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[57] ABSTRACT

New strains of Lactobacillus acidophilus capable of ad-
hering to the tissue cells of various species of animals
are described. At least one new strain exhibits calcium-
independent attachment which is enhanced by the pres-
ence of calcium. The strains may be used in a suitable
carrier as a dietary supplement for providing a source of
the strain of bacteria in an animal.

1 Claim, No Drawings
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1

NOVEL STRAIN OF LACTOBACILLUS
ACIDOPHILUS

FIELD OF THE INVENTION

This invention relates to novel microorganisms, par-
ticularly to strains of the bacteria Lactobacillus acidophi-
lus which are capable of interspecific attachment to

epithelial cells of various mammals, and to a process for )

providing a source of such microorganisms in an animal
in the form of dietary supplements.

BACKGROUND OF THE INVENTION

Lactobacillus is a genus of bacteria in the family Lac-
tobacteriacae, found in the intestinal tracts of mammals,
green plants, milk and fermenting foods. Lactic acid is
produced by these bacteria via carbohydrate fermenta-
tion; thus, lactobacilli have been introduced into the
manufacture of food products, such as yogurt and
cheese, to enhance their quality and stability. In addi-
tion, lactobacilli form an important part of the internal
microbial flora in humans and other animals. In humans,
lactobacilli are present in the mouth, lower intestine and
vagina.

Another type of bacteria, Eschericia coli (hereafter E.
coli), is also present in animals and can cause serious
intestinal problems such as diarrhea. The disease gastro-
enteritis is also caused by E. coli infection. A proper
balance of the microbial populations in the intestinal
tract of animals is believed to be important to provide
resistance to such diseases. For a review, see W. E.
Sandine et al., J. Milk Food Technol., 35, p. 691-702
(1972), incorporated by reference herein. Stress condi-
tions can alter the balance of microbes in the intestinal
tracts of humans and other animals. The basis of diseases
such as gastroenteritis is thought to be a microbial im-
balance in the intestinal tract. This knowledge of the
importance of maintaining internal populations of
“helpful” bacteria such as lactobacilli to improve health
has led to attempts to administer lactobacillus to treat
humans and animals. L. acidophilus has shown some
effectiveness in destroying E. coli in infants suffering
from diarrhea. Such therapy has included the use of
strains of L. acidophilus in dried form, administered
orally, for promoting L. acidophilus colonization in
human intestines.

L. acidophilus has also been used in animal feed in an
attempt to restore and stabilize the internal microbial
balance. In some cases, animals such as pigs were found
to grow better and exhibited a decreased population of
E. coli when administered lactobacilli. Two patents
(U.S. Pat. No. 3,343,962 and British Patent No.
1,134,206) have been issued on methods of preparation
of certain lactobacilli for use in animal feed supple-
ments.

Unfortunately, in field studies outside of the labora-
tory, prior preparations using known strains of Lactoba-
cillus have proven ineffective, in part because suffi-
ciently high numbers of viable microorganisms are not
present in the preparations and the organisms have not
been able to successfully colonize the subject being

treated. It is thought that adhesion is a primary event in_

colonization by bacteria of a particular habitat, such as
the intestinal tract. Bacteria are known to adhere to
various surfaces, including human and animal cells. G.
W. Jones, “The Attachment of Bacteria to the Surfaces
of Animal Cells,” in Microbial Interactions (Russing
Ed.), Chapman and Hall, London (1977), incorporated
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by reference herein. Colonization by bacteria also ap-
pears to be important for the establishment and mainte-
nance of both normal and disease-associated bacterial
flora in humans and other animals. For example, the
ability of bacteria to attach to human mucosal epithelial
cells, such as vaginal cells, has been studied for possible
correlation with the subsequent colonization by patho-
gens and bacterial invasion of underlying tissues. R. A.
Mardh and L. Westrom, Infection and Immunity, 13, p.

0 661-666 (1976); Chan et al., Infection and Immunity, 41,

p. 84-89 (1985).

