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Abstract
The study investigated the effects of salinity on growth, antimicrobial activities and secondary
metabolites of 47 marine filamentous fungi isolated from the East China Sea near the western shore
of the Taiwan Straits. The results indicate that NaCl promoted the growth up to 91.5% of test
strains. However, only 14.9% of them showed a significant increase of antimicrobial activity against
Candida albicans. When incubated in different concentrations of NaCl, the colony growth, antimi-
crobial activities and composition of secondary metabolites of the strain Ty01b-8 of Penicillium
sp. varied. Treatment with KCl also showed a similar effect. An alkaloid isolated from the fer-
mentation broth of Ty01b-8 was identified as chrysogine, inhibition activity of which against Hela
cells was 15.05% at 20 µg/ml, and yield was 4.4 and 4.9 times higher in 3 percent and 6 percent
NaCl treatments, respectively, compared with the non-salt culture condition. These findings prove
that salinity is an important factor influencing growth and secondary metabolites of some marine
fungi, which can be used to screen for new metabolites from marine fungi, and to enhance their
metabolites production in industrial fermentation.
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1 Introduction

The sea is a unique living environment of high
salinity, high pressure, low temperature and limited
nutrition. To adapt to the environment, marine mi-
croorganisms have evolved a distinct metabolism dif-
ferent from the terrestrial microorganisms. In the last
twenty years, a large number of bioactive compounds
have been found from marine microorganisms. More
than 270 and 300 new compounds were isolated from
marine fungi and marine cyanobacteria, respectively
(Tan, 2007; Bugni and Ireland, 2004), showing that
marine microorganisms are a prolific source of natural
compounds. Meanwhile, how the metabolism of ma-
rine microorganisms responds to salinity environments
have received increased attention in recent years. Two
New compounds, thiocoraline and salinosporamide, as
antitumor agents have been already under the clini-
cal and preclinical trials, respectively (Chauhan et al.,
2006; Newman and Cragg, 2004). Producer of them
have been proved belonging to obligate marine actino-

mycetes.
Only limited publications dealt with the effects of

salinity on growth and secondary metabolites of ma-
rine fungi. Bugni and Ireland (2004) compared the
antimicrobial activities and metabolic products of ma-
rine fungi in 0%–100% artificial sea water. Yang et al.
(2007) found that salinity improved the growth and
compound production of marine fungus UST030110-
009 strain. Dela Cruz et al. (2006) proved that there
were no significant correlations between the origina-
tion of marine fungi Dendryphiella spp. and their re-
sponses to the investigated salt concentrations. These
reports promoted our further study on the impact of
salts on marine fungi isolated from the sea near west-
ern shore of the Taiwan straits.

In the present study, 47 antimicrobial strains of
marine fungi, isolated from the sea near western shore
of the Taiwan straits, were used to investigate the im-
pact of salts on the growth, secondary metabolism and
antimicrobial activities of marine fungi.
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2 Materials and methods

2.1 Survey and identification of strains

Twenty-nine samples, including three soil sam-
ples from Brine Pan, seven mangrove plant samples,
six seaweed samples, and thirteen sediment samples,
were collected from Xiamen and the Jinjiang Sea
area near the western shore of the Taiwan Straits.
Three hundred and ninety filamentous fungal strains
were isolated from the samples using potato dextrose
agar (PDA) medium supplemented with 6% (w/v)
NaCl. Antimicrobial activity against Candida albi-
cans as 2.538 was tested using the double-layer method
(Hentschel et al., 2001). Forty-seven strains display-
ing antimicrobial activities were obtained and used
in the experiments. Based on morphology identifica-
tion (Barnett and Hunter, 1977), these strains were
assigned to Penicillum (32 strains), Aspergillus (10
strains), Mycellia sterilia (3 strains), Fusarium (1
strain), Paecilomyces (1strain), respectively.

