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Bogota, D.C.,
Abogada ]
LUZ CLEMENCIA DE PAEZ
ASUNTO Radicacién 08 106 316
Tramite 011
Evento 378
Actuacion 519
Oficio ®1068 4
Folios 013
Patente de Invencién Patente de Modelo de Utilidad U
Via Nacional D
Via PCT {Fase Nacional) 7 Capitulo | ) Capituio Il o
No. Solicitud Internacional :F;CT/' B2007/00100
Fecha de Presentacion Internacional Q6/Abril/2007

Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comisidn de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: ' Folios 21 a 31 06/Octubre/2008 -
Reivindicaciones: Folios 32 a 33 06/Octubre/2008
Prioridad: IT MI2Z006A000678 06/Abrii/2006

2. Analisis de la prioridad
Se acepta la reivindicacion de prioridad porgue esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: "Compuesto peptidico de actividad bioldgica, su preparacién y
sus aplicaciones”.
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El problema planteado en esta solicitud consiste en la necesidad de suministrar
nuevas molécutas que tengan propiedades antibiéticas.

Para resolver este problema técnico la solicitud en estudio proporciona un
compuesto aislado de un cultivo de Bacillus clausii caracterizado porque comprende
la secuencia de aminoacidos:

El objeto de la presente solicitud se relaciona con la clasificacion internacional de
patentes (CIP): CO7K14/45.

4. No es una invencion (Art 15 D 486 literal (b))

El objeto de las reivindicaciones 1 —8 no se considera una invencién, de acuerdo
con el Art citado.

5. Reivindicaciones relativas a un uso o a un segundo uso (Art14y 21D
486)

El uso de las reivindicaciones 10 - 12 no es patentable, de acuerdo con el Art 14,
6. De la Solicitud de Patente
Titulo

El titulo no corresponde con el objeto de la solicitud porgue no permite establecer
claramente que la solicitud se refiere a un compuesto peptidico con actividad
antimicrobiana aislado de un cultivo de Baciflus clausiiy su proceso de obtencion.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicacion 1 reclama un compuesto peptidico por su método de obtencion y
no por su estructura o secuencia de aminoacidos, lo cual no es aceptable ya que el
producto de puede definir por sus caracteristicas estructurales. Sin embargo se
recuerda al solicitante que el producto de ias reivindicaciones 1-6 no es patentable
puesto que toda materia viva o parte de cuaiquier ser vivo y las sustancias existentes
en la naturaleza no son invenciones. Asi, el material biolégico por el hecho de haber
sido aislado no se considera invencion.

El procedimiento de la reivindicacidn 7 no es conciso porque no establece
claramente la forma mediante la cual se llevan a cabo cada una de las etapas
reclamadas, por ejemplo no se establece cémo se lleva a cabo la extraccién en fase
solida, ni cual es la fraccion obtenida que se purifica posteriormente por HPLC. Se
sugiere modificar la reivindicacion de tal manera que se limite a lo soportado en Ia
descripcion y sea posible establecer claramente el alcance de la misma.

7. Determinacién del estado de la téchnica

Expediente 08 106 316 ler A 45



87

El estado de la técnica se determiné con base en ia fecha de presentacion de la
solicitud de prioridad: Abril 6 de 2008 y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de Publicacion®
Journal of Clinical
Gastroenterology:

July 2004 - Volume 38 -

Bacillus clausii Probiotic

D1 Strains: Antimicrobial and Julio/2004
Issue - pp $86-590 -_—
Probiotics. Prebiotics, Immunomodulatory Activities
and New Foods
_ In vitro anti-Helicohacter pyiori
Antimicrob. Agents . o ;
D2 Chemother. 2001, activity of the probiotic strain Noviembre/2001

) Bacillus subtilis 3 is due to
45(11): 3156, secretion of antibiotics.

D1 divulga (Folios 90-94) divulga que todas las cepas probadas de B. clausii
exhibieron actividad anti-estafilocécica pero no anti-salmonefla, y que el compuesto
antimicrobiano presente el sobrenadante libre de células de B. clausii Q/C
demostraron una actividad relativamente restringida, ya que dentro de |as bacterias
probadas solo se inhibieron las bacterias Gram-positivas incluyendo C. difficile,
Ensena que el maximo nivel de produccién del antimicrobiano por parte de B. clausi
se alcanzd cuando la proporcion de esporulacion fue 60% (Pag. S88 columna de la
izquierda tercer parrafo). El documento D1 adicionalmente revela que se determino
que B. clausii O/C produce al menos una sustancia antimicrobiana la cual secreta al
medio y que muestra actividad contra bacterias Gram-positivas. Finalmente, el
documento ensefia que el B. clausii se cultiva en un medio Mueller Hinton o en un
agar MH por 24 a 72 horas a 30°C y que luego se obtiene un sobrenadante que
presenta actividad antimicrobiana (Pag. S87 dos columnas y Pag. S88 columnade la
izquierda tercera columna y figura 1).

D2 hitp://aac asm.org/content/45/11/3156 full. pdf+html divulga un método para aislar
y purificar un compuesto antimicrobiano secretado por Bacillus subtilis (Pag. 3157).

8. Examen de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)

La reivindicacion 9 consiste en: “Composicion farmacéutica, caracterizada porque
comprende un compuesto segun una cualquiera de las reivindicaciones 1 a 6, y al
menos un excipiente farmacéuticamente aceptable”.

Comparacion de las caracteristicas técnicas esenciales, con las del estado de la t&cnica:

Caracteristicas esenciales D1
Composicidn farmacéutica que Composicion farmaceutica que
comprende; comprende:
Un compuesto segun una Un compuesto antimicrobiano
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cualquiera de las reivindicaciones 1 - producido por B. clausii. :
ab ' I
Al menos un excipiente X Al menos un excipiente
farmacéuticamente aceptable | farmacéuticamente aceptable

Las caracteristicas esenciales de la composicion de la reivindicacion 8 habian sido
divulgadas previamente en D1, el cual ensefa un sobrenadante que contiene medio
y el compuesto antimicrobiano secretado por B. clausii (Pag S87 coiumna de la
izquierda ultima columna, columna de la derecha primera columna; pag. S88
columna de la izquierda tercer y cuarto parrafo).

