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ESTE TRABAJO SE REALIZO EN EL 

INSTITUTO DE FISIOLOGIA CELULAR BAJO 

LA DlRECCION DEL DR. RUY PEREZ­

MONTFORT A QUIEN QUIERO AGRADECER LA 

OPORTUNIDAD QUE ME HA DADO , ASI COl10 

SU CONFIANZA, PACIENCIA Y AMISTAD. 
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lNTRODUC:C:lON 

En la noto. preliminar a lo bibliograf ia Mexicano del 

•bceso h•p•tico, qua publicara Furnier en 1956, Fornandez del 

Ca&tillo releta l• llegoda, en el año de 1611, del eu6tero Don 

Fray Garcia Guerra, arzobiapo de "éxico y Virrey de la Nueva 

Españo., quien •alleciO poco tiempo después de llegar o M~xtco, 

cuando estaban adn frescos los recuerdos de los festejos con los 

que &e le recibió. El Sevillano Mateo Alemán, autor de Guzman de 

Alfarache, novela picaresca de los dltimos años del siglo de oro 

de la literatura Española e introductor del Quijote a la Nueva 

España, hizo recuento detallado del mal del Virrey, quien padeció 

de 11 ••••• flaqueza de ~nimo, congojait:> y algi.'.tn poco de calor 

dama.si ado ••• u. Para huir del trajin de la capital &e refugió 

donde ~ue tratado por varios médicos, a pe&ar de lo 

cual la fiebre,, el dolor en el htgado y el hecho de "•.haberse 

corrompido por le parte interior espanto6amcnte D.quel 

abcaso ••• ", obligaron a que un Domingo a laG 4 de la tarde 

abrieran o Su Ilustri6ima, quien sobrevivió escasas doG &emanas. 

En Ja autopsia 11 
••• hallaron en la parte cóncava de la pÜnta del 

~igsdo, centidad como de medio huevo, por donde se aliga con las 

costillas, por las materias que le acudian de aquel lado ya 

podrido ••• 11 <1> 

Segurpmente, el mal que causó la muerte a. Don Fray 

Garcia Guerra, es el mismo mal que actualmente causa la muerte a 

aproximadamente, entre 40,000 y tto,ooo personas anualmente en el 

mundDJ es el mismo mal que en nuestro pa!& es un problema de 

•alud grave, el mal caue.ndo por une. de Jats c6lulots procariontes 

mA& primitivas, por el Protozoario : EotAmQ~~ª b!BtRLX~i6~ 
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CICLO DE VIDA 

~L bi~~glxtl~@ eG un protozoario de lo clo&e Bbi~gggg~ 

<Siebold, 1845> y del gfnero ~n~Amec~@<Leidy, 1879>. Su ciclo de 

vida es complejo y en fl se producen alguno& combios en lo 

morfologia del parAsito; los m4s importantes desde el punto de 

vi&ta médico Gen el quiste y el trofozoito o Terma móvil. Las 

formas intermedias, el prequiste y el metaquiste, son parte del 

ciclo biológico. El ciclo comienza con una divi6ión binario, que 

ha sido confirmada por la cinefotografia; con e~te método tambi•n 

se ha observado que algunas amibas se dividen de tiempo en tiempo 

por un mecanismo que recuerda a 1& conjugación, pero despufa de 

•lgunes divisiones, la motilidad de algunaE amibas di5minuye y 

los organismos muestran menos pseudopodos, se hacen redondos y 

m&s pequeWas, can p•rdid• del moterial en &u citoplasma. 

••tadio se llama QC•9Yi§1g, v •s seguido inmediatamente por la 

secreción de una gruesa membrana y de dos o tres divi6iones 

adicionales del nócleo, transformándose en DY!•1B nuevamente. En 

esta etapa las amiba& son suceptibles a cambios de temperatura, 

pero en condiciones adecuados de humedad pueden &obrevivtr por 

periodos prolongados. Un• vez que llegan al estdmago, la c•psula 

del quiste es digerida por el jugo g&strico, el citoplasma ne 

divide tantas v•c•& como existan nócleos, y a veces un nómero 

mayor& este estadio se llama metaquiste. Estas peque~a& amibnE 

lle9an a la luz intestinal aumentan su tamaño y se vuelven 

tcgfg~gltg~, completando el ciclo biológico. (2) 
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BIOLOGIA CELULAR 

En el estado de trofozoito, y en preparacione& teKidas, 

la amiba present• una membrana delgada, el contenido celular 

ctaram~nte se divide en 2 porcionesr una zona axterne o eKopl~sma 

qu• es m6s clara y da lugar • sauddpodo• y una zona interna o 

andoplasma, finament• granular y con muchas vacuolas. Los 

estudios an microscopia elactrdnica demuestran que g. b!§tg!xtlE~ 

se caracteriza por la ausencia d• la mayorJa d• las organelo& 

encontrados en la& células eucarionte& como, por ejemplo, aparato 

de Golgi, retlculo •ndopl•smico rugoso, mitocondriaa, centriotos 

y microt~bulos. Actualmente , a pesar de le organización simple 

del par&sito no •• todavta posible separar aqualllos component•• 

membranoso• involucrados •n la tntern•lización y degrad•ción de 

component~s externos, de aquellos relacionados con la sintesis, 

canalización, concentr•ción, empaquetamiento y libaración dR 

productos extr•celular•s. <2,3> 

Sobre su metabolismo, 

baJ•• tensiones de oxigeno, 

carancie de mitocondri••· ~~ 

se sabe que puede sobrevivir • 

aspecto que se con~irma por 

biEte!~~i~~ degrada glucosa 

su 

• 
piruvato váa la ruta de Embden-Meyerhof. El lactato no •• su 

producto final y la Lactato D••hidrogenasa no ha sido dete~tada, 

el pirofosfeto inorg4nico reemplaza al ATP en re•cciones de la 

glucóli•is. La amiba presenta una r•spiración endógena cuyos 

productos finales &on 1 acetato, etanol y C02 • La respiración &e 

incramanta en presencia de glucosa, galactosa, L-sarina y atanol1 

no hay evidencia de un ciclo de Krebs paro si de un• caden4 



re•ptratCrte ccmpue&te por acarreadore& identificada& como 

flavina&, proteínas na h•micas y proteínas hierro-azufre.<4> 

l'IECANlSHOS ClTOPATOGENlCOS 

El e&tudto de E~ b1~~gl~~lE@ GC favoreció por la 

creación de un medio de cultivo axénico desarrollado por Diamond 

en 1968 <S> y perfeccionado por •l en 1978 <6>. A partir de 

entonce~ la inveEit.igactón sobre la amiba se ha intensificado y 

comprende actualmente varios enfoques entre los que que se 

encuentran, principalmente , los relocionadoP a la investioación 

d• los mRCanismos citopatogénicos de la enfermedad y la 

posibilidad de contrarrestar tales mecanismos. El resto de los 

•nfoqu•s comprende •1 •atudio de su btologia celular, dado que 

la amiba, es un DrQantsmo que desde ese punto de vista ee. 

interesante y puede utilizarse como modelo para el estudio de 

varios praceaos celulares, como por ejemplo le faoocitosis, 

pinocitosis y todo lo relacionado a la movilización da la 

membrana • Por eu alta movilidad puede ser ótil en el estudio del 

citaasqualeta • 

Una de la6 preguntaG fundamentales, que esto relacion•da 

con la comprensión de la amibiasis humana, a& la na~uraleza da 

los factores qque provocen que de un estado no dañino <portador 

sana> la amiba se torne un agresivo invasor Camibiasis invasiva>. 

El resolver e&te cuestión no eE fácil por et hecho de que la 

virulencia de la amiba varáa ampliamente. Sin embargo •e han 

4 



establecido algunos parAmetro• para evaluar la patoQenicidad de 

varias cepas de EL b!~!2l~!ls~ en compar•ción con amibas que no 

son patógenas. De entre e~tas caracteristic•• destacan l•• 

siguienteG (7)1 

1.- Presencia de lectinas en la membrana 

2.- .. .. fosfolipasa• •n la membrana 

3.- Gener•cion de un ameboporo 

4.- Alta tasa de aritrofagocitosis 

~.- Aglutinación con Concanavalina A 

6.- Produccion de proteinasas 

La presencia de •dhemiba• a lectinas ~ue reportad• por 

primara ve~ por Kabilar y Mirelman •n 19BO CB> 

pueden ..... bloqueada& pcr oligo&acarido• 

••tas 

de 

l•ctin•• 

la N-

ac•tilglucosamina tales como quitriosa o t•traosa. Recient•ment• 

ha habido varios reportes sobre lectina& de ~~ bia~el~!!~•· Se 

considera que todas ella• participan •n la eritrofagocitosia y la 

adherencia de la amiba a las c6lula• del epitelio int•stinal. C9> 

Se ha reportado que la amiba. an contacto con la c•lula 

blanco. puede romper l• membrana celular de •&ta, este efecto 

citolatal puede ser provocada por una fo•folip••• qu• la amiba 

pre~en~a en &u membrana <10.tl). Otra posibilidad •• que •• 

eKpon~a de manara •spont•nea en la membrana una proteina que 

pu•de form•r caneles •obra la cflula blanco ll•mado am•baporo• •l 

cmnal formado podrla incrementar la permeabilidad al calcio .n la 

c•lula bl•nco. lo que conducirla a una depoJimerizaci6n de la 

tubulina y al relajamiento d• la• uniones intercelulares 

di•ociando asi •l epitelio C12). Sin emb~rgo. la• evidencia• qu• 



apoy~n e~ta hipOtesis son indirectas. Además eurgen muttipler. 

pregunta• acerca d• como •1 amebopara •& •xcr•tada, cual •• la 

&eWal par~ llevar a cabo este mecanismo y como le amiba pu~de 

•vadir su propia ameboporo. 

Otro ~actor son las enzimas proteoláticas, las cuales 

pueden tener una actividad citatOxica y además pueden actuar 

sobre la motriz extrocelular. <13> 

LAS PROTEINASAS COMO MECANISMO CITOPATDGENICD 

Las enzimas proteoláticas derivan su nombre por su 

capacidad para degradar sustratos protéicos. Barrett 114> 

clasificó a las enzimas proteoltticas en 2 grande~ gruposc 

EKopaptidasa& v Endopaptidasas. La& •xopeptida&as o peptida&aG, 

remueven o act~an en Ja& regiones terminales de Ja proteána o el 

peptido y por lo tanto podemos encontrar 2 tiposz 

carboKipeptidasas y aminopeptidasas. Los endopeptidasas o 

prat•inasas son aquellas qua act~an •abre los enlaces peptádicos 

que no sean los terminales, su cl•cificacidn esta dada sobre la 

de su mecanismo catalático más que por su fuente, 

especificidad o función. En ese sentido se tienen 5 grupos de 

endopaptidasas1 Prcteinasas de Serina. Proteinasas de Ciat•ina , 

Proteina&as de Asp4rtico, Metaloproteinasns y Proteinasas no 

clasificadas. 
Las proteinosas de Serina se caracterizan por la 
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presencia de una •erina reactiva en el 11iitio activo el 

mec•nismo catalitico de estas proteina&a& involucra el enlace 

covalente del sustrato a ese residuo de aerina. Las proteina&a& 

de Cisteina contianen un residuo de ciateina que esta involucrado 

en un complejo covalente con el &U6trato. Por su parte la& 

de aspArtico contienen 2 residuos de este amino•cido en su& 

centros activos que estan involucrados en lo ruptura del enlace 

peptidico, en ente caso el mecanismo se considera como una 

ca.tali&i& 6cido base en lugar de la formación de un complejo 

covalente enzima sustrato como en las clases anteriores. Las 

metaloproteinasas contienen iones met•lico~ en su sitio activo 

cuyo papel &S probablemente mejorar la nuclcofilictdad del agua 

aai como polarizar lM ruptura del enlace peptá.dico antes qlte 6E' 

dé al ataq1.1e nucleofilico a. este. La dltima subclase acomoda a 

enzima& que no tienen la suficiente pureza como para permitirles 

una asignación catalitica o que claramente no encajan en algun•& 

de lee eKistentes, ya &ea porque no &on inhibidas por los 

inhibidore& clAsicos a porque pueden pertenecer a una nueva 

cla&e catalitica (15). 

Investigaciones reciente&<l6) indican que la6 

proteinasas de ~~ b~§19l~1i~ª son importantes en la necrosis 

tisular. Actualmente no se tienen dato& claro& u homogeneos •obre 

l•& propiedades de estas proteinasas por lo que muchas 

acftrca de cu4ntas astan presentes y de como ellas 

contribuyen a la patogenicidad de la& amibas, estén ~odaváa gin 

re&puesta. 

La actividcd proteclática de EL bi.§~2l~~1G@ puede estor 
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relacionada con la virulencia de varia& cepa& cultivada& en 

condicione& ax•nicas(17-19> 

Los primeros repartes acerca d~ las proteinasas de ~. 

bi~tg!~t!Eª presentaron un panorama contradictorio &obre el papel 

de •&tas en la patogenicidad • Probablemente los re&ultados 

obtenidos en estas primeras investigaciones ~ueron sesgado& por 

la presencia de otros oroani6mos en el medio de 

<20> encontrd que la variedad de enzimas 

cultivo. Reeve& 

trafozoi tos de cultivos K~nicos fue diferente 

encontrados en cultivos aK•nicos de E~ b!§tg!~t!Eª~ 

presentes •n 
de aquellas 

McLauohlin y Faubert an 1977 <21> fueron 105 primeros en 

estudiar a las proteina&as de ~~ hl&t~L~~lE@ en un medio ax6nico. 

Estos investigadores reportaron la actividad de una proteinasa 

•ctda con un peso molecular <p.m.> de 41,000 y un pH óptimo da 

:s.s Ademé& encOntraron otra actividad detectada a pH 6 qL•e 

correspondió a una proteinasa de p.m. de 27,000 • Esta dltima fue 

inhibida por iodoacetamida v suero, siendo activada por ciatoina 

y ditiotrietriol <DTT> 

LuGhbaugh en 1979 <22> purificó parcialmente a partir de 

trofozoitas, una citotoxina de p.m. en el rango de lo& 30,000 qua 

desprendió a cflulas cultivadas en monacapo v las deformo. 

Bes en 1979 y 1980 (23,24> con~irmd la pr•sencia de esta 

citotoxána pero obteniendo un p.m. entre 35,000 v 45,000. 

Adem.ts demostró que la actividad citatOxica era activada "in 

vitro11 por e.gentes reductores v era inhibidn por iodoacetamida. y 

suero. Concluyo que •ste factor puede ser el responsable da la 

citotoxicidad de la amiba medieda por contacta. El autor 

correlaciond asta taKtna can la proteinaaa da bajo p.m. roportada 
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por McLaughlin v Faubert. 

McGowan en 1982 <25> comparó la •ctivid•d citotóKica de 

de 4 cepas da ~~ bi~~gl~t!s~ qu• variaban an virulencias 

encontró que habta una correlación directa entre el grado de 

virulencia y de actividad. Proteinas con p.m. de 59s000 • 66s000• 

69,000 y 25,000 eKhibteron •cttvidad citotóxica que 4ue inhibida 

por suero, 

reductores 

leupeptina y aprotinina .La eKpostsidn • agent•• 

no incrementó la •ctividad de glucosaminidasa, 

c•talasa, lipasa. gelatinas• v caseinasa. 

Muñoz V colaboradores •n 1992 (26) descrtbt•ron una 

actividad colagenolitica sobre todo hacia colagena tipo 1, la 

cual no 4uo inhibida por N-etilmaleimida, pero ai por ci•t•ina. 

EDTA y suero¡ m6s adelante <19) midieron la actividad 

cotageholftica d• varia• cepas de E~ b1~tgl~~l~~ y ehcontraron 

una correlación positiva. 

Gadasi y Kessler on 1983 <17> reportaron tambt•n la 

presencia de una actividad colaganolftic• en s~ bl~~el~t!~~. •in 

embargo asta actividad si ae activó can DTT y se inhibió con N­

eti lmal eimtdo. Tanto Mu~oz como Badasi mostr•ron que l• activid•d 

d• colagenasa estaba relacionada con 1• membrana plasm6tica d• 

l• amiba. Lushbaugh (27> sugirió qu• la actividad detectada por 

Gadasi podrla re4l•J•r la prasancia d• una tiol protein••• can 

actividad colagenolitic•• en ese sentido habria 2 colagen•••• de 

~L bi•tg!~ti~~1 una colaganasa tfpica y aspaclftca <Mukoz> y otra 

con una actividad colaganolitica inespeci4ic• <Gadesi>. 

Gadasi y Kobilar en 1903 <10) demo5trarcn una actividAd 

citotdxica de las enzimas prateolittca6 al desprend•r c•tulaa en 



cultivo a obre un 

responsabilizando 

cflulas 

• 
&ustrato de colagena y fibronecttna, 

éstas tambi•n del redondeamiento do las 

Lushbaugh en 19S4 <28> probó l• actividad proteolitica y 

citotoxica de vartas cepas de g.bi~iQl~~iS~· Los homoganados de 

la• cepas virulentas preaentaron una mayor actividad que laa 

menos virulentas. También purificó el factor con •mbas 

actividad•s y obtuvo una proteina con un p.~. 

un• similitud antigfnica en todas las cepas. El autor concluyó 

que la cttotox&na as una proteinasa neutra, que •& inhibida por 

suero y que es más activa en trofozoitos de cepas m4s virulentas. 

En otro trabajo da ese mismo año (29) Lushbaugh profundizó mAs su 

estudio, inhibiendo la actividad citotóxica con p­

Cloromercuribanzoato, iodoacetamida, 4-Bromof1tnacilbromuro (qu• 

son agentes que reaccionan con grupos tiol), con leupaptina y 

antipaina. La actividad se incrementó por agentes reductor••• En 

condiciones 

calcio 

6cidas la actividad fue inhibida por pepstatina, 

y marcaptoetanol. El p.m. que ae reportd fu• d• 

20,000 con un punto tsoelfctrtco (p.t.> entre 4 y 5. 

Scholze y Werries en 1984 (30) reportaron una protetna•• 

con una •lta actividad an condtcionea ligeramente 6ctdas. 

