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Shoun Fusarium oxysporum
NO; NO, N,O 1
18 Tab. 1 Information of sediment sampling sites at Yap Trench
( Fusarium) . /m
( Chaetomium) . ( Penicillium) . ( Asper— Divel09  9.899° N 138.386°E 4435 Divel094(0 ~2 cm)
gillus) 9 Divel092(2 ~4 cm)
4 Divel09-3(4 ~6 cm)
( Nar) ( Nlr) ( NOI‘) Divelll 9.867°N 138.517°E 6796 Divelll1d4(0 ~2 cm)
Divelll2(2 ~4 cm)
Nos) .
(:Nos) Divel113(4 ~6 cm)
Divel12 9.866°N 138.493°E 6300 Divel124(0 ~2 cm)
Divel122(2 ~4 cm)
Nir Divel123(4 ~6 cm)
. Nir Cu— Divell3  9.863°N 138.657°E 6578 Divel134(0 ~2 cm)
Nir  Cd,Nir nirK  nirS Divel132(2 ~4 cm)
Divel133( 4 ~6 cm)
nirS
) 1.2
nirk
20 1/5 PDA.CDA.CMA.MEA.YM
' SDA 6
P450 | 9 ont
cm’
NADH NO N,0 8
21 . 130 r/min
P450( P450nor) ~ . nirK ) R
5 min. 200 mm’ 6
P450nor
3 25°C 2~3d
224 N N
PDA
) -80C 2
nirK
2
Tab.2  Compositions of different isolation media and ranger solution
( PDA) 200.0 g 20.0 g 15.0 ¢
( CDA) NaNO; 3.0 ¢ K,HPO, 1.0 g MgSO, * 7H,0 0.5 g KC10.5 g FeSO, 0.01 g
30.0 g 15.0 g
( CMA) 40.0 ¢ 15.0 g Tween-80 10 cm®
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2
( MEA) 30.0 g 50¢g 15.0 g
(YM) 3.0 g 3.0 10.0 g 15.0
(SDA) 40.0 g 10.0 ¢ 15.0 &
( Ringer Solution) NaCl8.5 ¢ KC10.3 g CaCl,0.33 ¢ Tween-80 100 mm’
6 1/5 ( bootstrap analysis)
1000 em®  115°C 20 min .
60°C 0.2 pm 1.6 nirK  P450nor
0.5 g/dm’ PYG
. 25°C 180 r/min 3~4
1.3 d CTAB DNA.
nirK F/R ( nirK1F: 5'-GTCCCHGGMCCHTTCAT3"
PDA nirK1R: 5"-GGYTCRTGGTARAACTCGC3")  P450nor
2~3d F/R( P450nor 1R 1F: 5°-CCSACDTTYGTYGAYATG-
N N N N GA3~ P450nor 1R: 5-GTBGCRTTVCCNGCVAC-
3) % PCR 1%
. N N 1.7
: ) ( NOy
> > > CH,C00"~ ) 250 c¢m’
A A A N 100 c¢m’
: CMA ) lg
I em 25 180 r/min
1 em’
5
: (10711077
1.4 DNA . ITS 3 259
CTAB DNA
ITS1/4( ITS1: 5"- TCCGTAGGTGAACCT GCGG3~ 25°C 180 r/min
ITS4: 5" TCCTCCGCTTATTGATATGC3”  Tm: 55°C) * 48 h 1
PCR 1% NO; NO;
E. Z. N. A Gel Extraction Kit
( 2
) 2.1
1.5 ITS 4 12
38 ( 3) ITS
DNASTAR GenBank 7% ~
ITS NCBI Blastn 100% 10 19 .
97 % 17 7 ( Talaromyces) 1
Clustal W ( Cladosporium) 6 ( Ochroconis) 1
MEGA ( Neighbor—joining Meyerozyma 1 ( Meira) 1 Cystobasi—
method NJ) 1 000 dium 2 Wallemia 1
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( Rhodotorula) 1 4.
. ( 2.
44.7% 18. 4% 15.8% ( 1).
3 38 GenBank
Tab.3 GenBank number of all 38 isolates
( GenBank )
YP-H35( KY437693) .YP-H99( MG56410) Aspergillus flavus

YP-H36( KY437694) . YP-H37( KY437695) . YP-H100( MG56411)

YP-H42( KY437700)
YP-H75( KY437705)
YP-H80( KY437710)

(

YP-H38( KY437696)
YP-H39( KY437697)
YP-H40( KY437698)

YP-H41( KY437699)

JYP-H43( KY437701) \YP-H44( KY437702) .
YP-H76( KY437706) ,YP-H78( KY437708) .
JYP-HB81( KY437711) ,YP-H85( KY437715) .
(

YP-H86( KY437716) . YP-H88( KY437718)

YP-H45( KY437703) ,YP-H46( KY437704)

YP-H77( KY437707) .YP-H82( KY437712) .YP-H87( KY437717)

