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Three different molecular techniques were used to characterize strains of the acetic acid bacteria isolated from
spirit vinegar. Genomic DNA was analyzed by amplified rDNA restriction analysis (ARDRA), randomly ampli-
fied polymorphic DNA analysis (RAPD) and dot blot hybridization analysis with an 151380 probe. Among 13
analyzed Acetobacter strains, the ARDRA method revealed three different profiles. Each of these profiles was
comparable to one of the ARDRA profiles of the following reference strains — Acet. acetiT, Acet. hanseniiT and
Acet. xylinusT. RAPD profiling was more discriminatory than ARDRA profiling, being able to distinguish

between isolates with identical ARDRA profiles.
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Introduction

Acetic acid bacteria are Gram-negative obligative
aerobes composed of two genera Acetobacter (Acet.) and
Gluconobacter (Gluc.) (1). In Bergey's Manual of Determi-
native Bacteriology (2), seven phenotypically different
Acet. species and three Gluc. species are described. Acet.
europaeus described by Sievers et al. (3) in 1992 has not
(yet) been included in the afore mentioned publication.
Acetic acid bacteria are used in different biotechnologi-
cal processes such as vinegar production, cellulose pro-
duction, sorbose production (partial reaction in the path-
way of ascorbic acid production), ete.

The authors have classified strains isolated from in-
dustrial vinegar bioprocesses running in different parts
of the world into various species according to their phe-
notypic features. Kittelmann et al. (4) phenotyped the
strains isolated from bioreactors for the production of
90-150 g L' vinegar as Acet. pasteurianus and Acet. han-
senii, Entani et al. (5) as »Acet. polyoxogenes« and Sievers
et al. (3) as Acet. europaeus. Karova (6) identified the
strains isolated from submerged bioreactors as Acet. aceti
and Acet. xylinus (7) and Ohmori et al. (8) the strains iso-
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lated from a submerged bioprocess running at a high
temperature as Acet. aceti.

Acetic acid bacteria are known for their high fre-
quency of spontaneous mutations. All mutational me-
chanisms are not elucidated yet, however one of them
was presented by Takemura et al. (9). He has discovered
151380 in mutant strains of Acet. pasteurianus which have
lost their ability to oxidize ethanol into acetic acid. The
same element in high copy numbers was also found in
Acet. aceti (IFO 3282), Acet. xylinus (NCIB 11664), »Acet.
polyoxogenes« (NCI 1028) and Acet. europaeus (DSM
6160). In other Acet. species and Gluc. species DNA ho-
mology with 151380 was not detected (9,10).

The purpose of the present work was to character-
ize the acetic acid bacteria isolated from spirit vinegar
by molecular techniques, i.e. amplified rDNA restriction
analysis (ARDRA), RAPD analysis and dot blot hybridi-
zation analysis with an 151380 probe. We were specially
interested in comparing the discrimination capability of
the ARDRA and RAPD techniques for the characteriza-
tion of the acetic acid bacteria.
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Materials and Methods

Microorganisms

Fourteen strains of the acetic acid bacteria were iso-
lated from the laboratory spirit vinegar producing biore-
actor situated at the vinegar production plant in Ljub-
ljana. The parameters of the bioprocess, the isolation
protocol and the cultivation conditions are described in
a previous publication (11). Five reference strains of Ace-
tobacter sp. were included in the molecular analysis for a
comparative study: Acef. aceti” (LMG 1261), Acet. euro-
pacus’ (DSM 6160), Acet. hansenii™ (LMG 1527), Acet. lig-
uefaciens” (LMG 1382) and Acet. xylinusT (LMG 1515).