2.2 Effects of NaCl on growth of marine fungi

The optimal growth of marine fungi were deter-
mined at four salt levels (0%, 3%, 6% and 9% NaCl),
respectively. Two different methods were used for
sporulating and non-sporulating fungi. In case of
sporulating fungi, the conidia of test strains were di-
luted with distilled water to a concentration of 105−6

conidia per millilitre. Then, 2 µl of the suspensions
was spot-inoculated in dishes containing 15 ml modi-
fied Czapek’s medium with 0%, 3%, 6% and 9% NaCl,
respectively. The composition and the preparation
of the medium are as follows: NH4NO3(AR), 0.71 g;
(NH4)H2PO4(AR), 0.66 g; MgSO4(AR), 0.5 g; FeSO4

(AR), 0.01 g; sucrose(AR), 30 g; agar (purity 99.9%)
20 g, the volume is top to 1 000 ml by distilled water,
and the pH value is adjusted to 6.8 by ammonia. In
case of non-sporulating fungi, agar with fresh mycelia
of test strains were cut into small chunks with a di-
ameter of 0.5 cm, and then inoculated on the medium
mentioned above. After 5 d incubation at 28 ◦C (7 d
for the strains growing slowly), the diameter of colony
was measured. For non-sporulating fungi, the longest
and shortest diameters of colony were measured and
the mean was recorded as the size of the colony. Six
replicates were performend for each strain.

To evaluate the effect of habitats on the adap-
tation of marine fungi to salinity, colony diameters
were treated by standardizing method. Standardized
colony diameter (Ds) was calculated by the following

equation: Ds = (Dx−Dmin)/(Dmax−Dmin)×[(Dmax+
Dmin)/2], where Dx was the colony diameter of strain
at each NaCl concentration tested; Dmax and Dmin

were the maximum and minimum colony diameters of
strain among four NaCl concentrations tested.

2.3 Effects of NaCl on antimicrobial activities

The antimicrobial activities against C. albicans
were determined by double-layer method (Hentschel
et al., 2001). The strains tested were inoculated on
modified Czapek’s agar plate with 0%, 3%, 6% and
9% NaCl. After 7 d incubation at 28 ◦C, the conidia
of the fungi were killed and scraped off with a cotton
swab containing 75% ethanol. Then, plugs of 0.7 cm in
diameter were stanced out with a corkborer and placed
on agar seeded with the indicator C. albicans As 2.538.
Following 48 h incubation at 28 ◦C, the plates were in-
spected for the formation of inhibition zones around
the agar plug and the diameter of the inhibition zones
was recorded. Five replicates were performed for each
strain.

2.4 The effects of NaCl on metabolite compo-

sition

The strains tested were cultured in modified Cza-
pek’s liquid medium with 0%, 3%, 6% and 9% NaCl
in a rotary shaker (150 r/min) at 28 ◦C. After 10 d,
the mycelia were separated by filtration, and 100 ml
filtrate were precisely measured and extracted with
an equal volume of ethyl acetate (purity>99.5%) in a
rotary shaker with 180 r/min. The extraction was
performed twice (12 h each time). The combined
organic solution was concentrated under vacuum at
45 ◦C to produce a crude extract, which was dissolved
with methanol to a final volume of 10 ml. A 1100
series HPLC from Agilent Technologies (Palo Alto,
CA) with UV detection was used for the separation
of the crude extract (HPLC column: Merck RP18, 5
µm particle size, 250 mm×4.6 mm dimensions; mobile
phases: 25% methanol). All the solvents used were
high-quality HPLC grade solvents. The flow rate of
mobile phase was set at 1.0 ml/min. Ten microlitres
injections were performed and the column tempera-
ture was maintained at 26 ◦C. Three replicates were
performend for each strain.

2.5 Isolation of compound H1 from strain Pe-

nicillium Ty01b-8

Penicillium Ty01b-8 was cultured in modified
Czapek’s liquid medium with 3% NaCl in a rotary
shaker with 150 r/min at 28 ◦C. After 10 d, the mycelia
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were separated by filtration, and the filtrate was ex-
tracted twice (12 h each time) with an equal volume of
ethyl acetate. The combined organic solution was con-
centrated under vacuum at 45 ◦C to produce a crude
extract. The extract was fractionated by medium-
pressure liquid chromatography (MPLC) RP-18 col-
umn chromatography, Sephadex LH-20 column chro-
matography and silica gel column. A colorless crystal
was obtained and named H1, which was analyzed by
NMR (600M, Bruker).

