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ABSTRACT

Plasmid-Linked Maltose Utilization in Lactobacillus spp.

Isolated from Meat

by

Mei-Ling Liu, Master of Science

Utah State University, 1987

Major Professor: Dr. Jeffery K. Kondo
Department: Nutrition and Food Sciences

Five strains of Lactobacillus plantarum and four strains of

Lactobacillus species isolated from fresh meat were examined for the

presence of plasmid DNA. A1l strains examined contained between one and
five plasmids ranging in molecular mass from 1.3 to 51.6 (Mdal).
Plasmid-curing experiments suggest that maltose wutilization is

associated with a 51 Mdal plasmid in Lactobacillus sp. DB29 and 42 Mdal

plasmids in Lactobacillus spp. DB27, DB28, DB31. Southern blot DNA-DNA

hybridization showed homology between the maltose plasmid from

Lactobacillus sp. DB29 and several plasmids from the other Lactobacillus

spp.
(50 pages)




CHAPTER I
INTRODUCTION

Fermented meat products have been an important part of the human
diet since ancient times. Fermented sausage is the result of a complex
biological, chemical, and physical process. A successful sausage
fermentation is dependent on the proper development of fermentative
microorganisms in raw, comminuted meat. It has been shown that lactic

acid bacteria, mainly Lactobacillus spp., are the major group of

organisms found in sausage manufacturing. The rapid conversion of added
sugar to lactic acid by these bacteria is largely responsible for the
characteristic flavor and shelf-life associated with sausage.

In traditional meat fermentations, lactic acid bacteria are
selected by applying a system of physical, chemical, biochemical, and
environmental constraints to prevent the growth of wundesirable
microorganisms. However, the quality of traditionally fermented sausage
has been variable and difficult to control. Following the successful

use of starter cultures in dairy fermentations, Lactobacillus starter

cultures were also introduced to the meat industry as an acidulant to
achieve greater uniformity and to shorten processing schedules.

Despite the benefits 1in using starter cultures, most sausage
manufacturers still rely on traditional processing methods. This is
mainly due to the inability of commercial starter strains to produce the
desired characteristics unique to their product.

Recently corn syrups which contain maltose and dextrose were

suggested to be a carbohydrate source for growth of lactic acid bacteria
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in sausage manufacture. Use of corn syrup and other inexpensive
carbohydrate sources in sausage fermentations would be economically
advantageous.

The development of efficient starter strains which are able to
perform predictably and efficiently under the varying conditions of meat
fermentations would be highly desirable. Microbiological, biochemical,
and genetic analysis of meat starter strains is needed to define strains
of commercial value. Also, with recent advances in genetic engineering
it may be possible to genetically improve preexisting meat starter
strains.

Therefore, the purpose of this study was to use microbiological,

biochemical, and genetic analysis to characterize Lactobacillus spp.

which have been associated with meat products. This thesis is divided
into four chapters. Chapter I is an introduction to the topic and
format of the thesis. Chapter II describes a historical review of
sausage manufacture and biotechnology of lactobacilli. Chapter III
contains the results from this study, which will be submitted for

publication in the Journal of Applied and Environmental Microbiology.

The summary and conclusions are found in Chapter 1IV.




CHAPTER 11
HISTORICAL REVIEW

Sausage is one of the oldest forms of fermented foods in the world.
Sausage making developed gradually from the simple process of salting
and drying meats to preserve that which could not be consumed at once.
Historically it was observed that addition of salt and sugar to ground
meat, followed by an incubation period, was conducive to preservation
and resulted in a palatable product. Throughout history several
distinctive sausage types were developed in various geographical
regions. These sausage types were distinctive in flavor, texture, size,
and shape. The successful manufacture of fermented sausage is dependent
on the controlled conversion of sugar to lactic acid by Tlactic acid
bacteria (13). Lactic acid bacteria may be present naturally or
introduced to the meat mixture during handling or processing. Members

of the genus Lactobacillus, the predominant flora in fermented sausage,

have received much attention for their role in sausage manufacture.
Recently development of starter cultures consisting of Tlactobacilli has
been successful. Methods to improve meat starter strains by genetic
engineering, exemplified by dairy starter cultures, are presently under

development.

Manufacturing Process

The manufacturing process of fermented sausages consists of
grinding the meats; blending them with salt, nitrate or nitrite, spices

and sugar; and then stuffing the mixture into casings. The sausages
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are then transferred to a "green" room where fermentation takes place.
Temperature, relative humidity, and time of incubation in the "green"
room are carefully controlled. These factors differ depending on the
type of sausage desired. If a smoked variety is desired, the smoking
usually takes place at the same time.

