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DYNAMICS OF FREQUENCIES OF WOLBACHIA
GENOTYPES IN DROSOPHILA MELANOGASTER
POPULATION FROM UMAN’ UNDER INFLUENCE
OF CLIMATE FACTORS

Summary

Aim. To investigate the potential influence of climate parameters on the rate
of Wolbachia genotypes frequencies in the population of D. melanogaster from
Uman’ for the last seven years. Methods. We have surveyed Wolbachia infection
status for isofemale lines from Uman’ collected during summer — fall 2013 and
2015-2017 using polymerase chain reaction (PCR) with primers specific to the
16S rRNA and wsp (Wolbachia surface protein) genes. To determine wMel and
wMelCS genotypes of Wolbachia, we have conducted PCR using polymorphic
markers for the presence of the insertion sequence IS5 in WD1310 locus and the
copy number of minisatellite repeats in VNTR-141 locus. Infection status of flies
for 2011, 2012 and 2014 years was included from our previous studies. Data of
climate factors (average seasonal temperature, dew point, and precipitation) for
winter and summer of each year were obtained from weather database. Statistical
analysis of Wolbachia genotypes-climate factors interaction was carried out in
R version 3.5.0 using multiple linear model regression. Results. We have observed
the decline of Wolbachia presence in Uman’ locality and prevalence of wMel
bacteria variant. Moreover, our study documented the low persistence of rare
wMelCS genotype through seven years in Uman’. wMelCS frequency has been
driven by the combined influence of the average temperature and humidity in
summer (p = 0.03662, R"2 = 0.9995). Conclusions. The climate variability affects
frequency of wMelCS genotype of Wolbachia in the D. melanogaster natural
population from Uman’.

Key words: Drosophila melanogaster, Wolbachia, wMelCS, endosymbiont,
climate factors, Uman’, Ukraine.

Introduction

Endosymbiont Wolbachia is maternally inherited bacteria that are carried by
a variety of terrestrial arthropods altering their reproduction throughout reproduc-
tive parasitism. The most frequent deleterious effect observed in a large fraction
of host species is cytoplasmic incompatibility (CI) [27]. Despite negative impact,
bacteria can also provide fitness advantages for the host such as viral resistance

© H. B. T'opa, C. B. Cepra, O. M. Maiictpenko, 1. A. Kozepeuska, 2019
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[21], nutrient supply [2], higher fecundity [20] and adaptation under environmental
stress [17].

The endosymbiont-host association can be influenced by climate changes
such as fluctuation in temperature, humidity, precipitation, and weather phenom-
ena. It was shown that presence of the endosymbionts such as Curculioniphilus,
Sodalis, Serratia, Wolbachia, Rickettsia, and Spiroplasma in chestnut weevils is
modulated with ecological factors [23]. Wolbachia has persistent clinal distribu-
tion among the natural population of Drosophila melanogaster in Australia [13].
It has been studied that Wolbachia is vulnerable to exposure to the higher temper-
ature. Therefore, the higher temperature can reduce bacteria’s negative impacts on
hosts [10]. Frequency of bacteria is reduced under cold conditions and is rapidly
increased after diapause in the parasitic wasp [18]. Hence, the environmental im-
pact can modulate titers of endosymbiont and affect the selection pressure within
the bacteria-host association. Recently, it has been shown that Wolbachia frequency
correlates with longitude, altitude, and annual mean temperature in mites [26]. On
the contrary, for ladybirds, hot climate does not affect the distribution of Wolbachia
and their effects on the host [3].

Wolbachia has high distribution among Drosophila-group species, despite
the weak cytoplasmic incompatibility in wMel strain in D. melanogaster [8], wAu
in D. simulans [9], wSuz in D. suzukii [7] and neutral strain in D. mauritian [5].
Low CI and inconsistent weak fitness effects cannot explain high frequencies of
Wolbachia in host populations. Understanding of geographic variation in infection
rates and its causes within species is also still limited. The fitness cost of host-
Wolbachia interactions may vary due to abiotic factors and genetic backgrounds of
host and symbionts.

Wolbachia is highly widespread in natural populations of Drosophila
melanogaster. It is known that endosymbiont does not instigate any severe effects
on a reproductive system of D. melanogaster and can provide fitness advantage for
the host [4]. There are a few strains that infect D. melanogaster in nature, wMel is
predominant among them. Nowadays, wMelCS is rare in nature [15]. Also, there is
evidence of clinal variation of the spread of wMel genotype in Australia, indicating
that abundance of it declines from high to low latitudes [13]. Nevertheless,
European populations have stable infection frequencies of Wolbachia from year to
year [20] and, as it was shown previously, there is no clinal distribution of infection,
at least in Eastern Europe [11]. Another aspect that should be considered, is that
the European population of D. melanogaster was established much earlier than
those ones in North America and Australia, about 10000—15000 years ago [13].
Thus, reproductive dormancy of flies from Europe during the winter period may
differ reproductive dormancy from temperate climate of the rest world. There
are studies that indicate that Wolbachia-infected flies prefer cooler conditions.
Furthermore, wMel infected flies, contrary to wMelCS infected, have a preference
to warmer conditions, similar to which that uninfected flies prefer [1, 23]. Hence,
we conclude that absence of clinal distribution of bacteria in European populations
of D. melanogaster might be linked with other geographic factors such as local
oscillation of climate in the area.

Uman’ has a moderate continental climate with mild winters and warm

—_— ISSN 2076-0558. Mikpobionozia i 6iomexnonozia. 2019. Ne 1. C 6-15 ——— 7
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summers. Also, wMelCS strain has been detected in the 80s in this locality. We have
collected the data on infection dynamics for Uman’ population of D. melanogaster
and climate factors for past 7 years. Our aim was to analyze the environmental
effects on frequencies of Wolbachia genotypes in nature, particularly for infection
in Uman’ population of D. melanogaster.

Materials and methods

We collected D. melanogaster at the fruit orchards near local juice factory
in Uman’ (48°45'45.26"N 30°14'38.97"E) where wMelCS variant was detected in
the 80s [11]. Flies were collected each fall (September-October) during 2013 and
2015-2017 years using active capture by an insect net and bait that contained apple
pomace. The established isofemale lines [12] were used for further analysis. The
flies were reared at 25 + 1 and 70-80% relative humidity, were fed on a standard
semolina-agar diet with yeast granules (6 g agar, 15 g yeast granules, 50 g sugar,
55 g semolina, 1 L of water). Propionic acid was used as an antifungal agent (4 mL
propionic acid per 1 L medium).

Whole-bodies of 10-12 adult flies of each isofemale line were used for
isolation of total genomic DNA by the salting-out method. To define Wolbachia
infection-status, we surveyed the samples by PCR method using the set of primers
to bacterial 16S rRNA [16] and wsp genes [25]. The genotypes of Wolbachia were
determined via PCR using polymorphic markers for the presence of the insertion
sequence IS5 in WD1310 locus (IS5 is presented in wMelCS) and the copy number
of minisatellite repeats in VNTR-141 locus (6 and 7 copies in wMelCS and wMel,
respectively) [19]. PCR amplicons were visualized on 2% agarose gel.

Flies go through dormancy stage during winter and suffer consequent
bottleneck effect. Population reaches its maximum size in summer. Therefore, we
chose the climate parameters of winter (January and February only were included
as winter months of the particular year) and summer season as potential factors that
influence infection dynamics of both wMel and wMelsCS strains. Climate data were
obtained from www.wunderground.com and www.geographic.org (table 1). For the
statistical analysis of data, multiple linear model regression was applied. Average
seasonal temperature (TA), humidity (dew point — DA), precipitation (PA) were
used as independent variables and infection level was used as dependent variable.
ANOVA was used to detect significant factors affecting genotype frequencies. The
normality and stability of variables were assessed using appropriate statistical tests
(Studentized Breush-Pagan, Durbin-Watson test). For infection rates, Clopper-
Pearson’s confidence interval method was applied. All statistical analyses were
carried out in R version 3.5.0 using /mtest package [22].

Results

We analyzed 210 isofemale lines from Uman’. Our results (data for 2013,
2015-2017 yr.) in combination with data from Serga et al. [20] (for 2011-2012 yr.)
and Gora et al. [6] (for 2014 yr.) of Wolbachia screening (fig. 1) indicate the
tendency for decrease of infection rate for past 7 years in Uman’ (fig. 2) and an
explicit prevalence of the genotype wMel over wMelCS.

8 —— ISSN2076-0558. Mixpobionozis i 6iomexnonoeis. 2019. Ne 1. C 615 —
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Fig. 1. Electrophoregrams of infection detection (A, B):
M — 100 bp DNA Ladder, Thermo Fisher Scientific; K" — positive control from total DNA
of Canton-S strain; K- — negative control showing no infection; 1-4 — amplicons of infected
isofemale lines; A — wsp gene (size of band — 632 bp); B — 165 RNA (438 bp)
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Fig. 2. Infection frequencies of natural population of D. melanogaster from Uman’
(Size of circles is proportional to log(N), where N = sample size)

Based on obtained data (table 1), we have performed general multiple linear
model for average values of each climate parameters: wMel/wMelCS ~ TA + DA +
PA + TA x DA + DA x PA. Other models that have maximum, minimum and mixed
variables of climate parameters are not shown because of the insignificance of each
one (p-values varied from 0.06 to 0.7).

The model of wMelCS for summer season was significant (F (5,1) = 429.4,
p = 0.03662, R"2=0.9995) (Model I). ANOVA for this model showed that PA
(F=1673.711,df=1,p=0.016) and TA x DA (F =207.582, df = 1, p = 0.044) has
significant influence on wMelCS frequencies. The same model for winter season
showed insignificant result (p = 0.5498) as well as model of wMel genotype with
parameters of both summer (p = 0.3169) and winter (p = 0.9989) (Model II). The
details of the models presented in the Table 2.

