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INTRODUCCION
) En la nota preliminar 2 la bibliografia Mexicana del

abceso hepatico, que publicara Furnier en 1956, Fernandez del
Castillo relata 1o 1legada, en €] afio de 14611, de) austero Don
Fray Garcia Guerra, arzobispo de México v Virrey de l1la Nuaeva
Espafa, quien fallecidé poco tiempo después de llegar & México,
cuando estaban adn frescos los recuerdos de los festejos con los
que 6e le recibidé. El Sevillano Mateo Alemdn, autor de Guzman.de
Al farache, novela picaresca de los dltimos afos del siglo de oro
de la literaturs Espatiola e introductor del Quiljote a la Nueva
' Espafa, hizo recuento detallado del mai del Virrey, quiqn padecid
de * .....+laquezé de animo, congodiacs vy algun puce de calor
demasiado...". Para huir del trajin de la capital se refugid
en Tacubaya, donde fue tratado por varios médicos, & pesar de lo
cual 1la fiebre, el dolor en el higado y £l hecho de *,.haberse
carrampido por 1a parte interior espantosamente aque)
abceso...", obligaron a que un Domingo a lac 4 de la tarde
abrieran a Su Ilustrisima, quien sobrevivié escasas dos semManab.
En 1a autopsia "... hallaron en la parte cdncava de la punta del
riigado, cantidad como de medio huevo, por donde se aiiga con las
costillas, por las materias que le acudian de aquel lado va
podrido... " 1)

Seguramente, el mal que causd la muerte & Don Fray
Garcia Guerra, o5 el mismo mal que actualmente causa la muerte a
aproximadanente, entfe 40,000 y 110,000 persunas snuelmente en el
mundo; es el mismo mal que en nuestro pais es un problema de
salud grave, €l mal causcado por une de las células procariontes

mis primitivas, por el fProtozoario : Enptampeba hisgtolytica



CICLO DE VIDA

Ey, histplyticp €5 un protozoario de la clase Rhizopods
(Siebold, 184%5) y del género Entamoebplleidy, 187%9). ﬁu ciclo de
vida es complejo y en €1 se producen algunos cambios en la
morfolagia del parasitog; los més importantes desde &l punto de
vista médico son el quiste y el trofozoito o Fforma moévil. Las
formas intermedias, el prequiste y £l metaquiste, son parte del
ciclo biolégico. El ciclo comienza con una divisién binaria, que
ha sido confirmada por la cinefotografia; con este métpdn tambidén
se he observado que algunae amibas se dividen de tiempo en tiempo
por un mecanismo que recuerda a la conjugacidn, pero duspul; de
algunas divisiones, la motilidad de glgunate amibas disminuye vy
ios organismos muestran menos pseudopodos, se hacen redondos vy
més pequeios, con pérdida del materiel en su citoplasma. Este:
sstadico se llama preguiste, vy es seguido inmediatamente por la
secrecién de una gruesa membrana y de dos o tres divisiones
adicionales del nicleo, transformandose en quiste nuevamente. En
ecta etapa 1as amibas son suceptibles a cambios de temperatura,
pero en condiciones adecuadas de humedad pueden sobrevivir pnr'
periodos prolongadaos. Una vez que llegan al estdmago, la cépsula
del quiste es digerida por el jugo gdstrico, €1 citoplasma te
divide tantas veces comb existan ndacleos, Yy a vetces un nadamero
mayori este estadio se llama metaquiste. Estas pequeias amibae

liegan a la luzr intestinal aumentan su tamafo y e vuelwven

trofozoitpe, completando €1 ciclo biolégice. (2}



BIOLOGIA CELULAR

En el egtado de trofozeoito, vy eh preparaciones tefidas,
la amiba presenta wuna membrana delgada, el contenido celular
claramente se divide en 2 porciones: una zona externs o exoplosma
que es més clara y da lugar a ssuddépodos y una zona interna o
endopl asma, finamente granular y con muchas vacuplas. Los
estudios en microscopia electronica demuestran que E. histolytica
@ caracteriza por la ausencia de la mayoria de leos oOrganelos
encontrados en los células eucariontes como, por ejemplo, aparato
de Golgi, reticulo endoplasamico rugoso, ﬁitocundrian. centriolos
y microtuibulos. Actual mente , a pesar de la organizacidon simple
del pardasito no es todavia posible separar aguslllos componentes
membranosos involucrados @en la internalizaciéon y degradecién de
componentes eexternos, de agquellos relacionados con la sintesis,
canalizacién, concentracidén, empaquetamiento y liberacidon de
productos extracelulares. (2,3)

Sobre su metabolismo, s sabe que puede sobrevivir a
bajas tensiones de oxigens, aspecto que s confirma por su
carencie de mitocondrias. E, higtolytica degrada glucosa a
piruvato via la ruta de Embhden—-HMeyerhof. El lactato no es su
producto final y la Lactato Deshidrogenasa no ha sido detegtada,
el pirofosfato inorganico reemplaza al ATF en resaccionee de 1a
glucédlisis., La amiba presenta una respiracidn enddégena cuyos
productos finales Eon t acetato, etanol y CU2 . La respiracion se
incremanta en presencia de glucosa, galactosa, L-serina y etanol}

no hay evidencia de un ciclo de Krebs pero si de unée cadena



respiratoria compueste por acarreadoree identificados como

flavinaes, proteinas no hémicas y praoteinas hierro—-azufre. (4)

MECANISMOS CITOPATOGENICOS

El ecstudio de E; histolvtica se +favorecid por la
creacion de un medio de cultiveo axénico deearrollado por Diamond
&n 1968 (5) vy perfeccionado por ¢1 en 1978 (&). A partir de
entoncec la investigacidn sobre la amiba se ha intensificado vy
comprende actualmente varios enfogques entre 1los que que se
encuentran, principalmente , los relacionados a la investigacion
de los mecanismos citopatogénicos de 1la enfermedad vy la
posibilidad de cnntrarrnstar tales mecanisemos. El resto de los
snfogques comprende el estudio de su biologia celular, dado que
la amiba, e un organismo que desde ese punto de vista es
interesante y puede utilizarse como modelo para el estudio de
varios procesos celulares, como por ejemplo la fagocitosis,
pinocitosis y todo lo relacionatdo a la movilizacién de 1la
membrana . Por su alta movilidad puede ser atil en el estudio del
citoecqueleto .,

Una de las preguntacs fundamentales, que esto relaciconada
con la comprension de la amibiasis humana, es la naturaleza de
los factores qque provocan gue de un estado no daXino (portedor
sano) la amiba se torne un agresivo invasor (amibiasis invasiva)l.
El resolver esta cuestidn no ecs fécil por el hecho de que 1la

virulencia de la amiba wvaria ampliamente. S5Sin embargo se han
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establecido algunos pardmetros para evaluar 1s patogenicidad de
varias cepas de E, histolytjca en comparacidén con amibas que no

son patdégenas, De entre eatas caracteristicas destacan las

siguientes (7))t

1.- Presencia de lectinas en la membrana

2.- " " fosfolipasas en la membrana

JI.— Benerscion de un ameboporo

4.~ Alta tasa de eritrofagocitosis

S.— Aglutinacién con Concanavalina A

&.- Produccion de proteinasas

La presencis de adhemibas o lectinas fue reportada por
primera vez por Kobiler y Mirelman sn 1980 (8) 3§ estas lectinas
pueden wer bloqueadas por oligosacaridos de Ja N—
acetilglucosamina tales como quitriosa o tetrapsa. Recientemente
ha habido varios reportes sobre lectinas de E, histolvtica. Se
considera que todas ellas participan en la eritrofagocitosis vy la
adherencia de 1a amiba a las ceélulas del epitelio intestinal, ()

Se ha reportado que la amiba, an contacto con la célula
blanco, puede romper la membréna celular de estay este efecto
citoletal puede ser provocado por una fosfolipasa que la amiba
presenta en su membrana (10, 11), Otra posibilidad es que ae
exponga de manera sspontanea en la membrana una proteina que
puede formar canales sobre 1la célula blanco 1lamado ameboporoj =l
canal formado podria incrementar la permeabilidad al calcio sn la
célula blanco, 110 que conduciria a una depolimerizacien de la
tubulina y ®ml relajamientec de las uniones intarcelulares

disociando asi el epitelio (12). Sin embargo, las evidencias que



Apnyen ecte hipotesis son indirectas, Ademds esurgen multiples
preguntas acerca de como el ameboporo es excretado, cual es la
sefial para llevar a cabo este mecaniemo y como la amiba pucede
evadir su propio ameboporo.

Otro factor son las enzimas proteoliticas, las cuales
pueden tener una actividad citotdxica y ademids pusden actuar

sobre la matriz extracelular. (13

LAS PROTEINASAS COMO MECANISMO CITOPATOGENICO

l.as enzimae proteoliticas derivan su nombre ﬁnr Bt
capacidad para degradar scustratos protéicos. Barrett (14)
clasificd & las enzimas proteoliticese en 2 grandes grupos:s
Exopaeptidasas y Endopeptidasas. Las exopeptidasas o peptidasas,
remueven o actidan en las regiones terminales de la proteine o el
peptido y por lo tanto podemns encontrar 2 tipos:
carboripeptidasas’ y aminopeptidasas. Las endopeptidacsas o
proteinasas son aguellas que actdan sobre los enlaces peptidicos
que no sean los terminales, su clacificacidn esta dada sobfe la
base de su mecanismo catalitico mas que por suU fuente,
ecpecificidad o funcion. En ese sentido se tienen 5 grupos de
endopeptidasas: Proteinasas de Serina, Proteinasas de Cistlina.,
Proteinasas de Aspartico, Metaloproteinasas vy Proteinasas no

clasi ficadas.
Las proteinacas de Serina se caracterizan por lea



presencia de unag serina reactiva en el sitio activo 3 el
mecaﬁismo catalitico de estas proteinasas involucra el enlace
covalente del sustrato & ese residuo de serina. Las proteinasas
de Cisteina contienen un residuc de cisteina que esta involucrado
en un complejo covalente con el sustrato. Por su perte las
de aspaArtico contienen 2 residuos de este aminodcido en sus
centroe activos que eétan involucrados en la ruptura del enlace
peptidico, en este casc el mecanismo se considera como una
catalisis 4&cido base en lugar de la formacidn de un complejo
covalente enzima sustrato como en las clases anteriores. Las
metaloproteinasas contjienen iones meté&licos en su sitio ectivo
cuyo papel es5 probablemente mejorar la nucleofilicidad del agua
asi compo polarizar la ruptura del enlace peptidico antes que se
dé el atague nuclecfilico a este. La altima subclase acomoda a
enzimas que no tienen la suficiente pureza como para permitirles
una asignacion catalitica o que claramente no encajan en algunas
de 188 existentes, va sesa porque no sonh inhibidas por las
inhibthnres clésicos © porque pueden pertenecer a una nUeva
clase catalitica (15). -
Investigaciones recientes(16) indican que lase
proteinasas de E. histolytica son importantes en la necrosis
tisular. Actualmente no se tienen datos claros v homogensos sobre
las propiedades de estas proteinasas por lo ‘que muchae
preguntas, acerca de cuAntas estan presentes vy de como ellas
contribuyen a la patogenicidad de 1as amibas, estdn todavia €in

respuesta,

l.a actividad protenlitica de E, histolvtica puede estor



relacionada con la wvirulencia de varias cepas cultivadas en
condiciones ax#nicas(17-1%9)

Lot primeros reportes acercae de las proteinasas de E.
histolytica presentaron un panorama contradictorio sobre =l papel
de estas en la pntugen;cidnd . Probablemente 1los resultados
obtenidos en estas primeras investigaciones fueron sesgados por
la presencis de otros organicmeos en el medio de cultivo. Reeves
(20) encontrd que 1la wvariedad de enzimas presentes an
trofozoitose de cultivos Ménicos +{fue diferente de aquellas
encontrados en cultivos axénicos de E. histolytica.

MclLaughlin v Fauhert en 1977 (21) fupron los primeras en
estudiar a les proteinasat de E, histeplytica en un medio axénico.
Eetos investigadores reportaron la actividad de una proteinasa
dcida con un peso molecular {p.m.) de 41,000 y un pH optimo de
3.5 . Ademas encontraron otra actividad detectada a pH & que
correspondidé a una proteinasa de p.m., de 27,000 . Esta dltima fue
inhibida por iodoacetamida y suero, siendo activada por cisteina
y ditiotrietriol «DTT) .,

Lushbaugh en 1979 (22) purificé parcislmente o partir de
trofozoitos, una citotoxina de p.m. en 21 rango de los 30,000 que
desprendid a8 células cultivadas en monocapa vy las deformé.

