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In the paper kinetics of ferrous iron oxidation by isolated Leptospirillum
ferriphilum CC was studied in conical flasks on rotary shaker. The effect of initial
ferrous iron concentration on bacterial growth and substrate oxidation was studied in the
concentration range of 50-400 mM FeSO, x7H,0. The highest specific growth (0.41-
0.48 h'1) and Fe®* oxidation rates (6.0-6.2 mM/I h) were detected at ferrous ion
concentrations of 100-200 mM. At higher concentrations, the growth of bacteria and
Fe?* oxidation suppression was observed, reaching maximum values at 400 mM Fe?*.
The maximum specific growth rate (1max) Of bacteria and half saturation constant (Ks)
determined using Monod equation were 6.2mM /h, and 0.83h™, respectively. It was
shown that Fe®* oxidation competitively inhibited by Fe** and the inhibition constant
(Ki) was 61.95 mM. The comparison of kinetic parameters obtained for L. ferriphilum
with other bacteria indicates the high potential of L.ferriphilum CC in leaching processes
of ores and concentrates for biogenic regeneration of concentrated ferric iron.

Leptospirillum ferriphilum — iron oxidation kinetics — specific growth rate —
saturation constant

Innywénid nruntduwuhnyby £ Gpywndte Gpyweh opuhnwgdwl Yhubinhywu Jeyntuwgdwé
Leptospirillum ferriphilum CC-h Unwn 250 J| EplGudtjEph Ynipwutpnd pwihwhwpdwl wwjdwuubpned:
Gpywndte Gpywpeh ulygpUwywl  ynugBunpwghwlbph  wanbgniejntup  pwywnbphwih  wédh L
unLpunnpwnh opuhnuwgdwl ypw nunwdbwuhnytbp £ FeSOsx7H,O 50-400 JU YnugGunpwghwutph
Jhowlwenwd: Pwywntphwih wdh wnwybjwgnyl wnbuwlywpwnp wpwgnipintup (0.41-0.48 d") w
unLpunnpwnh  opuhnwgdwl wnwybwgnylu wpwanieintup (6.0-6.2 JU/| dwd) nhwndb) £ FeSO,4
X7H20-h 100-200 JU YnugtUwnpwghwih wwjdwlutpnid: WYGh pwpan ynugbunpwghwubnh nGwenwd
nhwndt) £ pwyinbphwih wéh W Gpyweh opuhnwgdwl dupnid, npu wnwybjwagnuu Uténuejwl £ hwub)
400 JU-h nbwpenid: Ununh hwjwuwndwl yhpwndwdp npnwé pwynbphwih wéh wnwybjwgniu
inbuwywnwn wpwagntpjwl (pmax) W hwagbgdwl hwunwwnniuh (e wndteutpp Yuwqut Bu 6.2 JU/G,
W 0.83 ¢ hwdwwwunwuhuwbwpwn: 8niyg £ wnpdtb, np Gnwndbe Gpyweh hnuuGpp Upgwygnpbu
dupnwd BU Gpywreh opuhnwgnidp, dUpdwl hwuwnwwnniup (Ki) Ywqut £ 61.95 JU: L. ferriphilum-h L
wj| pwywntphwutph Yhubnpyuywl wwpwdtnptph hwdtdwwnnggndup yywynd £ wnwphuph Jté
utpnudh dwuhUu hwbpwpwntph W fjunwunietph tnwppwinddwu gnpdplpwgnd’ Ghwndtbp Gpyweh
YGuuwshu Jepwywugudwl hwdwn:

Leptospirillum ferriphilum — Epluweh opuhnwgdwl GhLUGinplyw — widh inGuwlwnpwn
wpwqntpntl — hwqbgdwl hwuwnwwnntu

