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Abstract. New strains of iron-oxidizing bacteria have been both isolated from paddy soils and
identified. Bacterial iron oxidation intensity and influence on redox state of the environment were
studied. It has been established the ability of bacteria to form iron-organic complexes, increasing
mobility and availability of nutrients in plants.
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Introduction

The problem of transforming elements with changing valence, in metals particular,
is of great importance for understanding of geochemical regularities of its migration in the
crust, soil and water, elaboration of environmental protection and use biotechnologies. The
system Fe?™ — Fe3* is considered to be the main redox one in paddy soils. Due to constant
alternation of oxidizing and reducing conditions the transformation of iron is carried out
quickly and related directly or indirectly to changing of elementary soil processes orien-
tation that determine paddy fields evolution. Numerous studies of domestic and foreign
scientists found the mobilization of iron in rice soils, the change of its mobility and avail-
ability to plants are the result of microbial activities [2,4, 6, 12, 17, 19, 20]. The investiga-
tion into new iron-oxidizing bacteria strains and their role in transformation of iron in the
soil are provided in this article.

Materials and methods

Iron-oxidizing bacteria are isolated from meadow black rice soil in Krasnodar region
by plating using agar medium, prepared on plant extract base with iron (II) oxalate [18].
Colonies of iron oxidizing bacteria are defined on their bright blue colour as a result of
colour reaction Fe3* with K, [Fe (CN)] under acid conditions. Isolation of pure cultures
has been carried out with the aid of microscope by transferring entire colonies by means
of capillar. Major cultural and morphological characteristics of bacteria strains isolated are
described, using the methods of both light and electron microscopy. Iron-oxidizing activ-
ity of bacteria is defined by residual quantity of Fe?t in the liquid medium in 20 days after
inoculation colorimetricly with a-a-dipyridyl, pH and Eh (redox potential) — potentio-
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metrically according to standard techniques, complex formation ability — by changing of
effective solubility of sparingly soluble iron hydroxide precipitate at various concentra-

tions of bacteria — 103 and 10° cells / ml. Control — without inoculation. The iron content
in solution has been determined in 7 days by atomic absorption spectrophotometer Perkin
Elmer — 503 (Japan). To prepare samples for infrared (IR) spectroscopy the strains were
grown on the solid medium with different concentrations of iron (II) citrate — 10 and 100
mg /1. In 10 days biomass was washed away from the medium surface and after agar re-

moval by centrifugation dried at t 90 C° to constant weight. Samples for IR spectroscopy
were obtained by pressing tablets from dry bacteria biomass with KBr.

Results and discussion

As a result of successive passages with subsequent microscopy and colour reaction,
8 strains of iron-oxidizing bacteria have been isolated and their morphological, cultural and
physiological features have been studied. Pure cultures isolated form a characteristic dotted
diphasic colonies reminding of "fried egg" (darker convex granular central area and a flat
translucent peripheric zone), which differ in color and size in different strains. Transmis-
sion electron microscopy revealed cells deprived of cell walls and, obviously, extremely
polymorphic because of that, varying in shape from oval and more or less correct form
rods to very curved, fabiform ones and filaments of different length (fig. 1). The analysis
showed that their diameters ranged from 0.3 to 1.2jxm and their lengths varied from 0.9 to
3.0ur. Bacterial cells are encapsulated, a thickness of a capsule is up to 0.5ur. The cells
are surrounded by three-layer membrane, which is clearly visible. Inclusions of 2 types
were found: electron-light ones placed in the peripheric parts of cytoplasm with diameter
of 0.1 ur and very electron-dense, randomly located with diameter up to 0.25 ur. In in-
tercellular space traces of organic matter fixation, probably capsular material or slime, are
observed.

Fig. 1. Morphology of iron-oxidizing bacteria (1-5, 7-9 strains), isolated from rice soil, x18000
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The strains isolated use the circumscribed number of organic compounds. Most of
them are not capable of growth on rich organic mediums, but do it best on poor ones, such
as potato agar with formation of pink pigment, Tyler medium and “hungry” agar. All cul-
tures reveal the high requirement for moisture, peroxidative activity, aerobes (microaero-
phils), mesophils.

