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1. Yo, LUZ CLEMENCIA DE PAEZ, identificada como aparece al pie de mi firma, actuando 

como apoderada en el asunto de la referencia, atentamente, solicito se efectüe el examen de 

patentabilidad de la solicitud en referenda presentada de acuerdo con el Capitulo I del PCT y 

segUn lo establecido en el articulo 44 de la DecisiOn 486 de la Comisión de (a Comunidad Andina. 

Para tal efecto presento junto con este escrito el recibo por valor de $470000.00, que corresponde 

a la tasa fijada segUn lo dispuesto en )a resoluciOn No. 69699 del 30 de diciembre de 2009. 

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

se efectUe dicho examen y se continUe con el trÆmite de la solicitud. 

Anexos: 

� Presento asi mismo sustituciOn del poder otorgado por el Doctor EMILIO FERRERO, a mi 

favor, y para lo cual solicito me sea reconocida personerla para proseguir con el trªmite de 

este asunto en favor de la sociedad solicitante. 

Seæora Directora, 

COLO-1 6745-841-001-3 
ASG\JGGID-1 73983WPC 16745 

C" No. M-201 0-1 73983\ASG 

LUZ CLEMENCIA DE PAEZ 
C.C. 35.456.344 de Usaquen 
T.P.A. No. 23.555 

NIT. 860.041.367-3 
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Seæores 

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 

E. S. D. 

Poderdante : SANOFI-AVENTIS SPA 

Poder conferido el : 04/11/2008 

. � 
Yo, EMILIO FERRERO, obrando coma apoderado principal del 

poderdante arriba mencionado, mediante el presente escrito 

sustituyo el poder a mi otorgado a la doctora LUZ CLEMENCIA DE 

PAEZ, identificada con cØdula de ciudadania No. 35.456.344 y 

Tarjeta Profesional N023.555, con todas las facultades que me 

fueron conferidas. 

Hago la anterior sustitución conforme al artIculo 66 del 

Código de Procedimiento Civil. 

* EMILIO FERRERO 

T.P.A. No 31.929 

C.C. NO 438.019 de UsaquØn 

Acepto: 

2 
LUZ CLEMENCIA JJE PAEZ 

T.P.A. N°55 

C.C. No. 35.456.344 de UsaquØn 

NIT. 860.041.367-3 
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Industria y Comercio 
SU PER INTENDENCIA 

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 SEIIALADO 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, deberÆ 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. 
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Como resultado del examen de fondo reaUzado, con fundamento en el Articulo 45 de 
a DecisiÆn 486 de la Comisiôn de la Comunidad Andina, se comunica: 

1. Documentos estudiados 

DescrIpción: Folios 21 a 31 
Reivindicaciones: Folios 32 a 33 
Prioridad: IT M12006A000678 

2. Anªlisis de la prioridad 

06/Octubre/2008 
06/Octubre/2008 
06/Ab ri 1/2006 

Se acepta la reivindicaciôn de prioridad porque esta solicitud tue presentada dentro 
del plazo establecido (Art. 9 D 486) y su contenido tØcnico corresponde con el de la 
prioridad reivindicada. 

3. Objeto de la invención 

Titulo de la solicitud: Compuesto peptIdico de actividad biolÆgica, 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 molØculas que tengan propiedades antibiOticas. 

Para resolver este problema tØcnico la solicitud en estudio proporciona un 
compuesto aislado de un cultivo de Bacillus c/ausiicaracterizado porque comprende 
la secuencia de aminoÆcidos: 

El objeto de la presente solicitud se relaciona con la clasificaciôn internacional de 
patentes (CIP): C07K14/45. 

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

El objeto de las reivindicaciones I - 6 no se considera una invenciôn, de acuerdo 
con el Art citado. 

5. Reivindicaciones relativas a un uso o a un segundo uso (Art 14 y 21 0 
486) 

El uso de las reivindicaciones 10� 12 noes 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 clausily su proceso de obtenciôn. 

Reivindicaciones (Art 30 D 486, Art 22 PCT) 

Las reivindicaciOn 1 reclama un compuesto peptidico por su mØtodo de obtención y 
no por su estructura o secuencia de aminoÆcidos, 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 

is 

en 
que toda materia viva o parte de cualquier ser vivo y las sustancias existentes 

en Ia naturaleza no son invenciones. AsI, el material biologico por el hecho de haber 
sido aislado no se considera invención. 

El procedimiento de Pa reivindicaciOn 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 cómo se lleva a cabo la extracción en fase 
sôlida, ni cual es la fracción obtenida que se purifica posteriormente por HPLC. Se 
sugiere modificar la reivindicación de tal manera que se limite a Jo soportado en Pa 
descripción y sea posible establecer claramente el alcance de la misma. 