B crartbe wu3ydanu KHHETHKY OKHCIIEHHSH JKele3a Yy BBIICIEHHOTO HAMU
Leptospirillum ferriphilum CC B 250 wmMiI KOHMYECKHX KOI0aX, B YCIOBHSAX
BCTPSIXMBAHUSL. BinsiHie HAYaIbHBIX KOHIICHTPALMIA IBYXBAJCHTHOIO XKENe3a Ha POCT
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0aKkTepuy W OKHCJICHHE CyOcTpara u3ydaim TIpu coxaepkanuu B cpene 50-400 MM
FeSO4 x7H,0. HaubGonsiee 3Hauenue ymenbHou ckopoctu pocta (0.41-0.48 4'l) u
CKOpOCTH OKHCIeHus xene3a (6.0-6.2 MM u™) Habmronanock mpy KoHueHTpamuu 100-
200 MM xenesa. Ilpm Oonee BBICOKMX KOHLEHTpAIMAX >JKele3a HaOI0aaIoch
TO/[aBIIEHHE POCTa GAKTEPHH H OKHCIEHHs Fe’’, KOTopoe JOCTHrano MakcHMyMa MpH
400 MM. MakcumanbHOE 3HAUCHHE YACIBHOH CKOPOCTH POCTa (Umax) M KOHCTaHTA
nacsienns (KS), onpeenenusie u3 ypasaenns Mouo, coctapmsumi 6.2MM u™ 1 0.83 u™
coorsercteenno. Mous Fe*" konkypentHo mnrubuposanu okucienne Fe?*, komcranta
unrnbuposanust (Ki) cocrasmsna 61.95 MM. CpaBHeHHEe KMHETH- YECKUX TapameTpos L.
ferriphilum u apyrux Gaktepuii moka3ano Beicokuii moreHnuan L. ferriphilum mms
pereHepariy KOHIEHTPUPOBAHHBIX pacTBOpoB Fe®" B mporeccax BbIeTadMBaHIS Py H
KOHIICHTPATOB.

Leptospirillum ferriphilum — kunemuxa oxucnenus siceneza — yoenvnas ckopocms pocma
— KOHCMAHMA HACLIYEHUs]

Bioleaching is an environmentally friendly microbiological technology that is
applied worldwide for processing of mineral raw materials and recovery of copper,
uranium and gold. It is considered that the main mechanism of bacterial attack on the
metal sulfides is an indirect contact mechanism. According to this mechanism metal
sulfide oxidation occurs by ferric ion and the role of microorganisms refers to the
oxidation of ferrous ion and regeneration of ferric ion. The importance of
microbiological ferrous ion oxidation in bioleaching of sulfide minerals is well known,
and widely reported in the literature [3, 13]. During bioleaching processes, the sulfide
minerals are chemically oxidized by ferric iron (Fe*") (Eq. 1). Resulted ferrous iron
(Fe?*) then is regenerated biologically by microorganisms (Eq. 2) [13, 14].

2MS + 4Fe** — 2M?** + 4Fe** + 25° (1)
4Fe* +4H"+ 0, —» 4 Fe** + 2H,0 (2)

Therefore, the influence of Fe** and Fe?* ions on the growth of bacteria and Fe**
oxidation activity often determines the intensity of metals leaching processes [5, 7, 9].

The most important microorganisms involved in the regeneration of Fe®* iron,
responsible for the oxidation of exposed sulfide minerals are Fe** oxidizing bacteria
Acidithiobacillus ferrooxidans, Leptospirillum ferrooxidans, L. ferriphilum, Sulfobacillus
thermosulfidooxidans, Acidimicrobium ferroooxidans. Currently, the mechanism and
kinetics of Fe?* oxidation is well studied mainly in At. ferrooxidans.

The study of kinetics of Fe** oxidation by L. ferriphilum is of great interest from the
point of their wide use for leaching of metals from mineral raw materials.

In this paper the influence of Fe** and Fe** ions on the kinetics of Fe?* oxidation by
isolated L. ferriphilum CC [15] was studied.

