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Table 1. Basic data of marine sediment samples of South China Sea

sample date longitude latitude depth/m sediment type
1# 2011.09. 04 120°0. 250°E 20°22.971°'N 3536. 00 soil
2# 2011.09. 02 119°31.949°E 18°44. 606°N 3415. 00 soil
3# 2011.09. 08 116°58.573°E 18°58.472°N 3763. 00 soil
44 2011.09. 08 116°43. 681°E 20°14. 109°'N / sandy soil
S5# 2011. 08. 29 112°0. 124°E 18°0. 541°'N 2448. 32 soil
6# 2011.09. 08 117°58.223°E 19°0. 368N 3739. 00 soil
T# 2011. 09. 06 116°30. 202°E 22°29.355°'N 35.00 sandy soil
8# 2011. 08.29 112°30. 203°E 18°1. 654N 2439. 00 soil
9# 2011. 09. 05 119°19. 896°E 19°41. 569N 2918. 00 soil
10# 2011. 09. 05 119°31.949°E 18°2. 114°N / soil
11# 2011.09. 02 118°30.989°E 18°5.255°N 3928. 00 soil
1.1.2 S (1) ) (g/L) "™ 20.0 KC10.5 NaNO, 2.0
(g/L): NaNO, 2.0 KCI 0.5 NaCl 60.0 K,PO, 1.0 MgSO,*7H,0 0.5 30.0 18.0;
30.0 MgSO,*7H,0 0.5 FeSO,*7H,0 0.01 KH,PO, ® (g/L) ™ : NaNO,3.0 KCl
1.0 15.0 30.0; @YPD (g/L): 0.5 FeSO,*7H,0 0.01 K,HPO, 1.0 MgSO,*7H,0
5.0 10.0 20.0 0.5 30.0 10.0 30.0 15.0
15.0 30.0; ® (g/L): pH 6.0 -6.5; @ (g/L) ™
60. 0 15.0 30.0; @MEA (g/ 10.0 1.0 NaCl 5.0 CaCl, 0.1
L): 20.0 1.0 15.0 0.1 5.0 30.0 22.0 pH 7.0; ®
20.0 30.0 pH 6.0; ® PDA (g/ (g/L) * :K,HPO, 2.0 MgSO, *
L): 200. 0 20.0 B, 0.01 7H,0 0.5 2% PVA 20.0 mL 2.0
KH,PO, 5.0 MgSO, * 7H,0 3.0 12.0 10.0 30.0 27.05,
30.0; © (g/L): 40.0 60°C  10.0 mL 0.2% B O
10.0 15.0 30.0 pH4.0-6.0; @D (g/L) *: 10.0
(g/L): 100. 0 20.0 (NH,),S0, 2.5 MgSO, *7H,0 0.25 K,HPO, 0.02
15.0 30.0. (2) ) NaCl 4.0 CaCO,6.0 30.0 20.0 pH 6.0,
(g/L) " :(NH,),S0, 2.0 MgSO, * 1.1.3 ( MM400
7H,0 0.5 K,HPO,1.0 NaCl 0.5 Retsch ) ( E600

2.0 0.4 30.0 22.0; @

) (5424R
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) ; PCR ( MyCycler Clustal W
) ; ( EPS300 Mega5. 02 Fasta
) ( Vortex Genius 3 IKA ) ( bootstrap
( UVliee ) . >50% 1000 ) N .
1.2 1.4
1.2.1 : 1.0 ¢
9 mL 3
3d o 28C 3-7d,
1.2.2 : 11
100 L (D) D
28C o
2
4°C o
1.3 2.1
7
o N N 1689 41 o
o 95a 87h
CTAB 7 DNA PCR ITS-  13.36% 10.82% 9m .
rDNA o ITS1 ( 5°- 40n.77a  85b 0.36% . 11
TCCGTAGGTGAACCTGCGC3) ITS4  ( 5- 15.45%
TCCTCCGCTTATTGATATGC3Y) o PCR (261 ) .7.46% (126 ) .5.57% (94 ).
25.0 uL :2 x PCR Mix 12.0 pL. 15.87% (268 ) .13.68% (231 ) .5.39% (91
2.0 plodd H,09.0 wL. 1.0 L. PCR ) 1.60% (27 ) .14.33% (242 ) .5.74% (97
:95°C 4 min; 94°C 1 min.55°C 40 s.72C ) 4. 14% (70 ) \10.78% (182 ). 4
1min 35 :72°C 10 min. 7 o
o 41 1.
GenBank

1. 7d

Figure 1. Some purified salt-tolerant fungi from the South China Sea. A: front view of 7m on YPD plate; B: front view of 8m on YPD

plate; C: front view of 25m on YPD plate; D: front view of 71a on YPD plate; E: front view of 86b on YPD plate.

