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: APLICACIONES
Solicitante : SANOFI-AVENTIS SPA
Clase . CO7K 014/045
Publicada en : La Gaceta No. 613 del 19 de febrero de 2010
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w1 Yo, LUZ CLEMENCIA DE PAEZ, identificada como aparece al pie de mi firma, actuando

P

como apoderada en el asunto de la referencia, atentamente, solicito se efectie el examen de
patentabilidad de la solicitud en referencia presentada de acuerdo con el Capitulo | del PCT y
segun lo establecido en el articulo 44 de la Decision 486 de la Comision de la Comunidad Andina.
Para tal efecto presento junto con este escrito el recibo por valor de $470.000.00, que corresponde
a la tasa fijada segun lo dispuesto en la resolucion No. 69699 del 30 de diciembre de 2009.

2. Ruego atentamente a la Sefiora Jefe se sirva ordenar que se anexe este recibo para que

se efectue dicho examen y se continlie con el tramite de la solicitud.

Anexos :
e Presento asi mismo sustitucion del poder otorgado por el Doctor EMILIO FERRERO, a mi
favor, y para lo cual solicito me sea reconocida personeria para proseguir con el tramite de
este asunto en favor de la sociedad solicitante.

Sefiora Directora,

VD B e X0 N ESNED
LUZ CLEMENCIA DE PAEZ

C.C. 35.456.344 de Usaquén

T.P.A. No. 23.555

COLO-16745-841-001-3
ASGMUGGAD-173983\WWPC16745
No. M-2010-173983\ASG

NIT. 860.041.367-3
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Sefiores
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
E. S. D.

Poderdante SANOFI-AVENTIS SPA

Poder conferido el 04/11/2008

Yo, EMILIO FERRERO, obrando como apoderado principal del

poderdante arriba mencionado, mediante el presente escrito

sustituyo el poder a

PAEZ,

mi otorgado a la doctora LUZ CLEMENCIA DE
identificada con cédula de ciudadania No. 35.456.344 vy
Tarjeta Profesional N°23.555, con todas las facultades que me

fueron conferidas.

‘Hago la anterior sustitucién conforme al articulo 66 del

Cédigo de Procedimiento Civil.

EMILIO FERRERO

T.P.A. N° 31.929
C.C. N° 438.019 de Usaquén

o Q N@mam SEXTA D
: nu
s bl MT:.R ngggfcgknc soeon

e HE :
fA 0. £ “ RLICA };EKNI!‘()L OMH

09 JuL. 200 |
v 4 .J

Acepto:

-, \
Leid ClErme e Sob/Se o
LUZ CLEMENCIA DE PAEZ
T.P.A. N° W’f‘SSS
C.C. No. 35. 456 344 de Usaqguén

N1T 860.041.367-3

TELEFONO: (57} (1) 347-3611
TELEFAX: (57)(1)217-9211 (57)(1) 310-4995

axy

R A Wit




LR CENEL Ny

2 4 déci&ro(mmn) qve la(a} f

o £ 0N
o0 000 N

3% R X
NOTARIA SEXTA DE BOGOT,
RECONOCIMIENTO Y %ﬁ'gsmmccow PERS ™)
Bogotd, D.C. % 10CT.
Ante Mi MARIA FERNANDA CASAS COLL
NOTARIA SEXTA (E) DEL CIROULO CE
BOGQTA D.C 2 '
c

, g/”:
Gip i)

Lokgrc s
AR, 7

aparece{n) \
en el presenie documento &3{s0n) ja(s) suya(s)y W
Que el contenite del mismg s Giaerto.

En constancia se firma asta diligencia

-COMO_NOTARIA: SEXTA DEL’ CIRGULG DE ‘BOGOTA:
.C.:HAGO CONSTAR QUE LA FOTOCOPIA CONCIDE
ON:i L ORIGINAL QUE - HE . TENIDO A" (A
TAD.C: REPUBLICA DE COLOMS!




SUPERINTEMDENCIA DE INDUSTRIA ¥ COMERCID

NIT @ BOO174089-2

RECIBO OFICIAL DE CAJA @ 10 — 55,1462
FECHA : JULID & DE 2010

SUPERINTENDLNGIA DEINDUSTRIA Y COMERC O

LT

106316--00003-0000

Fecha: 2010-07.14 46:25.44
tra 11 PATENTEIYY

By CONGSIGNACTON fEex

Dep. 2020 DIR NUEVASCR

Eve: 37¢
Act. 538 PETICION Folios: QWSFAsLNAQMJPAL

TEPOSITANTE TIPG PAGD BANCO CUENTA No. PABD

FECHA PRO

Yr. PAGD

CAVELIER AROGADOS CONSIGNACION  BANCO DE BOBOTA 042754387 136799965

40 0 6 N CE P T 0 i

0470712010

32,255,000.00

CANT. RENTHSTICO CONCEPTD

TOTAL CONCEPTO

1 50005-01-01 SOLICITUDES

8OM:  CUATROCIENTOS SETENTA MIL PESOS

REGPONGABLE :

T

BO DE BAJA APLICADD AL EYPEDIENTE No.

