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Brief Description of the Figures

Fig. 1 is a photograph of the antagonistic effect of Bacillus PB6 (1) against C,
perfringens ATCC13124 (2) and C. difficile ATCC9689 (3).

Fig 2 1s a photograph of the antagonistic effect of Bacillus PB6 on Clostridium
30 difficile NAP1/027.

Fig. 3 is a photograph of the antagonistic effect of Bacillus PB6 on Campylobacter
Jejuni ATCC55918.

Fig. 4 is a drawing of the chemical structure of surfactin.
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ot her b' PQ Rt%ﬁ)ttclnx%ﬁ (bgﬂé)hfanenlt acz%lus PB6; Lane 3, Escherichia coli ATCC 25922; Lane
4, B. cereus ATCC 49064; Lane 5, B. cereus ATCC 11778; Lane 6, GeneRuler™ mass
ladders (3000, 2000, 1500, 1200-bp); no amplified band corresponding to a 1400-bp PCR

product was detected in any of the lanes.

Fig. 12 is a photograph showing the lack of antagonistic effect of Bacillus cereus
25 (1) against C. perfiingens ATCC13124 (2) and C. difficile ATCC9689 (3).
Fig. 13 is a photograph of the antagonistic effect of Bacilius PB6 against
Campylobacter jejuni ATCC 33291.
Fig 14 is a photograph showing the lack of antagonistic effect of Bacillus cereus

against Campylobacter jejuni ATCC 33291,
30

Detailed Description of Preferred Embodiments
PB6 is a proprietary bacterial strain that was isolated from nature and has not been

genetically modified. Using a ribotyping technique this bacteria was identified as being a




Table 2: Results of the influence of acidic incubation on the

anti bacterial activity of surfactin against Costridiumpetfringens
MEC (ughnl) (C pafringens) 60' HCL 90' HC1 No HCL 30" HCL
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15 EXSAMPLE P — BFFICACY OF BACILLUS PB6 AGAINST C. DIFFICILE, AAD AND

; CDAD
The antagonistic properties of Bacillus PB6 were tested against C. perfringens
ATCC13124 and C. difficile ATCC9689.
Bacillus PB6 had antagonistic effect against C. perfringens ATCC13124 and C.
20 difficile ATCC9689. A clear zone was observed at the intersections of the streak-lines on

the plate for both species. An example of the test plate is depicted in Fig, 1.

Bacillus PB6 also had antagonistic effect against C. difficile NAP1/027. This C.
difficile strain is linked to several highly dangerous outbreaks and shows resistance to
antibiotics. An example of the test plate is depicted in Fig. 2.

25 In order to determine the antimicrobial effect of the secondary metabolites of
Bacillus PB6, the bacteria was fermented and the fermentation product was extracted by
diethy] ether. The organic layer was separated, concentrated in vacuo and redissolved in
DMSO for screening,

The minimum inhibitory concentration (MIC) of the extract was 2.5 — 5 ng/ml

30 against C. perfringens and 5 — 10 pg/ml against C, difficile (Table 1).



Table 3. Influence of Bacillus PB6 on inmune response in nale
broilers Treatnment Phagocytosis Negative control 6.59 Positive
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pepsin and trypsm the activity against Clostridium sp. decreased significantly. Since

25 pepsin and trypsin are enzymes produced in the mucosal lning of the stomach and the

pancreas, it is clear that oral administration of surfactin will lead to a significant loss of the

activity. Other experiments, where surfactin has been incubated at 37°C for 30, 60 and 90
minutes with 0.1 N HCI, showed that acidic conditions (as in the stomach) lead to a loss in
activity (Table 2). Therefore, administration of Bacillus PB6 {(eventually as spores) is

30 more effective to obtain effective concentrations of surfactin or other Iip opeptides in the

intestine,
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to day 28 and was without treatment from day 29 to 42 and sacrificed on day 43, The
control vehicle group received distilled water at a dose of 10ml/kg up to day 28 and was
without treatment from day 29 to day 42 and sacrificed on day 43.

Conclusion: No Observed Adverse Event Level (NOAEL) for B. PB6 (10'° cfu/g)
in 28 days toxicity trials in rats is found to be greater than 1000 mg/kg.

Locg] Iritancy Study (Dermal and Eye) of B. PB6 in New-Zealand White Rabbit

A total of 3 New-Zealand White Rabbits (either sex) — Same rabbits were used for
dermal and eye irritation in this study. A minimum gap of 5 days was kept between both
studies. 1 g.of B. PB6 (10'® cfu/g) was applied as a paste to the skin for dermal irritation
and 100p1 of 10% B. PB6 suspension instilled into left eye for eye irritation.

Test Item PB6 paste was applied to skin at dorso-lateral area after removal of hairs
in 3 rabbits. Suspension of 10% PB6 was instilled in the eye of 3 rabbits. The test item
was removed from skin of the animals 4 hours post-application. After instillation of test
item in left eye, the eyelids were held together for 2-3 seconds.

The rabbits were observed and scored for dermal irritancy at 1, 24, 48 and 72 hours
after removal of test item PB6. For eye irritancy scoring was carried out at the same time
points post-instillation of PB6 suspension.

Conclusions: Dermal : No irritation was observed, when 1g of B. PB6 (10" cf/g)
was applied as a paste.

Eye : No irritation was observed, when 100ul of 10% suspension of B. PB6 (10'°
cfu/g) was instilled.

Erythrocyte Micronucleus Assay of B. amyloliquefaciens PB6 in Mice
This study was designed and conducted to detect the damage induced by the test

substance to the chromosomes or the mitotic apparatus of Swiss albino mice. A total of 5
male and 5 female animals were administered oral dose of 2500 and 5000mg/kg, the
control vehicle group consisted of 5 male and 5 female mice which received double
distilled water at a dose of 10ml/kg orally. The positive control group (5 male+ 5 female)
received cyclophosphamide orally at a dose of 40 mg/kg.

The animals were sacrificed by excess of CO; at respective time points (control
group, 2500 mg/kg PB6 cyclophosphamide at 24h and 5000 mg/kg PB6 at both 24 and 48

h) and both femora were removed and bone marrow smears made on slides, stained with

10
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Giemsa and May-Greunwald stain, viewed under microscope for the incidence of
micronucleus by counting 2000 immature erythrocytes.

The percentage of immature among total (immature + mature) erythrocytes is also
determined for each animal by counting at least 200 erythrocytes.

Conclusion: B. PB6 (10! cfu/g) at a dose of 2500 & 5000 mg/kg did not

significantly induce micro nucleated polychromatic erythrocytes in mice.

Determination of the in vive efficacy of orally administered Bacillus PB6 in the treatment

of Golden Svrian hamsters suffering from CDAD,

Study design

Forty-two male Golden Syrian hamsters were obtained from the National Centre
for Laboratory Animal Sciences, NIN (Hyderabad, India). At the beginning of the
treatment period, the animals were 12 to 14 weeks old, Upon their arrival at the test

facility, the animals were given a complete clinical examination under the supervision of a
veterinarian to ensure that they were in good condition. The animals were acclimatized to
the study conditions for a period of at least 7 days. Body weights were recorded before
allocation of the animals into the study groups at the start of the trial. The animals were
housed individually in polycarbonate cages (200x22x140 mm, LxWxH). The animal room
and test room conditions were set as follows: temperature: 22 + 4°C, relative humidity: 50
*20%, light/dark cycle: 12hr/12hr (light 07.00-19.00) and ventilation; approximately 7
cycles/hour of filtered, non-recycled air. All animals had free access to Hamster Pellet
Feed (NIN, Hyderabad) and Aquaguard purified water ad lbitum.

Animals were allocated to one of seven study groups {(AtoG).Ingroups Ato B
Clostridium difficile associated diarrhea was induced by administering 10000 CFU’s of
Clostridium difficile ATCC 9689 oraily on day 0, followed by a subcutaneous injection in
the trunk region just behind the ears of clindamyein 160 mp/Kg on day 1. Group A
received no further treatment,

Group B was treated once daily from days 2 to 6 with vancomycin 50 mg/Kg by
oral gavage. Groups C, D and E were treated with PB6 at a dose of 1.5 x 10%,1.5% 107 and
1.5 x 10° CFU/Kg respectively, 3 times daily with 4 hours interdose (first dose at 9.30 am)
from day 1 to 6 by oral gavage. On day 1 the first dose of PB6 was given 1 hour after the
injection of clindamycin. In groups F and G the animals were given PB6 at a dose of 1.5 x
10° CFU/Kg, 3 times daily with 4 hours interdose (first dose at 9.30 am) from day 1to 6
by oral gavage. Day 6 was the last day of treatment. Twice daily, up to day 15,
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observations were made for clinical signs and mortality. Signs of diarrhea were scored as
being mild, moderate or severe, Body weights of animals were recorded on day 0, 7 and
14. For groups A to E facces were tested on days 1,2 and 7 for the presence of Clostridium
toxin A and B using Immunocards (Meridian life sciences). On day 1 fecal samples were
taken before clindamyein administration. On days 2 and 7 fecal samples were taken
between the second and third treatment dose.