En consecuencia, la reivindicacidn 9 no es nueva, segun o divulgado en el
documento D1,

Nivel Inventivo (Art18 D486)

La reivindicacidn 8 consiste en: "Medicamento caracterizado porgue comprende un
compuesto segun una cualquiera de las reivindicaciones 1 a 6”.

El documentoe D1 divulga un sobrenadante que contiene el compuesto
antimicrobiano que es secretado por B. clausii y adicionalmente ensefia que la
sustancia producida por B. clausii O/C es activa contra las cepas de C. difficile
probadas. Por tal razén una persona de nivel medio versada en la materia en vista
de lo revelado en el documento D1 se veria motivada a incorporar el compuesto
antimicrobiano en un medicamento para el tratamiento de diarrea asociada a C.
difficile tal y como es revelado en la anterioridad.

En consecuencia, el objeto de la reivindicacién 8 se deriva de lo revelado
previamente en el estado de |a técnica y no contiene nivel inventivo.

Conclusién:
La rewvindicacion 8 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito de nivel inventivo (Art. 18).

La reivindicacion 7 consiste en: “Procedimiento para la preparacion de un compuesto
segun una cualquiera de las reivindicaciones 1 a 8, que comprende las fases de

- cultivo de 1as cepas de Bacillus clausii en un medio apropiado hasta la esporuiacion
de las cepas;

- recogida del sobrenadante del cultivo tras |a centrifugacion y filtracion;

- extraccion en fase sdélida del cultivo tras centrifugacion y filtracion;

- 81 es necesario, purificacion de ia fraccion obtenida por cromatografia liquida de
alta resolucion (HPLC)".

El proceso reclamado no esta conformado por pasos sorprendentes para la persona
del oficio medianamente versada en la materia segin lo establecido en los
documentos D1 y D2 (Documento D1 pag. S87 columna de la izquierda Ultimo
parrafo y columna de la derecha primer parrafo y pag. S88 tercer parrafo;
Documento D2 pag. 3157 columna de la izquierda “isolation and purification”) porque
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este hubiera inferido sin mucho esfuerzo de su parte, la obtencion del sobrenadante
y posterior extraccion en fase soélida y purificacion del compuesto a partir de los
conocimientos que en conjunto revelan los documentos D1y D2.

De manera que el procedimiento divulgado en la actual solicitud es una alternativa a
los procedimientos ya conocidos porque este sigue siendo Gtil para extraer
compuestos secretados por microrganismos.
Conclusion:
La reivindicacion 7 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito de nivel inventivo (Art. 18).

9. Conclusién

Los requisitos de patentabilidad de la presente solicitud estan afectados asi:

item Documento Reivindicaciones afectadas Requisito que afecta

Journal of Clinical
Gastroenterology: 9 Novedad
July 2004 - Volume 38 - ;
Issue - pp $86-S90 T
Probiotics, Prebiotics, | 7y8 Nive! inventivo {
and New Foods

DA

Antimicrob. Agents
i D2 Chemother. 2001, E 7 Nivel Inventivo
; ! 45(11): 3156. i

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacién. En caso
de no dar respuesta al presente requerimiento, 0 si a pesar de la respuesta
subsistieran los impedimentos para la concesidon, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante para dar respuesta y presentarla por escrito.

Notifiguese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001,

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

Erl anterior requerimiento fue notificado por fijacion en lista, de fecha
Realizado por: Juanita Catalina Rico. G
Revisado por: Consuelo Leguizamén L.@&
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ProBIOTICS, PREBIOTICS, AND NEW FooDs

Bacillus clausii Probiotic Strains
Antimicrobial and Immunomodulatory Activities

Maria C. Urdaci. PhD. Philippe Bressollier, PhD, and Irina Pinchuk, PhD

Abstract: The clinival benefits observed with probiotic use are
mainly attributed o the annmicrobial substances produced by probi.
otic strains and to their immunomodulatory eftects. Currently, the
hest-documented probiotic bacteria weed 1n uman therapy are lactic
acid bacteria. [n contrast. studies aiming to charactenize the mecha-
msms responsible for the probiotie benefical effects of Bacillus are
rare. The current work seeks 10 contribute 1o such characterization by
evaluaiing the antimicrobial and immunomodulatory activities of
probivtic 8. clewsii strains. B clansii straing release antimicrobial

substances in the medium, Maorcaver, the releasc of these antimicro-.

Maal subsrances was observed. during stutiovary grawth phase and
coincwded with sporukanon. These subsiances were active against
Gram-pogitive bacteria, in particular against Sauphvlococcus aurens,
Enrerococets fuecnm, and Clostidivm difficile-The aniimicrobial
ACOVITY was resistant 1o subtihan, proteinase K. and chymoirypsin
reatment. whereas #owis sensiiive o pronose treamment, The evalu-
aiton of the immunomodulatore properties of probiotic 8. clousii
strains was performed in vitro o Swiss and €57 BLG] murine cells.
The authors demansirate that thess suuns. 1 their vegetative forms.
are able 1o induce WOS 1T syntherase activitv, IFN-y production, and
CD3 T-cell prohiermition,

Key Words: Bacilius clausii. antimicrobial substance. immuno-
stimudation

LS Clin Craseroonrerel 200438 586-894)

he use of probiotics o enhance human health has been pro-

pased for many years.” Recently, the term probiozics was
redefined as “live microorganisms administered inan adequate
amount which canfor i heatth benefit on the host. ™™ A signifi-
cant aumber of studies have demonstrated the therapeutic ef-
ticacy of probiotics when applicd to the treatment of several
gastromtestinal microhial disorders, including acute diarrhea,
antibotic-associated diarthea. and traveler's diarrhea. ™ Be-

Reveived for publicution Januan 132004, secepred February 12, 2004,

From Leboratorre de Microbivtogie, ENTEA-Lnversity of Bordeaux, Gradig-
nan. France

Reprints. Maria 0 Lrdaci, PhD. Laboraoire de Microbiologie, ENITA-
Lniversity ol Bordeaus, 1, Cowrs Ju Géneral de Gaulle, 33173 Gradignan,
France te-mall menrdacire entaban

Uopyright v 2004 by Lippmeans Williams & Wilkins
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side their therapeutic use as pharmaceuticals. probiorics hawve
been extensively included during the pust 2 decades in varous
types of food products {in particularly, those based on fer-
mented mitk).

