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Tab.1 Information of sediment sampling sites at Yap Trench
A G KB/ m I¥)Z
Divel09  9.899° N, 138.386°E 4435  Divel09-1(0 ~2 cm)
Divel09-2(2 ~4 c¢m)
Divel09-3(4 ~6 c¢m)
Divelll 9.867°N,138.517°E 6796 Divell1-1(0 ~2 cm)
Divel11-2(2 ~4 c¢m)
Divel11-3(4 ~6 c¢m)
Divel12  9.866°N, 138.493°E 6300 Divell12-1(0 ~2 cm)
Divel 12-2(2 ~4 c¢m)
Divel12-3(4 ~6 cm)
Divel13  9.863°N , 138. 657°E 6578 Divell3-1(0 ~2 cm)

Divel13-2(2 ~4 cm)
Divel13-3(4 ~6 cm)
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ARFEH 1/5 & A PDA .CDA .CMA MEA . YM
I SDA It 6 5 3R 5600 B UL AL d b LR, BLIA
R AU R g, INA SR 9 em’
RSB BE IR B DA P, 57 TR 2,130 o/ min £
HIRGIEE S min. WK 200 mm® PRATPH,6 FhP-4i
R 3 AR 25 CHEIE R ,2 ~3 d Jo WAL
AEROIREE. I L BEBCRVE AR B 12 55 A
[l A LR AP R BT PDA Bi3Rdk I R B4 H /Y,
— 80°C H{RAT. BEFRIEANRBEIRNCTT W3 2 PIis.
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Tab.2  Compositions of different isolation media and ranger solution

E4 %y
R AN e 55 F 5 (PDA) E 55 200. 0 g & B HUIRR , A4 8% 20. 0 ¢, BEigH 15.0 ¢
FLEC BRI (CDA) NaNO; 3.0 g, K,HPO, 1.0 g, MgSO, - 7H,0 0.5 ¢,KC1 0.5 g, FeSO, 0.01 ¢,

FORBARHFREE (CMA)

HENE 30.0 ¢, A 15.0 ¢
FokH 40.0 o, BIEHK; 15.0 g, Tween-80 10 em?




2 4 i B, &5 < HE TR YA DRV DT mT 5 97 L B 2 ek OHL S Rm A E I F 9 - 231-

# R

Y

& B i 7R 2k (MEA)
B 22 SRR Bl 3 SR HE (YM)
U R B B J7 4% (SDA)

HF: 5% B ( Ringer Solution )

AU 30.0 g, AN S. 0 &, B0k 15.0 ¢
B AR S. 0 g, Z22FHRIY) 3. 0 o, WEREH} 3. 0 o, #iIHE 10. 0 ¢, BiEH 15.0 ¢

HEHE40.0 g, A 10.0 g, BUlE KT 15.0 ¢

NaCl 8.5 g, KC1 0.3 g, CaCl, 0.33 g, Tween-80 100 mm®

6 FPEEFRIL AN B, i 1/5, AL
7K Z 1000 em®, T 115°C & H K 20 min, & 4]
FEO60CLEAMA 0.2 wm £k P Hd 18G5 A E
F B FRGE R R LR IE 0.5 g/dm® S il 40 B8
EK.
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method , NJ) #5% R Ge it A A, B 24 F] 1 000 YR

SLHY) B B J3 AT (bootstrap analysis ) K40 R4 & B
A B R
1.6 nirK 0 P450nor £ & #: il

W53 B A5 BN AN W R B 4 A B PYG A B
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F/R (P450nor 1R 1F:5'-CCSACDTTYGTYGAYATG-
GA-3", P450nor 1R: 5'-GTBGCRTTVCCNGCVAC-
37) POBHEAT PCR P71, 28 1% BB B e FiL bk
WA R H 4.
1.7 FERELERFIE

