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INTRODUCTION

Probiotics are microbial-based dietary adjuvants that beneficially
affect the host physiology by modulating mucosal and systemic
immunity, as well as improve the nutritional and microbial
balance in the intestinal tract (1). Lactic acid bacteria (LAB) are
indigenous probiotic microflora of mammalian gastrointestinal
tract that play an important role in the host microecology and
have been credited with an impressive list of therapeutic and
prophylactic benefits (2).

The probiotic spectrum of LAB can be divided into nutritional,
physiological and antimicrobial effects. Probiotics prevent
adherence, establishment and replication of several enteric
mucosal pathogens through several antimicrobial mechanisms
(3-5). Probiotics also release various enzymes into the intestinal
lumen and exert potential synergistic effects on digestion and
alleviate symptoms of malabsorption (6-8). LAB have also
demonstrated the ability to significantly reduce sulfide and
ammonia containing compounds, thus could reduce the odor and
toxicity associated with animal excrements (9). Consumption of
fermented dairy products with probiotic LAB have been reported
to elicit antitumor effects. These
effects are attributed to the
inhibition of mutagenic activity;
decrease in several enzymes
implicated in the generation of
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Probiotic spectrum of strain KE-99 includes high-affinity
intestinal attachment, extended gut retention,

factors (14-16). Oral administration of LAB is well tolerated and
proven to be safe in 143 human clinical trials with no adverse
effects reported (1).

Recent global marketing trends of probiotics are based on
expectations of a prophylactic effect and in many cases as an
alternative to more conventional pharmaceutical preparations.
Although used in humans and livestock for generations, only
recently have probiotics been subject to thorough scientific
research and clinical scrutiny. The most common use of probiotics
is as food in the form of fermented milk products. The list of
probiotic effects and health claims with the use of LAB is steadily
expanding and the continuous search for probiotic super strains
is highly demanding.

KE-99: SCREENING FOR A PROBIOTIC SUPER
STRAIN

The greatest potential for LAB to improve life quality for man and
domestic animals lies in their in vivo probiotic applications.

In order for LAB to exhibit beneficial probiotic effects in vivo, the
organisms must survive for
extended time periods in the
gut. Therefore, it is critical that
the selected probiotic LAB
strains possess qualities that

carcinogens, mutagens, or
tumor-promoting agents;
suppression of tumors; and the
epidemiology correlating dietary
regimens and cancer (10-13).
Specific cellular components of
probiotic LAB seem to induce
strong adjuvant effects including
modulation of cell-mediated
immune responses, activation of
reticulo-endothelial system,
augmentation of cytokine
pathways and regulation of
interleukins and tumor necrosis

attachment-inhibition (prophylactic) / detachment
(therapeutic) of several intestinal pathogens, and
prominent reduction of ammonia and sulfides in feces.
Ongoing dietary supplement trials indicated that KE-99
formulations are highly effective in the clinical
management of various intestinal diseases including
antibiotic-induced diarrhea, inflammatory bowel disease,
irritable bowel syndrome, constipation and influenza-
associated diarrhea. A patented oil-based prebiotic
anaerobic encapsulation system for an extended
preservation of probiotic at room temperature and a
rapid recovery after in vivo administration has been
developed for a dose-efficient functional delivery of
KE-99.

prevent their rapid removal by
gut contraction (17). Effective
probiotic bacteria should also be
able to survive gastric conditions
and colonize the intestine, at
least temporarily, by adhering to
the intestinal epithelia (18).
Intestinal health is dependent
on several intrinsic and extrinsic
factors in the lumen where
physio-chemical dynamics of the
milieu are in continuous change.
Toxic metabolites such as
ammonia and sulfur containing



compounds cause severe intestinal malfunctions includingTCC15009 and 55% homologylaéttobacillus cassg.
constipation, malabsorption, mucosal damage, irregular: bahainnosus CC7469. A pure culture of KE-99 was deposited
movement that lead to clinical conditions such as inflammaitirghe American Type Culture Collection, Bethesda, MD, as
bowel disease (IBD), irritable bowel syndrome (IBS), etc. (lat@bacillus casgsigned with the number ATCC-PTA3945
Therefore, in addition to the generally recommended scred2bjg
guidelines, we have particularly included the probiotic-ind&eethermore, two primers for the amplification of species-$
fecal detoxification of ammonia and sulfur containing | Lactobacillus casg99, i.e.

metabolites in the gut as the key criterion for isolation of a(i)5C~)—T'I:G TCACCG GCAGTT CT'I(tAfgSCtDL KE-99 F1)
probiotic super strain. . and (iipO-TGT CGT CAG CTC GTG TQ@BeAD:

