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Pulsed-field gel electrophoresis of chromosomal DNA digested with NotI or SfiI was used to differentiate
individual strains of Leuconostoc oenos. L. oenos isolates with 13 different restriction digest patterns were
detected in New Zealand wines undergoing malolactic fermentation. The average genome size was estimated to
be 1,800 kb.

In cool-climate wine-growing regions, such as New
Zealand, malolactic fermentation (MLF) has a significant
role in wine quality. In this fermentation, lactic acid bacteria
convert L-malic acid from grapes to L-lactic acid and CO2,
thus reducing the acidity of the wine (11). These bacteria
also influence wine flavor and aroma (17). Leuconostoc
oenos is the organism considered preferable for achieving
MLF in wine because of its tolerance to low pH and high
ethanol levels (11).

Several strains of L. oenos may occur in a single fermen-
tation (6); and with increasing use of L. oenos starter
cultures in wine making, especially if strains with particular
flavor characteristics become available (8), a method for
accurately identifying L. oenos strains will be required to
monitor the survival and contribution of inoculated and
indigenous bacteria. The aim of this work was to determine
whether pulsed-field gel electrophoresis (PFGE) patterns of
restriction enzyme-digested chromosomal DNA could be
used to differentiate individual strains of L. oenos. The L.
oenos reference strains used in this study were NCFB 1674,
NCFB 1694, NCFB 1696, NCFB 1707, NCFB 1709, ML34,
OENO, L181, and Lo23. An additional 108 L. oenos strains
were isolated from 25 red and white wines (see Table 1),
undergoing malolactic fermentation (10). Bacteria were
grown at 28°C in a medium containing (per liter): glucose (10
g), fructose (5 g), tryptone (10 g; Difco), yeast extract (5 g;
Difco), cysteine (0.5 g), 1 M MgSO4. 7H20 (1.0 ml), 0.25 M
MnSO4. 4H20 (1.0 ml), apple juice (200 ml; Fresh-up;
Apple and Pear Marketing Board, New Zealand), and dis-
tilled water to 1 liter. Cultures were stored at -70°C in 40%
(vol/vol) glycerol and were also freeze-dried for long-term
storage.
Plasmid DNA was isolated by using the method developed

by Anderson and McKay (1), and samples were electro-
phoresed in 0.6% (wt/vol) agarose gels in Tris-acetate buffer
(19) for 4 h at 4 V/cm. Plasmids from Escherichia coli V517
(14) were used as size standards. To detect lysogenic strains,
early-log-phase L. oenos cultures were treated with mitomy-
cin (1 ,ug/ml; Sigma Chemical Company, St. Louis, Mo.) and
incubated in the dark overnight. The culture was filtered to
remove bacterial cells, and the supernatant was tested for
the presence of bacteriophage by using the double-layered
agar plate method, with a range of L. oenos strains as
indicators.

* Corresponding author.

To prepare DNA in agarose blocks for PFGE analysis,
cells from a mid- to late-log-phase culture were set in agarose
and lysed essentially as described by Tanskanen et al. (20).
The agarose blocks were stored in TE 10/100 (10 mM
Tris-Cl, 100 mM EDTA [pH 8.0]) at 4°C until required. For
restriction enzyme digestion, slices (1 to 2 mm) were cut
from the agarose blocks and washed three times with TE
10/0.1 (10 mM Tris-Cl, 0.1 mM EDTA [pH 8.0]) and once
with restriction enzyme buffer before incubation for 18 to 24
h with 20 U of NotI or SfiI (New England Biolabs, Beverly,
Mass.) in a total volume of 100 pl. Following digestion, the
slices were washed once with TE 10/1 for 1 h at 4°C and
electrophoresed through 1% (wt/vol) PFGE-grade agarose
(Sigma) gels in 0.5 x Tris-borate buffer (19) for 20 to 24 h at
150 V and 14°C in a CHEF DR II PFGE apparatus and a
model 1000 minichiller (Bio-Rad). For strain differentiation a
ramped pulse time of 1 to 45 s was used with NotI and Sfil
digests. To measure the size of the various fragments, other
ramped and fixed pulse times were used in accordance with
the conditions for optimal separation reported by Birren et
al. (2, 3), with Saccharomyces cerevisiae chromosomes,
multimers of phage lambda, and HindIII digests of phage
lambda (New England Biolabs) as molecular size standards.