(o Ur-8400

114 PTC CAP-1Y EYAMEN DE PATENTIBILID
TATAL ¢

470,000,00
$ 470,000,00

1



Industria y Comercio

SUPERINTENDENCIA

DIRECCION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. PCT 08-106316

‘ EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION
FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 613 DE
FECHA 19 DE FEBRERO DE 2010 EL TERMINO HABIL SENALADO POR LA

LEY EXPIRA EL 20 DE MAYO DE 2010

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacion
en la gaceta de Propiedad Industrial, debera solicitar y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decision 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
Si NO X
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES
2020
Bogota, D.C.,
Abogada
LUZ CLEMENCIA DE PAEZ
ASUNTO Radicacion 08 106 316
Tramite 011
Evento 378
Actuacion 519 .
Oficio w6694
Folios 013
Patente de invencion Patente de Modelo de Utilidad D
Via Nacional C
Via PCT (Fase Nacional) v Capitulo | v Capitulo H [
No. Solicitud Internacional ECT/IB2007/OO1OO

Fecha de Presentacion Internacional 06/Abril/2007

Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comision 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: [T MI2006A000678 06/Abril/2006

2. Analisis de la prioridad
Se acepta la reivindicacion de prioridad porque 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 biolégica, su preparacion y

sus aplicaciones”.

Expediente 08 106 316 ler Art 45
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El problema planteado en esta solicitud consiste en la necesidad de suministrar
nuevas moléculas que tengan propiedades antibidticas.

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 clasificacién internacional de
patentes (CIP). CO7K14/45.

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

El objeto de las reivindicaciones 1 — 6 no se considera una invencion, 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 porque no permite establecer
claramente que la solicitud se refiere a un compuesto peptidico con actividad
antimicrobiana aislado de un cultivo de Bacillus clausii y su proceso de obtencidn.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicacion 1 reclama un compuesto peptidico por su método de obtenciony
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 las reivindicaciones 1-6 no es patentable
puesto gue toda materia viva o parte de cualquier ser vivo y las sustancias existentes
en la naturaleza no son invenciones. Asf, 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 como se lleva a cabo la extraccidén en fase
solida, ni cual es la fraccidén obtenida que se purifica posteriormente por HPLC. Se
sugiere modificar la reivindicacion de tal manera que se limite a lo soportado en la
descripcion y sea posible establecer claramente el alcance de la misma.

7. Determinacion del estado de la técnica

Expediente 08 106 316  ler Art 45
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El estado de la técnica se determiné con base en la fecha de presentacién de la
solicitud de prioridad: Abril 6 de 2006 y se encontraron los siguientes documentos
gue 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
Plrsosg;sﬁwczf)psr 2%;;?2& Immunomodulatory Activities
and New Foods
o In vitro anti-Helicobacter pylori
Antimicrob. Agents - e ‘
D2 Chemother. 2001, activity of the probiotic strain Noviembre/2001

Bacillus subtilis 3 is due to

45(11). 3136. secretion of antibiotics.

D1 divulga (Folios 90-94) divulga que todas las cepas probadas de B. clausii
exhibieron actividad anti-estafilocécica pero no anti-salmonella, y que el compuesto
antimicrobiano presente el sobrenadante libre de células de B. clausii O/C
demostraron una actividad relativamente restringida, ya que dentro de las bacterias
probadas solo se inhibieron las bacterias Gram-positivas incluyendo C. difficile.
Ensefia que el maximo nivel de produccién del antimicrobiano por parte de B. clausii
se alcanzdé cuando la proporcion de esporulacion fue 60% (Pag. S88 columna de la
izquierda tercer parrafo). El documento D1 adicionalmente revela que se determiné
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 columna de la
izquierda tercera columna vy figura 1).

D2 http://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”.

Comparacién de las caracteristicas técnicas esenciales, con las del estado de la técnica:

Caracteristicas esenciales 5 D1
Composicion farmacéutica que Composicion farmaceéutica que
comprende: . comprende:
Un compuesto segun una Un compuesto antimicrobiano

Expediente 08 106 316 ler Art 45
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' cualquiera de las reivindicaciones 1 producido por B. clausii. ‘
ab
Al menos un excipiente Al menos un excipiente :
, . ‘ . |
farmacéuticamente aceptable farmacéuticamente aceptable |

Las caracteristicas esenciales de la composicién de la reivindicacién 8 habian sido
divulgadas previamente en D1, el cual ensefia un sobrenadante que contiene medio
y el compuesto antimicrobiano secretado por B. clausii (Pag S87 columna de la
izquierda Ultima columna, columna de la derecha primera columna; pag. S388
columna de la izquierda tercer y cuarto parrafo).

