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Extracellular enzymatic activities of yeasts isolated from Fuxian
Lake and Xingyun Lake in Yunnan Plateau

TAN lJin-Lian*? LI Zhi-Ying ZHOU Bin' DONG Ming-Hua® XIA Hong-Chao'
HAN Long® YANG Li-Yuan® CUI Xiao-Long*" LI Shao-Lan""

(1. Yunnan Institute of Microbiology, School of Life Sciences, Yunnan University, Kunming, Yunnan 650091, China)
(2. State Key Laboratory for Conservation and Utilization of Bio-Resources in Yunnan,
Yunnan University, Kunming, Yunnan 650091, China)
(3. Kunming University, Kunming, Yunnan 650214, China)

Abstract: [Background] Plateau lakes are a type of special environments due to the conditions of
high altitude, low air pressure, high ultraviolet radiation and lower oxygen content; while
microorganisms in the plateau lakes are important participants in substance circulation and energy
flow of lake ecosystems, and the situations/performances of their extracellular enzymatic activities
formulate their adaptation ways and abilities to the special environment. [Objective] To screen
yeasts with extracellular enzymatic activities, which were isolated from Fuxian Lake and Xingyun
Lake in Yunnan Plateau, and to obtain active yeasts with potential application values. [Methods]
Yeasts exhibiting activities of extracellular proteinase, cellulase, amylase, lipase, chitinase, xylanase,
phytase, inulase, laccase, manganese-dependent peroxidase and lignin peroxidase were detected by
using screening plate method at 5 °C and 25 °C. [Results] All yeast strains exhibited at least one
extracellular enzymatic activity, mainly exhibited activities of phytase, inulase and amylase, secondly
exhibited activities of lipase, cellulase, xylanas and manganese-dependent peroxidase and lignin
peroxidase. The number of strains exhibited activities of chitinase, proteinase and laccase activities
were lower, and the yeast strains isolated from Xingyun Lake did not exhibited laccase activity. The
number of yeast strains exhibited at least five extracellular enzymatic activities was higher at 5 °C
than that at 25 °C. [Conclusion] The rich diversity of yeasts with extracellular enzymatic activities
exists in the two lakes, and hence these yeasts might participate in the circulation of substances in the
plateau lake ecosystems. For further exploitation and utilization of extracellular enzymes, these
active yeasts can be used as the resources of extracellular enzymes, and it is worth to further explore
their application potential.

Keywords: Fuxian Lake, Xingyun Lake, Yeasts, Extracellular enzymatic activities
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Table 1 Extracellular enzymatic activities of yeasts isolated from Fuxian Lake, Yunnan

ProA CelA AmyA LipA XylA PhyA ChiA InuA LacA  MnpA

Species AB A B A B A B A B A B A B A B A B A B
Ascomycetous
Candida xylopsoci 1 1 6 7 7 6 7 7
Candida sojae 10 13 4 9 5 3 23 212 2 1 23 22 3
Candida silvae 1 1 3 3 3 1 2
Candida tropicalis 1 3 2 2 2 1 1 4 3 4 2
Debaryomyces hansenii 2 1 2 2 1 1 7 7 1 7 7
Galactomyces candidum 2 1 2 2 2 2
Geotrichum silvicola 2 2 1 6 1 1 1 2 8 8 8 8
Lodderomyces 1 1 1 1 1 1 1 1
elongisporus
Pichia kudriavzevii 1 1 1 1
Torulaspora delbrueckii 1 1 1 1 2 2 1 1 2 2
Wickerhamomyces 1 3 3 3 3
anomalus
Williopsis californica 1 1 1 1
Subtotal 0 0 17 23 14 28 6 5 9 9 62 57 5 2 62 5 0 0 0 6
Basidiomycetous
Cryptococcus sp. 1 1 1 1 1 1 1 1 1 1
Cystofilobasidium 1 3 3 2 3 1 2 3 3 2 3
mmacerans
Cutaneotrichosporon 1 1 1 1 1 1 1
moniliiforme
Filobasidium chernovii 1 4 4 4 4 1 4 4 1 4 4 2 2
Filobasidium elegans 2 3 3 8 8 7 8 3 4 7 8 1 1 8 8 2 1
Filobasidium floriforme 3 3 17 14 17 17 2 5 16 16 3 1 17 17 1 1
Filobasidium 4 2 6 6 6 6 1 1 6 6 1 1 6 4
uniguttulatum
Filobasidium wieringae 1 1 1 1 1 1 1
Hannaella zeae 2 2 2 2 1 1 2 2 1 2 2 1
Hannaella luteola 1 3 3 3 3 1 3 3 1 3 3
Leucosporidium scottii 1 1 1 1 1 1 1
Naganishia albida 12 12 31 31 13 25 7 7 3 32 1 2 32 32 6 4
Naganishia diffluens 2 2 2 1 2 2 2 2
Naganishia friedmannii 1 1 10 12 24 24 27 26 8 4 26 2 1 2 21 27 1 2 3
Naganishia globosa 1 1 9 11 23 23 20 23 4 6 24 24 3 3 24 24 3 1
Naganishia liquefaciens 1 1 1 1 1 1 1 1 1
Naganishia 1 2 2 2 1 2 1 2 2 1 2 2 1
uzbekistanensis

