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ANTECEDENTES GENERALES 

Trypanosoma cruzi es un protozoario f1age1ado capaz de 

parasitar a1 hombre y causar en e1 1a enfermedad de Chagas. 

Esta ú1tima, también conocida como tripanosomiasis americana, es 

un padecimiento cr6nico y debi1itante que afecta en Centro y 

Suramérica a unos 20 mi11ones de personas 111 • En 1a RepGb1ica 

Mexicana se ha encontrado a1 insecto vector (género Triatoma) 

infectado, en casi todos 1os estados de1 territorio naciona1 12(; 

1o que hace suponer que 1a zona endémica sea muy amp1ia. En 

re1aci6n a1 número de personas parasitadas, cabe mencionar que 

en a1gunas 1oca1idades de Chiapas se encontró un 20% de indivi­

duos escogidos a1eatoriamente con sero1ogía positiva a T. cruzi 131 

E1 padecimiento se transmite por ia presencia de1 parási­

to en 1a sangre de un individuo infectado. En medios urbanos, es 

frecuente que 1a infecci6n se 11eve a cabo por transfusiones con 

sangre contaminada. En condiciones rura1es, por otro 1ado, parti­

cipan insectos hemat6fagos de 1os géneros Triatoma·; Rhodnius 6 

Pastrongi1us. 

Formas de1 parásito ~ ~ de vida 

A1 igua1 que otros protozoarios parásitos, ~- cruzi cursa 

tanto en e1 hombre como en e1 insecto vector por un cic1o de vida 
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comp1ejo que inc1uye diferenciaci6n ce1u1ar con transformaci6n 

a estadios identificab1es morfo1ogicamente. Dichas formas, inc1u­

yen c~1u1as redondeadas (amastigotes) , c~1u1as ovoides (epimasti­

gotes) y formas a1argadas 11amadas tripomastigotes j4j. Inicia1-

mente se consider6 que 1os amastigotes eran formas af1age1adas, 

sin embargo, estudios posteriores de u1traestructura indicaron 

1a existencia de un f1age1o incipiente. Los epimastigotes presentan 

un f1age1o visib1e en microscopra 6ptica, y a1 igua1 que en 1as 

formas arnastigotas, 1a emergencia de éste se 1oca1iza posterior 

a1 núcleo. Los tripomastigotes, por otro 1ado, fueron descritos 

-inicia1mente como formas de1 parásito con una membrana ondulante. 

Sin embargo, estudios de microscopía e1ectr6nica, mostraron que 

1a emergencia de1 f1agelo a diferencia de 1as formas anteriores se 

1oca1iza hacia 1a punta de 1a c~1u1a por de1ante de1 núc1eo, y al 

regresar por fuera de1 cuerpo, adosado a 1a membrana citoplasmáti­

ca da la imágen de una membrana ondu1ante. 

Existe una rntima correlaci6n entre _la posici6n de emergen­

cia del f1agelo relativa al núcleo, y la ubicaci6n de una estructu­

ra refringente llamada cinetoplasto. Esta estructura esta constiturda 

por una red concatenada de DNA, y su ubicaci6n dentro de 1a c~lula 

se limita a1 espacio interior de la mitocondria única de1 parásito. 

El cinetoplasto,además del flagelo, es caracterrstico del orden 

cinetoplástida, y su nombre deriva inicia1mente de la idea que po­

drra ser un plástido involucrado en la regulaci6n de1 movimiento 

fiagear. 
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_Después de haber descrito 1as caracterrsticas más genera-

1es de morfo1ogra que identifican a 1os amastigotes, epimastigotes 

y a los tripomastigotes; quisiera referirme a a1gunos aspectos 

genera1es de su ciclo de vida que ref1ejan ·.su .fisiol.ogía diferente. 

Los tripomastigotes en e1 hospedero ma~fero, representan 

la forma sangurnea y extrace1u1ar del parásito, y constituyen 

e1 tinico estadio de diferenciaci6n en que '.!'._. ~es capaz de 

invadir célu1as. Estas formas tripomastigotas no se dividen, y 

en este sentido son termina1es, a menos de que infecten alguna 

cé1ula del hospedero. En esta direcci6n, después de a1canzar el 

espacio intrace1u1ar, 1os tripomastigotes se transforman en 1as 

formas amastigotas y se dividen por fisi6n binaria cientos de 

veces.En a1gún momento y aún dentro de 1a cé1u1a, 1os amastigotes 

se diferencían a nuevos tripomastigotes, 1isan a 1a cé1u1a (posi-

b1emente por ruptura mecánica) , y se 1iberan a1 torrente circu1a-

torio donde pueden reiniciar 1os cic1os de invasi6n, desdiferen-

ciaci6n con rep1icaci6n y 1ísis celu1ar. Aunque se han descrito 

eventos de autoinmunidad ¡.s ¡,.es generalmente aceptado que 1a irsis 

tisular es 1a responsable de la fisiopatologra de1 padecimiento. 

Asr se tiene que a1 destrurr tejido nervioso que inerva 1os 6rganos 

huecos de1 aparato digestivo, se pierde la tonicidad de 1os mismos 

dando 1ugar al 11amado síndrome de mega es6fago, mega est6mago y 

mega co1on. Por otro 1ado, si el 6rgano b1anco es el coraz6n, la 

patologra que se presenta es la contracci6n arritmica de1 mismo. 
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En e1 vector, ei cic1o de vida se inicia cuando e1 insecto 

ingiere sangre de un individuo parasitado. Las formas sangu~neas 

tripomastigotas, ahora en e1 vector, adquieren a 1o 1argo de 1a 1uz 

intestina1 de1 insecto y aparentemente sin infectar cé1u1as, formas 

rep1icativas de epimastigotes. En forma aná1oga a 1o descrito con 

anterioridad, 1os epimastigotes se diferencran a tripomastigotes 

en 1a porci6n dista1 de1 intestino de1 insecto infectado. Estos 

tripomastigotes G1timos, se 1es denomina metacrc1icos por haber 

comp1etado un cic1o de diferenciaci6n distinto a1 de1 hospedero 

marnrfero. 

E1 vector transmite e1 padecimiento cuando a consecuencia 

de una nueva ingesti6n sangurnea e1 insecto infectado defeca in situ 

tripomastigotes metacrciicos. Si por a1guna raz6n estas formas 

a1canzan conjuntivas, mucosas o el torrente sanguíneo, 1os ciclos 

de invasi6n y irsis ce1u1ar se 11evarán a cabo con e1 consecuente 

estab1ecirniento de 1a parasitosis. 

E1 hecho de que ~- cruzi se rep1ique intrace1u1armente en 

e1 hospedero mam~fero, constituye quizá e1 mecanismo mas importante 

de evasi6n de 1a respuesta inrnuno16gica, pues si bien e1 huésped 

es capaz de montar una respuesta inmune tant~ celular como humoral 

161 que e1imina de1 torrente circu1atorio a 1a mayorra de tripomas­

tigotes durante 1a fase cr6nica de 1a enfermedad, e1 aparato in­

muno16gico no a1canza 1os seudoquistes intrace1u1ares de amastigo­

tes rep1icantes. 
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Por otro 1ado, es interesante que a pesar de que e1 parásito 

es morfo16gicamente simi1ar, 1as características de1 padecimiento, 

en 1o que se refiere a 1a intensidad y tipo de tejido afectado, varían 

dependiendo de 1a 1oca1izaci6n geográfica donde éste es ais1ado ~,71 • 

Así se tiene que mientras en Brazi1 las parasitosis se presentan 

con prob1emas digestivos y cardiacos, en Venezuela predominan 1os 

cuadros clrnicos con alteraciones cardiacas ~I . Estas manifestacio­

nes diferentes de la enfermedad de Chagas pueden deberse a diferen­

cias en 1os enfermos y/o a diferencias en el parásito. Consideran-

do 1a posibilidad, cabe mencionar que existen cepas de ratones que 

son diferencialmente sensibles al tripanosomatídeo Leishmania donovani 

y que esta sensibilidad esta determinada geneticamente IBI. En 

1o referente a la posibilidad de diferencias entre los parásitos, 

mencionaré que a través de analizar el patr6n electroforético de 

algunas isoenzimas de T. cruzi, fue posible la clasificaci6n de 

éste en grupos o zimodemas. Resulta interesante que dichos zimode­

mas se encuentren diferencialmente distribupidos en Venezuela 

y en Brazi1 171 •. 

~- cruzi ha sido estudiado con diferentes enfoques: Existen 

revisiones sobre su fisio1ogía 191, aspectos de estructura ce1u-

lar 1101. y sobre biologra molecular 1111. De igua1 manera existe 

1iteratura abundante sobre 1a respuesta inmune del hospedero 161. 
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Organizaci6n de1 genoma 

En e1 contexto de 1a organizaci6n gen6mica, e1 DNA·mas es­

tudiado es e1 DNA del cinetoplasto; que depei>diendo de 1a especie 

puede representar entre el 10 y e1 20% de1 DNA total ce1u1ar ¡11¡. 

En T. ~ e1 trabajo inicia1 mas importante sobre este DNA, 

fue realizado por el grupo de G. Riou ¡12¡, quién demostr6 su 

arreg1o supramo1ecu1ar como una red concatenada de 30,000 a 50,000 

mo1~cu1as circu1ares, compuestas individua1mente de aproximadamen­

te 1400 pares de bases (minicírculos). Los patrones generados 

por digestiones enzimáticas con endonuc1easas de restricci6n, ind~­

can que dichos minicírcu1os de DNA, están representados por secuen­

cias heterogéneas. Sin embargo, se ha descrito repetitividad in­

trínseca de mo1ecu1as individua1es. 

La posible transcripci6n de1 DNA de 1os minicírculos ha 

sido motivo de controversias, y tradicionalmente se ha pensado 

que dicho DNA no se transcribe. El RNA rnitocondrial, como RNA ri­

bosomal y mRNA de enzimas respiratorias, proviene en e1 cineto­

plasto de mo1écu1as de DNA también circulares, pero de-may.or lon­

gitud (20- 30kb) 113, 141. Estas corresponden a solo un 5% de1 DNA 

presente en e1 cinetop1asto 1111. Sin embargo, regresando al 

prob1ema que representa 1a transcripci6n del DNA de los minicírcu-

1os, se ha descrito recientemente 1a existencia de mo1écu1as pequeñas 

de RNA rnitocondria1 (75 y 200b) que hibridan con DNA de 1os mini­

círcu1os ¡is¡. E1 pape1 bio16gico de estos transcritos es aGn 
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desconocido, pero se postu1a que puedan funcionar como "primeros" 

en 1a rep1icaci6n de1 DNA de 1os minicírcu1os. En forma a1terna­

tiva y por datos de secuencia, 1os autores postu1an que dichos 

transcritos codificarían, en e1 caso de ser traducidos, para 

proteínas básicas capaces de asociarse a1 DNA con una funci6n 

estructura1. 

A diferencia de 1os tripanosomas africanos, donde se han 

estudiado extensamente 1a organizaci6n y 1a expresi6n de genes nu­

c1eares que codifican tanto para 1os antígenos variab1es de su­

perficie 1161, como para proteínas estructura1es (tubu1ina) 1171 

o regu1atorias (ca1modu1ina) ¡1a¡, e1 estudio mo1ecu1ar de genes 

nuc1eares en ~- cruzi, es aún incipiente. Por datos de velocidad 

de renaturalización, C. Castro y col han estimado que el genoma 

nuc1ear de!_. cruzi contiene a1rededor de 11,000 genesl19I. Dadas 

1as características bio16gicas ya mencionadas, e1 estudio mo1e-

cu1ar de genes nuc1eares de ~- cruzi merece una atenci6n particu1ar. 

E1ecci6n de1 sistema génico de estudio 

En 1a e1ecci6n de un sistema génico nuc1ear accesib1e e 

interesante, consideramos que e1 RNA·:ribosoma1 (RNAr) citop1ásmico 

ofrecía 1as siguientes características: 

1. Tanto 1a abundancia de1u1ar de1 RNAr, como 1a repetitividad gé­

nica encontrada en diversas especies ce1u1ares 1201, 1o convier­

ten en un sistema de fácil acceso. 
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2. Debido, por un lado, a que la transcripci6n del RNAr se 

encuentra asociada con crecimiento celular )21, 221, y 

por otro a que el parásito cursa durante su ciclo de vida 

por estadios replicativos y no replicativos; pensamos 

que muy probablemente la síntesis de RNAr se encuentra 

regulada diferencialmente en dichos estadios. De ser así, 

este sistema g€nico ofrece la posibilidad de estudiar se­

cuencias nucleotídicas involucradas en la regu1aci6n de su 

expresi6n. 

