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ABSTRACT:  

The endophytic fungus, Dothideomycete sp. CRI7, isolated from the terrestrial plant, 

Tiliacora triandra, was salt tolerant, capable of growing in the culture medium prepared from 

seawater; salts in seawater did not have any effects on the fungal growth. Metabolite 

productions of the fungus CRI7 cultivated in media prepared from seawater (MSW), prepared 

from deionized water supplemented with potassium bromide (MKBr) or potassium iodide 

(MKI), and prepared from deionized water (MDW) were investigated. It was found that the 

cultivation of the fungus CRI7 in MKBr and MSW enabled the fungus to produce nine new 

metabolites (1-9). The production of an azaphilone, austdiol (10), of the fungus CRI7 grown 

in MDW was 0.04g/L, which was much lower than that grown in MSW, MKBr, and MKI 

media which provided the yields of 0.5, 0.9, and 1.2 g/L, respectively, indicating that halogen 

salts significantly enhanced the production of the polyketide 10. The cultivation of terrestrial 

fungi in media containing halogen salts could therefore be useful for the metabolite 

diversification by one strain-many compounds (OSMAC) approach. Moreover, the isolated 

polyketides had significant biosynthetic relationship, suggesting that the cultivation of fungi 

in halogen containing media could provide the insights into certain polyketide biosynthesis. 

One of the isolated compounds exhibited antibacterial activity with the MIC value of 100 

µg/mL.        
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1. Introduction 

Endophytic fungi are rich sources of bioactive compounds, which have diverse 

chemical skeletons and biological activities of pharmaceutical interests.
1-5

 In 2012, we 

isolated the endophytic fungus Dothideomycete sp. CRI7 from a Thai medicinal plant, 

Tiliacora triandra; this fungus produced a novel tricyclic polyketide together with its 

biosynthetic precursor azaphilone derivatives.6 The fungus Dothideomycete sp. CRI7 was 

exceptionally sensitive to sources of potato and malt extract used for the preparation of 

culture media. Subsequently, we employed the one strain-many compounds (OSMAC) 

method by changing the carbon sources which enabled the fungus CRI7 to produce new 

polyketides, azaphilones, and an isochromanone.
7
 Previously, we used the OSMAC approach 

for the biohalogenation of natural depsidones produced by the marine-derived fungus 

Aspergillus unguis, simply by cultivating the fungus in media containing different halogen 

salts such as potassium bromide (KBr) and potassium iodide (KI).8 Moreover, the cultivation 

of the fungus in media containing KBr also provided insights into depsidone biosynthesis.
8
 

Recently, Yamazaki and co-workers also demonstrated that the marine-derived fungus 

Trichoderma sp. could produce new halogenated epidithiodiketopiperazines when cultivating 

the fungus in freshwater media supplemented with sodium halides.9 Therefore, cultivation of 

marine-derived fungi in halogen containing media proved to be useful for the production of 

new fungal metabolites. These works encouraged us to investigate the effects of halogen salts 

in endophytic fungi aiming at the production of new metabolites. However, fungal 

endophytes are mostly isolated from terrestrial plants, not from the marine origins, and 

therefore they may not tolerate high concentrations of salts. As mentioned earlier, the 

endophytic fungus Dothideomycete sp. CRI7 was sensitive to the carbon sources, and thus 

producing new metabolites after changing the carbon sources;7 it is therefore challenging to 

investigate the effects of halogen salts on the metabolite production of this fungus. The 

fungus Dothideomycete sp. CRI7 was isolated from the plant, T. triandra, collected from 

Nakhonsawan Province, Thailand. Geographically, Nakhonsawan Province is far from the 

sea, i.e., more than 300 kilometers from the sea, and this area does not have saline and 

alkaline soils. Surprisingly, the fungus Dothideomycete sp. CRI7 isolated from the terrestrial 

plant was exceptionally tolerant to salt as the fungus could grow in the medium prepared 

from seawater, instead of freshwater. The salt tolerance ability enabled us to cultivate the 

fungus CRI7 in seawater and halogen containing media, leading to the production of nine 

new polyketides (1-9) (Figure 1). Herein we report the isolation and characterization of new 



  

4 

 

metabolites (1-9) from the terrestrial endophytic fungus Dothideomycete sp. CRI7, which was 

cultivated in seawater and halogen containing media.  

3

1

2

4

4a

5
6

7
8 8a

10

11

12

13

14 9

OH

OH

H

H

O

HO

HO

3

1

2

4

4a

5

8a

10

11

12

13
14 9

OH

H

H

O

HO

OH
6

7
8

O

H

O

HO

H

O

OH

OH

OH

1
2

3

124

4a

8a

5

6

7
8

13
14 9

10

11

1'
2'

11'

3'

12'

4'
5'

6'

7'
8'

9'

10'

R

O

H

O

HO

H

O

OR

OHHO

OH

1

2

3

12
4

4a

8a

5
6

7
1

13
14

9

10

11

1'
2'

11'

3'

12'

4'
5'

6'
7'

8'
9'

10'

1 2

3, R = OH
11, R = H

4, R = H
5, R = Me

O

H

O

HO

H

O

OR2

OH

OH

1

2

3

124

4a

8a

5

6

7
8

13
14 9

10

11

1'
2'

11'

3'

12'

4'
5'

6'
7'

8'
9'

10'

HO

13'

1'

96'

2'
3'

4'
5'

1

3

4
4a

5

6

7

8 8a

10

11

O

O

HO

OH

O

OH
9

1

3

4
4a

5

6

7

8
8a

10

11

2'

3'

4'
5' 7'6'

8'

O

O

HO

OH

R

O

O

1'

6, R1 = H, R2 = Me

12, R1 = H, R2 = H

13, R1 = OH, R2 = H

7

8, R =

9, R =

O
HO

OH

O

O

O

HO
14

10

O

OH

HO

O

CHO

R1

 

Figure 1. Metabolites isolated from the endophytic fungus Dothideomycete sp. CRI7.   
 

 

2. Results and discussion 

2.1. Production of fungal metabolites in media containing seawater, KBr, and KI  

It was found that the terrestrial fungus Dothideomycete sp. CRI7 was salt tolerant and 

capable of growing in seawater with 30-33 ppt salinity using a modified Czpeck medium. 

Note that seawater did not show any negative effects on the growth rate of the fungus CRI7; 

similar growth rates were observed for the fungus grown in the media prepared from 

deionized water (MDW) and seawater (MSW). Since the fungus CRI7 could grow in 

seawater, we were able to cultivate the fungus in Czpeck medium prepared from deionized 

water supplemented with potassium bromide (MKBr) or potassium iodide (MKI). HPLC 

chromatograms of the fungal metabolite profiles grown in the media MKBr, MSW, MKI, and 

MDW revealed that the media MKBr and MSW significantly gave good metabolite profiles 
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because some metabolites could clearly be observed on the HPLC chromatograms 

(Supplementary Information, Figure S1). Previously, when the fungus CRI7 grown in Czpeck 

medium prepared from deionized water, it produced polyketides, for example, austdiol (10), 

calbistrins F-H (11-13), and dothideomynones A-C.
7
 In the present study, the fungus CRI7 

grown in the MKBr was found to produce not only known compounds (10-14) but also new 

compounds, which were named as calbistrins I-K (1-3) and dothideomynones D-F (7-9) 

(Figure 1). Large amount (4.76 g; 72.6 %) of austdiol (10) was obtained from 6.55 g of a 

crude extract of the MKBr medium (5L). The fungus CRI7 grown in a modified Czpeck 

medium prepared from seawater (MSW) was found to produce known compounds (10-14) 

and new metabolites, namely calbistrins L-N (4-6). Austdiol (10) (2.65 g; 48.0 %) was 

obtained from 5.51 g of a crude broth extract of the MSW medium (5 L). However, the 

fungus CRI7 grown in the MKI medium was not rich in the metabolite production, therefore 

we cultivated the fungus in 10 L of the MKI medium in order to study the compound profile. 

Austdiol (10) and a new compound, dothideomynone E (8), were found as major metabolites 

in the MKI medium. Again, large amount (12.92 g; 70.8 %) of austdiol (10) was obtained 

from 18.23 g of a crude extract of the MKI medium. Interestingly, 5 L of freshwater (MDW) 

gave only 0.89 g (0.2 g/L) of a crude extract that contained 0.2 g of austdiol (10) (0.04g/L). 