—_— ISSN 2076-0558. Mikpobionozia i 6iomexnonozia. 2019. Ne 1. C 6-15 ——— 9
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Table 1

The average values of climate factors and infection rates of two examined Wolbachia
genotypes from Uman’ for 7 years of study

Temperature, | Dew point, °C | Precipitation,
Year | Sample wMel, % wMelCS, % °C cm
size, n s [wl s Tw/ls [ w
20111 16 44 (20 -70)* | 31(11 —59)? 20 -4 14 -7 2 0.4
2012! 43 42 (27-58)* | 5(0.6—16)* 21 -6 13 -10 1 32
2013 54 61 (47—-74)* |2(0.05-10)*| 19 -2 14 -4 1 0.8
20142 29 41 (24 -61)° 0 19 -3 13 -6 1 0.4
2015 55 36 (24 - 50)° 0 20 -1 13 -4 1 0.5
2016 45 27 (15-42)3 | 2(0.06 —12)*| 20 -2 14 -4 1 1.05
2017 27 34 (17-54)* |3(0.09-19)*| 20 -4 13 -7 1 0.45

'from Serga et al. [20] and *Gora et al. [6]; *Clopper-Pearson’s confidence interval; S — summer,
W — winter, n — number of isofemale lines

Table 2

Outcome of multiple linear regression models based on relationship between
wMel/wMelCS yearly levels and climate variables
(Significant values are marked by bold font)

E i Summer Winter
S | Variables
= Estimates SE t-value | p-value | Estimates SE t-value | p-value
Intercept | 5073.525 | 364.665 | 13.91 |0.0457 | -148.2706 | 141.2795 | -1.049 | 0.485
TA -240.660 | 18.301 | -13.15 {0.0483 | 43.5631 | 24.8664 | 1.752 | 0.330
I DA -380.560 | 27.045 | -14.07 [ 0.0452 | -47.1674 | 43.2375 | -1.091| 0.472
PA -333.543 | 31.434 | -10.61 {0.0598 | 98.7794 | 56.1602 | 1.759 | 0.329
TAxDA| 18.019 1.356 13.29 [0.0478 | 0.6592 6.1077 | 0.108 | 0.932
DA xPA| 26.279 2.309 11.38 [0.0558 | 13.3595 6.9676 | 1.917 | 0.306
Intercept | -11551.01 | 3065.34 | -3.768 | 0.165 83.148 372.250 | 0.223 | 0.860
TA 599.30 153.84 | 3.896 | 0.160 | -18.484 65.519 |-0.282 | 0.825
I DA 868.28 227.34 | 3.819 | 0.163 12.786 113.924 | 0.112 | 0.929
PA -465.38 | 264.23 | -1.761 | 0.329 | -46.270 | 147.974 | -0.313 | 0.807
TA xDA| -44.86 11.40 |-3.935| 0.158 -1.078 16.093 | -0.067 | 0.957
DA xPA| 34.06 19.41 1.755 | 0.330 -6.014 18.359 |[-0.328 | 0.798

I, IT — models of wMelCS and wMel, respectively; SE — standard error

The Model I for summer indicates that average temperature and dew point
variables have possible influence on wMelCS dynamics. For further validation of
this model we developed the prediction model based on Model I and compared
expected wMelCS levels with observed one. Based on estimates from table 2, we
obtained the following equation: predicted level of wMelCS = - 240.660 x TA -
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380.560 x DA -333.543 x PA+18.019 x TA x DA +26.279 x DA x PA+5073.525.
The predicted ones wMelCS levels were plotted against observed ones those in this
study (fig. 3).

we  Predicted
Observed

wMelCS level, %
~

Fig. 3. Correlation of observed and predicted levels of wMelCS genotype for 2011-2017

Predicted and field data have significant correlation between each other
(Pearson correlation coefficient: r = 0.9997, p <0.001).

Discussion

Stable co-existence of two genotypes of Wolbachia is unique quality
of D. melanogaster population in Uman’ locality. Besides, it has recorded here
since mid-20th century. We suggest that one of the causes of continuous wMelCS
presence in this population can be that the infected flies might be re-established
after winter in the local refugia such as a juice factory in this town. This hypothesis
is also supported by the fact that Serga et al. [20] surveyed two other population
from Uman’ and they were infected only with wMel genotype.

Our results indicate that the dynamics of wMelCS have been affected by
climate factors during the years of monitoring. This can be attributed to the changes
of climate in the northern hemisphere as well as in Ukraine. During 112 years
the average temperature has increased on 0.8—1 °C in the region where Uman’ is
located. The more intensive increase of temperature was observed for the last ten
years (on 0.3 °C) in Ukraine, indicating the warming process [13].

Our results indicate that the infection rate has propensity to decline over the
last decade in D. melanogaster population in Uman’. Truit et al [24] have shown
that infected flies prefer a lower range of temperature than uninfected ones. This
behavioral adaptation is likely affecting the accuracy of the estimation of the link
between temperature and infection frequencies. Thus, such a relationship has to be
observed over the influence of narrow interval of temperature during the season.

Conclusions
Relying on previous experimental evidence and our observations we

— ISSN 2076-0558. Mikpobionozia i 6iomexnonozia. 2019. Ne 1. C 6-15 ——— 11



H. B. I'opa, C. B. Cepra, O. M. Maiictpenko, I. A. Kozepenbka

speculate that wMelCS frequencies are affected by climate factors D. melanogaster
population from Uman’. Nevertheless, the relationships between environmental
factors and infection dynamics need to be investigated in the combination of both
field and laboratory studies.
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JTUHAMIKA YACTOT TEHOTHUIIIB WOLBACHIA
B ITPUPOIHIN NOMYJISILIT DROSOPHILA
MELANOGASTER 3 YMAHI ITPY BILJIVBI
KJIIMATUYHUX ®AKTOPIB

Pedepar

Mema. Buznauumu modicausuii 6niue KIiMamuiHux napamempis Ha 4acmomy ee-
nomunis Wolbachia 6 nonynayii Drosophila melanogaster Ymani npomszom cemu
poxkie. Memoou. [{ns eusnauenns piens ingpikosanocmi Wolbachia 6 izocamxosux
JUHIAX, 30ip AKUX 30IICHIO8ABCSL BNPOO0BIIC NIMHbO-0CIHHb020 nepiody 2013 p. ma
2015-2017 pp. 3 Ymani, 6y10 nposedeno nonimepasuy ianyro2ogy peaxyiro (I1JIP)
30 cneyudiunumu npaimepamu 0o eemie 16S rRNA ma wsp (Wolbachia surface
protein) baxmepii. [{ns susnavenns wMel ma wMelCS eenomunie Wolbachia Oyno
nposedeno I1JIP 3 maprepamu nasenocmi IS5 incepyii 6 nokyci WD1310 ma sminu
Kinokocmi minicamenimuux nosmopie y VNTR-141 noxyci. Pesynomamu cmamycy
inghexyii myx 3a 2011-2012 pp. ma 2014 p. Oynu exmroueni 3 HAuWUX nonepeo-
HIX pobim. [lani kiimamuynux axmopis (cepedus memnepamypda, mouka pocu
ma KinbKicmv onaodig 3a ce30H) OJis 3uMU ma Jima KOJ’CHO20 POKY OOCTIONCEHHS
oynu ompumani 3 nocoonux o6as oanux. Cmamucmuunull aHaiz 63aemooii 2eHo-
munie Wolbachia ma xkrimamuunux axmopie 6yno nposedero ¢ R v.3.5.0, 6u-
KOPUCMOBYIOUU MHOJMCUHHUL pecpecilinuil ananis. Pesynomamu. Buseneno 3nu-
arcennst wacmomu inghixoeanocmi Wolbachia ma nepesasicanns wMel cenomuny 6
npupoouit nonyasyii Drosophila melanogaster Ymani npomszom poxie monimo-
puney. Takooic OYI0 6CMAHOBIEHO HU3LKI YACMOMU PIOKICHO20 8 NPUPOOHUX YMO-
sax wMelCS eenomuny. Yacmoma wMelCS 6yra 3ymoenena cymicHum 6naugom
cepeonvoi memnepamypu ma eonoeocmi guimky (p = 0.03662, R™2 = 0.9995).
Bucnoexku. Knimamuuna minausicme enausac ma eenomun wMelCS 6akmepii
Wolbachia y npupoowiti nonynayii D. melanogaster 3 Ymani.

Knwuosi crnosa: Drosophila melanogaster, Wolbachia, wMelCS, oposzoghina,
eHdocumbionm, Kiimamuuni paxmopu, Ymaus, Yrpaina.
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JTMHAMHUKA YACTOT TEHOTHUIIOB WOLBACHIA
B ITPUPOIHO¥ MONYJISILIMUA DROSOPHILA
MELANOGASTER W3 YMAHH TIPY BO3AENCTBUIO
KJIMMATHYECKUX ®PAKTOPOB

Pedepar

Llensv. Onpeodenums 603M0dICHOE GRUAHUE KIUMAMUYECKUX NAPAMEMPO8 HA Uda-
cmomy eenomunos Wolbachia é nonynayuu Drosophila melanogaster Ymanu 6
meuenue cemu aem. Memoodwl. [[na onpedenenusi ypoeHsa UHDUYUPOBAHHOCMU
Wolbachia 6 uzocamounvix aunusx, coOop KOMOPLIX OCYWeCMEIANC 6 meyeHue
snemue-ocentne2o nepuooa 2013 e. ma 2015-2017 2e. uz Ymanu, dvina nposede-
Ha nonumepasnas yennas peaxyus (IIL[P) co cneyuguueckumu npavimepamu K
eenam 16S rRNA u wsp (Wolbachia surface protein) 6axmepuu. /[na onpedene-
nua wMel u wMelCS eenomunos Wolbachia oviio nposederno IIL[P ¢ mapkepamu
nanuuus IS5 uncepyuu 6 noxkyce WD1310 u usmenenus Konuvecmsa MuHucamen-
aumuwvix noemopog 8 VNTR-141 nokyce. Pesynemamur cmamyca ungexyuu myx 3a
2011-2012 e2. u 2014 2. bvinu 8KIt0UEHbL U3 HAWUX NPeObIOywuUx pabom. [anHvle
KAUMAMUYECKUX (PaKmopos (CpeoHsis memnepamypd, mouka pocsl U KOIULeCmeo
0Ca0K08 34 ce30M) 01 3UMbL U JIema KAXHCObLLL 200 UCCTe008AH U ObLIU NOLYYEeHbl U3
no2oouwix 6az danuvix. Cmamucmuueckuil aHaius 63auMo0etcmsus 2eHomunog
Wolbachia u kiumamuueckux ghakmopos owviio npogedero 6 R v.3.5.0, ucnonvsys
MHOJICECMBEHNbI peepecCUonHblll ananus. Pesynemamut. Buisigneno cuudicenue
yacmomul unguyuposanrocmu Wolbachia u domunuposanue wMel cenomuna
npupoonoi nonynayuu D. melanogaster Ymanu 6 meuenue cemu jiem MoHUmMo-
punea. Takdce 6bLI0 YCMANOBIEHO HUZKUE YACOMbL PeOKO20 6 eCHeChEeHHbIX
yenosuax wMelCS eenomuna. Yacmoma wMelCS 6vina obycrosnena cosmecm-
HbIM 8IUAHUEM CpeOHell memnepamypvl u eiasxcrocmu aemom (p = 0.03662,
R"2 = 0.9995). Bviéoowt. Knumamuueckas usmenuusocms Giusienm Ha 2eHOMUN
wMelCS 6axmepuu Wolbachia é npupoounoti nonyasayuu D. Melanogaster uz Yua-
HU.