Found morphological and physiological characteristics of pure cultures testified sig-
nificant similarities of these organisms with mycoplasmas. On the base of identification
carried out [3], they are referred to as mycoplasmalike bacteria g.Siderococcus.

All strains studied are capable of oxidation of iron, which sediments on cells surface
in capsules. Bacterial iron oxidation intensity, the influence on pH and Eh and the ability to
form complexes have been studied.

The analysis of Fe?" in the medium in 20 days after inoculation shows that the oxida-
tion of iron occurs with varying intensity (table). The culture 9 is the most active — for a
specified space of time, it oxidizes about 8 mg / 1 Fe2". The oxidation process takes place
without virtually changing pH and Eh in the medium. Integral characteristic of redox pro-
cesses intensity in environment with different meanings of pH and Eh is considered the
oxidation degree of system — rH, [11]. Calculation of this index shows that the environ-
ment becomes more oxidized during cultivation of strains 1, 2, 7-9 in it.

Effect of iron bacteria on the Fe2* content, pH and Eh in the medium

To assess the activity of iron bacteria in the soil it is necessary to know mechanisms
of their interaction with the substrate. Influence of iron bacteria on the state of soil iron
compounds is caused by secretion of their specific metabolites into environment. On the
basis of studying of both morphology and physiology of iron bacteria isolates, it is possible
to offer some variants of their interaction with substrate, which results in oxidation and
sedimentation of iron on the cell surface of bacteria.

Most isolates have peroxidative activity, so the sedimentation of iron oxides on
the surface of cells can be result of reaction of peroxide, the final or intermediate product
of organic substances oxidation, with iron ions in coupled oxidation reaction with pero-
xidase participation [5]. Heterotrophic nutrition type of microorganisms isolated allows
to suppose their ability to decompose iron-organic compounds with subsequent use of or-
ganic part in metabolic processes and sedimentation of iron oxides in capsules or on cell
surface [2].
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In presence of cell surface compounds with a negative charge: mucopolysaccharides,
polysaccharides and phospholipids, physical and chemical adsorption of iron is not ruled
out [5]. So far as most of the strains studied have a mucous capsule, the presence on their
cell surfaces of organic compounds mentioned above is rather possible. Besides, sedimen-
tation of iron in the form of hydroxide on the cells is possible in connection with a local
increase of a redox potential or pH, due to bacteria secretion of alkaline metabolites, tem-
porary surplus of ions (Mn*", S0,>, NO,-, etc.) or molecular oxygen. Highly dynamic redox
state of the bacterial cell surfaces is quite possible, in view of the absence at the majority of
strains of true cell walls and specific conditions of their habitats. As for interrelation of ion
density and Eh, they were considered by us [15] for the root cover of plants growing under
anaerobic conditions and soil system [16].

One of the mechanisms of iron accumulation by bacteria studied can be complex
formation, which reduces allocation of specific chelating compounds to the environ-
ment — specific "carriers" of iron to the cell [14]. Complex formation ability of isolated
strains is especially probable that iron oxidation occurs without change of redox potential
and acidity.

Finally, the processes considered above, lead to migration of iron from environment
to bacterial cell as "sedimentation center" and its local accumulation. It is quite possible si-
multaneous existence of several mechanisms of iron sedimentation or accumulation at one
organism. Prevalence of one or combined functioning of several mechanisms will depend
on both specific environmental conditions and physiological characteristics of bacterial
species.

Application of IR spectroscopy method for the analysis of biomass of pure cultures
bacteria grown with different concentrations of iron (IT) in nutrient media, allows to judge,
to some extent, a possible mechanism of iron binding by bacterial cell. The IR spectrum,
in most cases, serves as a "fingerprint" of a molecule. Absorption in the IR area is charac-
teristic for individual atomic groups, and the absorption intensity is directly proportional
to their concentration. Thus, measuring absorption intensity it is possible to quantify any
component in the sample investigated. Comparing characteristic IR spectrum peaks of one
strain biomass grown at concentrations 10 and 100 mg / 1 iron (IT) citrate in media, it
is possible to assume, what atomic groups include iron at absorption by cell. It should
be noted that interpretation of IR spectrums of bacterial biomass is difficult because it is
multicomponent. However, following the order of viewing range of wavelengths [8], one
can identify the main functional groups roughly. Quantifying of functional groups on IR
spectrum of dry biomass of five strains iron-oxidizing bacteria was conducted by the ratio
of characteristic peak intensities, which serves as reliable criterion of changes occurring in
a microbial cell at absorption of iron.

