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New original strains of iron oxidizing bacteria were isolated from natural biotopes and
experimental systems of bioleaching. The highest activity in pyrite oxidation among isolated
strains showed Acidithiobacillus sp. 13Zn, isolated from bioleaching pulp of zinc concentrate.
Aacidithiobacillus sp. 13 Zn also demonstrated considerable activity in oxidation of Drmbon gold
bearing ore and copper concentrate. Growth of the strain on ferrous iron is possible in the range of
pH 1.4-2.6 with optimal pH 2.0, optimal temperature for growth is 37°C. Phylogenetic analysis
based on 16S rRNA gene sequences the isolates Tz and Dr were identified as Acidithiobacillus
ferrooxidans, strain 13Zn can be represented as a new species of the genus Acidithiobacillus.

Iron oxidizing bacteria — bioleaching of pyrite — gold-bearing ore — copper concentrate

Puwljut phnwnnutphg b mwppuynisdwi hopdwpupuljut hudwljupgbphg dEiniuwgyty
Eu Eplup opuhnwugunn pwlwubphwubph tnp ophghtwy swmwdubtp: Twwdubkphg whphwnp
opupnugiwlt wnwykjugnyh wlwnhynipmnit gnigupkpl) t ghijh wnwiyniph YEluwnwppu-
nwddwt wnywhg dbynuwgws Acidithiobacillus sp. 13Zn pwnwdp: Gunudp gnigupkpl] £ bwl
wnudh funnwiyniph b nuljpkp ynduwhtt hwapwpwph wwppunsdut pujupup wlnhynipmne:
Cuwidh wéh oyuhdwy ghpdwunh&wp 37°C &, pH-p 2,0 |k, wép  bplupdtp tpuph Jpw htw-
puwynp k pH 1.4-2.6 dhgwljuypnid: 16 S n[FLME h hwonpwljwinipjui $hinghubnhly Jpnisnipjun
hhdwt Jpu dknuugqus Tz b Dr pwnwdubpp tnybwlwbwgdly Bu npwybu Acidithiobacillus
ferrooxidans, haly Acidithiobacillus sp. 13Zn-p Qwupnn b ubkpyuywgyty npwbu Acidithiobaciilus. ghinh
unp whkuwl:

Epljupe opupnuighng pulnkphwikp — yhphup nwppuyniénid —
nullphp hwbpupup — wynbdp punwiynie

HoBble opurnHanbHbBIE IITAMMBI JKEJIE300KUCISIOMUX OaKkTepuil ObUTH HW30JUPOBAHBI M3
MIPUPOAHBIX OMOTOMOB U 3KCIIEPUMEHTAIBHBIX CUCTEM OMOBBINIeNaunBaHusA. HauBbICIIyIO0 aKTHB-
HOCTh B OKHCJICHHH THpPHUTAa NPOABIN Acidithiobacillus sp. 13Zn, M30MMpOBaHHBINA W3 ITyJBIIBI
BBIIENIAYMBAHNS [IMHKOBOTO KOHUEHTpata. Acidithiobacillus sp. 13Zn Taxke moOKazan
3HAUUTENIPHYI0O AKTUBHOCTh B OKHCIEHHH JIPMOOHCKOH 30JIOTOHOCHOH pYABI W MEIHOTO
KOHIIeHTpaTa. PocT mramMMa B MPUCYTCTBHH ABYXBAaJCHTHOTO Xejle3a BO3MOXKEH B mpenenax pH
1.4-2.6 ¢ onrTuManbHbM 3HaueHmem pH 2.0, omruMansHoii Temmeparype pocra 37°C. Ha
OCHOBaHUH (DUIIOTEHETHUCCKOTO aHaIM3a HYKJICOTUAHOW mocienoBarenbHocTH rera 16S pPHK
BbIJeIeHHbIe mTaMMbl Tz u Dr Obutn uaeHtuduimpoBansl kak Acidithiobacillus ferrooxidans,
mramM 13Zn MoxeT OBITh IPEACTaBICH KaK HOBBIN BUI pona Acidithiobacillus.
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Bioleaching is an alternative resource saving and environmentally friendly
method for metal recovery from ores and concentrates [3]. It is based on the abilities of
acidophilic bacteria and archaea to oxidize sulfide minerals.

