (Plasmodium falciparum) and anticancer 
(KB cell lines) activities. It was inactive against both assays.  
 One new sesquiterpene derivative (13) and six known compounds (14-19) were isolated from 
T. virens NSTRU-PP3.8. Compounds 14-15 and 17 were tested for antibacterial (against S. aureus, 
methicillin-resistant S. aureus, P. aeruginosa, E. coli, Acinetobacter baumannii NPRC005 and A. 
baumannii NPRC007), antifungal (against C. albicans ATCC90028, C. albicans NCPF3153, C. 
neoformans ATCC90112, C. neoformans ATCC90113, M. gypeum and Talaromyces marneffei PSU-
SKH1), anti-breast cancer (MDA-MB-231 cells), anti-colorectal cancer and anti -cell inflammation 
activities. Unfortunately, they were inactive against all assays. 
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Research Project 
 

Project title: Bioactive secondary metabolites from the soil fungi Botryosphaeria rhodina NSTRU-
PN1.4 and Trichoderma virens NSTRU-PP3.8 
 

Objectives  
 - To isolate secondary metabolites from two soil fungi, B. rhodina NSTRU-PN1.4 and T. virens 
NSTRU-PP3.8. 
 - To identify the structures of isolated compounds using spectroscopic data.  
 - To evaluate for antibacterial, antifungal, anticancer, antimalarial and anti -cell inflammation 
activities of the isolated compounds.  
 

Scope of research  
 Isolation of secondary metabolites from B. rhodina NSTRU-PN1.4 and T. virens NSTRU-PP3.8, 
structural determination of isolated compounds and evaluation for their antibacterial, antifungal, 
anticancer, antimalarial and anti -cell inflammation activities.  
 

Methodology  
 1. Fermentation  
 The fungi NSTRU-PN1.4 and NSTRU-PP3.8 were grown on potato dextrose agar (PDA) at 
25oC for 5 days. Five pieces (0.5 x 0.5 cm2) of mycelial agar plugs were inoculated into 50 flasks of 
500 mL Erlenmeyer flasks containing 300 mL of potato dextrose broth (PDB) and kept at room 
temperature for 3 weeks.    
 2. Extraction and purification  
 - The cultures were filtered to give filtrate and mycelia.  
 - The filtrate was extracted with ethyl acetate. The ethyl acetate extract was dried over 
anhydrous Na2SO4, filtered and evaporated to dryness under reduced pressure to afford a broth 
extract.  
 - The mycelial cake was extracted with methanol. The methanol extract was concentrated 
under reduced pressure. Water was added to the extract and the mixture was washed with hexane 
to give the aqueous and hexane layers. The hexane layer was dried and evaporated to dryness to 
afford a mycelial hexane extract. The aqueous residue was extracted with ethyl acetate. The ethyl 
acetate layer was then dried over anhydrous Na2SO4 and evaporated to dryness to obtain a mycelial 
ethyl acetate extract.  
 - Each crude extract was fractionated by column chromatography over Sephadex-LH20. The 
selected fractions were further purified by various chromatographic techniques to afford pure 
compounds.  



6 
 

 3. Structure determination  
 The structures of pure compounds were identified by spectroscopic data, including UV, IR, 
NMR and MS and/or X-ray diffraction. The absolute configuration of isolated compounds was 
determined by comparison of the specific rotation and/or ECD data with those of the known or 
structurally related compounds.  
 4. Bioassays  
 - The crude extracts were tested for antibacterial (against S. aureus ATCC25923, methicillin-
resistance S. aureus, P. aeruginosa ATCC27853 and E. coli ATCC25922), antifungal (against C. 
albicans NCPF3153, C. neoformans ATCC90113, M. gypseum clinical isolate and P. marnefeii 
clinical isolate), anticancer (oral human carcinoma cells (KB) and human breast cancer cells (MCF-
7)), cytotoxic (Vero cells), antimalarial (against P. falciparum) and antimycobacterial (against M. 
tuberculosis strain H37Ra strain) activities.  
 - The isolated compounds with sufficient amount were tested for antibacterial (against S. 
aureus ATCC25923, methicillin-resistance S. aureus, P. aeruginosa ATCC27853, E. coli 
ATCC25922, A. baumannii NPRC005 and A. baumannii NPRC007), antifungal (against C. albicans 
NCPF3153, C. albicans ATCC90028, C. neoformans ATCC90112, C. neoformans ATCC90113, M. 
gypseum clinical isolate, P. marnefeii clinical isolate and T. marneffei PSU-SKH1), anticancer, 
antimalarial and anti-cell inflammation activities.  
 - The antibacterial and antifungal activities were performed by Prof. Souwalak Phongpaichit, 
Division of Biological Science, Faculty of Science, Prince of Songkla University. Anticancer (KB and 
MCF-7), cytotoxic (Vero cells), antimalarial and antimycobacterial activities were performed at the 
National Center for Genetic Engineering and Biotechnology (BIOTEC) while anti-breast cancer 
(MDA-MB-231 cells), anti-colorectal cancer and anti -cell inflammation activities were carried out at 
the Excellent Center for Drug Discovery.  
 4.1 Antimicrobial activity  
 Antimicrobial activity was determined as described by the Clinical and Laboratory Standards 
Institute (Drummond and Waigh 2000; Clinical and Laboratory Standards Institute 2002a, 2002b, 
2002c). Vancomycin and gentamicin were used as positive controls for bacteria while amphotericin B 
and clotrimazole were positive control drugs for yeasts and fungus, respectively.  
 4.2 Cytotoxic and anticancer activities  
 Cytotoxic assay against Vero cells was performed employing the colorimetric method (Hunt et 
al., 1999), while the activities against human oral cavity (KB) and human breast (MCF7) cancer cell 
lines were carried out using the resazurin microplate assay (O’Brien et al., 2000). The standard 
compound for Vero and KB cell lines was ellipticine whereas those for MCF-7 cell lines were 
tamoxifen and doxorubicin. Anti-breast cancer (MDA-MB-231 cells) and anti-colorectal cancer 
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activities were carried out using the MTT (colorimetric assay) (Zhang et al., 1999). Doxorubicin was 
used as a positive control. 
 4.3 Antimalarial activity  
 Antimalarial activity was performed in vitro against the parasite P. falciparum (K1, multidrug 
resistant strain) using the microculture radioisotope technique (Desjardins et al., 1979). 
Dihydroartemisinine and mefloquine were used as standard compounds. 
 4.4 Antimycobacterial activity  
 Antimycobacterial activity was determined against M. tuberculosis H37Ra strain using green 
fluorescent protein (GFP)-based fluorescent detection (Changsen et al., 2003). Rifampicin was used 
as a positive control.   
 4.5 Anti -cell inflammation activity 
 In anti -cell inflammation assay, the trafficking of NF-κB from cytoplasm (Normal cells) to 
nucleus (Inflammatory cells) was used as a major parameter for detection and analysis by using 
high-content imaging system (Zhang et al., 1999). 
 