The MSW, MKBr, and MKI culture media provided a crude extract of 1.1, 1.3, 1.8 g/L, 

respectively, with respective yields for austdiol (10) of 0.5, 0.9, and 1.2 g/L. Note that the 

yields of austdiol (10) from the MSW (0.5 g/L), MKBr (0.9 g/L), and MKI (1.2 g/L) media 

were 12.5, 22.5, and 30.0 times more than that from the MDW (0.04g/L) medium. These 

results indicated that halogens, i.e., chloride, bromide, and iodide, clearly enhanced the yields 

of a crude extract and the polyketide austdiol (10) (gram scale production). Therefore, 

halogens may influence genes (and/or) enzymes involving the polyketide biosynthesis. 

Previously, seawater in culture media was found to enhance the production of antimicrobial 

compounds in marine fungi; when the concentration of seawater increased, the production of 

antimicrobial metabolites was improved.
10

 To our knowledge, there have been no reports on 

the observation of metabolite profile when culturing the terrestrial fungi in seawater, and this 

is the first report demonstrating that halogen salts enhanced the production of secondary 

metabolites of fungi.  

 

2.2. Characterization of new fungal metabolites (1-9)  

Calbistrin I (1) was obtained as yellow amorphous solid, and its molecular formula 

was assigned as C16H26O5 (by HRESI-MS). The 
1
H NMR spectrum of 1 indicated the 
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presence of two methyl protons at δH 0.73 and 1.56, four methylene protons which resonate 

between δH 0.82-3.83, six sp
3 

methine protons between δH 1.66-4.53, and two sp
2 
methine 

protons at δH 5.41 and 5.50 (Table 1). The 
13

C NMR and HSQC spectra indicated the 

presence of 16 carbons in 1, including eight methine, four methylene, two methyl, and two 

quaternary carbons. The carbons at δC 130.0 and 131.3 were sp
2 

methine carbons, while four 

oxygenated carbons were observed at δC 65.2, 66.4, 67.9, and 75.1 (Table 1). The 1H-1H 

COSY spectrum of 1 established the fragment of H-8a/H-1/H2-2/H-3/H2-4/H-4a/H-5/H-6/H-

7/H3-13, and it also showed the correlations of H-4a/H-8a,H-3/H2-12; and H-10/H2-11. The 

HMBC spectrum of 1 showed the correlations from both H-7 and H-8a to C-8; and from H-

8a, H-10, H2-11 and H3-14 to C-9. The coupling constant J4a,8a of ca 11 Hz indicated a trans 

relationship between H-4a and H-8a. The NOESY spectrum of 1 exhibited correlations 

between H-8a and H-1 and between H-8a and H3-13, implying that H-8a, H-1, and H3-13 

were in the same plane. The NOESY correlations were observed between H-3/H-4a  and 

between H-4a/H3-14, suggesting that these protons were co-planar. These NMR data 

established the structure of calbistrin I (1), whose structure was identical to the core structure 

of calbistrin H (13), previously isolated from the same fungus.
7
 However, the C-10 

stereochemistry of calbistrin H (13) was not previously addressed.7 We next tried to 

determine the absolute configuratuion of C-1 and C-10 in 1 using the Mosher ester procedure 

carried out in NMR tubes that was formerly described by Kinghorn and co-workers.11 

Mosher’s (MTPA) esters 1a and 1b were prepared, and the ∆δ values (δS−δR) indicated that 

the absolute configuration of C-1 in compound 1 was S (Figure 2). Although the ∆δ values 

for C-9 and C-8 could not be obtained because of the absence of protons at these positions, 

the ∆δ value at C-11 implied that the absolute configuration of C-10 was R. Note that the 10R 

absolute configuration of the known polyketide, calbistrin H (13),7 was also established 

accordingly. Upon these data, the structure of calbistrin I (1) was established as shown in 

Figure 1.  
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Figure 2. ∆δ (δS-δR) of (S)- and (R)-MTPA esters (1a and 1b) of compound 1.  
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Calbistrin J (2), obtained as colorless oil, had the molecular formula C16H26O4 (by 

HRESI-MS). The 
1
H NMR of 2 shared a great deal of similarity to that of compound 1 (Table 

1). Analysis of the 
1
H and 

13
C NMR data, as well as the molecular formula obtained from the 

HRESI-MS, suggested that compound 1 was a derivative of 2. Analysis of 2D NMR spectra 

revealed that two oxygenated methines (at C-1 and C-10) in 1 were replaced by a methylene 

group in 2. The 2D NMR spectra also indicated that the C-3 methine in 1 (δC 35.2) was 

transformed to an oxygenated quaternary carbon (δC 72.0) in 2. Calbistrin J (2) should share 

the same biosynthetic origin as that of calbistrin I (1), therefore they should have the same 

absolute configuration.    

 

Table 1 1H (300 MHz) and 13C (75 MHz) NMR spectroscopic data (acetone-d6) for   

compounds 1 and 2. 

 

Position 

1 2 

δC, type δH, (J in Hz) δC, type δH, (J in Hz) 

1 66.4, CH 4.22 (br s) 22.9, CH2 1.34 (m); 1.50 (m) 

2 39.1, CH2 
1.20 (td,13.0, 2.3); 

1.74 (dq, 13.4, 3.6) 
35.1, CH2 

1.46 (dd, 10.5, 3.7);  

1.60 (m) 

3 35.2, CH 2.07 (m) 72.0, qC - 

4 37.5, CH2 
0.82 (q, 12.3);  

1.93 (dq, 12.5, 3.3) 
41.6, CH2 

1.24 (t, 11.8);  

1.71 (dt, 12.9, 2.8) 

4a 31.2, CH 2.40 (t, 11.6) 33.7, CH 2.24 (m) 

5 131.3, CH 5.41 (d, 10.1) 130.5, CH 5.33 (d, 9.9) 

6 130.0, CH 5.50 (ddd, 9.9, 4.7, 2.3) 130.8, CH 5.54 (ddd, 9.9, 4.8, 2.7) 

7 42.2, CH 2.20 (q, 6.3) 40.2, CH 2.18 (m) 

8 52.5, qC - 52.5, qC - 

8a 43.3, CH 1.66 (d, 11.1) 39.8, CH 1.59 (m) 

9 214.6, qC - 213.3, qC - 

10 75.1, CH 4.53 (dd, 5.4, 3.3) 42.3, CH2 2.73 (qt, 12.0, 6.0) 

11 65.2, CH2 
3.64 (dd, 11.7, 5.5);  

3.83 (dd, 11.7, 3.2) 
57.8, CH2 3.77 (m) 

12 67.9, CH2 3.36 (dd, 6.0, 2.6) 71.9, CH2 3.32 (br s) 

13 19.2, CH3 0.73 (d, 7.0) 19.0, CH3 0.76 (d, 7.0) 

14 18.6, CH3 1.56 (s) 17.6, CH3 1.24 (s) 

1-OH - - - 3.52 

10-OH - - - 3.16 

 

 

Calbistrin K (3), a yellow amorphous solid, had the molecular formula of C28H44O8 

(by HRESI-MS). Analysis of NMR data (Table 2) indicated that 3 shared the same core 

structure as that in 1 and 2. The fragment of H-8a/H-1/H2-2/H-3/H2-4/H-4a/H-5/H-6/H-7/H3-

13 in 3 was established by the 
1
H-

1
H COSY correlations. The 

1
H-

1
H COSY spectrum of 3 

also showed the correlations of H-4a/H-8a, H-3/H2-12, and H2-10/H2-11. The 1H and 13C 
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NMR data revealed that an oxygenated C-10 in 1 was replaced by a methylene group in 3. 

Careful analysis of NMR data revealed that 3 had the same side chain as that for calbistrins 

F-H (11-13) previously isolated from the same fungus.
7
 The side chain fragments of H3-

11'/H-2'/H-3' and H-5'/H-6'/H-7'/H-8'/H-9'/H3-10' were constructed by the 
1
H-

1
H COSY 

correlations, while the HMBC correlations were observed from H3-11', H-2', and H-3' to C-1'; 

H-5' to C-3'; H-6' to C-4'; and H3-12' to C-3', C-4', and C-5'; these data established the 

structure of the side chain as 3,8,9-trihydroxy-2,4-dimethyldeca-4,6-dienoic acid. The side 

chain was linked, through the ester linkage at C-1/C-1', by the HMBC correlation of H-1 to 

C-1'. The coupling constant (J6',7' = 15.1 Hz) of H-6' and H-7' and the NOESY correlations 

between H-5' and H-7' and between H-6' and H3-12' suggested the E geometry of H-4'/H-5' 

and H-6'/H-7' double bonds in 3. The coupling constants of J2',3' = 9.8 Hz and J8',9' = 4.2 Hz 

were similar to those of the side chain of calbistrin F (11), therefore the absolute 

configurations at C-2', C-3', C-8', and C-9' in 3 were the same as that for calbistrin F (11).7 

On the basis of these data, the structure of calbistrin K (3) was established as shown.        