2.2 ( Eurotiomycetes) 24
41 1 YPD 58.50% ; ( Sordariomycetes) 8
; ITS 19.50% ; ( Dothideomycetes) 3

( 2)s 41 7.32% ; ( Ustilaginomycetes)
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( Hemiascomycetes) 4.88% (2 Myrmecridium « ( Cladosporium) .
( Ascomycetes) ( Agaricomycetes ) Chaetomium ) .  Pseudozyma
2.44% (1 o ( Saccharomyces) 4.88% ( Eurotium)
15 ( Aspergillus) ( Paecilomyces ) Dichotomomyces
( Penicillium') 39.00% Acrodontium . ( Alternaria) .
12.20% ; ( Acremonium ) 7.32% ; ( Bjerkandera) ( Gibberella) 2.44% .
2. 41
Table 2. Morphological features and taxonomic status of 41 salt-tolerant fungi
frequency / GenBank . i strain L
No. dentity /% haracteristic t
o % ‘d(:(-’essi‘)n N(). 1dentity 4 ( BLAS'[‘) characteristic axon
. Colonies smaller flat  pale orange short
Myrmecridium . .
6m 1.10 K(C834786 99 h Leri filaments. Hyphae separated not branched;  Sordariomycetes
Seluizent free of spores.
Colonies pale yellow texture loose white point
Tm 1.41 K(C834787 99 Dichotomomyces cejpii  appear. Upright and have branches; conidia  Eurotiomycetes
round.
Colonies grey powdery reverse black. No
8m 0.55 K(C834788 96 Acrodontium sp. isolation slender branched; conidia string Ascomycetes
ovate.
. Colonies blackish  green reverse black.
. Cladosporium K .
9m 0. 36 K(C834789 100 . Separated fewer branches; short spore chain Dothideomycetes
cladosporioides ’
ovate.
White powdery cream color edges. Transpar—
Ilm 1.41 K(C834790 99 Bjerkandera adusta ent hyphae less branches; spores long  Agaricomycetes
elliptic.
Colonies initially faint yellow gradients for
12m  3.70 KC834791 99 Paectlomyces variotii yellowish brown  powdery hyphae dense.  Eurotiomycetes
Branching; conidia string oval.
. Colonies initially white gradients for yellow.
Aspergillus 1 . .
13m 0. 38 KC834792 99 X Separated branches conidial heads spherical; Eurotiomycetes
sclerotiorum L . . ’
conidia string spherical.
— Colonies initially white gradients for cyan
Penicillium . . . o
15m 0.41 KC834793 100 cyan powdery. Upright conidial heads line up  Eurotiomycetes
chrysogenum . . .
brush; conidia string spherical.
Colonies initially bluish yellow gradients for
16n  4.23 KC834794 99 Aspergillus versicolor gray blue. Transparent conidial heads loose  Eurotiomycetes
radial spherical; conidia string spherical.
— Colonies gray blue reverse slightly yellow.
Penicillium X - R .
17m  0.41 K(C834795 100 Less branches conidial heads line up brush;  Eurotiomycetes
chrysogenum - . .
conidia string spherical.
Colonies yellow and green line to line central
18m 1.03 KC834796 99 Eurotium herbariorum  to gray. Hyphae slender branched ascoma for  Eurotiomycetes
cleistothecium  globose; conidium spherical.
Colonies initially white gradients for yellow—
19n  1.10 KC834797 100 Aspergillus flavus green. No branching conidial heads loose  Eurotiomycetes
radial spherical; conidia spherical.
Colonies initially white filiform gradients for
2lm 1.10 KC834798 100 Aspergillus niger black-brown. No branching conidial heads  Eurotiomycetes

spherical; conidia string spherical brown.