7. Determinación del estado do la tØcnica 
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El estado de la tØcnica se determinó con base en la  fecha de presentaciôn de  la 
solicitud de prioridad: Abril 6 de 2006 y se encontraron los siguientes documentos 
que anticipan el objeto de esta solicitud: 

Item Documento TItulo Fecha do Publicación* 
Journal of Clinical 
Gastroenterology: Bacillus clausii Probiotic 

Dl July 2004 - Volume 38 - Strains: Antimicrobial and Julio/2004 
Issue -.S86-S90 

Immunomodulatory Activities 
Probiotics, Prebiotics, 

and New Foods  - 

Antimicrob Agents In vitro anti-Helicobacter pylon 

02 Chemother. 2001 activity of the probiotic strain Novembref2001 
45(11): 3156. Bacillus subtilis 3 is due to 

secretion _of_antibiotics,  

Dl divulga (Folios 90-94) divulga que todas las cepas probadas de B. clausii 
exhibieron actividad anti-estafilocôcica pero no anti -salmonella, y que el compuesto 
antimicrobiano presente el sobrenadante libre de cØlulas de B. clausii 0/C 
demostraron una actividad relativamente restringida, ya que dentro de las bacterias 
probadas solo se inhibieron las bacterias Gram-positivas incluyendo C. difficile, 
Enseæa que el mÆximo nivel de producción del antimicrobiano por parte de B. clausii 
se alcanzó cuando la proporción de esporulaciOn fue 60% (Pag. S88 columna de la 
izquierda tercer pÆrrafo). El documento Dl adicionalmente revela que se determinô 
que B. clausii 0/C produce al menos una sustancia antimicrobiana la cual secreta al 
medio y que muestra actividad contra bacterias Gram-positivas. Finalmente, el 
documento enseæa 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 (PÆg. S87 dos columnas y PÆg. S88 columna de la 
izquierda tercera columna y figura 1). 

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

8. Examen de Patentabilidad (Art 14 0486) 

Novedad (Art 16 D486) 

La reivindicación 9 consiste en: "Composicion farmacØutica, caracterizada porque 
cornprende un compuesto segUn una cualquiera de las reivindicaciones 1 a 6, y al 
menos un excipiente farmacØuticamente aceptable". 

Comparación de las caracteristicas tØcnicas esenciales, con las del estado de la tØcnica: 

Caracteristicas esenciales Dl 
siciOnfarmacØutica que Composiciónfarmaceutica que ] 

comprende: comprende: 
Un compuesto seqün una Un compuesto antimicrobiano 

Expedierite 08 106 316 ler Art 45 
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cualquiera de las reivindicaciones 1 producido por B. clausii. 
a6 

Al menos un excipiente I Al menos un excipiente 
farm acØuticamente aceptable farmacØuticamente aceptablel 

Las caracteristicas esenciales de la composición de la reivindicaciOn 8 habian sido 
divulgadas previamente en Dl el cual enseæa un sobrenadante que contiene medlo 
y el compuesto antimicrobiano secretado par B. clausii (PÆg S87 columna de la 
izquierda ültima columna, columna de la derecha primera columna; pÆg. S88 
columna de la izquierda tercer y cuarto pÆrrafo). 

En cansecuencia, la reivindicación 9 no es nueva, segun to divulgado en el 
documento Dl. 

Nivel Inventivo (Art18 D486) 

La reivindicaciôn 8 consiste en: Medicamento caracterizado porque comprende un 
compuesto segün una cualquiera de las reivindicaciones 1 a 6". 

El documento Dl divulga un sobrenadante que contiene el compuesto 
antimicrobiano que es secretado por B. clausii y adicionalmente enseæa que la 
sustancia producida par B. clausii 0/C es activa contra las cepas de C. difficile 
prabadas. Par tat razón una persona de nivel media versada en la materia en vista 
de Ia revelado en el documento Dl se verla motivada a incorparar et compuesto 
antimicrobiano en un medicamento para el tratamiento de diarrea asociada a C. 
difficile tat y coma es revelado en la anterioridad. 

En consecuencia, et abjeto de la reivindicaciôn 8 se deriva de lo revelado 
previamente en el estado de la tØcnica y no contiene nivel inventivo. 

Conclusion: 
La reivindicaciOn 8 cumple el requisito de 
requisito de nivel inventivo (Art. 18). 

novedad (Art. 16), pero no cumple can el 

La reivindicaciOn 7 consiste en: "Procedimiento para la preparaciôn de un compuesto 
segün una cualquiera de las reivindicaciones 1 a 6, que comprende las fases de 
- cultivo de las cepas de Bacillus clausii en un media apropiado hasta la esporulaciOn 
de las cepas; 

recogida del sobrenadante del cultivo tras la centrifugacion y filtraciôn; 
- extracciOn en fase sOlida del cultivo tras centrifugacion y filtraciOn; 
- si es necesario, purificaciOn de la fracciOn obtenida par cramatografia liquida de 
alta resoluciOn (HPLC)’. 

El pracesa reclamada no estÆ canformado por pasas sorprendentes para la persona 
del aficia medianamente versada en la materia segUn to establecido en los 
dacumentas Dl y D2 (Documento Dl pÆg, S87 columna de la izquierda Ultimo 
pÆrrafo y columna de la derecha primer pªrrafo y pÆg. S88 tercer pÆrrafo; 
Documenta 02 pÆg. 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 obtenciôn del sobrenadante 
y posterior extracción en fase sólida y purificación del cornpuesto a partir de los 
conocimientos que en conjunto revelan los documentos Dl y D2, 

De manera que el procedimiento divulgado en la actual solicitud es una alternativa a 
los procedimientos ya conocidos porque este sigue siendo ütil 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. Conclusion 

Los requisitos de patentabilidad de la presente solicitud estân afectados asI: 

Item Documento Reivindicaciones afectadas 1 Reguisito que afecta 

Journal of Clinical 
Gastroenterology: 9 Novedad 

W 
F Dl July 2004 - Volume 38-  

Issue 
- 

pp S86-S90 
Probiotics, Prebiotics, 7 y 8 Nivel inventivo 

and New Foods 

Antimicrob. Agents 
02 Chemother. 2001, 7 Nivel Inventivo 

45(11): 3156. 