Test preparations

A Culti-loop (Oxoid, Basingstoke, England) containing Clostridium difficile
ATCC 9689 was inoculated according to the manufacturers instructions and the broth was
diluted with saline to obtain 10000 CFU/mL. Clindamycin hydrochloride (Pharmacia,
Puurs —Belgium) and vancomycin (Neon Laboratories, Bombay, India) were suspended in
double distilled water to a concentration of 10 and 50 mg/ml respectively. Dose volumes
were 10 and 1 mI/Kg bodyweight for clindamyein and vancomycin respectively. PB6 Dry
(Kemin Consumer Care, Des Moines, USA), a Bacillus “PB6’ fermentation broth dried on
a malto- and cyclodexirin carrier, was suspended in double distilled water to
concentrations of 1.5E8, 1.5E6 and 1.5ES CFU/m!. Dose vohime was 10 mi/Kg
bodyweight. Fresh preparations were made prior to each administration. Clindamycin,
vancomycin and PB6 were administered on the basis of the last individual body weight
taken. The preparations were stirred vigorously before each dosing.

Results and discussion

About 6 hours after clindamycin was administered mild diarrhea was observed in 3
animals of the no treatment group and in 1 animal of the group to be treated with
vancomycin. In groups C, D,E, where the animals received their first dose of PB6 about 1
hour after the administration of clindamycin, none of the animals showed any sign of
diarthea that same day. The number of animals suffering from diarrhea and the severity of
diarthea evolved differently between treatment groups the following 2 days (Table 4). All
groups in which Clostridium difficile associated diarrhea was induced showed si gns of
diarrhea. The intensity of diarrhea was less in the group treated with vancomycin and the
group treated with the high dose of PB6. In the no treatment group as well as in the low
and mid dose PB6 groups the stool was very watery and whole of the abdominal area was

wet,
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Table 4. Number of animals with diarthea and their score for days 1 to 3, in the groups in

which CDAD was induced.
Treatment Day 1 Day2 Day 3
number | scote number | score number | score
No treatment 3 + 6 +(1) 6 ++ (5)
+4- (5) +++ (1)
Vancomycin 1 + 2 ++ 2 -+
PB6 high 0 3 +(2) 4 + (1)
+ (1) ++(3)
PB6 medium 0 5 + (4) 6 + (1)
++ (1) ++2)
+=+(3)
PB6 low 0 5 + 6 + (1)
' ++(2)
+++ (3)

+:mild -++: moderate +4+: severe

At the end of day 3 all animals of groups in which CDAD was induced welie still
alive but several of them were showing signs of severe diarrhea. On day 4, three days after
clindamyein administration, the first animals died. At the end of the treatment period, on
day 6, all hamsters in the no treatment group had died. Survival was highest in the

vancomycin and PB6 high dose treatment groups, where 4 out of 6 had survived (Fig. 5).

On day 7 a decreased average body weight was observed in all groups in which
CDAD was induced. There was a clear inverse dose response relation with PB6
concerning this decrease in weight (Table 5). The animals receiving low dose of PB6, on
average lost 3 times more weight than the animals which received the high dose. Weight
loss was least with vancomycin treatment. The average body weight in the two groups in

which CDAD was not induced had slightly increased over the same time period.
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Table 5. Averagé body weight (g) and body weight eain (%).

. Average body weight
Treatment Average body weight (g) difference (%)
Dav 0 Day 7 day 0 to 7
CDAD Induced
No treatment 219.0£5.1 * %
(n=6)
, 218.0+46 215.8°+1.7 b
Vancomycin (a=6) (0=4) 1.7 £1.8
. 218.8%£40 206.5°x£5.7 b
PB6 high (n=6) (=4 -5.0°+2.1
. 217.8+3.2 189.0°%2.7 .
PB6 medium (n=6) (0=3) -12.9° 0.7
2172+45 176.5°+2.1 d
PB6 low (0=6) (0=2) -17.9°+1.2
No CDAD
induced
, 217.8+£2.3 230.0*%+ 7.6 2
PB6 high (0=5) (=6) 5.6+3.1
. 219.2+3.9 2258+ 4.8 a
PB6 high (n=6) (0=6) 3.1%+£3.2

abede

*no data, all animals had died
values within the same column not baring a common superscript
are significantly different (P<0.05, Least Significant Difference).
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The presence of clostridium toxin A and B in fecal samples of the animals in which
CDAD was induced, was checked on days 1, 2 and 7. As expected, groups showing high
mortality and a high decrease of average body weight also had a high percentage of

animals tested positive for these toxins with again an inverse dose response relation with
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3 Conclusion

This study was designed and conducted to evaluate the efficacy of B, PB6 in
treating CDAD in the hamster model of clindamycin-induced CDAD, a well-established
and highly sensitive model for this infection. Hamsters that were not treated after
induction of CDAD all got severe diarrhea, lost weight and died within five days.

16 Treatment with PB6 resulted in a dose related response. Diarrhea, body weight reduction
and mortality were least with the highest dose of PB6. At the stop of treatment the highest
dose of PB6 showed to have been equally efficient as vancomycin in helping hamsters to

survive clindamyein-induced CDAD.

15 Evaluation of the Efficacious Components of the Orally Administered Bacillus
PB6

The new dietary concept of probiotics (such as inulin) is gaining popularity among
nutritionists, physicians, food manufactures and consumers. The most widely accepted
definition of a probiotic food is: “A probiotic is a selectively fermented ingredient that

20  allows specific changes, both in the composition and activity of the gastrointestinal
microflora that confers benefits upon the host well-being and health.” To be classified as a
probiotic ingredient in food products, that ingredient must 1) resist digestion (hydrolysis)
by alimentary enzymes in the stomach and small intestine; 2) enter the colon chemically
intact and subsequently undergo partial or complete fermentation; and 3) stimulate active

25 growth and/or activity of health-stimulating intestinal bacteria, Health benefits of
probiotic-stimulated bacteria growth are wide-ranging and include such benefits as

positive effects on colon cancer and pathogens, decreased triacylglycerols, increased
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218.8 1 4.0 (1=6) 206.5d 1 5.7 (n=4) -5.0b 1 2.1 PEG medium 217.8
3.2 (n=6) 189.0d 1 2.7 (n=3) -12.9b 1 0.7 PEG low 217.2 1 4.5 (n=6)
176.5d 2.1 (n=2) -17.9d 1.2 No CDAD i nduced PEG high 217.8 1
2.3 (n=6) 230.0" 1 7.6 (n=6) 5.6'" 1 3.1 PEG high 219.2 1 3.9 (n=6)
225.8' 4. gbgoypidn Gt abd M@, and increased stool frequency and fecal weight, Inulin is 2

polydisperse S(2— 1) fructan with chain lengths ranging from 2 to 60 units. The unique
linkage between the fructose molecules of inulin and oligofructose distinguish them from
typical carbohydrates. They resist digestion by human alimentary enzymes and absorption
5 inthe small intestine but are hydrolyzed and fermented by colonic microflora and
therefore classified as a probiotic dietary fiber. *»#344:4546
The fact that probiotics stimulate the active growth and/or activity of health

stimulating intestinal bacteria, make them very interesting products to be administered

| together with probiotics such as Bacillus PB6.

10 In addition, Bacillus amyloliquefaciens PB6 does not inhibit the growth of
“healthy” bacteria from the gut flora such as LactoBacillus spp. and Bifidobacterium spp.

Materials and Methods
Identification of isolated PB6 bacteria

15 The PB6 Bacillus strain isolated is a Gram-positive rod and possesses catalase.
Malachite Green staining confirmed that this microorganism possesses endospores and is a
spore-former. This microorganism is also a “swarmer” as upon extended incubation
period, it tends to spread over the entire agar surface. In terms of relatedness to known
Bacillus spp., the Bacillus strain isolated has 92.0'% ID. Based on the API biochemical

20  profiles, the PB6 Bacillus strain was putatively identified as B. subtilis. The PB6 Bacillus
strain was therefore deposited as ATCC - PTA 6737 and named there Bacillus subtilis.
United States Patent Application Serial No. 10/306,365, filed November 27, 2002, is
incorporated herein by this reference.