Kuwuesvie crnosa: Drosophila melanogaster, Wolbachia, wMelCS, oposogu-
2a, eHOOCUMOUOHM, KIuMamuueckue hakmopul, Ymanv, Yxpauna.
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SAATHICTD LACTOBACILLUS PLANTARUM OHY 12
J10 BUKMBAHHS B YMOBAX IPYHTY

Mema pobomu. 6cmanosumu mpusaiicms 30€pestcerHst ICUMmme30amHocmi 6ax-
mepiti Lactobacillu splantarum OHY 12 ¢ ymosax tpynmy. Mamepianu i memo-
ou. Kynomypy 6axmepiu L. plantarum OHY 12 KYO/mn énocunu y yopnozemnutl
i mopgh samuil tpynmu y 060X eapianmax — 6e3 pociuH ma 3 mecm-poCiuHaMu
Kalanchoe daigremontiana Mill 0o oocsienenns konyenmpayii 108 KYO/e. Yepes
KOJICHI 4omupu OHI 30IUCHIOBAIU KOHMPOJIb YUCEIbHOCMI JIAKMOOAYUL ULISXOM
8UCIBY MIKpOOIiomuU pyHmy Ha azapuzoeane cepedosuuje MRS ma euguenns eno-
MUNOBUX 03HAK [ NOOATLULOL [0eHmu@iKayii Memooom nonimepasHol 1aHy20601
peakyii. Pesynomamu. Jlakmobayuiu Haildosuwie 30epieanu HeummeoisibHiCmb
¥y pusocghepi pociun, sKi Kyibmugyeaiu y 4OpHO3EeMHOMY IpyHmi: Ha 44-ii Oenv
excnepumenmy ix uucenvnicmos cmanosuna (2,8+0,4)x10° KYO/2, y tpynmi 6e3
pocaun 30epicanucs wonaumenwe 36 0ib. Y mopgh ssmomy tpynmi raxmobdayuiu
BUIICUBANIU Y HAUMEHWUL MePMIH [ He eusesucs nicis 32-i 0obu, a y puzocgepi
pocaun y mopg snomy rpyumi — wonatumernute 36 0io. Bucrnosok. B 3anesxcrnocmi
610 IPYHMY mMa NPUCYMHOCMI POCIUH JAKMobayuiu 30amui 30epieamu JHcum-
mezdamuicmo 00 44 0ib.

Kniouoei crnoea: monounoxucni 6axkmepii, rpynm, pusocgepa, 36epesicents
HCUMMEIOAMHOCMI.

Iepri BiZOMOCTI PO yCHIIIHE 3aCTOCYBaHHS JIAKTOOALMI 3 METOO TMOKpa-
HICHHS pocTy pociauH Oynu onucani y 1980-x pokax [9], ane gorenep y HayKoBid
JTEpaTypi 3yCTpiUaeThCs HEBEIMKA KUTbKICTh MyOiKalii 3 1iei TemMatuku [2; 3; 8;
10]. Hami jocmiaskeHHsl, IpOBEeH] BIPOIOBK OCTaHHIX POKIB, I0Ka3a7I1 BUCOKUN
MOTEHIIIa]l 3aCTOCYBAHHS MOJIOYHOKHUCIINX OakTepiil y CTUMYIALIT POCTY POCIHMH
[11; 12]. Mo11MBOIO IPUUMHOIO, YEPE3 SKY JAKTOOALMIN HE 3aCTOCOBYIOThCS 1IH-
POKO B OpraHIYHOMY 3eMJIEPOOCTBI, € T€, 110 I1i MIKPOOPTraHi3MU BUMAararoTh s
pocTy OaraTux *KUBWJIBHUX cepeaoBulll. Yepes 1ie TepMiHU X BUKHUBAHHSA Y IPYHTI
Ta Ha MOBEPXHSIX POCIMH 3aJHMIIAITHCS TUCKycIHHUMH. Hamn nocnigxeHHs mo-
Kazanu, o Oakrepii Lactobacillus plantarum MoOXyTh BUXKMBAaTH Ha IOBEPXHSIX
TECT-pOCIUH (TOMATH, KaJlaHX0€, BUHOIPaJ) IIOHAWMEHIIIEe IPOTArOM OJHOTO Mi-
csu [ 1], ane 3anmmmiacs He BUBYEHOIO TPUBAIICTh BI)KUBaHH iX y rpyHTi. Hoda
et al. (2011) Bka3zyBanu Ha BUXKMBAHHS JIAKTOOAIMII Y TOJILOBUX YMOBAaX MPOTITOM
JBoX micsiis [10].

Mertoro po6oTu Oys0 BCTAHOBUTH TPUBAIICTh 30€pEKEHHS KUTTE3JaTHOCTI
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0akrepiit Lactobacillus plantarum OHY 12 B ymOBax rpyHTY.

Marepiaju i MeTOaH T10CTiTKEHHS

Jis mTy4HOT 1HOKYJNSIIIT IPyHTY BUKOPHCTOBYBaJIM 1mTaMm L. plantarum
OHY 12 3 konekuii Mikpooprasi3zmis kadeapu MikpooOionorii, Bipycosorii Ta 6io-
texnosorii OHY imeni I. I. MeunukoBa. HaBenenuii mram, 3a HalllMMK TIOTICPE/THI-
MU JIOCJIJHKEHHSIMU, MIPOSIBIISIE BUPAXKEHY (PITOCTUMYIIOBAIBHY aKTUBHICTH [12].

Bakrepii BupouryBanu y pinkomy ceperosumii MRS [5] mpotsirom 24-30 rox
npu 37 °C 1o nocsiraenns konneHtparii 10° KYO/mot.

Jlist mTy4HOT 1HOKYJISIT BUKOPUCTOBYBAIM JIBA TUIHM TPYHTIB: MiBICHHHIA
Ba)XXKO CYINIMHKOBUH MajOryMYyCHHUI YOpHO3€M, BilliOpaHUil Ha MOJNBOBIN MUISHIN
Opnecebkoi obnacti, i npundanuii komepuiiauii rpyHT (Ilomicekuii, «YHiBepcab-
HUI») 3 BUCOKHM BMicToM Topdy. [lepen mociiKeHHIMU IPYHTH TIepEeBipsUId Ha
HasBHICTH JJAKTOOAIIWIL, JIJIsl YOTO 3/1iHCHIOBAIM TIOCIBH PO3BEJICHb IPYHTY Ha cepe-
nosuiie MRS. MonouHokuc:ti OakTepii y JaHOMY IPYHTI BUSIBIICHI HE OyJu.

Y IpYHT BHOCWIHM KYJIbTYpy JakroOarmia 3 koHieHtpamieol10’ KYO/mi.
KonuenTparito 0akrepiii BUMIpIOBai 3a JONOMOTOI0 criekrpodoTtomerpa Biorad
BioRadSmartSpec, CIIIA 3rigHo 3 iHCTpyKIi€ro BupoOHHMKa mpwuiany (https://
www.mbl.edu/jbpc/files/2014/05/Spectrophotometer BioRad SmartSpecPlus
UserManual.pdf). ¥ 80 r rpynaTy BHOCHIM 30 MJT KYIBTYpH 710 TOCSTHEHHS KOHIICH-
tpauii nakrobammi10® KYO/r Ta mepeMiriryBaiiu JJisi IOBHOTO 3BOJIOXKEHHS IPYHTY.
BukopuctoByBanu jiBa BapiaHTH €KCIIEPUMEHTY: B OJTHOMY BapiaHTi JTOCIIKyBa-
JIY TPUBAJIICTh BIXKMBAHHS Y YOPHO3EMHOMY 1 Top(’sTHOMY IpyHTax 0e3 pOCIiuH,
y JIpyroMmy BapiaHTi JOCIIJKYBald TEPMiHU BUIKHBAaHHS y pU30CheEpi MOJIOIUX
(3 micsi) Tect-pocnuH kananxoe Kalanchoe daigremontiana Mill.

[Ticnst BHECEHHS JTaKTOOAIWIT IHOKYJILOBAHUHN TPYHT 3aJIUINATH Y TETUIHIIL 32
temneparypu 2022 °C i 12 rox ocBimienHs. [TpoBoaun 40TUPH HE3aNEKHUX SKC-
MEPUMEHTH 3 5 TOBTOpaMH y KoxxHOMY. Uepes KokHi 4oTupH 100u 1 T BiniOpaHoro
IpyHTY 3MinryBaiu 3 10 M1 CTepHIbHOI IUCTHIILOBAHOT BOJIU 1 TOTYBAJIH PSIJI CEPiii-
HUX PO3BEJCHb. 3 KOXKHOTO PO3BEICHHS 3/IHCHIOBAIM BUCIB METOJIOM Tr'a30HYy Ha
cepenoBuiie MRS. JlakTobanunu nonepeaHpo iIeHTUdIKyBaIu 32 MOP(HOIIOTiE0
KOJIOHIH (piOHi, OKPYIJIi, MOJIOYHOTO KOJIBOPY) Ta O10XIMIYHUMU BIACTUBOCTSIMU
(3maTHICTH 10 3aKUCIEHHs piakoro cepenouma MRS). Jlns 1mporo nepeHocuin
Oiomacy 3 KOJIOHIH, SIKi HaraxyBajii KOJIOHIT MOJIOYHOKHUCIHX OaKTepiid, y OyabiioH
MRS, kynsruByBanu 48 rox i BuMiproBanu pH KynsrypanbHoi pinuau. bakrepii Ta-
KOX 3a0apBitoBaiy 3a ['pamom Ta mpoBoanin MikpockomyBanHs (x1540). 3 rpam-
MO3UTHBHUMHU TAJIMYKAMH, 310paHUMU Y JIAHIIOKKH, TAaKHUMH, 110 3aKUCIIOKThH
Cepe0BHIIIe, TPOBOIWIIN KaTaIa3Hy PEAKIIiI0 3 BUKOPUCTAHHIM 2% TEepEKUCY BOJI-
Hi0. [IpuHanexHicte Oaktepiit 1o poxy Lactobacillus minTBepaKyBalIu METOIOM
nonimMepasHoi anirorosoi peakuii ([TJIP). JIHK 6akrepiit BUaiISsIIM 32 JOOMOTOI0
tecT-Habopy «IHK-cop6» (AmmniCenc, Pocis). [oTyBanu peakiiiiHi cymimi Ha-
crynHoro ckinany: 200 MM ne3okcunykineosunrpudocdarie y cymimn, 10x TTJIP
Oydep, mo mocragaerbesa 3 pepmentom, 2 Ox Tag-nomimepasu, 2,0 MMMgSO,
(AmmniCenc, Pocis), 0,2 MM xoxxnoro 3 mpaiimepis Ta 2 mxi JIHK. Yci peaktusu
— ¢ipmu Fermentas (JIutsa).

BuxopucroBysanu npaiimepu planFi pREV o BupocnenudiuHux nociigos-
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Hocted L. plantarum 3rigao 3 Torriani et al. (2001) [14]. Po3Mmip amrmutikoHiB —
318 m.H. [14]. [Tapamerpu amrutidikarii: modyaTkoBa nenarypauis 94 °C, 3 xs; 30
UKITiB AeHarypanii npu 94 °C, 1 XB, BiInanroBaHHs MpaiiMepiB — TeMmIeparypa
56 °C — 1 x8, enonrarii — 72 °C, 30 cek; 3akimouna enonraiis — 72 °C npotsarom
5 XB.

Enexrpodopes mis anamizy npoaykrie [1IJIP mpoBonmmm y 1,5% araposi,
3acToCOBYIOUH TpucOopartHuii Oydep. BukopucroByBanu mMapkepu MOJIEKYISIPHOT
macu 110, 147, 190, 242, 331, 404, 489, 501 m.o. (Fermentas, JIuTsa). ®ororpady-
BaHHS TeJIiB IPOBOJIMIIM 3a JjonoMoroto Bigeocuctemu “GelDoc” (BioRad, CIIA).

CepenHi 3Ha4eHHS Ta AOBIPUUl iIHTEpBaJI BUPAXOBYBAJU 32 TOTIOMOT'OO Ta-
keTy npukiaanaux nporpam Excell.

Pe3yabTaTn 1ocaixkeHHs Ta ix 00roBopeHHs

[TpoBeneHi 1OCIiHKEHHS MOKa3aJIH, 0 TPUBATICTh BUXKUBAHHS JTAKTOOALINIT
y TPYHTI BiJIpi3HSUIacs B 3aJIKHOCTI BiJl TUIY IPYHTY 1 HasBHOCTI T€CT-POCIIHH
(Tabm.).