Distinct differences between strains of Lactobacillus
acidophilus exist in their ability to survive, initiate and
maintain a population within the intestine due, in part,
to differences in the ability of the various strains to
adhere to the epithelial cells of different species of ani-
mals. These differences may hamper the effectiveness of
the administered bacteria. Prior known strains of lacto-
bacilli demonstrate species specificity, such that one
strain of Lactobacillus acidophilus from a chicken source

- will not adhere to epithelia of a different species, e.g., a
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rat, as shown by N. Suegara et al., Infection and Immu-
nity, 12, p. 173-179 (1975); and R. Fuller, J. Applied
Bact., 45, p. 389-395 (1978). The stomach and intestinal
tract also present physical challenges to the growth and
survival of microorganisms, such as Lactobacillus, in-
cluding the removal mechanism of the small intestine
which washes out any organisms which cannot attach
to the intestinal epithelial cells or multiply fast enough
to avoid dilution.

It is believed that bacteria may attach to animal cells
through a variety of mechanisms. In one system, cations
may provide a bridge via ionic attraction between sur-
faces of the bacteria and epithelial cells. This system
appears to be nonspecific and is calcium dependent. In
another mechanism, the bacteria appear to attach by
contacting receptor sites on the epithelial cells. This
system is calcium independent and has been found to be
species specific, suggesting that the ability to adhere
(i.e., to recognize receptors) when mediated by this
mechanism is under the genetic control of the species.
At least one researcher has identified two subpopula-
tions of human Lactobacillus acidophilus wherein one
population requires calcium to adhere to human fetal
epithelial cells. One of these strains is capable of inter-
specific attachment. Attachment of the other was found
to be independent of calcium. This calcium indepen-
dence has been found in only a few other human bacte-
rial strains. E. G. Kleeman and T. R. Klaenhammer, J.
Dairy Sci., 65, p. 2063-2069 (1982). Other mechanisms
of attachment may be involved. Sherman et al., Appl.
Environ. Microbiol., 52, p. 302-304 (1986); Fuller et al.,
Am. J. Clin. Nutr.,, 27, p. 1305-1312 (1974).

In addition to the difficulties of isolating a Lactobacil-
lus acidophilus strain capable of adhering to the tissue of
various species of animals, difficulties in culturing the
strains exist.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides new
strains of Lactobacillus acidophilus capable of adhering
interspecifically to animal cells. One strain, ATCC No.
53545, also exhibits calcium-independent attachment.
The attachment of this strain is enhanced, however, by
the presence of calcium. The invention also describes a
composition for use as a dietary supplement in animals
containing the new strains of L. acidophilus in a suitable
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carrier such as a sugar carrier. The composition may be
used to provide a source of the new strains of bacteria in
an animal.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention describes biologically pure
cultures of novel strains of Lactobacillus acidophilus
(hereafter L. acidophilus) which are capable of attaching
interspecifically to the tissue of animal species, includ-
ing human, bovine, poultry and porcine tissue. In one
strain, designated BT1386, attachment occurs indepen-
dent of the presence of calcium, but may be enhanced
by the addition of calcium. The novel strains of L. aci-
dophilus may be used as a food additive, for example, as
a supplement to commercial cattle feed, to provide a
source of L. acidophilus within the animal. The bacteria
may benefit the animal host by improving the efficiency
of conversion of food consumed by the animal.

Isolation

The novel strains of Lactobacillus acidophilus (herein-
after “L. acidophilus”), strains BT1386, BT1005 and
BT1507, were produced using selection and screening

20

procedures, as described below, from a parent strain of 25

bacteria isolated from the feces of cattle, a human infant
and pig, respectively. For each animal, portions of feces
were plated on MRS agar (Oxoid Ltd., Hants, En-
gland), and presumptive L. acidophilus colonies were
identified by observing the morphology of the bacterial
colonies selecting flat, dry, white-appearing colonies.