3. La funci6n del RNAr es muy antigua en la evo1uci6n y ha sido 

mantenida en todos los tipos celulares. Por estos motivos 

los estudios comparativos de secuencias nucleotídicas de 

RNAr en distintos organismos, han resultado tan informati­

vos en la construcci6n de relaciones taxon6micas y f i1ogen€­

ticas 1231-
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ANTECEDENTES PARTICULARES 

Para presentar 1as consideraciones particu1ares que 

antecedieron a1 presente trabajo de Tesis, me permito inc1uir 

en este capítu1o 1as comunicaciones: "Sma11-size ribosoma1 RNA 

species in Trypanosoma cruzi", y "An endonuc1ease restriction 

ana1ysis of the ribosoma1 RNA genes of Trypanosorna cruzi", pr~ 

dueto de mi trabajo de Maestría. 
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SMALL-SIZE RIBOSOMAL RNA SPECIES ll'O TR YPANOSOMA CRUZ/ 

ROBERTO HER,..,;ÁSDl:Z. G-'RR1l::L NAVA and MARIO C'ASlAÑEOA• 

Drro"'"'""' ~f I>r' rlor"''"'º' B1n/o¡;'. '"''''"'" d1· /rtu·.s11~oc 'º"'·' B1oml'du o.s. Vni•·rr.s1do1I f\"or1onol A1116-­
"º'"º dr Ali''-l<O. Ara,.1odc• l'1•.s1ol 'º~21i. 04 . .,/(I Alc'-•1<0. /J l .. Alrutt• 

Tr.1rª'"''º'"ª <ru:1 t1h(.• .. 0n1.1I J!~A ""'ª .. an.al'."l't"d h'." rkt:1ruphnrc.,, .. On ª~ª'º"'"" ~rJ .... ""'he-re bo1h lar~l"­
and 11om .. 11-.. 1rr 1'pe.:1r ... ur ~hl'"''." lr.o1ct1onahk. 11 re"c-.akd l""'U b.and .. 1n thc ~m.all-s.u·c rr~10:1 Thr"C' v.rt,.­
i.im1l.;u tn i.u·e 10 thc- mamm.1lian 5.8 S und ~ S s.pr,,;1c ... lm.:rca.,.cd rr"olu11on. h0'4C'l>C't. s.ho""'rd 1hes.e '""'º 
band .. te> be comp~1te Thc P"eudCl 5.loi S band con1.;11nrd lhrec-. and thc p<.rudP !- S lv.(l. d1s.c:rrtrl~ i.1zrd 
molc-eulr". Thc ribo"omdl b1nd1nF of f0ur 0f the"e fnc no1o·c-I s.pcc1r,. , ... arparenll} drpc'ndcnt on 14'r~c 

ribo!l.omal s.ubun11 rro1e1n!I. One s.pec1r!<o ª" h'.1-droJ!en bonded to 1h,.- (\1-pc-cic- ... of 24 S rtbo,.omal RNA. Thc: 
fi1or i.rec1c" '4l"JC r:s.11ma1rd 10 be 2t>I. 217. 197. 141 .and 110 nuclc-011dc" ll•nJ.! 

ISTRODl'CTIOS 

Ma1urc cytopJasrnic ribosoma) RNA (rRNA) of most hi!!hcr eukaryotcs is compo­
sed of two Jar.(!c- and two smaJl-sizc spccies: thc 23-28 S and 18 S. and thc 5.8 S and 5 S 
moJccules. rcspC"ctivel~. Sorne or!!ani!'tms deviatc from thi._ pattern. V..'c ha ve reponed 
[ l] that Trypano.soma cru=i con1ains. not t"' o. but threc l;1rgc-sizc !>pecic~: '"'o (specics 
a and fJ of approximatel) 1700 and 2000 nuc1cotides. rcspec1ively) rclcascd upon 
denaturation ofthc 24 S rRNA Cabout 4000 nucleotidc5). and one species in the 18 S 
rRKA (about 1500 nucleotide!>). The data indicated also. that thc a and P spccics most 
probably are dueto late processing of thc original rRNA transcript. rather than to 
nonspccific ribonuclcase (Rf':Aasc) activity on thc 24 S rRNA. Thcsc largc-sizc spccics 
havc also becn reportcd in othcr trypanosomatids such as Crirhidia Juci/ial' (2) • 
Leishmania dono\·ani (3). C. oncopelri. C.fasciculato and Tryponoson1a brucei (4.5): as 
wcll as in thc protozoa Acanthamoeba ca.sreJJani (6) and TCrrohymena pyriforrnis (7,8). 
in severa) protostornia (9). and in Drosophila melunogaster (JO). 

Jnformation conccrning small-size rRNA species is now emerg:in!!. In our prcvious 
work [ 1). wc estimatcd that the a and J.3 specics togcther contained sorne 300 nuclco-

• To ..-:hom ali corrri.pondrnce should be addrC'ss.rd. 

016~6flSl/6:-/SO~.OO I' 19Ei:i Els.r\.·1er Sc1ence Publi!l.hrr~ B.'\.". 



tídC'~ ÍC'"•C'f than did 24 S rRNA. Thi~ diflcrcncc.: ""'ª' partiaU~· accountC'd for by thc 
probable rc-IC'a!ioc. u pon dC'naturation. of a natura JI)' occurrinE: !ii.mall-si7c rRNA su ch a~ 
thC' kno"' n 5.1' S !-pL·clC' .. "'h1ch con1--.in' ~onu.· J 60 nuclC'o11dt.·~. "'t.• hilVC' c-11,;tcndC'd thC' 
work on rRl"A and hcrc wc rcporl that .. in contra!ii.t to hi.J:.hC'r C'ukaryolC'~ .. T. cruzi ha!ii. 
fi\'C' small-siZC' rRl':A spC'cic!!.. Thc~c rc5.Uh!<> are similar 10 thO!loC' rcccntly rC"porlcd for T. 
bruai 11 J) and C. fosriculoto ( 12). 

MATERIALS ANO METHOOS 

c~ll cu//ure_ T. cru:i i~o1atcd 1n La Cruz. Jati~co. Pl.1C')l.ÍCO (Dr. J. Tay. SchooJ of 
Medicine. UNAf\f) "'ª~ ~rown in hquid medium containin,J? livcr infusion-1ryp1osc 
suppkmentcd with JOí( hea1-in~c11vatC"d ÍC"tal calf s<"r-um. a~ describcd clsewhC"rC' [ J]. 

Preparation of riboJomcJ and rR/\"A. Ceib werc collccted in mid-lol! pha~c of E?r-owth 
(ca. 99c;¡. epimastigote for-m~) b,_ centrifugation at 8000 X¡: for 15 min at 4e>Cand wcrc 
thcn was.hcd t"'·ice "'ith 30 mPl.1 Tri5o-HCI (pH 7.0). JOO mf\.1KCJ.5 mPl.1 MgCl1 • 3 mM 
CaCl:containin!? an RKAa!>C"-inhibiting mr:i-.turc of diethylpyrocarbonatc ( 10JJE? ml- 1). 
hc-parin (4 mE? ml- 1 ). This mixture was us.ed in all solution~ thereafterand for rinsingall 
glas.swarc. Als.o. so1ution~ and glassware wcrc prcviously autoclaved. and gloves. wcre 
"'"·orn during this. and thC' following proceclur-cs.. J g of wct and packed cells was 
resuspended in JO mi of the wa!<>hing ~olution and lys.ed b) the addition of Nonidct 
P-40 to a final concentration of 0.3c;c.. llnder- the5oe condition!<> most of the nuclci 
rcmained intact (a~ deter-mined b) ab!locncc of vi!-.cosit) in thc lysatc and by phas.e 
microscopy). The lys.ate "'·as. s<"quent1ally ccnnifugoed at 10 000. 20 OOOand J 00 000 X g 
for JO .. IOand 120 min. rcs.pectively. The last pcllet Wa!. used as. a sour-ceofribos.omc~. 
To cxtract rRNA. this pellet (or- ribosomes fractionated by sucrose·gradient ccntrifu­
g:ation. se-e below) was res.us.pcndC'd in 20 m~1 Tris-HCI (pH 7.0), 2.0 f\.f LiCI, 4.0 J\.1 
urea and allowed to stand at 4~C for- 24 h. Thi!-> su!->pcn~íon wa!-> ccntnfugcd at 20000 X 
g for 30 min. and the pcllet wa~ nnscd w1th. and resu!>pended in water. Thc rR1'A 
preparations showcd absorption ratios. A:t-C•/:Hi and A:t.o/:H' equal to or higher than 2.0 
and 2.4. rcspcctively. The material wa~ ~cn!->iuve to 1 min-boiled pancreatic Rl';Aasc 
and to O.J M Na OH at J.7=C. Papcr clectrophon:~is ofthe!->c dip.ests s.ho"'·ed uridine but 
not thymidine (unpublis.hed cxperirnents done in collaboration with Ms. R. Sánchcz). 
Thc yic:ld of rRNA has been around 1 mg !!-' of wct cells._ Othcr rRNA isolation 
procedures [ J] wcrc also us.ed and gavc similar resuhs in rcs.pect to the small size rRN'A 
species. Moi.Jse (Swiss albino micc) livcr rRNA. u sed as a s.ize markcr. was obtained by 
thc usual phcnol cxtraction and cthanol precipitation mcthod. T. cruzi rRNA was 
either dircctly electrophorcsed or firstly resolved on sucr-ose gradicnts. 

Surrose gradienrs. S=imples. with ribosomal material or cxtractcd rRNA "·ere fractio­
nated on nondenaturin!! isokinetic sueros.e gradicnts in thc absence ( 1) .. or in the 
presC"nce of hig:h K .. conccntrations to obtain ribosomal subunits (12). 



1 Gel t"/crlrophnrrsu. Thc rRNA samplc!> WC"rc analy7cd on tv.-o lype?<. of slah ¡.?:el~: (a) 
nondcnalurinp i!cl!>. and (h) denaturing: E?cl~. (a) J .Sr;; a(!.aro!<-C ¡?:el!<o (4 mm thicknc!.!.; 30 
cm lcnpthl in 10.8 (!.Tri~ (pH 8.3). 5.49 E?, boric acid.0.9,:\ (!. EDTA pC'r l. wcrc run a1 6 V 
cm-• for 2 h at 4.:-c. (bl 3.~r;; acrylamidc. O. J 5'/c bü.acrylamidc E?eh. ( 1.5 mm thicknc!.s; 
12 cm leng:th) in the~amc!>olution as abovc. but wilh 7 M urea. wcrc prcrun at 2V cm- 1 

ovcrni(!.ht: ckc1rophore!>i~ wa~ al 4 V cm-• for R h at ambicnt tcmperaturc. -iñc 
samplc"° of rR1'A "'·ere firstly di!.!.olvcd in thc clcctrophon:si!> solution. containin¡?. 
20c;( E?lyccrol and bTomophcnol bluc a~ front marker. Slab ~els wcre staincd with 3.0 
µ¡? ml- 1 of cthidiurn bromide and photo(!.raphcd undcr short UV liE?ht. In sorne 
experiments.. the rRNA band!<- werL" cu1 ou1 and electroeluled in the same etectrophore­
si~ solution ovC"rn1ght a1 4ºC. 