2.6 Cytotoxic and anti-microbes activities of

the compound H1

The cytotoxicity of the compound H1 on Hela and
HepG2 cells were detected by the MTT method (Mos-
mann, 1983). Growth inhibition rate was calculated
as described by Lin et al. (2005). Cisplatin (Jinzhou
Pharmaceutical Factory, China) was used as positive
control.

Antimicrobial activities of H1 were determined by
the double-layer method (Hentschel et al., 2001) with
indicator organisms including Bacillus subtilis ATCC
9372, Escherichia coli ATCC 25922, Staphylococcus
aureus ATCC 25923, C. albicans As 2.538 and As-
pergillus niger ACCC 30005. Each test was performed
in triplicate.

2.7 Statistical analysis

The comparison of the colony growth and the an-
timicrobial activities at different NaCl concentrations
were performed using t-test. The results were ex-
pressed as means ±SD and analyzed using SPSS statis-
tical software. P values less than 0.05 were considered
significant.

3 Results

3.1 NaCl affected the growth of marine fungi

The growth of all 47 test strains was affected
by different NaCl concentrations and displayed three
types of growth characteristics. Four strains whose
colony was the largest in the medium without NaCl,
were grouped into type A, representing 8.5% of all
tested strains; 32 strains (68.1%) were grouped into
type B, having the largest colony diameter in 3%
NaCl. Eleven strains (23.4%) were grouped into
type C. They had the largest colony diameter in 6%
NaCl. Forty-three strains in total (91.5%) showed
the optimal growth in 3% or 6% NaCl. Among
them, 38 strains (80.9%) displayed significant differ-
ences compared with the non-salt condition (P<0.05
or P<0.01).

The habitats give a significant effect on the adap-
tation of marine fungi to salinity. Table 1 shows the
strain numbers for optimal growth at different salt
concentrations. There were 8 (50.0%), 14 (77.8%),
5 (71.4%) and 5 (83.3%) isolates derived from Brine
Pans, sediments, seaweeds and mangrove plants with
an optimal growth at 3% NaCl, respectively. However,
except the strains derived from Brine Pans, whose pro-
portion for optimal growth was 43.8% at 6% NaCl,
most of the strains derived from three other sites were
striking inhibited when NaCl concentration increased
from 3% to 6%. We also compared the colony size at
various salt concentrations (Table 2). The results show
that the strains derived from Brine Pans had a largest
colony diameter of 1.69–1.63 cm at NaCl concentra-
tions between 3%–6%, whereas the colony diameters
for the strains from three other sites significantly re-
duced when NaCl concentrations increased from 3%
to 6%.

Table 1. The numbers of marine fungi for optimal growth

at different concentrations of NaCl

Habitat Numbers of strain

0% 3% 6% 9%

Brine pans 1(6.3) 8(50.0) 7(43.8) 0(0.0)

Sediments 2(11.1) 14(77.8) 2(11.1) 0(0.0)

Seaweeds 1(14.3) 5(71.4) 1(14.3) 0(0.0)

Mangrove plants 0(0.0) 5(83.3) 1(16.7) 0(0.0)

Table 2. The colony diameters of marine fungi grown at

different concentrations of NaCl

Habitat Standardized colony

diameter/cm1)

0% 3% 6% 9%

Brine pans 0.91 1.69 1.63 0.08

Sediments 0.92 1.99 1.38 0.20

Seaweeds 0.85 1.97 1.70 0.18

Mangrove plants 1.23 2.40 1.66 0.00

Average 0.95 1.94 1.55 0.13

Note: 1)The colony diameters were treated by the standard-

izing method described in the text.

