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RESUMEN 

El parúilo E11_.. hülolytim •----o cuya,._.. principal ele__.. 
_,__deATP.,_.,-deta aluc6Uúm. J!ate ___ o_la ............... d deqsw 

vanaa de las-úwolucradu - la atuc6ltata utilizan pirofodato (PPi) c_.o 

donad-•pupas,_aloa V-in-.dia- alacollticoe . ..__. 

~ clepmMUentedePPi aclemhdeotra-aqueutiliza PPi Y'l'le 

--ATP; la ptnavato fodalo dicinua (PPDK) q-•ustltuye a la plru.vatocinua 

·--ellnifozofto. La PPDKtra--bletnenteel gnapofoúatodel 

'-'-nolpü'llVato (PEP) y - pupo fodato del PPi al AMP, dando lupr a to. to.fa- p 
y y del ATP, -pactiv-te. La PPDK_i..,._na (EhPPDK) fM cte.cftta por....,_ en 

1-yclaWoa aa-porta- ... ta __ ... _.. delpar6ailo, clonun-y 

MC1Mftdam- el a- q ... la codiffca (Gelle.10:249-251, 1991). 

J!ate trabajo de tnvnttsaci6n-enfoc6 hacia la caractl!rizaci-funcional de la 

EhPPDK, por lo q- la pro-... - 90Mwxp1eMI en E. ooU, - -tabled6 un--• de 

purifl<:aci6n y - d-.on •us propiedad- cintticu y •tructsarale9. A.i -o, -
inici6 el •bullo del perfil da ifthi~ con aft6loa- del PPi. 

A partir de d- clonas abladu de_. bibli-. ...,__ q ... contenfan 

-ia• del gene de la EhPPDK, - rec0i\9truy6 el muco de lectura•'*"'° por la 

llicnka de la reacci6n en cadena de la polimeraM (l'Cll). El fragmento -plificado -

clon6 en el vector de expresi- pET23b q- permite la expre9i6n de la protielna con -

megmento de polihi9tidina• en el e..-o carboxilo--inal. Con_.., pUamido -

transfonn6 E. coli y la expi'99!- de la pl'Otelna - indujo en cultivo por la adici6n de 

isopropil tlo galactósido (JPTG). La enzial• - purific6 por aomatosrafla de afinidad 

UMndo Ni 2• para unir la• histidina• del carboxilo -inal. Con -ta -tr•Wgia -

obtuvieron muestras con una pureza de apn>x. 911" y actividad• -pedfic•• entre 10-13 

µmole9/(mlnxmg) (un valor mayor que el que obtuvo a--en 1968 de 0.086 µmote. 

/ (minxmg)) y de 4-5 mg de protetna de un cultivo de 250 ml. La• consta- de 

Michaelis para el PEP, AMP y PPI fueron 21, < S y 100 1&M. respectivamente, que -­

en el mismo orden que el descrito para otras PPDKs. Se detennin6 un pH 6ptimo de 6 y 



el com~lo de la proliOlna - .,._atopafla de filtraciOft molmcular •...-que 

1a-..a----a---. -tiara a..-. de-y c.;..u.­
ydlferen• a la-. de .Bec:...-.~, que-undtmero. La EhPPDK,.....­

Mg2+ paraau-vidMI y ...,,.....-cati6nm-alen•, un'-:hoclifmwn .. alq ... -

hadeacrilo para-PPDJc:ayla ptnavatocinau, laa~..,...-ca-
.. _ ..... _para au-..ulacl. 

Ya que la EhPPDK-una-. que depmtde de PPi para au -viclacl y -

particular de ..... --~ .... --y6 .. ....,...de10 an6Jogaa del PPi ..... -
car-n por---aace~fmmro(P-C-P)nolüdn>lizabley un 

grupo •-tituy-•vuia'ble unido al cartoono. Encon--queel ........... CGP-.&-

el e-puesto - po19n .. , con una Je:. de 67 j&M. Se ha ......_inado ..... --a.apuesto 

--- un efecto inhiloidor del.,__.., de....,__ encultiYO. Smia 

in-nte evaluar-e-pues-que varianen l-grupoa qutmic<M unid- al 

carbono central de la moYcula. 

m-tudlo de la PPDKde ----parúi- -de particular u.-.......- la 
enzima no-contraparteenel a-padero humano y _un.....,._ocatalttico 

dlferen• al de la piruVato clnaaa. Eata car--6n inidal de laa pcuplesla~ de la 

EhPPDK puede ser la baae para inidar-tudl- con füwa 9rape6-. 



All!n"RACT 

The.......-•E11_.,.W.lolytic8ia_.......,.._ wa-main__..--..:e 

.,_ &..l aJy~ lt.hu tlw-...iutty that--.1 ol i .. aJycolytic ~ -

pyropha.pha .. (PPi) .. - .. _ti_ plMMpha• d- to afycolytic in-..U.-. Jt 
.hu• PPI d pa&dcat~and ....,.._. PPi-thpendent~, 

pyruv• .. .,._..... .. dw-(PPDk) whida ....,._ tlw pyruv• .. lánA.e ~tin 

..._..,..._.._ •• PPD.k-blylr.-the,.._.,... ........ p&..t 

..-~••(Pl!P) •nd -..-......- ....... p-l'Pi toAMP Sivtna-to 
lhe P and y pha.pha-"- the ATP, ....-a-IY· The _..e wu ftntct.ecftbed by 

a--m 19'9. ---.11y-clonmd and ... ___. the ..... thlitcodea for .... __,,_ 

(DPPDJ() (C-..:IG:2t9-251, 19!111). 

lleca- ol i .. ....- in llw .......,_ of ~ (ATP) forthe pAr-te, thi• wod< 

cle9c:ri.,_ llwlu-'char-tion of EhPPDIC. We o-...--.a the .--in E. 

coli, puri"-1 lhe-.qme and --..u.c1 i .. kilWtic •nd atnacturAI .......... -. We el9o 

initialad .._ atudy ol tlw ínhillilol'y profile with ..,,......._.,. .. •-1-. 
l'lwvtoualy, -iaolAlad lwo .....,_ca-contAilúfta ..,._ of- EhPPD.k 

..-. Thecom.,._.. ~ fnmew .. NConalructlld by lhe po.,.__cluún _on 

(PCR) tachnil¡-and wu~ c011t.,._..,. to-thAtno mu .. _ luid -

inlroduaod dmifts -plifiai- NACtion. The ••plified &a...-t wu cJODlld into the 

pET23b .,..._.,.. vwctor, wJúch allowed the expr Hion of the enzyme - to• 

carlooxy---1 ~ of polyhiatidine and tilia plaamid wu UMd to lr....,..,rm 

com ........ t c.IJa from the E. coli •lrain 8L21DE3pL,..S. Tlw ...,_.on wu iald__. by 

•dclína iM>propyl p thio a•lac:m9ide (IPTG) to• final c-•tion of o.t aaM to • ceU 

culture pown to - O.D- of 1. Theenzyme w .. purifiad by aaelAJ affiftity 

chromatoaraphy UU.,. Ni .. to llind the -ínal poly•hiatidine of NCOatllinant 

J!hPPDJC. With tilia alr•teaY we obtained _,.._ Mth • purity of appsox. 911S, .,..afie 

-vities between 10-13 ,...olea/(atúvang) (hialwr ..._ thlit oblAüwd by._,,.. 0.08t 

,...o ... /(minXll\g)) and t-5 mg of prolein from a 2.50ml cultul'I!. The Micluielia cons .. n .. 
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of EhPPDIC #ar PEP. AMP uld PPi w_ .._,_, 21. es ..... 100 l'M ... pectiwely. 

'11-val- -la lhe- r ..... clftaiti.d for PPDJCa haa\ other-. We al8o 
atudied lhe-vtty prom. at~pH and _,_ an optúnum pff of 6. "9y 

molecular ~in s.phaayJ co1-- -found lhat llwenqme haaa -
an-~ --.rmPPDIC6-l-andGMftlla ....... butdift'wnntflOM 

~ PPDIC wllkh ia ad-. EhPPDIC .... -Ms .. for-ty-.1- llo lhat 

bound llo lhe nucleatide. and Uhu a"- of 2.1 mM. Jt haa .._.. -a-1 that PPDIC 

- a..c- __._,......_ monovalantcali-for-Vitywlúle..,,_vale~ 
has a abkt...-t for Je•. howwver, we dW not find "'1-for--cati...,. 

inEhPPDK. 

S.- EhPPDICia a ~tenzy111e. we_ .... lhe.tt.clol 10 d~t 

biaphoaphona-. which are --hydrolyuNe PPi --..... n..y diflwr m - n _ _. of 

carbon •-• loouad to 11w ,.-p~rbon-..-phorus (P-C-P) bond. Welound 

8'atcoonpound CGP ...... ia a ..-,.tinlúbitor of PPDIC -Vity. Tlw Je. obtúned ñom 

plota of (ICm/V->.. •aamat inlúbitorconcmatration waa 67 l'M. - 8'an - X.. for 

Pl'i. ThU compoulld is aleo able lo u.Nbit ameb6c arowth in cullure by 50" ata 

conc:enlralion ot 391&M. ltwould ._in-tina to ..,aluale ott- analop lhat diflwr in 

other pro~ a#-c'-ical aubatia-ta lo impn>Ve the inllfbitory efl9ct. 