16 fRNA gene sequencing

25 The nearly complete 16 rRNA sequence of Bacillus PB6 was completed and
aligned (SEQ ID NO.1, Fig. 6).
GyrA sequencing
Partial gyrA sequences of PB6 obtained by two different groups are shown in Fig.
7 (SEQ ID No. 2) and Fig, 8 (SEQ ID NO. 3).
30 DNA:DNA hvbridizations
Hybridizations were performed under stringent_ conditions (at 40 °C) according to a
modification of the method described by Ezaki et al.¥ The DNA homology percentages

are the mean of minimum 4 hybridizations. The value given between brackets is the
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animal s tested positive for th [ese f Cdifficile toxins Aor B
in their faeces. Tr eat ment MWPOSIUVE Test ed

Positive Tested Positive Tested % DNA homology
Bacillus PB6 100
B, amyloliquefaciens LMG 9814 75 (13) 100
B. velezensis LMG 22478" 90 (6) 80(8) | 100
5

A DNA homology above 70%, the generally accepted limit for species
delineation,” is found between Bacillus PB6, LMG 9814" and LMG 22478".
From these results, it appears that B. velezensis and B. amyloliquefaciens belong to
the same genospecies and are therefore subjective synonyms such that in applying
10 nomenclatural rule 42 the oldest legitimate name should be retained, i.e. B.
amyloliguefaciens; and that Bacillus PB6 (ATCC — PTA 6737) may more properly be

categorized to the species B. amyloliquefaciens.

Testing of antagonistic properties of Bacillus amyvlofiquefaciens by the streak-lne assay

15 Bacillus amyloliquefaciens PB6 was inoculated as a straight line on Tryptone Soy
blood plates (Oxoid, Belgium), after 24 hours of incubation at 37°C in aerobic conditions,
the different indicator strains were inoculated perpendicularly to the Bacillus PB6 culture.
Plates inoculated with Clostridia species were incubated in anaerobic conditions using
Anaerogen Pak (Oxoid, Belgium). After overnight incubation at 37°C, antagonistic

20 ecffects were evaluated by the appearance of clear zones surrounding the junctions of the

streak-lines indicating the inhibitory effects of one organism against the other.

Extraction and antimicrobial screening of the secondary metabolites of Bacillus PB6.

Bacillus PB6 was grown on Trypton Soya Agar plates supplemented with 5%

25  sheep blood (Oxoid, Belgium) for 24 hours at 37°C. This culture was used to inoculate
100ml Tryptic Soy broth supplemented with 0.6% yeast extract (Oxoid, Belgium). After
incubation for 24 hours in a shaking incubator (100 rpm) at 37°C, the broth was mixed (3
times) with equal amounts of diethyl ether (Acros, Belgium). After extraction of the
metabolites, both layers were separated and the ether fraction was collected and

30 centrifuged at 4000 rpm for 5 min.
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Afterwards, the solvent was removed in vacuo using a rotating evaporator. The
residue was weighed and dissolved in dimethylsulfoxide (Acros, Belgium) resulting in a
final concentration of 10000ug/mi crude extract. Further dilutions (500, 250, 100, 50, 25
and 10pg/ml) were made in a mixture of DMSO/water with ratio 1/11. Finally, 25p1 of
each dilution was pipetted into the wells of the microtiter plates (Labsystems, Finland).

The bacteﬁal strains Clostridium perfringens ATCC13124 (C1600L, Oxoid,
Belgium) and Clostridium difficile ATCC9689 (C1610L, Oxoid, Belgium) were purchased
as freeze-dried culti-loops and brought into culture according to the manufacturer’s
instructions. From both cultures a McFarland standard (As25nm = 0.100) was prepared in
Anaerobic Basal broth (Oxoid, Belgium). 250ul of this standard was added to 10ml of
fresh Anaerobic Basal broth, and 2251 of this medium was pipetted into the wells.
Yielding a final cell density of 5 x 10 cfu/ml in each well. The microtiter plates were
incubated in anaerobic conditions for 18 hours (C. perfringens) and 48 hours (C. difficile)
using Anaerogen Compact (Oxoid, Belgium) in an airtight plastic bag, Before and after the
incubation period, optical density (OD) of each well was measured using the Bioscreen C
analyzer (Labsystems, Finland). White light (Wide Band) was used to measure the OD.
Tests were done in duplicate and also control of the medium, medium plus inoculum
(negative control) and a positive control; vancomycin (Fluka, Belgium) at three
concentrations (0.1, 0.5 and 1.0pg/ml) was included in the test batch. Minimum inhibition
concentration (MIC) was defined as the lowest concentration where no growth occurred or

where no increase of OD was detected.

Determination of the enhancing effect of a co-factor on the activity of surfactin

The ether extract of the B. amyloliquefaciens PB6 fermentation product was
separated by preparative TLC (Kieselgel 60, 20 x 20 cm, 2mm layer thickness). The eluent
used was hexane/acetone (30/70). The surfactins were isolated in the zone with R0 to
0.33. The MIC against C. perfringens of the surfactins isolated from this zone was
between 10 and 25 pg/ml. In another zone (R 0.33 to 0.76) one or more products were
found that were not active against C. perfiingens (MIC > 100 p g/ml). When a
combination was tested of the products of both zones, with a final concentration of both
extracts of 10 pg/ml each, there was no growth of C. perfringens. The MIC of surfactins
decreased to below 10 pg/ml when combined with these products that were not active on

their own.
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concentrated ten-fold using up to 80% saturated ammonium sulfate solution (561gper

liter)®, After centrifngation at 10000 X g for 20 min, the supernatant was decanted and
25  protein-pellet was re-suspended in 2.5 ml of phosphate buffer (20 mM; pH 6.8). Residual

salts of ammonium sulfate were removed by dialysis against the same buffer at 4°C for 6

h. The final volume of the dialyzed protein solution was adjusted to one-tenth of the

original volume (5 ml) using the phosphate buffer (20 mM; pH 6.8)".

Emetic toxin production. A 1-ml volume of overnight test culture was inoculated

30 into 50 ml of Brain Heart Infusion (BHI) supplemented with 1% glucose (BHIG) and

incubated for 6 h at 32°C in a shaker incubator set at 250 rpm. Bacterial cells were

precipitated by centrifugation at 2000 X g for 10 min at 4°C¥, The supernatant was

collected and then auteclaved at 121°C for 15 min to remove heat-labile enterotoxins®.
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horol cigy m?c?r%lsgolpi%illy bBe6for]£§c addition of MEM medium (8 ml) to prevent further effect of -
trypsin. A 5-ml aliquot of freshly trypsinised Vero or HEp-2 cells were then transferred to
new culture flask containing 15 m! of MEM for incubation at 37°C under 5% COs.
TECRA® Bacillus Diartheal Enterotoxin (BDE) Visual Immunoassay, All
components of the test kit (TECRA International Pte Ltd, Chatswood, NSW, Australia)
20 . were kept at 20 — 25°C prior to testing of samples for BDE. As stated by the
manufacturer, microtiter wells containing high affinity antibodies specific for BDE were

pre-soaked with wash solution, provided in the kit and allowed to stand for 10 min at 20 —

25°C. The wells were emptied before aliquots containing 200-p1 volume of test samples
and conirols (positive and negative) were transferred into individual wells. The wells

25  were incubated at 37°C for 2 h. The wells were washed 4 times before an aliquot of 200
pl of conjugate was added to each well and incubated at 25°C for 1 h. Each well was
washed 5 times before 200 i of substrate was added to each well and incubated at 25°C
for 30 min. After 30 min, the colorimetric development for each well was compared
against the TECRA Color Card provided in the test kit.

30 Qxoid Bacillus cereus Enterotoxin Reversed Passive Latex Agglutination (BCET-
RPLA). The test was developed for the detection of diarrheal enterotoxin of Bacillus
cereus by reversed passive agglutination (RPLA) (Unipath, Basingstoke, UK).

Polystyrene latex particles are sensitized with purified antiserum from rabbits immunized
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and 1 Ogg/nal ) were n a mxture Sig 11,
Fi nal #Y, S®gapose) was added to each of the well. “C-leucine labeled Vero cells were incubated

at 37°C without CO, for 1 h and thereafier the growth medium was discarded.

