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Abstract A simple, inexpensive and effective genomic
DNA isolation procedure for Lactobacillus isolates from
traditional Indian fermented milk (dahi) is described.
A total of 269 Lactobacillus isolates from fermented milk
collected from four places in North and west India were
tested for lysis by an initial weakening of the Gram positive
cell wall with Ampicillin followed by Lysozyme treatment.
The average genomic DNA yield was ~50 pg/ml log
phase culture. Quality and repeatability of the method was
found to be adequate for subsequent molecular applica-
tions. The quality of the genomic DNA isolated by this
method was verified by restriction digestion and polymer-
ase chain reaction (PCR). No inhibition was observed in
subsequent PCR amplification and restriction digestion.
The presented method is rapid, cheap and useful for routine
DNA isolation from gram positive bacteria such as
Lactobacillus.

Keywords Lactobacillus - Indian fermented milk (dahi) -
Ampicillin - Lysozyme - Genomic DNA isolation
Introduction

Prominent microorganisms present in fermented dairy food
are the Lactic Acid Bacteria. Lactic acid fermentations
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were first observed by Pasteur in 1857, and ever since,
extensive work has gone into studying the microorganisms
responsible for such fermentations. A century and a half
later, lactic acid bacteria still hold a prominent place in the
food microbiologist’s routine work. The first ever classifi-
cation system for lactic acid bacteria was advanced by a
scheme first proposed by Sigurd Orla-Jensen in 1909. This
ubiquitous and prominent group of food based bacteria
includes various divergent and similar microorganisms
spread over a broad range of morphologies and functions,
and contains morphologically variant bacteria including
bacilli (Lactobacillus), cocci (Pediococcus, Lactococcus,
Enterococcus, Streptococcus) and bacteria of variant
morphology, such as ovoid cocci (Leuconostoc). According
to the classification advanced by Orla-Jensen, the genus
Lactobacillus was further divided into three subgenera—
Thermobacterium, Streptobacterium and Betabacterium in
accordance with the observed optimal growth temperature
characteristics and hexose fermentation pathways [1].
Lactobacilli are gram positive, rod shaped, catalase nega-
tive bacteria and could safely be considered the most
important of all lactic acid bacteria owing to their role in
various food and feed fermentations, production of many
important metabolites, and owing to their role in the pre-
vention of food spoilage, intoxication and infection by
acting as antagonists against other pathogens by the pro-
duction of antimicrobials [2—4]. With the growing popu-
lation, and the demand exerted on the quality fermented
dairy products, Lactobacilli have increasingly been under
the research scanner for the last two decades. The present
effort in India focuses on determining the diversity of
Lactobacillus species in dairy products such as traditional
fermented milk (dahi) and cheeses to result in a formidable
repertoire of diverse Lactobacillus strains that could be
functionally and genetically explored in the immediate and
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near future to reveal strains that have strong functional and
probiotic attributes, and various industrially important
uses. These strains could then be exploited to produce
various useful compounds [low-molecular mass com-
pounds such as hydrogen peroxide (H,O,) [5], carbon
dioxide (CO,) [6], diacetyl (2,3-butanedione) [7]; high
molecular mass compounds such as bacteriocins [8] and
other uncharacterized compounds; commercial Lactic Acid
[9]; exopolysaccharides [10]; low calorie sweeteners [11];
alcohols for industrial, transportation and beverage use
[12]; oils and fats [13]; and by the use of genetically
modified strains, vitamins [14], enzymes [15] and hor-
mones [16].

Genetic characterization of Lactobacillus isolates from
various environmental samples (Indian traditional fer-
mented milk, or dahi) is an important tool to understand the
microbial biodiversity of this genus. The first step in
genetic characterization is the isolation and purification of
quality DNA from any organism. The presence of a high
peptidoglycan content in the cell walls of Gram positive
bacteria, however, is a major hurdle in the isolation of
DNA due to it’s role in the rigidity of the cell wall, and it’s
resistance to conventional methods of lysis [17]. Lysozyme
has conventionally been used, in conjunction with deter-
gents such as SDS to ensure better lysis of the Gram
positive cell wall [18, 19]. The development of a simplified
protocol that involves a primary weakening component for
the Gram positive cell wall before the use of a conventional
lysis approach was tested. Penicillins have been known to
interfere in the assembly of N-Acetylglucosamine (NAG)
and N-Acetylmuramic acid (NAM) moieties during Gram
positive cell wall synthesis [20, 21]. Our hypothesis was to
test the action of an aminopenicillin, namely, ampicillin for
its role in weakening the cell wall during growth and
subsequent efficient lysis of the Lactobacillus cell by
lysozyme and SDS treatment. Hence, a simplified Ampi-
cillin-Lysozyme tandem lysis protocol was developed for
genomic DNA isolation and tested on 269 isolates of lac-
tobacilli from Indian fermented milk (dahi).

