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CULTIVATION OF SUSPENDED CELL CULTURES AND BIOFILM OF
ACIDITHIOBACILLUS FERROOXIDANS JCM 3863 IN PRESENCE OF
COPPER IONS AND HIGH CONCENTRATIONS OF FERROUS IONS

Kristina Lazarova, Vyara Mamatarkova

Abstract: Bacteria Acidithiobacillus ferrooxidans are implemented usually in many biotechnological processes as
bioleaching of metals from low grade ores and in some processes with ecological importance as purification of waste
waters and gases, removal of metals from solid wastes.

Suspended cultures and biofilm of Acidithiobacillus ferrooxidans JCM 3863 were cultivated in two media — with 15 and
18 g/l initial concentration of iron ions. Biofilm and suspended cultures have been cultivated in five consecutive cycles
in each nutrient medium in presence of 5 g/l copper ions to complete oxidation of ferrous to ferric ions. In the end the
biofilm thickness has been determined.

Mean rates of oxidation were compared for each cycle of cultivation. In consecutive cultivation of suspended cells and
biofilm in medium 15K after addition of copper ions the mean rates decrease in first three cycles, after that they
increase in cycles 4 and 5. In consecutive cultivation of suspended cells in medium 18K the mean rates are different for
all cycles. In biofilm in medium 18K after addition of copper ions there is decrease of mean rates compared to the first
cycle, but they stay constant in the next cycles. Comparison of mean rates of ferrous ions oxidation shows that in
biofilm they are higher than in suspended cultures.

From results of presented research we can make the conclusion that the biofilm is better than suspended cells for

industrial biotechnological processes in presence of copper ions and high concentrations of ferrous ions.

Keywords: Acidithiobacillus ferrooxidans, biofilm, copper ions, high concentration of ferrous ions

INTRODUCTION

Modern society is impossible without information
technology. But they generate a large amount of solid
waste that are dangerous source of pollution. At the
same time they represent a valuable secondary raw
material for the production of plastics and metals.
Recycling of electronic waste is an important activity
not only in terms of their treatment as waste, but also to
extract valuable components and energy savings [1, 2].
Biotechnological methods for extracting metals from
secondary sources of raw materials does not require the
incorporation of large amounts of energy to ensure the
high temperatures and generate relatively small amounts
of waste which are non-toxic [3]. Mainly involved in
these processes is genus Acidithiobacillus - species
Acidithiobacillus ferrooxidans and Acidithiobacillus
thiooxidans [4, 5]. Research conducted by
Acidithiobacillus ferrooxidans JSM 3863 demonstrates
their possible application for leaching of copper from
printed circuit boards [6], copper and PMG (platinum
and palladium) from automobile exhaust converters [7,
8] and hight resistance to presence of toxic metal ions as
nickel, cobalt [9] and silver [10]. Bioleaching rate
depends upon the concentration of ferric ions in the
solution therefore of practical interest are studies
related to the behavior of Acidithiobacillus
ferrooxidans at higher initial concentrations of iron,
and the possibility of their adaptation to them. It has
been found that the biofilm of these bacteria are
more resistant to high concentrations of ferric and
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ferrous ions [11, 12], as well as other environmental
factors [13]. It is necessary to investigate bacterial
oxidation in presence of copper ions and elevated
concentrations of iron.

The aim of this work is to investigate in high
innitial concentration of ferrous ions the bacterial
oxidation in submerged cultures and biofilm of
Acidithiobacillus ferrooxidans JCM 3863 in presence
of copper ions.

MATERIALS AND METHODS

Microorganisms. The experiments were carried
out with the strain Acidithiobacillus ferrooxidans JCM
3863 from Japan Collection of Microorganisms.

Medium. Bacteria were cultivated in liquid media
[14] with addition of different amount of ferrous ions
from initial concentrations 15 and 18 g/l — respectively,
(15K and 18K) liquid media. Biofilm was cultivated in
the same media after its formation on carriers -
polyethylene cylinders, in fed-batch [15, 16]. In each
medium copper ions in concentration 5 g/l were
added.

Analytical methods. Concentrations of ferrous,
ferric ions and total iron were determined
spectrophotometrically [17].

Determination of biofilm thickness. Thickness of
biofilm was determined on the base of dried weight,
density and area of the carriers [13, 15, 16].

Experimental conditions.  Acidithiobacillus
ferrooxidans JCM 3863 were cultivated in shake
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flasks in batch at 190 rpm and 28+0.5°C. Suspended
cells were cultivated in 100 ml liquid medium 15K
or 18K (inoculum 1%). Biofilm was cultivated in
250 ml liquid media 15K or 18K, 4 carriers with
formed biofilm in each flack. As biological controls
are used the results obtained by cultivation of
Acidithiobacillus ~ ferrooxidans JCM 3863 in
discribed media without copper ions — for suspended
cell cultures it is named “biological control”, for
biofilm — “cycle 0”.