Results and Discussions  
 Soil fungi B. rhodina NSTRU-PN1.4 and T. virens NSTRU-PP3.8 were isolated from soil in 
mangroves collected in Nakhon Si Thammarat Province, Thailand. The broth ethyl acetate extracts 
of the fungi NSTRU-PN1.4 and both broth and mycelia ethyl acetate extracts of NSTRU-PP3.8 were 
selectively active against P. falciparum and M. tuberculosis, respectively, with low cytotoxic 
activity to noncancerous (Vero) cells (Table 1).  
 
 

Table 1 The biological activities of the crude extracts from B. rhodina NSTRU-PN1.4 and T. virens 
NSTRU-PP3.8  
Fungi/ 
standard 
drugs 

Crude 
extracts1 

Antimicrobial activity2 
(MIC, g/mL) 

Antimalarial 
(IC50, g/mL) 

 Antimycobacterial 
(MIC, g/mL) 

Cytotoxic 
(IC50, g/mL) 

SA MRSA PA EC CA CN MG PM P. falciparum3 M. tuberculosis4 KB5 MCF-76  Vero7 
NSTRU-
PN1.4 

BE IN   IN IN IN IN IN IN IN 5.21 IN IN IN 24.87 
CE IN   IN IN IN IN IN IN IN IN IN IN IN IN 

NSTRU-
PP3.8 

BE IN   IN IN IN IN IN IN IN IN 25.00 IN IN 36.89 
CE IN   IN IN IN IN IN IN IN IN 25.00 IN IN 48.82 

Vancomycin 0.5 1.0            
Gentamicin    0.25 0.5          
Amphotericin B     0.25 0.12  2.0      
Clotrimazole       0.5       
Dihydroartemisinine             2.328     
Rifampicin                0.0125    
Ellipticine              1.189  0.739 
Tamoxifen            9.539  
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1BE = Broth ethyl acetate extract, CE = Mycelial ethyl acetate extract 
2SA = Staphylococcus aureus ATCC25923, MRSA = Methicillin-resistant Staphylococcus aureus, PA = Pseudomonas aeruginosa 
ATCC27853, EC = Escherichia coli ATCC25922, CA = Candida albicans NCPF3153, CN90113 = Cryptococcus neoformans 
ATCC90113, MG = Microsporum gypseum clinical isolate, PM = Penicillium marnefeii clinical isolate 
3P. falciparum = Plasmodium falciparum (K1, multidrug resistant strain)  
4M. tuberculosis  = Mycobacterium tuberculosis  strain H37Ra strain 
5KB = Oral human carcinoma cell lines, 6MCF-7 = Human breast cancer cell lines  
7Vero = African green monkey kidney fibroblasts cell lines 
8nM, 9M, IN = Inactive 
 
Botryosphaeria rhodina NSTRU-PN1.4  
 The isolation and characterization of secondary metabolites from the broth extract of the fungus 
NSTRU-PN1.4 were described in Appendix I. Purification of the broth EtOAc extract led to the 
isolation of twelve metabolites including five dimeric -lactones, two new botryosphaerilactones D 
and E (4 and 5) and three known botryosphaerilactones A (1), B (3) and C (2), as well as seven 
known compounds, (3R,4S,5S)-dihydro-4-(hydroxymethyl)-3,5-dimethyl-2(3H)-furanone (6) (Ravi et 
al. 1979; Andolfi et al. 2014), (3R,4R)-4-acetyl-3-methyl-2(3H)-dihydrofuranone (7) (Forzato et al. 

2005, 2007), botryosphaeridione (8) (Rukachaisirikul et al. 2009), (R)-()-mellein (9) (Rukachaisirikul 
et al. 2009), O-methyl alboatrin (10) (Biswas et al. 2008), 4,5,6-trimethyl-2(1H)-pyrimidinone (11) 
(Lee et al. 1984) and L-isoleucinamide (12) (Smith et al. 1952) (Figure 1). 
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 The isolated compound 7 with sufficient amount was tested for antimicrobial activity against S. 
aureus ATCC25923, methicillin-resistant S. aureus SK1 (a clinical isolate), P. aeruginosa 
ATCC27853, E. coli ATCC25922, C. albicans NCPF3153, C. neoformans ATCC90113, M. gypseum 
and P. marnefeii clinical isolate. It exhibited weak antifungal activity against C. neoformans 
ATCC90113 with the MIC value of 200 g/mL. In addition, 7 was evaluated for antimalarial (P. 
falciparum) and anticancer (KB cell lines) activities. It was inactive against both assays.  
 
Trichoderma virens NSTRU-PP3.8 
 The isolation and characterization of secondary metabolites from the broth and mycelial 
extracts of the fungus NSTRU-PP3.8 were described in Appendix II. Chromatographic separation of 
the crude extracts from T. virens NSTRU-PP3.8 led to the isolation of one new sesquiterpene 
derivative (13) and six known compounds which were identified as gliocladic acid (14) 
(Rukachaisirikul et al., 2019), hydroheptelidic acid (15) (Liu et al., 2018), methylhydroheptelidate (16) 
(Calhoun et al., 1992), β,γ-dimethyl-β-hydroxy-δ-valerolactone (17) (Tamura and Takai, 1957) 
bisdethiobis(methylthio)dehydrogliotoxin (18) (Luo et al., 2017) and bisdethiobis(methylthio)gliotoxin 
(19) (Luo et al., 2017) (Figure 2). 
 