En consecuencia, la reivindicacion 9 no es nueva, segun lo divulgado en el
documento D1.

Nivel Inventivo (Art18 D486)

La reivindicacion 8 consiste en: "Medicamento caracterizado porque comprende un
compuesto segun una cualquiera de las reivindicaciones 1 a 6",

El documento D1 divulga un sobrenadante que contiene el compuesto
antimicrobiano que es secretado por B. clausii y adicionalmente ensena 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 la técnica y no contiene nivel inventivo.

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

La reivindicaciéon 7 consiste en: “Procedimiento para la preparacién de un compuesto
segun una cualquiera de las reivindicaciones 1 a 6, que comprende las fases de

- cultivo de las cepas de Bacillus clausii en un medio apropiado hasta la esporulacion
de las cepas;

- recogida del sobrenadante del cultivo tras la centrifugacion vy filtracién;

- extraccion en fase solida del cultivo tras centrifugacion vy filtracion;

- si es necesario, purificacion de la fraccion obtenida por cromatografia liquida de
alta resolucién (HPLC)".

El proceso reclamado no esta conformado por pasos sorprendentes para la persona
del oficio medianamente versada en la materia segun 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

Expediente 08 106 316  ler Art 45
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este hubiera inferido sin mucho esfuerzo de su parte, la obtencion del sobrenadante
y posterior extraccién en fase soélida y purificacién 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 util para extraer
compuestos secretados por microrganismos.

Conclusién:

La reivindicacién 7 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito de nivel inventivo (Art. 18).

9. Conclusion

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

item Documento

Reivindicaciones afectadas

!

Requisito que afecta

Journal of Clinical
: Gastroenterology:
. July 2004 - Volume 38 -

9

Novedad

D1 Issue - pp S86-S90

Probiotics, Prebiotics,
and New Foods

D2 Chemother. 2001,

45(11): 3156.

Nivel inventivo

Nivel inventivo

}
|
{

En cumplimiento del articulo 45 de la Decision 486 de la Comision 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 comunicacion. En caso
de no dar respuesta al presente requerimiento, 0 si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

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

Notifiquese 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.

D e

JOSE LUIS SALAZAR LOPEZ

Director de Nuevas Creaciones (C)

El
-

anterior

ot

Realizado por: Juanita Catalina Rico.

%

Revisado por: Consuelo Leguizamoén L.M

Expediente 08 106 316 ler Art 45
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ProsioTIcS, PREBIOTICS, AND NEW FOODS

Bacillus clausii Probiotic Strains
Antimicrobial and Immunomodulatory Activities

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

Abstract: The clinmcal benetits observed with probiotic use are
mainiv attributed o the antimicrobial substances produced by probi-
d to ther immunomodulatory effects. Currently, the
s)eumented probiotic bacterta used i buman therapy are lactlc
1

eria. In contrast, studics aiming to characterize the mecha-

mising responsible for the probiotic beneficial effects of Bacillus arve
vare. The current work seeks to contribute to such characterization by
evaluating the antimicrobial and immunomodulatory activities of
probiotic 8. clausit strains. 8. clausii strains release antimicrobial
substances 1 the medium. Moreover, the release of these antimicro-
bral substances was observed during stationary growth phase and
coinaded with sporulatton. These substances were active against
Crram-posttive bacteria, in parucular aganst Stuphvlococcus aureus,
Enrerocaccus favcrum, and Clostridivm difficile. The antimicrobial
vty was resistant o subtilising protemase K. and chymotrypsin
roent, whereas 1 was sensitive to pronase treatment, The evalu-

ation of the mmunomodulatory properties of probiotic 8. clausi

Fhie authors demonstrate that these strains. in their vegetative forms,
able to induce NOS 1T synthetase activity. TFN-y production. and

CDAT Tecelt proiid

Kev Words: Bacillus clausii. antimicrobial substance, immuno-

stimulanon

(1 Chn Gastroenterol 2004:38:SR6-S90)

posed tor many vears.” Recently, the term probiorics was
redetined as live microorganisms administered in an adequate
amount which confer a health benefit on the host.™ A signifi-
cant number of studies have demonstrated the therapeutic ef-
fieacy of probiotics when applied to the treatment of several
gasteointestinal microbial disorders. including acute diarrhea,
antibiotic-associated diarrhea. and traveler’s diarrhea.”™ Be-

I he use of probiotics to enhance human health has been pro-

ublication January 13, 2004; accepted February 12, 2004,
shiologie, ENTTA-University of Bordeaux, Gradig-

Urdaci. PhD. Laboratoire de Microbiologie, ENITA-
b Cours du Genéral de Gaulle, 33175 Gradignan,
enitab.r)

t Wilhams & Wilking

neor

side their therapeutic use as pharmaceuticals, probiotics have
been extensively included during the past 2 decades in various
types of food products (in particularly. those based on fer-
mented milk).