()
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Papiliotrema flavescens 1 4 1 12 12 10 12 2 3 12 10 2 12 12
Papiliotrema laurentii 1 1 1 1 1 1 1 1 1
Pseudozyma fusiformata 1 1 1 1 1 1 1 1 1
Rhodotorula 1 2 2 2 2 2
alborubescens

Rhodotorula diobovata 3 2 3 3 8 8 2 3 9 9 2 1 9 9
Rhodotorula glutinis 1 5 4 6 10 8 7 3 1 11 112 1 1 11 11
Rhodotorula graminis 1 4 2 7 11 13 14 5 3 14 14 1 2 14 14
Rhodotorula 1 1 1 1 1 1 1 1
kratochvilovae

Rhodotorula 2 5 70 50 91 150 48 67 43 45 160 162 5 8 164 162
mucilaginosa

Rhodotorula paludigena 1 2 2 2 3 6 6 2 1 6 6 1 6 6
Rhodotorula slooffiae 1 1 1 1 1 1 1 1 1
Rhodotorula taiwanensis 1 1 1 1 1 1
Rhodotorula toruloides 3 3 3 6 4 2 2 7 7 7 7
Rhodosporidiobolus 1 1 1 2 2 1 1 2 2 2 2
fluvialis

Rhodosporidiobolus 1 1 1
ruineniae

Sampaiozyma ingeniosa 1 1 1 1 1 1 1 1 1
Trichosporon gracile 1 1 1 1 1 1 1 1 1
Udeniomyces pyricola 1 1 1 1 1
Vanrija fragicola 1 1 1 1 1 1 1 1 1 1 1
Vishniacozyma 1 1 1 1 1 1 1 1 1 1 1
carnescens

Vishniacozyma 2 2 2 2 2 2 2 2
heimaeyensis

Subtotal 6 11 140 116 264 334 212 256 92 92 368 370 24 26 435 371
Yeast-like

Aureobasidium proteae 1 1 3 5 5 5 5 3 1 5 5 4 5
Aureobasidium pullulans 7 5 31 27 61 51 60 59 17 7 62 58 3 3 62 60
Subtotal 8 6 34 27 66 56 65 64 20 8 67 63 3 3 66 65
Unidentified 1 1 1 1 2 1 1 2 2 1

Total number of positive 14 17 191 167 345 419 284 327 121 110 498 492 32 31 503 493
strains

N

( 1
2
1
1
3
2 4
2 20 10
1
1
1 1
1
3 48 31
1 1
6 2 7
27 2 8
30 50 45

Note: ProA: Proteinase activity; CelA: Cellulase activity; AmyA: Amylase activity; LipA: Lipase activity; XylA: Xylanase activity;
PhyA: Phytase activity; ChiA: Chitinase activity; InuA: Inulase activity; LacA: Laccase activity; MnpA: Manganese-dependent

peroxidase and lignin peroxidase activity. A: 25 °C; B: 5 °C.
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> > > 62 9 12 )
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Table 2 Extracellular enzymatic activities of yeasts isolated from Xingyun Lake, Yunnan

