National Library
ofCanada =~ = duCan

vl

Bibliothdque natinnale
Canada® " nale

Canadian Theses Service Sorvicev des thdses canadiennes

dmiwa. Canada
K1A ONd

NOTICE

The quality of tais microform is heavily dependent upon the
guality of the original thesis submitted for microfilming.

very effort has been made to ensure the highest quality of
reproduction possible.

If pages are missing, contact the university which granted
the degree.

Some Fages may have indistinct print especially if the
original pages were typed with a poor typewriter ribbon or
if the university sent us an inferior photocopy.

Reproduction in full or in part of this microform is governed
by the Canadian Copyright Act, R.S.C. 1970, ¢. CG-30, and
subsequent amendments.

NL-339 (r. 8R/04) ¢

AViS

La ?yalité de cette microforme dépend grandement de la

qualité de la thése soumise au micraofilmage. Nous avons

:put fait pour assurer une qualité supérieure de reproduc-
ion.

S'il manque des pages, veuillez communiquer avec
F'université qui a conféré le grade.

La qualité d'impression de certaines pages peut laisser &
désirer, surtout si les pages originales ont é14 dactylogra-
phides a r'aide d'un ruban usé ou si luniversité nous a fait
parvenir une photocopie de qualité inférieure.

La reproduction, méme partielle, de cette microforme est

soumise 3 la Loi canadienne sur le droit d'auteur, SRC
1970, ¢. C-30, et ses amendements subséquents.

Canadi

i

v
:



Bibliothéque nationale

National Library
du Canada .

of Canada

Canadian Theses Service Service des theses- canadiennes

Ottawa, Canada
K1A ON4

The author has granted an irrevocable non-
exclusive licence allowing the National Library
of Canada to reproduce, loan, distribute or sell
copies of his/her thesis by any means and in
any form or format, making this thesis available
to interested persons.

The autho: retains ownership of the copyright
in his/her thesis. Neither the thesis nor
substantial extracts from it may be printed or
otherwise reproduced without his/her per-
mission.

L'auteur a accordé une licence irrévocable et
non exclusive permettant & la Bibliothéque
nationale du Canada de reproduire, préter,
distribuer ou vendre des copies de sa thése
de quelque maniére et sous quelque forme
que ce soit pour mettre des exemplaires de
cette thése & la disposition des personnes
intéressées.

L'auteur conserve la propriété du droit d'auteur
qui protege sa these. Ni la thése ni des extraits
substantiels de celle-ci ne doivent étre
imprimés ou autrement reproduits sans son
autorisation.

ISBN 0-~315-55371-5

Canadi



THE UNIVERSITY OF ALBERTA
IN VITRO ADHERENCE OF LACTOBACILLUS SPP. TO RAT INTESTINAL CELLS

by

@ { TAMMY T. H. HOI

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE
OF MASTER OF SCIENCE
IN
FOOD MICROBIOLOGY

DEPARTMENT OF FOOD SCIENCE

EDMONTON, ALBERTA
Fall, 1989



THE UNIVERSITY OF ALBERTA
RELEASE FORM

NAME OF AUTHOR TAMMY T. H. HOI
TITLE OF THESIS IN VITRO ADHERENCE OF LACTOBACILLUS

SPP. TO RAT INTESTINAL CELLS
DEGREE FOR WHICH THESIS WAS PRESENTED MASTER OF SCIENCE
YEAR THIS DEGREE GRANTED FALL 1989

Permission is hereby granted to the UNIVERSITY OF ALBERTA
LIBRARY to reproduce single copies for private, scholarly or scientific research purposes
only.

The author reserves other publication rights, and neither the thesis nor
extensive extracts from it may be printed or otherwise reproduced without the author's
written permission.
(SIGNED) 7“’"’“77MW7 A S
PERMANENT ADDRESS:

214-A, Yio Chu Kang Road
#02-20, Toho Garden

Singapore 1954

pATED .. August. I8, 1089



THE UNIVERSITY OF ALBERTA
FACULTY OF GRADUATE STUDIES AND RESEARCH

The undefsigned certify that they have read, and recommend to the Faculty
of Graduate Studies and Research, for acceptance, a thesis entitled
IN VITRO ADHERENCE OF LACTOBACILLUS SPP. TO RAT INTESTINAL CELLS
submitted by TAMMY T. H. HOI in partial fulfillment of the requirements for the degree of
MASTER OF SCIENCE |
in

FOOD MICROBIOLOGY.




Dedicated to
my parents, my brothers and sisters,

and Gae,

iv



ABSTRACT

Adherence of Lactobacillus delbrueckii subsp. bulgaricus and Lactobacillus
acidophilus to intestinal epithelial cells was investigated in viu'to-,'using a tissue culture
technique, Adult rat intestinal IEC-6 cells were cultured in tissue culture dishes to achieve a
confluent monolayer. The monolayer of tissue cells was inoculated with bacterial
suspension, incubated, and subsequently rinsed. Adherence was scored subjectively based
on the presence or absence of bacterial cells after being stained with Giemsa stain.

Conditions such as growth medium, incubation temperature and stage of growth of
bacterial cells, in addition to the influence of calcium ions on the ability of Lactobaciilus
spp. to adhere to rat intestinal (RI) cells were investigated. Lactobacillus delbrueckii subsp.
bulgaricus strains J8 and J9 did not adhere to the RI cells under any of the conditions of
growth and treatment. On the other hand, Lactobacillus delbrueckii subsp. bulgaricus
strains J6, J10 and J11 and Lactobacillus acidophilus strain BG2-FO4 grown in MRS
broth at 30, 37 and 40°C adhered well to RI cells, but not when they are grown in 10%
reconstituted skimmilk (RSM). Strain J10 adhered well to RI cells during logarithmic and
stationary phases of growth, indicating that stage of growth does no: uffect the adherence to
RI cells. Calcium ions in bacterial suspension do not change the ability of bacterial cells to
adhere to RI cells. This indicates that an adherence factor is present in Lactobacillus strains
16, 110, J11 and BG2-FO4 which enables them to adhere nonspecifically to RI cells. The
ability of strain BG2-FO4 to adhere to rat intestinal cells in addition to human fetal intestinal
cells in vitro demonstrates an apparent absence of host-specificity factor in this strain.

Studies of Lactobacillus strains were undertaken to investigate the genetic control
mechanisms of adherence to RI cells. Using mini-scale plasmid isolation technique, it was
shown that each strain contains one plasmid. Efforts to establish functions controlled by the
plasmid failed to indicate a link with ability to adhere to RI cells. No relationship was

established for antibiotic resistance, carbohydrate fermentation and bacteriocin production



traits with the plasmids. This study failed to i@igntify a pofgntigl i_narker for scrge:iing
plasmidless mutants. However, the results of this study indicate that adherence of
Lactobacillus delbrueckcfi’ subsp. bulgaricus strains J6, J10 and J11, and Laétobacillus
acidophilus strain BG2-FO4 to RI cells is chromosomally detefmined and ihe adherence
factor remains stable at temperatures between 30-40°C throughout their growth cycle, but is
suppressed by some factor(s) present in RSM.

There may be potential for developing a Lactobacillus delbrueckii subsp.
bulgaricus strain that has favorable characteristics for use in the production of yogurt and
also has the ability to adhere to human intestinal cells in order for it to deliver health

benefits to the consumer.
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1. INTRODUCTION

Some species of Lactobacillus are inhabitants qf the humiin_ gascpin;esﬁﬁal tract
(Savage, 1979). Thgse microorganisms play a rolg in maintaining the‘gghlera;l hgﬁlth and
disease states of the host through their metabolic functions. Elie Mefchnikoff (Blbel. 1988)
first attributed the concept of longevity of life to the consumption of "lactobﬁcillic-
fermented" dairy products. The proposed mechanism of action was by the replacement of
certain 'undesirable' microorganisms in the intestinal tract by the more 'desirable’ ones
found in cultured milk products. Since then much research has been done to verify the
proposed theory by establishing the health aspects and benefits associated with
consumption of fermented dairy products.

Nutritionally, lactobacilli are associated with the B-vitamins (Shahani and Chandan,
1979) as these compounds are synthesized during microbial growth. In addition, enzymes
such as lactase, proteases and lipases are elaborated as part of their metabolism (Chandan et
al., 1969a, b). These enzymes act by partially hydrolyzing their respective substrates i.e.
lactose, proteins and fats in dairy products, thus increasing their digestibility. The ability to
maintain a low cholesterol level, i.e. anticholesteremic effect (Mann, 19773, b; Mann and
Spoerry, 1974; Sinha, 1979), and the alleviation of lactose-intolerance in susceptible
individuals (Gilliland and Kim, 1984) have been reported to be derived from the
consumption of fermented dairy products. In addition fermented dairy products are also
believed to have therapeutic effects for the frequent consumer. Anticarcinogenic activity has
been associated with lactic cultures and fermented products. The anticarcinogenic activity is
probably achieved by inhibition or degradation of carcinogens (Friend and Shahani,
1984a); by lowering the activities of procarcinogenic fecal enzymes (Ayebo et a’., 1980); or
by suppressing tumor growth through stimulation of the immune system (Boguanov et al.,
1962; Farmer et al., 1975; Friend et al., 1982; Kato et al., 1983). The prevention and cure

of certain intestinal disorders such as gastroenteritis, specific or nonspecific diarrhea, and



skm mfecuons have all been documented as therapeuuc cffects assocmted W1th dau'y
products fermented with Lactobacillus spp (Gordon et al., 1957; Siver, 1961; Speck,
1980). |

The beneficial effects are believed to be derived from the implantation or the
establishment of a viable and stable population of lactobacilli in the gastrointestinal tract. It
is essential therefore that the lactic acid bacteria survive passage into the gut as well as
withstand the physiological environment of the gut. These organisms must overcome
hostile factors such as gastric juice, bile acids, fatty acids, organic acids, hydrogen sulfide,
lysozyme, antibiotics and the peristaltic movement of the gastrointestinal tract (Nieman,
1954). Several studies have shown that certain species of Lactobacillus acidophilus have
successfully established themselves as a stable population in the gastrointestinal tract
(Fuller, 1973; Watkins and Miller, 1983). The adherence of Lactobacillus Spp. to the
epithelial surfaces of the intestinal tract has been associated with polysaccharides (Fuller,
1975; Hood and Zottola, 1987) and lipoteichoic acids, secreted by these organisms
(Sherman and Savage, 1986). In addition, Lin and Savage (1985) suggested that adherence
is host-specific and is mediated by plasmids. In other studies, Conway et al. (1987) found
non-host-specific adherence in some Lactobacillus strains. However, Jonnson et ql.
(1985) demonstrated that some Lactobacillus strains isolated from an animal species could
not necessarily survive and adhere to the gastrointestinal tract of the same test animal. At
this point very little is known about the mechanism and mode of adherence of Lactobacillus
to the gastrointestinal tract. Lactobacillus delbrueckii subsp. bulgaricus (L. bulgaricus) has
not been studied extensively with regard to its adherence to intestinal cells. Studies in the
early 1900's by several scientists (Herter and Kendall, 1908; Rahe, 1915) on L. bulgaricus
demonstrated that these strains could not adhere and colonize the gut. Since then, L.
bulgaricus has been neglected by most scientists as a potentially beneficial strain for the

maintenance of health.



The objc_ct of this stu&y was to iny_ze‘gti"_gafg%tﬁg_ in yiu__p‘;a:_c.lhverg‘qcé of _ :spm]ez L
bulgaricus sﬁjéins and é L. dcq‘dophilus strain tvo: in_tesiiﬁé_i epuhelxalcell sﬁff#ces. Thc
inﬂﬁence of cations, growth media, and incubation temf.sc‘r;.a‘vn:i»ie‘svof bacigri@l cultures on the
adherence was also tested, In addition. the genetic mdkeup of those adhering strains was

determined in order to establish the mode of adherence genetically.



2. LITERATURE REVIEW

2.1 Description of the genﬁs Lactobacillds

Members of the genus Lactobacillus vary in morphology from long slender rods to
short coccobacilli which frequently form chains. They are Gram-positive, anaerobes or
facultative anacrobes that are also nonspore forming and usually nonmotile. Some strains
exhibit bipolar bodies, internal granulation, or a barred appearance when stained with Gram
or methylene blue stain. Lactobacillus spp. are fermentative in their metabolism. The genus
can be subdivided into three groups based on their fermentative patterns. The first group
consists of the homofermenters, which produce more than 85% lactic acid from hexoses,
without gas production. Pentoses and gluconate are not fermented by organisms in this
group. Lactobacillus acidophilus, L. delbrueckii subsp. bulgaricus (L. bulgaricus), and L.
helveticus are typical members of this group. The second group consists of the facultative
heterofermenters which produce about 50% lactic acid and considerable amounts of acetic
acid. In addition, pentoses can be fermented. Some members of this group are L. casei, L.
plantarum, and L. sake. The third group consists of the obligate heterofermenters that
ferment hexoses to lactic acid, acetic acid, ethanol, and CO32. Gas production is a
characteristic of this group. Some members of this group are L. bifermentans, L. brevis,
and L. fermentum (Schleifer, 1987). Lactobacillus spp. are aciduric and grow poorly at
neutral pH or in alkaline conditions. Generally growth is best at pH 5.5 to 6.2 and
continues beyond pH 5.0 down to as low as 3.6-4.0 depending on species. Their growth
| temperatures range from 2°C to 53°C with the optimum at 30-40°C. Lactobacillus Spp.
have complex nutritional requirements for amino acids, peptides, nucleotide bases,
vitamins, minerals, fatty acids, and fermentable carbohydrates. Growth on solid media is

often enhanced by anaerobic conditions in gas atmospheres containing 5-10% CO3

(Kandler and Weiss, 1986).