3.2 NaCl affected the antimicrobial activities

of marine fungi

The antimicrobial activities of 29 strains (61.7%)
were significantly higher in the medium without NaCl
(defined type I, Table 3) while only seven strains
(14.9%) showed higher activities in the medium sup-
plemented with NaCl (defined type II). Eleven strains
did not show statistically significant difference be-
tween the medium without NaCl and with 3% NaCl
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Table 3. The inhibition activities of marine fungi against C. albicans at different concentrations of NaCl1)

Strain No. Diameter of inhibition zone/cm Type2)

0%NaCl 3%NaCl 6%NaCl 9%NaCl

Ty01a-3 1.23(±0.054 8) 1.63∗∗(±0.173 2) 2.10∗∗(±0.083 7) 2.07∗∗(±0.141 4) II

Ty01b-8 1.04(±0.181 7) 1.22(±0.192 4) 1.42∗∗(±0.192 4) 2.50∗∗(±0.255 0) II

JSSb-4 1.56(±0.336 2) 1.96∗∗(±0.151 7) 2.52∗∗(±0.130 4) 2.20∗∗(±0.200 0) II

ZH02b-1 1.06(±0.054 8) 1.28∗∗(±0.130 4) 0.94*(±0.0548 ) 0.80∗∗(±0.000 0) II

Ty01b-3 2.08(±0.148 3) 2.00(±0.308 2) 2.54∗∗(±0.194 9) 2.22(±0.109 5) II

ZH03a-1 0.87(±0.115 5) 0.80(±0.000 0) 1.40∗∗(±0.141 4) 0.95(±0.070 7) II

ZL02b-6 1.54(±0.230 2) 2.34∗∗(±0.151 7) 1.16∗∗(±0.134 2) 1.27∗∗(±0.251 7) II

Ty01a-7 3.28(±0.263 0) 3.13(±0.386 2) 2.90(±0.216 0) 2.46∗∗(±0.114 0) III

Ty01b-12 2.60(±0.100 0) 2.54(±0.114 0) 2.62(±0.238 7) 0.98∗∗(±0.109 5) III

ZH03a-5 1.08(±0.083 7) 1.08(±0.083 7) 1.12(±0.083 7) 0.92(±0.130 4) III

ZL01b-17 4.08(±0.125 8) 3.98(±0.125 8) 3.78(±0.464 6) 3.15∗∗(±0.251 7) III

HQGb-4f 0.83(±0.057 7) 0.90(±0.100 0) 1.00(±0.122 5) – III

ZH02b-4 0.96(±0.089 4) 0.88(±0.083 7) 0.84*(±0.054 8) 0.90(±0.100 0) III

Tda-5 2.48(±0.258 8) 2.42(±0.216 8) 1.50∗∗(±0.070 7) 1.00∗∗(±0.100 0) III

Ty01a-9 1.38(±0.216 8) 1.22(±0.083 7) 1.38(±0.258 8) 1.32(±0.164 3) III

Ty02b-1 0.96(±0.054 8) 0.93(±0.095 7) 0.90(±0.081 7) 0.82(±0.044 7) III

ZH07a-4 1.06(±0.089 4) 1.06(±0.054 7) 0.96(±0.089 4) 1.00(±0.000 0) III

ZL02b-4 3.15(±0.129 1) 2.95(±0.173 2) 1.70∗∗(±0.336 7) 1.30∗∗(±0.264 6) III

Ty01a-4 3.10(±0.100 0) 2.76∗∗(±0.114 0) 2.26∗∗(±0.151 7) 1.82∗∗(±0.327 1) I

Ty03b-7 2.88(±0.150 0) 2.50∗∗(±0.081 7) 2.48∗∗(±0.206 2) 1.78∗∗(±0.148 3) I

Ty03b-13 2.60(±0.122 5) 2.40*(±0.200 0) 2.50(±0.070 7) 1.20∗∗(±0.081 7) I

ZL01a-9 2.75(±0.129 1) 2.38∗∗(±0.130 4) 1.74∗∗(±0.181 7) – I

ZL02b-9 2.84(±0.181 7) 2.56∗∗(±0.403 7) 2.10∗∗(±0.100 0) 1.14∗∗(±0.260 8) I

hy01a-3 2.52(±0.044 7) 2.32∗∗(±0.083 7) 1.35∗∗(±0.495 0) – I