Sk

Uil

&R

S ProA  CelA AmyA LipA XylA PhyA ChiA InuA LacA  MnpA
D AB ABA B A B A B A B A B A B A B A B
Ascomycetous
Candida catenulata 1 2 1 1 3 3 3 3
Candida quercitrusa 1 1 1 1 1 1 1 1
Candida mengyuniae 1 1 1 1
Candida parapsilosis 1 1 2 1 2 1 1 3 3 1 3 3
Candida railenensis 1 1 1 1 1
Candida rugosa 1 1 1 1 1 1 1
Candida saopaulonensis 1 1 1 1 1 1 1 1
Candida sorboxylosa 1 1 1 1 1
Candida tropicalis 2 1 1 2 2 2
Debaryomyces hansenii 1 1 2 2 2 2 2 2
Galactomyces candidum 1 2 2 2 2 2 2
Hanseniaspora uvarum 1 1 1 1 1 1 1
Meyerozyma 2 2 1 2 2 2 1 2
guilliermondii
Pichia caribbica 1 1 1 1 1
Pichia fermentan 1 1 1 1 1 1
Pichia kluyveri 2 2 1 1 2 1
Pichia kudriavzevii 1 1 3 2 3 1 3 9 6 1 9 4
Pichia occidentalis 1 5 5 1 3 1 9 9 1 9 6 1 2
Wickerhamomyces 5 9 9 1 1 3 2 16 13 2 1 16 15
anomalus
Subtotal 1 0 14 5 32 31 3 9 14 10 58 51 6 1 58 45 0 0 1 4
Basidiomycetous
Cryptococcus kuetzingii 1 3 3 3 3 1 3 3 3 3 1
Filobasidium chernovii 1 1 1 1 1 1 1 1 1 1
Filobasidium floriforme 2 2 11 6 26 26 26 27 10 9 22 25 1 1 26 26 6 3
Filobasidium 9 10 22 24 22 22 9 7 24 23 1 2 20 20 2 2
uniguttulatum
Naganishia albida 1 1 14 6 33 34 22 26 5 7 3B 3B 2 1 36 36 2 6
Naganishia liquefaciens 3 1 4 4 4 4 4 4 4 4 4 1
Papiliotrema flavescens 2 2 8 8 7 8 3 7 7 1 1 8 8 1
Papiliotrema 1 1 1 1 1 1 1 1
rajasthanensis
Pseudozyma aphidis 1 1 1 1 1 1 1 1
Rhodotorula glutinis 1 1 3 4 4 4 1 4 4 1 4 4
Rhodotorula 1 1 1 1 1 1 1 1
kratochvilovae
Rhodotorula 2 55 33 100 116 48 113 38 24 131 134 4 5 132 132 10 10
mucilaginosa
()
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( 2
Rhodotorula slooffiae 1 2 1 2 2 2 2 2 2 1
Rhodosporidiobolus 1 1 1 1 1 1 1 1 1
fluvialis
Rhodosporidiobolus 2 1 1 2 1 2 2 1
nylandii
Rhodosporidiobolus 1 1 1 1 1 1 1
ruineniae
Sampaiozyma vanillica 1 1 1 1 1 1 1 1 1
Vishniacozyma foliicola 1 2 2 2 2 2 2 2
Subtotal 5 3 99 61 210 230 146 218 68 54 242 251 10 10 246 245 22 24
Yeast-like
Aureobasidiumpullulans 3 0 3 2 6 6 6 6 2 4 6 7 7 7
Subtotal 3 0 3 2 6 6 6 6 2 4 6 7 0 O 7 7 0 0 0 O

