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Summary

Twenty-four strains of Oenococcus oeni were isolated from different Chinese wines. Differentiation of isolates was
carried out by analysis of total soluble cell protein patterns and random amplified polymorphic DNA (RAPD)
patterns. The results indicated that the total soluble cell protein patterns could be used to distinguish different
genera but fail to distinguish different strains. It was also found that strain RAPD pattern can successfully dis-
tinguish isolates by UPGMA analysis. The RAPD profiles (107 different prints) were strain specific and two main
groups of strains were screened.

Introduction

Malolactic bacteria are lactic acid bacteria (LAB) that
carry out a secondary fermentation (malolactic fer-
mentation, MLF) of new wine after alcoholic fermen-
tation. Oenococcus is the lactic acid bacterium genus
most often involved in spontaneous MLF of wine.
Strains of the species Oenococcus oeni are used increas-
ingly as starter cultures to enhance the organoleptic
properties and microbiological stability of wines (Lon-
vaud-Funel 1999; Li 2000). Several researchers have
reported that harshness in wine and organoleptic quality
is strain-dependent (Lonvaud-Funel 1999; Beneduce
et al. 2004). The availability of reliable methods for the
differentiation of O. oeni strains is essential for moni-
toring the fate of inoculated and autochthonous bacteria
and also to certify the identity of the selected cultures.
The classification of LAB into different genera was
formerly based on their morphology, metabolism and
physiological characteristics. In recent years, soluble
protein patterns, DNA–DNA hybridization, 16S rDNA
sequencing and 16S–23S rDNA inter-genic spacer re-
gions, and random amplified polymorphic DNA
(RAPD)-PCR have led to descriptions of new genera
(Dicks et al. 1995; Villani et al. 1997; Zavaleta et al.
1997; Zapparoli et al. 1998; Zapparoli et al. 2000;
Blaiotta et al. 2002; Margheri et al. 2003; Rodas 2003;
Beneduce 2004; Plessis et al. 2004). RAPD-PCR is
applied for the fingerprinting of large numbers of strains
as it offers the advantages of rapidity, reliability, and
technical simplicity (Zapparoli et al. 2000; Reguant &
Bordons 2003). However, this technique has not been

used extensively, and, in particular, it has never been
used for differentiation of O. oeni strains in China. In
this study, identification of species and strains of the
bacterium, O. oeni, indigenous to Chinese wines, origi-
nally characterized by conventional phenotypic and
biochemical methods (Zhang et al. 2005), was carried
out by analysis of total soluble cell protein patterns and
RAPD patterns.

Materials and methods

Bacterial strains

A collection of 24 malolactic bacteria strains was iso-
lated from Chinese regional dry red wines that under-
went spontaneous MLF. Identification of the isolates
was performed according to the criteria established in
Bergey’s Manual of Determinative Bacteriology (1994)
and the result showed that the 24 isolates were O. oeni
(Zhang et al. 2003, 2005). Seven isolates (O. oeni SD-1a,
SD-1b, SD-1c, SD-1d, SD-1e, SD-1f, SD-1g) were from
Qingdao in Shandong Province; 10 isolates (O. oeni SD-
2a, SD-2b, SD-2c, SD-2d, SD-2e, SD-2f, SD-2g, SD-2h,
SD-2i, SD-2j) were from Yantai, Shandong; two isolates
(O. oeni SX-1a, SX-1b) were from Yangling in Shaanxi
Province; three isolates (O. oeni HB-1a, HB-1b, HB-1c)
were from Shacheng in Hebei Province; two isolates
(O. oeni SC-1a, SC-1b) were from Xichang in Sichuan
Province. Oenococcus oeni 31DH (a type strain, from
USA) was provided by the China Center of Industrial
Culture Collection (CICC) and two other type strains
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(O. oeni 1T and 2T) were from Denmark. Two type
strains of Leuconostoc spp. (Leuconostoc 1T, and 2T) and
one type strain of Lactococcus lactis subsp. cremoris
1.18T were also provided by CICC. All strains were
grown anaerobically at 28 �C in ATB.