Subsequently, 1-ml aliguots of solution containing 5% trichloroacetic acid were added to
each well containing '*C-leucine labeled Vero cells before incubating at 25°C for 10 min.
After 10 min of incubation, the contents in each well were washed twice with 1 ml of 5%
25  trichloroacetic acid-solution. A 300-puI volume of 0.1 M KOH was then added to each
well and incubated at 25°C for another 10 min. After 10 mip of incubation, 2-ml volume
of scintillation liquid was added to each well. Finally, all contents from each well were
transferred into scintillation tubes, All scintillation tubes were agitated for I min before
performing radioactivity counts. The percent inhibition of *C leucine uptake by Vero
30 cells is calculated using the following formula.
Percent inhibition of "*C leucine uptake = [(cpm for Vero cells without toxin added — cpm
for test sample)] / [cpm for Vero cells without toxin added] X 100%. The cpm used for
calculating percent inhibition of '*C leucine uptake by Vero cells has to be subtracted by
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5 each dilution was pipefted into the wells of the mcrotiter plates
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cul ti -1 oop§e 3pfue B ba@qurownﬁtc@mémh 30500000 Horigrin &5 praennifithsfigdbitioeof S

instructi ' sta nm = 0.100)
was prepa?gg l?lﬁﬁl%gib %ﬁ%{elrlgég A%tegﬁfq%n"%gﬁlﬁe%& Eﬁ‘)% SHFFHE of
this stand@ﬂduﬁﬂbnaiuﬁlmﬁasom@msmmfarépmmnteﬁriﬁe‘eﬁlbsgmwgal broth, and
225A1 of this nediumwas pipetted into the wells. Yielding a fi nal
cell density of 5 x 105 cfu/m in each well. The microtiter plates
ver e irfcubated i n Pabies:obifect 6OhdtidriaDiltrafe®h VieBo BRUIBN. 0@ gL ds | NgeNS)
and 48 hours (C. diificile) using Anaerogen Conpact {OKord,  Bel gi un)
in an airtight plastic bag. Before and gtlakpite 1571 Hbmtzé)ellé
period, opticaghetgensi 'y (OD) of each otox JEpasuredyist e e

Bi oscreen C anal yzer (Labsystens, Fn ay évﬁwﬁ e | | i-gh T 5‘1@%
= om + H and—al-s6

C .- e IS) V\ICIUaUUIIC T UJPII\: t-O—ato—at—>

control of fhe, &HA

positive c N

(0.1, 05%@5@2@% O cludedlnbthetest batch: M ninmum -
inhibition 720 “”V“ai\’?; no tﬁ /j@("\ \Amc+ﬁnfl hﬂ(él?sérv the | owest 3+
concentrati onsa ’ rease of OD was
det ected. Det emﬁﬁgﬁtﬁ on og e gn grnvgfuﬁ pm g E %C%%h“fea"(‘i‘t“ﬁ‘? ‘on the
activity of surfactin The et her extract of the B. anyl ol i quef aci ens
PB6 fdPmentation produfebleds %@ Ehibtie g Bt abi

(Kiesel gel _60, 20 x 20 cm 2mﬂ I ayer t hi ckness). The el uent used was
hexane/ acetlnmeert3@d Hyatesbfbastatih act i NS wer € 1 SOl at g mbiLge Zone Wt h
Rf 0 to 0. RwillihempolgegeiasPBE perfringens of the suractims

i sol ated f rEsohdrichix cofinerv@gsdpet ween 10 and 25 gg/m . IR another zone .
(Rf 0. 33 t Billl®reremeAvCCOyegproducts were found that yere not
active agaiguslilbcerbf ATCOYEDE4°(M C > 100 gg/ ). Vhen 3,30

combi nati on Wasxid £ @eld skiis RSN bt I i Go ™.
concent r at i onthof20% efidh tR5dld @Edefra@in, (wﬁéﬁdﬁ_ eac her e vvagufhake Or owt

of C _petfri n:q"eqtnslcmfrrhzemsm,c of surfactins decr eased to bel ow 10 ggl rrt
when ¢onbi nedTpvRand pesitive riydseds t hat were not active on their own.
Det er mi nat i on “FFOtHECRESEFLof acidic treatment on the antinicrobial
activity of surfactin A sol ution was prepared of 750 jig/nl

surfactin (Si gEEp-2 meteqatc@@bﬁéﬂA 0 mr%]u/ D\ﬁﬁ%ﬁ

this solution_ was I ncubat at 3%/7336 A&s'}%kﬂ@i ol mag?t%mtvﬁ%
0.25 m oFOW%CHWW%IddWé@-M@ la@déMMISdﬂemn akludispenmd

m xedagsi cr

et Vi Ty o oS 98 et ol S0 KO B PP RTGH ol

ent er ot ox FtpRHE 109 ilb@ffsqshﬁalbﬂ)hﬂnmd BE@-Z dsdle tverd Aldedioraatnwedngh cul ture
condition ro in - VO f TIr ptlc Soy

Br ot h (Be%tco gfo g‘?tléon and%ﬁﬂylmﬁw&yﬁﬁﬂe&’mﬁ%‘ cates.

suppl ene ni\/bctowopim cQarfiintienfi texrésetde dfu@iolk folihtioRdn HERY @&Md lvat TSBYE)
and i ncubat t& E}g a@@ﬂake[ |ncubat or set at 100 rpm One

t oxi n- proglcﬁl fgc &% & NUEFEREAIATCC 11778 was al so grown in
TSBYE2&t 37C i PCR-bassakesthddic pomt I ci ng
strains of B. cereus_ATCC ,49064 %er%?ﬁﬁfgﬁled%ﬁhgﬂﬁwg 2 were

al so gr owRtFIRiorBEReByheGE (el vy Bl (261 DokidilY T dred eafekotipdnKer | al

strains u?@m%ﬁt esh TSBYE
and t hen tin ghi%arﬁee&%#ge%%\tﬁ%% g}é&'\i@%ﬁ% %%r V\?e(tk}#%rﬁgﬁi@hl y grown
strai ns WeFETEECAshEhdddnd &’ @mﬂD@’E@TﬁCGﬁmTICBMG@B’ T&Qﬁnidfeezer

over ni ght “Laies OF PR BB AL SRR E A P STk al

30 TCCCTAATGT- CTAAATGTTCCTC 5°. The forward and reverse primers for EmtK

Pl us i nocul um (negative Control) and a
%5%' | uka, Belgium at three concentrations

22



Emetic toxin production. A 1-m volume of overnight test culture was
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30 cells is calculated using the follow ng formla. Percent _
i nhi bition of 14C | eucine uptake = | (cpmfor Vero cells w thout toxin
added - cpm for test sanple)l / (corn for Vero cells w thout toxin
added} X 100% The cpmused for calcul ating percent inhibition of 14C
| euci ne umfék@eﬁvnmdn@eﬂins ithsporespiniseil sarbplesaltest gixyrantebﬁhuﬁ%%@nf or
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9. 5Tabl e ect o
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ef fect 5 | Path simple ddnfm@n&Inl oF WA %aﬁﬁ%ﬁ?&ec@%%%?%&o%ﬁﬁ sepsis,
Baci | | us cereu? ATCC 49064++b 11 1 1-+4-1- I cat

cyt ot oxi ¢ BFFET %haw%lgﬁﬁ@épwova%@m% @m@rmnemnoma ete.’
b "+" indicateg @?ﬁézf&QEhﬁerﬁusg%?& c-ag, | t o #(R%@S (&*,sla:lfé) the

HEp-2 cells have occurred. 10Tabl e o|n
i sot ope upResk Ecusatleifentfiedransy Qfﬁiam’@l-@fqubad:dlanha%n @hiiffictlé-aboiated

disease (CDAD), the primary initiating event involves the disruption of the protective

10 intestinal flora during treatment with antibiotics. As the level of antibiotic drops below
inhibitory concentrations, nosocomial pathogens such as C. difficile are able to grow.
Colonization occurs by the faecal-oral route, ingested spores survive the gastric acid
barrier and start to germinate in the colon.”*® Toxigenic as well as nontoxigenic isolates
are capable of forming spores and existing in the hospital environment. As a result, either

15 type can infect the colon and utilize the nutrients that are available because the lack of
competition by the normal flora: Whether the organism attaches to the colomic wall is not
clear, but it is more likely that the organism grows throughout the lumen of the colon.
Toxigenic strains produce and release toxins A and/or B as the celis grow and lyse. This
activity, along with the inflammatory response, result in the histopathological events

20  leadingto C. difficile-associated diarthea and colitis. %556

A “probiotic” by generally accepted definition, is a “live microbial” feed or food

supplement which beneficially affects the host by improving its intestinal microbial
balance. But how does a probiotic work? The effect of probiotics on the intestinal
ecosystem impacts in some beneficial way on the consumer, A number of potential

25  benefits arising from changes to the intestinal milieu through probiotics have been
proposed, inclnding: increased resistance to infectious diseases, particularly of the
intestine, decreased duration of diarrhea, reduction in blood pressure, reduction in sertm
cholesterol concentration, reduction in allergy etc.”’