En cumplimiento del artIculo 45 de la Decision 486 de la Comisión de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de sesenta (60) dias 
contados a partir de la fecha de notificaciôn de la  presente comunicaciOn. En caso 
de no dar respuesta at presente requerimiento, 0 si a pesar de la respuesta 
subsistieran los impedimentos para la concesión, se denegarÆ la patente. 

Se invita at solicitante se sirva indicar, si asI to considera, su renuncia al tØrmino 
faltante para dar respuesta y presentarla por escrito. 

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

--71?7?? 
JOSE LUIS SALAZAR LOPEZ 
Director de Nuevas Creaciones (C) 

El, anterior requerimiento fue notificado por fijaciôn en lista, de fecha 

fl JUk tI’L 

Realizado por: Juanita Catalina Rico. QI 

Revisado par: Consuelo LeguizamOn L. 
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PRoBjoTics, PREBI0TIcs, AND NEW FOODS 

a 

Bacillus clausii Probiotic Strains 
Antimicrobial and Immunomodula tory Activities 

.U’ai’io C. Ui’iac’i, PhD, Philippe Bressoll/er, PhD. cmd fr/na P/nchulc PhD 

Abstract; Te elneal be ctits observed with probiotic use are 
mtiin iv trihutee to the antin-ticrobial ubstaicces produced by prob 
ode strains and to their immunomodulatorv effects. Currently, the 
het -d e ioitcd proboiie haieriu used in hursian therapy are lactic 

heeteno, In contrast, studies aiming to characterize the meeha-
woes responsible for the probiotic beneficial effects of Thcilh,s are 
I are the current work seeks to contribute to such characterization by 
evaluatino the antimicrobial and immunoniodulatory activities of 
priibioii 8 0//ti/Sn strains. 8 c/ousji straiis release antimicrobial 
suhtances n the medium. Mat-cover, the release of these antimicro-
ho siihsiniies was ohsers’ed during stirtronarv growth phase and 
one ideii with sponitanon These substances were active against 

(1’ m-posirive bacteria, in particular against 5taphvlococcus aureu,s, 
W/ 11 

no Sri /Oi’ i/Un, and (J/),so’iiliupii th/fir’ile, The antimicrobial 
/iSts esiOant to suhtilisiit, proteinase K. and chvmotrvpsin 

hi/C/i. 0 IrS e<is ii 0//s CflSiti\C to pronasc ti’eatrneiil, The evalu-
of the iniittunontodulatota’ properties of probiotic B. elausii 

C. as pertornied tu vitro on Sos Sr and C 57 BI 6 murine cells. 
1 te nutors demonstrate that these strains, in their vegetative fonus. 
tire able to t-iduee NOb El svnthetnsc activity. IFN-b production, and 

. 04 ’T’ -cell  

Ke N Words: iO i//i// c/ins/i antimicrobial substance, rn muno-

,..tnisil 2(04:’(S/Sht--S9l’)) 

The use of nt’obioist’s to enhance human health has been pro-
n,ised //i’ mary years.’ Recently, the teim pi’obioncs was 

redefined as ’’l we ntierooi’gaitisms administered in an adequate 
huh/tint whtch Cintci’ a health benefit on the host. A signifl-
cant number or studies have demoitstrated the therapeutic et-
it  1  if/ho ties v, hen applied to the ti-ca tment of several 
riastroitmiesttual i’tsici’ohiai disorders, including acute diarrhea, 
ant;hiotic-assocated diarrhea, and traveler’s diarrhea.5 Be-

tminntrv 13, 2004, ,itpied Fehniar\’ 12, 2004. 
rose L ,ib//r/inirrde tO err/b/nI/c/s. EN A-Lnivcrsite of Bordeaux, Gradig-

i/Is. [’150CC 

beer/eta’ Maria 0 Or) 1, 1. PItt). Lahor,mioire de Microbiologic, EN1TA-
1// C//Ott 10 I-iorrteat/\. 0 (Oui’s dii General 

Is ((anile,)) 175 Gradigmiati. 
Ftatir. IC-C nur. C 

)ii i (5 iihanis Aim 

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

So far, the best-documented probiotic,, 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. 
Bacillus strains for animal nutritional use and for human use 
(pharmaceutical preparations) include B.,s ubtilis, B. lir’Iini-

foic.nis. B. coagulans, B. tovoi {ceis"us), B. natty (subtilis). 

B. claus/i, B. po/yad’menuins, and B. cereus.’ 
Many aspects, including safety and functional character-

istics, need to he considered during the selection of microor-
ganisms for probiotic design. Functional characteristics in-
clude siability and persistence in the gastrointestinal tract, 
antagonistic properties against bacterial infection, and im-
munomodulation, The antimicrobial activity of probiotic bac-
teria was suggested to he one of the probiotic pathogen -
inhibiting mechanisms. Moreover, 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 Lactohaci//ua’ probioties involves 
the production of secreted compounds, such as organic acid. 
hydrogen peroxide, as well as various antibiotics and.’or bac-
teriocins. 1 ° Our recent study demonstrated that the antibac-
terial activity of one B. .subnli.s probiotic strain (Biosporin) is 
the result of the production of 2 distinct antibiotics,’t 