Bacterial colonies, identified as described above,
were subcultured three times as single colonies on MRS
agar. L. acidophilus colonies were identified by observ-
ing carbohydrate utilization patterns using standard
DMS Rapid CH (carbohydrate) Strips available from
API Analytab Products, Plainview, N.Y. This proce-
dure also results in segregation of different strains of L.
acidophilus.

Selection

Single colonies of L. acidophilus obtained from sub-
culture were screened by exposure to low pH and bile
to select for populations able to survive within an ani-
mal’s intestinal tract, and were then placed in contact
with various animal species’ tissue to isolate populations
of L. acidophilus capable of attachment. The colonies
were grown in MRS agar and exposed to acidic pH
solutions (HCI, pH 2 and 7.2). Surviving colonies were
then exposed to bovine bile solution (Difco Laborato-
ries, Detroit, Mich.) to select for colonies tolerant to
3% bile.

Pure colonies of L. acidophilus, isolated as described
above, were given a strain designation. Strains BT1386,
isolated from bovine feces, BT 1005, from human feces,
and BT1507, from pig feces, exhibited the ability to
survive exposure to low pH and bile, and to bind to
tissues of different animal species, as decribed below in
Example L .

Cultures of novel L. acidophilus strains BT 1386 have
been deposited with the American Type Culture Col-
lection (ATCC), 12301 Parklawn Drive, Rockville,
Md., and have received accession number ATCC No.
53545.

The following Examples are presented to illustrate
the advantages of the present invention and to assist one
of ordinary skill in making and using the same. The
Examples are not intended in any way to otherwise
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4

limit the scope of the disclosure or the protection
granted by Letters Patent hereon.

EXAMPLE I

In vitro Attachment of Lactobacillus Acidophilus Strains
BT1386, BT1005 and BT1507

Bacterial Culture

A substantially pure culture of L. acidophilus strain
(BT1386) was inoculated as a 5% inoculum, and incu-
bated at 37° C. in 5% CO; for 24 hrs. in MRS broth
(Oxoid, Ltd.). 24 hour-old cultures were tested for ad-
herence. Bacterial cultures were refrigerated or frozen
when not in use.

The other two novel strains of L. acidophilus de-
scribed herein, BT1005 and 1507, were similarly cul-
tured and stored. Other strains of L. acidophilus were
used for comparison purposes; strain C7 was obtained
from Dr. Klaenhammer, North Carolina State Univer-
sity, Raleigh, N.C.; strain 1336 was obtained from Uni-
versity Micro Reference Labs, Inc., Ann Arbor, Mich.
Both strains were cultured and stored as described
above for BT1386.

Tissue Culture

(a) Cell Lines

Epithelial cells (HFI) from human embryonic intes-
tine, ATCC No. CCL6, Intestine No. 407, were ob-
tained from the ATCC. Primary Cell Line from whole
fetal bovine intestine (BFI) was obtained from Flow
Laboratories, Inc., McLean, Va. Primary cell line from
chick embryo intestine (CEI), and primary cell line
from whole fetal porcine intestine (PFI), were prepared
at Bio Techniques Laboratories, Inc., Redmond, Wash.
HFT cells were used from the 277th to the 298th pas-
sage; BFI cells were used from the third to the tenth
passage; CEI cells were used from the third to the
fourth passage; and, PFI cells were used from the third
to the twentieth passage.

(b) Methods for Culture

The cells obtained as above were cultured in a mono-
layer with a growth medium of Eagle’s minimal essen-
tial medium (MEM) supplemented with Earle’s Salts
(L-Glutamine, Non-Essential Amino Acids with 15%
fetal calf serum) (GIBCO Laboratories, Grand Island,
N.Y.). The pH of the medium was adjusted to approxi-
mately 7.2 and buffered with 5% CO; at the time of
feeding or transfer. For adherence studies, the tissue
cells were cultured in screw cap test tubes (16x 100
mm) containing a glass cover slip (9 X 22 mm) for tissue
cell attachment.

