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Preliminary investigation of diversity and functional enzymes of fun-
gi from Erdos a paleo salt lake in Inner Mongolia
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Abstract: [Objective] The diversity of fungi in soils and sediments of Erdos paleo salt lake in Inner
Mongolia and the strains containing functional enzymes were identified. [Methods] Three isolation
media containing designed concentrations of NaCl were used to separate and cultivate fungi. Based
on analysis of morphology and ITS sequences, the phylogenetic of tested bacterial strains was per-
formed. The enzyme activity in the salt lake fungi was qualitatively determined using 6 kinds of
screened media. [Results] Total 2 121 strains of fungi were separated from the salt lake. These
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strains were divided into 45 morphospecies and 27 generas based on the analysis of morphology and
ITS sequences. The dominant genus was Aspergillus. Twenty-two of 45 morphospecies produced
enzyme, six produced protease(s), six produced cellulase(s), two produced compound enzyme, one
produced amylase enzymes and one produced lipase. Meanwhile, four morphospecies could simulta-
neously produce three. [Conclusion] The fungi from the Erdos salt lake in Inner Mongolia are rich in
diversity and can produce various enzymes. This study provides a basis for the further characteriza-

tion and utilization of halophilic microbes.
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Table 1 The morphology and ITS diversity of fungi strains from a paleo salt lake in Ordos, Inner Mongolia
GenBank ITS
. Isolation . . .
Serial GenBank acces- Closest match in NCBI Morphological Taxonomic sta-
frequency Source . . o o
number %) sion number (ITS identity, %) characteristics tus
la 1.11 Saline soil KC834749 Alternaria quercus (100) s, DR GL, . AUBIELE
Brown; Gray round, Big  quercus
2a 0.82 Saline soil KC834750 Aspergillus candidus C9cco1d; White round, A_sperglllus can-
99) Big didus
6a 0.26 Saline soil KC834752 Pestglotlopsw hetero- Long sp@dle; White Pestalot|0p_5|s
cornis (99) round, Big heterocornis
. . Acremonium potronii Ellipse, Dissepiment; Acremonium
10a 297 Saline soil KC834753 (99) Milk white round, Big ~ potronii
Aspergillus versicolor Coccoid, Conidium Aspergillus ver-
12b 6.58 Saline soil KC890772 perg spore loose radial head; . perg
99) . sicolor
Cyan round, Medium
Aspergillus versicolor (Coselt, Comt Il Aspergillus ver-
13a 297 Saline soil KC890773 perg loose radial; Yel- 'SPerg
99) . sicolor
low-gray, Medium
142 0.83 Saline soil KC834754 Penicillium glabrum Coccoid, Penlcﬂl}ls; Penicillium gla-
(99) Green-gray, Medium brum
Aspergillus versicolor Coccoid, Conidial head Aspergillus ver-
15a 0.24 Saline soil KC890774 perg loose radial; Yel- \SPerg
(100) . sicolor
low-gray, Medium
Aspergillus sydowii (Lol (S Aspergillus sy-
19a 0.78 Saline soil KC834755 perg y are radiate; Atrovirens, P ..g y
(100) . dowii
Medium
Coccoid, Conidial heads Asperaillus ory-
20a 0.41 Saline soil KC834756  Aspergillus oryzae (100)  are radiate; Yellow-gray, Zas g y
Medium
Coccoid, Conidial heads Asperaillus sv-
22b 0.52 Saline soil KC890775 Aspergillus sydowii (99)  are radiate; Atrovirens, dO\F/)viig y
Medium
23a 132 Saline soil KC890776 Penicillium polonicum Coccou.l, Alutac.eous; Pen.|C|II|um po-
(100) Turquoise, Medium lonicum
25 0.44 Saline soil KC834757 Eurotium amstelodami C.occmd; Yellow, Me- Eurotlur_n ams-
99) dium telodami
Coccoid, Conidial heads Penicillium
27a 4.10 Saline soil KC834758 Penicillium steckii (99) are radiate; Celadon, .
. steckii
Medium
Aspergillus versicolor (Cozrots, CEmeibl Aspergillus ver-
28b 1.32 Saline soil KC890778 perg loose radial; Celadon, . Perg
(100) . sicolor
Medium
292 0.24 Saline soil KC834759 Aspergillus ochraceus COCC.Old, Brown; Yellow, Aspergillus och-
99) Medium raceus
. . Aspergillus westerdijkiae  Coccoid, Brown; Cela- Aspergillus wes-
3la 11.57 Saline soil KC834760 (99) don, Medium terdijkiae
13b 0.65 Salt lake of KC834761 Aspergillus restrictus Oblong; Darkcyan, Asperglllus re-
water 99) Small strictus
36a 476 altlakeof pesir6 Wallemia sebi (98) Coccoid, Sandy beige; o i1omia sebi
water Tenne, Small
It lake of hizophyll . . hizophyll
38a 357  Saltlakeo KCsoo7g0  Schizophyllum commune o s White, Big  oonizophyllum