In addition, several StLidies 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 prohiotics have 
been reported to induce cellular and humoral immune re-
sponses in vivo.’ /c-15 Recent studies have shown that orally 
ingested 8. .subtiii.s spores are immunogenic, can disseminate 
to the Payer’s patches and mesenteric lymph nodes, and prob-
ably affect cytokine production. 01 Moreover, given their irn-
inunomodulatory effects. these bacteria were proposed for 
use as an oral vaccine delivery vehicle,mea Despite the con-
siderable recent advances in the characterization of B,rnillu.v 
probiotics, the molecular and cellular mechanisms by which 

/ C/in Gastroenterol � Volume 38, Supp. 2, july 2004 
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V 1/i Ft teroi � Vol irne 38, Supp 2, July 2004 Bacillus clausil Pro/Bohr Stiran.s 

!il. trter a exert their mmuoe modulators action are still 
afnoon 

The Bn fl/ni probiotic Enterogermina. which includes 4 
ai ains of Hat i//us, recently reclassified from subti/is to claitsu 
tad shown to display a loss level of intraspecific diversity,’1 

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 anafsze the antimicrobial activity of the B. clausH strains 
and to explore their irnmunonsodulatoiy action through their 
ability to activate murine antigen presenting cells and T-cell 
iihsets in vitro 

MATERIALS AND METHODS 

Bacterial Strains and Culture Media 
1 he 4 B 1,io oi prohiotic strains (,) C. N R. SIN, and T 

Litteropeotiia . B ,bii!i 3 (Biosporine). B. Iiclirnitaisnis 
B err io IP 5832 tBaetisuhtil(. B. cereus NT 

and B. ccrcits DM-423 ICereobiogenb and the 
’erereice ti ai B s uLii/i 168 were used in the current study. 
I ,: ucdas tc.t cultures Ito the assays of antimicrobial 

ire sted in Table I Bacillus strains were cultivated 
ii Mitet icr Hinton ( v1 H broth ( l’)ifco Laboratory, Detroit, Ml) 

TABLE 1. inhibitory Activity Produced by B claus, OC 
-1uperriatant tot Different Pathogenic and Nonpathogenic 
fmIslinai KiCl,eria end Other Microorganisms 

strain Tested Activit * 

.lI 5(1 ISa 
at LMBA 22321 - 

- 

1 MBA Th 
’i ’o \T( C 5 1454 

L\iit\ t4 --

a’ 4 lit!.’ 141 

at MBA 1(Iro,4 - 

’1.’ ’tti / . Of,’ ti i. 1/! tj’/titllfili/tti 

A it _)tt/O 

Nt it.  I 5/21 � 

I \1F2j.3-4 - 

1’’ ,I I Ii t,tLIi 

A \lvr’im it 13r’,:’1i’trr \pplirtuei PIIA do 

.0:i,.iii  ’  olaire lIe_tioti 

’St. il F _’tii. 11 ’’s ii F roar 

"XIiiio ii of-Type F uhr,es, F,rlrr’r,I 

\R-\ do if rii.LI\ 

-1 00-. / i/Aol ’/t it il/aim 0/ 

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 I were growth in brain heart infusion (BH I) 
media (Difco). BHI medium supplemented with 20 NaCI u as 
used for the i’ibrio species growth. Clo.strii/iiim rB/tic//c was 
grown in Bruce/la 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. clausil 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 Brir i/-

ins Culture supernatant antimicrobial actis itv, as described pre-
viousiv.5 The titer of antimicrobial activity (actiX itv units 
[AU] per milliliter) was defined as the supernatant with highest 
dilution showing inhibition ofT aureuo C’IP 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.24 Enzymes (subtilisin, proteinase K. 
chymotrvpsin, promise, lipase. -amylase, and lvsozyine) 
were used at final concentrations of 1 mg/nil. The anti -S. au-

reus  itv 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 C57131_6j mice (6-12 weeks 
old; Iffli (’redo, St. Germain stir I ’Abresle, France) as de-
scribed prevlousiy.° Briefly, cells were washed twice and re-
suspended in RPMI 1640 (Sigma) medium with supplements 
containing IWi, fetal calf serum (Sigma), 2 mM i.-glLitamale 
(Sigma). 2 mM sodium pyrtivate (Sigma). 20 mM HEPES 
(Sigma), and 25 ag mL gentamicin (RPMI-FCS) ,Murine 
CD4 ’I cells were purified from the spleen cells by an anti -
(’D4 magnetic head selection method (Melten)o Biotec, (’A) 

A total of ’5 ’ I 0" C FL! of probiotic strains ss ere added to 
5 10° peritoneal or spleen cell cultures. Cocultures ssere re-
alized in 96 well plates. The plates were incubated 72 hours. 

The concentration of nitrite (NO,-), a stable oxidized 
dens atis e of NO, was determined spectro photo metnically at 
540 rim with Griess reagents as previously described.0 

IFN--y production was measured in supernatants of mu-
rine spleen cells exposed to Rae/I/us probiotic bacteria using 
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FL ISA PharM ingcn. CA) according to the manufacturer’s 

nstructious. 
I-cell proliferation assay was used to determine whether 

Ha(, illirc probiotic bacteria could activate f-cell proliferation 
in the presence olantigen presenting cells (APC), Briefly, the 
asav \kui nerformed in hO well plates, in which 5 105 irra-

3300 rudt 1/U\ e spleen cells were used as APC) in 

with 7 purified CD42’T cells in the presence or 

A’ Bo i//ia pi’oliIotcs (5 1 ((1 CFUwell). The plates 
a crc neubatcd tor 4 da2 sat 37(1. fT- CO2. Eighteen hours 

heftue the end of eoculture. the cells were pulsed with [H]�
tltvmirline i uCi lEN Pharmaceuticals Inc., CA). Finally, 

I’llj---thr’nadine inc ol3ioration was assessed using a liquid 

-.cnitllaion counter tBeckinau instrument Inc.). 