So far, the best-documented probiotics are lactic acid
bacteria. In contrast. the mechanisms responsible for the ben-
eficial effects of other probiotics, especially the Bacillus spe-
cies, have remained relatively unexplored until fairly recently.
Bueillus strains for animal nutritional use and for human use
(pharmaceutical preparations} include B. subrilis, B. licheni-
Jormis, B. cougulans, B. tovoi (cervens), B. natta (subtilis).
B. clausii, B. polvfermentany, and B. cerews.”

Many aspects. including safety and functional character-
istics, nead to be considered during the selection of microor-
ganisms for probiotic design. Functional characteristics in-
clude viability and persistence in the gastrointestinal tract,
antagonistic properties againsi bacterial infection. and im-
munomadulation. The antimicrobial activity of probiotic bac-
teria was sugpested to be one of the probiartic parthogen-
inhibiting mechanisms. Morcover,
ously reported that antimicrobial activity of probiotic bacteria
in vitro and in vivo is mainly attributed to their capacity 1o
produce antimicrobial substances. Recent reports suggest that
the antimicrobial activity of Lacrofiacillies probiotics involves
the production of secreted compounds, such as organic acid,
nydrogen peroxide, as well as various antibiotics and/or bac-
teriocins.'"™"? Qur recent study demonstrated that the untibu-
terial activaty of one 8. subrilis probiotic strain (Biosporiny is
the result of the production of 2 distinet antibiatics.

In addition, several studies have demonstrated that
orally administered probiotic bacteria can stimulate the cellu-
lar and humoral immune systems, resulting in health improve-
ment during intestinal infections.''* Bacillus probiotics have
been reported to induce cellular and humoral immune re-
sponses in vivo.'*'® Recent studies have shown that orally
ingested 8. swbrilis spores are immunogenic, can disseminate
to the Payer's patches and mesenteric lymph nades, and prob-
ably affect cytokine production.'” Marcover, given their im-
munomaodulatory effects. these bacteria were proposed for
use as an oral vaceine delivery vehicle. " Despite the con-
siderable recent advances in the characterization of Bacillus
probietics, the molecular and cellular mechanisms by which

| Clin Gastroenterol = Volume 38, Supp. 2, uly 2004

several authors have previ-:
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Bacillus clausii Probiatic Strains

these bacteria exert therr immune modulatory action are still
unknown,

The Bucillys probiotic Loterogermina. which includes 4
strains of Bacillus, recently veclassificd from subiilis 1o clansii
and shown 1o display a low level of inuaspecific diversity,”™

has beenreported to exert beneficial clinical effects. notably in-

the treatment of diarrhea and in the prevention of infectious
diseases.™™' " However. the precise mechanisms responsible for
these effects rematn unclear. The cwrrent study was designed
to analyze the antimicrobial activity of the B. clausii strains
und 10 explore their immunomedulatory action through their

ability to activate muring antigen presenting cells and T-cell

subscis 0 vitry.

MATERIALS AND METHODS

Bacterial Strains and Culture Media

The 4 8. ¢/uusii probiotic sirains O/C. N/RUSIN. and T
tEoterogernuna) B suheilic 3 (Biesporine). B. Kcheniformis
IU(Biasporing), 8. cereus 1P 3832 (Bactisubtil). B. corews NT
tBiosubtyl). and 8. rerens DM-423 (Cereobiogen): and the
reference strain 8. subrilis 168 were used in the current study,
The strains vsed as test cudtines (in the assays of antimicrobial
activiryy are listed in Table 1. Buciflus strains were cultivaied
in Muoeller Hinton {MED broth (8ifeo Laboratory, Detroit, ML)

TABLE 1. Inhibitory Activity Produced by 8. clausi OC
Supernatant for Different Pathogenic and Nonpathogenic
Intestinal Bacteria and Other Microorganisms

Strain Tested Activity*

S wrens CIPF 330 53 156 -
Enrerococeus focetm LMBATL 27323 -
E feeciam LMBA 27323 -
Micrococcus sp LMBA 26 —
Lactocovens factic ATCCS 11434 -
L lacts LMBA 37 -
Closividivm difficile 3147 —_
Excherichia coli 1MBA 20684 -
Salmanetin enrerica sevovar: S, phimndion

ATCC 29629 -
§ floviert LMVBA J2225 -
Vitwde ehioderae NCECH = 8021 -
I parahacmol tiens ATUC 1IR02 -
Premndememuas flioreseens LAMBA BEI -

Farsaruent cxesportiny ax 324 -

“Antimicrebial aconoy determined oy gar diflusion st

FCelection de 'nsniut Pastew

ILMBA, laboratonre Jde Mivrabinlociz ¢t Binchime Apphauée. ENTIA de
Hordeaus, Franve

FATOL, Amertean Type Culiure Collection.

CHopuat Pellewrnin, Bordeaun. Frauce.

