K &
ARV ONE -
% 46 8 EF B
ZHFE5 0B
2HEEOER
g EOER

BIFEEZR(FE)
RXEEZE(RE)

BELKOVA NATALIA

Lt (F)

HHE 691 5

FERL 1649 A 30 B

BEELT (FCRAIE4FEFE 1R

Biomineralization in natural environments: the effect of microorganisms
inhabiting hot spring water and biomats on mineral formation
(BERBETIZBITA2EBREMIER  BRAKBIUONS A<y MIERTS
WD IR BIETREIZOWVWT)

HiE Foiil (BRBZEHER - 202

BB 1 (BRREHIER - 2% , Mg B (BRRENER - 22 ,

wA RE (BRBFEHER - #%) , " FE (BUXE - #)

¥ fi B X E R

Abstract : Bacterial mineralization or biomineralization is a common and
widespread phenomenon occurriﬂg in various geothermal systems. An vz'n situ
visualization of the fossilized microorganisms in the green biomats and deposits of
the Kotelnikovsky hot springs (Lake Baikal, Russia), allowed concluding that
silicification and calcification of the microorganisms extensively appeared in the
biomats and deposits under pH 8.0 hydrothermal conditions. The thermal water of
the Vilyuchinskie springs, Kamchatka peninsula, Russia, showed the oxidative effect
of the oxidation-reduction potential, had a temperature of 56°C, a neutral pH and
high contents of iron and silicic acids. Ferric iron predominated over the ferrous form
at a ratio of 52:7 in the brown biomats. The accelerated processes of iron oxidation,
silicification, and deposition of Fe-Si minerals that occur in the brown biomats can
be attributed to the impact of rod-shaped bacteria inhabiting the hot spring water and
biomats. A positive correlation between the activity of Fe-bacteria in the water, their
presence in the biomats, and the chemical content of water and deposits was found
for Oksinskie, Nalychevskie, and Dachnye hot springs (Kamchatka peninsula,
Russia). In chemolithotrophic environments, the microbial abundance and the types

of bacterial activities reflect the biological components of the biogeochemical
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processes occurring in the ecosystem.

Bactgrial mineralization or biomineralization is a common and widespread
phenomenon occurring in various geothermal. systems. The important role of
microorganisms in the formation of modern hydrothermal deposits was denoted
recently. Bacteria are very small (~ 1.5 pm3), but have the largest surface to volume
ratio of any life form. Therefore, they provide a large contact area that can interact
with metals in the surrounding environments. Microbial activity is responsible for the
transformation of at least one third of the elements in the periodic table. The main
objective of the present study was to investigate hot spring water, biomats and
deposits in order to observe microorganisms that could be actively involved in
biogenic mineral formation and were associated with mineral particles.

Samples of water, green biomats and modern hydrothermal deposits were
collected from two sampling areas namely Lake Baikal, Siberia and Kamchatka
peninsula, Russia. Physicochemical variables of the hot spring water [pH, oxidation-
reduction potential (Eh), electrical conductivity (EC), dissolved oxygen (DO), water
temperature (WT)] were measured in the field. Water, biomats, and deposits were
analyzed chemically with energy dispersive X-ray spectrometer. Mineralogical
composition of green biomats and deposits was identified with X-ray diffractometer.
Microscopic observation of bacteria inhgbiting hot spring water and biomats was
done with optical microscopy. Fossilized microorganisms in green biomats and
deposits as well as dominant bacterial 'species in hot spring waters were studied with
scanning and transmission electron microscopy equipped with energy dispersive X-
ray spectrometer. Additionally, thermophilic microorganisms isolated from water
and biomats of Kotelnikovsky, Khakusy, and Zmeinaya hot springs (Lake Baikal,
Russia) and consoﬁium of culturable iron-oxidizing bacteria from Vilyuchinskie hot

springs (Kamchatka peninsula, Russia) were studied in laboratory experiments.
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Activity of microorganisms was estimated in situ in natural samples of hot spring
waters and for culturable thermophilic bacteria.

Alkaline and neutral pH for Baikal and the Kamchatka hot springs, respectively,
were revealed during measurements of physicochemical variables. Low values of
dissolved oxygen and high water temperature were mainly determined. General
feature of chemical composition of hot spring waters is high content of Si. Calcium
and silicon were detected in high content in deﬁosits as well as in green biomats from
the Kotelnikovsky hot springs, while, iron and silicon were found mainly in the
Vilyuchinskie hot springs. Additionally, biomats were enriched in bio-elements such
as potassium, magnesium, iron, phosphorus, and sulfur.

