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ARDRA studies of the ribosomal RNA operon
within the Desulfovibrio desulfuricans strains.
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B AC K G R O U N D

Desulfovibrio desulfuricans belong to the heterogeneous group of anaerobic, sulphate-reducing bacteria (SRB), widely distributed in various environments. As a result of dissimilatory sulphate reduction, they release
hydrogen sulphide (H2S), which has a cytotoxic eﬀect in human and animal organisms. It has been shown by many authors, that Desulfovibrio
was the genus predominating in patients with ulcerative colitis. Some of
these bacteria can act as opportunistic pathogens associated with primary
bacteremia and abdominal infections such as abscesses.
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M AT E R I A L A N D M E T H O D S

Fifteen (soil and intestinal) strains of Desulfovibrio desulfuricans species
were cultured in modiﬁed sulphate-free Postgate’s liquid medium with
pyruvate for 10 days. Bacterial DNA was extracted by using a commercially available kit and DNA was used as a template for ampliﬁcation of the
full-length 16S, 23S rDNA and the intergenic spacer region. Digested with
restriction enzymes (AluI, EcoRI, HaeIII, HindIII, HinfI, MboI and PstI)
PCR amplicons were resolved by electrophoresis on 2% agarose gels.

R E S U LT S

Digestion of rrn operon of Desulfovibrio desulfuricans by seven restriction
enzymes allowed to obtain the characteristic restriction proﬁles for all 15
investigated strains. The results allow us to suggest three of used enzymes:
HinfI, AluI and HaeIII as a useful for conﬁrmation of the similarity within
of rrn operon of isolates belonging to this species. Considering the restriction proﬁles received with HindIII, and EcoR1 enzymes it seems that their
application is insuﬃcient, but PstI enzyme is not acceptable for the analysis of rrn operon of these bacteria.

ADRES
D O KO R E S P O N D E N C J I :

The obtained data have shown that ARDRA can be used for establishment
of phylogenetic relations among isolates of Desulfovibrio desulfuricans
species, providing the appropriate restriction enzyme is used.
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CONCLUSIONS

Desulfovibrio desulfuricans, restriction enzymes, ribotyping, sulphate-reducing bacteria.
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STRESZCZENIE

WSTĘP:

Bakterie Desulfovibrio desulfuricans należą do szerokiej grupy beztlenowych bakterii redukujących siarczany (BRS), rozpowszechnionej w różnych środowiskach. Jako rezultat dysymilacyjnej
redukcji siarczanów uwalniają do środowiska siarkowodór (H2S), który wpływa cytotoksycznie
na organizm ludzi i zwierząt. Wielu autorów wykazało, iż rodzaj Desulfovibrio jest dominujący
u osób cierpiących z powodu wrzodziejącego zapalenia okrężnicy. Ponadto niektóre gatunki tego
rodzaju odgrywają role oportunistycznych patogenów wywołując bakteriemię, infekcje w obrębie jamy brzusznej oraz wrzody.

M AT E R I A ŁY I M E T O D Y :

Piętnaście szczepów Desulfovibrio desulfuricans (glebowych i jelitowych) hodowanych było na
modyﬁkowanym podłożu Postgata z dodatkiem pirogronianu przez 10 dni. Po wyizolowaniu
genomowego DNA tych bakterii przeprowadzono reakcje PCR w celu namnożenia fragmentu
operonu rrn obejmującego geny 16S, 23S oraz odcinek zmienny pomiędzy nimi. Otrzymane
amplikony poddane zostały trawieniu enzymami restrykcyjnymi (AluI, EcoRI, HaeIII, HindIII,
HinfI, MboI and PstI), a otrzymane fragmenty rozdzielono w 2% żelu agarozowym.

R E Z U LTAT Y :

Przeprowadzona analiza restrykcyjna operonu rrn bakterii Desulfovibrio desulfuricans pozwoliła na otrzymanie charakterystycznych proﬁli restrykcyjnych dla wszystkich piętnastu badanych
szczepów. Uzyskane rezultaty pozwoliły uznać trzy z zastosowanych enzymów (HinfI, AluI oraz
HaeIII) za odpowiednie do potwierdzenia podobieństw w obrębie operonu rrn bakterii tego gatunku. Biorąc pod uwagę proﬁle otrzymane po trawieniu enzymami HindIII, EcoR1, możemy
stwierdzić ich małą użyteczność w analizach operonu rrn gatunku Desulfovibrio desulfuricans,
zaś enzym PstI w ogóle nie nadaje się do tego celu.

