1 44

CASTELLANOS & CO.
ABOGADOS

Calle 94 A No. 7 A - 09

Bogota, D.C., COLOMBIA

Sefiora

Jefe de la Division de Nuevas Creaciones

Superintendencia de Industria y Comercio
Ministerio de Desarrollo Econémico SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

3 s o LT i

No. 03-038031- -00007 0

Fecha: 2008-05-08 14.33:38 Dep 2020 NUECREACION[

Tra. 11 PATENTEIYN Eve: 379 FASENACH
Act. 444 RESPUESTAREQUE  Folins: 15 ONAL

Ref.. Expediente No. 03.038.031
Solicitud de Patente de Invencién para;. PROCESO PARA LA TIPIFICACION RAPIDA DE
MICROORGANISNMOS Y JUEGO DE REACTIVOS EMPLEADOS
Solicitante: CENTRO NACIONAL DE INVESTIGACIONES CIENTIFICAS (CNIC

RESPUESTA AL EXAMEN DE FONDO

MARGARITA CASTELLANOS ABONDANO, mayor de edad, identificada y domiciliada como
aparece al pié de mi firma, atentamente me permito presentar respuesta al oficio No. 1612 notificado
por fijacion en lista el 8 de febrero de 2008 correspondiente al examen de fondo, estando dentro del

termino legal en los siguientes términos:

Claridad de la Solicitud

Presento nuevo capitulo reivindicatorio compuesto por 14 reivindicaciones las cuales sustituyen a las
antiguas reivindicaciones 1-14. En el nuevo capitulo reivindicatorio no se adiciond materia nueva, sino
se cancelaron las reivindicaciones que reclamaban el proceso de tipificacion rapida de bacterias ya
que, tal y como afirma el sefior examinador, los objetivos de las etapas del mismo no difieren de los
conocidos en el estado del arte. Por esta razén, se limit6 el alcance de la invencién a la composicion y
meétodo de uso del conjunto de disoluciones compuestas solamente por reactivos quimicos que
permiten preparar ADN intacto e inmovilizado de E. coli, P. aeruginosa o S. aureus, y el molde flexible

y autoclavable para inmovilizar las células de esos microorganismos.

Adicionalmente, presento dos nuevas reivindicaciones independientes 1 y 9 y doce nuevas
reivindicaciones enmendadas dependientes. Las reivindicaciones 2-8 son dependientes de la nueva
reivindicacion 1, mientras que las nuevas reivindicaciones 10 y 11 son dependientes de la 9. Las

nuevas reivindicaciones 12-14 son dependientes de las nuevas reivindicaciones 1y 9.
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La nueva reivindicacion 1 reclama la composicion de un conjunto de disoluciones compuestas
solamente por reactivos quimicos, las cuales conforman un juego de reactivos, y que se utilizan
secuencialmente de acuerdo con un método de uso para preparar moléculas de ADN intactas e
inmovilizadas a partir de células de Escherichia coli, Pseudomonas aeruginosa o Staphylococcus
aureus. La nueva reivindicaciéon 1 no contiene materia nueva. El contenido reivindicado fue

completamente revelado en la Esencia de la Invencion.

Ahora bien, remito al sefior examinador a revisar en la solicitud de patente las siguientes citas:

-Pagina 17, linea 3: ‘La presente invencién provee un proceso y un juego de reactivos...’

-Pagina 17, lineas 7 a la 12: ‘Se provee un método que en 60 minutos, a lo sumo, brinda las muestras

de ADN intacto e inmovilizado en minibloques de algun gel partiendo de células que son tratadas con
soluciones que no contienen enzimas hidroliticas, pudiendo ser el tratamiento previo o posterior a la
inmovilizacion de dichas células. Las células pueden ser levaduras, parasitos y bacterias gram

positivas y negativas y se inmovilizan en algun gel,...’

-Pagina 18, lineas 3 a la 5: ‘El método de preparacién de muestras provisto en esta invencién

consume 60 minutos a lo sumo, es sencillo y barato, pues no requiere de enzimas liticas ni proteasas

en las soluciones de incubacién de los microorganismos y brinda ADN intacto e inmovilizado.'

-Pagina 18, lineas 10 a la 14: ‘El método se fundamenta en la modificacién quimica de la pared

bacteriana que permite la lisis de los microorganismos, o el paso de moléculas efectoras pequefias
hasta las moléculas dianas dentro de la célula, asi como la eliminacion de componentes intracelulares
indeseables mediante diélisis. En los minibloques donde se inmovilizaron las células se obtiene ADN

intacto inmovilizado.’

-Pagina 19 lineas 5 ala 19:

‘Tabla I. Soluciones de lavado de células que resultaron mas efectivas en la preparacién de ADN
inmovilizado:

Microorganismos colectados Composicion de la solucién de Lavado

Levaduras EDTA 0.05 MpH 7.5

Entamoeba histolytica PBSpH 7.4

Pseudomonas aeruginosa NaCl0.15 M

Staphylococcus aureus, NaCl 0.15 M, EDTA 0.01 M

Escherichia coli pH 8.0
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Las soluciones no enzimaticas para la incubacién de las células o los minibloques se caracterizan por
contener detergentes aniénicos, un agente quelante, un agente capaz de competir en la formacion de
puentes de hidrdégeno y tampon Tris. La mas eficiente contiene: sarcosyl 1%, EDTA 0.1 M, Tris-base
0.01 M, urea 4 M y su pH es 9.5 (NDSU). Para incubar células provenientes de bacterias gram-
positivas y gram-negativas se le ailade nonidet P-40 a la solucion anterior (NDSUPIus).

Algunos microorganismos, como la Escherichia coli, deben ser incubados durante 10 minutos a 37°C
en una solucion de lisis no enzimatica, que contiene sarcosyl 1%, nonidet P-40 1%, EDTA 0.1 M, Tris-
base 0.01 M, y su pH es 8.0, antes del tratamiento de media hora con la solucion NDSUPIus.

El tampén de conservacion de los minibloques que contienen ADN inmovilizado es TE-100 (Tris-base
0.01 M, EDTA 0.1 M, pH 8.0).’

Las nuevas reivindicaciones 2 a la 8 son dependientes de la 1 y reclaman fa composicion especifica
del conjunto de disoluciones que conforman el juego de reactivos. El contenido de estas

reivindicaciones esta sustentado en la Esencia de la Invencién (ver citas anteriores) y en los Ejemplos

3,4y 8.

La nueva reivindicacién 9 reclama los moldes flexibles para formar minibloques de agarosa que
contienen células bacterianas, asi como su método de uso. La materia reclamada en la reivindicacion

9 esta totalmente sustentada en ta Esencia de la Invencién:

Adicionalmente, remito al sefior examinador a ver las siguientes citas:

‘...Las células pueden ser levaduras, parasitos y bacterias gram positivas y negativas y se inmovilizan
en algun gel, mediante el empleo de un molde esterilizable de un material flexible que brinda
minibloques cuyos grosores son homogéneos y pueden estar entre 0.03 y 0.1 c¢cm segun las

dimensiones del molde que se emplee...’ (pagina 17, lineas 10-14).

‘El procedimiento para inmovilizar las células en minibloques de agarosa consiste en emplear un
molde esterilizable de material flexible. Este es una lamina de silicona, goma u otro material flexible de
hasta 0.5 cm de grosor (ver en ejemplos de realizacion el ejemplo 1). La lamina posee cualquier forma
y tamafio en las otras dimensiones. En la lamina hay estampadas multiples depresiones cuadradas
que pueden tener hasta 0.3 cm de ancho y de 0.03 a 0.1 cm de profundidad. Para verter la suspension
de células-agarosa el molde se pre-ambienta a 42°C colocandolo sobre una superficie a dicha
temperatura, después se vierte la suspension en el molde y con una espatula se distribuye en las
depresiones. El molde se cubre entonces con una tapa que puede ser de vidrio, plastico, acrilico o
cualquier otro material y se coloca entre 4 -15°C para que gelifiquen los minibloques. Los minibloques
de tamafios homogéneos que se generan son extraidos del molde flexible sosteniéndolo por los
bordes y torciéndolo en el interior de un recipiente que contiene la soluciéon no enzimatica para el

tratamiento de dichos minibloques.’ (pagina 20, linea 20 a la pagina 18, linea 5)
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Las reivindicaciones 10 y 11 dependen de la 9 y su contenido se encuentra sustentado en la Esencia

de la Invencién ver Ejemplo 1, las citas anteriores y la Figura 1.