Tabnurs
KinbkicTs 1akrodanma y rpynti (KYO/r) nicast mry4Hoi iHokyJsimii
Table
Amount of lactobacilli in soil (CFU/ml) after experimental inoculation
YopHozem Topd’sinuii rpyHT
Jloba
IPYHT pusocdepa IPYHT pusocdepa
1 (4,2+0,4)x10% | (2,8+0,8)x10% | (3,8+0,5)x10® | (3,5+0,2)x10¢
4 (2,3+0,2)x10° | (4,5+0,6)x10° | (2,3+0,2)x10° | (3,3+0,4)x10°
8 (1,7£0,3)x10° | (8,9£0,5)x10° | (8,4+0,2)x10* | (1,1£0,3)x10°
12 (7,1£0,5)x10* | (4,2+0,3)x10° | (5,2+0,3)x10° | (8,3+0,4)x10*
16 (1,3+0,2)x10* | (1,2+0,5)x10° | (4,5+0,6)x10° | (1,5+0,3)x10*
20 (2,4+0,8)x10° | (5,3+0,4)x10* | (4,0+0,3)x10° | (7,8+0,3)x10°
24 (1,3+0,1)x10% | (3,1£0,2)x10* | (3,2+0,7)x10° | (5,6+0,4)x10°
28 (1,1£0,3)x10° | (2,240,1)x10° | (2,5+0,2)x10° | (2,5+0,4)x10°
32 (6,1+£0,4)x10* | (7,3+0,2)x10° | (6,5+0,5)x10*> | (7,1+0,3)x10?
36 (4,3+0,3)x10% | (4,5+0,6)x10° 0 (1,4+0,5)x10?
40 0 (3,3+0,3)x10? 0 0
44 0 (2,8+0,4)x10? 0 0
48 0 0 0 0

Pesynbraru ineHTudikarii sakrodanui 3a MophoIOoriYHUMU 1 G10XIMIYHUMH
BJIACTUBOCTSIMU OyIo minTBeppkeHo metonom [TJIP (Puc.).

Byxe Ha derBepTy n00y micis iHOKYJSIIT criocTepiranacs pi3HUIS y Kilb-
KOCTI XHUTTE3AaTHUX JAKTOOALMII Y YOpHO3eMi, pu3ocdepi y Topd sHOMY IPYHTI 1
Topdi 63 pOCIHH: B OCTAHHROMY BHUIAJIKy 3MEHIIIEHHS YHCEIBHOCTI JIAKTOOAIHIT
OyJ10 OLIBII 3HAYHUM — HA TPH OPsLIKY, 3 (3,8+0,5)x10%m0 (2,3+£0,2)x10° KYO/Mn
(Tabm.).
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M K 1 2 3 4

Puc. 3pa3zok eaexrpodoperpamu npoaykris IIJIP 3 npaiimepamu planF i pREV
1o suaocnenudiunnx nociainosuocreii L. plantarum:
M — mapkepu MoneKyisipHOi MacH, K — koHTpons (ammiuikonu, orpumadi 3 JIHK mramy
L. plantarum OHY 12), 1-4 — amrutikonu, otpumasi 3 JIHK mMomouHokucinx 6akrepiii,
BHUJIUICHUX 3 TPYHTY Ha YETBEPTY MO0y ITOCIIIKECHHS

Fig. Example of an electrophoregram of products of PCR to species-specific sequences
of L. plantarum:
M — markers of molecular weight, K — control (amplicons obtained from DNA of
L. plantarum ONU 12 strain), 1-4 — amplicons obtained from DNA of lactic acid bacteria
isolated from soil on the 4" day of experiment

3aranoMm, 3 1-1 mo 4-y moOy cmocTepiraigocss HaHOUTBIT pi3Ke 3MEHIIECH-
HSI 9MCEIIBHOCTI OakTepii 1HOKy/sATa — Ha 2—3 mopsaku. Jlo 16-i 1o0u KigbKicTh
JaKTOOAITMI TIOCTYIOBO 3MEHIITyBajiacs. BcTaHOBIIEHO, IO BOHHU Kparie 30epi-
TaJId KUTTE3MATHICTh y pru3ocdepi KalaHxoe, sSKi pOCId Y YOPHO3EMHOMY TPYH-
Ti. Ha 16-y no0y uncenpHICTh JTakToOaImI y puzocdepi TecT-pocianH CKiaaana
(1,240,5) x10° KYO/M1 1IOpiBHSHO 3 YOPHO3EMOM, B SIKOMY POCIIMHU HE KYJIBTHBY-
Basucs, — (1,340,2)x10* KYO/min. Y Topd’ THOMY IPYHTI YHCEIbHICTD JIAKTOOAITHIT
Oyna Haitmenmor — (4,5+0,6)x10° KYO/mi.

Taka x TeHIeHIIis crocTepiranacs i Hajgaii: y Topd’ sHOMY IpyHTI JakToOa-
[IMJTA BIDKUBAJIM HAaMEHIIIMN TEPMIH 1 TTepecTaBaiy BUSABISATHCS Ha 36-y mo0y. Ha
40-y moOy JrakToOammim He BUCIBAUCS 3 pu3ochepn KalaHXoe, BUCAKEHOTO Y
Top(’THUH TPYHT, @ HANIOBIIE AOCIIHKyBaHI OakTepii 30epiraiu )KUTTE3MATHICT
y pu3ocdepi TeCT-poCIuH y YopHO3eMHOMY TpyHTI. [licis 44-1 mobu makToOarmmm
B)KE HE BUIUISIIACS 3 TPYHTY.

OTxe, TpU BHECEHHI y IPyHT movatkoBoi  KimbkocTi 1x10° KYO/r
L. plantarum OHY 12 micns 1,5 Micsms mocmimkeHs 6akTepii 30epiraan KUTTeE-
30aTHICTh Yy KibKocTi (2,8+0,4)x10? KYO/r y 4opHO3eMHOMY IpYHTI pu3ochepu
pocimH. Hagasm maktoOaruim He BUIIISUTHCS, IO MOXKE CBITYUTH SIK TIPO iX 3ard-
0eIb, TaK 1 Mo TePexif y HeKYIFTUBOBAHHUH CTaH, 110 3/1a€ThCS OUTHIIT HMOBIpHUM
3 OISy Ha HECTIPUATIMBI YMOBH TPYHTY Ui OakTepiii manoi rpynu. YopHo3eM-
HUU TPYHT BUSBUBCS OUTBIN CIPUSTIMBUM JIJIS JIAKTOOAIHII, HIXK TOp(’ THUH.

Hocnimxenns Hoda et al (2011) moka3zanm, 110 TakTo0anuiu Oyiv 31aTHUMHA
BIDKMBATH y TPYHTI 3 TOMaramu MpoTiaroM 1Box MicsmiB [10]. ¥V Hammx ymoBax
JIOCITITy BHBUYAIH JTWHAMIKY 3MIHHA YHCEIIBHOCTI JIAKTOOAIMII y 3aKPHUTIH crcTeMi
— €MHOCTSIX 3 TPYHTOM Yy TEIUTHIN. B iHIMUX JiTepaTypHUX Kepesiax BilOMOCTI
PO TPUBATICTh BMKMBAHHS JIAKTOOAIMIT BiJICYTHI. BimoMocCTi mpo MOJIOYHOKHC-
X OaKTepii SK MENMIKAHINB IPYHTY HABOMATHCS Yy MyOJIKaIlisgx 3 OISy Ha iX
BHUIIIJICHHS 3 TPYHTY, 31e011IIOT0 — 3 pu3ocdepu. Takok cIij BiA3HAYUTH, IO
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noAi0H1 TOCIIPKEHHS TPOBOASTHCA Y reorpadiyHUX perioHax 3 cyOTponiyHuM abo
TPOIIYHUM KIIIMATOM, JI€ BOJIOTHH 1 TEIUTUI TPYHT POOUTH BHXKMBAHHS MOJIOYHO-
kucnux Oakrepiit Oinbin Biporinaum. Tak, Yanagida et al. [15; 16], Chen et al [4]
BUIUISTH MOJIOYHOKHCI OakTepii 3 rpyHTy B fAnonii, a Ekundayo [6], Fhoula et al
[7], Oyeyiola et al [13] — 3 puzochepu adhprKaHCEKHX POCIIUH.

OTxe, OKa3aHO, IO 3aJIEKHO BiJl IPYHTY Ta MPUCYTHOCTI POCIHH, AOCHTi-
JOKYBaH1 JJaKTOOALMIIM 3aTHI 30epiraT JKUTTE3AaTHICTh 10 44 1i0.

N. Limanska, O. Basiul, T. Suvorova, G. Stepaniuk, V. Ivanytsia

Odessa National I. I. Mechnykov University,
2, Dvorianska str., Odesa, 65082, Ukraine,
e-mail: limanska@onu.edu.ua

SURVIVAL OF LACTOBACILLUS PLANTARUM ONU 12
IN SOIL

Summary

Aim. To reveal the terms of survival of bacteria Lactobacillus plantarum ONU 12
in soil. Materials and Methods. Bacterial culture of the strain L. plantarum ONU
12 was added to chernozem and peat soil in two variants — without plants and with
plants Kalanchoedaigremontiana Mill to reach the concentrationlx10°CFU/g.
Every four days the amount of lactobacilli was evaluated by inoculationon
agarized MRS medium, and by study of phenotypic characteristics and further
identification by polymerase chain reaction. Results. Lactobacilli survived for the
longest period in plant rhizosphere in humus: on the 44thday of experiment their
amount was (2.8+0.4)x10° CFU/g, and in humus without plants they survived at
least for 36 days. In peatsoil with outplants lactobacilli survived for the shortest
period, and they could not be isolated after 32" day. In rhizosphere of plants in
peat soil they survived at least for 36 days. Conclusion. Depending on soil type
and presence of plants, lactobacilli are able to survive up to 44 days.

Key words: lactic acid bacteria, soil, rhizosphere, survival.