I N T RO D U CT I O N

Desulfovibrio desulfuricans bacteria represent
Gram negative, motile, non-spore forming
curved rod shaped cells that contain desulfoviridin. Members of Desulfovibrio genus have
been isolated from the soil and aquatic habitats of natural and anthropogenic environmental sources (1-4). These bacteria have also
been isolated from the anaerobic ﬂora of the
digestive tract of humans and animals such
as sheep, dogs, pigs, hamsters, ferrets, mouse,
cats, beetles, termites (5-10). In spite of common occurrence in the large bowel, the role of
Desulfovibrio genus in the gastrointestinal tract
has not been elucidated yet. There are some
suggestions that the pathological changes in
colon including ulcerative colitis and inﬂammatory bowel disease may be associated with relatively high concentrations of Desulfovibrio spp.
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(11-14). Moreover, these bacteria have been
isolated from appendices as well as peritoneal
ﬂuid from patients with acute perforating appendicitis (15), from abdominal and brain abscesses, blood, urine and pyogenic liver abscess
(16-21). Cases of bacteremia (associated with
fever), bacteriuria (associated with meningitis),
liver abscess, human thoracoabdominal pus
and septicemia caused by D. fairﬁeldensis have
been described by several research groups (16,
18, 21-23). Possible pathological inﬂuence of
Desulfovibrio genus on a human body suggests
advisability of applying the most appropriate
diagnostic methods for identiﬁcation of this
genus strains.
Shukla and Reed (24) point out that isolation
and identiﬁcation of fastidious, slowly multiplied anaerobic bacteria like Desulfovibrio
by traditional microbiological methods is extremely diﬃcult. That is why molecular identiﬁcation of Desulfovibrio species is postulated
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to be more appropriate method for analyzing
D. desulfovibrio. Moreover, the methods based
on DNA analysis are reliable and they do not
require the bacteria culturing steps.
Over the last years, techniques involving the
analyses of genes coding for the rRNA are the
best nucleic acid-based methods for reconstructions of phylogenetic relationships of prokaryotes. It is due to the high conservation of rRNA
gene sequence.
Ampliﬁed ribosomal DNA restriction analysis (ARDRA) was recently reported to
be a rapid and eﬃcient method of bacteria identiﬁcation even at the species level
(25-30). ARDRA appeared as an appropriate
method for phylogenetic and taxonomic studies, especially of large sets of strains where DNA
sequencing is expensive and time-consuming
method. For these reasons in our understand-

ing, it was reasonable and interesting to evaluate ARDRA method for genotyping strains of
D. desulfuricans species.

M AT E R I A L S A N D M E T H O D S

Bacterial strains and growth conditions. Fifteen (soil and intestinal) strains of Desulfovibrio desulfuricans species were investigated
(tab. 1.).
The strains were cultured in modiﬁed sulphate-free Postgate’s liquid medium with
pyruvate (31). The cultures were grown
for 10 days in an anaerobic chamber
(MK 3 anaerobic workstation, dW Scientiﬁc,
West Yorkshire, England) under the following