Las reivindicaciones N° 12 a la 14 poseen dependencias multiples de las reivindicaciones N° 1y 9.
Las mismas reivindican el método de uso del juego de reactivos y el molde flexible para preparar ADN
intacto e inmovilizado de P. aeruginosa, S. aureos y E. coli. Su contenido esta sustentado en los

Ejemplos 3, 4 y 8 de la Esencia de la Invencion,

Las evidencias experimentales acerca de la solucion positiva de la problematica, es decir sobre la
calidad de las muestras de moléculas de ADN intacto e inmovilizado de S. aureus, E. coli y P.
aeruginosa, que son preparadas con el juego de reactivos compuesto por las disoluciones reclamadas
en esta solicitud y el molde flexible, son que estas moléculas se digieran totalmente con enzimas de
restriccion, que no se degraden o fraccionen durante el tratamiento y que cuando se sometan a
Electroforesis de Campos Pulsantes (ECP) se obtengan patrones de bandas nitidos, en los cuales no
aparezca barrido (sefal de degradacién o ruptura mecanica de las moléculas) con bandas con la
misma forma del pozo de aplicacién y semejante grosor en todas las carrileras. Estas evidencias se

pueden apreciar en las Figuras 3, 4 y 10.

En ia Esencia de la Invencién también se muestran otros ejemplos de preparacién de ADN intacto e

inmovilizado de otros microorganismos en los cuales se utiliza el molde flexible (Ejemplo 2; Figura 2 y

pie de la misma). Estas también son evidencias experimentales de que durante la inmovilizacién de
las células en los moldes se producen bloques de tamafios homogéneos ya que en los patrones de
bandas después del analisis de las moléculas de ADN en ECP se obtienen bandas de semejante
grosor en todas las carrileras y con formas semejante al pozo de aplicacion. No se reclama la
inmovilizacién de células diferentes a las bacterianas en bloques de agarosa formados en esos

moldes en aras de mantener la unidad de la invencion. No obstante, el Ejemplo 2 vy la Figura 2 aportan

evidencias experimentales adicionales de la utilidad y funcionalidad del molde flexible que se reclama

en la solicitud.
Nivel Inventivo
La materia que se reclama en la presente solicitud no esta comprendida dentro del estado de la

técnica previo a la presentacion de esta solicitud. No se conocian, al momento de la solicitud, que

disoluciones compuestas solamente por reactivos quimicos fueran capaces de modificar la pared

celular de P_aeruqginosa, E. coli o S. aureus y liberar y desproteinizar sus moléculas de ADN para que

pudieran ser analizadas mediante ECP. Lo usual es que se emplearan reactivos bioldgicos (enzimas

liticas y proteasas) para lisar las células inmovilizadas y desproteinizar los ADN. Un ejemplo de ello,
es el protocolo publicado por R. Gautom en J. of Clin. Microbiol., 35, 1997 (D1). La unica simititud
entre lo reclamado en esta solicitud y lo publicado en D1 es que el método de uso del conjunto de
disoluciones y el molde flexible permiten ia preparacion de ADN intacto e inmovilizado de bacterias de
calidad para ser analizado mediante ECP en menos de dos horas y el protocolo propuesto en D1 lo

realiza en aproximadamente en 2 a 3 horas. Si embargo, en D1 se utilizan enzimas liticas y proteasas,
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las cuales NO son utilizadas en esta solicitud. En las nuevas reivindicaciones donde se reclama el

método de uso de las disoluciones y el molde (N° 12-14) no se pretende reivindicar la duracion, ni
rapidez de dicho método de uso sino solamente la secuencia de etapas de dicho método de uso lo
cual incluye cuales disoluciones del juego de reactivos se utilizarian para preparar el ADN intacto e
inmovilizado de E. coli, P. aeruginosa o S. aureus. Se incluye el tiempo de duracion de algunas de las

etapas ya que este es una caracteristica fisica inherente a algunas de las disoluciones utilizadas.

Hasta el momento, no habia sido demostrado que las disoluciones que contienen agentes quelantes,

detergentes y urea eran capaces de liberar los ADN de bacterias para que fueran digeridos con

enzimas de restriccion y posteriormente analizados mediante ECP (Nivel Conocido de la Técnica). Lo
unico conocido era que disoluciones conteniendo urea y detergentes permitian la desproteinizacion de
ADN de S. cerevisiae. Por ejemplo, El tercer parrafo de la seccién de Introduccion del documento
‘Non-enzymatic deproteinization...’ (Analytical Letters (1994) vol 27, N° 7, pp. 1255-1264) describi6
‘... un método de desproteinizacion de las moléculas de ADN para la preparacion de ADN de talia
cromosémica. Ei método utiliza disoluciones que contienen urea, detergente o ambos combinados
para disociar los complejos de ADN-proteinas’. Sin embargo, los resultados presentados en el cuerpo
del documento demostraron solamente la obtencién de ADN de S. cerevisiae de tamafio cromosémico
de calidad para ser analizado mediante Electroforesis de Campos Pulsantes después de la incubacion
de los protoplastos de S. cerevisiae con urea y un detergente. Ese procedimiento reportado fue
simplificado en el documento ‘Rapid non enzymatic...’. (Analytical Letters, (1996) vol 29, N° 12, pp
2079-2084) eliminando el paso de formacion de protoplastos de S. cerevisiae. Sin embargo, Ia
extension de esta informacién para la preparacién de ADN inmovilizado de P. aeruginosa, E. colio S.
aureus no es de ninguna forma una tarea obvia para una persona entrenada-en el arte de preparar

ADN debido a las siguientes evidencias técnicas y cientificas:

» Los mecanismos por los cuales las disoluciones que contienen urea y detergentes rindieron
ADN inmovilizado de S. cerevisiae de buena calidad para ser analizado mediante
Electroforesis de Campos Pulsantes no fueron revelados en la informacién publicada

previamente a la presentacién de esta aplicacion.

s S cerevisiae es un organismo eucarionte. La pared celular de las especies de levaduras
contienen como principales componentes f-glucanos y quitina. La composicién de las
mencionadas paredes celulares difiere de las de las bacterias. El principal componente de las
paredes celulares de la bacterias son los peptidoglicanos; otros componentes son acido
teicoico, lipoproteinas y lipopolisacaridos. Por otra parte, la mayoria de los métodos conocidos
para la extraccién de ADN de levaduras requieren de enzimas, tales como zimolasa, que tiene
especificidades diferentes de las que se utilizan para lisar las paredes celulares bacterianas.
Por ejemplo, para formar esferoplastos de células de E. coli y P. aeruginosa se requiere
lisozima, mientras que para formar los de S. aureus es necesario lisostafina. Por tanto, para la
preparacion de ADN de S. cerevisiae o bacterias se utilizan diferente enzimas en el paso de

ruptura de las paredes celulares. En el aparte nivel conocido de la técnica/caracteristicas de |

las soluciones técnicas andlogas se presentan varios ejemplos.
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Por .tanto, si hasta el momento el mecanismo de accion de las disoluciones publicadas
previamente a la presentacién de esta aplicacion eran desconocidas; y S. cerevisiae, E. coli, P.
aeruginosa y S. aureus requieren diferentes enzimas para romper sus paredes celulares, la

inclusion de urea y detergentes en las disoluciones utilizadas para romper las paredes celulares

bacterianas no es una tarea obvia. De aqui, que los autores de la solicitud de patente no tenian

disponible ninguna informacion publica que indicara que las disoluciones utilizadas para romper
las paredes celulares de S. cerevisae podrian actuar sobre los componentes de las paredes

celulares bacterianas.

* Argumentos adicionales forman parte del ‘know-how' de la invencion y por eso no fueron
revelados en la solicitud de patente. Por ejemplo, las paredes celulares de P. aeruginosa se
rompen antes de la inmovilizacion y no se obtienen moléculas de ADN intactas, si las células
de este microorganismo son lavadas e inmovilizadas en las disoluciones que se utilizan para
lavar e inmovilizar las células de S. cerevisiae, o E. coli, 0 S. aureus. Esto demuestra que no

se pueden deducir generalizaciones a partir de la informacion conocida del estado del arte.

* La utilizacién de disoluciones compuestas solamente por reactivos quimicos para tratar las
células inmovilizadas, permitié que la composicion de la disolucidn de lavado de las moléculas
de ADN sean solamente también reactivos quimicos y que no fuera sea necesario utilizar
inhibidores de proteasas o largos tiempos de lavados como esta establecido en el estado del

arte.