Total number of positive 9 3 116 68 248 267

strains

155 233 86 69

306 309 16 11 311 297 O O 25 28

Note: ProA: Proteinase activity; CelA: Cellulase activity; AmyA: Amylase activity; LipA: Lipase activity; XylA: Xylanase activity; PhyA:
Phytase activity; ChiA: Chitinase activity; InuA: Inulase activity; LacA: Laccase activity; MnpA: Manganese-dependent peroxidase and

lignin peroxidase activity. A: 25 °C; B: 5 °C.
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Figure 1 Percentages of active yeasts strains from Fuxian
Lake and Xingyun Lake

5 °C
25°C
5
(C. quercitrusa) (C.
parapsilosis)  Candida saopaulonensis  Pichia

occidentalis Cryptococcus kuetzingii Sampaiozyma

vanillica Rhodosporidiobolus  ruineniae
Rhodosporidiobolus nylandii 8

(C. sojae) Vishniacozyma carnescens
Hannaella luteola N. globosa Cryptococcus sp.
Cystofilobasidiu mmacerans (F.
elegans) (Hannaella zeae)
(Pseudozyma fusiformata)
Rh. diobovata

Sampaiozyma ingeniosa

(Rh.

graminis) Rh. paludigena Rh.

toruloides
15

(T. gracile) (A. proteae)

Cryptococcus sp. 8

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



310 TEY I8

Microbiol. China

(F.
uniguttulatum)  N. albida
(Rh. graminis) N. albida (F.
elegans) N. albida 2
N. friedmannii (Rh.

graminis) (Rh. mucilaginosa)

(A. proteae) (A. pullulans)
(Rh. mucilaginosa)

(A. pullulans)

3 it
31 FBFEZBEHMSEBAREE "
B 14 B R Y LR

Brandao [
5
82% 5°C
20°C 1 72.4%
24.8%
( 71.8%)>
(53.0%)> (42.9%)> (26.8%)>
(22.1%)
(A. Pullulans) 5
1
1 80% 4 (4 )
>
> >
8

[21] [22]

3.2 IALMFNE = rFEE R I E AR A S KB
ERR ANME

3.2.1 AN 2 =BT e SMNEE TR 1 Ak A Fh B
L2 3=

(Rh. mucilaginosa)

(A. pullulans)  N. albida
(Rh. mucilaginosa) N. albida
(A. pullulans)

(Rh. mucilaginosa) N. friedmannii
(Rh. graminis) (A. proteae)
35 8
(Rh. graminis) N. albida
(F. elegans)
N. albida
(Rh. mucilaginosa) N. albida

(F. uniguttulatum)

(A. pullulans)
(Rh. mucilaginosa)
(A. pullulans)
(Rh. mucilaginosa)
(A. pullulans)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



311

|
vy M
[28-29]
” [23]
5 5 (
)
5 °C
25°C
[30]
32
322 HAMFERMIINEEEEREE (A. pullulans)
Bz A (Rh. mucilaginosa) N. friedmannii
(Rh. graminis) (A. proteae)
(
) (Rh. mucilaginosa)
N. albida (A. pullulans)
CN (Rh. graminis) (F. elegans)
(F. uniguttulatum)
4 G
(Candida) Naganishia
[24-21] (Rhodotorula)  Papiliotrema
11 (Aureobasidium) (Filobasidium)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



312 AR R Microbiol. China
University of China, 2007, 37(S2): 101-108 (in Chinese)
, .1
[3. : , 2007, 37(S2):
101-108
[10] Song W, Jiang LJ, Shen AR, et al. Isolation of lipase yeast
strains and their induction with ultraviolet radiation[J]. Journal
of Central South University of Forestry & Technology, 2009,
29(3): 55-59 (in Chinese)

REFERENCES [J]. , 2009, 29(3): 55-59

[1] Barettabekker JG, Baretta JW, Hansen AS, et al. An improved [11] Lata S, Rastogi S, Kapoor A, et al. Influence of culture
model of carbon and nutrient dynamics in the microbial food conditions on production of phytase by Zygosaccharomyces
web in marine enclosures[J]. Aquatic Microbial Ecology, 1998, baili var. balil.[J]. Journal of Environmental Biology, 2015,
14(1): 91-108 36(4): 947-954

