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Abstract  A novel 1-isoquinolone analog desig-
nated as marinamide (A) and its methyl ester (B), 
were produced by the application of mixed fermenta-
tion technique to two mangrove endophytic fungi 
(strains Nos. 1924 and 3893) from the South China 
Sea. Their structures were elucidated by compre-
hensive spectra methods (mainly by 2D NMR) as 4- 
(2-pyrrolyl)-1-isoquinolone-3-carboxylic acid (A) and 
methyl 4-(2-pyrrolyl)-1-isoquinolone-3-carboxylate (B), 
respectively. Compounds A and B were not obtained 
when either strain was cultured individually under the 
same conditions. The results showed that the appli-
cation of mixed fermentation technique maybe rep- 
resents a potentially important approach to discover 
novel metabolites. 

Keywords: endophytic fungus, mixed fermentation, metabolite, al-
kaloid. 

For a long time, terrestrial microorganisms are 
abundant natural pharmaceutical resource for human, 
but it becomes more and more difficult to find new 
species and microorganisms with special functions 
from land as the research goes on. Consequently, the 
speed of finding new metabolites from terrestrial mi-
croorganisms becomes slow. At the other hand, many 
drug-resistant pathogens have emerged recently be-
cause of the antibiotics misuse. Especially some new 

pathogens and new virus emerge unceasingly. It is clear 
that new classes of antibiotics are urgently needed. 
Thus, marine microorganisms became a new resource 
for screening for novel precursors of drug[1]. Marine 
microorganisms have developed unique metabolic 
pathways because of the special marine environment 
and its special functions in the ecosystem, and provided 
a lot of metabolites not produced by terrestrial micro-
organisms. Recently, a lot of bioactive metabolites with 
novel structure were isolated continuously from marine 
fungi[2―5], marine actinomycetes[6―10] and marine bac-
teria[11―14]. From the 1990s, we began to screen for 
novel bioactive metabolites from marine-derived man-
grove endophytic fungi from the South China Sea, and 
found many significant novel structures[15―25]. 

However, although marine microorganisms were 
proved to be an abundant resource for new species and 
new compounds, but like terrestrial microorganisms, a 
lot of marine microorganisms produced special chemi-
cal components only under special conditions, such as 
existing special nutritional components, or competition 
for nutrients and limited space, or guarding against 
natural enemies attacking or maintaining the messages 
transmitting between species. Thus, in order to find 
more novel structures from marine microorganisms and 
enhance metabolites production, new methods must be 
developed and applied. During the research on micro-
organisms, it was found continuously that many impor-
tant biochemical pathways could not be finished or 
could be finished weakly by an individual strain, and it 
needs two or more strains working together to finish the 
biochemical pathways, which inspired human to cocul-
ture with two or more strains to obtain the effects that a 
single strain could not make. Accordingly, we have be-
gun exploring the use of mixed fermentation for the 
discovery of novel natural products from ma-
rine-derived mangrove endophytic fungi from the 
South China Sea. In this paper, a novel 1-isoquinolone 
analog designated as marinamide (A) and its methyl 
ester (B), are produced by the application of mixed 
fermentation technique to two mangrove endophytic 
fungi (strains Nos. 1924 and 3893) from the South 
China Sea. Their structures were elucidated by com-
prehensive spectra methods as 4-(2-pyrrolyl)-1-iso- 
quinolone-3-carboxylic acid (A) and methyl 4-(2-pyr- 
rolyl)-1-isoquinolone-3-carbo- xylate (B), respectively. 
Compounds A and B were not obtained when either 
strain was cultured individually under the same condi-
tions[26,27],1). The results showed that the application of  
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mixed fermentation technique maybe represents a po-
tentially important approach to discover novel metabo-
lites. 