“#Nauonal Callection of Type Cultures, England

HHINRA de Bondeaux

C 2069 Lippincon Withams & Wilkine

or on MH agar for 24 to 72 hours at 30°C. Lactic acid bacteria
were grown in MRS (de Man, Rogosa. and $harpe) broth
{Difco Laboratories) for 24 hours at 37°C. The other bacteria
listed in Table 1 were growth in brain heart infusion (BH1)
media (Difeo). BHI medium supplemented with 2% NaC'l was
used for the wihrio species growth. Clostridium difficile was
grown in Brucello agar (Anaerobe Systems, Morgan Hill. CA)
supplemented with 3% defibrinated sheep blood. Finally, the
Malta agar was used for fungi cultures. The sporulation per-
centage determination of B. clausii strains grown in different
conditions wus determined after Gram staining and micro-
scopic observation,

Determination of Antimicrobial Activity

A colony overlay assay was used for the detection of
probiotic antimicrobial activity.?” The presence of antagonis-
tic activity of the Bacillus probiolic strains was determined as
an inhibition of test culture growth around the Bacillus spot.
An agar well diffusion method was used for analysis of Bacil-
fus culture supernatant antimicrobial activity. as described pre-
vieusly.** The titer of antimicrobial activity (activity units
[AU] per milliliter) was defined as the supernatant with highest
dilution showing inhibition of S, awrens C1P 350 53 156,

To churacterize the antimicrabials produced by prabi-
otic bacteria, we analyzed the thermostability and enzymatic
treatiment resistance of the antimicrobials present in culture su-
pematant of the probiatic strains. Analyses were performed as
described previously.™ Enzymes (subtilisin. proteinase K.
chymotrypsin, pronase, lipase. a-amylase. and lvsczyme)
were used at final concentrations of | mg/ml. The anti-$. au-
rens activity was determined before and after each treatment
using an agar well diffusion method.

Evaluation of Immunomodulatory Activity
The murine peritoneal and spleen eells were isolated
from female Swiss albino and C37BL/6] mice (6-12 weeks
old; Iffa Credo, St. Germain sur I'Abresle, France) as de-
scribed previously.* Brietly, cells were washed rwice and re-
suspended in RPMI 1640 (Sigma) medium with supplements
containing 10% fetal calf serum ({Sigma). 2 mM L-glutamate
(Sigma). 2 mM sodium pyruvate {Sigma). 20 mM HEPES
(Sigma). and 25 pg/mL gentamicin (RPMI-FCS). Murine
CD4" T cells were purified from the spleen cells by an anti-
CD4" magnetic bead selection method {Meltenyi Biotec, CA)
Atotal of 5 = 10° CFU of prabiolic strains were added to
5 4 107 peritoneal or spleen cell cultures. Coguitures were re-
alized in 96 well plates. The plates were incubated 72 hours.
The concentration of nitrite {NO.7), a stable oxidized
derivative of NO. was determined spectrophotometrically at
540 nm with Griess reagents as previously described.**
IFN-~ productton was measured in supernatants of mu-
rine spleen cells exposed to Bacillus probiotic bacteria using

S§7
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ELISA (PharMingen. CA) according 1o the manufacturer’s
nstructions.

T-cell proliferation assay was used to determine whether
Huactllus prebiotic bacteria could activate T-cell proliferation
in the presence of antigen presenting cells (APC). Briefly, the
assay was performed in 96 well plates. in which 5 « 10 irra-
diated (3300 rad)] naive spleen cells were used (as APCY in
coculture with 2+ 107 purified CD47™ T celis in the presence or
absence ol Buciifus prabiotes 15 = 107 CFUswell). The plates
were meubaled tor 4 days ar 37°C. 3% CO.. Eighteen hours
before the end of coculture, the vells were pulsed with [*Hi-
thvmidine (1 Ci: ICN Pharmaceuticals Inc.. CA) Finally.
[*H]-thymidine incorporation was assessed using a liquid
scintillation counter (Bechman Jnstrument Inc. ).

RESULTS
Antimicrobial Activity

The antagonistic activiiy of 8. clausti probiotic straing
(O CONR,SIN, and T was analyzed using colany overtay
assav. In these experiments, S, aureny and Salmonella strains
were used as a test cultuve. Al tested B. zlonsii straing exhib-
ted ant-staphylococeal acuyitv. but nat anti-Solmonella ac-
tvity i vitro The celi-free supernatant of the 8. ¢lausii O/C

stron was used for further characterizatian of the antimicrobi--

als produced,

The antimicrobial compeunds nresent in the cell-free su-
pernatant of B clunsii O/C displaved a relatively narrow ag-
tivity. Among the tested bacteria, only Gram-positive species,
wctuding C difficile. were inhibited. No inhibitory effect was
observed against Gram-negative bacteria and fungi {Table 1),

The sime course study of antimicrabial production was
realized when O C strain was grown i MH broth. The anti-
staphylococaal activity of the cell-free supermnatant was fol-
lowed during different growth phasesFig. 1), Significant pro-
duction of compounds carrying anti-staphvlococcal activity
started 1 the middie of the stationany erowth phase (35443
hours of cultare growth) and eaincided with sporulation. The
maimanm ley el of anunucrehial production (74 UA 'ml.) was
achieved when rhe spomiiation yate was (0%,

The antimicrobial connpounds present in the cell-free su-
pernatant were relatively thermostable. because activity re-
matned after 30 minutes of incubation at 85°C. Mareover, the
cell-free supematant kept 60%0 of anti-staphylococcal activity
after 30 minutes of heating at 95°C, Treatment of the cell-free
supernatant with subtilisin, proteinase K, chymorrypsin, li-
puse. a-amylase. or lysozyme did not affect ity antimicrobial
activity. However. the supematant was inactivated by pronase
treatment.

immunomodulatory Activity
Ta characterize the immunomodulatory activity of
B. clausii probiotic strains. these bacteria were screened for
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FIGURE 1. Growth and preduction of an antimicrobial sub-
stance by probiotic strain 8. clausi O/C. During growth, optui-
cal density (OD) at 600 nm of culiure (#), percentage of

sporulation (W), and anti-$. aureus activity in activity units per
milliliter (D) was measured.