TJw atudy al PPDk of ........ tie oqan1 .... ia of particular in-t baca- the 

enzyine haa no co....-p.rt in the h-an ...,.t and haa • difíwnnt calalylic machaniam 

8'an pyruvate Jcina-. Thia initial charac:lerizalion of the p....,._ of ncoaabinant 

EhPPDK could be• •tartift& point for new therapeutie ~ 
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L INTllODUCCIÓN 

L1Aml......._ .,_._...,.c;....i 
La _......__ .. _,__•dad humanacauaadaporelpar6Utoprotactiata 

E•_.. láalolJlfial. Eateors-o puede'Vivircomo -1 ..... •­
del iln--..-. __ .......,, ..... eatado palol6pc:o puade ilnv..tirla 

•ucoaa Ül-tlnal produciando d'-t-y--tad-- •vuazad-de la 
---..s..a inv8dems-d--C0111oelhfaado,ca--"o•.,__ 

lwp&tico, ..... de laa prind.,.-cauaaa de•-por-.....,. (-.wdu., 1!1198; 

~-P.._.,, 19a2). 

Eata...r.nn.dad ..-.. priftci ........... ~ •• a.u-........ -
Yi--cond~ --J'NC'ariasY"l-ca.--deuna achcuada 

.... ...__en hiS-, por loe¡-- un padecüa-•--ha a.ociado a la 

pobreza.,.._.._~ 1992; Walah.1999). En~. ----Ir• 
en-laa diezcauaaa prind.,.-da•-· porloca-_n __ .,.._unpan 

n.i-de._~-panúlDlopa Mhan..tocado a --ludio. 
Un upado ünportante- c:onoc.-1-~ ca-Jec-"-­

patos-úcfdad •-•ors..U-o aalcomo d-laa ....__e¡-• 
-tablecen en a. ....... acción hoapad9ro h-parútlD. AaiJn-o- da auma 

-anda e-a. bioJosla celular del parialtD, en•- upecm. lunclonalea 

yeatnocturaleapara IJesar a un mejorentendillllanto de la enfennedad. 

E. ltufolylial- un organislfto Ul\lcelular que.,...... .. doa -tad-: el 

b'ofozoito, •--i. t•- .. óvll e invaalva, y una '-8 Ü\Bl6viL lranamiaora de 

la enfamadad •-- el c¡Uiate. Se han Nallzado pocoa -tudioa con el "IUiate ya 

1 



que no-. .. un modelo experimental para •u obtenci6n; la mayor parte de la 

~-.--...•laf-detrofozo(to. 

S.han..cfttocli-.-_....la bioqufmkaymodalosfa 

fundond de E.~ (Mcl.aushlin y AJ.y, 1995; W-t.ch, 1988; Saa,,....ra­

Ura y Páwz-Mon~ 1-, A.,._...,.)..._..de-..enlaaque--tael 
_....._ºde .,.--que CU9Cell de mi1Dcondria9 (WeinbKh, 19111; 

MCWer, 1-; MGU.r, 1992; .__, 1993). 

La_,.,. ha Udo c-......Sa e-o un modelo de una mlula eucari6tica 

"primitiva-~ 1992; a.i.Mr-Onmwüd y wo.-..nn. 1993). La 
c.-lka-...viden .. ....._.,ada __ tuclto.delllkn>ec...,..elec-.uca-

la a-de•-•ubml...._~ .. eucarion-~o­
____... _.....__ ....._ mitocondna•, .......... deGolgi o 

peroxt.omaa (Mm--PalOlllo, 1992 ). Aparte del nW:lmo, la• e9trudura• BUI• 

co ... ptcua.90ll ... -...... La tabla 1 .... .._ .......... c.--

Nlevan- ................ .., q-lo hacen in_n .. como modelo d•-tuclto. 

2 



TA9LAI 

CAllACl'ElllsTl<:As GENEllALES DE JEElll--!lw-~.• 

~ 
-A-deaitocondriaay...--.. 
-A ...... todeGalp~o 
-N-vacuolasy-..Jaa 

e r r r 11-.,.... .,,.,,__, 
-FaltadecUfc:a lecMlft-vilCUO&u~aay-.....-

c __ _ 

..C:-mdc.a6n-tica yno_tltftalda ___ ..._ .,.._.lic4o Y 

v.cllOlaa~ 
-E-~aa uaidaa a la-lluna 
-!lomba-~ de tipo vaaoolar_ la _lluna .,.._.lka 
Met<lllol'-1' ,,._,,,,.. 
-Falta de :eaulad6n aloatlrica - la puc6UU. -e-...........--... ......,_,. ... 
-PUuva9D:,__...oxtna oJddonwd- / ,__...o>dna dtioplUmica 
-A-delddode .... 6dd-triculoo:idHc-, ...-. 9-icaay..tade laa ---A-....... ~ .......... --Actina .. _ .. di.,....... 
-&.-•de ubiquitina suW-rrollado 
-Ubiquitinaal-.. cli~ 

~-· DNAWllNA 
-A-de--lamay-delos ..... -=-iad-
-C......,.tina -trudurad·---- poco ....... y • ..-... ...._ 
e-* =rDNA -plUaW..e><ta __ .... circulaw. 

-E..--5' no ...... lldcl--los•llNAs----.. c-. 
• lomado ele hkl<er-Gnanwalcl y wee ........ 1993. 



eomo-.,....._om.rvar ... la 1a111a La n1...i ...-a la amiba_.....,. 

- •puta ...... ....-"" ................. ....,...-.......,. y•c¡-ca.-.cle 
unddoclelenmfu-1 y una c.-.. ... _...,.... ........ lloowtlpka. por 
loq-la _.,._.....,. .... ATP..--prod.--ladlula .....,.,_ ... .. 

.... ..._ ..... ..__. •ptnwatoporlavtaclel!mW.-..., ....... . 

Exia_ cl_ cllfoonncta. alpdftca-q-cltstms-••te parAUto ele su 

.._.,...._..,la falla de una laclato clemhid..,....... ( .. laclato no- un.,......_ 

final ele la shK6Uats, a.. procl _ _._ --L _.., yCOz) y el -

clel púafoefato ._..-.. (l'Pi)como clOllAclor ..__ ... ...,..,... foafato a 

in--tart..-lavia - ......... - ..... _._ oi--, 1976). Enel 
parAúto lac---.a6n-PPi intNc9halar-~ ......._._ ... 0.2•M. 
lacual-pararri ........ "- ...... _.........__ ........ por lo..-

_._coa.,- - ......, __ ftsio16aica oi-, 1976; Woocl, 1977). La labia 

4 

n .. - ....... _....,.....__dePPt. Lal'tpral ___ .. cala--o 

ele la &1-... E. Ja.eol,,,..,. y .. incltcan Ju-....,.._......_ ele PPt. 



TABLAD 

..... 1' s .. wle6lltlo7cwww ¡ d' .... .,... 1 ••• ........ - ... .....,_, __ E.......,,_ .. ... ,, .~ ............ 
.. N'l'P 
ATP + F.,...._P _ F.,....J,6-P2 + ADP 
Fa.fa.lho-l ....-..•ATP 

PEP + ADP - pjntvato + ATP 
- ...... c:i_ 

PEP+CDP+CX>, ----GTP PE.P-a-

.Ac9til-P+ADP --to+ATP A--
•-..tocle....,_,1993 

.. s ................. l'rl. 

PPi +PN.+P - Fru-1.6-Pz + Pi 
F~~·PPI 

PEP+AMP+J'Pj - ..-..va-ATP +Pi -foa./rllo-
PEP + Pi+ C0a - o~to + PPi 
PE.P~ 

Ac:etil-P + Pi - .... to + PPi 
PPl--c:i-

--------------------~~lilai ·cs .... ..,_..,.., 

5 
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•Enzonae que catalizan ~ depmtclmt ... de nudedtidlo aueen ... en amiba. 
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1 
i.-.,....._ princi,.._ dela ..... d-de .. _.___ .. 

un•ha aon-noL _.., yCO. dependJendo del aracto de_..._.., ---producid-_ _...blom:fs con una ...__-..ol/eciatalDde...­• -· -'1---"'°9'9 _ ..... ....._.,.-......yco, 
(M_.,,..et al, 1971; WeinloM:h y Dtaaand. 197C). 

La - ele ahlc- •Ja ...iu1a -u.va a catioa --•un 
111-0 de _...,......_pedftco ( 5enaftO y._.,_, 197C) y 

•....--......... el....., U..•_ ... _ Ja utilizacJ6n de puc:-. ya CJ-
11\0-han~ID-.-- ......... _ clela aJ--._ En la mayoria 

deludlulam la.....__._ ... ~ 1-6 ........,_.., .... cataUzada por una 

~cSeJ-nci-"'cle.ATP(ATP-PJ!Kl)_una_ 

...__.... .... CJ-•unpunto•Npllad6n aJoa-. dela aJuc6U... SU. 

-a...so. -pañmj-como E. ,,_lolJ!fía, ~ ~. 
Tri~p-. GillrrlM '-"""- T....,..,__ .,_¡a y N-.im.}á<DWI • ......... •-..-..i·-no....---·•• ....--catalizado por una 

foúo&uctodnaam ................. de ptroto.fato (PPj-Pl'K)- una -

.....,.....,.., ..-•....--leno-una fund6n ......... ora enla amjba 

(ir-dal, 197•: ._.... dlll, 1976; ....._._ 1993). 