Previously, bioleaching of metals was more often associated with mesophilic
bacteria from genus Thiobacillus (now Acidithiobacillus): Acidithiobacillus ferrooxidans
and Acidithiobacillus. thiooxidans. Later on, studies have shown that Leptospirillum and
other thermophilic and thermotoleratnt bacteria are dominating in bioleaching niches [2,
4, 7-9]. The exceptional diversity of eco-geographical conditions of Armenia and the
richness of metal ores provide great possibilities to isolate and study iron oxidizing
bacteria perspective for metal biotechnology.

In this paper we have carried out investigations for studying communities of
chemolithotrophic bacteria in different natural ecosystems and technological conditions,
as well as revealing physiological peculiarities of isolated original and active strains. The
potential of isolated original and active strains and their communities for the application
in bioleaching of pyrite, gold-bearing ore and copper concentrate has been evaluated.

Materials and methods. Strains of iron oxidizing chemolithotrophic bacteria (Tz, Dr, CC,
15 and 13Zn) were isolated from natural and technogenic biotopes (acid drainage water, ore
dumps) of Tandzut polymetallic, and Drmbon copper gold-bearing ores of Armenia as well as
from experimental systems of bioleaching. To isolate iron oxidizing bacteria, Mackintosh medium
[5] with ferrous iron as a source of energy was inoculated with acid mine drainage water, ore
dump or bioleaching pulp samples and incubated at 30, 37 and 45°C for 7-10 days.

Pure cultures were obtained by transferring the yellow and yellow-brown colonies growing
on Manning [6] and FeTSB, [4] solid media to the above mentioned liquid medium. Isolation,
cultivation and characterization of iron oxidizing strains were performed in our previous work [10].

DNA extraction, PCR of 16S rRNA, phylogenetic analysis. DNA extraction was carried
out according to the method described by [1].

PCR amplification was performed in 25 pl reaction mixture which contained 10 pg of the
genome DNA, 5 pl buffer (GoTaq®Flexi DNA Polymerase M8291), 2 mM MgCl,, 100-200 pM
dNTPs, 10 pmol of each primers (27F-AgA gTT TgA TCM TGG CTC Ag and 1492R-TAC ggY
TAC CTT gTT Acg ACT T), 1 unite tag-polymerase (PROMEGA"™), nuclease-free water.

Extraction and purification of PCR-product from agarose gel were done using Zymoclean
™ Gel DNA Recovery Kit (ZYMO RESEARCH). The purified PCR products of approximately
1,400 bp were sent to Korea (MACROGEN) for sequencing. Sequencing was performed using Big
Dye terminator cycle sequencing kit (Applied BioSystems, USA).

The 16S rRNA gene nucleotide sequences of isolated strains were analyzed using BLAST
(http://ncbi.nlm.nih.gov/BLAST). Construction of phylogenetic trees was done by MEGA 6.06
software using neighbor-joining method. Bootstrap analysis was carried out on 1000 replicate
input data sets.

Bioleaching of pyrite: The bacterial strains were grown on Mackintosh medium contai-
ning Fe(I) as an energy source [5]. In the logarithmic phase of growth the cells were collected by
centrifugation at 6000 g for 10 min, washed with acidified Mackintosh medium and resuspended
in the same medium without iron. Pyrite (FeS,) from Shamlugh ore, copper concentrate (Armenia)
and Drmbon gold-bearing ore (Nagorno Karabakh) ground to 45-63 pm were placed into 250 ml
Erlenmeyer flasks and sterilized. Then 50 ml of Mackintosh medium without Fe(I), pH 2.0
adjusted by H,SO, and washed bacterial suspension (10® cells/ml) were added to the flasks. The
bioleaching experiments were carried out at 37°C in shaking conditions (180 revs/min). The pulp
density was calculated as pyrite or sulfide ore ratio to the volume of the medium. Sampling was
performed at 24 h intervals and pH, ferric Fe(Ill) and ferrous (Fe(Il)) ions in the medium were
analyzed. Concentration of copper and total iron were determined by atomic absorption spectro-
meter AAS 1IN (Germany).

Results and Discussion. Original strains of iron oxidizing chemolithotrophic
bacteria (CB) were isolated from natural biotopes of polymetallic (Tandzut) and copper
gold-bearing (Drmbon) ores in Armenia and from experimental systems of bioleaching
8




S.KH. STEPANYAN, A.K. VARDANYAN, N.S. VARDANYAN

and studied. At first screening of isolated strains in respect of pyrite oxidation was
performed. The strains were tested for oxidation of pyrite (FeS,) from Shamlugh ore
(Armenia).