RESULTS 

Antimicrobial Activity 

The antaconistie activity of’ B. i’/au,sii probiotic strains 

(() C, N F SIN. and 1) was analyzed using colony overlay 

.issa. lit these experiments. S. aiwcus and Salmonella strains 
a crc used a’- a test culture. All tested B. claus/i strains exhib-

ited anti-siaphviococcal acttity, but not anti -Salmonella ae-
nvtry in vitro. The cell -free supernatant Of the B. claus/i 0/C 

,train is-as used for further characterization of the antimicrohi-

ais produced, 
1 he antimicrobial compounds present in the cell-fl-cc su-

pernatant of B. claus/i 0(1’ displayed a relatively narrow ac -
is-it .Amone the tested bacteria, only Gram-positive species, 

including C. ci it i/rile, 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 0C strain was grown in MH broth. The anti-

taphvlococeal actis-ity of the cell-free supernatant was fol-

owed during different growth phases (Fig. I). Significant pro-

on of compounds carrying anti -staphylococcal activity 

started ill the middle of the stationary growth phase ( 35-43 

ia"urs- of culture grow tl and coincided  with sportilation. The 

maximum es-el of antimicrobial production (74 UA’rnL) was 
achteved when the sporulation rate was oUT. 

The amimicrobal compounds present in the cell -free su-

nernatant were relatively thermostable, because activity re-
m-.,nned a her nttnutes of incubation at 85%.. Moreover, the 

cell -lice supernatant kept OUlo of anti -staphylococcal activity 

after 30 mtnntcs of heating at 95CC. Freatment of the cell -free 

supernatant with subtil sin. proteinase K, chvinotiypsin, Ii-

pme, a -urns- use. or krsozynie did not affect its antimicrobial 

aeti- its-, HOS-I es-er, the supen’latant was inactivated by pronase 

treatment. 

Immunomodulatory Activity 

To eharacterze the immuuomodulatory activity of 
[/ c/nm/i prohiotie strains, these bacteria were screened for 

75 h 

6 10 15 25 30 35 43 50 65 71 90 

Time, h 

FIGURE 1. Growth and production of an antimicrobial sub-
stance by probiotic strain B. Gnus/i 0/C. During growth, opti-
cal density (OD) at 600 rim of culture (�), percentage of 
sporulation (U), and anti -S. aureuc activity in activity units per 
milliliter (1)) 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. claus/i 

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.s ubril/s 3 probiotic strain. Other tested 

vegetative cells of Bacillus probiotics (B. lichenitbrnift 31. 

B. ct’reus IP 5832, B. cereus NT, and B. cei’eus DM-423) and 

the reference strain B..sribrili.r 168 had a lower stimulatory ef-

fect (nitrite concentration range, 35-75 pIV1). This increase in 

nitrite production was completely abolished when c-N1-

(imino-ethyl)-lysine-dihydrochloride (1. -NIL) was added. 

suggesting that the stimulatory effect occurTed through NOS II 

induction. 

NOS II activity in murine APC can he induced by certain 

cytokines. including INF-’y. We thus analyzed the effect of the 

four B claus-/i probiotic strains on IFN-’y production by mLirine 

C57 BLoj spleen cells using ELISA, All 4 strains showed a 

strong stimulatory effect on IFN-1 production, which was sig-

nificantly higher than the effect observed with the B. subri/is 

168 reference strain (Fig. 21). 
Finally, we analyzed the ability of B. claus/i strains to 

activate CD4 T-cell proliferation in the presence ofAPC. The 

CD4 T cells were purified from C57B1/6j murine spleen cells. 

The purity of these cells was 96 to 98% (flow cytometrv analy-

sis, data not shown). All B. claus/i 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, 
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FIGURE 2. Stimulation of IFN-’y production by murine spleen 

sIP. indur ed with B ciciusii probiotic strains. Spleen cells were 
soiated rum C57BL/6i mice and cocultured with probiotic 
strain B. dausii OC (0/C), B. clousii NR (N!R), B. clausii SIN 
(SIN), 8. laosii T (T), or reference strain B. subtilis 168 (Bsl 68), 
Analysis ot IPN-’y production by rnunne spleen cells was real -
iced 72 hours later using ELISA. 

this idea has not received serious attention until recently, The 
lack tf medetu acceptance has been the result of a previous 
ack scientifically reported evidence of the beneficial effects 
f:- ohiun. Dunrie I he last decade, clinical studies have lent 

I o theUsC of selected probiotic agents tor the preven-
is cO41icaTincnt ot casiroiniestinal disorders, lHai, 

Host c cr. little ’. onoss n about the mechanismms respon-
the cInieallv observed effects. Recent studies indicate 

tics nrt’habls stork by multiple mechanisms.’  14i 

I orthernsurc. each acm nsa’. have a unique action. 