Resumen de las condiciones que hacen diferente a la presente invencion en relacion a D1

Solicitud

D1

-Se provee un conjunto de disoluciones
compuestas  solamente  por  reactivos
guimicos para preparar ADN intacto e
inmovilizado de E. coli S. aureus o P.
aeruginosa, un molde para inmovilizar las
células de estos microorganismos y un
método de uso del conjunto de disoluciones y
el molde

-Se provee un protocolo rapido para tipificar
E. coli y otros organismos Gram-negativos en
un DIA. Este incluye la preparacion de ADN y
la realizacion de electroforesis de los
fragmentos de restriccion de las moléculas de
ADN preparadas previamente

-Las disoluciones propuestas solo contienen
reactivos quimicos: Tris, EDTA, NacCl,
Sarcosyl, Nonidet P-40, o Urea (dependiendo
de cual disolucién sea).

La utilizacién secuencial de un grupo de las 7
disoluciones reclamadas permite la
preparacion de ADN intacto e inmovilizado de
E. coli, S. aureus o P. aeruginosa.

-Las  disoluciones utilizadas  contienen
enzimas liticas (lizosima) y protedliticas
(proteinasa K)

-Se revela un molde flexible y autoclavable
para la inmovilizacién de las células de las
bacterias.

-Para la inmovilizacion de las células se utiliza
un molde como el conocido en el estado del
arte.

(Nivel Conocido de la Técnica, pag. 11, linea
11 a pag.12, linea 12). ‘

-Los métodos de uso del juego de reactivos y
de los moldes flexibles implica la utilizacién
secuencial de un grupo de las 7 disoluciones

-El método de preparar las muestfas es
comun para todos los microorganismos gram-
negativos ensayados. En todos los casos
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que componen el juego de reactivos implica la utilizacion de las mismas
disoluciones

A partir de lo publicado por Gautom (D1) no era posible deducir que disoluciones gue contienen urea

eran capaces de liberar y desproteinizar las moléculas de ADN bacteriana y que la_utilizacion

secuencial del conjunto de disoluciones que se reclama permitiria la preparacién de ADN intacto e

inmovilizado de P. aeruginosa, E. coli 0 S. aureus. Uno de los argumentos para realizar la afirmacion

anterior es que el mecanismo de accion de la Lisozima y la Proteinasa K es totalmente diferente al de

las disoluciones que se reclaman en este trabajo.

En la actualidad contintian utilizandose reactivos enzimaticos costosos para preparar ADN intacto e
inmovilizado de bacterias, a pesar de las informaciones conocidas del estado del arte y que en este
momento las enfermedades infecciosas permanecen siendo un serio problema emergente de salud.
Este hecho provee evidencias adicionales de que no es obvio deducir generalizaciones a partir de la

informacion conocida del estado del arte.

De aqui que el conjunto de disoluciones que se reclaman en la solicitud posea actividad inventiva. La
simplicidad de la composicién de las disoluciones que se reclaman en esta invencion: sales, agentes
quelantes, detergentes, disoluciones tamponadas y un agente quimico que rompe los puentes
hidrégenos (urea) facilita su aplicacion industrial ya que pueden ser preparadas faciimente, asi como

producidas en forma de un juego de reactivos en instalaciones con pocos requerimientos tecnologicos.

En la solicitud de patente se revela un molde que puede estar compuesto de diferentes materiales

flexibles y forma minibloques individuales de tamafios idénticos conteniendo células inmovilizadas.

El molde flexible permite ser doblado para despegarle facilmente los minibloques de el, y de esta
forma los minibloques puedan caer directamente dentro de la disolucién de tratamiento y asi no es
necesario cortarlos, lo cual garantiza que se formen bloques de tamafios homogeneos y que no sea
necesario manipularlos con aditamentos adicionales. Esta propiedad de ser flexible lo diferencia de las
soluciones conocidas en el estado del arte que describen moldes rigidos que no pueden ser doblados.
La propiedad de generar bloques del tamafio de los que seran utilizados también lo diferencia de las
soluciones conocidas en el estado del arte en las que los bloques se forman de dimensiones
diferentes a las que se colocan en los geles y al momento de utilizarlos hay que cortarlos con otros

aditamentos.

Los materiales flexibles empleados para construir el molde descrito en la solicitud de patente pueden
ser esterilizados en autoclave. Los moldes que pueden ser esterilizados en autoclave son utiles para
tipificar bacterias patdgenas porque ellos incrementan la bioseguridad del proceso. Los moldes
conocidos con anterioridad estdn compuestos por materiales que no pueden ser esterilizados en

autoclave.
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El molde reivindicado en la presente solicitud permite formar miniblogues individuales e idénticos,
mientras gue los moldes conocidos en el estado del arte forman tiras de agarosa que tienen que ser
cortadas para obtener los miniblogues lo cual constituye una manipulacién adicional. Cuando las tiras
de agarosa son cortadas pueden obtenerse minibloques de diferentes tamarios. El uso de minibloques

de diferentes tamarios afecta la reproducibilidad de los patrones de bandas.

La novedad de esta parte de la invencion es la estructura (forma) del molde y las caracteristicas
fisicas que le confieren los materiales flexibles utilizados para su construccion, por ej. silicona. Los
materiales flexibles poseen la propiedad de poder ser esterilizados por autoclave y doblados, asi como
también mayor durabilidad, por ej. el molde de acrilico es mas fragil. El molde descrito en esta
solicitud permite obtener directamente miniblogues individuales sin realizar manipulaciones
adicionales. Por otra parte, la construccién de estos moldes es mas simple, ya que los materiales
flexibles pueden ser fundidos y los moldes construidos en un ‘pre-molde’ disefiado previamente para
que le confiera la forma requerida al molde de formar minibloques independientes. Esta tecnologia
facilita la produccién industrial del molde. Por ultimo, los moldes de acrilico tienen que ser construidos

uno a uno mediante carpinteria de plastico.

Los argumentos anteriores respaldan que la materia reclamada en las reivindicaciones 1-14 requiere

actividad inventiva.

En conclusion, solicito a su Despacho conceder el privilegio de patente de invencidén a la presente

solicitud toda vez que se ha demostrado que la misma es inventiva en vista del documento D1.
Anexos ‘

¢ Nuevo capitulo reivindicatorio
e Formulario de Modificaciones

¢ Recibo de Pago

De la Sefora Jefe,

M’!)gar‘(%astella;o!s%m

C.C. No. 39.779.654 de Usaquén

T.P.A. No.70819 del C. Sup. de la Judicatura
Calle 94 ANo. 7 A-09

Teléfonos: 610 74 20

Bogota, D.C., . & MN% 20“8
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Espacio reservado para el adhesivo de radicacion

SUPERINTENDENGCIA:

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES

e E-mail: : R .
Nombre: MARGARITA CASTELLANOS A. IDENTIFICACION
REPRESENTANTE :
O APODERADO Direccién: CALLE 94A No. TA-09 c.C NT [
Teléfono: 61074 20 Fax:610 07 06 C.E. D Otro D
E-mail: info@caste"anosvco.coh Cual

Numero _ 39'779.654 TPA _ 70.819

o

i
>

@ Anexos:

mComprobante de pago de la tasa.
DPoderes si fuere el caso, junto con la sustituciéon de los mismos a mi favor.
DDocumento que acredita la existencia y representacion legal de las partes, cuando sean personas juridicas
mNuevo capitulo reivindicatorio
Nuevo resumen

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pagina - MCA/954
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REIVINDICACIONES

4

1. Conjunto de disoluciones compuestas solamente por reactivos quimicos las

cuales conforman un juego de reactivos, por medio del cual se preparan moléculas
de ADN intactas e inmovilizadas a partir de células de Escherichia coli,

Pseudomonas aeruginosa o Staphylococcus aureus, disoluciones caracterizadas

porque poseen las siguientes composiciones:

-una sal (NaCl 0.15 M) o un agente quelante de metales (EDTA 0.01M)
sal (NaCl 0.15M), disoluciones de dicho juego de reactivos por medio

y una

de las

cuales las células bacterianas se lavan e incluyen en minibloques de

agarosa,

-un agente quelante de metales (EDTA 0.1M), dos detergentes aniénicos
(Sarcosil 1% y Nonidet P-40 1%) y Tris base 0.01M, disoluciones que podrian
contener adicionalmente Urea 4M, disoluciones de dicho juego de reactivos

mediante las cuales las células bacterianas se tratan,

-un agente quelante de metales (EDTA 0.1M) y Tris base 0.01M, disolucion
de dicho juego de reactivos mediante la cual los minibloques se lavanly se

conservan,

siendo dicho conjunto de disoluciones utilizadas secuencialmente de acuerdo

con un método de uso.

2. Conjunto de disoluciones de la reivindicacion N° 1 caracterizado porque la

composicién de una disolucion para el lavado de células de dicho juego de

reactivos es NaCl 0.15M y EDTA 0.01M, pH 8.0 (disolucién N° 1).

