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*1. PEHEEMERMEREMATZIURS BRMAIEFERL
Table 1. The media and methods used to isolate fungi and the numbers of pure cultured fungi
Isolates
Media Components of media Dlh%tlon Fow te@perature Part.lcle ngh-Fhroughput
plating  incubation plating culturing Total
method  method method method
PDA  PDB powder 30 g, Agar 15 g, ASW 1000 mL 10 5 - - 15
CDA NaNO;3 g, K,HPO, 1 g, MgSO,4-7H,0 0.5 g, KCI 12 5 - - 17
0.5 g, FeSO4 7H,0 0.001 g, Agar 15 g, ASW1000 mL
CYA  Czapek’s concentrated solution 2 mL, K,HPO, 1 g, 13 6 12 10 19+22
yeast extract 5 g, Agar 15 g, ASW 1000 mL
MEA  Malt extract 30 g, Peptone 3 g, Agar 15 g, ASW 10 4 - - 14
1000 mL
SA Peptone 10 g, Glucose 40 g, Agar 15 g, ASW 1000 mL 9 - - 13
CMA  Corn extract 7 g, Agar 15 g, ASW 1000 mL 5 - - 7
GYPS Glucose 5 g, Yeast extract 5 g, Starch 5 g, Agar 15g, 5 - - 8
ASW 1000 mL
BSA  Malt extract 15 g, Yeast extract 2 g, Benomyl 10 ug, 6 4 - - 10
Lactic acid 2 mL, Agar 15 g, Chloramphenicol 50 pg,
ASW 1000 mL
ASW: Abbreviation of artificial sea water. All the above media were used at 1/5 strength. — The media were not used.
1.2.3 28°C 3d
[30]
37°C 18h 2 BRFPA
, 2.1
10’ CFU/ mL 100 uL
20 ulL 12 125
( 2) ITS
37 °C 12h 18 GenBank KY781369—
3 KY781386(DN01-DN18) ITS
( (Ascomycota)
) (G (Basidiomycota) 12
G ) 4 2 NJ
[31] 1 ITS
1 mL 15 mL
40 °C PDA >97%
2 (DNO7
DNI8) 6 12
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(Cladosporium) Bray-Curtis
(Alternaria) B C 100%
4 70%-90% 4
Cladosporium sp.  Alternaria sp. 4 2
Exophiala sp. B D (DNO7 DNI3) (
2 mbsf (below the seafloor) ) A
F2. BIMEARPAEFRERNZEENSS
Table 2. The distribution and comparison of culturable fungal diversity in different sediments
Closest relative e A B c D
Isolates GenBank N Class Similarity/%
(GenBank No.) A0 A-1 A2 B-0 B-1 B2 C-0 C-1 C2 D-0 D-1 D-2
Clad, j lad, joid
DNO1 (Eg 4”9559(’5’;71”56” OSPOTIONIES Dothideomycetes 100 o o .
Clad, j
DNO02 (Ki{' lols4pé);13urln) oxysporum Dothideomycetes 100 ° °
DNO3 Cladosporium sphaerospermum Dothideomveetes 100 . . . . . . .
(KY114871.1) Y
Plectosphaerell }
DNO04 (EiJCSgilpS 6(166.:e) @ cucumerma Sordariomycetes 100 °
S ladi trict
DNO5 (IZ”COZCSZOISI'J:S retum Sordariomycetes 100 ° ° °
Alt ia arb
DNO06 (KS’;;;;(Z)ZFI )orescens Dothideomycetes 99 ° ° .
Rhodotorul ilagi;
DNO07 (KSO{' lo()jgz ; ln)mcz agimosa Microbotryomycetes 99 °
Exophiala sp.
DNO8 (Ifg‘g 11;17;1 65.11) Eurotiomycetes 99 . . . .
Alternaria tenuissima
DNO09 Dothid t 100
(KX349880.1) otiudeomycetes *
DN10 Cladosporium tenuissimum Dothideomveetes 99 o . .
(KP701937.1) Y
A i1l icol
DNI11 (Iféi};)g; 6;;:6)”160 or Eurotiomycetes 100 (]
Cadophora fastigiata .
DN12 Leot t 100
(AB190392.1 ) eotiomycetes *
Alt ja longi
DNI13 (K)Ztn;;;; lf)ln)glp “ Dothideomycetes 99 ° .
Alternaria alternata
DN14 Dothid t 99
(AY154682.1) otiudeomycetes ¢
Stemphylium lycopersici .
DN15 Dothid t 100
(KX786346.1) otiudeomycetes *
DNI6 Penicillium chrysogenum Eurotiomycetes 100 o o
u
(KY218708.1) Y
K idermidi.
DN17 (Iz;jf;l 421?5183}’)’”1 " Eurotiomycetes 99 °
Cystobasidi .
DNI18 ystobasiaum sp Cystobasidiomycetes 100 °

(AF444588.1)

A-0: Site A, the deepth is about 0.05 m; A-1: Site A, the deepth is about 1.00 m; A-2: Site A, The deepth is about 2.00 m. Other sites
were the same. ®: The fungi was isolated from this sample.
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The antimicrobe activities of fungal isolates against different indicators

Table 3.