YP-H79( KY437709) . YP-HS3( KY437713) .YP-HS84( KY437714)

YP-H89( KY437719) . YP-H96( KY814726)

YP-H90( KY437720)
YP-HO1( KY814725)
YP-H92( KY437721)
YP-H93( KY437722)
YP-H94( KY437723)
YP-HO5( KY437724)
YP-H97( KY814727)

YP-H98( KY814728)

Cladosporium halotolerans
Cladosporium sp.
Ochroconis sp.
Cladosporium cladosporioides

Meira argovae

Penicillium chrysogenum

Aspergillus niger
Penicillium sclerotiorum
Penicillium citrinum
Aspergillus sydowii
Cystobasidium minutum
Wallemia sp.
Meyerozyma caribbica
Aspergillus versicolor
Cladosporium tenuissimum
Talaromyces diversus
Cystobasidium calyptogenae

Rhodotorula mucilaginosa

Tab. 4

4 ITS

Identification of cultivable fungi from Yap Trench sediment samples on the basis of ITS gene sequences

( GenBank )

GenBank
( )

/%

YP-H35( KY437693)
YP-H36( KY437694)
YP-H38( KY437696)
YP-H39( KY437697)

YP-H40( KY437698)

Aspergillus flavus strain RGO1( KX898361)
Cladosporium halotolerans isolate E-283( KU059910)
Cladosporium sp. strain HNC12-41( KT959271)
Ochroconis sp. strain L1265( KC288114)

Cladosporium cladosporioides isolate HNC16-63( KT959303)

100

100

100

97

99
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4
GenBank
1%

( GenBank ) (

YP-H41( KY437699) Meira argovae strain AS006( AY158676) 99
YP-H42( KY437700) Penicillium chrysogenum isolate F2A2( KT071714) 100
YP-H45( KY437703) Aspergillus niger strain ASP( KT844472) 99
YP-H77( KY437707) Penicillium sclerotiorum strain FRR 2074( NR_077157) 99
YP-H79( KY437709) Penicillium citrinum strain KAM4( LC105674) 100
YP-H89( KY437719) Aspergillus sydowii isolate HNC15-15( KT989398) 100
YP-H90( KY437720) Cystobasidium minutum strain CBS319( KY103140) 100
YP-HO1( KY814725) Wallemia sp. strain F53( FJ755832) 99
YP-H92( KY437721) Meyerozyma caribbica strain CBS5241( KY104225) 100
YP-H93( KY437722) Aspergillus versicolor isolate Santa Lucia 4( KP773281) 100
YP-H94( KY437723) Cladosporium tenuissimum strain UTHSC DI43-477( LN834398) 100
YP-H95( KY437724) Talaromyces diversus strain DTO_13116( KJ775700) 99
YP-H97( KY814727) Cystobasidium calyptogenae strain SN59( FJ515190) 100
YP-HO8( KY814728) Rhodotorula mucilaginosa strain IIFCSW-B2( KY218730) 99

1
Fig. 1 Community structure of cultivable fungi in sediment samples from Yap Trench
2.2 4
5 4 ( Penicillium chrysogenum)
D112 D113 8 D111 3 13
12 8 | B B D111 7 ;
D109 37 19
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2 Neighbour-Joining
Fig.2 Phylogenetic tree of cultivable fungi in deep-sea sediments from Yap Trench by Neighbour-Joining method

5 4

Tab.5 Diversity and distribution of cultivable fungi from 4 different sediment sampling sites at Yap Trench

/
D109 D111 D112 D113
Aspergillus flavus 1 1
Cladosporium halotolerans 1 2
Cladosporium sp. 1
Ochroconis sp. 1
Cladosporium cladosporioides 1

Meira argovae 1
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/
D109 D111 D112 D113
Penicillium chrysogenum 5 3 3
Aspergillus niger 1 1
Penicillium sclerotiorum 1 2
Penicillium citrinum 2 1
Aspergillus sydowii 2
Cystobasidium minutum 1
Wallemia sp. 1
Meyerozyma caribbica 1
Aspergillus versicolor 1
Cladosporium tenuissimum 1
Talaromyces diversus 1
Cystobasidum calyptogenae 1
Rhodotorula mucilaginosa 1
( ) 7(3) 8(7) 12( 8) 11(8)
2.3 CMA CDA 3 2 2

M 9
10 PDA 8 8

6 6

Tab.6  Differences of cultivable fungi isolated from 6 different media

CDA CMA YM SDA MEA PDA
Aspergillus flavus 1 1
Cladosporium halotolerans 2 1
Cladosporium sp. 1
Ochroconis sp. 1
Cladosporium cladosporioides 1
Meira argovae 1
Penicillium chrysogenum 1 3 1 3 2 1
Aspergillus niger 1 1
Penicillium sclerotiorum 1 1 1
Penicillium citrinum 2 1
Aspergillus sydowii 1 1
Cystobasidium minutum 1
Wallemia sp. 1
Meyerozyma caribbica 1
Aspergillus versicolor 1
Cladosporium tenuissimum 1
Talaromyces diversus 1
Cystobasidum calyptogenae 1
Rhodotorula mucilaginosa 1
) 2(2) 5(3) 10(9) 7(4) 6(5) 8(8)
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2.4 nirK  P450nor
PCR

P450nor 6 18

nirK

( Aspergillus niger) .