H. B. Jlumanckas, E. B. Bacrwua, T. B. CyBoposa,
A. B. Crenanmok, B. A. UBaHbIIs

Opnecckuil HallMOHANBHBIN yHUBepcuTeT nMeHu W. Y. MeunnkoBa,
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CIIOCOBHOCTDb LACTOBACILLUS PLANTARUM
OHY 12 K BBI’KUBAHHIO B YCJIOBUSAX ITOYBbI

Pedepar

Lleny pabomvl: ycmanosums CpOKU COXPAHEHUS HCUSHECNOCOOHOCTU Oakme-
puti L. plantarum OHY 12 6 ycnosusx nousvl. Mamepuanst u memoost. Kyno-
mypy oaxmeputi wmamma L. plantarum OHY 12 enocunu 6 uepHnozemMHyIO U
MOp@AHYI0 NOYBY 6 08YX 6apuanmax — 0e3 pacmenuil u ¢ mecm-pacmeHusMu
Kalanchoe daigremontiana Mill oo docmuoicenus konyenmpayuu I1x10° KOE/e.
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Yepes kasxcovie uemvipe OHa NPOBOOUNU KOHMPOTb YUCTIEHHOCU J1AKMOOAYULI
nymem 8vlce8a MUKpooOUOmul noussl Ha azapusosantyro cpedy MRS u usyyenus
henomunuueckux NpuzHaKos u OaibHetulel UOeHMUPUKAYUU MemoOOM NOJU-
Mmepasnou yenuotl peaxyuu. Pezynomamul. Jlakmobayunnwl oonvuie 8ce2o co-
XPAHsLIU HCUBHECNOCOOHOCMb 8 pU3ochepe pacmenuil, KyIbMUSUPYEMbIX 6 Yep-
HO3eMHOU nouse: HA 44-1i Oemb dKcnepumMenma ux YUCIeHHOCMb COCMABIANd
(2,840,4)x10° KOE/2, a 6 uepnoszeme 6e3 pacmenuii baxmepuu SblICUBAIU NO
MmeHbuteti mepe 36 Oneil. B mopghsinoii nouse 6e3 npucymcemeusi pacmeHuil 1aKmo-
OayunIbl BLINCUBANU HAUMEHbULCE 8DEMs U Nepecmasaiil 8biA8IAMbCA nocie 32-
20 OH3l, a 6 puzocghepe pacmeHuil  MOPGHAHOU NOUEE BLINCUBAILU NO KPAUHEL Mepe
6 meyenue 36 cymok. Beleoo. B 3asucumocmu om muna nougwl u npucymcmeus
pacmeHull 1axmodayuiibl CnoCobHbL COXPAHSNMb HCUZHECNOCOOHOCMb 00 44 Onell.

Kniouesvie crosa: MonouHokucivie 6al<mepuu, nouea, pu3oc¢epa, coxpanerue
IHCUBHECNOCOOHOCTIL.
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YCTOMYUBOCTHD K TAKEJBIM METAJLJIAM
AIIMTOPUIBHBIX XEMOJIMTOTPO®HBIX
BAKTEPHMH, BBIJIEJIEHHBIX 3 TEXHOT'EHHOT'O
CbIPbA

Lens. Onpeoenenue ycmouuugocmu K UOHAM MAICENbIX MEMANL08 AYUOOPUTL-
HbIX XeMOAUMOmpoQpHuIX baxmeputl, U30IUPOBAHHBIX U3 OMEATbHBIX NOPOO MO-
NIUBHO-IHepeemuyecko2o komniexkca Yxpaunvl. Memoowl. bakmepuu xynbmueu-
posanu Ha azapusosannou cpede Cunveepmana-Jlynoepema 9K 6 npucymcemeuu
UOHO8 MeOU, YUHKA, HUKelsd, KoOanema u KaoMusi 6 Ouanasone KOHYeHmpayull
0,5-12,0 2/om* ¢ unmepesanom 0,5 2/0Mm’, ¢ npucymemeuu uonos ceunya 6 oua-
nasone 0,25-1,50 2/0m° ¢ unmepeanom 0,05 2/om°. Mezoghunvnvie 6axmepuu
kynemuguposaau npu 35,0%0,2 °C, ymepenno mepmogunvhvie — npu 50,0+0,2 °C
6 meuenue cemu Cymok. Yuem pesynbmamos ocyujecmsisinu usyaivho. Pesyns-
mameut. [lonyuennvie pe3ynbmamyl C6UOEMENbCMBYION O 8bICOKOM YPOBHE Pe3u-
CMEHMHOCIMU U30TUPOBAHHBIX WMamMmos dakmepuii podos Acidithiobacillus u
Sulfobacillus k paznuunbim uonam msgicenvix memannos. Munumanibhvie uneUOU-
pyrowue konyenmpayuu (MHUK) memaniog 0s u3yueHHbIX mammo8 8 HECKONIbKO
PAa3 NPesvlulanu UX COOepHcaHue 8 OMEAIbHbIX NOPOOax MONIUGHO-IHEp2emude-
CK020 KoMNJieKkcd. Yemanoenen psio moKCUYHOCMU UOHO8 MEMAN08 N0 OMHOULe-
HUIO K 8bIOCIEHHbIM bakmepusim: Hauboiee moxkcuunvim okasaics Pb*" (MUK
0L 6cex wmammos Haxoounacey 6 ouanazone 0,35-0,70 2/om’), naumenee mok-
cuunoin — Cu?* (MUK oocmueana 11,5 2/0m°). Onpedenen pao ycmoiiuugocmu
UBONUPOBAHHBIX WMAMMOSE AUUOOPUTLHBIX XeMOTUMOMPOPHBIX Oakmeputi pooos
Acidithiobacillus u Sulfobacillus no omuowenuio Kk UOHAM MOKCUYHBIX MEMAILIOS.
MakcumanbHou ycmouuugocmoro 001a0aIU WIMAMMbL, U30NUPOBAHHbIE U3 OMXO-
006 0boeaujenus yenet, MUHUMAIbHOU — WMAMMbl, U30TUPOBAHHbIE U3 OMX0008
coicueanusi yenei. Boieoowl. Bvioenennvle uz mexnoeeHH020 Colpbs ayudouibHbie
Xemonumompoghuvie Oaxmepuu OMHOCAMCS K NOAUPE3UCMEHMHBIM, MAK KAK OHU
NPOSABULU BLICOKULL YPOBEHb YCHOUYUBOCMU K WIUPOKOMY KPY2Y UOHOB MAICENbIX
MEmanios 8 WUpoKom ouanazone KoHyenmpayui. Peucmenmuocms wmammos
3a8uUcum om ux UHOUBUOYATbHbIX OCODEHHOCMell U UCTOYHUKOG 8blOeieHus. Boi-
ABTIEHbL MEANCBUAOBbIE U BHYMPUBUOOBLLE PAIUYUS WUMAMMOB NO UX PEe3UCHEHN-
HOCMU, 4O MOdCem OblMb C6A3AHO C PAFIUYHBIMU QAKMOPaAMU PUZUOIOSUHECKO-
20 U 2EHEMUUECKO20 XapaKmepa.

Knwuegvle cnosa: ayudoguuvhvie Xxemonumompoguvie Oaxmepuu, pesu-
CMEHMHOCHIb, UOHBL MAICETbIX MEMAILIO8.
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CTIMKICTB JIO BAXXKMX METAJIIB ALIMJIOPLIBHUX XEMOJITOTPO®HUX BAKTEPIIA, ...

Tsxenble MeTaIbl ABIISIOTCS BaKHOM COCTABISIONIEH YaCThIO MTOPOJIbI 3EM-
HOM KOPBI, MOCTOSIHHO MPHUCYTCTBYIOT B Onocdepe, TpaHCcHOpMUpyrOTCsi, He TOA-
BEPraroTCs IerpaJallii, MUTPUPYIOT 110 TPOPUUECKUM LETSIM U UMEIOT TSHCHIINIO
K HAaKOIUICHHUIO B JKUBBIX OpraHu3Max. Merasuibl HOCTyNaloT B OKPYKAOILYIO Cpe-
Jly €CTECTBEHHBIM ITyTE€M KaK pe3yJbTaT FTeOXUMHUUYECKUX U TPUPOJHBIX IIPOLIECCOB,
TaK ¥ aHTPOINOTE€HHBIM B Pe3yibTaTe ACSITENbHOCTH MPEeINpUsITHI 100bIBatoIIEH
U nepepabaThIBAIONICH MPOMBINUICHHOCTH, TpaHcnopTa u ap. [1, 2, 5]. Kontponb
3a COllep’KaHUEM TOKCUYHUX JIEMEHTOB B OKPY’KaIOLIEH cpesie periaMeHTUPYeTCs
MOHATHEM «IIpelenbHO-AomycTuMas koHeHTpauus» (I1/1K), onnako moscemect-
HO, 0COOCHHO B 30HaX aKTUBHOW MPOMBIIUICHHOW IEATEILHOCTH, UX COJACPKAHHE
npesbiiaeT 3Hadenus [1/1K B necatku 1 coTHU pa3. B BBICOKMX KOHLIEHTpALUsIX Me-
TaJUThI BHI3BIBAIOT M3MEHEHUS B MPUPOTHBIX MUKPOOHOIICHO3aX, MPUBOAS K 00e-
HEHHIO UX COCTaBa U BOZHUKHOBEHHIO YCTOHYMBBIX (hopM. BiusiHue MeTasioB Ha
MHUKPOOPTaHU3MBbI 3aBUCUT OT MHOTHX (DaKTOPOB — BUa MUKPOOPTaHu3Ma, (hopMbl
HAXO0X/ICHUS U KOHIIEHTPALUU METAIJIOB, (PU3UKO-XUMHUECKUX (DAaKTOPOB OKPYKa-
forien cpennl [2, 12, 14]. YeTORYMBOCTD K TSKEJIBIM METAJIAM SIBIISIETCS BAXKHBIM
(U3MOIOTHYECKUM CBOMCTBOM, OCOOEHHO KOTZIa pedb UAET 00 HCIOIb30BaHUU
MUKPOOPIaHU3MOB JIJIsl IEPEPAOOTKH TEXHOTC€HHOTO OJUMETAINTUYECKOTO ChIPBS.

B Hacrosiiee Bpemst IMEeTCs J0CTATOYHO OOLITMPHBINA MaTepHall, KaCaroIlnii-
Csl YCTOMYMBOCTU K METaJlJIaM PA3JIMYHBIX TPy MHUKPOOPTaHU3MOB, B IMEPBYIO
ouepens Pseudomonas aeruginosa, Bacillus subtilis, Escherichia coli, Alcaligenes
eutrophus, Rhodotorula glutibis. OTe4ecTBEHHBIME UCCIIEIOBATEIISIMUA OOHAPYKE-
HBI YCTOWYMBBIE K METAJUIaM IITAMMbl T€TEepPOTPO(HBIX MHUKPOOPTaHU3MOB KaK B
MIPUPOAHBIX, TAK M B TEXHOTEHHBIX IKOJIOTMYECKUX HUIIAX. B yacTHOCTH, oTyyYe-
HBI PE3YNBTATHI 110 BBIJICIICHUIO PE3UCTEHTHBIX IITAMMOB U MUKPOOHBIX COOOIIECTB
13 CTaOWJIbHBIX MPUPOAHBIX SKOJOTUUYECKUX HUII — IIMH KApCTOBBIX IMOJIOCTEH
ykpauHckoro [Tomonbs u KaBka3za, a Takke MPUPOJHBIX HUI C AKCTPEMATILHBIMU
(U3UKO-XUMUYECKUMH YCIOBHSIMH — ITOYB M (PUTOLIEHO30B AHTApKTUKH [3, 4].

JlaHHBIE O PE3MCTEHTHOCTH AlUAO(PHUIBHBIX XEMOJIUTOTPOPHBIX OAKTEpHid
(AXDB) HEMHOTOUHCIIEHHBI ¥ KacalOTCsl B OCHOBHOM IITaMMOB, U30JIMPOBAaHHBIX U3
npupoaHbiX uctounukoB [11, 13, 17]. B To ke Bpemsa AXDb, Bxogsiue B cocTaB
c(hOPMHPOBAHHOTO MHUKPOOHOTO IIEHO3a B TEXHOTEHHOM CHIPbE C MOBBIIICHHBIMU
KOHLEHTPAIUSAMH TSDKEJIBIX METAIJIOB, OXKHIAEMO JIOJKHBI OBITh BBICOKOPE3H-
cTeHTHBIMU. OJTHAKO TaHHBIE 00 ATOM B JIUTEpPAType OrpPaHUYCHBI.