556

Jia Qu et al. /Acta Microbiologica Sinica(2014) 54(5)

2
fi y / GenBank trai
No. L;bequen(‘y acecnes:ir(])n No. identity /% ? rBaI]‘nAST) characteristic taxon
Colonies dark grey edges irregular. No
22m 1.4l KC834799 99 Aspergillus carneus branching conidial heads like a brush; conidia ~ Eurotiomycetes
string  spherical.
Colonies pink-white sverse  dark  yellow.
25m 0.76 KC834800 95 Acremonium sp. olomies piiewi eA . reverse - darkyellow Sordariomycetes
Hyphae slender conidia ovate. ’
Colonies initially white gradients for yellow—
oy tral flocculent ] llow. N
30m 0.4l KC834801 99 Aspergillus versicolor green .cen rd 40%(u ent reverse .ye ow. e Eurotiomycetes
branching  conidial heads spherical loose
radial; conidia string.
Colonies initially white villose gradients for
3lm  3.70 K(C834802 100 Alternaria alternata gray; reverse is grayish-brown. No isolation Dothideomycetes
bending branches; free of spores.
Colonies darkcyan. No branchi sonidial
34m  0.83 KC834803 99 Aspergillus sydowii clomies carkeyan. o branciing  COMAA p o rotiomycetes
heads spherical; conidia string spherical.
Colonies initially white gradients for black—
35n  0.37 K(C834804 100 Aspergillus tubingensis ~ brown reverse black. No branching conidial  Eurotiomycetes
heads spherical; conidia spherical brown.
Colonies cyan radial edges. No branching
36m 1.41 K(C834805 100 Aspergillus versicolor conidial heads spherical; conidia string Eurotiomycetes
spherical.
Colonies darkcyan. No branching  conidial
38m 1.06 KC834806 100 Aspergillus versicolor clones a‘r oyan . 40 ?anc e 400m 1 Eurotiomycetes
heads spherical; conidia string spherical.
Colonies bluish green filiform. No branching
39m  0.37 KC834807 100 Aspergillus fumigatus conidial heads spherical loose radial; conidia  Eurotiomycetes
string  spherical.
Colonies darke lial edges. Less
40n  0.36 K(C834808 100 Penicillium commune olomies arAc?fan . radia . edees 88 Eurotiomycetes
branches; conidia string spherical.
Colonies darkcyan. No branchi idial
4lm 0.79 KC834809 100 Penicillium citrinum ° ome's arkeyan 0, 'ranc' e C(m,l 1 Eurotiomycetes
heads line up brush; conidia string spherical.
. Colonies darkcyan greenish-white edges. No
. Aspergillus . . . .
43m 1.41 KC834810 99 S branching conidial heads spherical loose  Eurotiomycetes
penicillioides . L. . . .
radial; conidia string spherical.
R Colonies  darkcyan edges radial; Less
) Penicillium . . .
45m  3.72 K(C834811 100 branches  conidial heads line up brush;  Eurotiomycetes
chrysogenum .. K
conidia spherical.
Colonies white villous densely yellow small
7la  2.20 KC834812 100 Gibberella intermedia droplets; reverse dark white. Separated bent Sordariomycetes
more branches; conidia ovate.
Colonies ivory white fleshy have fold. No
72a  1.41 K(C834813 99 Aspergillus versicolor isolation  curved; conidial heads shaped Eurotiomycetes
branches conidia string spherical.
Coloni hit dery. Hyphae slende
77a  0.36 KC834814 99 Aspergillus versicolor olomies whitte prTw ery. yg ae siender Eurotiomycetes
branched; ascoma for cleistothecium oval.
L Colonies ivory white small short filaments
. Myrmecridium ’ X . . .
78a  0.37 KC834815 99 hulseri edge mneat. Hyphae slender isolation Sordariomycetes
schulzeri