Table 1. *OWFTUJHBUFECBDUFSJBMTUSBJOT

strains of Desulfovibrio desulfuricans

the wild soil strains

the wild intestinal strains

the reference strain

samples

DV-1

excavations

DV-2

mud deposits

DV-3

excavations

DV-4

excavations

DV-5

excavations

DV-6

mud deposits

DV-7

excavations

DV-8

mud deposits

DV-A

faeces

DV-B

faeces

DV-C

faeces

DV-H

faeces

DV-I

faeces

DV-I/1

biopsy specimen from caecum

La2226

the Swiss National Collection of Type Cultures, Lausanne, Switzerland and was isolated from clay, sand and tar
mixtures in a corroded gas main in South Essex,
England
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conditions: 80% N2, 10% H2 and 10% CO2 at
30°C.
DNA isolation. After 10 days of incubation,
the bacterial DNA was extracted by using
a commercially available kit (A&A Biotechnology, Poland) and the isolated DNA was used as
a template for PCR.
Ampliﬁcation PCR and restriction analysis
(rrn-ARDRA). To amplify the full-length (4500
bp.) 16S, 23S rDNA and the intergenic spacer
region we used primers which sequences were
as follow: forward 5’-GAGTTTGATCCTGGCTCA-3’ and reverse 5’-CCGGTCCTCTCGTACT3’ (32).
The reaction mixture of the total volume of 25
μl contained 2,5 μl of 10x reaction buﬀer with
MgCl2 (MBI Fermentas), 20 pmol of each of
the primers, 100 ng of genomic DNA, 200 μM
dNTP and 2U of Taq polymerase (MBI Fermentas). Samples were ampliﬁed in an automated
thermal cycler (Gene Amp PCR system 9600
Perkin Elmer). Thermal cycling conditions included an initial denaturation at 94şC for 3
min, followed by 35 cycles consisting of denaturation at 94şC for 1 min each. Temperature
of annealing was 52şC for 1 min and extension at 72şC for 4-min. Final extension cycle
was performed at 72şC for 10 min.
Obtained PCR products were veryﬁed on the
basis of their molecular masses (4500 bp.) calculated by useing gel dokumentation system
and programm LabWorks 4.0.
The aliquots of 10 μl of the remaining PCR
ampliﬁcate were digested using one of the enzymes AluI, EcoRI, HaeIII, HindIII, HinfI, MboI
and PstI according to the manufacturers’ directions (MBI Fermentas).
Analysis of products after enzymatic digestion (rrn-ARDRA). Digested with restriction
enzymes PCR amplicons were resolved by electrophoresis on 2% agarose gels and visualized
using ethidium bromide staining.
Computer and statistical analysis. Gel images
were normalized, and the bands were identiﬁed and calculated using the UPV Biolmagin
gel documentation system in the program LabWorks 4.0. As a molecular weight standard
the Gene RulerTM 100bp (MBI Fermentas) was
used. The ampliﬁed DNA restriction patterns
were statistically analyzed by using SYSTAT for
Windows version 5 (SAS Institute Inc., Evanston, I11) by the complete linkage method
(furthest neighbour).
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R E S U LT S

