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Effects of chemical mutation on bacterial extracting
potassium from potassium-rich sandshale
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Abstract: The P.Polymyxa (PA) and A.tumefaciens (AT) were used as original strains, and the mutagenesis and
bioleaching induced by diethylsulfate (DES) were studied. The results show that the lethal rates of the original strains PA
and AT are 87% and 85%, and the positive mutant rates are 10% and 16% after being treated by 30 and 40 mg/L DES,
respectively. The two mutants of P.Polymyxa (PAM) and A.tumefaciens (ATM) screened from positive mutant strains
reach stationary stages 48 h and 24 h, respectively, ahead of the corresponding original strains. PAM and ATM have
higher bacterial concentrations and higher producing ability of organic acids, polysaccharides and proteins, than those of
the original strains. After a 15 d leaching, the K,O concentrations in supernatants of the mutant stains PAM and ATM are
improved by 29.00% and 21.28%. And the mutant strains PAM and ATM can shorten the leaching time by 5 d and 3 d,
respectively, than those of the two corresponding original strains. After bioleaching for 15 d with the mixture of the two
mutant strains PAM and ATM, the K,O concentration of the supernatant is 22.78% and 67.55% higher than that with the
single mutant strain PAM or ATM, respectively, and the mixture can shorten leaching time by 6 d in comparison with the
original strains. The SEM and XRD analyses of potassium-rich shale surfaces before and after leaching show that the
mixture of PAM and ATM has the greatest corrosion and decomposition ability on shale. P.Polymyxa is the dominant
culture in bacterial community during bioleaching of potassium-rich shale. After bioleaching for 15 d, the proportion of
cell density in the supernatants of P.Polymyxa and A.tumefaciens before and after DES-induced mutagenesis is changed
from 1:1 to about 7:1 and 18:1, respectively.
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Table 1  Main chemical components in potassium-rich 90O mL*“ ”
sandshale (mass fraction, %) 2g 250 mL
Si0, ALO;  K,0  TiO, Fe,0;  CaO 1.2
59.14 16.18 8.17 1.59 2.5 4.55 1d pH
MgO Na,O MnO P,0;5 Total
2.13 447 0.11 036  99.20
Ppolymyxa(PA) A.tumefaciens(AT)
(CGMCC) PA 7 7
( pH
10.0 g/L 3.0g/L 15.0 g/L NaCl 5.0
g/L pH7.0) AT
( 5.0¢/L 1.0 g/L 1.4
50 gL 15.0 L 1 mol/L MgSO,7H,0 2.0 250 mL 9 mL = 7
mL/L pH 7.0) « ( 11107
12 500/l NaHPO, 2.0g/L /mL) 45 g/l 0.074
MgSO,7TH,0 0.5g/L  NaCl0.1g/L  Na,CO; 0.1g/L pm) (30 pH7 200 r/min)
pH 7) , 0.5 gL 15d K0 7
« 3 1)
PA PA 2) PAM 3)
30 pH 7.0 AT AT 4) ATM 3)
28 pH 7.0 90 mL* ATHPA( 1) 6)
250 mL 75 um PAM+ATM( 1:1) 7)
5¢ SmL PA AT ( CK( )
1.00><10" /mL) 28~30
150~200 r/min 7d 15
K,0 30 20mg/L ICP—-AES( JY38S)
K,0 UvV-2102
Uuv-2102
1.3 G250
“ o PHS-3C pH ( ) pH
5000 r/min 20 XS-212 (
min )
10’~10°  /mL SEM(TESCAN
(DES) VEGIILSU)  XRD( Rigaku D/Max—2500
10 mL 90 mL DES )
(O 5 10 20 30 40 SOmg/L) *“ ”
250 mL (28~30 200 r/min)
60 min 1 mL 1.6
0.5 mL25% Na,S,0;
28~30 48 h
DNA

113 2 DNA
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5 15d SEM
Fig. 5 SEM images of potassium-rich sandshale surfaces after leaching for 15 d in different bioleaching systems: (a) CK; (b) AT; (c)
PA; (d) ATM; (e) PAM; (f) PAM+ATM
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