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The possibility of the designing test-systems for specific detection of corrosive-relevant sulfate-
reducing bacteria using real-time PCR assay were investigated. This method of the bacteria identification
is based on the detection of the functional genes, encoding key enzymes of dissimilatory sulfate-
reduction pathway, i.e. dissimilatory sulfitreductase a subunit dsrA. It was established among the six
test-systems specificity reveal only three designed on the base of Desulfotomaculum, Desulfovibrio,
Desulfobulbus genera sequences. The most corrosive-relevant strain Desulfovibrio sp. UCM B-11503 dsrA
gene detected more effectively (threshold cycle was 20.0), than less corrosive-relevant strains
Desulfovibrio sp. UCM B-11504 (threshold cycle was 28.1) and for Desulfotomaculum sp. UCM B-11505
and Desulfomicrobium sp. UCM B-11506 were 24.9 and 23.1 cycles, respectively. Test-systems allowed
identifying corrosive-relevant sulfate-reducing bacteria faster and more effective. This approach will
serve as a base for monitoring of these bacteria for estimating corrosion sites on the high-level dangerous

man-caused objects.
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Sulfate-reducing bacteria (SRB) are wide-
spread in various environments: sea sludge
deposits, hydrothermal springs, fresh water
systems, soils, anaerobic mud, wastewaters,
oil and gas fields and other ecotopes [1—4].
They are known to be the main producers of
the biogenic hydrogen sulfide in the biosphere.
In the natural conditions biogenic hydrogen
sulfide reacts contributing to the formation of
sulfur ores, metal sulfide deposits, therapeutic
muds, mineral waters and soda lakes.
Furthermore, the hydrogen sulfide produced
by sulfate-reducers in the industrial systems
behaves as a corrosive agent, promoting the
biodeterioration of steel, ferroconcrete and
metal installations [4]. Therefore, it is actual
for monitoring of sulfate-reducing bacteria in
the places of the anthropogenic intervention in
the underground environment.

As described in our previous works, the
zones undergoing man-caused load, namely in
the places of underground communication, gas
pipeline and hot-water system, get colonized
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by the sulfate-reducing bacteria Desulfovibrio
Desulfotomaculum and Desulfomicrobium
genera [5—7]. The fundamental metabolic
feature of isolated SRBs is the hydrogen sulfide
production as the result of dissimilatory
sulfate reduction.

In all the SRBs described sulfate-reduction
pathway is a complex multistage process which
catalyzed by more than 17 enzymes, three of
them are key enzymes. The initial stage is
activation of sulfate by ATP sulfurylase (SAT),
(EC 2.7.7.4) the second reaction is reduction
of adenosine-5'-phosphosulfate (APS) to
adenosine-monophosphate (AMP) and sulfite
by enzyme APS reductase (APR) (EC 1.8.99.2),
and subsequent further reduction to hydrogen
sulfide by dissimilatory sulfite reductases
(DSR) (EC 1.8.99.3) [8]. Thus, the functional
genes of the sulfate reduction pathway are aps,
apr-, and dsr-genes, encoding the key enzymes
[8-10]. Analysis of the aps-genes primary are
used for differing sulfate- and sulfite-reducing
bacteria, cause the last one haven’t this gene
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[11, 12]. Dsr-genes related to the final stage of
sulfate reduction are found in all the sulfate-
and sulfite-reducing bacteria and may be
defined using a certain set of conservative
primers.

The use of the molecular biology methods,
namely, determination of the functional genes
encoding the key enzymes of dissimilatory
sulfate-reduction pathway is an efficient way
to detect sulfate-reducing bacteria.

The goal of the study is to develop a
complex of molecular-biology methods and
microchip-based test-systems on the biochip
for monitoring the corrosion-relevant sulfate-
reducing bacteria by real-time multiplex PCR
assay.