bending.
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2
f oy/  GenBank strai
No. o/r:quency a:(:es:i:n No. identity / % Z ;:]T\ST) characteristic taxon
Colonies  white villous  densely  having
tuberance.  Hyphae slende isolati
82b 0.79 KC834816 99 Chaetomium globosum protuberance ypuae - s e'n er 150_ ation Sordariomycetes
curved; ascoma nearly spherical organized by
textura intricata.
Colonies initially pink white gradients for pale
Pseudozyma . . I
84b 10. 33 KC834817 99 . pink staggered linear texture dense. Less  Ustilaginomycetes
antarctica . .
branches; conidia ovoid.
Colonies pink-whi Idish ~ flesh lossy.
85b 0. 36 K(C834818 99 Acremonium strictum olonies pink-white  reddis . 'ea v gossy Sordariomycetes
Separated  less branches; conidia ovate.
Colonies initially light green gradients for pale
36h 370 KC834819 100 Asperg?llus Cbarlreuse white patches  produce ble?ck Eurotiomycetes
sclerotiorum pigment. Hyphae slender curved having
branches.
A illu: Colonies pink th texture sticky. Conidi
87b  10.82 KC834820 99 Spergius olonies pink  Smooth - 1exiure SHeRy. LOMAE g rotiomycetes
sclerotiorum rounded overlap together.
Pseudozy Colonies pink  threadiness.  Conidioph
89h  0.79 KC834821 100 seudozyma clomes - pin reacimess. - LOMEOPROIE 1 laginomycetes
antarctica bent less branches; conidia long rods.
Colonies central is white density outward is
90a 0.41 K(C834822 100 Chaetomium globosum  relatively loose. Separated curved; ascoma  Sordariomycetes
nearly spherical organized by textura intricata.
Colonies vhi xture d .
95a 13.36 KC834823 95 Acremonium sp. olomes Snovtl_“ e lexlule' i ense Sordariomycetes
Separated bending branches; conidia ovate.
. Saccharomyces Colonies orange coarse more sticky opaque .
96¢ 9.54 KC834824 100 . R Hemiascomycetes
cerevisiae small colonies. Cells are short rod.
98¢ 9. 54 KC834825 100 Sacc/?(%rom}‘ces Colonies omnge' smooth more  sticky Hemiascomycetes
cerevisiae opaque. Cell ovoid cluster-type arrangement.
. Colonies initially green white edges gradients
Cladosporium . . .
100a 0.37 K(C834826 99 o for ash black villous. Separated; conidia  Dothideomycetes
tenuissimum .
ovate torose spore chains.
Isolation frequency = The number of strain/ the total number in this sample.
ITS NCBI 5 ( .
ITS 95% - 100% o ) 16 3
N-J ( 2) Bootstrap ; 7
51% —-100% 15 3 4 o
Aspergillus~ Penicillium Acremonium~ Myrmecridium . 23 10 ( Aspergillus) 9

25m.95a
8m Acremonium implicatum ( AF368810) .

A. implicatum ( AF368810)

(AY843112)

Cladosporium Chaetomium o

Acrodontium crateriforme

95% —-96%

2.3

( Penicillium ) 4
( Acremonium) 3 ( Cladosportum)
( Alternaria) . Pseudozyma-

( Bjerkandera )

Myrmecridium «
Dichotomomyces «
Acrodontium 1 o
Acrodontium sp. 8m  Aspergillus sp. 86b

Penicillium sp. 41m



558

Jia Qu et al. /Acta Microbiologica Sinica(2014) 54(5)

ﬂ: 30m(KC834801)
77a(KC834814)
001 38m(kc834806)
e 69 Aspergillus versicolor(HM776414)
36m(KC834805)
Aspergillus versicolor(DQ26532)
72a(KC834813)
16n(KC834794)
— 22m(KC834799)
—— Aspergillus carneus(FI478106)
81— 34m(KC834803)
L Aspergillus sysowii(KC253961)
100 19n(KC834797)
52 Aspergillus flavtis(JX535495)
— 13m(KC834792)
69 —— Aspergillus sclerotiorum(AY373866)
100 — 86b(K(C834819)
— 87b(KC834820)
— 21m(KC834798)
100f—— Aspergillus niger(JX523614)
— 35n(KC834804)
—— Aspergillus tubingensis(JF411067)
—100: 41m(KC834809)
Penicillium crjrinum(FJ765031)
m: Tm(KC834787)
100 Dichotomomyces cejpii(EF669957)
— ﬁ: 39m(KC834807)
Aspergillus fumigatus(FI1844610)
@E 43m(KC834810)
Aspergillus penicillioides(GU017494)
51{100 18m(KC834796)
_|: Eurotium herbarirum(GU319986)
15m(KC834793)
Penicillium chrgsogemum(AM948960)
100 17m(KC834795)
40n(KC834808)
Penicillium commune(HM061318)
45m(KC834811)
100 12m(KC834791)
|: Paecilamyces variorii(1X231004)
73 100— 8m(KC834788)
— L— Acrodontium crateriforme(AY843112)
100 Myrmecridium schulzeri(EU041777)
78a(KC834815)
6m(KC834786)
90a(KC834822)
21 Ll E Chaetomium globosum(JF826003)
82b(KC834816)
90 100|: 71a(KC834812)
] Gibberella intermedia(JQ612712)
1 100 85b(KC834818)
Acemonium stricum(HMO016899)
99 Acremonium implicatum(AF368810)
521 86 25m(KC834800)
95a(KC834823)
— 9Im(KC834789)
| 99 Cladosporium cladosporioides(JN033463)
100a(KC834826)
100— 31m(KC834802)
L— Alternaria altermata(JF835811)
ﬂ: 11m(KC834790)
99 Bjerkandera adusta(EU918694)
84b(K(C834817)
100 Pseudozyma antarctica(AF294698)
89b(KC834821)
96¢c(KC834824)
1ol Sacharomyces cerevisiae(JX0947760)
98c(KC834825)
2. rDNA ITS