2.2 Nu@;itf_ogdﬁ!‘ gﬁd fl‘}‘he’ra;),ehr_t:i@ Abplicﬁﬁbﬁs of Lactobacmus spp
221 Blosynthesls of B-Vitamins

Many cultﬁrgd tmlk p;odﬁcts contain high levels of B-vitamins (Kwan, i977;
Moscoso et al., 1973; Reddy, 1972; Reddy et al., 1976; Réif etal., 1976). The B-vitamin
content is affected by the amount and type of lactic acid culture and the conditions of
incubation (Hartman and Dzyden, 1965). While many lactic acid bacteria require B-
vitamins for growth, several lactic strains synthesize certain vitamins such as niacin, folic
acid, and vitamins B6 and B12 (Reif et al., 1976). The growth and end-products of these
lactics are affected by growth media, temperature, and other environmental factors (Collins,
1977). According.to Nilson et ai. (1965), the biosynthesis of B-vitamins by these lactics is
significantly influenced by temperature and length of incubation and other processing

parameters,

2.2.2 Elaboration of Enzymes

It was first reported by Rasic et al. (1971) that the process of fermentation increases
‘the biological value of proteins in yogurt. Similarly, many other researchers observed that
yogurt can be digested more easily than milk (Breslaw and Kleyn, 1973; Simhaee and
Keshavarz, 1974). It was proposed that proteases produced by the lactic cultures were
responsible for the predigestion of milk proteins, thereby increasing the protein efficiency
ratio (Hargrove and Alford, 1978, 1980). This was based on their observations that
laboratory rats fed yogurt gained weight faster than those given unfermented or acidified
milk. In addition, animals fed bulgaricus or acidophilus milk did not gain weight as fast as
those fed yogurt. Reddy et al. (1976) reported that approximately 7% of the &ude proteins
in fermented cheese whey originated from cells of Lactobacillus bulgaricus. Furthermore,
Lactobacillus spp. produced more free amino acids during fermentation than Lactococcus
spp. (Amer and Lammerding, 1983). The enzymes elaborated during fermentation:

protease; lipase; and lactase; degrade their respective substrates and predigest these




nutrients. The iipolytic and proteolytic activities of vario_uzs lactic org:an‘iysms were studied
extensively by Chiuidan et al. (1969a, b). The specific lipolyﬁc activitigs of l_actobacilli
were reported to be iowcr than those of lactococci, leuconostocs, and propioriibacteﬁa,
whereas the proteolytic activities of lactobacilli were higher. Lactobacillus bulgaricus was
reported to have a high proteolytic activity.

Casein is more readily hydrolyzed than whey proteins at pH §.8-5.9. Poznanski e
al. (1965) demonstrated the breakdown of casein using a combination of enzymes:
proteinase from L. bulgaricus and peptidases from Streptococcus thermophilus. Bovine
whey proteins, on the other hand, undergo a slow and irreversible aggregation in the
presence of lactic cultures (Chandan et al., 1970). These studies demonstrate the relative
importance of lactobacilli in protein hydrolysis and of lactococci in lipid hydrolysis in
fermented dairy products. In addition these factors contribute to the physical and nutritional

properties of fermented dairy products (Shahani and Chandan, 1979).

2.2.3 Alleviation of Lactose Intolerance

The production of 8-galactosidase, also known as lactase, by lactic cultures during
fermentation raay be of significance to individuals who suffer lactose-intolerance.
Goodenough and Kleyn (1976) observed a more efficient absorption of lactose in
laboratory rats that were given yogurt containing viable cultures. The intestinal lactase
activity of these test animals was considerably higher than controls fed other diets. The
lactase enzyme is reported to be cell bound in L. bulgaricus and S. thermophilus. In vitro
observations indicated that the digestion process enhanced the release of lactase (Kilara and
Shahani, 1976). Gilliland and Kim (1984) observed an increase in lactase activity of yogurt
cultures in the presence of bile salts. This indicates further the important function of these
lactics in hydrolyzing lactose in the small intestine, where bile is present. In studies using
human subjects, the hydrolysis of lactose was higher in people consuuiing yogurt

containing viable organisms than those consuming yogurt containing non-viable lactic



Qrganisms (Gllllland and Kim, 1984). 'Ihps. viability of the o ganisms is of importance for

the successful digestion of lactose in the human gut.

2.2.4 Anticholesteremic Effect

It was first observed that the Maasai (sic.) tribesmen of Africa have low serum
cholesterol levels although their diets consist of large amounts of saturated fats and
cholesterol from animal products. However, they also consumed large amounts of
fermented milk (Biss er al., 1971; Mann, 1977a, b; Mann and Spoerry, 1974). Such
observations triggered investigations of the hypocholesteremic effect of fermented dairy
products. The results from these studies were contradictory. While many researchers
observed a lowering effect on cholesterol, others observed only a transient reduction or no
sig-ificant effect on the lowering of serum cholesterol levels through the consumption of
fermented dairy products.

The hypocholesteremic effect has been supported by several studies. Rao ef al.
(1981) and Grunewald (1982) observed a decrease in serum cholestero! level in rats fed
fermented milk or milk containing viable L. acidophilus. Thakur and Jha (1981) also
observed a significant decrease in serum cholestero} levels in laboratory rabbits fed diets
supplemented with yogurt. Similar observations were reported by Kiyosawa et al. (1984).
Other studies involving the use of laying hens also showed a lowering effect on the serum
cholesterol level when they were fed viable cultures of L. acidophilus (Tortuero et al.,
1975). Similar effects were observed in newborn infants fed with a milk formula
supplemented with L. acidophilus (Harrison and Peat, 1975). Hepner et al. (1979)
confirmed the hypocholesteremic effect when they observed a significant decrease in the
serum cholesterol levels of human volunteers consuming a diet supplemented with yogurt
for one week.

On the contrary, Thompson et al. (1982) did not observe a significant difference in

the serum cholesterol levels of human volunteers fed diets supplemented with unfermented



and ferfricmcd milks. In addition. Gruneﬁmld and Mitcheli: (1983) fqund n;o _signiﬁcan;
difference in the cholesterol levels of mice fed fermented acidobhiiﬁé milk. 'I'hc results of
- many other researchers did not sﬁppon the therapeutic effect of fenncnied milk products
(Massey, 1984; Pulusani and Rao, 1983; Rossouw et al., 1981). Jasper et al. (1984)
however, observed what they considered a transient effect of yogurt on serum cholesterol
levels.

Such discrepancies may be due to host-strain specificity of lactobacilli (Grunewald,
1985). Other researchers suspect that the discrepancies are caused by differences in
antimicrobial activity (Shahani et al., 1977), and in lactase activity (Fisher et al., 1985) of
the different strains of lactic acid bacteria. Therefore, the hypocholesteremic effect of lactic
cultures may only occur with specific bacterial strains in specific hosts. However, very
little work has becn undertaken to investigate in detail strain variations and their capacity to
decrease serum cholesterol levels in humans,

It is widely reported that some strains of L. acidophilus are capable of assimilating
different levels of cholesterol in vitro (Gilliland et al., 1985; Grunewald, 198S5; Jasper et
al., 1984). Gilliland et al. (1985) observed that the presence of oxgall enhances cholesterol
assimilation under anaerobic conditions. This suggests that L. acidophilus, if present in the
gut where bile is abundantly available, can be beneficial to the host by effectively reducing
the serum cholesterol level.

Although the exact mechanism of the hypocholesteremic effect is not understood,
one theory postulates the inhibition of the enzyme 3-hydroxyl-3-methyl glutaryl CoA
reductase (HMG CoA reductase) by compounds present in fermented milk (Mann, 1977a).
Other compounds such as orotic acid (Richardson, 1978), calcium (Mann, 1977b) and
lactase (Howard, 1977) have been proposed as playing a role in the reduction of serum
cholesterol levels. According to Speck (1976), some species of the genus Lactobacillus
can break down bile acids causing an increase in neutral sterol excretion and bile acid

tumover rate, thereby leading to a decrease of cholesterol in the serum.



2.2.8 Anticnrcinouénic Effect |

Numerous studies conducted over the past two decades indicated that fermented
dairy product_s and lactic cultures possess anticarcinogenic #ctivity. In general, .the
anticarcinogenic activity can be divided into three categories:

1) Elimination of procarcinogens,

2) Reduction of procarcinogenic fecal enzyme activity, and

3) Immunological suppression of tumor growth,

1) Elimination of procarcinogens

Nitrites can be converted to carcinogenic nitrosamines in the intestinal tract of
humans. Dodds and Collins-Thompson (1984) found that some strains of L. acidophilus
assimilate nitrite in vitro, Although the exact mechanism of nitrite uptake and degradation
by these organisms is ot fully known, the charasterization of the nitrite reductase activity
of L. lactis has been achieved (Dodds and Collins-Thompson, 198S). Hence, the presence
of lactobacilli may reduce the incidence of carcinogenesis by decreasing the potential for the
conversion of nitrites into carcinogenic nitrosamines.
2) Reduction of procarcinogenic fecal enzyme activity

Procarcinogenic compounds can be converted into carcinogenic compounds by
fecal procarcinogenic enzymes such as azoreductase, B-glucuronidase, and 8-glucosidase
(Goldin et al., 1980; Goldin and Gorbach, 1984). The activity of these enzymes has been
correlated to the potential for carcinogenesis. Ayebo et al. (1980) observed a decrease in
fecal B-glucosidase and B-glucuronidase activity in human subjects fed acidophilus milk as
opposed to those fed milk. Sinha (1979) also observed a decrease in the activity of fecal 8-
glucuronidase following the ingestion of viable L. acidophilus. Hawksworth et al. (1971)
observed that 8-glucuronidase originated from the facultative and strictly anaerobic strains

of Enterobacteriaceae, Lactococcus, Lactobacillus, Bifidobacterium, Clostridium and



Bacteroides. In contrast, Kem etal, (1972) only detecied this enzyme m strict anaerobes,
such as the Peptostreptococcus, Corynebacteridm, Propianichterium, Bacteroides,
Clostridium and Cdnteéébacterium. Gadelle et al. (198S5) reported the involvement of three
generu, Clostridium, Pepiostreptococcus and Staphylococcus in the generation of 8-
glucosidase. These undesirable organisms can be replaced by viable cells of L. acidophilus
thus favorably altering the microecology of the intestinal tract. In the presence of L.
acidophilus, the levels, and hence the activities, of procarcinogenic fecal enzymes are low.
3) Immunological suppression of tumor growth

It has been suggested that tumor suppression is associated with different forms of

lactic cultures. Kato er al. (1981) reported the effective use of whole lactobacilli cells, both

dead and alive, in suppressing the growth of tumor cells. Bogdanov et al. ( 1975) reported

the antitumor effect of the glycopeptide moiety of L. bulgaricus. Friend et al. (1982), using
yogurt cultures, observed an antitumor effect associated with the insoluble fraction of
sonicated cell mixtures of L. bulgaricus and S. thermophilus. However the soluble fraction
was ineffective in tumor suppression. In addition, Bifidobacterium infantis was reported to
have antitumor propertieS (Kohwi et al., 1978, 1982). The cell wall fractions of B.
infantis, but not its soluble constituents, successfully suppressed tumor growth in
laboratory mice. These observations indicate that the tumor-suppressing trait was mediated
by components present in the cell wall fractions of these bacterial strains.

Investigations of the mechanisms of tumor suppression by Ayebo et al. (1982)
indicated that the antitumor effect was only detected in vivo but not in vitro. Based on this
they suggested the involvement of the immune system. Several other findings suggest that
tumor suppression is mediated through an immune response. Kat-o et al. (1983) observed
that the intraperitoneal injection of L. casei significantly enhanced the phagocytic activity of
peritoneal macrophages. The findings of Hashimoto ef al. (1984) and Perdigon et al.

(1986) further support the involvement of macrophages in tumor suppression.



2.2.6 Anﬁmicrobial Activity A

Daify pioducts fermented with lactobacilli have been reported to be beneficial to
human health due to their ability to inhibit the growth of various cbmmqn pdthogens. Some
species of Lactobacillus have been reported to exert antagonistic action against such
organisms as enteropathogenic Escherichia coli, Salmonella typhimurium, Clostridium
perfringens and'Staphylococcus aureus (Shahani et al., 1977; Vincent et al., 1959). In
associative growth studies, Gilliland and Speck (1977) demonstrated the inhibition of
growth of foodborne pathogens such as E. coli and S. typhimurium by L. acidophilus. L.
casei was shown to inhibit certain Salmonella spp., Vibrio spp., E. coli, and S. aureus
(Yakult Honsha Cn.~ Lwd., 1971), and L. bifidus was shown to exert a similar effect
against E. coli, Shigella spp. and S. typhimurium in vitro (Poupard et al., 1973).