D•mostraron que e& un• tiol proteinasa con un p.m. d• 21,000 y un 

p.t. de 4.9. Por al p.m. y por,ser ttol protetnasa los autora• le 

calific•ron como catepsin• e, paro por l• actividad sobr• 

elgunos sustratos 1• clesificaron tambt•n como catepsina L. Eatos 

autores an 1987 (31) demostraron 1• especificidad de la enzima 

utilizando insulina como sustrato. que 

se concluyd que al sitio de corta de •Sta proteinasa 
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eeta entre el enlace Gly-Phe y que ademAs es capaz d• 

colegena de una manera distinta a l• colagenasa 

vertebrados. 

de los 

Lushbaugh en 1985 <27> purificó por cromatografía de 

afinidad lo que el llamó la catepsina 8 de gL b1~1Q!Xt!~~- El 

p.m. qua reportó e5 de 16,000. El argumento principal para darle 

l• categoría de catepsina B a eu enzima, fue la acción de ~ate 

sobr• un sustr~to reportado como especifico para catepsina 8 <Z­

Arg-Aro-AFC>. Por la inhibición que obtiene d• la actividad de 

enzima con iodoacetamida y p-Cloromarcuribenzoato lA 

consideró como proteínas~ de cisteina. Con esto y los resultado& 

antoriora5 que ha tenido aste autor, concluyó que es Ja c~tapsin• 

B de g~ h!e1glxti~e la responsable de la habilidad de Jos 

trofozoito& para 

redondeamienta d• 

proliferar • invadir lo& tejidos, 

las c61ulas y su desprendimiento de 

cultivos de monocapa "in vitro 11 • 

Keene en 1986 (32) aisló una proteinasa de 

del 

los 

b!~tQ!Xt!~~ con un peso molecul•r da S6.ooo. Consideró que •ata 

enzima e& eKcretada por la amiba y de hecho hizo su purificación 

a partir del medio de incubación de loa trofozoitos. Le atribuyó 

un pepel en Ja patogenicidad del par•sito por su capacidad de 

dogr•d•r un modelo da matriz axtracolular. asl como laminina, 

~ibronectina y colagena tipo J. El autor consideró a esta enzima 

como l• principal proteinasa de g~ bi§tQl~t!SA• 

Gitl•r en 1996 <12) mencionó datos obtenidos por su 

grupo sobre la purificación, por medio de una cromatograf i• de 

afinidad, de tres proteinasas de E~ b!•tg!xt!~~ con p.m. d• 

1l 



32, ooo, 26,000 y 16,000 con una •ctividad especific• muy atta. 

Estos resultados no han •ido publicados. 

Ro&alcs-Encina& y Rojkind en 1987 (33> reportaron la 

purificación de l• cotagenasa de g~ b!~1Q!Xtt~~ utilizando una 

al analizar •l eluldo de la columna da afinidad con colagena ¡ 

column~ 

p.m. de 

en un gel de ~lectroforesis, encontraron 3 banda• con 

70,000 , 45,000 , y 27,000 de l•• cuales al solamente 

considera la de 70,000 como 1• colagenasa y la& demá& como 

productos de degradacidn. 

En 1998 Luaces y Barratt C34) puri~icaron por medio de 

una cromatografiA de a~tnidad, una protoinasa de cistaina con un 

p.m. de 26,000 a la que la llamaron histoli&ina. Este resultado 

se di&cutid a la luz de los resultado& obtenidos por Lushbaugh en 

torno a la catepsina B amibiana. Se re~utó la afirmación de 

Lushbaugh argumentando que 5i bien •• cierto que •1 sustrato que 

utiliza es especifico para catepsina B, no debe &er est• •l dnico 

criterio para adjudicarlm esa denominaci6n • El autor raportd 

caracterát:.ticas sobre sustrat.oa 

aintdticos y concluyó que por los resultados obtenidos su anzima 

no puede catalogarse como catepsina B • L• reportó sin embargo, 

como la princip•l causante de la patogenicidad amibiana 
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OBJETIVO 

El objetivo del trabajo fue, en primer lugar, contribuir 

al conocimiento da la& proteinaaaa de EL b!~telxt!G~ Aportar 

datos cuantitativos acerca de las clases cat.all.ticas qt.1e la amiba 

pre&ento asi como la importancia de cada clase en la act.ivid~d 

protaolitica del par•stto. Desarrollar una nueva matodalogLa para 

el aislamiento exclusivo de proteinasn& utilizando a lo amiba 

como fuente de éatas • Se propuso también , establecer el n4mero 

de proteina~a5 que presento la amiba utilizando lo metodologáa de 

electroforesis en gel de sustrato y de la misma maneril dilucidar 

1• distribución subcelular de estas proteinasos 

Por- 111 ti"'º• en un intento de hacer una caracterización 

enzim6tica a futura, &e desnrrall6 una metadalcgtn pare la 

madicidn conttnua de la actividad protaolittca que puada aarnoa 

dtil para el e&teblecimiento de lan constantes cin6ticos de las 

proteinasas de EL biatel~tl~ª 
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"ATERIA~ES Y "ETODDS. 

La parte correspondiente·a materielee y mctodos oe da en 

los trabajas respectivos. 

14 



RESULTADOS. 

LoG resultado& obtenidos en lo realizacion de e&ta tc&i5 

han sido publicado& •n los siguientes trabajos1 

1.- Pérez-Mont~crt, R. , O&toa-Soloma, P. , Vclazquez­

Medina, L. , Montfort, I. •nd Backer, l. 1987. Catalytic classes 

of proteina&e& of Eot~mQg~~ b~~tgLxt!~~· Mol. Biochem. Parasitol. 

26• 87-97. 

2.- Ostoa-Saloma, P. Cabrera, N. , Becker, I. an.d 

P6rez-Montfart, R. 1988. Proteinases of Ent~me~~A b!~tel~tiG~ 

associated Mith diferant subcellular fractiono. Mol. Biochem. 

Parasitol. En Prensa. 

3.- O&toa-Saloma, P. , Remtrez, J. and Pérez-Montfart, R. 

1988. Measurement of casein digestion by a fluorometric method • 

Anal. Biochem. En Prensa. 
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RESUMEN DE RESULTADOS. 

Reaumen trebejo 1. 

En •&to trabaja fie utilizaron varios inhibidores de la 

actividad proteolática para determinar las closes cateláticas de 

las proteinasas de E~ bi§te!xt!~ª· Además, se raportd un método 

nuevo para aislar proteinamas utilizando a2-Macroglobulina, que 

fue probado en un extracto de E~ b1~1QlX11~~· 

Se reporto que al utilizar inhibidoreG de la clase 

catali Lica de cinteina entr_D el eo y el 90 Y. de la actividad 

proteoJStic:a se inhibió por lo que se consideró que (ofita es la 

clase catalítica principal. Cuando se utilizó inhibidoros de 

proteina&aG de serina, Ja actividad- se inhibid en un 10-15% lo 

que la hace ser la 2• clase catalttica en importancia. La 

actividad al utilizar inhibidore& de las proteinasaG de aspértico 

no fue diferente a la do los controles par lo que se consideró 

inexistente. La pre~encia de Metaloproteinasas no se determinó 

con precisión por la vari•bilidad del comportamiento de las 

inhibidoreG utilizados. 

Con la téc~ica de a2-Macraglobulina se lograran aislar 

varias prat.einasas de E~ biAt2!~ti~ª cuya actividad se comprobó 

sobre electroforesis en gel de sust.rat.oa se observaron claramente 

tres zoncs de lisis con p.m. de entre 20-30 Kd., ~O-SS Kd., 60-80 

Kd. Este re&ult.ado se comparó con los obtenidos al analizar un 

eKtrocto de ~mibo por Ja tfcnicc de electroforesis en gel de 

eust.rato dando biAsi camente 1 os mismos rest1l tados • con la 
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diferencia de que. con l• tocnica de la a2-Macroglobulin• &e 

obtuvo une act.i vidi0d eGpccifi ca muy Al t.n demo5trando e.lt capaci dnd 

come mlttado de atsl•mi'ento de proteina!iilas en un sistema 

determino.do. 

ReGumen del trabajo 2 

Utilizando la t.6cnica de electroforesis en gel de 

eustrato, modificada con respecto al trabcjo t y aplicado ~ un 

extracto de ~~ bl~1º!~~l~g , se reporto la resolución de 6 zonas 

de lisi5 cuyos pcsoG moleculares e.e comprenden entre lo& 20 y lo~ 

eo Kd. di&t.inguiéndose claramante tres zonas a lat;· que 

arbitrariamente se les llamo proteinaGae. de alto, madiono y bojo 

p.m •• La resolución de e&tas zonas varió con la concentración de 

acritamida • 

Utilizando 2 métodos 

subcelular, asi como otroG 2 

diEit.intoe. de 

métodos, tambi6n 

-fraccionamiento 

distintos, de 

fieparacibn de proteinas basado& en las intereccion hidrofObica de 

6stas, se obtuvieron lo& sigui~nte& rosultadosa 

t.- Les proteinasa<s> de Alto p.m. tuvieron propiedades 

hidrofllicas y por lo tanto ~ue cancordante con al hecha de 

encantrarlo(s) en El citople5ma de la amiba. 

2.- L35 protoinasas de mediano y bajo P• m. tuvieron 

proptedade~ hidrofObica~ Se locnlizaron tanto en membrenaG 

internas como en membrana plasmática 

3.- Lo& proteinasas de bajo p.m. encentre.ron 
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principalmente en Ja m~mbrana pleGm~tica y ep•rantementc 

•><i&tir como prat•Lnas intrtnaocas, ya que la actividad 

membrana na &~ pierde totalmente, al someter a f&ta 

tratamiento con &ates. 

pueden 

•n la 

a un 

4.- No &e con&idcrO que las proteinasas reportadas fuer•n 

productos de degradacidn, dado que loa experimentos controles, 

hechos en presencie de inhibidore& de proteinosos, 

miamo resultado. 

Resumen trabajo 3 

dieron el 

En este arttculo se reportó un método ftuorométrico para 

medir la actividad protcoliticc. La moyorta de los método6 

e>cistentes requieren etapas de precipitacidn, centrifug•ci6n y 

lectura espectrofctométri ca de los pcptidos generados durante 1 D 

reaccidnJ este proc~dimiento lleva por Jo tanto bastante tiempo 

para obtener uno curva de digestión enzimáticü. 

El método que se presentd aqut tiene la propiedad de dar 

trazos cont.i nuos aprovechando 1 a caract.cl"' l st.i CID. que tiene 1 a 

caseina de que, al ser digerida, ·disminuya su fluorescencia 

intrin6eca continuamente EGte efecto fue proporcional a lo 

cancentraciOn de caseina y la velocidad del apagamiento fue 

proporcional a Ja concentración de protcinasa • L~G proteinasas 

utilizadas variaron en su clase catalítica y en su pH dptimo de 

actividad, por lo que s~ considero que el método puede ger 

utilizado par una variedad de proteinasas. La &cnsibilidad del 
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~ 
SALIR 

método fue bastante aceptable eatando por 

TES!~ 
DE LA 

N!J UEBE 
u1aL1QTECA 

encima de variou 

m~todo~ tradicionales y &ólo por debajo de aquellos m~todos que 

•uel•n ser demasiado coatoGos. 

Las rclacionr.6 linenlc6 que eKictieron entre Pl grado de 

fluor-eacencia. y la concentracion de proteinasa aunado a su alt• 

senoibilido.d, hocen del método reportado una harramicnta pera lo 

determinación de la concentración de proteinasa en una &olucidn 

determinada .. También CE. un método con el que potencialmente 6P 

pueden, mediante un perfeccionamiento, hacer determinaciones 

cinéticas de la6 proteinasos o probar .. 
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DISCUSION. 

El resultado obtenido, en el sent:I do de que la eta~~ 

catalltica que mayoritariamente contribuye a la actividad 

proteolitica tot•l de EL bl§~gl~~!~ª es la de cist.eina, puede 

explicar&e •i consideramos la natur•leza parásita de la amiba, es 

decir, 5e sabe que las proteinasa• de los mamíferos partenecen 

prtncipalmenta • la clase cat.alitica de s&rina, por lo tanto, los 

mecanismo& de regutacidn (inhibidores) de la actividad 

proteolítica del or~anismo &eran principalmente para proteinasas 

d• sartna y en menor grado para proteinasas da asp~rtico, 

motaloproteinasa& 

llmga un •gente 

o proteinasas de cisteina; 

axtrafro que, como en 

por consiguiente si 

esta caso, •><presa 

proteina~as de cist.eina, el organismo parasitado no dispondr~ de 

muchos mecanismos de defensa para inhibir esta actividad, 

produciendo Dlt~raciones que, como con la amiba, conducen a un 

daño histolitico. 

En un modelo de necroGi & experimontaJ (16> cuando se 

abatid la actividad proteolitica de la amib• utilizando 

inhibidores de la clase catalática de ci&teina, no se observaron 

los e~ectos necrdticos del parásito. Al inhibir la actividad 

protaolittca, sa puede pensar que los otros ~actore& reportados 

como responsable& del da~o amibtano, deben estar en condiciones 

de actuar, aunque se puede argumentar que los mismos inhibidores. 

por su caracter tdxico, pueden inhibir tambi~n la acción de los 
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Sin embargo en ~1 primer tr•bajo se reporto el 

porcentaje de inhibición de la actividad proteolltica por parte 

de lo a.2-t1acroglobltlino (s:;: BS'X.) .cuando se u1>ó ente inhibidor 

fisiológico eKclusivo pa~a proteinasas, en el modelo de necrosis 

e><perimentel se observó uno muy pequeña manifectación nccrótic:a 

que pudo ser debida • el resto de la actividad proteolltica que 

no &e inhibió, mAs los otros factores reportados como citotóxicos 

demostrando de cualquier manera que las proteinasas de cisteina 

contribuyen 

En 

de manera significat.iva en la necrosi 6 tisul&>.r. 

este primer trabajo se empezó a dilucidar ol número 

de protei na.Ge& qltC mani f i ost a l D o.mi ba ut. i l izando un eMtro.cto 

crudo da •sta o aislando a las proteinasas por medio de la a.2-

Macroglobulina. El que en este primer reporte se hcyan observodo 

solamente tres grandes zonas de lisis, obedece a las prolongadas 

incubaciones que recibió el gel de acrilamidc despuós de lo 

separación •l•ct.rofor~tica antas de superponerlo sobre el gal con 

el mustrato eKiste la posibilidcd de que las proteínas, por lo 

incubación, se hayan difundido y por lo tanto no permitieron una 

re&olución con&picue de las zonas de digestión, de est.o. manPra ,. 

tres zonas dD liaia muy Juntas &e observarán como solamente una 

gran zona. 

La mejor reE>olución de las bandas de> digeEttión, E>e 

obtuvo cuando se modificó un poco el m4todo, camo se rmportó en 

el t.ri'.bajo 2. Se cambió el tiempo de incubación y ne omitió el 

proceGo de lavado dol gel; con estas modificaciones se alcanzó a 

resolver de manera. evidente, al menos 6 zonas de lisis que 

carr•spondieron a los p.m. que ya se hablan roportado en el 

trabajo 1, solo qt.ae chora. la zona de baja p.m. se re1>olvió en 
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tres bandas de digestión, la zen~ intermedia en do5 y l• da alto 

p.m. se mantuvo como una. Estas zonas de digestión 6e viéron mAs 

claramente separadas 

acrilamida de 12.5~. 

cuando se utilizó un porcentaje de 

Estas actividades proteoliticas fueron encontrada& 

asociadas a diversos compartimientos subcelulares. 

dos métodos distintos para la obtención de 

Se utilizaron 

los diferentes 

fracciones subce 1 ul il.res, uno qua utiliz.a • la lactina 

Concanavalina A (35) y otro que &e basa en la separación de los 

componentes por su densidad <36). Cuando se utilizó el primar 

m•todo,llamó Ja atención la actividad proteolítica en ta fracción 

de membrana plasmAtica. Se h• reportado C12) qu• la Concanavalina 

A puede activar a la amiba provoc•ndo ta inserción de prot.einas 

en su membrana y en e~e sentido se pensó qua las proteinasas •n 

1• membr•na ·de la amiba no fueran conGtitutivas, sino que por 

accidn de la Concanavalina A, 

se utilizó el 5egundo método, 

se insert•ran en ese lugar. Cuando 

que no incluye un tratamiento con 

Concanavalina A, los resultados fueron básicamente los mismos a 

los del primer método, por lo que se consideró que efectivamente 

pudidran existir proteinasas membranales en ~~ bi~~g!~~!S~· Ya 

anteriormente se habian reportado evidencias indirectas al 

respecto Ct7,26), pero no se habia reportado el n~mero ni lo& 

.p.m. de las proteLnas responsables d• la actividad proteolLtica 

dR la membrana plasmátic•· Este resultado se reiorzó cuando "" 
sometió a la membrana plasmática a un tratamiento de alta fuerza 

tónica, no 

proteolLtica 

pudiendose 

asociada a 

desprender totalmente 

dicha membrana¡ hubo 
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••ocia~a a dicha membr~n~¡ hubo parte de la actividad q1.ae se 

de1>pr.endió por lo que 6e penE--6 que pudi ér a 

de sDr excretados 

habeor prot et nat:>af'" 

o quo pudi6ran peri fari cas tsuceptible& 

tron6i tor ent.re un estado 601 uble y un est.odo mombrone.1 como 1ar. 

ha demostrado para &lgunas prot.etnas del citoesqueleto que por 

egte propiedad ae les llnma proteinas anfitrópicos (37>. 

Estas protei nasas de membrana plasmAtica d" 

papel importante 

las principales candidatas para asignarles un 

en el efecto necrótico sobre lo~ tejidoo 

animales. 

La6 membrena~ interna~ pr~centoron ademAs de 1 B.6 

proteinasas detectadas en membrana plasmática, los proteinasas de 

p.m. intermedio. El que en membranas internas se detecten 

prot:.enasas de membrana plasmAtica no es de extrañarse si 

consideremos la att.n movilidad y capacidad de recambio quo tiene 

la mambrAna plasm4tica de la amiba. Aley <38) encontró dos 

ele.ses de vesiculas interna6 unas vesá culos pequeñas 

acidificadas que corresponden a 1 isosómas secundarios y qua 

tienen una tasa de intercombio con el exterior muy lontc. y 

otras vesáculas muy grandes provenientes de endocitosia con 

material que rApidam~nte 1::.c int.crcambi a con el mcdi o 6in 1>ufrir 

alguna modificación y que generalmente no forman compartimientos 

acidificado& Se puede pcnGar qlte las prot.einacc& de p .. m. 

intermedio que presentan las membranas internas de la amiba 

tienen unn fllnci ón di gest.i V¡t. pa.ri'\ Jo ¡¡mi ba mtt5 quo un" 

participación en la citopatogenicidad del par4sitoª Sin embargo , 

K•ene, McLaughlin, BoG~ McBowan han demostrado Je prc&cncia de 

protoinasas que corresponden a los p.m. encontrados para las 
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proteinaaas de p.m. intermedio Lo mi&mo sucede con la 

proteinosa c.oluble, 6u püpel en el mccüni6mo citopatogénico no e~ 

claro y sin ~mbargo se han reportado proteina&a& de ~~ 

bl~~º!~tl~@ de ese p.m. con participacion en la citopatolog{a 

amibi •na E6tos experimento~ se han r~nlizodo con 1 ª" 
proteinasas puras por lo que probablemente dentro de la amiba 

tE'ngnn funciones ya sen de regulación o digestivaG. Por ejemplo, 

podemos asemejar el efecto con el de la catep&ina e que es una 

protei nasn de ci stci nc:i. quE' 1:>e encLlentri:l principal mr.nt.F. E'n 1 oc~ 

lisosóma.s hepá.ticos y, por lo tanto, su función es la de contribuir 

al metabolismo d~ Ja& proteínas que ingresan a las c~luln. Si se 

aisla la catepsina 8 y en esa6 condicionos de pureza &e prueba 

nobre una monocnpn epitelial puesta sobre un modelo de matriz 

extracelL1l ar , 1 a c:atepsi na desprenderá a 1 as c~lul as y degradará 

a l• matriz extracelular. ¿podemos decir entonces que le. 

catepsina B es una prot.einasa citopat·cgénic:a. del hepatocit.o ? Por 

6Upue&to que no. E6te razonamiento &e puede extrapolar hacia los 

proteinasas de alto y mediano p.m. de la amiba ¿participan en el 

proceso de nccrosi6 t.i6ular o &ólo en el metobolismo de lo amibo? 