Manufacture of fermented sausages is dependent on the types of
microorganisms in the raw, comminuted meat. Initially the microbial
flora of fresh, refrigerated, or frozen meat is mainly Gram-negative,
catalase-positive, aerobic bacteria. In a natural fermentation the
manufacture process promotes a shift towards a Gram-positive, catalase-
negative, microaerophilic flora (19). Selective growth of this group is
favored due to the anaerobic nature of the meat mixture and the presence

of salt (19, 52, 57). Lactic acid bacteria, mainly Lactobacillus spp.,

have been found to grow, eventually dominating the bacterial flora of

naturally fermented products (18, 19, 52). L. plantarum and L. casei

are usually found as the representative species. Atypical lactobacilli
have also been shown to be a major group found on a variety of meat
products (18, 54). The activity of certain lactobacilli is largely
responsible for the characteristics associated with fermented sausage.
The major role of these lactobacilli is to rapidly and reliably produce
lactic acid from added sugars. Production of Tlactic acid imparts the
tangy flavor and characteristic texture associated with fermented
sausage. Lactic acid also decreases pH, which aids in the formation of
cured meat color and inhibits the growth of foodborne pathogens and

spoilage bacteria.




Use of Starter Cultures

Traditionally, fermented sausages have been made by cultivating
natural microflora, often resulting in products with variable qualities.
Failures may occur (2 nonfermentative microorganisms or
heterofermentative Tlactic acid bacteria predominate. Insufficient
lactic acid production results in products defective in flavor, aroma,
texture, and appearance. Also, a potential health hazard results when
the proper pH 1is not achieved. Some manufacturers obtained better
consistency by “back—s]obping," a method in which meat from a previous
successful fermentation is added to the new sausage mix. This method
provides a massive inoculum of desired bacteria but can also result in
the growth of undesired bacteria.

With the successful use of starter cultures in milk fermentations
during the last 30 years, starter cultures have been developed for the
meat industry (14). The development of starter cultures for meat
fermentations involved the isolation and identification of the
microorganisms responsible for the desired effect, followed by their
addition tc the meat at the appropriate stage. Smith and Palumbo (61,
p. 997) defined meat starter cultures as "viable microorganisms added
directly to meat to improve the keeping quality, improve the safety,
and/or enhance consumer acceptability of the meat product."

Research in fermented meat technology has not kept pace with other
areas of fermented food processing such as dairy fermentations. Meat is
more complicated to study than milk products because of its
nonuniformity and nonfluid nature. In addition, research with the
effects of bacterial-pure cultures is very difficult since fermented

meats are not sterile or pasteurized. The effects of undesired




contaminant bacteria cannot be eliminated (50).

In preliminary meat starter trials it was found that most of the
strains which were used in dairy fermentations were unable to grow in
the meat mixtures due to their salt and/or nitrite intolerance (29).
Subsequent attempts utilized lactobacilli, which were the predominant
flora in meat mixtures, but these strains did not survive
lyophilization, which was the chief method of distributing starters at

that time. In the 1950s Pedioccccus acidilactici (previously designated

P. cerevisiae) was successfully used as a meat starter culture (14, 15,

51). With the development of frozen culture concentrates and the
improvement of freeze-drying techniques, lactobacilli were successfully
marketed to the meat industry.

Micrococcus spp. are also used in meat starter cultures because
they possess catalase activity as well as the ability to reduce nitrate

to nitrite (11). Today Micrococcus (49, 52), Lactobacillus (20, 52),

and Pediococcus (14) are successfully utilized as meat starter cultures.
The addition of pure cultures of starter bacteria in meat mixtures
speeds up the fermentation process, lowers the pH rapidly, and takes
control of the development of proper microflora. Thus, the finished
product is more uniform, losses are minimized, and flavor is improved.
The major role of starter lactobacilli and pediococci in meat
fermentations is to produce lactic acid from carbohydrates rapidly. The
availability of fermentable carbohydrates in raw meat is the growth-
limiting factor. Suppliers of starter cultures for sausage
fermentations suggest that at least 0.75% dextrose must be added to meat

mixtures for proper culture growth and acid production (3, 4).




Utilization of Fermentable Carbohydrate in Fermented Sausage

Glucose (dextrose) is the main carbohydrate that is added to the
sausage mixture. Other carbohydrate sources, primarily sucrose and corn
syrups, are alternatives to dextrose in some fermented sausages (34,
37). The rate of fermentation of various carbohydrates, including
commercially available corn syrups, has been determined during a 24 h
summer sausage fermentation at 38°C using a frozen concentrate starter

culture of Pedjococcus acidilactici (1). It was found that maltose

yielded 78% as much acid compared to dextrose, while lactose and dextrin
showed 1ittle acid development. Corn syrup, a hydrolysis product from
corn starch, contains varying quantities of the simpler carbohydrates
(maltose and dextrose) as well as higher molecular weight fractions.
The availability of simpler carbohydrates was the lTimiting factor in the
fermentation. These findings indicate that it 1is possible to wuse
maltose or corn syrup instead of dextrose, or a combination of maltose
or corn syrup with dextrose, to yield a satisfactory fermentation. From
an industrial viewpoint, use of corn syrup in sausage formations would
be economically advantageous.