Bos en 1979 y 1980 (23,24) confirmd la presencia de esta
citotoxina pero obteniendo uvn p.m. entre 3I5,000 y 45,000,
Ademds demostrd que la actividad citotdxica era activada "in
vitro" por agentes reductares y ere inhibido por iodoacetamide y
suero. Concluyd que este factor puede ser el respaonsable de la
citotoxicidad de 1la amiba mediada por contacto. El autor

correlaciond esta toxina con la proteinasa de bajo p.m. reportada



por MclLaughlin y Faubert.

MeGowan en 1982 (25) compard la actividad citotoexica de
de 4 cepas de E. histolytica que variaban en virulenciaj
encaontré que habia wuna correlacién directa entre ®1 grado de
virulencia y de actividad, Proteinas con p.m. de 59,000 , &4,000,

68,000 vy 25,000 exhibieron actividad citotdéxica que fue inhibida
pPoOr suero, leupeptina vy aprntinini La exposisidn a agentes
reductores no incrementd la actividad de glucosaminidasa,

catalasa, lipasa, gelatinasa y caseinasa,

Mufoz vy colaboradores en 1982 (26) describidéron wuna
actividad colagenolitica mobre todo hacia colagena tipo I, 1a
cual no fue inhibida por N-etilmaleimida, pero si por cisteina,
EDTA Y sueroj més adelante (19) midieron la actividad
colagenolitica de varias cepas de E. nlggnggigg y encontraron
una correlacidn positiva.

Gadasi y Kessler on 1983 (17) reportaron también la
presencia de una actividad colagenolitica en E. histolytica, sin
embargo asta actividad si se activé can DTT y se inhibid con N~
etilmaleimida. Tanto Mufoz come Gadasi mostraron que la actividad
de colagenasa estaba relaciconada con la membrana plasmitica de

1la amiba. Lushbaugh (27) sugirié gue la actividad detectada po?

Gadaxi podria reflejar la presancia de una tiol proteinasa con

actividad colagenolitica, en ese sentido habria 2 colagenasas de
€. histplvytica: una colagenasa tipica y especifica (MuRkoz) y otra
con una actividad colagenolitica inespecifica (Gadesi).

Gadasi y Kobiler en 1983 (18) dempstraron una actividad

citotdinica de las enzimas protecliticas a)l desprender células en



cultivo sobre un sustrato de colagena Y fibronectina,

responsabilizando a é¢stas también del redondeamiento de las
célulaes

Lushbaugh en 1984 (28) probé la actividad proteolitica y
citotoxica de varias cepas de E.histolytica, Los homogenados de
las cepas virulentas presentaron una mayor actividad que las
menos virulentas. También purificd el factor con ambas
actividades vy obtuvo una proteina con un p.m. de 24,000 y con
une similitud antigénica en todas las cepas. El1 autor concluyé
que la citotoxina es una protesinasa neutra, que es inhibida por
suero y que es mas activa en trofozoitos de cepas mas virulentas.
En otro trabajo de ese mismo a¥o (27) Lushbaugh prcfuﬁdizd mas su
estudio, inhibiendo la actividad citotéxica con p-
Cloromercuribenzoato, i odoacetamida, 4-Bramofenacilbromuro {(ques
son agentes que reaccionan con grupos tiol), can leupeptina vy
antipaina. La actividad se incrementd por agentes reductores. En
condiciones &cidas 1a actividad fue inhibida por pepstatina,
EDTA, calcio vy mercaptoectanol. El p.m. que se reportd fue de
20,000 con un punteo iaoeléctricn (p.i.? entre 4 y 5.

Scholze v Werries en 1984 (30) reportaron una proteinasa
con una alta actividad en condiciones ligeramente dcidas.
Demostraron que s una tiol proteinasa con un p.m. de 21,000 y un
p.i. de 4.9, Por el p.m. y por -ser tiol proteinasa los autores la
calificaron como catepsina B, ¢pero por la actividad sobre
algunos sustratos 1a clesificaron también comp catepsina L. Estos

autores an 1987 (31) demostraron la especificidad de la enzima

utilizande insulina como sustrato. De 1los resultados que

obtuvidron, se concluyé que e! sitio de corte de mssta proteinasa

10



esta entre el enlace Gly-Phe y que ademds es capaz de degradar
col agena de una manera distinta a 1a colagenasa de los
vertebrados.

Lushbaugh en 1985 {(27) purificé por cromatografia de
afinidad 1o que &1 l1lamd la catepsina B de E, histolytica. El
P.M. que reportd es de 146,000. El argumente principal para darle
18 categoria de catepsina B a su enzima, +fue la accidén de énts
sobre un sustrato reportado como especifico para catepsina B (Z-—
Arg—Arg—-AFCY). Por 1la inhibicidn que obtiene de la actividad de
dsta enzima con iodoacetamida y p-Cloromercuribesnzoato La
caonsiderd como proteinesa de cisteina. Con esto y los resultados
anteriores que ha tenido este autor, concluyéd que es la catepsina
B de E;, higtolytjca la responsable de 1la habilidad de Jos
trofozoitos para proliferar e invadir los tejidos, del

redondeamiento de las células y su desprendimiento de los

cultivoe de monocapa "in vitro".

Keene en 1986 (32) aigld una proteinasa de E-.
histolytica con un geso molecular de 56,000. Considerd que dsta
enzima ee excretada por la amiba y de hecho hizo su puri ficacidn
a partir del medio de incubacidén de los trofozoitos. Le atribuyd
un papel en la patogenicidad del parasito por su capacidad de
degradar un modele de matriz extracelular, asi como laminina,
fibronectina vy colagena tipo 1. El autor considerd a ssta enzima
como la principal proteinasa de E. histolytica.

Gitler en 1984 (12) menciond datos obtenidos por su

grupo sobre la purificacién, por medio de una cromatografis de

afinidad, de tres proteinasas de E. bhistolytica con p.m. de
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32, 000, 25,000 vy 1&,000 con una actividad especifica muy alta.
Estos resul tados no han sido publicados,

Rosales—-Encinas y Rojkind en 1987 (33) reportaron 1la
purificacidn de la colagenasa de E. histolytica utilizando una

columna de afinidad con colagena § &l analizar el eluido de la

columna eaen un gel de electroforesis, encontraron 3 bandas ¢on

p.m. de 70,000 , 45,000 , y 27,000 de las cuales 2] msolamente
considera la de 70,000 como la colagenasa y las demds como
productos de degradacidn.

En 1988 Luaces y Barrett (34) purificaron por medio de
una cromatografia de afinidad, una proteinasa de cisteina con un
p.m. de 26,000 a la que e llamaron histol isina. Este resultado
se discutid a 12 luz de los resultados obtenidos por Lushbaugh en
torno a la catepsina B amibiana, Se refutéd la afirmacion de
Lushbaugh argumentando que si bien es cierto que =1 sustrato que
utiliza s especifico para catepsine B, no debe ser este e] dnico
criterio para édjudicarle #sa denominacidn . E1 autor reporté
caracteristicas cindticas de su proteina sobre sustratos
sintéticos vy concluyd que por los resultados obtenidos su enzima
no puede catalogarse como catepsina B . La reportd sin embargo,

comno la principal causante de la patogenicidad amibiana .
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OBJETIVO

El abjetivo del trabajo fue, en primer lugar, contribuir
al conocimiento de las proteinasas de E, niggglxgigg - Aportar
datos cuantitativos acerca de las clases cataliticas que la amiba
precenta asi como la importancie de cada clese en la actividad
proteclitica del parasito. Desarrollar una nueva metodologia para
€l aislamiento exclusivo de proteinasas utilizando @ 18 amiba
como fuente de éstas . Se propuso también , establecer el ndimero
de proteinasas que presenta la amiba utilizando la metodologia de
electroforesis en gel de sustrato y de la misma manera dilucidar
la distribucidén subcelular de estas proteinasas .

Por dltimo, en un intento de hacer una caracterizacién
enzimitica & Ffuturo, s desarrollée una metodologia parsa la
madicién continua de la actividad protenlitica que pueda sarnos
util pars el establecimiento de las constantes cinédticas de las

proteinasas de E. higtolytica
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MATERIALES Y METODOS.

La parte correspondiente a materiales y metodoe se da en

los trabajos respectivos.
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RESULTADDS.

lL.os resultadoe obtenidos en la realizacion de esta tesis

han sido publicados en los siguientes trabajos:

1.~ Pérez—Montfort, R. » OBtoa-Saloma, P. , Velazquez-
Medina, .. , Montfort, I. and Becker, 1. 1987. Catalytic classes
of proteinases of Entgmoeba higtolyticsa. Mol. Biochem. Parasitol..

26 87-97.

2.— Ostoa-Saloma, P. , Cabrera, N. , Beclier, I. and
Férez—Montfort, R. 1788. Proteinases of Entamoeba Qiggg;xglgg
assnciated with diferent subcellular fractiona. Mol. Biochem.

Parasitol. En Prensa.
X.- Ostoa—-Saloma, FP. , Ramirez, J. and Pérez-Montfort, R.

1988. Measurement of casein digestion by a fluorometric method .

Anal. Biochem. En Prensa.
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RESUMEN DE RESULTADOS.

Resumen trabsjo 1.

En este trabajo se utilizaron varios inhibidores de 1a

actividad proteolitica para determinar las closes cataliticas de

las proteinasas de E. higtolytica. Ademas, se raportd un método
nuevo para aislar proteinasas utilizando o2-Macroglobulina, que
fue probado en un extracto de E. histplytica.

e reporté que &1 utilizor inhibidores de 1la clase
cataliiica de cisteina entre el 80 y el 90 % de la actividad
proteolitica ee¢ inhibié¢ por lo que Ee caonsiderd que ésta es la
clase cétalitlca principal. Cuando se utilizé inhibidores de
proteinasas de serina, Ja actividad ee inhibid en un 10-15% 1lo
que la hace swser la 2a clase catalitica en importancia. La
actividad al vtilizar inhibidores de las proteinasac de aspartico
no fue diferente a la de los éontroles por lo que s considerd
inexistente. La presencia de Metaloproteinasas no se&e determiné
con precisiéan por 1la variahilidad del comportamiento de los
inhibidores utilizados.

Con 1la técnica de a2-Macroglobulina se lograron aislar
varias proteinasas de E. histolytjica cuya activirdad se compraobd
sobre electroforesis en gel de sustratoy se observaron claraﬁente
tres zonas de lieis con p.me. de entre 20-30 Kd., 40-55 Kd., &0-80
Kd. Este resultado se ccmpaFd con los obtenidos al analizar wun
extrocto de omiba por la técnica de electroforesie en gel de

sustrato dando basicamepnte los mismos resultados, con 1a
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diferencia de que. con la tecnica de la aoa2-Macroglobulina se
obtuvo una actividad especifice muy alta demostrando su capocidad
coamo método de aislamiento de proteinasas en un sistema

determinado.

Resumen del trabajo 2

Utilizando 1la técnica de electroforesis en gel de
sustrato, modificada con respecto al trabajo 1 y aplicado a un
extracto de E. bistolytijica , se reportéd la resolucidn de & zonas
de lisies cuyot pesos meolecul ares se comprenden entre los 20 y los
80 Kd. distinguiéndose claramente tres zonas a l1as que
arbitrariamente se les llamd proteinasas de alto, medisno y baljo
psm. . La resolucidén de estas zonas varié con la concentracidn de
acrilamida .

Utilizando 2 métodos distintos de fraccionamiento
subcelular, asi como otroc 2 métodos, tambieén distintos, de
separaci dn de proteinas besadoe en las interaccion hidroféhica de

éstas, se obtuvieron los siguientes resul tados:

1.- Lae proteinasa(s) de alto p.m. tuvieron propiedades
hidrofilicas v por 1o tanto fue concordante con el hecho de
encontrarlais) en el citoplacma de la amiba.

-2.- Las praoteinasas de mediano vy balijeo pam. tuvieron
propiedades hidrofébicas . e localizaron tanto en membranac
internas como en membrana plasmatica

2.~ Las froteinasas de bajio Pam. €e encontraron

17



principalmente eﬁ la membroana plasmatica y aparentemente pueden
-xiséir como proteinas intrinsccas, vya que la actividad en la
membrana no s pierde totalmente, al someter & ¢égta a un
tratamiento con sales,

4.- No se coneiderd gque loas proteinasas reportadas fueran
productos de degradacidn, dado que los experimentos controles,
hechos en presencia de inhibidoree de proteinasas, dieron el

mismo resul tado.

Resumen trabajo 3

En este articulo se reportd un método fluorométrico para
medir 1l& actividad proteolitica. L.Le mayoria de los métados
existentes ?aquiaren etapas de precipitacidon, centrifugacidén vy
lectura ecpectrofotométrica de los peptidos generados durante lea
reaccidng este procedimiento lleva por Jo tanto bastante tiempo
para obtener una curva de digestidn enzimatica.