1  Materials and methods 

1.1  Instruments and reagents 

The following instruments were used: Bruker 
VECTOR 22 FT-IR spectrometer, Varian Inova 500NB 
NMR spectrometer, VG-ZAB-HS mass spectrometer, 
Elementar Vario EL CHNS-O elemental analyzer, Var-
ian Cary-100 UV spectrophotometer, and Peking X4 
microscope melting determination instrument. 

All reagents were C. P., A. R. or B. R., respectively 

1.2  Fungal strain culture 

Fungal strain: Marine fungal strains (Nos. 1924 and 
3893) were isolated from a plant from an estuarine 
mangrove in Hong Kong, no spora formed and species 
unidentified. The fungal strains were provided by Prof. 
L L P Vrijmoed and Prof. E B G Jones in the City Uni-
versity of Hong Kong and preserved at the Zhongshan 
University and the City University of Hong Kong, re-
spectively. 

Culture media: glucose 10 g, peptone 2 g, yeast ex-
tracts 1 g, crude marine salt 3.5 g, running water 1 L, 
pH 7.0. 

Mixed fermentation of fungal strains: Total 60 L liq-
uid media were filled in 500 mL Erlenmeyer flasks, 
with every flask containing 200 mL liquid media, then 
sterilized for 15 min under 1.25 × 105 Pa. After cool-
ing to room temperature, the flasks were incubated with 
the fungal strains (Nos. 1924 and 3893). And the mixed 
culture fermentation was allowed to proceed for 12 d at 
25℃. 

1.3  Extraction and separation 

The total cultures (60 L) were filtered through 
cheesecloth to give mycelia. The mycelia were air-dried 
and weight was about 220 g, then extracted with etha-
nol (5 L×5). The combined ethanol were condensed 
below 50℃ to give crude extracts. The combined ex-
tracts (about 20 g) were chromatographed on silical gel 
by using a gradient elution from petroleum to ethyl 
acetate, then from ethyl acetate to methanol. The com-
ponents eluted by ethyl acetate and ethyl acetate- 
methanol (9∶1) were chromatographed on silical gel 
repeatedly and crystallized from ethanol to obtain 
compounds A (20 mg) and B (40 mg), respectively. 

1.4  Experimental data 

Compound A: yellow solid, m.p.>300℃, FABMS 
(m/z): 255 [M+H]+, 237; NMR data: see Table 1; IR 
(KBr)ν: 3430, 3333, 3128, 1643, 1614, 1452, 1401, 
1133, 942, 872, 819, 779, 753 cm−1; UV (MeOH)λmax: 
216, 316, 348, 356 nm. 

Compound B: pale-yellow prism, m.p.>300 ℃ , 
FABMS (m/z): 269 [M+H]+, 237; NMR data: see Table 
2; IR (KBr) ν: 3431, 3332, 3195, 1642, 1614, 1560, 
1454, 1401, 1354, 1297, 1234, 1138, 1003, 905, 881, 
807, 738 cm−1; UV (MeOH)λmax: 216, 284, 332 nm; 
Found (calculated) %: C 67.06 (67.16), H 4.612 (4.508), 
N 10.324 (10.442). 

2  Results and discussion 
Compound B was analyzed for the molecular for-

mula of C15H12N2O3 by the FABMS (obsd [M+H]+ at 
m/z 269) and elemental analysis. The number of carbon 
atoms and protons were in agreement with that in NMR 
spectra. 