[2] Zeng YX, Chen B. Progress and application prospects in the [12] Hui FL, Feng JR, Yang KJ, et al. Screening and identification of
study on antarctic cold-adapted microorganisms[J]. Chinese chitinase-producing yeast[J]. Journal of Northeast Forestry
Journal of Polar Research, 1999, 11(2): 143-152 (in Chinese) University, 2007, 35(8): 66-67 (in Chinese)

: : 1. : , ;
, 1999, 11(2): 143-152 191 » 2007, 35(8): 66-67

[3] Zaky AS, Tucker GA, Daw ZY, et al. Marine yeast isolation and [13] Wang GY, Song AR, Chen GJ. Screening and identification of
industrial application[J]. Federation of European Microbiological yeast strains producing inulinases[J]. Journal of Microbiology,
Societies Yeast Research, 2014, 14(6): 813-825 2006, 26(4): 39-41 (in Chinese)

[4] Yang JL, LiJ, Li JW, et al. Summarize on the research of the ) ' .
hydro-bios and aquatic environment in Fuxian Lake and [3]. , 2006, 26(4): 39-41
Xingyun Lake[J]. Yunnan Geographic Environment Research, [14] Zheng XB, Guo LQ, Fu XY, et al. Optimization of laccase
2012, 24(2): 98-102 (in Chinese) production conditions of a newly isolated Trichoderma spp.

' ' ' . strain LaTr01 from southern China[J]. Chinese Journal of
[31. , 2012, 24(2): 98-102 Bioprocess Engineering, 2007, 5(4): 19-24 (in Chinese)

[5] Xu JY, Zhao XF, Li CY, et al. Characteristics of water LaTr 01
environment and comprehensive improvement research of [41. , 2007, 5(4): 19-24
po!lutlon prevention in Plateau Lake ba5|n[J1. Enylronmental [15] Cai L, Yin JF, Yang LP, et al. Several qualitative methods for the
Science and Management, 2015, 40(3): 49-52 (in Chinese) screening of fungi to decompose lignin[J]. Microbiology China,

' ' ' 2002, 29(1): 67-69 (in Chinese)
[J1. , 2015, 40(3): 49-52 , , :

[6] Guo XF, Li ZY, Dong MH, et al. Spatial dynamics of yeast []. , 2002, 29(1): 67-69
community and its relationship to environmental factors in Lake [16] Zhang JZ, Pang ZW, Liang JJ, et al. The biosynthesis of
Fuxian, Yunnan.Prov-mce[J]. Journal of Lake Science, 2016, xylanase by Aureobasidium pulluans XYE-7[J]. Modern Food
28(2): 358-369 (in Chinese) Science & Technology, 2007, 23(1): 12-14 (in Chinese)

: , , , , , XYE-7
[J1. , 2016, 28(2): 358-369 1. 2007, 23(1): 12-14

[7] Chen R, Guan'SS, Lu Gz, e.t al.  preliminary st_:reenilng of [17] Zhou XL, Li ZY, Yang LY, et al. Identification of yeasts isolation of
protease-producing Mt_jcor _stram[.]]. Journal of Microbiology, Chenghai Lake, a plateau lake in ‘Yunnan province[J]. Acta
2008, 28(1): 101-104 (in Chinese) [J] Microbiologica Sinica, 2011, 51(4): 547-553 (in Chinese)

’20_08’ 28(L): 101'1_04 S [91. , 2011, 51(4): 547-553

(81 Z\r:?;& se-T)rHo’ ducci::gly nz1:1/rli'ne IS;;ZZE?J]. an;eri;g?:;;ﬂcoitlogce;: [18] Wang QM, Yurkov AM, Gékelj M etal. P_h)_/logenetic classificati_on

University of China, 2007, 37(S2): 95-100 (in Chinese) ?: n);?csct)slozr;d ngll"geg lt,ai(jg‘fvl';gm PucciniomycotinalJ]. Studies
’ ' 11 [19] Liu XZ, Wang QM, Goker M, et al. Towards an integrated
, 2007, 37(S2): 95-100 phylogenetic classification of the Tremellomycetes[J]. Studies in