Materials and Methods

Collection of Traditional Indian Fermented Milk (dahi)
Samples

Indian fermented milk (dahi) samples were obtained from
four places in Northern India (Haryana and Gujrat,
Table 1). Samples were collected in a sterile container and
aseptically transferred. A short summary of the sample was
made on the spot and a temporary code was assigned to
each sample which was then immediately stored on ice and
transferred to the laboratory.

Table 1 Collection schema for traditional Indian fermented milk
(Dahi)

S. no. Sample Isolate Date of  Place from where the

code numbers  collection sample was collected
1 Sample C C1-C27 26/10/06  Jagadhri, Haryana, India
2 Sample C C28-C55 4/11/06 Jagadhri, Haryana, India
3 Sample D DI1-D17  16/11/06  Karnal, Haryana, India
4 Sample F F11-F112 7/12/06 Karnal, Haryana, India
5 Sample G G1-G146 11/12/06 ~ Shyamgarh,

Haryana, India

6 Sample H HI1-49 25/1/07 Gujarat, India

Isolation of Lactic Acid Bacteria

One gram of each fermented milk (dahi) sample was
aseptically transferred into a sterile flask, serial dilutions of
the samples were made in sterile physiological saline and
pour plated into MRS Agar [22] (BD Biosciences, DE,
USA). After solidification of the agar, another layer of
molten MRS agar was added on top to ensure microaero-
philic conditions suitable for the growth of Lactobacillus
species. The plates were incubated at 37°C for 24-48 h.
Colonies showing characteristic morphology such as color
(buff, pale-yellow, white), size (less than 1 mm diameter),
and shape (biconvex) were selected, numbered and inoc-
ulated into sterile MRS broth without aeration. After
incubation for 24-48 h, the MRS broth cultures were
examined microscopically for purity, subjected to the cat-
alase test and gram stained. Pure gram positive, catalase
negative bacilli were coded, preserved in Lactobacilli MRS
broth containing 15% (v/v) glycerol and stored at —86°C
till future processing.

Genomic DNA Isolation from Lactobacilli

Frozen isolates were revived from the glycerol stock,
thawed and reinoculated into freshly prepared sterile MRS
lactobacilli broth and incubated at 37°C for 24 h. After
confirmation of purity, 10 pl of active broth culture was
reinoculated into 10 ml sterile MRS broth and incubated at
37°C for 10 h. Two milliliter aliquots of active log phase
cultures from this broth were then used to isolate genomic
DNA.

To the 2 ml culture, 2-3 pl of a sodium salt of ampi-
cillin solution (50 mg/ml) was added and the mixture
incubated at 37°C for 1 h. Post incubation, the bacteria
were harvested by centrifugation at 5000 rpm for 5 min in
a refrigerated centrifuge. The media supernatant was dec-
anted and the pellet washed thrice with 1 ml of NaCl-
EDTA (30 mM NaCl, 2 mM EDTA, pH 8.0). The washed
bacterial pellet was resuspended in 100 pl of NaCI-EDTA
(30 mM NaCl, 2 mM EDTA, pH 8.0) and 100 pl of freshly
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prepared lysozyme solution (concentration 10 mg/ml in
NaCl-EDTA) was added to it and mixed. The mixture was
incubated at 37°C for 1 h with intermittent shaking. To
remove RNA, 4 pl of Rnase-A solution (Stock 10 mg/ml,
working concentration 100 pg/ml,) was also added to the
mixture before incubation. The volume of the mixture was
then made up to 500 pl with additional NaCl-EDTA and
50 pl of a 10% SDS solution followed by 10 pl of pro-
teinase K solution (20 mg/ml) were added to the mix. The
contents were mixed thoroughly and incubated at 55°C for
1 h. After incubation, an equal volume of Tris-saturated
phenol (pH 8.0) was added and mixed thoroughly. The
resultant mixture was centrifuged at 10,000 rpm at 22°C
for 10 min and the upper aqueous phase was separated
without disturbing the interphase containing cell debris and
proteins. This step was repeated once with a fresh aliquot
of Phenol-Chloroform mixture (1:1) and the supernatant
was collected in a sterile eppendorf tube. DNA in the
supernatant was precipitated out with 0.8 volumes of Iso-
propanol in the presence of 0.3 M Sodium Acetate (pH
5.2). The precipitated DNA was pelleted by centrifugation
at 10,000 rpm at 4°C for 5 min. The supernatant was dis-
carded and the DNA pellet was washed once with freshly
prepared 70% ethanol and air-dried. The final pellet thus
obtained was dissolved in 50 pl Tris—=EDTA (10:1, pH
8.00) and stored frozen at —20°C till further analysis. In
about ten isolates of the total 269 isolates tested, DNA was
also isolated by using a commercial kit following the
protocol suggested by the manufacturer and the DNA
obtained was stored frozen at —20°C till further analysis.