The ability of lactic acid bacteria to utilize maltose varies
depending on the species and strains used. In testing the fermentative
ability of 129 bacterial isolates from dry sausage, Urbaniak and Pezacki
(66) reported that all isolates fermented dextrose, several fermented
sucrose, and a few fermented maltose.

Therefore, strains used for sausage manufacture should be carefully
selected, especially if different carbohydrates are added to the meat
formulation. Use of genetic engineering techniques is an important

strategy to develop new and improved starter cultures for use in dairy




8
fermentations (12, 36, 46). Recent genetic studies in lactobacilli show
that there is also potential to develop improved strains for use in meat

fermentations.

Plasmids in Lactobacilli

Genetic studies in lactobacilli have shown that most strains
contain plasmid DNA, thus providing essential tools for using gene
cloning techniques for genetic studies and for strain improvement. In
1976 Chassy et al. (7) provided the first evidence for plasmids in
lactobacilli. Since then several reports document the prevalence of
plasmid DNA in Tlactobacilli (Table 1). Most of these plasmids are
cryptic, having no defined function. However, some of them encode a
number of biological properties and provide an extraordinary tool for
genetic engineering (Table 2). Phenotypic properties which have been

associated with plasmids include lactose metabolism in L. casei subsp.

casei 64H (8), N-acetylglucosamine utilization and reduced lactic acid

production in L. helveticus subsp. jugurti S36-2 (60), tetracycline and

erythromycin resistance in L. fermentum LF601 (27), antibiotic

resistance in L. reuteri and L. acidophilus (68), and bacteriocin

production in L. acidophilus 11759 (33).

The stability of plasmids in commercial L. plantarum meat starter

strain DSM-No 1959 was studied by von Husby and Nes (71). Over a period
of 10 years two of the six plasmids appeared to form a Tlarger
cointegrate plasmid. The other plasmids were stable and remained

unchanged.




TABLE 1.

Distribution of plasmids in lactobacilli

Strain Plasmid size Reference
L. casei subsp. rhamnosus 0C19 19 (Mdal) (7)
L. casei subsp. casei 64H 23 (Mdal) (7 8)
L. casei subsp. casei NR1 (67)
L. helveticus subsp. jugurti S13-8 16.45, 13.03, 11.83 (kb) (60)
L. helveticus subsp. jugurti S36-2 13.17 (kb) (60)
L. helveticus NR! (67)
L. fermentum LF601 37.5, 16.7, 10.1, 8.5 (Mdal) (27)
L. acidophilus PA3 13.7, 6.3 (Mdal) (32)
L. acidophilus 11759 26 (Mdal) (33)
L. acidophilus NR? (67, 68)
L. reuteri NR1 (67, 68)
L. heterohiochi NR1 (67)
L. bulgaricus NRl (67)
L. plantarum MD and NF 12.3, 10.3, 7.4, 5.5, 3.1, 2.65 (Mdal) (48)
L. plantarum S and CH-1 12.2, 9.2, 6.5 (Mdal) (48)
L. plantarum N 15.4, 7.4 (Mdal) (48)
L. plantarum ATCC 8014 14.9, 14.2, 5.6, 1.35 (Mdal) (48)
L. plantarum ATCC 14917 4.6 (Mdal) (48)
L. plantarum DSM-No 1959 6.5, 7.6, 13.4, 18.1, 25.2, 30.0 (kb) (71)
L. plantarum 340 8 (kb) (72)
L. plantarum 343 9, 2.75 (kb) (72)
L. plantarum 352 155 10,.8.5; 7, 4; 2.8 {kb) (72)
L. plantarum 704 15, 2.5 (kb) (72)
L. plantarum 1193 11.5 (kb) (72)
L. plantarum 1752 7 (kb) (72)
Lactobacillus sp. NR1 (42)
Lactobacillus sp. 2.2 (Mdal) (45)
Lactobacillus sp. DRI 30 (Mdal) (55)

1NR: the sizes of plasmids were not reported.




TABLE 2.

Functional properties of plasmids in lactobacilli

Strain Plasmid size Plasmid phenotype Reference
. casei subsp. casei 64H 23 Mdal Lactose metabolism (8)
. helveticus subsp. jugurti S36-2 13.17 kb N-acetylglucosamine utilization
and reduced lactic acid
production (60)
. fermentum LF601 37.5 Mdal Tetracycline resistance (27)
10.1 Mdal Erythromycin resistance (27)
. acidophilus 11759 26 Mdal Bacteriocin production (33)

01
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Gene Transfer in Lactobacilli

Plasmids which code for certain biological properties may be
transferred to target organisms by several different gene transfer
systems. In other Tlactic acid bacteria, such as the group N
streptococci, transduction, conjugation, protoplast transformation, and
protoplast fusion are well documented (22, 36). These gene transfer
techniques are important for genetic analysis and for the improvement of
starter cultures wusing genetic engineering principles. However,
transferring plasmids in lactobacilli has been very difficult, and
further research is needed. Genetic studies have recently been reviewed

by Batt and Sinskey (6).