Calbistrin L (4) was obtained as a yellow amorphous solid, and had a molecular 

formula of C28H44O8 (by HRESI-MS). Its 
1
H and 

13
C NMR data were similar to those of 

calbistrin K (3). Analysis of NMR data revealed that the C-10 methylene and C-12 

oxygenated methylene in 3 were replaced by the oxygenated methine (C-10) and methyl 

group (C-12) in 4, respectively. The NMR data of the side chain of calbistrin L (4) were 

similar to that of calbistrin K (3), except the signals of the positions at 8' and 9'. The 
13

C 

NMR resonances of C-8' (δC 76.8) and C-9' (δC 71.1) for 3 were significantly different from 

that for 4 (C-8', δC 71.3; C-9', δC 77.6), implying that the C-8'/C-9' configuration of 4 was 

different from that of 3. The coupling constant J8',9' of 6.3 Hz for 4 was larger than that of 3 

(J8',9' = 4.2 Hz; with the syn H-8'/H-9' relationship), therefore the anti configuration was 

proposed for the H-8'/H-9' position in 4. The multiplicity on the 
1
H NMR spectrum of H-9' in 

3 was multiplet (m) with the 9'R configuration, while that in 4 was quintet (quin) with the 

coupling constant of 6.3 Hz (Table 2), implying that 4 had anti H-8'/H-9' relationship with the 

9'S configuration. The structure of calbistrin L (4) was therefore established by these 

spectroscopic data.    

 

 

 

 



  

9 

 

Table 2 1H (300 MHz) and 13C (75 MHz) NMR spectroscopic data (acetone-d6) for   

compounds 3 and 4. 

 

Position 
3 4 

δC, type δH, (J in Hz) δC, type δH, (J in Hz) 

1 70.7, CH 5.45 (br s) 71.1, CH 5.37 (br s) 

2 35.0, CH2 1.23 (m) 40.5, CH2 1.09 (m); 1.91 (m) 

3 36.0, CH 1.96 (m) 27.8, CH 1.87 (m) 

4 37.1, CH2 0.90 (m); 1.96 (m) 42.7, CH2 0.90 (m); 1.87 (m) 

4a 32.7, CH 2.43 (td, 11.7, 0.9) 32.8, CH 2.43 (t, 11.6) 

5 130.6, CH 5.45 (d, 9.8) 130.5, CH 5.42 (d, 9.9) 

6 130.3, CH 5.56 (ddd, 9.8, 5.1, 2.4) 130.2, CH 5.54 (ddd, 9.9, 5.0, 2.5) 

7 42.4, CH 2.15 (q, 6.5) 42.5, CH 2.23 (qd, 6.8, 1.4) 

8 52.0, qC - 52.0, qC - 

8a 42.0, CH 1.82 (d, 11.7) 41.8,CH 1.83 (dd, 11.6, 1.0) 

9 213.4, qC - 214.2, qC - 

10 42.1, CH2 2.70 (dt, 15.6, 5.9) 75.1, CH 4.45 (br s) 

11 57.7, CH2 3.73 (m) 65.2, CH2 3.55 (m); 3.65 (m) 

12 67.6, CH2 3.38 (d, 5.4) 22.3, CH3 0.88 (d, 6.2) 

13 18.9, CH3 0.75 (d, 7.0) 19.1, CH3 0.72 (d, 7.0) 

14 19.5, CH3 1.37 (s) 18.2, CH3 1.46 (s) 

1' 175.2, qC - 175.5, qC - 

2' 45.0, CH 2.58 (dq, 9.8, 7.1) 45.3, CH 2.57 (dq, 9.6, 7.2) 

3' 80.4, CH 4.12 (dd, 9.8, 3.2) 80.5, CH 4.11 (dd, 9.6, 3.1) 

4' 137.8, qC - 138.0, qC - 

5' 128.1, CH 6.01 (d, 11.0) 128.3, CH 6.02 (d, 11.2) 

6' 127.1,CH 6.52 (ddd, 15.1, 11.0, 0.98) 127.6, CH 6.55 (ddd, 15.2, 11.2, 1.2) 

7' 135.0, CH 5.79 (dd, 15.1, 6.2) 135.0, CH 5.73 (dd, 15.2, 6.4) 

8' 76.8, CH 4.01 (t, 4.2) 71.3, CH 3.89 (t, 6.3) 

9' 71.1, CH 3.66 (m) 77.6, CH 3.87 (quin, 6.3) 

10' 18.7, CH3 1.08 (d, 6.3) 19.2, CH3 1.07 (d, 6.3) 

11' 14.7, CH3 0.94 (d, 7.0) 14.8, CH3 0.91 (d, 7.2) 

12' 11.3, CH3 1.72 (s) 11.3, CH3 1.72 (s) 

3'-OH - 3.48* (br s) - - 

8'-OH - 2.87* (br s) - - 

9'-OH - 3.89* (br s) - - 

*Assignment may be interchanged in the same column. 

 

Calbistrin M (5) had a molecular formula, C29H46O8, as deduced from the HRESI-MS. 

In general, calbistrin M (5) had similar 
1
H and 

13
C NMR spectra to those of calbistrin L (4), 

except an additional signal of a methyl group (δH 3.25, s; δC 56.6) in 5 (Table 3). The 13C 

NMR resonance at C-8' of 5 (δC 87.5) was ca 16 ppm downfield shifted from that of 4 (δC 

71.3), suggesting that the methoxy group located at C-8' in 5. The HMBC correlation from 

H3-13' to C-8' confirmed the methoxy position in 5. The coupling constant J8',9' of 7.8 Hz 

suggested the anti relationship for the H-8'/H-9' position in 5. Upon these data, the structure 

of calbistrin M (5) was established as shown in Figure 1.     
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Table 3 1H (600 MHz) and 13C (150 MHz) NMR spectroscopic data (acetone-d6) for   

compounds 5 and 6. 

 

Position 
5 6 

δC, type δH, (J in Hz) δC, type δH, (J in Hz) 

1 71.0, CH 5.38 (br s) 71.1, CH 5.38 (br s) 

2 40.4, CH2 1.18 (m); 1.91 (m) 40.5, CH2 1.03 (m); 1.87 (m) 

3 27.7, CH 1.89 (m) 27.8,CH 1.87 (m) 

4 42.3, CH2 0.88 (m); 1.87 (m) 42.5, CH2 0.88 (m); 1.87 (m) 

4a 32.7, CH 2.43 (t, 11.2) 32.9, CH 2.43 (t, 11.8) 

5 130.4, CH 5.42 (d, 9.9) 130.6, CH 5.42 (d, 9.8) 

6 130.1, CH 5.54 (ddd, 9.9, 5.0, 2.4) 131.7, CH 5.53 (dd, 15.1, 7.6) 

7 42.5, CH 2.26 (q, 4.7) 42.7, CH 2.27 (t, 7.4) 

8 51.9, qC - 52.0, qC - 

8a 41.7, CH 1.83 (d, 12.2) 41.9, CH 1.87 (d, 11.3) 

9 214.1, qC - 214.2, qC - 

10 75.0, CH 4.45 (br s) 75.1, CH 4.45 (br s) 

11 65.1, CH2 3.64 (m), 3.70 (m) 65.2, CH2 3.62 (dd, 11.9, 5.5); 3.71 (m) 

12 22.3, CH3 0.88 (d, 6.8) 22.3, CH3 0.88 (d, 6.2) 

13 19.1, CH3 0.74 (d, 7.0) 19.1, CH3 0.74 (d, 7.0) 

14 18.1, CH3 1.47 (s) 18.2, CH3 1.46 (s) 

1' 175.3, qC - 175.4, qC - 

2' 45.1, CH 2.57 (dq, 9.8, 7.1) 45.3, CH 2.57 (dq,  9.7, 7.1) 

3' 80.5, CH 4.16 (d, 9.8) 80.4, CH 4.13 (dd, 9.8, 2.5) 

4' 138.4, qC - 138.9, qC - 

5' 128.1, CH 6.06 (d, 10.9) 127.9, CH 6.06 (d, 11.0) 