3. Conjunto de disoluciones de la reivindicacion N° 1 caracterizado porque la

composicion de una disolucién para el lavado de células de dicho juego de

reactivos es NaCl 0.15M (disolucion N° 2).

I
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composicién de una disolucién para la inmovilizaciéon de células de
juego de reactivos es agarosa de bajo punto de gelificacion fundida en

0.15M a una concentracion de 1.5 % (disolucion N° 3).

| 59

. Conjunto de disoluciones de la reivindicacion N° 1 caracterizado porque la

dicho
NaCl

Conjunto de disoluciones de la reivindicacion N° 1 caracterizado porque la

composicion de una disolucion para la inmovilizacién de células de
juego de reactivos es agarosa de bajo punto de gelificacion fundida en
0.15M y EDTA 0.01M, pH 8.0 a una concentracion de 1.5 % (disoluci
4). |

dicho
NaCl
6n N°

. Conjunto de disoluciones de la reivindicacion N° 1 caracterizado porque la

composicién de una disolucién de tratamiento de células de dicho juego de
reactivos es EDTA 0.1 M, Sarcosil 1 %, Nonidet P-40 1 % y Tris base 0.01

M, pH 8.0 (disolucién N° 5).

Conjunto de disoluciones de la reivindicacion N° 1 caracterizado porque la

composicion de una disolucién de tratamiento de células de dicho jue

go de

reactivos es EDTA 0.1 M, Sarcosyl 1 %, Nonidet P-40 1 %, Tris base 0.01M

y Urea 4M, pH 8.0 (disolucion N° 6).

Conjunto de disoluciones de la reivindicacion N° 1 caracterizado porque la

composicién de la disolucién de lavado y conservacion de los minibloques
de dicho juego de reactivos es EDTA 0.1 M y Tris base 0.01M, pH 8.0

(disolucion N° 7).

Moldes flexibles para formar minibloques de agarosa que contienen c¢élulas

bacterianas; moldes caracterizados porque son laminas de materiales tales

como la silicona, y se cubren con tapas de vidrio; laminas que poseen

hasta

0.5 cm de grosor y tienen estampadas en una de sus superficies multiples

depresiones cuadradas con lados de 0.3 cm de tamario y desde 0.03

hasta

NG

(2
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aproximadamente 0.1 cm de profundidad, depresiones en las cuales la
mezcla de agarosa y células bacterianas solidifica formando minibloques
con dichas dimensiones, moldes que son lo suficientemente flexibles para
doblarse y permitir que los minibloques se despeguen de los mismos,
moldes que son reutilizables después de esterilizarlos mediante autoclave,
siendo dichos moldes y tapas ensamblados completamente y utilizados

para inmovilizar células de bacterias segin un método de uso.

10.Moldes flexibles de la reivindicacion N° 9 caracterizados porque las |aminas
flexibles que los forman son de silicona, goma o cualquier otro material
flexible, laminas que pueden tener cualquier forma, tamafo y cantidad de
depresiones cuadradas idénticas (preferentemente hasté 50) esta#npadas
en una superficie.

11.Método de uso de la reivindicacion N° 9 caracterizado porque el método de
ensamblaje y uso de uno de dichos moldes flexibles para preparar ADN
intacto inmovilizado en minibloques de agarosa comprende los| pasos
siguientes:

i) verter la suspension de células bacterianas y agarosa sobre la superficie
del molde que posee estampadas las depresiones;

ii) distribuir uniformemente dicha suspensiéon con una espatula] hasta
rellenar dichas depresiones;

iii) cubrir el molde con su tapa y esperar hasta que se formen los
minibloques;

iv) doblar el molde sobre un frasco cualquiera para despegar los
minibloques.

12.Método de uso de dicho juego de reactivos y de uno de los mencionados

moldes flexibles de las reivindicaciones N° 1 y 9, caracterizado porque la

(3
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preparacion de ADN intacto e inmovilizado proveniente de células de P.
aeruginosa comprende los pasos siguientes:

i)  colectar las células del microorganismo cultivadas en medio liquido o

sélido y lavarlas en la disolucién N° 2 de dicho juego de reactivos,

ii) resuspender dichas células en la disolucién N° 3 de dicho juego de
reactivos y verter la suspensiéon sobre un molde flexible,

iii) despegar los minibloques del molde, después que la agarosa
solidifique, doblando dicho molde e incubar los minibloques en la

disoluciéon N° 6 de dicho juego de reactivos durante 30 minutos a 50°C,

iv) lavar los minibloques dos veces a 50°C durante 10 minutos en la

disolucion N° 7 de dicho juego de reactivos y posteriormente
conservarlos en dicha disolucion.

13. Método de uso de dicho juego de reactivos y de uno de los mencionados
moldes flexibles de las reivindicaciones N° 1 y 9, caracterizado porque la
preparacion de ADN intacto e inmovilizado proveniente de células de S.
aureus comprende los pasos siguientes:

i) colectar las células del microorganismo cultivadas en medio liquido o
sélido y lavarlas en la disolucion N° 1 de dicho juego de reactivos,

ii) resuspender dichas células en la disolucion N° 4 de dicho juego de
reactivos y verter la suspension sobre un molde flexible,

iii) despegar los minibloques del molde, después que la agarosa solidifique,
doblando dicho molde e incubar los minibloques en la disolucion N° 6 de
dicho juego de reactivos durante 60 minutos a 50°C,

iv) lavar los minibloques dos veces a 50°C durante 10 minutos en la

disolucion N° 7 de dicho juego de reactivos y posteriormente
conservarlos en dicha disolucion.

14. Método de uso de dicho juego de reactivos y de uno de los mencionados
moldes flexibles de las reivindicaciones N° 1 y 9, caracterizado porque la
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preparacion de ADN intacto e inmovilizado proveniente de células de E. coli
comprende los pasos siguientes:

i) colectar las células del microorganismo cultivadas en medio liquido o

sélido y lavarlas en la disolucion N° 1 de dicho juego de reactivos,

ii) resuspender dichas células en la disolucién N° 3 de dicho juego de
reactivos y verter la suspensién sobre un molde flexible,

iii) despegar los minibloques del molde, después que la agarosa

solidifique, doblando dicho molde, e incubar los minibloques en la

disolucién N° 5 de dicho juego de reactivos durante 10 minutos a

37°C,

incubar los minibloques en la disolucion N° 6 de dicho juego de
reactivos durante 30 minutos a 50°C.
) lavar los minibloques dos veces a 50°C durante 10 minutos en la

disolucién N° 7 de dicho juego de reactivos y posteriormente
conservarlos en dicha disolucion.
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Genomic DNA patterns generated by pulsed-field gel electrophoresis are highly specific for different strains
of an organism and have significant value in epidemiologic investigations of infectious-disease outbreaks.
Unfortunately, time-consuming and tedious specimen processing is an inherent problem which limits the use
of this powerful technology as a real-time epidemic investigational tool. Here, I describe a rapid method to
improve the response time and provide specific bacterial strain identification for the typing of Escherichia coli
0157:H7 and other gram-negative organisms in a single day. :

The ability to characterize and determine relatedness among
bacterial isolates involved in an infectious-disease outbreak is
a prerequisite for epidemiologic investigations. Several mark-
ers have been used to distinguish isolates of a given bacterial
genus or species involved in such outbreaks (1, 21). Histori-
cally, clinical and public hcalth laboratorics have used conven-
tional cpidemiologic typing systems, usually oncs based on
specific phenotypic characterizations (1, 21). Unfortunately, as

~
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a result of inconsistently expressed phenotypic traits, these

¢ classical typing approaches are often not able to discriminate

between related outbreak strains. The rapidity with which peo-
ple and goods move within and between countries has in-
| creased the threat of epidemic spread of infectious diseases. As
such, there is a need for rapid and accurate typing techniques
to assist public health anthorities in the detection and tracking
of thesc discases.
Since the advent of molccular fingerprinting, there has been
a great deal of effort directed toward developing molecular
methods suitable for use in clinical and public health labora-
tories. Pulsed-field gel electrophoresis (PFGE) is one such
approach that identifies organisms by their molecular geno-
types (4, 18, 25, 26). It involves the use of rare-cutter restriction
enzymes to generate a limited number (10 to 20) of high-
molecular-weight restriction fragments. These fragments are
jthen separated by agarose gel electrophoresis with pro-
grammed variations in both the direction and the duration of
the cleetric ficld (the pulsed field). The resulting electro-
iphoretic patterns are highly specific for strains from a variety
of organisms and also provide an opportunity to examine mui-
tiple variations throughout the genome of the organism so as
to identify specific strains and accurately link them with disease
‘outbreaks.
PFGE has great value in epidemiological analysis, in the
differentiation of pathogenic strains, and in the monitoring of
their spread among communities. The technique has been suc-
cessfully cmployed in tracking discascs caused by a number
of diffcrent bacterial pathogens, including Escherichia coli
O157:H7 (3. 5), Neisseria meningitidis (27, 28), Pseudomonas
aeruginosa (16), Listeria monocytogenes (6), Bordetella periussis
(11), Legionella pnewmophila (15), Vibrio cholerae (7), Staphy-
ococeus aureus (23), and enterococeal isolates (20). PFGE has

”
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also permitted the characterization of isolates indistinguish-
able by restriction enzyme analysis, phage typing, ribotyping,
plasmid analysis, and randomly amplified polymorphic DNA
analysis ( 3, 16, 22, 24, 25).