Random primers and nucleotide sequences

Forty-eight random primers were used and their nucle-
otide sequences are listed in Table 1.

Total soluble cell protein SDS-PAGE

Cultures of strains were prepared as described by
Zavaleta et al. (1997). Total soluble proteins were
extracted and SDS-PAGE was carried out according to
Sambrook et al. (1989).

DNA manipulations

Genomic DNA was extracted according to the proce-
dure of Zavaleta et al. (1997) with some modifications.
Concentration of the DNA obtained was estimated by
electrophoresis in 1.0% (w/v) agarose gel with Tris–
Acetate–EDTA (TAE) buffer.

RAPD-PCR reaction

Approximately 50 ng of total DNA was subjected to
PCR amplification in a reaction mixture containing
50 mM KCl, 20 mM Tris–HCl (pH 9.0), 0.1% (v/v)
Triton X-100, 2.5 mM MgCl2, 200-lM dNTP,
100 pmol of each primer, and 2 U of Taq DNA
polymerase in a final volume of 25 ll. The reaction
mixtures were overlaid with mineral oil and subjected
to amplification for 40 cycles; conditions were 94 �C,
1 min; 36 �C, 1 min; and 72 �C, 2 min, with a final
extension step at 72 �C for 7 min. Negative controls
with no addition of template DNA were included. PCR
products (5 ll) were electrophoresed in 1.2% (w/v)
agarose–TAE gels stained with ethidium bromide for
1 h and photographed.

Random amplified polymorphic DNA (RAPD)-PCR
analysis

The RAPD pattern of the genome DNA from O. oeni
strains was analyzed and a dendrogram constructed
using the UPGMA (Unweighted Pair Group Method
with Arithmetic Mean) algorithm.

Table 1. Random primer sequences and codes from RAPD analysis.

Code Sequence (5¢-3¢) Code Sequence (5¢-3¢) Code Sequence (5¢-3¢) Code Sequence (5¢-3¢) Code Sequence (5¢-3¢)

OPA1 CAGGCCCTTC OPA11 CAATCGCCGT OPG10 AGGGCCGTCT S5 TGCGCCCTTC S15 GGAGGGTGTT

OPA2 TGCCGAGCTG OPA12 TCGGCGATAG OPI18 TGCCCAGCCT S6 TGCTCTGCCC S16 TTTGCCCGGA

OPA3 AGTCAGCCAC OPA13 CAGCACCCAC A1 TGCGGCTTAC S7 GGTGACGCAG S17 AGGGAACGAG

OPA4 AATCGGGCTG OPA14 TCTGTGCTGG A11 CAAACGGCAC S8 GTCCACACGG S18 CCACAGCAGT

OPA5 AGGGGTCTTG OPA15 TTCCGAACCC A16 AGCCAGCGAA S9 TGGGGGACTC S19 ACCCCCGAAG

OPA6 GGTCCCTGAC OPA16 AGCCAGCGAA A20 GTTGCGATCC S10 CTGCTGGGAC S20 GGACCCTTAC

OPA7 GAAACGGGTG OPA17 GACCGCTTGT S1 GTTTCGCTCC S11 GTAGACCCGT S333 GACTAAGCCC

OPA8 GTGACGTAGG OPA18 AGGTGACCGT S2 TGATCCCTGG S12 CCTTGACGCA S412 GGGACGTTGG

OPA9 GGGTAACGCC OPA19 CAAACGTCGG S3 CATCCCCCTG S13 TTCCCCCGCT

OPA10 GTGATCGCAG OPA20 GTTGCGATCC S4 GGACTGGAGT S14 TCCGCTCTGG

Figure 1. SDS-PAGE pattern of whole-cell proteins of partly strains M, protein marker; Lane 1, O. oeni-SD-1g; Lane 2, O. oeni-SD-2a; Lane

3, O. oeni-SD-2b; Lane 4, O. oeni-SD-2c; Lane 5, O. oeni-SD-2d; Lane 6, O. oeni-SD-2e; Lane 7, O. oeni-SD-2g; Lane 8, O. oeni-SD-2h; Lane 9,

O. oeni-SX-1a; Lane 10, O. oeni-SD-2i; Lane 11, O. oeni-SD-2j; Lane 12, O. oeni-SX-1b; Lane 13, O. oeni-HB-1a; Lane 14, O. oeni-HB-1b; Lane

15, O. oeni 31DH; Lane 16, O. oeni-HB-1c; Lane 17, O. oeni no. 1; Lane 18, L. lactis no. 1; Lane 19, Leuconostoc spp. no. 1; Lane 20, L. lactis no.