The mechanisms and the exact nature of inhibition in each case is not fully
understood. However, there are numerous reports of the existence of naturally occurring
antibjotic-like substances produced by lactic acid bacteria. Shahani et al. (1976, 1977)
isolated acidophilin from L. acidophilus and bulgarican from L. bulgaricus. Both
substances were exceedingly active against a wide range of pathogenic and nonpathogenic
bacteria. The production of antibiotic-like substances varied with different Lactobacillus
strains and with environmental conditions such as pH, temperature and growth medium.
Other lactic organisms also produce naiural antibiotic-like substances. L. lactis subsp.
lactis produces nisin (Mattick and Hirsch, 1949), L. brevis produces lactobrevin
(Kavasnikov and Sodenko, 1967), L. helveticus strain 481 produces a bacteriocin,
helveticin J (Joerger and Klaenhammer, 1986), and strains of L. acidophilus produce
acidolin (Mikolajcik and Hamdan, 1975), lactobacillin (Wheater et al., 1952), lactocidin
(Vincent et al., 1959), lactacin B, and lactacin F (Barefoot and Klaenhammer, 1983). It has
not been verified however, whether some of these substances produced by the different

strains of L. acidophilus are the same even though they have been given different names



by different gmups of scien;istg. Lactocid_in was chamctgﬁzed asa bacteﬁocin-l_ike inhibitor
as the subsuince was foﬁﬁd to be nonvolatile, reﬁiéiﬁgd active aﬁ neutral pH, and éfter
catalase treatment. Both gram-positive and gram-negative organisms were inhibited by
cultures of L. acidophilus that produced lactocidin (Vincent et al., 1989), Purified lactacin
B was a bacteriocin that inhibited closely related species of lactobacilli such as L.
leichmannii, L. bulgaricus, L. helveticus and L. lactis (Barefoot and Klaenhammer, 1984),
Barefoot and Klaenhammer (1983) also reported the production of a bacteriocin, lactacin F
by L. acidophilus strain 88. Lactacin F exhibited antagonistic activity against L. fermentum
1750, Streptococcus faecalis 19433, in addition to those species inhibited by lactacin B.
Bacteriocins of L. acidophilus that have broad spectra of inhibition against both
gram-positive and gram-negative bacteria have not been reported. Available literature
suggests that a wide range of inhibition results from combined effects of antibiotic-like
substances, bacteriocin, hydrogen peroxide (H203) and organic acids such as lactic and
acetic acids. Dahiya and Speck (1968) observed the production of H203 by L. bulgaricus
and L. lactis at levels high enough to inhibit the growth of S. aureus. Price and Lee (1970)
reported the inhibition of Pseudomonas spp. by H203 produced by Lactobacillus spp.
Collins and Aramaki (1980) also reported the production of H203 by several strains of L.

acidophilus in milk at a level high enough to inhibit S. aureus . The amount of H20,

produced varies between strains and can be enhanced with continuous agitation either
during growth at 37°C or during storage at 4°C. Similarly, L. plantarum, L. bulgaricus and
Lactococcus spp. produce enough H203 in refrigerated milk to retard growth of
psychrotrophic bacteria (Gilliland and Speck, 1975). During fermentation the production of
lactic acid lowers the pH of the medium, thus preventing the growth of pathogenic
organisms. In addition, volatile acids produced by some Lactobacillus spp. have
antimicrobial activity at low oxidation-reduction potential (Sandine, 1979).

Lactic acid exisis in either of two forms: the levo-rotatory (L(+)) or the dextro-

rotatory (D(-)) form. Their relative concentrations depend on the type of lactate
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dehydrogeuase pmduced by the bactenal cell ('I‘amme and Deeth 1980) Whlle L(+) lactic
acxd is no:mally completely hydrolyzed m the body, D(-) lacuc acid is slowly used and
excreted. Excess levels of the D(-) form can cause mgtabolxc disturbances (Amer and
Lammerding, 1983), Some strdins of L. casei produce only D(-) lactic acid. Thus, from a
nutritional standpoint, it is important not to select strains that produce high levels of D(-)
lactic acid. Lactic acid has been associated thh certain physiological benefits such as
improving the digestibility of milk through precipitation of proteins, improving the
absorption of calcium, phosphorus, and iron, stimulating the secretion of gastric juice,
accelerating the onward movement of the stomach contents and contributing as an energy

source (Rasic and Kurmann, 1978).

2.2.7 Applications

Twinning-McMath (1959) suggested the use of L. acidophilus to develop a stable
protective intestinal microflora to help eliminate pathogenic microorganisms, Sandine et al.
(1972) and Shahani and Chandan (1979) reported the effective use of L. acidophilus in
eliminating enteric pathogens. Such findings have created considerable interest in the use of
lactic acid bacteria as a prophylactic and therapeutic means of treating gastrointestinal
disorders and other diseases.

The consumption of acidophilus products by human volunteers results in an
increase in fecal lactobacilli and a decrease in fecal coliform bacteria, probably due to the
favorable antagonism of lactic acid bacteria (Ayebo et gl., 1980; Prajapati et al., 1986).
Beck and Necheles (1961) reported the beneficial effects of using L. acidophilus in
diarrheal and other intestinal disorders in humans. Watkins et al. (1982), and Watkins and
Miller (1983) demonstrated the effectiveness of using L. acidophilus in eliminating
pathogens such as E. coli in infected gnotobiotic chicks. Tomic-Karovic and Fanjek
(1962) demonstrated the ability of L. acidophilus in milk to inhibit pathogenic E. coli in

vitro. L. acidophilus was used successfully to treat twenty infants suffering from
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enteropetﬁogenic E. coli dlarrhea Zychowicz ee al. (1974) and Alth (l983a) investigated
the effect of L ac:dophtlus xn acldoplulus mxlk m treatmg chxldren mfected w1th
valmam.'lla and Shlgella The consumptxon of acldop}ulus milk resulted ina decrease in the
duration of the Salmonella carrier state, and a 66% recovery was aclueved 1mmed1ately
after treatment in both the Salmonella and Shigella infections. Tbe favorabie effect of
acidophilus milk on the carrier state of Salmonella was attributed to the antibiotic-like
substances produced by L. acidophilus. It was also reported that long term administration
of acidophilus milk helped eliminate all cases of dysentery.

Yogurt has been reported to have an antagonistic effect against the growth of
pathogens such as enteropathogenic E. coli, Vibrio spp., Salmonella, Shigella and
Clostridium in vitro (Rasic and Kurmann, 1978). Both lactic acid and antibiotic factors in
yogurt may be involved in the inhibitory effects against the various enteropathogens, These
factors produce favorable conditions for the proliferation of intestinal lactobacilli and
discourage the growth of pathogens. Niv et al. (1963) succeeded in eliminating infantile
diarrhea using yogurt as a dietary supplement. Alm (1983b) investigated the inhibitory
effect of fermented milk products against:;:Salmonella and Shigella in the presence of
human gastric juice. In the 7-10 hour incubation period, in the presence of gastric juice,
yogurt was effective in reducing the growth rate of both organisms. However, acidophilus
milk was not as effective under similar conditions.

In contrast to the above findings, Pearce and Ha':'ton (1974) found no beneficial
effect on the incidence of diarrheal diseases. Clements ez al. (1981) administered Lactinex,
a prophylactic preparation of L. acidophilus and L. bulgaricus, to humans before and after
experimental challenge with enteropathogenic E. coli. They also found no effect in
alleviating diarrhea. ;n further studies, Clements et al. (1983) reported that although both
L. acidophilus and L.'bulgarieus survived passage through the stomach and remained
viable in the small intestine for 3-6 hours, these organisms did not prevent or alter the

course of enteropathogenic E. coli in causing diarrhea in human volunteers.



o Such controversies mdxcate the necessxty to conduct further clmtcal studtes using
double blmd treatments thh v:able cultures of host spectﬁc lacttc actd bnctenu to assess

whether disease pmtecuon can be achieved through administration of these bacteria.

2.3 Factors Affecting the Adherence of Lactobacillus species to Epithelial

Cell Surfaces

The mechanism whereby lactobacilli colonize their epithelial cell habitats is obscure
(Savage, 1983; Suegara et al., 1975). One factor important in the process of colonization is
the capacity of the organisms to adhere to the epithelium (Savage, 1983), According to
Suegara et al. (1975), the mechanism of association depends largely upon the surface
structures of the bacteria and the host cells. Proteins or protein-containing substances were
implicated as mediators of adherence of lactobacilli to the rat intestinal cells in vitro
(Suegara et al., 1975). This was supported by data generated through Conway's study of
the adherence of lactobacilli to gastric epithelial cells in mice (Conway et al., 1985). In
contrast, Savage (1972) suggested that indigenous lactobacilli attached to the gastric
epithelial cells of rodents by'a substance on their surfaces that may be an acidic
polysaccharide. Brooker and Fuller (1975) observed the presence of filamentous strands
between the surfaces of lactobacilli and epithelial cells and between adjacent bacterial cells
in preparations of gastric epithelial cells of chickens. The samples were stained by
reuthenium red and examined by transmission electron ftnicroscopy. From their
observations, they also suggested that an acidic polysaccharide ﬂwas the substance
responsible for the adherence of lactobacilli to crop cells. In addition, Suegara et al. (1975)
suggested the involvement of chondroitin sulfate A and gastric mucin, because it was
observed that their presence inhibited the adherence of a Lactobacillus strain.

Fuller (1975) reported that Lactobacillus strains that were able to attach to epithelial
cells of the chicken crop have protein receptors, specifically concanavalin A receptors on

the surface of the bacterial cells and may be partially responsible for adherence. Recently,
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Hood and Zottola (1987 1988) observed that an adhenng L actdopht'lus strarn produces a
layer extenor to the cell wall whrch is staxned by reuthenrum red Another substance has
bccn reported to rnedxate the adherence of lactobacxllr Sherman and Savage (1986)
demonstrated that all of the Lactobacillus strains that exhibited adherence to murine gastric
enithelial cells were found to contain lipoteicltoic acid in their cell walls. |

Adherence of Zacrobacillus Spp. to gastric epithelial cells is host-specific. Savage et
al. (1968) reported that only lactobacilli isolated from mice could attach to the keratinized
epithelial cells of germ-free mice. Fuller (1973) observed that the Lactobacillus strains
isolated from the feces of chickens only adhered to the epithelial cells of the host. Other
Lactobacillus strains isolated from mammals such as the pig could not adhere to chicken
crop epithelial cells. Suegara et al. (1975) emphasized the existence of host-specificity in
Lactobacillus. They observed that some lactobacilli from rats such as L. Jermenti and L.
acidophilus strains adhered to the nonsecreting epithelial cells of the rat stomach, but failed
to adhere to the chicken crop epithelial cells. Similarly, Lactobacillus strains isolated from
chicken feces could not adhere to the epithelial cells of the rat stomach but could adhere to
the epithelial cells of chicken crop. None of the Lactobacillus strains isolated from humans
and swine could adhere to the epithelial cells of the rat or the chicken. Fuller (1978)
demonstrated that a Lactobacillus strain isolated from rat feces failed to colonize the crop
epithelial cells of germ-free chickens.

In contrast, Kotarski and Savage (1979) discovered that Lactobacillus strains
isolated from a mouse and a pig adhered well to the surfaces of both secreting and
nonsecreting epithelial cells of the stomach of mice. The yeast Torulopsis pintopesii also
adheres nonspecifically to surfaces of the gastrointestinal tract of mice in vitro (Suegara er
al., 1979). In the presence of lactobacilli, the yeast normally colonizes only the secreting
gastric epithelial cells in mice (Savage, 1969). However, it could colonize both secreting
and nonsecreting epithelial surfaces in germ-free mice. Thus, under appropriate conditions,

both in vivo and in vitro, the organism can associate with a surface which it normally does
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not colomze even when the epnhellal surface differs drastically in structure Such findmgs
1nd1cate that the capacity of an orgamsm to adhere to epithelial surfaces does not m itself
dictate the speclficlty cf the orgamsm to colomze epithellal cell surfaces Undoubtedly. the
capacxty to adhere must pieceed colomzauon In addmon to the capacity to bind specifically
to a particular type of animal cell, the colomzauoa cf a particular surface may also be .
determined by environmental conditions (i(otarski and Savage. 1979). The local
environment of the gastric epitlielium provides undefined conditions of nuu'ient availability,
jonic strength, pH, oxidation-reduction potential and oxygen tension. These conditions
influence the expression of the surface properties of microorganisms and electrostatic
charges of the surfaces of both bacterial and tissue cells (Harris and Mitchell, 1973;
Marshall, 1976). In addition, conflicts between findings in these experiments could be
attributed to differences in bacterial strains, in epithelial cells and most importantly in the
models and techniques employed by different researchers.

Besides strain-specificity and chemical involvement, there are other factors that play
a role in the adherence of lactobacilli to epithelial cell surfaces. After a microorganism is
ingested, it must first pass through the hostile environment of the stomach to reach the
intestine for adherence and colonization. The stomach has extreme conditions with pH
ranging from 2 to 8. It has been documented that the low pH in the stomach due to the
production of gastric hydrochloric acid plays a role in the destruction of microorganisms
(Giannella et al., 1972). The bactericidal effect is very evident below pH 2.5 (Maffei and
Norbrega, 1975). Petterson ez al. (1983) demonstrated that lactobacilli survive in the
stomach and the intestinal tract of humans. S. thermophilus and L. bulgaricus ingested in
yogurt were found to survive the stomach and intestinal passage and were recovered in the
feces of test animals (Bianchi-Salvadori et al., 1984). L. acidophilus survives in high
numbers after incubation in gastric juice in vitro. Their survival in low pH gastric juice was
enhanced by the addition cf skimmilk powder. The milk solids provide a protective effect

for microorganisms against high acidity (Cor:ivay ez al., 1987).




| Fuller (1975) reported that a pH range of 4 to 8 had no effect on the adherence of
lactobacrlll to eprthelral cells ot’ the chrcken crop. In addmon, the adherence of L fermenu
to prg eprthelxal cells was reduced only slrghtly after exposure to pH 2 (Barrow et al
1980). Hood and Zottola (1988) demonstrated that L. acidophilus adhere eq_ually well to
human intestinal cells in vitro after suspension in low pH media. Their adherence was
observed to be similar to the untreated cells even after exposure to pPH 2, 3, and 4 for up to
5 hours. Hence, it appears that exposure to a low pH environment for § hours has no effect
on the ability of L. acidophilus to adhere to the human intestinal cells in tissue culture. In
previous studies by Hood and Zottola (1987), it was demonstrated that an adhering L.
acidophilus strain produced an exterior layer which was identified as acidic
polysaccharide. They also reported that this layer of polysaccharide was not affected by
exposure to high acidity (Hood and Zottola, 1988).