Lenpro paboTHl OBLIO OMpeNeTIeHne YCTOMUYUBOCTA K MOHAM TSDKENIBIX Me-
TAJUIOB a0 HILHBIX XeMOJIUTOTPOPHBIX OAKTEPHIA, H30JIMPOBAHHBIX U3 MUKPO-
OMOIIeHO3a OTBAJILHBIX MPOAYKTOB TOTUTUBHO-YHEpreTudeckoro komruiekca (TOK)
YKpauHsl.

Marepuajibl 1 METOABI HCCIAETOBAHU I

HccnenoBanusi mpoBOAWIM € allUIO(PHIBHBIMUA XEMOJIUTOTPO(GHBIMH Me30-
(WIBHBIMH ¥ YMEPEHHO TepMO(DHUIBHBIMU IITaMMaMH (Taln. 1), BeIIEICHHBIMU
13 MUKpPOOHMOLIEHO3a OTBaIbHBIX NMpoaykToB TOK YkpauHbl: MOPOIHBIX OTBAJIOB
yrieoOoraieHus HeHTpanbHO# oborarutenbHoi hadbpuku (LIOD) «HYepBoHOTrpas-
ckasp» JIbBoBCcKO-BoubiHCKOTO yrompHoro Oacceitna (JIBYB) pasnmuunoro cpoka
HakorieHus (24—28 mecsiueB — 4epHOro LBeTa U XpaHsmuecs 6oiee 60 mecsien
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— KpacHOr0), 30JI0IIJIAKOB U 30Jbl YHOCA MOCJE CKUTaHUS YISl COOTBETCTBEHHO
Ha JloOpoTtBopckoit u JlanenkeHckoit teruosnekTpoctannusax (TIC). CpoiictBa
IITAMMOB OMUCAHBI B Mpebiayieit padore [10].

Tabmumna 1

IITaMMBbI anI0(PHIBHBIX XeMOJTUTOTPOPHBIX OaKTepHii, BbIICJCHHBIX U3 0TBAJIBHBIX
npoaykros TIOK
Table 1
Strains of acidophillic chemolithotrophic bacteria isolated from dumps by fuel-energy
complex
IITamm M CTOYHHUK BhIIEJIEHUS

Acidithiobacillus ferrooxidans Lv red 9 Kpacnas nopona LIO® «YUepBoHorpackasn»
Acidithiobacillus ferrooxidans Lv black 37 Yepnas nopoxa LIOD «YepBoHorpaackas»
Acidithiobacillus ferrooxidans DTV 1 3omonmrak J{o6porBopckoit TOC
Acidithiobacillus ferrooxidans Lad 5 3omna ynoca Jlagspkunckoit TOC
Acidithiobacillus ferrooxidans Lad 27 3oima ynoca Jlagepkusckoit TOC
Acidithiobacillus ferrooxidans ATCC 23270 | Bypsrit yroms u3 maxt CIIA
Acidithiobacillus thiooxidans Lv red 11 Kpacnas nopona LHO®D «UepBoHorpaackas»
Acidithiobacillus thiooxidans Lv black 6 UYepnas nopoaa LIOD «YepBoHorpaackasn
Sulfobacillus sp. Lad 29 3oma ynoca Jlagepkusckoit TOC

CoOOTBEeTCTBYIOIINE UCCIIEI0BAaHHS ITPOBOIMINCH TAKXKe C KOJUIEKLIMOHHBIM
mrammoM Acidithiobacillus ferrooxidans ATCC 23270 u3 AMeprUKaHCKOMN KOJIJIEK-
MU THUIIOBBIX KYJIBTYP, BbIIEIeHHBIM U3 Oyporo yrist maxt CIIA. Bee mrammbl
XpaHATCs B My3ee Kadeapbl MUKPOOHMOJIOTHH, BUPYCOJOTUH W OMOTEXHOJIOTHUHU
Onecckoro HalMOHAJIBLHOTO YHUBepcuTeTa uMeHu U. . MeunukoBa.

Briienensble mraMMbl MOXKHO OTHECTH K SKCTpeMOo(puiIaMm, T.K. OHH MOJTyye-
HBI U3 TEXHOTEHHBIX CYOCTPaTOB, MUKPOOHOIIEHO3 KOTOPBIX (hOpMHUpYyeTCs B HECTa-
OMIBHBIX (PU3UKO-XMMUYECKUX M KIIMMATHUYECKUX YCIOBHSIX, C BBICOKMMU KOHIICH-
TpaIUsIMU TSDKEIBIX METaJIIOB (Taod. 2).

Tabmuna 2
KoHueHTpauuu TsKeIbIX METAIOB B OTBAJIbHBIX npoaykTax TOK
Table 2
Concentrations of heavy metals ions in dumps by fuel-energy complex
OTBaIbHBIH Konuentpanust merasnia, r/t
TpoayKT Cu Zn Pb cd Ni Co
3omouax 102,320,1 |212,9+0,1 | 70,88+0,05 | 8,980,05 | 111,4=0,1 | 180,0+0,1
Hob6potBopckoit TOC
3ona yHoca 68,30+0,05 | 276,7+0,1| 108,7+0,1 |7,200,05 | 230,8+0,1 | 305,00, 1
Jlagppxuackon TOC
Yepnas nopona LIOD | 62,18+0,05 | 112,5+0,1 |42,20+0,05 | 2,82+0,05 | 134,2+0,1 | 116,10,1
Kpacnas nopoaa LIO® | 78,90+0,05 | 130,8+0,1 | 57,92+0,05 | 3,63+0,05 | 132,940,1 | 188,8+0,1
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Bce Bwimenennbie o otxomoB TOK mTamMMbl m3ydanud Ha yCTOWYHMBOCTH
K MOHAaM MeJu, IIMHKA, HUKeNs, KoOajabra W KaaMmus B JHara3oHe KOHIICHTpa-
muit 0,5-12,0 r/am® ¢ umaTepBanom 0,5 r/aM°; K MOHAM CBHHIIA B JHala3oHe
0,25-1,50 r/am* ¢ uarepsamom 0,05 r/am’. BeiOop 3THX MeTaioB 00YCIOBICH MX
BBICOKOW TOKCMYHOCTBIO U COYETAHHUEM BCEX M3BECTHBIX MEXAHU3MOB ITOJIABICHUS
KU3HEACSITEIbHOCTH MUKPOOPTraHU3MOB [2, 6].

Pe3ucTeHTHOCTH IITaMMOB ONPEEIISUIA MPH UX KyJbTUBUPOBAHUH HA CTaH-
naptHoii cpene Cumbbepmana-Jlynarpema 9K cocrasa, r/am’: K. HPO, — 0,50;
(NH,),SO, - 3,00; MgSO,x7H,0 - 0,50; KC1 - 0,10; Ca(NO,), - 0,01. B xauecTe
HMCTOYHUKOB HEPTMH UCIONIB30BAIM I A. ferrooxidans n Sulfobacillus sp. conb
FeSO,x7H,O B xoHuenTpauuu 44,5 r/am’; Ipu KynbTUBUPOBaHUU A. thiooxidans
—Na,S 0, B xonuentpamuu 5,0 r/av’. Conu MeTamwios B popme cynbharos pac-
TBOPSUTH B TUCTHJUTMPOBAHHOW BOZE, CTEPHJIM30BAIM HA KUIISIIEH BOASHON OaHe
B TeueHue 10 MUH U BHOCWIIM B PacIUIaBICHHYIO arapu3oBaHHYIo cpeay. KoHTpo-
nem ciryxkuia cpena 9K 6e3 MeramioB. Me3oduibHbIC MITaMMbl KYJIbTHUBUPOBAIH
npu 35,0+0,2 °C, ymepenno tepmoduibnbie — mpu 50,0+0,2 °C B TeueHue cemu
CYTOK. Y4YeT pe3ylbTaroB OCYIIECTBISUIA BU3yallbHO, CPAaBHUBAsI POCT LITAMMOB
B OIBITHBIX U KOHTPOJBHBIX BapHaHTax. Bce OMBITHI MPOBOAMIHM B TPEX MOBTOP-
HOCTAX. MUHMMaJIbHO MHTHOMpYIOIIeH cuntanu KoHieHrpauio (MUK, r/am?),
IIPU KOTOPOH eIle COXPAaHSAETCs KUZHECIOCOOHOCTh MCCIEAYEeMOro ITaMMa, HO
MOJTHOCTBIO OTCYTCTBYET €ro pocT. KoirmuecTBEHHBII aHaIu3 TBEPBIX CyOCTpaToB
OCYUIECTBIISUIM Ha aTOMHO-3MHCCHOHHOM criekTpomerpe DMAC-200 CCD (bena-
pych). KoHlleHTpauo MeTaaioB B pacTBOpax ONpEAEIsUIA METOJOM aTOMHO-a0-
copbuunonHoii cnekrpockonuu Ha mpudopax AAC-1 (I'epmanus) u C-115TIK Selmi
(Ykpauna). MukpohoTOCheMKy MPOBOAWIH C IMOMOIIBIO CBETOBOIO MHKPOCKOIA
Primo Star PC (I'epmanust). JJoCTOBEpHOCTD MOTYYSHHBIX PE3yJIbTaTOB OLIEHUBAIIN
o kpureputo CterofieHTa ¢ BepoaTHocThio P<0,05.

Pe3yabrarsl U uX 00Cy:KIeHUE

Pesynbrarel uccienoBanuii 00001IeHbI B Ta0M. 3 U CBUICTEILCTBYIOT O BbI-
COKOM YCTOWYHMBOCTH BBIJICJICHHBIX IITAMMOB K ITHPOKOMY CIEKTPY MOHOB TSIKE-
JBIX MeTayioB. Hanbosee nokasaresbHbie BU3yaIbHBIE TPOSBICHUS PE3UCTEHTHO-
cTH OaKTepuil mpeacTaBieHbl Ha puc. 1—4.