El método que se presentd agqui tiene la propiedad de dar
trazos continuose aprovechando la caracterietica que tiene 1la
caseina de que, al ser digerida, 'disminuya su fluorescencia
intrinseca continvamente . Este efecto fue proporcional a 1la
cancentracien de caseina y la velocidad del apagamignto fue
.pfoparcional a la concentracidén de proteinasa . Les proteinasas
utilizadas wvariaron en su clase catalitica vy en su pH dptime de
actividad, por 1o qur se contideré que el méetodo puede ser

utilizado por una variedad de proteinasas. La sensibilidad del
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ESTA TESIS MU BEBE
SAUR DE LA BIBLIGTECA

método fue bastante aceptable estando por eoncima de wvarios
mttn;os tradicionales y sd6lo por debajo de eaquellos métodos que
suelen ser demasiado costogos,

Las relaciones linepalee que existieron entre €1 grado de
fluorescencia v 1la concentracion de proteinasa aunado a su alta
sencibilidad, hacen del método reportado una herramienga para la
determinacidn de la concentrarion de proteinasa en una soluctéﬁ
determinada. Tambidén eslun método con £l que potencialmento so
pueden, mediante un perfeccionamiento, haceor determinaciliones

cinéticas de las proteinasas a probar.
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'DISCUSION. -

El resultado obtenido, en e) sentido de que la clase
catalitica que mayoritariamente contribuye a 1a actividad
proteolitica total de E;, bhistolytica es la de cisteina, puede
explicarce si consideramos la naturaléza pardsita de la amiba, es
decir, se sabe que las proteinasas de los mamiferos pertenecen
principalmente a la tlase catalitics de serina, por 1o tanto, los
mecani smos de reqgul acidn (inhibidnres) de 1a actividad
proteolitica del organismo serdn principalrmente para proteinasas
de serina y en menor drado para proteinasas de aspartico,
metaloproteinasas o proteinasas de cisteinaj; por consiguiente si
llega un  agente extrafo que, comt en este caso, expresa
proteinasas de cisteina, el organismo paracitado no dispondra de
muchos mecanismos de defensa para inhibir esta actividad,
produciendo oalteraciones que, como con la amiba, conducen a un
dafo histolitico.

En un modelb de necrosis experimental (16) cuando se
abatié 1a actividad proteolitica de 1a amiba utilizando
inhibjdores de la clase catalitica de cisteina, no Sse observaron
los efectos necrdticos del pardsito. Al inhibir la actividad
protacltitica, '5a pucede pehsar que los otros factores reportados
como responsables del dafo amibianco, deben estar en condiciones
de actuar, aunque se puede argumentar que los mismos inhibidares

por su caracter tdéxico, pueden inhibir tambien la accidén de los
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otros factores. Sin embargn en e)l primer trabajo se reporté el
porcentaje de inhibicién de la actividad proteoclitica por parte
de l1la a2-Macroglobuline (& B5%) .Cuando se usté este inhibidor
fisiovldgico exclusivo para proteinasas, en el modelo de necrosis
experimental se observeé una muy pequena mani fectacidn necrotica
que pudo ser dehida a el resto de la actividad proteolitica que
no s inhibidé, mas los otros factores reportados comp citoténicos
demostrando de cualquier manera que las proteinasas de cisteina
contribuyen de manera sighificative en la necrosis tisular,

En este primer trabajo se empezd a dilucidar el ndamero
de proteinasas que manifieeta 1o amiba utilizendo un extracto
crudo de ésta o aislando a las proteinasas por medio de la oZ2-
Macroglobulina. El que en este primer reporte s hayan observado
solamente tres grandes zonas de lisis, obndece a las prolongadas
incubacignese que recibid el gel de acrilamida después de 1la
separacidn slectroforética antes de superponerlo sobre el gel con
€]l sustrato § existe la posibilidad de que lae proteinas, por la
incubacién, se hayan difundido ¥y por 1o tanto no permitieron una
resolucidén conspicua de las zonas de digestién, de esta manera
tres zonas de lisis muy Jjuntas se observardn como solamente una
gran zona.

La mejor resolucién de las béndas de digestidn, se
obtuvd cuando se modificéd un poco el método, como se repartd en
el trebajo 2. Se cambid el tiempeo de incubacidn y se omitid el
proceso de lavado del gel; con estas modificaciones se alcanzé a
resvlver de manera evidente, al menos & zonas de lieis qQue
correspondieron a los p.m. que ya se habian reportado en el

trabajo 1, s0lo que ahora la zona de bajo p.m. s resolviée en
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tres bandas de digestidén, la zona intermedia en dos yv la de alto
p.m. se mantuvo como una. Estas Zonas de digestidn se viéronh mas
claramente separadas cuande se utilizdé un porcentaje de
acrilamida de 12.5%.

Estas actividades proteoliticas fueron encentradas
asociadas a diversos compartimientos subcelulares. Se utilizaron
"dos  métodos distintos para 1a obtencién de 1los diferentes
fracciones subcelul ares, uno que utiliza a 1a lectina
Concanavalina A (35) y otro que se basa en la separacidon de los
componentes por su densidad (35). Cuando se utilizd el primar
método,1lamd la atencidn 1a actiwvidad proteclitice en ta fraccién
de membrana plasmatica. Se ha reportado (12) que la Concanavalina
A puede activar 2 la amiba provocando la insercidén de proteinas
en  su membrana y en ese sentido se pensd gue las proteinasas en
la membrana de la amiba no fueran constitutivas, sino que por
accidn de la Concanavalina A, se insartdran en 2se lugar. Cuando
se utilizéd el segundo método, que no incluye un tratamiento con
Concanavaltina A, los resultados fueron bAsicamente los mismos a
los del primer método, por lo que se considerd que efectiveomente
pudidran existir proteinasas membranales en E. histolytica. Ya
anteriormente se habian reportado evidencias indirectas al
respecta (17,26), pero no se habis reportado el nimero ni  los
Pa.m, de las proteinas responsables de la actividad proteoclitica
de la membrana plasmatica. Este resultado se retorzdé cuando e
sometid a la membrana plasmatica a un tratamiento de alta fuerza
idnica, no pudiendose desprender totalmente 1la actividad

proteolitica asociada a dicha membranag hubo parte de 1la
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asociada a dicha membrana; hubo parte de la actividad que se
desprendid por lo que se pened que pudiéra haber proteinasan
perifericas suceptibles de ser excretadas o que pudi éran
transitar entre un estaedo saoluble y un estado membranal como e
ha demostrado para algunas prote{nas del citoesqueleto que por
ests propiecdad se les llama proteinas anfitrépicas (37).

Estas proteinacas de membrana plasmatica de E.
histolytica =Bson las principales candidatas para asignarles un
papel importante en el efecto necrético sobre los tejidos
animales.

Las membreanas internas precentaron » ademas de las
proteinasas detectadas en membrana plasmitica, las proteinasas de
p.m. intermedio. El1 que en membranas internas e detecten
protenasas de membrana plasmidtica no es de extrafarse si
consideramos la alta movilidad y capacidad de recambio que tiene
1la memhrana plasmiatica de la amiba. Aley {38) encaoantréd dos
clases - de vesiculas internas = unas vesiculas pogueiias
acidificadas que corresponden a lisosdmas secundarios y qgue
tienen una tasa de intercambio con e) exterior muy lentao, v
otras wvesiculas muy grandes provenientes de endocitosis con
material que rapidamente e intercaeamhia con el medio sein  sufrir
alguna modificacién y que generalmente no forman compartimientos
acidificadose . Se puede pensar que Jas proteinacese de p  .m.
intermedio que presentan las membranas internas de 1a amiba
tienen una funcién digestiva para la amiba mas que una
participacidn en la citopatogenicidad del parasito. Sin embargo ,

Keene, McLaughling, Btit, McGowan han demostrade le preecncia de

proteinasas que corresponden a  1os p.Mm. 8sncontrados para las
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proteinasas de p.m. intermedio . Lo mismo sucede con la

prctéinasa foluble, &u papel en el meccaniemo cf topatogénico no ee

claro y &in embarges se han reportado proteinasas de E-
histolvtica de ese p.m. con participacion en la citopatologia
amibi ana - Estos experimentos &8 han realizado con 1ae

proteinasas puras por lo que probablemente dentro de 1la amiba
tengan funciones ya sea de regulocion o digestivas., Por ejemplo,
podemos asemejar el efecto con el de la catepsina B que es  una
proteinacsa de cisteina que se encuentra principaleente en  los
lisosdmas hepaticos y, por lo tanto, su funcion es la de contribuir
a8l metebolismo de }ae proteinas que ingresan a las célula. S5i se
atisla la catepsina B y en esas condicionos de pureza se prueba
sobre una monocapa epitelial puesta sobre un modelo de matriz
extracelular , la catepsina desprenderad a las células y degradara
2 la maetriz extracelular. éPodemoes decir entonces que la
catepsina B es una proteinasa citopatogénica del hepatocito ? Por
supuesto que no. Este razonamiento se puede extrapolar hacia los
proteinasas de alto y mediano p.m. de la amiba dJdparticipan en el
proceso de necroseis tisular o eélo en el meteoholiemo de la amiba?
La respuesta a esta interrogante no es facil por la que se
requiere eptudiar m&s a las proteinasas de E. histolytice para
dilucidar cuales zon las pr{ncipales responsables de 1a necrosis
tisular.

Parg el estuwio de las proteinesas de 1a amiba se
requieren harramientas o metodoleogias que permitan incrementar el
conocimiento de éstas. En ese sentido sc desarrollé un método

novedoso para medir la actividad proteoclitica y que puede ser
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aplicado a las proteinasas de la amiba . El1 método se basa en el
apagamiento de la fluorescencia, de el (o los) triptofanois) al
encontrarse en ambientes con distinta polaridad.

La caseina e8 una proteina de la leche que essta
compuesta por una mezcla de proteinas hidrafobas nolublaes
denomninadas o, 0 y k caseina. Cada una de estas caseinas tiene
al menos un triptofanoc que pueda generar 1la sefal mencionada Yy
que &l corte por la proteinesa se expone a un ambiente mas polar,
con el consecuente apagamientn de la fluorescencia . Esto gpodria
explicar la diferencia en la velocidad del apagamiente por parte
de las distintas proteinasas empleadas. La quimotripsina que
corta entre enlaces donde existen aminoAcidos hidrdfobos tuvo una
velocidad de apagamiento mayor que cualquiera de las otras
proteinasas. No e sabe 68i las tres caceines contribuyen & el
apagamiento de la fluorescencia o es solamente una la que genora
-l afecto. Esta cuestion queda abierta a poeteriorec
investigaciones . El1 hecho de que 8] registro de la actividad as
continuo y que 1la pendiente de la curve cambia conforme se
modifica la concentracion de proteasa , sustrato o inhibidor 1e
da & este método un potencisl muy grande para hacer analisies
cindticoas de las proizinasas estudiadas. El mejorar on  ese
sentido este método puede ser una buena herramienta para
unificar el estudio de la cinédtica enzimatica de las proteinasas

v contribuir al mejor conocimiento de las proteinasas de E,

histolvtica
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Endupeptidise |nluln1un wore wsed Lo determine the cotabytic chsses of proteinases prosent in extracts of Enamoeha hiviolvtica
(-.lmm TN 1:IMSS) avenically grown in sitzo, Cyaeine protcinases aceounl far most of the proteviytic activily: one or mase pro-
reinases with different cualstic mechanisms are also present but could nat be unambiguomnby assipaed (o a particular eatalytic
class. Proteinises in amebic Bysotes were resalved by polvaerylamide gol electrophosesis with sodium dodeeyt sullate. The deter-
pent was exchapped with Friton X-HK and the proteolyiic activity in the gelv was demonstrated by overlaving it on another pel
containing 1the substrute. Four lysis zones were observed corresponding 1o molecular weights of 6600, S6(KK), JOO0KE ) 27I0KD,
The tirst cannot be classiticd vet, but the last three showed propertivs consistent with those of eysieine proteinases, Finally, a novel
technique is described which uses purificd humon a-2-nuactoglobulin to trap, purily and characterize proteises from amebic s
ates, The results obraincd with this webpique confirm those of the overlay technigue, since both methods reveqnl four distinet pro-
teinases in the two dilferent amebic preparations examined.