Olro punto de .,....._.6n aJucolftica - .--tra - la 
tranmfonnadón del fodoenolpinavalD (PEP) a pinlvalD, con--· de una 

1110Wcula deATP. &bo --catalizada por la endina pinavato dnama 

en la mayoria de Ju d.lulaa. En 1-. IMtch ySlack_ plan_ y...__ 
E. ltúlolytial. ~la purificad6ncle una-a CJ_.._ __ 

púuvato fomfato d~ (PPDJO CJ- calaliza una ra.cd6n IÑlftilal" a la 
pinlvalo dnua. -decir Ja con_.ón de PEP e piruvalo en..,...,_ y Ja 

Naedón •n.._.. -plant.om. La Naedónft la_._..... ... ~"'"'· 1968): 1 
1 
l 



p y 

PEP + AMP + PPi .... plnavato + ATP +Pi 

La- ...._,__el pupo foatalo del PEP y un pupo foatato del 

PPi al AMP, dando lusar a loa,_,__., yy del ATP, ~-· s.--.._,. __ ta--=t6n_c_.,...._ .. _llle, la 

--.---dcpmwlolndadePPt .. 1usarc1e ATP-o 
dONldorde pupom foatalD y .,..,_el AMP. -iusar .... ADP, C-0 

.... - .... ~ . .._ __ -.cionarAn ... p1opi•ll ..... 

catalltica8y ..tructur.._ ele la PPDJC:. ,. __ al --o •-te-bejo de 

ln-tiSaddft. 
Exta• una l'Uta al-tiva para la '-aci6n de plnavato a putirde 

PEPa lra,,...dela acdOncle_a_ ....,..... ___ PPi: una PPi-PEP 

carboxi~ (TaW. l. ........ t)lacual fija una moWcula deC:O. 
y produce una •oMcula de PPi y oxaloac.tato. Ea'9 .Utiato- Nducido a 

malatoporuna ..... to4-ldd.........-.conlaoxiclac:l6ndeunamo1*ula 

ele NADH. El ........ - pom-te claM:arboxilado y oxidado por una 

-..a 1116lica, con la Nducci6nde una ........... de NADp+ (Fts. t). E.ta 

l'Uta al-tiva _.,. pomluladoc-o un--m-o por al cual la amibe 

rea-•al NAD+ NducidosJucoll~enteencond~--. a 

lravn de una lran8hid...,.....06n del NADH al NADPH (McLaushJin y 

Aley, 19115). 

Jt,fefafJolismo del pinmato 

E. ln.lolyfial c..-e del ciclo de loa -- lricarboxllic-, por lo ..­

el piruvalD ,_..en-• punlD un papel muy ilnportante en la formación 

de loa procluclD8 fina1- del 111-boU...o de loa car-dra-. 

• 



La cleec:uboxileci6n O>ddativa ele püuvatD a _.-CoA - catalizacla 

porunapüuvatD:&nwdo>dnao>ddonwcl--.lacualfu6~y car-... ( Takeudú n--1, 1975; ....,_,,,.,_ 19"). &la_• _ 

_ ble a oxtpnoyutiJia como~ cle....,b_la ,...- F..S 

......... oJdfta, FMN, FAD 6 nboflavm., ....... no NAD+ 6 NADp+. La 
__ _,ble, porJo'l __ ......__ ..... .._._..o••• 

complefo ptruvatD ún- ( Fia. 1) ~d--1, 19"). Se a.. pañllaclo 

..-1oa .-c1e amiN <1uecodi&an ...... - .. -·y para la akohol 
4-hi~(--involucnda_la ____ ,...., ... .._.. 

dwivan de a- badnMnoa <1ue - lr....tiriftvn al.....,.... -il!úono •Jo 
la .. o d• la ..,.,.UCión (RoaenthaJ et --1, 1991). 

Un upecto in-le - 'lue eJ pupo de Joa derivad.,. del 5-
nilroimidazol actoan COlllO acwptoNa .. __ M las_._ 
-iadu por la fwmodo-. &le tipo •-...--induy.aJ 

lllelronidazol. eJ cual ae utiliza-~-~-producida• por pro-- o bK-. y .,._a actiVidad ci-Jdc• cuando-Nduc.su 
gnapo nitro. En protoctis-anaer6bicoe, la .-.......oxina reducid• por la 

reacción de la piruv•tD:fen'edoxina oXidOITed- - eJ dOIYdor de 

electrone9 •._pupo reactivo de•- nilroiaúdazolea, Jo..- Joe hace 

reactivos en su acliVid•d como -lipar-Uco (MGIJer, 1986). 

El Ketil-CoA puede d•r Jugar•_.., por-......,. ... liodnaU 

m<is o menos eap«:flica par• nucle6tid.,. de ad- ( a-w- el 111, 19'7) 

con f., slnlesis de una moWcula de ATP, <1ue pu.de p..,,,.... de ene._fa 

adicional • lo1 producida en la glucóliaia (Fig. 1). Adem6s, E. lti510lytú:a 

contiene una •Ce&illo cinaU depntdieftle de PPi (Ja cuarta enzima COft •ta 
p«:uli.orid•d) p<1r• I• cual no - ha d-inado e:uc-enle su función 

(Reeves y Guthrie, 1975). 

AJternalivamenle, el llCetiJ-CoA - transforma a -noJ •Ir•- de su 

conversión • un tiohemiacetal u.nido a J. enzi.lna acetaildehfdo 

9 



dftlüd ............ elcual•...tuddo•.-noapor-~ 
dftlüd...,._.. ....,....._ deNADH (Lo y a--, 1919; Lo y a..na, 
19112). 

A....--le,elNADHrwcluddosJ~ ....... .... 

,_ldd•do-i.a --aociMlu •a. fmm.a6n de.-....._ y .... a. 
lr~del NADH .. NADPH_ .. .....___depinavllto• 

,...tir de PEP puede,.._ ftllld. Sál _......., ... -bioaia, donde -
lotwo• ..:ftato, a. ,_Jdd.d6n del NADH .,......_ ctiulin......_ por Jo 

q-dicN ..... ptMde _.un ..... io .d-=-t pan,...._... NAD+ y 

fonn-NADPH. l!ale 111-o puede ~aua .,..Uv ..... _ ...t_ • 

una n.vn... por medio de- NADp+-n.- oJddonwd- (Lo y 

---.,1980). 

W....a.ch (1!118) propuao un..,._.. del flujo deelooc:b_ ......_ 

aualr•-rwcludd_ .. NAD'(P-), •Ra-._ ..--••una,.._... 
.--............úmil8r• a. t.rndoxiaY, ........ porubiq_y.....,._• 

un M:eplor dwonocido q-.,-un...,....a.J ..... b.......,livo úmilar.i 

del cillocromo c. El 8C9ptor da eloocb-• fin.a- oxta- m..-..a.r, el cwol 

ea Nduddo • •SW'. Hayquea--q-a. fundOn de•ta ruta 

._..,.. -•• .-.ci6ft ._...... d•-.. ...,..... ... no• muyca.r.. A 

,....rcleque-ha cleta:tadoubiq--E. ~ (un......,..._o 

c•Nft• de lllibX:ondriu) loa Id-a..•-.. com,,..._ .. c1ea. ~ 
NSpU•- - 5 • 50 Yecft-q-Joa dalactacl--­
p....-:tiataa tfpjc-enle -'*- ( Ellia, 1994; Ellia et tll, 1991). 

10 

1 
J 
' l 

1 



J.S PI F•••••ea lle la.._.,_....,_ DJdw 

l.S.lAa._....._ 

La PPDJC - cle9Cribió por pft-. ~- 11liill _ .,...___ lan 

dla-- filoa9 ... li,.1-• como - el -y E. -lal!Jflim (ffatch ysa.ck, 

1-; ......., 19119). 

HatchySleclcpro..- ................ fijed6n ele co.-pJanlaa 
ele dima cahuOaoe ...- - ...,.. conmn-el OO. •--'*XD al llilio ele 
Ja RubUco, •Uprilnileftdo de_ .. - au activMlacl deo,......._ y 

evitando-la '-pirad«>. haciendo a -tipo de pl.9n ... -

~-.En - via el co. .. hidra-o -.a dlopluma ele una dlula 
m-6fila por la M:Ci6ftcle una anhidr ... ~ . .._ _____ _ 

c...,.._oa U1111 moWculadePEPparaprocludro.......,.. ... ~ .. 

tr_,..,.... al cloropla•ID -dancle-nduddoa .......... El malato ea 

tranapostacloal clorop ... IDeleUllll ~ -vaacularyahl .. 

deacarboxilado por - enzúna 1114tica.,.... fmaar pU'uvato y CO,. Para 

complelar el delo, el pkuvalD ea lrana ......... o da,..._ al clon>plaalD de 

la dlula maaófila y ahl ea fodoftlado por la PPDJC para repnerar el PEP 

e¡,_ - uliliul _ .... prilneraa-'- (Hatdaysa.ck, 19ilill; 1'u etal. 