Genomic DNA preparation

Isolates of the acetic acid bacteria were grown on
the AE (acetic acid - ethanol) agar media up to 5 days at
30 °C and 92-96 % humidity. The reference strains Acet.
aceti’, Acet. europaeus’, Acet. hansenii', Acet. liguefaciens”
and Acet. xylinus” were grown at 30 °C in a liquid me-
dium composed as described by LMG (Culture Collec-
tion of the Laboratorium voor Microbiologie, Rijksun-
versiteit) and DSM (Deutsche Sammlung von Mikro-
organismen und Zellkulturen) culture collections, all of
them up to 0.8-1.0 absorbance at 620 nm. After harvest-
ing the biomass, DNA was isolated according to a modi-
fied Marmur procedure (12) as described previously
(11).

Amplification of the rDNA and restriction analysis

The polymerase chain reaction (PCR) was carried
out in 20 pL containing 30-50 ng of DNA, 2 mM MgCl,,
20 pmoles of each primer, 1.5 U of Ampli Tag DNA po-
lymerase (Perkin Elmer), 200 uM each of dCTF, dGTF,
dATP, dTTP (Perkin Elmer) and 2 pL 10x PCR buffer 11
(Perkin Elmer). A Perkin Elmer Gene Amp PCR System
2400 was used for amplification. The cycling pro-
gramme started with initial denaturation of DNA at 94
°C for 5 min and continued with 35 cycles of 92 °C for 1
min, 55 °C for 2 min and 72 °C for 4 min. At the end a
final extension at 72 °C for 7 min was performed, fol-
lowed by cooling to 4 °C. The PCR product was electo-
phoresed in 8 gL agarose gels submerged in 1x Tris
acetate running buffer. The DNA molecular weight
marker X (Boehringer Mannheim) was used as a length
standard. PCR products were visualized after staining
with ethidium-bromide by transillumination and photo-
graphed with a Polaroid camera.

Oligonucleotide primers were derived from conser-
ved regions in the 16S and 23S rDNA (13,14). The se-
quences of the primers were 5-GAGTTTGAT(C/T)
(C/A)TGGCTCA-3" and 5-CCTTTCCCTCACGGTACT-
GGT-3'. The gene fragment amplified (ca. 2400 bp) en-
compassed the 165 and 165-23S spacer region and part
of the 235 rDNA. Synthesized and purified oligonucleo-
tides were obtained from Codon genetic systems GmbH
(Wien, Austria).

The PCR products were digested with 11 different
restriction enzymes following the instructions of the
manufacturer (Boehringer Mannheim). Restriction frag-
ments were analysed by agarose 20 g L™ gel electropho-
resis at 7 V/cm after 2 h.

RAPD analysis

A synthetic oligonucleotide primer with GC content
70 % (5'-AGCGGGCGTA-3') was selected. RAPD analy-
sis was carried out as described in our previous publica-
tion (11).

Dot blot hybridization analysis with an 1S1380 probe

A PCR amplified probe (1.3 kbp) (15) complemen-
tary to an IS1380 region of Acet. pasteurianus’, was la-
belled with the ECL™ random prime labelling system,
Version II (Amersham), according to the manufacturer’s
instructions. Samples of DNA diluted at the same final
concentrations (100 ng/L) in the TE buffer were dena-
tured by heating for 5 min in a boiling water bath fol-
lowed by cooling on ice. Volume (5 puL) of each DNA
sample was transferred to a Hybond-N+ nylon mem-
brane (Amersham) by dot blotting. The DNA was bound
to the membranes by ultraviolet crosslinking. The mem-
branes were prehybridized for 3 h at 65 °C in a buffer
containing 5x SSC (20 x SSC contains 0.3 M Na-citrate
and 3 M NaCl) 1 g L7 sodium dodecylsulphate (SDS),
50 g L' dextran sulphate and a 20-fold dilution of liquid
block (supplied with the labelling system mentioned
above). The probe was then added and hybridization
was allowed to perform overnight at 65 °C. The mem-
brane washing steps were: once in 1x SSC, 1 gL' SDS
for 15 min at 60 °C and once in 0.5x SSC, 1 g L' SDS
for 15 min at 60 °C. Chemiluminescent detection was
performed by the ECL™ detection system, Version II
(Amersham), according to the manufacturer’s instruc-
tions.