Key words: Emtamocha histolytics: Endopeplidase; Iohibitor: Salntrate gel electrophuoresis: es2-Macroglotalin

Introduction teolytic enzymes produccd by E. fiistolytica has
been correlated with the virulence of various
strains grown in axenic conditions {24-26]. Sev-
eral groups have studied the proteases of amebic
extracts [4.9,19.24] while others have purified one -
or more molecular species with proteoiytic activ-
ity [10~18.20.21]. The main class consists in E.
Histalytica of cysteine proleinasces [19]. A protein-
ase similar to mammalian cathepsin B was puri-
fied from E. histofyvticn [10.11.20}. The major
neutral prowinase purified from E. histalviica is
also a cystcine proteinase [21]. The effects of in-

Entamoeba histolytica derives this name from
its capacity 1o destroy tissue. This property has
been attributed to different histolytic mecha-
nisms. such as phapocyiosis [1}. hydrolytic en-
zymes [2-5]. the secretion of toxins [6-8] and the
production of proteolytic enzymes. cither by the
parasite {(ref. 4 and references quoted therein,
[9=21]). or by the inflummatory cells present at the
site of tissue damage 122,23}, The amount of pro-

Correspomdence gaddresy: Dr. Ruy Perez-Montfont, Departae

mente de Microbiolopia, Instito de Fisiologia Celulur,
Universidad Nugronal Autonoma de Mévicu, Apartado Postal
70242, (M50 Mexico DLF., Mexico.

Abbrevintion: o2m. as2-macroglobuling EDTA, cthylencdi-
amincterraneetic acid: EGTA, cthyleneplycot.bis{ B-amino-
cthyletbier) N A -etmnacetic acid: TA. indeaceiamide: NEM,

Lethylmalcimide: PAGE. polvacerylamide pel clectrophare-
sisy PHMB, ghydresvmercuribenzoate: PMSFL phenyime-
thylsulfonyl tluoride: SBTL suxbean rypsin inbibitor;, SDS.
sodium dodeey)  sulfate: Trise Tris-Chydroxymethy?)
aminumethane.
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hibitors {9.10.15.17.19] suggest that £. histolyica
produces severa! distiner proteinases and that
possibly some of these are not cysteine protei-
nases. Nevertheless no systemutic study of the
catalytic classes andfor the total number of dif-
ferent proteins with proteelytic activity produced
by the parasite is available,

In this report we deseribe the use of inhibitors
of different catalytic clusses of endopeptidasces 1o
determine the main families of proteinasces in E.
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histolviica extructs [27]. We also estimated the
number of groups or individual proteolytic en.
zymes present in amebic lysates and their ap-
proximuate molecular weight is determined with
the use of zymograms. Finally. we report a
method for purifving and choracterizing mole-
cules with proteolytic activity in complex cellular
extracts or lysates with the aid of the universal
protease inhibitor a-2-macroglobulin as a molec-
ular trap.

Materials and Methods

E. hiswlvtica cultwres. E. histalytica sirain HM
F:IMSS was a gift from Dr. J. Calderon (Centro
de Investigacion y de Estudios Avanzados. 1PN,
‘México D.F.). Trophozoites were cultured ux-
enically in TYI-5-33 medium [28] at 37°C. Cells
were hirvested after 72 h in all experiments.

Proreclytic activity. Proteolytic activity was deter-
mined by a colorimetric method using azocasein
(Sigma Chemical Co.. St. Louis, MO} as the sub-
strate [10.16]. Trophozoites were washed thrice
with 15 mM potassium phosphate buffer pH 7.5
and 184 mM sodium chloride (PBS-A) {19] by
centrifugation at 150 X g for § min at 10°C. Cells
were lysed with 0.5% (v/iv) Triton X-100 with or
without inhibitors and incubated at 4°C for 1 h.
The lysate was centrifuged at 12000 x g for 15
min at 4°C and the supernatant was collected.
Proteolysis was determined in 40 pl of superna-
tant, equivalent to 4 x 10° trophozoites, incu-
bated with 1.25 mg of substrate at 37°C for dif-
ferent time periods in 500 pl of 50 mM Tris-
(hydroxymethyl)aminomethane (Tris), pH 7.5.
Proteolytic activity at pH 5 was assayed in a 50
mM acetate buffer. The inhibitors used were p-
hydroxymercuribenzoate (PHMB), N-cthylmale-
imide (NEM), iodoacetamide {IA), pepstatin A,
phenylmethylsulfonyl Auoride (PMSF), soybean
trypsin inhibitor (SBTI), ethylenediaminetetra-
acetic acid (tetrasodium salt) (EDTAY), ethylene-
glycol-bis{@-amino-ethylether) N N’-giraacetic
acid (EGTA). leupeptin and human a-2-macro-
globulin (a2m). All inhibitors were obtained from
Sigma except leupeptin which was obtained from
Boechringer {Mannheim) and a2m which was pur-
ificd from fresh human plasma (see below). Pro-

teolysis was stopped by the addition of 540 pl of
0% trichloroacetic acid nnd centrifugation at
2000 x g for 5 min at room temperature. Az,
of the supernatant was measured, Controls didd not
release dye spontuncously,

Proteolytic activity of molecules bound by ac-
tive a2m (see below) on low molecular weight
substrates N-a-benzoyl-pL-Arg-p-nitreanitide, 1-
Leu-p-nitrounilide.  N-succinyl-L-Ala-L-Al-L-Ala-
p-nitroanilide and N-succinyl-L-Ala-L-Ala-1-Pro-
L-Phe-p-nitroanilide (all from Sigma), was deter-
mined in a buffer containing 100 mM N-2-hy-
draxyethylpiperazine-A'-2-ethune suffonic  acid,
0.5 M NaCl, 10% (viv} dimethy] sulfoxide, pH 7.5
129] with 1 mM CaCl,. To 2.95 ml of a | mM so-
lution of substrate, with or without inhibitors, 50
gl of n 1:5 (viv} suspension of Sephar-
ose-antibody-a2m-extract molecules {see be-
low) in borate buffered saling (200 mM boric acid
and 160 mdI sodium chloride, pH 8) was added
and incubated at room temperature (24°C) for 24
h or longer. Asgum of the superpatant was meas-
ured.

Proteolytic activity of amebic lysates on acid
denatured bovine haemoglobin (Sigma Type II)
was measured as described by McLaughlin and
Faubert [10].

Subsirate gel electrrophoresis. A procedure similar
to the one described by Birkedal-Hansen and
Taylor for mammalian collagenase [30] was used.
Washed trophozoites were lysed by three freeze-

~ thawing cycles without inhibitors. The lysates

were mixed with elecirophoresis sample buffer
containing sodium dodecyl sulfate (SDS) but no
reducing agent (samples were not boiled) and
were separated by electrophoresis in 10 or 12.5%
polyacrylumide gels (PAGE). Immediately after
clectirophoresis the gel was incubated in 10 gel
volumes of 2,55 Triton X-100 for 90 min at room
temperature with gentle stirring; the solution wis
changed every 30 min. The gel was then washed
for a few minutes in distilled water and incubated
in 0.1 M Tris-HCi pH 7.4 with 10 mM CaCl, for
10 min, and immediately laid on top of another
gel containing 7.5% acrylamide in 0.075 M Tris-
HC! pH 7.4, 0,15 M NaCl and 0.57 mg m!~! of
the substrate protein {gelatin from rat tail tendon
collapen extracted according to Torre-Blanco and



A!\uuun |'%l] undepatured il tail wendon col-

l-u_.cn. casein or denatured bovine hnemoglohin),

but no SDS. In some experiments the gel wits cut
in strips after the incabation in Triton X-100, put
in the Tris buffer with the appropriate inhibitor
for 30 min and overlayed on the substrate pel. The
gels were placed between glass plates, wrapped
in wet tissue paper and incubated in a humid
chamber w 37°C for 24 h, and were then fixed ind
stained in 252 (viv) isnprnp.mnl W% (v/iv) gla-
cial acetic ucid and 0,25% (wiv) Coomassie bril-
linm blue R-250 (Bio-Rad. Richmond. CA) for
20 h at room temperature, and destained in 10%:
acctic acid for 40 h also at room temperature, In
some cases the protein was incorporated in the
first pel and o similar procedure 1o the one de-
scribed above was performed on that single pet,

a2m and anti-a2m antibodies. a2m was purified
as described by Kurecki et al, [32] from fresh hu-
man plasma supplied by Dr. Adela Garcia Lopez
(Blood Bank. Instituto Naciopal de Pedimria.
México D.F.}. The activity of a2m was deter-
mined by its capacity to inhibit the action of tryp-
sin (Sigma) on cascin {Planstichi, Waukegan, IL)
[33] and by its protective action from SBTI when
trypsin was assaycd with the low molecular weight
substrate  N-p-tosyl-L-urginine-methyl  ester
(Sigma) [33], Purified a2m was inactivated with
0.4 M ethylamine {(Mcrek, Darmstadt) [34] or by
incubation at 37°C for 30 min with a 5-fold molar
excess of trypsin. An a2m-Sepharose column was
prepared with 1) m} of cyanogen bromide acti-
vated Scepharose 4B (Sigma) and 50 mg of pure
o2m following the manufacturer's instructions.
Antibodics against purified human a2m were
produced in rabbits by a single intramusculr in-
jection of 100 pg of purc a2m with 1.5 ml of
Freund's cnmplclc adjuvant (Difco, Detroit. M1).
Booster injections with 100 pp of a2m in phos-
phate buffered saline (15 mM sodium pH 7.2 and
150 mM sodivm chloride} were given intraperi-
toneally every 15 days. The animals were bled 8
days afier cach booster injection starting on the
fifth immunization. Antibodies were confirmed by
double immunodiffusion and immunoelcciropho-
resis. and were purified by affinity chromatopra-
phy with the a2m-Sepharose column. Purified
antibodies (14 mg) were coupled to 1 ml of cyan-

Ry

ogen bromide aetivited Sepharose 3B by the pro-
cedure described nbove,

Molecules bound by o2m in amvebic Ivsales.
Washed and Jysed trophozoites (2.7-8 % 107 were
resuspended in approximaiely 1 mi of PBS-A. In
some experiments these lysates were iodinnted
with 1 mCi aof '**1 (JICN Radiochemicals. Irvine.
CA) and 4-6 jodobeads (Picree Chemical Co.,
Rockford, IL) a1 4°C for 40 min. Free iodine was
removed following the method described by
Tuszynski et al, {35). The labheled Jysate was scp-
arated into four aliquots and kept at 4°C. To three
of these aliquots 100 ug of active a2m. ethylam-
ine-inactivated a2m. or trypsin-inactivated a2m
were added, respectively. The four aliquots were
then placed in @ water bath ot 37°C for 30 min and
cooled again to 4°C. Then 20 pl of the Sephar-
ose-antibody were added to each wbe and incu-
bated at least for 2 h w1 4°C, The Sepharose beads
to which antibody. a2m and “*L-Jabeled mole-
cules were bound were extensively washed with
borate buffered saline untit no v counts above
background were detecied in the supernatant. The
a2m and the molecules bound to it were eluted
from the antibody-Sepharose columsa with 100wl
of 0.5 M acetic acid for at least 2 h at room tem-
perature and mixed with SDS-PAGE sumple
buffer containing 5% (v/v) 2-mercapiocthanol.
The medium was made basic with 2.5 M Tris, the
samples were boiled for 2 min and analyzed by
SDS-PAGE on 12.5% acrylumide gels [36]. Au-
toradiography of dried slab gels was performed
—80°C [37] with Kodak XK-1 film and Dupont
intensifying screens (Quanta 111).

In some experiments cells were lysed with 0.5%
Triton X-10¢ for 1 h at 4°C, lubeled with radio-
active iodine and then processed as described
above. In experiments to determine proteolytic
activity e2m was added directly to unlabeled ex-
tracts.