La respuesta a esta interrogante no es fácil por lo qua se 

requiere eGtudiar m~s a las proteina6as de ~L bi~1glx1l~~ par~ 

dilucidar cuales son las principales raupnnsablcs de la necrosis 

tisular. 

Pare el estudio de l~s proteine~as de la ami~a 6~ 

requieren herramientas o metodologias quo permitan incrementar el 

conocim.icnto de 6st.os. En eGe &entido so deGorrollO un método 

novedoso para medir la actividad proteolitica y que puede sor 
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aplicado • 1•• protein•••• de la amiba El m•todo •• basa •n el 

apaQ'!ltniento de le f-luo,.esc~ncia, de nl <o loa.> tr":lpt.of.ano<e> al 

mncont.r•r•• en ambient.•• con distinta polaridad. 

La caaeina en una prot.a!na de lo leche que •ata 

compu•ata por" una m&zcla de prat.•!naa hidrdfabas salubl•• 

denominadas a 11 tl y k caseina .. Cada una de eat.es ceseinas tienP 

al menas un t.ript.ofano qu• pueda generar la señal mencionad.a y 

que al corte par la prot.einasa &e ewpone a un ambiente m4s polar, 

con el can&ecuent.e apaQamient.o de la fluorescencia • Eat.a podr'a 

eKplicar la diferencia en la velocidad del apo.gomicnt.o por 

de la• distintas prateinasas empleadas.. La quimotripsina 

po.rt.r. 

que 

corta entre enlaces donde existen aminoácidos hidrófobos tuvo uno 

velocidad de apagamiento mayor que cualquiera de las otras 

prat.einanas.. No se sabe &i les tres caGeinas cnntribuycn e ol 

apagami•nt.o d• la fluarasc•ncia a ea •olament.a una la que Q&mara 

•l •f•ct.a.. Esta cueBtión queda abierto a _posterioreG 

inve•t.lgacianaa .. El hecha de que al registro da la actividad •• 

continuo y que la pendiente de la curva cambia conform~ se 

Modifica la conc•ntr•cian de prateaaa • •ustrata o inhibidor le 

da • ••te m6toda un potencial muy grande pare hocer an6li&iG 

cin•ticoa de las prc~~ánasas estudiadas. El moJorar en ese 

sentido este m~t.ado puede ser una buena herramienta para 

unificar el estudia de la cinética enzimática de las prat•ina••a 

y contribuir al me Jar canee i mi •nt.o de le& prat.ei nasa& de !li.L 

bi.l!:!;l!lll!t.ls;i! 
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Catalytic classcs of protcinascs of Emamoeba histolytica 
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1/Jr¡111mm1r111" ,/,• .\lirro/ti1Ít..¡:1 ... /1111iw1" 1/r Fi.1iii1"J:f11 Cc•/11/111, 111111 :u11i1/,1,/ dr ,\fr1fid1111 l:.\f't•ri111<•11111/, F11n1/md ,,,. ,\fr11idw1, 
V11fr1•r.1idmf N11rimwl .rlu1f)mut111 1/1• ,\té.tiro. ,\lo',1ic11 IJ.J-: • .1/,•.t'irt1 

{Rctch·cd ~ lkccmhcr 19l\11: m:ccph.:d ::'.!~ Jum.• l'JS7) 

Emlupcp1i<lil'C iohihill•I!< \\CIC u .. cJ tu 1klcrn1inc thc Ciltal}lic da .... c .. uf p101d11;1"c" pr.: .. ~111 in C\lr;1ch or E111H1>1<Jt'/Ji1 /d.110(1·1ic.1 
¡,.trnin llM l:IMSS) u\c11ic;1\I~· ¡?ruwn in \·itru. Cy•lcinc prn1cin;1'c" :u:cn11111 l11r mn•I nr lhl· pmlcl1l)·lk ¡1r1i\"il)': nnc or mure p1t1· 
1cinai.ci. wi1h difkro.:nt r111¡1l)lic mrdmnim1i. ;1rl• uhn rrci.rnt hut cuuld m11 h.:- unamhi¡:uuu•ly ui-i-i¡!m:d tu u p:1rtkulnr r:11;1ly1k 
d;11-i-. l'r111dn:1.,,ri- in ;1mcl1ic l)M1lci- wcn: rci-nh·cd hy pul)·acr)l;1midc ¡:d dcc1rupho1ci.i" Y.ilh .. m.Jium dodccyl i-ulính:. Thc dc1i•t· 
¡!COI wai- cxdrnn¡:cd \lilh Tri111n X-lt~l ;ind lill• pmtcnl)'lk :1rli\·it)· in lhc ¡!d' wu• 1knmn•tr:i1cd hy 111·crh1yinl,! 11 un ¡mulhcr ¡!CI 
ccintainin!! tite !iU\1'\HllC. Fnur I)·~;, 111nc• wcrc nh•cr,·cd rorrc•pnmling ltl 1nnlcr11l;1r \H'i¡:lll• nr 66111.MI. :'if>OOO. 4!11100 und :?71100, 
Thc liri.t cannot he cl:1•!iilicd yct, h11t 1hc l;1•l lhrcc .. 1in1H•d propl•rlic• cnn•ii.tcn1 wilh tlmi.c ni C)'Ml'inc prntdnaw!i, Fh~ally. a m11·cl 
1cchniq11c is dc .. crihcd whid1 u~ci. purilkd humun •!·2·nrncw¡:lobu1in 111 trnp. purify und clmrnclcri1c pru1c;1,cs Crum umchic l)·i-· 
¡1tc.,, Thc rci-ults uh1uincd with 1hi' 1cdrniquc conlirm 1hoi-c ur 1hc u1crl:iy 1cchniquc, sim·c hoth mc1h11ds rc1·c;ll fuur dii.tinct pro• 
tcinnsci. in thc 1wu difkrcnt amchic pn:r:1rn1ioni- cxumincd. 

lntroduction 

E111t11naeba /1isto/\•tica dcri\'cs this namc from 
ils capacity to dcst~oy 1issuc. This propcrty hns 
bccn attrihutcd to diífcrcnl histolytic mccha­
nisms. such as phagocytosis ( l J. hydrolytic en­
zymcs (2-SJ. thc sccrction of toxins (6-8! and thc 
prnduction of protcolytic cnzy1ncs. eithcr by thc 
pan1sitc {ref. 4 und reícrcnccs quotcd thcrcin. 
(9-21 ]l. or by thc inílummatory cclls prcscnt ut thc 
sitc uf tissuc d:1magc {22.23). Thc umount of pro-

Corr1•.111m11l1•11n• 111f,/ri•.11: Dr. Ruy Pcrci•Munlforl, Di:parll1· 
mento tlc f\.fkruhio\11},!!:1. lmlituln de Fii.inln¡;la Cduhlr. 
Uni1·cr1-1d;1d N11c1nm1l /\Ul1°1num;11.k f\.k~in1, Apa1rndu Pu,1;11 
7024:!. 11-i:'ilO t.tcxiru D.F .• Mc."ko. 

A/Jhrr1·ic11im11.' u:!m. u•:?·mm:m},!h•hulin; EIJT,\. cth~kncdi· 
¡1mine1c1r:mi:c1ic :1cid: EGT1\. c1hylcncglycul·bl~IP·umint1· 
cth1·1c1hi:r) S.,,".1cu:mcc1ic ;icid: 11\. indoacc1amidc: NEf\.I. 
J\'·éthylnml.:imidc: PAGE. pulyacr)·lamillc ~el ckc1rortmri:­
,.¡~: l'llMU, 1'·hydt11"~·ml•1curihcn111a1i:: Pf\.ISF. plu:nylml" 
1hyl,ulfun~I tluorid~·: SUTI. 'uybc;m lf)'l1~in inhihimr: SDS. 
i-mliun\ drnkr)I ~ulf:nc: Tri.,,, Trb·lhydmxymcth)·I) 
;1mimuncllmnc. 

1coly1ic cnzymcs produccd by E. lristolytica has 
bccn corrclatcd with thc virulcncc of vurious 
strains grown in axcnic conditions l24-26]. Sev­
era! g.roups hn\'c studicd thc protcascs of nmcbic 
cxlracts (4.IJ,19.24) whilc othcrs hll\'C purificri onc 
or more molecular spccics \\'ith proleolytic activ­
ity !J0-18.::!.0.21). Thc main cluss consisls in E. 
llistolytt'ca of cystcinc prolcinnscs ( 19]. A protcin­
nsc silnilur to mammalian cathcpsin B was puri­
fied from E. histnlytica (10.11.20]. Thc mnjor 
neutral protcinasc purificd from E. histolytica is 
ulso n cystcinc pro1cinasc {21 ]. Thc cffccts of in· 
hihitors !IJ.10.15.17.19} sug.gcst that E. histolylicll 
produces sc\'cral distinct protcinascs nnd that 
possihly son1c of thcse are 001 cystcinc protci­
n:t!<'CS. Nc\'crthclcss no S\'Stcm111ic studv of thc 
cat;tlytic classcs undfor 1hc total nu1nhc

0

r of dif­
fcrcnt prolcins \Vilh protcolytic ac1h·ity producctl 
by thc parusitc is a\'ail11blc. 

In lhis repon wc describe thc use of inhihitors 
of diffcrcnl ca1aly1ic classcs of cndopcp1idascs 10 
determine lhc muin fumilics of protcinuscs in E. 



liúiály1ict1 cxtracl!-> (.27). \\'e nlsu cslilnutcd 1hc 
numhcr of ll-roups or individual protcolytic en· 
zymcs prcscnl in an1cbic lysatcs :1nd thcir up· 
proxinu1tc molecular wcight is dctcrmincd \\'ith 
thc use of zyn1ogn1n1s. Firu1lly. \\'C rcport a 
mcthod fnr purifying and churactcrizing n1olc­
culcs with pro1colytic activity in con1plcx ccllulur 
cxtructs or lysntcs "'ith thc uid of thc u11ivcrsal 
protcasc inhihitor u-2·macrogluhulin as u molcc­
ulur trap. 

l\1atcrlals and !\1clhods 

E. histolytict1 cultures. E. histoly1h•t1 strain 1-lf\1 
1:1f\.1SS \\'llS a ~ift fron1 Dr. J. Cnldcrlln (Ccnlro 
de Investigación y de Es!udins Avo1nzm.los. IPN. 
México D.F.). Tropho~oilcs wcrc culturcd ax­
cnically in TYl-S-33 mcdium (28) at 37ºC. Cclls 
\\'ere harvcstcd aftcr 72 h in all cxpcrimcnts. 

Protcolytic ~clil•ity. Protcolytic activity was dctcr· 
mincd by a colorimctric mcthod using azocascin 
(Sigma Chcmical Co .• St. Louis. MO) as 1hc sub­
s1ra1c [10.16). Trophozoitcs \\'ere \\"ashcd thricc 
with 15 mM potassium phosphate buffer pH 7.5 
and 184 mf\.1 sodium chloridc (PBS-A) [19} by 
ccntrifugation ut 150 x g for 5 min at lOºC. Cclls 
\\.'ere lyscd with 0.5% (\'/v) Triton X-100 with or 
without inhibitors and incubated at 4cc for 1 h. 
Thc lysatc was ccntrifuged at 12000 x g for 15 
min nt 4cc and the supcrnatant \\'as collcctcd. 
Protcolysis was dctermined in 40 µI oí superna­
tant, equivalen! to. 4 x ios trophozoites. incu­
batcd \\'ith 1.25 mg of substratc at 37cc for dif· 
fcrcnt time pcriods in 500 µI of 50 mM Tris­
(hydrOX)'mcthyl)aminomcthanc (Tris), pH 7,5. 
Protcolytic acti\'ity al pH 5 was assaycd in a 50 
mM ncctate buffer. Thc inhibitors used \\'ere p­
h)•droxymcrcuribcnzoatc (PHMB), N·cthylmalc­
imidc (NEM), iodoacctamidc (IA), pepstatin A, 
phcnylmcthylsulfonyl fluoride (PMSF), soyhenn 
trypsin inhibitor (SBTJ), ethylcnediamine1etra­
ace1ic acid (tetrasodium sah) (EDTA), ethylcne­
glycol·his(J3.·amino-e1hylcthcr) N,N'-tetraacctic 
acid (EGTA). Jcupcptin and human a·2-macro­
globulin (a2m). Ali inhibitors wcrc obtaincd from 
Sigma cxccpt lcupcptin which was obtaincd from 
Bochringcr (f\.1annhcim) and a2m \\'hich "'as pur­
ificd· from _fresh human plasma (see bclo,v). Pro-

tcolysis was stoppcd by !he addilion oí 540 µI of 
to~¡, trichloroucctic ncid and ccntrifugation nt 
2000 x g for 5 min at roon1 tcmpcraturc. AJ"'"",, 
of thc supcrnatant was mcnsurcd. Controls did nnt 
rclcasc dyc spontancously. 

Protcolylic ucti\'ity oí rnolcculcs hound by ac· 
1h·c a:?n1 (scc bclnw) on lo\\' molecular \.vcight 
suhstratcs /\'-a-hcnznyl·llL-Arg-p-nilrounilidc, L­
Lcu·p·nit roanilidc. ¡\' -succinyl • 1.-Ala • L ·A In-L-Alu­
p· ni t rou ni lidc and ¡\'-succinyl-L·Alu-L-Aln-1.-Prn· 
L-Phc·p·ni1ro:1nilidc (ali from Sigma), \\'as dcter­
mincd in u buffer contuining 100 mf\-1 N-2·hy­
droxycthylpipcrazinc-N'-2-ethunc sulfonic ucid, 
0 • .5 f\1 NnCI, Hit;(; (\'/\') dimcthyl sulfoxidc, pH 7.5 
(29) wilh 1 mf\..1 CaC11 . To 2.95 mi of u 1 mM so· 
lution oí substrate. with or without inhihitors, 50 
µl of u 1:5 (\•/v) suspcnsion of Scphnr­
osc-an1ibody-a:?n1-cxtr11c1 molcculcs (scc bc­
lov.·) in boratc buffcrcd saline (200 n1M bode acid 
and 160 inf\-1 su1.lium chluridc. pH S) \\'US addcd 
and incubatcd al room tempcrature (24ºC) for 24 
h or longcr. A.i~inm of thc supernutnnt was meas· 
urcd. 

Protcolytic ac1ivity oí amcbic lysates on ucid 
dcnaturcd bovinc hncmoglobin (Sigma Typc 11) 
was mcasured as describcd by McLaughlin and 
Faubcrt {10]. 

S11bs1ra1e gel e/cctropl1oresis. A proccdurc similar 
to thc onc dcscribed by Birkcdal·Hanscn and 
Taylor for mammnlian collagenasc [30} was uscd. 
Washed trophozoitcs \\'ere lyscd by thrce frcezc· 
thawing cyclcs '''ithoul inhibi1ors. Thc lysates 
wcrc mixcd with clectrophorcsis samplc buffer 
containing sodium dodccyl sulfate (SDS) but no 
rcducing agcnt (samplcs wcrc not boiled) and 
\\'ere scpara1cd by clectrophorcsis in 10 or 12.5% 
polyacr)'lumidc gels (PAGE). Jmmcdialcly af!cr 
clcctrophorcsis thC gel was incubalcd in JO gel 
\'olumcs of 2.5% Trilon X-100 for 90 min ut room 
tcmpcralurc \.vith gcntlc stirring; thc solution was 
changcd evcry 30 min. Thc gel was then \\"ashcd 
for a fcw minutes in dislillcd \\'atcr and incubalcd 
in Cl.1 M Tris-HCI pH 7.4 with 10 mM CaCl2 for 
10 min, and immcdiatcly laid on top of unother 
gel containing 7 .St;~ acrylamidc in 0.075 M Tris­
HCI pl-1 7.4, O.IS f\-1 NaCJ and 0.57 mg m1- 1 of 
thc substratc protcin (gclatin from rat tuil tcndon 
collagcn cxtractcd according to Torre-Blanco and 



Alvizouri (31], undcnaturcd ntt luil tcndon cnl­
lag.cn: cólscin or dcnuturcd ho\'inc hncnu1gluhin), 
hui no SOS. In sume cxpcrin1cnts thc gel ,,·us cut 
in strips after thc incuhation in l'ritun X-lCKl, pul 
in thc Tris buffer "'ith thc apprnpriatc inhihi1nr 
for 311 min und º''erluvcd on thc suhstratc gel. Tlu: 
gcls wcrc placed hcÍwccn g.lass plittcs. "·rupped 
in wet tissuc p¡ipcr ¡¡nd incuhntcd in a humid 
chumbcr al 37cc ínr 24 h. und wcrc then fixci.l and 
slaincd in 25'/(; (v/v) isoprop:1nol. IO':é (v/\') g.111· 
cinl acctic acid and o.2sr;-;, ('"''') Coomassic bril· 
tiunt \Íluc R-250 (Bio-Rnd. Richmond. CA) for 
20 h ut room tcmperaturc, and dcsluincd in ll1'7r· 
acetic acid for 40 h also <U ronn1 tcn1peraturc. In 
son1c cnscs thc protcin \\'US incorporntcd in thc 
first gel and a sin1ilur pruccdurc to thc onc de· 
scrihed ahovc was perforn1cd on tlull single gel. 

a2111 ancl anti-a2111 curtibotlirs. o2m was purilicd 
:1s dcscribcd by Kurccki et ul. (32J frn1n fresh hu­
man plasmu supplicd hy Dr. Adela Garcia Lopcz 
(Blood Bank. Instituto Nacional de Pcdiatriu. 
México D.F.). The activity of u2m "'ns i.lctcr· 
mincd b)' its capncity to inhibit the uclion of tryp­
sin (Sigma) on cascin (Pínnslichl. Wuukcgan, IL) 
(33] and by its protccti\'c nction from SBTI whcn 
trypsin was assaycd with thc lo\\' molecular wcight 
substralc N-¡i·tosyl·L·argi.ninc-mcthyl ester 
(Sigma) (33]. Purificd a2m \\'llS inaclivatcd with 
0.4 M cthylnminc (Mcrck, Darmstudt) {34} or by 
incubation at 37ºC for 30 min with a 5-fold molar 
cxcess oí trypsin. An a2m-Scpharose column "';:1s 
prcparcd "'ith 10 mi oí cyanogcn bromidc acti· 
"atcd Scpharosc 4B (Sigma) and 50 mg of purc 
0201 following thc nu1nufacfurcr's instruc1ions. 