their ability to stimulate nitrite production in Swiss muring
peritoneal cells, Nitrite concentrations were measured in 72-hour
coculture supernatants. The vegetative cells of the B, clausii
strains ircluced significant tevels of nitrite production (ap-
proximately 100 u¥). Moreover, these levels of stimulation
were comparable with those obtained when peritoneal cells
were cocultured with B. subtilis 3 probiotic strain. Other1ested
vegetative cells of Baciflus probiotics (8. lcheniformis 31.
B. cercus IP 3832, B. cerens NT, and 8. cereus DM-423) and
the reference strain B. subiilis 168 had a lower stimulatory ef-
feet {nitrite concentration range, 35-73 pM), This increase in
nitrite production was completely abolished when L-N®
{imina-ethyl)-lysine-dihydrochloride (L-NLL) was added.
suggesting that the stimulatory effect accurred through NOS 11
induction.

NOS ILactivity in murine APC can be induced by certain
cytokines. including INF-v. We thus analyzed the effect of the
four 8. elausii probiotic strains on IFN-v production by murine
C57 BL/6} spleen cells using ELISA. Al 4 strains showed a
strang stimulatory effect on IFN-y production, which was sig-
niticantly higher than the effect observed with the 8. subrilis
[68 reference strain (Fig. 2).

Finally, we analyzed the ability of 8. clausii strains to
activate CD4” T-cell proliferation in the presence of APC. The
CD4" T cells were purified from C57B1/6) murine spleen cells,
The purity of these cells was 96 1o 98% (flow cytometry analy-
sis. data not shewn). All B. clawsii strains induced a signilicani
T-cell proliferative response {Table 2). The probiotic strain
[vmphoproliferation stimulatory effect was comparable with
that obtained with concanavalin A,

DISCUSSION

The concept of oraily taken nonpathogenic microorgan-
isms for the improvement of one's health is not new. However,

£ 2004 Lippincon Williams & Wilkins
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FIGURE 2. Stimulation of IFN-y production by murine spleen
ceils induced with B. clousii probiotic strains. Spleen cells were
isclated from CS57BL/6] muce and cocultured with probiotic
strain 8. clausii OC {O/C), 8. clousii NR (N/R), B. clausii SIN
(SIN), 8. clousii T (T), ar reference strain 8, subtilis 168 (85168).
Analysis of IFN-y production by murine spleen cells was real-
ized 72 hours later using ELISA,

this idea has not received serious attention until recently. The
luck of medical acceptance has been the result of o previous
lack of scientitically reported evidence of the benetficial etfects
of probiotics. During the last decade, ¢linical studies have lent
support io the use of selecied probiotic agenis for the preven-
en and reatment of gastrointestinal disorders. " (Hart,
2003 Howeser, line 15 known about the mechanisins respon-
sible for the chinically observed effecrs. Recent studies indicate
that probiotics probably work by multiple mechanisms 4171
Furthermore. each agent masv have o unique action.

TABLE 2. B. clousii Probiotic Strains Stimulate Proliferation of
mMurine CO4* T Cells

Stimulation of Murine CD4™ T Cell*

Strain/Immunostimulater  Profiferation, Index of Stimulatien

B. clunsii OC 23
B ¢l XR 18
B clousii SIN 2.7
B clisii ¥ 29
B subtifie 163 (R
Con A 2pamlL? 4

*Aotabol 3 - T CFL bacieria was used Tor stimulaton of 2« 10° CDa-
T cells in the presence of wradnated (3300 rad) naive munne spleen cells
15 107 cellsy Spleen and CDA7 1 eells were smalared from CS7BEA) nuce

FOomoanavabin v was need s o posiin e vanoel Tor DAY Toeell
~stipulshon

vo2und Lippinconr Witlicsis & 1fkins

Bacteria of Bucillus genus are known as producers of a
large number of bacteriocins and antibiotics. However, little
information is available regarding the antimicrobials produced
by Buacilius probiotic straing, The commercial probiotic &, puh-

Jermenany SCD. which has been successfully used for tha

treatment of long-temt intestipal disorders. was described to
produce poelyfermenticin {proteinase K-sensitive and heat la-
bile bacteriocin),” We also reported that probiotic strain
B. subrilis 3 (Biosporin} produced at least two antimicrobial
substances, one of which was identified as Amicoumacin A
Morcover, our reeent data demonstrate that this strain also pro-
duces four other antibiotics of a lipopeptide nature (personal
communication). In the current work we demonstrated that all
four B. clousii strains, which are included in the probiotic En-
terogermina, exhibited an antimicrabial activity in vitro.
Marcover, we determined that 8. ofeisii O:C stram produced
at least one antimicrobial substance secreted in the media.
which displayed an activity against the Gram-positive bacte-
ria. This substance was characterized as a bacteriocin-like sub-
stance, beecausc its antimicrobial activity was sensitive to pro-
nase treatment, However, the fime course analysis of the sub-
stance progduction demonstrated that this antimicrobial had
secondary-metabolite production kinetics, in contrast to bac-
teriocins that are considered to be primary metabolites. There-
fore we do not exclude that the produced substance could be an
antibictic of polvpeptide or lipopeptide nature. because such
antibiotics were described 1o be frequently produced by many
Buacillus species.” 5432

The use of probiotics for the trcatment of primary and
recurrent C. difficile diarthea was recenily proposed.*®~ In-
terestingly, the smtimicrobial substance produced by 8. efuusii
OC strawn was active agamst the C difficile stramns tested. This
i vitro-observed anti-C difficile effect opens perspectives for
the therapeutic benefits of Enterogermina use in the (reatnent
of C. difficile-associated diarrhea.