PFGE has become a standard technique among public
health agencies due to its accuracy and reproducibility between
different laboratories. However, current PFGE protocols in-
volve time-consuming, tedious procedures for the purification
of intact genomic DNA trapped in agarose, lengthy restriction
enzyme digests, and extended clectrophoresis times (12, 18).
These time-consuming steps preclude the use of current PEGE
protocols in monitoring the often rapid evolution of events
during ongoing outbreaks (12, 18). However, recent events
such as disease epidemics associated with the ingestion of food
contaminated with either E. coli O157:H7 or Salmonella spp. in
several western states, along with outbreaks of meningococcal
disease (8-10, 14), underscore the pressing need to develop an
alternative protocol for PFGE that would improve the re-
sponse time and allow this powerful molecular typing system to
become a more versatile epidemiologic tool. In this paper, I
describe such a rapid method for PFGE analysis and demon-
strate that it provides specific identification of bacterial strains
in 1 day with an accuracy and a reproducibility equivalent to
those of conventional multiday procedures.

Bacterial strains and culture conditions, Isolates of E. coli
0157:H7 were submitted to the Washington Statc Department
of Health Public Health Laboratories for confirmation of
strain identification or for subtyping by standard PFGE. Other
bacterial isolates were obtained from clinical specimens sub-
mitted to the Public Health Laboratories for other purposes.
The isolates included in this study are listed in Table 1. The
isolates were subcultured on appropriate growth media and
incubated at 37°C overnight or longer (in the cases of Borde-
tella and Legionella).

Standard PFGE procedure. This procedure was designed by
the Centers for Disease Contro! and Prevention for use in the
tracing of E. coli O157:H7 outbreaks (12). Briefly, a single
colony of the isolate to be tested was inoculated in 3 ml of
standard Trypticasc soy broth (Becton Dickinson and Co.,
Cockeysville, Md.) and incubated at 37°C on a roller drum for
16 to 18 h for further growth.(The cells wexe washed in SE (75
11;1,\LNaCJ,—.pI:L&0;-25_ﬂWby centrifugation,
and the optical density of the cells at a wavelength of 610 nm
was adjusted to 1.40. Chromosomal-grade agarose (Bio-Rad
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TABLE 1. Bacterial isolates analyzed by rapid PFGE

No. of isolates
analyzed

.40

Organism

Lscherichia coli O157:HT patient isolates ..
Escherichia coli O157:H7 food isolates ..

Escherichia coli non-O157:H7 isolatcs.... w1
Escherichia coli animal 1S0lates.......oovivivicviivcnenccciinns 3
Salmonella POONQ............oiiiiiiiisia e ccisenene 2
Salmonella montevideo W2
Salmonella saint-paul... .1
Salmonella enteritidis w2
Salmonella neWPOI!..........cooiviiiiiiiiiviii s 2
Shigella flexneri 1...ueccennne. 1
Shigella flexneri 3.......... 2
Shigella fleXneri 2.....ccuc.cvveeiniiiniinireineeinnsres s enesees et saesestses s 2
SHIGEIA SOMNEI ... 2
Shigella flexneri 4. vt s ssassees 1
Neisseria meningitidis............c.oiiiiii e ]
Stenotrophomonas Maltophilia...............coonconincninnnenn. 8
Enterobacter Qerogenes. ... 5
Pseudomonas Qeruginosa ... e 2
F o 1
Bordetella pertussis c.....coevccorcineinmsisnsrensesssssessssssssinens 3
Bordetella parapertussis.............eiccencncneniiinrincsenencnens 2
Bordetella DronchiSeptica ...........occvevccvnivneeirnicscnincrsseseeens 1
Vibrio CHOIEIAG............coiiiiiisisicerenecicec s 2
Legionella pneumophila...............ccovvioviniiciincnionin 3
Legionelltt SP.....veeeeeiiiiiiiiene e 3

Laboratories, Hercules, Calif.) was prepared in 10 mM Tris

and 0.1 mM EDTA to a final concentration of 1.2% and main-

fained at.55°C. Plugs“were formed by mixing 0.5 ml of cell

suSpension with 0.5 ml of agarose, and this mixture was then
pipetied_inio plug molds(Bio-Rad Laboratories). After the ™
plugs solidified they were transferred to lysis buffer (50 mM
Tris, pIT 8.0; 50 mM EDTA, pH 8.0; 1% sarcosine; 1 mg of
proteinase K per ml) for 16 to 20 h of incubation in a 55°C
watcr bath. The lysis buffer was removed, and the plugs were
washcd with 3 il of sterile distilled water for 5 min and then
with 3 ml ofﬁl[:;, (10 mM Tris, pH 8.0; 1 mM EDTA, pH 8.0)
far 5 min at room temperature. A final set of four washes, 30
min each, was done with 3 ml of TE per wash. Two 1-mm-thick
slices of plugs were preincubated with 200 wl of 1X Xbal bufler
(Boehringer Mannheim Corporation, Indianapolis, Ind.) for
30 min. The buffer was then removed and replaced with a fresh
mixture containing 50 U of Xbal restriction enzyme (Boehr-
inger Mannheim Corporation) in 1X restriction buffer and
incubated at 37°C for 16 to 20 h. The plugs were then briefly
soaked in standard 0.5X Tris-boratc-EDTA (TBE) prior to
electrophoresis or, if necessary, stored at 4°C in 0.5 ml of TE
for several hours. Electrophoresis of the prepared samples Was
performed on the CHEF-mapper (Bio-Rad Laboratories) sys-
tem by using pulsed-field-certified agarose (Bio-Rad Labora-
tories) with 2 liters of standard 0.5% TBE running buffer. The
electrophoretic conditions used were as follows: initial switch
time, 2.16 s; final switch time, 54.17 s; run time, 22 h; angle,
120° gradient, 6.0 V/cm; temperature, 14°C; ramping factor,
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linear. After ¢lectrophoresis the gels were stained for 30 min in

1 liter of sterile distilled water containing 100 wl of gthidium
bromide (10 mg/ml) and destained in three washes of 30 min
each by using 1 liter of distilled water.

Rapid PFGE procedure. In working out the details of this
protocol, a variety of specific reaction conditions and reagents
were tested. The elements that make up the final procedure
were chosen to maximize efficiency while maintaining a high
level of accuracy of bacterial typing.

Individual bacterial colonies grown overnight on plates were
suspended directly with cotton swabs in about 2 to 3 m] of TE
bufler (100 mM Tris and 100 mM EDTA). The cell suspen-
Sions were adjusted with TE bufler to 20% transmittance by
using a bioMérieux Vitek (Hazelwood, Mo.) colorimeter. Ali-
quots of 100 wl of the cell suspensions were transferred to
1.5-ml microcentrifuge tubes. Lysozyme (10-mg/ml stock solu-
tion) and proteinase K (20-mg/ml stock solution) were added
to a final concentration of 1 mg/ml cach and mixed several
times by being pipetted up and down. The bacterial suspen-
sions were incubated at 37°C for 10 to 15 min. InCert agarose
(FMC BioProducts, Rockland, Maine) was prepared in water
to a final concentration of 1.2% and maintained at 55°C in a
water bath. Following the lysozyme-proteinase K incubation, 7
pl of 20% sodium dodecyl sulfate and 140 wl of 1.2% InCert
agarose were mixed with each bacterial suspension with the
help of a pipette. This bacterium-agarose mixture was imme-
diately added to plug molds (Bio-Rad Laboratories). The plugs
were allowed to solidify for 5 to 10 min at 4°C and then
transferred to 2-ml round-bottom tubes containing 1.5 ml of
ESP buffer (0.5 M EDTA, pH 9.0; 1% sodium lauryl sarcosine;
1 mg of proteinase K per m!l). They were incubated in a water
bath at 55°C for 2 h. After the completion of proteolysis, the
plugs were transferred to 50-ml tubes containing 8 to 10 ml of
sterile, preheated (50°C) distilled water and incubated for 10
min at 50°C with gentle mixing in a shaker water bath. Subse-
quently, four 50°C washes were done in a shaker water bath for
15 min each with 8 to 10 ml of preheated (50°C) TE buffer (10
mM Tris, pH 8.0; 1 mM EDTA, pH 8.0). The plugs werce then
cooled to room temperaturc in TE buffer. At this point, they
could be used immediately or stored for 3 to 4 weeks at 4°C in
1 ml of TE. For restriction endonuclease digestion, two 1-mm-
thick slices of each plug were incubated at 37°C for 3 h with 50
or 30 U of Xbal or Spel enzyme, respectively, in 100 pl of the
appropriate (1X) restriction enzyme buffer.