Analysis of 1H NMR, 13C NMR and DEPT spectra 
for compound B showed the presence of 2 carbonyls 
groups (δC 173.5 and 167.5), 5 unsaturated quaternary 
carbon atoms, 7 unsaturated CH and one methoxy 
group. The fact that it did not react with ferric chloride 
indicated that compound B was not a phenol and fur-
ther proved that the signals at δH 11.61 and 11.56 were 
not the resonance of the active protons of the hydroxyls 
in phenol. The presence of 1,2-disubstituted benzene 
substructure was deduced by the connectivity of H-8, 
H-7, H-6 and H-5 in the 1H-1H COSY NMR spectra in 
combination with the key HMBC correlations between 
C-1 and H-8, C-9 and H-8, C-8 and H-7, C-7 and H-6, 
C-6 and H-5, C-5 and H-6, C-10 and H-5. The 
α-pyrrolyl group was established by the connectivity of 
H-11, H-13, H-14 and H-15 in the 1H-1H COSY NMR 
spectra in combination with the key HMBC correla-
tions between C-12 and H-13 and H-11, C-13 and H-14, 
C-14 and H-15, C-15 and H-11 and H-14. The key 
HMBC correlation between C-16 and H-17 indicated 
the presence of methyl carboxylate residue. There were 
some correlations between C-4 and H-2 and H-11, 
which indicated that the α-pyrrolyl group was linked to 
C-4. And there was no any HMBC correlation for C-3, 
which indicated that methyl carboxylate residue was 
linked to C-3. Finally, the structure of compound B was 
established as methyl 4-(2-pyrrolyl)-1-isoquinolone-3- 
carboxylate by the comprehensive analysis of spectra 
(see Fig. 1). 
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Fig. 1.  Structures of compounds A and B and their key correlations of HMBC and COSY. 
 

Table 1  NMR data for compound A (500 MHz, DMSO-d6) 
Position No. δC δH (J)* HMBC 1H-1H COSY 

1 178.4(s)  H-8  
2  12.34(br s, NH)   
3 147.5(s)    
4 106.2(s)    
5 119.1(d) 7.88(d, 8.0Hz, 1H) H-6, 7, 8 H-6, 7, 8 
6 125.3(d) 7.52(t, 8.0Hz, 1H) H-5, 7, 8 H-5, 7, 8 
7 133.6(d) 7.83(t, 8.0Hz, 1H) H-5, 6, 8 H-5, 6, 8 
8 124.9(d) 8.24(d, 8.0Hz, 1H) H-5, 6, 7 H-5, 6, 7 
9 138.7(s)  H-5, 6, 7, 8  

10 122.8(s)  H-5, 6  
11  11.81(br s, NH)  H-13, 14, 15 
12 123.5(s)  H-13, 14, 15  
13 113.6(d) 6.84(m, 1H) H-14, 15;11-NH H-14, 15;11-NH 
14 108.7(d) 6.28(m, 1H) H-13, 15 H-13, 15;11-NH 
15 123.0(d) 7.14(m, 1H) H-13, 14 H-13, 14;11-NH 
16 166.1(s)  OH  
17  16.13(br s, OH)   

*Assigned by HMQC. 
 

Table 2  NMR data for compound B (500 MHz, DMSO-d6) 
Position No. δC δH (J)* HMBC 1H-1H COSY 

1 173.5(s)  H-8  
2  11.61 (br s, 1H, NH)   
3 140.6(s)    
4 113.5(s)  2-NH, 11-NH  
5 118.4(d) 7.66 (d, 8.0Hz, 1H) H-6 H-6, 7, 8 
6 123.5(d) 7.35 (t, 8.0 Hz, 1H) H-5, 7 H-5, 7, 8 
7 132.2(d) 7.69 (t,8.0 Hz,1H) H-6, 8 H-5, 6, 8 
8 124.7(d) 8.07 (d,8.0 Hz,1H) H-5, 6, 7 H-5, 6, 7 
9 139.4(s)  H-5, 7, 8  

10 124.2(s)  H-5, 6; 2-NH  
11  11.56 (br s,1H,NH)  H-13, 14, 15 
12 122.9(s)  H-13, 14, 15; 11-NH  
13 111.8(d) 6.47 (m,1H) H-14, 15 H-14, 15; 11-NH 
14 109.6(d) 6.25 (m,1H) H-13, 15 H-13, 15; 11-NH 
15 122.4(d) 7.12 (m,1H) H-13, 14; 11-NH H-13, 14; 11-NH 
16 167.5(s)  H-17  
17 51.7(q) 3.67 (s,3H)   

*Assigned by HMQC. 
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The NMR spectra for compound A were very like 
those for compound B. The difference between them 
was that there were no signals of methoxy group, but 
showing the signals of active proton in carboxy group 
at δH 16.13 (br s). Apparently, compound A was the 
product that the methoxy group in compound B was 
replaced by carboxy group. Finally, compound A was 
elucidated by the comprehensive analysis of spectra 
(mainly by HMQC, COSY and HMBC spectra) as 4-(2- 
pyrrolyl)-1-isoquinolone-3-carboxylic acid (see Fig. 1). 