HSGb-2 3.00(±0.158 1) 2.44∗∗(±0.181 7) 2.28∗∗(±0.216 8) 2.22∗∗(±0.216 8) I

ZH11a-4 3.60(±0.081 7) 3.38*(±0.095 7) 3.02∗∗(±0.130 4) 2.32∗∗(±0.130 4) I

ZH03b-3 3.15(±0.129 1) 2.60∗∗(±0.070 7) 2.46∗∗(±0.089 4) 2.46∗∗(±0.167 3) I

Ty01a-10 3.43(±0.095 7) 1.94∗∗(±0.089 4) 1.90∗∗(±0.346 4) 1.92∗∗(±0.258 8) I

Ty01b-6 1.34(±0.114 0) 1.08∗∗(±0.083 7) 1.02∗∗(±0.148 3) 1.28(±0.130 4) I

ZL02b-11 2.74(±0.114 0) 2.44∗∗(±0.134 2) 2.34∗∗(±0.114 0) 1.30∗∗(±0.282 8) I

ZL03b-12 3.28(±0.221 7) 2.48∗∗(±0.083 7) 2.32∗∗(±0.258 8) 2.30∗∗(±0.200 0) I

Ty01a-6 3.13(±0.050 0) 2.78∗∗(±0.083 7) 2.70∗∗(±0.122 5) 2.52∗∗(±0.148 3) I

hy01b-2 2.58(±0.083 7) 2.28∗∗(±0.083 7) 2.14∗∗(±0.054 8) 1.60∗∗(±0.141 4) I

Tda-1 3.43(±0.095 7) 2.92∗∗(±0.083 7) 2.82∗∗(±0.109 5) 1.40∗∗(±0.000 0) I

Tja-1 3.30±(0.081 7) 2.94∗∗(±0.114 0) 2.64∗∗(±0.260 8) 2.28∗∗(±0.083 7) I

Tja-4 2.44±(0.151 7) 1.80∗∗(±0.244 9) 1.20∗∗(±0.100 0) 0.83∗∗(±0.050 0) I

ZH11a-1 3.73±(0.095 7) 3.40∗∗(±0.141 4) 3.00∗∗(±0.081 7) 2.73∗∗(±0.050 0) I

Tdb-9 3.30±(0.081 7) 2.98∗∗(±0.083 7) 2.60∗∗(±0.100 0) 0.80∗∗(±0.000 0) I

Tjb-3 3.05±(0.129 1) 1.70∗∗(±0.308 2) 1.02∗∗(±0.083 7) 0.88∗∗(±0.050 0) I

ZH03b-4 3.48±(0.095 7) 2.88∗∗(±0.216 8) 2.80∗∗(±0.255 0) 2.78∗∗(±0.263 0) I

ZH05b-2 3.30±(0.141 4) 2.90∗∗(±0.173 2) 2.62∗∗(±0.130 4) 1.32∗∗(±0.148 3) I

ZH06b-2 3.00±(0.070 7) 2.68∗∗(±0.130 4) 2.64∗∗(±0.181 7) 2.28∗∗(±0.083 7) I

ZH08b-7 3.43±(0.150 0) 2.70∗∗(±0.081 7) 2.68∗∗(±0.083 7) 1.38∗∗(±0.130 4) I

Ty02a-2 3.10±(0.163 3) 1.56∗∗(±0.357 8) 1.78∗∗(±0.719 0) 1.50∗∗(±0.244 9) I

Ty02b-8 1.36±(0.114 0) 1.22*(±0.044 7) 1.02∗∗(±0.044 7) – I

Ty03b-12 3.02±(0.216 8) 1.30∗∗(±0.158 1) 0.80∗∗(±0.000 0) 0.80∗∗(±0.000 0) I

HQGb-1 2.60±(0.070 7) 1.92∗∗(±0.277 5) 1.64∗∗(±0.305 0) 1.04∗∗(±0.151 7) I

Notes: 1)Compared with the non-salt culture condition (∗ means P<0.05 and ∗∗ P<0.01). 2)I represents higher antimicrobial

activity in medium without NaCl, II higher antimicrobial activity in medium with NaCl, III antimicrobial activity no significant

difference in medium without NaCl and with 3% NaCl.

(defined type III). Among the seven strains whose ac-
tivities were promoted by NaCl (Ty01a-3, Ty01b-3,
Ty01b-8, ZL02b-6, JSSb-4, ZH03a-1 and ZH02b-1),
only ZH02b-1, JSSb-4, Ty01b-3 and Ty01b-8 grew bet-
ter in saline medium. But surprisingly, the Ty01a-3
strain isolated from Brine Pan grew best in a non-salt
medium while its antimicrobial activity reached the

peak in the medium with 6%–9% NaCl (P<0.01).