Antibodics against purified human a2m wcrc 
produced in rabbits by a single in1rumusculnr in­
jcction of 100 µg of purc o2m with 1.5 mi oí 
FrcUnd's complete adjuvant (Difco, Dctroit. MI). 
Booster injcctions with 100 µg oí o2m in phos­
phntc huffcrcd salinc (IS mM sodium pH 7.2 and 
150 m~1 sodiunl chloridc) wcrc given intrapcri· 
toneally cvcry 15 days. Thc animals "'ere blcd R 
days aftcr cach booster injcction starting on the 
fiíth immunization. Antibodics \\'ere confirmcd by 
doublc immunodiffusion nnd immunoclcctropho­
rcsis. <tnd "'ere purificd hy :1ffini1y chromutog.r:t· 
phy ''1i1h thc n2m-Sepharose column. Purificd 
antibodics (10 mg) "'ere coupled to l mi oí cyan-

.. , 
ngcn hro1nidc nctivatcd Scplmru!'>c 4U by thc pro­
ccdurc dcscrihed utio,·e. 

i\luh•c11h•s /Jo1111d In· 02111 iu c11111•l1h· /1·st1tC'S. 
\\'¡¡shcd und lysed tro

0

pho7.0ill'S (2. 7-H x HI'~) \\'l'rc 
resuspcndcc.1 in npproximutcly l mi oí PBS·A. In 
sun1e experin1en1s thesc lyi;utcs \\'ere iot,inntcd 
with 1 mCi of 1 =~1 (ICN Rndiochcmicals. lrvine. 
CA) and 4-6 iodohcnds (Picrcc Chcmicnl Co .• 
Rockfnrd, IL) 111 4"C for 40 min. Free iodinc \\'ns 
ren1nvcd following the n1cthod descrihed by 
Tuszynski et ul. {35). Thc lahcled lysatc \\"as sep­
uraied in10 four uliquots and kcpt at 4ºC. i·o thrce 
of these aliquot!'i HK) µg oí nctivc o2m. ethylan1-
inc-inilctivatcd o2m. or trypsin-inucti\':ttcd 02111 

\\'ere uddcd. respccli\'ely. The íour aliquots wcrc 
thcn placed in 11 \\'<1ter hath u1 37cc íor 30 min and 
coolcd ug.nin to 4cc. i·hcn :!O µI of thc Sephttr­
osc-antihody werc udded to cuch tuhc and incu­
b;1ted ;11 lcast for 2 h :it 4cc. The Scphnrosc heuds 
to \\'hich antibodv. o.2m and i:-:<-1.J;1bcled mole­
cules werc bound. were cxtcnsi\'clv w;1shcd with 
her.ate buffcrcd salinc unti\ no -y. counts ubo\'c 
background wcrc dctcctcd in thc supcrnatant. The 
n2m and the molccules hound to it wcrc cluted 
frorn thc antibody-Scpharosc column \\'ilh 100 µI 
of 0.5 f\1 acctic acid íor at !casi 2 h at room tcm­
peraturc und mixcd \\'ith SDS-PAGE samplc 
buffer contuining 59'v (\'/\') 2-mercaptoethnnol. 
The mcdium "'as made basic with 2.5 M Tris. thc 
samplcs wcre hoilcd íor 2 min and annlyzcd hy 
SDS-PAGE on 12,5c;¡.. acr)'lan1idc gels (36}. Au­
toradiography oí dricd slah gels \vas pcrformcd at 
-80ºC {37) '"ith Kodak XK-1 filnt and Dupont 
intcnsiíying scrccns (Qunnla 111). 

In sorne expcrimcnts cclls wcrc lyscd \\'Íth 0.5% 
Triton X-10(} íor 1 h at 4cc, Jubcled \\'Íth rudio· 
acti\'c indine nnd thcn proccsscd as dcscribcd 
above. In cxpcrimcnts to determine protcolytic 
:icti\'ity n2m \\'as ¡¡ddcd dircc1ly to unlabcled cx­
tracts. 

Rcsulls 

l'rotcolytic aciii•ity of c1111clilc cxirt1cls. Thc mug­
nitudc of protcolytic acti\'ity dctermined in E. 
histolytlc" cxtrncts vnried in different cxpcri­
mcnts. Totul protcolytic activity ugainst azocas· 
cin \'aricd O\'cr a 2-fold rungc. The 11\'cragc 
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= " • Oufk•r: 11.tl" 1'1 Tri"·11CI pH 7.5. 
" Buffer: 0,05 M accta\c pi 1 5. 
• Acth·mion. 

nmount of prolcin pcr t1111cb:1 in nmebic cxtru'cts. 
us dcicnnincü hv thc Biurct rcaction. wa~ 2.203 
=: ll.231 mg prot~in per IU'' amebas (11=(17). \'ar­
iahility in act~\'ity '''ªS lllso obser\'ed in Z}'mo­
grams mm.Je \\'ith diffcrent lysates from thc sume 
numhcr of amebas (compare ltinc B of Fig. 2. lanc 
A of Fig. 3 and sec hclow); nc\'crthclcss. thc var­
iation cocfficicnt \\'Íthin thc samc cxperimcnt \\'as 
01..'\·cr more than R'lc. 

lnhibitors of C)'Slcinc proteinascs PHf\.1B. NEf\.t 
¡¡nd IA rcduccd activily hy approximutcl)' 8tl-90t;r 
ut u pH of 7 .5 (onc of thc two pH valucs at which 
u 1naximun1 of pro1coly1ic acti\'ity nccurs with 
arnchic cxtrncts \lJ.19)) (T;1blc 1) indicating th:ll 
thc protcolytic nctivity of nmcbic cxlracts is 1nainly 
duc to cysteinc protcinascs. Pcpstatin A. an in­
hibi111~ of aspartic protcinases. hud no cffcct 111 pll 
5 (thc othcr pH ut \\'hk·h :1 n1axin1un1 of prutco­
lytic activity occurs in amcbic extn1cts \9.19}). 
Pf\.tSF. un inhibitor of scrinc protcinuscs. w:1s in­
cffccti\'c at a conccntn1ti.on of 1 mf\.·1 hut p;ir1ly 
inhihitcd protcolysis at u conccntrntion uf 2 n1f\I; 
a sin1ilar inhihitiun was oht:1incd with SDTJ ni a 
conccn1n11ion uf 100 µg n11- 1. This indicutcs that 
par1 of thc protculy1ic ncti\'ity of nn11.:"hic cxtr:icls 
n1;iy be duc to scrinc protcinuscs. Thc con1bin:1-
tion of Pl·lf\.IB and SBTI uholishcd protcoly1ic 
:icth·ity complctc\y. 

111c chcluting agcnts EDT A nnd EGTA (which 
inhibit mcttdlo protcin11scs 1i1 conccntrntions of 1 
or 2 nif\1) hud an acti\'Utin,L? cffcct at conccntra­
tions up to-5 n1?vt (Fig. 1). Thc uctivuting cffcct 
pcrsistcd c'1cn in the prcsencc of 20 mM EGTA. 
but EDTA hnd un inhibiting cffcct at conccntr;i­
tions bcyond 5 m?v1, rcuching u platcau of up· 
proximatcly 3llt;(, inhihition lit 10 mM. A similar 
activating cffcc1 \\'ilS also obscrvcd in thc prcs­
cncc of 1 mM l,JO·phcnanthrolinc (data not 
shown). Lcupcptin nnd purificd human u2m both 
rcduccd protcolytic activity by npproximutcly 
Sllt;f, Using thc lysntc of 10'' tuncb11s protcolytic 
aclivil)' on acid dcnaturcd hacn1oglnbin at pi·l 3 
wus not dctcctcd aftt.•r 3 h ni 37ºC. 

Jde11tificatio11 of prott•i11a.n•s i11 t1111chic lyst1tt•s by 
SDs-J•AGE =yn1ogra111s. 1\s a s1rutcgy to idcntify 
thc n1ain groups of protcinuscs prcscnt in amcbic 
lys:i1cs. wc scp:1rntcd thc molccu\cs containcd in 
thcsc prcpan1tions by SDS·PAGE. und tcstcd for 
thc pro1coly1ic uctf\'ity of thi.· scp:1rntcd molc­
culcs hy O\'crlnyin~ this gel on u sccond substn1tc 
gel und stuining hoth gcb :iftcr,,·urds. Trar.spar­
cnt unstaincd rcgions on thc substn11c gel cnrrc­
spnnd with h:1nds of protcul)·tic uctivhy in thL! first 
gel. Fig. 2 show!" son1c rcpr~scnt:lti\'C rcsults \\'ilh 
diffcrcn1 nmcha conccntrutions on a gel contnin-
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ing gclatin as suhs1ru1c. ·rhrcc zoncs of hydrolysis 
ccntcring al uppnrcnt n1olccul:1r wcights (i\/1 ) of 
56000. -UHIOO and :?70lKI occur in ull c;1scs. 

Fi~. 3 lunc A shows thc pn11crn of gclntin hy­
drolysis withoul tidtlitions. Two hydrulysis rc­
p.ions are sccn. u broad zunc bcl\\'ccn /'.!, of 9ílCKKJ 
und 4001KI and unothcr ccnlcring ut 2901111. Di­
thiothrcilol cnhanccs hydrnlysis (luni.: B). PHf\IB 
nnd NEf\1 inhihit must protcinascs cxccpt u 70 
i.Da cnzyrnc (l:incs C and 0), \\'hile IA inhibits 
all ncti\'Ít)' dctcctuhlc hy this assuy (h1nc E). Thc 
lysatc incubittcd \\'ith PMSF guvc only onc lysis 
zonc thut \\'as \'isiblc at an Af1 ccntcring at 60000 
(lanc F). Pcpstutin A somcwhut inhibilcd pro­
tcascs \\'ith lowcr Afr \'ulucs (lunc G). although it 
hud 1nininu1l cffccts in n1osl otlu:r cxpcrimcnts. 
Lnnc .. 1 shows thc cffccl of :?O mf\t EDT A which 
in thi~ cu~c \\'US ulSll inhihilnry, hui in sc\'cral 
othcr cases thi~ ussay shO\\'Cd acti\'ation \\'ith this 
chcl:11nr or with 1.10-phcnanthrolinc (d:illl not 
shown}. Lcupcptin hud littlc inhihiting cffcct on 
thc highcr i\I, protc;1scs btit inhihitct..I thc :?9 kDn 
pnllc:tsc {h111c 1 ). 5 min boiling tlÍ lysatcs climi­
n:ttcd protcolysis (dat:t nol shown). Thus. our rc­
sults indic:ttc that amcbic lysutcs analyzcd with thc 
uid of substrutc gel dcctrophurcsis of gcls cun­
l:tining gclatin ni pH 7 .4 ha\'c ut lcu:.t fnur groups 
of protcinascs. Thc!"lc produce hyi.Jrolysis in rc­
gions co1nprchcndcd in thc Al, rangc bctwccn 
901l00 and :?70011. 

Tu test thc cffccl of ncid pH un thc uctivi1y. gcls 
on \\'hich thc lysatc corrcsponding to !Oh tropho-
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zoitcs was scp•1n1tcd wcrc prcincubutcd for 30 n1in 
or 3 h in 10 nt~t ucctic acid pl-1 3. No hydrolysis 
rcg.ions wcrc upparcnl bu1, '\\'hcn thc huc1noglo­
hin \\'as incorporu1cd into thc scpnration g.cl and 
this gel was incuhatcd in add conditions at 37ºC 
for :?4 h. \\'C obscr\'cd '"'º faint lysis zoncs \\'Ílh 
i\f, of 40000 and 3.:?UUU {dalíl not shown). Zymo­
gran1s using cascin and nativc rut collagcn tas sub­
strutc~ ·also sho\\'Cd tlu.-: hydrolysis zoncs at Al, 
valucs or 560110. 40000 und :?71100 (dut:i not 
shuwn). 

Analy.\·ü uf 111uh•c·ules in tu1u•/1ic cxtn1ct.{ /Jou11d by 
n2111. Acti\'C n21n binds mosl kn0\\'11 protcinuscs 
hut also protcins \\'ithout protcolytic uc1ivity l3S]. 
ln:ic1h·c n.:?111 only binds nonprotcolytic mulc­
culcs. Tht1s. molcculcs hound b\' ucti\'C a2m und 
not hound by inac1h·c 0:2111 sho~ld bl! acti\'c pro­
tcinascs. Fig.. 4 shows :in uu1oradiog.raph of :1 gel 
in which thc constilucnts in un1chic lysatcs lu­
hclcd with rudiuacti\'c iodinc bound h\' n2m wcrc 
unulyzcd. Lunc A shuws a control iÓ \\'hich no 
u2m WU!> addcd to un amchic h·satc; thc ;.1nti-u2n1 
untihudy on thc Scphurosc coÍumn docs nnt bind 
llll\' dctcctahlc labclcd consti1ucn1 of thc lvs:llc. 
Lu.ru: B shows thc unalysis of thc sun1c lys¡1tc to 
which o.:?n1 inacti\'atcd with c1hylaminc was 
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Fi¡=.. 3. Z)·mogrnm o( 11 ¡;el cm "'-hlch nmebic l)'!tlllc1> hom 2.5 x 111• ccll!> 1>uhmi1tcd \l1 dirfctcn1 trcaimcnti. wcrc ¡malyzed. Gel 
~1Jip1> con\Uinin¡i. the lp•U\ci. "'ere incuhah::d for :\ti min ;11 rnnm wmp<.'taturc in 1>olu1ions con1ainin¡; rc!>pcc1ivcly (A) no udditions. 
(H) 4 mf\.t di1hio1hu:i1ol, (C) 2 mM PHMB. lD) .i mM NE.!1.1. (E) SllO mM IA, (F) 4 mM Pf\.1SF. (G} 1 µ¡; n11- 1 pi:p1>tatin A. (11) 
20 mf\.t EDTA and {l) 311 µ¡;mi-• kupcptin. und un:ilnyed on !he :;Ub!>trntc gel cnnrninini:: ¡;cltttin. Thc left nrdinolc 1>cak i1> thc 
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added; two promincnt bands \\'ith Af, valucs of 
180000 and 90000 are apparent. Thc /,f1 valucs 
of 1hesc bands correspond to the n2m monomcr 
and its main brcakdown product, \\'hich are also 
visible h}' Coomassic bluc staining on thc gel (data 
not shown) 139}. Both bands are associated \\'ith 
radioacti\'c material resistant to dissocintion by 
SOS and_2-mercaptoethnnol. Faint rndioncti\'c 
bands are apparcnt at Afr \'Ulues 68000, 60000. 
49000, 42000. 39 000 and 23 000. Therc is also ra­
dioacti\'ity that migratcs with thc buffer front 
which may reprcsent molccules of fifr smallcr than 
10000 andfor labeled lipids. Lane C shows thc 
analysis of the samc lysate in the presencc of ac­
th•c a2m. Again, bands at 180(.K){) and 90000 are 
apparent but thc rclative intcnsity of both bands 
diffcrs from that in lane B. Thc 180 kDa band is 
more intense than the 90 kDa band. This indi­
cates that. in this prcparation, thcre is cither more 
undegradcd a2m m·anomcr, or that it bound co­
valcntly more radioacth•e material. or both (38}. 
Tv.'O faint radioacti\'e bands appear nt Al, of 68000 
and 60000 and more intense bands at 49000, 

42000 and 23000. the last one being thc most 
prorpinent. Lunes D, E an~ F rcvcal v.•hnt re­
mained bound to thc anti-a2m antihody column 
and was rclcascd by trcatmcnt \\'ith elcctropho­
rcsis samplc buffer and boiling for 2 mio, for lancs 
A, B and C rcspccti\'cly. Lnne E showtt again thc 
180 kDa and thc 90 kDa bands togcthcr with thc 
other radio11cti\'e bunds seco in Jane B. Lanc F 
shows a vcry intense bnnd corrcsponding to thc 
undcgradcd a2m monomcr, a vcry faint band 
corrcsponding to thc dcgradcd a2m monomer and 
thc othcr bands seco on lanc C. Evcn though thc 
a2m inactivatcd with cthylaminc did not inhibit 
thc action of trypsin on cascin, a substrate of high 
ftlr• and bcha\'cd as a fast moving component 
v.·hcn analyzcd on nati\'c porc gradicnt gels {40), 
it did beha\'c in a similar way to fully active a2m 
in this typc of cxpcrimcnt, "º wc dccidcd to test 
a2m inacth·atcd v.•ith trypsin. Fig. 5 shov.'S thc 
uutoradiograph of an expcrimcnt in v.•hich thc 
following preparations \\'ere anal)'Zed: lanc A, a 
control v.·ith no 02m added, lanc B, amcbic lys­
ate \Vith a2m inacti\'atcd v.ith cthylamine; Jane C, 



amchic lysatc with n2m inactivntcd "'ith trypsin; 
and lanc O amcbic Jys11tc \\'ith active n2m. Bc­
causc it co'ntaincd more radioactivity, Jane B 
shows a similar but more intense pattcrn to thc 
onc dcscribcd prcviously for Jane B of Fig. 4. 
Lunc D is nlso ven' similar to lanc C in Fig. 4. But 
hoth Janes B and O contrast shurply wilh the p;11-
tern observcd on Jane C. Vc..-y foint bands are 
visible a1 Al, values of JSO()(IO and 39000 and most 
of thc radioactivily is associatcd with the 85 kDa 
hrcnkdown product of o.2m. 

In cxpcl'"imcnls to invcs1igatc if thc molcculcs 
bound to n2m werc ..-cprcscntniivc of ali cell 
componcnls, including in1cgral mcmbranc pro­
tcins, Triton X-100 instcad of thc freezc-thaw. 
cyclcs "'as used to Jysc the amebas. Thc rcsults 
disclosed the samc ..-adioactivc bnnds ns in thc cx­
pcriments shown prcviously and no additionul 
bands wc..-e observed. 

Thc trap hypothesis of prolcasc inactivation by 
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o.2m slutcs 1hat a2m "·ill inhibil protcolytic ucliv­
ity of proteascs townrds substrates of high molec­
ular weights and not 1ow11rds substrates of lo\\' 
molecul:ir wcighls (38J. To test if sorne of the 
molcculcs ussocintcd with thc nclivc o2m hnd 
protcolytic activity, "'C prcparcd unlahclcd nme­
hic lysnlc. suhmillcd il to thc usual purificnlion 
schcmc (Mutcrials ;:1nd tl.1clhods) and incubatcd 
it with low molcculu..- "'cight subs1ratcs for diffc..-· 
enl proteuscs. Sorne of thc molcculcs bound by 
active o2m had thc ahility to hydrolysc thc sub· 
stratcs l\'-succinyl-Ala-Ala-Pro·Phe-p-nit..-oani­
Jidc und Leu-p-nilroanilidc hut not N-o.·bcnzoyl­
Arg-p-nitrounilidc o..- N-succinyl-Ala-Aln-Ala-p­
nitroanilidc. Boiling thc cx1ruct 3 min befare the 
purification proccdurc inhibitcd this hydrolysis by 
62% for N-succinyl-Ala-Aln-P..-o·Phe-p-nitroani­
Jidc und 69t;i for Leu-p-nitroanilh.lc. Pepslutin A 
(J µg ml- 1). EDTA (2 mM). PMSF (2 mM) and 
PHtl.1B (.1 mMJ inhibited lhe hydrolysis of the 
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Fi¡;. 4, Au1oradio~rnph o( a ¡;din which radioac1i,·c mokcuk!> ftom umchic lysales bound b)' u2m 11nd 11n1i·u2m 11n1ihodics wcrc 
analyzcd. Lancs A. B and C show 1hc clua1es ob111ined wilh O.S M 11ce1ie udd or immune prcdpilalcs corrcspondin¡; to purc anli• 
a2m antibody, cth~·l;1minc inac1h·a1cd a2m and acli\·c a2m rcsrc:c11\·cJy. Lunc!> D. E, und F show lhc cluatcs obtaincd by hoiling 
lhc residual marerial bound to 1he anti·a:?m·Sephuroi.c eolumns on lanc~ A. n. nml C rc~pcctfrcl)' with clcctro¡iho1ei.is i.amplc 

huHcr. Thc lcf1 ordinale sculc b 1hc t.f, x 111-•. 
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Fl¡!. 5. Au1oradill¡!niph oí u !!d in which nu.lio;1c'ti\·c mok• 
cu\c~ of umchic h'!>illC' hound h\' u:?m und unti·u:?m nntihud· 
fo, \H:11: 11111Jl\'lcd. Lanc A !>hnw~ 1hc elm1tc ohrnincd whh 11.5 
M ucc1ic ndJ of lhc tonuul wi1hm11 u:!m. L:1m:!> U. C ;md lJ 
t.lmw rc!>pcc1h·cly lhc clu;1IC!> írom prcp:1rn1i11ns with clh~·l;im. 
lnc lnacll\•alcd u2m. tr)'p!.in inac1iv:11cd u:?m und 11c1h·c n:?m. 
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' formcr substratc by 47'/ó and 67% and thc hy-
drolysis oí thc Jancr suhstrutc by 39'ió and 31 % 
aftcr 24 and 48 h of incubation at 37ºC. rcspcc­
tively. 