19116). Ea 11n-.-notar e¡- la rula al-liva para Ja fonnadón de PEP 
en amiba • llillúlar a _ .. rula (Ffa. 1). La PPDJC ele plan- ha aido 

... pu.-•-tudiada daecleunpunto ele via .. bi~o y S-o 

con el pn>póúlD ele hacer m•• productivaa •pedft de pl.9nlaa de iln­

econólnico ( Roache y w .. thoft, 1-. Matauolc.a, 1990; Ma .. uoka, 1995; JCu 

dal.19!16}. 

a-.... en el mismo afto (1969) pulllkó Ja purificadón pardal ele Ja 

PPDJC de E. lolalalylial. No - ha delKtado KliVidll4 d• ptruvalD ctna .. en 
trofoz.of- de amiba y _to_ la PPDJC •uallltuye- función; -

n 



-buso,• d~ ele Ja pinlVAto a-q- uUU- al ADP e-o 
llCWptDr dal pupo foefato dal PEP, Ja PPDK ca..UZ......, d...._ ta.fariJad6n 

dal AMP: Al,_,...,_ Ja paaici6ft p dal ATP ..-----.......-.... 
PEP y el bfato y.,._- de una mol6cula de PPi (....,_et,,,, 19'9). S. 

handacrito PPD:ka_....,......,.~, dela cual---­
infonnad6n _.... .. __ ode....,__._odee11S .,...,1111• .... 
catalltlcaey_tructur_... ~ 1971; w .... et.,, 1 .. ; Pocalykodlll, 

1990; ffeu:loaaa"' 111, 1-). T---ha...,......º Ja pmUiaM:16n y 
car~de Ja PPDKcle G-... .....,_ (Hrd1'et,,,, 1993) y _ha 
npoñaclola~y ~c1e1...-..-1acodllica (N_....._.,,,,, 1-; • ......_..,,.,, 1-). 

N-........... -- Jaclonac16ny ~dal ...-q­
codlfica para Ja -. de E. W.lolyfial ( Saawwdra-Ura y NNz-Monlfort,. 
19N;p6pna......--). Elan61ieUdela...,_de __ 

dem01b6 un pooantajede ~tucl de alNdedor del'°" con Jae PPDKe 

de malz. B. AJllR..,._ y n-M-. T---clwtadaron reat­
Altamen• ~adae q- actullllna\•- .. 1owq- -ua inVolucradae­

la unión de ........ -. 
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ABSTRACT 

Wc isolatcd threc ovcrlappina clones from a DNA. acnomic library of Enram~ba hls1ol3-rica strain HMl:IMSS. whose 
translatcd nuclcotidc (nt) scqucnce shows similarities of Sl, 48 and .. 7°/o with thc amino acid (aa) scqucnccs reported 
for the pyruvate phosphate dikinascs from Bac1'roides s.wnblosus. maizc and Flaverla trinervia, respcc;:tivcly. Tbc rcadina 
rrame determincd codes for a protein or 886 aa. 

INTROOUCTION 

Carbohydrale metabolism of Entam«ba hlsto/J·tlc-a 
shares some pec:uliaritics with that of other parasitic pro-. 
tists. In thcsc orsanisms. kcy enzymes of the aJycolytic 
pathway likc phosphofructokinasc or pyruvate kinasc. 
are rcplaced by cnzymcs that use inoraanic pyrophos­
phate (PP.> instead of adcnosine S'-triphosphate (ATP). 
as a donor of phosphate aroups ( Mertens. 1993 ). 
Pyruvatc kinasc activily has not been found in E. hbtolyt­
ica. but Recves e 1968) reponed the purification oí an 
enzymc that catalyscs the fonnation or A.TP rrom phos­
phoenolpyruvate ( PEP). with a mechanism of double 
phosphorylation strictly dependen• on PP1 and adcnosine 

Corrr:ipond111t1<tr tu: Dr. R. Pen:z-Montfor1. Dcpanamento de 
l\.ticrob1olo¡im1. ln .. 111ui.-. de F1s1olull1a Celular. UNAM. Apdo. P09tal 
7024:?. 04510 Melt..11:0 D.F .• !li.tc: .. 1c•• Tel. t5:?·Sl 62:?-5657; F11" c5::?·51 
6:?2·S630; c:·mail: rmontfor:<i 1íc..un l.11"1~101.unam.m!l 
•on fCCIUC$l. lhc au1hors "'•ll >1.UJ'PI> delailed e,.;perimental evi.dc:nce far 
1he eonchn1ons rcached 111 1h1~ Shc-n Commumcat1on. 

Abbrevuanons: aa. amm•" .u:1du1. A.MP. adenos1nc s·.monopho1phale; 
ATP. adeno,.ine 5· tnrho,pha1.:; hp. base paansJ: cDNA. DNA complc:· 
mental")· to RNA: E .• E,.,.,.,,,,..¡,.,; kb. lr.iloha-4151 oir IOCX» bp: ni. nucleo­
lidels): PEP. phg5phoctmlp~·ru•·atc:; PPDK. pyruvate f'h09ptuuc: 
dUdnaK: PPDK.. ¡¡:ene c:n<.:uoJmp PPOK: PP,. 1nor¡¡:an1e pyrophosph1Uc; 
SSC. 0.15 M NaCI O.OJS !1.1 f'tw.a~c1tratc pH 7.6. 

SSDI 037S·111'.1194IOOO~O·:t 

5'-monophosphalc (AMP). In this case the phosphate 
1roup from PEP and one phosphate aroup from PP1 are 
transferrcd to the 13 and 'Y positions of AMP. respcctively. 
This cnzymc was namcd pyruvatc phosphalc dikinasc 
(PPDK). 

In a prcvious work we have reponed thc identification 
ora clone from a library of DNA complcmentary to RNA 
(cDNA) of E. histol.)"tic:a strain HM l:lMSS. whose se­
quencc corresponds to approx. 20°/o of the aenc encodina: 
PPDK (Saavcdra-Lira et al.. 1992). 

EXPERIMENTAL ANO DISCUSSIOS 

(•)..._..... 
To determine the complete sequence of the sene. we 

screcned a senomic library of E. hlstolylica strain 
HMl:IMSS construc•ed in A.ZAP (Short el al .. 1988) 
using this cDNA clone as a probc. With this strate9y we 
iwlated thrcc ovcrlappins clones whose 3033-nt scquence 
( Fig. 1) contains an open rcading frame for a protein of 
886 aa. with a calculatcd Afro( 97 899. 

(~)------
Thc corrcspondina aa scqucnce was comparcd witb the 

SwissProt (rcleasc 25) and NBRF/PIR (releasc 30) data 
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-22• --- ............ •-&aa<r-• ..................... _._ 
-1•0 •ta.et••- t-t••t•• -t-•t•- -•tt• -~u.e-·--1zo t-ttc.oi ... ...__ ..... _ .. __ _... ••- _,. ..... ., -·· ·--··· ..... _. ... .._ ... ·-·· -···-.. ·-.... -1 an-- - .... ..-u. •1-......-........ ._ 
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ltltt__...t.._ 2•1..--··-••t :ao1 ...... _._..., ... _.,_ 

::t !!;:::;::: ::::=-.:: • ::t ::= :=.s::: _ .. __ ::::=-.!: : to1 ........... ª • .,._. ..... -·~••o-·-·-••1 ~ -·•-t ~ .... . "IZlt ..... t .... ttet-MC .. _ ...... . ... , ._..... ...,._.... _ ...... ... 
:ii! fü::~ ~ ;;;:_. -;::.-::-· 
1201 _ .......... --·· ............... . 12t1--t••·-··• ... -t 
1:J2~•··-· .................. _ 
i!:~ ==:: !=: 1•01 ...... .._ __ .__ .. 

J.••1 ._ .. _ .. , -·-. 
1•:111 ........... - ..... 
, .. 1 ......... ,._. -· .. - .......... ... 
1'"'111 tt--UOtlrCt_t_CC. ... t ..... c.. -1•01 .............. ~ .......... __ ..... _ .. _ ....... _ ............... - ........... .. 
1••1 .. _ .. __ ... _ ....... ·-·-.. __...., .... ~ ....... _ .. . 
ltZI -ottt- ... ._ ............ .- _.....,. ......... .._ ... _ .. ...... 
1••1 ............ " -•••t•• - ........ .,.. -- ••a .. cct" _ ..... .,..._ .. 
20•1 ._ ....... ·~··- -··-·- "·-·- ........... -·····-· 2101 _ .... _ .. ·-··· _ ...... ····-"•···-e.a•-··· 
21•1 ···-···- ---···· ····-·- ···-·-· -···- --······ 2221 ••c..&••··· ...................................... __ •• .._..." 
2a•1 .......... ,,-·••-••e••••-••.,. ............ .,. ca ...... _ 
~::~ :::!!:!..-:! =::.::: ::::=::: :::::::::: !!:;::::;: =::::::: ,.,, ................ __.,. -.. - _._ ........... _ ....... _ 
ªªª' ............ _ .................. ·-·-·· ...... _ ............... . 
2a,1 "-""'""•" ---.. •• •·-·-• .... •••••• ...__ .. _ -•....-