Materials and Methods

Bacterial cultures and cultivation. Sulfate-
reducing bacteria Desulfovibrio sp. UCM
B-11503, Desulfovibrio sp. UCM B-11504,
Desulfotomaculum sp. UCM B-11505,
Desulfomicrobium sp. UCM B-11506 were
used at this work. Bacterial strains early were
isolated from man-caused ecotopes, identified
and had established their corrosive activity [6].
Bacteria are stored in the Ukrainian Collection of
Microorganisms (UCM)of the Zabolotny Institute
of Microbiology and Virology NAS of Ukraine.

Bacteria had cultivated on the Postgate
“B” media [14] in anaerobic conditions
at 28 °C, during 7 days to the middle of the log
phase growth.

Genomic DNA extraction. DNA were
extracted from culture biomass using kit
“DNA Sorb-B” (“AmpliSens”, Russia)
according to manufacturer instructions.
DNA concentration had measured on the
spectrophotometer SmartSpec Plus (Biorad,
USA). As a control had used TE-buffer
(pH 7.8).

PCR-primers. At this work were used
degenerated primers specific to the genes,
encoding sulfate-reduction pathway
enzymes: dissimilatory sulfite reductase
o- and B-subunits (dsrAB) and APS

reductase a-subunit (apsA) [11, 13]. Primers
characteristics were shown in Table 1.
Test-systems. Primers and probes had
designed on the basis of the available from
GenBank database sequences of dissimilatory
sulfite reductase c-subunit (dsrA) of sulfate-
reducing bacteria belonging to different
genera: Desulfotomaculum, Desulfovibrio,
Desulfomicrobium, Desulfobulbus,
Desulfobacter, Desulfococcus. The primers
had been selected by the following parameters:
specificity to certain genus of sulfate-reducing
bacteria, length of the amplified fragment of
a gene (not more than 300 bp) and similarity
of the annealing temperature. Probes were
contained fluorescent label FAM on the 5-end,
phosphate group and black hole quencher BHQ-
1 on the 3-end. Test-systems were designed
using program software Oligo 6 (www.oligo.
net/), designed test-systems were checked by the
program Primer Blast (http://www.ncbi.nlm.
nih.gov/tools/primer-blast/). Designed test-
systems characteristics were shown in Table 2.
dsrAB and apsA genes amplification were
performed with degenerate primers specified
in Table 1 and subsequent reaction products
electrophoresis. Reaction mixtures contained,
in a volume 20ul: 10 pM of the each primer,
Master Mix GenPak PCR Core (Neogene,
Ukraine), contain 1.0 U of “hot-start” Taq-
polymerase; 0.2 uM mixes of ANTPs; 2.5 uM of
MgCl, and 5 ul template DNA (in concentration
50 ng/ml). Amplification was performed using
the thermal cycler 2720 (Applied Biosystems,
USA). The thermal profile for amplification
was as follows: an initial denaturation step
(1 min, 95 °C) was followed by 30 cycles of
denaturation (10 s, 95 °C), annealing (20 s,
61 °C), and extension (60 s, 72 °C) and one
final extension step (10 min, 72 °C) [2].
Amplification products were analyzed by
electrophoresis in 1% agarose gel with TBE-
buffer (pH 8.0), at field voltage tension
(10 V/sm). Gel was dyed by the ethidium
bromide in concentration 1 pg/ml.
As a molecular mass marker were
used MassRuler DNA LadderMix

Table 1. Degenerate primers used for dsrAB and apsA gene amplification

T;‘:Ezt Prli;r;irs Primers sequences (5/-3/)* Plgfglt)flo(%;(;t References
DSRIF ACS CAY TGG AAR CAC G
dsrAB DSRAR GTG TAR CAG TTA CCR CA 1900 [13]
oA APS-FW TGG CAG ATM ATG ATY MAC GG G 206 (11
P APS-RV GGG CCG TAA CCG TCC TTG AA

Note: * — degenerate positions marked bold type: R (G or A); Y (C or T); S (G or C); M (A or C).
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Table 2. Specific test-systems used for real-time PCR