Qualitative and Quantitative Assessment of DNA

All samples of the preliminary study were analyzed by
spectrophotometry. DNA concentration was determined by
recording the absorbance at 260 nm (A,¢p) using a Nano-
drop spectrophotometer (Bio-Tek instruments, inc.). The
purity of the DNA was determined from the Ajgp/Asgg
ratio. The quality of the isolated DNA was also evaluated
by (0.9% agarose) gel electrophoresis using 2 pl of isolated
DNA. The type of band pattern indicates the quality of the
DNA isolated. A known amount of bacteriophage lambda
DNA was used to compare the intensity and approximate
size of the isolated DNA.

PCR Using Isolated DNA

DNA integrity was evaluated by PCR analysis. The DNA
sample was used as a template for selective amplifica-
tion of a single-copy house keeping gene; the elongation
factor Tu gene (fufB gene) by PCR. The selected primers
used were forward 5’ ATGGACGGTGCGATCTTAGTT3'
and reverse 5’ACTTGACCACGAACAACTTGTTCA3Z'.
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Expected size of the amplified fragment corresponds to
584 bp. The PCR master mix was as follows: 10 pl of 10x
reaction buffer (100 mM Tris [pH 8.3], 500 mM KCI,
9 mM MgCl,), PCR primers (final concentration, 40 uM
each), and deoxynucleoside triphosphates (final concen-
tration, 200 pM) in a final volume of 100 pl with 2.5 U
Taq DNA polymerase. Water was then added to bring the
volume to 100 pl. The PCR reaction was performed with
25 pl of the reaction mix containing ~ 100 ng of isolated
Lactobacillus genomic DNA, in a hot lead thermocycler
(Eppendorf). The reaction mixture was subjected to an
initial heating at 95°C for 2 min. The temperature was
cycled through 94°C for 1 min, 55°C for 1 min, and then a
final extension at 72°C for 2 min. The cycle was repeated
30 times.

Restriction Digestion of the DNA Sample

DNA samples from five Lactobacillus isolates obtained by
this protocol were assayed by restriction enzyme digestion.
Eight micrograms of purified Lactobacillus DNA were
subjected to restriction digestion with EcoRI, HindlIll and
Pvull enzymes according to the procedure recommended
by the manufacturer (Promega corporation). 5 U of the
enzyme were added per microgram of DNA in 60 pl
reaction buffer. The solution was incubated at 37°C for 1 h,
and the reaction stopped by addition of 0.1 vol of 0.1 M
EDTA. Ten microliters (~1.5 pg DNA per lane) were
combined with 2 pl of 6x Gel loading buffer (0.25%
bromphenol blue, 0.25% xylene cyanol, 30% glycerol) and
loaded into a 0.9% agarose gel containing ethidium bro-
mide. The samples were electrophoresed at 60 V for 1.5 h
in a horizontal mini-gel apparatus.