Knufia 2

MEEMRESER

Isolates

Indicator

B. subtilis

B. mycoides S. aureus A. baumanii E. coli P. aeruginosa

Cladosporium cladosporioides DNO1 (KY781386) -
Cladosporium oxysporum DN02 (KY781385) -
Cladosporium sphaerospermum DNO3 (KY781384) -
Plectosphaerella cucumerina DN04 (KY781383) -
Alternaria tenuissima DN09 (KY781378) +
Aspergillus versicolor DN11 (KY781376) -
Alternaria longipes DN13 (KY781374) -
Alternaria alternata DN14 (KY781373) -
Stemphylium lycopersici DN15 (KY781372) +++
Penicillium chrysogenum DN16 (KY781371) -

- ++ - - -
- - - ++ -
_ + _ _ _
+ _ _ _ _
++ ++ - - +
+++ ++ - - -
- + - + -

—: No transparent circle; +: 6<X®<12 mm; ++: 12<P<18 mm; +++: ®=18 mm. ®@: Diameter of antimicrobe circle. The results were

the average of three replicates.

http://journals.im.ac.cn/actamicro



1338 Li Feng et al. | Acta Microbiologica Sinica, 2017, 57(9)

Singh 3 ( 1 m)
2 [23] Rédou [

Rhodotorula mucilaginosa

(6.10.34] Stemphylium
Plectosphaerella
[llumina Aspergillus  Penicillium
(341 Cladosporium  (DNO1
Cadophora DNO2 DNO3)
Zhang P!
(5]
Alternaria tenuissima DNO09  Alternaria
alternata DN14  Penicillium chrysogenum DN16
G G
Zhang
[35]
Plectosphaerella sp.  Stemphylium sp.
[3,13-22]
Stemphylium lycopersici DN15
4 B. subtilis B. mycoides  S. aureus
Zhang P! 9
Teiten %
(Stemphylium) Altersolanol A
Zhou D7
[9]
Ul 3

actamicro@im.ac.cn



,2017, 57(9)

1339

Stemphylium lycopersici DN15

Alternaria tenuissima DNO09 Alternaria alternata

DN14  Penicillium chrysogenum DN16

¢

(Rhizotonia

solani)

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

Roth Jr FJ, Orpurt PA, Ahearn DG. Occurrence and
distribution of fungi in a subtropical marine environment.
Canadian Journal of Botany, 1964, 42(4): 375-383.

Lai XT, Cao LX, Tan HG, Fang S, Huang YL, Zhou SN.
Fungal communities from methane hydrate-bearing deep-sea
marine sediments in South China Sea. The ISME Journal,
2007, 1(8): 756-762.

Zhang XY, Zhang Y, Xu XY, Qi SH. Diverse deep-sea fungi
from the South China Sea and their antimicrobial activity.
Current Microbiology, 2013, 67(5): 525-530.

Xu W, Pang KL, Luo ZH. High fungal diversity and
abundance recovered in the deep-sea sediments of the Pacific
Ocean. Microbial Ecology, 2014, 68(4): 688—698.

Burgaud G, Le Calvez T, Arzur D, Vandenkoornhuyse P,
Barbier G. Diversity of culturable marine filamentous fungi
from deep-sea hydrothermal vents. Environmental Microbiology,
2009, 11(6): 1588-1600.

Zhang XY, Tang GL, Xu XY, Nong XH, Qi SH. Insights into
deep-sea sediment fungal communities from the East Indian
Ocean using targeted environmental sequencing combined
with traditional cultivation. PLoS One, 2014, 9(10): e109118.
Singh P, Raghukumar C, Meena RM, Verma P, Shouche Y.
Fungal diversity sediments

in deep-sea revealed by

culture-dependent  and
Fungal Ecology, 2012, 5(5): 543-553.

Damare S, Raghukumar C, Raghukumar S. Fungi in deep-sea

culture-independent  approaches.

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

sediments of the Central Indian Basin. Deep Sea Research
Part I Oceanographic Research Papers, 2006, 53(1): 14-27.
Singh P, Raghukumar C, Verma P, Shouche Y. Fungal
community analysis in the deep-sea sediments of the Central
Indian Basin by culture-independent approach. Microbial
Ecology, 2011, 61(3): 507-517.

Singh P, Raghukumar C, Verma P, Shouche Y. Assessment of
fungal diversity in deep-sea sediments by multiple primer
approach. World Journal of Microbiology and Biotechnology,
2012, 28(2): 659-667.