Results and Discussion

In this study, Acetobacter strains isolated from spirit
vinegar and five reference strains of Acetobacter sp. were
identified and characterized by different molecular ap-
proaches.

DNAs of five reference strains and 13 out of 14 Ace-
tobacter isolates were successfully amplified with univer-
sal ribosomal primers. They all produced a single band
of about 2400 bp. Eleven restriction enzymes were tested
on four randomly selected PCR products. With some of
the restriction enzymes we obtained no restriction prod-
ucts (BamHI, EcoRV, HindlIll, Pstl, Sau3A,), with some of
them restriction profiles were not different (EcoRI, Ddel,
Hindll, Rsal). Only two enzymes (Haelll, ScrFI) gave
polymorphic restriction profiles. With the Haelll restric-
tion enzyme we identified three different ARDRA pro-
files among 13 analyzed Acetobacter strains (Table 1). We
compared these three different profiles with those of
Acet. aceti", Acet. europaeus”, Acet. hansenii', Acet. liquefaci-
ens” and Acet. xylinus (Fig. 1). Each of the three profiles
was identical to one of the profiles of the afore men-
tioned Acetobacter type species. This means that four out
of the 13 Acetobacter strains isolated from spirit vinegar
could be identified as Acet. aceti, four of them as Acet.
hansenii and five of them as Acef. xylinus. It must be
pointed out that with standard agarose gel electrophore-
sis that we used, the differences below approximately
300 bp could not be precisely evaluated.
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Table 1. Strains of Acetobacter sp. examined in this study and types resulting from ARDRA, RAPD analysis and hybridization analy-

sis with an 151380 probe

o Hybridization with

Species Strain no. Sources ARDRA type RAPD type 151380 probe
Acet.® aceti' LMG 1261" Vinegar 2 8 B nt”
Acel. eu ropa?tgs1 DSM 61607 Vinegar 5 6 +
Acet. hansenii' LMG 1527" Vinegar 1 10 -
Acet. I:'quefaciensT LMG 13827 Dried fruit 4 9 5
Acet, xylt'nusT LMG 15157 Mountain ash berries 3 7 +
Acet. sp. S1/3 Vinegar 1 1 -
Acet. sp. SI/4 Vinegar 3 3 +
Acet. sp. SI/11 Vinegar 1 2 —
Acet. sp. SI/12 Vinegar 1 2 -
Acet. sp. SI/19 Vinegar 1 Z -~
Acet. sp. SI/23 Vinegar nt 4 +
Acet. sp. SII/1 Vinegar 2 5 +
Acet. sp. SIL/3 Vinegar a4 3 +
Acet. sp. SIl/6 Vinegar 2 5 +
Acet. sp. SIL/9 Vinegar 3 3 nt
Acet. sp. SI/11 Vinegar 2 5 +
Acet. sp. SlL/16 Vinegar 3 3 +
Acet. sp. SI/18 Vinegar 2 5 +
Acet. sp. SI1/23 Vinegar 3 3 +

IAcet. = Acetobacter; “nt = not tested

Further on, we subjected all Acetobacter strains to
RAPD analysis. This analysis revealed ten different pro-
files (Fig. 2). None of the strains isolated from Slovene

M1 2 345678

bp

Fig. 1. Restriction profiles of PCR amplified rDNA, digested
with Haelll. Lane 1 (type 1), lane 2 (tvpe 2) and lane 3 (type 3)
are representatives of three different profiles identified among
13 strains of Acef. sp. isolated from spirit vinegar. Lane 4 (type
3) shows the profile of Acet. xylinus', lane 5 (type 2) of Acet.
aceti’, lane 6 (type 4) of Acet. liquefaciens”, lane 7 (type 1) of
Acet. hansenii'and lane 8 (type 5) of Acet. eumpafusr, Lane M
contained molecular size marker VI (Boehringer, Mannheim)

vinegar had an identical RAPD profile to those of Acet.
aceti’, Acet. europaeus’, Acet. hansenii’, Acet. liguefaciens”
and Acet. xylinus'. Besides, strain Acet. SI/3 which was
identified as Acet. hansenii by ARDRA profiling, had a
different RAPD profile in comparison to those of the
other three Acet. hansenii strains, SI/11, SI/12, SI/19 (Ta-
ble 1).