Results
DNA Yield and Quality

Chromosomal DNA was isolated from Lactobacillus iso-
lates by the Ampicillin-Lysozyme tandem lysis method
and estimated spectrophotometrically by measuring the
Absorbance at 260 nm (A,¢p). A total of 269 Lactobacillus
isolates were tested for this approach and the mean amount
of DNA isolated from these isolates was 2187.654 ng/ul,
with a range of 293.58-5353.9 ng/ul. The variation in the
DNA yield was due to handling errors while isolating DNA
from a large number of isolates (chiefly due to pipetting
error) and differences in the number of bacteria in a fixed
volume of inoculum. The number of PCR reactions that
could be performed using DNA extracted from 2 ml of
bacterial culture, thus, was around 1500 (an estimate from
amount of DNA, about 50-100 ng, required for each PCR
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reaction). Ten isolates from the 269 isolates were randomly
chosen and their DNA was also isolated by a commercial
DNA isolation kit. The spectrophotometic reads from these
isolates estimated DNA with a mean of 760.5 ng/ul. Lesser
yield from the commercial kit is clearly evident from the
Fig. la. The average DNA yield from the presented pro-
tocol was approximately 1093.8 png/ml of log phase culture
compared to 380.2 pg/ml from the commercial kit. The
amount of culture used for this protocol is 2 ml, but we
could scale up the amount of active culture accordingly
without any reduction in DNA quality and quantity.

The purity of DNA isolated by both these methods was
measured spectrophotometrically and by running on 0.9%
agarose gel. The purity of DNA is estimated by the ratio of
absorbances at 260 nm (A,eg) and 280 nm (Asgg), Aseo/
Asgo. The average value was higher than 1.8, which clearly
demonstrates that the purified genomic DNA is of high
quality. The upper and lower extremes were deviant from
the mean values mainly due to the handling of a large
number of isolates while isolation (Table 2).

The integrity of the purified genomic DNA was also
analyzed by agarose gel electrophoresis (Fig. 1). Intact
high molecular weight (~20 kb) DNA was observed in all
samples. This confirms that the purified genomic DNA
from Gram-positive Lactobacillus isolates is of a high
quality and can be used in downstream applications.
Excessive shearing of DNA was not observed proving the

6 7 8 9 10 11 12 13 14

Fig. 1 Agarose gel Electrophoresis pattern of isolated Lactobacillus
DNA. Two microliter DNA samples were run in each lane of a 0.9%
Agarose gel. a Genomic DNA isolated by the present protocol and by
a commercial kit using a similar volume of isolates grown in MRS
broth (C1, C2 and C3). Lanes 1-3 Lactobacillus DNA isolated by the
commercial kit; Lanes 5-7, DNA isolated by the present protocol;
Lane M, Hindlll digested Lambda DNA fragments (23.13, 9.4, 6.5,
4.3,2.3,2.0,0.5 and 0.12 kb) b Agarose gel electrophoretic profile of
Lactobacillus genomic DNA isolated using the present protocol

Fig. 2 Lactobacillus genomic DNA restriction endonuclease diges-
tion patterns in an agarose gel. Wells were loaded with approximately
1.5 pg of the DNA digest, which was electrophoresed in 0.9% agarose
gels. a Lane 1 Undigested Lactobacillus DNA (~1 pg); Lanes 2—4
Lactobacillus DNA digested with EcoRI, Hindlll and Pvull; and Lane
M Hindlll digested lambda DNA fragments. b Lane 1, Undigested
Lactobacillus DNA (~1 pg); Lane 2, Lactobacillus DNA digested
with EcoRI and Lane M, Hindlll digested lambda DNA fragments

fact that the method was gentle enough to generate isolated
DNA of ~20 kb size.

To check the applicability of the present method for
downstream applications such as the Polymerase Chain
Reaction (PCR) and Restriction Digestion, the DNA iso-
lated from a few random isolates was checked for these
applications. DNA from these isolates was used to perform
amplification of a single copy gene, elongation factor Tu
gene (fufB), by PCR to identify the presence of this gene in
these isolates at the reaction conditions detailed above. In
all the samples tested, a single band of the amplicon at
~ 584 bp was observed, and proved the applicability of the
isolated DNA to standard PCR based techniques (Fig. 3).
DNA from a few random isolates was also used for a
standard restriction digestion experiment and the resultant
digest showed a complete cleavage of the isolated DNA
yielding an expected continuous fragment pattern on 0.9%
agarose gel (Fig. 2). The results prove that the purity of the
genomic DNA is sufficiently high for a sensitive PCR
analysis and restriction enzyme digestion.