Kak moxa3zanu pe3ynbraThl UCCIEIOBAHUN, HAN0OIEEe TOKCUYHBIM I BCEX
BBIJICJICHHBIX U H3YYCHHBIX IITAMMOB sIBIIsieTCsl MOH cBUHIA, ero MUK cocrasnser
0,35-0,70 r/nm*. Ha puc. 2 BueH ciaOblii pOCT MO IITPUXY BBIACICHHBIX OaKTe-
puii A. ferrooxidans B npucyrcteuu 0,70 r/nm* Pb*" mo cpaBHEHHIO ¢ KOHTPOJIEM
(puc. 1). MuHMMaNBEHON TOKCUYHOCTBIO 00naaaeT noH meau: ero MUK Haxonut-
cs B auamasone 2,5-11,5 r/oM?, B 3aBUCHMOCTH OT IITaMMa. B o0miem Buae Bce
WCCIICZIOBAaHHBIE HOHBI TSDKEJIBIX METAJUIOB B MOPSIKE YOBIBAHUS MX TOKCHYHOTO
BO3JICHCTBUS Ha BBIJCIICHHBIC OakTepuu ponoB Acidithiobacillus w Sulfobacillus
MOYKHO PACIIOJIOKHTD B P

Pb2+ > Ni2+ 2 C02+ >Zn2+ 2 Cd2+ >Cu2+

MaxkcuManbHy0 YCTOHYUBOCTh KO BCEM M3YYEHHBIM MOHAM METAJUIOB IPO-
sBisma Acidithiobacillus ferrooxidans Lv red 9 w Acidithiobacillus ferrooxidans
Lv black 37, uzonupoBannsie u3 0TBajoB odoramenus yrineit. MUK Bcex meran-
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Puc. 1. Pocrt A. ferrooxidans Lv red 9 (1),
A. ferrooxidans Lv black 37 (2),
A. ferrooxidans Lad 27 (3), A. ferrooxidans
DTV 1 (4), A. ferrooxidans Lad 5 (5) B
KOHTPOJIbHBIX ONMBITAX

Fig. 1. Growth of A. ferrooxidans Lv red 9
(1), A. ferrooxidans Lv black 37 (2),
A. ferrooxidans Lad 27 (3), A. ferrooxidans
DTV 1 (4), A. ferrooxidans Lad 5 (5) —
control

Puc. 3. Pocr A. ferrooxidans Lad 27 (1),
A. ferrooxidans Lad 5 (2), A. ferrooxidans
DTV 1 (3), A. ferrooxidans ATCC 23270 (4)
B npucyrcTBun 4,0 r/am3 Zn**

Fig.3. Growth of 4. ferrooxidans Lad 27
(1), A. ferrooxidans Lad 5 (2),
A. ferrooxidans DTV 1 (3), A. ferrooxidans
ATCC 23270 (4) in the presence
of 4,0 r/nm? Zn**

Puc. 2. Poct A. ferrooxidans Lv red 9 (1),
A. ferrooxidans DTV 1 (2), A. ferrooxidans
Lv black 37 (3) B mpucyrcrBuu 0,70 r/am3

Pb2+

Fig. 2. Growth of A. ferrooxidans Lv

red 9 (1), A. ferrooxidans DTV 1 (2),

A ferrooxidans Ly black 37 (3) in the
presence of 0,70 r/am® Pb**

Puc. 4. Pocr A. ferrooxidans Lv red 9 (1),
A. ferrooxidans Lv black 37 (2),
A. ferrooxidans DTV 1 (3) B npucyTcTBUH
6,8 r/am® Co**

Fig.4. Growth of A. ferrooxidans Lv red 9
(1), A. ferrooxidans Lv black 37 (2),
A. ferrooxidans DTV 1 (3) in the presence
of 6,8 r/mm® Co**
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Tabnuma 3
MuHuMAa/IbHbIe HHTHOUPYIOLINE KOHIeHTPpauuu (r/amM’) 1 INTAMMOB,
HM30JIMPOBAHHBIX U3 0TX010B TOK
Table 3
Minimum inhibitory concentrations (g/dm?) for strains isolated from dumps
by fuel-energy complex

T Hon meTtasia
Cu* Zn* Pb* Cd* Co* Ni?*
A. ferrooxidans Lv red 9 11,5+0,5 | 8,1+0,3 |0,70+0,05| 9,9+0,4 | 6,8+0,3 | 5,6+0,3
A. ferrooxidans Lv black 37 | 11,5+0,5 | 6,1£0,3 [0,70+£0,05| 9,9+0,4 | 6,8+0,3 | 7,5+0,3
A. ferrooxidans Lad 5 5,1+£0,3 | 4,0+£0,2 |0,35+0,02| 7,4+0,3 | 3,4+0,2 | 3,7+0,2
A. ferrooxidans Lad 27 11,5+0,5 | 4,0+£0,2 {0,35+0,02| 9,9+0,5 | 5,1+0,3 | 5,6+0,3
A. ferrooxidans DTV 1 11,5+0,5 | 4,0+0,2 |0,70+0,05| 2,4+0,2 | 6,8+0,3 | 3,7+0,2
A. ferrooxidans ATCC 23270 | 2,5+0,2 | 4,0+0,2 (0,35+0,02| 2,4+0,2 | 1,74£0,2 | 1,9+0,2
A.thiooxidans Lv black 6 5,1+£0,3 | 6,1+£0,3 [0,35+£0,02| 4,9+0,3 | 3,4+0,2 | 3,7+0,3
A. thiooxidans Lv red 11 6,4+0,3 | 6,1+0,3 [0,35+0,02| 4,9+0,3 | 5,1+0,3 | 1,9+0,2
Sulfobacillus sp. Lad 29 10,2+0,4 | 8,1+0,4 [{0,70+0,05| 9,9+0,4 | 6,8+0,3 | 5,6+0,3

JIOB U1 3TUX IITAMMOB He omnyanuch (tadi. 3). llrammer 4. ferrooxidans, u3o-
JUPOBAHHBIC M3 OTXOJIOB COKUTAHUS YIIIEH — 30J1b1 YHOCA U 30JIOIILIAKA, TPOSBUIIN
MEHBIIYI0 YCTOHYUBOCTH 110 OTHOIICHUIO K MOHAM TSDKEIBIX MeTaioB. OmHaKo,
HECMOTpSI Ha OJIMH M TOT )K€ UCTOYHHK BBIZICIICHHS — 30J1a yHOCa JlaapDKUHCKON
TOC, MUK nonoB merainos st A. ferrooxidans Lad 27 u A. ferrooxidans Lad 5
ObuIM pa3nu4HbIMU. Tak, ypoBEHb Pe3UCTEHTHOCTH A. ferrooxidans Lad 27 nocra-
TOYHO BBICOK M HE3HAYUTEIBHO OTIMYAECTCS OT ITOTO IMOKa3aTelns AJs Hamboee
pe3UCTEeHTHBIX A. ferrooxidans Lv red 9 u A. ferrooxidans Lv black 37. B Toxe
Bpemst MUK nonoB metainoB st A. ferrooxidans Lad 5 6bl1a MUHUMaIbHOH 1O
CPaBHEHUIO CO BCEMH HMCCIIEyEMBbIMHU IITaMMaMHU. BEIsSIBIICHHBIC BHYTPH BHIOBBIE
paznuuusi 6akTepuil MOTYT OBITH CBSI3aHBI C UX WHJIUBUAYAIBHBIMUA OCOOCHHOCTSI-
MU, B YaCTHOCTH, JIOKATM3AIUEH TEHOB YCTOMYUBOCTH, BIUSIONINX HA MEXaHU3MBI
(OopMHpOBaHUST PE3UCTCHTHOCTH (HAIMYHE BHEKJIETOYHOTO Oaphepa, aKTUBHBIN
TpPaHCHOPT HOHOB METAJUIOB U Ap.) [2, 6, 9].

VYeroitunBocts GakTepuil mtamma A. ferrooxidans DTV 1, nzonupoBaHHOTO
u3 3ononuiaka JlooporBopckoit TOC, k HOHAM MeIU U CBHHIIA ObUIa CpaBHUMA C
9TUM nokazarenem ansi A. ferrooxidans Lv red 9 u A. ferrooxidans Lv black 37,
HO YPOBEHb PE3UCTEHTHOCTH K JPYruM MetaiuiaMm Obul B 1,5-4,0 pa3a MeHbIe
(tabm. 3). [Ipu 3TOM HEOOXOUMO OTMETUTH, YTO B 30JI€ YHOCA U 30JI0ILLIAKE KOH-
LEHTpAIMs OOJIBIINHCTBA TSHKEJIBIX METAJUIOB MPEBBIIIANIA UX COJIEPYKAHHE B OTBA-
nax yrieoboraienus (Tadm. 2).

OTnuuunst UMENM MECTO U TIPU CPAaBHEHUH PE3UCTCHTHOCTH MPECTABUTEICH
pa3HbIX BUI0B pofa Acidithiobacillus, BblIeI€HHBIX U3 OJTHOTO U TOTO ke CcyOcTpa-
ta. Tak, mrammsl pona Acidithiobacillus thiooxidans Lv red 11 u Acidithiobacillus
thiooxidans Lv black 6, u3onupoBaHHbIe U3 OTBAJIOB yIJI€00OTaIllEHNUs, IPOSBIISLIIN
MUHUMAJIBHYIO0 YCTOMYMBOCTH KO BCEM HOHAM METaJIOB, IO CPABHEHUIO CO IITaM-
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Mamu A. ferrooxidans Lv red 9 u A. ferrooxidans Lv black 37. Otu mrammsl o01a-
JIaJT OJTMHAKOBOM YCTOWYMBOCTBIO K IIMHKY M KaaMUI0, HO A. thiooxidans Lv red
11 okazaincst Gojee yCTOWYHMBBIM K MU U KoOamnbty, a A. thiooxidans Lv black 6
— K HUKeNI0. MUHUMAIIbHBINA YPOBEHB pe3ucTeHTHOCTH mTammoB Acidithiobfcillus
thiooxidans k meramiaMm 00yCJIOBJIEH HCIIOIB30BAHUEM THOCY/Ib(ara B Ka4ecTBE
UCTOYHUKA >HEpruu. [Ipu UCcronb30BaHNH B KQYECTBE YHEPTETUYECKOTO cyOcTpa-
Ta JIByXBaJICHTHOTO Xele3a y Acidithiobfcillus ferrooxidans BepoSTHO POUCXOIUT
WHAKTHBALMS OCJIKOB BHEIIHEH MEeMOpPaHbI U MOJJaBIEHUE HOHHBIX MTEPEHOCUYUKOB,
B pE3yNbTaTe Yero CHWXKAETCS TMPUTOK MOHOB METAJIOB B KIETKY M, KaK CIIe-
CTBHE, UX TOKCHYECKOE BO3/ICHCTBUE HA KIETKH OakTepuii [7].

MUK MOHOB TSDKENBIX METAJUIOB JJISi YMEPEHHO TePMOQWIBHOTO IITaMMa
Sulfobacillus sp. Lad 29, u3onupoBanHoro u3 3056l yHoca Jlagepkuackoit TOC,
NPAaKTUYECKH HE OTIIMYAIUCh OT MOJMYYEHHBIX JaHHBIX as A. ferrooxidans, n30-
JUPOBAHHBIX U3 OTBAJIOB yrieoOoramieHus. B 1iesom Bce BBIACICHHBIE IITAMMBI
ObUTH Jy4YIlle aJalTHPOBAHBI K POCTY B MPHUCYTCTBHU COJICH TSKEIBIX METAJUIOB
0 CpaBHEHUIO C TUNOBBIM A. ferrooxidans ATCC 23270. Ilo mepe yObiBaHuUs
YCTOMYMBOCTH BCEX U3YUYCHHBIX IITAMMOB K HOHAM TSDKEIIBIX METAJLIOB UX MOYKHO
pacnonoxutb B psn: A. ferrooxidans Lv red 9 > A. ferrooxidans Lv black 37 >
Sulfobacillus sp. Lad 29 > A. ferrooxidans Lad 27 > A. ferrooxidans DTV 1 >
A. thiooxidans Lv red 11 > A. thiooxidans Lv black 6 > A. ferrooxidans Lad 5 >
A. ferrooxidans ATCC 23270.