3.3 NaCl affected the metabolite composition

of marine fungi

The composition of second metabolites treated
with different NaCl concentrations were compared
by HPLC for those seven strains whose antimicro-
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bial activity was elevated by NaCl. Both the types
and amount of metabolites were affected by different
concentrations of salt, especially the strain Ty01b-8,
ZL02b-6 and JSSb-4. For example, three new HPLC
peaks of retention times at 12 min, 14 min and 17 min
appeared in the extracts from the strain Ty01b-8 when
cultured in 3% NaCl while two new peaks at approx-
imately 14 min and 17 min appeared when cultured
in 6% NaCl (details not shown). Besides, the peak
area at retention times 16 min also increased signif-
icantly with increasing salt concentration. The peak
area was 4.4 times and 4.9 times in 3% and 6% NaCl
concentrations compared with the non-salt medium,
respectively.

3.4 KCl affected the growth and antimicrobial

activities of Ty01b-8

Different concentrations of KCl in modified Cza-
pek’s medium promoted the growth and the produc-
tion of antimicrobial substances of the Ty01b-8 strain.
The colony growth and the antimicrobial activities
with increasing KCl concentrations displayed the same
trends as under NaCl influence (Fig. 1). However, the
composition of metabolites obviously decreased in the
medium with KCl, especially with 9% KCl (details not

shown).

3.5 The isolation and identification of com-

pound H1 from Ty01b-8

Based on the HPLC analysis of Ty01b-8, with
increasing NaCl concentration, the peak area of P16
(retention time of 16 min) increased significantly. A
crystal compound H1 was obtained by isolating and
purifying the fermentation broth of this strain when
growing in a modified Czapek’s liquid medium with
3% NaCl. This compound was identified as chrysogine
by NMR. In the same HPLC condition, the retention
time of component H1 and the P16 from the fermen-
tation broth of Ty01b-8 cultured in 3% NaCl was sim-
ilar. The peak area of P16 expanded proportionally
when H1 was added into the ferment extracts. A new
HPLC peak was absent, proving the P16 peak of the
fermentation broth being composed of H1. As com-
pared with the non-salt medium, the amount of this
compound was 4.4 times and 4.9 times higher in 3%
and 6% NaCl respectively. The inhibition rate of H1
against Hela cell was 15.05% at 20 µg/ml, but inhibi-
tion activities against HepG2 cells and the other indi-
cator organisms were not observed.

Fig.1. The effects of NaCl and KCl on the growth and antimicrobial activity of the strain Ty01b-8. a.

Growth, and b. antimicrobial activity.

4 Discussion

The present study shows a remarkable impact of
salt on the growth of marine fungi. Among the 47
strains tested, 91.5% grew better at 3% or 6% NaCl
than in the medium without NaCl. The result that
NaCl can promote growth of most marine fungi sup-
ports the conclusion of Masuma et al. (2001) who
proved that marine fungi grew more abundantly as
the seawater concentration increased. Masuma et al.

also found that the marine fungi grew rapidly in the
medium containing 4% NaCl and the growth of terres-
trial strains was suppressed by 4% NaCl. The charac-
teristic that marine fungi can tolerance higher salinity
than that of their habitats, was also reported by other
authors (Cantrell et al., 2006; Dela Cruz et al., 2006).
In the study, we used the medium containing 6% NaCl
to isolate marine fungi to inhibit growth of terrestrial
strains. However, all of 47 strains tested were still able
to grow in the medium without NaCl, suggesting that
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all of the isolates belong to facultative marine fungi
(Kohlmeyer and Kohlmeyer, 1979), which may have
been washed from the beaches into the sea, displaying
the characteristics of halotolerant fungi after a long-
term evolution which helped them to adapt the new
salty environment.