The time taken for isolation of DNA by the Ampicillin-
Lysozyme method was slightly longer than the commercial
kit tested, due to the incubation times required for Ampi-
cillin and Lysozyme action. However, considering the
yield, purity and economy of the presented method, longer
isolation times were a relatively small price to pay. Hence,
the Ampicillin-Lysozyme tandem lysis DNA isolation
method is a simple, economical and efficient method for
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Table 2 Yields of DNA isolated from Lactobacillus isolates by the Ampicillin-Lysozyme tandem lysis method and commercial kit (average

values only)

Amount of DNA

Absorbance at Absorbance at Purity (Absorbance

in ng/pl 260 nm (Ayg) 280 nm (Aygo) at 260 nm/Absorbance
at 260 nm [Aje0/Azs0])
Average 2187.654 37.878 19.234 1.862
Maximum 53539 107.078 72.612 2.27
Minimum 293.58 5.86 3.16 0.85
Standard deviation 1126.509 25.977 14.935 0.135
Commercial kit (average of 10 isolates) 760.5 15.21 8.75 1.738

+—— 584 bp
500pb

Fig. 3 Agarose gel electrophoresis of a PCR-amplified Lactobacillus
elongation factor Tu gene (fufB gene). Forward Primer 5’ATGGA
CGGTGCGATCTTAGTT3’; Reverse Primer 5ACTTGACCACGA
ACAACTTGTTCA3'; Lanes M 100-bp DNA size ladder; Lanes 1-7,
PCR product (584 bp) generated from Lactobacillus isolates

the routine isolation of high quality DNA from Gram
positive bacteria such as Lactobacillus.

Discussion

The first step in the genetic characterization of any isolate
of Lactobacillus from Indian fermented milk (dahi) is the
isolation of moderately pure, PCR amplifiable DNA from
the cells by the best possible isolation process, whether
chemical, mechanical or a combination of chemical and
mechanical methods. Various protocols have been sug-
gested in the past and many commercial kits for the rapid
isolation of DNA rely on proven combinations of chemi-
cals and mechanical steps such as bead beating, etc. [23—
26]. The problem in isolation of chemically pure DNA
from Gram positive bacteria arises from the difficulty in
lysis of bacterial cells and associated secondary metabo-
lites or PCR inhibitors. However, in some cases the DNA
can be obtained after prolonged heating at 95°C (boiling)
of a bacterial aqueous suspension. The DNA isolated with
these procedures (short-cut methods, boiling etc.) found
best use the day it was prepared as the quality of DNA
dropped after storage. Therefore, it was necessary to
evaluate the efficiency of each preparation from this
method in terms of providing quality template DNA for
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subsequent analyses like PCR and Restriction digestion.
The average size of the isolated DNA was ~20 kb and
DNA from almost all isolates was found to be in an
undegraded condition (Fig. 1). The process also could
eliminate cellular proteins and metabolites that would
inhibit the PCR reaction either by damaging the DNA or
interfering with the polymerization process.

The failure of complete lysis of Gram positive bacteria
such as Lactobacillus is due to the inherent nature of the
cell wall, which, in such bacteria, contains a high
concentration of peptidoglycan. Peptidoglycan contains
f-(1-4)-N-Acetyl-D-glucosamine subunits polymerized via
relatively strong covalent linkages such as the pentapeptide
pentaglycine bridges [27]. Among the many approaches the
molecular microbiologist uses against the inherent stability
of the Gram positive cell wall is the use of a class of
enzymes which serve to disrupt the cell wall by enzymatic
cleavage of the covalent cross-links in the peptidoglycan
moieties. Various enzymes have been discovered over the
years and utilized with varying success by different groups.
The most commonly used cell wall disrupting enzyme is a
hydrolase, lysozyme; which disrupts the [-(1-4)-linkages
between N-acetylmuraminic acid and N-acetyl-D-glucosa-
mine residues in peptidoglycans. Endopeptidases such as
achromopeptidase [28] and lysostaphin [29] are generally
directed at the tetramer and poly-glycine cross-links and
serve to disrupt them thus attacking the core of the gram
positive cell wall. Hence, these enzymes are suitable for
bacteria that are generally resistant to lysis by lysozyme.
Mutanolysin is another cell wall degrading enzyme with
muralytic action which also cleaves the f-(1-4) linkages
between N-acetylmuraminic acid and N-acetyl-p-glucosa-
mine residues in peptidoglycans, similar to lysozyme [30].
However, this enzyme, like the endopeptidases described
above, is costly and not generally available in routine
laboratories. A more recently described cell wall degrading
enzyme is Labiase, isolated from Streptomyces fulvissimus
acting by a combination of the f-N-acetyl-p-glucosamini-
dase and lysozyme activities to disrupt the gram positive
cell wall with a higher efficiency [31]. However, this
enzyme is extremely costly and thus unsuitable for routine
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use in a project like ours, which requires the handling of a
large number of Lactobacillus isolates.