Zhang T, Wang NF, Zhang YQ, Liu HY, Yu LY. Diversity and
distribution of fungal communities in the marine sediments of
Kongsfjorden, Svalbard (High Arctic). Scientific Reports,
2015, 5: 14524.

Qu J, Liu KH, Ding XW, Deng BW, Chen WQ, Guo QL, Tian
XP, Zhang S, Li WJ. Fungal diversity and enzyme activities in
marine South  China
Microbiologica Sinica, 2014, 54(5): 552-562. (in Chinese)

sediments in the Sea. Acta

5 s b > s s s

, 2014, 54(5): 552-562.
Li CS, Li XM, Gao SS, Lu YH, Wang BG. Cytotoxic
anthranilic acid derivatives from deep sea sediment-derived
fungus Penicillium paneum SD-44. Marine Drugs, 2013,
11(8): 3068-3076.
Wang MH, Li XM, Li CS, Ji NY, Wang BG. Secondary
metabolites from Penicillium pinophilum SD-272, a marine
sediment-derived fungus. Marine Drugs, 2013, 11(6): 2230-2238.
Shang Z, Li XM, Meng L, Li CS, Gao SS, Huang CG, Wang
BG. Chemical profile of the secondary metabolites produced
by a deep-sea sediment-derived fungus Penicillium commune
SD-118. Chinese Journal of Oceanology and Limnology, 2012,
30(2): 305-314.
You JL, Dai HQ, Chen ZH, Liu GJ, He ZX, Song FH, Yang X,
Fu HA, Zhang LX, Chen XP. Trichoderone, a novel cytotoxic
cyclopentenone and cholesta-7,22-diene-3f,5a,6B-triol, with
new activities from the marine-derived fungus Trichoderma sp..
Journal of Industrial Microbiology & Biotechnology, 2010,
37(3): 245-252.
Lin XP, Zhou XF, Wang FZ, Liu KS, Yang B, Yang XW, Peng
Y, Liu J, Ren Z, Liu YH. A new cytotoxic sesquiterpene
quinone produced by Penicillium sp. F00120 isolated from a deep
sea sediment sample. Marine Drugs, 2012, 10(1): 106-115.
Li CS, An CY, Li XM, Gao SS, Cui CM, Sun HF, Wang BG.

Triazole and dihydroimidazole alkaloids from the marine

http://journals.im.ac.cn/actamicro



1340

Li Feng et al. | Acta Microbiologica Sinica, 2017, 57(9)

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

sediment-derived fungus Penicillium paneum SD-44. Journal
of Natural Products, 2011, 74(5): 1331-1334.

Peng J, Zhang XY, Tu ZC, Xu XY, Qi SH. Alkaloids from the
deep-sea-derived fungus Aspergillus westerdijkiae DFFSCS013.
Journal of Natural Products, 2013, 76(5): 983-987.

Wang FZ, Huang Z, Shi XF, Chen YC, Zhang WM, Tian XP,
Li J, Zhang S. Cytotoxic indole diketopiperazines from the
deep sea-derived fungus Acrostalagmus luteoalbus SCSIO
F457. Bioorganic & Medicinal Chemistry Letters, 2012,
22(23): 7265-7267.

Chen ZM, Huang HB, Chen YC, Wang ZW, Ma JY, Wang B,
Zhang WM, Zhang CS, Ju JH. New cytochalasins from the
marine-derived fungus Xylaria sp. SCSIO 156. Helvetica
Chimica Acta, 2011, 94(9): 1671-1676.

Fredimoses M, Zhou XF, Lin XP, Tian XP, Ai W, Wang JF,
Liao SR, Liu J, Yang B, Yang XW, Liu YH. New
prenylxanthones from the deep-sea derived fungus Emericella
sp. SCSIO 05240. Marine Drugs, 2014, 12(6): 3190-3202.
Singh P, Raghukumar C, Verma P, Shouche Y. Phylogenetic
diversity of culturable fungi from the deep-sea sediments of
the Central Indian Basin and their growth characteristics.
Fungal Diversity, 2010, 40(1): 89-102.

Rédou V, Navarri M, Meslet-Cladiére L, Barbier G, Burgaud
G. Species richness and adaptation of marine fungi from
deep-subseafloor sediments.
Microbiology, 2015, 81(10): 3571-3583.

Jebaraj CS, Raghukumar C, Behnke A, Stoeck T. Fungal

diversity in oxygen-depleted regions of the Arabian Sea

Applied and Environmental

revealed by targeted environmental sequencing combined with
cultivation. FEMS Microbiology Ecology, 2010, 71(3): 399-412.