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.
Bucillus strains for animal nutritional use and for human use
(pharmaceutical preparations) include B. subrilis, B. licheni-

Sormis, B. coagulans, B. tovoi (cereus), B. natto (subtilis),

o ~ )
B. clausii, B. polyfermentans, and B. cereus.®”

Many aspects, including safety and functional character-
istics, need 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 against bacterial infection. and im-
munomodulation. The antimicrobial activity of probiotic bac-
teria was suggested to be one of the probiotic pathogen-
inhibiting mechanisms. Morcover, several authors have previ-
ously reported that antimicrobial activity of probiotic bacteria
in vitro and in vivo is mainly attributed to their capacity to
produce antimicrobial substances. Recent reports suggest that
the antimicrobial activity of Lactobacillus probiotics involves
the production of secreted compounds, such as organic acid.
hydrogen peroxide, as well as various antibiotics and/or bac-
teriocins. ™' Our recent study demonstrated that the antibac-
terial activity of one B. subrilis probiotic strain (Biosporin) is
the result of the production of 2 distinet antibiotics.”

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. subtilis spores are immunogenic, can disseminate
to the Payer’'s patches and mesenteric lymph nodes. and prob-
ably affect eytokine production.'” Morcover, given their im-
munomodulatory effects. these bacteria were proposed for
use as an oral vaccine delivery vehicle.'”=" Despite the con-
siderable recent advances in the characterization of Bucillus
probiotics, the molecular and cellular mechanisms by which

] Clin Gastroenterol ¢ Volume 38, Supp. 2, july 2004
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Bacillus clausii Probiotic Strains

these bacteria exert their immune modulatory action are still
unknown.

The Bacillus probiotic Enterogermina, which includes 4
strains of Bacillus, recently reclassified from subtilis to clausii
and shown to display a low level of intraspecific diversity,”’
has been reported 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 remain unclear. The current study was designed
to analyze the antimicrobial activity of the B. clausii strains
and to explore their immunomodulatory action through their
ability to activate murine antigen presenting cells and T-cell
subsets 1 vitro,

MATERIALS AND METHODS

Bacterial Strains and Culture Media
The 4 B. clausii probiotic strains O/C. N/R.SIN, and T
{(Enterogermina); B subrilis 3 (Blosporine). B. licheniformis
T (Biosparine). B. cereus [P 5832 (Bactisubtil), B. cerens NT
(Biosubtvl). and B cerens DM-423 (Cereobiogen): and the
reference strain B. subtilis 168 were used in the current study.
he stratns used as test cultures (n the assays of antimicrobial
v) ars tisted in Table 1. Bacillus strains were cultivated
in Muclier Hinton (MH) broth (Difco Laboratory, Detroit, M)

HCtl

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

Strain Tested Activity*
ay CIPF 350 53 156 =
£ wcocens facenin LMBAT 27323 -
£ um LMBA 27323 -
Aicrococcus sp LMBA 26 -
Lactacoceus factis ATCCS 11484 -

Lodacris LMBA 374
Clostridium difficile 5149 -
xcherichio cali TMBA 20684 -
Sclmonella enterica serovar: S, vphimurinm

ATCC 29629 -
S flexnerr EMBA 12228
Eihrio chiolerae NCTCHP* 8021 -
U parahaeniofviicus NTCC 17802

weeas LMBA BEI -

cin iy determingd by agar diffusion test
Pinsumu Pasteur
aronre de Microbiclogie et Biochime Appliquée, ENTIA de

Culture Collection.

f ¢ uN, France

#¥Ngtional Collection of Tvpe Cultures, England.
THINRA de Bordeaux

2004 Lippincon Williams & Wilkins

or on MH agar for 24 to 72 hours at 30°C. Lactic acid bacteria
were grown in MRS (de Man, Rogosa, and Sharpe) broth
(Difco Laboratories) for 24 hours at 37°C. The other bacteria
listed in Table 1 were growth in brain heart infusion (BHD
media (Difco). BHI medium supplemented with 2% NaCl was
used for the vibrio species growth. Clostridium difficile was
grown in Brucella agar (Anaerobe Systems. Morgan Hill, CA)
supplemented with 5% 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 was 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 probiotic 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-
lus culture supernatant antimicrobial activity, as described pre-
viously.”® The titer of antimicrobial activity (activity units
[AU] per milliliter) was defined as the supernatant with highest
dilution showing inhibition of S. aureus CIP 350 53 156.

To characterize the antimicrobials produced by probi-
otic bacteria, we analyzed the thermostability and enzymatic
treatment resistance of the antimicrobials present in culture su-
pernatant of the probiotic strains. Analyses were performed as
described previously.** Enzymes (subtilisin, proteinase K.
chymotrypsin, pronase, lipase, a«-amylase, and lysozyme)
were used at final concentrations of | mg/ml. The anti-S. au-
reus activity was determined before and after each treatment
using an agar well diffusion method.