 
 
 The isolated compounds 14-15 and 17 were tested for antibacterial (against S. aureus 
ATCC25923, methicillin-resistant S. aureus SK1, P. aeruginosa ATCC27853, E. coli ATCC25922, A. 
baumannii NPRC005 and A. baumannii NPRC007), antifungal (against C. albicans ATCC90028, C. 
albicans NCPF3153, C. neoformans ATCC90112, C. neoformans ATCC90113, M. gypeum SK-MU4 
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and T. marneffei PSU-SKH1), anti-breast cancer (MDA-MB-231 cells), anti-colorectal cancer and anti 
-cell inflammation activities. Unfortunately, they were inactive against all assays. 
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Out put ท่ีได้จากโครงการ 
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Tantirungrotechai, Nanthaphong Khamthong, Souwalak Phongpaichit, Sumalee Liamthong, Jariya 
Sakayaroj  
 ชื่อเรือ่ง: Dimeric -lactone derivatives from the soil-derived fungus Lasiodiplodia theobromae 
NSTRU-PN1.4 
 แหล่งพมิพ:์ Natural Product Research (IF 2.060, Quartile in Category: Q2)  
 ปีทีพ่มิพ ์  เล่มที ่  หน้า  
 
2. การน าผลงานวจิยัไปใชป้ระโยชน์  
 ดา้นวชิาการ  
 จากการศกึษาสารเมทาบอไลท์ทุตยิภูมจิากราดนิทัง้สองสายพนัธุ ์ท าให้ทราบว่าเชือ้ราเหล่านี้สรา้งสาร
หลากหลายชนิดทีน่่าสนใจ อกีทัง้ยงัพบสารใหม่ในกลุ่ม dimeric -lactone เป็นครัง้แรกในราดนิ โดยองค์
ความรูจ้ากงานวจิยันี้ สามารถน าสารในกลุ่มที่แยกได้ไปพฒันาปรบัปรุงโครงสร้างเพื่อปรบัเปลี่ยนฤทธิท์าง
ชวีภาพและใชป้ระโยชน์ในเชงิเภสชัวทิยาต่อไป 
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ภาคผนวก ก 
(Appendix I) 

ผลงานท่ีอยู่ระหว่างการพิจารณาตีพิมพใ์นวารสารนานาชาติ  
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ผลงานท่ีอยู่ระหว่างการพิจารณาตีพิมพใ์นวารสารนานาชาติ  
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 The isolation and characterization of secondary metabolites from the fungus Trichoderma 
virens NSTRU-PP3.8 
 
Experimental 
1. General experiment procedure 
 The melting point was measured on a Sanyo Gallenkamp melting point apparatus and reported 
without correction. Infrared (IR) spectra were recorded on a PerkinElmer spectrum BX FT-IR 
spectrometer (neat) or a Thermo Scientific NICOLET iS50 FT-IR (neat and KBr). Ultraviolet (UV) 
spectra were measured on a Shimadzu UV-2600 or a Shimadzu UV-1900 UV-Vis spectrophotometer 
in MeOH solution. The measurement of specific rotation was performed with a JASCO P-2000 
polarimeter in MeOH solution. The 1H and 13C NMR spectra were recorded on a 300 or 400 MHz 
Bruker FTNMR Ultra ShieldTM spectrometer using tetramethylsilane (TMS) as an internal standard. 
Column chromatography (CC) was conducted on Sephadex LH-20, silica gel (Merck) type 60 (230-
400 mesh ASTM) or reverse phase C18. Thin-layer chromatography (TLC) and preparative TLC 
were carried out on silica gel 60 GF254 (Merck). The organic solvents were distilled prior to use. 
 
2. Fermentation, extraction and isolation 
 The soil fungus T. virens NSTRU-PP3.8 was grown on potato dextrose agar (PDA) for five 
days. Five pieces (0.5×0.5 cm2) of mycelial agar plugs were inoculated into 50 flasks of 500 mL 
Erlenmeyer flasks containing 300 mL of potato dextrose broth (PDB) and kept at room temperature 
for 3 weeks. The cultures were filtered to give filtrate and mycelia. The filtrate was extracted with 
ethyl acetate. The ethyl acetate layer was dried over anhydrous Na2SO4, filtered and evaporated to 
dryness under reduced pressure to give a broth ethyl acetate extract (BE). The mycelia were 
extracted with methanol. The methanol extract was concentrated under reduced pressure. Water 
was added to the extract and the mixture was washed with hexane to give the aqueous and hexane 
layers. The hexane layer was dried over anhydrous Na2SO4, filtered and evaporated to dryness 
under reduced pressure to afford a mycelia hexane extract (CH). The aqueous layer was further 
extracted with the same procedure as the filtrate to obtain a mycelia ethyl acetate extract (CE). 
 The BE extract of NSTRU-PP3.8 (4.06 g, a dark brown gum) was fractionated by CC over 
Sephadex LH-20 using a mixture of MeOH and CH2Cl2 in a ratio of 1:1 as an eluent to afford five 
fractions (PP1-PP5). Fraction PP2 was further purified by CC over silica gel with a gradient of 
MeOH-CH2Cl2 (1:991:0) to afford four subfractions (PP21-PP24). Compound 18 (2.2 mg) was 
obtained from subfraction PP22 after purification by PTLC with a mixture of MeOH-CH2Cl2 in a ratio 
of 1:99. Subfraction PP23 was further purified by PTLC with a mixture of MeOH-CH2Cl2 in a ratio of 
3:97 to give compound 19 (1.3 mg). Fraction PP3 was further investigated by CC over silica gel with 
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a gradient of acetone-CH2Cl2 (5:951:0) to give three subfractions (PP31-PP33). Compound 17 
(1.9 mg) was obtained from subfraction PP32 upon purification by PTLC with a mixture of acetone-
CH2Cl2 in a ratio of 1:9. Fraction PP4 was further purified by CC over reverse phase silica gel 
(RPCC) with a gradient of MeOH-water (4:61:0) to afford five subfractions (PP41-PP45). 
Subfraction PP42 contained compound 15 (420.8 mg). Subfraction PP43 was further purified by 
RPCC with a gradient of MeOH-water (1:11:0) to yield compound 13 (19.2 mg). Compound 14 
(275.9 mg) was obtained from subfraction PP44 after purification by RPCC with a gradient of MeOH-
water (1:11:0). 
 The CE extract from NSTRU-PP3.8 (1.01 g, a dark brown gum) was fractionated by CC over 
Sephadex LH-20 with pure MeOH as an eluent to give five fractions (A-E). Fraction D was further 
purified by CC over silica gel with a gradient of MeOH-CH2Cl2 (1:991:0) to afford five subfractions 
(D1-D5). Compound 17 (22.8 mg) was obtained from subfraction D4 after purification by CC over 
silica gel with a gradient of acetone-CH2Cl2 (2:981:0). Subfraction D5 contained compound 14 
(24.6 mg). Fraction E was further purified by CC over silica gel with a gradient of acetone-CH2Cl2 
(1:91:0) to give five subfractions (E1-E5). Subfraction E3 was further purified by CC over silica 
gel with a gradient of acetone-CH2Cl2 (1:91:0) to yield compound 16 (6.5 mg). 
 