[Tony4yeHHbIE pe3yabTaThl CBUICTENBCTBYIOT O BBICOKOM YPOBHE PE3HCTEHT-
HOCTHU OAaKTEpHii, U30JUPOBAHHBIX U3 OTBAIBHBIX MPOAyKTOB TOK, K HOHAM TsixKe-
JBIX MeTasutoB. [Ipu 3TOM MUHUMAabHBIE KOHIIEHTPAIIMH METAJIOB, PH KOTOPBIX
€Il COXPaHSIETCs )KU3HECTIOCOOHOCTh IITAMMOB, B HECKOJIBKO Pa3 MPEBHIIIAIOT X
coJep;kaHue B orxonax (tadm. 1).

[Tony4yeHHbIE pe3ybTaThl COMIACYIOTCS ¢ HEMHOTOUUCIICHHBIMU JTUTEPATYP-
HBIMU JTaHHBIMH, OOJIBITUHCTBO U3 KOTOPBIX KacaroTcs pe3uctentTHoctu AXbB, m3o-
JUPOBAHHBIX U3 MPUPOAHUX CYyIbPUIHBIX pya. [IpuBonsATCS pa3nuvHbIe pe3ynbTa-
ThI 00 ycroituuBoctu Acidithiobacillus ferrooxidans k noHaM TSHKEJIBIX METAJLIOB,
YTO CBSI3aHO C MCTOYHUKOM BBIJCTICHHS M OCOOCHHOCTSMH INTaMMOB. MMerorcs
naHHele o pocte Thiobacillus ferrooxidans, BEIIEICHHOTO W3 WHAUKWCKOTO MEIHO-
ro pynuuka B npucyrctBun 10,0 u 20,0 r/am® nona Cu**, olHAKO TPU 3TOM TIO-
Ka3aHO CHIDKEHHE CIIOCOOHOCTH OKHUCIATH >kene3o mpaktudecku Ha 80,0-90,0%
[15]. B pabote [16] yka3zaHO, 4TO yPOBHHM PE3UCTCHTHOCTH JIByX THUIIOBBIX IITaM-
MOB Acidithiobacillus ferrooxidans ATCC 53993 wu Acidithiobacillus ferrooxidans
ATCC 23270 x Meau OTIIMYAIHCh U cocTaBisuiy 25,0 u 6,2 r/aM°, COOTBETCTBEHHO.
B paGore Boyer A. et all [11] npuBonsaTcss JaHHBIE O TOJIEPAHTHOCTH OaKTepHid
mrramma Thiobacillus ferrooxidans DSM 583 k 38,4 r/nm® nonos Cu**, omHako
yxke npu 44,8 r/am’ Cu?’ OIHOCTBI0 HHTUOUPOBAJICSI POCT OAKTEPHil YKa3aHHOTO
mramMma. B pabote [13] npuBeneHsl JaHHBIE MO0 U3YYCHHUIO YCTOWYMBOCTH OaKTe-
puit necsatu mrammoB Thiobacillus ferrooxidans, N30JIMPOBaHHBIX M3 YPAHOBBIX
IaXT ¥ XBOCTOXPAHHJIUIL HUKEJIEBBIX PYJAHUKOB, K MEIH, HUKEJIO, YPaHy U TOPHIO.
HmeroTcst pe3ysabTaThl psijia UcclenoBareseil Mo yCTOHYMBOCTH OaKTepuil pa3iny-
HBIX IITaMMOB A. ferrooxidans, BRIICTICHHBIX U3 MPUPOIHBIX CPENl U IKCTICPUMEH-
TaJIbHBIX YCTAHOBOK. BhIsiBIeHa YCTONUUBOCTE A. ferrooxidans x 51,2 v/nm* Cu*,
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70,7 v/am® Zn?**, 56,0 r/am® Cd** [8, 13]. ABTOpBI OOIBIIMHCTBA PAOOT CBS3BIBAIOT
pa3IMyHbIe YPOBHU PE3UCTEHTHOCTH IITAMMOB C UX €CTECTBEHHOUN (H3HOIOTHYE-
CKOW M3MEHYUBOCTBIO, 3aBUCAILEH, B YACTHOCTH, OT HUCTOYHUKOB BbIJCIICHUS.

Takum 00pa3oM, TOJyYEHHBIC PE3YJIbTaThl MO3BOJISFOT OTHECTH ITaMMBbI
AXD, BbIICJICHHBIC U3 TEXHOTEHHOTO CHIPhS, K TOJUPE3UCTCHTHBIM, TaK KaK OHU
MPOSIBIJI BBICOKHH YPOBEHb YCTOMYUBOCTH K IIMPOKOMY KPYT'y HOHOB TSKEITBIX
METaJUIOB B IITUPOKOM JHAIa30He KOHIICHTpaIil. Pe3ynbTaTsl HCCIIeIOBAaHHUI CBH-
JICTEIIbCTBYIOT O MEKBHUI0BOM U BHYTPUBHUIOBOM Pa3IMUUU B PE3UCTEHTHOCTH W3-
YYEHHBIX IITaAMMOB K HOHAaM METaJUIOB. DTO MOXET OBITh CBS3aHO C Pa3IUIHBIMU
(dakTopamMu (PU3UOIOTHYECKOTO U TEHETUYECKOTO XapaKTepa: CHIKEHHEM TPOHHU-
[IAaEMOCTH KJICTOYHOW CTEHKH JIJI1 HOHOB TSDKEJIBIX METAJLIOB; 00pa3oBaHHEM OO0JIb-
IIOTO KOJIMYECTBA CIIU3H, aJICOPOUPYIONICH U MHAKTUBHPYIOIICH HOHBI METAJIOB;
HaJU4ueM y OaKkTepuil BHEXPOMOCOMHBIX (DAKTOPOB YCTOWYMBOCTH — TUIA3MHJT U
TPaHCNO30HOB [2, 6, 9]. Eciiu yunThIBaTh BECh KOMIUIEKC MPAKTUYECKU MOJIE3HBIX
CBOWCTB BBIJICJICHHBIX IITAMMOB C TOUKH 3PEHHS MX PE3UCTEHTHOCTHU IO OTHOIIIE-
HUIO K MOHAM TSDKEJIBIX METAJUIOB, a TAK)KEe YCTAaHOBJICHHBIX paHee B padote [10]
CKOPOCTH pOCTa, aKTUBHOCTH OKHCIIeHUs kene3a (II) kak mcTOYHWKa SHEPruw,
CIIOCOOHOCTH K aJanTallii ¥ BBIIICIaYUBAIONICH aKTHBHOCTH, HAaMOOJIBIINN WH-
Tepec MPEICTABISIOT H30JIMPOBAHHBIC U3 OTBAJIOB yIiieo0OoTrameHust Me30(UIbHbIC
mramMmbl A. ferrooxidans Lv black 37 u A. ferrooxidans Lv red 9. Dtu pe3ynbrarsl
3HAYUTENILHO PACIIUPWIA BO3MOXHOCTH NMPUMEHECHUS OMOTEXHOJIOTHYECKHX Me-
TOJIOB MEPEepadOTKHU KaK F€Or€HHOI0 TaK U TEXHOTEHHOTO ChIPbS U JIETJIU B OCHO-
By pa3paboTku 3(h(HEeKTUBHOTO YHU(DHUIIMPOBAHHOTO OAKTEPUAILHOTO Tperapara,
CIOCOOHOTO HM3BJIEKAaTh METAJUIBI U3 TeXHOTEeHHBIX cyOcTparoB TOK VYkpaunsl ¢
BBICOKUMHU TIOKa3aTeIIsIMHU.
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CTIMKICTD 10 BAYKKHX METAJIIB ATUJO®PUIBHUX
XEMOJITOTPO®HUX BAKTEPIN, 11O BUAWUJIEHI
3 TEXHOI'EHHOI CUPOBUHH

Pedepar

Mema. Busnauenns cmiukocmi 00 UOHI8 AJNCKUX Memanié ayudo@piibHux Xxe-
MORIMOMPOPHUX bakmepiil, Wo 3016068aHI 3 6i08ANLHUX NOPIO NANUGHO-EHEPee-
muunoeo komniexcy Yxpainu. Memoou. baxmepii Kyibmugysanu Ha a2apuzo8aHo-
my cepedosuwyi Cunveepmana-Jlynoepema 9K y npucymuocmi tonie mioi, YyuHky,
Hixeno, Kobanbmy i kKaomito 6 dianazoni konyenmpayii 0,5—12,0 2/0m° 3 inmepsanom
0,5 /oM, tionis ceunyio — 6 dianazoni 0,25—1,50 2/0m° 3 inmepsanom 0,05 2/om,
mezoghinbri bakmepii kynomusysanu npu 35,0 + 0,2 °C, nomipro mepmoghinbni —
npu 50,0 £ 0,2 °C npomsicom cemu 0i6. O0nix pe3ynvmamis 30ICHI08AIU 8i3VATbHO,
NOPI6HI0IOUYU OOCTIOHT BAPIAHMU 3 KOHMPOILHUMU, 3a KOHMPOIb CILY2Y8AN0 Cepedo-
suue 9K 6es iionie memanis. Pezynemamu. Ompumani pesyiomamu c8i04ams npo
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BUCOKULL PIBEHb pe3ucmenmHocmi i301bosanux bakmepitl podis Acidithiobacillus i
Sulfobacillus 0o piznux tionie saxckux memanie. MiniManibHi NPUSHIYYBAILHI KOH-
yenmpayii Memanie 015 GUEUEHUX WMAMIB 8 KLIbKa pa3ie nepesuwyy8an ix 6mMicm
¥V 8i08aNbHUX NOPOOAX NATUSHO-eHep2emUudHo20 Komniexcy. Bemanoeneno psao
MOKCUYHOCTMI UOHI8 Memaie no GiOHOUWEeHHI0 00 8UOLIEHUX WMamig: Haubinblu
moxcuuHum sussuecs tion Pb>* (MIK ons écix wmamis snaxoounacs 6 0ianasomi
0,35-0,70 2/0M°), naiimenw moxcuunum — tion Cu’* (MIK docsieana 11,5 2/om’).
Busnaueno pso cmitikocmi i301608aHUX wmamis ayudo@iibHux Xemoaimompogh-
Hux bakmepiu pooise Acidithiobacillus i Sulfobacillus no éionowennio 0o tionie
moxcuyHux memanis. MakcumanoHow CMitiKicmio 80100inU WMAaMy, i301b08aHI
3 8i0X00i6 30acauenns 6y2inis, MIHIMANIbHOIO — WMamu, i301b06aHi 3 8i0X00i6
CNano8ants 8y2iLis, a MmaKoic Korekyiunul wmam. Bucnoeku. Buoineni 3 mex-
HO2CHHOI CUPOBUHU WMAaMU AYUOOPDILIbHUX XeMOIIMOMPOPHUX bakmepiil 6I0HO-
CAMbCA 00 NONIPE3UCTNEHMHUX, MAK AK 80HU NPOAGULU 8UCOKULL PIBEHb CIITIKOCII
00 UWUPOKO2O KONA UOHIB 8ANCKUX MEMANi6 8 WUPOKOMY O0iana3’oni KOHYeHmpa-
yiu. Peaucmenmuicms wimamie 3anedxicums 6i0 ix iHOUBiOyaibHux ocobaugocmel
i Ooicepen eudinenns. Buseneno mignceudosi i 6HympiutHb08UA08I GIOMIHHOCMI
WMAMIB 30 PE3UCEHMHICMIO, WO MOdJice OYMu Nog'si3aH0 3 PISHUMU YUHHUKAMU
Qiz