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[ Abstract] An excellent strain named T. fg was isolated and screened, the dose and other condition for the UV-induced

mutagenesis were studied and the richened positive mutant m* T. fs was applied in the column leaching of copper contain-

ing sulfides. The results show that T.fs is characterized by rapid oxidation of ferrous ion and cupric sulfide, high tolerance

of toxic ion and short generation time. The best mutagenic effectiveness can be obtained under the dose of low kill rate of

UV and low temperature treatment, under which the best richened m* T. fg can be shortened 1. 4h. Tt was shown by the

column leaching of copper that the leaching rate can be enhanced by at least 11% compared with the original one by the

mutants.
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1 INTRODUCTION

T. ferrooxidans is the dominant species in most
bacterial leaching places'"?'. As known, both direct
and indirect mechanism are responsible for bacterial
leaching of iror- containing sulfide ores'*™ *'. Whether
direct or indirect mechanism, the intermediate prod-
uct, ferrous sulfate is assumed to be produced and the
bacterial oxidation is followed except these sulfides
without iron, for example, cupric sulfide. It was re-
ported by ZHANG and GUAN!'®" that ferrous suk
fate was detected during the whole period of bacterial
leaching. The ratio of Fe’* to Fe’* is low (about 0. 3
~ 0.4) during early period (before 11d), then high
and constant (about 37~ 38) during middle or late
period (after 11d). It was observed in our experi-
ments on the bacterial leaching of chalcopyrite!® that
the oxidation of original ferrous ion in pulp solution is
completed within 3~ 4d and no ferrous ion can be de-
tected during the rapid period of bacterial leaching,
but ferric iron can be found to rise sharply. We sup-
posed that the oxidative activity of the bacterial
strains used by us is higher. All these have shown
that the bacterial oxidation of ferrous ion is related to
the effective leaching of chalcopyrite. Whether the
positive mutation of the oxidative activity of ferrous
ion can accelerate the bacterial leaching effectively and
how about the potential of induced mutagenesis of T.
ferrooxidans are the most important questions to be
answered in this study, because it is concerned to the
importance of industrial breeding of T'. ferrooxidans

by mutation of oxidative activity of ferrous ion.

The growth of T'. ferrooxidans can be supported
easily by solid or liquid medium with ferrous ion, but
hardly by medium with sulfide or its intermediates.
T. ferrooxidans can be cultivated by medium with
sodium thiosulfate and form colonies in early study.
But our study showed that the medium with sodium
thiosulfate doesn’ t suit for the growth of T'. ferroox-
idans very well even when pH is over 4.5. When pH
is below 4.5, at which sodium thiosulfate is decom-
posed into elemental sulfur and sodium sulfite, many
colonies will be formed when T. thooxidans is inocu-
lated, but 7. ferrooxidans will not. Therefore, the
oxidative activity of ferrous ion of T. ferrooxidans
was chosen as the object of screening and breeding
partly also because of the limit of solid culture tech-
nique.

2  MECHANISM OF UV-INDUCED MUTAGENE-
SIS!

The UV-induced mutagenesis is a frequent and
effective method for breeding. The pyrimidine bases
have strong absorption of UV lay. When UV lay is
absorbed by them, the neighboring double thymines
in the chain of DNA will form thymine dimer that
mainly causes the mutations. The following is the
mechanism: when the reproducing of DNA begins, if
it is single thymine dimer, the site of the thymine
dimer will possibly run over and the gap will be left
which makes the false bases inserted, causing the mu-

tation of AT ~ GC. As the DNA of T. ferrooxidans
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contains 46% ~ 47%"'% of AT bases, there will be
many neighbouring double thymines which possibly
will be induced mutagenesis.