According to our own experience (unpublished data),
the use of lysozyme alone is insufficient for the lysis of
Lactobacillus isolates, resulting in a low yield of DNA.
Thus, we looked for a system where the cell wall could be
weakened before the lysis step to ensure a high degree of
cellular disruption and a high yield of pure, amplifiable and
restriction-digestible DNA for downstream processing.
Beta-lactam antibiotics such as penicillins have been used
for a long time as agents against Gram-positive bacterial
infections. The antibacterial activity of ampicillin results
from the disruption of Gram positive call wall synthesis by
inhibiting the action of a family of glycosyl-transferases,
chief among them; the enzyme, murein transferase, which
the catalyzes the transfer of sugar moieties from activated
donor molecules to specific acceptor molecules on poly-
saccharide-protein moeties such as N-acetylglucosamine
and N-acetylmuramic acid, forming glycosidic bonds, and
hence, the ultrastructure of the Gram positive cell wall. The
inhibition of glycosyltranferases by penicillins such as
ampicillin is the direct consequence of their binding to cell
wall proteins called Penicillin-binding-proteins or PBP’s
[32, 33] and these PBP’s are the sites of action for these
enzymes. Ampicillin may also have a role to play in the
disinhibition of autolysins in Gram positive bacteria, either
directly or as a downstream consequence of their binding to
PBP’s [34-36]. Ampicillin, therefore, weakens the Lacto-
bacillus cell wall and thus reduces the rigidity and
mechanical resistance inherent to this bacterium making it
suitable for a higher degree of lysis by simple cell wall
degrading enzymes such as lysozyme.

An initial 2 ml log phase culture of each Lactobacillus
isolate was used to estimate the amount of DNA isolated
using this method. The amount of DNA isolated was
measured by its absorbance at 260 nm (A,¢0). The average
yield of the isolation process is presented in Table 2.
However, the large disparity in DNA yields across isolates
could be due to any of the following reasons: (1) the
number of lactobacilli in each aliquot of inoculum used for
this culture may have varied, and thus could have resulted
in varying biomass yields over isolates. As the amount of
DNA is a direct consequence of the microbial biomass, the
disparity in yields could have been due to this aspect of
culturing induced error, (2) various steps in the DNA iso-
lation protocol involve repetitive pipetting of different
chemicals. Pipetting error may have resulted in a small, yet
functionally important change in the chemical composition
of the extracting solutions, resulting downstream in dif-
ferent DNA yields, (3) the DNA yield is also influenced by
the age and phase of growth of the microorganism. Though
the control in incubation times resulted in bacteria with a
probable similar early phase of growth, different isolates,

and thus different species and strains of Lactobacillus,
owing to differences in cell cycle, may have had different
growth rates, viz., while one isolate may have been in the
early log phase, another isolate may have been in the late
log phase, while other isolates may have reached the sta-
tionary or early lag phase at the time of DNA isolation and
(4) it has been reported that gram positive bacteria have
evolved different strategies to combat ampicillin action
[37] thus resulting in lessened cellular disruption rates but
would have to be proven by a different set of experiments.

Conclusion

The goal of the outlined investigation was to propose a
simple, inexpensive but effective genomic DNA isolation
procedure for Lactobacillus isolates. These results show
that the DNA produced by our universal, simple, low cost,
fast and safe protocol is of high quality and can be used
reliably in DNA manipulation and PCR-based techniques
on a wide range of organisms even in low technology
laboratories. The average amounts of DNA recovered by
the method described above for 269 isolates ranged from
293-5354 ng/ul. The average Asqo/Asgy ratio was 1.862,
indicating pure DNA. Each of the DNA preparations gen-
erated was run in 0.9% agarose gels, and all were found to
be in an undegraded condition. This procedure was found
to produce reasonably pure genomic DNA from Lactoba-
cillus isolates and had no interference with other proce-
dures, such as restriction digestion and PCR. There was no
RNA contamination in the isolated DNA preparation as it
was treated with RNase A. The RNase A treatment how-
ever, had not degraded the isolated genomic DNA during
preparation.
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