RE.Sl"L lS 

'\\.'hen T. cru=1 total rRNA. ob1ained dircctly from the ribosomal pe11el or from 
monos.o me~ purified in nondcnaturing sucrose E:radicnts. (sec Methods). v.·as ana1yzed 
under paniall~ nondenaturing conditions (for this material) on long agarose ~els. 
v. here both Jarge- and small-sizc species can be fractionatC'd (Fig. Ja) .. it resolved into 
six bands in total: four large-size bands (undenatured 24 s. J 8 S 9 and Panda derived 
from denatured 24 S) already characterized [ I]. and ,,,...o small-sizc bands. Fi!!. IA also 
shows sorne bands with lower mobility than that of 24 S rRNA. '\\.'hen this matC"rial 
was cleciroeluted. denatured and reelectrophoresed on denaturing polyacrylamide 
gels (as in Fig. Je and d~ sce bclow), it was. re~olved in to thc three largc-s.ize 18 S .. Jl and 
o rRNA spccies (not shown). These resuhs indicate that the slo"':er bands represC"nt 
rRNA agE?regates.. Thc small-size bands might be analogous to the 5.8 S and 5 S spccies 
commonly found in mammalian cclb. Neverthekss. when thc samc rRNA prepara­
tions were fractionated in a morl" discriminating system (on shon polyacrylamidc 
dcnatunng gel~) for thl" rc!!Íon occupiC"d b) thc '""º small-sizc: band!>. these two bands 
were resolved in to five di serete band!> without s1nt:aring material (Fig. 1 b): in addition 
to a broader band v.·hich mi.(!rated in thc zone of mousc transfcr RNA. This findin!! 
was not obsen·ed with mou!>c liver rRNA which had not been c'.'.pccially protcctcd 
from R~Aase activit~· a!> dcscribed in ~1ethod!> (not shov.·n). Thereforc. the initial two 
small-size band5.. pseudo 5.8 S and pseudo 5 S. actually representan heterog.eneous 
assembly of muhiplc rnolecules of definitc sizes. 

The sma1J-size rRNA specie~ were found complcxed. after RNA cxtraction and 
dcnaturation. in the JaTge ribosomal subunit which ""·as ohtaincd by fractionation of 
..-ibosomcs on isokinetic sucrose gradients ""·ith high K .. concentration (not shown). 
This large-subunit association has been reponed also for C. fasciculata (12]. Thc 
small-sizc specics might bind. as a gross approximation .. ..-ibosoma1 proteins or rRNA. 
V.'r: cxptored this possibility by the use of deproteinized rRN A or deprotcinized and 
denatured rRNA. The deproteinized material of the a~arose pseudo bands (FiI?.. JA) 
was indcpendently elcctroeluted. heat dcnaturcd in the presence of 7 M urea. and 
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reelectrophorescd on denaturing polyacrylamidc gels. The pseudo 5.8 S material 
yieldcd thc two uppcrrno~t band!-- (Fip. Id) and the pseudo 5 S. thc- two Jo·west bands 
(Fig. Je) of the group of five small-~ize species (thC"reafter called and numbered s l tos5 
beginning with the largest). Since the s3 species was not found in the pseudo 5.8 S and 5 
S materia Is obta1ned from deproteinizcd but nondenatured total rRNA. the binding of 
this spccies is. apparc:ntl~ not dependent on proteins as i~ thc binding: of the other 
species. h should. thcn. be primarily hyd..-ogen bonded to rRNA. V\.'e tested this 
assumption by two kinds. of cxperiments. 

Deproteinized total rRl"A was fractionated on fully nondenaturing sucrose g..-a­
dients ( 1). Fraction~ of the thrce main peaks in thc regions of 0-6 S. 18 S and 24 S 
(containing the a and 13 species) v..·ere pooled ( F1g. 2A. brackets). ethanol precipitated. 
and rcdissolved in the denaturing electrophoresis solution. The totality of thc material 
obtained from cach rnain peak v.·as independently hcated and layered onto denaturing 
gel slabs. The 0-6 region of rRNA containcd the s 1. s2. ~4 and s5 species (Fig.. 2a). The 
18 S rRNA did not contain any small size specie:!.. c-xcept a very light and contamina­
ting s3 material barely seen in the photograph (Fig. 2b). Final1y. the 24 S rRNA 
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dcnaiunn¡: slab ¡:el .. (Bt. All the ma1c:r1al írom 1hc- poolc-d ¡:radu:n1 trac11on!>. sho"" n 1n bracl..cb. ""ª"" apphc-d 
1odenatunn¡: slab ¡?el .... ,.r .. cl.. .;¡¡: 0-fi S rR?"A. uacl.. b: 18 S rRNA; trad .. c. 24 S rR!'A; traca.. d.101al rR"'"A 
1aycrcd on10 lhe sucrosc- f?r011d1en1. 

rcvcaled. upon denaturation. the missing s.3 specics (Fip.. 2c). lncreased amount!- of 
loaded material on tracks a. b and e did not produce qualitative changes in the gel 
pauerns. 

To determine if the s3 species is bound to the a or l.\ species. dcproteinized total 
rRNA was clcctrophoresed on nondC'naturinI? agarose gcls (as in Fig. JA). Material 
from the a and Jl species. and 24 S rRNA was cluted and reckctrophorescd on 
dcnaturing polyacrylamide gels (as in Fig. 1 B). The a spccies did not rcleasc any 



TABLL 1 

,.RNA ""umhc-r or nuclC"nlldC'" 

·~CtC't. 

7 t'ru:'' T. f'lr-u<t'1 .. C~ .f0Jnn~la1a• 

si 2M ::t :t 2JS 2:tll 
.2 217 ± :i 190 19;\ 

s3 197 ± =4 180 17t> ... .... ::t 2 12S 135 
.s J IO ::t 2 JIS 120 

F1p:ure" rrprn.en1 the mC"an ± S.E."-!. from fhC" ind1\:idual ¡ecl,.. Tht "·alur!. for lhC" sirc· slandatdt. 
mouu SS and S fi S. and T. rru:1 a rRNA spC'c1r" arr 121. 159 (J3]. and 1 661 IJ) nuclro1idcs., 
rtsptc11\.TI~. Th" ltnC' reptC'1'C'n11n,: 1hr kasl squarn. fil"'ª" L = 2 276. 7· l.38f" (corrdationcoi:ffic1rn1 
, = 0.99991. 
Data from Cordan¡!le~ and Turner ( 11) 
Data from Gra~ ( 12) 

material. The JJ species.. and of coursc the 24 S rRNA (containing both a and JJ). 
showed the s3 species (!!C'b not shown). 

Molecular s.izes of thC' five smaJl-size rRNA species. were calculated in the 
polyacrylamidc.·-urea !!el system by the Jeast squarcs analysis of the Jo!!arithm of thC' 
number of nucleotide!> versus the migration distance at band center. u sin.{! mouse 5 S 
and 5.8 S and T. cru=i a rRJ\:'A species as size markers. The median size values of T. 
cruzi small-size rRNA species were found to be very similar to thosC' reponed for T. 
brucei ( 11) and C.faJ"Cicu/ata [ 12). as can be secn in Table l. '"-'hen thc Aie.o values of the 
fractionated larg:e- and small-size rRNA species. obtained from a same total rRNA 
preparation. were normalized ap:ainst their corresponding molecular sizes. the stoi­
chiometry of ali eip:ht moleculc-s. in rclation to c.ach other Wa!-. about 1 (calculations not 
shown). 

DISCL'SSJOS 

Thc rnature cytoplasmic rRl"A species of trypanosomatids secm to be unique 
among both prokaryotes and eukaryotes. To date. this distinction appears at least in 
tWO rRNA characters: the size of the 18 S species and the total number of species. 
Thcse differcnces are important in view of the high conservation Of these parameters 
alon,g phylog:eny. The known molecular masscs of the 18 S rRNA of different 
bioJog:ical specics can be assembled into two p:roups of approximateJy 0.5 and O. 7 X 
JO"' dahon!> in prokaryotes and eukaryotc!>, respectively. T. cru=i 18 S rRNA has a 
molecular mass of about 0.84 X 10" daltons: therefore. it falls in a third group. Other 
try;panosomatid~ and protozoa also sho\.\.· this high value for the 18 S rRNA: the 



'\.
0ahdity of thC'!oC data ha!- alrcady bC"C"n du.cu!o'-C'd l lJ. FurthC"rmorC". T. rru:i and othcr 
or¡!aní!i.m~ prC""-C'nt thrC'e lar¡?:C"-sizc spcc1c!o (sC"c lnuoduction). 

ThC" small-sizc rRNA mo1cculc"- in mo!ot C'UkaryotC"!i. arC" thC" 5.8 S and thC" 5 S. Our 
prC"viou~ a!iosumption thM thc two T. cru:i liE:.hl band~ scC"n in al:!arosc ¡?ds (Fi¡!. JA) 
corrC"spondcd to thC"!oc two !.mall·!.izc specics ( 1) was false. ThC' pseudo 5.8 S material 
ac1uall~ contain~ thrC"C' species: si. !-2 and. undcr denaturing conditions. .. s3; and the 
p!.cudo S S contain~ two spccics: s4 and s5. That h.. this orj!anism has fivc s.ma11-sizc 
specic!i. instC"ad of 1,...·o. The~e f1ve speciC"s. most probably are natural and not dueto 
nonspecific dcgradation sincc: ( 1) they werc obtained undcr conditions of nondctccta­
bk Rl'Aasc acti"·it~ ( l]; (2) thc 1 E< S. and thc a and ~ spccics (Fig.s. J and 2) did not 
sho"' dc~radation;(J) thcsc muhiplc- spcc1cs wcre not found in mammahan ribosome!i. 
(obtcntlon of mou!'-r: 5.R S and 5 S for expcrimcnts of Table 1 ); (4) thcy "\A.0 erc prescnt in 
thr: samc numbcr and propon ion!'- undcr diffcrcnt isolation proccdurcs: and (5) they 
han~ br:en found in ty,,o othC'"T trypanosomatid~ [ 11.12). Leishman1a tarenro/ac also 
contain~ thc r:ig_ht small- and laT¡!c--sizc rRNA !opecies: but thc •e,.._tra· large-size rRNA 
"·isuahzcd in sucrose grad1cnt!-> and on po1yacrylamidc gels. wa!o interprcted as a 
brcakdown product. and thrcr: of thc sma11-sizc spccie!> as the cornrnonly known 4 S. 5 
S and 5.8Sl14]. 

Thc overa ti as!oociation behavior of thc trypanosomatid small-size rRNA species is. 
neverthekss. similar to that shown by thc 5.8 S and 5 S spccies: ( 1) all are bound to thc 
large ribosomal subunit: (2) thc ~l. s2. s4 and s5 are probably bound to ribosomal 
proteins (thr:~ are releascd by lov. Mg:-· conccntrations. sodiurn dodecyl sulfate. 
and/or dcprotcinization) like thc 5 S spccir:s; and (3) thr: s3 is hydrogcn bondcd to the 
13 species of the 24 S rRNA (it is only rclcasC"d hy RNA dcnaturation) likc thc 5.8 Sto 
thr: 2R S spr:cics; .althou!!h s3 is larg.er than 5.8 S (Table 1). 

lnitial RNA:D?"A hybridization expcrimcnts "'ith T. cru=i material (scc following. 
papcr) ( 15) ind1catc t hat s 1. ~¿ and !->3 are physicall) linked to the rRNA císuons. These 
three specic~ are thu~ putatn:r: products of the rRNi\ primar~ transcript proccss1ng.. 
The hydrogcn bond1n!! of !--3. equivalcnt to that of 5.8 S who!>c DJ"'i.,;A sequencc lics in 
the transcribcd spaccr ofthe rRNA cis.tron. furthcr supports. this tdea. The si and/or 
s2 mi_!!ht ht" similar to [J. nirlanoga.Hcr 2 S which i~ a maturation product of thC' 
precur~or :!to S. Although 2 S. unlike !'> 1 and 5.~. i~ only 30 nucleotidc~ long and is 
hydro!!en bondcd to the maturc 26 S ( 16). T. cru=i s4 and s5. unlike thc C.fa.sciculata 
srna11-siZC' spccie!-. ( 12). do not hybridizc in thc rRNA ci5r.tron: thcy might. then. 
rcsemble mamrnalian 5 S ""'hich also maps. outsidc the rRNA cistron and appears to 
bind ribo!i.omal protC"ins. Thc ímplication5r. of thesc data are still unknown. but thcy 
mÍJ:?.h1 be rclatcd to sorne fine differcnccs betwcen trypanosornatidian and mamma)ian 
protcin s.yn1hes.is. and to the phylog.eny oflower cukaryote5r.. Actually. the 5 S rRNA of 
Eug/ena graci/Js is more c1osely homologous to thc corresponding. s5 species (in our 
nomenclature) of C. fascicu/ara than it is to thc 5 S of plant!- and green algae ( J7]. 
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AN ENDONUCLEASE RESTRICTION ANALYSIS OF THE RIBOSOMAL 
RNA GENES OF TRYPANOSOMA CRUZ/ 