New sesquiterpene derivative (13) 
 Colorless gum;     

   +158.9 (c 0.17, MeOH); UV (MeOH) λmax nm (log ε): 221 (3.97); FT-IR 
(neat) νmax cm

-1: 3422, 1729; 1H NMR data (300 MHz, CDCl3+CD3OD): 6.29 (d, J = 10.8 Hz, 1H), 
4.77 (d, J = 17.4 Hz, 1H), 4.67 (d, J = 15.6 Hz, 1H), 4.38 (brs, 2H), 3.36 (m, 1H), 2.37 (m, 2H), 1.93 
(m, 1H), 1.64 (m, 1H), 1.53 (m, 1H), 0.96 (d, J = 6.6 Hz, 3H), 0.83 (d, J = 6.6 Hz, 3H); 13C NMR 
data (75 MHz, CDCl3+CD3OD): 174.7 (C), 163.9 (C), 139.2 (CH), 126.5 (C), 72.0 (CH2), 57.8 (CH2), 
45.4 (CH), 34.3 (CH), 27.7 (CH), 23.1 (CH2), 21.7 (CH3), 20.5 (CH2), 17.7 (CH3) 
. 
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ABSTRACT

Investigation of the soil-derived fungus Lasiodiplodia theobromae NSTRU-PN1.4 resulted in 

the isolation of five dimeric -lactones including two new botryosphaerilactones D and E (4 

and 5) and three known structurally related analogoues (1-3) along with seven known 

compounds. Their structures were elucidated by extensive spectroscopic analysis. The 

absolute configuration of 1-5 was determined by comparison of the ECD data with those of 

the structurally related monomeric -lactones. For biological evaluation, this is the first report 

on antifungal activity of the known (3R,4R)-4-acetyl-3-methyl-2(3H)-dihydrofuranone which 

displayed weak antifungal activity against Cryptococcus neoformans with an MIC value of 

200 g/mL. 

Keywords: Soil-derived fungus, Lasiodiplodia theobromae, Dimeric -lactone, Antifungal 

activity
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1. Introduction

Soil-derived fungi have served as an important source of novel and bioactive secondary 

metabolites, for example, antimalarial radicicol (Tanaka et al. 1998), cytotoxic hamavellones 

A and B (Isaka et al. 2008), antimycobacterial penicilleremophilane A (Daengrot et al. 2015), 

antifungal bacilysin (Sansinenea and Ortiz 2011) and antibiotic koninginins A and B (Reino 

et al. 2008). For the fungus Lasiodiplodia theobromae, it has been proven to be a fabulous 

source of bioactive secondary metabolites, including antibacterial cladospirone B (Kamal et 

al. 2017), (+)-(R)-de-O-methyllasiodiplodin (Umeokoli et al. 2019), chloropreussomerins A 

and B and preussomerins A, F, G and H (Chen et al. 2016). Lasiodiplodin, scytalone and ()-

jasmonic acid showed phytotoxicity (Félix et al. 2018) while cladospirone B and 

desmethyllasiodiplodin exhibited anti-trypanosomal activity (Kamal et al. 2017). In addition, 

chloropreussomerins A and B displayed potent cytotoxicity against A549 and MCF-7 human 

cancer cell lines (Chen et al. 2016). As part of our continuous investigation on chemical and 

biological diversity of soil-derived fungi, we described herein the isolation of secondary 

metabolites from L. theobromae NSTRU-PN1.4 isolated from soil in mangrove area in 

Nakhon Si Thammarat Province, Thailand. Purification of the broth EtOAc extract led to the 

isolation of twelve metabolites, including five dimeric -lactones, two new 

botryosphaerilactones D and E (4 and 5) and three known botryosphaerilactones A (1), B (3) 

and C (2), as well as seven known compounds, (3R,4S,5S)-dihydro-4-(hydroxymethyl)-3,5-

dimethyl-2(3H)-furanone (6) (Ravi et al. 1979; Andolfi et al. 2014), (3R,4R)-4-acetyl-3-

methyl-2(3H)-dihydrofuranone (7) (Forzato et al. 2005, 2007), botryosphaeridione (8) 

(Rukachaisirikul et al. 2009), (R)-()-mellein (9) (Rukachaisirikul et al. 2009), O-methyl 

alboatrin (10) (Biswas et al. 2008), 4,5,6-trimethyl-2(1H)-pyrimidinone (11) (Lee et al. 

1984) and L-isoleucinamide (12) (Smith et al. 1952). Additionally, biological activities of 7 

which was obtained in sufficient quantity are presented herein. 