Resulls

Proteolytic activity of amchic extracts. The mag-
nitude of proteolytic activity determined in E,
histolvtica extracts varied in different experi-
ments. Total proteolytic activity against nzocas-
¢in varied over a 2-fold range. The averape
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Inhibitor(s)

. Class of cm.lop;plldw.: L
mluhllcd B

-G Inhibition
"= 5.0, {m)

PIIMB (1 mM) Lo =2 (e -
IA (2 mhD) Su2 = 5 .m0
NEM (2 mM) -~ IR = 2 {6
SBTL (100 pp mI™" L L 2 111
PMSF {1 mM) 0 R £1.) R

2 mM} 15 = 5 (l") B
Pepstatin AT (1 ppml* Y e ).
EDTA (2 mM) =13 =T - (2F

{20 mA) 33 =13 07@Q
EGTA (2 m)) =17 = 4@

(20 mM) A -22 =2 @Qr
PHAMB () mM) + SBTE (100 pg mi=') S eysteine +serine U7 L = 9 (o)
Leupeptin (50 M)} p S yctcine + s.crmr.- T o 79 = 1 (6)
alm (5 mg ml-H) . N fnll L e 77 = B ({D)]

* Buffer: 0,05 M Tris-HC pH 7.5 S Tl e

* Buffer: (0,05 M aceune pi 5.
¢ Activation.

amount of protein per ameba in amebic extracts.,
us deiermined by the Biurer reaction. wus 2,203
# (1.231 mp protein per 1" amebas (1=67). Vag-
iability in activity was also abserved in zymo-
grams made with different lysates from the sume
number of amebas (compare Jane B of Fig, 2. janc
A of Fig. 3 and see below); nevertheless. the var-
iation coefficient within the same experiment wis
never more than 8%,

Inhibitors of cysteine proteinases PHMB. NEM
and IA reduced activity by approximately S0-90%¢
at o pH of 7.5 (one of the two pH values a1 which
& maximum of proteolytic activity occurs with
amchic extracts [9.19]) (Table 1) indicating that
the proteolytic activity of amebic extracts is mainly
duc to cysteine proteinases, Pepstatin AL an in-
hibitor of aspartic proteinases, had no eifect at pH
3 (the other pH at which a maximum of proteo-
Iytic activity occurs in amebic extracts [9,19])
PMSF, an inhibitor of serine proteinases, was in-
cffcctive w1 » concentration of 1 mM but partly
inhibited prateolysis at a concentration of 2 mMl;
a similar inhibition was obtained with SBTH at o
concenmration of 100 pp ml-'. This indicates that
part of the protealytic aclivity of amebic extracts
muy be due to serine proteinases. The combina-
tion of PHMB and SBT1 abolished proteolytic
activity complerely.

The chelating agents EDTA and EGTA (which
inhibit metallo proteinases nl concemrations of 1
or 2 mM) had an activating effect at concemra-
tions up to-5 mM (Fig. 1). The activating effect
persisted even in the presence of 20 mM EGTA, .
put EDTA had an inhibiting effect at concentra-
tions beyond 5 mM, reaching a plateau of ap-
proximately 3055 inhibition at 10 mM. A similar
activating effect was also observed in the pres-
ence of 1 mM 1,10-phenanthroline (data not
shown}. Leupeptin and purified human a2m both
reduced proteolytic activity by approximately
BUSE. Using the lysine of 10" amebas protcolytic
activity on acid denptured haemoglobin at pH 3
was not detected after 3 h at 37°C.

tdentification of prowinases in amebic lyvsates by
SDS-PAGE zymograms. As a strategy to identify
the main groups of proteinases present in amebic
lysates, we separated the molecules contgined in
these preparatiens by SDS-PAGE. und tested for
the proteclytic activity of the separated mole-
cules by overlaving this gel on o second substrate
gel and staining both pels afierwards, Transpar-
ent unstained regions on the substrine pel corre-
spond with hands of protcolytic activity in the first
gel. Fig, 2 shows some representative results with
different amebi concentrations on o gel contain-
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Fig. 1. Eheet of EIXTA (<) imd EGTA (&) on the protee
Ivtic activity of nmebhic extricts o azvcasein,

ing gelatin as substrate, Three zones of hydrolysis

“centering i apparent moleeular weights (M,) of

S60U0. 0000 and 27000 aceur in all cases,

Fip. 3 lane A shows the pattern of gelatin hy-
drolysis without additions. Two hydrolysis re-
pions are seen, o broad zone between Af, of YO0
and 30060 and another centering at 29000, Di-
thiothreitol enhances hydrolysis (ane B). PHMB
and NEM inhibit most proteinases excepr a 70
kDa enzyme (lanes € and D), while 1A iphibils
all petivity detectable by this assay (lanc E). The
Ivsate incubated with PMSF gave only one lysis
zone that was visible at an M, centering w1 6000
{lanc F). Pepsiatin A somewhat inhibited pro-
teases with lower Af, values (lane G). although it
had minimal effects in most other experiments,
Lane H shows the effect of 20 mM EDTA which
in this case was alsd inhibitory, buat in several
other cases this assay showed activation with this
chelator or with 1.10-phenanthroline (data not
shown}. Leupeptin had tittle inhibiting effect an
the higher M, proteases but inhibited the 29 KDa
protease {lane 1). 5 min boiling of lysates elimi-
nated proteolysis (data not shown). Thus. our re-
sults indicate that amebic lysates anilyzed with the
uid of substrate gel clectrophoresis of gels con-
taining gelatin at pH 7.4 have at least four groups
of proteinases. These produce hydrolysis in re-
gions comprehended in the A, range between
SOMID and 27000,

Tou test the effect of acid pH on the activity. gels
on which the lysate corresponding 1o 10" wropho-

L)

Fig. 2o Zymogram of a gel on which lisites abrained from

difterent humbiers of amelis were anilyzed. (A5 > 108, (1)

A5 . WL C) 1 % 10% and (1) 5 » 10 cells. The subsirate

gol cantained gelating The left ordinate seale is the M, =~ 1Y
5 muarhe the end of the stacking gel, Fis the dyve front,

zoites was separated were preincubated for 30 min
or 3 hin 10 mM acetic acid pH 3. No hydrolysis
regions were apparent but. when the hacmoglo-
bin was incorporated into the separation gel and
this gel was incubated in acid conditions at 37°C
for 24 h. we observed two faint lysis zones with
M, of 40000 and 32000 {(data not shown). Zymo-
grams using casein and native rat collagen us sub-
strates -also showed the hydrolysis zenes at M,
values of 36000, 40000 and 27000 (datx not
shown),

Analysis of moleciiles in amehic extracts bound by
aZm. Active a2m binds most known proteinases
but also proteins without proteolytic activity |38].
Inactive e2m only binds nenproteoiytic moie-
cules. Thus, molecules bound by active a2m and
not bound by inuctive «2m should be active pro-
teinases, Fig. 4 shows an autoradiograph of a gel
in which the constituents in amcebic lysates la-
beled with radioactive iodine bound by a2m were
analyzed. Lane A shows i control in which no
ulm was added to an amebic lysate: the anmi-a2m
antibody on the Sepharose column does not bind
any detectable labeled constituent of the lysate.
Lane B shows the analysis of the same lysate to
which olm inactivated with ethylamine was
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Fig. 3. Zymogram of 3 gel an which amchic Iysutes from 2.5 = 10° cells submitted 1o diffczent trcatments were analyzed. Gel

strips coptuining the lysites were incubated for 30 min au room emperature in solutions containing respectively (A} no sdditions.

(B) 4 mM dithiothieitol, (C) 2 mM PHMB, (D) 4 mM NEM. {(E) 50 mM iA, (F) 3 mM PMSFE, (G) | pg ml™ ' pepstatin A, (1)

20 mM EDTA and (1) 30 pg mi™! leupeptin. and overlayed on the substrate gel containing gelatin, The feft ardinate scale is the
M, % 10°1.

added; two prominent bands with M, values of
180000 and 90000 are apparent, The M, values
of these bands correspond to the a2m monomer
and its main breakdown product, which are also
visible by Coomassic blue staining on the gel (data
not shown) [39]. Both bands are associated with
radioaciive material resistant to dissociation by
SDS and_2-mercaptocthanol. Faint radioactive
bands are apparent at Af, values 68000, 60000,
49000, 42 400, 39 000 and 23 000. There is also ra-
dioactivity that migrates with the buffer front
which may represent molecules of M, smaller than
10000 and/or labeled lipids. Lane C shows the
analysis of the same lysale in the presence of ac-
tive a2m. Again, bands at 180000 and 90000 are
apparent but the relative intensity of both bands
dillers from that in lane B, The 180 kDa band is
more intense than the 90 kDa band. This indi-
cates that, in this preparation, there is either more
undegraded a2m monomer, or that it bound co-
valently more radioactive material. or both [38],
Two faint radicactive bands appear at M, of 68000
and 60000 and more inicnse bands at 49000,

42000 and 23000, the last one being the most
prominent. Lanes D, E and F reveal what se-
mained bound 1o the anti-a2m antibody column
and was released by treatment with electropho-
resis sample tffer and boiling for 2 min, for Yanes
A, B and C respectively. Lane E shows again the
180 ki>a and the 90 kDa bands 1ogether with the
other radioaclive bands secn in lane B, Lane F
shows a very intense band corresponding to the
undegraded a2m monomer, a very faint band
carresponding ta the degraded o2m monomer and
the other bands seen on lane C. Even though the
a2m inactivated with ethylamine did not inhibis
the action of trypsin on cascin, a substrate of high
M,. and bechaved as a fast moving component
when analyzed on native pore gradient gels [40],
it did behave in a similar way 1o fully active a2m
in this type of experiment, so we decided to test
al2m inactivated with trypsin. Fig. 5 shows the
autoradiopraph of an experiment in which the
following preparations were analyzed: lane A, a
control with no a2m added, lane B, amebic Jys-
ate with aZm inactivated with cthylamine; lane C,



amebic lysate with a2m inactivated with trypsin;
and lane D, amebic Iysote with active a2m. Be-

- cause it contgined more radioactivity, lanc B
shows u simjlar but more intense pittern to the
one described previously for lane B of Fig. 4,
Lane D is alsp very similar ta lane C in Fig. 4. Bul
both lanes B and ID conirast sharply with the pal-
tern observed on lane €. Very faint bands are
visible ot Af, values of 180000 and 39000 and most
of the radijoactivity is associated with the 85 KDa
breakdown product of a2m.

In experiments to investigate il the molecules
bound to a2m were representitive of all cell
components, including integril membrane pro-
teins, Triton X-100 instead of the freeze-thaw
cycles was used to Jyse the amebas. The results
disclosed the same radioactive bands as in the ex-
periments shown previously and no additional
bands were observed.

The trap hypothesis of protease inactivation by
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a2m states that a2m will inhibit proteolytic activ-
ity of protcascs towards substrates of high molec-
ular weights and not towards substrates of low
molecular weights [38]. To test if some of the
molecules associnted with the active e2m had
proteolytic activity, we prepared unlubeled ame-
hic tysate, submitted it ta the vsual purification
scheme (Materials and Methods) and incubated
it with low molecular weight substrates for differ-
ent proteases. Some of the molecules bound by
active a2m had the ability 10 hydrelyse the sub-
strates "~succinyl-Ala-Ala-Pro-Phe-p-nitroani-
lide and Leu-p-nitroanifide but not N-a-benzoyl-
Arg-p-nitreanilide or N-succinyl-Ala-Ala-Ala-p-
nitroanilide. Boiling the extruct 3 min before the
purification procedure inhibited this hydrolysis by

62% for N-succinyl-Ala-Aln-Pro-Phe-p-nitroani-

lide und 695 for Leu-g-nitroanilide. Pepstatin A
(1 pg mi~!), EDTA (2 mM), PMSF (2 mM) and
PHMB (1 mM) inhibited the hydrolysis of the
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Fig. 4. Auwtoradiograph of a gel in which radioactive moelecuies from amebic lysates bound by «2m end unti-u2m antibodics were

analyzed. Lanes A, B and C show the eluates obtained with 0.5 M scetic acid of immune precipitates corresponding to pure anti-

alm antibody, ethylumine inaciivaied a2m and active a2m respectively. Lones D, E, und F show the eluates oblained by hoiling

the residual matcrial bound to 1he anti-a2m-Sephurose columns on lanes A, B, and € respectively with electrophosesis sample
buffer. The left ordinate scale is the M, x 1074,
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Fip. 5. Awwradiograph of u gel in which radioactive male-

cules of amebie Ivsates bound by a2m and ami-a2m antibod-

ieawere anohzed. Lane A shows the eluate obtained with L5

M ueetic peid of the conteol without a2m. Lunes 8, C and D

show respectively the cluates from preparations with cihylam-

tne inactivited u2m, trypsin inactivated o2m and active a2m.
The left ordinate seale is the AF, % 1074,

T t . .
former substrate by 47% and 67% and the hy-
drolysis of the latter substrate by 395 and 31%
afier 24 and 48 h of incubation at 37°C, respec-
tively.