The amplicons were subjected to restriction
analysis with enzyme AluI and revealed 18 different bands of molecular weight ranging from
126 to 1110 bp (ﬁg.1a). Among these bands,
12 were common for all investigated isolates
(836, 723, 600, 480, 392, 263, 242, 205, 195,
183, 147, 126 bp). The strains DV-1, DV-2, DVH, DV-I were characterized by the highest number (16) of bands and the isolates DV-4, DV-5,
DV-6 and DV-I/1, by the least number (13) of
bands (ﬁg.1a).
After digestion of the analyzed fragment of rrn
operon with enzyme AluI, four pairs (DV-H
with DV-I; DV-1 with DV-2; DV-8 with DV-B;
DV-A with DV-C) showed 100% similarities in
their restriction proﬁles (ﬁg. 5a). Moreover, the
restriction patterns obtained with the enzyme
AluI were the same for three strains: DV-I/1,
DV-4 and DV-6 (ﬁg. 5a). The results conﬁrmed
those we presented in our earlier reports, where two of the strains named DV-4 and DV-6,
indicated very similar DNA ﬁngerprints after
analyses carried out following REP-, ERICand AP-PCR (33, 34). Three remaining strains,
i.e. DV-5, DV-7 and La2226 were characterized
by individual restriction patterns after AluI digestion (ﬁg. 5a).
After digestion of PCR amplicons with the
HinfI 20 diﬀerent bands have been detected
on the agarose gel. The molecular weight of
HinfI restriction products showed the pattern
in range from 152 to 1322 bp. The 12 common bands were found for all strains, the size
of bands were as follow: 1322, 967, 800, 661,
534, 513, 476, 376, 335, 235, 205, 152 bp (ﬁg.
1b). The same restriction proﬁles have been observed for two pairs of isolates: DV-5 with DV-6
and DV-I with DVI/1, as well as for the group of
three strains: DV-2, DV-8 and DV-A (ﬁg. 5b).
The restriction analysis with HaeIII allowed to
ﬁnd 22 diﬀerent bands for all analyzed strains.
In reference to the number of electrophoretic
bands, the proﬁle of DV-4 soil strain was the
most complex, with 21 restriction fragments.
Contrary, the strains DV-8, DV-I and DV-I /1
represented bacterial isolates with the lowest
number of restriction fragments (15 electrophoretic bands). Molecular weight of the obtained restriction products were found in the
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Figure 1. The restriction proﬁles of fragment rrn operon (16S, 23S genes and ITS) of D. desulfuricans strains after digestion with a) AluI b)
HinfI. (symbols indicate the identical restriction proﬁle).
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Figure 2. The restriction proﬁles of fragment rrn operon (16S, 23S genes and ITS) of D. desulfuricans strains after digestion with a) HaeIII b)
MboI (symbols indicate the identical restriction proﬁle).
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Figure 3. The restriction proﬁles of fragment rrn operon (16S, 23S genes and ITS) of D. desulfuricans strains after digestion with a) HindIII b)
EcoR1 (symbols indicate the identical restriction proﬁle).
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Figure 4. The restriction proﬁles of fragment rrn operon (16S, 23S genes and ITS) of D. desulfuricans strains after digestion with PstI
(symbols indicate the identical restriction proﬁle).
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range from 167 bp to 2611 bp. All 15 studied
isolates showed 12 identical electrophoretic
bands (1380, 1084, 949, 670, 582, 470, 383,
339, 306, 270, 224, 187 bp) (ﬁg. 2a).

380, 304, 282, 217, 188, and 168 bp. Besides
of these fragments, three other bands (1040,
480, 230 bp) were present for 14 investigated
isolates (ﬁg. 2b).

After digestion PCR products with HinfI, the
restriction patterns two pairs of strains (DV-5
and DV-6) and (DV-I and DV-I/1) were identical (ﬁg. 5b,c). The group including the strains
DV-2, DV-3 and DV-7 indicated as well 100%
similarity in their restriction proﬁles (ﬁg 5c).
MboI DNA ﬁngerprints for all 15 analyzed
bacterial strains contain the 23 diﬀerent fragments ranging in size from 168 to 1265 bp.
The restriction proﬁles were the most complex
for the DV-2, DV-4 and DV-A strains (20 fragments), whereas the proﬁles of the DV-1, DV-B,
DV-C, DV-I/1 strains were limited to 17 bands
(ﬁg. 2b). In presented MboI restriction analyses
for all 15 strains, the common bands included fragments: 1265, 806, 650, 579, 518, 434,

On the other hand, the analyses performed
with the MboI allowed to obtain the unique
restriction proﬁles for all 15 investigated isolates (ﬁg. 2b, 5d) easily visualised on an electrophoretic gels.
The banding patterns obtained with HindIII
restriction analysis visualized maximally 12
diﬀerent fragments depending on the strain
(ranging from 8 to 11 DNA bands) from 400 to
4382 bp. Seven fragments (4382, 2282, 2050,
1815, 1565, 882, 589 bp) were common for all
analyzed isolates, in addition ﬁve of them had
relatively high molecular weight (ﬁg. 3a).
The HindIII restriction proﬁles of rrn
operon fragments were identical for the
strains DV-4, DV-6, DV-8 as well as for
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Figure 5. The concordance of DNA proﬁles of 15 strains of Desulfovibrio desulfuricans determined by restriction analysis performed with a)
AluI b) HinfI c) HaeIII d) MboI. e) HindIII f) EcoR1 g) PstI
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Table 1. 1FSDFOUPGTJNJMBSJUZDBMDVBMUFECZUIFTUBUJTUJDBMDPNQMFUFMJOLBHFNFUIPEPOUIFCBTFSFTUSJDUJPOQBUUFSOT
PCUBJOFEXJUIVTFFO[ZNFT"MV* )JOG*BOE.CP*4JNJMBSJUZXBTDBMDVMBUFECFUXFFOXJMEJTPMBUFTBOEUIFUZQF
TUSBJO-B