ROBERTO HERNÁNOEZ and MARIO CASTAr::;:EOA• 

Drpor1,,.u·"' of I>r1·r/or""r"1al B10/C1¡:1. lrtJlllUtn dr ¡,,,.,JllKª"""r'J BtCJl'fttdiraJ.. U"n-rrJ.1dad /'t.'orao,,al Auró­

nol'f'la dr Ali.uro. Arartod<> PoJ.tal 70:!:lb. 04.'t.JO Mi''"º· I>.T .• Mr.uro 

fRC'CC'"C'd 29 1".o'-C'mbc-r 19f':'. acceptC'd 1 Frbruar:- J9h3) 

Thc lc-oca11on of ribo,om.al RSA J:'C'ne .. in 101.al-nucle,;r.r-C"nt1ched DNA prC'para11on1.of7r.}ponoJ.Ol'f'lorru:1 

""'ª"' an¡a,l~l"C'd h~ u1.1n¡:.- rC"1.lt1c11un rndonuclC'.a'c-"' and thC' C'IJ!hl c~"1opla1.m1c r1bos.omal RJ'i<,;A s.peoctC's.ofth1s. 
or¡r:an11.m. T""o con11¡=uou'- S.ul OSA haJ!mc-nl" of abou1 9 8~ and J.7 llloba1.c- pain containC"d 1hr 1hrrC' 
laJf."C'-J.ll"C' nhc>s.Clmal Rl' A S.pc'CIC"I.. 11\ S. D. anda . .ilnd 1hrc-c- small-suC' nbosomal RNA s.pC"cu~:i.. s. l ,t.2 and s.:"'. 
The 01her '"'º 1.móill-1.U'c- rabo .. om.al s.pr.:1c!!o. 1.4 and 1.!'>. v.err located ou1s.1de the nbos..omal RNA cis.tronand 
independen1I~ of C'ach 01hr-r. Spacers. of a pres.umr-d lar~c kn¡:.-1h.about 20 ._1lobasc- pairs. or me-re-. hampc-rcd 
1hc- tdc-nt1fica11on of put~ll'\C' ad1acen1 ribos.om.al Rl'A c1Hron!. 

ISTRODlºCTIO~ 

The number and the structural organization of genes coding for ribosomal RNA 
(rR!':A) havc- been studied in widely differcnt organisms [ J]. Thesc genes are present in 
a "·aried number of rcpcating units. from a few in prokaryotes (2.3). in eukaryotic cell 
organe1les (4). and in mii:ronuclei of a cihated protozoan (5). to up to thousands of 
amplified and extrachromosomal I?Cnes in oocytes of many metazoa (6.7]. In thc 3'-5· 
direction ofthe coding D!"A strand. each genetic unit contains. sequence information 
for the eukaryotic 18 S. 5.8 S. and 28 S (common nominal values) rR!':A species. which 
is followcd by a spacer region containing sorne small stretches of abortive transcrip­
tion [8). In sorne organisms su ch as Escherichia coli [2)~ Saccharornyces cere\'isiae (9). 
Dicryosrelium discoideum and probably p. mucoroides and Po/ysphondy/iu1'71 violaceum 
(JO). and Euglena gracilis (J 1). the cistron for the 5 S species is Jinked to the rR1'A 
cistron. Thc repeating genctic units of rRN'A are clustered in the genome with the 

•To v.hom all corrcspondcncC' shoutd bC' addrC"J.scd. 
Abbr#"t:iatio"~ kb. kilobascs or kitobasc pairs. 

Olfo~f>t\~J/8)/$03.00 &. 198) Elu"·icr ScicncC' Publishcn. O.V. 



cxccption of thosc prcs.cnt in the macronucleu!> of Oxyuichafallax 112). The unit~ in 
the cluster. arran,gcd in tht same 18 Sto 2R S dircction. cither are in tandem a!> in 
hi¡?hcr cukaryot~ l 13.14]and in sorne lower cukaryote!!> 111.15-17).orarc in palindro­
mic dimen. as in other lowcr cukaryotes. ""·ith an axis of symmctry ncar cithcr 1hc 18S 
(10.18.19) or the 28 S end (20). 

Trypanos.oma c-ru:i contains sorne 114 nuclear rRNA ¡_?ene!> and lhis amount a¡?rccs. 
wcll ""·ith thosc of othC'r orl?anisms. in relation to their pos.ition in phylol!cny (21]. 
Howcvcr. the numbcr of cytoplasmic rRNA spccies. of T. c-ru:i differs ¡?rcatly from 
thosc of othcr or¡_?anisms. sincc T. c-ruzi has three lar!!e-si7c spccic!i. ( 18 S. a and P> 121) 
and fivc small~sizc species. (s. l to s5) 122). The T. cru:i a and fl specics compose thc 24 S 
rRNA;. similar rR?"A spccie~ are prc~ent ah.o in other trypano!i.omatids •. in other 
protozoa. in protostomia. and in Drosophila mrlano¡:asrcr. c1tcd in prcceding papcr 
(22). In D. melano¡:a11cr (23) and Lcishmania dono\·ani 1J7] boih rRNA species map in 
thc nominal 28 S rRNA {!ene and. thcreforc. might have a role in thc mcchanism of 
protcin synthcsis. similar to that of the 28 S rRl"A spccie!- in mammals. To date. the 
fivc small-size rRNA specie~ seem to be general to ali trypanosomatid~ (see ref. 22). 
but rcstricted to this group of organis.ms.; thcrc is no information regarding thcir 
functional role or thcir individual arrangcment in the rRNA cistron. Hcrc. wc rcport 
on an anatysis. of thc organization of the T. cru;:.i rRNA genes. using rcstriction 
cndonuclcases and the cight rRNA spccics. as hybridization probes.. 

MATERIALS A~D METHOD5 

GroH·rh of ce/Is. Thc T. cru=i i~olatc and the proccdurcs for its culture and collection 
havc becn des.cr-ibcd in t he preccding repor1 (22). 

lsolarion of 1010/-nudear-cnrichcd D/\'A. T. cru:i ce lis were harvestcd b~ ccntrifu!!ation 
at 10000 X g for JO ~in at 4cc and then wcrc washcd twicc with 30 ml\1 Tris.-HCl (pH 
7.8). 100 rnM KCl. 5 m?\.1 MgCl:. 3 ml\1 CaCJ2 • Cclls wcre rcsuspcndcd in thc same 
solution and were lyscd by thc addition of Je;( Nonidct P-40 (final concentration). Thc 
lysate was. ccntrifuged at 10000 X g for 20 min and thc pellet was resuspcndcd in 150 
m?i.1 NaCI. 10 m?i.-1 EDT A. 15 mf'-1 trisodium citrate. Undcr thcsc conditions. most of 
the kinetopJasts rcmaincd in thc supernatant as dctcrrnincd by phasc microscopy. Thc 
resuspcndcd pcllet was incubatcd for 2 h at 37ºC in the prcsencc of 1 mg ml- 1 of 
pronase prcincubatcd undcr thc samc conditions. Aftcr thc digcstion had bcen tcrmi­
nated by the addition of 1 M NaCIO,. (final conccntration). thc material was cmulsi­
ficd with 2 volumes of chloroform-isopcntanoJ (24:1). Furthcr trcatmcnt ofthc DNA 
with pancrcatic ribonuclcase and thc samc solvcnt system v.·as done as prcviously 
described [21]. 

Jsolation. frac1ionarion. and /abelling ofrRNA. Thc isolation and fractionation procc­
durcs wcrc basicaJly as in the prcccding rcport (22)~ thc largc-size spccics wcrc 



s.eparated on thc a¡?:arosc E?Cls. and thC' small-si7e !i>pcciC'!<. on 1hc polyacrylamidc 1?-Cl!<.. 
Aftcr be-in¡?. s1aincd wi1h ethidium bromidc (3µ¡? ml. 1 ). 1hc rRNA bands. wcre cut out 
and clccnOC'lu1cd. Thc band?<. correspondin¡?. lo spccics. 18 S.(!. s2 and !.3 were furlhcr 
purifaed from contaminatin~ material from adjaccnt band!<- by a s.econd clcctrophorc­
sis. Since 1hc other four rRNA spccic~ showcd J!OOd resolution in 1he fina fractionati­
on {22). thi~ last proccdurc wa!<- unncccssary for thcm. 

ThC' individual rRNA spccies isolatcd by electrophorC'sis werC' radioac1ively labcllcd 
by phosphoryla1ion in vitro with T4 polynuclcotidc kinasc (Bc1hcsda Res.earch Labo­
ratories. lnc.) and [y·'=PJATP (New En~land Nuclear). RNA was first pretrcatcd to 
inC"reas.e the proponion of free 5'-hydroxyls: (a) larj!c-size specics. werc partially 
hydrolyzcd in 0.025 mi of 25 mf\.1 Tri~-HCI (pH 9.5) al 90ºC for 30 min. and (b) 

small-sizc spccics werc dephosphorylatcd with bacteria\ alka1ine phosphatasc (20 
units./0.05 mi) m 10 m!'l-1 Tri~-HCI (pH 8.0) at 37ºC for 1 h. rccxtracted with phcnol­
chloroform ( 1: 1 ). and thcn prccipitatcd with ethanol aftcr prior addition of0.8 M LiCI 
(final conccntration). Thc labclling rcaction rni"'-ture (0.06 mi total vol u me) containing 
10 mf\1 Tri~-HCI (pH 9.5), 10 mf\.1 f\.1gCI~. 10 mf\.1 spermine. 10 m~1 dithiothrcitol. 
0.5-1.0 µg RNA. 10 units T4 k1nase. 200 µCi [y- 1 =P]ATP was incubatcd at 37°Cfor 1 h. 
The rcaction wa~ terminatcd by the sequentiat add1tion of 0.18 mi of 8 M LiCI. 1 M 
ammonium acctatc. 2.5 volumes of cthanol. and 500 µg: of yeast soluble RNA. Thc 
prccipitate was collected by ccntrifugation and rcdissolvcd in 0.6 mi of 100 mM EDTA 
(pH 7.4). 20c;c glycerol. ll/é Sarkosyl. Thc mixture was. app1icd to a Sephadex G-25 
colurnn (1 X 15 cm) and clutcd with 10 rnM Tri,-HCI (pH 7.0). 100 rnM NaCI. IOmM 
EDTA. Thc fractions. containing the labcllcd rRNA wcrc pooled and the matef"ial was 
precipitatcd as. des.cribcd abovc. The spcciflc activity of thc rRNA was JQf>-107 cpm 
µg-1. 

Restriction endonuc!t·a5r d1¡::cs11on and ¡::el e/cctrophoreJi.l of D/\'A. Ali rcstriction 
endonuc1eas.es. wcre t1trated and used as rccommcnded b:- thc supplicr (Bcthesda 
Re~earch Laboratone~. lnc.). Thc rcaction mixture~ (0.02 mi total volumc) with T. 
cru;;:i Dl"'A containcd a 5 to 10 fold cxcess. ofendonuclease in rclatlon top ha ge/... DNA 
which wa~ U!i.ed a~ interna! lirnit di!!cstion con1ro1. The reaction~ "'·ere tcrminated by 
thc addition of 2 f\1 urca. 0.05'7( brornophenol bluC" (final conccntrations.). Thc 
digcstcd D!'A wa~ thcn subjcctcd to electrophoresis. on 0.8c;{ agarosc s.lab gels (20 cm 
lcngth) as dcscribcd by Fincl et al. (24]. Phag:c ). Dt'A digested with Hindlll wasuscd 
as sizc standard (25]. 