Anothcr cxpcrimcnt combining thc tcchniquc 
of thc purificntion of molcculcs bound by uctivc 
a2m. followcd by a zymogrum on u gel contuin­
ing gclatin (omilting thc cxchangc of SDS '''ith 
Triton X·IOU), showcd thc san1c hydrolysis re· 
gions ns did thc \vholc intact lys:atc. Aftcr 24 h of 
incub:tting thc supcrimposcd gcls a broad lysis 
zonc in thc Al, rangc of J50()(K~50CKIO, anothcr 
narrO\\'cr zonc immcdiatcly hc)o\\' it in thc Al, 
rungc of !ill000-4UlkKI und a third lysis zonc in thc 
!&1, range of 30000-21llKKI bccame apparent in the 
lunc contuining thc lysatc (Fig. 6. lanc A). Thc 
hydrolysis zoncs of thc prcparation corrcspond· 
ing to thc purificd material wcrc lcss intense than 
thosc of thc lysatc. Thc lysis zoncs :tppcarcd but 
thcir rclativc intcnsity \\':IS diffcrcnt from thc 
original cxtruct. thc high molecular \\'cight zone 
was very dimini~hcd, thc middle molecular \\•cight 
zonc \\'as unch:ingcd and thc Jow molecular wcight 
zonc \\'as also diminishcd. hut lcss than thc high 
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Fi¡:.. fl. Zymopum ur ¡1 J!cl c<lnl¡1inini; SIJS on which un mnc· 
hic l}"~¡11c. nmlcculc~ h1,uml by 11:?111 nm.1 hy nmi·u:?m 11n1il>ud· 
ic~ wcrc ;inal~·zcd. A ly~111c hum :?.!' >: IU' umchu~ w;1~ ¡¡n;1· 
h·1cr.I nn lmlc A. Lunc B cnntuincr.I 11c1h·c u:?m ¡¡nrJ lhc 
,;1alcculc~ from 1hi: ly~;11c hound hy i1. Lnm: C c1•111aincd 
lr)·p~in inaclh·a1cd n:?m nnd lhc molcculcs hom thc ly~:11c 
hound by il. Lnnc I> conrnincd thr mulcculc~ írom 1Ju: l)·~;11c 
huund hy unli·u:?m nmihor.lic~. Ali ~¡nnplc~ cuntaincd Hl':i 
(\'/\") :?•mcrcnp1oc1h:mol. Thc r.uh~trn1c ~el conlllincd gcl¡1lin. 
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molecular wcight zonc (Fig. 6, lttne 8). Thc con­
trols \\'ith tr:ypsin inacti\'atcd o:2m and anti-a2m 
an1ibodics showcd no lysis zoncs (Fig. 6, lancs C 
and D, rcspcctivcly). 

Dlscusslon · 

Thc purposc of this study '''as to try to deter­
mine the numbcr of diffcrcnt cndopcptidascs as 
\\'Cll as thcir cutalytic c\asscs in whole cxtracts nnd 
lysaics of E. lristolytica. Wc also uscd thc univer­
sal protcasc inhibitor a2m as a molceulur tool far 
thc puriflc:i1ion of ntolcculcs \\'ith protcolytic uc­
li\"ity from those san1c prcparations. · 

As has bccn ohscrvcd befare with monoxcnic 
strains [9J and as wc rcport here \\'ith axcnic E. 
hi.\·toly1ict1 strain 1-1?\'1 1. cxtracts und lys:ttes sho\\' 
largc variubility in thcir protcolytic activity to­
\\'Urds diffcrcnt substrates. This rcsult indicatcs 
th:1t E. histolytica culti\'utcd in vitro produces dif­
fcrcnt amoun1s of proteascs ar proteascs ''"ith dif­
fcrcnt activitics at thc end of thc logarithmic 
gro\\th phasc. \Ve cannot distinguish bctwccn 
thcsc two possibilitics becausc thc a ... crugc amoun1 
of protcin pcr amcbu in amebic cxtracts \\'as con­
stant (scc Rcsults). Thc possibilily that othcr (ad­
ditional) protcinascs are produccd is lcss likcly 



bcc:1usc thc z.ymog.ran1s shn\vcd u \'cry con!<i1<1n1 
(li\11cm und wc did not oh.c;cr\'c any nddi1ional lysis 
rcgions in our cxpcrimcnts. Thc causes of thc 
\'ariahility oí thc protco1ytic ac1ivi1y are unclc:ir 
but ma)' he rclntcd to thc hctcrogcnchy of othcr 
propcrtics obscr\'Cd in nxcnic populations of ccr­
tain E. l1is1oly1ica i:.trains [41 ). 

Expcrimcnts with inhihitors for thc diffcrcn1 
cntnlytic cl¡¡ssc!'> oí cndopcptidascs clcar\y show 
lhnt most prutcolytic activit)' in E. l1is1oly1ico is 
duc to cystcinc protcinascs (Table 1). Our rcsults 
agrcc nnd confirm thosc of A\'ila et a\. \19]. al­
thnup.h wc wcrc unablc to inhibit ali thc protco­
lytic llCÜ\'ity using only inhihilors of cystcinc pro· 
tcinascs. Con1p\c1c inhihition \\'US achic\·cd only 
\\'ith n con1hination of un inhibitor of C)'sti.:inc 
protcinascs and an inhihitor of scrinc pro1cin­
ascs. This muy suggcst thllt thcrc is ntorc than onc 
catalytic dass of protcinascs in E. l1istoly1ict1. 

Accurding to our rcsuhs and thosc of othcr 
groups. onc ca1ulytic cl:isi; of cndopcptidascs that 
sccm!> tó be abscnt or in \'cry smnll quantitics from 
thcsc amcbic prcparutions is thnt of nspartic pro· 
lc\na!>cs. This is b;iscd on thc obsrrvation thal 
protcolylic activity is lciw bc\ow pl-1 S and tolnlly 
inhibi1cd at pH 3 or bclov.• {scc Fig. 1 in rcf. f9, 
and Fig. 1 in rcf. 9 and Rcsults), which is gen· 
crally thc pl-1 rangc v.·hcrc aspartic cndopcpti· 
dascs are most acti\'c. aod that pcpstatin docs not 
inhibit thc protcolytic acti\'hy of thc prcparations 
(Tnhlc 1). 

Thc n:1turc oí thc cntaly1ic class(cs) to which 
non-cystcinc protcinascs hclong is \'cry difficult 
to determine with ccrtainty hec;1usc inhibitors are 
not absolutcly speciñc. For cxamp\c, it hns bccn 
rcportcd that Pf\1SF can inhihit ccrtain cystcinc 
protcinnscs {27) and chclutors likc EDTA und 
EGTA nrc ncccssary for thc acth'<1tion or stnbi· 
lizution of ccrt¡¡in cystcinc pro1cin<L,.cs {42]. Thcsc 
las1 obscrvations may hclp cxp\ain thc variabi\ity 
and c\•cn npparcnt contradiction of thc rcsults 
shown in Tublc l and Fig. 3. Thcsc rcsuhs 1nay 
also be parlly cxplnincd by the diffcrcnt condi­
tions to \\'hich thc lysatcs and cx1n1cts ha\'C beco 
subjcctcd befare protcolytic acti\'ity is assaycd. 

Rcsults '"ith n2m indicntc that E. l1isro/\'ficc1 has 
n small rcmnnnt of protcolytic activity th.nt is not 
inhibitcd hy this protcasc inhibitor {Table l). Thc 
nnturc of this protcol)'tic activity is unknown but 

., 
Olil)' be nf grcat intcrcst. sincc on\y \·cry fcw pro· 
tcinn!>.cs that nrc not inhibitcd b\' u:?m are knnv.·n. 
Zyn1ngn1n1s sho\\•cd that thcr~ urc thrcc m11in 
znncs uf ly!>.is \\'ith j\f, \'Ulucs centering ut SflOOO. 
4lHK!ll and 27lKIO (Fig. 2). Protcol)·tic uc1h·ity in· 
crc11scd in thcsc rcginns whcn thc nun1hcr of 
an1cbus \\•as incrcn¡.;cd. nnd ulso in thc prcscncc 
of dithiothrcitol nod :?·mcrc;iptocthanol. but \\'as 
partly inhihitcd by PHMB and NEf\.1 und con1· 
p\clcly hy IA {Figs. 2.3 <1nd 6). This bcha\'ior is 
consisten\ with cystcinc protcinnscs. Thc cont· 
hincd rcsuhs of inhihilion with sc\·cral inhibitDrs 
in severa\ diffcrcnt cxpcrimcnts, ahhough \\'ith 
somewhut v:iriuhlc rcsuhs, indicutc thnt sorne lysis 
zones purticulurly in thc (l{l--70 kDa rcgitn1 con­
t;iin :1 distinct protcin:isc or group uf protcinnscs. 
\Ve cannot assign this group u cntalytic clnss on 
thc bnsi!'> of our prcscnt rcsults. 11 is nolC\\'Orthy 
tlrnt nn lysis oí protcin substr:1tcs was ohscr\'cd in 
rcgions of thc gel corrcsponding to Al, vnlucs he· 
luw 20000 {scc bclow). 

In our cxpcri_mcnts using hunrn.n 0:201 to trap 
con1ponents of amchic prcparations. thc malee· 
ulnr \\'cights of thc rndiolabcled molcculcs bound 
und rclcascd '-''ith 11cid pH, :ind subscqucntly 
dcnnturcd by SOS und rcduccd with 2-mcrcap­
tocthunol, are similar to thosc of thc cstimatcd 
ccntcr of thc lysis of protcin suhstratcs in thc 
zymograms (Figs. 4 and 5). Also, sorne of thc 
molcculcs bound b)' uctivc a2n1 havc thc ahility 
to hydroly.sc low molecular wcight protcol)'tic 
suh.strutc ... ; in uddition low molecular wcight pro­
tca"c inhibhors partiall)' inhibit this hydrolysis nnd 
immunc prccipitatcs analyzcd by thc zymogrn'!l 
tcchniquc cxhibi1 thc sume lysis rcgions ns wholc 
amcbic l)'s1t1cs. In onc cxpcrim~nt in which ame­
bas werc lyscd by thc nction of Triton X·lOO v.•c 
obscrvcd thc samc labclcd bands. Ali thcsc ex· 
pcrimcnts indicatc that in both umcbic prcpara­
tions (cxtracts and v.•holc lysatcs) a rcprcscnta­
tive samplc of ali or most of the protcioascs 
conuiincd in wholc amebas is obtaincd. We 
thcrcforC think thut E. /1isrofrtica has thrcc dif· 
fcrcnt cystcinc protcinascs v.•Íth approxim:uc Af, 
\'alucs of 56000. 40000 and 27000 and onc or u 
snHtll numbcr of othcr pro1cinascs v.·ith an Af1 be· 
twccn 61HIOO and 70000 und with a diffcrcnt cat­
alytic nlcchanism. Our supposition is based on thc 
fac1 that thrcc diffcrent mcthodolop_ics with tv.·o 
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typcs of amcbic prcpanuions )'icld. ~i~ilnr and 
consistcnt rcsu\ts. making thc poss1b1hty of oh­
scrvntion of cxpcrimcntul artifacls high\y un­
likc\)' · 

With thc proccdurc dcscrihcd hcrc we h;ivc 
hccn 11blc to confirm thc cxistcncc of scvcrnl pro­
lcinascs isolalcd by olhcr invcstigators using more 
convcn1ional proccdurcs { 10--12.15--17 ,20}. hut 
havc a\so bccn unahlL' to ubscr\'c othcrs. for cx­
amplc lhc J 6.5 kOa molcculc rcscn1bling cath­
cpsin B purificd by Lushbaugh et _a1. l 18}. 

Rcccntly Kccne et al. purified a neutral cys-
1cinc protcinasc with ¡1 subunit Af, of 56000 \21}. 
Thcsc authors discusscd thc possibility thnt this 
cnzymc ':tccounts for thc thiol protcinasc activily 
of crudc cx1n1cts and sccrctions reponed prcvi­
ously". ln this rcpnrt wc show that thcrc are nt 
lcast t\\'O additional molcculcs \\'ith smallcr mo­
lecular wcights thal also bchavc as cystcinc pro­
tcascs, confirming obsc.rvations madc hy othcr 
authors \ Hl-13.15-17 ,20}. 

An intriguing finding is that rndionctivcly la­
hclcd material is bound by covalcnt bonds to thc 
intacl nnd thc dcgraded monomer of n2m (scc 
Figs. 4 and 5). Thc naturc of thesc molcculcs is 
unknown and \\'Íll be subjcct to furthcr inves1i­
gation. 

A noteworthy coincidcnce is thc correlation of 
intcnsity of thc radioac1ivc lahcl attachcd to thc 
66, 60, 49, 42. and 23 kOa molcculcs bound to 
active n2m and thc intcnsity of thc corrcsponding 
tysis rcgions in thc substra1c gel (Fig. 4C. Fig. SO 
and Fig. 6B. respectivcly). This may rcpresent thc 
rclativc an1ounts of pratenses bound by n2m 
which are in diíferent propor1ion to lhat in thc 
oiiginal lysatc (Fig. 6A). 

Both mcthods used in thc prcscnt work hu\'c 
limi1111ions: Z)'l11ograms can only dctcct protcin­
ascs that are not dcnaturcd by SOS and have 
cnough activity on thc substrate gel to make thcir 
cffcct visible. and thc n2m purificatiun n1cthod 
\\'ill only identify protcascs that are bound by thc 
inhibitor and h1bclcd h)· iodination \\'ith iodo­
bcads (molcculcs in thc cxtr;1c1 can be labclcd by· 
u \•aricty of othcr mcthods). Both mcthods hilvc 
thc advilntt1gc that thcy pcrmil un initiul cstimatc 
of thc minimal numbcr of molccules \\'ilh proteo­
lytic activity in very complcx mixtures. This ap­
pronch allows the idcntification of protc:1scs and 

in !'on1c cases thcir classificution in thc corrc­
sponding cat11ly1ic dass. Such information is use­
ful far furthcr purificntion of thcsc molccules. 
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Proteinascs of E11tamoeba histo/ytica associated with diffcrcnt subcellular 
fraciions 

Pedro Ostoa-Saloma1, Nallely Cabrera', lngcborg Bccker' and Ruy Percz-Montfort 1 

1Drpartamr111v Jr Alirrobinto¡f.;, /ns1i11110 dr F'uioloJ:f¡, Crl11far ami :y,.;Jud dr ftfrdicirra E.rpt'rimrntal, Falrultad dr l'tfrdirina, 
UnfrtrJidoJd Nario11al Amdnoma dt> Mlxico, OJJIO ftflxiro D.F 

(Rccciu:d 29 ~tarch 19AA: acccph:d 4 Augu .. 1 19f!ll) 

Crudc lyi.alci. of Emamorhu hi.11uly1irr1 (i.train llM l:IMSS) amilyzcd hy suh,lfale gd clcc1ruph111c!oi\ in 12 . .S':f acr)·lamhk Kp­
ara1ing gcli. ""ilh rcdudng <1g1-"nh i.huwcd 1ix hydrol)'!oi!o z-0111:!> v.·hh apparcnf mt•kcuhu wci,:h1s of73111:11(high).4.SOllO, 36 l.UJ (In· 
lcrmco.Jiak'), ~11••1. 2Mllll:J and 2.'.UOO (low molecular \\'Cit:hl pro1dn;1..,_.)). Anu:hk l)i.ah:!> Í1ac1ioniltct.I U!>ing lht ptOi."Ct.lurc oí Ale)' 
el al. or lhc proccdurc or Ruscnt>crg 11nt.1 Ghlcr umJ unalyzci.I hy 1hc umc mc1hui.I ~hu"' ali cnz)·mcs ln thc rracliom. wl1h thc 
soluhk componcnl!> and only lhc intcrmct.lia1c and low molecular v.cighl pru1dna,,i;!> in thc íraction conlaining inlcrnal vcsidcs or 
mcmhruncs and plasma mcmhr.mc. Snmc or lhc)c protclna-.cs i.ccm 10 he ln1cgr;1I mcmhrnnc p101dns sin«- lhcy rcsisl trcalmcnt 
wlth high slat, hi¡h urca hurrcr. Ali frnctiL1n!> :ne c¡1p;ihk ur t.lige!>ting 11zoc¡¡,c,oin. Fraclinnation or amchic ly!>alcs by hyt.lrophubic 
chroma1o¡r11phy ming phcn)l·Scpharl>'oC or pha« ~p;.•ralion of umchic cllfn1c1!> wi1h Trimn X-114 show that pm1cina..n •ilh high, 
inlcrmcdiatc and low molecular 11;cigh1 hchavC' as hydru.rhilic prulcin!> v.-hilc onl)" proteinascs or lntcrmcdiatC' and low molcrul:ir 
wci¡ht bchavc as hydrophohic rrotclns, Thcsc rcsulb suF..Bc~I 1ha1 sume prorcim1~!1o are srgrcgalcd In difkrcnl rompartmcnl5 or 
lhc ccll 

Kcy -.·ords: E11tamnrbu hiJtnlJfl<a Pnndn;i""; Suhcclluf;ir 
frac1ion: Subitralc gC"I clcctropht>rc~i!'>; ll)drophubic chrumalllgrnph)·; Tri1on X·l 14 pha\C 5eparaliun 

lnlroduclfun 

Thc prorozoan Entamoeha hi51ol)'tica has sev­
era! cystcinc protcinascs capablc of degrading 
protcins of conncctivc tissue (J-3). Collagenoly­
tic acti\'ity of E. hisrol)'tica agninst nath·e type 1 
and 111 human coliaScn has also bccn dcscribcd 
(4]. Rccently v.·c and othcrs havc shown that the 
cystcinc protcinascs are thc main cutalytic class 
of proteolytic cn7,ymcs in cxtracls and lysatcs of 
thcsc cells (3,5). · Unpuhlishcd rcsuhs from our 

Co,,rJpotiderirr a1fdreJ1: R. Pe1c:1-t.lqn1fo1t, Dcp;irlilmcnln 
de t.licruhlulllkH. ln!'>lilulu de: Fi,ioki¡;'f.i Cclubr, Unin•nid~t.I 
Nadt•n<1l A1.11~-.m<1 de t.Uxico, AJ'alladu flhlal 70:?42. IMSIU 
t.1~\ic11 O.F .• ~l~~ici:i. 

laboratories also suggesl that thesc enzymes are 
involved in the production of tissue necrosis in two 
d!ff~rcilt modcls oí acule experimental ame­
bmsts. 