Another experiment combining the technique
of the purification of molecules bound by active
a2m, followed by a zymogram on a gel contuin-
ing gelatin (omitting the exchange of SDS with
Triton X-100). showed the same hydrolysis re-
gions as did the whole intact lysate. After 24 h of
incubating the superimposed pels o broad lysis
zone in the M, range of 1500H{)-50(X0), another
parrower zone immediately below it in the M,
range of 50000—40WMK) and & third lysis zone in the
M, range of 30000-20000 became apparent in the

 lane containing the lysate (Fig. 6. lane A). The
hydrolysis zones of the prepatation correspond-
ing to the purified material were less intense than
those of the lysate. The lysis zones appeared but
their relative intemsity was different from the
original extract, the high molecular weight zone
wus very diminished, the middle molecular weight
zone was unchanged and the low molecular weight
zone was also diminished, but less than the high
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Fig. . Zymuagrom of a gel containing SDS on which an ame-
bic lysate, molecules bound by a2m and by anti-a2m antibod-
jes were analyzed. A lysate from 2.5 > 10" amchas was ana-
Ivzed on lane A. Lone B contained sctive o2m and the
molecules (rom the lvsate bound by it, Lane C conttined
trypsin inactivated o2m and the molecules from the lysate
bound by it. Lane I3 contained the molecules from the Tysate
bound by anti-a2m antibodies. Al samples contained 1057
{viv) 2emercaptocthanol, The substrate gel contained gelatin,
The lelt ondinate scale is the A, = 1074

moleccular weight zone (Fig. 6, lane B). The con-
trols with trypsin inactivated o2m and anti-a2m
antibodies showed no lysts zones (Fig. 6, lanes C
and D, respectively).

Discussion

The purposc of this study was 1o try to deter-
mine the number of different endopeptidases as
well as their catalvtic classes in whole extracts and
lysutes of £, histolytica. We also used the univer-
sul protease inhibitor a2m as a molecular tool for
the purification of melecules with proteolytic ne-
tivity from thase same preparations,

As has been observed before with monoxenic
strains {9] and as we report here with axenic E.
histolytica strain HM 1. extracts and lysates show
large variability in their proteolytic activity to-
wirds different substrates. This result indicates
thit E. histelytica cultiviited in vitro produces dif-
ferent amounts of proteases or proteases with dif-
ferent activities at the end of the logarithmic
growth phase, We cannot distinguish between
these two possibilities because the sverage amount
of protein per ameba in amebic extracts was con-
stant (se¢ Results). The possibility that other (ad-
ditional) proteinases are produced is less likely



bechuse the zymoprams showed 2 very constant
patiern and we did nat observe any additional bysis
regions in our experiments, The causes of the
arinbility of the proteolytic activity are unclear
but may be refated 10 the hcurog_cnuh of other
properties observed in uxenic populations of cer-
tain E. hisielytica sirains [41].

Experiments with inhibitors for the different
catalytic clisses of cndopcplid wes clearly show
that most prul(.ol}llc activity in E. histelytica is
due ta cysteine proteinases (Table 1), Our results
apree ond confirm those of Avila et al. [19], al-
thouph we were upable to inhibit all the proteo-
Iytic uctivity using only inhibitors of cystecine pro-
teinases. Complate inhibition was achieved only
with n combination of un inhibitor of cysteine
proteiniases and an inhibitor of serine pratein-
ases, This may suppest tha there is more than one
catalytic class of proteinases in E. histolytica.

According 10 our resufis and those of other

&roups, one citalytic c\.m, of en dopf.pud.mcs that
seems 10 be absent or in very small quantitics from
these amebic preparations is that of aspartic pro-
einases, This is based on the observation that
proteolytic activity is 1ow below pH 5 and totally
inhibited a1 pH 3 or below (see Fig, 1in ref. 19,
and Fip, 1 in ref. 9 and Results), which is gen-
erally the pH range where aspurtic endopepti-
dases are most active. and that pepstatin does not
inhibit the proteolytic acuvny of the preparations
{Table 1.

The nawure of the catalytic class(es) 1o which
nop-cysteine proteinases belong is very difficult
10 determine with certainty beciuse inhibitors are
not absolutely specific. For example, it has been
reported that PMSF can inhibit certain cysteine
proteinases [27] and chelstors like EDTA and
EGTA are necessary for the activation or stabi-
lization of certain cysteine proteinases [42]. These
last observations may help explain the variability
and even apparent contradiction of the results
shown in Tuble 1 and Fig. 3. These resulis may
also be partly explained by the differem condi-
tions 10 which the lvsates and extracts have heen
subjected before proteolytic activity is assayved.

Resuhs with a2m indicate that E. hisrolvrica has
a small remnant of proteolytic activity that is not
inhibited by this protcase inhibitor (Table 1. The
nature of this proteolytic activity is unknown but

LAl

may be of great interest, since only very few pro-
winuses thut are not inhibited by a2m are known,
Zymogrins showed that there are three main
zones of lysis with A, virllues centering at 56000,
Q0000 and 27000 (Fig. 2). Protcolytic aclivity in-
cressed in these regions when the number of
amebas was increased. and also in the presence
of dithiothreitol and 2-mercaptocthanol. but was
partly inhibited by PHMB and NEM and com-
pletely by 1A (Figs. 2,3 and 6). This behavior is
consistent with cysteine proteinases. The com-
bined results of inhibition with several inhibitors
in several different experiments, ahhough with
somewht variable results, indicate that some lysis
zones particolarly in the 6070 kDa region con-
tuin u distinet proteinase or group of proteinases.
We cannot assign this group a catalytic class on
the basis of our present results. 1t is noleworthy
that no lysis of protein substrates was observed in
regions of the gel corresponding 10 A, values be-
low 20000 (see below).

In our experiments using human o2m to trap
components of amebic preparations, the molee-
ular weights of the radiolabeled molecules bound
and released with acid pH, and subscquenly
denatured by SDS and reduced with 2-mercap-
tocthunel, are similar to those of the estimated
center of the lysis of protein substrates in the
zymograms {Figs. 4 and §). Also, some of the
molecules bound by active a2m have the ability
10 hydrolyse low maolecular weight proteolytic
substrates; in addition low molecular weight pro-
tease inhibitors partially inhibit this hydrolysis and
immune precipitates analyzed by the zymogram
technique exhibit the same vsis regions as whole
amebic lysutes. In one experiment in which ame-
bas were lvsed by the action of Triton X-100 we
observed the same labeled bands, All these ex-
periments indicate that in both smebic prepara-
tions {(extracts and whole lysates) a representa-
tive sample of all or most of the proteinases
contained in whole amebas is obtained. We
therefore think that E. listohrica has three dif-
ferent cysieine proteinases with approximate M,
values of 56000, 40000 and 27000 and one or &
smiull number of other proteinases with an M, be-
tween 60000 and 70000 and with a differem cat-
alytic niechanism. Our supposition is bascd on the
fuct that three different methodologies with two
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types of amebic preparations yield similar and
consistent results, making the possibility of ab-
servation of experimental artifacts highly un-
likely.

With the procedure described here we have
been able to confirm the existence of several pro-
teinuses isolated by other investigmtors using more
conventional procedures [10-12,15-17,20], b
have also been unable 10 observe others, for ex-
ample the 16.5 kDa molecule resembling cath-
epsin B purified by Lushbaugh et ul. {18].

Recently Keene et al. purified a neutral cys-
1eine proteinase with a subunit M, of 56000 [21].
These authars discussed the possibility that this
cnzyme ‘accounts for the thiol proteinase activity
of crude extracts and sccretions reporied previ-
ously’. In this report we show that there are ot
least wwoe additional molecules with smaller mo-
lecular weights thut also behave as cysteine pro-
teases, confirming observations made by other
authors {1{—13.15-17,20],

An intriguing finding is that radioactively la-
beled materinl is bound by covalent bonds to the
intact and the degraded monomer of a2m (see
Figs. 4 and 5). The nuture of these motecules is
unknown and will be subject to further investi-
gation.

A noteworthy coincidence is the correlation of
intensity of the radioactive label attached to the
66, 60, 49, 42, and 23 kDa molecules bound to
active a2m and the intensity of the corresponding
lysis regions in the substrate gel (Fig. 4C. Fip. 5D
and Fig. 6B, respectively). ‘This may represent the
relative amounts of proteases bound by a2m
which are in different proportion to that in the
ofiginal lysate (Fig. 6A).

Both methods used in the present work hive
limitations: zymograms can only detect protein-
ases that are not denatured by SDS and have
enough activity on the substrate gel 10 make their
effect visible. and the o2m purification method
will only identify proteases that are bound by the
inhihitor and labeled by dfodination with jodo-

beads (molecules in the extract can be labeled by

a variety of other methods). Both methods have
the advantyre that they permit an initial estimate
of the minimal number of molecules with protco-
Iytic aclivity in very complex mixtures, This ap-
proach allows the identification of proteases and

in some cises their classification in the corre-
sponding catalytic ¢lass. Such information is use-
ful for further purification of these molecules.
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Crude lysates of Entamocha hivtolyiico (strain HM 1:IMSS) analyzed by subsirate gel clectrophuoresis in 12,55 acrylamide sep-
araling pels with reducing agents showed six hydrolysis zones with apparent molecular weights of 7300 (high), 4500, 36 000 {in-
termediate}, WHN0, 264000 and 23000 {low molccular weight proicinases). Ancbic lysates fractionated using the procedure of Alcy
et al. or the procedure of Rusenberg and Gitler und unalyzed by the same method show all enzymes in the fractions with the
= soluble components and only the intermediale and tow motecular weighl proteinases in the fraction containing internal vesicles or
membruncs and plasma membranc . Some of these proteinases seem to be integral membrane proteins since they resist treatment
with high slat, high urca bulfer, Al fractions ate capable of digesting nzocasein. Fractionation of amebic lysates by hydrophobic
chromatogruphy using phenyl-Scpharos: or phise separation of amebic extracts with Triton X-114 show that proteinases with high,
intermediate and low malecutar weight behave as hydrophilic proteins while only proteinases of intermediate and low molecular
weight behave as hydsophobic proteins, These results supgest that some proleinises are segregated in diffcrent compartments of

7 the cell
3 Key words: Entamoeba histalytica Proteinase; Subcellubur
: - fraciion: Substrate gel electrophuoresis; Hydrophubic chromatography: Triton X-114 phase separation
-
Introduction laboratories also suggest that these enzymes are
Vo . involved in the production of tissuc necrosis in two
J : The protozoan Entamoeba hisiolytica has sev- differcit models of acule experimental ame-
eral cysteine proteinases capable of degrading |, biasis. '
i proteins of connective tissue [1-3]). Collagenaly- The question of which of these amebic protei-
" tic activity of E. histalyrica against native type 1 aases might be involved in tisstic damage is im-
4 and Il human collagen has also been described portant because with betier knowledge of such
[4]. Recently we and others have shown that the enzymces, stralegies may be designed to prevent
! cysteine proteinasecs are the main catalytic class or circumvent one of the major problems of the
N of proteolytic enzymes in extracts and lysates of discase, Several aulhors huve claimed that E, Ais-
! these celis [3,5). Unpublished results from our rolytica releases 0’ secfeles one or more protei-
- nases to the surrounding medivm [6-8], but other
‘ Correspondence address: R, Perez-Monifont, Departamenta .aulhcns hu\‘(; not been at_ﬂc to conf"um these find-
ety g Micruhlolaffd, Institule de Fisiologf Celular, Univensidad ings {4.9]. The hypothesis that lytic enzymes are
. Nocional Autdoma de Meéxico, Apartado Postal 70242, (4510 relcased by the surface active lysosomes beneath
A Mérico TLF., Rléaico, the membrane bound vacuoles [10,11] has not

Tt e & At " BRS. borste-buffered P been confirmed by more recent obscrvations
- cle #2% Abbreviationt: « barate-buffered saline: PHa-Apho 2-16]. Another possibility is thut proteinases are
- h—.-.u‘i)‘ Asatiicg PBS-A, phosphate-buffered saline for “ o} eF poss ) B P e

LG T - mmebas SDS, sodiuns dodeyl sulfate; PAGE, polyzcrylam: assaciated with I'I:c r!a.‘-n.la membranc of the cell,
ﬂ ! :.‘ e get clecttophioresis, PASH, phosphate buffer with am- Muiioz ct- al. have given indirect evidence thut the
s “monlum sulfuic; TS, Tis-saline boffer. collugendse of E. histolyrica is membrane bound
(hsﬂvowtrﬂ.fl) wrinomefhane; :
D166-655 1RSI0 50 ©) 1988 Elwwvier Science Publishers B.Y, (Biomedical Disision)



.

14]. Gadasi and Kessler [7] confirmed the associ-
ation of collagenolytic activity with the pltasma
membrane fraction, but concluded that the col-
lagenase is not an integral membrane protein since
it could be cluted fiom the membranes by a buffer
of high ionic strength.