R/\.A:DJ\'A hybridi=ation on Sourhern imprinrs. Restricted DNA "'·as clutcd from thc 
ag.arose gel slabs onto nitroccllulos.e shccts accordinr: to Southern (26). Radioactivc:ly 
labellcd rRNA ( 1-5 X 10"' cpm) "''as hybridizcd to the DNA imprints in 10 mi of 
hybridization solution, 120 rnM phosphatcs (pH 7.0). 150 mM NaCI, 15 mM trisodi­
um ci1ratc. JO mM EDTA. 50c;( forma mide. 0.2o/c sodium dodccyl sulfate for 24 h at 
37°C. In cxpcrimcnts using. the 13 specics. dueto partial contamination.a 20 fold cxccss 



of bolh unlabelkd J8 S anda specir,. WC're usC'd to competC' with it. Afler hybrídizati­
on. thC' nítrocC'Jlulo!-C' shC'C'ls werC' rinsC"d with JOO mi of 300 mM NaCI. 30 mM 
trisodium citratC'. and then ~·a~hC'd four timC"s with 25 mi ofthC' hybridization solution 
at 37°C for at lea~t 4 h C"ach. with rinsin,f?S in bC'tWC'C'O. Autoradio,f?raph!- WC'TC' prC'parC'd 
by C'Aposin~ lhC' ninocellulosC" sheC'IS 10 X-ray film!- (Kodak X Omat RP) at -70°C in 
the prcscncC' of in1ensifiC'r screC'nS. 

RESUl... TS Al"o:D DISC-llSSIOS 

Rcstriction endonucleasC' analysis is facilitated in DNA molecules of reduced 
sequence complexi1). Ahhou!!h T. cruzi nuclear DNA does not sho~· density satcllitcs 
in neutral CsCI. we tried to obtain enriched preparation,. ofrRNA genes by fractiona­
tion in preparati\'e CsCl-actinom)·cin D J!Tadient!-. Radioactivdy Jabelled rRNA 
hybridized mostly to the main peak of DNA which was positioned at about J.606 g 
mi-' and only slightly to a small peak of DNA positioned at about J .642 g ml- 1

• The 
analyzed range of density was J. 7 to J .5 g mi-' (unpublished experiments). Therefore. 
thC' restriction analysi~ was done with thC' use of total-nuclear-enriched DNA. 

\Ve tested 1 J restriction endonucJeases (BomHJ.EcoRI.Hoell. Hhal.Hindlll.Kpal. 
San. S171af. Ssrl. ..\.'bol and ~·hol). Electrophoresi~ gels of the resultin!! di,gests v.•ere 
intialJy visuaJized by usin!? ethidium bromide and UV light. DNA fra!!ments appeared 
as a smear along the tracks ~·ith sorne discrete bands. In all digests. there were two 
bands of about J-1.5 kilobase pairs (kb) which were probably of kinetoplast origin 
(25] and '\.\.'hich d1d not show any rRNA hybridiZ4.ltion sign¡¡J (sce below). Only two of 
the above enzymes. Hmd1I1 and Ssrl. produced di!!C'Sts containing strong rRNA 
hybridization bands that were smalkr than thc bulk DNA (ca. 20-25 kb)and therC'fore 
WC're amenabJc for sub5equent analysis. 

To position tht: ,!?Cne!'. for cytoplasmic rRI"'A on thc re!->triction endonuclcase map of 
nuclear D!'i:A. the ei,E!ht T. cru=i cytoplasmic rRNA spccie-~ wcre- ind1vidually isolated 
and radioactively labcllcd in vitro. Each spccie~ ""·as hybridized to DNA irnprints of 
fraJ.?ments generated by Hindi]] and/or SsrI. Fi,!!. J shows the hybridization of the 
thrce ,.:P-labclkd Jarge-s.izc specie~; Fl!?S. 2 and 3. that ofthe sma11-sizc s 1 to sJ. and s4. 
s5 species. respectively. Table 1 summarizes thcse data and shows that DNA sequcnccs 
containing rRNA comptements could be dividcd into three Jinkage groups. one for the 
majority of the rRNA species and two other groups with one rRNA species each: ( J) 

DN~ fragments J to 6 hybridized to the thrcc Jarg:e-size species ( 18 S. a and f:J) and to 
smaH-size specics sJ. s2 and s3; (2) DNA fragments 7 to JO hybridizcd to s4; and (3) 
DNA frag:ment J l (which could be composcd ofseveral fragments because ofthe Jow 
resolution of thcsc sizes in the al!arosc gels) hybridized to s5. This groupinl! indicatcs 
that six rRNA species are rcprc-sentcd in the rRNA cistron and that the other two 
spccies have thcir corresponding genes outside the rRNA cistron. 

Sincc. as shown in Fig:. l. DNA fragmcnt 2 (9.88 kb) disappearcd in thc doubJe 
digcstion with a simuJtancous production offragments 3 (5.6 kb) and 4 (3.74 kb) and 
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Fi~. J. H~brid1zat1on of J:P-labdkd lar¡!c-s1:zc- rR?'A spccic' 10 fC"s.tric11on endonuclcasC' fra¡?mC"na of T. 
rru:i DSA. Total-nuclC'ar-enriched D?"A prrparat1on"" fsee t..1cthodo,) \loCrC' diJ!'eHcd w11h rcs1ric1ion cnd­
onuclcases. Thr OSA frarmc-n1 .. \loC'fC' scp:iralC'd ti~ clcctrophorC"s1!o on O gr, aJ!aros.c slab J!el!i.. The 
s:p.JabdlC"d rR!'A ""'ª!> h~bnd1zcd 10 DNA imprinh of lhc haJ!mcnh. and the resuh1n,E: h~•brid!. ""ere 
drtcctcd b)> au1orad1orraph~- Fra¡?mcnt s1ze ... sho\A.n arc for the hybrid band?>. Hmd111 d1fcst"" of ). Df"A 

"'CfC U!>Cd 3!> !ol2'C r.1.andard!- (1.5J (A) lf' s rRSA. (81 6 rRSA. and tC) o rR!"-OA. 

since all threc have common hybridizing rRNA species (Table 1). these smalkr DNA 
fragments are contained in fragment 2. The difference in size. about 0.54 kb. between 
fragment 2 (9.88 kb) and the sum of fragments 3 and 4 (9.34 kb) may be accounted for 
by the exis.tenCe of silent sequences. since no hybridizing. material Iarger than 0.2 kb 
'"·as found in DNA digests resolved on l .2C/c, ag:arose and with overexposed transfer 
blots (not shown). Or. this difference could simply be an overestimation ofthe 9.88 kb 
value. since mig.ration in ag.arose gels is not linear for these larE!c-size molecules. Using 
similar reasoning. we concluded that DNA fragment 5 (1.7 kb) contains fragment 6 
(1.68 kb). 

The Dl':A fragments comprising: the first linkag:e group can thus be arranged in two 
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F•i!· 2. Hybndization of ºP-laNlled small-s17e rR~A spec1e'!> 10 rcstnction cndonucka~ fra¡!:menu of T. 
crv:i DNA. (A) sJ rRr-.:A: (8) '1>2 rR~A: and (C) i.3 l"RSA Ortaih as 1n F1,:. l. 

possiblc linear rclationships ( Fig~. 4A and 4B ). Sincc the a s.pecie5. hybridized to Dl" A 
fragmenl5. 3. 5. and 6 (5.6. l. 7. and 1.68 kb. respectively); the 18 S species to fragment 4 
(3.74 kb); and a DNA fragment of about 3.76 kb is not found in t.he single Hindllt 
digestion. the modcl in Fig. 4B 1s the correct relationship. In addition. fragrnent5. 2 and 
3 (9.88 and 5.6 kb) contained 5.equences complementary to five (their added size. about 
6.66 kb) of the common si:>;. rR?'A species. with the e:>;.ccption of s2. This further 
indicates that the genes foT the!>e rRNA species are clusteTed. Although species s2 did 
not hybridize with fragments 2 or 3. it did hybridize to fragments 5 and 6 (l. 7 and 1.68 
kb) which are adjacent to fragment 3 (5.6 kb) (Fig. 4B)~ thcreforc. it is also clustercd. 

The spatial arrangemcnt of the genes for thc rRNA species ·wa~ constructed b_y 
using: (1) the lengths of the cytoplasmic rRNA species (about 2.5. 2.0 and 1.7. and 
0.26. 0.22. 0.20. 0.14 and 0.11 kb for thc 18 S.13 anda. and s 1 to sS species. respectively) 
(21.22); and (2) the relative inlensity of hybridization of thc~e eight probes to the 
various DNA frag.ments. Therefore. the positions of thc termini of the cytoplasmic 
rRNA ~enes depicted on thc restriction endonuclease map shown in Fig.. 5 are on1y 
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F1¡::. ~- H~·brid1zalion of 1 :P-lahclltd small-5>12'e rR"A specie!> 10 Te5otnction endonucka!l>C' fTa~ment~ of T. 
cru:i OSA. (Al s4 rR?\:A. and (8) s5 rR!"'A. De1aih a!I> 1n F•I?· l. 

tentative. Likewise. the position for- the s 1 and s3 genes. ""·hich ha ve the same 
hybridization patter-n (Table J). ar-e on1y grossJy approximated and we Jack data on 
their relative arder. The 3"-5' dfrection has been chosen only by analogy to the kno"'·n 
rRNA cistr-ons. 

The spacer re!?ions outside the r-RNA cistron most probabJy present lenJ;!th or 
sequence heterogeneity. This is indicated by the presence oflight bands ofhybddizati­
on in HindlIJ digests with: (J) the J 8 S species at about JO. 8 and 7 kb upsueam ofthe 
Hindi JI site in the 18 S g.ene(Figs. JA and 5). in addition to thestrong band at about 20 



TABLE l 

Ma1n rrt.1ric11on rndetnuclra!roC' fra¡:mrnl,. of101a1·nuc:lcar-rnuchcd OSA from 7. rr11:1and lhc1r h)hfldu•ot• 
11on to rRSA. 

OSA fra¡:.mi:n1" C°)topl•,mtc rRNA •~cii:,. 

No. •h Rc,.trictl<'" rn1~ "''°." 185 p •• •2 •) ... .s 

20.00 H111dlll + + + 
9.~l- S.srl + + + .. .. 
S.60 Hmdlll~ Hmd'lll: S11t + + + .. + 

• 3.74 H111o'Jll. S.stl + 
s 1.70 S.s1J + + 
6 l.f>fi. H111dlll: S.sr1 + + 
7 17.40 S.ul + 

10.90 HmdllL S.srl + 
9 6.0~ Hmdlll. S.s1J; Hmdlll: S.stl + 

IO 3.40 Hmd'JIL Hmdlll. Sstl + 
11 >20.00 Hmdlll; Sstl; Hmdlll: S.srl + 

kb: and (2) thc o and s2 spccics at about 10 kb downstrcam of thc Hindi JI sitc in thc a 
gene (Fi¡?s. IC and S). in addition to thc strong band at about 20 kb. Althoug:h thc 
prcsencc of thc lar ge spaccrs. approximately 20 kb to cither sidc of thc rRNA cistron 
(samc Fig:s. IA. JCand 5and Table l. fragment J ). have precludcd usfrom locating thc 

~ 3i "' 
l 988 l.701 
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1 3.74 1 .. 60 y,.681 
Fi¡t. 4. TVi•O p05sible arran,ements of lhr membrn. of thr firsl linka,e ttroup of 7: C'TU:i rr:striction 
endonuclrasc DNA fra¡?menls. Fra¡tmen• value• in kb. 
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next rRNA cistron. the simpticity of the pattern~ ofhybridization with the six linked 
rRNA species ind1cates that thC' cistrons are probably contig:uous to one another. 
Nevertheles.~. thC' prC'cise IC'nJ:!th of thesC' spacC"r!> is diff1cuh to confirm since wc lack 
probC'!- and information on additional restriction endonuclease sitcs a Ion!? this lcnJ:?:th. 

The FC'ne!> for thC' !>4 and s5 s.pccic!>. unlike thosC' in Crithidiafascicu/010 (27).arc not 
in thC' rR1':A cistron (Table J). and arC' each in differcnt regions ofthc g:enomc since 
the~ sho"'; differcnt hybridization pattern!- (Fig. 3). ThC' f?C'Oes for the s4 specics are 
located in multiple different site!-. (Fig. 3A. Tabk ]). Thosc for thc s5 specics are 
probably also muhiple because ofthe grca1 width ofthe hybridization bands (Fi,g.. 3B). 
but we do not have data to determine' if they are clustered or interdisperscd. 