Fuller (1975) studied the nature of the surface components mediating adherence of
lactobacilli to epithelial cells. Using in vitro methods he found that several factors, such as
contact time between bacterial and tissue cells, PH, age of bacterial cultures, growth
temperature of bacterial cultures, and the energy source in growth media had little or no
effect on the adherence of Lactobacillus strains to crop epithelial cells. Similarly, harsh
treatments such as heating to 100°C for up to 10 min, treatment with EDTA or surface
active compounds had no effect. Wheat germ lipase had no effect but proteolytic enzymes
had a slight effect on adherence.

The adherence of L. fermenti was lost as the age of culture increased (Suegara et
al., 1975), implicating denaturation of the components mediating attachment with death of
cells. They also observed that old bacterial strains which had been transferred many times
since their isolation from host cells, lost their ability to adhere to the same host cells.
However, freshly isolated strains adhere strongly. Ellen and Gibbons (1974) reported that
Streptococcus pyogenes anached to epithelial cells in the highest numbers when harvested

near the end of the logarithmic phase of growth. This was attributed to M-proteins
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produced in large quanuues durmg thrs perxod of growth In contrast. several rnvestigators
reported that acuve metabolrsm in lactobacrllr was not necessary to medrate adherenee
(Fuller. 1975 Barrow et al., 1980) As mennoned earlrer. Hood ond Zottolu (1988)
reported tlrat after exposure of bacterial cells to pH 2 for S hours. they adhere equally well
to human intestinal cells in tissue culture. In fact, after § hours in acid, no visble cells were
recovered, yet these bacterial cells retained their ability to adhere.

Kleeman and Klaenhammer (1982) studied the adherence of Lactobacillus spp. to
human fetal intestinal cells in vitro. Using thirty-two strains of Lac:obucillus. they
demonstrated the existence of two mechanisms of adherence. One mechanism which is
nonspecific requires calcium for adherence of all strains tested. It was postulated that
calcium acts as an jonic bridge between the negatively charged surfaces of bacterial and
epithelial cells (Brooker and Fuller, 1975; Costerton et al., 1978). It has been widely
reported that divalent and trivalent cations are involved in many adherence systems, such as
the adherence of Kanagawa-positive Vibrio parahaemolyticus (Carruthers and Anderson,
1979) and in Bordetella bronchioseptica (Plotkin and Bemis, 1980). However, Curtis
(1962) suggested that these cations function mainly as physical forces or chemical bindings
and not as a specific adherence mechanism. The other system reported by Kleeman and
Klaenhammer (1982) does not require cations for adherence and was present only in four
of the thirty-two Lactobacillus strains tested. The adherence was not affected by alterations
in colonial morphology, multiple broth transfers, or by cellular stress applied during culture
concentration, frozen storage or lyophilization. These observations indicate that adherence

determinants are highly stable although not widely distributed among Lactobacillus spp.

2.4 Plasmid Mediated Traits of Lactobacillus spp.
Plasmids are extrachromosomal, autonomously replicating, circular DNA molecules
which exist independent of the chromosomal DNA (Day, 1982). Plasmids are found in

most bacterial species, and under normal circumstances a particular plasmid can be lost



without affecting the survival of the cell. Plasmids may contain genes that are essential or

confcr a selective advantage to cells in certain envxronments (Kondo and McKay. 1985) It

is charactcnstic of plasnuds to be unstable and they may be lost w1th a concomitan’ loss of

particular phenotypic traits encoded by that plasmid. The process of plasmid curing results
in the loss of plasmid DNA. ’

The presence of plnsmids in the genus Lactobacillus was first noted by Chassy et
al. (1976). Since then many publications have confirmed that strains of Lactobacillus
harbor multiple plasmids (Klaenhammer and Sutherland, 1980; Lin and Savage, 198S;
Morelli et al., 1983; Vescovo et al., 1982), Klaenhammer (1984) published a general
method for the isolation of plasmids in lactobacilli. While some plasmids are cryptic, there
are others that are associated with identifiable phenotypic characteristics of the bacterial cell.
Chassy et al. (1978) reported that plasmids isolated from strains of L. casei are associated
with lactose fermentation. Smiley and Fryden (1978) reported that both N -acetyl-D-
glucosamine fermentation and acid production traits in L. helveticus strains are determined
by a specific plasmid. Morelli et al. (1986) observed that proteinase production in L.
helveticus strains is encaded by the same plasmid that encodes for acid production. Several
reports have indicated that antibiotic resistance is encoded by naturally oécun’ing plasmids
in strains of Lactobacillus (Ishiwa and Iwata, 1980; Morelli et al., 1983; Vescovo et al.,
1082).

Only recently, bacteriocin production by Lactobacillus spp. has been associated
with specific plasmids (Muriana and Klaenhammer, 1987) although earlier studies indicated
that bacteriocin production by lactobacilli is chromosomally mediated (Barefoot and
Klaenhammer, 1983; Joerger and Klaenhammer, 1986; McCormick and Savage, 1983).
Muriana and Klaenhammer (1987) discovered lactacin F, a bacteriocin produced by L.
acidophilus 88. Their experiments provided direct evidence for involvement of plasmid
determinants for lactacin F production and host cell immunity. However, the production of

helveticin J, a bacteriocin produced by L. helveticus 481 was found to be chromosomally
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medlated (Joerger and Klaenhammer. 1986) Sumlarly. a plasmidless wxld-type stmin of L
acadophdus was found to produce bactenocm. lactacm B, mdncming that lactacin B
productlon is chromosomally determined (Barefoot and Klaenhammer. 1983). Heneen
particular phenotype _tha; may be chromosomally determined in one Lactobacillus strain
may be plasmid determined in another. Plasmid encoded determinants cao seeve as ouaricem
for identification of mutants ihat have lost that plosmid. In addition. they can serve as
potential vectors in genetic engineering, since it can be ascertained that the trait ihey encode
is expressed in the target host.

Plasmid curing is an essential procedure to determine if a particular trait is encoded
by a particular plasmid in bacterial cells. By comparing differences in phenotypic
characteristics between plasmid-containing cells and plasmid cured cells, plasmid encoded
determinants can be identified.

While most plasmids are quite stable, there are some that undergo spontaneous
segregation and deletion (Trevors, 1986). In order to increase the frequency of plasmid
segregation, the use of curing agents or certain curing procedures can be employed. In
many bacterial strains the use of curing agents has been unsuccessful since no standard
protocols exist for all types of plasmids. The most commonly used curing agents are the
intercalating dyes such as acriflavine, acridine orange and ethidium bromide. They act by
preferentially inhibiting plasmid replication (Trevors, 1986). Carlton and Brown (1981)
reported that the effective concentration of a particular curing agent varies considerably in
the range of 100 to 1000 fold, being highly dependent upon bacterial species, curing agent
efficiency, and the mode of action of the curing agent. Ethidium bromide and acridine will
not cure plasmids larger than 250 MDa (Stanisich, 1984). Coumermycin and novobiocin
are inhibitors of DNA gyrase (Gellert et al., 1976). DNA gyrase catalyzes negative
superhelical turns into double-stranded, closed, circular DNA (Izaki, 1981). Incubation
temperatures of 5-7°C above optimal growth temperature can also be used or in

combination with curing agents as curing methods. Vescovo et al. (1982) were successful




in using elevated texzrlper_atu;es:of 46-49°C as a curing method for two L. va:cg'da}vphilus
strains. They were also successful in curing the plasmids of several strains of L. reuteri

and L. acidophilus by using ethidium bromide or acriflavine.

Since the time of Elie Metchnikoff until the late 1970s there was little or no interest
in the prophylactic or therapeutic potential of the lactobacilli. During the 1980s there were
many studies on adherence of lactobacilli to various epithelial cells and their
hypocholesteremic and anticarcinogenic effects.

However, few, if any of these studies involved L. bulgaricus as the organism of
choice. It seems that this organism is assumed to lack cithei' the ability to adhere to
epithelial cells of the intestinal tract or the ability to promote healthful results in consumers.
The fields of molecular biology and genetic manipulation of microbial cells give rise to
opportunities to develop these chmcteristics in strains of L. bulgaricus, retaining the
desirable characteristics of this organism in yogurt culture while incorporating the healthful
aspects associated with adherence to the intestinal epithelium. This study re-examines the

ability of L. bulgaricus to adhere to intestinal cells in vitro.
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3. MATERIALS AND METHODS

3.1 Bacterial culiures |

A. Thg Lactobacillus spp. used in this study for adherence testing were obtained
frorh diffcrént sources: 7

() Lactobacillus delbrueckii subsp. bulgaricus (L. bulgaricus ) strains J6, J8, 19,
710 and J11 donated by Dr. J. Mostert (Research Institute for Animal and Dairy Science,
Irene 1678, S. Africa);

(ii) Lactobacillus acidophilus strains BG2-FO4 and ADH donated by Dr. T. R.
Klaenhammer (Department of Food Science, North Carolina State University, Raleigh,
NC).

B. The indicator strains for identifying bacteriocinogenic strains included :

() L. bulgaricus ATCC 11842 and L. acidophilus ATCC 4963.

(i) Lactic acid bacteria UAL 9 donated by Dr. B. G. Shaw (AFRC Institute of
Food Research, Langford, Bristol, UK). UAL 1§ Leuconostoc mesenteroides ATCC
23368, UAL 16 Lactabacillus plantarum ATCC 4008, UAL 17 Lactobacillus viridescens
ATCC 12706 and UAL 19 Pediococcus parvulds ATCC 1937 are also used as indicator
strains for screening bacteriocinogenic strains.

C. Escherichia colf V517 was used as the standard strain for the estimation of

plasmid size (Macrina et al., 1978).

3.2 Maintenance of bacterial cultures

All Lactobacillus cultures were grown overnight in MRS broth (Difco
Laboratories, Detroit, MI), at 37°C and each was stored frozen (-70°C) in vials with 10%
sterilized glycerol. Before use, the cultures were thawed at room temperature. A 1%
inoculum was transferred aseptically into MRS broth and incubated at 37°C for 18-24 h

with subsequent subculture in the same broth. The UAL indicator strains were stored in
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cooked meat medium (Difco) at 4°C and subcultured every 3 months. Before use, the
cultures were grown in APT broth (Difco) for 18-24 h at 25°C with subsequent sulicultum

in the same broth. E. coli VS17 was stored in cooked meat medium (Difco) at a°C and
subcultured every 3 months. Before use, 2 1% inoculum was transferred into tryptic soy
broth (Difco) and incubated for 18-24 h at 25°C, with a second subculture in the same
broth,

3.3 Bacterial culture media
MRS broth and agar (Difco) were used to propagate the test strains of L. bulgaricus
and L. acidophilus. The indicator strains of lactic acid bacteria were propagated in APT

broth and agar (Difco).

3.4 Staining of bacterial cells

Lactobacillus cells growing in MRS broth were visualized by staining with gram
stain (Difco). Those growing in 10% reconstituted skimmilk (RSM) were stained with 1%
methylene blue (Fisher Scientific Co., Fair Lawn, NJ). Cells were viewed under oil

immersion lens (Leitz Canada, Willowdale, ONT).

3.8 Tissue culture

Adult rat small intestinal epithelial (RI) cells, IEC-6 (ATCC CRL 1592) were
donated by Dr. E. S. Jakobs (J. S. McEachern Cancer Research Laboratory, University of
Alberta). The cells were used at passage levels 17-25. The tissue cells were cultured in a
monolayer with a growth medium of Dulbecco's Modified Eagle Medium (D-MEM) (Gibco
Laboratories, Grand Island, NY), supplemented with 10% Nu Serum (Collaborative
Research Inc., Two Oak Park, Bedford, MA). Nu Serum was used as a substitute for fetal

bovine serum (Dr. E. S. Jakobs, personal comunication).
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3.6 Preparation of tissue culture medlum

D MEM (Glhco) was prepared according to manufactums mstructions Sodium
bicarbonate (NaHCO3) was added at a concentration of 3.7 g/L, the medium was ndjustgd
to pl-i 7. 2 with 1 N HCl and ﬁltef sterilized dsing a siedle filter system witha 0 48 uni
nylon membrane (Corning Laboratory, NY) It was then supplemented with 10% Nu
Serum (Collaborative Research) and 0, 025 IU insulin/mL (Sigma Chemical Co., St. Louis,
MO). The tissue culture medium was stored at 4°C and used within one month of

preparation.