Several different kinds and concentrations of agaroses were
utilized to optimize the resolution of the fingerprint profiles.
SeaKem Gold agarose (FMC BioProducts) at a concentration
of 1% provided the desired resolution of DNA fingerprints.
The plug slices of the samples were loaded and electropho-
resed in 1% SeaKem Gold agarose with 2 liters of standard
0.5 TBE running buffer. The electrophoresis was performed
with the GenePath or CHEF-mapper system (Bio-Rad Labo-
ratories) with all conditions except the run time being identical
to those used in the standard procedure described above.
These conditions were designed for a run time of 22 h; how-
ever, for this rapid procedure, the system was manually shut
down after 14 h of electrophoresis (which corresponded to a
final switch time of 35.07). Since the initial development of this
proccdure, several clectrophoretic runs programmed to stop
after 14 h werc also performed. In these runs, the initial and
final switch times were 2.16 and 35.07 s, respectively; all other
parameters remained identical with those of the standard pro-
cedure. The results obtained from these runs were always iden-
tical to the ones obtained when the system was manually shut
down after 14 h. Following electrophoresis, the gels were
stained for 20 min in 500 ml of sterile distilled water containing
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FIG. 1. Representative agarose gel showing PFGE patterns of Xbal-digested
genomic DNA of E. coli O157:H7 isolates prepared by the rapid method. Lanes
1 to 6, individual patient isolates; lane 7, contral E. coli O157:H7.

50 wl of ethidium bromide (10 mg/mil) and destained in three
washes of 30 min each in 1 liter of distilled water. For com-
parison, plugs from the same isolate, prepared in accordance
with both the Centers for Discasc Control and Prevention
standard protocol and this rapid 1-day procedure, were elec-
trophoresed in adjacent lanes on 1% SeaKem Gold gels. The
gels were photographed under UV illumination with Polaroid
film. A well-characterized strain of E. coli O157:H7 (12) was
included in all runs as a control.

The focus of the present study was to develop a rapid PFGE
subtyping method for E. coli O157:H7. A total of 42 isolates of
this pathogen, 40 from patients and 2 from a suspected food
source, were analyzed by this new rapid proccdure. Clinical
isolates (Table 1) belonging to 10 other genera were also in-
cluded to assess the general applicability of this rapid PFGE
protocol to other gram-negative bacteria.

The consistency of the control DNA patterns confirmed the
reproducibility of the procedure. All isolates included in this
study were typed by this new rapid procedure within 24 h.
When used fo analyze E. coli O157:H7 strains, the 24-h pro-
cedure, with its maximum electrophoresis time of 14 h, was
able to achieve sufficient specificity in its banding patterns (Fig.
1). Each samplc of E. coli was processcd by both conventional

-and rapid proccdures, and the resulting DNA profiles were

comparcd. In all cases, the results of the rapid electrophoresis
approach compared favorably with the resolution achieved by
the conventional technique (data not shown). The specific en-
zyme used in each case was chosen to result in a similar size
range of bands for each organism analyzed on the same gel.

In order to evaluate the applicability of this procedure to
different gram-negative bacteria, samples of DNA isolated by
both techniques from 10 E. coli, 5 N. meningitidis, 5 Salmonella
sp., 5 Shigella sp., 5 Stenotrophomonas maltophilia, 2 Enter-
obacter aerogenes, 2 B. pertussis, and 1 Klebsiella sp. isolates
were run in adjacent wells on the same gel. The restriction
patterns obtained by the standard and rapid methods were
indistinguishable for each strain. Examples of this are shown in
Fig. 2 and 3. Background smearing was less noticeable in the
samples prepared by the rapid method, suggesting that the
DNA had remained intact.

The procedure was shortened at several stages. The most
notable time savings were achieved by (i) utilizing bacterial
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TIG. 2. PFGE of E. coli isolates showing Xbal-digested genomic DNA pre-
pared by standard and rapid methods. Lanc 1, lambda concatemers used as
molecular size markers; lanes 2 to 11, paired samples of E. coli O157:H7 DNA
from individual patients; lanes 12 and 13, paired samples of DNA from non-
O157:H7 E. coli. The first and second lanes of each pair contain patterns of DNA
prepared by the standard and rapid methods, respectively.

cells directly from the culture plates of clinical specimens, (ii)
expediting cell lysis and proteinase K treatment, (iii) shorten-
ing the washing times by using preheated water and TE buffer,
(iv) shortening the restriction digestion time, and (v) using
SeaKem Gold agarose, which allows for more rapid electro-
phoresis. It is evident that the modified procedure provides a
large amount of clean, intact chromosomal DNA that can be
casily digested with a variety of restriction cnzymes in a short
period. From a single isolate, a comparison of the DNA fin-
gerprints obtained from several-day-old and from fresh cul-
tures gave indistinguishable patterns (data not shown). This
suggests that in an outbreak situation it should be possible to
directly process isolates coming from different laboratories.
Rapid, accurate typing is of fundamental importance for
effective epidemiology and outbreak investigation. Important

12 34 56 7 8 9101112131415

4 339.8

242.8
197
148.5
97

48.5

FIG. 3. PFGE of genomic DNA from seven bacterial pathogens. Genomic
DNA was prepared by standard and rapid methods and digested with Xbal
enzymes (all except N. meningitidis and B. pertussis, which were digested with
Spel). DNA samples were clectrophoresed in pairs. The first and second lanes of
each pair show patterns of digested DNA prepared by the standard and rapid
methods, respectively. Lanes 1 and 2, E. aerogenes; lancs 3 and 4, Klebsiclla sp.;
lanes § and 6. Stenotrophomonas maltophilia; lanes 7 and 8, Salmonella monte-
video; lanes 9 and 10, Shigella flexneri 3; lanes 11 and 12, N. meningitidis; lanes 13
and 14, B. pertussis; lane 15, lambda concatemers used as molecular size markers.
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public health decisions regarding the institution of preventive
measures or the providing of reassurance that no true outbreak
exists (10) are often based primarily on molecular typing data.
It is well established that different strains of one serotype
circulate in most populations. PFGE is reproducible because it
looks at a stable genotype rather than at variably expressed
phenotypic characteristics. Most standard PFGE procedures
take 5 to 6 days, although more rapid methods have been
described (13, 19). None of these rapid approaches provide
results with the speed of the procedure described here, and all
of them require trade-offs not encountered in the present ap-
proach. Other rapid PFGE procedures have saved time either
through the elimination of proteinase K digestion or by the use
of achromopeptidase. These approaches, however, have
mainly been applied to gram-positive organisms without exten-
sive investigation of their applicability to gram-negative organ-
isms (2, 13, 17), and the turnaround time still exceeds 1 day.
The procedurc described in this report allows for the successful
typing of a varicty of gram-negative organisms within a 24-h
peviod. This has broad implications for both epidemiologic
investigations and therapeutic interventions in outbreak situa-
tions.

1 thank Jon Counts and Donna Osmond for their continuous sup-
port during the development of this method. 1 also thank Jairam
Lingappa for his excellent suggestions to improve the text of the
manuscript and Kaye Campos and Bill Lawrence for their technical
assistance.
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semiconductor relay. Also, in order to adjust for an arbitrary pulse duration time within the range of
approximately 1 millisecond to approximately 1,000 ssconds, a block mechanism composed of a large-
scale integrated circuit semiconductor (LSI) should preferably be employsd as a connectlon time control
mechanism. The waveform of the applied pulses Is selected from a square wave, a sine wave, a saw tooth
wave and other waves. In general, the square wave is employed. Tha electrophoresis apparatus in
accordance with the present invention may also be provided with additional mechanisms such as a known
temperature control mechanism (mainly a cooling mechanism), a buffer feeding, holding and discharging
mechanism, and an electrophoresis medium fitting and holding mechanism. Figure 2 shows an example of

the potential values and periods of the applied pulses.