The !!ross structural features of thc T. cru:i rRNA cistron are very similar to those of 
L. donovani [17] and other eukaryotcs in thc mutual arrangcmcnt of the larg:c-sizc 
rRNA species. and in that !!.ma11-si7e specie5 map betwccn the two common large-sizc 
spccics: s3 bcing the biochemical equivaknt of 5.8 S dueto it~ hydrogen bonding to thc 
p species (22). NevC"rthcless. the T. cru:i rRf".:A cistron shows sorne pecuharities: ( 1) lts 
18 S rRf'A gene does. not pres.cnt an EcoRI s11c (data not !!.hown) near thc 5' end as 
most cukaryotcs do in their correspond1n,E? genes. Although this rcstriction si te is also 
absent in some othcr eukaryotes such as Tctrahymrna pyriformis. citcd in [ 14). 
Physarun1 polycephalum l 19). Ncuro.lpora cra.ua 128), Cacnorhabd1ti.l elegan.s [29), 
Ar1en1ia larvae [30). and somC' ccreub [~I]. (~) 1t contains threc 5mall-size rRNA 
spccies (sJ to s3). The po!>ition of s2 near thc 3· end of the a rRf".:A spcdes. which is 
locatcd at about thc distal half of the equivalent 28 S spccies. is. intcresting in view of 
the known lack of precursor rRI"o:A processing at this. terminus. On the other hand .. the 
s2 !,?ene may be equivaknt to a hnked 5 S gene: although s4 and s5 are also putativc 
cqui,·alent 5 S specics. due to their hybridization outsidc thc rRJ'lr.:A cistron. More 
detailed sequen ce information on thcse molecules and precursor rRNA will be needed 
to rcsolve this problem. and to deterrriine more preciscly r:he l_en!,?th of the flankinF 
spaccr regions. 
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OBJETIVO 

Dada 1a situaci6n de que 1os ribosomas citop1~smicos de 

T. cruzi presentan mo1écu1as adiciona1es de RNA, y de que 

1a mayor~a de dichas mo1écu1as hibridan en 1a unidad funda­

menta1 de transcripci6n; 1os objetivos de esta Tesis son 1os 

siguientes: 

1. Ia construcci6nde bib1iotecas gen6micas de T. ~. y 

e1 ais1amiento de c1onas recombinantes con DNA ribosoma1. 

2. La 1oca1izaci6n de 1as secuencias de DNA codificadoras 

para 1as mo1écu1as pequeñas de RNA ribosoma1, con respecto 

a 1a ubicaci6n génica de 1as mo1écu1as mayores. 
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Molecular cJoning and partial characterization of ribosomal RNA genes 
from Trypanosonza cruzi 
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CRt·c,:iH·li n Jul~ 141'7: ¡1<.·c,·ph:d 16 Scph;mbl·r 191'7) 

To funher analyzc the ori::.anizatic>n or thc nuclear rDNA k•cu .. in 7rypo"''·'º"'ª cru:1. ¡::cnomic rccomhinanl p1asmid clones 
wcre constructed and i!<>olatcd ahcr hybridiza1ion ,,..i1h rRNA molccuks ª"' hyhrid1za1ion probc". Approximately 11 ~Hoba"c paiD 
from the cistron wcrc cloncd in thrcc rccomhinan1 pla!>mid!- c.-rryinJ? adJaccnt E:Cnomic hai;ment~. Rcr.triction mappini::. and South­
cm h}·bridization cx~rimcnts pcríormcd on thc!!oc clones indicatc thc followini: rclativc arrani::.cmc-nt of thc maturc rRNA coding 
!.Cqucnccs: 185 (:?.46 kh). 53 (197 b). :?45o (2.0:! l..b). SI (2M h). :?4p (1.66 l..b). S:? (217 b) and 56 (90 b). Nicithcr S4 (141 b) nor 
SS (1 JO b) sequcnccs wc-rc found v. ithin 1hc-'<' Fcnomic clone!>. 1'0cvcrthclc!>~ FCnomic Southcrn!> SUE!E!C!lót a linkaFC' or 54 toward!> 
thc 3• cnd or thi'°' Fcnctic ~yMcm. 

Kcy word!>: TryponO$oma cru::1 rD!':A; Pl.i!>.mid mokcular clonin¡:; Rc!>.triction mapping 

lntroduction 

To date .. Trypanosomatids are thc group of or­
ganisms ·which cxhibit thc rnost complex pattcrn 
of maturc cytosolic rRNA molcculcs (1-3). Thc 
24S molecular rnass spccics i!:> compo!->cd of two 
similar sizcd indcpcndcnt molcculcs o. and (3. 
"\\·hich undcr non-dcnaturing conditions are hy­
drogen bonded (4). Our prcvious sizc corrc­
spondcncc of 24So. and 24SJ3 is hcrc changcd to 
2.02 and 1.66 (kb) kilobasc pairs respcctivcly to 
unify nomcndaturc with thc cquivalcnt molc­
cules described in Drosophila (5) and Trypa110-
.son1a brucei (6). 

Although a hiddcn break has bccn dcscribed in 
organisms from differcnt phyla likc Protozoa. 
Mollusca. Annclida and Arthropoda [3.4.7]. thc 
presence in Tr:ypanosomatids of muhiple small-

Corn•$pondrnce addre$.'f: Dr. R. Hc-rn;Jndcz. Dcpanmcnt or 
Dc,:c-lopmcntal Biology. ln~tituto de Jnvcstii=acionc!io Biomé-­
diC"a!io. Uni" c-r!i.idad Nacional Autónoma de fl.1éx1co. Apartado 
Postal 702Z8. 04510. 11.1txico. D.F. México. 

Abhre1·ations: kb. kiloba!'>c or l..iloba!>c pair!>; (Sl-56). !>ma11-
size ribO!>OJnal RNA!.. 

sizcd RNAs [l-3) is quite diffcrent from any othcr 
phylogcnctic group observcd to date. Thcir cy­
tosolic rihosomcs contain equimolar amounts of 
six small rRNA molccules (Sl-56) [ J ]. Thc small­
cst onc {S6) has an clcctrophorctic rnobility sim­
ilar to that of mammalian tRNA spccics (2 .. 3] and 
·was initially considercd a putativc tRNA. Se­
qucnce anaJysis of S3 and SS {8-10) dcmonstrates 
their corrcspondcncc to thc 5.8S and SS rRNAs 
of other cukaryotcs. 

Jn Trypa11oson1a cru:::i. most of thesc small 
rRNAs map within thc main transcription unit 
(11]. and their relativc position '\.l.ith respect to the 
largc molecular mass spccics has been docu­
mcnted in African U"}·panosomes [6 .. 12). Our pre­
vious map of this locus in T. cru:::i, based on gen­
omic Southcrn hybridizations (11] is herc 
extended with thc construction. isolation and 
partial charactcrization of genornic plasrnid 
clones. Thc analysis reponed in the prcsent '-"'Ork 
Jcd to the rclocation of S 1 and the inclusion of S6. 
The gcnornic mapping of S4 "\\"as also reconsi­
dercd. Our data show an rRNA coding sequence 
organization similar to that recently reported for 
the Trypanosomatids T. brucei [6] and Crithidia 
fosciculoro (13]. 

OJ66-685J.'88.'S03.50 © )988 El!iocvier Scicncc Publishco B.V. (Biomcdical Divi!i.ion) 
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J\taterials and J\lrthocb 

Ceo// culture and nuclc-ir acids preparation. Epi­
mastigotc~ from a Mcxican stock of T. cru:::.i (iso­
latcd in Ja Cruz. Jalisco. J\.1cxico hy Dr. J. Tay. 
School of 1\.1cdicinc. UNAJ\.1). v-.·crc nxcnically 
culturcd as dcscribcd clscwhcrc (4). Jsolation of 
both nuclear enrichcd DNA. and ribo~omal RNA 
wcrc pcrformcd as prcviously dcscrihcd (3.1 l]. 

C/oning and cltaracteri:::.arion of T. cruzi riho­
sonial DNA. T. cruz.i gcnomic DNA was digcs1cd 
·with rcstriction cnzyrncs. ligatcd into plasrnid 
pUC18 (14]. and transformcd into E_~chen·clzia co/i 
MC106l (15] ª' dcscrihcd hy Maniatis [16]. Col­
onies wcrc scJ"ccncd as dcscribcd by Rowckamp 
and Ffrtcl (17] using kinasc cnd-1.abclled rRNAs 
(11]. PJasmids wcrc purificd on CsCl:/cthidium 
bJ"omidc gradients hy standard pl"occduJ"cs {16). 
Panial endonuclcasc di,gcstions fo ... J"cstriction sitc 
mapping wcrc pcl"fol"mcd as dcscrihcd by Smith 
and Hirnstcil (18) using cnd-Jabclcd DNA motc­
culcs pl"cpa ... ed as dcscl"ibcd clscwhcl"c (19). 
Southern blot expcl"iments of digested clones of 
genomic DNA "·el"c pcrfol"mcd by standaJ"d tech-

niqucs f20]. RNA hlot• wcrc ohtuincd hy two dif­
fcrcnt pl"occdurc!o: (n) Jarg<" molcculcs (185. 24Sa. 
and 24Sp) wcrc Northcrn transfcrrcd from 6t;.;.. 
formaldchydc/l'ñ agaro!.c ~els (21) to Gene 
Scrccn mcmbrancs (Ne"'· England Nuclear) ac­
cording to thc manufacturcr·~ dircctions; (b) small 
sizc l"RNA molcculcs (Sl-56) wcrc first individ­
ually clcct ... oclutcd f 11]. dcnaturcd and vacuum 
filtcrcd onto nitroccllulo~c shccts using a Bio-Rad 
dot blot apparatu!i.. Aftcr bcing ail" dricd ali filtcr 
mcmbrancs wcrc vacuum bakcd at 65ºC fOI" 90 
min. 

Prchybridization and hybridization conditions 
for DNA:DNA rcnatun1tion wcrc 50'/r formam­
idc/300 rnl\.1 NaCl/30 ml\.1 tri!'.odium citratc/120 
mM phosphatcs (pH 7.0)14 x DcnhardCs solu­
tion (22]12 mM EDTA (pH 7.2)10.2'7r sodium do­
dccyJ sulfate at 37ºC foi- 2 and 24 h. rcspcctively. 
DNA:RNA hybridization conditions wcJ"c idcn­
tical to thc abovc. cxccpt that half of NaCI and of 
ti-isodium citi-atc wcrc u~cd. \'\'.ashing conditions 
for both kind~ of hybi-idizations "·ere: 15 mJ\.1 
NaCJ/1.5 mf\.-1 trisodium citrate/0.2';€ sodium do­
dccyl sulfate for 2 h at 37ºC. Fihcrs "''ere exposed 
to X·ray films with intcnsifici- screcns al -70ºC. 

----~··--l· ...... _ ..... ___ .. ____ _ 
pRTC20 14 3 Kbl ... -........ __ 

J pFfTC81 ("\6 f(b) - t 
~ ... . ;; 
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Fig. ·1. 1'-iap of thc ribosomal ""RNA cisu-on in T. cru::1. Gcnomic D;-.;A rc .. triction fra.i::mcnt~ (uppcr hnc) v.crc inscrtcd into the 
Psll and'or Sstl site~ of pUCJ8. Open bar'!!. indicatc cloncd ~cnomic in!>erts. v. he reas flankin~ Iincs are 'l•cctor scqucncc!o. To show 
the polarityofthc inscn in thc vector. thc EcoRI sitc within thc pUCJfi polyhnkcr i!- ind1catcd a!>". Thc rcstriction clca'-·a{!C sitcs 
mappcd in thc cloncd inscrts. bcsidcs thosc indicatcd in thc ¡:cnomic or-.:A are: J Hmcll. ,LSau:-A and T Jlinn. Thc lattc-r sitC!> 
have not bccn analyscd in clone pRTC.20. Rc!>triction !>itc!> in clone pRTC81 are not dr.awn. but cor-rcspond 10 thosc indicatcd in 
thc ovcrlapping re~on of clone p~TC3~. The Jocation of thc maturc rRNA spcc1cs (closcd bars) is shown bclow tho!.c rcstriction 
fragmcnts that cxhibited h)"bridization signa) in nutoradiographs of Sou1hcrn bloh. Thc cxact position or the 5' and 3• cnds cannot 
be dc1crmincd from this kind of data. 54 scquenccs wcrc not cloncd. Jts ¡?cnomic hybriduation pattcrn (F1¡:. 3) suggcsts thc 

hnkagc hcrc sho"'·n. 