Preparation of Bacterial Cells for Adherence Tests

Twenty-four hour bacterial cultures in MRS broth
were harvested by centrifuging for 5 minutes at ambient
room temperature, washed three times in phosphate
buffered saline, pH 7.2 (PBS:NaCl, 8 g, KH,P040.2 g,
Na;HPOq4 1.145 g, KCl1 0.2 g/liter), and resuspended in
2 to 3 ml of Earle’s Balanced Salt Solution (EBSS:KCl
0.4 g, NaCl 6.8 g, NaHCO; 2.2 g, NaH;P04 0.14 g,
D-Glucose 1.0 g, Phenol Red 0.01 g/liter) with or with-
out 3.4 mM CaCl. This suspension was used to adjust
additional EBSS, with or without 3.4 mM CaCl, to an
optical density (O.D.) of 0.60 at 600 nm using a Bausch
and Lomb Spectronic 20 spectrophotometer (Roches-
ter, N.Y.). The growth media was pipetted from the
culture tubes containing cells attached to cover slips.
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EBSS heated to 37° C. was pipetted in, and drained out
twice, to remove any free-floating cells.

Adherence of Bacteria to Tissue Cells

The method for testing bacterial attachment to tissue
cells was the same for all strains of bacteria and all tissue
cell lines. 3 mls of the 0.60 O.D. bacterial suspension
was pipetted into the tube over the cover slip containing
the monolayer, and the tube was incubated for 30 min-
utes at 37° C. After incubation, the bacterial suspension
was removed, and the monolayer with attached cells
was rinsed three times with EBSS to remove any nonat-
tached bacteria, following the procedures described by
Kleenman et al., supra, for sequential removal of bac-
teria attached to tissue cell monolayers. The cover slips
were then fixed with acetone for 10 seconds and air
dried. The cover slips were gram stained and viewed at
1000 X magnification under oil immersion. Bacteria and
tissue cells in 10 randomly selected fields were counted,
and the bacteria-to-tissue cell ratio was calculated and
designated the attachment frequency. The average at-
tachment frequencies for human, bovine, poultry and
porcine tissue cells for the novel strains of L. acidophilus
and for selected known L. acidophilus strains are pres-
ented in Tables 1 through 4. '

TABLE 1

ATTACHMENT OF LACTOBACILLUS ACIDOPHILUS
STRAINS TO HUMAN FETAL INTESTINAL CELLS(HFI)

Strain BT1386 C-7 1336 BT1005
3.4 mM CaCl; + - + - 4+ - + -
present(-+)/absent(—)

Attachment Frequency! 19 36 368 0 0 0 74 49

(bacterial cells per
tissue cell)

IRepresents an average value for up to 4 test runs.

TABLE 2

ATTACHMENT OF LACTOBACILLUS ACIDOPHILUS
STRAINS TO BOVINE FETAL INTESTINAL CELLS (BFI)

Strain BT1386 C-7 1336 BT1005

3.4 mM CaCly
present(+)/
absent(—)
Attachment
Frequency
(bacterial cells per
tissue cell)

+ +

+

-+

667 428 0 ND 0 ND 05 ND

ND = Test Not Done
IRepresents an average value for up to 4 test runs

TABLE 3

ATTACHMENT OF LACTOBACILLUS ACIDOPHILUS
STRAINS TO PORCINE FETAL INTESTINAL (PFI) CELLS

Strain BT1386 C7 1336  BTI005  BT1057
3.4 mM CaClp + - + - 4+ - 4+ = 4+ -
present(+)/
absent(—)
Attachment 0o 56 0 0 0 O 0 0 454 29
Frequency

(bacterial cells
per tissue cell)

TABLE 4

ATTACHMENT OF LACTOBACILLUS ACIDOPHILUS

STRAINS TO CHICK EMBRYO INTESTINE (CEI) CELLS
Strain BT1386 C-7 BT1005 BTI1057
3.4 mM CaCl + - 4+ = 4 = 4 -

present(+ )/absent(—)