[91 Zhang L, Chi ZM. Screening and identification of a cellulase Mycology, 2015, 81: 85-147
producing marine yeast and medium fermentation condition [20] Branddo LR, Libkind D, Vaz ABM, et al. Yeasts from an
optimization for cellulase production[J]. Periodical of Ocean oligotrophic lake in Patagonia (Argentina): diversity,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



313

distribution and synthesis of photoprotective compounds and
extracellular enzymes[J]. Federation of European Microbiological
Societies Microbiology Ecology, 2011, 76(1): 1-13

[21] Yan YP, Li ZY, Dong MH, et al. Yeasts from Yangzonghai Lake
in Yunnan (China): diversity and extracellular enzymes[J]. Acta
Microbiologica Sinica, 2013, 53(11): 1205-1212 (in Chinese)

[J1. , 2013, 53(11): 1205-1212
[22] Li 2Y, Zhou XL, Zhou B, et al. Diversity and extracellular
enzymes of yeasts from Chenghai Lake in winter[J].

Mycosystema, 2017, 36(2): 177-185 (in Chinese)
[J]. , 2017, 36(2): 177-185
[23] Huang RZ. Study on temporal and spatial variation, influence
factors of the extracellular enzymes activity from water column
and sediment in Erhai Lake[D]. Nanchang: Master’s Thesis of
Nanchang University, 2012 (in Chinese)

[D]. : ,2012
[24] Molndrova J, Vadkertiovd R, Stratilovd E. Extracellular
enzymatic activities and physiological profiles of yeasts
colonizing fruit trees[J]. Journal of Basic Microbiology, 2014,

[25]

[26]

[27]

[28]

[29]

[30]

54(S1): S74-S84

Alcaino J, Cifuentes V, Baeza M. Physiological adaptations of
yeasts living in cold environments and their potential
applications[J].  World Journal of Microbiology and
Biotechnology, 2015, 31(10): 1467-1473

Loperena L, Soria V, Varela H, et al. Extracellular enzymes
produced by microorganisms isolated from maritime
Antarctica[J]. World Journal of Microbiology and
Biotechnology, 2012, 28(5): 2249-2256

Chi ZM, Chi Z, Zhang T, et al. Production, characterization and
gene cloning of the extracellular enzymes from the
marine-derived yeasts and their potential applications[J].
Biotechnology Advances, 2009, 27(3): 236-255

Brizzio S, Turchetti B, de Garcia V, et al. Extracellular enzymatic
activities of basidiomycetous yeasts isolated from glacial and
subglacial waters of northwest Patagonia (Argentina)[J].
Canadian Journal of Microbiology, 2007, 53(4): 519-525
Carrasco M, Rozas JM, Barahona S, et al. Diversity and
extracellular enzymatic activities of yeasts isolated from King
George Island, the sub-Antarctic region[J]. BMC Microbiology,
2012, 12: 251

Yang QX, Hao Z, Li XL, et al. Extracellular enzyme production
and phylogenetic distribution of yeasts in wastewater treatment
systems[J]. Bioresource Technology, 2013, 129: 264-273

HRY Y R HRY Y HRY Y R Y Y HRY Y AP RY Y oY Y HRY Ky R oY Ry HRY Ry R oY Y HRY Y AR oRY R oY Y ARY oY R oY Y HRY Ry R oY Y HRY Ky AR oY Y ARY Ry AR RY R oY Y R Y

IE FE T W

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

3.1
3.2 (1)

(4)
®)

3.3

3.4 ( )

Foundation items:
*Corresponding author: Tel: ; E-mail:

@)
©)

DNA ATP  (6)

Received: January 01, 20xx; Accepted: March 01, 20xx; Published online (www.cnki.net): March 31, 20xx

«( )
* Tel E-mail

20xx-01-01 20xx-03-01

(www.cnki.net) 20xx-03-31

( p.333

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