We followed also the presence of the insertion se-
quence IS1380 in Acefobacter strains. We used an ap-
proach which is easy and quick to perform, i.e. dot blot
DNA hybridization. With a positive hybridization signal

MI123M456 78 910

Fig. 2. RAPD profiles of Acet. sp. generated with primer 70 %
GC. Lane 1 (type 1), lane 2 (type 2), lane 3 (type 3), lane 4 (type
4) and lane 5 (type 5) are representatives of five different pro-
files identified among 14 strains of Acet. sp. isolated from spirit
vinegar. L'ane 6 (type 6) shows the profile of Acet. europaeus’,
lane 7 (type 7) of Acet. xylinus", lane 8 (type 8) of Acet. aceti’,
lane 9 (type 9) of Acet. liquefaciens” and lane 10 (type 10) of
Acet. hansenii’. Lane M contained molecular size marker VI
(Boehringer, Mannheim)
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we confirmed IS1380 in 9 out of 13 Acetobacter strains.
We detected 151380 also in Acet. europaeus” and Acet.
xylinus”, but we did not detect it in Acet. hansenii’ and
Acet. liquefaciens”, which agreed with the findings of
Takemura et al. (9), Sievers and Teuber (10). We did not
detect 151380 in any of the Acetobacter isolates which
had the same ARDRA profiles as Acet. hanseniiT.

Previously (11) we classified most of these 14 Aceto-
bacter strains which were isolated from spirit vinegar
into Acet. europaeus since they had an obligative require-
ment of acetic acid in isolation and cultivation media
(3). We subcultured these isolates every 14 days onto
fresh, modified AE media and after six months we tried
again to cultivate them on media not containing acetic
acid. Despite the same cultivation conditions as before,
all of them gained the ability to grow without the acetic
acid (data not shown). In this study we demonstrated
with the ARDRA method that these strains, in fact,
should not be classified in Acet. europaeus since none of
the ARDRA profiles of Acetobacter isolates was compara-
ble to the profile of Acet. europaeus™. This finding stresses
the importance of using the genotypic methods for iden-
tification of the acetic acid bacteria.

Our results demonstrated a characteristic profile for
each of the five analysed reference Acetobacter species.
Each of the ARDRA profiles of Acetobacter strains which
we isolated from vinegar was comparable to one of the
ARDRA profiles of reference Acetobacter sp. Therefore
we think that the ARDRA method offers us the possibil-
ity for simple, quick and reliable identification of Aceto-
bacter species. However, we found RAPD profiling to be
more discriminatory than ARDRA profiling, being able
to distinguish between isolates with identical ARDRA
profiles. Therefore, to distinguish individual Acetobacter
strains, the two methods should be considered comple-
mentary.
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Molekularna karakterizacija bakterija octene kiseline
izoliranih iz alkoholnog octa

SaZetak

Za karakterizaciju sojeva bakterija octene kiseline, izoliranih iz alkoholnog octa, primijenjena su tri razlicita
postupka. Genomska DNA analizirana je amplificiranom rDNA restrikcijskom analizom (ARDRA), analizom
nasumce amplificiranom polimorfnom DNA (RAPD) i analizom tockaste hibridizacije sa sondom 151380,

Izmedu 13 analiziranih sojeva Acetobacter, postupkom ARDRA, otkrivena su tri razliita profila. Svaki od
njih mogao se usporediti s jednim ARDRA profilom od referentnih sojeva — Acet. acetiT, Acet. hansenii” i Acet.
xylinusT. RAPD profiliranje bilo je mnogo selektivnije jer se moglo razluciti izolate s identicnim ARDRA profili-

ma.