Figure 2. Phylogenetic tree of halotolerant fungi based on rDNA ITS gene sequences by using neighbour—joining method

branching points refer to bootstrap values ( 1000 resamplings; only values above 50% were shown)

numbers at

0. 01 was sequence divergence.

Numbers in parentheses represent the sequences accession number in GenBank.
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3. D

Table 3. D values of transparent circles by enzyme producing strains

compound
No. cellulase amylase protease lipase chitonsanase
enzyme
6m + + - - + + + + + -
Tm - - - + + + - -
8m - - + + + + + - - -
9m - + - + + + + + -
11m - - + + + + + - -
15m + + - - - - -
25m + + + - + 4+ + + + - -
30m - - - + + - -
31m - + + - - - -
35n + + - - - + + + -
36m - - - + + - -
38m - + + + + + + + - -
39m - - - + + + - -
40n - + + - - - -
41m + + + + - + 4+ + + + - -
43m - + + - + 4+ + + - -
45m + + - - - - -
T2a - - - + + + - -
T7a - - - + + - -
84b - + + - - - -
85b + 4+ + + + - + + - -
86b - - + o+ + + + + + - -
95a + + + + + - + + + - -
“+ 4+ +++7:20-25mn 4+ + ++7:15-20mn 4+ + +7: 10-15mm “+ +7:5-10mn “+7: 0-5mn “-": No transparent
circle.
3 50% .
C
o N ~pH
11 o
1689 41 13 Chaetomium
: ITS Eurotium « Myrmecridium Acremonium
15 ( Aspergillus) 2
( Penicillium) 39.00% Chaetomium globosum; Bass 7 11
12.20% » M Eurotium herbartorum
N 4 Saccharomyces cerevisiae; %
46. 6% 25. 5% ; 48 Acremonium strictum
2 Alternaria alternata; Zhang o2
Paecilomyces

o variotii~ Myrmecridium schulzeri Gibberella intermedia -
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Acremonium sp. ~ Cladosporium cladosporioides C.
tenuissimum o
Arthrinium -

Zhang "
Rhodotorula

Catenulostroma « Aureobasidium «
Engyodontium  Phaeosphaeriopsis
Acrodontium sp.

8m. Bjerkandera adusta 11m. Pseudozyma antarctica

84b  89b &m 96 %
; 7 3
4 o 23
10
56.52% .
15 22
o Acrodontium sp.

8m  Aspergillus sp. 86b

Penicillium sp. 41m 0

13m 38m
13m 6
38m 3 o
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Abstract. Objective We studied species diversity and enzyme activities of fungi from 11 marine sediment samples in the
South China Sea. Methods Salt-tolerant fungi were isolated by a dilution-plate method and their diversity was studied
based on fungal morphology and rDNA ITS ( Internal Transcribed Spacer) sequences. Enzyme activities were screened by
six special selective media. Results A total of 1689 strains of salt-tolerant fungi were isolated. Morphology and ITS
sequence analysis identified these fungi to 41 species of 15 described genera of which Aspergillus sp. and Penicillium sp.
were the dominant populations. Studies on enzyme activities of 41 sequenced strains showed that 8 strains produce
cellulase 9 strains produce amylase 5 strains produce compound enzyme 16 strains produce protease 3 strains produce
lipase and no strain produce chitonsanase. Acrodontium sp. 8m and Aspergillus sp. 86b produced the most multiple
enzymes while Penicillium sp. 41m produced comparatively higher protease. =~ Conclusion There were abundant salt—
tolerant fungi from marine sediment samples in the South China Sea and more strains had enzyme activities.
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