Gonzilez-Garza et al. used peroxidase labeled
soybean trypsin inhibitor to localize putative pro-
teolytic enzymes in fixed trophozoites obtained
from a patient with amcbic enteritis. The inhibi-
tor was bound to the plasma membrane and the
- wall of digestive and intracytoplasmic vacuoles
117]. All these studies are suggestive of an orga-
nized distribution of these enzymes within the cell,
but there is no thorough study of the subeelular
distribution of the proteinases of E. histolytica. In
this study we report our results of the subcellular
distribution of proteinases in crude lysates, that
are gesistant to sodium dodecyl sulfate (SDS), and
visible by substrate gel electrophoresis. Our re-
sults show that mainly a low molecular weight
group of proteinases is associated with fractions
enriched in plasma membranes, while fractions
containing soluble components contain high, in-
termediate and low molecular weight protei-
. nascs, Consistently, when hydrophabic and hy-
drophilic components of amcbic lysates are
separated by hydrophobic chromatography or
Triton X-114 phase separation, mainly low mo-
lecular weight proteinases display hydrophobic
behavior and proteinases of high, intermediate
and low molccular weight behave as hydrophilic
proteins.,

Materials and Methiods

E. histolytica cultures, Trophozoites of E. histp-
Ivtica strain HM 1:1MSS were cultured axenically
in B1-5-33 mediuvm [18] at 36.5°C and harvested
after 72 h.

Subcellular fractionation. Subcellular fractions of
trophozoites were obtained using two differcnt
methods, One described by Aley et al. [19) which
scparales » plasma membrane — Concanavalin A
complex from other organclies by differcntial
scdimentation. The other, which uses self gener-
" ating Percoll gradicnts 1o fractionate these cells,
was described by Rosenberg and Gitler [8]. Pro-

tein was determined, in these last fractions by the
procedure described by Schaffner and Weiss-
mann [20]). For sbme experiments amebas were
lysed and fractionated in the, presence of 2 mM
iodoacetamide or 2.5% (vlvi-mcrcaplocthanol;
all lysis and fractionation steps werc done on ice
or at 4°C,

Proteolytic activity. proteolytic activity was deter-
mined by a colorimetric method using azocascin
made as deseribed by Starkey [21] (EME =
29.1 in 1 N NaOH) as the substrate. The method
was very similar to the one we described previ-

ously [3] with some modifications. Trophozoites -

werce washed three times with 15 mM potassium
phosphate buffer pH 7.5 and 184 mM NaCl (PBS-
A) by centrifugation at 150 x g at 10°C. The cells
were then separated according 10 the methods of
Aley et al, [19] or Rosenberg and Gitler [8] and
protein was determined in the fractions obtained,
For some experiments some of the subcellular
fractions were incubated 1 h at 4°C with 0.5%
Triton X-100. Piotcalysis was determined by in-

" cubating the crude or treated fractions with 1,25

mg of substrate at 37°C for different time periods
in 500 pi of SEnM Tris-(hydroxymethyl)amino-
methane (Tris) pll 7.5, containing 5 mM di-
thiothreitol. Proteolysis was stopped by addition
of 25 i of 1005 trichloroacetic acid and centrif-
ugation at 2000 X g for 5 min at room tempera-
ture. Ay of the supernatant was measured.
Enzyme activity units of hydrolysis of azocasein
were measured as deseribed by Starkey [21].

Substrate gel elcciraphoresis. A procedure vety
similar 1o the one we described previously [3] was
used, with some modifications. Briefly, samples
were mixed with two times concentrated electro-

" pharesis sample. buffer containing SDS and 4.5%

2-mereaptocthanol (final concentration) and were
not boiled. In somie cases the electrophoresis
sample buffer contained cither 2 or 5 mM io-
doacctamide o7 1 mM p-hydroxymercuribenzonte
and no 2-mercaptocthanol, The samples weore
separated by elecirophoresis in 7.5, 10, 12.5 and

556 polyacrylamide gels in the presence of 8PS,
and sometimes also in the presence of inhibitars,
Immediately after elcclrophmcsns the gcl was laid
on lop of another gel cantammg 2.5% acrylumide
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in 7.5 mM Tris-HCE pH 7.4, 150 mM NaCl and
0.57 mg mI~! of gelatin, but no SDS. The gels
were placed between glass plates, wrapped in wet
tissue paper, and incubated in a humid chamber
at 37°C for 3-24 h. Gels that contained inhibitors
were cither processed as described above or
washed four times with 100 ml of a buffer con-
taining 0.1 M Tris-HC1 pH 7.4, 150 mM NaCl and
2.5% (viv) Z-mercaplocthanol and then proc-
essed as described above. Staining with Coom-
assie brilliant blue R-250 was performed as de-
scribed previously [3]. Experiments with lysates
obtained in the presence of 4.5%% 2-mercaptoeth-
anol or with lysates incubated without inhibitors
at room temperature for various tengths of time
were performed in a similar fashion.

Polyacrylamide gel electrophoresis. Polyacrylam-
tde gel electrophoresis (PAGE) was performed in
12.5% acrylamide gels as described previously
[22]). Gels were stained with silver as described
earlicr [23] with somc modifications. Briefly, gels
were fixed by soaking for 1 — 24 h in 50% mcth-
anol and 12% acectic acid. The gels were washed
20 min in 20% ethanol and 10% acetic acid. The
gels were then soaked for 15 min in the same so-
lution containing 0.3 mg mi~* of freshly dissolved
KMnO,. The gels were soaked for 15 mia in 0.1
K.,CO, and then washed with water for 5 min. A
solution of 0.1% AgNOQ], was added to the gels
and incubated 15 min. The stain was developed
with a solution of 2% K,CO, and 0.015% HCHO.
Fresh solution was added each time a brown pre-
cipitate appeared. Gels were washed three times
with water for 1 min and staining was terminated
by soaking the gels in 1% acetic acid.

Hydroplobic chromatography. Washed tropho-
zoites (4.7 % 10°) were suspended in 5 ml borate
buffered saline (BBS; 200 mM boric acid, 160 mM
NaCl, pH 8). The cells were lysed by three freeze-

thawing cycles and were sonicated thrice for 2 min

in an ultrasonic cleaner (model B852, Cole
Purmer, Chicago, IL). The homogenate was cen-
trifupged at 13000 % g for 1 h at 4°C and the su-
pernatant was collected, The volume of the su-
periatant was adjusted to $0 mt with more BBS
and was diatyzed against two changes of 2 1 of
BBS for 24 h at 4°C, Solid ammonium sulfate was

3

added to the dialysate to a fina) concentration of
30%, according to Dixon's nomogram [24], and
centrifuged ot 13800 X g for 1 h at 4°C. The con-
centration of ammonium sulfate was increased to
70% in the supcrnatant and the cemirifugalion re-
peated. The resulting pellet was resuspended in
10 mt of 10 mM sodium phosphate buffer, pH 6.8
containing 1 M ammonium suifate {(PASB). For
hydrophobic chromatography, 9 ml of the sus-
pension were applied to a column (2.5 X 10.0 cm)
of phenyl-Sepharose CL-4B (Sigma Chemical Co.,
St. Louis, MO), previously equilibrated with
PASB. The column was washed with 220 m1 of
PASB without ammonium sulfate and 10 ml frac-
tions were collected. Asuy,, was determined be-
fore cluting with a gradient of 0-25% ethylene
glycol in PASB and subscquently with another
gradient of 25-50% ethylenc glycol (380 m! total
volume). The column was washed with 140 ml of
50% ethylene glycol, then with 260 ml of 1% Tri-
ton X-100, then with 120 m! water and finally 120
m with 2% SDS.

Phuase separation in Triton X-114. Triton X-114
{octylphenoxy polycthoxyethanol) (lot 23F-0701)
was obtained from Sigma and fractionated as de-
scribed by Bardicer [25]. The concentration of
Triton in the purified preparations was measured
at 275 nm (E=1.46 x 10°* M~ cm™!). Washed
trophozoites were solubilized in 1% Triton X-114
in Tris-saline (TS) buffer (10 mM Tris, 150 mM
NaCl, p1l 7.4) containing 0.3 mM N-e-2 4-dini-
trophenyl-L-lysine (Sigma) and 0.001% bromo-
phenol blue (BioRad, Richmond, CA) [26] at
0-4°C for 5-60 min. The supernatants were
collcted in the tubes on ice using prechilled Pas-
teur pipeties. Supcrnatants or unfractionated sol-
ubilized trophozoites were warmed for 30 min at
37°C and centrifuged at 4200 x g for 5 min at
room temperature. The supernatant (ycllow
aqueous upper phase) was scparated from the
pellet (blue detergent lower phase). The deter-
gent phase was redissolved in TS to the original
volume and incubated for 10 min at 0-4°C (D1).
Triton X-114 (with bromophenol blue) wus added
to a final concenteation of 1% to the agueous
phase (A1), The phasc separation was repeated
on: hoth sumples by rewarming and centrifuging
as duscribed above. The supernatant of DU was

>
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discarded and the -pellet redissolved in TS (D2)
and the pellct of A1 was also discarded and more
Triton X-114 was added to the supernatant as de-
scribed above (A2)., Phase separations were re-
peated up to four times and samples analyzed by
substrate gel electrophoresis.

High salt and high urea treaiment of membrane .

and vacuole rich fractions. Amebic lysates were
separated following the method of Aley et al. [19].
The fractions containing internal membranes and
plasma membrane were frozen and thawed once
and 500 p! of high salt, high urca buffer (1 M KC1,
3 M urea, 10 mM phosphate buffer, pH 6.8) were
added to remove adsorbed proteins [27). The
fractions were incubated in ice for 45 min and
centrifuged at 40 000 X g for 60 min. The pellet
was washed with 50 mM Tris pH 7.5 and resus-
pendcd in 500 p! of that same buffer. The super
natant (200 pl) was desalted in a 1 ml Sephadex
G-25 column (Pharmacia, Uppsala) previously
equilibrated with 50 mM Tris pH 7.5 [28]. Ali-
quots of 75 ul were mixed with SDS-PAGE sam-
ple buffer and analyzed by substrate gel electro-
phoresis. The substrate gel was dried between two
cellophane sheets and densitometric scans of dif-
ferent lanes were obtained in a DU-50 spectro-
photometer {(Beckman, Palo Alto, CA).

Results ' -

Substrate gel electrophoresis ‘of proteinases of
amebic lysares in acrylamide gels of various con-

10%

centrations. We have previously shown that ame-
bic lysates show at least three zones of hydrolysis
centering at appgrent molecular weights {(M,) of
56000, 40000 and 27000 in 1092 acrylamide gels
in the absence of reducing agents [3]. Hydrolysis
is enhanced by dithiothreito] and mercaptoctha-
nol in 10 and 12.5% acrylamidc gels and, in these
conditions, hydrolysis is seen in regions compre-

hended in the M, range between 150000 and 23000

{3]). Trying to characterize better this hydrolyus
pattern, we analyzed amebic Yysates in polyacry-
lamide gels with various acrylamide concentra-
tions. Fig. 1 shows the patterns abtained using the
lysate equivalent to 2 x 10* cells in 7.5, 10, 12.5
and 15% SDS acrylamide gels and coincubating
with the gelatin gel for 8 h. Cleatly, the acrylam-
ide concentration in the separating gel has a great
influence in the resolution of the zones that show
hydrolysis of the substrate,

The gel with a 12.5% acrylamide concentration
provided the best separation and hydrolysis pat-
tern. It showed hydrolysis regions with M, cen-
tering at 73000, 45000, 360600, 30000, 26000 and
23000. Thus for further studies this concentra-
tion of acrylamide was uscd for scparation, The
proteinases or groups of proteinases were classi-
fied arbitrarily according to their M, the 73 kDa
molecule(s) as high M, proteinase, the 45 and 36
kDa molecules as intermediate M, proteinases and
the 30, 26 and 23 kDa molecules as low M, pro-
teinases.

The hydrolysis pattern secn in Fig. 1 is quali-
tatively very reproducible. It was abserved in lys-

12.5% 15%

VY T

" Fig. 1. Zymuogrem of geh with different acrylamide concentrations on which lyaates of 2 x 10" amebas wete analyzed in the pros
ence of 4.5% (viv) 2-mcrcaploeth4not The substrate gel contnined gelntin. Coincubation time of scparuting and- suhslmtc gels
ws B h. § marks the end of the stecking gol, F is the dye front.
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Fig. 2. Zymogram of a ge! on which subceliular fractions of

amebas were analyzed. The method of Aley et al. way used

to fractionate 2 ® 10* amebas. (A) Supesnate I: soluble com-

poncnis; (B) peliet I1: internal membranes; (C) pellet Ul non.

vesiculalcd membranes and debris; (D) pellet IV: plasma
membrane; and {E) total Iysaie,

ates obtained and scparated electrophoretically in
the presence of the inhibitors iodoacetamide or
p-hydroxymercuribenzoate, after washing out the
inhibitor from the scparating gel, The same pat-

tern was also ebserved in lysates obtained in the

presence of 4.5% 2-mercaptocthanol, and in lys-
ates that had been incubated up to 8 days at room
temperature in the absence of inhibitors or acti-
vatars (data now shown).