The comparative study described in this paper was set up in order to compare the
30 antimicrobial properties of different probiotic fermentation extracts towards clostridia

species
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f our commer ci avai ] abl e probiotics; Bactisube (Sanofi -
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Bi ospor i NBelgium) and Clostridium di ifficile ATCC9689 (C1610L, Oxoid, Belgium) were purchased
as freeze-dried culti-loops and brought into culture according to the manufacturer’s
30  instructions. From both cultures a McFarland standard (As2snm = 0.100) was prepared in
Anaerobic Basal broth (Oxoid, Belgium). 250 of this standard was added to 10ml of
fresh Anaerobic Basal broth, and 22511 of this medium was pipetted into the wells.
Yielding a final cell density of 5 x 10° cfu/ml in each well. The microtiter plates were
incubated in anaerobic conditions for 18 hours (C. perfringens) and 48 hours (C. difficile)
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Saccharonyces boulardii used in Perenterol (r) (Biodiphar) was grown
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rpm at 37CIablké0:Reseltpofitheshnreainyamsthith tradeekitoisexiinadt Fngens and C.
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5p.g/nml on, no 15:%1‘;{:81\31\/th50f C. ﬁg@ I?I netgﬁgp%g&ﬁ%ﬂgggﬁg?ﬁgggé
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did not inhibit the growh. In the wells containing 1, 2.5 and 5pg/nl
crude PB6-extract, normal growh of C. 20 difficile occurred. From

| 0gg/ mL on, no gr I%BEFMH@CO@@AMHJSP%D%EH@FI@Z”aCt of
P26 rretabollte |ns ifficile was, between 5 p.g/m.

The et her ext rgcc th?@ﬁ#?‘f“@dﬂﬁd”l“(@? af(fglty@éﬁ@egcahc Pﬁé’ﬂeﬁé’t@mﬂ) (S.
boul ar di i ):ﬁ:ntﬁilppmlbzea& fuBAg inflbtitnatdr ¢ BRPEEEY Firfe PRI 4o ARERAG US

subti L,s DSM6750) .and Bi gsporj num (BaC| llus licheniforms sp. a
Baci | Fiis SUNSESSPq 18akss syriapiig prRsiucing peobigiigs werg imterestingt forre Itibmeatofal 25

acti vi ty tr@lamiddtory ANEARE sat gryﬁﬂgﬁﬁg@g@g\@%%@%a@&%ﬁ? 50p, g/ miL_for

both clostridia species tested. These resu found in Table
10. Tabl e 10: Inflagatary hpweltiisesserretsrs tn gwoichronichidseases thet eat¢ melamation

agai nst  Cor peiftéinge AR A0 Solitis (EUES b ESnnM dlsea(sg?éﬂil )Altho agch tlhl dReases

have some features in common, there are some important differences.

25 CD is a chronic inflammation of the intestinal wall, typically affecting the full
thickness of the intestinal wall. Most commonly, it oceurs in the lowest portion of the

small intestine (ilewm) and the large intestine, but it can oceur in any part of the digestive
tract from the mouth to the anus and the skin around the anus.
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Bacti sube Perenterol (r) Bioplus 2B Bi osporinum C. petfringens
i‘??:aggm 2.5-5 >50 >50 (>52) >50pC. difficile ATCC9689 5-10 >50 >50
>50 >50 5 Concl usion VW investigated the anticlostridial
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Perenterol (r) (1Breqsaideapdss,iOD hii tyobe MR (oBimdri tottein westanh snd@VEI6#g
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speci es wereeplselostivase Begih befotcthe agdofe30] thaataforiestariskatRenate Qg%@bfﬁfd
C. petfri ATCCl 3124 and C. dffficile ATCC9689 using brot
m crodi |l ution techniques. The netabolites of B. P56 possess strong
anti cl dstri di allnpachpersonahc dibddce affetsipbiat SdaRENERR R D schﬂﬁilnae/s with

5.01.tg/ L towards ,C. perfringens_and between 5.0 and 10.
towardg c.moH és% sasgﬁ Piched pefeeen the affeansdaone it #hout 35% of CD

Per ent er ol saffbrersBblp kieS1oRE 8 B0 ﬁpwoh%,fo%ggiﬁg Iai%édﬁ%g‘f%fg gﬁ%tteéf‘%"e

any 15 significant effect against C perfrinder
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an enaye-cent 12 AT UL DG A i R B30 S
i nhi billi ort dypfupeifanpfithetimmyne system, infection, and diet.

The most common early symptoms of CD are chronic diarrhea, abdominal pain,
fever, loss of appetite, and weight loss. Symptoms differ among CD patients, but there are
four common patterns: _

* inflammation with pain and tenderness in the right lower part of the abdomen;

15 * recurring acute intestinal obstructions that cause severe painful spasms of the
intestinal wall, swelling of the abdomen, constipation, and vomiting;

» inflammation and chronic partial intestinal obstruction causing malnutrition and
chronic debility;

* abnormal fistulas and abscesses that often cause fever, painful masses in the

20  abdomen, and severe weight loss.

UC is a chronic disease in which the large intestine becomes inflamed and
ulcerated, leading to episodes of bloody diarrhea, abdominal cramps, and fever. The
disease can start at any age, but usually begins between the ages of 15 and 30.

Unlike CD, UC does not usnally affect the full thickness of the intestine, and does

25  not affect the small intestine. The disease usually begins in the rectum or the sigmoid
colon, and eventually spreads partially or completely through the large intestine. In some
patients, most of the large intestine is affected early on.

About 10% of patients who appear to have UC only suffer a single attack.
However, a proportion of such patients may actually be suffering from an undetected

30  infection, rather than true UC. For most patients, UC is a chronic disease that waxes and
wanes over time. The causes of UC remain unknown. Heredity and over-active immune

responses in the intestine are thought to be contributing factors.
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20 processes makes surfactin producing probiotics very interesting
for the treatnment of inflammatory di seases, such as Inflammatory
Bowel Disease (TED). ~Inflanmat ory bowel disease refers to two
chroni c di seases that cause inflanmmation of the intestines:

ul cerative colitis (UC) and Crohn's disease (CD). Although the
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10 of the treatnment period, the animals were 10 to 12 weeks ol d. Upon
their arrival at the test facility, the aninmals were given a conplete
clinical exam nation under the supervision of a veterinarian to
ensure that they were in good condition. The aninmals were
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the different treatnent groups fromday 1 up to and including day 7
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15
Table 11. Average body weight (g) and average body weight gain (%) with their standard
deviation.

Av. Body weight (g) Av, Body weight gain
(%)
Trial 1 Day 1 Day4 Day7 Daylto?
Colitis-negative 17817 191+13" 203+13" [143245"
control
Colitis-positive control 182+ 15 167+ 16 159+18 | -13.0%:4.5
PB61.5x 10°CFU/Kg 180+13  186+13 195+10" |88+8.0"
PB61.5% 10° CFU/Kg 18016  187+15 199417 |103+1.1"
Mesalazine 18111  187+10 196+10" [88+14"
Infliximab 180+14 183+ 7 186=% 6" [132=54"
gﬁﬁl.Z . Day 1 Day4 Day7 Daylto?7
C;ng‘cfl hegative 207£20 210+19  214+17 |35+18"
Colitis-positive control 208 + 21 196+ 21 193£19 | -75+£32
PB61.5x 10°CFU/Kg 206+23 206423 212426 |29+3.1"
S. boulardii 207+17 196416  195+24 |-57+56
Mesalazine 207+12 199418 20120 |-33+55
Infliximab 208+15 19714  197+13 |.52+3.4
2 *Significantly different from the positive control group (Dunnett, P<0.05).
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159 1 18 -13.0 4.5 P36 1.5 x 108 CPU Kg 180 13 186 13 195 10 *
8.8 18.0* PB6 1.5 x 109 CPU Kg 180 1 16 187 1 15 199 17* 10.3 1.1
* Mesalazine 181 11 187 1 10 196 1 10 * 8.8 1 1.4 * Inflbrimb 180
14 183 7 186 6* 1.3 1 5.4 * Trial 2 Day 1 Day 4 Day 7 Day 1 to 7

10

15

20

The greater impact of colitis on the animals in trial 1 probably left more room for
improvement by any of the treatments. PB6 and mesalazine always resulted in a colon
segment weight and a gross morphology score for the colon wall that could be clearly
distincted from those of the colitis-positive control group (Table 12).

Table 12. Averape gross morphology score for the colon wall and average wet weight of a
5 cm colon segment.

