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fermentati) Cd**
( 411201)
, XTWIX , ITS 26S
rDNA D1/D2 , Candida fermentati
, XTWIX 9 ,
cd* 6mmol/L, XTWIX cd*
, , cd* 10mg/L , cd**
XTWIJIX cd*
Cd2+
X172
5 - ) ( 5
) , 2005; ,2008)
s XTWIX
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2008)
) ( , 2009;
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28 150r/min

(Bridge et al, 2000), (g/L)
: (NH4),SO4, 0.2%; KCI, 0.01%; K,HPO,,
0.05%; MgS0,4-7H,0, 0.05% 0.5%
0.2% (V/IV), pH
5.5 121 15min
YEPD ( , 2005)
, 28 2—4 ,
, 3—S5
1.2
XTWIX (JEOL
JSM-6360 LV)
( ,
1991)
1.3 XTWJIX pH
1.31 XTWIX 99ml
YEPD 250ml , pH
5.5, 121 15min, , pH
, oD
0.15 , 15 20 25
30 35 40 42 36h,
150r/min 600nm oD
3
1.3.2 pH XTWIX 99ml
YEPD 250ml , pH
1.0 2.0 3.0 40 50 6.0 7.0 80 9.0
9 , 121 , 15min, ,
pH
oD 0.15 ,
( ) , 150r/min
36h 600nm oD
3
1.4 DNA PCR
1.41 DNA Sml XTWIJX R
pH80 TE ) )
XTWIX DNA ( ,

2004)

142 ITS 26SrDNA DI1/D2 PCR

ITS PCR (Anderson et al,
2003): ITS1(5'-GTCGTAACAAGGTTTCCGTAGGTG-
3)  ITS4(5'-TCCTCCGCTTATTGATATGC-3") PCR

(50ul): 10xPCR , 5.0ul; Mg”" (Smmol/L),
3.0ul; ANTP(  Smmol/L), 2.0ul; (20pmol/L)
1.0ul; Taqg DNA (1U0/ul, MBI), 1.0ul;
2.0ul  20ng; 35ul : 94

3min: 94 ,40s; 52 , 1.0m, 72 , 1.0m; 32
72 8min Sul 1%

26S tDNA  DI/D2 PCR
( , 2002): NL1(5-GCATATCAATAAGCGGA
GGAAAAG-3") NLA4(5-GGTCCGTGTTTCAAGACG G-
3" 94 ,30s; 52 ,30s; 72 , 40s; 30 s
ITS PCR
DNA
Taq dNTPs

Omega s

1.5 PCR
15.1 PCR PCR
Omega

1.5.2 ITS
D1/D2 , BLAST GenBank

ITS D1/D2 ,
, MEGA4.1
, (Neighbor-Joining)(Saitou et al,
1987) MEGAA4.1
BOOTSTRAP 1000
(Felsenstein, 1985)
1.6 XTWJIX
; pH ;
XTWIX ,
150r/min ,

1.0ml

ODy0o 0.3 ,
, 72h,
ODy00
XTWIX

(minimal inhibition concentrations, MICs)