Transduction

Bacteriophage-mediated transduction is & classical method of
transferring genes between strains (41). In lactobacilli there have
been numerous reports of phages in various species (10, 16, 63, 74).

However, only one successful transduction between Lactobacillus spp. has

been  reported. Tohyama et al. (64) demonstrated generalized

transduction of L. salivarius auxotrophic (lysine, proline, serine)
7

mutants to prototrophy at a frequency of 10" to 10-8 using a temperate
phage, PLS-1. They were also able to transduce Tlactose-fermenting

ability at a similar frequency.

Conjugation

Conjugation is a gene transfer process in which a donor cell comes
into physical contact with a recipient cell and transfers a replica of
genetic information to the recipient cell (21). An erythromycin

resistance encoding plasmid, pAMBl, originally isolated from
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Streptococcus faecalis, has been transferred into and between several

Lactobacillus species (23, 59, 69, 72). A 5. faecalis erythromycin and

chloramphenicol resistance plasmid, pIP501, has been transferred to 1

plantarum but could not be transferred between strains of L. plantarum

(72). In 1981 Chassy and Rokaw (9) described the transfer of plasmid-
mediated Tactose metabolism by a "conjugation-Tike" process between two

strains of L. casei.

Transformation

The uptake of naked or free DNA by a cell occurs by a process
termed transformation. A number or organisms have been successfully
transformed by polyethylene glycol (PEG)-induced DNA uptake by
protoplasts (24, 26, 30, 35, 53, 56). In lactobacilli the major barrier
in developing recombinant DNA technology is the lack of transformation
systems (26). One problem in the development of transformation systems
in Tactobacilli has been the presence of potent DNases produced by many
strains (58). However, the formation of L. casei protoplasts has been
reported by Tomochika et al. (65)'and Lee-Wickner and Chassy (39), the
formation of L. reuteri protoplasts has been reported by Vescovo et al.

(70), and the transformation of both L. bulgaricus and L. helveticus

using a chimeric vector has been reported by Batt (5). Shimizu-Kadota
and Kudo (58) successfully transfected L. casei protoplasts with phage

DNA encapsulated in liposomes formed from lecithin.

Protoplast Fusion

Two protoplasts are induced to fuse, and recombination of genetic
information may occur by a process termed protoplast fusion. Protoplast

fusion between two strains of L. fermentum has been reported by Iwata et
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al. (28).

Gene Cloning

The development of cloning systems in lactobacilli has been
hampered by the Tack of efficient transformation systems. However,

Lactobacillus genes have been <cloned into other genera where

transformation and vector DNAs are readily available. The gene coding
for B-D-phosphcgalactoside galactohydrolase in L. casei was successfully

cloned into pBR322, an Escherichia coli vector (38). A cryptic 3.0 kb

plasmid from L. helveticus and the erythromycin resistance marker

originally from pAMBl were cloned into the E. coli vector pBR325 to form
a chimeric vector, pLBCIO4EM. This chimeric vector was successfully

constructed in L. helveticus and L. bulgaricus (6). Cryptic plasmids

isolated from L. casei strains have been cloned into both E. coli and

Streptococcus sanguis by using shuttle vectors (40).

Summary

Lactobacilli have played an essential role in the production of
fermented meat products by imparting many of the desirable
characteristics associated with these foods.

In natural meat fermentaticns, salt and fermentable carbohydrates
are added to provide a favorable selective environment where the
lactobacilli can rapidly proliferate. Following the successful use of
starter cultures in dairy fermentations, lactobacilli were introduced
into the sausage mixture as starter cultures because of their lactic
acid production ability and salt tolerance. Because of the complex

nature of the substrate, the selection of efficient and reliable strains
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is essential. Genetic engineering techniques have the potential to

improve strains used in meat fermentations.
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CHAPTER III
PLASMID-LINKED MALTOSE UTILIZATION IN LACTOBACILLUS SPP.

ISOLATED FROM MEAT

Introduction

The Tactobacilli are widely used as starter cultures in dairy,
sausage, alcoholic beverage, pickling, and silage fermentations for
their ability to produce lactic acid from various carbohydrates. It has
been shown that plasmids are widely distributed among members of the

genus Lactobacillus (7, 8, 25, 27, 32, 33, 42, 45, 47, 48, 55, 60, 67,

68, 72). Although most plasmids are cryptic, some of the functions of
these plasmids have been reported. The metabolism of lactose in some
strains of L. casei is associated with a 23 megadalton (Mdal) plasmid
(8). The loss of N-acetylglucosamine fermentation and reduced lactic
acid production were accompanied by the Tloss of a 13.2 kilobase (8.2

Mdal) plasmid in a strain of L. helveticus subsp. Jjugurti (60).