7

lor) .
nirK
2

( Aspergillus flavus) .

( Aspergillus versico—

( Cladosporium sp.) .

um cladosporioides)

nirK  P450nor

Tab.7 Detection assay of denitrifying genes nirK and P450nor in cultivable fungi from deep-sea sediemnts

7).

( Cladospori—
P450nor
7

nirk PA50nor
Aspergillus flavus D109.DI11 [
Cladosporium halotolerans D109.D112
Cladosporium sp. D111
Ochroconis sp. D112
Cladosporium cladosporioides D112
Meira argovae D112
Penicillium chrysogenum D109.D112.D113
Aspergillus niger D112.DI113
Penicillium sclerotiorum DI112.D113
Penicillium citrinum D112.DI113
Aspergillus sydowii DI11
Cystobasidium minutum D111
Wallemia sp. D111
Meyerozyma caribbica D111
Aspergillus versicolor D111
Cladosporium tenuissimum D113
Talaromyces diversus D113
Cystobasidum calyptogenae D113
Rhodotorula mucilaginosa D113
“@”
2.5 mg/dm’ NO,
Divell3 2 ~4 cm 4) .
2 : Cladosporium sp. ( NCBI 2.6
MG56412) Cladosporium ramotenellum
( NCBI : MG56413) Cladosporium sp.
strain LCZ28( KY643766)  Cladosporium ramotenel— 5 N N N
lum strain 4. 1. 2. 1( KX674646) 100% ; 6 N .
2 A) Al
( 3)0 12d 2481416. 12
2 NO; 30 10 38



°237-

3 12 d

Fig.3  Growth conditions of 2 Cladosporium fungi in aerobic denitrification medium after inoculation for 12 days

4

Fig.4  Aerobic denitrification performance of two strains

N Wallemia

of Cladosporium fungi

8 10 16

Wallemia Wallemiasebt

walleminol
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walleminone N 2
037 Mey— : Cladosportum sp. YN1  Cladosporium ramotenel—
erozyma Talaromyces lum YN2.
28
N Cysto—
basidium
2931
6 4 ;
4
3 D112,
D113 D111 8.8.7 D109
3 . 6
YM 9 PDA 8

; CMA 3 CDA 2
. Damare  (2006)

3
MEA CMA > Singh
(2010) 4 12
MEA 38 7 (10
'+ Singh  (2012) ) N N N N
CDA PDA * . A A
nirK
P450nor
6
nrkK : N N N
R : P450nor
NO;  NO; N,0 * .
PCR NO;
nirK P450nor
6 nirK
P450nor
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Diversity and denitrification capability of cultivable fungi
from deep-sea sediments of Yap Trench

HE Gaoyang XU Wei GUO Shuang-shuang LIU Wen-hua LUO Zhu-hua
(1. Key Laboratory of Marine Biogenetic Resources Third Institute of Oceanography SOA Xiamen 361005 China;
2. College of Science Shantou University Shantou 515063 China; 3. College of Ocean and Earth Sciences Xiamen University
Xiamen 361005 China)

Abstract: In this study fungal diversity of 12 deep-sea sediment samples from 4 sampling sites at Yap Trench were
investigated based on culture-dependent method. A total of 38 fungal strains were isolated and the taxonomic identi—
fication was performed based on morphological observation and ITS sequence analysis. The results showed that all
strains were affiliated with 10 genera including Penicillium( 17 strains)  Aspergillus( 7 strains)  Talaromyces( 1
stain)  Cladosporium( 6 strains)  Ochroconis( 1 strain)  Meyerozyma( 1 strain)  Meira( 1 strain)  Cystobasidium
(2 strains)  Wallemia( 1 strain) and Rhodotorula( 1 strain) . The dominant genera were Penicillium Aspergillus
and Cladosporium whose members accounted for 44. 7% 18.4% and 15. 8% of all strains isolated. Furthermore
the nirK gene was detected in 18 strains belonging to 6 fungal species including Aspergillus flavus Aspergillus niger
Aspergillus versicolor ~ Cladosporium sp.  Cladosporium cladosporioides and Penicillium chrysogenum while the
PA50nor gene was only detected in Penicillium chrysogenum. Meanwhile 2 denitrifying fungal strains were isolated
based on enrichment method both belonging to the genus Cladosporium. Results of this research indicated that
there were abundant fungal resources in deep—sea environments and they might play an important role in the deep—
sea nitrogen cycle which should enhance the understanding of fungal diversity and their ecological roles in deep—
sea environments.

Key words: marine biology; deep-sea sediments; cultivable fungi; diversity; denitrification; Yap Trench
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