Specificity to sulfate- Test-system . ’ o PCR product
reducing genera name Primers and probes sequences (5'-3") length (bp)
Desulfotomaculum SRBF1 ACC CACTGG AAA CAC GG
SRBR1 CGC AGG AAGTCGCTCTT 161
SRBProbel FAM-CTTACTGGCTGGCTGGTTGAC-BHQ1
Desulfovibrio SRBF2 ACC CACTGG AAGCACG
SRBR2 ACG GTG TGG AAG TGC G 113
SRBProbe2 FAM-CGGGCTGGTCACAGTAACGG-BHQ1
SRBF3 GAC CAG CCCCAG ATGTT
Desulfomicrobium SRBR3 ATG AAA ATG AGC AACGCC G 95
SRBProbe3 FAM-CGGCGTTGCTCATTTTCAT-BHQ1
Desulfobulbus SRBF4 GTC TGC CGA CCT TCC TC
SRBR4 CCCAGCCACCAGGTACT 194
SRBProbe4 FAM-TGCCGACCTTCCTCAGCG-BHQ1
SRBF1 ACC CAC TGG AAA CAC GG
Desulfobacter SRBR5 CTT ACC GCA GGG CTG AT 138
SRBProbeb FAM-CGGGGAACAGTTTGGGCT-BHQ1
Desulfococcus SRBF6 GCG TTA TCG GTC GTT ACT
SRBR6 TGT GGG TCA GTT CAA AGA A 240
SRBProbe6 FAM-CCCAGGAAGATGATGTCGCC-BHQ1

SM0403(Fermentas, Lithuania). Gels were
documented with the gel documentation
system INGENIUS LHR (Syngene, USA).

dsrA-gene real-time PCR-amplification
were performed with designed test-systems on
the dsrA-gene o-subunit (Table 2). Reaction
mixtures contained, in a volume 10ul: 0.4 utM
of each primer; 0.2 uM of probe; 10x buffer
solution for DNA polymerase; 0.25 pM of
mixes dNTPs; 0.1 U./ul DNA Taqg-polymerase
(“Eurogen”, Russia) and 2 pul template DNA
(in concentration 50 ng/ml). Reaction mixture
loaded (in volume 1.2 pl) in aluminum microchip
wells (LLC “GenBit”, Russia). The thermal
profile for amplification was as follows: an
initial denaturation step (3 min, 94 °C), was
followed by 45 cycles of denaturation (5 s,
94 °C) and annealing (30 s, 60 °C). Real-time PCR
amplification was performed using microchip
thermal cycler AriaDNA (LLC “Lumex-
Marketing”, Russia). Results were analyzed
using program software “AriaDNA”. It was
shown results of the typical experiments.

Results and Discussion

Comparative microbiological studies
of the soils near gas mains had shown that
on the emergency areas the quantity of the
sulfate-reducing bacteria was increased in 3—4
orders [7]. Recently sulfate-reducing bacteria
from man-caused ecotopes were isolated
and identified. Revealed that these bacteria
had corrosive activity and synthesized large
amount of the hydrogen sulfide (Table 3).
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It was performed comparative study of the
corrosive-relevant sulfate-reducing bacteria
using PCR with amplification products
electrophoresis. In all the investigated
bacteria were appeared genes encoding sulfate-
reduction pathway enzymes: dissimilatory
sulfite reductase (dsrAB) and APS-reductase
(apsA) (Fig. 1, tracks 1-6). Using PCR
amplification of the dsrAB and apsA genes
from sulfate-reducing bacteria were obtained
positive result indicating that amplicons
were expected sizes 1900 bp and 396 bp,
respectively.

10000

1031
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100

Fig. 1. Electrophoregram of PCR amplification
of the sulfate-reduction pathway genes dsrAB
and apsA:

tracks 1, 2 — Desulfovibrio sp. B-11503;
3,4 — Desulfotomaculum sp. B-11505;
5,6 — Desulfomicrobium sp. B-11506;

7,8 — negative control; M — molecular mass
ruller DNA Ladder Mix SM0403
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Table 3. Corrosive activity of the sulfate-reducing bacteria

Bacterial culture Hydrogen sulfide production, Stee;?(r)rll'ggii:llllrrate,
Desulfovibrio sp. UKM B-11503 418.6 = 20.9 0.090 = 0.004
Desulfovibrio sp. UKM B-11504 426.8 +19.2 0.048 = 0.002