2. Results and discussion

All metabolites (1-12) (Figure 1) were purified using chromatographic techniques and their 

structures were elucidated by analysis of spectroscopic data, including IR, UV, NMR and 

MS. The relative configuration was assigned according to NOEDIFF data and/or coupling 

constants while the absolute configuration was determined by comparison of the specific 

rotation or ECD data with those of the known or structurally related compounds. The 

absolute configuration of the known dimeric -lactones (1-3) remained unresolved in the 
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previous studies. We here established the absolute configuration of the dimeric -lactones (1-

5) on the basis of the absolute configuration of the monomeric -lactones 6 and 7. The 

absolute configuration at C-3 of 6 was assigned as R configuration according to the ECD 

spectral data which showed a negative Cotton effect of the n* transition of a lactone 

carbonyl group (Matsumoto et al. 1973; Forzato et al. 2005) at 216 nm ( = -133.37, 

MeOH), the same sign as that of ()-(3R,3aS,6aS)-2H-hexahydro-3-methylcyclopenta[b]furan

-2-one at 215 nm ( = -2173, MeOH) (Forzato et al. 1997). According to the NOEDIFF 

results together with the established absolute configuration at C-3, the absolute configuration 

in 6 was thus assigned to be 3R, 4S and 5S. These assigned absolute configurations were 

confirmed based on the opposite sign of the specific rotation of 6,  = +51.5 (c 0.17, [α]25
D

MeOH), to that of its enantiomer (3S,4R,5R)-4-hydroxymethyl-3,5-dimethyldihydro-2-

furanone,  = -18 (c 0.3, CHCl3) (Andolfi et al. 2014). For the related monomeric           [α]25
D

-lactone 7, the absolute configuration at C-3 and C-4 was established to be both R based on a 

mirror-image ECD spectrum of 7, [216 nm ( = -156.77) and 284 nm ( = +17.88), 

MeOH], and the opposite sign of the specific rotation,  = +81.9 (c 0.57, MeOH), to those [α]24
D

of its enantiomer, (3S,4S)-()-4-acetyl-3-methyl-2(3H)-dihydrofuranone [214 nm ( = 

+6073) and 281 nm ( = -479), MeOH;  = -72.1 (c 0.58, MeOH)] (Forzato et al. 2005). [α]25
D

The first and second Cotton effects of 7 at max 216 and 284 nm were related with the n* 

transition bands of lactone (Matsumoto et al. 1973; Forzato et al. 1997, 2005) and acetyl 

groups (Forzato et al. 2005, 2007), respectively. It is worth to notify that the substituents at 

C-3 and C-4 of both 6 and 7 had identical spatial arrangement. 

Compound 1 was obtained as a colorless gum with  -14.6 (c 0.77, MeOH) and [α]24
D

the molecular formula C14H24O5 was determined by the HRESIMS that showed the molecular 

ion at m/z 295.1521 [M+Na]+. It exhibited an UV absorption band of a carbonyl chromophore 

at 286 nm, while the IR absorption bands at 3451 and 1770 cm-1 were indicative of the 

presence of hydroxyl and -lactone carbonyl groups (Rukachaisirikul et al. 2009; Andolfi et 

al. 2014), respectively. The 1H (Table S1) and 13C NMR (Table S2) spectroscopic data of 1 as 

well as the 1H-1H COSY and HMBC correlations (Figure S1) indicated that 1 had a planar 

structure which was identical to that of botryosphaerilactones A and C (Rukachaisirikul et al. 

2009). Moreover, the following NOEDIFF data of 1 (Figure S2) revealed that 1 and 

botryosphaerilactone A had an identical relative configuration. Irradiation of H-4 (H 1.91) of 

the -lactone moiety enhanced the signal intensity of H3-6 (H 1.27) and H3-8 (H 1.43), 
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indicating their cis-relationship which was identical to that of 6. In the furan unit, signal 

enhancement of H-2 (H 4.68) and H-4 (H 1.55) upon irradiation of H3-6 (H 1.13) was 

observed whereas irradiation of H-4 affected signal intensity of H3-8 (H 1.35). These results 

suggested the cis-orientation of H-2, H-4, H3-6 and H3-8. The coupling constant of 1.8 Hz 

between H-2 and H-3 (H 2.03) supported their trans-relationship (Renauld et al. 1985; 

Hosoyama et al. 2000 and Cabedo et al. 2007). Thus, the relative configuration of C-5 (C 

77.6), C-4 (C 55.8) and C-3 (C 44.0) was identical to that of C-5 (C 77.7), C-4 (C 51.5) 

and C-3 (C 38.4) of 6. The absolute configuration at C-3 of 1 was assigned as R 

configuration according to the negative Cotton effect of the lactone n* transition at 217 

nm ( = -36.98, MeOH) in the ECD spectrum, the same sign as that of 6. Accordingly, the 

absolute configurations in the -lactone unit of 1 were determined to be 3R, 4S and 5S, 

respectively, identical to those of 6. Biosynthetically, we proposed that 1 would be derived 

from the condensation of two molecules of 6 by nucleophilic addition of 7-OH of one 

molecule to the lactone carbonyl functionality of the second molecule followed by 

dehydration and subsequent hydride addition to an oxonium intermediate. Subsequently, the 

remaining absolute configuration in 1 was proposed to be 2R, 3R, 4S and 5S. It is worth to 

note that botryosphaerilactone A of which the absolute configuration remained identified 

displayed the specific rotation closed to zero,  -1.2 (c 0.77, MeOH) (Rukachaisirikul et [α]27
D

al. 2009), indicating that it was obtained as a scalemic mixture. Thus, 1 was 

(3R,4S,5S,2R,3R,4S,5S)-botryosphaerilactone A.

Compound 2 was obtained as a colorless gum with  +22.9 (c 0.77, MeOH). Its [α]24
D

1H (Table S1) and 13C NMR (Table S2) signals were almost identical to those of 1. The 

HRESIMS of 2, [M+Na]+ ion of m/z 295.1521, indicated that 2 had an identical molecular 

formula to that of 1. The planar structure of 2 was assigned to be identical to that of 1 and 

botryosphaerilactones A and C by analysis of the HMQC, 1H-1H COSY and HMBC 

correlations (Figure S1). However, the coupling constant of 4.8 Hz between H-2 (H 4.79) 

and H-3 (H 2.08) indicated a cis-relationship between H-2 and H-3 in 2 (Renauld et al. 