Gross morphology score  Wet weight (g)

Trial 1
IBD-negative control 02+04" 0.378 +0.047
IBD-positive control 3.8+0.8 1.406 = 0.209
PB6 1.5 x 10° CFU/Kg (post-induction) 1.0+0.0" 0.443 + 0.063
PB6 1.5 x 10° CFU/Kg (post-induction) 0.6+0.5° 0.513+0.317"
Mesalazine 0.8=04" 0.435 £ 0.052 "
Infliximab 3.0+ 14 1.055  0.490
Trial2

IBD-negative control ) 0.0£00" 0.274+0.049 "
IBD-positive control 34+1.1 0.832+0.216
PB6 1.5 x 10° CFU/Kg 0.6:05" 0.280 £ 0.039 *
8. boulardii 28+13 0.735 = 0.221
Mesalazine ' 12+08" 0.445+0.145 "
Infliximab : 2.0+0.7 0.657 + 0.076

*Significantly different from the positive control group (Dunnett, P<0.05).

The health status of the colon wall in rats with TNBS induced colitis treated with
PB6 and Mesacol was macroscopically the same as that in colitis-free rats. For an
unknown reason mesalazine treatment was somewhat less effective in trial 2, resuliing in
some ulcerations. Visual examinations of the longitudinally opened colon segments clearly
show the ulcerations and areas of necrotic tissue present in the positive control, the S,
boulardii, and the infliximab treatment groups and the absence thereof in the PR6 groups
and the trial 1 mesalazine group. In trial 1 one of the rats treated with infliximab had a
gross morphology score of 1 and a colon segment weight of 0,402 g. These data suggest
that in this particular animal the infliximab treatment was successfull or that the induction
of colitis was not. At the end of the treatment period the average body weight gain and
colon segment weight data of rats treated with infliximab were intermediary to those of the
colitis-negative and the colitis-positive control groups in both trials. This probably
indicates that there was some effect of infliximab, although not statistically significant in
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Colitis-negative control 207 1 20 210 19 214 1 17 3.5 1 1.8 *
Colitis-positive control 208 21 196 1 21 193 19 -7.5 3.2 PB6 1.5 X
108 CFU/ Kg 206 1 23 20623 212 26 2.9 3.1 * S. boulardii 207 17 196
16 195 1 24 -5.7 5.6 Mesalazine 207 1 12 199 18 201 20 -3.3 5.5

| nfli xi mag2ers trials; {07 siuflpy fria] imrats whepe infiximab was administered at the same dose of

3 mg/Kgiv. 2 days before induction of colitis with TNBS, it was shown to have some
effect on colon gross morphology but not to reduce the level of edema significantly below
that of the colitis-positive control group.'® In the colon segments of rats treated with PB6
5  there were no ulcerations. Only hyperaemia was observed in the majority of these

segments. PB6 clearly attenuates inflammation in the rat colon wall as induced by
intrarectal administration of TNBS. The efficacy of a 7 days post-induction treatment with
3 x 1.5 10° CFU/Kg/day observed in a previous trial was confirmed in trial 1.2° While a7
days post-induction treatment with PB6 3 x 8 107 CFU/Kg/day from the same previous

10 trial was concluded to be ineffective, an increase of the CFU/Kg/day to 3 x 1.5 10® proved
in both current trials to be sufficient to reduce inflammation to an extent that the data of
this treatment could no longer be statistically discerned from those of the colitis-negative
control group.

Conclusion

15 This study was designed and conducted to confirm and document the efficacy of
Bacillus ‘PB6’ against 2,4,6 - trinitrobenzenesulfonic acid (TNBS)-induced colitis in rats
observed in a previous trial as well as to compare its efficacy with that of S. boulardii
(probiotic), mesalazine and infliximab (standard drugs). This rat model is well established,
reliable and widely used to examine the efficiency of drugs aimed at treating IBD, Without

20  any treatment after induction of colitis several rats showed mild signs of diarrhea and on
average kept losing weight throughout the remaining trial period. The gross motphology
of the intestinal wall of their colon was characterized by inflammation, ulceration and
even necrosis. Treatment with PB6 3 times 1.5 108 CFU/Kg/day or 3 times 1.5 10°
CFU/Kg/day for 7 days resulted in a colon wall health status that was statistically identical

25  tothat of the negative control group and that of the group treated with the standard drug

mesalazine, an anti-inflammatory.

EXAMPLE 4 - ANTIMICROBIAL PROPERTIES OF THE METABOLITES OF PB6
Methods and Materials
30 Antagonistic properties of Bacillus PB6 and Bacillus cereus isolated from

Bactisubtil (Sanofi — synthelabo) were tested against different indicator strains e.g. C
perfringens ATCC13124, C. difficile ATCC9689 and Campylobacter jejuni ATCC 33291.
Bacillus cereus and Bacillus PB6 were each suspended in 5ml of sterile saline.

Using a swab a single streak of the probiotic suspensions on Tryptone Soy agar plates
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20 The greater inpact of colitis on the animals in trial 1
probably left nore roomfor inprovenent by any of the treatnents. PB6
and mesal azine always resulted in a colon segment weight and a gross
nor phol ogy score for the colon wall that could be clearly distincted
f r om t hosel{g14; Belgtin) wissnggiosind theeplderwere incgbadedat GT2D ke 23 Zburs Bn Fabdie
12. Averagg@iess norphol ogy score for the colon wall and average wet
wei ght of a cm col on segnent. G oss norphol ogy score Wet wei ght

(g) Trial 1 Alprwenat isvspensioit ¢fithe differenOindicAtoOsti wide B dulited
VD POSI U1 ViGer GBIl Bty B cuiies with % bwab 20 icabased for 24 ot o
(post - i nddction e
5  aerobic conditions. Plates inoculated with Clostridia perfringens were incubated for 24
hours, plates inoculated with C difficile, were incubated for 48 hours in anaerobic
conditions using Anaerogen Pak (Oxoid, Belgium). A suspension of a 48 hours C. jejuni
ATCC33291 culture was used to make 4 streaks perpendicularly to the probiotic cultures.
Plates inoculated with Campylobacter species were incubated in micro-aerobic conditions
10 (CampyGen, Oxoid) at 37°C for 48 hours, The streak lines must not touch one another.
Following incubation at 37°C, antagonistic effects were evaluated by the appearance of
clear zones surrounding the junctions of the streak-lines indicating the inhibitory effect of
one organism against the other,
Results and Discussion
15 PB6 had an antagonistic effect against C. perfringens ATCC13124 and C. difficile
ATCC9689. A clear zone could be observed at the intersections of the streak-lines on the

plate for both species. The antagonistic effect against C, perfringens is clearly visible due

to the haemolytic characteristics of this species. An example is depicted in Fig. 1.

Although not as clear on this picture, a significant clear zone at the intersection of PB6 and
20  C. difficile cultures was also noticed.

Bacillus cereus (Bactisubtil) had no antagonistic effect against C. perfringens
ATCC13124 and C. difficile ATCC9689. No clear zone could be observed at the
mtersections of the streak-lines on the plate. An example of the test plate is depicted in
Fig. 12,

25 Bacillus PB6 had an antagonistic effect against C, Jejuni ATCC 33291. Clear zones
can be observed at the intersections of the streak-lines on the plate. An example of the test
plate is depicted in Fig. 13.

Bacillus cereus (Bactisubtil) had no antagonistic effect against C. jejuni as can be

observed in Fig. 14.
30 Conclusion

Bacillus PB6 isolated from nature, clearly has strong antagonistic properties

towards C. perfringens ATCC13124, C. difficile ATCC9689 and C. Jejuni ATCC 33291.

On the contrary, no effect could be observed for other human pathogenic bacteria tested.
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0.443 0.063 * PB6 1.5 x 109 CFU Kg (post-induction) 0.6 0.5 * 0.513

0.317 *

Mesal azine 0.8 0,4 * 0.435 0.052 * Infliximab 3.0 1.4

1.055 0.490 Trial 2 | BD- negative control 0.0 0.0 * 0.274 0.049
*

10

15

Bacillus cereus (Bactisubtil) did not show any antagonistic effect towards C. perfringens
ATCC13124, C. difficile ATCC9689 and other tested microorganisms.