>
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, XTWIX
, ( ( D
1.7 XTWJIX
1.7.1 cd* ,
cd** ( ,
,2004)
ZV300
1.7.2 cd* 250ml
100ml Ccd* pH
30 150r/min 4h
Cd2+
1.7.3 cd*
cd** XTWIX ,
30 ) 150r/min 4h . XTWIJX . 1 XTWJIX
Cd Cd Cd Fig.1 SEM photograph of strain XTWJX
2.2
2 XTWIX 1
2.1 ( , 1991) , XTWIX
. XTWIX ; Suh
, , , (2004) , XTWIX C. fer-
T 1 XTWIX BEHRBYEIRHHE
Tab.1 Physiological traits of strain XTWJX
+ +
D- +/D +/D
a,a- +/D \%
L- +/D + D- + DL- +
D- +/D + + +
D- +/D + + +
D- /D + D- +HW +
L- +/D D- +/D
+ +
D-
0.1% + 50%D- + + 16% w
60%D- w 10% +
DBB
+ N ,D , W ,V
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mentati , GU248265) ()
2.3 XTWJX pH , ( 3) 3
pH , , 14 R
XTWIX pH XTWIX 3 , P. carpophila
2 , pH = 4-—-7 | C. fermentati ,
XTWIX , pH<4.0 , ITS R
, pH=20 |, , XTWIX , ,
, pH P. carpophila
1.0 9.0 , , ITS 26S rDNA D1/D2
, XTWIX C. fermentati
3 , XTWIJX 25—30 25 XTWJX
, 35 40 XTWIX ,
, , 42 , 9 MICs (
, 4), ,
5 , MICs
2.4 , ,
24.1 ITS ,9 XTWIX
(Vaughan-Martini et al, 2005), P. guilliermondii / C. cFe?™ < Mn2" < AP < Zn2t < Co?t <
guilliermondii P. guilliermondii ( NiZ* < Cu?* < Cd® < O XTWIX 9
C. guilliermondii) P. carpophil ( ’ c
C. fermentati) C. carpophila ( C. guillier-
mondii var. carpophila, C. fukuyamaensis, C. xestobii) 6mmol/L,
3 2 ,XTWIX  (ITS 26 XTWJIX
, GU248264) C. fermentati C. guilliermondii var. 2.6.1
carpophila , cd* ’
(1.59g) (0.21g)
. XTWJX P. guilliermondii / C. 100ml Cd** 10mg/L (pH=5.5)
guilliermondii C. fermentati C. car- cd* , 5 6
pophila , , 10min
2.42 26S rDNA D1/D2 ,  Cd” 96%
, 30min , cd*
ITS 94% ,
, ,  26S rDNA DI1/D2 cd* , cd*
XTWIX (26S rDNA D1/D2 , cd*
F2 XTWIX EHREARRE pH THIEK
Tab.2 The growth of strain XTWJX in different pH
pH 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
oD 0.15£0.07  0.45£0.08  1.13£0.07  2.15:0.10  2.1x0.08 2.2+0.10  1.62£0.07  0.56£0.07  0.18%0.07
3 XTWIX BMRERERE THEK
Tab.3 The growth of strain XTWJX in different temperatures
() 5 10 15 20 25 30 35 40 42
oD 0.340.05 0.740.06  1.35+0.06  2.1+0.08 2.3£0.08  2.35+0.07  2.23£0.06  0.8+0.05 0.2+0.06
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ATCC6260" P. guilliermondii NRRLY-27942 P. caribbica
533
JCM10735 P. guilliermondii NRRLY-27401 P. fermentati
706 - i
981 JCM1539" P. guilliermondii VTTC-04519 P. fermentati
XTWJIX
887 CBS8417 D. hansenii var. fabryi |3 _
BGO02-7-13-014-3-1 C. athensensis
CBS5975" C. xestobii
BG02-5-23-0031-4 C. athensensis
878] ™— BG99-8-11-1-C1 C. athensensis 974 2
— 10001 _|: NRRLY-17914 D. hansenii
— BG02-5-23-0031-4 C. athensensis | 1000 CBS1796" D. hansenii ]
— T 5 7] -
CBS7921" C. fukuyamaensis 9 676 NRRLY-2075" P. guilliermondii
615 ..
— ATCC24001 C. xestobii = —E CBS2031" P. guilliermondii
CBS2022" C. fermentati 7] 469 CBS566" P. guilliermondii
1000 470 1
— CBSS5256" C. guilliermondii NRRLY-27949 P. guilliermondii
1000 var. Carpophila 1 T .
737 L— ATCC22995 C. fermentati 517 _|: NRRLY-17685" C. xestobii
XTWJIX 454 NRRLY-17857" C. fukuyamaensis |
. . 3 26S rDNA D1/D2 Neighbor-Joining
2 ITS Neighbor-Joining
Fig.3 Phylogenetic tree drawn from neighbor-joining analysis
Fig.2 Phylogenetic tree drawn from neighbor-joining analysis based on the 26S rDNA D1/D2 domain
based on ITS sequences Bootstrap ,T
Bootstrap ,T Bootstrap percentages are shown. T denotes typical strain.
x4 XTWIXAHRMESRERE
Tab.4 Heavy metal resistance in strain XTWJX
Fez+ Mn2+ A13+ Zn2+ C02+ Ni2+ Cu2+ Cd2+ Cr6+
MICs(mmol/L) 48 32 30 24 12 10 8 6 1
R5 ZEYEMN XTWIX R TEESRE R Cd* RIL M = 5 WA E B X &
Tab.5 Time course of Cd** adsorption by equal biomass of wet and lyophilized strain XTWJX
(min) 0 5 10 15 20 25 30 60 120 180 240
100 47+£2.5 443 543 4.5+3 543 4+2.4  4.6£2.5 4+£3.5 444 3.7+7
Cd* (%) 100 68+2.5 50+3 36+3 28+3 14+3 6+4 7.843.5 10+£3.5 9+2 10+3
(Li et al, pH
2008) cd* ,pH XTWIX
, , , 4h cd** pH<5.0 ,XTWIX
cd* H"  Cd”
4h pH 5.0—
2.6.2 pH , pH 7.0 , XTWIX cd**
» pH ;
5 > pH pH 55 ( )3
(Yan et al, 2003) , Kiff pH
(1986) ) cd* 2.6.3 HCI )
pH = 8.0 : pH<8.0 , HCI
1.0g 100ml Cd* 10mg/L H,SO, EDTA ( , 2004; Wang, 2002; Ka-