3.7 Growth and maintenance of tissue culture

RI cells were routinely cultured in 25 cm2 disposable sterile tissue culture flasks
(Corning) at an initial density of 1x10 cells/flask. The cells were allowed to grow in tissue
culture medium for one week at 37°C in 10% CO3 to reach a confluent monolayer before
use or transfer. Tissue culture medium was changed twice during that period. For use in
adherence experiments, the monolayer of cells was first rinsed with an aliquot of sterile
physiological saline (0.85% NaCl). Cells were detached from the flask by adding 0.8 mL
of trypsin-EDTA (0.125% trypsin in 1,325 mM ethylenediaminetetraacetate) (Gibco). After
2-3 min incubation at 37°C in 10% CO3, the detached cells were suspended in 10 mL
growth medium (37°C), and mixed thoroughly by pipetting 20 times with a 10 mL pipette
to break up the cell clumps. Cell numbers were determined with a ZBI Coulter counter
(Coulter Electronics, Inc., Hialeah, Florida), at settings: Amplificétion 4; Threshold 10;
Aperture current 4. After cell numbers were determined, dilutions were made with tissue
culture medium supplemented with gentamycin (10 mg/mL) (Gibco) to give SO pg
gentamycin/mL of growth medium. A 2 mL aliquot of the desired dilution was transferred
into 35 x 10 mm tissue culture dishes (Falcon Laboratories, Oxnard, CA). The cells were
incubated at 37°C in 10% CO2 until a confluent monolayer was achieved. The generation

time of RI IEC-6 cells is 19-22 h ‘(i.e. the time for the cells to double in numbers) during
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the logamhmlc phase of gmwth (Quamm et al 1979) Before use in adherence tests, each
dxsh was exammed for confluency of growth under an mvertcd mlcmscope (Lextz, Dnavert
model). Each dish comamed approxlmately Sx105 cells when confluency was reached. RI
cells were stored frozen in sealed vials in liquid nitrogen tanks at different passage levels,
To revive the cells, a frozen vial was éarefully removed, thdwcd in a 37°C water bath,
opened aseptically and suspended immediately in growth medipm (37°C) in tissue culture
flasks (Corning). |

3.8 Preparation of bacterial cells for adherence tests

The Lactobacillus strains were subcultured at least twice in MRS broth before use.
After incubation at 37°C for 18-24 h, the cells were harvested by centrifugation at 4500 x g
for 10 min at room temperature. To determine the effect of growth phase on adherence,
bacterial cells were harvested at approximately 12 h (logarithmic phase) and 24-28 h
(stationary phase) according to the growth pattern of each strain. The bacterial cell pellet
was washed three times in phosphate buffered saline (PBS) or Dulbecco 'A' (Oxoid
Laboratories, England, UK) at pH 7.2. The washed pellet was suspended in 1-2 mL of
PBS, and used to adjust 8-10 mL of suspending medium to O.D. 0.85 at 650 nm using a
- Spectronic 20 (Bausch & Lomb, W. Germany). The suspending medium was Earle's
Balanced Salt Solution (EBSS) (Kleeman and Klaenhammer, 1982), composed of NaCl
6.8 g/L; KCl 0.4 g/L; CaCl2.2H30 0.25 g/L; MgSO4 0.10 g/L; NaH2PO4.H30 0.141
g/L; and dextrose 1.0 g/L, adjusted to pH 7.4 with 5% NaHCO3 solution (Oxoid). The
solution was filter-sterilized through a 0.22 pm Nucleopore filter (Nucleopore
Corporation, Pleasanton, CA), capped tightly, and stored at 4°C. The pH was checked

before each use. The EBSS suspending medium was modified for use in this study by (i)
preparation without CaCl2.2H30, and (i) preparation with an additional 3.6 mM

CaCl2.2H,0.
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N The number of colony formmg units (CFU )/mL of bactennl suspensnon for each
bactenal strain adjusted to 0.D. 0.85 at 650 nm was detemuned by making serial dilutions
~ with 0.1% peptone water (Difco) and plated- onto MRS agar plates. After anaerobic
incubation at 37°C for 24 h, the bacterial colonies were counted in a ColonyCouhting
* Chamber (New Brunswick Scientific, Edison, NJ).

Lactobacillus cells grown in steam sterilized 10% mconétituted skimmilk for 13-20
h were adjusted to pH 6.9 with 10% NaOH and sodium citrate was added to 1% final
concentration. The mixture was allowed to stand for 15-20 min to allow for solubilizétion
of the milk proteins (Sandine and Elliker, 1970). The bacterial cells were harvested by
centrifugation at 8000 x g for 15 min at 4°C. After washing three times with PBS, the
bacterial cells were used for adherence testing. Controls were made up of bacterial cells
growing in MRS broth and pretreated in the same way as the RSM cultures before
harvesting the cells,

3.9 Adherence test of Lactobacillus spp. to RI cells

The monolayer of RI cells was rinsed three tixhes with EBSS (37°C), and
inoculated with 2 mL of the bacterial suspension in one of the suspending media. After
incubation at 37°C for 15 min the bacterial suspension was removed by vacuum suction and
the tissue cells were rinsed three times with EBSS (37°C) or with EDTA solution
comprised of 0.85% NaCl and 0.1% EDTA.2H20. Care was taken during addition and
removal of solutions from the tissue culture dishes to ensure that the RI cells were not
detached from the bottom of the dishes. After rinsing, the RI cells were fixed with
methanol, stained with Giemsa stain (Quaroni et al., 1979) and viewed under a microscope
using a 100x oil immersion lens (Leitz). Adherence was determined subjectively as positive
or negative based on the presence or absence of bacterial cells on the tissue cells. All work
involving tissue culture was done under aseptic conditions in a laminar flow cabinet (The

Baker Co., Inc., Sanford, ME).
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3.10 Detection of antibiotlc resistance _
| A marker system was developed for the bacterxal strains that tested posmve in the
adhefence test. Antibiotic resxstance of bactenal strains was tested for use as a possible
marker. The antibiotics used are llsted in Table 1 at doubling concentrations up to 256
Hg/mL of MRS agar. Appropriate concentrations of antibiotics were added to 15 mL of
molten MRS agar, mixed, and poured onto a petri dish. Bacterial cultures grown in MRS
broth at 37°C for 18-24 h were inoculated onto these antibiotic media using a replicating
inoculator (Cathra International Systems for the Microbiolologist, Diagnostic Equipment,
Inc., St. Paul, MN). The inocula were allowed to dry and plates were incubated
anaerobically at 37°C for 24-48 h, Each plate was examined for growth of bacterial cells.
For use as a marker for screehing mutants, polymyxin B, sulfadiazine,

sulfamethoxypyridazine, colimycin and nalidixic acid was used at 32 pg/mL concentration,



TABLE 1, Al_l,tljbiotjc_guseq_to dgtcy!nine antibiogratns of L. acidoﬁhllds

and L. buléaricus strains,

: :

ANTIBIOTICS SOURCE | AN'rxmoﬁc GROUP
Penicillin G Sigma! Beta-Lactam
Kanamycin Terochem? Aminoglycoside
Neomycin Sigma! "
Gentamycin Gibco3 "
Streptomycin Sigmal "
Tetracycline Sigma! Tetracyclines
Lincomycin Sigmal MLS Group
Chloramphenicol Sigma! Phenicols
Rifamycin Sigma!l Rifamycin
Polymyxin B B M4 Peptides
Sulfadiazine Sigma!l Sulfonamides
Sulfamethoxypyridazine Sigmal "

Colimycin Sigmal Other

Nystatin Sigmal "

Nalidixic acid Sigmal "
—_— e

1 Sigma Chemical Co., St. Louis, MO.

2 Terochem Laboratories, Edmonton, ALTA.

3 Gibco Laboratories, Grand Island, NY.

4 Bochringer Mannheim Canada Ltd, Dorval, P.Q.



| 311 Methods _»for} tl')‘er dgftegti‘onj | 6! i_nhibitdf& éubsﬁﬁées ﬁoddcéd by iia.e
Qdﬁeﬁng strqins_ of Léébbéclﬂus spb. - o ,
Tﬁe bfbdﬁction of inhibitory substances wés tested by the following methods (’fagg etal.,
1976): ,

(i) Deferred antagonism |

The test organisms were grown in MRS broth at 37°C for 18-20 h and an inoculum
of each strain was transferred onto MRS agar plates using a replicating inoculator (Cathra)
and dried in a laminar flow hood. The plates were incubated at 37°C for 24 h in an
atmosphere containing 10% CO32 and 90% N2. Subsequently, the plates were overlayered
with 8 mL of sterile MRS soft (0.75%) agar that had been inoculated with 80 ML of an
indicator strain to give approximately 105 cells per mL soft agar. The indicator strains were
grown in either APT or MRS broth at 25 or 37°C, depending on the bacterial strain u:ed.
The overlayered plates were incubated anaerobically at 25 or 37°C for 24 h. ATCC
indicator strains were grown in MRS and incubated at 37°C while the UAL indicator strain
was grown in APT and incubated anaerobically at 25°C. After incubation for 24 h, the
indicator lawn was examined for zones of inhibition surrounding each test strain,

(ii) Detection of bacteriocin in broth supernatant

Producer strains grown in MRS broth at 37°C for 24 h were centrifuged at 6000 x g
for 10 min at 4°C. The supernatant was collected and adjusted to pH 6.5 with 10 N NaOH.
Half of the supernatant was sterilized with chloroform at approximately 10% concentration,
mixed thoroughly and allowed to separate out. The other portion of supernatant was heated
at 62°C for 15 min in a circulating water bath. Soft agar (8 mL) was inoculated with 80 uL
of indicator strain and overlayered onto MRS plates. A 20 HL aliquot of pH adjusted, and
sterilized supernatant was spotted onto the surface of the indicator overlayer as soon as it
solidified. The supernatant was dried in a laminar flow cabinet and incubated under
anaerobic conditions at 25 or 37°C for 24 h. The indicator lawn was checked for zones of

inhibition surrounding each supernatant spot.

T N
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(ux) Test for hactenophage . o o
The reverse S1de moculatxon techmque was used for thns test. Wells were cut mto
| tluck MRS agar thh a stenhud 7 mm cork borer. The bottom of each well was sealed wnth
one to two drops of molten MRS agar The well was ﬁlled with S0 uL of supcmatant that
had been pH adjusted (6.5). The supernatant was allowed to diffuse i into the agar and dried
in the laminar flow hood The agar was inverted into another petri dish and the reverse side
of the agar was overlayered with an indicator lawn. Plates were incubated anaerobically at
37°C for 24 h and checked for zones of inhibition around the wells.

(iv) Confirmatory tests for bacteriocins

Aliquots of supernatants of producer strains that had been adjusted to pH 6.5 and
sterilized with 10% chloroform were treated with catalase (Sigma) to give a final
concentration of 100 U/mL of supernatant and incubated at 37°C for 1 h; with purified
protease from Streptomyces griseus (Sigma) or PronaseR (Sigma) to give a final
concentration of 1 mg/mL. Their respective controls consisted of supernatants treated with
heat-treated (100°C for 30 min) catalase, protease or PronaseR. The treated supernatants
and the controls were spotted onto a fresh indicator lawn, incubated and examined for

inhibitory zones around each spot.

3.12 Isolation of plasmids

The Lactobacillus étrains that tested positive for adherence to RI cells were
subjected to plasmid isolation based on the method proposed by Anderson and McKay
(1983) with some modifications. A 1.5 mL sample of an overnight culture was transferred
into a 1.5 mL polypropylene Eppendorf centrifuge tube (Fisher) and centrifuged in a
microcentrifuge (BHG Hermie National Labnet Co., Woodbridge, NJ) at low speed for 10
min. The pellet was resuspended in 380 pL of 6.7% sucrose (w/v) in S0 mM Tris, ] mM
EDTA, pH 8.0, and incubated at 37°C for 5-10 min. A 96.5 uL quantity of lysozyme
solution (Sigma, 15 mg/mL of 25 mM Tris, pH 8.0) was added. After incubation at 37°C



fors 10 min, 48 2 uL ofO 25 mM EDTA in 50 mM Tus pH 8 0 and 27 6 uL of20% SDS
(w/v) in 50 mM Tns, 20 mM EDTA pl-l 8 0 were added to the suspcnsxon. tmxed and
incubated for 10-15 min at 37°C to completc lysxs The contents of the uucmcentufuge tube
was mixed on a vortex mixer (Fisher) at the highest setting for 30 s and the pH adjusted to
12.5 by adding 27.6 uL of freshly prepared 3 N NaOH solution. The sample was heated in
a 65°C water bath for 20 min and allowed to cool to room temperature (approximately 15
min). A 49.6 pL quantity of 2 M Tris-HCI pH 7.0 was added and mixed by gentle
inversion for about 3 min, followed by addition of 71.7 pL of § M NaCl. At this point 40
HL of protease (20 mg/mL) purified from Stretomyces griseus (Sigma) was also added and
the suspension was further incubated at 37°C for 30-60 min. Deproteinization of the sample
was done by adding 700 pL of 3% NaCl-saturated phenol (Fisher). The tube was shaken,
allowed to stand for § min, and centrifuged to separate the layers. The upper aqueous layer
was transferred into a second microcentrifuge tube and deproteinization was repeated with
400 pL of the same phenol. To facilitate separation, 300 HL of chloroform was added, and
shaken prior to centrifugation for § min. After separation, the upper aqueous phase was
transferred into a third tube, and extracted with 600 KL of chloroform: isbamyl alcohol
(24:1 v/v). After thorough mixing, the sample was centrifuged for § min and the upper
phase removed into a fourth tube. To this, 1 mL of cold (-20°C) 95% ethanol was added
and held at -20°C for at least 1 h. The DNA pellet was obtained by centrifugation for 15
min and dried in the laminar flow hood for approximately 1 h. The DNA pellet was
dissolved in 10 pL TE buffer (10 mM Tris, 1 mM EDTA, pPH 7.5), and § uL gel tracking
dye (0.05% bromopheno! blue, 60% glycerol in 50 mM sodium acetate) that was
previously treated with RNAse. The sample was allowed to stand for about 1 h before
separation by gel electrophoresis on 0.7% agarose (Agarose NA, Pharmacia) in TAE buffer
(Tris base 4.84 g/L; glacial acetic acid 1.14 mL/L; EDTA 1.49 g/L), pH 8.0 in a Gel
Electrophoresis Udit GNA-100 (Pharmacia Fine Chemicals, Sweden). Samples were

loaded into the wells of the gel and subjected to a constant voltage of 60V, supplied from a



and stamed w1th 0 1% ethidxum bromxde (ngma) in TAE buffer for IS-ZO mm. and
viewed under uv hght at 300 nm from a Foto UV 300 DNA Transilluminator (Fotodyne
Inc., New Berlin, WI).