BC AR AR R A A 35 77 2 (LA NO; by i — (A,
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P A A A FREL 1 g TURRAAE S I A BT iR
25°C 180 r/min fHIR 4R 55 5%, PG FR R D KA
WA R 22 A K B Ik S, BT em® BRTREE A ST Y
BRIk rp Ak S g%, A S WK B R I R SR A
TERB I SRR 10 7" 10 72 Ve A ) [ A 85 35 3 |, B A
RS 3 R, 25 CHE B 77 , PREER B v 24k, fr
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FEH T 4 D IEALRY 12 DUTRP AR 3y
BIIGR) 38 BREL I (£ 3) , X ELRH R Y ITS [7 41 5
GenBank 4% % v & 01 7 5 AH AU B2 S 7E 97% ~
100% Z [8], J& T 10 A4~J& 19 ASFh, 70 502« 75 % s
17 %, a5 )& 7 ¥k, B E ( Talaromyces ) 1 Bk, £
1iJ& ( Cladosporium ) 6 £f, ##% %% J& ( Ochroconis) 1 ¥,
Meyerozyma J& 1 ¥k , M3 # J& ( Meira) 1 £f , Cystobasi-
dium J& 2 Kf, Wallemia J& 1 ¥k 1 20 B & )8
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(Rhodotorula) 1 # , AR R QR A R A B e 4.
B JE R AR AR AL TR F A, 53531
SRR 44. 7% (18.4% 1 15.8% (K 1). &

%3 38 HREHEW GenBank F3|5
Tab.3 GenBank number of all 38 isolates

GEHEACI R BT o) B R B T B 1A T
1, Hrh R E st p (& 2) .

BBk 7 (GenBank J¥515) FF R

YP-H35(KY437693) \YP-H99 (MG56410) Aspergillus flavus

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

Cladosporium halotolerans

YP-H38 (KY437696 ) Cladosporium sp.

YP-H39 (KY437697)

Ochroconis sp.

YP-H40 (KY437698 )

Cladosporium cladosporioides

YP-H41 (KY437699 )

Meira argovae

YP-H42 (KY437700) \YP-H43 (KY437701) .YP-H44 ( KY437702) .

YP-H75 (KY437705) . YP-H76 (KY437706) ,YP-H78 ( KY437708) .

YP-H80 ( KY437710) \YP-H81(KY437711) .YP-H85 ( KY437715) .
YP-H86 ( KY437716) . YP-H88 ( KY437718)

Penicillium chrysogenum

YP-H45(KY437703) \YP-H46 ( KY437704 ) Aspergillus niger

YP-H77(KY437707) ,YP-H82 (KY437712) ,YP-H87 (KY437717) Penicillium sclerotiorum

YP-H79 (KY437709) \YP-H83 (KY437713) .YP-H84 (KY437714)

Penicillium citrinum

YP-H89 (KY437719) ,YP-H96 (KY814726) Aspergillus sydowii

YP-H90 (KY437720)

Cystobasidium minutum

YP-H91 (KY814725) Wallemia sp.

YP-H92 (KY437721)

YP-H93 (KY437722)

Meyerozyma caribbica

Aspergillus versicolor

YP-H94 (KY437723)

Cladosporium tenuissimum

YP-H95 (KY437724) Talaromyces diversus

YP-H97 (KY814727) Cystobasidium calyptogenae

YP-H98 (KY814728)