2; Lane 21, Leuconostoc spp. no. 2; Lane 22, L. lactis no. 3.
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Results and Discussion

Soluble whole-cell protein SDS-PAGE patterns and
inter-specific diversity

Different pure cultures of malolactic bacteria were
carefully prepared and total soluble proteins were ex-
tracted for performing SDS-PAGE. SDS-PAGE pat-
terns of soluble whole-cell proteins of O. oeni,
Leuconostoc spp. and Lactococcus lactis are shown in
Figure 1. Four groups can be classed by analyzing sol-
uble whole-cell protein SDS-PAGE patterns of the 32
strains used in this study.
Twenty-five strains of O. oeni are in group one. Pro-

tein patterns of O. oeni SD-2b and O. oeni SD-2h, O.
oeni SD-2j and O. oeni SD-1a, O. oeni SD-1c and O. oeni
SD-1f resemble in this group.
Two strains (lane 6, lane 15) of O. oeni are in group

two. There was a high content of soluble protein with
molecular weight of 18,000 Da in this group, with dis-
tinctively different features to the pattern of group one.
So it is thought that this protein stripe is a key charac-
teristic for differentiation and it is the main difference
between the two sub-groups of O. oeni, as found by
other researchers (Dicks et al. 1995).
Two strains (lane 19, lane 21) of Leuconostoc spp.

constitute group three. They have stripes with a high
content of protein with molecular weights: 37,000,
35,000, 25,000 and 22,000 Da. This is also a key char-
acteristic and differentiates them from the patterns of
the other two genera. The result indicates that Leuco-
nostoc spp. have less resemblance to Oenococcus and
L. lactis.
Two strains (lane 18, lane 20, lane 22) of L. lactis and

L. lactis subsp. cremoris1.18T comprise group four.
Their protein patterns bear less resemblance to that of
O. oeni.
All the results indicated that total soluble cell protein

patterns could distinguish diversity among inter-specific
genera of LAB but failed to distinguish different strains
of the same genus.

RAPD patterns of O. oeni and intra-specific diversity

From analysis of RAPD patterns of the genome DNA
from 25 O. oeni strains, polymorphism of DNA (DNA
fingerprinting) can be used successfully to distinguish
strains. Their correlation can also be estimated by the
similitude in the extent of RAPD patterns. The patterns
were analyzed by UPGMA. Profile strips of bacteria in
RAPD were quantified (codes: 1 for strip, 0 without
strip). The r-value (resemblance coefficient) refers to
the comparability of strains. Computer cluster analysis
of r-values of strains is shown in Figure 2.
Twelve strains of O. oeni were in cluster A (r ‡ 0.722).

In this cluster, RAPD prints of O. oeni-SD-1a and
O. oeni-SD-1d, O. oeni-SD-1c and O. oeni-SD-1d, O.
oeni-HB-1a and O. oeni-HB-1b were very similar
(r ‡ 0.98).

Thirteen strains of O. oeni were in cluster B
(r ‡ 0.684). RAPD prints of O. oeni-HB-1c and O. oeni-
SD-2i were very similar (r ‡ 0.98).
The RAPD profiles were strain specific and discerned

two main groups of strains, coincident with the clusters
obtained in other researchers’ results (Zavaleta et al.
1997; Zapparoli et al. 2000) and also confirmed the re-
sults of total soluble cell protein patterns and charac-
terization by morphology, metabolism and physiology.
The results seem to indicate that the RAPD patterns
could successfully differentiate malolactic bacteria iso-
lates at strain level, thus representing a potential tool for
the control of inoculated malolactic fermentation.
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