In order to find compounds having selective central 
nervous system actions, various thyrotropin releasing 
hormone (TRH) analogs in which the pyroglutamic 
acid residue is replaced by (3S)-1-oxo-1,2,3,4-tetrahyd- 
roisoquinoline-3-carboxylic acid and related derivatives 
were prepared by Maeda et al.[28] in 1988, and 
1-isoquinolone-3-carboxylic acid, the mother structure 
in marinamides (A and B) containing no pyrrolyl group 
was also prepared by them. In 2001, Ukita et al.[29] re-
ported a novel class of potent and selective phosphodi-
esterase 5 (PDE5) inhibitors, 4-aryl-1-isoquinolinone 
derivatives. Among them, compound T-1032, the sul-
fate form of methyl 2-(4-aminophenyl)-1,2-dihydro-1- 
oxo-7-(2-pyridinylmethoxy)-4-(3,4,5-trimethoxyphenyl)- 
3-isoquinoline carboxylate was selected for further 
biological and pharmacological evaluation of erectile 
dysfunction. Different from the above compounds, new 
compounds marinamide (A) and its methyl ester (B) 
belong to a new class of 1-isoquinolone alkaloids in  
which C-4 was substituted by an α-pyrrolyl group. In 
the primary bioassay, marinamide (A) and its methyl 
ester (B) exhibited significant antibacterial activities 
against Escherichia coli (diameter of bacteriostatics 
ring/cm: 1.4 (A); 2.0 (B)), Pseudomonas pyocyanea 
(0.9 (A); 1.7 (B)) and Staphylococcus auereu (1.0 (A); 
1.3 (B)) at the concentration of 1 mg/mL. 

Mixed fermentation has been used in the food indus-
try[30] and to enhance enzyme production[31]; however, 
it is not clear that this method has been used exten-
sively by the pharmaceutical industry for new metabo-
lite discovery. Given that antibiotics may be produced 
in nature to provide a competition advantage[32], it is 
possible for the pathways responsible for the biosyn-
thesis of certain compounds to be regulated by factors 
elicited by one microbe and detected by another. This 
proposal is supported by the following evidence: Bur-
gess et al.[33] found that antibiotic production can be 
induced in response to microbial antagonism and Son-
nenbichler et al.[34] found that the production of specific 

secondary metabolites can be increased up to 400-fold 
when strains grow in the presence of an antagonist. 
Cueto et al.[35] obtained a new antibiotic designated as 
pestalone from the mixed fermentation of a marine 
fungus Pestalotia sp. CNL-365 and a drug-resistant 
marine bacterium CNJ-328. Pestalone was not detected 
when either strain was cultured individually. Recently, 
Oh et al.[36] found that the marine bacterium CNJ-328 
induced another marine fungus Libertella sp. to pro-
duce 4 new cytotoxic metabolites designated as lib-
ertellenones in mixed fermentation. These new com-
pounds were not observed in pure cultures of the fun-
gus or the bacterium. In this paper, a new alkaloid des-
ignated as marinamide (A) and its methyl ester (B) are 
obtained from the mixed fermentation of two ma-
rine-derived mangrove endophytic fungi (strains Nos. 
1924 and 3893) from the South China Sea. The results 
further demonstrated that the application of mixed fer-
mentation technique maybe represents a potentially 
important approach to discover novel metabolites. 
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