, cd** poor et al, 1999), , ,
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HCI 9 B

(1)
pH

pH
Cd2+
HCl pH

5 43 2 1 4h,

Cd2+
78.4%
pH

pH

3.32%

Cd2+
Cd2+

()

30 100ml
HCI 5 10 20 30
cd** ,

10min

il B

78% Cd** :

(1)
XTWIX
Candida fermentati XTWJX
(2) XTWIX 9
Cd2+

(3) XTWIJIX cd*
10mg/L (
Cd* ),

HCI

8 7 6

C d2+

XTWIX
0.1lmmol/L
40 50 60min,

6mmol/L,

C d2+

, XTWIX

Cd2+

, , 2005.
,5:3—5
, 2008.
,1—3
, 2004.
cd
, 2000.

(Staphylococcus pasteuri)

, 23(4): 674—677

, 40(5): 551—555

, , , 2002.
rDNA D1/D2 . ,
21(1): 27—32

, 2007.

,20(4): 67—69
, 2004,
,31(4): 89—92

, 2008.

s s

DNA

,21(4): 190—195
, 1991.
. , 60—117
RE, JG s s ,
, 2005. (
). : , 547—548
Anderson L C, Campbell C D, Prosser J I, 2003. Potential bias of

fungal 18S rDNA and internal transcribed spacer polymerase

J A, R W, D ,

FM,

chain reaction primers for estimating fungal biodiversity in
soil. Environmental Microbiology, 5(1): 36—47

Bridge T A M, Johnson D B, 2000. Reductive dissolution of fer-
ric iron minerals by Acidiphilium SJH. Geomicrobiology
Journal, 17(3): 193—206

Felsenstein J, 1985. Confidence limits on phylogenies: An ap-
proach using the bootstrap. Evolution, 39: 783—791

Kapoor A, Viraraghavan T, Cullimore D R, 1999. Removal of
heavy metals using the fungal Aspergillus niger. Bioresource
Technology, 70: 95—104

Kiff R J, Little D R, 1986. Biosorption of heavy metals by im-
mobilized fungal biomass. In: Eccles H H, Hunt S ed. Im-
mobilization of ions by biosorption. Ellis Horwood, Chich-
ester, UK, 71—80

Li H D, Liu T, Li Z et al, 2008. Low-cost supports used to im-
mobilize fungi and reliable technique for removal hexava-
lent chromium in wastewater. Bioresource Technology, 99(7):
2234—2241

Saitou N, Nei M, 1987. The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Molecular Bi-
ology and Evolution, 4: 406—425

Suh S O, Blackwell M, 2004. Three new beetle-associated yeast
species in the P. guilliermondii clade. FEMS Yeast Research,
5: 87—95

Vaughan-Martini A, Kurtzman C P, Meyer S A et al, 2005. Two
new species in the Pichia guilliermondii clade: Pichia car-
ibbica sp. nov., the ascosporic state of Candida fermentati,
and Candida carpophila comb. nov.. FEMS Yeast Research,
5:463—469

Wang J L, 2002. Microbial immobilization techniques and water
pollution control. Beijing, Science Press, 261—271

Yan G Y, Viraraghavan T, 2003. Heavy-metal removal from
aqueous solution by fungus Mucor rouxii. Water Research,
37: 4486—4496



3 : (Candida fermentati) cd* 333

IDENTIFICATION OF CADMIUM-ABSORBING STRAIN OF CANDIDA FERMENTATI
FROM APOLLUTED AREA IN THE XIANGJIANG RIVER IN XIANGTAN

GAO Jian, DENG Xian-Yu, KANG Jian, WANG Zhi-Yong
(School of Life Sciences, Hunan University of Science and Technology, Xiangtan, 411201)

Abstract A Cd*"-resistant strain of wild yeast-like fungus in polluted rivers and lakes was isolated in Xiangjiang River
near Xiangtan City, named by strain XTWJX. Researches in morphology, physiology, and molecular biology (ITS and 26S
rDNA D1/D2) were conducted. Result shows that it belongs to Candida fermentati, could survive in high cadmium con-
centration of 6.0mmol/L, and could adsorb cadmium in 10mg/L cadmium solution. Therefore, the strain may be applied
potentially as a new biomaterials for treatment of cadmium-polluted water.

Key words Candida fermentati, Morphological characteristics, Physiological test, Sequence analysis, Metal

resistance, Cadmium absorption