—

0

—
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6
TABLE 4-continued

ATTACHMENT OF LACTOBACILLUS ACIDOPHILUS
STRAINS TO CHICK EMBRYO INTESTINE (CEI) CELLS

Strain BT1386 C-7 BT1005  BT1057
Attachment 0.6 ND 0 ND 06 ND 53 ND
Frequency

(bacterial cells per

tissue cell)

Tables 1-4 show that strain BT1386, isolated from
cattle, attaches to human, bovine, poultry and porcine
intestinal cells and that this attachment is independent
of the presence of calcium. These results also demon-
strate that, while this strain does not require calcium to
attach to epithelial cells, the presence of additional
calcium enhances the attachment of the bacteria to
human, bovine and porcine cells.

Strain BT1005, isolated from a human, also shows
attachment to human cells independent of the presence
of calcium, and improved attachment in the presence of
calcium. BT1005 also attaches to bovine and poultry
cells in the presence of calcium.

Strain BT1057, obtained from pig feces, demonstrates
calcium independent attachment and enhancement on
porcine cells and attachment to poultry cells. Other L.
acidophilus strains, C7 and 1336, do not show calcium
independent attachment and fail to attach to the various
tissue cells, except that C7 attaches to human intestine
cells in the presence of calcium.

The novel strains of the present invention may be
used as dietary supplements for animals to provide an
internal source of L. acidophilus. The bacteria may be
administered alone or in a carrier, or with other compo-
nents, including vitamins, minerals, medications and
other additives. For use as dietary supplements, the
strains may be administered orally in a suitable, palat-
able carrier, for example, in a sugar carrier of D-glucose
or dextrose, or using inert materials such as diatoma-
ceous earth, starch and cellulose. Dosage of the bacteria
will vary according to the strain used and the animal
subject. It was unexpectedly found, however, that there
may be a maximum dosage of bacteria above which
performance as a supplement is impaired, and such a
dosage may even cause a reduction in the efficiency of
feed conversion. Example II shows the effects of admin-
istering strain BT1386 to cattle as a feed supplement.

EXAMPLE II

The Effect of Oral Administration and Continuous
Feeding of Lactobacillus Acidophilus Strain BT1386 in a
Bovine Model .

A field study was conducted on feed lot cattle (steers)
in Amarillo, Tex. during Aug. 1985 to Nov. 1985. Three
different formulations of preparations containing lyoph-
ilized (freeze-dried) L. acidophilus strain BT1386 in a
sugar carrier, and a fourth formulation consisting of a
simple sugar carrier without the BT'1386, as a control,
were administered orally using a drenching gun to indi-
vidual newly arrived cattle, followed by continuous
feeding of solid feed with and without L. acidophilus for
84 days.

Test Animals

Forty-eight newly arrived feeder cattle (steers), of
various sizes and weights (approximately 405 1bs. each),
were obtained by Dr. D. Hutcheson at Texas A & M
University, Agricultural Experiment Station in Ama-
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rillo, Tex., from Tennessee, and were divided into four
groups. Sixteen animals were assigned to each group,
using a randomized complete block program for assign-
ment. The four groups consisted of animals given a low,
medium or high dose of L. acidophilus strain BT1386, as
described below, and a control group to which no bac-
teria was administered.

Administration of Additive

Vials containing various formulations of freeze-dried
Lactobacillus acidophilus strain BT 1386 for either liquid
oral doses or solid feed additive oral doses were appro-
priately designated for each group. Doses consisted of
high (2X 1010 colony forming units (CFU) of strain
BT1386 per animal per day), medium (2% 108 CFU),
and low (2X 106 CFU), or controls containing the sugar
carrier and no bacteria. A single liquid oral dose
(“drench”), of approximately 10 ml of L. acidophilus in
water, strain was administered to each animal on the
first day of the test. Each animal received the same
volume of the liquid by mouth, using a drench gun.
During the solid feeding phase, treated feed was pre-
pared on a daily basis by suspending the contents of one
vial in one liter of clean water in a clean container and
evenly distributing the material over the feed and mix-
ing. The feed was then emptied into a labeled hopper.