6' 130.5, CH 6.52 (dd, 15.3, 10.9) 130.6, CH 6.57 (dd, 15.0, 11.0) 

7' 132.1, CH 5.62 (dd, 15.3, 8.0) 130.2, CH 5.53 (dd, 15.0, 7.6) 

8' 87.5, CH 3.49 (dd, 7.8, 4.6) 88.2, CH 3.42 (t, 5.3) 

9' 69.9, CH 3.70 (m) 70.0, CH 3.60 (m) 

10' 19.1, CH3 1.07 (d, 6.4) 18.9, CH3 1.03 (d, 6.3) 

11' 14.8, CH3 0.93 (d, 7.1) 14.8, CH3 0.93 (d, 7.1) 

12' 11.2, CH3 1.75 (s) 11.4, CH3 1.75 (s) 

13' 56.6, CH3 3.25 (s) 56.7, CH3 3.25 (s) 

 
 

 

Calbistrin N (6) had the same molecular formula, C29H46O8, as that of 5. Both 5 and 6 

were obtained from the reversed phase HPLC separation, and the retention times (tR) for 5 

and 6 were 43.9 and 45.1 min, respectively. 1H and 13C NMR spectra of 6 showed the signal 

for a methoxy group (δH 3.25, s; δC 56.7) (Table 3). Calbistrin N (6) had similar 1H and 13C 

NMR data to that of calbistrin G (12) (Figure 1), which was previously separated from the 

same fungus.
7
 Analysis of 

1
H and 

13
C NMR spectra revealed that 6 had an additional 

methoxy group when compared to 12; the HMBC correlation from H3-13' to C-8' indicated 

the methoxy group being attached at C-8' in 6. The coupling constant J8',9' of 5.3 Hz in 6 

suggested the syn relationship for the H-8'/H-9' position in 6, which was similar to that of 

calbistrin G (12).7 Therefore, calbistrin N (6) was identified as a methoxy derivative of 12.  
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Dothideomynone D (7), a yellow amorphous solid, had the molecular formula, 

C18H24O6 (by HRESI-MS). The 
1
H NMR spectrum (Table 4) of 7 showed signals of four 

methyl groups at δH 0.96, 1.05, 1.12, and 2.24, two methylene groups at δH 2.61 and 

2.67/2.28, three sp
3 

methine protons at δH 2.74, 4.15, and 4.44, and two sp
2 

methine protons at 

δH 6.39 and 7.38. The 
13

C NMR spectrum had 18 lines attributable to five methine, two 

methylene, four methyl, and seven non hydrogen-bearing carbons (by DEPT spectra). The 

three downfield sp
3 carbons at δC 64.4, 73.1, and 76.5 were of oxygenated sp

3 carbons, while 

that of δC 199.2 and 213.9 were of ketones in 7. The 
1
H-

1
H COSY spectrum of 7 displayed 

allylic couplings of H-4/H3-10 and H-1/H-8. The HMBC spectrum of 7 showed the 

correlations from H-1 to C-3, C-4a, C-8 and C-8a; H-4 to C-3, C-4a, C-5, C-8a, and C-10; H-

8 to C-4a, C-7, C-8a, and C-11; H3-10 to C-3, C-4 and C-4a (a four-bond correlation); and 

H3-11 to C-6, C-7, and C-8. The 1H-1H COSY and HMBC correlations mentioned above 

established the partial structure from C-1 to C-11 that was similar to that of the known 

azaphilones, austdiol (10) and dothideomynone B (14) (Figure 1).
7
 The 

1
H-

1
H COSY 

spectrum of 7 established the fragments of H2-9/H-1'/H3-6' and H2-3'/H-4'/H3-5', while the 

HMBC showed the correlations from both H2-9 and H3-6' to C-2' and from H2-9 to C-4a and 

C-6. These data established the structure of a side chain in 7, which was substituted at C-5 of 

7, similar to that of dothideomynone B (14) (Figure 1).7 The core structure of 7 should have 

the same absolute configuration at C-7 and C-8 as that of austdiol (10) and dothideomynone 

B (14) since these polyketides might share the same biosynthetic origin. Mosher’s method 

carried out in NMR tubes
11

 was used to determine the absolute configuration of a chiral 

secondary alcohol at C-4'. The ∆δ of (S)- and (R)-MTPA esters (7a and 7b) indicated the 4'S 

configuration in 7 (Figure 3). Unfortunately, the C-1' configuration in 7 could not be 

determined based on available spectroscopic data. Upon these spectroscopic data, the 

structure of dothideomynone D (7) was secured.  
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Table 4 1H and 13C NMR spectroscopic data (acetone-d6) for compounds 7-9. 

Position 

7a 8b 9b 

δC, type δH, (J in Hz) δC, type δH, (J in Hz) δC, type δH, (J in Hz) 

1 144.9, CH 7.38 (s) 144.9, CH 7.36 (s) 144.9, CH 7.38 (s) 

2 - - - - - - 

3 160.1, qC - 159.9, qC - 160.3, qC - 

4 104.7, CH 6.39 (s) 105.0, CH - 104.6, CH 6.38 (s) 

4a 143.1, qC - 143.0, qC 6.38 (s) 143.1, qC - 

5 112.7, qC - 113.0, qC - 112.8, qC - 

6 199.2, qC - 199.1, qC - 199.1, qC - 

7 76.5, qC - 76.7, qC - 76.5, qC - 

8 73.1, CH 4.44 (s) 73.2, CH - 73.3, CH 4.40 (s) 

8a 121.3, qC - 121.4, qC 4.41 (s) 121.5, qC - 

9 27.9, CH2 
2.67 (m); 2.28 

(m) 
29.8, CH2 - 29.8, CH2 

2.34 (dd, 13.3, 6.0); 

2.67 (dd, 13.3, 9.0) 

10 19.6, CH3 2.24 (s) 19.7, CH3 2.22 (s) 19.6, CH3 2.22 (s) 

11 19.2, CH3 1.05 (s) 19.4, CH3 1.02 (s) 19.4, CH3 1.03 (s) 

1' 46.4, CH 2.74 (m) 39.2, CH 2.51 (m) 40.0, CH 2.54 (q, 6.6) 

2' 213.9, qC - 180.1, qC - 180.2, qC - 

3' 51.0, CH2 2.61 (d, 6.2) 103.9, CH 5.06 (s) 103.9, CH 5.05 (s) 

4' 64.4, CH 4.15 (m) 192.3, qC - 192.8, qC - 

5' 23.6, CH3 1.12 (dd, 6.2, 1.3) 43.4, CH2 2.47 (dd, 4.3, 0.7) 43.2, CH2 2.27 (m) 

6' 15.8, CH3 
0.96 (dd, 6.9, 
1.9 ) 

76.7, CH 
4.45 (tdd, 12.7, 6.4, 
4.2) 

76.5, CH 4.38 (dq, 11.6, 5.4) 

7' - - 20.7, CH3 1.45 (d, 6.3) 20.4, CH3 1.42 (d, 6.3) 

8' - - 18.0, CH3 1.10 (d, 6.5) 17.9, CH3 1.13 (d, 6.9) 

7-OH - 4.81* (br s) - 4.78 (br s)* - 4.81 (br s)* 

8-OH - 4.23* (br s) - 4.20 (br s)* - 4.22 (br s)* 

4'-OH - 3.68* (br s) - - - - 
a 1H NMR data recorded at 300 MHz, and 13C NMR data recorded at 75 MHz. 
b 1

H NMR data recorded at 600 MHz, and 
13

C NMR data recorded at 150 MHz. 

*Assignment may be interchanged in the same column. 
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Figure 3. ∆δ (δS-δR) of (S)- and (R)-MTPA esters (7a and 7b) of compound 7. 