water

99)

commune
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Salt lake of

Cladosporium

C )

Cladosporium

40a 8.33 KC890781 . Oval; Breen, Small .
water cladosporioies (100) cladosporioies
42h 0.65 Salt lake of KC834763 Nigrospora oryzae (99) Cf)ccmd, Brown; White, Nigrospora ory-
water Big zae
46a 065  Seltlakeof —pg50783 DETAR AT e e Sl | Bl
water (88)
48b 0.65 Salt lake of KC890784 Exobasidium vexans (99) Sporeless; Milk white, Exobasidium
water Small vexans
50¢ 039  Saline soil KC834765 DLIREBERWEEET oo o vtk tiis, Gl b
(100) hansenii
51b 065  Saltlakeof  pigiit66  Glomerella glycines (99)  Sporeless; Light pink,  Glomerella
water Medium glycines
53¢ 19  Saltlakeof — yg34767 Bionectria epichloe (99)  Coccoid; White, Small o onectia
water epichloe
s4d 0.65 Salt lake of KC890785 Peniophora incarnata Sporeless; White, Small Eenlophora
water 99) incarnate
554 0.65 Salt lake of KC890786 Peniophora laxitexta Sporeless; Translucency, Peniophora sp.
water 95) Small
57a 0.65 Salt lake of KC834769 Schizophyllum commune St Wittt B Schizophyllum
water 99) commune
504 129 Salt lake of KC834770 Peniophora laxitexta Sporeless; Cream, Me- Peniophora sp.
water (96) dium
6la 0.65 Salt lake of KC834771 Acremonium fusidioides Oval: Pink white, Small Acr_er_nqnlum
water 99) fusidioides
62b 250 Saline soil KC834772 Myrmecridium schulzeri  Sporeless; Translucency, Myrmecrldlum
99) Small schulzeri
64c 233 Saline soil KC834773 Rhodotorula slooffiae Oval; Rose hermosa, Rhodc_)torula
(100) Small slooffiae
67c 0.65 Salt lake of KC834774 Phoma destructiva (99) Sporeless; Khaki, Me- Ehoma destruc-
water dium tiva
Al )58 Salt lake of KC834775 Leptgsphaerla micro- Sporeless; Hoary, Small Le_ptospha_erla
water scopica (99) microscopica
DI 250  Saline soil KC34776  Amanita tenuifolia (98)  Sporeless: White, Big 100 tenuifo-
F1 250 Saline soil KC834778 Porostereum spadiceum Sporeless; White, Me- Poro_stereum
(93) dium spadiceum
Gl 0.65 Salt lake of KC834779 Tlllet_|0p5|s washingto- Oval; Milk tea brown, T|I'Iet|op3|s ~Wwa-
water nensis (99) Small shingtonensis
H1 2.50 Saline soil KC834780 Epacris pulchella (94) Sporeless; Brown, Small  Epacris sp.
L1 0.65 Salt lake of KC890787 Subulicystidium longis- Sporeless; Translucency, Subu_llcystldlum
water porum (99) Big longisporum
. . Penicillium marneffei Coccoid, Penicillus; Penicillium
Ml 2.50 Saline soil KC834781 (99) Celadon, Small marneffei
s2 222  Saline soil KC834782 Ceriporia lacerata (100)  Sporeless; White, Me-  Ceriporia lace-
dium rata
. . Coprinellus xanthothrix Coccoid, Conidial head .
U2 2.97 Saline soil KC834783 o1) loose radial; White, Big Coprinellus sp.
. . Pestalotiopsis foedans ) . . Pestalotiopsis
Q2 1.11 Saline soil KC834751 (99) Sporeless; White, Big foedans

Note: Purpose of strains rate=Total purpose of strains/Samples of the total number.