The precise mechanisms by which probiotics tmprove
host defenses and mediate protection are not fully known.
There is evidenee to suggest that probiotics might also contrib-
ute to host heaith by stimulating both specific and nonspecific
host immune responses. Numerous studies concerning the im-
munomodulatory properties of lactic acid bacteria strains have
been recently published."'® As for Bacillus probiotics. little
information is available. It has been suggested that the nitrite
formation resulting from WOS 1 activity might be involved in
the T,,1/T,;2 balance.™ In our study, all Baciflus probiotics
tested tnduced NOS 1 expression and consequently nitrite pro-
duction in macrophages, after coculturing the bacteria with
murine peritoneal cells. This NOS 1l induction etect was in-
direct, because no nitrite production was observed in the co-
culture of the bacteria with purified macrophages or 1774.2
cell line (data not shown),

The immunomeodulating activity of lactic acid bacteria
may be atrributed. in pant. to the involvement of a cviokine
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network. which plays a prvoral role in coordinating immune
function. ™" Muscetiotuctal.'” demonstrared tat administra-
tion of the probiotic Enterogermina, containing 4 B. ciuusii
straing, 10 mice ingreased vx vive IFN production. In our study
we demonstrated that in vitre each of these 4 B. elausii probi-
ofic strains stumulated the production of IFN-y by murine
spteen cells. Moreover, all these strains induced the prolifera-
tion of murine CD4™ T cells in the presence of irradiated APC.
The immunomodulatery capacity of these strains could be the
result of the expression ot some extraceilular and/or cell wall-
associared compounds involved in immunostimulation.*? The
identification of the campounds responsibie for the immuno-
stimulatery capacity of 8, clawsii probiolic strains is currently
under insestigation.

In conclusion. our results suggest that the beneficial
clinical eftects observed Jar Emerogermina can at least be par-
tially the resuls of the antimicrobial and immunomodulatory
activities of'the B, eluwsii probiotic strains. These observations
provide insights into the mechanisms responsible for Bacitius
probioric effects on the host and should encourage further
study 10 understand the physiology of the interaction of these
bacteria with the host and the role of different compounds pro-
duced by probiotic microargamsms.
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A fimited number of untibiotics cun by used ugainst Helicobacter pylori infection, and resistance jeopardizes
the success of treatment. Therefore, a search for new agents is warranted. The use of probiotics to enhance
gastrointestinal health has been proposed for many years. but the scientific basis of the prophylactic and
therapeutic actions of prebiotics has not yet been clearly delincated. Probiotic strain Bacillus subtilis 3, whese
safcty has previously been demonstrated, is known to have antagonistic properties against specics of the family
Enterobactericecac. In the present study, it way also found to inhibit H. pylori. The santi-F. pylori activity present
in the cell-free supernatant was not related to pH or organic acid coneentration. {t was heat stable and protease
insensitive. Al least two antibiotics, detected by thin-layer chromatography (R, values, 0.47 and 0.85, respec-
tively) and confirmed by high-performance liguid chromatographic analysis, were found to be responsible for
this anti-H. pelori activity. All H. pylori strains tested were sensitive to hoth compounds. One of these
compounds was identified as amicoumacin A, an antibiotic with anti-inflammatory propertics. MICs for H.
prlori determined in solid and liquid media ranged between 1.7 and 6.8 pg/ml and 0.75 and 2.5 pg/ml,
respectively. The underestimation of MICs determined in solid medium may be due to physicochemical
instability of the antibiotic under these test conditions. An additive effect between amicoumacin A and the

nopamicoumacin antibiotic against H. pvlori was demonstrated.

Helicobacier pelort infection is the magor cause ol ¢hronic
gastritis und peptic uleer diseuse 110) and is @ risk factor for
gastric cancer in humans (81, This infection is extremely com-
mon throughout the world. and irs prevalence increases with
age and lower soviocconomic status,

Combinations of several drugs are now widely used for ihe
eradication of A. pylori, Numerous clinics] trials have indicated
that cradication of H. pvion by treatment that includes bismuth
or antisceretory drugs combined with antibiotics leads to heal-
ing of gastritls and drastically decreases the rate of peptic ulcer
refapse. However, a limited number of antibiotics can be used,
and resistance jeopardizes the success of treatment (15, 19).
Thevelore. a search for new antimicrohial agents is warranted.

Several authors have previoush reported that certain probi-
atic bacteria. such as Luctobacilfuy spp.. exhibit ishibitory ac-
tvity against H pvford in vitro and in vivo (50 17 The term
“prohiote” was fivst used by Parker (21} to desernibe “organ-
isms and substances which contribute to the intestinal micro-
baal bafance.” This detinition has since been narrowed to focus
~n narmal puerotora that have a beneticial ettect in the pre-
vention and treatment of a diverse spectrum of gastrointestinal
disorders such as antibiotic-axsociated diarrhea and bacterial
and viral diarrhea (including diarrhea cansed by Shigelle spp..
Salmonella spp.. rotavirus, and others) (6. 23). Currently. the
most wetl-studied probiotics are the Iactic acid bacteria. par-

* Corresponding auther: Mailing address: Luburatoire de Microbi-
ologie el Biochimie Appliquée, ENITA de Bordeaus. 1. cours du
Crénéral de Gaulle. BP 201, 33173 Gradignan cedex. France. Phone: 33
S RT 35539 9], Fax: 33 5 537 33 07 39. E-mail: m-urdaci@ enitab.fr.
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ticularly lactobacilli, and 1o a lesser extent. bilidobacteria.
Other organisms used or considered for use as probiotics in
humans or animals include various Bacillus spp.. Bacreroides
spp.. Propionibacterium spp.. and fungi (2. 23, 26). Character-
ization and study of the mechanisms of action of these micro-
organisms as probrotics lag significantly behind characteriza-
tion and study of those of the Jactic acid bacteria.