RESULTS AND DISCUSSION

Cultivation of suspended cell cultures in liquid
medium 15K

Dynamics of the process of ferric ions
production in liquid medium 15K with suspended
cells cultures are presented on Fig. 1. It can be seen
the similarities and differences in the dynamic of

the process in submerged cultures. The results
show that the dynamic is slower in the first cycle
and then in cycles 2, 4 and 5 it is similar and
faster. For the biological control the process is
shorte — complete oxidation of ferrous ions is
reached after 48 hours. In all cycles of
cultivation expressed lag-phase is missing
clearly. Acceleration of the dynamics in the last
two cycles could be considered as adaptation of
the culture to initial concentration of ferrous ions
15 g/l and to presence of copper ions.

Mean rates of ferrous ions oxidation and ferric
ions production were compared for each cycle of
cultivation. In consecutive cultivation of suspended
cells in medium 15K after addition of copper ions
the mean rates decrease in first three cycles after that
they increase in cycles 4 and 5 — Fig. 2.
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Fig. 1. Dynamics of ferric ions production in suspended cultures - biological control in
15K medium and five cycles in 15K medium with 5 g/l Cu®".
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Fig. 2. Mean rates of ferric ions production in suspended cells cultures - biological control in
15K medium and five cycles in 15K medium with 5 g/l Cu*".
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If the mean rates are compared in the five
cycles of cultivation with the biological control
they are different, which can be seen on Fig. 2. The
statistical analysis (ANOVA Single factor) shown
that they are the same in the first three cycles. After
the decrease of the rates it is observed increasing in
cycles 4 and 5 which are statistically same. These
results and the accelerated dynamics can be
explained with adaptation of the culture. The slight
differences between rates of ferrous ions oxidation
and ferric ions production are caused by
sedimentation of ferric ions as jarosite on the
bottom and sides of flacks. This type of
sedimentation is always observed in cultivation of
Acidithiobacillus  ferrooxidans in media with
ferrous ions [18, 19].

Cultivation of suspended cells cultures in liquid
medium 18K

From analyse of the dynamics of cultivation of
suspended cells cultures in liquid medium 18K it can
be seen that after addition of copper ions the process
of oxidation is going on similar dynamic except
cycle 3. This result shows that the activity of
microorganisms is preserved — exhaustion of the
culture or inhibition of the culture to initial
concentration of ferrous ions 18 g/l and presence of
copper ions does not occur. Increase of activity in
the five consecutive cycles is not observed. It has to
be noted that there is presence of sedimentation of
ferrous ions as jarosite like cultivation of cultures in
15K medium. For each cycle of cultivation are
determined mean rates of ferrous ions oxidation and
ferric ions production. The results are shown on Fig. 4.
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Fig. 3. Dynamics of ferric ions production in suspended cultures - biological control in
18K medium and five cycles in 18K medium with 5 g/l Cu®".

It can be seen that compared to the biological
control the mean rates in the five consecutive cycles
are lower. Statistical analysis (ANOVA Single
factor) confirms this statement. It is of practical
interest to check whether the five cycles have
statistically the same mean rates. The sequential
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statistical analysis of mean rates has shown that they
differ from each other. For this reason, it can not be
said that there is an effect of adaptation. It is
important to note, that there is no permanent
decrease in activity during the five consecutive
cycles of cultivation.
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Fig. 4. Mean rates of ferric ions production in suspended cells cultures - biological
control in 18K medium and five cycles in 18K medium with 5 g/I Cu®".

Cultivation of biofilm in liquid medium 15K biofilm activity decreases, then it adapts to their

The comparison between process dynamics over ~ Presence, and with the exception of cycle 3, the
the seven cycles of biofilm cultivation in culture Process takes 48 hours.
medium 15K in the presence of 5 g/l copper ions is For each cycle of cultivation mean rates of
presented on Fig. 5. Full oxidation of the ferrous ferrous ions oxidation and ferric ions production
ions is reached for 48-72 hours. It is clear to see that ~Were calculated. The results are shown on Fig. 6.
when the copper ions are added through cycle 1,
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Fig. 5. Dynamics of ferric ions production in biofilm - biological control in 15K medium
(cycle 0), five cycles in 15K medium with 5 g/l Cu*" and cycle 6 after removal of Cu**
from liquid medium.
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Fig. 6. Mean rates of ferric ions production in biofilm - biological control (cycle 0) in 15K medium,
five cycles in 15K medium with 5 g/l Cu®" and cycle 6 after removal of Cu** from liquid medium.