TABLE 2. B, c/ausii Probiotic Strains Stimulate Proliferation of 
Murne CD4" T Cells 

Stimulation of Murine (’jj4 T Cell* 
Srrain/tminu uostiniulater Proliferation, Index of Stimulation 

i 

,Z,iusdV(i’ 2a 

27 
2.0 
IC) 
3.4 

iD I, 05000 "st U,Sst ftrsllniutaiS)n ii’ iii C1)4 

- "so’.ee si rr5ciSiesI .1.11)0 rad nSIVC 11UOIIC spleeis cells 

- C’U4 1 eelS \eiy olated 0mm 55701 6j inice 

ii S ’si. 55’5t,l’ 0’slll\l’ ,.’,SflhlS,i fof 5D4 T cell 

Bacteria of Bacillus genus are known as producers of a 
large number of hactenocins and antibiotics. However, little 
information is available regarding the antimicrobials produced 
by Bacillus probiotic strains. The commercial probiotic B. pu/i’-
fei’mcntuns SOD, which has been sLiccessfull\’ used for the 
treatment of long-term intestinal disorders, was described to 
produce polyfermenticin (protemase K-sensitive and heat la-
bile hacteriocin).7 We also reported that probiotic strain 
B.c ubti/is 3 Biosporin) produced at least two antimicrobial 
substances, one of which was identified as Amicoumacin A.’t 
Moreover, our recent 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. clausii strains, which are included in the probiotic En-
terogermina, exhibited an antimicrobial activity in vitro. 
Moreover, we determined that B. clausii 0/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 hacteriocin-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 hac-
teriocins that are considered to be primary metabolites. There-
fore we do not exclude that the produced substance could he an 
antibiotic of polypeptide or lipopeptide nature, because such 
antibiotics were described to he frequently produced by many 
Bacillus

 
Species  

The use of prohiotics for the treatment of primaty and 
recurrent C. iJi/ficilc diarrhea was recently proposed.2’5 In-
terestingly, the antimicrobial substance produced by B. clausii 
0/C strain was active against the C. Jifficile strains tested, This 
in vitro-observed anti -C’. a’ifflci/e effect opens perspectives for 
the therapeutic benefits of Enterogeræiina use in the treatment 
of C. diflIcile-associated diarrhea. 

The precise mechanisms by which prohiolics improve 
host defenses and mediate protection are not fully known, 
There is evidence to suggest that prohiotics might also contrib-
ute to host health by stimulating both specific and nonspecific 
host immune responses. Numerous studies concerning the irn. 
munomodulatory properties of lactic acid bacteria strains have 
been recently published. i4,i5 As for Bacillus probiotics. little 
information is available. It has been suggested that the nitrite 
formation resulting from NOS II actis ity might be involved in 
the T I .1T02 balance.29 In our stLidy, all Bacillus prohiotics 
tested induced NOS I1 expression and consequently nitrite pro-
duction in niacrophages, after eoculturinu the bacteria with 
murine peritoneal cells. This NOS II induction effect was in-
direct, because no nitrite production was observed in the cm -
culture of the bacteria with purified macrophages or .1774.2 
cell line (data not shown). 

The immunomodulating activity of lactic acid bacteria 
May be attributed, in part. to the involvement of a cytokine 
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oem orl, is h all play,,, a pivotal role in coordinating immune 

otnçlion ’ \liisacttifa at i,,17
 
 demonstrated thatadmintstt’a-

ton of the probiatic Fntct’ogermina. containing 4 B lana/i 
tt ii i, to ria a nat cased cx viva (F pi oduction, In our studs 

o

 

demonstrated that in itro each of these 4 B i’luuu profit-

ot.e ott .iins tusiulated the production of IFN--y by niurine 

’lcan clls \loreoscr. all these strains induced the prolifera-

an ot marine (’D4-’ T cells in the presence of irradiated APC. 
fda tnuuLuoulodu1ator\ capacit\e otthese strains could be the 

cult the C\ Ot’escti ,n of sonic extracellular and, or cell wall -

aim pounds invols ad in insmunostimulation. - The 

identification at the compounds responsible for the inimuno-

"iO,ilOtoF) capacitY P1). 1(0/v/i pt’ohtotic strains is currently 

ai,lct ills est:ruitioii 

In conclusion, our tsults suggest that the beneficial 

.uic.. l acts llliscr\ ad for Enterogermina call at least be par-

ta’ l’ the i csud of the antimicrobial and immunomodulatoty 

OLtiS tiles oftlta B. lausii piobiotic strains. These obsersations 

pres I& insights into the mechanisms responsible for Bay i/Ins 
nror’totie colects on the host and should encourage further 

studs to tuclet tand th, physiology of the interaction of these 

ii idi tic hct and ill,,: cole ofditTcreitt compounds pro-

NiAtC in i’Oi gansli’is 
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In Vitro Anti-Helicobacter pylori Activity of the Probiotic Strain 
Bacillus subtilis 3 Is Due to Secretion of Antibiotics 
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A limited number of antibiotics can be used against Heiicobacterpv/ori 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 probiotics has not yet been clearly delineated. Probiotic strain Bacillus subtilis 3, whose 
safety has previously been demonstrated, is known to have antagonistic properties against species of the family 
!Intero/,acteriaceae. In the present study, it was also found to inhibit H. pylon. 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 
insensitise .At least two antibiotics, detected by thin-layer chromatography (R,. values, 0.47 and 0.85, respec-
tively) and confirmed by high-performance liquid 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 arnkoumaein A, an antibiotic with anti-inflammatory properties. MIC.s for H. 
priori determined in solid and liquid media ranged between 1.7 and 6.8 g/ml and 0.75 and 2.5 p.g/ml, 
respectively. The underestimation ut MICs determined in solid medium may he due to physicochemical 
instability of the antibiotic under these test conditions. An additive effect between anlicoumacin A and the 
nonatnicoumacin antibiotic against H. pvlori was demonstrated. 