0 The present invention will further be illusirated by the following nonlimitative examples.

Example 1

15
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{Preparation of the agarose gel membrane in which the thickness of the membrane has a.predetermined

gradual changealong the direction of electrophoresis]

changed from 2.0mm to 5.0mm (gel membrane 1) and wherein the gel membrane thickness was ¢hanged
from 0.5mm to 5.0mm (gel membrane 2), were prepared.

1) Composition of TBE buffer

Tris(hydroxymethyl)aminomethane [Tris] 103¢g
Boric acld 55¢
EDTA*2Na salt 9.3g

Made up to 10.0 fiters with water.

2) Composition of aqueous agarose solution
Agarose 1509
TBE buffer shown above 10 liters

Thereafter, wells for samples were made in the vicinity of the edge of each aqueous agarose gel

membrane on the larger thickness side by the conventional procedure by use of a well type comb having a
size of 10mm x 15mm.

[Performance evaluation of the agarose gel membrane in accordance with this embodiment of the
invention)

As DNA samples, TdC DNA (166 kbp), A DNA (48 kbp) and a degradation product of A DNA by Hind Il
were used. Each DNA sample In an amount of 0.021g was dissolved in 5ul of the TBE buffer having the
same constituent concentrations as mentioned above and containing 10% of glycerol and 0.0015% of
bromphenol blus, and used for analysis, The samples were applied into the wells by use of a Gllson
Pipetman pipette having a cut pipette edge. Prior to pulse application, a d.c. field was applied in one
direction for 15 minutes until the sample was Introduced into the agarose gel membrane.

Electrophoresis was carried out in accordance with the pulse inversion procedure by connecting the
edge of the agarose gel membrane on the larger thickness side to the cathode side and keeping the

- temperature at 14.0° C. The electrophoresis conditions are shown in Table 1.

After the electrophoresis was finished, the gel membrane was immersed In a dyeing liquid containing
0.5ug of ethidium bromide per 1ml of the TBE buffer, and the DNA electrophorstic image was converted
into a visible image. Thereafter, the visible electrophoretic image was photographed by using a Fuji Instant

8

Aqueous agarose gel membranes having a gel concentration of 1.5% were prepared by applying a
solution for gel formation {aqueous agarose solution), which contained a TBE buffer having the composition
shown below and agarose dissolved thersin, onto a 20cm-square glass plate having smooth surfaces, and
kesping the applied solution at a low temperature to gel it. In this manner, two kinds of aquecus agarose gel
membranes having different membrane thickness functions, wherein the gel membrane thickness was
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A variety of pulsed-field gel electrophoresis (PFGE) protocols for the molecular subtyping of Streptococcus
pneumoniae have been reported; most are time-consuming and complex. We sought to modify reference PFGE
protocols to reduce the time required while creating high-quality gels. Only protocol modifications that
resuited in high-quality banding patterns were considered. The following protocol components were modified.
Lysis enzymes (lysozyme, mutanolysin, and RNase A) were deleted in a stepwise fashion, and then the lysis
buffer was deleted. Lysis and digestion were accomplished in a single step with EDTA and N-lauroy] sarcosine
(ES; pH 8.5 t0 9.3) incubation at 50°C in the absence of proteinase K. All enzymes except the restriction enzyme
were omitted. A minimum incubation time of 6 h was required to achieve high-quality gels. All of the reactions
were performed within 9 h, and the total protocol time from lysis to gel completion was reduced from 3 days
to only 36 h. Combining lysis and digestion into a single step resulted in a substantial reduction in the time
required to perform PFGE for S. pneumoniae. The ES solution may have caused cell lysis by activating
N-acetylmuramyl-L-alanine amidase, the pneumococcal autolysin.

Molecular subtyping has revolutionized the field of infec-
\tious discasc cpidemiology. Molecular epidemiology allows the
differentiation of isolates that appear identical by conventional
Inethods, such as antimicrobial susceptibility testing or sero-
t&/ping. While a variety of subtyping techniques have been
developed, an ideal method would be simple to perform, be
1'éproducible, and result in high-resolution banding patterns.

\Streptococeus pneumoniae is a significant public health con-
cern, cspecially with the emergence of drug-resistant strains.
Mblecular epidemiology can be used to study the spread of
drt\!g-resistant S. pneumoniae in populations, making it an im-
poitant adjunct for surveillance of this important pathogen.
Pulsed-field gel electrophoresis (PFGE), created by Schwartz,
Canftor, and colleagues in 1982 (22), allows large DNA frag-
menis to be separated on an agarose gel by virtue of their
molécular weights. The electric field is sequentially changed at
variable time intervals, or pulse times. The larger fragments
take longer to realign in each field and thus move a shorter
distar\\cc down the gel compared to the lower-molecular-weight
fragments. Since the inception of PFGE, modifications have
allowe\@ the development of both field inversion gel electrophore-
sis (FIGL) and contour-clamped homogenous field electrophore-
sis (CHEF). CHEF has hexagonally arranged electrodes which
cause niovement of DNA fragments down a gel by alternating
pulsed ¢urrents (21).

Comn\aonly used methods for the molecular subtyping of S.
pneumoniae include PFGE, BOX fingerprinting, restriction
fragment end labeling, ribotyping, and PCR with primer en-
terobacterial repetitive intergenic consensus sequence (ERIC2)
(11). While the first three provide the most discrimination
between s\,tx'ains, it has been suggested that BOX fingerprinting

and restrietion fragment end labeling are the best methods
!
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because of the quick turnaround time and ease of computer
analysis. Restriction fragment end labeling can be completed
in 48 h, while BOX fingerprinting requires 72 h to perform.
Recently, amplified-fragment length polymorphism analysis
(AFLP) has been compared to PFGE in terms of time to
completion and dendrogram analysis. While variation occurred
in the dendrogram clusters, both protocols required approxi-
mately 2.5 days to complete, in addition to the 20 h required to
perform PFGE (25). PFGE has been criticized for being time-
consuming and labor-intensive. We sought to simplify existing
S. pneumoniae PFGE protocols so as to create reproducible,
high-quality gels with minimal time and effort.

MATERIALS AND METHODS

A Medline scarch was performed to identify S. pneumoniae PFGE protocols
published from 1985 to 1998 (2, 3, 5, 6, 9, 13-17, 19, 23, 25, 26), Most_protocols
contained:the following steps:.bacterial cell suspension:and agarose-suspension,
dysis;digéstion, -Tris:HCI"EDTATTE) washes;enzyme restriction;aiid. el€tré>
phoredis: We serially modified aspects of several published protocols to create a
simplified method. Only changes which resulted in reproducible high-quality
banding patterns were adopted. The standard protocol we used was as follows.

S. pneumoniae cultures were grown overnight on Trypticase soy agar with 5%
sheep blood (BBL) and suspended in 2 ml of «cellrsuspension=buffert(1=Ms

«NaCl<10.mM-TrissHCH{pH 7.63-to an optical density of 1.3 to 1.5 at 450 nm. The
bacterial suspension was mixed with an equal amount of:2%low-itelting=points
.agarosez(Sea Plaque; FMC Bioproducts, Rockland, Maine) and pipetted into

«100:pl:plug-molds. After being solidified on ice for 10 min, the plugs were lysed
by incubation with 2 ml oflysis-buffer.(1-M-NaCGl,+100:mM: EDTA6:mM-
T1is-HEL,-0:5%Brij;58;-0.5%-deoxycholate,-0:5%- N-laurayl sarcosine [pH :7.6))
supplemented with 1 mg of lysozyme/ml-50 wg of RNase A/ml for 3 h at 37°C.
Next, cach plug was incubated with 2zml-of-ES-buflery(0.5,M . EDTA=1%"N-
lauroyl sarcosines[pH-8:0:t0:9:3])-and=100 "Fg 0t proteinase “Kiml-overnight at
$0°G: The plugs were then washed three times with 10 ml of TE buffer containing
10 mM-TrissHCIand T mM BDTATEH 7.6) at 37°C for 30 min cach time. After
preincubation of a 2- by S-mm scction of a plug in NE 4 buffer (New England
Biolabs, Inc., Beverly, Mass.) for 20 min, the DNA was digested with NE 4 buffer
mixed with 30 U of Smal and 200 pg of bovine serum albumin/ml at room
temperature overnight. For ease of comparison, the run parameters from the
modified protocol were used (5, 6, 13, 14, 16, 17, 22, 25, 26). The total time from
lysis to gel completion was 3 days.