It is still unclear why marine fungi have different
degree of tolerances to salt. Dela Cruz et al. (2006)
considered that there were no significant correlations
between geographical locations of marine Dendry-
phiella species and their responses to salt. Cantrell
et al. (2006) found that the marine fungi with dark
cell wall can tolerate higher salinity than the monilia-
ceous fungi. The present results show that the habi-
tats of marine fungi had a strong influence on their
adaptation to salt. Forty-three point eight percent of
the isolates collected from Brine Pan can obtain op-
timal growth at the concentration of 6% NaCl, show-
ing better adaptation to salt than the strains from the
other sites. The standardizing analysis of colony diam-
eters also showed that their fastest growth took place
at NaCl concentrations between 3%–6%, having the
largest colony diameters of 1.69–1.63 cm. Although
most strains from other habitats can also grow fastest
at 3% NaCl, but their colony diameters outstanding
reduced in the medium containing 6% NaCl. We spec-
ulate that the differences may be related to the salinity
of surrounding habitats, but further investigation will
be necessary to confirm this.

The HPLC analysis of the metabolites from seven
marine fungi in different NaCl concentrations showed
that the changes in HPLC peak area may be observed,
indicating that NaCl is able to affect the amount of
metabolites. The peak area of P16 of the strain Ty01b-
8 increased 4.4 times and 4.9 times in 3% and 6%
NaCl, respectively, compared with the non-salt condi-
tion. NaCl also promoted the synthesis of new com-
pounds. New HPLC peaks appeared at the reten-
tion time of 14 and 17 min when Ty01b-8 cultured
in 3% and 6% NaCl. Therefore, new metabolites or
substances with new bioactivities may be obtained by
regulating salt concentrations in fermentation of sec-
ondary metabolites of some marine fungi.
Acknowledgements

All of the authors are grateful to Dr. Kharwar R
N from the Center of Advance Study in Botany, Ba-
naras Hindu University, India for reviewing and cor-

recting the manuscript.

References

Barnett H L, Hunter B B. 1977. Illustrated Genera of

Imperfect Fungi (in Chinese). 3rd edn. Beijing:

Science Press

Bugni T S, Ireland C M. 2004. Marine derived fungi:

a chemically and biologically diverse group of mi-

croorganisms. Nat Prod Rep, 21: 143–163

Cantrell S A, Casillas-Martinez L, Molina M. 2006. Char-

acterization of fungi from hypersaline environments

of solar salterns using morphological and molecular

techniques. Mycol Res, 110: 962–970

Chauhan D, Hideshima T, Anderson K C. 2006. A novel

proteasome inhibitor NPI-0052 as an anticancer

therapy. Br J Cancer, 95: 961–965

Dela Cruz T E, Wagner S, Schulz B. 2006. Physiologi-

cal responses of marine Dendryphiella species from

different geographical locations. Mycol Progress, 5:

108–119

Hentschel U, Schmid M, Wagner M, et al. 2001. Iso-

lation and phylogenetic analysis of bacteria with

antogonistic activities from the Mediterranean

sponges Aplysina aerophoba and Aplysina caver-

nicola. FEMS Microbiol Ecol, 35: 305–312

Kohlmeyer J, Kohlmeyer E. 1979. Marine Mycology, the

Higher Fungi. New York: Academic Press

Lin Xin, Huang Yaojian, Fang Meijuan, et al. 2005. Cy-

totoxic and antimicrobial metabolites from marine

lignicolous fungi, Diaporthe sp. FEMS Microbiol

Lett, 251: 53–58

Masuma R, Yamaguchi Y, Noumi M, et al. 2001. Effect

of sea water concentration on hyphal growth and an-

timicrobial metabolite production in marine fungi.

Mycoscience, 42: 455–459

Mosmann F. 1983. Rapid colorimetric assay for cellular

growth and survival: Application to proliferation

and cytotoxicity assays. J Immunol Methods, 65:

55–63

Newman D J, Cragg G M. 2004. Marine natural prod-

ucts and related compounds in clinical and advanced

preclinical trials. J Nat Prod, 67: 1216–1238

Tan L T. 2007. Bioactive natural products from marine

cyanobacteria for drug discovery. Phytochemistry,

68: 954–979

Yang Laihuang, Mao Li, Lee O O, et al. 2007. Effect of

culture conditions on antifouling compound produc-

tion of a sponge-associated fungus. Appl Microbiol

Biotechnol, 74: 1221–1231