(Eurotiomycetes) 16 35.6% 31.1% (Agaricomycetes)
(Sordariomycetes) 8 17.8% 10 22.2%
(Dothideomycetes) 4 8.9% (Exobasidiomycetes) 2

(Saccharomycetes) (Ascomycetes) (Microbotryomycetes) (Wallemiomycetes)
1 (Basidiomycota) 1

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



1552 WA 2# ik Microbiol. China 2014, Vol.41, No.8

{ 25b (KC834757)

99 urotmm amstelodamz (IN021532)
33b (KC834761)

W‘: Aspergtllusrestrtctus (AY373864)

I 27a (KC834758)

99 Pemctllmm steckii (HM469415)

14a (KC834754)

498: Pemczlltum glabrum (JQ863239)
————31a (KC834760)

Aspergillus ochraceus (FI878632)
Aspergillus westerdijkiae (FM986326)
77 9L 294 (KC834759)

{ 2a (KC834750)
92 Aspergillus candidus (JQ781823)
e 20a (KC834756)
99 Aspergillus oryzae (HM572296)
{ 23a (KC890776)
100 99 Penicillium polonicum (JN368451)
Aspergillus versicolor (JX232271)

74 Aspergillus flavus (F1537130)
99 13a ﬁKC890773
73 28b (KC890778

M1 (KC834781)
100 L Penicillium marneffei (HM595497)
———— Dokmaia monthadangii (DQ780454)

46a (KC890783)
07¢ (KC834774)
%9 —99: fh?]rggéiﬁtrfgc)nva (GU237788)
a
50 ]—00: Alternaria quercus (JX418349)
Al (KC834 q7

—: Leptosphaerla mtcroscoptca (AF455494)

HI (KC83478 )
100—— Epacris pulchella (AY 627824)
Q2 (KC834751)

96
‘@E Pestalotiopsis foedans (JN943631)
97 6a (KC834752)
08 Pestalotiopsis heterocornis (IN943626)
97 42b (KC834763)
4}0(\}‘: Nigrospora oryzae (EU918714)
62b (KC834772)
100 L Myrmecridium schulzeri (EU543253)
5 lb (KC834766)
100: Glomerella glycines (KC110794)
53¢ (KC834767)
90 W‘I Bionectria epichloe (JN198444)
100, 61a (KC834771)
53 Acremonium fuszdlozdes (FN706543)
55 10a (KC834753)
100 Acremonium potronii (JN021531)
— 40a (KC890781)

100—— Cladosporium cladosporioides (EU301111)

— 50c¢ (KC83476

100—— Debgryomyces 2ansemz (DQ674356)

— 36a (KC834762)

100 —— Wallemia sebi (HQ997371)
Subulicystidium longisporum (JQ905612)
59a (KC834770)

L1 (KC890787)
Peniophora laxitexta (F1882040)

72WE 54d (KC890785)

08 Peniophora mcarnata (FJ441018)
86 Amanita tenmfolla (AF085492)

55a (KC890786)

08 — Schizophyllum commune (FJ426395)

i 100—— 57a (KC834769)
G1 (KC834779)

[N
S

61

100 Tilletiopsis washingtonensis (HQ115649)
98 48b (KC890784)
99 Exobasidium vexans (KC442794)
— 64¢ (KC834773)

100—— Rhodotorula slooffiae (AF444589)
{ U2 (KC834783)
Coprinellus xanthothrix (HF543673)