We performed PFGE on invasive penicillin-nonsusceptible S. pneumoniae
(PNSP) strains from the Baltimore metropolitan area, collected as part of the
Maryland Bacterial Invasive Disease Surveillance project (BIDS) (10). BIDS is a
component of the multistate Emerging Infections Program that is coordinated by
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the Centers for Diseasec Control and Prevention (CDC). Serotypes were deter-
mined by the quellung reaction with type-specific antiserum prepared at the
CDC (4). Strains of serotypes 6A, 9V, 14, 19A, 19F, and 23F were chosen to
provide a representative sample of PNSP isolates (12). Penicillin-susceptible
isolates were also chosen from scrotypes 9V, 23F, and 33F. A scrotype 23F
isolate, the multiresistant S. pnenmoniae Spanish clone (Cleveland strain), was
donated by A. Tomasz of Rockefeller University, New York, N.Y. (20).

RESULTS

Scrial deletion of the lysis enzymes, including lysozyme, mu-
tanolysin, and RNase A, caused no qualitative or quantitative
changes in the banding pattern. <Ehedysis step;was-deleted; and
the.digestion step was-suecessfully performed-intheabsence of
proteinasesle. Lysis and digestion were completed in a single
step with ES buffer (pH 8.0 to 9.3) at 50°C for 6 h. After the
plug was washed three times in TE buffer, the DNA was di-
gested by a 2-h incubation with 250 U of Smal/ml mixed in NE
4 restriction buffer supplemented with 200 ug of bovine serum
albumin/ml. The total protocol time from lysis to the end of
clectrophoresis was reduced to 36 h. While melting the agarose
containing the DNA fragments at 62°C for 10 to 15 min is
technically easier (13, 25), this resulted in sporadic loss of
high-molecular-weight bands, increased lane background, and
decreased overall intensity of the remaining bands.

Incubation with ES buffer with or without proteinase K
(1 mg/ml) for less than 6 h did result in an identical banding
pattcrn compared to that with the standard protocol. However,
the bands were faint due to increased lane background, making
interpretation more difficult. The addition of a second block of
time to the gel run parameters allowed the improved resolu-
tion of bands between 50 and 100 kb and facilitated analysis of
the gel. We did note that a small percentage of the organisms
did not lyse during the first 6-h incubation; however, when
these isolates were incubated a second time in the ES buffer
overnight. adequate lysis did occur. The likelihood of complete
lysis increased if we incubated only one plug in each tube of ES
buffer,

We were able to reproduce this simplified protocol in two
laboratories. The plugs containing pneumococcal DNA still
create reproducible banding patterns after 6 months of storage
in TE buffer at 4°C. The final simplified protocol is as follows.
S. pneumoniae cultures were grown overnight on Trypticase
soy agar with 5% sheep blood (BBL) and suspended in 2 ml of
cell suspension buffer (1 M NaCl-10 mM Tris-HCl [pH 7.6]).
The cell suspension was adjusted to an optical density of 1.3 to
1.5 at 450 nm. Equal amounts of bacterial suspension and 2%
low-melting-point agarose (Sea Plaque) were mixed and pipet-
ted into 100-ul plug molds. After the plugs were solidified on
ice for 10 min, they were lysed and digested in one step. Each
plug was incubated in 2 ml of ES buffer (pH 8 to 9.3) for 6 h
at 50°C. The plugs were then washed three times with 10 ml of
TE buffer containing 10 mM Tris-HCI and 1 mM EDTA (pH
7.6) at 37°C for 15 min each time. After preincubation of a 2-
by S-mm section of a plug in NE 4 restriction buffer for 15 min,
the DNA was digested with NE 4 buffer mixed with 250 U of
Smal/ml and 200 pg of bovine serum albumin/ml at room
temperature for 2 h. Each 1- by 5-mm section of plug was
loaded into a 1% agarose gel, and PFGE was performed with
CHEF DRIII at the following parameters: pulse times, 1 to
30 s for 19 hand 5 to 9 s for 8§ h; 198 V; 1 liter/min; 14°C. The
gel was stained with ethidium bromide for 20 min and captured
on the Bio-Rad Gel Doc 2000 system. The PFGE banding
patterns of PNSP isolates prepared by the standard protocol
compared to the patterns of the same strains prepared by the
simplified protocol are shown in Fig. 1. The simplified protocol
reliably reproduces the banding pattern created with the stan-
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FIG. 1. PFGE of invasive S. pneumoniae isolates. Even-numbered lancs,
simplified protocol; odd-numbered lanes, standard protocol. Lane 1, lambda
ladder; lanes 2 and 3, serotype 6A; lanes 4 and 5, serotype 9V; lanes 6 and 7,
serotype 19F; lanes 8 and 9, serotype 23F (Spanish clone); lanes 10 and 11,
scrotype 19A; lanes 12 and 13, serotype 14; lanes 14 and 15, scrotype 9V.

dard protocol. Lane 9 (standard protocol) does have a faint
band above 388 kbp which is not seen in lane 8 (simplified
protocol). This band most likely represents unrestricted DNA.
The PFGE patterns for the penicillin-susceptible isolates pre-
pared with the simplified protocol and those with the standard
protocol were also identical (data not shown).

DISCUSSION

A wide variety of methods are available for the molecular
subtyping of infectious agents. In order to be useful, a tech-
nique must provide adequate discrimination of epidemio-
logically unrelated strains, result in gels with high-resolution,
reproducible banding patterns within a short time; and be
amenable to computer genetic relatedness analysis. Unfortu-
nately, most of the methods available are labor-intensive and
time-consuming.

PFGE has recently become an important method for deter-
mining microbial genetic relatedness. While it provides excel-
lent intraspecies discrimination among a broad array of bacte-
rial and fungal pathogens, it is time-consuming.

Our simplified protocol offers substantial advantages over
published PFGE protocols for S. pneumoniae. By our method,
any S. pneumoniae isolate can be optimally and cfficiently sub-
typed on a high-quality ge} within 36 h, thereby eliminating a
key disadvantage of PFGE compared to BOX fingerprinting
and restriction fragment cnd labeling,

The elimination of the lysis step and deletion of all enzymes
except Smal provides a simple, easy-to-use method for lysing S.
pneumoniae. The lysis and digestion steps are accomplished
with a two-reagent alkaline buffer. We did note that a small
percentage of the organisms did not lyse during the first 6-h
incubation; however, when these isolates were incubated a
second time in the ES buffer overnight, adequate lysis did
occur. The likelihood of complete lysis increased if we incu-
bated only one plug in each tube of ES buffer. The need for
endonuclease-free, filtered water is critical. Nonfiltered water
can contain significant concentrations of bacteria and their
accompanying RNA- and DNA-digesting enzymes. Without
proteinase X, these enzymes could cause degradation of the S.
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preumoniae isolate’s DNA. Moreover, residual proteinase K
affects the ability of the restriction enzyme to cut the DNA.
The lack of proteinase K may have improved our ability to
restrict more of the pneumococcal DNA, as the simplified
protocol was not associated with the faint high-molecular-
weight band seen with the standard protocol (Fig. 1, lane 9).
The addition of a second block time on the CHEF DRIII and
the avoidance of heating of the DNA-containing fragments
reproducibly creates high-resolution banding patterns without
any background lane intensity. The lysis and digestion steps arc
accomplished with a two-reagent alkaline buffer. S. pneumo-
niae undergoes autolysis by detergent activation of N-acetyl-
muramyl-L-alanine amidase (24). Perhaps N-lauroyl sarcosine,
a detergent, causes autolysis by activation of pneumolysin (18).
There are other rapid PFGE protacols for gram-positive (8,
15, 17) and gram-negative (7) bacteria. Staphylococcus can be
subtyped without proteinase K but requires lysostaphin (8).
Many gram-negative rods can be subtyped without the lysis
step but require digestion with proteinase K (1). To the best of
our knowlcdge, no other protocol has been able to delete the
lysis step and perform digestion without proteinase K. Future
studies could address whether additional organisms could be
subtyped with our simplified protocol. Morcover, this protocol
restricted the pneumococcal DNA with Smal. Restriction of
pneumococcal DNA with additional enzymes, including Apal,
could be performed in future investigations. While the time to
gel completion was diminished, the gels produced are often not
of adequate quality (15) and may not have the same banding
pattern as gels produced with standard protocols (17). In ad-
dition, the other protocols require multiple buffers and/or en-
zymes due to the lack of autolysins in most other bacteria (7,
15, 17). The unique ability of S. pneumoniae to undergo autol-

ysis allows complete lysis and digestion without the addition of
complex buffers or enzymes.
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