The DNA of Escherichia coli V517 was extracted using the same procedure and
was used as a standard for estimating the size of plasmids of test strains (Macrina et al.,
1978). A 1% inoculum of E. coli V517 was transferred into tryptic soy broth (Difco) and
incubated at 25°C for 12-18 h before plasmid extraction.

3.13 Two dimensional gel electrophoresis

This is a procedure for distinguishing different forms of plasmid DNA (Hintermann
et al., 1981). After gel electrophoresis, bacterial strains with more than one plamid band
were further treated to determine if the bands were derived from one or separate sources of
plasmid DNA. Agarose gels with the entrapped bands of plasmid DNA were exposed to
UV light by placing the gels 30 cm away from the UV source (Fotodyne) for 15-20 min.
Subsequently, the gels were subjected to electrophoresis in a direction perpendicular to the
first run. After running for about 3 h at 60V in TAE buffer, the gels were removed and
stained with 0.1% ethidium bromide in TAE buffer for 15-20 min, and viewed under UV
light.

3.14 Estimation of plasmid size

The size of plasmids from Lactobacillus spp. isolated in the agarose gels was
estimated by running the plasmids with the DNA from E. coli V517. From the pictures the
distance migrated by each plasmid band of the standard was measured and a logarithmic
plot of relative mobility versus known plasmid size was done to estimate the size of

unknown plasmids from Lactobacillus (Macrina et al., 1978). The relative mobility is the



dxstance mngrated by the plasrmd band relauve to the tmgratlon dlstance of the smallest

plasmld of the E. coli V517 standard.

3.1 Methods of plasmid curing

The Lactobacillus spp. that contained one or more plasmids were subjected to
plasmid curing, using different curing methods.

(i) Intercalating dyes

The curing agents, acriflavine (Sigma) and ethidium bromide (Sigma) were used. A
preliminary test was done to determine the minimum inhibitory concentration (MIC) of each
curing agent for each of the strains tested. The concentrations used ranged from § to 80 L
ethidium bromide or 5 to 10 pL acriflavine per mL of MRS broth. After the MIC has been
established for each curing agent against each strain, another series of concentrations was
‘ prepared around the MIC level and inoculated with approximately 104 bacterial cells/mL.
Tubes that exhibited growth were diluted with 0.1% peptone water (Difco) and plated onto
MRS agar plates. The plates were incubated anaerobically for at least 48 h and colonies
were screened for mutants using the methods outlined in Section 3.16.

(i) Sodium-dodecy! Sulfate (SDS) and Novobiocin

A series of MRS tubes containing 0.002% SDS (BDH Chemicals, Toronto) was
prepared with concentrations of novobiocin (Sigma) ranging from 0 to S0 uL/mL of MRS
broth. Bacterial cells were inoculated at 0.1% level (105 cells/mL), and incubated at 37°C
for 48-72 h. Tubes that exhibited positive growth were plated onto MRS plates, and
colonies were screened for mutants by methods outlined in Section 3.16.

(iii) Elevated temperature in combination with Novobiocin

Bacterial strains inoculated at 0.1% level in MRS broth were incubated at 47-48°C
for up to 72 h, and subcultured at least once into the same broth and further incubated for
48-72 h. In addition, MRS broth was supplemented with novobiocin at concentrations of

2,4, 8, 16, and 32 uL/mL and incubated with bacterial strains (0.1% inoculum) under
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similar conditions. The tubes that had good growth were plated onto MRS agar pltes and
incubgted a,nag;o!:ically at 42°C for 48-72 h. Colonies were screened for mutants by
methods outlined in Section 3.16.

3.16 Sci'eenihu for mutants

Wild type strains of J6, J10, J11 and BG2-FO4 were bacteriocinogenic (see results
p. 51). Colonies growing on MRS agar plates from the curing experiments were subjected
to different treatments to identify mutants. Bacterial colonies were transferred with sterile
tooth-picks into MRS broth and incubated at 37°C for 24-48 h. Each bacterial culture was
streaked onto an MRS agar plate to obtain a pure strain. The pure strain was transferred
into MRS broth, grown for 24 h and screened for bacteriocin production and for antibiotic
resistance as described in Sections 3.10 and 3.1 l(i). respectively. Plasmid profiling

(Section 3.12) was also done.

3.17 Tests on mutants
3.17.1 Carbohydrate fermentation

Wild type and mutant strains of L. bulgaricus were tested for carbohydrate
fermentation. MRS was made from Difco ingredients without sugar and sterilized by
heating at 121°C for 20 min. To this medium, filter sterilized 10% sugar solutions were
added to give 0.5% final carbohydrate concentration as well as 0.004% chlorophenol red
indicator (Shaw and Harding, 1985). The carbohydrates used included fructose,v glucose
and lactose (Kandler and Weiss, 1986). A 1% inoculum of wild type and mutant strains
was separately inoculated into MRS broth containing the different sugars. Tubes were
incubated for 48-72 h at 37°C and checked for growth of the inoculum by development of a

yellow color.



3.17.2 Adherence test of mutant strains
Wild type and mutant strains were subjected to adherence test in vitro on

monolayers of RI cells according to the method described in Sections 3.7 and 3.8.



4, RESULTS

4.1 Cellular iﬁorphology of L_aqtobdc(lius Ibﬁig@ﬁcm |

Cellulgr morphology was observed by gram staining of the Lac:obaclllds strains,
Atypical vdﬁations in morphology were observed in strains J8 and J9 but nbt in strains J6,
J10,J11 and BG2-FO4. In Figure 1 it can be seen that strain J9 grew as irrcgularly curved
cells in MRS broth at 37°C and 40°C but not in 10% RSM at these incubation tempcmtures.
This phenomenon was not observed in the other Lactobacillus strains: J6, 110, J11 and
BG2-FO4 under the same growth conditions. These cells were observed to form filaments
of rod shaped cells in MRS and RSM at 37 and 40°C,

4.2 Adherence of Lactobacillus spp. to rat intestinal cells in vitro
4.2.1 Bacterial numbers at standard turbidity

The test strains of Lactobacillus were grown in MRS and harvested after 18-20 h
incubation at 37°C. The bacterial cells were suspended in Earle's Ralanced Salt Solution
(EBSS) adjusted to O.D. 0.85 at 650 nm and the viable count (CFU/mL of EBSS) was
determined (Table 2). Counts ranged from 107 to 108 CFU/mL with generally good
comparisons of counts between duplicates. Strains J8 and J9 in MRS and RSM produced
slime which was not removed with washing. This may have contributed to the turbidity of
the suspension accounting for the lower counts with these strains. There was a similar
difference in bacterial numbers between strains J8 and J9 and other strains, when they were
grown in RSM at 37°C for 18-20 h (Table 2).

4.2.2 Influence of cations on adherence of Lactobacillus strains to rat
intestinal cells in vitro

From the in vitro adherence test it was found that L. bulgaricus strains J6, J10,J11
and L. acidophilus strain BG2-FO4 adhered to rat intestinal (RI) cells (Table 3). The
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FIGURE 1, Cellular morphology of L. buigéﬂcu; strain J9 in MRS broth and in 10%
RSM incubated at 37 and 40°C.A) 6 h culture in MRS at 40°C; B) 24 h culture in MRS at
40°C; C) 10 h culture in MRS at 37°C; D) 24 h culture in MRS at 37°C; E) 6 h culture in
RSM at 40°C; F) 24 h culture in RSM at 40°C; G) 6 h culture in RSM at 37°C; H)24h
culture in RSM at 37°C This figure illustrates the variation in cellular morphology of strain
19. Curved cells are observed in MRS broth but not in RSM.




TABLE 2. Number of bacterial cells per mL of EBSS adjusted to O.D. 0.85 at 650 nm

(grown in MRS and RSM),

. i
: ‘e

Growth  Lactobacillus spp
Medium!

CFUML

(duplicate determinations)

18 7.0x 107 7.0x 107

MRS ]9 4.0x 107 50x107
110 2.5x 108 1.4x 108
1 2.1x 108 1.2x 108
BG2-FO4 3.5x 108 3.5x 108
18 13x 108 7.0x 107

RSM 19 1.0x 107 1.0x 107
110 34x108 3.4 x 108
11 24 x 108 1.8 x 108
BG2-FO4 NT2

e ———,—————— .

1. MRS = Lactobacilli MRS broth (Difco)

RSM = Reconstituted (10% w/v) skimmilk powder

2. Not tested for this strain.



TABLE 3. Influence of calcium ions on adherence of Lactobacillus spp fo rat intestinal

cells in vitro,

Lactobacillus spp. Suspending Mediuny/ Rinse Solution
EBSS/ERSS! | ERSS/EDTA2 | -CwEDTA3 | +CoEBSS4
J6 + + + +
18 - . . .
]9 . . . .
J10 + + + +
mn + + + +
BG2-FO4 + + + +

+ = adherence; - = no adherence
1. EBSS suspending medium; EBSS rinse solution
2. EBSS suspending medium; EDTA rinse solution

3 EBSS minus calcium jons suspending medium; EDTA rinse solution

4. EBSS plus 3.6 mM calcium ions added to suspending medium; EBSS rinse solution




treatments uwolved suspendmg the bacterial cells in the presence ot' excess, or in the
complete absence of calcium jons. In Figure 2A- C adlterence of L bulgaricus 110 cells
harvested from MRS broth, to a confluent monqlayer of RI cells is illustrated. Adherence
was observed with cells suspended irt EBSS, EBSS with calcium ions removed, or in
EBSS with addition of 3.6 mM calcium ions. The RI cells were subsequently rinsed with
either EBSS or EDTA solution. No difference was observed in adherence of strain J10
under any of the conditions of treatment. Similar observations were made with L.
bulgaricus strains J6, J11 and L. acidophilus strain BG2-FO4, However, it appeared that
strains J10 and BG2-FO4 adhered more to RI cells than strains J6 and J11. This
observation was based on the observation that bacterial cells of strains J10 and BG2-FO4
were more densely packed on the tissue cells. On the other hand, L. bulgaricus strains J8
and J9 did not adhere to RI cells under any conditions tested, as shown in Figure 2D and
E. These observations indicate that calcium jons do not play a role in the adherence of L.

bulgaricus strains J6, J8, J9, 110, J11 and L. acidophilus strain BG2-FO4 to RI cells.

4.2.3 Influence of growth medium and incubation temperature on adherence
of Lactobacillus cells to rat intestinal cells in vitro

L. bulgaricus strains J8 and J9 were also tested for adherence aft:s growth in 10%
RSM at different temperatures for 18-24 h, following at least two subcultures iz the same
medium. Cells of strains J8 and J9 isolated from RSM did not adhere to RI cells, similar to
cells grown in MRS at 30, 37, and 40°C. Differences in adherence for L. bulgaricus strain
J10 and L. acidophilus strain BG2-FO4 grown in MRS broth or RSM is illustrated in
Figure 3A and B, respectively. A marked decrease in the number of adhering cells is
shown for L. bulgaricus strain J10 grown RSM, as compared to cells grown in MRS
(Figure 3A). Whereas, for L. acidophilus adherence was almost totally eliminated by
growth of the culture in RSM (Figure 3B). Cells of strains J6, J10 and J11 from evemight

RSM cultures did not adhere to RI cells as well as those grown in MRS. The subjective



FIGURE 2. Adherence of L. bulgaricus strain J10 to 2 confluem monolayer of RI cells
in different suspending media wuh subsequent rinsing, unns diffmm rinse solutions: A)
EBSS as suspending medium, EBSS as rinse solution B) EBSS as suspending medium,
EDTA as rinse solution C) EDTA + 3.6 mM Ca* as suspending medium, EBSS as rinse
solution The adherence of strain J8 (D) at 1000 x magmﬁcanon and strain J9 (E) at 160 x
magnification showing no adherence by bacterial cells.