Comparative activities of isolated cultures of iron oxidizing bacteria in pyrite
oxidation (Shamlugh, Armenia) are presented in fig. 1. As seen from the fig. 1,
Acidithiobacillus sp. Tz and Leptospirillum sp. CC showed similar activities in pyrite
oxidation. Efficiency of Acidithiobacillus sp. Dr and Acidithiobacillus sp. 15 was inferior
to its above mentioned strains. The highest activity in pyrite oxidation showed
Acidithiobacillus sp. 13Zn. Pyrite oxidation activity of Acidithiobacillus sp. 13Zn exceeded
that of Acidithiobacillus sp. Tz and Leptospirillum sp. CC about 2.1-2.3 and 2.4-3.0 times
respectively (fig.1).
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Fig.1. Bioleaching of pyrite by isolated iron oxidizing bacteria Acidithiobacillus sp.
Tz, Dr, 15, 13Zn and Leptospirillum sp. CC (PD- 4%, t 30°C, pH 2)

Thus, further investigations were carried out with Acidithiobacillus sp. 13Zn. The
main physiological properties of the mentioned strain were revealed. Optimal
temperature for growth was 37°C. Growth of the strain on ferrous iron is possible in the
range of pH 1.4-2.6 with optimal pH 2.0 (fig.2).
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Fig 2. Influence of temperature (a) and pH (b) on oxidation of iron by Acidithiobacillus sp. 13Zn

16S rRNA gene sequences analysis. The 16S rRNA genes of isolated strains
were amplified and the PCR amplification product was detected by 1.0% agarose gel
electrophoresis. Preliminary analysis of 16S rRNA gene nucleoide sequences of strains
was done wusing BLAST (http:www.ncbi.nlm.nih.gov/blast). Construction of
phylogenetic trees was done by MEGA 6.06.

According to dendogram pesented in fig. 3, Isolate 13Zn was clustered into
At.ferrooxidans and possessed 91% sequence similarity with the type strain
Acidithiobacillus ferrooxidans. Thus, according to phylogenetic analysis based on 16S
rRNA sequences, the strain 13Zn can be presented as a new species of the genus
Acidithiobacillus.
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w4 1 Acidithiobacilius ferrooxidams strain ATCC 23270 (WE_074193.
Artdittobaciifus ferrooxtdans POS06 (LME50T04.10
2 Acidifiiobacillus ferrooxidars strainél (KME19692.1)
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Fig. 3. Phylogenetic tree of isolated strain Acidithiobacillus sp. 13Zn. The evolutionary history was

inferred using the Neighbor-Joining method. Evolutionary analyses were conducted in MEGAG6.

Isolated strains Dr, and Tz were clustered into At.ferrooxidans and possessed 99%

sequence similarity with the type strain Acidithiobacillus ferrooxidans ATCC 23270 and
were identified as At.ferrooxidans [10].

Isolated bacteria were deposited in the Microbial Depository Center of the SPC of

“Armbiotechnology” of NAS of Armenia and got the MDC numbers (Dr-MDC 7042,
Tz-MDC 7043, CC-MDC 7047, 13Zn —MDC 7054).

Bioleaching of gold bearing ores and copper concentrates. Acidithiobacillus sp.

13Zn was also tested in respect of Drmbon gold- bearing ore (Nagorno Karabakh). As
shown in fig. 4, Acidithiobacillus sp. 13Zn accelerates oxidation of the mentioned sulfide
ore approximately 5.3 times in comparison with uninoculated control (chemical oxidation).
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Fig. 4. Bioleaching of iron from Drmbon concentrate by Acidithiobacillus sp. 13Zn (PD 10%, t-37°C)

Biooxidation of copper concentrate by Acidithiobacillus sp. 13Zn is presented in

fig.5. Data obtained indicated that extraction of copper and iron from copper concentrate
by Acidithiobacillus sp. 13Zn increased about 7-8 and 3 times respectively (fig. 5).

5 = Control1
=1
4 = Control 2
w3
s B
= 2
=
(@) -
1 -
0 = ! : -
6 10 13 Days

Fig. 5. Bioleaching of iron (1) and copper (2) from copper concentrate by Acidithiobacillus sp.

13Zn (PD 10%, t-37°C)
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Thus, we can conclude that new isolated strain Acidithiobacillus sp. 13Zn may

serve as an efficient candidate for development and performing high efficient bio-
oxidation process of pyrite-containing ores especially gold bearing ores as well as copper
concentrates.
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