Rrsu1ts and Discussion 

Cloning .strate¡:y. screening and clas.tification o/ 
clones. Our prcvious rRNA gcnomic map bascd 
upon HindlJJ and Sstl rcstriction sitc~ (11] was 
extended by thc location of thrcc Pstl sitcs (Fig. 
1 upper linc). V..'c dccidcd to clone r_ C'ruzi gen­
omic DNA fragments using. thc Pstl and Sstl 
clonin¡; sites of the plasmid vector pUCJ8 (14) (scc 
Material and ?\.1cthods). Ribosomal DNA recom­
binant bacteria) clones were isolated from thesc 
genomic libraries by scrccning the cclls v.·ith a ra­
dioactivc mixture of rRNA molcculcs. About 20 
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~ ,.. 

B • • .. 
.____, 
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rRNAs 

-185 
-2"50" 

-- -2"SB 

-51 

<9 -52 
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-56 

~ 

pRTC61 

Fig. 2. Hybridization paneros of thc rccomh!nant clones. 
Largc rRNA molcculcs wcrc resolved on aga­
roselformaldchydc gel clectrophorcsis (211 and transferrcd to 
Gene Scrccn mcmbrancs (A). Small rRNAs wcrc individually 
clcctroclutcd from polyac?')·lamidcfurca gcls and dot blottcd 
unto nitrocclutosc shccts (B). Both mcmbrancs (A and B) 
v.-crc hybridizcd v.ith nick-translatcd clone.!> pRTC20. pRTC4:?. 
pRTC32 and pRTCSl. Positions of 185. 24Sa. and 24Sf3 rRNA 
1nolcculc:s. (A) wcrc idcntificd aftcr mcth)·lcnc blue staining 

of thc filtcr strips ( 16}. 
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ro!oith·c clone~ wcrc idcntificd and furthcr clas~­
ificd in 4 grours according to thc following cri­
tcria: (a) rcstriction sitc(!..) Jig.atcd in thc con­
struction. (b) DNA inscrt sizc cloncd. and (e) 
hyhridization to thc diffcrcnt Jarg.c and small 
rRNA spccics. Thc rccombinant plasmid clones 
pRTC20. pRTC42. pRTC32 and pRTC81 reprc­
scnt thc 4 diffcrcnt typc~ of ribosomal DNA frag­
mcnts cloncd (Fi¡;. 1). Thc diffcrcnt rRNA cod­
ing scqucnces prcscnt y,.•ithin thcsc clones werc 
dctcrmincd by hybridization to the 3 largc rRNA 
spccics (18S, 24Scx and 24Sl3) scparatcd on a¡;a­
roselformaldehydc ¡;cls (Fi¡;. ZA). and to thc 6 

A - ~ i 
~ 

! ! 8; I Ji 

2000-- H ...... ~H" ...,,,,_ 
•""- -...... 

• 1 •• 

•"'-- e.11:1 .... -

B 

s ... ____ H ... ------s•X-H-~'---------_,!t ___ __!J 

1 1 1 
pr1:ltle; S3 S2 S4 

Fig. 3. Hybridization of small sizc rRNA specics to rcstric­
tion fragmcnu. of T. cru:i gcnomic DNA. Both hybridi.z.ations 
shO\.\TI werc carricd out from thc samc slab gel. Fragmcnt sizcs 
are approximatc and wcrc cstimatcd using >.. Hindlll digests 
as. size markers (A). For the rccognition of S::? and 53 hybrid­
izing fragment within thc map (B). scc Fig.. t. S4 fine location 
is. unknown. but thc above data shows that it may be down­
strcam thc last Sstl sitc cloncd (dark linc). Dis.continuous linc 
indicates an apparcntly heterogcneous rcgion which contains 
~ rclatcd scqucnccs. "lñc muhiplc Sstl sites. ~.-ithin this rc­
gion are not dra"'""· Finall)'• thc wcak hybridization signal of 
thc 5.60 kb H,-ndlll frai;mcnt sccn with S4 as a probc rnay be 

duc to a cross hybridization as dcscribcd clsewhcrc {12). 
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sma11 sizc rRNA rnolccuJcs {Sl-S6} clcctroclutcd 
from gel~ and individua1ly dot-blottcd onto nitro­
cellulosc shccts (Fi¡;. 2B). 

Nonc of thc clone!- hybridizcd to S4 or to S5; 
nevcrtheless gcnomic mapping cxpcrimcnt!-. are 
consistent with a linkagc of S4 scqucnccs within 
Jargc Hindlll fragmcnts~ downstrcam thc last 3' 
Sstl site cloned in pRTC81 (Fi¡;. 3). Thi• DNA 
rcgion appcars to be hctcrogcncous in lcngth 
and/or scqucncc. and thc putativc linkagc of S4 
~:iJI be confirmcd through chromosomc walking 
cloning expcrimcnts. ?l.1apping of S4 towards thc 
3' cnd of thc rRNA cistr-on has bccn documcnted 
in T. brucci [ 6) and in C. fa.•ociculara [l 3 )-

Resrricrion sirc niapping and Sourhcrn hybridi::o­
tions. In or-dcr to map thc coding rcgions of thc 
small rRNAs with r-espcct to thosc of thc lar-ge 
rnolccular-mass spccics. inscrts from thc gcnomic 
clones v.·crc fur-thcr- charactcr-izcd hy r-cstriction 
sitc mapping. The cut sitcs for sorne cndonu­
cleascs v.·crc locatcd in thc cloned inscrts using 
partially digcstcd end-labcllcd molcculcs (Fig. l). 
Southern exper-imcnts v-.·erc thcn car-ricd out on 
complete digested clones or insens probed with 
the individual rRNA spccics (data not shown). 
The location of thc diffcrcnt hybridizing rRNA 
sequences within thc rcstriction map is shown in 
Fig. J. 

In T. brucci, thc small rRNA~ Sl-54 and 56 are 
rnature products from thc main transcription unit 
(6]. In addition. sequcnce data from this or-ga­
nism indicate that 52. 54 and 56 are analogous to 
domain VII of othcr eukaryotic 285 rRNA (6]. In 
C. fascicu/ara. Spcnccr et al. have scquenccd thc 
rcst of thc large subunit rRNA gene (13) and havc 
den1onstrated that the coding sequcnce for thc 
small rRNA molccules Sl-54 and S6 (in our no­
menclature) are separated by interna! DNA 
spacers. 

In referencc to the cleavagc sitc recognition in 
the processing of this genctic systcm. Campbell 
et al. [23] havc shown that in T. brucei the cleav­
age events that give rise to 53 and to Sl generally 
occur near the junction of basc-paired and single 
stranded regions without an apparcnt consensos 
sequence. 

It is likely that the abovc information related 
to T. brucei and C. fascicu/ara reflects structural 

similarities in T. cru::i rRNA gene. 
Thc atypic ribosomal DNA sequencc organi­

zation of T. cruzi, togcther v-dth othcr unusual but 
sharcd gcnctic situations dcscribcd in Trypano­
somatid~ (24-26]. reinforcc the molecular phylo­
gcnetic observation of Sogin et al. (27) that try­
panosomes reprcsent an eukaryotic group of 
organisms with a dccp and indcpcndcnt Jine of 
cvo1ution. Scqucncc data from thc rRNA Jocus 
in diffcrcnt members of the Trypanosomatida.c 
family will be cxtrcmcly valuable for thc estab­
lishment of taxonomic classifications '\\'ithin this 
group. as wcll as for cstimation of thc speciation 
time. 
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DATOS NO MOSTRADOS EN EL MANUSCRITO 

La identificación de co1onias portadoras de p1asmidos re~ 

combinantes con DNAr se 11evó a cabo mediante su hibridación 

.=!E_ ~ con RNA ais1ado de precipitados ribosoma1es de 150 000 g. 

La figura 4 muestra e1 Ferfi1 e1ectroforético (agarosa/forma1deh~do) 

de1 RNA usado como sonda mo1ecu1ar (Fig. 4A), as~ como e1 tipo 

de seña1 de hibridación observada en 1os autoradiogramas (Fig. 4B). 

Las regiones de 1as cajas origina1es (5 x 10 3 co1onias/caja) que 

mostraron seña1 de hibridación fueron resembradas a menor densi~ 

dad hasta e1 ais1araiento de co1onias independientes positivas a 

1a sonda de RNAr. 

La corroboración de que 1os p1asmidos ais1ados de 1as co1o­

nias positivas fueran recombinantes con Dt:Ar, fue rea1izada con 

DHA p1asmidiano ais1ado de cu1tivos pequeños (1m1)¡ La figura 

5 muestra tanto e1-patrón e1ectroforético de insertos c1onados en 

1os sitios ~I ó SstI de1 veh~cu1o pUC1B, corno su hibridación 

tipo Southern con RNAr tota1. 

Como se menciona en Materia1es y nétodos, 1os mapas de res­

tricción de las c1onas aqu~ presenta~as (serie pRTC) se construye­

ron por digestiones parcia1es en mo1écuLas marcadas en un extremo. 

La Figura 6 ejemp1ifica con 1a c1ona pRTC20 e1 tipo de resu1tados 

obtenidos en estos experimentos. 
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A: Perfil electrofor~tico en agarosa/ formaldehÍdo 
de :RNAr total. Este material fue fosforilado in vitro 
mediante la encima cinasa del fago T4 y 32P- yAT_P_, __ _ 

para ser utilizado como sonda molecular en los expe­

rimentos de hibridación. 

B: Autorradiograf~a de la hibridación in situ sobre las 

colonias de la biblioteca g~nica. La sonda radioacti­

va utilizada fue RNAr total fosforilado c32
Pl ~ ~· 
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Figura S. Perfi1 e1ectrof~tico (agarosa/bromuro de etidio) e hibri­

daci6n tipo Southern de p1ásrnidos ais1ados de co1onias 

positivas a 1a hibridaci6n in situ con RNAr tota1. 

Se muestran 1as construcciones 1igadas en e1 sitio de 

~I y 1as correspondientes en e1 sitio de ~I de 

pUC18. Corno marcadores de tamaño se uti1iz6 e1 veh~­

cu1o 1inearizado (carri1 6) y e1 DNA de1 fago h digerido 

con ~III (carri1 14). Aque11os p1ásmidos portadores 

de insertos de tamaño esperado (mapa gen6mico previo, 

Fig.1) fueron se1eccionados para su caracterizaci6n 

posterior (serie pRTC) • 

'· 
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Figura 6. A: Autorradiograf~a de ios productos de digesti6n par-

cia1 generados por Sau3A y por HincII sobre ia ciona 

pRTC20 (marcada radioactivarnente en un extremo) -

Corno se indica en ia parte inferior de ios carri1es, 

ias digestiones se iievaron a cabo durante O, i, 5, 

15 y 30 minutos; y ia eiectroforesis fue rea1izada 

en un ge1 de agarosa ai 1%. E1 tamaño de ios fragrne~ 

tos fue·ca1cu1ado con ios productos de digesti6n con 

HindIII sobre e1 DNA de1 fago A, observados con 

bromuro de etidio de1 gel original. 

B: Ubicaci6n gráfica de 1os sitios de corte para Sau3A. 

La posici6n ordenada de los sitios resulta de ia lec­

tura progresiva en tamaño de fragmentos radioactivos, 

tornando como punto de referencia 1a posici6n de ia 

marca radioactiva en ei inserto de pRTC20. 
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Fina1mente, 1a asignación, en 1os fragmentos c1onados, de 

1as diferentes regiones codificadoras de 1as especies maduras de 

RNAr, se 11ev6 a cabo mediante experimentos tipo Southern hibrida­

dos en forma independiente con 1as diferentes mo1~cu1as de RNAr. 