Materials and methods. Object of investigation. In this study iron oxidizing bacteria
Leptospirillun ferriphilum str. CC with optimal temperature of the growth of 37-40°C, isolated in
Armenia from bioleacing pulp of copper concentrate was used [15].

Culture preparation, L. ferriphilum CC was grown in Mackintosh medium, containing
20 g/l of FeS0O,.7H,0 as an energy source [8]. In the logarithmic phase of the growth the bacterial
cells were collected by centrifugation at 6000 g 10 min. Biomass collected was resuspended in the
same medium without Fe?*. Number of viable cells was determined by the method of tenfold
dilution. The most probable number (MPN) of cells was calculated using the Mac-Credy tables
(1). The maximum specific growth rate (pmax) OF bacteria was determined using Monod equation.
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Influence of ferrous and ferric ions. The Kkinetics of ferrous ion oxidation by
L.ferriphilum CC was studied in Mackintosh medium with ferrous ion (Fe*") in the concentration
range of 50-400 mM. The influence of Fe* ions on the growth rate and ferrous ion oxidation by
L.ferriphilum CC was studied at the concentrations from 2 to 100 mM.

Pyisico-chemical analysis. Ferrous (Fe (1)) and ferric (Fe (I11)) ions were determined by
the complexometric method with EDTA (1).

Saturation constant (Ky,) was determined by the method of Lineweaver—Burk. The inhibition
constant (K;) was calculated from the equation K; =i/ (K, / Ky, —1) [12].

The pH was measured with a pH 121 pH meter-millivoltmeter.

Experiments were performed in triplicate. The data presented in the text are formed on the
average from repeated experiments with + 2 % variation of Fe?".

Results and Discussion. The effect of substrate concentration. Ferrous iron
oxidation by L.ferriphilum CC was carried out on the rotary shaker. Kinetics of bacterial
growth and iron oxidation is well described by Monod equation. Applying the Monod
equation to the data obtained (fig. 1), ferrous iron bio-oxidation can be described by the
parameters pma and Vo as 0.488 h™ and 3.2mM, respectively. Studies carried out
showed that the growth of L. ferriphilum CC and the activity of Fe** oxidation depend
on the concentration of the latter in the medium.
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Fig. 1. Dynamics of growth and iron oxidation by L.ferriphilum CC
(Fe*"- 70mM, t-37°C, 180 rpm)

Below is a quantitative characteristic of bacterial growth and ferrous iron oxidation
depending on the initial concentration of Fe?* in the medium (tab.1).

As can be seen from tab. 1, maximal values of specific growth (0.41-0.48 h'1) and
Fe?* oxidation rates (6.0-6.2 mM/I h) were detected at ferrous ion concentrations of 100-
200 mM. At higher concentrations, the growth of bacteria and Fe?* oxidation suppression
was observed, reaching maximum values at 400 mM Fe®*. At a concentration of 50 mM
Fe?* in the medium, limitation by the substrate occurred. Thus, the optimal
concentrations of Fe** for the growth of L. ferriphilum CC are its initial concentrations of
100-200 mM.

The effect of ferric ion concentration. The tolerance of metal leaching bacteria
to high Fe** concentrations is important in indirect tank leaching applications. Ferric ion
(Fe*"), being the product of Fe?* oxidation, as iron oxidizing chemolithotrophic bacteria
grow, it accumulates in the medium. Therefore, the effect of the initial concentrations of
Fe®* on the oxidation of Fe** can be studied only during the first hours (10-17 h) of the
cultivation of bacteria, while the amount of oxidized Fe?* is insignificant. Results
obtained are presented in tab.2.
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Table 1.
Growth characteristics of L.ferriphilum str. CC at different initial concentrations of Fe?*
Concentration of Fe**, | Specific growth rate | Fe* oxidation rate
mM (W)s B (Vinay)- MM/ h
50mM 0.31 1.7
100mM 0.48 6.2
200mM 0.41 6.0
300mM 0.28 4.6
400mM 0.09 3.7