 



  

13 

 

Dothideomynone E (8) had the molecular formula of C20H24O6, as deduced from 

HRESI-MS. In general, the 
1
H NMR signals of 8 were similar to those of 7, and the 

13
C NMR 

resonances of C-1 to C-11 in 8 were close to that of 7 (Table 4). These data suggested that 

compounds 8 and 7 shared the same core structure, but they had different side chain. The 

molecular formula obtained from the HRESI-MS, together with the information from the 
13

C 

NMR spectrum, indicated that the side chain of 8 had two more carbons than that of 7. The 

1H-1H COSY spectrum of 8 established the fragments of H2-9/H-1'/H3-8' and H2-5'/H-6'/H3-

7', while the HMBC spectrum showed the correlations from H2-9 to C-2', C-4a, and C-6; H3-

8' to C-2'; H-3' to C-1', C-2' and C-5'; and H2-5' to C-4'. The 
13

C NMR resonance (δC 192.3) 

of the ketone (C-4') of the side chain in 8 was 21.6 ppm shifted upfield when compared to 

that of 7 (δC 213.9; C-2'), implying that 8 had a conjugated ketone with a ring system, not a 

linear side chain. The typical 13C NMR resonances for the ketone carbon of the 2,3-

dihydropyran-4-one unit are ca 192.8-193.7 ppm.12 The NMR chemical shifts of the 

oxygenated atoms C-6' (δH 4.45; δC 76.7) and C-2' (δC 180.1), together with the molecular 

formula of C20H24O6 obtained from the MS data, implied that C-2' was bridged at C-6' 

through the ether bond, forming the 2,3-dihydropyran-4-one unit in 8. The NOESY 

correlation of H-3' and H3-8' was observed, showing the proximity among these protons. On 

the basis of these spectroscopic data, the gross structure of 8 was established. Considering the 

biosynthetic analogy, the absolute configuration at C-7 and C-8 in 8 should be the same as 

that of the known azaphilones (10 and 14) (Figure 1). The NOESY spectrum of 8 showed the 

correlation between H-3' and H3-11, implying that the conformation of 8 allowed the two 

protons being in close proximity. After the MMFF94 energy minimization using ChemBio3D 

Ultra software, the proposed conformation of 8 is depicted in Figure 4, showing the close 

proximity between H-3' and H3-11 with the tentative 1'R configuration. However, the 

configuration of C-6' could not be addressed based on the available spectroscopic data.  

 

                
 

Figure 4. The conformation of 8 after MMFF94 energy minimization, showing the close 
proximity of H-3' and H3-11. 
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Dothideomynone F (9) had the same molecular formula, C20H24O6, as that of 8. The 

1
H and 

13
C NMR data (Table 4) of 9 were nearly identical to that of 8, and analysis of 2D 

NMR data revealed that both 9 and 8 had the same gross structure. The NOESY spectrum of 

9 did not show the correlation between H-3' and H3-11, while that of 8 displayed the 

correlations between the two protons; therefore the C-1' configuration of 9 should be different 

from that of 8. Accordingly, the C-1' configuration of 9 was proposed to be S. Upon these 

data, dothideomynone F (9) was identified as the 1'-epimer of dothideomynone E (8).  

   

2.3. Biosynthetic relationship of the isolated compounds  

It is worth mentioning that new compounds isolated from MKBr and MSW media had 

biosynthetic relationship. Acetyl-CoA and malonyl-CoA should be the building blocks of the 

polyketides from the fungus Dothideomycete sp.; acetyl-CoA acts as the starter unit, while 

malonyl-CoA is the extender unit (Figure 5). The condensation of acetyl-CoA and malonyl-

CoA gives the linear intermediate which in turn undergoes cyclization to give the structures 

of the intermediate A or dothideomynone D (7). Calbistrins I (1) and J (2) may be derived 

from the intermediate A. Enzymatic oxidation of the intermediate A at C-3 by certain enzyme 

could lead to the structure of calbistrin J (2), while the oxidation at C-1 and C-10 of the 

intermediate A could give rise to the formation of calbistrin I (1), which is in turn esterified 

with the side chain to give calbistrin H (13) (Figure 5). Dothideomynone D (7) is a potential 

biosynthetic precursor of dothideomynones E (8), F (9), and B (14). Oxidation of the C-6' 

methyl group of 7 to a carboxylic acid, concomitantly with the oxidation of the C-4' alcohol, 

could lead to the formation of the intermediate B, which in turn undergoes the keto-enol 

tautomerization to give the intermediate C (Figure 5). Finally, lactonization between the C-6' 

carboxylic acid and the C-4' alcohol of the intermediate C could give rise to dothideomynone 

B (14) (Figure 5). The biosynthesis of dothideomynone E (8) or F (9) may start with the 

oxidation of the C-4' alcohol in dothideomynone D (7) to form the intermediate D, which in 

turn undergoes the two-carbon chain extension process using malonyl-CoA as an extender, a 

common step by the enzyme polyketide synthase during the polyketide biosynthesis, to give 

the intermediate E (Figure 5). The reduction at the C-6' ketone of the intermediate E could 

give rise to the intermediate F. Cyclization at C-2'/C-6', through the ether bond formation of 

the intermediate F, could give rise to the structure of dothideomynone E (8) or F (9) (Figure 

5). Therefore, the cultivation of the terrestrial fungus Dothideomycete sp. CRI7 in halogen 

containing media (bromide in MKBr and chloride in MSW media) not only gave new 
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compounds, but also shed some lights on the biosynthetic information of certain polyketides. 

Previously, cultivation of the marine-derived fungus Aspergillus unguis in halogen containing 

media also provided insights into the biosynthesis of depsidones, and some biosynthetic 

intermediates were co-isolated with new depsidone derivatives.
8
 It is known that little 

changes in cultivation parameters, i.e., nutrients in culture media and addition of enzyme 

inhibitors, could lead to increase of the number of secondary metabolites produced by fungi 

or bacteria; this method is collectively known as the OSMAC technique.13 Judging from the 

results obtained from this study, as well as those from the previous studies,
8
 the cultivation of 

microorganisms in halogen containing media proves to be useful for the OSMAC technique. 
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Figure 5. Proposed biosynthetic relationships among the polyketides isolated from the fungus 

Dothideomycete sp. 

 

 

 

 

2.4. Biological activities of the isolated compounds    

Some compounds isolated from the endophytic fungus Dothideomycete sp. CRI7 were 

evaluated for biological activities, i.e., cytotoxic, antibacterial, and antifungal activities. 

Antibacterial and antifungal activities of compounds 1-9 were evaluated against Gram-
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positive and Gram-negative bacteria, as well as Candida albicans, using a broth 

microdilution method. Among the compounds tested, only compound 6 exhibited 

antibacterial activity against Bacillus cereus, Staphylococcus aureus, and Staphylococcus 

epidermidis with a minimum inhibitory concentration (MIC) value of 100 µg/mL. However, 

none of the compounds exhibited antifungal activity. Previously, calbistrin derivatives, 

calbistrins A and B, were reported to display potent antifungal activity with the MIC values 

of 0.78 and 3.12 µg/mL, respectively,14 and therefore they were received attentions from 

organic chemists. Accordingly, the total synthesis of calbistrin A was achieved by Tatsuta 

and co-workers.
15

 Compounds 3, 4, and 7-9 were assessed for their cytotoxic activity against 

MOLT-3, HepG2, HuCCA-1, and A549 cell lines, however they did not show the activity 

toward these cancer cell lines. Calbistrins I (1) and J (2) are structurally related to aspermytin 

A and decumbenone C which showed biological activities; aspermytin A could induce neurite 

outgrowth in pheochromocytoma cells,16 while decumbenone C exhibited potent cytotoxic 

activity.
17

 Unfortunately, the cytotoxic activity of 1 and 2 could not be evaluated due to the 

limited amounts of 1 and 2 obtained from the isolation.     

   

3. Conclusions   

 This is the first demonstration on the cultivation of the terrestrial endophytic fungus in 

seawater. The salt tolerance ability of the fungus Dothideomycete sp. CRI7 enabled us to 

culture the fungus in media prepared from seawater, as well as in media supplemented with 

halogen salts (KBr or KI). Halogen salts (NaCl in seawater, KBr, and KI) were found to 

enhance the production of polyketides, and the multigram production (up to ca 12 g) of 

austdiol (10) was obtained from the fungus grown in the media containing halogen salts. Nine 

new polyketides (1-9) were obtained from the fungus grown in media containing seawater 

and KBr, and these metabolites have biosynthetic relationships. Therefore, the cultivation of 

the terrestrial fungus in media containing halogens not only gave new metabolites but also 

gave information for the biosynthetic pathways of certain polyketides. Note that the 

endophytic fungus Dothideomycete sp. was isolated from the root of the plant, T. triandra, 

which was collected from the area with hot and drought weather (Nakhonsawan Province, 

Thailand) during summer period. The temperature in the summer of this area could be up to 

45 °C, but the temperature of the soil, where the plant root was collected, might be more than 

45 °C because of the heat accumulation in soil. We speculated that the fungus 

Dothideomycete sp. might adapt itself at the cellular levels in order to survive under the hot 
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and drought weather during summer period, and such adaptation could lead to the salt 

tolerance ability. It might be possible that endophytic fungi associated with the plant hosts 

grown in hot and drought areas may have the salt tolerance ability. Therefore, these fungal 

sources are of interest for the production of bioactive secondary metabolites, e.g., the 

cultivation of these fungi in seawater and halogen containing media.   

