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Improvement of Heavy Metal Removing Strain by Protoplast Combination Mutant
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Abstract : Ultraviolet and HNO, were selected as the mutagens to perform the single factor and multi-factor induction mutation to-
wards Candida utilis CR-001 . Six mutant strains which possessed high heavy metal removal efficiency and high resistance to Cr®”
were obtained through combined induction with UV and HNO, . After they were subcultured for 10 generations ,the diameter of bac-
teriostatic circle of CRC2811-1 and CRC7-2 was reduced tol .7 mm and 1.2 mm respectively, while the Ct®* re moval efficiency of
CRC2811-1 was increased from 80.2 % to 95.2 %, and that of CRC7-2 was from 81.2 % to 94.7 % . The stability of the other 4
mutant strains was rather stable . Furthermore ,precipitation of chromium outside or inside the cell was studied by using combined
technique of scanning electron microscopy( SE M) ,trans mission electron microscopy( TE M) ,and atomic force microscopy( AFM) ,and
the mechanism of chromium re moval improve ment by the mutant strains was discussed .

Key words :yeast ;heavy metal ;chromium ;combined induction

) ( Candida utilis) CR-001 ,

s

(el

1.2
1.2.1
, CR-001 YEPD (
20g/ L, 10g/L, 10g/ L,
R 20g/ L, 1 000 mL,pH 6.0,0.1MPa
20min) ,30 'C,200 r/ min 14h, ,
. , PB (0.2mol/L ,0.8mol/ L ,
( Candida utilis) , pH6.0) 3 , 5u/ mL Lyticase
, R pH6.0,30C 2h, , pH6.0

:2004-10-16 ; :2004-12-05
: (50278040) ;
(2003C32103) ;
(2004 A30308002)
(1960 ~), S S
E- mail :ohjgc @jnu .edu.cn.



148 26
3, , CR-001
1.2.2 ,
[2]: 5
100 ~200 /mL , 5mL , 70 % ~
s 80 % , 2 min,
30cm, 15W 0.0.51.234. 20 ~ 25 min .
5 min, 50mL YEPD , , 2 —
,30 C 1h, , HNO, CR001
, 6
(31, , CRU132-26, CRC7-2, CRC2811-1,
100~200 /mL ,  5mL CRC2811-2 ,CRC2814-8  CRYI82-1 .
, 1 mL 0.1 mol/ L , 2.2
05.10.15.20 .25 .30 .35 .40 .45 .50 .55 .60 min , , ,
50mL YEPD ,30°C , , ,
1h, . 6 , CR-001
1.2.3 , ,
CR-001 , uv ,
, , uv
1.2.4 ,
1.3 , DNA
1.3.1 , ,
(47 : ’
1.3.2 , 1~2
25g/ L( ), , ,
pH7.0  20mg/L ,30°C150 el 6
r/ min 2h, , >
1.4 ,
1.4.1 (5] (71,
(SEM) ( AFM) CR-001 , SEM AFM
20mg/ L,250mg/ L CRC2811-1 , 1.
8h  CRC2811-1 2. 1 , CR-001
(TEM) AFM , ;  CRC2811-1
1.4.2 .AFM :CR-001
6 2(a) ; CRC2811-1
10, , Y , 2(b),
10g/ L( ) 20mg/ L
CRC2811-1
y , CRO00I  CRC2811-1
250mg/ L , SEM AFM
2.1 2 . 3. 4.



4 149
[81]
5, 6 CR-001 CRC2811-1
0,20,50,100,200 300mg/ L
19d .5 : 20mg/ L
CR-001 ,
e 50 mg/L . 6
CRC2811-1 50mg/ L,
(a) (b ne
1 CRO001(a) CRC2811-1(b) SEM 300mg/ L, CRC2811-1
Fig.1 SEM photography of the surface of CR-001(a) and s s
CRC2811-1(b) without Cr( x 7 500) CRC2811-1

(a) (b)

2 CR001(a) CRC2811-1(b) AFM
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Table 1 ~ The stability of Crresistance and Crre moval of mutants
CRUI132-26 CRC2811-1 CRC2811-2 CRC2814-8 CRC7-2 CRY182-1
! % ! % ! % ! % ! % ! %
/ mm / mm / mm / mm / mm / mm
0 2.5 85.6 2.7 80.2 1.4 87.1 1.9 82.9 2.1 81.2 1.1 82.2
1 2.6 85.7 2.7 80.5 1.4 86.9 1.9 82.7 2.0 81.6 1.2 82.5
2 2.5 85.3 2.5 80. 4 1.3 86.8 1.7 81.9 2.0 80.5 1.2 82. 4
3 2.4 86.2 2.4 81.3 1.4 87.2 1.8 82. 4 2.0 85.3 1.0 82.5
4 2.3 86.3 2.2 87.6 1.3 87.1 1.7 81.6 1.9 86.6 1.1 82.4
5 2.3 86.3 2.1 87.4 1.2 87.3 1.6 82.2 1.9 86.8 1.0 82.6
6 2.4 86.2 1.9 88.1 1.2 86.9 1.6 82.5 1.8 87.6 0.9 82. 4
7 2.3 86.5 1.9 88.0 1.3 86.8 1.7 81.8 1.5 90.1 1.0 82.3
8 2.2 86.6 1.8 91.9 1.1 87.2 1.6 82.7 1.5 90.8 0.9 82.7
9 2.2 86.5 1.9 95.1 1.1 87.1 1.5 82.5 1.3 94.5 0.9 82.1
10 2.2 86.5 1.7 95.2 1.0 87.0 1.6 82.3 1.2 94.7 1.0 82.7
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