~!:t Si!illE =::=: !r::::!:i! r::~ ::::!::::: :=!=:::: 
Fis- 1. N..ckotidc scqucmcc ol E. ll1sto(\1:ll:'" PPDK. St11n •nd stop 
codons shown in e11p11al lcuers are undcrlincd. GenBank :1~1on 
numbcr. UOl529. ~ Clond rrom a i.2.At.P scnomic libraf)' were 
hybridized with a 960-bp Ei-okl Íl'lllpnent írom • cDNA c:lone thal hu 
~v. or thc PPDIK. sene tSaavcdra-Lir• el al- 199:?). Hybridiza1ion 
tempcraturc ••• 65"C and washin¡ c:ondidon• were :? x SSC/0.1 ª/• SOS 
al 65"C for 60 min. Positivc: clones werc c:•ei.cd 1n vivo CShort et al-
19881 •nd thc:ir nt scqucnce was dctermincd by thc didcosy chain• 
termination method CSan1er et al- 19771 usin¡. oll1odc:o•ynui;:lcot1dea 
aspnmcn. 

bases usina thc FASTA proaram ( Pcarson and Lipman. 
1988) and thc resultina similaritics werc Sl. 48 and 47% 
with the PPDK of Bacteroides s.\"l'ftbiosus ( Pocalyko el al., 
1990). maizc (Matsuoka et al .• 1988) and Flaveria r,.iner• 
ula (Roschc el al.. 1990), respeclivcly. Alianmcnl of lhe 
four sequcnces (Fia. 2) shows reaions of hiah similarhy. 
The highly conscrvcd molif GOMTSHAAVVA.k (aa 450 
to 461 in lhe E. hlsrolyric:a sequencc) can also be identificd 
in all sequences. Therc is a subslhution of Met by Lys in 
lhis strelch of aa for E. histol_\•tica. This scqucnce corres­
ponds to thc active-sile rcaion which contains a His resi­
due lhal funclions as an acceptor oí phosphoryl groups 
and a Thr residue whosc slale of phosphorylalion reau­
lales lhc activation slatc of lhc enzymc in planls 
(Pocalyko et al.. 1990•. Furlhcrmorc. sorne regions lhat 
are prcsent in lhe cncrgy-<:oupling prolein Enzyme 1 of 
the bacteria) PEP: sugar phosphotransíerasc systcm (re-

gions A. B and C in Fig. 2 ). are al so conscrved. h has 
bccn proposed that thcsc siles are involved in the PEP 
bindina and in lhc transfer oí phosphate aroups to lhc 
calalytic His rcsiduc (R.eizcr el al .• 1993). 

Thc PPDK sequence of E. histolytica also contains a 
reaion present in the othcr thrcc scquenccs ((!:). which is 
rich in the aa residues Q. R. P. E and S, similar to thc 
reaion proposcd as a linker betwcen struclural domains 
in Enzyme 1 (lleizcr el al .• 1993). 

Our rcsults confirm thc exislencc of PPDK in tropho· 
zoites of E. hl.stol)·tica. Thc sludy oí this enzyme will 
broaden our knowlcdae about the metabotism of lhis 
parasite whosc main eneractic sourcc is alycolysis. 
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Fia. 2. Ali•nmcnt ofthe PPDK - scquences oflEJ E. lilsrolJ'l/t:a. 1a1 llacrrro1ús ~.wnhlosld. fFI Flau,.la 1rinC"'1:la •nd fAfJ maize. Asteri1ka c:orrcspond 
to residues that are c:onSCTVCd in the four rcported scqucmc:es... DoH indicate residucs c:on-.erved in at least two scquences. The 1hadcd re•ion s.ho.-. 
tbe catalytic sile (Poc:al)'ko el al .. 19901. Reaaons A. B and C are proposed 1ite!li inYolved in 1he h1ndin1 o( PEP and tran1fer o( phosphoryl sroups. 
Resion gis similar lo that proposed in Enzyme 1 &S a linker hetWecn IWO ltruc:tural domaif». 



........ ,_._ 
S.hml .....,._do las propMda.._ de-. PPDJCa (Soullly~ 

1975; '119nziman.1975; Milneretlll.1975; HalchySlack.1975; Edwarcladlll, 

19115). 

Como-ha mencionado an-•· la PPDICeataliza la -­
ele ATP a ......... de AMP. PEPy PPi. u --16 fa,,_wa--ea 
..__a pH 7.0y---•-"<locoato ,,.__.,.__y 
~En plantaa.. la raacci6ft hmdona hacia la--· de PEP y-16 
favondda por la .,......aa dealtaaconcenlr-cle .,...,_,.-.y 
adenilalo dnasaa - plantea (Edward• d 111. 19115). 

u ---luaar--pa-qulmkoae involucra la 
formación de un in-iario enzúna-PP.I y otro enziala-P. El pupo 

aceplor de 1-pu~ foafalo- una hiaticHna (Hja) q- - .,._ta -e1 

llitio activo de la enzima. El .... -a de la -'-"el .,..._te(Evana y 
Wood. 1968; Wang el al. 19118; Canoll d al. 1990; Thra1I et 111. 1993): 

3) E HisP" + piruvalo - E Hia + PEP" 
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Por eatudios cinfticoa - .. a.e que la fteCCión ~· divid~ en doa 

reacciones parciales: el paao 1 y 2 comprende lo que - ~ina la reacci­

parcial del nucle6tido mienlr .. que el paao 3 comprende la reacción parcial con el 

piruvato (Wang d al. 1988; Thrall y Dunaway-Mariano. 1-). Cada una de laa 

reacciones parciales ~en lleva~ a cabo indepenclien-en• de que - realke 



Ja otra y-• 1-:ho -" nladonado con la -lnlctura tridúnenaionaJ de la ..-. 
P1cmp ' • drralfWfWIN 
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El--=allÜllftode--car-=--do .,....,. iclelUflaldón de d­

--.,.rdales con el nucJa6tido y con eJ püuvato (pir)/PEP Jkvó a Ja 
po9holad6n demdemuy -prano de '1-Ja __ ._ ....... da en doaailúoa 

-tructunlml y,..__... -.pendien-. cada uno ... ...,.-Ne de U.Vara cabo 

Ja• - JMUda)aa. Eata pn>pe>Ud6ft fw»apoyada --=--•por 

--• ,....._uu. <e.non et"'· 19N) y por•lUd-con •utan- en Jaa'I-
~ elún-cada uno deJ_d ___ _,_ por...,arado. En ..... .,..., Jea 

.,._... pudifton catalizar Ja• --conwapondieft- en eJ domlnlo '1- -
coftMl'Vaba (Xu ~tal, 1995b). 

La PPDJC de B. •.!f'll-.... - crialillizó y la eetructura tndúnenaional -

reaolvió a una ...mudón de :Z.3 A (Herzbers,., 111, 19!16) <Fl& 2). i.. --• 
dem-tr6 t¡ue cada aubuftlclad del d-conala• de 3 d-inl- .. tructur ..... 

en el ..-el d0111inlo en donde ae encuenll'a Ja lúatidúaa cataUtica -u flanqueado 

por el domlnlo de unión del nucle6tido en el •-o aminO tenninaJ y eJ 

domJnlo de unión del plr/PEP en el ..-o carboxilo -inaJ. Ealle arreglo 

tiene la puticu)arldad de t¡ue 1- aitioe de unión de Jos auatra- - encuenll'an 

aeparadoa por 45 A de dlatanda. El acoplaJll-ID de alti.,. activos tan dlatan- -

facilita por el d0111úúo lntennedio de la foafohlallldina t¡ue - dos uni­

fle>cibae.. Eato le pennlle eataren d--doe e~ dlfenft-. cada 

uno .....-toado por eaie domlnlo Unido a cada uno de l.,. domúúos de Unión 

de auatr•-· La lnierfaae del dbnero ea&A formada exdualvamenle por el dOllllnlo 

del plr/PEP y la esll'uc:tura únpide la poelbllidad de transferir fosfa- entre 

monómeros. 



El dominio de uni6n del nucle6tido - diVide - - aubdolftinioe: el 
primeroy-..,..., .....,._•con __ .. .,.+p 'l'Wlimwn unpJes-ienlo 
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aimilaraloe d-deunidnden--.loe de-••--'l-­

nud961icloe. El aubd-inioin-..UO~ •-vaina•• u-helicw. Por 

..- ...,..,el d-mtodel ..... /PEP..-ta--• deburilca/P.muy 

aimdaraldelapúuvato-...a.,.....c1e..-1a ..atludani-adela..­

de amincNICid- - - aipdficativa (Herzbms d 111, 19!116). 
&-au..,._pa.,....._..-a.-dea.-..a puede..,..conlrolada --te: el dominio dela ~ca.......,_ ..,...ae-1ar#m-oee" 

c--deund-inioaotroyel .......... 0 ...... -•dela 

diaponibüidad ... ._ .... ---~d-~·'-'· 1-). 
La -lrUclUr• tridiln-onal _...._ha ayudado• la identificaci6ft de 

...u.1-tas.,.-tan-para la uniml clel ..... /PEP. S. ha identificado una Cya-la 

poaid6n 1131 -'al para llevar a cabo la~ con el püuvalo (Xu d .i, 

19!15a). T_.,.._.., ha identificado '1- la arsfnina (Ara} 561 - una fund6n 

impoftall._.,....a. ..-c1e1 _,a1o-1a ~del pir/PEP. Ea•núciuo­

.,..._ee_ una NSi6n rica ... sJidna 4-..,...ae ,__,._ ... para la unl6n del 
,_, .... (Yankie d .i, 1995). 
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Fia. 2 Estnx:tuna --del JDOD6melo de la PPDK de a-terokk• ~1o.,... 
<Tommk>deHerzbera••ol.1996). 
Se deal8C:8D los dominios eMnlelUl'ales en diferentes colores: uul. dominio de wú6n del 
nucleóeido; rojo. -io de la fosfobisaidina; anuu:illo. bisúdina c:alJllílic:a; verde. 
dominio de unión del pit/PEP; pis. pqxidos de unión. 
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.. p 5 • .,.. ,.,,,,,,,,,... 