Evaluation of Immunomodulatory Activity
The murine peritoneal and spleen cells were isolated
from female Swiss albino and C57BL/6j mice (6-12 weeks
old; Iffa Credo, St. Germain sur 1'Abresle. France) as de-
scribed previously.®® Briefly, cells were washed twice 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 (Melteny1 Biotee, CA).
A total of' § = 107 CFU of probiotic strains were added to
5% 10 peritoneal or spleen cell cultures, Cocultures were re-
alized in 96 well plates. The plates were incubated 72 hours.
The concentration of nitrite (NO,7), @ stable oxidized
derivative of NO, was determined spectrophotometrically at
540 nm with Griess reagents as previously described.™
IFN-vy production was measured in supernatants of mu-
rine spleen cells exposed to Bacillus probiotic bacteria using

]
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ELISA (PharMingen, CA) according to the manufacturer’s
WSruCtions.

T-cell proliferation assay was used to determine whether
Racillis probiotic bacteria could activate T-cell proliferation
i the presence of antigen presenting cells (APC). Briefly, the
assav was performed in 96 well plates, in which § = 10° irra-
1300 rad) naive spleen cells were used (as APC) in
cocuiture with 2 ¢ 167 purifled CD4™ T cells in the presence or
absence of Baciflus probioties (3 = 107 CFUnwell). The plates
were incubated tor 4 days at 37°C, 5% CO,. Eighteen hours
hefore the ond of coculture, the cells were pulsed with [*H]-
thymidine (1 pCi ION Pharmaceuticals Inc., CA). Finally,
[ Hthvimidine incorporation was asscssed using a liquid

ciated ¢

seintillation counter (Beckman Instrument Inc.).

RESULTS

Antimicrobial Activity

The antagonistic activity of B. c¢lausii probiotic strains
0, NARDSIN, and 1) was analyzed using colony overlay
assav. In these experiments. S. aureus and Salmonella strains
were used as a test culture. All tested B. clausii strains exhib-
ited ant-staphvlococeal activity, but not anti-Salmonella ac-
fivity in vitro, The cell-free supernatant of the B. clausii O/C
stramn was used for further characterization of the antimicrobi-
ais produced.

The antimicroial compounds present in the cell-free su-
pernatant of B, clausii O/C displayed a relatively narrow ac-
tivity, Among the tested bacteria, only Gram-positive species,
including C difficile. were inhibited. No inhibitory effect was
observed against Gram-negative bacteria and fungi (Table 1).

The tune course study of antimicrobial production was
realized when O/C strain was grown in MH broth. The anti-
staphylococcal activity of the cell-free supernatant was fol-
lowed during ditferent growth phases (Fig. 1). Significant pro-
duction of compounds carrying anti-staphylococcal activity
stnted in the middle of the stationary growth phase (3543
hours of cultore growth) and comeided with sporulation, The
maximum fevel of antimicrobial production (74 UA/mL) was
achieved when the sporulation rate was 60%.

Fhe anumicrobial compounds present in the cell-free su-
parnatant were relatively thermostable, because activity re-
niained after 30 minutes of incubation at 857C. Moreover. the
Tee supernatant kept 60% of anti-staphylococcal activity

0 minutes of heating at 95°C. Treatment of the cell-free
supernatant with subtilisin, proteinase K, chymotrypsin, li-
pase, a-amvlase, or lvsozyme did not affect its antimicrobial
activity. However, the supernatant was inactivated by pronase
treatment,

immunomodulatory Activity

To characterize the tmmunomodulatory activity of

B clausii probiotic strains, these bacteria were screened for
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FIGURE 1. Growth and production of an antimicrobial sub-
stance by probiotic strain B. clausii O/C. During growth, opti-
cal density (OD) at 600 nm of culture (#), percentage of
sporulation (®), and anti-$. aureus activity in activity units per
milliliter (D) was measured.

their ability to stimulate nitrite production in Swiss murine
peritoneal cells. Nitrite concentrations were measured in 72-hour
coculture supernatants. The vegetative cells of the B. clausii
strains induced significant levels of nitrite production (ap-
proximately 100 pM). Moreover, these levels of stimulation
were comparable with those obtained when peritoneal cells
were cocultured with B. subtilis 3 probiotic strain. Other tested
vegetative cells of Bacillus probiotics (B. licheniformis 31.
B. cereus 1P 5832, B. cereus NT, and B. cereus DM-423) and
the reference strain B. subrilis 168 had a lower stimulatory ef-
fect (nitrite concentration range, 35-75 uM). This increase in
nitrite production was completely abolished when L-N°-
(imino-ethyl)-lysine-dihydrochloride (L-NIL) was added,
suggesting that the stimulatory eftect occurred through NOS 11
induction.