The screening process was limited to traditional fermentedac upp) were also synthesized using the standard desalti
yogurt-like Asian dairy products With at Ieast aten- year'hiptmgeetes (Integrated DNA Technologies Coralville, lowa). Pt

isolation ofactobacillgpp. included SL broth supplememedjeletmns substltuuons etc. against a public gene bank ug *o
with 0.05% cystein; trypticase phytone yeast extract mediuasergene (DNAStar, Madison, WI) software. A primer setf
containing antibiotics for isolati@ffidbbacteritgpp.; and Real-Time PCR specific for KE-99 was then developed fo.
Streptococcsp. were isolated with trypticase yeast extraajualitative and quantitative analysis of KE-99 for QA/QC &
cystein medium. A total of 81 isolates were identified as other validation purposes.
Lactobacillspp. based on standard microbiological
identification methods. The suitability of these lactobacilli for

probiotic applications was determined by the folloitring : KE-99: PROBIOTIC SPECTRUM
screening criteria: i) resistance to low pancreatic juice; ii)
adherence ability to sub-epithelial matrices such as Biocokt¥itrgrobiotic activity of KE-99 to reduce ammonia and

Matrigel (Becton Dickinson, Bedford, MA) and to cultured sulfides was evaluated. Sulfide reduction by KE-99 in MR8Droth

intestinal epithelial cells (Caco-2 cell line); iii) ability to : increased exponentially after 10-h growth and reached
competitively exclude enterohemofhamierotype maximum (>300 ppm reduction) within 48-h. KE-99
0157:H7 adherent to collagen matrices; and iv) capacity tdemonstrated a maximum reduction of sulfide under anae

analyzing all 81 candidate lactobacilli strains, only two stragguced N& (374 ppm) more readily thaj,8\840 ppm)
could fulfill the stipulated probiotic screening criteria. Themtt/soAmmoma reduction by strain KE-99 reached maxim§®
strains of lactobacilli were designated as KE-97 and KE-9®jthin 36-h and remained unchanged over extended incu
respectively. Furthermore, additional criteria of commerglabf 72-h or further. KE-99 reduced ammonium sulfate (37
relevance, i.e., growth-multiplication rate (generation time iere readily than nitrate (31 ppm), hypophosphate (29 ppx
determined by impedance detection using BioMerieux?®: chloride (20 ppm) salts of ammonia.
Bactometer System), stability of strains in continuous cultumeyitranteractions of KE-99 with different biomatrices was
freeze-drying and revival characteristics, and aroma/flavocharacterized and compared with that of three ATCC refe
profiles were ascertained for each of the probiotic candldamalnsl, cas@rCC393,. reuteATCC23272, and

strain. Based on all the above screemng criteria, strain KEL98hamnosASCC 7469 (Table I). KE-99 demonstrated avig

was finally chosen and maintained in a substantially -
pure culture for preparation of probiotic Table | B KE-99 interactions with different biomatrices compared %
compositions and for validation studies. o AR (a6 Siaing 3
A unique DNA fingerprint for specific identifice S
of KE-99 was established by a random amplified 3
polymorphic DNA (RAPD) protocol. This assay utilizes g
a single 10-mer primer that produce distinct banding =
patterns of variable intensities and numbers of 8
amplified products on 1% agarose gel with bacterial 5
DNA samples. The comparative banding patterns of 3
several reference straihacbbacillspp. 3
provided a distinct molecular identification a g
genomic fingerprinting library for KE-99 (Figure 1). <
Based on the phylogenic analysis, KE-99 showed N
13% homology witlactobacillus helveticus s

binding to collagen type-l, collagen type-IV, laminin and
fibronectin and Matrigel® layérs/itroKE-99 binding to
Caco-2 cell monolayers was approximately 54% (108
lactobacilli/Caco-2 cell). All ohthéranteractions of KE-99
with sub-epithelial matrix layers and Caco-2 cell monolayers
were significantly higher (p<0.0001) than all three ATCC
reference strains.

Hgure 1 B DNA fingerprinting by RAPD assay using 1%
agarose gel. KE-99 pattern is highlighted in red. Lane 1 is
molecular weight marker HyperLadder I; lanes 3 to 14
are ATCC reference strains: 3).. acidophilus

4) L. amylovord L. brevi®) L. delbruecksp.lactis

7) L. fermentud) L. helvetic® L. paracasssp.paracasei
10)L. plantaryrhl).. caseisp.rhamnosuk?)L. pentosus
13)L. caseisp.caseil4)L. reuteri
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