FIGURE 3A. Differences in ldhmnée of L‘.v bylgarlch;v strain J10 cells grown in MRS
broth (A. bacterial cells suspended in EBSS and rinsed with EBSS; B. bacterial cells
suspended in EBSS and rinsed with EDTA solution; C. bacterial cells suspended in EBSS
+ Ca ions and rinsed with EBSS), compared with cells grown in 10% RSM (D. bacterial
cells suspended in EBSS and rinsed with EBSS; E. bacterial cells suspended in EBSS and
rinsed with EDTA solution; F. bacterial cells suspended in EBSS + Ca ions and rinsed with
EBSS).



FIGURE 3B. Difference in adherence of L. acwopmm BG2-FO4 cells .’,m'w,. in MRS
broth (A. bacterial cells suspended in EBSS lnd duud \vnll BBSS, B lncteriul cells
suspended in EBSS and rinsed with EDTA solutim' C hcterhl cells mlpeudad in EBSS
+ Ca ions and rinsed with EBSS), mpmd \vith cells amvm in 10% RSM (D. bacterial
celssuspended in EBSS and rinsed with EBSS: E. Wnl cells suspended in EBSS and
rinsed with EDTA solution; F. bacterial cells sulpeudad in BBSS +Caions and rinsed with
EBSS).

A0



soring o the degre of adhernoe i shown n Tabls 4 and B. cubaton emperatr of
bac_tgﬁﬁl cultﬁms at 30,37, and 4090. did nbf ihﬂﬁeﬁce the ﬁdbétpnge of the strdi_ﬁs teeted
L. bulgancus Strains I8 and J9 faiied io adheré io Rl cells uﬁder all gmwth ?etﬁperaturgs
tested, while L. bulgaricus strains J6, J 10, J11 and L. écidaphllds strain BGZ-F04
adhered to the cells under these experimental conditions.
4.2.4 Effect of growth phase of L. bulgaricus strains J8 and J10 on the
adherence to RI cells

Growth phases of L. bulgaricus strains J8 and J10 were determined in MRS
cultures relative to time of incubation in MRS broth at 37°C. As shown by the growth
curves in Figure 4, L. bulgaricus strains J8 and J10 exhibit similar growth pattems. Cells
harvested at 12-14 h are in the logarithmic phase of growth; and at 20-24 h and 48 h, they
are in the early and late stationary phase of growth, respectively. L. bulgaricus strain J8
did not adhere to RI cells; whereas L. bulgaricus strain J10 adhered strongly to the
monolayer of RI cells when tested in the logarithmic and stationary phases of growth,
regardless of the availability of calcium ions. Hence, stage of growth does not influence the

adherence of L. bulgaricus strains J8 and J10 to RI cells.

4.2.5 Effect of chemical pretreatment of RSM cultures of L.bulgaricus
strains J8 and J9 on adherence to RI cells

Cells of strains J8 and J9 grown in RSM were negative for adherence to RI cells.
Cultures grown in RSM were pretreated with NaOH and citrate io solubilize the milk
proteins in order to harvest the cells. Controls grown in MRS were tested to determine
whether the chemical pretreatment affected adherence to RI cells. Controls using adhering
strains, J6 and J10 grown in MRS broth, did not lose their ability to adhere to RI cells after

chemical treatment with NaOH and citrate.
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® L. bulgaricus strain J8
@ L. bulgaricus strain J10
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FIGURE 4. Growth curves of L. bulgaricus strains J8 and J10 in MRS broth at 37°C.



4.3 Chgrggterizaﬁpn pf Lactobdcﬂﬁ)s sti'aiﬁs td devélob d marker Q&Qtem
foi’ identlﬁcgﬂou of nﬁnthn(s
4.3.1 Antibiograms

All Lactobacillus strains were tested for their resistance to the antibiotics listed in
Table S, with the intention of developing a marker system for screening mutants. All strains
were resistant to polymyxin B, sulfadiazine, sulfamethoxypyridazine, colimycin and
nalidixic acid up to the maximum concentration tested (256 pg/mL). In addition, L.
bulgaricus strains were resistant to nystatin at the maximum concentration of 256 pg/mL
(Table S). From these results it was decided that polymyxin B, sulfadiazine,
sulfamethoxypyridazine, colimycin and nalidixic acid should be tested for use as markers

for screening mutants of test strains at 32 pg/mL concentration.

4.3.2 Production of inhibitory substances

A second possible marker system that could be developed for identifying mutants of
Lactobacillus strains is the ability of strains to produce inhibitory substances. Inhibition
was observed by the deferred method of determining antagonism (Table 6) and was in part
or entirely due to the acidity of the medium or intracellular inhibitory substances in the
producer strains. However, inhibition was confirmed as extracellular inhibitory substance
using 18-24 h supernatant of the test strains adjusted to pH 6.5, and treated with
chloroform to kill the producer strains. The inhibitory activity of the culture supernatants of
producer strains J6, J10, J11 and BG2-FO4 was detected only against closely related
species: L. bulgaricus ATCC 11842 and L. acidophilus ATCC 4963. Auto-inhibition was
not observed when these strains were tested against themselves using both screening
techniques.

The inhibitory activity observed in an inverted overlayered plate did not differ from
the normal overlayered plate, indicating that inhibition was not due to the action of

bacteriophage. Unlike bacteriophage, other substances such as bacteriocin in culture



TABLE 8, Highest concentration of antibiotics (1g/mL) in doubling concentrations up to
256 ug/mL tolerated by Lactobacillus spp.

“

Test Strains

Antibiotics J6 J8 J9 J10 J11  BG2-FO4
Penicillin G <l <l <] <l <1 <1
Kanamycin 16 <l <l <1 <l <]
Neomycin 128 128 64 64 64 128
Gentamycin 16 <l <1 16 16 <l
Streptomycin 16 32 4 8 16 64
Tetracycline! 32 32 32 2 32 32
Lincomycin 2 <] <] 4 4 <l
Chloramphenicol | <1 <l <l <l <] <l
Rifamycin <] <l <] <1 <] <]
Polymyxin B2 256 256 256 256 256 256
Sulfadiazine? 256 256 256 256 256 256
Sulfamethoxy- 256 256 256 256 256 256
pyridazine?

Colimycin2 256 256 256 256 256 256
Nystatin 256 256 256 256 256 <]
Nalidixic Acid2 256 32 32 256 256 256

e S WSSy W —— T —

<1 = sensitive to the antibiotic at the lowest level tested (1 Hg/mL)

1. The highest concentration tested, 32 pgimL.
2. Antibiotics used for screcning mutants.
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supematdnt can diffuse through the agar to inhibit thg. growth of indicator organisms
gi'owing on the fcvgx,se side. No aifference in inhibitory activity was observed in
supernatant that was treated with cataldse (10% concentration), indicating that H202 was
not the cause of the antagonism. Culture supematant élso lost its activity after heat treatment
at 62°C for 15 min. The inhibitory activity in the supémaumts of strain J10, J13 and BG2-
FO4 was not affected by treatment with protease from Streptococcus griseus ; but treatment
with PronaseR, eliminated the inhibitory activity in the supernatants of all producer strains
including strain J6, against indicator strain ATCC 4963 (Table 7). PronaseR is a
commercial preparation of a mixture of different proteases whose origins are not revealed.
Inhibitory activity of strain J6 against both indicator organisms was lost after treatment with
protease from §. griseus. These observations indicate that the inhibitory activity isdue toa
heat labile substance which is proteinaceous in nature. However, these tests were
insufficient to show that the inhibitory substance is a bactericcin. For the purpose of these

studies however, the antagonistic substances will be referred to as bhacteriocins.

4.4 Plasmid profiles of Lactobacillus test strains

The plasmid profiles of Lactobacillus strains J6, I8, 19, J10, J11 and BG2-FO4
are shown in Figure S. The plasmid profiles of strain J6, J10 and J11 are similar, each
having two extrachromosomal DNA bands at the same relative migration distance. Strains
J8 and 19 appear to be plasmidless, based on these mini-scale plasmid profiles (Figure 5,
second photo). L. acidophilus strain BG2-FO4 however has a different plasmid profile,
with one large molecular size extrachromosomal DNA band traveling above the
chromosomal band.

Results from two dimensional gel electrophoresis of J6, J10 and J11 show that the
upper and lower band both migrated through the same distance after exposure to UV light
for 15-20 min. This indicates that the upper extrachromosomal DNA band of these strains

was derived from the lower extrachromosomal DNA. The gel pattern indicates that the
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TABLE 7. Characteristics of inhibitory substances produced by Lacmbacillus sppl
m

Indicator Organisms
ATCC 4963 ATCC 11842

Strain_| Control2 Catalase Protease PronaseR| Control2 Catalase Protease PronaseR
16 | ++ ++ + + + + .- NT3
++ ++ 4 * ++ ++ - NT

JIO | ++ ++ ++ - + + + NT
++ ++ ++ - ++ + + NT

NI ++ ++ ++ - + + + NT
++ ++ ++ - ++ ++ + NT

BG2-| ++ ++ ++ t + + + NT
FO4 | ++ ++ ++ + ++ ++ ++ NT

e e

1. See footnote Table 6.
2. Supematant adjusted to pH 6.5 and sterilized with chloroform.
3. Not tested.



FIGURE 8. Plasmid pmﬁléi of Lactabmllus spp. strains J6 (B), J8 (C), 19 (D), J10
(E), 111 (F), J11-HS3 (G) and BG2-FO4 (H), with Escherichia coli VS17 (A) as the

standard.



upper:batid was most probébly the OC form of the plésqﬁid_,hgnpg inigmﬁng d; u_zﬁu_ch
slower speed than the lower band which is mosi pfobhbiy in the CCC fobn. 'i'his indicates
that strains J6, J10 and J11 have one plasmid each. The size of the plasmid was estimated
using the plasmids from . coli VS17. From the plot in Figure 6 it is estimated that the size
of the plasmid of strains J6, J10 and J11 is 6.3 megadalton, whereas the size of the
plasmid of strain BG2-FO4 is 17.8 megadalton,

4.8 Generation of plasmidiess mutants from plasmid curing _

Lactobacillus strains that contained plasmids were subjected to curing reagents to
obtain plasmidless mutants, |

(i) The use of intercalating dyes, acriflavine and ethidium bromide, failed to
generate detectable mutants. Strains exposed to curing dyes were screened for loss of
bacteriocin production or for change in sensitivity to antibiotics. Plasmid isolation of
potential mutant strains did not reveal plasmidless mutants.

(ii) The use of SDS in combination with novobiocin also failed to generate
detectable mutants. Plasmid profiling did not reveal any plasmidless mutants.

(iii) The use of elevated temperatures in combination with novobiocin was
successful in producing plasmidless mutant strains. A plasmidless mutant of Lactobacillus
strain J11, designated J11-HS3, was identified by its plasmid profile shown in Figure §.
This mutant was identified by the appearance of its colony, which was translucent and flat
as opposed to the opaque, raised colonies of the wild type. However, after a few transfers
in MRS broth the colonies resumed their normal appearance. Plasmid profiling was used as
a tool for the confirmation of the cured strain.

The use of elevated temperature (47-48°C) was also successful in generating
plasmidless strains of L. acidophilus strain BG2-FO4 (Figure 7). The mutants known as
FO4-1 and FO4-2 do not contain the plasmid. L. bulgaricus strains J6 and J10 could not

be cured of their plasmids by the procedures used in this study.
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FIGURE 6. Migration of plasmids of £. coli V517 relative to molecular size.
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FIGURE 7. Plasmid profiles of L. bulgaricus strain J11 (A) and its mutant strain J11-

HS3 (B), and L. acidophilus strain BG2-FO4 (C) and its mutant strains FO4-1 (D ) and
FO4-2 (E).



4.6 Selgc(qd c!fafactéristicg of mutant s(raiqg | | A

As shown m ’i'ab_le‘ 8, the I IHSS mutant produces bacteriocin six;ﬁlay to the wild
type. Auto-iﬁhibi;ipn was not obscrvcd when testec_lv aga_inst itself and qga_inst its wild type
strain and also when used #s the indicator for the wild type Ii dxd not show h change in
sensitivity to the antibiotics used in the screening brocess (See footnote Table S). These
observations indicate that the plasmid in strain J11 does not encode for bacteriocin
production or resistance to antibiotics used in the screening process. Therefore they cannot
be used as markers for screening mutants. Gram stain of mutant strain J11-HS3 cells did
not reveal any difference in morphology from the wild type strain. In addition, it was found
that carbohydrate fermentation patterns of the mutant strain J11-HS3 and the wild type
strain J11 are identical. Thus carbohydrate fermentation pattern remains unchanged in the
plasmidless mutant strain, and sugar fermentation cannot be used as a marker system in this
study.

The inhibitory activity of mutant strain FO4-1 was similar to its wild type strain,
against indicator strain ATCC 11842 and ATCC 4963. Mutant strain FO4-2, on the other
hand, inhibited indicator strain ATCC 4963 but not ATCC 11842 (Table 8). Antibiotic

sensitivity and carbohydrate fermentation tests were not done on these mutants.

4.7 Adherence test of plasmidless mutants

The mutant strains J11-HS3, FO4-1 and FO4-2 were subjected to adherence test on
RI monolayer cells. As shown in Table 8 and Figures 8A and 8B, the plasmidless mutants
did not lose their ability to adhere to RI cells. This indicates that the adherence ability of L.
bulgaricus strain J11 and L. acidophilus strain BG2-FO4 is not mediated by their

plasmids. At this time, these plasmids are cryptic to the apparent functioning of the cells.
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TABLE 8. Adherence and inhibitory substance produced by cured strains of
L. bulgaricus J11 and L. acidophilus BG2-FO4.