Desulfotomaculum sp. UKM B-11505 405.3 +16.2 0.049 = 0.0021
Desulfomicrobium sp. UKM B-11506 451.5 = 15.7 0.055 = 0.0024

On the tracks 1, 3, 5 it’s shown the presence
amplification products belonging both studied
genes, cause there were loaded in wells mixes
of the two primers pairs (DSR1F/DSR4R
and APS-FW/APS-RV). On the tracks 2, 4,
6 detected amplification products belong to
dissimilatory sulfite reductase (dsrAB). In this
case there were loaded only one primers pairs
(DSR1F/DSR4R).

It should be noted that PCR assay
with subsequent amplification products
electrophoresis had disadvantage because
degenerate primers often insufficiently, so this
is decrease the sulfate-reducers identification
accuracy. Moreover, this approach should
establish only presence of the sulfate-reduction
genes, but not activity and corrosiveness of the
sulfate-reducing bacteria.

The usage of the real-time PCR for sulfate-
reduction bacteria detection reveals more
effective. Selected specific primers and probes
for this method allow detecting quantity and
activity of the sulfate-reducing bacteria at
different samples [15]. It had been found that
this bacterial cell contain only one dsr-gene
copy [3], so identifying this genes it is possible
to identify relative quantity of sulfate-
reducing bacteria in studied samples.

During the study we had developed test-
systems (primers and probes) for specific
real-time detection of the sulfate-reducing
bacteria (table 3). Primer pairs (SRBF/SRBR)
and probes (SRB ProbeN) were selected by the
following parameters as specificity to certain
genus of the sulfate-reducing bacteria: test-
system SRB1 (Desulfotomaculum ), SRB2 —
Desulfovibrio, SRB3 — Desulfomicrobium,
SRB4 — Desulfobulbus, SRB5 — Desulfo-
bacter, SRB6 — Desulfococcus. Also take in to
account length of the amplified gene fragment
(not more than 300 bp), similarity of the
annealing temperature (60 °C), as the several
test-systems loaded to the one microchip well.
Each primer pairs tested with all the studied
sulfate-reducing bacteria. Fluorescent probe
signal intensity during the real-time PCR
was increased in direct ratio to the amplicons

accumulation, displaying dynamics of the PCR
product accumulation.

To all the investigated corrosive-relevant
sulfate-reducing bacteria among the six
test-systems specificity revealed three of
them designed on the base of such genera
Desulfotomaculum (SRB1), Desulfovibrio
(SRB2) and Desulfobulbus (SRB4). Due to
this test-systems on the microchip different
sulfate-reducing bacteria were detected
simultaneously, i.e. this method were
multiplex (Fig. 2).

Real-time PCR quantitative criteria had
been estimated on the base of the values of the
“threshold cycle”. Threshold cycle (Ct) is the
cycle n, when reached reported fluorescence
level PCt = const. The results were reliable
when threshold cycle was less than 35. Line
Ch1 is the threshold line for first fluorescence
probe channel (FAM), which underline above
the backgroung automatically by the program.
Intersection the fluorescence signal curve
with threshold line (Ch1) gave the threshold
cycle Ct.

Relevant quantity of the sulfite-reductase
(dsrA) gene copies number was expressed as
a account of the genome equivalent which
proportional to the bacteria account. Number
of target gene copies were increased in order
for 3.4 cycle of the PCR program. Values of
the threshold cycle Ct mathematically with
formula counted into Ig10 genome copies [16]:

104s-C/3.4

where 45 — threshold cycle, after that target
gene fragment registration impossible.

Values of the threshold cycles and relative
dsrA gene fragment copy numbers shown in the
Table 4.