The analysis of IR spectrums of iron-oxidizing bacteria pure cultures biomass
showed that at absorption of iron by microbial cells the part of free carboxylic, alcoholic
and phenolic functional groups is reduced, that testifies their possible blockading by metal
cation and suggests the ability of the studied strains to a complex formation (fig. 2).

To test the hypothesis about the possibility of iron bacteria cells or their metabolites
react to iron in helatization reactions, complex formation ability of bacteria on the effec-
tive solubility of Fe(OH); at initial concentration of 103 and 10° bacterial cells/ ml was
evaluated in model experiment. The results show that the iron-oxidizing bacteria naturally
alkalize solution, and the increasing of pH and titer bacteria introduced correlated for all
strains. Redox potential growth in medium is noted at inoculation of the majority of stud-
ied strains. For strains 3 and 8 it is observed already at concentration of 103 cells / ml, for

120



Fig. 2. IR-spectrums of 4, 5, 9 strains biomass, grown at concentrations 10mg/1 (upper curve)
and 100mg/i (lower curve) iron (I) citrate in medium

strains 2, 4—7, 9 — at higher titer of microbial cells. For the strain of 1 Eh changes in the
medium are not registered.

The increase in effective solubility of iron hydroxide in solution is observed in the
presence of strains 1, 2, 5 at initial concentration of 103 cells / ml and for strains 1 and 4
at concentration of 105 cells / ml. Strains 3 and 7 display only a tendency for increasing
soluble iron content in the medium. Strains 8 and 9 do not affect solubility of iron hydrox-
ide. Calculation of the complex formation ability [15] of iron-oxidizing bacteria towards
iron has shown that strains 1, 2, 4, 5 possess this ability.

Ability of bacteria to form complexes with iron facilitates the mobilization of this
element from almost insoluble natural compounds. It is known that as a part of complex
and chelate (chelated) compounds iron loses properties characteristic for cation: formation
of almost insoluble phosphates, sedimentation in the form of hydroxide, etc. [1, 7, 9, 10,
13]. Due to good solubility, stability and high mobility in a wide range of pH iron organic
complexes are of great importance in weathering, migration of elements in soil profile and
supply of plants microelements and multivalent cations.

Conclusions
1. New strains of iron-oxidizing microorganisms are isolated from meadow black
rice soil and identified as mycoplasmalike bacteria of the genus Siderococcus.

2. The strains studied are capable of oxidation of iron, which sediments on cells sur-
face in capsules. The oxidation of iron occurs with varying intensity. It has been established
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that pure cultures of iron bacteria exceed the effective solubility of iron hydroxide, without
causing significant changes in both pH and Eh in the medium.

3. Ability of studied bacteria to form complexes with iron, one of possible mecha-
nisms of oxidation of this element, is revealed.
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AHHOTaHI/Iﬂ. W3 3aTomieHHEIX M0YB PHUCOBHUKOB BBIACJIICHBI U I/IZ[GHTI/I(i)I/IL[I/IPOBaHH HOBBIC
mTaMMBbI XCJIC300KHUCIIAOIINX 6aKT€pHﬁ. I/I3yqua UHTCHCUBHOCTbL OKHCJICHUA KCJIC3a U BJIUMAHUC
OTOT'0 MIponecca Ha OKHUCIIUTCIbHO-BOCCTAHOBUTCIIBHOC COCTOSAHUE CPEIbI. VcraHoBIIeHa Crocoo-
HOCTb 63KT€pI/II71 K 06paSOBaHI/IIO JKCJIIC300PraHNYCCKUX KOMIIJICKCOB, MOBBIMIAOIIUX IMOJABUKHOCTD
1 IOCTYITHOCTDH PACTCHHUAM DJICMCHTOB IMATAHUA.
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