~de Jaa propied•d• ffNua y m..-....,_ de Ja PPDJ<: de m.afz 

,_..,..reportada• por Edw•nb et .i (1995). Se ... -.:rito..- Ja PPOJ<: ele malz 

ft ---•161>il: -m.ctiva- allMllda decaa...-- tioL auaenda de 
-..-.,ya-pera ....... por ...... jode10"C. ... _a ___ __ 

--·y e.da aubunidad - un....., •..a..:ular cleM kDa. 
A dffilNnda de Ja enzinla de~ Ja de a . .,,..,,.,._ .. un homodflftero 

cuyu _ .............. _una ..... •olKularcleMkDa-timada por gele9 de 

poUacrilamida-SDS y -toun - 16bü al Ido (South y.__., 1975). 

La cu-tiea de Jal>lliclad al fl'fo ... sido -..a-ad• Nden--w (Ohta 

et 111, 1-). Se chKnbió ..- Ja PPDJ<: del ........ F1-rill -ii ea toler•nle a 

bojas_.,..... ........ Los a-COllll_,,_ ,.._. c¡uún*icu conenzim•• 

_..._al fdo o in-.diu. Por-r-üft-de ----dirigida 
identificaron - amh~41dd-enel-o carbo><ilo -...inaJ de la proleina Cf'W 
apa,__ .. -t.tn involucrad- en Ja aaodad6n de Ju difenft- aubunida~. 

La -..a de G. """blill ha udo purifkada y c•racleriZada (ffrd)> et .i, 

1993). ~una-· ---con una .... molecular de372kDa. 
EJ pff óplhno de Ja actividad de variu PPDJ<:a • enc1Mftlra abwd..tor de 6 

en Ja dirección de aln- de ATP, ---q-en Ja d1Ncd6n contrara -
encuentra alred..tor de 7.2-8.0 (Edwanb el 111, 1995). 

Para Ja• PPDKs que se mendonan>n ant.riormenle se ha l'epC>rtado que 

requieren de un catión mo-valen .. (Nff.• o J<:•) para su actiVid•d en am""• 
direcdo.- (Edw ..... d al, 1985; South y.......,, 1975; Hrd.J> ,., al, 1993). 



l.6Tra-.1o_..... .... ._._ 

La e1ec:cJ6n de un f6nnaco para iniciar un tra_ien.., de unibiaoi• 

depende de la localizaci6n de la infwa:i6n. Loo •a-- antiamibianoe - han 

dividido - - pupoo (Saavedra-Ura y ...._-Monlfort, 1996. Aptndice): 
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1) Aa-- luminaleo, ..- - car-por ou baja abaaodón en el in-tino, -
aplican eniftfecci-in-~ (~I o Ea•oviofotmo, Furunida, 

Eri-ic:ina) 

2) Agen- U.-ic:oo (ta- como la Emetina e¡-• aiolada de la ipec:ac:uana) oe 

diotribuye en varioo 6rganoo y oe concentra principalawnte en el hlgado. Eotie 

f-aco- ...,_efeclosad.,.._enel •-acarclioVaocular. 

3) Agen- mi-, oon derivad- del ni-idazol (FaaisYft, Tiberal y 
~I). Eo-com.,_ ___ vidadci-xicacuando-Nduce ou 

grupo ni-par• f_... radicalao libno. Como --•n-ormente, la 
ferredoxina Nducida por la acci6n de la piruva"":,.......oxina oxidoneclucta .. 

puede actuar como un donador de -=b-al pupo .-divo de loo 

ni-imidazo1es. El oxigeno• un,_ c-petidor del m~dazol, por lo c¡ue 

no hay activación del com..-"" en ou .,._.a. y por lo tan"' el f-aco .. mao 

activo contra protoctiotao anaerobioo y bac:tniaa lalao c01110 Tri-......, Gillrdia y 

.S.C--. (MOller, 19116). 

1.7 El-- de bif---...... lalllbir- tlepeadieale• de 

püafoefalo 

En at\00 reden-, la• enzim- involucrad- en el metaboliomo de loo 

parAoi- han atraldo la atención para el deoarrollo de nuevoo fArmacoo 

para el tratamiento de en&nnedad .. paraoitariao. Gelwralmentie ..... 

enzima• eotan involucrada• en via• melabó~ c¡ue oon peculiares del 

parúito en c-ti6n. Algunoo ejemploo de enzima• cuya eotructura 



~-conoc.lda yq-- blanco.,.... eld-racional de 

1....n--1a hipo-ntina-guanina ~boeil tralWfaa .. de 

en...-.ew- (Ullman y Cartn, "1995); la dihidn>lolato recluctaaa­

timidilato --de úúll-la (MclCie, "1991) y la lripanoti6n ....S­
de 'l'PJJr•- (Douglaa, "1991). T-"'6n- ele la Vfa &1uc:0Utica 

comola~o~ato~ylatr-.foafato 

'--delri...-Atidoeloan Ndoeatud...._.con-•enfoq­
(Vedinded "1, "l9N; Gdm--Puyou d "1, "1995). 

De1- ......aloe pioawl'OIO-'izadoe por a-v.. _....el m-boll-o 

-.-o ele E. -tolyli<>o - ha --=-ido q- la amiba utiliza 

activ-•el PPt-el m-boliamo de ._carbohidra-~. 1976). 

El._.........., humano no....- -ta J19CU11aridad, por lo q- - ha 

p......-wquelaa-depencl--clePPi deparbi-~-­
blancoe in __ para in,,..tig.a--.pe6-. 

Con_ .. _,...._ - haninkiado-tudJos aobnt la inhibid-de la 

~ daF-diented• PPi (Pl'i-PFK) de E. -lolyli<>o Ohn-et 

111, "1992; 15nachhaua et 111, "1996). En - 41-o trabejo, loa autores probaron 

elefKto de di-bU.,.fcma-. com~- con -enlace foefa­

carbono-foafalo (P-C-P) no hidrolizable y encontraron que --d-vadoa 

- inhi'bidorea competitivoa con -pecto al PPt; loe - ..-..­
(CGP41CJ9t, riMdl'ONllo y zoledronato)- una Je. de alNdedor de 50 

i>M con _pecto a la enzima pardal.._ .. purificada. El riMdronato a una 

co-traci6n de 10 µM m-11'6 un efecto -el c:.-úniel\to de 

trofozol- en cultivo (15ruchhaua et 111, 1996). 

Se han ftAlizAdo - eatudi_ ln __ -""'la PPi-PFK de 

T_,,,.,_,.. ...,Ui y au inhibici6n con...,_,.,..._ - el que prueban el 

efecto de loa gnapoa quimicoe preaen- en el derivado, que aumentan la 

capacidad de inhibici6in, tanto de la enzima como de la npllcaci6n del 

parúito en flbrobla•- en cultivo (Peng et 111, 1995). l!a• grupo encontr6 



•-la,,_..aade unarupo~oim ___ ._ d_...,,,_ 
,_ • .., _ .. ....aadocon uneÑclO .....,.,..._...,,,....,parlo•--• 
.,_,,_..,_un ..._..protDtipo,.....el d-deúohlbido,.. .. ú 

....--..... -.. 
En__, ... Ja o-enzim• sJucoUtic:a depand-..aec1e Pl'i-la PPDK 

.--...... ......--ealucUacla ....... un punlDdev»ta -..petllic:o 
dad ___ ...,....__ .. ___ ... ......,.,,.... ............... 

N_....,......_ladonad41ny~del a-'1-
c:odific:a ...... la PPDIC de E.,,.,.,,,,,_ ( S.......,.._Unl y Nnz-M-tlOrt. 

l9N) por Jo.-.. pn>póúlD .... proywdo ... ... _Used- - ftlUdiaJ' 

laac:ar_tic:_ lundo_... dela - (puriffc:ada por primer•"-> uf 

c:o91oc:-e1 .-flJ ele inlúllid6n con aMJoa- del Pl'i. 
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IL O•JETIVOll 

.__'-jo ele in-aad6ft-t6 mdoal4o hKla la canctftiZM:ión 

............ ial delaPPDKdeE11 ....... ~ --m..atucoUtieac¡­__ ...__cla __ la ...-••Mlnde-atadalpuUtto. 

C--olljativo. --'-to--...-..i-cltnp6-.,n-­
hada 1a eols•-•r• 1-.c1e1a .,.-..... ........... ~ye1 
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_ .. ....,.__.., ... _..,._para.,. pouUlc-. C- la.,.-... ptariflcada 

-procedi6 ........ iar ......... clalaa ptcpllll ..... WUcaaclela PPDK 

amibiana: detenniftad6nde•ta•c----..el tdadeco~y propi9d ___ ....._ 

Yac¡_la_no_c __ paña_el._ .......... mam....,y .. 

in_ .. COa\0 blaftcopara ftatuna----tftapaOti<: .. , ink:ialn-el 

.. badio del pnfil de inhibici6n e-anaus- del PPi (Wfadona-). 