The most specific were test-system SRB2,
designed on the base of Desulfovibrio genus.
It had been established that best dsrA gene
detection were in the most corrosiveness
strain Desulfovibrio sp. UCM B-11503,
threshold cycle was 20.0 cycles. For less
corrosiveness strain Desulfovibrio sp. UCM
B-11504 threshold cycle was 28.1; and
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Fig. 2. Real-time PCR kinetic curves:

a — test-system with specificity to Desulfotomaculum (SRB1); b — test-system with specificity to
Desulfovibrio (SRB2); ¢ — test-system with specificity to Desulfobulbus (SRB4).
Samples: I — Desulfovibrio sp. UCM B-11508 (blue); 2 — Desulfovibrio sp. UCM B-11504 (green);
8 — Desulfotomaculum sp. UCM B-11505 (red); 4 — Desulfomicrobium sp. UCM B-11506 (cyan)

Table 4. Criteria of real-time PCR quantitative assessment

Bacterial culture Threshold cyele Ct gene copylglllglber o
SRB1 SRB2 SRB4 SRB1 SRB2 SRB4
Desulfovibrio sp. UCM B-11503 34.5 20.0 —% 3.1 7.3 -
Desulfovibrio sp. UCM B-11504 - 28.1 - - 5.0 -
Desulfotomaculum sp. UCM B-11505 33.6 24.9 31.3 3.3 5.9 4.0
Desulfomicrobium sp. UCM B-11506 31.8 23.1 30.5 3.8 6.4 4.3

Note: * — threshold cycle > 35.

for Desulfotomaculum sp. UCM B-11505,
Desulfomicrobium sp. UCM B-11506 24.9 and
23.1 cycles, respectively. It was shown that
relative account of the dsrA gene were in a
range from lg 5.0 for Desulfovibrio sp. B-11504
to lg 7.8 — for Desulfovibrio sp. B-11503.
Comparing studies of the obtained results with
corrosiveness activity data (Table 1) showed
that relative quantity of the sulfitereductase
gene (dsrA) corresponded to the corrosiveness
activity of the studied sulfate-reducing
bacteria.

To analyze the results should be noted
that detection of the sulfate-reduction
bacteria by the microbiological method,
included pure bacterial culture isolation and
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subsequent determination of their cultural and
biochemical properties, is a labour-intensive
and time-consuming approach and allows to
identify only cultivated microorganisms.

Recently, begin applying polyphasic
analysis with usage of the several methods,
including molecular genetics. To detect the
sulfate-reducing bacteria use the PCR assay
with marker genes of the dissimilatory sulfate-
reduction [3, 4, 8, 10, 12].

As a phylogenetic markers widespread
genes encoding ribosomal subunit 16 S rRNA.
It had been designed large number of the
primers for sulfate-reducing bacteria genes
amplification [17]. Such approach used in
metagenomic analysis for investigation the
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phylotypes diversity in microbial communities
in particularly oil fields, sulfate-reducing
bacteria are caused corrosion where damages
of oil equipment [1, 4, 18]. Sulfate-reducing
bacteria 16 SrTRNA gene analysis is complicated
due to its multicopy [3, 19, 20] and high
heterogeneity of the gene terminal sites[21].
Usage of the functional gene encoding key
enzymes of the sulfate-reduction pathway
revealed more effective method for sulfate-
reducing bacteria detection [8, 10, 13].
Conserved gene used in this study allowed us
designing specific primers and probes; this
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Metomom IIJIP B pe:xumi peasbHOT0 Yacy 3’ -
COBYBAJM MOMKJIUBICTH CTBOPEHHS TECT-CUCTEM
nada cruenudiuyaoi gerekmii KoposiliHO-arpecus-
HUX CyJb(aTBigHOBIOBAILHIX OaKkTepiii. MeTox
BUSABJIEHHS IUX OaKTepiit 0asyeThcsA Ha BU3HAUEH-
Hi QyHKI[IOHAJIbHUX T'€HiB, 1110 KOAYIOTH KJIIOUO-
Bi eH3UMHU MIIAXIB IUCUMINAIIAHOI cyabdarpe-
IYKIii, 30KpeMa -CyOOqMHUITI0O TUCUMIIAIiHHOT
cyabpirpenyrrasu dsrA. BeraHoBieHo, IIo i3
IIeCTH PO3POOJIEHUX TECT-CHUCTEeM CIlelupiuHicTs
BUSIBUJIM TPU Ha OCHOBIi poxais Desulfotomaculum,
Desulfovibrio, Desulfobulbus. Y HaibiabII KOPO-
sitiHo-arpecuBHoro mTramy Desulfovibrio sp. YKM
B-11503 reu dsrA BusaBasaBca eeKTUBHIiIIE, TIO-
porosuii piBeHs BusHaueHHs cranoBus 20,0 mu-
KJiB, I MeHIn arpecuBHoro Desulfovibrio sp.
VKM B-11504 — 28,1, a gus Desulfotomaculum
sp. YKM B-11505 ta Desulfomicrobium sp. YKM
B-11506 — 24,91 23,1 Bignmosigxo. I1i TecT-cucre-
MU TalOTh 3MOTY ITBUIIE T epeKTUBHIIIIe BUABIIA-
TU KOPO3iHO-arpecuBHi cyab(aT BiTHOBIIOBAJIb-
Hi 6aKTepii, 110 MOJKe CIyryBaTH OCHOBOIO JJI iX
MOHITOPHUHIY 3 METOIO0 BUSABJIEHHS OCEPeaKiB Ko-
posii ma 06’eKTax i3 MiABUIIEHOI0 TeXHOTE€HHOIO
He6e3IIeKoI0.