NOS [ activity in murine APC can be induced by certain
cytokines, including INF-y. We thus analyzed the effect of the
four B. clausii probiotic strains on IFN-vy production by murine
C37 BL/6j spleen cells using ELISA. All 4 strains showed a
strong stimulatory effect on IFN-y production, which was sig-
nificantly higher than the effect observed with the B. subrilis
168 reference strain (Fig. 2).

Finally. we analyzed the ability of B. clausii strains to
activate CD4" T-cell proliferation in the presence of APC. The
CD4' T cells were purified from CS7BL/6j murine spleen cells.
The purity of these cells was 96 to 98% (flow cytometry analy-
sis, data not shown). All B. clausii strains induced a significant
T-cell proliferative response (Table 2). The probiotic strain
lymphoproliferation stimulatory effect was comparable with
that obtained with concanavalin A.

DISCUSSION
The concept of orally 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. Stimuiation of IFN-vy production by murine spleen
¢ h’ induced with 8 clausil pmbmtnc strains. Spleen cells were
isolated from C57BL/6) mice and cocultured with probmhc
strain 8. clausi OC (O/C), 8. clausii NR (N/R), B. clausii SIN
(SIN), B. clausii T (T), or reference strain B, subtilis 168 (Bs168).
Analysis of IFN-v production by murine spleen cells was real-
72 hours tater using ELISA.

[FAS]

this idea has not received serious attention until recently. The
fack of medical aceeptance has been the result of a previous
Lack of ac' ntitically reported evidence of the beneficial effects
ey, During the last decade, clinical studies have lent
A} thc wse ot selected probiotic agents for Yht preven-

nd treatment of astrointestinal disorders.*®™27 (Hart,
er. lttle s known about the mechanisms respon-
or the chinicatly observed effects. Recent studies indicate
tat probiotics probably work by multiple mechanisms. ™'

Furthermore, each agent may have a unique action.

TABLE 2. B. clausii Probiotic Strains Stimulate Proliferation of
Murine CD4* T Cells

Stimulation of Murine CD4™ T Cell*

Strain/Immunostimulater  Proliferation, Index of Stimulation

B clasii OC 2.5
B, clausii NR 38
Boclousii SIN 2.7
5 oclausii T 2.9
Bowuhidhs 1es 1.9
Con L2 gLy 3.4
eriziwas used for stimulation of 2 < 10°CD4

sdiated (3300 rady nalve murine spieen cells
471 celly were isolared from CS7BL6) mice
sed as w positive control Tor CDA T ocell

incon Willicons & Wilkins

Bacteria of Bacillus genus are known as producers of a
large number of bacteriocins and antibiotics. However, little
information is available regarding the antimicrobials produced
by Bucillus probiotic strains. The comunercial probiotic B. poly-

fermentans SCD, which has been successfully used for the

treatment of long-term intestinal disorders. was described to
produce polyfermenticin (proteinase K-sensitive and heat la-
bile bacteriocin).” We also reported that probiotic strain
B. subtilis 3 (Biosporin) produced at least two antimicrobial
substances. one of which was identified as Amicoumacin A
Morcover, our recent data demonstrate that this strain also pro-
duces four other antibiotics of a lipopeptide nature (personal
comumunication). In the current work we demonstrated that all
four B. clausii strains, which are included in the probiotic En-
terogermina, exhibited an antimicrobial activity in vitro.
Moreover, we determined that B. clausii O/C strain 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, because its antimicrobial activity was sensitive to pro-
nase treatment. However, the time course analysis of the sub-
stance production 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
antibiotic of polypeptide or lipopeptide nature. because such
antibiotics were described to be frequently produced by many
Bacillus species.”*7%2¢

The use of probiotics for the treatment of primary and
recurrent C, difficile diarrhea was recently proposed.’*~* In-
terestingly, the antimicrobial substance produced by B. clawusii
O/C strain was active against the C. difficile strains tested. This
in vitro-observed anti-C. difficile effect opens perspectives for
the therapeutic benefits of Enterogerinina use in the treatment
of C. difficile-associated diarrhea.

The precise mechanisms by which probiotics improve
host defenses and mediate protection are not fully known.
There is evidence to suggest that probiotics might also contrib-
ute to host health by stimulating both specitic 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 NOS II activity might be involved in
the T, 1/T2 balance.™ In our study, all Bacillus probiotics
tested induced NOS I1 expression and consequently nitrite pro-
duction in macrophages, after coculturing the bacteria with
murine peritoneal cells. This NOS Il induction eftect 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 immunomodulating activity of lactic acid bacteria
may be atiributed, in part. to the involvement of a cytokine

J}
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detwork, which plays a pivotal role in coordinating immune
fnction " Muscettola et al,’” demonstrated that administra-
tion of the probiotic Enterogermina, containing 4 B, clausii
sframs, fo mice imercased ex vivo TFN production, In our study
we demonstrated that in vitro each of these 4 B. cfuusii probi-
ofic stramns stimulated the production of IFN-y by murine
spleen cells. Moreover. all these strains induced the prolifera-
ton of murine CD4™ T cells in the presence of irradiated APC.
The immunomodulatory capacity of these strains could be the
result of the expression of some extracellular and/or cell wall-
associated compounds mvolved in immunostimulation.™ The
identification of the compounds responsible for the immuno-
stumlatory capacity of 8 clausii probiofic strains is currently
under investigation.