Nagahama T, Nagano Y. Cultured and uncultured fungal
diversity in deep-sea environments//Raghukumar C. Biology
of Marine Fungi. Berlin Heidelberg: Springer, 2012: 173—187.
Tsuji M, Fujiu S, Xiao N, Hanada Y, Kudoh S, Kondo H,
Tsuda S, Hoshino T. Cold adaptation of fungi obtained from
soil and lake sediment in the Skarvsnes ice-free area,
Antarctica. FEMS Microbiology Letters, 2013, 346(2): 121-130.

Collado J, Platas G, Paulus B, Bills GF. High-throughput
culturing of fungi from plant litter by a dilution-to-extinction
technique. FEMS Microbiology Ecology, 2007, 60(3): 521-533.
Zhang D, Jiang Q, Li YX, Feng GF, Sun W, Zhang FL, Li ZY.

Diversity and antibacterial activity of fungi associated with

actamicro@im.ac.cn

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

South China Sea sponges and corals. Chinese Journal of
Marine Drugs, 2015, 34(2): 1-9. (in Chinese)

s s s > s >

, 2015, 34(2): 1-9.
Singh R, Jain A, Panwar S, Gupta D, Khare SK. Antimicrobial
activity of some natural dyes. Dyes and Pigments, 2005, 66(2):
99-102.
Su XY, Li J, Shi GL, Wu J, Wen ZY, Wang YN. Antifungal
activities of the extracts from walnut peel against six
phytopathogenic fungi. Journal of Beijing University of
Agriculture, 2008, 23(1): 42—44. (in Chinese)
6
, 2008, 23(1): 42—44.
Raghukumar C, Raghukumar S, Sheelu G, Gupta SM, Nath
BN, Rao BR. Buried in time: culturable fungi in a deep-sea
sediment core from the Chagos Trench, Indian Ocean. Deep
Sea Research Part I: Oceanographic Research Papers, 2004,
S1(11): 1759-1768.
Cathrine SJ, Raghukumar C. Anaerobic denitrification in
fungi from the coastal marine sediments off Goa, India.
Mpycological Research, 2009, 113(1): 100-109.
Zhang XY, Wang GH, Xu XY, Nong XH, Wang J, Amin M, Qi
SH. Exploring fungal diversity in deep-sea sediments from
Okinawa Trough using high-throughput Illumina sequencing.
Deep Sea Research Part I: Oceanographic Research Papers,
2016, 116: 99-105.
Zhang XY, Bao J, Wang GH, He F, Xu XY, Qi SH. Diversity
and antimicrobial activity of culturable fungi isolated from six
species of the South China Sea gorgonians. Microbial Ecology,
2012, 64(3): 617-627.
Teiten MH, Mack F, Debbab A, Aly AH, Dicato M, Proksch P,
Diederich M. Anticancer effect of altersolanol A, a metabolite
produced by the endophytic fungus Stemphylium globuliferum,
mediated by its pro-apoptotic and anti-invasive potential via
the inhibition of NF-kB activity. Bioorganic & Medicinal
Chemistry, 2013, 21(13): 3850-3858.
Zhou XM, Zheng CJ, Song XP, Han CR, Chen WH, Chen GY.
Antibacterial a-pyrone derivatives from a mangrove-derived
fungus Stemphylium sp. 33231 from the South China Sea. The
Journal of Antibiotics, 2014, 67(5): 401-403.



, 2017, 57(9) 1341

Diversity and antimicrobial activity of fungi isolated from
deep-sea sediments in South China Sea

Li Feng, Qun Jiang, Wei Sun, Yingxin Li, Fengli Zhang, Zhiyong Li’

State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China

Abstract: [Objective] To reveal the diversity and antimicrobial activity of culturable fungi from the deep-sea
sediments in 4 different sites in South China Sea. [Methods] We used 4 different methods and 8 different media to
study the culturable fungal diversity in 12 deep-sea sediments samples. We identified fungal isolates by colonial
morphology observation and ITS-based phylogenetic analysis. We used disc diffusion and growth rate methods to
test antibacterial and antifungal activities. [Results] A total of 125 fungi were isolated from the sediments. Based on
the ITS sequence analysis and morphological characteristics, the isolates were grouped to 18 fungal species and 12
genera within 2 phyla. Most fungi belong to Ascomycota and only 2 isolates belong to Basidiomycota. The
culturable fungal diversity was different among the 4 locations. Most of the fungal isolates exhibited antimicrobial
activity. The genera Alternaria, Penicillium and Stemphylium displayed antibacterial activity against more than one
indicator. Particularly, Alternaria tenuissima DNO9, Alternaria alternata DN14 and Penicillium chrysogenum
DNI16 displayed activity against both Gram-positive and Gram-negative bacteria. [Conclusion] Higher diversity
and antimicrobial activity of the culturable fungi isolated from deep-sea sediments in South China Sea provide the

potential application of these fungi.

Keywords: South China Sea, deep-sea sediment, fungus, diversity, antimicrobial activity
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