Occasionally, there were quantitative varia-
tions in the relative intensity of the individual hy-
drolysis zones in different preparations, but these
variations could not be associated with the age of
the culture, the temperature or time of prepara-
tion of the enzyme samples, the length of the in-
cubation, freczing and thawing or the presence or
absence of inhibitors, We never observed the ap-
pearance of new hydrolysis zones and there was
no cvidence that the pattern varied in a manner
that could be expluined by degradation of the high
M, proteinascs.

Subcellular localization of proteinases. In order 1o
assess the subceltular distribution of the protei-
nuscs, amebas were initially separated according
to the schemie of isolution of plusma membranes

5

described by Aley et al. [19]. Following this
method one obtains four well characterized frac-
tions labeled: supernate I (which contains solu-
ble components); pellet 11 (which contains inter-
nal membranes); pellet IV {which contitins plasmn
membranes) and pellet 111 (which contains non-
vesiculated membranes and debris) {fig. 1 in ref.
19). Substrate gel analysis of these four fractions
shows that all groups of proteinases are present
in the soluble components (Fig. 2, lane A), but
the high M, proteinase is greatly cnriched with
respect to the other groups. (Compare with tanc
E which contains total lysate.) The other three
fractions contain the intermediate and low M,
groups of proteinase and lack the high M, pro-
teinase (lanes B, C and D). These resalts indi-
cated that a discrete group of proteinascs is as-
sociated with the membranes, particulurly with the
plasma membrane, when purified according to this
method. This same distribution of hydrolysis
zones was observed in experiments in which lys-
ates were obtained, fractionated and analyzed in
the presence of iodoacetamide or 2-mercaptocth-
anol. Since the proteolytic activity scen in the
plasma membrane fraction could be duc to con-
tamination of this fraction with components of

8=
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Fig. 3. Comparivan of the SDS-FAGE paticrn of diffcrent

sulketfular fractions obtuined by the metlod of Alcy el al. (A)

Supernate 11 soluble components; (B) pellet 11: Internal

membsanes; (C) peliet §I: non-vesiculuted membrancs and
debiisg and (D) pellet IV plusma membrung,
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TABLE t . :
Proteolytic activity of subceliulas fractions ol E. histolytica

Fraction Reported contents Activily
{prolculytic
unitsmg
protein}

Supernute 11 soluble compancnts 1.24

Peltet 11 intesnal membranes 2.51

Pellet IV plasma membrane 7.66

Pellct 11 non-vesiculated mem- 0.55

branes and dehris

Total lysate - -1.90

other fraction(s), we tested this possibility by
running SDS-PAGE of the four different frac-
tions and stained the gel with silver. Fig. 3 shows
that each of the fractions produces a different
band pattesn. Since the total protein in the plasma
membrane fraction {lanc D), as determined by the
biuret reaction, was one 24th part of that in the
internal membrane fraction (lanc B) and five
times that in the non-vesiculated membrane and
debris fraction (the most likely contaminant, lanc
C) and all lanes show a different band pattern in
the gel, it is very unlikely that the amount and
type of proteolytic activity scen in the plasma
membrane fraction is duc 1o contaminants. Table
I shows the proteolytic activity of the different
fractions on azocascin. The plasma membrane
fraction has the highest activity per milligram of
protein, which is approximately three tinics that
of the internal membrane fraction. Since it has
been demonstrated that Concanavalin A may
stimulate the release of amebapore and of thiol
activated proteinases [8], we decided to use the
method described by Rosenberg and Gitler using
self-geaerating Percoll gradients. This could rulc
out the possibility that the proteinascs are asso-
ciated with the plasma membrane because of the
treatment with the lectin in the experiments de-
scribed above. Fig. 4 shows representative results
of the proteolytic activity on azocascin and the
protein concentration of the different fractions.
There are two peaks of aclivity, one centering in
fraction 9 which is rich in the lysosomal enzymes
B-glucosaminidase and acid phosphatase and the
highest peak in fraction 14 which is rich in plasma
* membrane markers [8]. The insct shows a sub-

_ strate gel electrophoresis of cqual volumes of the

diffcrent fractions obtuined. Again, all groups of
proteinases are present in fractions 2, 4 and 6
which contain solihle components. Fractions B,
10 and 12, also show a similar pattern to lanc B
in Fig. 2 which contains the internal membranes.
Fractions 14 and 16 contain mainly the low A,
protcinases and the pattern observed is very sim-
ilar to thai of the plasma membrane fraction ob-
tained by the other method. Fractions 16 and 18
show a loss of two proteinases with M, of 30000
and 23000. The apparent loss of activity in the
substrate gel is due to the sharp decrease in pro-
tein concentration in the middle and bottom frac-
tions (sce also fig. 1 in ref. 8). Further evidence
supporting the membrane association of inter-
mediate and low M, prolcinascs was obtaincd by
exposure of fractions containing internal vesicles
or plasma membranc to a high salt and high urca
buffer. Fig. 5 shows that in both preparations a
pant of the proteinases behave as integral mem-
brane proteins and another group is loosely
bound. Densitometric estimates of the percent-
age of proteolytic activity associated with the in-
ternal membranes (lancs B) and with the plasma
membrane {lanc E) were 37.9 and 45.5% respec-
tively.

Hydrophobic chromaiography. Fig. 6 shows a
representative chromatogram of an amebic lysate
separated in a column of phenyl-Sepharose. The
inset shows a zymopgram of gelatin of sclected dif-
ferent fractions. The first peak, fractions 5 — 10,
represcats unbound material and does not con-
tain any detectable proteolytic activity. The first
group of proteinases eluted, which is in the last
fractions with unbound material, has molecutes
from the three groups and apparently only onc of
the low M, protcinases is detcctable in this hy-
drnpln}[ic fraction (pnol of fractions 12-18, insct
lane A). Subscquently when the ethylene glycol
concentration was raised first from 0 to 25% and
then to 5052 the other protcinases of lower Af,
sturi to clute (fraction 39, inset lane b). The ma-
terial that remained bound to the column was
eluted with 1% Triton X-100 (fruction 90, inset
lanc C), washed with 120 m! water and finally with
2% SDS, The cluste with 2% SDS did not show
any detectable proteolytic activity, In the cluate
with 1% Triton X-100 the lysis zone of the pro-
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Fig. 4. Subcellutar distribution profile of proteolytic uctivity and proicin conceniration of E. histolyrica in Percoll gradicnts. The
insct shows a zymugram of a gel on which equal voluines {25 wl) of dilferent fructions {number abuve lunc) were analyzed. T,
total amehic lysate; ST, molecular weight standurds: @, proteolytic activity: o, protein concentration.

teinase with the lowest M, was more evident, The
peak at 280 nm from fraction 80 to frection 100 is
mainly duc to the absorbance of the detcrgent.

Phase separation of amebic lysates. The two
phascs (agueous and detergent) obtained by phaswe
scpariation of a8 1% Triton X-114 extracts were
analyzed by substrate gel clectrophoresis. Fig. 7
shows the distribution of the proteinases during
four cycles of separation. High, intermedicte and

low M, proteinases remained in the aqucous phase
(lancs G, H, 1 and J corresponding to Al, A2, A3
and A4) while only intermediate and low M, pro-
teinases partitioned in the detergent phase (lanes
C, D, E and ¥ corresponding tu D1, D2, D3 and
D4}, (The meaning of Al or D1 is explained in
Muterial and Mecthos,)
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Fig. 5. Zymogram of a gel on which subcellular fractions of

amebas treated with high salt, high urea bulfer were ana-

lyzed. (A) Untreated intema! membranes; (B) pellet of trealed

imernal membranes; {C) supernatant of treated internal

membranes; (1)) {nll‘cm:d plasma membrane; (E) peller of

tecated plasma membrane; and (F) supernatant of treated
plasma membrane.

0. D. 280 nm

Piscussion

In this study we have determined with more
accuracy the numbcr and M, of SDS-resistant
proteinases reported in our previous work [3], We
have also attempied to establish the subcetlular
distribution of these molecules as well as their
hydrophahicity or hydrophilicity. By introducing
several minor modifications in the substrate gel
clectrophoresis mcthod we uscd previously such
as changing the acrylamide concentration in the
scparating gel, omitting the exchange of SDS with
Triton X-100 after electrophoresis, including a
reducing agent in the electraphoresis sample
buffer and varying the time of contact between the
substrate gel and the separating gel, a better res-
olution of the lysis zones was obtained (Fig. 1).
In general, good standard conditions were apply-
ing the lysate equivalent to 2 x 10° amebae per
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Fig. 6. Chromatographic separation of an amebic extract in o phenyl-Sepharuse culumn. Unbound samply {flow through sriow

1} was collectzd initially. Bound pmlcins were cluted with a linear gradient of 0-25
. cihylene glycol Garrow 11), The culumn was then washed with M4 ethylenc ghyco! (arrow
- TH), 155 Triton X100 {arrow 1V) and finslly with 26 SDS (arrow V). Fraction volume was 10 mi. The dashed line shows the |

"with another linear gradicnt of 25-507%:

a ethylene glycol (arrow 1) and subseyuently

mnduﬂance The inset shows & zymogram of & ged on which dilfeeent fructions of the column cluate were ll'l"ll}?td {A) Puul of '
s lrncl-um 12-18; {B) feaction 3%; (C) fraction 90; and (13} total amchic lysate.
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Fig. 7. Zymogram of & gel on which aqueous and detergent
phases of amebic extracts obtained with Triton X-114 were
analyzed. {(A) Molecular weight standards; (B) total amcebic
lysate; (C - F) D1, D2, D3 and 34 respectively; (G - J) AL
A2, A3 and A4 respectively (sce Materials and Methods).

lane and 8 h coincubation of the separating and
substrate gel. In these conditions six lysis zones
were apparent, and were best observed with the
12.5% acrylamidc scparating gel. (The 15% ac-
rylamide separating gel showed comparable re-
sults when the amount of lysates was equivalent
to mare than twice the amount stated above.) The
lysis zones occurred at M, of 80000-60000,
56000-45000, 40000-35000,  33000-29000,
30000-25000 and 23000. The results indicate that
the number of proteinases that can be detected
by substrate gel clectsophoresis in E. histolytica
strain HM 1 is at least six and not four as we had
previously reported [3}. We think this pattern re-
flects an initial distribution of proteinase activity
in intact amcbac for the following reasons: (a) the
same pattern was abserved in lysates obtained in
the presence of inhibitors or activators of cys-
teine proteinases, (b) a very similar distribution
of lysis zones or radioactive bands was abtained
when the proteinases were purified using ay-ma-
croglobulin {3], and (c) scveral authors have pur-
ified high, intermediate and low M, protcinases
from lysates of E. histolytica [1,29-31]. Further
suppott comoes from experiments designed to test
the stability of these proteinases to autodipes-
tion. The observed patlern did not change in
crude lysates incubated for 8 days at room tem-
perature in the absence of inhibitors. Also, the
distribution of the protcolytic activity associated

9 .

to different hydrolysis zones in different cell com-
partments, in the presence of inhibitors or an ac-
tivator of cysteine protecinases, and in solvents of
different polarity %as entirely reproducible.

We now identify the 80-70 kDa proteinase with
the 66 kDa molecule of unknown catalytic class
we reported [3]. Recent experiments have con-
firmed our previous finding that this hydrolysis
zone is partially inhibited by p-hydroxymercuri-
benzoate (2 mM) and completely by higher con-
centrations of iodoacelamide (> 5 mM).

The wide band with M, centering at 27000 in
our ‘prcvious study resolved into three bands with
mean M, of 30000, 26000, and 23000. This dis-

covery was the result of the modifications to the

method of substrate ge! electrophoresis men-
tioned above. These hydrolysis zone as well as the
ones cavsed by the intermediate M, proteinases
are inhibited by cysteine proteinase inhibilors.
The resulis obtained by two different methods of
subcellular fractionation clearly show that the high
M, proteinase(s) is (are) exclusively in the solu-
ble fraction of the cells and that the fractions
containing internal vesicles or membranes or
plasma membrane contain only intermediate and
low Af, protcinases. The soluble fractions of the
cells also contain some intermedinte and low M,
proteinases. H cannot be established i these mol-
ecules are identical, similar or different to those
in the membrane fractions, This will be the sub-
ject of further investigation. Our resulls suppest
that the 73 kDa proteinase(s) is (are) the most
hydrophilic of these molecules and that the 23
kDa proteinase(s) the most hydrophobic. This last
observation is supported becausc it is more evi-
dent when the hydrophobicity of the buffers is
highest and it tends 1o disappear from the aqueous
phase [ollowing Triton X-114 phuse separation,
It is currently thought that E. histolyiica is con-
stantly turning over its plasma membrane [29].
interchanging its outer membrane with fiesh in-
tcenal membirane. Our results support this hy-
pothesis becausc they supgest that the proteinase
compaosition of the internal 