111 METODOLOGIA 

La...- comnpondiRl .. a ••-'-Y mMod09 -incluye en el articulo 

ele Unlwatiaaci6n (capitulo ele resul--). 

llL1M• ... ••I ....... ....._., 

Oc ............ ._e_...._ .. ~ 
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La9cond-del-yo-lkopara 1a-...1nact-dela K.. 
para loe clüWwn- •ualra--....: 50 .. M imidazol pH 6.3, 20 mM NH.CL 4.5 

mM Maei., 0.2 mM PEP, 1 mM AMP, 1.25 .. M PPi, 0.2 mM NADH, 13 pg de 

lactato d~ y ele 600 a 700 ns ele PPDIC. Para el ..... yo de cada uno 

cleloe•ua--........ tu-cOll9- ... concen-mencionadaa de 

1- olro9 d- •ualr•- y el •a.lralo al q .... daWnnina la K.. -- a 
concentr-variaW..: PEP (10, 15, 20, 25, 30, 40, 60, 70, 90, 160, 240, 320 

pM); PPi (10, 15, 20, 25, 30, 40, 60, 70, 90, 160, 240, 320, 500 y 1000 pM); AMP (5, 

10, 15, 20, 25, 30, 100 y 1000 pM). En el ca.o del PEP y PPi, el ..... yo - realizó 

en un volumen ele 3 mi, ..-1r .. q ... para el AMP 9e utiliz6 un volumen de 4 

mi. La ...cci6n 9e inici6 con la adici- da la-· (600-700 ng). 

o.... •·acl-.. l d'-.. 1 ·• ..., .. la actividad 

El-del magnesio 9e d--en la• condiciones de-yo 

deKri- para la determinación de la K... i:.a. concentraciones de magnaio que 

- enuyaron variaron cte.de O a 10 mM. A al- concentracione9 de Mg>+ 

(arriba de una concentracl- de 6 mM) - ob9erv6 un efecto inhibidor de aprox. 

30". 



s. pn>1'6 .. .,_.,,ele 10 ........,._ .... Pft .... ~ - la lcmaftud y 

pupoa..-uNcl-alca~Clllltnl clel.lddo~ 

(Ffa3). 

El -yo de inhi1*i&lde-- &Mtoaoaclel PPi -"rela 8CtiVÜiad dela 

PPDk-~utilizandoel-yo-tkocl9cri..,_ma-._y 

......a-cleluUculo. Dadot¡-laacan......._de _ _..,._ ,._..,.. 

u.u--. -uti1Ul6 - ~fila de Pft (500...., c:on ..... 

--fila del mhibidor (lmM) y- pl'OC9di6 a........._ el pc>l'CWDlllje 

deinhibiddft •--traci6n. En elcaao clel c:ompoMSIDCGP480S6, Ja k. .. 
..._._ - e><pnimeft- decom.,._.aa-el ...-•varió Ja concettración 

de Pft ele 20-500 llM con dU-..--comcm\..._ da inhibidor (.50, 75 y 100 

llM). La ..... ..___con Np'Aftc- da <k-/V->..contra c...-nlndón de 

inhibidor. 
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IV. llLESULTADOS 

i- .....i-.s-y diKusi61\dela-""•xr• 161l y~• 1a 

l!hPPD1'--cleKn- ..... uticulo --pd6ft <P6st-a .....-->­
como -1tad_ ...._Ja lnhibk:i6n~ - .......__ 

._...._ ____ . __ .. _..... ..... ~ 
Acontift-oem_tr_l-~ded....._.nclpaoc-para 

"*-inwr la Je:. para el PEP y el PPi. 

M .. 

............. _ .... , .. ,. 
1/P'DJ ..... 1 -., ............ 

F ....... .,._._ ___ .... ___ ._lae 
-·K..-elPEPyell'Pi..._......_ __ ~ 
______ __..._ 
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Lo. va._ de Je:. para el PEPy el PPi q¡woe .....,._fumlon21y100 

l&M. ... ....,uvall\ft\te, y ae aepoatan y dncu- en el -..Jo de invmstigad6ft. 

Eael caeo del AMP 11610 ee pudo.--..- la K.. era menor de 5 µM, 

ya q-el tipo de -yo y el intervalo para -ta k.. -tuvo'-"• de n_.tro 

control experimental. 



...... ..._ ... lrinm•lea-.,_ la bllllMdda .. la EloPPDK c-1>11_,__ 
i.. .. .,.. m....-.. 1-pon:en .. l-deinhibki6n~1-10 ..... _del 

PPi a una c.,...,...lrad6n ele l mM. 

Ta .... llL llolüMd6a .. laElal'l'DK _____ _ 

s._..yóelefedo M 10~ • w ccnces*Q:itj6p de 1 •M. 
S.-elpoocenUjede---la-........ tolel( ............ cle3 .............. ). -&PWWW 
-(CGP39200} 

zm.•.-(CGP'2-A) -----lo(Eti4honalo) ---oef-----..(CCP-) 

P_...._.to (CCP23339A) 

Clomonato (CGP41-A) 

~·-100 

33 

%7 

23 

13 

9 

7 

o 
o 
o 
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Loa l!eSultad- que - m-lran ........... m indican que el llftAlogo .... 

pc>Wnte ea el compueoto CGP48084, por lo que - procedió a determinar •u 

conatan• de Inhibición en el enaayo ele Inhibición deacrito en materialea y 

......,.. __ En la fisura 5 - muealra el ....-Aflco de dobles rwcfproca• en el que -

oa-va que-• comr-to.,. un lnhibidor mixto con respecto al PPI ya que 

modifica la .K.. y la V-. En el - - m-11'• el ....-Aflco de (K./V->­
conlra concenlracl6n de inhibldor para .._inar el valor de K. en el 

In- con el eje de la• x, el cual - calculó en 67 µM. &te valor a mucho 

menor que el que .., obtuvo con los anAloa- hiclroxietiWn (etidronato), 

hldroxlnonano e hldroximetilftt blfoúonato que .., reportaron en el articulo 



'Z7 

(1.3, ... 3y11 mM n.JN!Ctivamente). Ea u.-...ee-.. ---com..-to 

_.,.... .,_nl6 un valor ele K. de 50 1&M cuando - prob6 ••..-..:to con la PPi­
PFIC ele ... , ... (Bnachha ... et 111, 19!116). 

.9 { .. > 

~ 
.. 

. 7 

-.10 -.05 O.DO .... . to 
.6 [CCP-)mM 

~ 
.5 .. 
. 3 

-.ot 0.00 .Ol .02 .m .00 .... 
l/ [Pft) l'M' 

Fis. 5 -dela EhPPOKconel ~ CCP~ {Pronwdio cle3 
~-~-). 
Seprob6el--ordel_....., a ddonwn-CGn<Wl'ltr- (raC1U1dro) 
.., .,_iadedilwnn_c....._.tr-del'Pi. Grafica cle-racfprocaa 
quem-tra la~ mixta.._, --de (K./V->..contra 
concettraci6n ele __ para-la K.( ill-conelOljedalaa x). 
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Th• parasit• ~nC••o•b• h1•coiyc1cá i• an orqanism who•• main 

ener9etic aourc• coa•• rroa glyco1y•i•. %t has the 

ain<JUl•rity that ••••ral or it• qlycolytic anzymaa u•• 

pyropho•hate a• an alternative pho•phate donor. Thua. 

pyruvata phoaphata dikinaaa (PPDK>. an inorqanic 

pyrophoaphata <•Pi>-dapandant anzyaa, aubatitutas pyruvata 

kin••• preaent in humana. •• previou.•lY clon•d and sequ.enced 

tha qana that codiria• ror PPDK in E. hiaco~ycic•. •• now 

report ita expr•••1on in a bacterial syatem and ita 

purirication to , •• homoqanaity ••• datarmin•d it• K. ror 

phoaphoanolpyruvata. AMP and PPi (21. <5 and 100 llM• 

raapactivaly>. Unlika PPDK rrom maiza and bacteria and 

pyruvata kina•a rrom othar calla. EhPPDK i• dapandant on 

diva1ent cationa but do•• not r•quire monovalent cation• ror 

activity. Tha anzyaa ha• an optimum pH or 6.o. it i• l&bila 

to low teaperatures and haa a tetrameric structur•. Sine• 

EhPPDX ia a PPi-dep•nd•nt en&ym• we alao te•t•d the err•ct 

or •om• pyrophoaphata analoq• aa inhibitor• or activity. 

Studi•• on the ~unction and stru.cture or thi• enzyae aay be 

important ror therap•u.tic r•••arch in ••veral parasitic 

di••••••· sine• it h•• no counterpart in hwnans. 

2 



key words: pyruvat• phoaphat• dikin•••• •nc.,.o•b• 
hi•eo~ycic•• expreaaion. purirication, characterization 

.N)breviationa: EhPPDK, pyruvate phoaphate dikinaae rrom 

~nc .. oeb• hi•Co~ycic•1 Pe~. polym•r••• chain reaction; PPi. 

inorqanic pyropho•phate; PPDk. pyruva~• pho•phate dikinaae; 

PEP, pho•phoenolpyruvate. 