Reference and New Zealand strains of L. oenos were
tested for plasmids and lysogenic phage in initial attempts to
differentiate the strains. Strains NCFB 1707 and 1709 both
harbored a plasmid with a size of 4.3 kb (Fig. 1), while the
remaining reference cultures were plasmid free. Three New
Zealand isolates, 1081 (4 kb), 1050 (22 kb), and 1044 (33 kb),
also contained plasmids (Fig. 1). Their metabolic role is not
known. Four strains (1002, 1095, AM20, and reference
culture L181) were found to be lysogenic and released
bacteriophage after treatment with mitomycin. ML34, 1050,
and 1081 were sensitive to all these induced phage, while
other strains varied in their sensitivity. The plasmid in strain
1707 (9) and the bacteriophage from strain L181 (16) have
been documented previously. These approaches did not
provide sufficient information to adequately distinguish all
the strains tested. However, the data obtained was valuable
for use in conjunction with PFGE analysis.
The DNA base composition of L. oenos is reported to be

in the range of 37 to 42 mol% G+C (5, 7), so that restriction
enzymes with recognition sequences that contain only G and
C nucleotides could be expected to generate a limited
number of fragments (15). The enzymes ApaI, BglI, BssHII,
EagI, KspI, MluI, RsrII, SgrAI, SmaI, and XhoI were used
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FIG. 1. Plasmid profiles of L. oenos strains. Lanes: 1, E. coli
V517; 2, 1081; 3, 1707; 4, 1709; 5, 1050; 6, 1044; 7, E. coli V517.

to digest chromosomal DNA from L. oenos ML34, and all
gave multiple bands mainly in the 25- to 100-kb range. None
of these were ideal for PFGE analysis. Two other enzymes
with 8-bp recognition sequences (NotI and SfiI) proved
useful for PFGE separation. Chromosomal DNA prepara-
tions from nine reference strains of L. oenos could be
distinguished, as the patterns obtained were distinctly differ-
ent (Fig. 2 and 3). A third enzyme (AscI) gave three to five
bands for each strain.
When genomic DNA from L. oenos strains isolated from

wines undergoing MLF was digested with SfiI (Fig. 4) or
NotI and examined by PFGE, 13 different restriction diges-
tion patterns resulted. Some wines provided two or three
distinct isolates (Table 1), indicating that more than one
strain may be involved in carrying out the MLF. One pattern
could be correlated with that of strain OENO and proved to
be from a winery at which that strain had been used as a
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FIG. 3. PFGE patterns of Sfil digests of genomic DNA from L.
oenos strains. Lanes: 1, low-range PFGE marker; 2, phage X
concatamers; 3, ML34; 4, 1674; 5, 1707; 6, 1694; 7, 1696; 8, 1709; 9,
L181; 10, OENO; 11, Lo23. Electrophoresis was done for 22 h with
a pulse time ramped from 1 to 45 s.

starter culture, although it was not the sole L. oenos strain
present.
Of the indigenous strains, some (1078, 1081, and AM21)