Tetracycline and erythromycin resistance in a strain of L. fermentum

was linked to 37.5 and 10.1 Mdal plasmids respectively (27). In b
acidophilus and L. reuteri, some antibiotic-resistant characteristics
are plasmid linked (68). The determinant for bacteriocin production was

coded by a 26 Mdal plasmid in a strain of L. acidophilus (33). However,

the Tlack of genetic markers has made the study of plasmids of
lTactobacilli difficult.
In this study it was found that maltose utilization by atypical

Lactobacillus spp. isolated from fresh meat was an unstable trait and

that the loss of maltose utilization in these strains correlates with
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the loss of specific plasmids.

Materials and Methods

Bacterial Strains and Media

All strains used in this study are listed in Table 3. Cultures
were maintained by biweekly transfer in lactobacilli MRS broth (Difco
Laboratories, Detroit, Mich.) (17). Cultures were characterized by

using the API 50L Lactobacillus identification system (API System, S. A.

La Balme les Grottes, Montalieu Vercieu, France) as recommended by the

manufacturer.

Isolation and Purification of
Plasmid DNA

Plasmid DNA was isolated by the method of Anderson and McKay (2),
with modification. Cultures were grown for 16-18 h in MRS broth and
transferred as a 2% inoculum into fresh MRS broth. After 2 h incubation
at 32°C, cells were harvested by centrifugation and lysed by lysozyme-
sodium dodecyl sulfate treatment.

Plasmid DNA was further purified by cesium chloride-ethidium
bromide (CsC1-EtBr) equilibrium density gradient centrifugation as
previously described (31). Gradient fractions containing plasmid DNA
were pooled and extracted with equal volumes of CsCl-saturated
n-propanol to remove EtBr. CsCl was removed, and plasmid DNA was
concentrated in TE (10 mM Tris hydrochloride, 1 mM EDTA, pH 8.0) buffer
by ultrafiltration using Amicon Centricon-30 microconcentrators (Amicon
Corporation, Danvers, Mass.) according to the instructions of

manufacturer. Ultrafiltration was performed at least three times.
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TABLE 3. Lactobacillus strains and plasmids

\ - ; Relevant
Strain Plasmid sizes (Mdal) phenotype Comment and source

L. plantarum ATCC 4008 1805, <4813 Mal® ATCC 4008

L. plantarum DB16 39.8, 20.9, 7.1 Ma1® Obtained from Trumark

L. plantarum DB21 43.35 2152, 12.7 8.3, 72 Hal+ Obtained from Hansen's
rediset LT2

L. plantarum DB24 30L 74, 1053 Mal® Obtained from ABC custom
culture 18

L. plantarum DB2S 20.4, 16.0, 13.3; 9.8 2.9 Hal+ Obtained from B Heller

Lactobacillus sp. DB27 41.6, 28.3, 19.9 Ma1* Obtained from USU culture
collection, previously
designated as mutton LBS
10-4

Lactobacillus sp. DB28 42.4, 28.7, 20.1 Mal® Obtained from USU culture
collection, previously 4
designated as mutton MRS 5-5

Lactobacillus sp. DB29 57..6 Ha]+ Obtained from USU culture
collection, previously 3
designated as beef MRS 3-3

Lactobacillus sp. DB31 4245 30.2, 21.6 Ha1+ Obtained from USU culture
collection, previously ™
designated as beef LBS 3-2

Lactobacillus sp. ML291  None Mal~ Plasmid-cured derivative of
Lactobacillus sp. DB2S

Lactobacillus sp. ML292 24.7 Mal~ Plasmid-cured derivative of
Lactobacillus sp. DB29

Lactobacillus sp. ML271 28.3, 19.9 Mal~ Plasmid-cured derivative of
Lactobacillus sp. DB27

Lactobacillus sp. ML272 28.3 Mal™ Plasmid-cured derivative of
Lactobacillus sp. DB27

Lactobacillus sp. ML281 28.7, 20.1 Mal~ Plasmid-cured derivative of
Lactobacillus sp. DB28

Lactobacillus sp. ML282 28.7 Mal~ Plasmid-cured derivative of
Lactobacillus sp. DB28

Lactobacillus sp. ML3l11 30.2, 21.6 Mal~ Plasmid-cured derivative of
Lactobacillus sp. DB31

Lactobacillus sp. ML312  30.2 Mal~ Plasmid-cured derivative of

Lactobacillus sp. DB3l

aThese isolates from fresh beef and mutton were identified as strains of atypical
lactobacilli by API test and other biochemical test (73).
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Agarose Gel Electrophoresis

The examination of plasmid DNA was performed on 0.6% horizontal
agarose slab gels in Tris-borate buffer (0.089 M Tris-base, 0.089 M
boric acid, 0.002 M EDTA). Electrophoresis was carried out at 100 volts
for 4 h at 4°C. The gel was stained in ethidium bromide (1 ug/ml1) for
30 min and photographed under UV illumination. E. coli V517 (43)

plasmids were used as standards for molecular mass determinations.