(;L_'1_.f ~ ... \ Al1bn-riatlo11i: BRS. llori>IC·bufícrt'd s;ilinc; Pti:J~..,,... 
i.-.•.•'1), ~~ rlJS·A, rho~rhalt:·liuffc:rcd ~11inc Cor 

C.:: ;;¡-:· - an11:lnl\~SDS, Mn!ium dodt·C)I ~uUarc; PAOE. poly:icl)lilm• 

Thc qucstion or v.·hich of thcsc amcbic protci­
nascs n1ight be invoh·cd in tisslic damagc is im· 
porlanl bccausc with bcllcr knowlcdgc or such 
enzymcs, stratcgics may he dcsigncd lo pre\'cnl 
Or CÍrCU01\'Cnl onc OÍ thC major problcms OÍ lhc 
discasc. Scvcral aulhor!> havc clain1cd that E. his­
tolytica rclcascs o/ sccrclci; onc or more prolci­
nascs to thc surrounding mcdium {6-8), hui othcr 
authors ha\'C not hccn ahlc to confirn1 thcsc find­
ings (4,9). 1'hc hypothcsi!. thal lytic cnzyn1cs are 
rclca!>cd by thc surfacc acli\'c lysosomcs bcncitth 
thc mcn1branc bound vacueolcs (10,11] hns not 
hccn confirn1cd by n1orc rcccnl obscrvations. 
(J2-J6J. Anothcr po!-sibilil)' i~ tlrn.I prolcinases are 
associatc<l with lhc pht~n1a rncn1branc or thc ccll. 
Muñoz et al. ha\'C gÍ\'Cll indircct e\idencc thut lhc 
colh1~cnii-se of E. histol)·tictJ is mcmbrunc bound 

~ l ~· klc ¡c:I clct'lro¡ihorcsis; PASB. ph!hpha1t· buffer v.i1h •n1· •t s monlum ~ulfo1c; TS, Tri~salin1: t-ourr..-r. 
(h1'-"º"f.,.tfi»'l) a...,; .-.e.-.a·f'l.ar:t j 
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[4). Gadasi and Kcsslcr (7) confirmed thc associ­
ation of collagcnotytic activity with thc plasma 
mcmbrane fraction, but concluded that the cot­
lagenasc is not an integral membrane protein since 
it could be cluted from thc mcmbrancs by a buffer 
of high ionic strength. 

Gonzátez-Garza et al. used peroxidasc labcled 
soybean trypsin inhibitor to localizc putalivc pro­
teolytic enzymcs in fixcd trophozoites obtaincd 
from a paticnt v.•ith an1cbic enteritis. Thc inhibi­
tor was bound to thc plasnta mcmbranc and thc 

. wall or digestivc and intracytoplasmic vacuolcs 
(17). All thcsc studics are suggcstivc of an orga­
ni1.cd dlstribution of thesc cnzymcs within thc ccll, 
but thcrc is no thorough study of thc subccllular 
distribution of thc protcinas.cs of E. hL~tolytica. In 
1his study wc rcport our resu1ts of thc suhcellular 
distribution of proteinascs in crude lysatcs. that 
are rcsistant to sodium dodccyl sutíate (SDS), and 
visible by substratc gel clcctrophoresis. Our re­
sults show that mainly a low molecular weight 
group of proteinases is associated with fractions 
cnriched in plasnta mentbrancs, whilc fractions 
containing soluble components contain high, in­
termediate and low mo1ecu1ar weight protci­
nascs. Consistcnlly. whcn hydrophobic and h)·­
drophilic componcnts of amcbic lysatcs are 
scparated by hydrophobic chromatography or 
Triton X-114 phasc scparation, mainly low mo­
lecular wcight protcinases display hydrophobic 
bcha,·ior and proteinascs of high, intermcdiatc 
and low molecular \\'eight bchave as hydrophilic 
proteins. 

~tatcrial!> and f\tctl1od!> 

E. his1oly1ica cultures. Tropbozoites o( E. hi..510-
lylica strain H~t l:IMSS "'ere cultured axcnicaUy 
in Bl-S-33 mcdium (IR} at 36.5ºC and harvested 
aflcr 72 h. 

Suflcellulor froctiot1lllio11. Subcc1tular fractions of 
trophozoitc:S. wcrc ~btuincd using 1\1,·o diffcrcnt 
n1cthods. One dcscribi.:d by Alcy et a1. (19) \•ohich 
scilaratcs ¡, ptasn1a mcmbranc - Conc<innva1in A 
COmrlcx from Othcr organL•llcs b)' diffcrcntial 
scdimt'.'nlntion. The othcr. Y11hich uses se U gcncr­
aUng Pcrcoll sradicnts to fractionnte thcsc ccll'>, 
"'~~ dcscribcd by Rosenbcrg and Git1cr (8). Pro-

1ein was dctcrmincd, in thcse la.o;t fractions by the 
proccdure dcscribcd by Schaffncr and Weiss­
mann (20}. For 9Jb~e cxpcrfmcnts amebas werc 
lyscd and fractionatcd in thc prcscnce of 2 mM ....... .-.+ \ 
iodoacctamidc or 2.So/c (vtvl?-mercaptocthanol; /(y.r-·-·'-J 
a11 lysis and fractionation stc'lts wcre done on ice 
or at 4"C. 

Proteolytic actiu'ty. protcolytic activity was dctcr­
mincd by a colorin1ctric mcthod using azocascin 
madc as dcscribcd by Starkcy (21) (El!= 
29.1 in 1 N NaOH) as thc substrate. The method 
\\'as vcry similar to thc onc we described prcvi­
ously {3) with sorne modifications. Trophozoitcs · 
wcrc washcd thrcc times with 15 mM potassium 
phosphntc buffer pH 7.5 and 184 mM NaO (PBS­
A) by ccntrifugation at 150 x g at t<rC. The cclls 
wcrc thcn scparatcd according to the mcthods o( 
Aley et a1. [19) or Roscnberg and Gitlcr [8} and 
protcin was dctcrn1incd in thc fractions obtained. 
For sorne cxpcriments sorne of the subcellular 
fractions werc incubated 1 h at 4ºC with 0.5% 
Triton X-100. Protcolysis \\:as dctcrmincd by in­
cubating the crude or trcalcd fractions with 1.25 
mg of substratc al 37ºC for differcnt lime pcriods L 
in 500 1.&.1 of S~nM Tris-(hydroxymethyl)amino- J t;<.r•,,.o..."lt· 
mcthane (1ºrisf pi 1 7 .5. containing 5 mt-1 di­
thiothrcitol. Protcolysis was stopped by addition 
of 25 µ.I of 100% trich1oroacetic acid and ccntrif-
ugation at 2000 x g for S min at room tcmpcra-
turc. A;w""'""' of thc supcrnatant was measurcd. 
Enzyme activity units of hydro1ysis of azocascin 
werc n1casured as dcscribcd by Starkc)' (21}. 

Substrote gt•/ electrophort•sis. A proccdurc vcry 
similar to thc onc \.\'C dcscribcd prcvious1y (3} was 
uscd, with sorne modifications. Bricfly. samplcs 
wcrc mixed \\ith '"'ºtimes conccntratcd electro­

. phorcsis santplc.buffcr containing SOS and 4.5% 
2-mcrcetptocthnno1 (final conccntration) and \\'Crc 
not b<iilcd. In son1c cases thc ctcctrophoresis 
san1plc buffer containcd cithcr 2 or S mf\f io­
doaccta1nidc or 1 nl?i.1 p-hydroX)'mcn:uribcnzoatc 
and no 2-mcrcaptocthanol. 1ñc samplcs \\'ere 
scp.1ratcd b)· clcc1rophorcsis in 7.5, 10, 12.5 and 
15'.i~ pn1yacry111midc gcls in thc prcscncc or sos. 
and son1ctimcs also in tite presente of inhibitors. 
ln1n1cdiatcly aftcr clcctrophoresht thc gel \.\'as laid 
on top of anothcr gc1containing7.St;~. acrylnn1idc 



in 7.S mM Tris·HCI pH 7.4, ISO mM NaCI and 
0.57 mg m1- 1 of gclatin. but no SDS. Thc gels 
wcrc placed bctwcen glass plates, wrappcd in wct 
tissuc papcr, and incubatcd in a hum id chamber 
at 37"C for 3-24 h. Gcls that contained inhibitors 
wcrc eithcr processed as describcd abovc or 
washcd four times with 100 mi of a buffer con­
taining 0.1 M Tñs-HO pl-17.4, 150 mM NaO and 
2.5% (v/v) 2-mcrcaptocthanol and then proc­
essed as describcd abovc. Staining with Coom­
assie brilliant bluc R-250 was perfornlcd as dc­
scribcd prcviously {3]. Expcrimcnts whh lysatcs 
obtaincd in thc prcscnce of 4.5% 2-mcrcaptocth­
anot or with tysatcs incubatcd \\'ithout inhibitors 
at room tcmpcraturc far various lengths of time 
wcre performcd in a similar fashion. 

Polya"crylamide gel electrophoresis. Polyacrylam­
ide gel e1cctrophoresis (PAGE) was performcd in 
12.5% acrylamidc gcls as dcscribcd prcviously 
(22). Gcls wcre staincd with silvcr as describcd 
car1ier (23) with sorne modifications. Bricfly. gcls 
wcrc fixcd by soaking for 1 - 24 h in 50% mcth· 
ano1 and 12% acctic acid. The gcls wcrc washcd 
20 min in 20% ethanol and 1070 acetic acid. The 
gcls were then soakcd for 15 min in the samc so· 
lution containing 0.3 mg m1- 1 of freshly di!isolvcd 
KMnO,. The gcls wcrc soakcd far 15 mio in 0.1 % 
K2C03 and then washcd with water for 5 mio. A 
solution of 0.1 o/o AgNOf1 was addcd to the gcls 
and incubated 15 n1in. Thc stain was dcvelopcd 
with a solution of 2% "2C03 and 0.015% HCl"lO. 
Fresh MJlution was addcd each time a brown pre· 
cipitate appcarcd. Gcls wcrc v.•ashcd thrcc times 
with water for 1 n1in and staining was tcrn1inatt.•J 
by soakint the gels in 1 % acctic acid. 

Hydropl1obic chron1atograpl1y. Washed tropho· 
zoitcs (4.7 x t<f) V.'CTC suspt.•ndcd in 5 mi borate 
bufferctl sa1inc (BBS; 200 mf\1 boric acid, 160 mfl.1 
Naa. p1-I 8). 'Tbc cclls v.·crc lyscd by thrcc frcczc· 
lhaY.ing cydes and y,.·crc ~onicated thricc for 2 n1in 
in an ultrasonic clcnncr (n1odcl 8852, Cole 
Pisrrn~r, Chicago, IL). Thc homogcnatc v.·;is ccn· 
trifl1gcd at J~()(I(} x g for 1 h at 4ªC and thc su· 
pcrnatant v.·as. coltcctcd. Tht: volun1c of thc su· 
pcruatant \\'as adjustcd to io mt v.·ith more DBS 
and "'ªS dinty1cd agninst two changcs of 2 1 of 
BBS for 24 h at 4ªC. Sotid an\moniun1 sulfate v.·as 
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added to the diatysate to a final concentration of 
30%. according to Dixon•s nomogram ·[24). and 
centrifugcd at 13~ x g for 1 h al 4ªC. Thc con­
centration of ammonium su1fate was increascd to 
70% in the supcrnatant and thc centrifugation re· 
peated. The resuhing pcl1ct was resuspcndcd in 
10 mi of 10 m~1 sodium phosphate buffer. pH 6.8 
containing 1 M ammonium sulfate (PASB). For 
hydrophobic chromatography, 9 mi of lhc sus­
pcnsion v.·cre applied to a column (2.S X 10.0 cm) 
of phenyl-Scpharosc CL-4B (Sigma Chcmical Co., 
St. Louis. MO), prcvious1y equilibrated with 
PASB. Thc column was washed with 220 ml of 
PASB v.•ithout anunonium sulfate and 10 mi frac· 
tions wcrc collcctcd. A 214onm v..·as dctcrmincd be· 
forc cluting y,.·ith a gradient of 0-2570 ethylenc 
glycol in PASB and subscqucntly with anothcr 
gradient of 25-50% ethylcnc glycol (380 mi total 
volumc). Thc column \\'as washcd with 140 mi of 
50% cthylenc glycol. lhcn with 260 mi of 1 o/o Tri­
ton X-100, then with 120 mi water and finally 120 
mi with 2% SOS. 

Phase separation in Triton X·l 14. Triton X·l 14 
(octylphenoxy polycthoxycthanot) (lot 23F-0701) 
was obtained from Sigma and fractionatcd as de· 
scribcd by Bordicr [25). The concentration o{ 
Triton in thc purificd prcparations was measurcd 
at 27S nm (E=l.46 x JO-' M- 1 cm- 1). Washed 
trophozoites werC so1ubilizcd in 1 % Triton X-114 
in Tris·saline (TS) buffer (10 mM Tris, 150 mM 
NaCI, p11 7.4) containing 0.3 mM N·E·2,4·dini· 
trophcnyl·L·lysinc (Sigma) and 0.001 'lo bromo­
phenol b1uc (DioRad, Richmond, CA) (26) at 
0-4ªC for 5-60 min. Thc supcrnatants wcre 
collctcd in thc tubes on ice using prechi11cd Pas­
tcu': pipellcs. Supcrnatants or unfra('tionatcd sol­
ubilizt..·d trophozoites v.•cn: warn1cd for 30 min at 
37ªC and centrifugcd al 4200 x g for 5 min at 
roon1 tcmpcrature. Thc supcrnatant (yclloYI' 
aqucous upper phasc) Y1·a~ scparated from thc 
pcllel (bluc dctcrgent lo·wcr phasc). The dc:tcr­
gcnt phn~e v.•as rcdissolvcd in TS to thc original 
volutnc anlt incubated for 10 minal 0-4~C (DI). 
Tritun X-114 (y,.·ith bro1nophcnol bluc) Yl'as addcd 
to a final conccntr<ltion of lt;f, to tite aqueou.; 
pha!ie (Al). 1"hc phasc 5cparrttion was rcpcatcd 
on hoth samph:s by rcwarn1int and ccntrifuging 
as dc!>Crilx:d abo\·c. Thc su~rnatunt of DI v.·as 
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discardcd and the ·pellc1 rcdiss.olved in TS (02) 
and thc pcllct of A 1 was also discardcd and more 
Tilton X-114 was addcd to the supcrnatan1 as de­
scribcd above (A2). Phase scparations were re­
peatcd up to four times and samplcs analyzcd by 
substratc gel electrophoresis. 

Hig/J salt at1d high urea tra-atn1ent of men1brone 
and vacuo/e rich frac1io11s. Amebic lysa1es were 
scparatcd following the mcthod of Alcy et al. (19). 
The fractions containing inlcrnal membranes and 
plasma mcmbranc wcrc frozen and thawcd once 
and 500 µI of high sall, high urca buffer (1 M KCI. 
3 M urea, 10 m~1 phosphatc buffer, pH 6.8) were 
addcd to removc adsorbed protcins (27]. Thc 
fractions v•crc incubatcd in ice for 45 min and 
centrifugcd al 40 000 x g for 60 min. The pcllct 
was washed with SO mM Tris pl-1 7.5 and resus­
pendcd in 500 µI of 1hat samc buffer. The supcr­
nalant (200 µI) was desallcd in a 1 mi Sephadex 
0-25 column (Pharmacia, Uppsala) prcviously 
cquilibratcd wilh SO mM Tris pH 7.S (28). Ali­
quots of75 µI were mixed with SDS-PAGE sam­
ple buffer and anatyzed by substrale gel elcclro­
phorcsis. Thc subslralc gel was dried bctwccn '"'º 
cellophanc sheels and dcnsilometric scans of dif­
fercnf lancs wcrc obtained in a DU-50 spcctro­
photomctcr (Beckman, Palo Allo. CA). 

Re5ulls 

Substrate gel electrophoresis ·o/ proteinases o/ 
an1ebic lysates in acrylanlide gels o/ vario11s con-
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ce111ra1ions. We have previously shown thal ame-
bic ly~a1es show al leasl three zones of hydrolysi."i 
cenlering at app¡rent molecular weights (M,) of 
56000, 40000 anCl 27000 in IO'J'c acrylamidc gels 
in the absence of rcducing agents (3]. Hydrolysis 
is enhanccd by dithiothrei1ol and mcrcaptoetha-
nol in 10 and 12.5% acrylamidc gels and, in lhcsc 
conditions. hydrotysis is seen in regions compre­
hcndcd in thc Af, rangc betwccn 150000 and 23 000 
(3]. Trying to characterize beller this hydrolysis" 
pattcrn. we analyzcd amebic lysalcs in polyacry- · 
lamidc gels wilh various acrylamide concentra­
tions. Fig. 1 shows thc pattcms obtained using thc 
lysate cquivalent to 2 x 10-'I cclls in 7.S. 10, 12.5 
and 15% SOS acrylamide gcls and coincuhaling 
with thc gclatin gel for 8 h. Clearly, 1hc acrylam· 
ide conccnlration in thc scparating gel has a grcat 
influcncc in thc rcsolution of the zoncs that show 
hydrolysis of thc substratc. 

The gel wilh a 12.5% acrylamidc concentralion 
provided the bcst separation and hydrolysis pat­
tern. lt showed hydrolysis rcgions with M, cen­
tering at 73000. 45000. 36000. 30000. 26000 and 
23000. Thus for further studies this conccntra­
tion of acrylamidc Votas uscd for scparation, Thc 
proteinascs or groups of proh:inascs werc classi· 
fied arbitrarity according to lheir ~I,: thc 73 kDa 
molccule(s) as high M, protcinasc. the 45 and 36 
kDa molccules a"i intcrmcdiate M, protcinases and 
thc 30. 26 and 23 kDa niolccules as 'º"' M, pro­
tcinases. 

Thc hydrolysis pallcrn sccn in Fig. 1 is quali­
tativety vcry tf'producihlc. lt was obscrved in lys-
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Fí1. l. Zym•lirani of gch with dilícrcnl acr)lumidc ronccnlnlliun, on ,,..hich ly:.alt• of 2 x 10" amcb.i~ voerc nnal)'zcd in lhc rrc1>· 
cncc or 4.,'i{. (\•/v) 2-mc:n:artocth<1nol. Thc .U~lral\' &el ronlnincd ¡.clnlin. Colncuh;11lon lime or 1errm1tlnt and·•U~Uat(' ¡ch 

•1" 11 h. S m;,rL.~ thc end of thc •tac\:in' ¡d. F b 1h.: d)·i: fron1. 
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Fi1. 2. Zymoguam or a gel on which subccllular ír;iclion$ of 
•mebas wcrc analyzcd. Thc mcthod or Aky el al. "'ª' ui.ed 
tofraclionatc 2 >e I<>' amchu. (A) Supcrna1c 11: wlublc rom­
p>nc:nts.; (8) pcllcl 11: intcmal membrarn:s; (C) pelle! 111: non· 
wsicula1cd mcmbranC!. and dcbriJ; (D) pcllcl IV: platma 

mcmbranc; and (E) 10111 l)"alc. 

ates oblained and scparatcd clcctrophorclically in 
the prcs.encc of thc inhibitors iodoacctamidc or 
p-hydroxymcrcuribcnzoatc. aftcr washing out thc 
inhibitor from thc scparating gel. Thc san1e pat­
tcrn was also obscrvcd in lysatcs obtaincd in thc 
prcscncc of 4.5% 2-mcrcaploclhanol, and in lys­
ates lhat had bccn incubatcd up to 8 days at room 
tempcraturc in thc abscncc of inhibitors or acti­
vators (data now shown). 