AluI

Enzyme
HinfI

MboI

%7

87 %

94 %

76 %

%7

87 %

94 %

95 %

%7

80 %

89 %

95 %

%7

80 %

89 %

78 %

%7

93 %

95 %

86 %

%7

80 %

95 %

90 %

%7

87 %

83 %

90 %

%7

81 %

94 %

95 %

%7"

93 %

94 %

82 %

%7#

91 %

89 %

86 %

%7$

93 %

83 %

90 %

%7)

87 %

79 %

86 %

%7*

87 %

89 %

90 %

%7*

80 %

89 %

90 %

Strains

DV-2, DV-7, DV-I/1, La2226 and DV-1,
DV-5, DV-H, DV-I (ﬁg. 5e).
The least complex ﬁngerprints were obtained
after digestion with EcoR1 and PstI enzymes.
With EcoR1 enzyme analysis, 11 diﬀerent fragments ranging from 485 to 3512 bp in size,
were observed. The proﬁle of strain DV-7 have
been characterized only by the highest number
of bands (11), contrary to the DNA ﬁngerprint
of strain DV-I (only 7 DNA fragments). Five
electrophoretic bands of approximately 485,
685, 2000, 2804, 3512 bp were present in all
isolates (ﬁg. 3b). The group of 4 isolates DV-5,
DV-C, DV-H, DV-I/1 was characterized by the
same restriction proﬁles as well as two pairs
DV-6, La2226 and DV-1, DV-2 (ﬁg. 5f).
Treatment with the enzyme PstI produced the
least number of fragments with three common
ones for all analysed strains (4000, 571 and
456 bp in size, (ﬁg. 4)). In that case, the genetic
proﬁles consisted of 3 to 6 bands per isolate.
The size of the PstI digestion products was
ranging from 456 to 4000 bp in size (ﬁg. 4)
The restriction proﬁles of 16S-23S rDNA
fragments after PstI treatment were not
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much diﬀerentiated. Five strains DV-5, DV6, DV-B, DV-C, DV-H were characterized
by the identical ﬁngerprints, the same as
the restriction patterns of four soil strains
DV-3, DV-7, DV-8, La2226 and isolates DV-1,
DV-A, DV-I. Also the restriction patterns of pair
DV-2 and DV-I/1 were the same (ﬁg. 5g).

DISCUSSION

Advances in molecular biology lead to development of culture-independent approaches for
describing bacterial communities and identiﬁcation of individual species. The techniques
involving the analysis of the genes coding
for rRNA (rDNA) have been revolutionised
prokaryotic taxonomy. The rRNA operon is of
broad interest for evolutionary studies. The reason is that, the rRNA genes are essential for the
survival of all organisms and suﬃciently conserved to establish of evolutionary relations.
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The one of the rybotyping method - ARDRA
(Ampliﬁed Ribosmal DNA Restriction Analysis) is considered as a very useful tool for identiﬁcation of various species (26, 27, 35, 36).
Vaneechoutte et al., (37) showed that ARDRA
method is technically less demanding than
other molecular biology approaches, secondly,
it allows for identiﬁcation purpose within one
day, when starting from a pure culture.
The suggestion about pathogenicity and
the fact of the harmful inﬂuences bacteria of Desulfovibrio genus on human and
animal body reported by some authors
(11, 13, 14, 16-24) revealed the need for evaluation a rapid method of Desulfovibrio identiﬁcation. Then, the purpose of present study was
to evaluate the usefulness of ARDRA method
for analyzing of fragments rrn operon of 15 D.
desulfuricans strains in respect Desulfovibrio
identiﬁcation.
To evaluate the similarity and diﬀerences within the fragments rrn operon coding for the 16S
and 23S rDNA genes and intergenic spacer
region, seven restriction enzymes have been
used (AluI, HinfI, HaeIII, MboI, HindIII, EcoRI,
PstI). Obtained restriction proﬁles allowing
for suggestion abou usefulness three of enzymes: HinfI, AluI and HaeIII for conﬁrmation
of the similarity within isolates belonging to
D. desulfuricans species. The restriction proﬁles
characterizing the relatively many common
fragments for investigated strains. Moreover,
the proﬁles of wild strain were quite similar to
the restriction proﬁles of the type strain (ﬁg.
1a,b; 2a, tab. 2). In the banding patterns minor
variations were observed, but Schlegel et al. (26)
suggested that these diﬀerences can be strain
speciﬁc, and they cannot come to conclusion
that we have dealt with diﬀerent species.
The highest similarities between the wild
strains and the type strain have been noticed in
the ﬁngerprints obtained with the enzyme HinfI. The La2226 strain showed 18 fragments in
the banding pattern, which was almost identical comparing with the patterns of strains DV2, DV-4, DV-5, DV-6, DV-8 and DV-A (ﬁg. 1b,
tab. 2). On the other hand, the highest number
of the common fragments were present in the
restriction proﬁles received after digestion with
AluI (ﬁg. 1a, ﬁg. 5a, tab. 2).
The restriction proﬁles received after HaeIII
treatment were quite similar to each other, especially in a group of small fragments of DNA
(ﬁg. 2a). Similarly, Garcia-Arata and co workers