Probiotic strain Bacillus subrilis 3 1s of interest because of ity
sufety for use in humans (209 and its antagonistic effeet in vitro
and in vivo against different human bacterial pathogens such as
Canmpylobacter spp. (26). Recent reports have suggested that
the antimicrohial activity of Lactobacilins sp. probiotics in-
volves production of secreted compounds. such as organic acid.
hydrogen peroxide. as well as various antibiotics or bacterio-
cins (1. 5, 12,25, 27), Therefore. the aim of the present study
was to determine Lhe antagonistic activisy of probiotic strain B,
subtifis 3 against H. pvlori in vitro and the cause of anv inhib-
itory activity.

MATERIALS AND METHODS

Racterla. All except three of the bacterial strains used as test cultures (see
Tahles | and 2} were grown in Mueller-Hinton (MH) medium a1 37°C under
uerobir conditions. H. pular, Campyiobacier jejuni. ang Bocterondes fragiby strains,
howerer. were cultured on MH agar (Dileo Laboratones, Detroal, Mich.} sup-
plemented with 107% defibrinated horse blood (MILEB) and were grown lor 48
w 72 hounder microacrabic (for M. pelor and C jejionry or anperobic (fov B,
fragifis) conditions.

Probiotic strain 8. sebulis 3, originally isnlated from animal fedder (IMV
National Academy of Sciences, Kiev. Ubkraine). 15 one of the basic companents
of the commerciz! probiotic Biosporin (Biofarm. Dnieproperrovsk, Ukrainey. [t
was grown in 2 liquid starch medium compaosed of starch (10 giter). pepione (&
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g-hterd and NaCl (0.5 glnen for 72 hal 26°C in an acrobse almosphere on a
rotary shaker at 175 pm.

All strains were stored at =70°C in brucella broth (Difco Labnratoriesy con-
taining 1003 ealivalt glyeerol.

Antimicrohial testing, (is Spotring method. 8 swheds 3 was inoculated a< a
Spot {uppraximately 3 10 10 mmd on the swiface of o starch agar (1,27 {wivel])
piare. Lonrols consisted of uninocuned stovh agar plates, After 72 1 ar 28°C,
the boctera were watted B esposare w chlorolorm vapar for 13 nua. and the
platex were everlan with MHEB cantammg 24- 10 38-h-nld H. pylorr stras at
17 CTL ml saotusted by tbidimedng ALl plaies were mcubated for 24 tin 48 b

AT U e apprepr e atmosphers. The ariigomsie acovin was detected as
e presence of G growth ministion zepo around the spos

viil Assay fer antibacterial substance production, Awessment of the anti-H.
Flurr actvioes of vuliire sapermataots and step purificarion fractions was pere
tormud by ai wgn well difuzion method (39 wirh MH®GB. The inceelem of H.
peforc straing was approamately P CFUmlL Alkguots of 100 gl of these sus-
pensians weie inngulazed onto agar medivm, The wells (diameter. & mm) were
then cut ingn each plate, Serial dilutions of each test sohinon were nade. and the
wells were (illed with 1D pl of nagive or dilwed solution. The plates were
cutated af 370 in a microgerodic ammesphere for 23 o 48 b The inhibition
ones of Hopylon were then messured

Tie tter of ante-H. pvioi was detined as the 1teciproeal of the highest ditution
showing inhibition of /f pvlere and was expressed inactivity units (AU per
miililiter,

iy Viahility of . pylerd 881, The wiability ot A ko Svelney strain 1 {851
1 the presence ol cell-tree supernatant. sobd-phase exteact, o1 punfied fractions
AT the antimiviobiel cebsiices woas determned by the method deseribed by
Bemct-Caimazd o3 ol 13) Bocth, an T8-G-0id A puder culiure was resuspended
vphvephate-bullered sabme (PBS ) and contrifuped ar £300 - ¢ (or 5 min. The
supelnatant was discarded, and the bacternn were washed once with PBS and
tesuspended (approsimately 107 CFU mD) in medium containing 30% (valhal)
bran heart intusion hiotl (Dhlco Laborarenes), 0% {volivol) Duthecco modi-
Fed Eagle’s mediorr (Lile Technologies, Cergy-Fontoise. France), and 109
teatsal) fetial bovine serum. Lhen, 4.8 mif of this suspension was incubated with
E mlof a eell-free supernatant, solid-phase extiaet, or purilied fraction of
antmuctabial sabstances ot 37°C under microaerobic conditons, In this experi-
ment. the dried solid-phase extract ar purified fractions were dissolved in 0.5 ml
at stereh medivm and were used ar a final enavensraton of 200 AUMmIL [nuially
wnd then at pregetermined interels, aliguots of the inrubated suspension were
removed. serilly diluted, and plated onto MH& B 10 determine bacterial colony
SOLTPHE

Physicochemical and enzymatic treatmencs, For thermostability assay, {wnph-
itzed cell-free supernatant 120 mg'mb in 3 mM Tris HO buffer |pH 7.0)) was
submitlted (o heat treatment for 15, 20,43, and 60 min at 100-C. For pH s1ability.
the preparation (25 mgmlysas incubated for | h a1 37C in appropriate buffer
ons (3 D Eris or 3 ;M CH-COO N adjusted o different pH values with
HCE o1 CHLCOOHR. respueetivel ) Senaitivite 1o engymes was tested by meubi-
nan of the preparation (20 mg mlm 5 mM Tos HCE buffer [pH 8.3 for 1 h at
STC o ot ases nr at 2T7C for lipase camvlase, @and hewosame. The envvmes
weis eaed At i concentrations of |omg ml The ano-H prlon activity was

~i

deteacied setore and after cach fteahieat by the agar well difusion method.