Viable cells of the PB6 strain have been deposited with the American Type Culture
Collection ("ATCC"), 10801 University Blvd., Manassas, Va., 20110-2209, U.S.A,on
May 27, 2005, and assigned accession number PTA-6737. The deposit was made in
accordance with 37 C.F.R. 1.801-1.809

The foregoing description and drawings comprise illustrative embodiments of the
present inventions. The foregoing embodiments and the methods described herein may
vary based on the ability, experience, and preference of those skilled in the art. Merely
listing the steps of the method in a certain order does not constitute any limitation on the
order of the steps of the method. The foregoing description and drawings merely explain
and illustrate the invention, and the invention is not limited thereto, except insofar as the
claims are so limited. Those skilled in the art that have the disclosure before them will be
able to make modifications and variations therein without departing from the scope of the

invention.
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MD- posi tive control 3.4 1.1 0.832 0.216 PB6 1.5 x 108 CFU Kg 0.6
0.5 * 0.280 0.039 * S. boulardii 2.8 1.3 0.735 0.221 Msal azi ne
1.2 0.8 * 0.445 0.145 * Tnfliximab 2.0 0.7 0.657 0.076

*Significantly different fromthe positive control group (Dunnett,
P<0. 05) . l@#ﬁ%ﬁﬁﬁﬁﬁﬁh status of the colon wall in rats with TNBS

i nduced calijtis treated with
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975 - 985. ade Ve cl.a é hod for the E h |'axi s of a bowel
condi ti on,*¢o r']gg?ﬁgalfrﬂ OE?@‘be FeUSRIFTOHE PEF ?@Blﬁsbaﬁt%FMWﬁtcean

ef fectidve lpopeptide@f a Bacillus bacteria that produces 5lipopeptides.
2. A method as defined in claim1l, wherein the bowel condition is
selected fromthe group consisting of antibiotic associated di arrhea,
C ostridi um di £ irgitb8 a8@5HHe &F 1Qi ; lsease,
and gastro-intestinal disease.. hﬁ vJ}h% n{&gﬁéﬁ%}ﬁ]@ﬁmﬁg eﬁ?&r&‘??atg‘? a
bowel condeuriensigérgniiantibigtic tﬁ@ocaatsbdl@t&h@dﬁ‘imwm #iffirilaacquipd dbkibéd,
an effectiNg,ARRU i bac that produces

| i popeptides. 15 ﬁ’tbﬁwd@ﬁ § aﬁﬂigﬁ %ﬁs?h 3, wherein the bowel
condi ti0on is selected fromthe group conS| sting of antibiotic

associ at ed, di ary Stri ile.acquired diarrhea,

i nfl ammat g‘)'ry bom%? @‘8‘1 gégtée treag[ﬂﬁlmﬂggi’ éic QEen, fomppefingthestepof 5
The net hoctdwsnstaﬁngmd prdsbmtlicamﬂecmfrd&ﬁdi@f oLOPREMB A ekt Mhat produces
adm ni strgitl on g inulin 20 conbined with the Bacillus bacteri a.
The net ho PH8FS ned in claim3, further conprising the

adm nistration of inulin conbined with the Bacillus bacteria. 25

7. The getg od as defined in claimi, further conprising the

adni nil ti onAgrethodroisfined i e, ndareint thi bowel cBadiion isseloeted foinahe

S. The net aondef e the.
adni ni str raglgﬁl on of alg%?gmlmg{tn?dcﬁ%:o Efdnéel%{ﬁeg ?zo@ﬁgy‘g'a%ﬁcﬁﬁ acqiired digprhea, 5
9. The net fiimmatefioretidisaase land gastro-imtheinel disdalee bacteria are sel ect ed

fromthe group consisting of Bacillus anyloliquefaciens and Bacill us
subtilis.

5. The method as defined in claim 1, further comprising the administration of inulin
20 combined with the Bacillus bacteria.

6. The method as defined in claim 3, further comprising the administration of inulin

combined with the Bacillus bacteria.

25 7. The method as defined in claim 1, further comprising the administration of a

probiotic combined with the Bacillus bacteria,

8. The method as defined in claim 3, further comprising the administration of a
probiotic combined with the Bacillus bacteria.
30

9. The method as defined in claim 1, wherein the bacteria are selected from the group

consisting of Bacillus amyloliquefaciens and Bacillus subtilis.
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10. The method as defined in claim3, wherein the bacteria are
selected fromthe group consisting of Bacillus anyloliquefaciens and
Bacillus subtilis. 11. The method as defined in claim1l, wherein
the Bacillus bacteria produce a 5 synergistic conpound upon

admi ni st r at®-on. Thempsth debnérbid cldm GeWherei thobavtepianyedselsshea HRENHE BRup

Bacillus b . ynergi stic cappound, upon admi ni stration.
10 13. An igog‘%lg{]ﬁé%’ f%’c?%%?’éﬁ? lozzgf'feg‘f nenﬁggcfﬁ%m{z%esu 8.1 RNA sequence of
SEQ ID NO. 1. 14.An isolated bacterial strain as defined in claim 13,
wherein t strain has at. lL.east 90% hopol ogy to the 165 r RNA sequence
of SEQ I D NO 1&31%6%\9 %&ﬁle*ig%flatc BaWparindhe Beqillpsibapiari prgdudee
partials gysyAergistic entgoudil upbhdiani¥iticd. 16. An isol ated bacteri al
strain as defined in claim15, wherein the strain has at |east 90%

honol ogy to the partial gyrA sequence of SEQ ID NO. 2. 20 17. An

i sol ated b@ct erfr@hm. i j 5 A . ence .of SEQ ID
Mo 3 ia | e e i 8k S, PRE e S MG 0%e <

wher ei n t FONGEISH? prrpRe3ng uporeadminig@ationonol ogy to the partial gyrA
sequence of SEQ NO. 3. 2519. A nethod as defined in claim1, wherein
the Bacillus bacteria consist of bacteria of the strain identified as
ATCC sk0r aild- PTAGEI7ed Daktdiialetrdio Having el 63 eRINARe@leatd @I SEMIBNE). 0. t he
Baci |l us bacteria consist of bacteria of the strain identified as
ATCC strain PTA-6737. 30 KEm 121 Sequence L SEQUENCE LI STI NG <110>

Kemin | ndust ri e isdlaed bact@Or stV BEined BQaikers WnbreR: nkEMiRL a§ﬂe§sq>

< > -11- < > < > tl I
332182/ I4O~’9%%08hon%o %gyt% OeSIgSer%\lgA seﬁggnce%fS%(S%D I\I?gtle.n nverston

15 15, Anisolated bacterial strain having the partial gyrd sequence of SEQ ID NO. 2.

16. An isolated bacterial strain as defined in claim 15, wherein the strain has at least
90% homology to the partial gyr4 sequence of SEQ ID NO. 2.

20 17.  Anisolated bacterial strain having the partial gyrd sequence of SEQ ID NO. 3.

18. An isolated bacterial strain as defined in claim 17, wherein the strain has at least

90% homology to the partial gyr4 sequence of SEQ ID NO. 3.

25 19, A method as defined in claim 1, wherein the Bacillus bacteria consist of bacteria of
the strain identified as ATCC strain PTA-6737.

20. A method as defined in claim 3, wherein the Bacillus bacteria consist of bacteria of
the strain identified as ATCC strain PTA-6737.
30
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<211> 1448
t caccgactt
gct gat dcgc
ttcgctgecc
ccttcctccg
ct cacgacac
gaggat gt ca

<212> DNA <213> Bacillus subtilis <400> 1 aaaggttacc
cgggtgttac aaactctcgt caaggcccgg gaacgtattc accgcggcat
t cacgcagtc gagttgcaga ctgcgatccg aact gagaac acctcgcggt
tttgttctgt ccattgtagc aaggggcatg atgatttgac gtcatcccca
tt agagt gcc caact gaatg ctggcaacta agat caaggg aacccaacat
gagct gacga caaccatgca gaaggggacg tcctatctct aggattgtca
cgttgcttcg aattaaac getccac cgecttgtqcg agtttcagtc
ttgcgaccgt actccccagg cggagtgcgﬁﬁggggﬁﬁégﬁg Egﬁﬁﬁgégﬁgté cttagcac
ttcgctccce acgcetttcge tcctcagegt geccttcgeca

tcatcgttta tctaatcgtg
ct ggt gt t ccHOcadRidt Endustéest Ic-actctcctct tctgcactca agttccccag
gcgagccctt aacgcttgec

tttccaat ga<ggst tdemaga t cagactt aa gaaaccgcct
t caaggt gcc gccctatttg

acctacgtat faccgcggct gctggcacgt ttaggtaccg
aacggcact t <0t t &efit ¢ gbaggﬁéégt cat cact cac gcggcgttgc tgcggaagat