 

4. Experimental section  

4.1. General experimental procedures 

Optical rotations were measured on a JASCO P-1020 polarimeter. UV spectra were 

obtained from a Shimadzu UV-1700 PharmaSpect UV–Vis spectrophotometer. IR spectra 

were acquired with a Perkin Elmer Spectrum ONE spectrophotometer using Attenuated Total 

Reflectance (ATR) technique. NMR spectra were recorded either on a Bruker Avance 300 

(1H at 300 MHz, 13C at 75 MHz) or on Bruker Avance 600 (1H at 600 MHz, 13C at 150 

MHz). HRESI-MS spectra were obtained from a Bruker MicroTOF mass spectrometer. High 

performance liquid chromatography (HPLC) was carried out using Waters 1525 binary 

module machine equipped with Waters 2998 photodiode array detector. Column 

chromatography (CC) was packed with Sephadex LH-20 (GE Health Care Bio-Sciences AB). 

Malt extract for the preparation of culture media was purchased from Scharlau, S.L., 

Barcelona, Spain.  

4.2. Fungal material and culture media 

The endophytic fungus was isolated from the roots of a Thai medicinal plant, 

Tiliacora triandra, and identified as Dothideomycete sp. (no.CRI7) using a molecular 

method; the DNA sequence of 18S-ITS1-5.8S-ITS2 rRNA gene region was submitted to 

Gene Bank with an accession number of JQ867364.6 The fungus was deposited at 

Chulabhorn Research Institute, Thailand. 

 The MDW, MSW, MKBr, and MKI culture media were prepared based on the 

modified Czapek malt media which contained malt extract and NaNO3.
18

 The MDW culture 

medium contained malt extract (30 g) and NaNO3 (2 g) in 1 L of deionized water. The MSW 

culture medium was composed of malt extract (30 g) and NaNO3 (2 g) in 1 L of seawater. 

Seawater was collected from Bang Saen, Chonburi Province, Thailand, and it had 33% 

salinity, as measured by a salinity refractometer. The MKBr culture medium contained 30 g 

of malt extract, 2 g of NaNO3, and 53 g of KBr in 1L of deionized water, while the MKI 

medium contained 30 g of malt extract, 2 g of NaNO3, and 74 g of KI in 1L of deionized 
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water. The 33% salinity for both MKBr and MKI media was obtained with such formulation 

(measured by a salinity refractometer), which was similar to that of the seawater medium.  

4.3. Extraction and isolation of fungal metabolites  

The fungus Dothideomycete sp. CRI7 was cultivated in 1 L Erlenmeyer flasks, each 

containing 250 mL of MKBr, MSW, MKI, and MDW (total culture medium = 5 L for MKBr, 

MSW and MDW or 10 L for MKI). The fungus was incubated for 21 days, which was then 

filtered to separate broth and mycelia. Broth of each culture medium was extracted with an 

equal volume of EtOAc (3 times) to obtain a crude extract.  

A crude broth extract (6.55 g) of the MKBr medium was dissolved in MeOH. The 

residue, which was insoluble in MeOH, was identified as austdiol (10) (4.76 g). The MeOH 

soluble portion of a crude extract was fractionated using Sephadex LH-20 (3 x 100 cm) CC, 

eluted with MeOH, to obtain fourteen fractions (A1-A14). Fractions A5 and A6, which 

showed similar TLC patterns and 1H NMR spectra, were combined to give 395.3 mg of a 

material, which was further separated by C18 reversed phase HPLC (RP-HPLC), eluted with 

MeOH:H2O (72:28), to yield compounds 3 (50.4 mg, tR 8.2 min), 11 (65.1 mg, tR 31.4 min), 

12 (122.5 mg, tR 26.9 min), and 13 (17.5 mg,  tR 7.3 min). Fractions A7, A8, and A9, which 

had similar TLC patterns and 1H NMR spectra, were combined to give 640.8 mg of a 

material, which was further separated by C18 RP-HPLC, eluted with MeOH:H2O (50:50), to 

give compounds 7 (65.7 mg, tR 14.4 min), 8 (34.2 mg, tR 24.7 min), and 9 (29.2 mg, tR 28.2 

min). A fraction with the tR of 12 min, which was obtained from C18 RP-HPLC separation, 

was further purified by C18 RP-HPLC using MeCN:H2O (30:70) as the solvent system, 

yielding compounds 1 (20.5 mg, tR 7.92 min) and 2 (17.3 mg, tR 8.91 min). The fractions 

A12, A13, and A14 were combined to give 162.4 mg of a material, which was further 

purified with C18 RP-HPLC using MeOH:H2O (30:70) as the solvent system to yield 

dothideomynone B (14) (24.6 mg, tR 31.2 min) and compound 10 (21.8 mg, tR 15.3 min). 

A crude extract (5.51g) from the MSW medium was suspended in MeOH, and the 

residue, which was insoluble in MeOH, was identified as austdiol (10) (2.65 g). The MeOH 

soluble portion of a crude extract was fractionated using Sephadex LH-20 (3 x 100 cm) CC, 

eluted with MeOH, to obtain eleven fractions (B1-B11). Fractions B6 and B7, which showed 

similar TLC patterns and 1H NMR spectra, were combined to give 583.7 mg of a material, 

which was further separated by C18 RP-HPLC using MeOH:H2O (72:28) as the solvent 

system to yield compounds 4 (15.0 mg, tR 25.5 min), 5 (14.1 mg, tR 43.9 min), and 6 (8.4 mg, 

tR 45.1 min). Similarly, fractions B10-B11 were combined and separated by C18 PR-HPLC, 
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using MeOH:H2O (30:70) as the solvent system, yielding dothideomynone B (14) (12.7 mg, 

tR 33.0 min) and compound 10 (10.1 mg, tR 15.9 min). 

 

4.4. Spectroscopic data of compounds 

4.4.1. Calbistrin I (1) 

Yellow amorphous solid; [α]29
D +106.24 (c 1.7, MeOH); UV (EtOH) λmax (log ε): 

202.0 (3.03) nm; IR (UATR) νmax 3384, 2924, 2854, 1699, 1453, 1401, 1378, 1263, 1160, 

1062, 1028, 998, 903, 769, 731 cm
-1

; HRESI-MS: m/z 321.1683 (M+Na)
+
, calcd m/z 

321.1678 for C16H26O5Na; 
1
H and 

13
C NMR spectroscopic data, see Table 1.   

4.4.2. Calbistrin J (2) 

Colorless oil; [α]
29

D +104.81 (c 1.6, MeOH); UV (EtOH) λmax (log ε) 202.0 (3.03) nm; 

IR (UATR) νmax 3382, 2926, 2881, 1696, 1457, 1380, 1355, 1316, 1264, 1181, 1141, 1112, 

1045, 978, 944, 904, 810, 773, 733 cm-1; HRESI-MS: m/z 305.1727 (M+Na)+, calcd m/z 

305.1729 for C16H26O4Na; 
1
H and 

13
C NMR spectroscopic data, see Table 1.   

4.4.3. Calbistrin K (3) 

Yellow amorphous solid; [α]
27

D +24.44 (c 5.5, acetone); UV (EtOH) λmax (log ε) 296.5 

(3.04), 240.0 (3.78) nm; IR (UATR) νmax 3360, 2911, 2852, 1706, 1659, 1631, 1454, 1378, 

1261, 1180, 1037, 971, 733 cm-1; HRESI-MS: m/z 531.2924 (M+Na)+, calcd m/z 531.2934 

for C28H44O8Na; 1H and 13C NMR spectroscopic data, see Table 2.   

4.4.4. Calbistrin L (4) 

Yellow amorphous solid; [α]
30

D +66.31 (c 3.2, acetone); UV (EtOH) λmax (log ε) 340.0 

(2.22), 275.5 (2.93), 240.0 (4.25) nm; IR (UATR) νmax 3420, 2952, 2925, 2154, 1702, 1456, 

1379, 1302, 1265, 1180, 1162, 1121, 1057, 1007, 977, 925, 883, 819, 775, 734, 703 cm-1; 

HRESI-MS: m/z 531.2938 (M+Na)+, calcd m/z 531.2934 for C28H44O8Na; 1H and 13C NMR 

spectroscopic data, see Table 2.   