An in situ visualization of the fossilized microorganisms in the green biomats and
deposits of the Kotelnikovsky hot springs located on the northwest coast of Lake
Baikal, Russia, allowed concluding that silicification and calcification of the
microorganisms extensively appeared in the biomats and deposits under pH 8.0
hydrothermal conditions. The biologically induced precipitation could be proposed
for calcite formation in the hot spring waters, whereas, biologically controlled
mineralization of Si-Ca materials could be denoted for green biomats and deposits.
The essential role of silicate jons has been proposed for the formation of amorphous
structures which are rich in calcium.

The culture collection of culturable thermophilic bacteria isolated from water and
biomats of Kotelnikovsky, Khakusy, and Zmeinaya hot springs includes totally 91
strains which were grown at 53°C. Most of isolated strains were gram-positive spore-
forming rods and belonged to genus Bacillus. It was denote that the highest fraction
of strains showed higher degree of 'Variable enzymatic activities rather at temperature
of 50°C than that at 20°C.

The thermal water of the Vilyuchinskie springs, namely V3 site, Kamchatka
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peninsula, Russia, showed the oxidative effect of the oxidation-reduction potential,
had neutral pH, water temperature of 56°C and a high iron concentration. Ferric iron
predominated over the ferrous form at a ratio of 52:7 in the brown biomats. Respiring
iron-oxidizing bacteria were present in the water from the V3 spring and iron-
bacteria were isolated from the biomats. In cultqred iron-oxidizing bacteria,
amorphous mineral particles were observed around the bacterial cells, suggesting that
Fe(Il) oxidation is catalyzed or mediated by these microorganisms. Moreover, the
waters of the Vilyuchinskie springs are rich in
silicic acid and there is a rapid rate of
silicification during water discharge and
cooling. The accelerated processes of iron
oxidation, éiliciﬁcation, and deposition of Fe-

Si minerals that occur in the brown biomats

of the Vilyuchinskaya hydrothermal system

Fig.1. Scanning electron micrograph of rod-
~shaped bacteria inhabiting biomats of the . .
Vilyuchinskie hot springs, Kamchatka  can be attributed to the impact of rod-shaped

peninsula, Russia, those are responsible for »
Fe-mineral formation. bacteria inhabiting the hot spring waters and

biomats (Fig. 1).

Additional and very important data were obtained from bacterial enumerations. A
positive correlation was found between the percent of CFDA+ cells and the pH of the
waters. Respiring iron-oxidizing bacteria were observed in the water of the Oksinskie,
Nalychevskie, and Dachnye springs, and growth of Fe-oxidizing bacteria was
obtained on Fe-agar plates with inoculations from the Nalychevskie and Dachnye hot
spring biomats. Thus, there is a positive correlation between the activity of Fe-
bacteria in the hot spring water, their presence in the hot spring biomats, and the
chemical content of hot spring water and deposits. It is important to point out that the

~ metabolic activity of microorganisms, such as iron-oxidizing bacteria, can induce
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mineral precipitation as a secondary by-product; a process referred to as biologically

induced mineralization.

PR EBEERROES

FRIGETAISAICE | HEMRXEEZARZHEL, TH28HCORERRERZTY, BB
BROBEZESZFAB L. BEOKRUTOLBOHE L. 2R/, a7 - S H)
HBE D Kotelnikovsky BR B TR T « A LF ¥V AHEBED 4 DDEFK (Vilyuchinskie, Oksinskie,
Nalychevskie, Dachnye) IZ DWW TENFNICERT BEREBR/NA A<y b RHIBRMEN I I MEMZ
HIREAOOEL, SAEYEEROREEERLILEDTH B, /31 VD Kotelnikovsky IRIR DR
B A7y FRUHEB R OMEMOBIERN S, pHS.O UTOBKEE T TEMEMICX O HA L ARG
BPEREND. ALF Y HEEOD Vilyuchinskie BRI L BBICETHEDORRTH S, T TR, 8
BNALFY VOB~ BN 52:7T THD 72 UNA RS54 FHBERTEH, ThidNAF<y
FHOBEOBILERICX B LEZ BNS. A LF ¥ Y H¥ED Oksinskie, Nalychevskie, Dachnye iRiR
TRENT TV 7 OBEEBICEOENE, BRKEHEBYTFOHOZHFROMICIIEDHEMBERADZ L
BHELMCE Tz, ThHORRBET TR, MEMOEEEE & MEMEINEN B EARIY) ORI
59%. BERXEONREEIARIFTHS, LLE5 LOBERIVTNEEAHYT 5HOBL
MY THAHEFMEL, L D) KETHEDLRELE.
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