1985; Hosoyama et al. 2000 and Cabedo et al. 2007), instead of a trans-relationship in 1. This 

cis assignment was supported by signal enhancement of H-2 upon irradiation of H-3, not 

H3-6 (H 1.03) as observed in 1. The remaining NOEDIFF data (Figure S2) were identical to 

those of 1. Accordingly, the relative configuration of 2 was identical to botryosphaerilactone 

C which was obtained as a scalemic mixture based on the specific rotation,  +5.2 (c [α]26
D
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0.77, MeOH) (Rukachaisirikul et al. 2009). The absolute configuration at C-3 (C 38.6) of 2 

was assigned to be R, identical to that of 1 on the basis of the negative Cotton effect at 218 

nm ( = -12.64, MeOH) in the ECD spectrum. Thus, 2 was identified as a C-2 epimer of 1 

which would be biosynthetically derived from the same oxonium intermediate as 1 which 

would produce both 1 and 2 upon addition of hydride ion. Finally, 2 was 

(3R,4S,5S,2S,3R,4S,5S)-botryosphaerilactone C.

Compound 3 was isolated as a colorless gum with the molecular formula C14H22O5 

determined by the HRESIMS peak at m/z 293.1365 [M+Na]+. The UV spectrum was 

identical to that of 1, while the IR absorption bands were found at 1775 and 1705 cm-1 for -

lactone and ketone carbonyl groups, respectively. Direct comparison of the 1H (Table S1) and 
13C NMR (Table S2) data of 3 as well as the 1H-1H COSY and HMBC correlations (Figure 

S1) with those of botryosphaerilactone B (Rukachaisirikul et al. 2009) revealed that they had 

identical planar structure. In addition, the NOEDIFF data of 3 indicated their identical 

relative configuration. Based on the NOEDIFF data (Figure S2), the relative configuration of 

the lactone unit in 3 was identical to that of 6. These results together with the negative Cotton 

effect of the n* transition band of lactone at 218 nm ( = -26.21, MeOH) indicated the 

absolute configuration of the lactone moiety was the same as those in 6. In addition, the furan 

unit displayed signal enhancement of H3-8 (H 2.19), but not H-2 (H 4.70), after irradiation 

of H-3 (H 2.52), indicating trans-relationship of H-3 with H-2 and H-4 (H 2.70). The 

absolute configuration at C-4 (C 59.1) was determined as R configuration identical to that of 

7 based on the presence of the second positive Cotton effect of the n* transition band of 

an acetyl group at 283 nm ( = +15.45, MeOH), the same sign as that of 7. Subsequently, 

the R configuration at both C-2 (C 110.1) and C-3 (C 43.6) was established. Although 3 

showed a relatively low specific rotation value,  -8.1 (c 0.57, MeOH), it displayed the [α]24
D

Cotton effects in the ECD spectrum at 218 and 283 nm of which the amplitude CEs were not 

close to zero. In general, the specific rotation value of scalemic mixtures would be small 

value or approached zero. The ECD spectrum of the corresponding mixtures also displayed 

weak Cotton effects (low-amplitude CEs) or the apparent lack of the Cotton effects (Deng et 

al. 2017; Odonbayar et al. 2019 and Zhang et al. 2019). Finally, 3 was assigned as 

(3R,4S,5S,2R,3R,4R)-botryosphaerilactone B based on the opposite sign of the observed 

specific rotation of 3 to that of botryosphaerilactone B,  +4.5 (c 0.57, MeOH) [α]26
D

(Rukachaisirikul et al. 2009).    
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Compound 4 was obtained as a colorless gum with  -54.3 (c 0.57, MeOH). The [α]24
D

UV, IR, 1H (Table S1) and 13C NMR (Table S2) data were similar to those of 3. Its 

HRESIMS, [M+Na]+ ion of m/z 293.1365, indicated their identical molecular formula. The 

planar structure of 4 was identical to 3 based on the HMQC, 1H-1H COSY and HMBC 

correlations (Figure S1). The relative stereochemistry was determined using the NOEDIFF 

data (Figure S2). Irradiation of H3-6 (H 0.88) enhanced the signal intensity of H-2 (H 4.74) 

and H3-8 (H 2.21), suggesting that they were a cis-orientation. The remaining NOEDIFF 

data were identical to those of 3. Comparison of the ECD spectrum of 4, [218 nm ( = -

22.21) and 286 nm ( = -25.48), MeOH], with that of 3, [218 nm ( = -26.21) and 283 nm 

( = +15.45), MeOH], indicated that the absolute configuration at C-3 (C 38.5) and C-4 (C 

53.7) of 4 was assigned as R and S, respectively. Accordingly, 4 was a C-4 epimer of 3 and 

named as botryosphaerilactone D. 

Compound 5 was obtained as a colorless gum with  +30.9 (c 0.57, MeOH). Its [α]25
D

1H (Table S1) and 13C NMR (Table S2) data were similar to those of 4, and also gave the 

same molecular formula as 4 deduced from HRESIMS peak at m/z 293.1335 [M+Na]+. The 

major difference in the 1H NMR spectrum of 5 was the multiplicity of H-2 (H 4.93) as a 

doublet with the coupling constant of 4.8 Hz between H-2 and H-3 (H 2.63), indicating a 

cis-relationship between these protons. The assigned structure of 5 was supported by 1H-1H 

COSY and HMBC data as depicted in Figure S1. In the NOEDIFF data (Figure S2), 

irradiation of H3-6 (H 1.02) enhanced only the signal intensity of H3-8 (H 2.19), but not 

that of H-2, indicating that H3-6 was trans to H-2. The absolute configuration at C-3 (C 

38.5) and C-4 (C 53.4) of 5 was identified as R and S, respectively, identical to those of 4, 

on the basis of the two negative Cotton effects at 217 nm ( = -25.24) and 289 nm ( = -

8.34), MeOH. These results as well as the NOEDIFF data established the absolute 

configuration of 5 to be 3R, 4S, 5S, 2S, 3R and 4S. Accordingly, 5 was a C-2 epimer of 4 

and named as botryosphaerilactone E.          