4.4.5. Calbistrin M (5) 

Yellow amorphous solid; [α]
29

D +80.71 (c 3.4, acetone); UV (EtOH) λmax (log ε) 

293.5 (2.42), 240.5 (4.22) nm; IR (UATR) νmax 3421, 2925, 2868, 2367, 2144, 1706, 1603, 

1456, 1378, 1308, 1253, 1179, 1162, 1067, 895, 730 cm-1; HRESI-MS: m/z 545.3104 

(M+Na)+, calcd m/z 545.3090 for C29H46O8Na; 1H and 13C NMR spectroscopic data, see 

Table 3.  

4.4.6. Calbistrin N (6) 

Yellow amorphous solid; [α]
29

D +116.94 (c 1.6, acetone); UV (EtOH) λmax (log ε) 

363.5 (1.84), 339.5 (2.06), 240.0 (3.95) nm; IR (UATR) νmax 3422, 2924, 2854, 2154, 1710, 
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1456, 1378, 1253, 1178, 1162, 1079, 1008, 971, 927, 889, 774, 730 cm-1; HRESI-MS: m/z 

545.3069 (M+Na)
+
, calcd m/z 545.3090 for C29H46O8Na; 

1
H and 

13
C NMR spectroscopic 

data, see Table 3.  

4.4.7. Dothideomynone D (7) 

Yellow amorphous solid; [α]
27

D +191.41 (c 7.2, acetone); UV (EtOH) λmax (log ε) 

357.0 (3.58), 235.0 (3.30) nm; IR (UATR) νmax 3421, 2967, 2926, 2349, 2137, 1699, 1609, 

1379, 1290, 1153, 1098 cm-1; HRESI-MS: m/z 359.1471 (M+Na)+, calcd m/z 359.1471 for 

C18H24O6Na; 
1
H and 

13
C NMR spectroscopic data, see Table 4.  

4.4.8. Dothideomynone E (8) 

Yellow amorphous solid; [α]
27

D +92.69 (c 4.9, MeOH); UV (EtOH) λmax (log ε) 358.0 

(4.18), 260.0 (3.90), 237.5 (3.78) nm; IR (UATR) νmax 3393, 2921, 2851, 1643, 1595, 1546, 

1444, 1408, 1291, 1269, 1164, 1096, 1038, 1002, 965, 922, 881, 831, 721 cm-1; HRESI-MS: 

m/z 383.1463 (M+Na)+, calcd m/z 383.1471 for C20H24O6Na; 1H and 13C NMR spectroscopic 

data, see Table 4.  

4.4.9. Dothideomynone F (9) 

Yellow amorphous solid; [α]
27

D +181.87 (c 4.7, MeOH); UV (EtOH) λmax (log ε) 

356.5 (4.22), 263.5 (4.09), 237.0 (3.92) nm; IR (UATR) νmax 3422, 2977, 2928, 2856, 1655, 

1595, 1545, 1445, 1387, 1267, 1164, 1095, 1040, 1001, 967, 948, 922, 875, 828, 733, 702 

cm-1; HRESI-MS: m/z 383.1474 (M+Na)+, calcd m/z 383.1471 for C20H24O6Na; 1H and 13C 

NMR spectroscopic data, see Table 4.  

4.5. Preparation of (R)−−−− and (S)−−−−MTPA esters of compounds 1 and 7 

The Mosher ester procedure carried out in NMR tubes previously described by 

Kinghorn and co-workers
11

 was employed for the determination of the secondary alcohol in 1 

and 7. Compound 1 (1.0 mg) was transferred into an NMR tube, and it was completely dried 

under vacuum. Pyridine-d5 (0.5 mL) and (R)-(−)-α -methoxy-α-(trifluoromethyl)phenylacetyl 

(MTPA) chloride (4 µL) were then added into an NMR tube, and the reaction mixture was 

shaken carefully to mix compound 1 with (R)-MTPA chloride evenly. The reaction mixture 

in an NMR tube was permitted to stand at room temperature and monitored every 2 h by 

observing the 
1
H NMR spectrum of the mixture. The reaction was complete after 6 h, giving 

(S)-MTPA ester derivative (1a). 
1
H NMR data of the 1a were obtained directly from the 

reaction in an NMR tube. In the same manner described for the preparation of 1a, another 

portion of compound 1 (1.0 mg) was reacted with (S)-MTPA chloride in an NMR tube to 

yield (R)-MTPA ester derivative (1b).  
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(S)-MTPA ester 1a: 1H NMR (pyridine-d5, 300 MHz) δ 7.22–7.59 (20H, m, aromatic 

signals of MTPA), 5.59 (m, H-5, H-6), 5.13 (dd, J = 6.1, 3.4 Hz, H-10), 4.93 (br s, H-1), 4.47 

(dd, J = 11.5, 3.6 Hz, H-11a), 4.25 (dd, J = 11.1, 6 Hz, H-11b), 3.85 (each 3H, OCH3 of 

MTPA), 3.77 (d, J = 6.3 Hz, 2H-12), 3.69 (m, Ha-4), 2.86 (t, J = 10.4 Hz, H-4a), 2.68 (m, H-

7), 2.27 (m, H-2a), 2.15 (d, J = 12 Hz, H-8a), 1.99 (s, 3H-14), 1.93 (d, J = 7.5 Hz, H-3), 1.61 

(m, H-2b), 1.18 (d, J = 12.3 Hz, Hb-4), 1.09 (d, J = 6.9 Hz, 3H-13). 

(R)-MTPA ester 1b: 1H NMR (pyridine-d5, 300 MHz) δ 7.22–7.59 (20H, m, aromatic 

signals of MTPA), 5.59 (m, H-5, H-6), 5.13 (dd, J = 6.3, 3.6 Hz, H-10), 4.93 (br s, H-1), 4.46 

(dd, J = 11.5, 3.4 Hz, H-11a), 4.24 (dd, J = 11.5, 6.3 Hz, H-11b), 3.84 (each 3H, OCH3 of 

MTPA), 3.77 (d, J = 6 Hz, 2H-12), 3.67 (m, H-4b), 2.87 (t, J = 10.8 Hz, H-4a), 2.67 (m,  

H-7), 2.27 (m, H-2a), 2.15 (d, J = 11.7 Hz, H-8a), 1.99 (s, 3H-14), 1.94 (m, H-3), 1.61 (m,  

H-2b), 1.57 (m, H-4b), 1.18 (d, J = 12.6 Hz, H-4c), 1.1 (d, J = 6.9 Hz , 3H-13). 

Preparation of the (S)- and (R)-MTPA esters 7a and 7b was carried out in the same 

manner as that for 1a and 1b mentioned above. A portion of compound 7 (1.0 mg) was 

individually reacted with (R)- and (S)-MTPA chloride to give (S)- and (R)-MTPA esters 7a 

and 7b, respectively.  

(S)-MTPA ester 7a: 1H NMR (pyridine-d5, 300 MHz) δ 7.22–7.59 (15H, m, aromatic 

signals of MTPA), 6.86 (m, H-1), 6.48 (d, J = 1.5 Hz, H-4), 5.86 (m, H-8), 5.01 (m, H-4'), 

3.66 (d, J = 6.3 Hz, H-1'), 3.11 - 2.87 (m, 2H-9), 2.64 (m, 2H-3'), 1.98 (s, 3H-10), 1.28 (d, J =  

6.3 Hz, 3H-5'), 1.13 (s, 3H-11), 1.10 (d, J = 4.6 Hz, 3H-6'). 

(R)-MTPA ester 7b: 
1
H NMR (pyridine-d5, 300 MHz) δ 7.22–7.61 (15H, m, aromatic 

signals of MTPA), 6.37 (m, H-1), 6.28 (d, J = 1.5 Hz, H-4), 5.90 (m, H-8), 5.01 (m, H-4'), 

3.62 (m, H-1'), 2.94 - 2.74 (m, 2H-9), 2.58 (m, 2H-3'), 2.02 (s, 3H-10), 1.38 (d, J =  6.3 Hz, 

3H-5'), 1.07 (m, 3H-11), 1.01 (m, 3H-6'). 