Occasiona11y, thcre wcre quantitativc varia­
tions in thc rclati\•c inlcnsit)' of thc individua) hy­
dro1ysis zoncs in difícrent prcpanllions. but tlu:sc 
vañations could not be associatcd with thc agc of 
thc culture. thc tcmpcrature or tin'c of prepara­
tion of the enzymc samplcs, thc length oí thc in­
cubation. frcczing and thawing or the prescncc or 
absence of inhihitors. V..'c ncvcr obsen·cd thc ap­
pcarancc of OC\\.' hydrolysis zoncs and thcrc was 
no e\·idcncc that thc pattcrn varicd in a Olanncr 
that could be cxptaincd by dcgradation of thc high 
ltt, protcinascs. 

Sulit'l'/lular lc>ealizatío11 o/ prott•iurues. In onlcr to 
asscss thc suhccl1ulnr distribution of thc protci­
nascs, amebas \\'Crc initially sepuratcd occording 
·~ lhc schcntc or isol:ition of plusnla mcn1hrancs 

, 
dcscribcd by Alcy et al. [19). FoltO\\.'Íng this 
mcthod onc obtains four wcll characterizcd frac­
tions 1abclcd: su(k~natc JI (which contains solu­
ble components); pcllet 11 (which rontains inter­
nal mcmbrancs); pcllct IV (which contains plasma 
men1branes) and pcllcl 111 (which contains non­
vesicu1atcd mcn1branes and dcbris) (fig. 1 in rcf. 
19). Substnue gel analysis of thesc four fractions 
shows that ali groups of protcinases are prcscnt 
in thc soluble componcnts (Fig. 2. Jane A), but 
the high M, protcinasc is great1y enrichcd vt'ith 
rcspect to the othcr groups. (Compare with Jane 
E " 1hich contains total lysatc.) The othcr thrcc 
fractions contain thc intcrmediate and low M, 
groups of protcinase and lack thc high M, pro­
teinasc (lancs B, C and D). Thcsc rcsults indi­
catcd that a discrt:te group of protcinascs is as­
sociatcd \\ith thc mcmbrancs, par1icularly \\ith thc 
plasma rncmbranc. when purified acrording to this 
mcthod. This same distribution of hydrolysis 
zoncs was obscrvcd in cxpcrimcnts in which lys­
ates \\'ere obtaincd, fractionatcd and analyzed in 
thc prescncc of iodoacelamidc or 2-mcrcaploeth­
ano1. Sincc the protcolytic activity secn in thc 
plasma mcmbranc fraclion could be duc to con­
tamination of this fraction with componcnts of 
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fi¡: l. C('lmp:irio,on or thc SDS·PAGE rauuu of diffcrcnt 
su!11:dlubr fra<.tiOM oh!~incd hy lhc mclllf'C! t•f Aky el nl. (A) 
Supcrnl.ltc 11: .alubll! Cllmpuncnh¡ (ll) pdlct 11: lnlcrnal 
mcmhrano¡ (C) p:lkt ltl: ncm·,-c,ku111!cd mcmhrilnc~ •nd 

dclo1b; nnd (D) p.:11cl IV: pfo~m•1 m..-int>runc. 
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TABLE 1 

Prolcol)'tic activi1y or subccllul>ir fraclionr. of E. hiJtolpico 

Fractlon 

Supcrm11e 11 
Pclkt 11 
Pcllct IV 
Pclkt 111 

To1all~1c 

Reponed conlcnts 

50Juhlc componcnts 
intcrnal mcmbram:s 
pl;uma mcmhranc 
non-vcsicula1cd mcm· 
branes. and dchris. 

Activily 
(ptotcolytic 
uniu..'ni¡; 
pro1dn) 

l.2M 
2.51 
7.66 
0.55 

·l.90 

other fraction(s), wc testcd this possibility by 
running SDS-PAGE of the four different frac­
tions and stained the gel with silver. Fig. J sho\\'S 
that · each of thc fractions produces a differcnt 
band pattcm. Sincc thc total protein in the plasma 
membranc fraction (lanc D), as dclermincd by thc 
biuret reaction, was one 241h part of that in the 
interna! membrane fraction (lanc B) and fivc 
times that in the non-vesiculatcd n1embrane and 
debris fraction (thc most Jikcly conlaminant. lanc 
C) and all lancs show a diffcrcnt band pattcrn in 
thc gel. it is vcry unlikely that thc amount and 
typc of proteolylic activity sccn in the plasma 
mcmbranc fraction is duc to contaminunts. Table 
1 shows thc proteolytic activily of the diffcrcnt 
fractions on .~zocascin. Thc plasma mcn1brane 
fraction has thc highcst activity per milligram of 
protcin. whkh is approximatcly thr~e times that 
of thc interna! mcmbntnc fraction. Sincc it has 
becn dcrnonstratcd that Concana\'alin A may 
stimulatc thc rclcase of amcbapore and of thiol 
activated protcinascs [SJ. wc decided to use thc 
mcthod dcscribcd by Roscnbcrg and Gitlcr using 
sclí-gencrating Pcrcoll gradients. 1'his could rule 
out thc possibility that thc protcinascs are ac;so­
ciatcd with the plasma rncmbranc bccause of thc 
trcatment with thc lcctin in the cxperimcnl!> de­
scribcd aho\'e. Fig. 4 shows reprcsentativc rcsu1ts 
of thc proteolylic acti\'ity on a1ocascin and thc 
protcin conccntration of thc difrcrcnt fractions. 
Thcrc are two peak~ of acti\'ity, onc ccntcring in 
fraction 9 "·hich is rich in thc lysosom•1l cni'ymc!> 
p-glucosaminidase and acid phosphatasc and thc 
highcst peak in fraction 14 which is rich in plasma 
men1branc mnrkcrs (SJ. Thc insct shows a sub-
1tra1e gc:I clcctrophorcsis of cqual \·olumcs of thc 

diffcrent fractions obtaincd. Again. all groups of 
protcinases are present in fractions 2. 4 and 6 
which conlain soltl,Je components. Fractions s. 
SO and 12, also show a similar pattcrn to lanc B 
in Fig. 2 which contains the interna! mcmbrancs. 
Fractions 14 and 16 contain mainly thc Jow !ti, 
protcinases and the pallcrn obscrvcd is vcry sim­
ilar to thal or thc plasma membranc fraction ob­
tained by thc othcr mcthod. Fractions 16 and 18 
show a loss or two proteinases \\'ith M, of 30000 
and 23000. Thc apparent loss of activity in thc 
substratc gel is duc to thc sharp decrcasc in pro­
tcin conccntration in tflc rniddlc and bottom frac­
tions (scc also fig. J in rcf. 8). Furthcr cvidcnce 
supporting thc men1brane association of inter­
rnediatc and low M, protcinascs was obtaincd by 
exposurc of fractions containing infernal vesiclcs 
or plasma rncmbranc to a high salt and high urca 
buffer. Fig. S shows that in both preparations a 
part of the protcinases bchave as integral mem­
brane proteins and another group is loosely 
bound. Dcnsitornctric estimatcs of thc pcrcent­
age of proteolytic activity associatcd with the in­
ternal membrancs (Janes B) and with thc plasma 
membranc (Jane E) wcrc 37.9 and 45.5% rcspcc­
tivcly. 

Hydropliobic chronrarograplly. Fig. 6 shows a 
rcprcscntativc chromatogram of an amcbic lysatc 
scparatcd in a column of phenyl·Scphllrose. Thc 
insct shows a zymogram of gelatin of sclccted dif· 
fcrcnt fractions. The first pcuk, fntctions S - 10. 
rcprcscnts unbound material and docs not con­
tain any detectable protcolytic activity. Thc first 
group of protcinascs cluted, \\·hich is in thc last 
fractions y¡,·ith unhound material, has molccules 
from thc threc groups and apparcntly only onc of 
thc low !tf1 protcinascs is detectable in this hy-

J I: drophrlic fraclion (pool of fractions 12-18, insct v 
lanc A). Subsc<¡ucntl)' y¡,·hcn the cthylcnc glycnl 
conccntration was niiscd firsl fron1 O to 25% and 
thcn lO 50% thc olht'r prolcina!ICS OÍ lowcr f&f, 
sturl to clutc (fr;1ction 39, insct lanc b). 1ñc n1a-
terial thnt rcmaincd bound to thl!' column wns 
clu1cd wilh 1% Tri1011 X-100 (fruction 90, in~cl 
Jane C), v.·ashcd "·ith 120 m1 W'1tcr and finally v.·ith 
2% SDS. Thc cluntc y,•ith 2'ii> SIJS did not shov.• 
any dctcctahte prolcolylic activity. In thc cluatc 
\\'ith 1% 1'riton X·lOO the lysi~ zonc of lhc pro· 
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TOP FRACTION NUMBER BOTTOM 

fi¡, 4. Sut>ccllular dii.lrihution pwfilc or proh:ol)·lk ucti..,ity :and rroldn cunn:nlration of E. hbtvf}'tir:o In Pcrcull gradkn1s. Thc 
insct sho"'·" a Z)on1ugram of a gel on "''hkh cqual \·olumc~ (:?~ ~I) of difkrcnt frnctillO!. {numt>.!r ahovc lam:) wcrc analy1cd. T. 

total anichic lys:uc; ST, molecular wcighl slamJanl~: •. prolcoly1ie actl\·ily: o, protcin cunccn1ra1ion. 

teinase with thc lowcst ./\1, was more cvidcnt. Thc 
peak at 280 nm from fraction 80 to fraction 100 is 
mainly duc to thc ab!.urbancc of thc dctcrgcnt. 

Pluue separa/ion o/ auiebic lysatt•s. Thc two 
ph~-s. (aqueous and dctcrgcnt) ohh1ined by pha<.e 
scparalion of a 1% Triton X-114 cxtract~ Y•crc 
•nalyzcd by substrate gel clcclropborcsis. Fig. 7 
5hO\\'S lhc distribution Of lhe prolcina~CS during 
four cyclcs or scparutinn. Hich. intermcdiulc and 

low Af, prolcinnscs rcn1<tincd in thc aqucous phu!'.C 
(lancs G, •1. 1 and J corrcsponding to Al. A2, A3 
and A4) \\'hile only intcnncdiatc and low M, pro­
tcina .. cs partitioncd in thc dctcrgcnt phasc (lancs 
C, D, E and F corrcspondin~ tu 01, 02, 03 and 
04). (Thc n1c11ning of Al or 01 is CKplaincd in 
t.1atcrfo.1 nnd ~1cthud!>.) 
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In this sludy we have dctcrmined with more 
accuracy thc numbCr and M, of SDS-rcsistant 
protcinas.cs rcported in our prc .. ·ious work {3). Wc 
have also allcmptcd to cstablish thc subccllular 
distribution of these molcculcs as wcll as thcir 
hydrophobicity or hydrophilicity. By inlroducing 
severa) minor modifications in lhe subslrate gel 
clec1rophorcsis mcthod wc uscd prcviously such 
as changing thc acrylamidc conccntration in the 
scparating gel. omitting thc cxchangc of SOS with 
Triton X·lOO aftcr clectrophoresis, including a 
reducing agent in thc eleclrophorcsis samplc 
buffer and \'aryins thc time of contact bctv:ccn thc 
substratc gel and the scparating gel. a beltcr res· 
olution of thc lysis zones was obtaincd (Fig. 1) • 
In general. good standard conditions wCrc apply· 
ing the lysate cqui\'alcnt lo 2 X 1(}~ antehae pcr 
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FRACTION 

Fi¡:. 6, Chrom:ito~raphk 1oeparntlon of an arn.:hic r11trucl in a phcro)f·Sc:rha101oC c:ulumn. Unt>ound ~1rnrk (fl.1w 1h1.-.u¡;h unuw 
1) ..,-a_, colk.:1t::J initi.:llly. Raund p1oldn~ wcrc rlul<"d "'ilh a linear ¡:radien! of n-:?:S,.li rth)knC" ¡l)·col (mru" 1) and •Ul.,.c1lu"nlly 

··.-ith anc>thcr lini::ir Eradicnl of2~5tJ';¿ rlh,tcnc ¡l)'C"t•I (anow llJ. l'hc: column v.as thcn wa'11c:J with S4Vti clhyltnc sl>cot (11rrow 
111). tc;f- 'lri111n X·ltXI (ano..,, IV) an..1 final!)· "1i1h 2t.I SOS (ano"· \'J. Fro1c1ion ,·olumc 11o·a\ 10 mi. 11u: d11~hcd linc lhln1i1~ thc­
condu:tance. 1'hc inM:t lh'1~11 ll 2ym1•tJam of • gd on ~hirh diffcr..:nl ru1ction!. (\f llu: column elualc ~·ere an:i1)7Cd. (A) Pu-.11 of ' 

· fr1c1i11n' 12-1!!¡ (OJ fr:iction°J9; (CJ frnc:lil"n 90; anJ {U) loliil anichk l~"llt: • 
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Fig. 7. Zymogram of a ¡el on whkh aquc<Jus and dc1crgcn1 
pha!oes of amcbic cxtracts obtílincd .,·ith Trilon X-114 werc 
analyzcd. (A) P-folccular wcight s.tand¡uds; (8) 101al amchk 
l~atc: (C- F) DI. 02, 03 ami 04 tc~pecli~dy: (G - J) Al, 

A2, A3 and A4 rcs.pectivcly (~e t.fatcrial~ and Mcthod~). 

lane and 8 h coincuhation oí thc scparating and 
substratc gel. In these conditions six Jysis zoncs 
wcrc apparcnt. and wcrc bcst obscrvcd with lhc 
12.S% acrylarnidc scparating gel. (The t5t;ó ac­
rylamide separating gel showcd comparable rc­
sults when the an1ount oí Jysatcs \\'as equiYalcnt 
to more than tv.ice thc amount slated abovc.) Thc 
lysis zones occurred al Mr of 80000-60000, 
56CJ00-45000, 40000-35000, 33000-29000, 
30000-25000 and 23000. The results indicalc that 
the numbcr of protcinascs that can be detectcd 
by substralc gel clcctrophorcsis in E. histo/ytica 
strain llM 1 is at least six and not four as wc had 
prcviously rcporlcd [3}. Wc think this paltcrn re· 
ftccls an initinl distribution of protcinasc uctivity 
in intact un1cbac for thc fo11owing rL·a!'Ons: (a) thc 
same p11ttcrn ~.-as obscn·cd in lysntcs oblaincd in 
thc prcscncc of inhibitors or acti\·ators of cys· 
lcinc p1olcinasc!., (b) a vcry sin1il<.1r di!>tribulion 
o{ lysis zoncs or radioactivc bands \\'as obtaincd 
when thc protcinascs wcrc purificd using Qrma· 
croglobutin (3). and (e) SC\'cral authors havc pur· 
ificd high, intcrmcdintc and lov.· Af, prolcinao;cs 
from lysatc~ of E. histolytica [ l ,29-31 ). Furthcr 
support con1.:s frun1 cxpcrin1cnts dcsigncd lo lC!<il 
thc staf:¡ility of tht.'sc prot.:inascs to autodiges· 
tion. Thl' obsL"n-·cd pattern did not chnngc in 
crud.: l)i>ldt.'s incuh;1tcd foi 8 di\)'S at room tc1n· 
pcraturc in lhc abscnC"c of inhibitors. Also, thc 
di!>tribution of thc protcolytic activity as!'od<1tcd 

• 
to diffcrcnt hydrolysis zoncs in differenl cell com· 
partmcnts, in thc prcscnce of inhihitors or an ac· 
tivator of cysteinc proleina~s. and in solvcnts of 
diffcrcnt polarity f.·ao; cntirely reproducible. 

Wc now idcntify the 80-70 kDa protcinasc \\ith 
the 66 kDa molcculc of unkno\\'O catalytic class 
wc reported (3}. Rccent expcrimenls have con· 
firn1cd our pre\·ious finding that this hydrolysis 
zonc is partially inhibited by p·hydroxyniercuri· 
bcnzoatc (2 mM) and con1plctely by highcr con· 
ccntrations of iodoacetamidc (> S mM). 