Compound 7 with sufficient amount was tested for antimicrobial activity against 

Staphylococcus aureus ATCC25923, methicillin-resistant S. aureus SK1 (a clinical isolate), 

Pseudomonas aeruginosa ATCC27853, Escherichia coli ATCC25922, Candida albicans 

NCPF3153, Cryptococcus neoformans ATCC90113, Microsporum gypseum and Penicillium 

marnefeii clinical isolate. It exhibited weak antifungal activity against C. neoformans 

ATCC90113 with the MIC value of 200 g/mL. In addition, 7 was evaluated for antimalarial 
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(Plasmodium falciparum) and anticancer (KB cell lines) activities. It was inactive against 

both assays. 

3. Experimental

3.1. General experimental procedures

Specific rotations were measured on a JASCO P-1020 polarimeter. Ultraviolet (UV) 

absorption spectra were measured in MeOH on a Perkin-Elmer Lambda 45 

spectrophotometer. Electronic Circular Dichroism (ECD) spectra were recorded on a JASCO 

model J-810 polarimeter. Infrared (IR) spectra were obtained on a Perkin-Elmer 783 FTS165 

FT-IR spectrometer. Mass spectra were recorded on a MAT 95 XL mass spectrometer 

(Thermo Finnigan) or Shimadzu LCMS-IT-TOF mass spectrometer. 1H and 13C NMR spectra 

were recorded on a 300 or a 500 MHz Bruker FTNMR Ultra Shield spectrometer using 

tetramethylsilane (TMS) as an internal standard. Thin-layer chromatography (TLC) and 

precoated TLC (PTLC) were performed on silica gel 60 GF254 (Merck). Column 

chromatography (CC) was carried out on Sephadex LH-20, silica gel (Merck) type 60 (230-

400 mesh ASTM) or type 100 (70-230 mesh ASTM), or reverse phase C18 silica gel.

3.2. Fungal material

The fungus NSTRU-PN1.4 was isolated from a soil sample collected from Paknakhon 

mangrove in Nakhon Si Thammarat province, Thailand. This fungus was deposited at the 

Nakhon Si Thammarat Rajabhat University Culture Collection, Thailand (NSTRU13118). Its 

colony on PDA was rapid growth with dark brown coloration. The microscopic morphology 

showed oval pycnidiospores with striations on the surface of the spore along the long axis. 

The ITS1-5.8S-ITS2 rDNA sequence (GenBank accession number MG946719) revealed that 

PN1.4 had affiliation with Lasiodiplodia theobromae (Pat.) Griffon & Maubl. supported by 

high bootstrap values and nucleotide identity of 100%. Therefore, PN1.4 should be referred 

to Lasiodiplodia theobromae.

3.3. Fermentation, extraction and purification

The fungus L. theobromae NSTRU-PN1.4 was grown on potato dextrose agar (PDA) at 25 

°C for 5 days. Five pieces (0.5×0.5 cm2) of mycelial agar plugs were inoculated into 500 mL 

Erlenmeyer flasks containing 300 mL of potato dextrose broth (PDB) at room temperature for 

3 weeks. The flask culture (19.8 L) was filtered to separate into the filtrate and wet mycelia. 

The filtrate was divided into 66 portions. Each portion was extracted twice with ethyl acetate 
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(2 × 300 mL). The organic layer was dried over anhydrous Na2SO4 and evaporated to dryness 

under reduced pressure to afford a dark brown gum (4.51 g). The broth extract was separated 

by CC over Sephadex LH-20 using MeOH to give four fractions (A-D). Fraction B (2.31 g) 

was purified by CC over silica gel using a gradient of MeOH/CH2Cl2 (1:99  ) to yield 

six subfractions (B1-B6). The first subfraction contained 9 (2.4 mg). Subfraction B3 (9.9 mg) 

was separated by PTLC using EtOAc/hexane (1:19) as a mobile phase (6 runs) to yield 10 

(0.9 mg). Separation of subfraction B4 (163.1 mg) by CC over silica gel using a gradient of 

acetone/hexane (20:80  100:0) gave 7 (65.0 mg). Subfraction B5 (1.05 g) was fractionated 

by CC over silica gel using a gradient of MeOH/CH2Cl2 (1:99  ) to give eight 

subfractions (B51-B58). Subfraction B52 (27.0 mg) was subjected to CC over silica gel using 

MeOH/CH2Cl2 (1:199) as an eluent, and subsequent PTLC using acetone/CH2Cl2 (1:19) as a 

mobile phase (4 runs) to afford 6 (5.5 mg). Subfraction B54 (77.7 mg) was twice purified by 

FCC over silica gel using a gradient of EtOAc/hexane (30:70  100:0) and CH2Cl2/hexane 

(90:10  100:0), respectively, followed by PTLC using CHCl3/hexane (7:3) as a mobile 

phase (6 runs) to obtain 8 (1.6 mg). Subfraction B55 (81.1 mg) was further purified by CC 

over reverse phase C18 silica gel using a gradient of MeOH/H2O (40:60  ) as an 

eluent, and subsequent PTLC using EtOAc/hexane (3:7) as a mobile phase (7 runs) to afford 

11 (1.5 mg). Subfraction B56 (283.9 mg) was chromatographed by CC over Sephadex LH-20 

using MeOH/CH2Cl2 (1:1) as an eluent, and subsequent CC over silica gel using a gradient of 

EtOAc/hexane (30:70  ) to yield six subfractions (B561-B566). The second 

subfraction (5.0 mg), upon PTLC using MeOH/CH2Cl2 (0.5:99.5) as a mobile phase (2 runs), 

and the fifth subfraction (17.9 mg), upon CC over silica gel using a gradient of 

acetone/CH2Cl2 (2:98  ) as an eluent, gave 4 (3.3 mg) and 3 (0.7 mg), respectively. 