- i

Adherence Test!

Strain of Suspending Medium / Rinse Solution3
Lactobacillus EBSS/EBSS EBSS/EDTA

Inhibitory Substances?

Indicator Organisms
ATCC 11842 ATCC 4963

J11 + +
J11-HS3 + +
BG2-FO4 + +
FO4-1 + +
FO4-2 + +

+ +
+ +

++ ++
++ ++
- ++

1. + = positive adherence
2 ++ = inhibition with complete clearing and sharp edges.
+ =clearing with diffuse edges.
% = slight inhibition.
- = no inhibition.

3. Sce footnote Table 3



FIGURE 8A. The adherence of L. bulgaricus strain J11 (A), and its mutant strain J11-

HS3 (B).



FIGURE 8B. The adherence of L. acidaphilus strain BG2-FO4 (A), and its mutant
strains FO4-1 (B), and FO4-2 (C).



S. DISCUSSION AND CONCLUSION

Lactobacillus delbrueckii subsp. bulgaricus (L. bulgaricus ) is used with
Streptococcus thermophilus for the production of yogurt. Yogurt was first éssociated with
the prolongation of life in the early 1900's by Elie Metchnikoff (Bibel, 1988). To this day
no evidence has been found to support the above claim. However, numerous studies have
generated data supporting the nutritional and therapeutic use of lactobacilli in feﬁnented
foods, such as yogurt and acidophilus milk. L. acidophilus is frequently used by
researchers for investigations related to therapeutic use while, more often than not, L.
bulgaricus has been ignored. Several earlier reports indicated that L. bulgaricus does not
~ have the ability to adhere and colonize the gut (Herter and Kendall, 1908; Rahe, 1915),
while another report stated that L. acidophilus may be better equiped to persist in the
jejunum than L. bulgaricus (Robins-Browne and Levine, 1981). In fact, very little is
known about L. bulgaricus in terms of its nutritional and therapeutic use. Because yogurt
is a commonly accepted food its potential benefits to consumers should be studied.
Investigations of the ability of L. bulgaricus to adhere to intestinal cells should be done,
because it is assumed that the cells must be able to adhere to the epithelial cells of the
intestine if any benefits are to accrue to the individual.

The purpose of this study was to investigate the adherence of L. bulgaricus to rat
intestinal epithelial cells. L. acidophilus BG2-FO4 was used as the positive control, since
this strain was shown to adhere to human fetal intestinal (HFI) cells in vitro (Kleeman and
Klaenhammer, 1982). Adherence testing was originally used in this study as a method for
determining the viability of L. bulgaricus strains that exhibited marked variations in cellular
morphology. L. bulgaricus strains J8 and J9 exhibited variations in cellular morphology
when grown in MRS broth but not in reconstituted skimmilk (RSM). The phenomenon of
morphological variation was reported by Britz and Dreyer (1979), but the cause of variation

was not explained. They also reported the production of slime by strain J8. The
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envuonment could be the cause of vanauon m cellular morphology of strams .l 8 and J9
’I’he vxablluy of these u'regularly shaped cells was bemg quesuoned in ns relanon to theu'
ability to adhe;e to lntestmal epxthelxal cells. Hence, ;he effect of d:fl'e_rent growth
conditions on the ability of L. bulgaricus strains to adhere to lnteslilull ebithelial cells in
vitro was investigated.

A rat intestinal (RI) IEC-6 cell line was used as the substrate for the in vitro
adherence tests. The lack of ability of L. bulgaricus strains J8 and J9 to adhere to RI cells
under any conditions of growth and treatment implies that they lack the adherence factor
that is present in other strains. In this situation, adherence does not appear to be related to
viability and the adherence test cannot be used to determine via:tlellity of cells that exhibit
morphology variations. However, L. bulgaricus strains JG. J10 and J11 and L.
acidophilus BG2-FO4, which do not exhibit variations in cellular morphology, were able
to adhere to RI cells when grown at different incubation temperatures in MRS broth.

Fuller (1975) reported that growth medium does not affect the adherence of
Lactobacillus spp. to epithelial cells of chicken crop. On th‘e contrary, we observed a loss
of adherence of strains J6, J10, J11 and BG2-FO4 to RI cells when grown in RSM. This
could be due to the change in physiological conditions or loss of viability in RSM.
However, cultures grown in RSM had to be pretreated with NaOH and citrate to facilitate
harvesting. This process may have affected the cells, injuring them and (or) impairing their
ability to adhere to RI cells. However, controls using cells grown in MRS with similar
pretreatment with NaOH and citrate did not affect the adherence of these Lactobacillus
strains indicating that the chemical treatment of RSM does not cause the loss of ability of
strains J6, J10, J11and BG2-FO4 to adhere to RI cells. Sandine and Elliker (1970)
reported that this chemical pretreatment does not affect cell activity. Hence, the loss of
adherence by cells grown in RSM is related to some factor(s) affected by the growth

medium.
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| 'I'he adhcrcnce facto: in strams 16 J 10 J 11 and BGZ-FO4 is produced when cells
drc grown at tempcratures between 30-40°C in MRS broth and is not affected by stage in
their growth cycle. This is confirmed by Fuller (1975) whp also fpund that incubation
temperature, age of culture and active mctaboli_sdl do not affect the adherence of
Lactobacillus spp. to chicken crop epithelial cells. To the codirary. Suegara et al. (1975)
reported that the loss of adherence to keratinized epithelial cells of the rat stomach in vitro
occured in L. fermenti as age of culture increases. It was suggested that death of cells
denatured the component that mediates attachment. However, L. bulgaricus strains J8 and
19 lack the factor necessary for adherence to RI cells. The concentration of cells in cultures
of strains J8 and J9 bacterial suspensions was 10 times lower than that of the other bacterial
suspensions adjusted to the same turbidity (see Table 2). However, this factor should not
have affected the adherence of strains J8 and J9, The cell concentration could be adjusted to
test this factor. Since no bacterial cells were found adhering to the monolayer of R cells at
the lower density level, adjustments in bacterial cell concentration was not necessary. Since
L. bulgaricus strains J8 and J9 are noted to be slime producers in MRS broth and RSM
from this study,the presence of slime around the bacterial cells may prevent the cells from
coming in close contact with the layer of RI cells. However, staining the monolayer of RI
cells with Giemsa stain did not reveal the the presence of slime layer around the cells. Britz
and Dreyer (1979) observed the presence of slime by staining cell cultures with Gram's
stain. However, the high viscosity of the bacterial cultures was indicative enough of the
presence of slime. From this study, it is not known whether the variation in cellular
morphology in strains J8 and J9 affected adherence. To investigate this, it would be
necessary to find a Lactobacillus strain that exhibits variation in cellular morphology as
well as being able to adhere to RI cells in MRS broth. Strains used in this study do not
have such characteristics.
Kleeman and Klaenhammer (1982) suggested the existence of two mechanisms of

adherence of Lactobacillus to epithelial cells. Using human fetal intestinal (HFI) cells, they




demonstrated that calctum enabled all Lactobaccllus stratns thut they tested to ndhere
nonspecifically to HFI cells, It has been postulated that cattons such as calctum act as
chemical bridges for the bactertal cells to adhere to epithelial cells (Brooker and Fttller.
1975; Costerton et al., 1978). Itt the absence of calcium ions, howevet'. only a few stru't_tts
were capable of specific adherence. In our study, calcium ions did not aft’ect tlte adherence
of Lactobacillus strains J6, 110, J11 and BG2-FO4, and did not enable strains J8 and J9 to
adhere to RI cells. Hence, adherence by strains J6, J10, J11 and BG2-FO4 appears to be
attributable to a specific adherence mechanism inherent to the strains. Hence, the theory of
calcium jon bridge formation between bacterial and epithelial cells does not apply to
Lactobacillus strains in our study, or else it is a factor influenced by the use of RI (JEC-6)
cells in our study. L. acidophilus BG2-FO4 adheres to HF] cells (Kleeman and
Klaenhammer, 1982) and to RI cells in our study. This illustrates that adherence of L.
acidophilus BG2-FO4 may not be host-specific, in contrast to the report by Savage et al.
(1968) in which it was concluded that adherence of Lactobacillus spp. is host-specific.

Hood and Zottola (1987) considered that adherence of L. acidophilus BG2-FO4
may be mediated by a polysaccharide material found on the cell wall. It was also reported
that strains that showed weak adherence did not produce the polysaccharide material on the
cell wall. It would be interesting to test for this material in the Lactobacilius strains in our
study, to confirm the substance responsible for adherence. It would also be interesting to
investigate if the substance responsible for adherence is affected by different growth media,
especially by RSM. This would help to explain the loss of adherence of our Lactobacillus
strains grown in RSM.

Lin and Savage (1985) su,gested that adherence of Lactobacillus spp. to epithelial
cells is mediated by plasmids. In this study, an association between adherice and genetic
determinants in plasmid DNA was not observed. Preceeding this, we attempted to develop
a marxr system by using the production of antagonistic substances by Lactobacillus Spp.

The antagonistic substances produced by strains J10, J11 and BG2-FO4 were inactivated



by PronaseR but o by protasefom Sreptococcus griseus T baterioinogeicsrin
ihaf t‘ested“ j:qsitng fqr a&ﬁemce to RI celis each had one cryptic plasmxd However, we
failcd to idemify any funcﬁon associated with the plgsnﬁds. Anemp;s to chfe the strains of
their plasmids using ethidium bromide, acriﬂ#vin and SDS in combination with novobiocin
were unsuccessful. However, the use of elevated incubation temperatures, also used in
combination with novobiocin, generated some mutants of strains J11, and BGZ-F64.
Auempts to develop a marker system for identifying mutants of L. bulgaricus strain J11
were unsuccessful. Phenotypic traits, such as carbohydrate fermentation, bacteriocin
production and antibiotic resistance could not be associated with the loss of plasmids. Other
phenotypic traits such as resistance to metal jons and antibiotics other than the five used in
this study could also be tested for possible markers. The five antibiotics used in this study
were chosen because the test strains were equally and highly resistant to them.

Despite many curing trials, no mutants of L. bulgaricus strains J6 and J10 were
generated or they could not be identified by the screening methods used in this study. L.
bulgaricus strains J6 and 110 have identical plasmid profiles to L. bulgaricus strain J11,
yet it is not necessarily true to state that phenotypic traits such as the ability to adhere to RI
cells, bacteriocin production and immunity are genetically identical in all three strains.
Failure to isolate mutants of L. bulgaricus strains J6 and J10 using bacteriocin production
for screening may indicate that bacteriocin production and immunity are chromosomally
determined in these strains. L. acidophilus mutant strains FO4-1 and FOA4-2 were identical
to the wild type strain BG2-FO4 in adherence to RI cells, indicating that adherence is
chromosomally mediated in these strains. Plasmid profiles revealed that both mutants are
plasmidless, however differences in bacteriocin activity were noted between mutants.
- Mutant strain FO4-2 lost its antagonistic activity against indicator strain ATCC 11842,
while mutant strain FO4-1 exhibited similar bacteriocinogenic pattern as the wild type strain
BG2-FOA4. It can be postulated that two bacteriocins are produced by L. acidophilus BG2-

FO4 which are active against different target strains. The bacteriocin active against indicator



straln ATCC 11842 was plasmld assocxated however more work must be done to 1solate
and c‘xaracteuze the bacteriocin hefore this can be establxshed It may also be postulated that
the plasmid for bacteriocin production and immunity in strain BG2-FO4 has been
incorporated into the chromosome of strain FO4-1, thereby accounting t_‘oi' its ahtauonistic
activity that is simiiar in patterri to its wild type. This factor can be determined by DNA
hybridization on the mutant and wild type strains,

Adherence was scored subjectively based on the presence or absence of bacterial
cells associated with or adhering to the RI cells. This method is subject to errors because of
its subjective nature. An objective method using. statistics may be an improvement.
Bacterial cells attaching to epithelial cells could be enumerated in a fixed number of
microscopic fields to generate data to decide if adherence was significantly different with
different treatments.

This study provides evidence that chromosomal determinants may be responsible
for the adherence factor, as the ability to adhere to RI cells did not change with the lost of
plasmid DNA in the Lactobacillus spp. Efforts to associate adherence or other factors with
plasmids were unsuccessful. At this point we conclude that L. bulgaricus strains J6, 110,
J11 each contains a cryptic plasmid, while L. acidophilus strain BG2-FO4 contains a
plasmid that may determine.the production of a bacteriocin active against indicator strain
ATCC 11842,

This stﬁdy would have provided great potential for further research work if the
adherence factor was plasmid mediated in these Lactobacillus strains. However, with the
techniques at hand it is possible to expand this work using a wider range of Lactobacillus
strains and a tissue culture system tha'. is directly related to humans, such as human fetal
intestinal cell line. It will be a great challenge to identify a L. bulgaricus strain that habours
a plasmid which determines for adherence ability to intestinal epithelial cells. The plasmid
can then be isolated and put into a recipient cell. L. bulgaricus strains that are currently

being used in the production of commercial yogurt are highly desirable for use as recipient
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cells. These gtr_ains al:gady posses the characteﬁsﬁcs that pmdﬁcg favorable Qualities in thé
product and can be fuﬁhet §nhaﬁce& by their ability to adhem to humén gastrointestiﬁal
tract, so thai nutritional dnd therapeutic benefits can be derived from their implantation.
When and if such a challenge is achieved, yogurt may be used for therapeutic purposes.
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