Plasmid Curing

Cultures grown overnight in MRS broth supplemented with 2% maltose
instead of glucose (MRS-M) were transferred to fresh MRS broth
containing 100 wug/ml acriflavin and incubated for 24 h at 32°C. MRS
broth and MRS-M broth were also inoculated and incubated to serve as
controls. After serial dilution, cultures were plated on MRS-indicating
agar (MRS-M agar containing 0.001% bromocresol purple) and anaerobically
incubated at 32°C for 48 h using a BBL GasPak Anaerobic System (BBL
Microbiology Systems, Cockeysville, Md.). Individual maltose-negative
(Mal™) colonies were scored, isolated, and subcultured in MRS broth for

examination of plasmid profiles.

Restriction Endonuclease Analysis

Plasmid DNA was digested with restriction enzymes listed in Table
4. Restriction digestions were performed according to the instructions
of the manufacturer (International Biotechrnclogies, Inc., New Haven,
Conn.). Analysis of fragments was conducted by using horizontal gel
electrophoresis under the same conditions as previously described for
plasmid analysis using lambda-HindIII fragments as reference mobiTity

fragments.




TABLE 4,

Restriction enzyme analysis of pPML291 and pML292

Restriction enzyme Plasmid Number of fragments Calculated size of fragments (kb) Total size (kb)
Pvull pML291 12 26,5, 11,5, 9.3, 7.7, 2.7, 6.8,
.5, 2.8, 2.0, 1.4, 1.2.0.7 80.4
pML292 5 268y 3.8, 2,3, 1.2, 0.7 34.2
Smal pML291 5 26.5, 23.2, 20.2, 2.4, 2.3 76.6
pML29?2 4 £3,2; 202, 2.4, 2.3 48.1

—
O
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DNA-DNA Hybridization

Southern blot DNA-DNA hybridization was performed with a
commercially available DNA-DNA blot hybridization system (BluGene,
Bethesda Research Laboratories, New York, N.Y.). Plasmid DNA was
electrophoresed through an agarose gel under the same conditions as
previously described for plasmid analysis and then transferred to
nitrocellulose paper by the Southern method (62), as modified by
Maniatis et al. (44). Plasmid, pML291, was digested with Bcll and nick
translated using Biotinyl-11-dUTP as a label. Preparation of the nick-
translated biotinylated probe and hybridization were performed according
to the instructions of the manufacturer, except that hybridization was

carried out at 68°C.
Results

Characterization of Lactobacilli

Results of the API 50L Lactobacillus identification test are listed

in Table 5. None of the strains isolated from meat could be identified

to a species level. They were considered to be atypical Lactobacillus

species, which is consistent with previous studies (73).

Distribution of Plasmids in
Lactobacilli

Agarose gels of CsC1-EtBr gradient purified plasmids isolated from
strains used in this study are shown in Fig. 1. These strains harbor
between one and five distinct plasmids ranging in mass from 1.3 to 51.6

Mdal as shown in Table 3.
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TABLE 5. Utilization of substrates by lactobacilli (API test)

. ATCC 08 DB DB DB DB DB DB DB M ML
Strata 4008 16 21 24 95 27 <28 ' Bl 29" 29] 292
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FIG. 1. Agarose gel electrophoresis of plasmid DNA isolated from

strains used in this study. Plasmids were isolated from L. plantarum

ATCC 4008 (lane A), L. plantarum DB16 (lane B), L. plantarum DB21 (lane

C), L. plantarum DB24 (lane D), L. plantarum DB25 (lane E),

Lactobacillus sp. DB27 (lane F), Lactobacillus sp. DB28 (lane @),

Lactobacillus sp. DB31 (lane H), Lactobacillus sp. DB29 (lane I), and E.

coli V517 (lane J). Numbers represent the E. coli reference plasmid

sizes 1in Mdal.
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Production of Mal~ Variants with
Acriflavin