3 SCREENING OF OUT-SET STRAIN

The original strains were collected from the
drainage of some caves rich in chalcopyrite in Dabao
Mountain in Gangdong Province. T he natural pH was
1.9, and the bacterial quantity was 6 x 10°/ L, the
cupric concentration was 1.988g/L. These showed
that these original strains were characterized by high
natural oxidative activity of copper-containing sulfides
and high natural tolerance of cupric ion. The 9K
medium was modified as follows: ferrous sulfate
22.2¢g/ L, other basal salts as same as 9K, pH 2.0 in
liquid medium, pH 3.0 in solid medium, purified a
gar 15g/L. It was shown that there will have the

1 An excellent

most colonies under that condition
strain was isolated after repeated plating and screen-
ing of the largest colonies which is supposed to be
high oxidative activity of ferrous ion and short gener
ation time. Its characteristics are shown as Fig. 1 and
Fig. 2, and the strains’ generation time in rotary cul

ture is shown in Table 1.

Table 1 Generation time of strains in rotary culture

Strains  Generation time/ h [ Strains Generation time/ h
0 7.8 8 6.2
1 5.8 9 5.8
2 6.3 10 6.0
3 5.7 11 7.4
4 7.1 12 6.3
5 5.8 13 6.5
6 5.6 14 6.0
7 7.0 15 5.7

0 is the original strain.

Fig. 1 Characteristics of colonies of T. fs

Fig. 2 Characteristics of T. fs in colonies

The relationship between the bacterial growth
and the oxidation of ferrous ion at 2% 10°~ 3 x 10
bacterium/ L. of the inoculum that was transferred
continuously to culture is exhibited in Fig.3. From
Fig. 3 it can be demonstrated that: 1) the bacteria
amount rises from 10® bacterium/L to 10” bacterium/
L. when the oxidative rate of ferrous ion is about
15%, then to 10" when the rate is about 45% . The
delay period can almost be omitted and the logarithm
period is typical. 2) It is the typical stable period
when the rate is between 65% ~ 75% , during which
the amount keeps at 10' bacterium/L. 3) the con-
tabescence period begins when the rate is over 80% ,
during which the amount is below 10" bacterium/ L
gradually. Therefore, the generation time can be esti
mated by logarithm period and the stable period can
be acted as the inoculating time, at which the amount
of the inoculum can keep relative stable and the activ-
ity of enzyme of ferrous oxidase in a unit of live cells
can be acted as an index for screening after being mu-
tated. The generation time of T. f¢ was measured to
be 5. 6h in liquid medium with ferrous ion.

The strain’ oxidative activity of reduced sulfur
oxidase is shown as Fig.4. It is demonstrated that
10 g/ L. cupric sulfide ( the effective constituent 96% )

loll.n

Bactenial growth/L 1!

1073 I ] ] L
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Oxidative rate of ferrcus ion/%

Fig. 3 Relationship between bacterial growth
and oxidative rate of ferrous ion of T. f¢
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Fig.4 Oxidation of reduced sulfur
in cupric sulfide by T. fs

had almost been oxidized after leaching 16d when
I mL of 10"/ L bacteria was inoculated into 100 mL
leaching solution without any iron. It was also
demonstrated by our other study that the strain is
characterized by 0.1g/L Ag" [7]
stronger As™ resistance and rapid oxidative activity
of chalcopyrite or arsenopyrite. For example, 10%
pulp concentration and 24% grade of chalcopyrite
concentrate can be oxidized 37% after 25 d.

resistance and

4 CONDITIONS OF UV-INDUCED MUTAGENE-
SIS

The experiment was carried out under the condi
tions as follows: the UV wavelength was 2537 A
the power was 20 W and the distance was 30 cm, the
radiation time was 0, 30, 60, 120, 180, 240s for
number 0° , 1%, 2, 3%, 4% 5", respectively.
The bacterial quantity was counted with Petroff-
Hausser and Helber counting chamber when it grew
to later logarithm period (or 60% oxidation rate of
ferrous ion). The diameter of dishes was 9cm, in
which 6 mL culture was transferred. The cultures
were radiated by UV as stirred with bent rod. 1 mL
culture treated by UV was transferred into 1 mL liq
uid medium with ferrous ion in 250 mL. Erlenmeyer
flask added with 0.3% lithium chloride to assist the
mutagenesis. The Erlenmeyer flasks were wrapped
with black paper and the lids with eight layers of ster-
ile gauze. Two groups were divided in this experi-
ment: the first group was treated at 4 ‘C for 12h, the
second group was inoculated directly into rotary bed
at 30 'C and 180r/ min. All sterile operations were
carried out in ultraclean platform. The oxidative rate
of ferrous ion was determined by titration with potas-
sium dichromata, the generation time by the variation
of multiplying quantity, the kill rate by plating, and
the effectiveness of the positive mutation by the gen-
eration time and the oxidative rate of ferrous ion.