Rhodotorula mucilaginosa

x4 ETITS FILMA MR EIREBAPAYAIEREANLEEER

Tab.4 Identification of cultivable fungi from Yap Trench sediment samples on the basis of ITS gene sequences
( Gfﬁﬁi ) Genbank :P;Tf f;le M i LR PSR/ %
YP-H35(KY437693) Aspergillus flavus strain RGO1 ( KX898361 ) RN 100
YP-H36( KY437694) Cladosporium halotolerans isolate E-283 (KU059910) JERE A 100
YP-H38 (KY437696 ) Cladosporium sp. strain HNC12-41(KT959271) JAE 34 TR 4 100
YP-H39 (KY437697) Ochroconis sp. strain 11265 ( KC288114) JR 5 T 4N 97
YP-H40 ( KY437698) Cladosporium cladosporioides isolate HNC16-63 ( KT959303 ) JAE 2 T 4N 99
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( cenﬁﬁ; " Genbank ?4; 'I ffﬂf;ﬁm I R B %
YP-H41 (KY437699) Meira argovae strain AS006( AY158676) HMETEHN 99
YP-H42 ( KY437700) Penicillium chrysogenum isolate F2A2(KT071714) HMNHTE N 100
YP-H45 ( KY437703) Aspergillus niger strain ASP(KT844472) HMEBR 99
YP-H77 (KY437707) Penicillium sclerotiorum strain FRR 2074 ( NR_077157) HMABEH 99
YP-H79 ( KY437709) Penicillium citrinum strain KAM4 ( 1.C105674 ) HMA 100
YP-H89 (KY437719) Aspergillus sydowii isolate HNC15-115 ( KT989398 ) HMHTR 2K 100
YP-H90 ( KY437720) Cystobasidium minutum strain CBS319 (KY103140) PPN 100
YP-H91 ( KY814725) Wallemia sp. strain F53 ( FJ755832) N 99
YP-H92 (KY437721) Meyerozyma caribbica strain CBS5241 ( KY104225) R 100
YP-H93 ( KY437722) Aspergillus versicolor isolate Santa Lucia 4 ( KP773281) BN 100
YP-H94 ( KY437723) Cladosporium tenuissimum strain UTHSC DI-13-177 ( LN834398 ) Tl % TR 4 100
YP-H95 ( KY437724) Talaromyces diversus strain DTO_13116 ( KJ775700) A T N 99
YP-H97 (KY814727) Cystobasidium calyptogenae strain SN59 (FJ515190) P N 100
YP-HO8 ( KY814728) Rhodotorula mucilaginosa strain IIFCSW-B2 ( KY218730) TAER B R 40 99

Wallemia
(2.6%)

Rhodotorula
(2.6%)

Cystobasidium

Cladosporium
(15.8%)

Meira
(2.6%)

Meyerozyma
(2.6%) Aspergillus

(18.4%)

Penicillium
(44.7%)

Talaromyces
(2.6%)

B e TR A UL ] B SR IR A AR 2 A

Fig.1 Community structure of cultivable fungi in sediment samples from Yap Trench
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12 BRAT 8 Ffr 11 Ak L& DI, A 7 B 8 #k; i
A JE D109, KAyt 3 Bl 7 k. i 19 Fh BB

AT — B 4 i fi 2 B E, B
P 5 %5 ( Penicillium chrysogenum ) — 4~ Fift 76 5%
DI ARy 3 A ulfi (A B, A 13 S EH A 2 A
LR R SR - N N VAT B SN A - 2 e
[|) 25 AR K.
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100 YP-H35
84 Aspergillus flavus (KX898361)
YP-H45
69 100! 4spergillus niger (KT844472)

100 | YP-H42
Penicillium chrysogenum (KT071714)

P9 YP-H77
100" penicitlium sclerotiorum (NR_077157)
100 YP-H79
Penicillium citrinum (LC105674 )
98 E YP-H89
Aspergillus sydowii (KT989398)
100 [ YP-H93
Aspergillus versicolor (KP773281)

YP-H95
100 4|
100% Talaromyces diversus (KI775700)

100] YP-H39
L Ochroconis sp. (KC288114)

Ascomycota

YP-H38

= 99| Cladosporium sp. (KT959271)
Cladosporium halotolerans (KU059910)
YP-H36

100 {731 YP-H40

Cladosporium cladosporioides (KT959303)
99} YP-H94

72" Cladosporium tenuissimum (LN834398)
100 YP-H92
I Meyerozyma caribbica (KY104225)

100 [~ YP-HO1

Wallemia sp.(F1755832)
100 ) YP-H41
93 l Meira argovae (AY 158676)
1007 YP-HO8
60 t Rhodotorula mucilaginosa (KY2158730)

Basidiomycota

29 99 | YP-H90
|_| Cystobasidium minutum (KY103140)