Table 2.
Growth of L. ferriphilum CC and oxidation of Fe®* at different initial
concentrations of Fe**

Concentration of Fe’*, Specitic rate of Fe?" oxidation rate (V)
mM growth (L), It mM/l h
2.0 mM 0.35 6.5mM
20.0 mM 0.32 6.1lmM
50.0 mM 0.26 5.5mM
75.0mM 0.19 3.2mM
100.0 mM 0.16 1.9mM

As the presented data show, in the presence of elevated concentrations of Fe** ions,
inhibition of the growth of L. ferriphilum CC and Fe®* oxidation was observed. Inhibition
is expressed in the decrease of the specific growth rate and Fe?* ion oxidation rate (tab. 2,
fig. 2). Furthermore, the inhibition degree increases with increasing the initial
concentration of Fe®*. The correlation between ferrous ion oxidation rate by
L. ferriphilum CC and dynamics of changes in pH of the medium was detected
(consumption of H* ions and increase of pH) (fig. 2c). At low values of Fe**, more active
cor;sumption of H" protons has been observed, which are necessary for the oxidation of
Fe** (Eq. 2).

The study of the kinetic parameters of the oxidation of Fe** has shown that the
affinity of L. ferriphilum CC to the substrate increases in the presence of Fe** ions in the
medium. Thus, the value of the saturation constant (K.) for Fe?* oxidation in L.
ferriphilum CC was 0.83 mM FeSO, in the absence of Fe**, while increased to 1.5mM
FeSO, at the initial concentration of 50.0 mM Fe,(SQ,4)z in the medium. It is concluded
that like S. thermosulfidooxidans [16] and At. ferrooxidans [6, 7], Fe*" ions
competitively inhibit the oxidation of Fe®* in L. ferriphilum CC. The inhibition constant
(Ki) was 61.95 mM Fe,(SO4)s.

Thus, the optimal concentrations of Fe?* for the growth of L. ferriphilum CC are
in the range of 100-200mM FeSO,. Higher concentrations of Fe?* inhibit the growth of
bacteria and oxidation of Fe?*. The saturation constant for Fe®* is less than that of
S.thermosulfidooxidans (3.4-4.1mM) (16) and At. ferrooxidans (1.34 mM Fe?*) [6, 10,
11]. Thus, by the affinity for Fe®*, L. ferriphilum CC considerably exceed At.
ferrooxidans.

Fe** ions, like At.ferrooxidans, competitively inhibit the growth of L. ferriphilum
CC and Fe** oxidation [2, 4, 6, 7]. The inhibition constant of L. ferriphilum CC is
61.95mM. It should be noted that Fe** at a concentration of 36 mM inhibits the growth
of At. ferrooxidans causing cell lysis [4].

86




INFLUENCE OF Fe?* AND Fe>* ON THE GROWTH OF LEPTOSPIRILLUM FERRIPHILUM CC AND OXIDATION OF Fe?*

10 4 —1 23 - 1
2 a pH b )
= 9 —=+3 -3
2 -4 2,1 - o
g -5
e J
= 8 19
3 |
s 1,7 -
I ,
[
6 : , , 15 : , .
0 18 25 32 Hours 0 17 24 32 Hours
4
3
Z 2
o
21
0 : ;
0 17 24 Hours

Fig. 2. Dynamics of growth of L. ferriphilum CC (b), oxidation of Fe?* (a) and changes in pH at
Fe** initial concentration (c) of: 1 - 2; 2 - 20.0; 3 - 50.0; 4 - 75.0 and 5-100.0 mM

Fe?* oxidation proceeds in the presence of 100 mM Fe, (SO.); (40 g Fe*/L)
allowing to use successfully L. ferriphilum CC in biogenic regeneration of concentrated
Fe** sulfate solutions for biohydrometallurgical applications.
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