After acriflavin treatment the strains isolated from meat, DB27,
DB28, DB29, and DB3l, yijelded Mal~ variants which were isolated and
identified on MRS-indicating agar as white colonies. The colonies of
parental Ma1l® strains were yellow due to rapid acid production from
maltose metabolism. The frequencies of plasmid curing are shown in
Table 6. After three consecutive transfers 1in the presence of
acriflavin, the production of Mal~ variants ranged from 94.7 to 99.4%.
To determine if the observed loss of maltose metabolism was accompanied
by the loss of any plasmids in these strains, 20 Mal™ isolates from each
strain were examined for the presence of plasmid DNA. The majority of
the Mal™ isolates from DB29 lost a 51.6 Mdal plasmid. These mutants are
exemplified by loss of pML291 by strain ML291. However, a Mal™ isolate
designated as ML292 contained a smaller plasmid (pML292) of 24.7 Mdal,
as shown in Fig. 2. In strain DB27 some of the Mal~ variants, such as
ML271, lost the 41.6 Mdal plasmid; while others, such as ML272, lost
41.6 and 19.9 Mdal plasmids. Mal  variants of DB28, exemplified by
ML281, lost the 42.4 Mdal plasmid; and the other Mal™ isolates, such as
ML282, lost both 42.4 and 20.1 Mdal plasmids. Similarly, some of the
Mal~ variants isolated from DB31l, such as ML311, lost a 42.4 Mdal
plasmid; and the others, such as ML312, lost both 42.4 and 21.6 Mdal
plasmids, as shown in Fig. 3. Comparison of DB29 with Mal~ ML291 and

ML292 wusing the API 50L Lactobacillus identification system indicated

that only maltose utilization was different, as shown in Table 5.

Maltose utilization appeared to be very stable in the L. plantarum

strains as no Mal~ mutants could be isolated under the same conditions.
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TABLE 6. Frequency of isolating Mal~ variants from atypical
Lactobacillus spp. during plasmid-curing experiments

Percentage of Mal™ variants generated

Strain
1st transfer . 2nd transfer 3rd transfer

D827g 57.6% 96.4% 99.1%
DB27 0.0% 0.0% 0.0%
DB27°¢ 0.0% 0.0% 0. %
DBz8g 61.4% 99.2¢% 99.4%
DB28. 0.0% 0.0Y% 0.0Y%
DB28 0.0% 0.0Y% 0.0%
D829g 43.5% 64.2% 94.7%
DB29 0.0% 0.0Y% 0.0%
DB29°¢ 0.0% 0.0% 0.0%
DB31E 73.6% 91.0% 97.4%
DB31 0.0% 0.0% 0.0%
pB31°¢ 0.0% 0.0% 0.0%

qCultures were grown in Tlactobacilli MRS medium containing 100
ug/ml of acriflavin.

bCu]tures were grown in lactobacilli MRS medium.

CCultures were grown in MRS-M broth.




FIG. 2. Agarose gel electrophoretic patterns of plasmid DNA

isolated from Mal™ mutants of Lactobacillus sp. DB29. ML291 (lane A),

ML292 (lane B), DB29 (lane C), and E. coli V517 reference mobility
plasmids (lane D). Numbers represent the reference plasmic sizes in

Mdal. Chr designates location of the chromosomal DNA.
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FIG. 3. Agarose gel electrophoretic patterns of plasmid DNA

isolated from Mal™ mutants of Lactobacillus spp. DB27, DB28, and DB31.

ML272 (lane A), ML271 (lane B), DB27 (lane C), ML282 (lane D), ML281
(lane E), DB28 (lane F), ML312 (lane G), ML311 (lane H), DB31 (lane I),

and Salmonella typhimurium LT2 and E. coli V517 (lane J). Numbers

represent the S. typhimurium and E. coli reference plasmid sizes in

Mdal.
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Restriction Endonuclease Analysis

Evidence for the relatedness of pML291 and pML292 was obtained by
restriction enzyme analysis, as shown in Table 4 and in Fig. 4 and 5.
Restriction digestion with PvuIl and Smal generated many identical
fragments, suggesting that pML292 is a deletion derivative of pML291.
DNA-DNA Homology Among pML291 and

Plasmids Isolated from Strains
DB27, DB28, and DB31

The possible relatedness of the maltose plasmid, pML291, from
strain DB29 and plasmids isolated from strains DB27, DB28, and DB31 was
examined. Results of the hybridization in Fig. 6 showed homology
between pML291 and several plasmids from strains DB27, DB28, and DB31.
Strong hybridization between pML291 and the 42 Mdal plasmids from DB27,
DB28, and DB31 suggests that the 42 Mdal plasmids may also code for

maltose utilization.
Discussion

The major role of starter lactobacilli in the production of
fermented sausage is to produce lactic acid rapidly and reliably from
added sugars. Glucose (dextrose) 1is the major carbohydrate that is
added to sausage mixtures, but cheaper carbohydrate sources such as corn
syrup, which contains dextrose and maltose, are preferable (1).
Therefore, strains for use in sausage manufacture should be carefully
selected based on their carbohydrate-fermentation capabilities. In this
study the carbohydrate-fermentation capabilities and the stability of
these characteristics were studied in strains of Tactobacilli.

Five strains of L. plantarum and four atypical Lactobacillus spp.

isolated from fresh meat were biochemically characterized (Table 5).