Tsolanen and purification, (Settires o 8 wubriss 5 prown fur 72 b g starch
eptad mediam at 2870 o eolime of 8 iters were elatified by fliaton through
dttnmaceous earth (Spendahte N Spmdal. Fans, Franced, The antimizrabial
suberonees 11 cetl-free Slitules were Bacl adsorked on Amberlite N AD7T poly-
wrvie ester vesm (SigmeA iR Chinie, St Quentim Fallavier. France). Atter
wasking uf the resin with water and H.4 sopropanel (80:20 Solaol}), antimi-
bl wompounds aore clutad wath H.0 sopropanob LT pvolivol]) aad were
then concentrated aoder sacuum, TR @y residee (solld phase ealiact) was
dive ved o HoOwazetanin'e B0 Kol el]) coniaining 0177 rifiumoacetic
it I TEAS This soivent mixivse was geed a5 solient A The dsantved residue
was toadglant e Nes s Puk HR O Warers Pis L Millisore Corpe, Se-Quentine
Yuehnes Frnes) semipreparaine ceverse-poase high-pressure liguid chrome-
oy CHPLC, colamn 23 5 10 nun. pattcle swee. & pn: pore siee, 60 A)
cquitibrated at a 18 mlmin e sie wath sohent A Ay was chued with a
wo-step linear pradient of acetnnitrile containing 10777 TTA (solvent BY: from
e nnm with U 194 sakent B and then from S0t 30 min with 19 1o (U5
svent B

Active travtions were poole] freeze-died. resuspended m salvent A, and then
processed o the same ssstem Iy uzing on 80-mm dinean gradient with from 0o
20t salhent BloActine fractions (pualicd antmicoadial substimee) were col-
lected, freera-dried. and stored at —»07C,

AL puriication steps weire permormed ot mom tempeiatire with a 600 £

B. SUBTILIS 3 PROBIQTIC ANTI-H. PYLOR!I ACTIVITY 3157

HPLC system {Waters Division, Millipore Corp.): the absorbance of the eluate
was detected ar 210 nnw.

TLC. Thin-layer chrematography (TLC) analysis of celi-free supernatants and
purified antimicrobial fractions was perlormed on precosted Kieselghur nl)
plates {20 by 20 ¢m: Macherey Nugel. Duren, Gernusny) with chlotoform-meth-
anol-H.O (63:23:4 [valvalivoi]) as a mobile phase. The bands on the TLC
chromatogram were marked under UV light ot 310 nm The different bunds weie
seraped separately. dissodved in | wl of H, O-sopropanal (307 7 vl val]),
vortesed, and cemirifuged for 15 min a1 6,300 < g, Phe anti-H. pvlon activities of
the exiracts thut were obtained were tested by the agar well diffusion method.

Reverse-phase HPLC, Reverse-phase HPLC an o Lichrospher Cyy column (4
by 1235 mm: particle size, 5 pm: pore size, 10 &: Merck, Darmstad. Germanyy
was used ta analyze solid-phase extracts and the purified substance. After sample
injection, the column was eluted for § min ar o flow rate of 1 mlsmin with
H.C-acewanitrile {90: 16 [volsvol)) eontaining (1.1 TFA (solvem A) and was then
eluted with a linear gradient with from 0 to 20% solvent B for 30 min. Anzibiotic
substances in the eluate were detected with a fuorescence detector (Waters
Division, Millipore Corp.): the excitation wavelength selected was 212 nm, and
enmission wis meastred wt 463 nm.

Physivochemical properties. UV-visible aniilviotic spectral daa were recorde
an a 930 Liviken spectrophotometer {Bio-Tek Instruments. St Quentin en Yve-
lines. France). 'H and "*C nuclear magneiic vesonance (NMR) spectra of anti-
microbial compounds were acquited on s Bruker Spectrospin DRN S0 spee-
iramcter (Biuker Canada Lid., Miiton. Omario, Canada)

Malecular mass was determined v mass spectrametry in the electrnspray
mode with a STEX AP] 100 spectrameter {Perepective Binsystem. Framingham,
United Kingdom). Esact malecular mass deternunation was peitarned on a
high-resolution chemival jonization mass spectrometer {IMS-ANS05 JRO]
UsA Ine. Peabady. Mass,

Dretermination of MI1Cs, The MIC of the purified antimicrohial substance for
diffevent bacierial strains were determined by a diletion method (I18) in solid
undfor liguid media containing different cuncentrations of purified untimicrobial
substance. The bacterial inoculum was approximately 107 CFUm). The MIC was
considered ta be the lawest concentratian of antimigrobial subsiance Lhat caused
total inhibition of bacterial growth.

RESULTS

Inhibition of growth of A. pylori in vitro by B. subtilis 3 and
its supernatant. Of the 21 strains of H. pvler tested. all were
inhibited by 8. subiilis 3. When the cell-free supernatant of B
subtilis 3 was tested. the inhibitorv zone for each H. pvlori
isolate ranged from 10 to 16 mm. The diameters of the inhi-
bition zanes increased significantly {15 to 25 mm) when the
supernatant was concentraled approximately 10-fold.

Effects of heat, pH. and various cnzvmes on antimicrehial
substanceis), The antimicrobial compounds present in the
cell-free supermatant were heat stable, and the level of activity
remained unchanged after 60 min of incubation at 100°C. This
antimicrobial supernatant was also active over o wide runge of
pH vatues, from 3 10 10, The activity decreased shightly (2047)
at pH L} Trearment with different enzymes (pepsin. trvpsin,
proteinase K. lipase. a-amyiase, and hvsozyme) did not affec
the antimicrobial activity of the supernatant,

Study of antibiotic production by TLC analysis. TLC of
conceniraled cell-lree supernatant on silica pel plates yielded
five major bands under UV light a1 310 nm. with R, values of
0.2,0.43, 0,47, 0.8, and 0.85. These bands were submitted 10 an
extraction procedure, and the activity of each band against /.
priori strains was measured. Only two of them. those with R,
values of 0.47 and 0.83. respectively. contained anli-H. pvlori
com;iounds.

Isolation and characterization. The antimicrobial com-
pounds present in Lhe cell-free filtrate of the B, swbiilis 3 cul-
ture were separated by solid-phase extraction and preparative
reverse-phase HPLC assays. Two active fracuions (Fractions a
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