Knarouwosi cnosa: cyibparBigHOBIIOBAIbHI OaKTe-

pii, reHu apucuMigANiHOI cyabdaTpenykiii,
Tect-cuctemu, IIJIP B pesxuMmi peaabHOTro uacy.
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Meronmom IITIP B pesxuMe peasibHOTO BpeMe-
HU HCCJeNOBad BO3MOKHOCTL CO3JaHUSA TeCT-
CUCTEM IJis cIenu(pUUecKOd OeTeKIIUU KOpPPo-
3MOHHO-aTrPEeCCUBHBIX CYJb(PaTpenynupyIOIux
6axkTepuii. MeTos BBIABIEHUS 3TUX OaKTepHit
b6asupyeTcs Ha OomIpeAesieHNH (PYHKIIMOHATbHBIX
TeHOB, KOAUPYIOMUX KJOUEBbIe YH3UMBI IIyTei
IUCCUMUIANNOHHON CcyabhaTpeayKIIuu, B YacT-
HOCTH Ol-CYOBeIMHUIILI TUCCUMUIAIIMOHHON CYJIb-
durpenykrassl dsrA. YCTaHOBJIEHO, YTO U3 IIIECTHU
TECT-CUCTEM CIEeNU(PUUHOCTL MIPOABUJIN TPU HA
ocHoBe poaoB Desulfotomaculum, Desulfovibrio,
Desulfobulbus. Y naunbosee KOpPO3MOHHO-aTPECCUB-
Horo mramma Desulfovibrio sp. YKM B-11503 ren
dsrA BuisBIIAICS 3(h(eKTrBHEe, TTOPOTOBBIN YPOBEHb
onpenenenus: coctaBusa 20,0 MUKJIOB, I MeHee
arpeccuBuoro Desulfovibrio sp. YKM B-11504 —
28,1, a gua Desulfotomaculum sp. YKM B-11505
u Desulfomicrobium sp. YEM B-11506 — 24,9 u
23,1, COOTBETCTBEHHO. AT TECT-CUCTEMBbI IT03BOJISI-
0T ObIcTpee 1 3(p(heKTUBHEe OIpPeeIsaTh KOPPO3U-
OHHO-aTPecCUBHBIE cyJbdaTpenynupymoiiue 6ak-
TEePUHU, YTO MOCJIYKUT OCHOBOM MX MOHUTOPUHTA C
1IeJIbIO BBIABJIEHUSA 0UaroB KOPPO3UU HA 00BEKTAaX C
TOBBINIIEHHO TEXHOTEHHOM OIACHOCTBIO.

Knrouesvie cnosa: cynbhaTpeaynupyomnime 6axre-
puu, TeHbl JUCCUMMJIAITMOHHON CyIb(haTPeqyKITIN,
TecT-cuctembl, IIITP B pexxume peasbHOTO BDEMEHM.