The inhibitive rates of colonies (UV kill rate)

determined by plating were 0, 13.4%, 19.4%,
25.3%, 83.6%, 97.5% respectively. It is showed
that the longer the radiation time of UV, the higher
the kill rate of the strains, that is, the less the alive.
The oxidative rates of ferrous ion of the first group af-
ter being cultured in rotary bed for 56h were
20.2%, 76.3%, 96.6%, 46.7%, 21.67%,
18. 5% respectively. It was demonstrated that signif-
icant positive mutation had taken place in ", 2",
3%, especially in 2% . The results were also proved by
the generation time of 5.6, 5.2, 4.2, 5.0, 5.5,
and 5.8h in turn. The oxidative rates of ferrous ion
of the second group were divided into two stages: re-
ducing in turn with the enhance of UV-kill rate dur
ing long period, and then the effectiveness of positive
mutation was embodied slightly by them. For exam-

ple, the oxidative rates were 14.0%, 12.1%,
11.3%, 10.4%, 2.3%, 0.7% for 36h, then
79.0%, 81.7%, 75.4%, 78.3%, 71.5% and

67.3% for 120h. Therefore, the best one of all posi-
tive mutations is 2° , whose average generation time
of the richened strains can be shortened by 1.4 h only
once U V-induced mutagenesis.

S APPLICATION OF MUTATED STRAINS IN
COLUMN LEACHING

The m" T. fs strains in the best 2* flask were
not separated and screened further, but richened by
continuous culture. The m* T. fg strains were chosen
as the leaching strains and T. fs as the control. The
distinction of the generation time between them was
obvious, the former is 1. 4h shorter than the latter.
The follow ing was the bacterial leaching conditions:
the glass column dimensions were d 5 cm X 25 cm, the
mass of samples was 500g, which were copper con-
taining sulfides, the average particle size was 6 ~
10 mm. The quantity of the inoculums was 0.5%
(volume fraction). The volume of the leaching solu-
tion was 2L, whose pH was constantly kept to be
2.0, into which only 3¢g/L ammonium sulfate and
0. 5¢g/ L. dipotassium hydrogen phosphate were added
according to the character of the sample. The
columns were leached by dilute sulfuric acid ( pH 2. 0)
for 7d, then by bacteria, recycling one time every
day.

The sample of sulfide is mainly composed of
chalcocite and chalcopyrite, accounting for 58. 2%
and 41. 8% respectively. The chemical compositions
are shown in Table 2, the growth of different strains
in the columns in Table 3, and the cupric leaching
rates of them in Fig. 5.

It was shown from Fig. 3 that the cupric leach-
ing rates by T.fs and m" T.fs were 51.96% and
61. 1% respectively, the latter was 11.0% higher
than the former at least . It was shown by Fig. 3 that
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Table 2 Chemical compositions of
copper-containing sulfides in Yunnan ( %)

Cu S Fe As ALO;  CaO

2.:52 0. 141 1.79 0.0007 2.97  5.69

MgO Zn Si02  Au/(get™ ") Ag/(gt ")

1.03 0.0018 60.96 0.178 95

Table 3 Growth of different strains
in column leaching

Strains/ turn T.fg m* T.fg
0 2.0x 10" 2.0x 10"
11 5.6% 10° 0.8x% 10°
20 6.7 10° 1x10°
30 6.7 10° 1x10°
40 6.67% 10° 5.33%10°
70
i
95 50
g 40
30
gzo-
10f

o
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Fig. 5 Leaching of sulfides containing copper
by original T. fg and m* T. fs

the growth of the former was less 0.5~ 1 order of
magnitude than that of the latter. All these demon-
strated that enhancing the bacterial oxidative activity
of ferrous ion by screening and induced mutagenesis
can indeed prompt the bacterial leaching of copper.