It can be seen that after the addition of copper
ions, the mean rates decrease during the first three
cycles of biofilm cultivation, then increase and reach
those before the addition of copper ions.

From the results obtained, it can be concluded
that in the sequential cultivation of biofilm culture in
medium 15K with added 5 g/l copper ions the
biofilm is adapted to the created conditions. The
statistical analysis of the mean rates shows that the
rates in cycle 0 and cycle 5 are statistically the same,
which cofirms the above conclusions.

Cultivation of biofilm in liquid medium 18K

The comparison between process dynamics over the
seven cycles of biofilm cultivation in culture medium
18K in the presence of 5 g/l copper ions is given on fig.
7. Full oxidation of the ferrous ions is reached for 48-72
hours. It can be seen that the process is most quickly
carried out in Cycle 0 before the addition of copper ions.
For the next four cycles (from Cycle 1 to Cycle 4
inclusive), biofilm retains the same run time to complete
ferrous ion oxidation for 72 hours. For Cycle 5 and
Cycle 6 for 24 hours, the highest concentration of ferric
ions in the liquid phase is reached.
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Fig. 7. Dynamics of ferric ions production in biofilm - biological control in 18K medium (cycle 0),
five cycles in 18K medium with 5 g/l Cu*" and cycle 6 after removal of Cu*" from liquid medium.
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For each cycle of cultivation mean rates of ferrous
ions oxidation and ferric ions production were
calculated. The results are shown on Fig. 8. In
consecutive cultivation of suspended cells in medium
18K the mean rates are different for all cycles. In biofilm

in medium 18K after addition of copper ions there is
decrease of mean rates compared to the first cycle, but
they stay constant in the next cycles. Comparison of
mean rates of ferrous ions oxidation shows that in
biofilm they are higher than in suspended cultures.
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Fig. 8. Mean rates of ferric ions production in biofilm - biological control (cycle 0) in 18K medium,
five cycles in 18K medium with 5 g/l Cu®" and cycle 6 after removal of Cu”™" from liquid medium.

Comparison of the mean rates of the ferric
ions oxidation process and the ferric ions
production shows the following: after addition of the
copper ions in 18K culture medium, the rates decreases,
through the next cycles from cycle 2 through cycle 4 it
stays relatively close. The statistical analysis of all
results shows that the rates are different, but the same
rates are maintained during the first four cycles of
copper ion treatment. The statistical analysis shows that
during cycle 6, after removal of the copper ions, the
ferric ions production rate is the same as that of Cycle 1
through Cycle 4. These results show that the biofilm can
function for four cycles in the presence of copper ions

with a constant rate of ferric ions production.
Determination of biofilm thickness

After the end of biofilm cultivation it was
determined thickness. Results are presented on Fig. 9.
The highest thickness is biofilms grown in medium 15K
- about 380 pm. In medium 18K the biofilm reaches 350
pm. In 9K liquid medium the biofilm thickness is about
242 um. A statistical processing is performed using
thickness data on all media. In them the biofilm reaches
a different thickness. To determine whether the
differences are due to the different concentration of iron
ions in the nutrient media, a statistical analysis of the
biofilm thickness in each of the media was performed.
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Fig. 9. Biofilm thickness after cultivation in 15K and 18K media with 5 g/l Cu*",
biofilm thickness after cultivation in 9K medium with 5 g/l Cu*" is biological control.
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When grown in medium 18K on the different
carriers the biofilm grows to the same thickness. In
medium 15K, the thickness at the end of the
experiments differs on the individual carriers. The
uneven growth of biofilm and reaching statistically
different thicknesses under the same conditions in a
flask is due to the specificity of the hydrodynamic and
mass-exchange characteristics of the shaker flasks with a

biofilm carrier placed therein. The uneven growth of
biofilm in the depth of the liquid phase was also
observed in previous studies [20, 21, 22].

It was made a comparison of mean rates of
ferrous ions production between the suspended
cultures and the biofilm of Acidithiobacillus
ferrooxidans JCM 3863. The results are presented
on Fig. 10.
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Fig. 10. Mean rates of ferrous ions oxidation — a) in medium 15K with 5 g/l Cu®";
b) in medium 18K with 5 g/l Cu*".