/0 oiaicn’i ,’sioc infection IS the major cause of chronic 
an) ti’ arid pore ulcer disease (10) and is a risk factor for 

coo nc cancer in humans 
(s). 

This infection is extremely corn -
P100 throughout the world, and its prevalence increases with 
ace and cr sociaec000rnic status. 

Conihina tons of several drugs are now widely used for the 
eradication of 11 puck, Numerous clinical trials have indicated 
that eradication of q. pu/ort by treatment that includes bismuth 

ant maccrc n.irv drues corn hi ned with antibiotics leads to heal-
inc of astrilis and drastically decreases the rate of peptic ulcer 
’elapse. Hots es er. it limited number of antibiotics can be used, 
aiid resistance jcopardiaes the success of treatment (15. 19). 
Therefore, a scotch for acts anitmicrobial agents is warranted. 

Sec cr:ii authors nave pies isauslr reported that certain probi-
c baa to rio. nob a’ L uc’Io/’ac’i//ua spp.. exhibit mb ilii tot’r’ ac -

I’S )t\ ,ii11r1’.i if, ’un vitro and in vivo (5. 17). The term 
ai’Hticw,:, 11,1 Os  Parker (21) to describe "ori!an-

nd  which contribute to the intestinal micro-
hI si:’ulcc," This definition has since been narrowed to focus 

niicrof)orii that have a beneficial effect in the pre -
’0 a act treatment of a thverse spectrum of gastrointestinal 

’ifers aLlots a antibiotic-associated diarrhea and bacterial 
:ind "?al diarrhea (Including diarrhea caused by Shigella spp., 
’Ci iooP/Jo Sp(i . rotaviru a, and others) (6, 23). Currently, the 
to cal well . ’audi ccl probiotics are the lactic acid bacteria, par-
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ticularly lactobacilli, and to a lesser extent. btfidobacteria. 
Other organisms used or considered for use as probiotics in 
humans or animals include various Bacillus spp.. Bacieroidc’,s 
spp., Propionibacteriuin 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 lactic 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 
Cat? p’,’lohacter spp. (26). Recent reports have suggested that 
the antimicrobial activity of Lacrobacillu,s sp. probiotics in-
volves production of secreted compounds, such as organic acid, 
hydrogen peroxide, as well as various antibiotics or bacierio-
ems (1. 5, 12. 25, 27). Therefore, the aim of the present study 
was to determine the antagonistic activity of probiotic strain B. 
subtilis 3 agonist 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 I and 2) were grown in Mueller-Hinton MD) medium at 37’ C under 
aerobic conditions. H. pr/ori. Lunipi.io/’urlerfeirwi. and Iiru’t,’,-oid,’s fo,ltiI,i’ai,j,,ia. 

howcvci . were cultured on MH agar I Ditco t_aboraioi es, Dom it. Mich.) asp-

plemenmcd ith 1100 dehbri named tmoisc bland MtI&B) and were grown tar $5 

in 72 Ii under inicroaerotiic (for II, pr/ori and C.. /,’jiun) or robic 0 aiman0, iS 

6’igiIis) conditions. 
Probiorir strain Ii. mba/is 3, originally iaolated from animal fodder (IMV 

National Academy at Sciences. Kies. . Ukraine). is one of the basic corimpoimenis 
of the conliimercia! probiotic Biosporin (Biofanmi. Dnieprnpetiovsk. URrainel It 
was grown in a liquid starch medium composed of siarch (l(i glue r ). pcpmone C 
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arce, tOte etuCottiatte actilits ,sas detected as 

tI’ ar itoaad the spot. 
a ..iii ,ntihacreriah substance production, A,,e,,tnen( A Site anti -H. 

siiticri’atalltC and tep I’ll i’iiirntion irietions was per-
cncthc:.i( 131 ,oth MHOB The macalum of H. 

CV t35 CF.°rnI.  Aliquots ’if 100 PkI il these .sus -
’a a - cu"crtl,iteel ,uitt .it  mecliunt. The wells (diameter. b tint) were 

tc. ’A 1  ’iS 01 macIt test solution veers macla. cisc) the 
0Vi CCIV IlIAd cttth’, . a ne or dilated solution, The plates were 

a rblc itniasphere Ciii  24 to 40 0, lbs inhibition 
.1cC c, IH.pri’:’r) lt� Iliac nieasiireel. 
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ItIj N min. The 
dad, :itd the bacteria is etc washed once with PINS and 

1 tuteic hi CPU nil) in medium contailtitit 50°4,  (vol,’vol) 
...a lii lb ( Dctco 1..abe’r:ttortec) 40b4 (solNol ) Dulbecco modt-

ill late ’Feclinoloities. Cerg _Pot,toise Fiance), and IfICi 
’mill t hen. -1.3 nil a) t)ii,s suspension ssas incubated with 

’C’iCtCilt0’1i soltd-phasc extract, or pontiAc) fraction of 
’1 i, alsstattcee cit C aadci interoact’obic conditions. In thus expert -

cc driad solid-pit:ise esttaet ii’: purilterl fractioits were dissolved in 0.5 till 
.011 ’lute lisle) .cta final concentration of 2011 AU.ttcl, Initially 

ic."iite  Till icd inters’ak. ,l)i000tC at the incubated upeiision were 
0 t I lit 0tH sB to jetelminc I iiri iii dent 

Piuvsi ciiehcmnlicai and ensp’nnatic treatments. Pot ultcrltuostab)litv assay. lvoplt-
’’cacti Ad liit,illi at S atM Tris ItCh buffer pt-t 7.11)11 was 

- nta’ct t1tr IS. 31.. A. 1ttdl 1,1) mirl at lllu"C. For pH stability. 
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HPLC system (Waters Division, Millipore Corp.); the absorbance of the duane 
was detected at 210 ’rim. 