In conclusion. our results suggest that the beneficial
clineal eftects observed for Enterogermina can at least be par-
tially the result of the antimicrobial and immunomodulatory
activities of the B. cfausii probiotic strains. These observations
provide insights into the mechanisms responsible for Bacillus
nrobiotic effects on the host and should encourage further
study to understand the physiology of the interaction of these
bacterig wit the hostand the role of different compounds pro-

duced by probiotic microorganisms.
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A fimited number of antibiotics can be used against Helicobacter pylori infection, and resistance jeopardizes
the success of treatment. Therefore, a search for new agents is warranted. The use of probietics to enhance
gastrointestinal health has been proposed for many years, but the scientific basis of the prophylactic and
therapeutic actions of probiotics has not yet been clearly delincated. Probiotic strain Bacillus subtilis 3, whose
safety has previously been demonstrated, is known to have antagonistic properties against specics of the family
Enterobacteriaceae. In the present study, it was also found to inhibit H. pylori, The anti-H. pylori activity present
in the cell-free supernatant was not related to pH or organic acid concentration. It was heat stable and protease
insensitive. At 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. pylori activity.

All H. pylori strains tested were sensitive to both compounds. One of these

compounds was identified as amicoumacin A, an antibiotic with anti-inflammatory properties. MICs for H.

pylori determined in solid and liquid media ranged between 1.7 and 6.8 pwg/ml and 0.75 and
determined in solid medium may be due to physicochemical

vespectively. The underestimation of MICs

2.5 pg/ml

instability of the antibiotic under these test conditions. An additive effect between amicoumacin A and the
nonamicoumacin antibiotic against H. pvlori was demonstrated.

abacrer pvlort Infection s the major cause of chronic
sastrinis and peptic ulcer disease (16) and is a risk factor for
sasiric cancer in humans (8). This infection Is extremely com-

non throughout the world, and its prevalence increases with

age and lower .\\‘&,H,)LLUHQITHL status,

Combinations of several drugs are now widely used for the
cradication of H. pvlori. Numerous chinical trials have indicated
that cradication of A pylor by treatment that includes bismuth
or antisceretory drugs combined with antibiotics leads to heal-
ing of gastritis and drastically decreases the rate of peptic ulcer
;ei(x;m. However. a limited number of antibiotics can be used,
and resistance jeopardizes the success of treatment (15, 19).
Therelore, ascarch for new antimicrobial agents is warranted.

Several authors have previously reported that certain probi-
e bactaria. such as Laciobacillus spp.. exhibit inhibitory ac-
i st T pvlosi i vitro and in vivo (5, 17). The term
Cwas first used by Parker (21) to describe “organ-
contribute to the intestinal micro-
This definition has since been narrowed to focus

| sybstances wiich

val microflora that have a beneficial effect in the pre-
tment of a diverse spectrum of gastrointestinal
antibiotic-assoclated diarrhea and bacterial
and viral diarrhea (including diarrhea caused by Shigella spp.,

Nealizonella rotavirus, and others) (6, 23). Currently, the
o well-studied probiotics are the lactic acid bacteria, par-

sy and trea

rsosuch as

i'\P

* Corresponding suthor: Mailing address: Laboratoire de Microbi-
ologie et Biochimie Appliquée, ENITA de Bordeaux, 1, cours du
(u.mmiuc(mu\h BF 201, 33175 Gradignan cedex, France. Phone: 33
55735 5991, Fax: 33 5 57 35 07 39, E-mail: m-urdaci(@ enitab.fr.

ticularly lactobaciili, and to a lesser extent. bifidobacteria.
Other organisms used or considered for use as probiotics in
humans or animals include various Bacillus spp.. Bacteroides
spp., Propionibacterium spp.. and fungi (2. 23, 26). Character-
ization and study of the mechanisms of action of these micro-
organisms as probiotics lag significantly behind characteriza-
tion and study of those of the Jactic acid bacteria.

Probiotic strain Bacillus subtilis 3 is of interest because of its
safety for use in humans (20) and its antagonistic effect in vitro
and in vivo against different human bacterial pathogens such as
Campylobacter spp. (26). Recent reports have suggested that
the antimicrobial activity of Lacrobacillus 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 the antagonistic activity of probiotic strain B,
subtilis 3 against H. pvlori in vitro and the cause of any inhib-
itory activity.