* La figura 7 i1ustra uno de estos experimentos, rea1izado sobre 1a 

c1ona pRTC32, digerida con ~II o con ~I e hibridada inde­

pendientemente con 1as esr-ecies de RNAr: 24Sa, 52 y S6. La auto-

rradiograf~a presentada no muestra hibridaci6n con fragmentos me-

nares de 300b generados por HinfI, sin embargo fragmentos hasta 

de 200b son observados tenuemente en autorradiogramas expuestos 

unas 10 veces mas. Este comportamiento es habitua1 por 1as 1imi­

taciones de1 m~todo. 
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Figura 7. A: Hibridaci6n tipo Southern sobre los productos de di­

gesti6n de HinfI y Eincrr en la clona pRTC32. 

E1 tamaño de los fragmentos de hibridaci6n fue es­

timado utilizando 1os productos de digesti6n HindIII 

sobre el. DNA del fago :>.. 

B: Ubicaci6n de las regiones codificadoras para las 

especies de RNAr: 2458, 52 y 56; sobre el mapa de 

restricci6n. La 1oca1izaci6n de 1a regi6n ~ue 

codifica·para 52 fue acotada con sitios de 5au3A 

{Fig. 1). Por e1 tipo de experimentos realizados, 

1a posici6n de 1as especies de RNAr sobre el mapa, 

es so1o aproximada. 
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DISCUSION 

En la introducci:6n de 1os artrcu1os inc1urdos como "Antece-

dentes Particu1ares", se señalan 1as características generales de 

organizaci6n mo1ecu1ar del. DNAr y los productos del procesamiento 

del RNAr precursor en una variedad de sistemas eucariontes. 

Con intenciones de sefia1ar los elementos "trpicos" que presentan 

1os diferentes sistemas, me permito mencionar los siguientes pun­

tos, y comentar en cada uno de ellos la situaci6n observada 

en~- cruzi. 

l. Los genes de RNAr constituyen una familia de elementos mediana­

mente repetidos (SO- sao copias por genoma haploide) ¡201. 

T. cruzi contiene al.rededor de 110 genes por núcl.eo 1241. 

2. Las unidades de transcripci6n de RNAr se encuentran agrupadas. 

Desconocemos la ubicaci6n del cistr6n de RNAr en T. cruzi, 

pero el hecho de haber encontrado un patr6n relativamente sen­

cillo de bandas gen6rnicas de hibridaci6n, sugiere que las uni­

dades de transcripci6n se encuentran en un contexto homogéneo-·-·· 

de secuencias. Cabe mencionar que en las especies africanas 

(~. brucei) los genes para RNAr se encontraron agrupados en 

3 o 4 locus de cromosomas diferentes; a su.vez separados de 

los genes codiÍicadores de RNA SS 12s¡. 

3. Las unidades de transcripci6n de RNAr se encuentran separadas 

por regiones de DNA no transcritas. Tal es el caso en~- ~. 

y los espaciadores no transcritos resultan ser de por lo menos 

20kb, y heterogéneos en secuencia y/o en longitud ( Fig. 3)-
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4. Las unidades de transcripción contienen espaciadores trans-

critos en ei RNAr precursor, y ai ser e1iminados durante ei 

procesamiento dei mismo se generan ias mo1écu1as maduras de 

RNAr: iss, 5.SS y 28S (como vaiores nominaies). La organi-

zaci6n intracistr6nica de1 DNAr en ~- cruzi es ei objeto 

fundamentai de esta Tésis, por 10 que me permito desg1ozar 

1as consideraciones correspondientes en los p§rrafos si-

guientes. 

Los datos de organización presentados, indican que ias 

mo1écu1as n6veies de RNAr de ~- ~, se encuentran codificadas 

en un arreg1o atípico ai resto de eucariotes (Fig. 8) y virtuai­

mente idéntico ai reportado recientemente en ios Tripanosomatídeos 

~- brucei j26I y Crithidia fascicu1ata 1271 Por datos de se-

cuencia nucieotídica en estos dos G1timos organismos se demostr6 

ia correspondencia de 1as mo1écu1as pequeñas de RNAr (excepto SS) 

con regiones de1 RNA de ia subunidad mayor ribosomai. La aporta­

ción de1 presente trabajo reafirma· ·ei··concepta·· de un mode1o gé-

nico de organización comp1eja y particu1ar ai grupo fi1ogenéti-

ca de Tripanosomatídeos. Dicho mode1o se caracteriza fundamentai-

mente por la presencia de DNA espaciador en sitios no descritos 

anteriormente que estructura un gene discont~nuo. Esta organiza-

ci6n desusual tiene tanto implicaciones estructurales como evolutivas. 

·~ .. 
\ 
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Imp1icaciones estructurales 

La correspondencia, por un 1ado, de la especie de RNA 5.BS 

de ribosomas citopl§smicos, y por otro, de la molécula 4.55 de 

ribosomas de c1orop1astos, con las regiones 5' y 3' del RNAr 

235 de E. coli respectivamente ¡2BI; indica que no se requiere 

co1inearidad estricta y cova1ente a 10 largo de la molécula de 

RNAr para el funcionamiento de la subunidad ribosoma1 mayor. 

En algunos organismos protozoarios 129- 32¡ y algunos 

metazoarios del tipo protostomados !33- 341 existe la disconti­

nuidad interna y aproximadamente central en la mencionada espe­

cie de RNAr mayor, que separa a la molécula en dos entidades 

(a y e). AGn mas, en Drosophila se presenta un procesamiento 

extraordinario de la molécula 5.85 que da orígen a una molécula 

25 adicional (351- En todos estos casos, sin embargo, el comple­

jo mo1ecu1ar de RNAr (aunque discontinuo) permanece unido por 

enlaces de puente de hidr6geno aGn en ausencia de proteínas. 

En ~- ~. y por trabajo realizado en nuestro laborato­

rio sabemos que 1as interacciones intermo1ecu1ares de R...~Ar esta­

bi1i zadas por puents de hidr6geno se presentan entre las dos mo­

léculas mayores (a y ar, y entre 53 y la molécula a. El resto de 

las moléculas pequeñas se liberan de 1a subunidad ribosoma1 ma­

yor en ausencia de proteínas (Antecedentes Particulares, 1361 ). 

La asociaci6n de la mayoría de las mo1ecu1as de RNAr pequeñas 
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a 1os ribosomas, depende entonces de 1a estabi1izaci6n dada por 

proternas. 

E1 tener dominios funciona1es segmentados de 1a especie 

de RNAr tipo 285, asociados por proternas a 1a subunidad riboso­

ma1 mayor no tiene precedentes en ribosomas citop1ásmicos de 

eucariontes. Esta situaci6n, ref1eja posib1emente una estructu­

ra RNA-proterna diferente en estos organismos, que consideramos 

de importancia estudiar. 

Consideraciones evo1utivas 

Para i1ustrar e1 significado de 1a organizaci6n en e1 DNAr 

y sus productos de procesamiento en Tripanosomas, en comparaci6n 

a otro tipo de genomas, me permito uti1izar 1a revisi6n i1ustra-

da en 1261, donde inc1uyo e1 arreglo constru~do en e1 presente 

trabajo (Fig. 8). Tanto e1 p~ocesamiento de 51 dado en e1 espa­

ciador trasncrito entre a y a, como e1 procesamiento de S2, 56, y 

54 en e1 extremo 3' de1 cistr6n, son ejemp1os no usua1es de or­

ganizaci6n en genomas eucariontes. Por otro lado, procesamientos 

desusua1es se encuentran en e1 RNAr de mitocondrias y p1ástidos 

de protozoarios y de p1antas. Los c1orop1astos de estas últimas, 

presentan incluso un producto de procesamiento hacia el extremo 3•. 

Sin embargo, ningún organismo descrito a la fecha, presenta una 
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Figura B. Esquema tomado de White, T.C. y cols. 1261 donde se 

muestran diferentes sistemas biol6gicos de procesamiento 

de RNAr. Tanto las especies de RNA presentes en la 

subunidad mayor, como aquellas presentes en la subunidad 

menor ribosomal son mostradas en las diferentes columnas. 

Las especies pequeñas de RNA se esquematizan como cajas 

negras y aquellas de mayor tamaño corno cajas vac~as. 

En la parte inferior de la figura se insert6 el arreglo 

g~nico encontrado para T. ~i por el presente trabajo. 

Las referencias originales de los datos aqu~ presentados 

se encuentran en la fuente ya mencionada ~61. 
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comp1ejidad comparab1e a ia descrita en 1os tres miembros es­

tudiados de 1a fami1ia de Tripanosomatídeos. 

La presencia sin precedente de 8 mo1écu1as de RNAr cito­

p1ásmico, organizado en forma simi1ar en dos especies de tripano­

somas y en un organismo de1 género Crithidia, sugiere que 1a fa­

mi1ia de Tripanosomatídeos evo1ucionó de forma independiente (an­

tigua) a1 resto de eucariontes. Para aumentar 1a comp1ejidad de1 

cuadro genera1, 1a organización génica de 1as mo1écu1as de RNAr 

(9S y 12S) mitocondria1 en 1os maxicírcu1os de estos cinetop1ás­

tidos vician 1a reg1a genera1 de po1aridad S'-3' 137¡; pues a 

1a inversa de cua1quier otro genoma a 1a fecha descrito (proca­

rionte, mitocondria1, p1ástido o nuc1ear}, 1as especies de RNAr 

~encionadas se encuentran codificadas en ia po1aridad opuesta: 

5' ---12S-- -9S-- 3' 

Como ya fue mencionado en 1a Introducción, 1a secuencia 

de RNAr ofrece información con 1a que se pueden construír árbo-

1es fi1ogenéticos 1231- Sogin y co1s. 1381 han construído árbo1es 

fi1ogenéticos comparando ia secuencia de1 RNAr de 1a subunidad 

menor (RNAr tipo 18S}; y entre 1os organismos ana1izados inc1u­

yeron a T. brucei 1381 y a c. fascicu1ata 1391 • Las conciusio-

nes que sus estudios arrojaron fueron que 1os dos Tripanosomatídeos 

ana1izados, evo1ucionaron re1acionados entre s~, y de manera in­

dependiente no só1o a1 resto de eucariontes, sino también a otros 



51 

protozoarios considerados "cercanos" bajo otros criterios 1411. 
E1 Gnco protista (a 1a fecha conocido) re1aci9nado con 1a 1inea 

evo1utiva de 1os Tripanosomatideos,est§ representado por Eug1ena 

138- 401· Aparentemente (datos no pub1icados pero mencionados), 

organismos Eug1énidos presentan también productos adiciona1es 

de procesamiento en regiones simi1ares a 1as de Tripanosomatideos 

l 27 I. 

En cuanto a1 origen de estos productos nuevos de procesa­

miento y a su re1aci6n con e1 RNAr tipo 23- 285, existen dos 

posibi1idades: 

(a) E1 genoma nuc1ear progenitor tuvo una secuencia codificadora 

continua para 1a mo1écu1a de RNAr de 1a subunidad mayor, pero en 

1a direcci6n evo1utiva de 1os Tripanosomatideos, y por eventos 

de inserci6n de DNA espaciador, se separaron las regiones cod~­

ficadoras de 1as distintas mo1écu1as maduras de RNAr. 

(b) E1 gene para 1a mo1écu1a mayor de RNAr en e1 genoma eucarion-

te primigenio fue ciertamente discont~nuo, y los espaciadores 

fuerone1iminados diferencia1mente en 1as 1ineas evo1utivas pos­

teriores. Bajo ésta hip6tesis, 1os Tripanosomatideos, a1 haber 

evo1ucionado en una 1inea antigua y d~ferente a1 resto de euca­

riontes, pudieron haber conservado 1os espaciadores ahora descritos. 
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E1 hecho de que e1 gene de 1a subunidad grande ribosoma1 

de 1os microscor~deos, que a su vez representan a 1a fecha 1a 

1~nea evo1utiva independiente mas antigua de eucariontes resu1te 

continuo )401, aún sin procesamiento de 1a mo1~cu1a 5.BS, har~a 

pensar que 1a primera posibi1idad (progenitor cont~nuo} como 

factib1e. 
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