FIG. 4. Agarose gel electrophoretic patterns of Pvull restriction

fragments of pML291 (lane A) and pML292 (lane B).
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FIG. 5. Agarose gel electrophoretic patterns of Smal restriction
fragments of pML291 (lane A), pML292 (lane B), and Tlambda-HindIII

restriction mobility reference fragments markers. The numbers represent

sizes (kb pairs) and position of marker bands.
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FIG. 6. DNA-DNA blot hybridization of biotinylated pML291-Bcll
fragments. Agarose gel electrophoretic patterns of plasmid DNA from
DB27 (lane A), DB28 (lane C), DB31 (lane E), DB29 (lane G), and E. coli
V617. After Southern transfer of DNA from a 0.6% agarose gel to
nitrocellulose, biotinylated pML291-BclI fragments hybridized to: 28.3
and 19.9 Mdal plasmids in DB27 (lane B), 28.7 and 20.1 Mdal plasmids in

DB28 (lane D), 30.2 and 21.6 Mdal plasmids in DB31 (lane F), and 51.6

Mdal plasmid in DB29 (lane H).
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Plasmid analysis showed that these strains contained between one and
five distinct plasmids ranging in molecular mass from 1.3 to 51.6 Mdal
(Table 3). Growth of these strains in the presence of acriflavin showed

that maltose utilization was an unstable trait in atypical Lactobacillus

sp. strains DB27, DB28, DB29, and DB31l. Between 94.7 and 99.4% Mal~
variants were isolated after three consecutive transfers (Table 6). In

contrast, maltose utilization by L. plantarum appeared to be very stable

under the same conditions.

In Lactobacillus DB29 Tloss of maltose metabolism was also

accompanied by the loss of pML291 or by loss of a 26.9 Mdal segment of
pML291 (Fig. 2). Restriction analysis suggests that pML292 s a
deletion derivative of pML291 (Table 4, Fig. 4 and 5). In strains DB27,
DB28, and DB31, loss of maltose metabolism was correlated to the loss of
a pTasmid of approximately 42 Mdal. Southern blot DNA-DNA hybridization
using pML291 as a probe showed strong hybridization to the 42 Mdal
plasmids. These results support curing data and suggest that the 42
Mdal plasmids also code for maltose utilization. Attempts to transform
ML291 with pML291 were unsuccessful.

The evidence presented suggests that maltose metabolism is a

plasmid-associated trait 1in the atypical Lactobacillus spp. isolated

from fresh meat. In the development of genetic engineering techniques,
these plasmids could be used as genetic markers to develop gene transfer
systems and cloning vectors for lactobacilli. From an industrial
viewpoint, if gene transfer systems for these plasmids are developed, it
will be very useful to transfer these genes to Mal starter cultures.

Also, cloning the maltose utilization genes of these plasmids into high

copy number stable plasmids will increase gene dosage and possibly
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influence the rate of acid production. Therefore, corn syrups which
contain maltose and dextrose could be used as efficiently as dextrose
alone in meat fermentations. This would be economically advantageous

for the meat processing industry.
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CHAPTER IV
SUMMARY AND CONCLUSIONS

Successful sausage fermentation is dependent on the conversion of
fermentable carbohydrates to lactic acid rapidly and reliably by
fermentative microorganisms. However, the fermentable carbohydrates
source in raw meat is limited. Dextrose is the principle carbohydrate
added in sausage manufacture. Recently corn syrups containing dextrose
and maltose have been suggested to be used instead of dextrose for
economic reasons. However, the ability of meat starter strains to
utilize maltose is variable as many strains are unable to ferment

maltose.

In this study five strains of L. plantarum and four strains of

atypical Lactobacillus species isolated from fresh meat were examined

for the presence of plasmid DNA. The plasmid profiles of all strains
examined showed that these strains harbored between one and five
distinct plasmids ranging in molecular mass from 1.3 to 51.6 Mdal.
After treatment with acriflavin, strains DB27, DB28, DB29, and DB31
yielded a high percentage of Mal~ variants. Plasmid analysis showed
that Mal~ variants from these strains were plasmid-cured derivatives.

However, no Mal™ variants from L. plantarum strains could be isolated.

The curing experiments suggested that the 51.6 Mdal plasmid
(pML291) in DB29 and the 42 Mdal plasmids in DB28, DB29, and DB31 code
for maltose metabolism. Southern blot DNA-DNA hybridization using
pML291-Bc1I fragments as a probe showed strong hybridization to the 42

Mdal plasmids. The results suggest that the 51.6 and 42 Mdal plasmids
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may contain similar DNA sequence for maltose metabolism.
The results of this study suggest that maltose metabolism is a

plasmid-mediated trait in the atypical Lactobacillus strains isolated

from meat. This will provide the groundwork for further studies to
improve meat starter cultures by gene transfer systems and will aid in

developing genetic engineering techniques in lactobacilli.
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