TLC. Thin -layer chromatography (TIC) analssis of cell -free supersattttts aitd 
purified antimicrobial fractions was performed on precoated Kieseightit’ ri) 
plates (20 by 2)) (tit: Macbern’s Nacel. Duren, (ieinlasv( with ililou’,’for’ti riteta 
anol-H.Ci (6S:25.. 4 {\olc’nol-eol]) iii, it mobile phase The bands on rile TLC 
chrontatocratu we marked uttlen UV (Alit at .’,It, nor  The diffe i cut buitds we a 
scraped separately. dts,olved in 1 ml of HA)-tsoprcpanol (31)’ ,,’tOi C aol soil). 

vorte,\ed and centriftuiteci for 15 mis at liSt/li ’ p ’lie altO H )\/ifl actil ties at 
the extracts that "ere, obtained weu’e tested h the altar well cllifusti,,t method 

Reverse-phase HPLC. Revet’se-phase HPLC 01 a L.icltrcisplter C. e-olaein l 
hr 125 ritm: particle s17e, S nt: pore sine., (Oil A: Merck. Dai’tttstad, Cerniaitvi 
was used to analyse solid-phase extracts and the purified substance. After sample 
iijec’tiuii, the Column was elated for non at a flow rate of I solcunin with 
HC-acetoutiurile 100:1)) fuol’s-oll) coniainurat (1,1)3 TF,A lsolsciti A) and ivas then 
eluted with a linear gradient with ft tint 0t0 101d solvent B for 311 non. Ainihiotic 
substances in the cHime were detected  with a fluorescence detector (Waters 
Dixisuon, Millipore Corp.): the excitation si avelength selectee) was 3,12  tm, and 
emission ssas ruletisuredi cut 465 tint. 

I’hs’sicochemical properties UV-visihle antibiotic specril cia Ia were teerirelcd 
,-)it a33111 iivik’on spectropltotontetet ( Blo-Tek lttstrrttttettts. St Duenti it eat lye -
lines. France). iu and ’0C nuclear magnetic resonance (NMR( of .inti-
itiicrohial conipounds were arqtuired on a Ut ulcer Spectrospin Dld.\ NO)) s)aer 
irottteiucr I Bt ulcer Cc-macla Lid- Milton. C)ntano, Cauiaela I 

Molecular ittass was determined hr mass apectreimetrx- at the leetrosprus 
iutoele with a SIP\ API 100 speetrotutetet Perspectise ttie’svstenu Fr,mtmtitl,e,tl 
Untied Kstade’ttil. Exact titolecular mass dietermirtatiotl isa, pr rtoritisd ,it .1 

(utah resolatioit rfieniieuI llitilZiitiiiul Stave spectrliuiieter (.1015 ’\\(iS: i i.l’)l 
USA Inc.. Pr’ahe,clv. islass,l. 

Determination of MICs. The MW or the psirihed ,lstiittiei or’i,il subst.,eiec ten 
different bacterial strains were deterntittec) by it dilrttiout method 1101 to solid 
and/or liquid media containing different concentrations of pruriflecl atitimii’rohial 
substance. The bacterial inoculum ss’as approximately 11) CFU)ml. The. N’t!C was 
considered to be the lowest concentration of antini tcrobtal suebst attec that eaasccl 
total inhibition of bacterial growth. - 

RESULTS Inhibition of growth of H. pylori in vitro by B. subtilis 3 and 

its supernatant. Of the 21 strains of H. pv/oua tested. all were 

inhibited by B.stthii/is 3. When the cell -free supernatant of B. 

subhifis 3 was tested, the inhibitory zone for each H. Jut/or) 

isolate ranged from 10 to 10 mm. The diameters of the inhi-

bition zones increased sionificantly (15 to 25 mm) when the 

supernatant was concentrated approximately 10-fold, 

Effects of heat, pH, and various enzymes on antimicrobial 

substance(s). The antimicrobial compounds present in the 

cell -free supernatant wet-c heat stable. and the level of aetivita 

remained unchanged after Cu).) mutt of incubation at .1)10°C. ’’his 

antimicrobial supernatant was also active over a wide range of 

pH value-s. from 3 to W. The activity decreased slightly (2)11,::) 

at p1--1 1.1’ "l’reatmcnt with different eruzvnies (pepsin. trvpsun. 

proteinase K. lipase. (k-atnylase, and lvsozynie-) did not affect 

the antimicrobial activity of the supernatant. 

Study of antibiotic production by TLC analysis. TLC of 

concentrated cell-free supernatant on silica gel plates yielded 

five major bands under UV light at 310 nrn, with R, s-aloes of 

0.2. 0,43, 0,47, 0.8. and 0.85. These bands were submitted to an 

extraction procedure, and the activity of each band against H. 

pvlori strains was measured. Only two of them. those with B, 

values of ().47 and 0.85, respectively, contained anti -H. p1/lit’) 

compounds. 

Isolation and characterization. The antimicrobial com-

pounds present in the cell -free filtrate of the B. suil’i/u’/i,s 3 cul-

ture were separated by solid -phase extraction and preparative 

reverse-phase HPLC assays. Two active fractions (Fractions a 