Subfraction B57 (340.7 mg) was submitted by CC over Sephadex LH-20 using 

MeOH/CH2Cl2 (1:1) as an eluent, followed by CC over reverse phase C18 silica gel using a 

gradient of MeOH/H2O (50:50  ) as an eluent to yield eight subfractions (B571-

B578). Subfraction B574 (38.4 mg) was purified by CC over silica gel using 

acetone/CHCl3/hexane (10:55) to afford 1 (3.2 mg) and 2 (1.4 mg). Compound 5 (2.1 mg) 

was obtained from subfraction B575 (22.0 mg) after purification by CC over silica gel using 

acetone/CHCl3/hexane (5:60). Subfraction B6 (177.5 mg) was fractionated by CC over 

Sephadex LH-20 using MeOH/CH2Cl2 (1:1) as an eluent, and subsequent FCC over silica gel 

using a gradient of MeOH/CH2Cl2 (0.5:99.5  ) to yield 12 (1.9 mg).
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3.3.1. Compound 1

Colorless gum;  -14.6 (c 0.77, MeOH); UV (MeOH) max (log ): 286 (1.30) nm; ECD [α]24
D

(MeOH, c 0.012 M) max () 217 (-36.98) nm; IR (neat)max
 3451, 1770 cm-1; 1H, see Table 

S1 and 13C NMR data, see Table S2;  HRESIMS m/z: [M+Na]+ 295.1521 (calcd for 

C14H24O5Na, 295.1521)

3.3.2. Compound 2

Colorless gum;  +22.9 (c 0.77, MeOH); UV (MeOH) max (log ): 287 (1.31) nm; ECD [α]24
D

(MeOH, c 0.012 M) max () 218 (-12.64) nm; IR (neat)max
 3402, 1772 cm-1; 1H, see Table 

S1 and 13C NMR data, see Table S2;  HRESIMS m/z: [M+Na]+ 295.1521 (calcd for 

C14H24O5Na, 295.1521)

3.3.3. Compound 3

Colorless gum;  -8.1 (c 0.57, MeOH); UV (MeOH) max (log ): 280 (1.61) nm; ECD [α]24
D

(MeOH, c 0.009 M) max () 218 (-26.21), 283 (+15.45) nm; IR (neat)max
 1775, 1705 cm-1; 

1H, see Table S1 and 13C NMR data, see Table S2;  HRESIMS m/z: [M+Na]+ 293.1365 

(calcd for C14H22O5Na, 293.1365)

3.3.4. Botryosphaerilactone D (4)

Colorless gum;  -54.3 (c 0.57, MeOH); UV (MeOH) max (log ): 287 (2.23) nm; ECD [α]24
D

(MeOH, c 0.008 M) max () 218 (-22.21), 286 (-25.48) nm; IR (neat)max
 1772, 1705 cm-1; 

1H, see Table S1 and 13C NMR data, see Table S2;  HRESIMS m/z: [M+Na]+ 293.1365 

(calcd for C14H22O5Na, 293.1365)

3.3.5. Botryosphaerilactone E (5)

Colorless gum;  +30.9 (c 0.57, MeOH); UV (MeOH) max (log ): 282 (1.77) nm; ECD [α]25
D

(MeOH, c 0.008 M) max () 217 (-25.24), 289 (-8.34) nm;  IR (neat)max
 1742, 1698 cm-1; 

1H, see Table S1 and 13C NMR data, see Table S2;  HRESIMS m/z: [M+Na]+ 293.1335 

(calcd for C14H22O5Na, 293.1365)

3.3.6. (3R,4S,5S)-Dihydro-4-(hydroxymethyl)-3,5-dimethyl-2(3H)-furanone (6) 
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Pale yellow gum;  +51.5 (c 0.17, MeOH); ECD (MeOH c 0.045 M) max () 216 (-[α]25
D

133.37) nm.

3.3.7. (3R,4R)-4-Acetyl-3-methyl-2(3H)-dihydrofuranone (7)

Pale yellow gum;  +81.9 (c 0.57, MeOH); ECD (MeOH c 0.034 M) max () 216 (-[α]24
D

156.77), 284 (+17.88) nm.

3.4. Antimicrobial assays

Antimicrobial activity was determined as described by the Clinical and Laboratory Standards 

Institute (Drummond and Waigh 2000; Clinical and Laboratory Standards Institute 2002a, 

2002b, 2002c). Vancomycin, amphotericin B and miconazole were used as positive controls 

for bacteria, yeasts and fungus with the MIC values of 0.69, 0.27 and 2.40 M, respectively.

3.5. Antimalarial assay

Antimalarial activity was evaluated against the parasite P. falciparum (K1, multi-drug-

resistant strain), using the microculture radioisotope technique based on the method described 

(Desjardins et al. 1979). Dihydroartemisinine and mefloquine were used as standard 

compounds and exhibited the IC50 values of 0.0023 and 0.0269 M, respectively.

3.6. Cytotoxicity assay

The cytotoxicity assay against KB cell lines was evaluated using the resazurin microplate 

assay (O'Brien et al. 2000). Ellipticine (IC50 8.24 M) and doxorubicin (IC50 2.19 M) were 

used as standard drugs for KB cell lines.

4. Conclusion

Dimeric -lactones, botryosphaerilactones A-C, were firstly reported as secondary 

metabolites from the endophytic fungi B. rhodina PSU-M35 and PSU-M114 which were 

isolated from leaves of Garcinia mangostana (Rukachaisirikul et al. 2009). Interestingly, five 

dimeric -lactones (1-5) isolated from the soil-derived fungus L. theobromae NSTRU-PN1.4 

possessed identical planar structures to those of botryosphaerilactones A-C. Compounds 1-3 

were identified to be the enantiomers of botryosphaerilactones A, C and B, respectively, 

whereas two metabolites 4 and 5 were reported as new diastereomers of 3. Additionally, this 

is first time to isolate dimeric -lactones from soil-derived fungi.
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