To ensure that the cattle took in the full dose of bac-
teria, the average minimum amount of intake of feed per
day, per animal, was predetermined, and the full dose
incorporated into that amount of feed. Treated feed left
over from the previous day was discarded.

Measurements

Measurements were taken of the initial weight of
each individual animal, in pounds, on arrival at the feed
lot. Daily feed intake was measured to determine total
feed intake per animal, per day, and this data was re-
corded by an on line computer for constant processing.
Each animal was weighed at 28-day intervals after the
initial weighing, and a final weight taken after 84 days at
the end of the study. Observations on general health of
the animals were made at the start, at weekly, and at the
conclusion of the study.

Data Analysis

The one-way statistical analysis of variance technique
was used to analyze weight gains, feed intakes, and feed
conversion data. Feed conversion is a measure of the
amount of feed required for the animal to gain one
pound of weight, and may be calculated by dividing
intake by weight gain for a given time period. Table 5
shows the mean feed conversion for the four test groups
after 84 days. Statistical significance of the results is
indicated by comparing calculated Least Significant
Differences (LSD) with the predicted LSD values ob-
tained from the analysis of variance. Feed conversion
values which result in a calculated LSD which exceeds
the predicted LSD are considered significant.
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8
TABLE 5

FIELD TEST OF BT1386 IN FEEDLOT CATTLE
(84 DAY DATA)

Group Mean Feed Conversion Calculated LSD!
Control 6.012
High 6.355 Ns?
Medium 5.472 0.883
Low 5.536 0.819
Predicted 0.550
LSD?

'LSD = Least Significant Difference
INS = Not Significant
3 = Significant at Alpha = 0.05

As can be seen from Table 5, feed conversions for
animals receiving medium and low doses of strain
BT1386 were significant. Animals receiving a medium
dose of L. acidophilus BT1386 consumed the most food
and gained the most weight, and were the most efficient
in converting feed into weight gain, as compared to
animals receiving the other doses or the control.

These results indicate that the response in the animals
to L. acidophilus BT1386 is dose dependent, with me-
dium doses demonstrating the best feed conversion.
Surprisingly, these results also show that high doses of
bacteria lead to reduced feed conversion, as compared
to animals in the control group, suggesting that there is
a maximum dose above which performance of the bac-
teria is impaired and the efficiency of feed conversion is
reduced.

EXAMPLE III

The Effect of Administration of Lactobacillus
Acidophilus Strain BT1386 in Poultry

Tests were also run in a 49-day study at Bio Tech-
niques Laboratories, Inc. (Redmond, Wash.), using
BT1386 as a feed supplement for Cornish Cross poultry.
Poultry fed water containing strain BT1386 also dem-
onstrated superior feed conversion over controls (lack-
ing bacteria) with poultry fed high doses (1 x 109 CFU/-
bird day) exhibiting better feed conversion than those
fed low doses (1108 CFU/bird day). This dose re-
sponse may be due, in part, to the fact that antibiotic,
which may depress the effective number of introduced
bacteria, was present in poultry feed to mimic industry
feeding conditions.

While the present invention has been described in
conjunction with preferred embodiments, one of ordi-
nary skill, after reading the foregoing specification, will
be able to effect various changes, substitutions of equiv-
alents and alterations to the compositions and methods
set forth herein. It is therefore intended that the protec-

" tion granted by Letters Patent hereon be limited only by

the appended claims and equivalents thereof.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. A biologically pure culture of a strain of the micro-
organism Lactobacillus acidophilus having the identify-
mg characteristics of ATCC No. 53545.

* * * *