In all investigated initial iron ion concentrations,
the mean rates of the process in biofilm is higher,
in some cases this difference is 2-3 times. This
differences are, in fact, greater because a part of
the ferric ions are precipitated in form of jarosite
in the flasks and biofilm. That kind of
sedimentation is always observed in cultivation of
Acidithiobacillus ferrooxidans in media with
ferrous ions [19]. The basis for the dynamics of
the process to be traced to the variation of the
ferric ions concentration and on this basis to
calculate the mean rates is that the possibility and
the rate of leaching of metals from solid materials
depends very much on the concentration of the
ferric ions in the liquid phase.

CONCLUSION

From the comparison of the dynamics of ferric
ions production in suspended cultures and biofilm
can be concluded that the biofilm is more suitable
for industrial biotechnological processes occurring
in the presence of copper ions and high
concentrations of iron ions.
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KYJITUBUPAHE HA CYCIIEHAUPAHU KYJTYPU U BUODPUJIM HA
ACIDITHIOBACILLUS FERROOXIDANS JCM 3863 B IPUCBbCTBUETO HA
MEJHHU NOHU U ITP BUCOKHU KOHIHEHTPAIIMH HA KEJIE3HU NOHU

Kpuctuna Jlazaposa, Bsipa MamarapkoBa

Pesrome: Bakrtepuure Acidithiobacillus ferrooxidans ce mnpwnaraT B MHOTO OHWOTEXHOJIOTHYHH IIPOIIECH KaTo
OMOM3ITyTBaHe Ha METAJIHM OT HUCKOKAYECTBEHU PY/H U B HIKOU MPOLECH C EKOJIOTHYHO 3HAUEHHE KaTo [IPEYHCTBAHE Ha
OTHAaJHH BOJH U ra30Be, OTCTPAHsABAHE Ha METAJIH OT TBHPIH OTHAIbIIH.

CycrnienaupannTe KyaTypu U OnodmnmeT Ha Acidithiobacillus ferrooxidans JCM 3863 ca KynTHBHpaHU B JIBE
cpemu - ¢ 15 m 18 g/l HavamHa KOHIEHTpamWs Ha JKEJIE3HH HOHW. BHOQMIMBT W cycleHOWpaHWTE KyIATypH ca
KyJITUBHPAHHU B TIET IOCIIEOBATEHA LIUKbBIa BHB BCSKA XpaHHUTENHA cpela B MPHCHCTBHE HA 5 g/l MeaHn HoHH, 10
ITBJIHOTO OKMCIICHHE Ha Kesle3HnTe Honn. Hakpas e uamepena nebennHaTta Ha Onoduiama.

CpeqHuTE CKOPOCTH Ha OKHCIIEHHWE Osfixa CpaBHEHH 3a BCEKM LMKBJI Ha KylaTuBUpaHe. [Ipm mocnenoBaremHo
KyJITHBHpaHE Ha CyCIeHAMpaHH KiIeTku M OmopunM B cpena 15K cien nobassiHe Ha METHU WOHM CPEIHUTE CKOPOCTH
HaMaJsiBaT B IIbPBUTE TPH LIMKBJA, CJIe] TOBAa Cce yBeiandaBaT B MK 4 u 5. [Ipu mociieoBaTellHO KylITHBHPaHE Ha
CyCIICHIUpPaHU KIeTKH B cpefa 18K cpemuuTe CTOMHOCTH ca pa3iWdYHU 3a BCHUYKU IUKIK . B onoduam B cpena 18K
ciies1 100aBsHe HA MEJHU HOHHM MMa HaMaJlsiBaHE Ha CPEAHUTE CTOMHOCTH B CpPaBHEHHE C IIBPBUS IIUKBJI, HO T€ OCTaBaT
MIOCTOSTHHYU B ciiefBaluTe IMKIH. CpaBHEHHETO Ha CPEJHUTE CTOMHOCTH HA OKHCJICHHE Ha JKeJIe3HH HOHHM IOKa3Ba, 4e
ipu Ono(uIIMHTE TE ca MO-BUCOKH, OTKOJIKOTO IPH CYCHEHANPAHUTE KYITYpH.

B pesynTar Ha mpeacTaBeHOTO M3CIeBaHE MOXKE Jla Ce HANpaBH 3aKIIIOYEHHE, ye OMOPUIMBT € MO-TIOIXO/II 32
MIPOMHIIJIEHH OMOTEXHOJIOTWYHH MPOIIECH B IPUCHCTBHE HA MEAHU HOHU M BUCOKH KOHILICHTPAIINH Ha JKEJIe3HU HOHHU.

KirowoBu nymu: Acidithiobacillus ferrooxidans, 6noduim, MeqHE HOHM, BUCOKA KOHIICHTPALIXS Ha XKeJIe3HH HOHH
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