Thc widc band with M, ccntcring at 27000 in 
our f prc\ious study resolved in to thrcc bands \\'Íth J (~'k.) 
mean Af, of 30000, 26000, and 23000. This dis· 
covcry was thc rcsult of the modifications to thc 
method of substrate gel electrophorcsis mcn· 
tioncü aho\'C. TI1csc hydrolysis zonc as wcll as the 
oncs caused by thc intermcdiatc M, proteinascs 
are inhibilcd by cystcinc protcinasc inhibilors. 
Thc rcsults obtaincd by l\\'O differcnt rncthods of 
subccllular fractionation clearly show that thc high 
M, protcinase(s) is (are) exclusively in thc solu· 
ble fraction of the cells and that the fraclions 
containing internal vesicles or mernbranes or 
plasma mcn1hranc contain only intcrmediate and 
low Af, protcinascs. Thc soluble fractions of the 
cells also contain sorne intcrmcdiutc and low !tf, 
protcinascs. 1t cannot be established if thcse n1ol· 
cculcs are idcntical, similar or diffcrcnt to thosc 
in the mcmbranc fractions. This will be the .sub--
jcct of furthcr investigation. Our rcsults suggcst 
that the 73 kDa protcinasc(s) is (are) the mosl 
hydrophilic of lhcsc molccutcs and that thc 23 
kDa proteina~(s) thc n1ost hydrophobic. This lao;t 
obscrvation is supportcd hccausc il is more cvi· 
dcnt whcn thc hydrophohicity of the buffcrs is 
highc!'I and it tcnds 10 disappcar from the aqucous 
ph<t!>t: follo~·ing Triton X~114 phtt!>e scparation. 

lt is currcnt1y thought that E. histolyticu is con· 
stantly turning ovcr its plasn\~1 mcmbranc (29}. 
intcrchanging its outcr pll!ll1brane vdth frc!>h in· 
lcrnal n1cmbranc. Our rcsult., support this hy· 
pothcsis b.:cuusc thcy suggcst that thc protcinasc 
composilion oí thc interna! \'Csicks and intcrnnl 
n1c1nhranes is sin1ilar to lhat of thc ph1s1na mcn1· 
br<1nc. The postu1ate that at leas! e subpopula· 
tion of intcrn-1cdia1c anú low /tf1 protcina,.cs are 
intcgr11l mc1nbranc proteins is supportcd by thcir 
resistancc to clutc fron1 rncmbranc!> in high salt, 
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high urea buffen and by thcir hydrophobic na­
ture demonstratcd by two different methods. 
Proteinases are associatcd with thc membrane 
cven if cells are not stimulatcd by Concanavalin 
A (Fig. 4). In earlicr studies Mu\ñoz et al. (4) 
suggcF<tcd that collagenasc activity appcarcd to be 
locatcd on the plasma mcmtlranes. becausc di­
rect contact of tl;ic amcbae with collagcn films \\'as 
requircd for digcstion. Gadasi and Kesslcr [7) 
scparatcd subcellular fractions using thc mcthod 
of A1cy et al. [19] to J_oc411i1c .;ollagenolytic acliv­
ity. Thcy reponed that thc cytosol, intcrnal 
mcmbrane and plasma mcmbranc fraction had 
collagcnolytic activity. with thc last fraciion hav­
ing significantly more activity than the others. 
These resulls are in agrccmcnl with our protco­
lytic assay for nonspecific proteinascs (Table 1 and 
Fig. 4). On the other hand, both thc 56 kOa cys­
leine protcinase purificd by Keene et al. (1) and 
thc 21 kDa cyslcine proteinasc puñfied by Scholzc 
and Werrics (30] have bccn shown to digcsl na­
tivc coUagen. We have also shown by substrate 
gel elcdrophoresis using native rat collagcn as 
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Measurement of Casein Digestion by a 
Fluorometric Method1 
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Apartado Po.tal 70·242, 04510 Mi:r.ico D. F., Mi"ico 

Rtttiv.d June 30, 1988 

A qualltatlve and quanlitative method to .... Y pro· 
&eolytlc depadation of caaein wltb a •pectroftuoro­
meter wu developed. Proteoly•I• produced by dift'"erenl 
pure or mhi.ed proteinlUl!'B In • pH r•n•e 2 to 7 .4 
quenchn the ftuoreecence emitted at • wavelenl(lb of 
3&0 am by caMiD es.cited at 300 nm la leu than 5 min. 
Tlah metbod U very •n•itive, fut. and requlrn mini· 
mal .. mple prep•r•tlon. Protein.-. that do not aener· 
ate peptldn approprlate for ftuorncence quenchlns 
cannot be deteeted wlth thl• .... Y and protein.-. •lth 
iatriulc ftuol'e8Cence may requlre speelal adju•tmenh 
ot "tbe •pectñ>ftuorometer. Thl• metbod monl&on tbe 
dlaappearance of lntact sub.trate proteill8 contlnu· 
oualy • omlttlns the aeparatlon •tep nece-uary In other 
metbocb to meaaure product peptidn. 
c1 ... .......-~ ... 

Casein has long been used as a substrate for proteo­
lytic assays (1). because it is susceptible to the action of 
most proteases (2). lt is a mixture of aoluble hydrophobic 
milk proteins. Commercial casein is composed mainly of 
genetic variants of a.·, fJ·. and •-caseins (3). 

Most proteolytic assays using casein as the substrate 
uae the protein mixture or colored derivatives dissolved 
in an aqueoua buffer (1,2,4,5). The substrate is cleaved 
by the proteolytic enzyme under cenain defi.ned condi­
tions and the reaction is arreated by precipitation of the 
undigested proteins with powerful denaturing agents · 
such as trichloroacetic acid, phosphotungstic acid,_ and 
HCl,or perchloric acid. The precipitated proteins ate 
aeparated from the soluble peptides by centrifugation, 
filtration, or other means, and the eztent of hydrolysis 
ia then detennined with a spectrophotometer or colorim-

1 Supponed in p11rt. by snnu. from the Subaecretañ.. ~ Regulación 
Sanitaria y Dn.arrollo. Sttretañ.. de Salud, and CONACyT, Mésico 
ioR.P.·M. 

0003·269i/89'3.00 
Cop)'n,h1C•1969by A~mkP,..... lm. 
Ali rilhb otr.product.lon In any fonn rnuvl'd. 

eter in the solution containing the soluble peptides (2). 
This procedure is easy to perform and has been used ex­
tensively with many variations. In this article we repon. 
a method that, using a fluorometer, simplifies the pro· 
teolytic assay even further. lt is veey fast (because it 
omita the precipitation ofundigested casein and the sub­
aequent aeparation step), has a high &ensitivity, and can 
be used with a variety of pure proteinases or complex 
mixtures of them. lt also permita the continuous mea· 
surement of hydrolysis of a protein substrate. Even 
though the kinetics of casein hydrolysis by proteinases 
should be interpreted with great caution, this method 
theoretically allows a much better estima te Of the initial 
velocity of the reaction and aleo permita a better deter· 
mination of the change of the activity of the enzyme in 
time than do esisting assays. The data obtained with 
thia asaay can alao be used for quantitative calculationa 
of enzyme and/or substrate concentration. 

MATERIALS AND METHODS 

Casein. Bovine milk casein was obtained from Sigma 
Chemical Co. (St. Louis, MO) and from Pfannstiehl 
Laboratories, lnc. (Waukegan. IL). A stock solution was 
prepared by dissolving 1 g of casein in 20 mi of 200 mM 
boric acid and 160 mM NaCI. pH 8, by heating in a boil­
ing: water bath for 1 h. The solubilized casein was cooled 
to room temperature, centrifuged. at 12,000s for 30 min. 
and pasaed through a 0.45-µm filter (Millipore Corp •• 
Bedford, MA). Protein was determined in the filtrate ac­
cording to Lowry et al. (6). For digestion with pepsin, 60 
mg of casein was dissolved by stirring in 10 ml of 0.75% 
lactic acid in 30 mM HCI (7). 

Proteinases and inhibitars. Trypsin, soybean trypsin 
inhibitor, papain, pepsin, protease from Streptomyces 
griseus type XIV (pronase), and collagenaae from Clos­
tridium histolyticum type VII were ali obtained from 
Sigma. a·Chymotrypsin was obtained from Worthirig­
ton Biochemical Co, (Freehold, NJ). Ali proteinases, ex-

001 
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FIG. 1. FluoreKtnce emluion 1pectrum or ca..ein. A 90lution con· 
talnin¡ 1 m1 ofc•.ein in 2 mi of50 mM Tri11-HCI, pH 7.4, wa1 e•ciu-d 
at 300 nm and the emi .. ion •PKtrum between 310 and 750 nm re• 
con&.d: 

cept pepsin, and the inhibitor were dissolved at a con· 
centration of 1 mg/ml. in 50 mM Tris-HCI, pH 7.4: the 
papain aolution aleo contained 1 % (v/v) 2-mercaptoeth­
anol. Pepsin wae dissolved at the eame concentration in 
lOmMHCI. 

A complex mixture of proteinases was obtained using 
a lysate of washed trophozoites of the protozoan Enta· 
moeba histolytica as previously described (8). An amount 
equivalent to 4 X lcf cells was used in ali experiments. 

Fluorometric mea.1urements. All ftuorometric· mea­
aurements were made using a spectrofluorometer Model 
SMC 210 fro"m SLM Instrumenta. lnc. (Urbana-Cham· 
paign. IL) with a magnetic stirrer. connected to a chart 
recorder, Model Electronik 196. from Honeywell (Fort 
Waahington, PA). 

The stock aolution of casein was diluted to a concen· 
tration of0.5 mg/ml with 50 mM Tris-HCI. pH 7.4, with 
1 % 2·mercaptoethanol for pepain digestion or, Cor pep· 
•in digestion, with 20 mM KCl-HCI. pH 2. A quart'z cu­
vette containing 2 mi of this mixture was placed in the 
aample holder of the spectiofluorometer. The case in so­
lution was stirred constantly and excited with light et a 
wavelength of 300 nm; fluorescent emission was re­
corded at various wavelengths. After obtaining basal 
readlngs with intact casein, 10 pg of a proteinase was 
added, and the fluorescence spectrum was obtainedafter 
2 h at room temperature or the ftuorescence, at a wave­
lcngth of 350 nm, wafl recorded immediately. 

RESULTS 

The ftuorescence emission spectrum (310-750 nm) of 
casein excited at 300 nm showed three peaks et weve"­
lengths of 350, 595, and 671 nm (Fig. 1). Published ftuo· 
rescence spectre (9) and epectra in 50% dimethyl sulfox­
ide of individual amino acids (data not shown) suggest 
that the peak et 350 nm is due mainly to Trp and that 
there i& only a minimal contribution from Tyr and Phe 
in the proteins. Depending on the fluorescence proper-

tiett of the M>lution" which contain the proteinaH• to be 
te11ted, any one ofthe thrre peak" may be ch<>Hn to •••ay 
for proteolytic attivity. We chose the peak at 350 nm 
becauae initial experimenta with the peaka at the other 
wavelengths ahowed complex changes in the Huores­
cence. For example, in aaaaya varyin1 the concentration 
of a pure proteinase, chan1ea in the ftuore&eence could 
•tart with ftuoreacence enhancement and lead to ftuo­
rescence quenching at higher concentrationa. By teating 
the peak at 350 nm, consiatent quenchin1 of ftuorescence 
upon proteinase addition was observed, so this peak was 
used in ali subsequent assaye. 

Figure 2 shows the ftuorescence emission spectra of 
casein between wavelengtha oí 310 and 460 nm befare 
(upper tracings) and 120 min after the addition oí 
diff'erent proteinases (lower tracinga). lt is evident that 
all proteinases that digested the substrate produced ftu­
orescence quenching of the peak at 350 nm. 

The fact that quenching was aaaociated with protein 
digestion is aupported by the experiment shown in Fig. 
3. Here tr,ypsin was added to casein, measuring fluores­
cence at 300-350 nm; ftuorescence was quenched very 
repidly, and it reached a plateau in 3 min. 

(Thet the observed quenching oí fluorescence is not 
due to e Joss of turbidity was ascertained by measuring 
the optical density oí a similar caaein solution. There 
was no change in the absorbance et 520 nm for 5 min 
after the trypsin bad been added to the casein. In addi· 
tion, the casein solution was very transparent and not 
turbid at ali.) 

The ftuorescence quenching could be stopped by the 
addition of soybean trypsin inhibitor, and the inhibition 
of quenching was proportional to the amount of inhibi­
tor added. An amount of inhibitor equivalent to the 
amountoftrypsin added completely blocked the quench­
ing of ftuorescence. Jf trypsin inhibitor was edded to the 
casein solution befare the proteinase, virtually no 
quenching occurred, and the fluorescence did not change 

p,.,,.a .. 

FIG. 2. FluottJ1.Cence emiaaion ·~tra of different cu.ein solution1 
e:1cited •t 300 nm before and •fter proteinaae addition. Spectra be· 
tween 310 and 460 nm of a.olution1 of cuein were tteorded initiall)' 
lupper tr•cinp), Each en~yme (10 Jlll ••• ad<kd In 10 Jll butrer •nd 
lncubated for 2 h at room teinperature (25"C) and the 1pectra were 
recorded apin tlower tr•cinp), 
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FIG. 3. Fluoreacence eminion at 350 nm of different cuein .olu. 
tion••aciwdat300nmandtNat.eciwith 1, 2, 5, JO.and20-.i1oftf)'P9in, 
rnp.etlveJy. 

if trypsin was edded afterward to the mixture. Figure 4 
shows that the rete of quenching was proportionel to the 
amount ofproteinese edded to the system ond Fig. 5 in­
dicetes that the maximum percentage of fiuorescence 

TAYPSIN 20 )19 
" TfllYPS1N 1NH161TOR 20 )'9 

~ TRYPSIN 20 u9 
CASEON - CASE .. -~' 

TRYPSIN INHISITOR 

~ 

~ 

2 "'"' 

20 t'i 

.,, 

FIG. 4. Fluo~nce emiNion al 350 nm of ditferent cuein .olu. 
tion1 eacited at 300 nm and treated wlth 20 l'll of tryp1in and 1uhH 0 

quently with 5, 10,and 20 ,,.aoftry¡nin inhibitor. The ri1ht 1ide tracing 
1ho•1 addition ofth• enzyme and the inhibitor in invene arder. 

( -
1 .. .. - • •• •• w ~ ~ 

111; co1 .. n 

FIG. 5. Linear correlatlon of maaimum percen~ of fluoNscenc• 
quenchin1 and quanlity of auh-trate. Maalmum perct!nta1e of Huo­
ruc•nce quenchln1 •U de6ned u the point wh•re there wu a diatlnet 
chanp In the 1lope of the tradn1 fsee, •·•·• Fi1. 6}, The equ1tion of 
the Jlne ealculated u1in1 lln••r rtlf't .. lon •uy • 105.683• - 2.136:,. 
•0.997. 

quenching showed a linear correlation with the substrate 
concentration in the range 0.05 to 1 mg. Figure 6 shows 
that 'the relationship between the velocity of quenching 
and the concentration of ditrerent proteinases was linear 
in a r.a.n~e 2 to 50 µg for papain, pepsin, trypsin, and chy· 
motrypsin. 

The digestion of casein by pepsin at pH 2 quenched 
its fluorescence in a manner similar to that shown for 
trypsin. No ftuorescence quenching was observed with 
pepsin at pH 7.4. The lysate of E. histolytica containing 
a complex mixture of proteases also quenched the fluo­
rescence of the casein solution at pH 7.4 (data not 
shown). 

DISCUSSION 

The fluorometric method of case in digestion detection 
presented in this article offers many of the same advan­
tages oftraditional methods that use the same substrate 
protein and measure the sum of product peptides. lt 
works in a pH range just as wide as that of the other 
methods and the substrate protein contains justas man y 
different peptide bonds accessible to the proteinases. 
One disedvantage is that not every hydrolytic cleavage 
will give rise to a signal and that the size of the signal 
will probably depend on how near the cleavage site ofthe 
proteinase is to the relevant Trp (aee below). In this as­
say chymotrypsin and pepain genelaled betLer signal 
changes (higher quenching) per weight of protein than 
did trypsin and pronase (Fig. 2). Collagenase, which does 
not generate peptides in a conventionel casein digestion 
assay, did not quench the fluorescence of the case in solu­
tion. This assay is qualitatively completely reproducible. 
For quantitative assays it is necessary to define only the 
maximum Jevel (%) of fluorescence quenching every 
time a series of experiments is made. This value can be 
used to correlate fluorescence quenching with the exact 
amount of de"graded casein, if the substrate concentra· 
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FIG. 8. Linear correlation of Huo~nce quenchin1 veloci1y and concentration ofvarioua proteinasea. The anow• matk the time ofprotein­
aM addition. TM tradnp 'lll'ith incre-in1 ne¡ative •lope corre-spond to fluorescence quenching at 350 nm after addition of2, 5, 10, 20, and SO 
IJS ofproteinue, re1pecli11ety. The linear re,11ffaion equation• calculat.ed for the llne• 1hown in the in.et.a were p.1paln,y • 0.061: + 0.005, r 
• 0,998: pepain,y • 0.267z + 0.640,r • 0.981; trypsin,y • O.llOz - 0.03i,r • 0.995; and chymotrypain,y • 0.075.s - 0.077,,. • 0.99B. 
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tion h1 known with preci•ion, or with the amount ofpro­
c.rinaae added. Unknown vaJuef; can~ ini.rrpolated Jin­
early •t leaRt rO'r the quantitirR ahown in FigB. 5 and 6. 
The det.tttion límilll lor ditrerent proteina&e8 m•y vary 
cleopending on the ftuorescence quenching aenerated by 
the particular proteolytic cleavage. Our eatimate lor 
trypain under the conditionB we uaed ia the detection of 
0.1 ~gol enzyme in 3 min or incubation lime. Compari­
eon with other reponed methoda uaing unmodified ca­
eein •a 1ubatraite indicate th•t thia method has the fol­
lowing advantagea: (•) it ia approll:imately 50 times as 
aenaitive and 6 time& faster (10); (b) it iajuat as sensitive 
•• other methods using protein aubatrates derivatized 
with fluorescent probea (JO), but derivatization is not, 
neceaaary and there are no photolabile fluorophores; (c) 
it ia very practica), aince it requires little etrort in prepar­
ing the aubstrate and the proteinase(s) and avoids all 
aeparation atepa ofthe generated peptides; (d) the aignal 
aenerated can be measured in 5 min so that the time 
needed for one or many tests is relatively ahort; and (e) 
the only equipment necessary ia a tluorometer with a 
atirrer anda chart ffcorder. 

Stirring ~:as necessary to obtain a reproducible and 
conat:ant rate oftluorescence quenching, aince in experi­
menta without atirring thia rate varied. A atirrer can be 
•dapted to almoat alJ apectrotluorometers that do not 
have one by uaing a rheostat, an electric mot.or, and a 
magneL We also Cound that the voJume of the sample 
•nd the lorm of the magnetic stirring bar atrected the 
end resulta; in our system a volume of 2 mi and a ceU 
atirrer gave the best results. 

One advantage of this method. over traditional meth­
oda, uaingcasein as substrate, is that it can monitor con­
tinuously the proteolytic deg-radation of a protein. In 
this way more data about the reaction are obtained using 
leas reagents and time. AJso, 8& previously mentioned, 
taking alJ due precautions in the interpretation, it allows 
a better estímate ofthe initial veJocity and the continu­
ous monitoring ofthe change in enzyme activity in time. 

One possible limitation ofthis method might be inter­
lerence in tluoreacence quenching by proteolytic en­
zymes that have a high intrinsic fluorescence. Theoreti­
calJy, this can be avoided by making the appropriate ad­
juatments to the basal tluoreacence generated sePJlr&~ly 
by the proteinase. Uaing a crude Jysat.e oC E. histolytica, 
which contalns a compJex mill:ture of proteases and 
shows some intrinsic tluorescence, this wes auccessfully 
•ccomplished. 

lt has been previou&ly shown that the fluoresce"nt 
emiasion at 348 nm oC proteína excited at wavelengths 
between 295 and 305 nm is due mainly to the Trp resi­
duea (9). To emit fluorescence the Tip has to be in a 
hydrophobic medium, as is the case Cor most ofthe resi­
dues ofthis amino acid in the sequences reJ>Orted for the 

a.1-, /JA;·, •nd 111:·B-cat1eint1 (Jl-J3). We •••ume that 
many o( the Trp nsidues •re in • 1imilar environment 
in ali the ca11ein11 that are componenta of commercial ca­
aein. Proteoly•i1 oC theae protein• muat senerate pep· 
tides in which the polarity of the environment •round 
certain Trp reaidues increasea with re•pect to that in the 
intact proteína. This change in the pclarity of the milieu 
aurrounding these Trp reaidues probably produces the 
observed fluorescence quenching. 

Finally, we &tate some considerationa on the contribu­
tion of this method to general •spects of proteinase as­
aays using proteína 88 substrates. Theoretically hydroJy­
ais of peptide honda can be detec~d measuring (i) the 
decrease of the intact protein ueed as subatrate, (ii) the 
increase in free carboxylic or amino groups, and (iii) the 
increase ofpeptide products. For the first case basicaJly 
two t)'Pes of methods have been deacribed which are (a) 
the losa ofturbidity when a protein is aolubitized by pro­
~olysis and (b) the loa& oCenzyme activity (10). Our as· 
say falls into this category but introduces another 
method for measuring the dia8ppearance of the intact 
aubstrate protein. It measures proteoJysis as a function 
o( the change of the environment of an 8romatic amino 
8Cid. 
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