 

4.6. Bioassay for antibacterial and antifungal activities 

A broth microdilution method was used for the evaluation of antibacterial and 

antifungal activities of the isolated compounds.
19

 The isolated compounds were tested on the 

microorganisms including Gram-positive bacteria (Bacillus cereus, Enterococcus faecalis, 

Staphylococcus aureus, and Staphylococcus epidermidis), Gram-negative bacteria 

(Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium, and Shigella flexneri), 

and Candida albicans. Briefly, the tested compounds were dissolved in DMSO and a two-

fold serial dilution in 96-well plates was carried out. Bacterial and fungal suspensions were 

prepared in normal saline solution and adjusted to a turbidity of the 0.5 with the McFarland 



  

23 

 

standard. The final concentration of DMSO did not exceed 0.5% (v/v). The plates were 

incubated at 36 °C for 20 h, and the absorbance was measured at 600 nm to determine the 

minimum inhibitory concentration (MIC) value of the tested compounds. For the antibacterial 

activity, chloramphenicol and tetracycline were used as the standard drugs. Chloramphenicol 

exhibited antibacterial activity against B. cereus, S. aureus, and S. epidermidis with the MIC 

value of 0.78 µg/mL, while tetracycline had respective MIC values of 6.25, 0.78, and 1.56 

µg/mL toward B. cereus, S. aureus, and S. epidermidis, respectively. Amphotericin B was 

used as the standard antifungal drug, exhibiting the MIC value of 0.78 µg/mL. Note that the 

MIC is defined as the lowest concentration of the compound that inhibits the growth of 

microorganism.  

4.7. Bioassay for cytotoxic activity 

Adhesive cell lines including HuCCA-1, HepG2, and A549 cancer cells, as well as 

non-adhesive MOLT-3 cell line, were used for cytotoxic activity testing. The activity toward 

the adhesive cell lines was assessed using the MTT assay,
20

 while that for non-adhesive 

MOLT-3 cell line was tested with the XTT assay.21 Etoposide and doxorubicin were used as 

the reference drugs. Etoposide exhibited cytotoxic activity against MOLT-3 and HepG2 cell 

lines with respective IC50 values of 0.04 and 24.32 µg/mL, while doxorubicin showed the 

activity toward HepG2, HuCCA-1, and A549 cell lines with the IC50 values of 0.22, 0.33, and 

0.27 µg/mL, respectively.     

 

Acknowledgements 

This work is supported by the Center of Excellence on Environmental Health and 

Toxicology, Science & Technology Postgraduate Education and Research Development 

Office (PERDO), Ministry of Education. This research is also partially supported by Mahidol 

University. K. W. is grateful to the Thailand International Development Cooperation Agency 

(TICA) for a student grant. We thank P. Intachote, S. Sengsai, and B. Saimanee for 

cytotoxicity testing.  

 

Supplementary data 

Supplementary data associated with this article can be found, in the online version, at ….  

 

References  

1. Tan RX, Zou WX. Endophytes: a rich source of functional metabolites. Nat Prod Rep. 
2001; 18: 448-459. 



  

24 

 

2. Strobel G, Daisy B, Castillo U, Harper J. Natural products from endophytic 

microorganisms. J Nat Prod. 2004; 67: 257-268. 

3. Kusari S, Pandey SP, Spiteller M. Untapped mutualistic paradigms linking host plant 

and endophytic fungal production of similar bioactive secondary metabolites. 

Phytochemistry. 2013; 91: 81-87. 

4. Choodej S, Teerawatananond T, Mitsunaga T, Pudhom K. Chamigrane sesquiterpenes 

from a basidiomycetous endophytic fungus XG8D associated with Thai mangrove 
Xylocarpus granatum. Marine Drugs. 2016; 14: 132. 

5. Chokpaiboon S, Choodej S, Boonyuen N, Teerawatananond T, Pudhom K. Highly 
oxygenated chromones from mangrove-derived endophytic fungus Rhytidhysteron 

rufulum. Phytochemistry. 2016; 122: 172-177. 
6. Senadeera SP, Wiyakrutta S, Mahidol C, Ruchirawat S, Kittakoop P. A novel tricyclic 

polyketide and its biosynthetic precursor azaphilone derivatives from the endophytic 
fungus Dothideomycete sp. Org Biomol Chem. 2012; 10: 7220-7226. 

7. Hewage RT, Aree T, Mahidol C, Ruchirawat S, Kittakoop P. One strain-many 

compounds (OSMAC) method for production of polyketides, azaphilones, and an 

isochromanone using the endophytic fungus Dothideomycete sp. Phytochemistry. 

2014; 108: 87-94. 

8. Sureram S, Kesornpun C, Mahidol C, Ruchirawat S, Kittakoop P. Directed 

biosynthesis through biohalogenation of secondary metabolites of the marine-derived 

fungus Aspergillus unguis. RSC Adv. 2013; 3: 1781-1788. 

9. Yamazaki H, Rotinsulu H, Narita R, Takahashi R, Namikoshi M. Induced production 

of halogenated epidithiodiketopiperazines by a marine-derived Trichoderma cf. 

brevicompactum with sodium halides. J Nat Prod. 2015; 78: 2319-2321. 

10. Masuma R, Yamaguchi Y, Noumi M, Omura S, Namikoshi M. Effect of sea water 

concentration on hyphal growth and antimicrobial metabolite production in marine 

fungi. Mycoscience. 2001; 42: 455-459. 
11. Su BN, Park EJ, Mbwambo ZH, Santarsiero BD, Mesecar AD, Fong HH, Pezzuto JM, 

Kinghorn AD. New chemical constituents of Euphorbia quinquecostata and absolute 
configuration assignment by a convenient Mosher ester procedure carried out in NMR 

tubes. J Nat Prod. 2002; 65: 1278-1282. 
12. Arndt M, Reinhold A, Hilt G. Cobalt-catalyzed 1,4-hydrovinylation of allylsilane and 

allylboronic esters for the synthesis of hydroxy-functionalized 1,4-dienes. J Org 

Chem 2010; 75: 5203-5210. 

13. Bode HB, Bethe B, Hofs R, Zeeck A. Big effects from small changes: possible ways 

to explore nature's chemical diversity. ChemBioChem. 2002; 3: 619-627. 

14. Jackson M, Karwowski JP, Humphrey PE, Kohl WL, Barlow GJ, Tanaka SK. 

Calbistrins, novel antifungal agents produced by Penicillium restrictum. I. Production, 

taxonomy of the producing organism and biological activity. J Antibiot. 1993; 46: 34-

38. 

15. Tatsuta K, Itoh M, Hirama R, Araki N, Kitagawa M. The first total synthesis of 

calbistrin A, a microbial product possessing multiple bioactivities. Tetrahedron Lett. 

1997; 38: 583-586. 

16. Tsukamoto S, Miura S, Yamashita Y, Ohta T. Aspermytin A: a new neurotrophic 

polyketide isolated from a marine-derived fungus of the genus Aspergillus. Bioorg 

Med Chem Lett. 2004; 14: 417-420. 

17. Zhuravleva OI, Afiyatullov S, Vishchuk OS, Denisenko VA, Slinkina NN, Smetanina 
OF. Decumbenone C, a new cytotoxic decaline derivative from the marine fungus 

Aspergillus sulphureus KMM 4640. Arch Pharm Res. 2012; 35: 1757-1762. 



  

25 

 

18. Atlas RM. Handbook of Microbiological Media for the Examination of Food. Second 

edition ed: CRC Press; 2006.  

19. Andrews JM. Determination of minimum inhibitory concentrations. J Antimicrob 

Chemother. 2001; 48 Suppl 1: 5-16. 

20. Carmichael J, DeGraff WG, Gazdar AF, Minna JD, Mitchell JB. Evaluation of a 

tetrazolium-based semiautomated colorimetric assay: assessment of radiosensitivity. 

Cancer Res. 1987; 47: 943-946. 
21. Doyle A, Griffiths JB. Mammalian cell culture: essential techniques. Chichester, UK.: 

John Wiley & Sons; 1997. 

 

 

 

  



  

26 

 

 

 

 

Highlights: 

 

• The terrestrial fungus Dothideomycete sp. was used for OSMAC approach.  

• The terrestrial fungus was grown in media containing seawater and halogens. 

• Nine new compounds were obtained from the fungus grown in seawater and KBr. 

• Metabolites obtained from halogen containing media had biosynthetic relationships. 

• Cultivation of terrestrial fungi in seawater could be useful for OSMAC approach.     
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Graphical Abstract: 
 

Metabolite diversification by cultivation of the endophytic fungus 

Dothideomycete sp. in halogen containing media: Cultivation of terrestrial fungus in 
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