MATERIALS AND METHODS

Bacteria, All except three of the bacterial strains used as test cultures (see
Tables | and 1) were grown in Mueller-Hinton (MH) mecium at 37°C under
aerobic conditions, H. pylort. Campylobacter jejuni. and Bacteroides fragilis strains,
however, were cultured on MH agar (Difco Laboratories. Detroil. Mich.) sup-
plemented with 1% defibrinated horse blood (IMET&B) and were grown for 48
o 72 b under microaerobic (for H. pvlori and . jejuni) or anaerobic (for B,
fragilis) conditions.

Probiotic strain 8. subrilis 3, originally isolated from animal fodder (IMV
National Academy of Sciences. Kiev. Ukraine). is one of the basic components
of the commercial probiotic Biosporin (Biofarm. Dniepropetrovsk. Ukraine). It
was grown in a liquid starch medium composed of starch (10 ghter), peptone (3
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HPLC system (Waters Division, Millipore Corp.); the absorbance of the eluate
was detected at 210 am,

TLC. Thin-layer chromatography (TL.C) analysis of cell-free supernatants and
purified antimicrobial fractions was pertormed on precoated Kieselghur 60
plates (20 bv 20 ¢m: Macherev Nagel, Duren, Germany) with chloroform meth
anol-H-O (63:25:4 [vol/volivol]) as a mobile phase. The bands on the TLC
chromatogram were marked under UV light at M0 nm. The different bunds were
scraped separately, dissolved in 1 ml of HoO-isaprapanol (30¢: 7 jvolvoll),
vortexed. and centrifuged for 15 min at 0,500 < g
the extracts that were obtained were tested by the agar well diffusion method

Reverse-phase HPLC. Reverse-phase HPLC on a Lichrospher Cog column (4
by 123 mny particle size, 5 pm: pore size, 100 A Merck. Darmstad, Germany
was uged to analyze salid-phase extracts and the purified substance. After sampie
injection, the column was eluted for S min ar a flow rate of 1 mimin with
H.O-acetonitrile (90:10 [volvol]) containing 0.197 TFA (solvent A) and was then
eluted with a linear gradient with from 0 to 20% solvent B for 30 min. Antibiotic
substances in the eluate were detected with a fHuorescence detector {(Waters
Division, Millipore Corp.): the excitation wavelength selected was 312 mm, and
emission was measured 4t 463 nm.

Physicochemical properties. UV-visible antibioic spectral data were recorded
on a 930 Uvikon spectrophotometer (Bio-Tek Instruments. St. Quentin en Yve-
lines. France). '"H and 'C nuclear magnetic resenance (NMR) spectra of anti-
microbial compounds were acquired on a Bruker
trometer {Bruker Canada Lid, Milton, Onuario, €

Molecular mass was determined by mass spectrometry in the electrospray
mode with a STEX AP 100 spectrometer (Perspective Biosvstem. Fraoungham.
United Kingdom). Exact molecular mass determination was peviormed on g
high-resolution chemical Tonization mass spectrometer (JMS-ANSOS: JEOL
USA Inc. Peabody. Mass.).

Determination of MICs. The MIC of the purified antimicrobial substence foy
difterent bacterial strains were determined by a dilution method (18) in solid
and/or figuid media containing different concentrations of purified antimicrobial
substance. The bacterial inoculum was approximately 107 CFUAnL. The MIC was

Uhe anti-H. pyien activities of

cetrospin DRX 300 spec

arada)

considered to be the lowest concentration of antimicrobial substance that caused
total inhibition of bacterial growth.

RESULTS

Inhibition of growth of H. pylor! in vitro by B. subtiliy 3 and
its supernatant. Of the 21 strains of H. pyviori tested. all were
inhibited by B. subtilis 3. When the cell-free supernatant of B.
subrilis 3 was tested, the inhibitory zone for each H. pvlori
isolate ranged trom 10 to 16 mm. The diameters of the inhi-
bition zones increased significantly (15 to 25 mm) when the
supernatant was concentrated approximately 10-told,

Effects of heat, pH, and various enzymes on antimicrobial
substance(s). The antimicrobial compounds present in the
cell-free supernatant 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 a wide range of
pH values, from 3 to 10. The activity decreased slightly (2097 )
at pH 11, Treatment with different enzymes (pepsin. trypsin,
proteinase K. hipase, c-amylase, and lysozyme) did not affect
the antimicrobial activity of the supernatant.

Study of antibiotic production by TLC aaalysis. TLC of
concentrated cell-free supernatant on silica gel plates yielded
five major bands under UV light at 310 nm. with R, values of
0.2,0.43,0.47, 0.8, and (.85. These bands were submitted to an
extraction procedure, and the activity of each band aganst /1.
pylori strains was measured. Only two of them. those with R,
values of 0.47 and (.83, respectively, contained anti-H. pylor
con1{5m1:1cis.

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