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Figure 1. Sampling stations in Yangzonghai Lake.

1.1.2 AL #E 4R M E: H Orion 5 star (Thermo
Scientific) Wl 5& % Ff 25 K FE 1 pH, 5 K, 30 %
fift 480 ; v BE A TN100 3y 32 /¢ (Eutech Instruments Pte
Lid. ) FEATI5E o W 5 B S FE 1K) B AL 38 b I 5 A2
BEAT 2 IRSEER

1.1.3 £ Z X 7 #1 X 2%: Tag @ INTP.
DNAmarker. GoldView W A Ki&EE4 W H R A A ;
Tris« EDTA . SDS. Triton-100 ¥ [ E W @i FH BF £ 45 B
ONFEL 5 NLLUNLA i B TAY AR A A A
B I A% A (SYDR /1305 228 Syngene 24 ]) ;
H1 9k 1 (POWER PAC 3000 3 [E BIO-RAD) ; 55041
(3£ [# Thermo 24 #]) ; PCR ¥ ##{% (PTC200 3 [® MJ
Resarch 2~ H])
1.2 BEHDBMITH

50 mL 7K FEH L A% 0. 45 wm, 542 47 mm [ 5%
P2 2T off 25 DB ME I 98 5 8 LS TS B 7R b IR % 5
JEG U6 R A it R FH B B M R VR LV o ) B R TR Ak
YM H: JR 5k (BEREE 0.3% , S 1R 0.5% » % % it
0.3% » Hi %0 1% » 3516 2% , 8] L AT 78 100 mL k%37
Ferhin 1 mol /L [f) 2B %9 0. 7 mL) RBCH 7 33 3L
(EAMWE0.5% , #2588 1%, WEMR & 41 0. 1% , i
4% 0. 05% » & 74T 0. 005% , BEfIE 1. 55% » Iifi H
I 7E 1 mL #5536 7N 75 5 2 80U) FI PDA 15 97 5t
(L% 20% » i 4 2% » Bl 2% » g FI I 72 1 mL
BepsrhnE & % 80U) o Hi R 3 -30 d, #k
UL VK 2RI Al IRAF Al B TR . AL L I B
WRR T DR AF

FEASKFE L I 98 1L 7K FE, 52 20 Kk, 3L AT 20
ANSEIL, J% BF B 5 &/ (CFUL ') = (F I % BF 34 %
P /A g K ) x 1L
1.3 BEEMNETE
1.3.1 FAMAERELIBER AR A A IR
FESHOCER R] BT A T AR % S
TEAR o Hb» 40 B TR K /N 55 o AR B AR A4 IR 3 HY
T 5 ANERE R DRI SN, TG 4E AR AR K
TR S Ve R AT R i3 AR
1.3.2 DNA By$2EUFI PCR #3867 4 &5 45 31
MBI AR AR HEAT T DNA [ $2 0 38, 48 5 2648 0 57
DNA FJ#EE 2 Wik (3] J5 9347 . 26S tDNA D1/
D2 [X 37 41 1) PCR 4 3 R /7 2 Sk (4] 1 07
R AE S B AT . 514 NLI (5°-GCATATCAAT
AAGCGGAGGAAAAG-3) , NI4 (5'-GGTCCGTGTTT
CAAGACGG3") . PCR ¥~ #4 f£ J¥ 5 :94°C 5 min;
94°C 1 min,56°C 1 min,72°C 1.5 min, 35 MG ;
72°C10 mino 1% 3Bk Bk KA WU 7 58 1K) H bR 790
BT 43 7= ik i AR T A YA R 7
1.3.3  FE504 #7565 18 £ 3k 4T 26S rDNA D1/



TG AR  Z T P S U I R RE 45 A S A IR /R A 22 4R (2013) 53 (11) 1207

D2 IR 5143 47 7 I 4 4 T A o R R B AL
b o6t PR HEAT %8 52 o B AR 26S DI /D2 X d5 v
25 LR F DNAstar B 0F 3047 B 3% 20 b7 X6 e 51 24T
N TR 8 1E JG 17 51 45 GenBank #% 1% 7 51 £ 4
JE Fp 34T A5 5148 % (BLAST search) , 3% B 5 fit
TR AR DG R BT 1 S 18 B v A% X A ) DL/D2
DX P41 LB AWt B bk 5 O 0 1 B R B bk
DI/D2 F# 51 AR LR 7 5 1T Clustal X 347 5 1
Eb, H Meg 4. O A4 1) 48 4% vk (Neighbor—]oining)
AT TREE S .
1.4 =5 Eg it

Wy BIAG B T RRAE YM B R JE AL EE AL
BEAT 7 W A0 TG 7 196 » 2T 4 35 Ve B 19 R 2 11 I ) O
M, RE IR B0 H ARG )5 B s 56 B E 2 Ok D0 -
121 AT o X1 05 A3 3% 2 1) TR Ak AT A2 0 S 56
1.5 HiELE

A AR IR B B0y BT % R A RETE K T UF
# /A :Shannon H = - Y ni/n In (ni/n) .