t ccct act ge<15gs ctygcapty4@gaagt ct gg t ggccgat ca

at cgt cgcct<ladet 2§63-dad-2Yycgccgegg gt ccat ct gt aagt ggt agc Page
<160> 3 '
<170> PatentIn version 3.3
<210> 1
S L
<213> Bacillus subtilis
<400> 1 .
daaggttacc tcaccgactt cgggtgttac aaactctcgt ggtgtgacgg gecggtgtgta 60
caaggccecgg gaacgtattc accgeggeat gotgatccoge gattactagc gattccagct 120
Tcacgcagtc gagttgcaga ctgcgatccy aactgagaac agatttgtgg gattggctta 180"
acctcgeggt ttcgetgece titgttctgt ccattgtage acgtgtgtag cccaggtcat 240
aaggggcatg atgatttgac gtcatcccca ccttcoctecg gtttgtcace ggcagtcace 300
ttagagtgcc caactgaatg ctggcaacta agatcaaggg ttgcgotcgt tgcgggactt 360
aacccaacat ctcacgacac gagctgacga caaccatgca ccacctgtca ctetgecccc 420
gaaggggacg tcctatctct aggattgtca gaggatgtca agacctggta aggttcttcy 480
cgttgetteyg aattaaacca Catgctccac cgettgtgeg ggecccecgtc aattcctttg 540
agtticagtc rtgcgaccgt actccccagy cggagtgott aatgcgttag ctgcagcact 600
aaggggcgga aaccccctaa caéttagcac tcatcgttta cggcgtggac taccagggta 660
tctaat;ctg ttcgct;ccc acgctttege tcctcagegt cagttacaga Ecagagagfc 720
gccttcgceca ctggtgttce tccacatctc tacgcatttc accgctacac gtggaattce @ 780
actctccict tctgcactca agttccccag titccaatga coctcccegg ttgagecggy 840
ggctrtcaca tcagacttaa gaaaccgcct gegagecctt tacgcccaat aattccggac 900
aacgcttgcc acctacgtat taccgcggct getggcacgt agttagccgt ggctttctgg 960
ttaggtaccyg tcaaggtgcc gecctatttg aacggcactt gttcttccct aacaacagag 1020
ctttacgatc cgaaaacctt catcactcac geggcgttge tccgtcagac tttcgtccat 1080
tgcggaagat tccctactgce tgectcccgt aggagtetgg gocgtgtctc agtcccagtg 1140
tggccgatca ccctctcagg tcggctacge atcgtcgeet tggtgagecg tgacctcace 1200
aactagctaa tgcgccgegg gtccatctgt aagtggtage cgaagccace ttttatgtct 1260

Page
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KEM 121 Sequence Listing.5T25.txt gaaccatgcg gttcaaacaa ccatccggta
ttagccccgg tttcccggag ttatcccagt 1320 cttacaggca ggttacccac
gtgttactca cccgtccgecc gctaacatca gggagcaagc 1380 tcccatctgt
ccgctcgact tgcatgtatt aggcacgccg ccagcgttcg tcctgagcca 1440

t ggat caald448 <210> 2 <211> 1016 <212> DNA <213> Bacillus subtil
<400> 2 gtcaggaaat gcgtacgtcc ttccggatgt gcgtgacggt atttaggcat
gaccagtgac tcggtaagta ccacccgaenazaggqldnct adseiraCsgst ae: gcgact cagce
ggccgcgatigeeaterg ayternacan caeyaastagatpugeeidyctidgeeasagddrteacgoygt 39
aat ggcg J t g9
R A S e e
t aacggaalcgcirdst tcgerunaadotyuaettt agurgelIcgt caagagiggacagtgdosca t cttdfgact
ct gaagc ccatata ggtgactcag atgcttgttg cgttacacag gacacgaiig
tcgagattt’C aacattcccc cctgagatta ggtcagattt acaatccggg acggaacttc
cgggacaagg, ag atcgtca aaacaaacgg ccgaaggtac atgcaatgag ttcacagacg
aaaaat ct:gé Cogbid acga acggacacgg aagcgagaat actatcaaga cgaatct.gct
cgcat cagtizcagaccagga tgggccggag ctaaggctga cttatcaggt aaat cgaagg
t t gagat c@d3xccergdayacubeiddect gaa cgttatcgta tcccgggege gattttgtac
gcaat gaalggccgt at cgt ¢ ggt gaagtta atcaatggtc agaatggcgc caacttcggt
t cggt t gargagf-aanaagtaggeaatggagact aﬁg&h&fs@@Ccmkt@a@amcmgaacgg@

aagicgt &t U By ALHD AR OB OR e b A L AL hco gt

ctgcgag aﬁgtatgggmg @ag@afgtg.&t gaicﬁ:aeag:ag hﬁabta@ggc@&@a@tze t@&g@‘g&ﬁi gccigy

gagcat < | lus subtilis 400>0 3
at aaaaaattcggJ'faﬁgjéac gff:a‘fcé:g@?cc 85?%‘55@33 £t Eﬁagctgﬁaaﬁﬁﬁ?,é’@% FEGATEEGt gatt¥o
aggattttaa ctaccgctac atgettgtty acggacacgg caactteggt teagttyacy 300
gcgactcage ggccgcgatg cgttacacag aagcgagaat gtcaaaaatc gcaatggaaa 360
ttctgcgtga cattacgaaa gacacgattg actatcaaga taactatgac ggttcagaaa 420
gagagcctge cgtcatgect tocgagatttc cgaatctgct cgtaaacggg gctgecggta 480
ttgcggtcgyg aatggcgaca aacattcccc cgecatcaget tggagaagtc attgaaggeg 540
tgcttgecgt aagtgagaat cctgagatta caaaccagga getgatggag tacateccgg 600
gccecggattt tccgactgea ggtcagattt tgggccggag cggcatccge aaggcgtatg 660
aatccggacg gggatcaatc acaatccggyg ctaaggctga aatcgaagag acttcatcag 720
gaaaagaaag aattattgtc acggaactte cttatcaggt gaacaaagcg agattaattg 780
aaaaaatcgc ggatcttgtc cgggacaaéa aaatcgaagg aattaccgat ctgcgagacg 840
aatccgaccg taacggaatg agaatcgtca ttgagatccg ccgtgacgec aatgctcacyg 900
. l v
tcattttgaa taacctgtac aaacaaacgg ccctgcagac gtctttcggg atcaacctge 960
tggcgctegt tgacggacag ccgaaggtac taagcoctgaa gcaatgoctg gageat 1016
<210> 3
<211> 801
<212> DNA
<213> Bacillus subtilis
<400> 3
ataaaaaatc tgcccgtatc gtcggtgaag tiatcggtaa gtaccacccg cacggtgact 60
cagcggttta cgaatcaatyg gtcagaatgg cgcaggattt taactaccgc tacatgetig, 120
ttgacggaca cggcaacttc ggttcggttg acggcgactc agcggecgeg atgegttaca 180
cagaagcgag aatgicaaaa atcgcaatgy aaattctgcg tgacattacg aaagacacga 240
Page 2



cagcggttta cgaat caatg gtcagaatgg cgcaggattt taactaccgc tacatgcttgl20
ttgacggaca cggcaacttc ggttcggttg acggcgactc agcggccgcg atgcgttacal80
cagaagcgag aat gt caaaa atcgcaatgg aaattctgcg tgacattacg aaagacacga240
Page 2 ttgactatca ttccgaatct ccccgcatca ttacaaacca ttttgggccg

gggct aaggc ttccttatca aaaaaatcga tcattgagat cggccctgca agataact at

gct cgt aaac gcttggagaa ggagct g?{% Qﬁgggﬁéﬁ%eﬂi&gg@éﬁ??aﬁ&gt gaacaaa

aggaat tacc ccgccgkgac gaystct cag ggggct gccg*
gt cat t gaagtgragtacatgdaegciagpgttaagaebimatc gggayastmacgapedgcgagao

gccaat gct nce. Listing. 5T25 aa ( tat.t gcg
Co0aat 90ceTSSaTHe Poreotisadiogsttc R R Ne RSl o B
acggggat cacogggaaggagaagaadtcattoday grgagaatc cgtaggavad hatoyeadac cgazo
ccgtaacgg%tac tcatttt %?%taac t xt qg

et cot gagh heayore dere P AR thesr Soafhn 3PS BN g
t acaantaaattigggecg3gagcggcate cgcaaggegt atgaatccgg acggggatca atcacaatce 540
gggctaagge tgaaatcgaa gagactitcat cgggaaaaga aagaattatt gtcacggaac_ , 600
ttccttatea ggtgaacaaa gcgagattaa ttgaaaaaat cgcggatctt gtccgggaca 660
aaaaaatcga aggaattacc gatctgegag acgaatccga ccgtaacgga atgagaatcy 720
tcattgagat cégccgkgac geccaatgote acgtcattti gaataacctg tacaamcaaa 780

cggccctgea gaystctttc g ‘ : 801
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