6 DISCUSSION

The most favorable dose of UV is related to the
character of strains, also to the property of genes. It
was demonstrated by this study that the low dose of
UV is the most suitable to the gene of ferrous oxidase
in T. ferrooxidans. The mechanism probably is that
middle and high dose of UV damages the genes more
seriously so that it is harder to rescue the function of
these genes, and more negative mutations produce,
even to death. At low temperature, not only the ac
tivity of the respairing enzymes can be inhibited, but
also the time of reproducing, isolation and the form-
ing of homozygous mutants can be satisfied. At
30 C, the normal can reproduce continuously, while

at low temperature the reproducing will be inhibited
and in-phase growth can be realized, so the direct cul-
ture is unfavorable for ample multiplying and express
of the positive mutants.

In the bacterium point of view, the bacterial
leaching was improved because any variation of the
constructions of the enzymes in the operon of ferrous
oxidase will lead to the enhancing of oxidation activi-
ty, further to the promoting the whole metabolism of
the bacterial cell, which causes the generation time
shorten, finally causes more bacteria acting on the
surface of the sulfide. From the direct and indirect
mechanism point of view, the following reaction were
taken place during the bacterial oxidation of the cop-
per-containing sulfides:

Direct leaching

2Cqu+ 502+ 2H2504

Bacterium

4CuSO04+ 2H,0 (1)
CuSO4+ FeSO;  (2)

Bacterium

CuFeSy+ 40,
Indirect leaching
CusS+ 2Fey(S0y4) 3 —2CuS04+ 4FeSO4+ S0

(3)
CuFeS,+ 2Fez( SO4) 3 CuSOg4+

5FeS04+ 28" (4)
Bacterium

4FeSO4+ 2H2504+ 02
2Fes(S04) 3+ 2H20 (5)

0 Bacterium

25"+ 302+ 2H,0 2H,S04 (6)

It was shown by the above reactions that the fas-
tened generation time strengthens the direct mecha-
nism quantitatively, but also the indirect mechanism
quantitatively and qualitatively because the accelera
tion of both the oxidation of ferrous ion and the recy-
cling of ferric enforce the reaction of indirect leaching
that cause the equation move towards the right ac
cording to the kinetics equilibrium theory.

It was demonstrated by this study that T. fer-
rooxidans is characterized by good mutability and the
bacterial leaching of coppercontaining sulfides was
accelerated by its enhancing oxidative activity. This
result exhibited that the screening and breeding have
practical possibility and potential industrial value. All
these questions of effective screening and breeding
will be studied further about how to prevent the “pas-
siveness” combining other methods and how to deter
mine the effective related indexes.

7 CONCLUSIONS

1) T. fs strain is suitable for the out-set strain of
industrial breeding owing to its character of fast ox-
idative activity of ferrous ion and reduced sulfur,
short generation time and high tolerance of toxic ion
and good mutability.

2) Low kill rate is the best dose of UV for T. fg,



Vol.11 Ne5

U V-induced mutagenesis T hiobacillus f errooxidans

« 799

that is, 20% ~ 30%, under which the generation
time can be shortened by 1.4h only one time treat-
ment of UV. The positive induced mutagenesis can
be promoted by the treatment at low temperature.

3) The bacterial leaching of copper-containing
sulfides can be accelerated by the meliorated strains of
the oxidative activity of ferrous ion because not only
the direct leaching but also the indirect leaching can
be strengthened. It was shown that T. ferrooxidans
is characterized by important potential for industrial
application.
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