2 SR HI

2.1 BEMHSEBEARTFHESEHE

IF 5% VA W) 7K 25 A e 1) B B R R R R A
F Lo WK & FF A pH, L3 38, 35 i 80 RN B %
AR KA W LA AH 22 AN K BR 9 5 fi A 10 5 1
W5 i Ak o T BEK AL 2 A FE ST (11 A1 12 5 4
R0 IR pH AR — 28, 5 H A 0 ok B2 0 ) By
T PORE R TR RE TR HR W] v T A R
FE 12 A FE R, B BRI 80REE 2. 3CFUL T #)
755CFUL " Z i), 76 1 5 42 10 S5 8F b, 3 58 AU
P R TR B B 22 5 TR B ) R SRR v ) I A X
ANFE RS BB TR 2 0 4L R R B DR A 20 B
(Rhodotorula graminis ) , JIX 41 % ( Rhodotorula
mucilaginosa) » Rhodosporidium diobovatum |, 7= 41 {4,
BB A r W AR R DR X M R AT
MIHLEAL T, 08 384 UVR 1905 3, X B ire T
FEMLRE BN B RE ™ 1 3R T B RE 06 K8 A7 0 1 5
P HEK T 1 5 R 12 5 2 AN KRR S L 3 R
AR IO WK R A0 S - 10 5, (2 pHL (A0
iR AEUASCARG o T B B B LU WK T R R Um R 2, AT
REA IO 11 5 F0 12 54 2 i i A K 1, it
T 283 W AR N B 5% 0> AR b T ORI A3 g 7K R A
TGN T K AR 8 37 T X AT BE O I B A I AR K4
T RIS

RLMERBHKEHRELET

Table 1. Physical and chemical characteristics of Yangzonghai

Sites pH Conductivity / (pS/cm) Turbidity 0D/ (mg/L) T/C Yeast counts/ (CFU/L)
Wi 8.85 438 3.39 5.78 22 2.3
w2 8.87 436 3.74 6.05 22.5 39.7
w3 8.94 438 3.26 6.22 22.5 167.2
W4 8.94 434 3.57 5.79 23.5 53
W5 8.88 437 3.34 5.96 22.9 21.2
W6 8.95 440 3.71 5.92 24 11.6
w7 8.91 441 3.39 6.2 23.5 33
w8 8.95 433 3.66 5.91 22.8 12.6
w9 8.92 440 4.76 6.9 24 18.6
w10 8.88 437 5.29 5.91 23.5 92.1
Wil 8.11 2447 30.3 5.68 23.1 285.3
W12 8.25 2306 10. 48 5.53 23.5 755
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Table 2. The yeasts from water and soil collected in Yangzonghai Lake, Yunnan

Water samples Soil samples Sediment samples

Wl w2 W3 W4 W5 W6 W7 W8 W9 WI0O WIl WI2 S3 S4 w6 W9 W10

Species

Ascomycetes

Candida albicans 1
Candida natalensts 5 1 1

Candida tropicalis 1 2

Candida parapsilosis 1

Candida pseudolambica 1 1 5
Candida rugosa 1

Candida catenulata 1

Candida asiatica 1

Candida ernobii 1

Cyberlindnera saturnus 1
Hanseniaspora uvarum 1 1 4

Issatchenkia terricola

Issatchenkia siamensis 1

Kodamaea ohmeri 1

Kluwyveromyces hubeiensis 1
Meyerozyma guilliermondii 1 1 1 1
Pichia kluyveri 1

Pichia occidentalis 1 1

Pichia kudriavzevii 1 12 1

DA N -

Pichia fermentans
Pichia aff. fermenians 1
Wickerhamomyces anomalus 1 4

Basidiomycetous

Cryptococcus luteolus 1 1

Cryptococcus albidus 1
Cryptococcus flavescens 1

Cryptococcus friedmannii

SRS

Cryptococcus magnus 3
Cryptococcus uzbekistanensts 1

Cryptococcus sp. * 1 1 1

Cryptococcus podzolicus 1 12
Cryptococcus terreus 1
Cryptococcus rajasthanensis 3

Cryptococcus carnescens 1

Cryptococcus wieringae 1

Cryptococcus victoriae 3

Hannaella zeae 1

Pseudozyma aphidis 1

Rhodotorula graminis 2 4 4 1 1

Rhodotorula mucilaginosa 7 3
Rhodotorula glutinis

Rhodotorula nothofagi

Rhodotorula sp. * 1 1

Rhodotorula vanillica

—_ _ = W

Rhodotorula aurantiaca
Rhodosporidium diobovatum

Aureobasidium sp. *

o = N =

Aureobasidium pullulans 5 1 14 4 1 3 1
Shannon H .3 2 26 1.1 1.5 0 21 1.4 07 23 2.1 2