58 F1 (KC834778)
0.05 92 Porostereum spadiceum (JX463661)
’ 63 S2 (KC834782)
100 Ceriporia lacerata (J N641761)

1 ARGSBREH—EHPERRFLE LK
Figure 1 Phylogenetic tree of fungi strains at a paleo salt lake in Ordos, Inner Mongolia
Note: Phylogenetic tree based on ITS gene sequences using the Neighbour-Joining methods. Numbers at branching points refer to

bootstrap values (1 000 resamplings, the valued above 50% are shown). Bar: 5% sequence divergence
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46a  Dokmaia 88% 22 6
H1 (Epacris) 6 2 1
94% 55a  59a 4 3
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3 Wi
213 AEBKREBEFEEEZHMLLE: ()
2.5% 5% 10% 15% NaCl
10% 2121 ()
(30.7%) 15% ITS 7
(17.8%)  2.5% NaCl (2012110
) ) (Ma) 18 (2009) 4
(H) 5% 10% 15% ’
¢ 2 (2008)!"*)

2.14 AEEFEEESHMELLER: CPDA 4 9 ()
YPD MEA 3 ()

CPDA (42.8%) ()
YPD MEA 26.9% 30.3% MEA

() (Ma) [14-15]

(H) CPDA YPD ( 3)

2.2 FERTEMEPREY IR
( 4) 45 (2012) (2009)'4

R2 FRSHKREBRFEEEZHFMELE

Table 2 Comparisons of fungal diversity on different salinity media

NaCl
Salinity (%) Ma HY J
2.5 NaCl 1.95 1.53 0.61
5 NaCl 1.23 1.41 0.59
10 NaCl 0.61 0.65 0.41
15 NaCl 0.75 0.57 0.57

R3 TRBFAEERSHMELLR

Table 3 Comparisons of fungal diversity on different media

Medium Ma H’ J
YPD 1.47 1.09 0.42
MEA 1.48 1.39 0.54

CPDA 0.43 0.68 0.68
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x4 ARHBREH—H R EE BT

Table 4 Enzyme-producing characteristics of a paleo salt lake fungal in Ordos, Inner Mongolia

Strains No. Protease Compound enzyme Chitosan enzyme Amylase Cellulase Lipase
Alternaria sp. la - = — _ 4t _
Aspergillus sp. 2a - = _ _ 4+ _
Acremonium sp.10a - = - _ St _
Aspergillus sp. 13a -+ = — _ _ _
Aspergillus sp. 22b -+ = — _ _ _
Penicillium sp. 23a - = _ _ 4+ _
Penicillium sp. 27a - = - _ 4t _
Schizophyllum sp. 38a +++ = — _ _ _
Glomerella sp. 51b +++ = — _ _ _
Schizophyllum sp. 57a - = - _ o+ _
Acremonium sp. 61a AR = = _ _ _
Phoma sp. 67¢ + = _ _ _ _
Porostereum sp. F1 = ++ - — _ _
Epacris sp. H1 - +++ — — _ _
Penicillium sp. M1 - - _ T+ _ _
Pestalotiopsis sp. 6a - 4 = A o+ =
Cladosporium sp. 40a AHHF - _ + o+ Tt
Dokmaia sp. 46a -+ — _ _ s _
Bionectria sp. 53¢ +++ — _ _ s _
Myrmecridium sp. 62b = +++ - — it _
Leptosphaeria sp. Al A -+ — ++ _ _
Tilletiopsis sp. G1 AHHHHE - e _ _ _

Note: +: 0—5 mm; ++: 5-10 mm; +++: 10—15 mm; ++++: 15-20 mm; +++++: 20-25 mm; —: Negative.

(Cladosporium)

(Penicillium) pH
(Aspergillus) [14] [3.16-18]
[15] [10] 22
(Schizophyllum) 15 ()
(Debaryomyces) (Wallemia) 4 3
(Ceriporia) (Coprinellus) 3
(Leptosphaeria) (Amanita) Myrmecridium (Mucor)!™ (Aspergillus)i”!
Porostereum  Subulicystidium (Schizophyllum) (Acremonium)
Dokmaia (Epacris) Myrmecridium Dokmaia (Tilletiopsis)

(Peniophora)
22.3 mm
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(Aspergillus)i®*!

(Pestalotiopsis)

(Trichderma)i*"!
(Penicillium)™!
(Cladosporium)
(Acremonium)
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(Leptosphaeria)

10 mm
()
Z % X
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