were found at only one winery, but others were more widely
distributed. A group of strains with very similar PFGE
restriction patterns (1002, 1004, 1041, 1044, 1050, and 1095)
were found at wineries in all regions and in both red and
white wines. The six strains in this group varied slightly in
their restriction patterns and in some of their properties.
Strains 1002 and 1095 released bacteriophage particles at low
titers when treated with mitomycin, while strains 1044 and
1050 contained plasmids not found in other L. oenos strains.
The predominance of these strains, and their variability,
suggests that they are well adapted to New Zealand wine-
making conditions and that further adaptation to the winery
environment is occurring. The genome size of each strain
was determined as the sum of the individual restriction
fragments in each digest, and the results for NCFB 1674 and
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FIG. 2. PFGE patterns of NotI digests of genomic DNA from L.
oenos strains. Lanes: 1, low-range PFGE marker (phage A concat-
amers and HindIII fragments); 2, phage concatamers; 3, ML34; 4,
1674; 5, 1707; 6, 1694; 7, 1696; 8, 1709; 9, L181; 10, OENO; 11,
Lo23. Electrophoresis was done for 22 h with a pulse time ramped
from 1 to 45 s.

FIG. 4. PFGE patterns of SfiI digests of genomic DNA from
New Zealand L. oenos strains. Lanes: 1, phage A concatamers; 2,
low-range PFGE marker; 3, 1078; 4, 1081; 5, AM19; 6, AM20; 7,
AM21; 8, AM22; 9, 1002; 10, 1095; 11, 1004; 12, 1050; 13, 1041; 14,
1044; 15, phage concatamers. Electrophoresis was done for 22 h
with a pulse time ramped from 1 to 45 s.
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TABLE 1. Presence of L. oenos strains in New Zealand wines

Sample Type of Presence of L. oenos strain
no.a wine" 1078 1081 AM19 AM20 AM21 AM22 OENO 1002 1095 1004 1050 1041 1044

Al CH + +

Bi CH +

Cl CH +
C2 CH +
C3 CS +
C4 CH +

Dl ME +
D2 CH +

El PN + +
E2 CH + +

Fl SB + +
F2 CH + +
F3 CH + +
F4 +
F5 CH + +

Gl CH + + +
G2 CH + + +
G3 CH +
G4 PN +
G5 CH + + +

Hl CH +

I1 PN + +
I2 ME + +

Jl CS + + +
J2 CH + +
a The samples are identified by number and region: Auckland (A, C, F, and H), Hawkes Bay (B, D, and J), Martinborough (E), and Marlborough (G and I).
b CH, Chardonnay; CS, cabernet sauvignon; ME, merlot; PN, pinot noir; SB, sauvignon blanc.

TABLE 2. Genome sizes of L. oenos NCFB 1674 and ML34

Genome size (kb) in strain digested with enzyme indicated
Genome 1674 ML34

no.

AscI NotI SfI AscI NotI SfiI

1 975 1,020 304 975 800 316
2 505 250 258 505 260 274
3 170 158 208 190 240 268
4 115 124 135 115 128 156
5 94 135 124 135
6 50 124 94 124
7 44 106 50 106
8 40 106 40 90
9 68 40 68
10 60 14 60
11 51 9 42
12 42 42
13 42 30
14 35 30
15 29 23
16 22 6
17 19
18 6
19 6

Total size 1,765 1,780 1,756 1,785 1,799 1,770

ML34 are shown in Table 2. Other strains showed similar
genome sizes, with an average of approximately 1,800 kb.
The genome size of L. oenos has previously been estimated
to be 1,320 kb (4), but the multiple bands given withApaI or
SmaI digestion of L. oenos chromosomal DNA in that study
may have resulted in an underestimate of the genome size.
The larger genome size of 1,800 kb is more consistent with
the genome sizes reported for other lactic acid bacteria (12,
13, 18, 20).
This work shows the suitability of PFGE for the differen-

tiation of L. oenos strains, with each strain having a char-
acteristic restriction pattern following digestion of chromo-
somal DNA with NotI or Sfil. In a similar study (4),
transverse alternating field electrophoresis has been success-
fully used to differentiate strains of L. oenos. With the
availability of these techniques, it is now possible to monitor
individual strains and determine whether cultures inoculated
into wine to peiform MLF actually survive and carry out the
fermentation.

We thank R. Kunkee, G. Pilone, and T. Sozzi for providing the
strains used in this study.
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