* . .
possible new species
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Table 3. Camparison of yeast species isolated from Yangzonghai lake and from other aquatic environments

Chenghai Oligotrophic lake High-altitude lakes Yangzonghai
Species
lake (Patagonia, Argentina) (Bariloche, Argentina) lake

Candida natalensis - - — +
Candida albicans - - _
Candida tropicalis - - _
Candida pseudolambica + - _
Candida rugosa - - _
Candida catenulata - - _
Candida asiatica - - _
Candida parapsilosis - + _
Candida ernobii - - _
Hanseniaspora uvarum - + -
Issatchenkia terricola - - _
Issatchenkia siamensis + - _
Kodamaea ohmeri - - _
Meyerozyma guilliermondii - - _
Pichia kluyveri - - _
Pichia occidentalis - - _
Pichia kudriavzevii - - _
Pichia fermentans - + _
Wickerhamomyces anomalus

Cryptococcus luteolus

+ o+ o+
|
|

Cryptococcus albidus

Cryptococcus flavescens

Cryptococcus friedmannii
Cryptococcus rajasthanensis - - _

Cryptococcus magnus

+
+
|

Cryptococcus uzbekistanensts

+
|

Cryptococcus wieringae

I
+ +
(.

Cryptococcus victoriae -

Cryptococcus carnescens -

+
|

Hannaella zeae - - _
Pseudozyma aphidis - - -
Rhodotorula graminis - - _
Rhodotorula mucilaginosa + + +
Rhodotorula glutinis - - _
Rhodotorula nothofagi - - _
Rhodotorula vanillica - - _
Rhodotorula aurantiaca +

Rhodosporidium diobovatum - + +

|
+
e T S S S S S S S A T T T T T T S e S S S S S S S SR S S S

Aureobasidium pullulans + + +

“

+” Present “ — ”Absent.
AR EREBESBFELEFESR

Table 4. Enzyme activities of yeast strains from Yangzonghai Lake, Yunnan

Species Collection No. Cellulase Amylase Lipase Proteinase
YM25945 YM25963 YM25964 YM25969 - - + -
Rhodotorula graminis YM25981 YM984 YM25985 YM25986 - - + -
YM25988 YM26006 YM26059 YM26060 - - + -
Rhodosporidium diobovatum YM25959 YM25971 - - + -
Cryptococcus magnus YM25967 - + -
Aureobasidium pullulans YM25992 YM26002 - + - -
Aureobasidium sp. YM25997 - + -
Cryptococcus luteolus YM25998 - + - -
Cryptococcus uzbekistanensts YM26001 - + -
Hannaella zeae YM26007 - + - -
Cryptococcus magnus YM26010 - + + -
Cryptococcus flavescens YM26057 - - + -
YM26065 YM26068 YM26069 YM26074 - + - -
Cryptococcus podzolicus YM26075 YM26077 YM26079 - + -
YM26080 YM26081 - + - -

“ ‘

+ 7 the diameter of the clear halo is 1. 5cm -2 cm “ — "negative.
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Yeasts from Yangzonghai Lake in Yunnan ( China) :
diversity and extracellular enzymes

Yaping Yan', Zhiying Li', Minghua Dong', Qiao Zhou®, Fangyou Jin', Liyuan
Yang', Shaolan Li

'Yunnan Institute of Microbiology, Yunnan University, Kunming 650091, China
*Biotechnology Research Center, Kunming University of Science and Technology, Kunming 650500, China

Abstract: [Objective] The aims of this study were to investigate yeast diversity in Yangzonghai Lake, and to explore the
value of these yeasts in such ecological environment, and at the same time, to analyze biological factors and abiotic factors
on the influence of the yeast diversity. [Methods] Water was filtered through cellulose acetate membrane, serial dilutions
of soil and sediment; The D1/D2 domain of 26S rRNA gene of all yeast strains have been sequenced and analyzed. The
ability of the yeast strains to produce various enzymes was tested by enzyme screening plates. [Results] In total of 201
yeast strains were isolated, these strains were identified as 48 species in 15 genera, including 10 presumed new species or
variety; 15.9% showed at least one extracellular enzymatic activity, mainly the lipases and amylases. [Conclusion] The
yeast community from Yangzonghai Lake showed high species richness, and anthropogenical influenced is an important
factor for the yeast count and distribution, at same time, conductivity and turbidity are also important factors for yeast
distribution; Some yeasts produced at least one extracellular enzymatic activity, which suggested that these microorganisms
are participating in nature cycle and are metabolically active in the lake.

Keywords: Yongzonghai lake, yeast diversity, environmental factors, extracellular enzymatic
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