100 |_| YP-HO7
91

Cystobasidium calyptogenae (FI1515190)

e |
0.05

P2 Neighbour-Joining 1 ¥4 At e 7 14 DRIE LA AT 45 97 EC R AR SRt AL

Fig.2  Phylogenetic tree of cultivable fungi in deep-sea sediments from Yap Trench by Neighbour-Joining method

®5 MHEBAINUHERARIERTIBEENER

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

BHAREL B

BRI

B

D109 D111 D112 D113

Aspergillus flavus 1 1
Cladosporium halotolerans 1
Cladosporium sp. 1
Ochroconis sp. 1
Cladosporium cladosporioides 1

Meira argovae 1
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8RS
IR BR
SSNG LIS
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
SR (PP 7(3) 8(7) 12(8) 11(8)

2.3 AEEFENSEEHENER 2 CMA I CDA 735 HUA 3 Bl S BRI 2 Fil 2 #k.
AWTERAT 6 BRI FRER D SR IURRY) A HEREAIA 6 MRk LA R e A

PR R AR AR 6 PR BRI FRIEARA 0 12 RRERAE 1 IR AR B R B, TR 2 BOR

FIFCH, Joh ARG Wk R 2 1002 YM B FREEA 9 Fh HEDURRY) h LR B R A AR5 B e

10 #k, HUUE PDA REFRFERY 8 Bl 8 B, T RCR #x 22

®6 FH6MBEFRERFBUEFRAFRNER

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

B Bk
HLF R
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

N7 S QL o) 2(2) 5(3) 10(9) 7(4) 6(5) 8(8)
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2.4 RIHELEERE nirkK 1 P450nor #4251

FIH] PCRH AR K W 43 85 18 bk 19 mirK 1
P450nor JE[H 5 R RYITE 6 Fh 18 bR ILEE Hh ] A5
nirK B, A1 352 ¥ th 25 (Aspergillus flavus) 2
25 ( Aspergillus niger) 220, i| F5 (Aspergillus versico-

lor) Fi#1( Cladosporium sp. ) KR4 1 ( Cladospori-
um cladosporioides ) 1 7= 5% ; M P450nor £ H Y
1E 2 pRECih A PRI R (R 7). 3R 7 & Bon Bk
PLERAT AT S AL PR R B A

®7 RBUBUWEFEESRRBELER nirkK f1 P450nor i il 45 5

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

UNCELES i nirk PAS0nor
Aspergillus flavus D109 D111 [ J [ J
Cladosporium halotolerans D109 D112
Cladosporium sp. D111 [ J
Ochroconis sp. D112
Cladosporium cladosporioides D112 [ J
Meira argovae D112
Penicillium chrysogenum D109 D112 D113 [}
Aspergillus niger D112 .D113 [ J
Penicillium sclerotiorum D112 D113
Penicillium citrinum D112 D113
Aspergillus sydowii D111
Cystobasidium minutum D111
Wallemia sp. D111
Meyerozyma caribbica D111
Aspergillus versicolor D111 [ J
Cladosporium tenuissimum D113
Talaromyces diversus D113
Cystobasidum calyptogenae D113
Rhodotorula mucilaginosa D113

" @7 R A el 21

2.5 WERWEULERAME

AHIFEM Divel 13 307 2 ~4 cm JURMIRE AL H
S H) 2 BRI AL AL U B « Cladosporium sp. ( NCBI
7 51 5 MG56412 ) FlI Cladosporium ramotenellum
(NCBI #3115 :MG56413) , 435l 5 Cladosporium sp.
strain LCZ28 (KY643766) #1 Cladosporium ramotenel-
lum strain 4. 1. 2. 1 (KX674646 ) g4 A1 {2l &y 100%
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Fig.3  Growth conditions of 2 Cladosporium fungi in aerobic denitrification medium after inoculation for 12 days
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Fig.4 Aerobic denitrification performance of two strains of Cladosporium fungi
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Diversity and denitrification capability of cultivable fungi
from deep-sea sediments of Yap Trench

HE Gao-yang, 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
PA450nor 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.
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