(32) found the HaeIII enzyme as not optimal
for discrimination between all DNA groups of
Acinetobacter calcoaceticus-A. baumanii complex.
The received results allowed to choose the AluI
and HinfI enzymes as those making possible
to ﬁnd the similarities within rrn operon of D.
desulfuricans strain and probably could be used
for identiﬁcation of this species. Contrary, the
MboI enzyme may be used for diﬀerentiation of
the strains belonging to this species. Therefore,
MboI could be recommended for the D. desulfuricans strains diﬀerentiation based on 16S23S rDNA fragments analysis. Also De Baere
et al. (38) used the MboI for analysing of 16S
gene within Mycobacterium and they received
characteristic electrophoretical proﬁles, which
could be a standard for further identiﬁcation
of the species of this genus.
Considering the restriction proﬁles received
with HindIII and EcoR1 enzymes seems that
their application for analysis of rrn operon
within D. desulfuricans species is insuﬃcient.
That conclusion come out of the limited
number of obtained restriction fragments for
investigated strains (ﬁg. 3a,b).
The least number of DNA fragments
were received after treatment with PstI
(3 to 6, depending on strain) (ﬁg. 4) and these
results showed that the PstI enzyme is not acceptable for analyzing the rrn operon of D. desulfuricans species.
Based on the consideration, that the received
restriction proﬁles of wild strains were similar
and they did not diﬀer essentially from the patterns of type strain, the ARDRA method can
be used for identiﬁcation of D. desulfovibrio
species. Reasuming, we do not recommend restriction analysis of investigated segment of genome for diﬀerentiation these bacteria. In our
opinion, the most likely to get that goal, should
be the use of the several restriction enzymes at
the same time during the restriction analysis
and examination of longer region of rrn operon, as Katoch et al. suggested as well (39). Our
results are in agreement with Vaneechoutte et
al., (37) who showed, that the ARDRA method
is useful for identiﬁcation almost every species
of bacteria, but usually is not suﬃcient for differentiation of isolates within the species. The
reason is that the number of nucleotide diﬀerentiating the sequences of rRNA genes is too
low for closely related bacteria. What is more,
the scores comparisons of almost identical se-
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quences are burdened with large statistical error (40).
Finally it is worth of emphasising that construction of a database of restriction patterns
of Desulfovibrio genus rrn operons seems to be
reasonable. The availability of this internet database could be very useful for fast and simple
identiﬁcation of these slow growing and culture demanding bacteria. Especially because

D. desulﬁricans isolation requires a speciﬁc or
selective growth medium and what is more,
identiﬁcation these bacteria by the phenotyping test at the species level is very diﬃcult (13).
The database need to be gradually up-dated,
for a better clustering of the restriction patterns around the type strain allowing for more
appropriate identiﬁcation (26).
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