Ene ... oeb• hi•coiyeic•, th• aoent cau•in9 huaan aaebia•i•, 

haa aevera1 morpho1oqic and functiona1 properti•• that make 

ita mode1 for primitive eukaryotic ce11• [1]. Zt 1acka the 

enzym•• or th• tricarboxylic acid cyc1• and oxidative 

pho•phorylation. Thua, the main •ource or metabolic enerqy 

derive• rrom Qluco••. tranaro~tion throuqh the'Embden­

Meyerhor pathway and th• conver•ion or pyruvate to ethanol, 

acetate and COz [2,3]. E. h1•coiyc1c• and other protiat 

paraaitea have the characteri•tic that aevera1 enzymea or 

th• q1yco1ytic pathway uae inorqanic pyrophoaphate (PPil •• 

donor of phoaphat• qroupa to q1yco1ytic interaedi•t•• [4]. 

E. h1acoiyc1c• haa a PPi-dependent phoaphofructokinaa• [5] 

and anoth•r PPi-dependent enzyme, pyruvate phoaphate 

dikinaae IPPDKI which rep1acea th• pyruvate kinaae of other 

orqaniams [6,7]. PPDK reveraib1y tranafers th• phoaphate 

9roup rrom phoaphoenolpy~uvate <PEP> and one phoaphate 9roup 

rrom PPi to th• P and y poaitiona in JUtP, reapectivel·y, 

producin9 on• or the two ATP aolecules made in 9lycolyaia. 

This enzyme waa desc.ribed aimu1taneoua1y in p1anta [8] and 

E. h1acoiyc1c• (EhPPDKI [6J. Th•r• were few atudiea on EhPPDK 

until we identiried a clone in an amebic cDNA library which 

contained approximate1y 20t of th• qene [9]. Subae<¡l>ent1y we 

cloned and aequ.enced the complete 9ene (10). Th• der~ved 



..U.no acid aaquanc• and th• reqiona relatad to the .... tira 

that bind aubatrat•• ar• hiqhly cona•rved in th• primary 

aaquence. The kinatica or PPDIC rrom ••cteroídea a}lmbíoaua 

haa baen extenaively atudiad [llJ and ita cryatal atructure 

haa alao been deacribed [12]. PPDK and the qene ror thia 

enzyme have alao b••n deacribed in Gi•rdi• i•mb1i• (13, 14, 

15]. 

•• are intereated in the runctiona1 characterization or 

EhPPDIC becauae or ita role in the qeneration or enerqy IATPI 

ror th• paraaite. Thua, we overexpr••••d th• gene in 

~•cherJchí• coJJ. puriried th• enzyme and deta:nnined ita 

kinetic and atructura1 properti••· •• alao initiated th• 

atudy or th• inhibitory prorile with pyrophoaphata analoqa. 

Sine• ~h• metaboliam or the paraait• dirrera in aome ••pecta 

rroa ita equivalent in th• human ho•t. Jcnowled9• or th• 

runction or PPi-dependent enzym.ea is particularly 

intereatinq, becau•• it may be relevant ror ruture 

therapeutic atudie•. 

conatruotion or th• uninterrup- ShP.-DIC v•n•. 

•• iaolated two 9enomic clone• containin9 aequencea or th• 

EhPPDI< gene in oppoai.t• directions rrom a comm.on Eco--.I ait• 



[10). Th• comp1ete readinq rr ... waa reconatructed by the 

po1ym•r••• chain reaction CPC~) with Vent po1ym•r••• 

(8iolabal. Brierly, both codiryinq rraqaanta wara ampliriad 

••parate1y rrom th• comaan Eco~% ait• in a rirat reaction, 

creating a coap1em.entary region between th• two c1onea. The 

o1igonuc1eotide• PPDK7rw s•tacaa9actttGAATTCactatt9aaa93' 

and PPDK18raw S•ctttcaataqtGAJl.TCaaaqtcttqta3' and the 

external oliqonucleotidaa PPDKrw . . 
s•9a9ctc99atcc9cta9cat9caaa9a9ta3' and PPDKrew 

5'ctc9a99tc9ac9cta9cattttctctt993', wer• u•ed. Zn a ••cond 

raaction wa aixed the ampliriad rraqaenta and only the 

externa1 o1i9onuc1eotid••• that bave reatriction ait•• ror 

Nhe%, were uaed. Mith thia atrategy w9 amp1iried a rragment 

or 2.7 lcb containinq th• codiryinq aaquance or EhPPDK. Tha 

product was aequenced comp1etely to aacertain that no 

autationa had bean introducad durinq tha amplirication 

reaction. 

Sxpreaaion or Sh•9'DK. 

Expression was parroraad in tha bactarial ayatea pET 

CNovaqen>, which i• under contro1 or promotera recotJDized by 

T7 RNA polya•r••• [16). Th• .-pliried rraqaent was cloned •• 

a NheI ~raqment in the pET23b expreaaion vector- which 

a11owed the expr•••ion or th• enzyme ruaed to a 

carboxyterm~na1 aequence or po1yH~a. Ce11• rrom th• •· coi1 



acrain aL21DE3pLyas aad• compecanc with cac1. wara 

tran•rormed with th• vector and tran•rormant• oVerexpr•••inq 

EhPPDk w•r• ••l•ct•d. 

For the expr•••ion ••••Y a bacterial colony wa• inoculated 

in LB [17) madiwn containinq 100 ~q/al ampicillin and 

incu.bated at 37 •e with •hakinq. Th• cu1ture wa• grown unti1 

it h•d an o.D.aooNJI or 1, at this time, 0.4 mM ZPTG wa• added 

and the incubation continued ror 14 h~ura. Expr•••ion or the 

protein was monito~ed by poÍyacryla.mid• 9el electrophoresi• 

in the preaence or •odiwn dodecyl sulrat• [18] uainq 

bacterial 1yaat•• taken at dirr•r•nt tim• interval• arter 

induction • 

... ri~iaaUon or Sh•.UIC. 

A 1 ml Hi-Trap column (Pharmacial previoualy coupled wich 

N1•• was usad. Tha col.wnn waa prapared by waahing ic with 2 

volum•• or 0.1 M Niso., 5 volwne• or water and 10 volum•• or 

burrar A (5 lllM imidazole, 50 mH NaCl, 20 lllM Tria-HCl, pH 

7.SI). 

Cella overexpreaainq EhPPDK rrom a culture or 250 mi were 

centriLuged 5 min at 5000 • g and reauspended in burrer A. 

C•ll• wer• broken in an ice bath by sonication in one minute 

intervals until a clear extract was obtained. This was 

centriruged at 39000 • g ~or 20 mi.n to eliminat• ce1lular 

d•bri•. Th• aupernatant waa applied to th• arrinity colwnn 
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and waahed wlth 15 colmon .vol ..... • or burrer A. Thl• wa• 

rollowed by a wa•h wlth 2 column volua•• or burrer A 

containin9 60 lllM imidazoie. pH 8.1. Th• protein waa e1uted 

wlth 2 column volua•• or burrer A contalnlng 100 8111 

laJ.dazole, pH 8.2. Slnce we obaerved that the anzyae 1• 

inactivated by temperatur•• below 10 •e, it waa atored in 

th• alutlon burrar at 22 •c. %n th••• condltlona, actlvlty 

wa• atable ror at leaat 2 weeka. Protein concentration waa 

detaralned accordlng· to Lowr~ (19). 

Sn- aeaay. 

Actlvlty waa datarmlnad ln tha dlractlon or ATP and pyruvata 

ayntheai• and waa aeaaured by trappin9 pyruvat• with lactate 

dehydrogan••• and rollowlng tha oxldatlon or NADH 

apactrophotoaatrlcally at 3~0 Nll and 25 •c. Tha ••••Y 

reportad ror tha bactarlal enzyaa waa uaad lnltlally (20), 

but lt wa• aodlrlad ror optlalzatlon or tha actlvlty or tha 

aaebic enzyae1 the reaction mixture contained 50 IDM 

J.midazoie, pH 6.3, 20 mM.HH.cl, 4.5 mM M9Cl2. 0.2 mM PEP, 

0.2 111K AHP, 1.25 111M PPl, 0.2 11M NADH lall aa aodlua aalta 

rrom Slgaa> and 13 ~g lactata dahydrogan••• ln 1 ml voluaa 

reaction. Th• reaction waa atarted by the addition or 
EhPPDK. Th• K.. valu•• ror PEP and PPl wara detarmlnad ln a 3 

al reaction volum.e and th• ••••Y ror .AMP waa perroraed in a 

4 al reaction volume. Th• IClll ror all thre• aubatrat•• waa 
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deteraJ.ned by double reciprocal plota or 1/Vo aqainat 

1/[PPiJ. 

To determine the e:rrect or monova1ent cations on the 

activity or th• enzyme the aubatrat•• tricyc1ohexy1.....,.onium­

PEP, pyrophoaphoric acid, -.danylic acid and NAI>H Cthia laat 

•• di•odiua ••1t) at pH 7 were U••d f'or th• •nzymatic ••••Y· 

The ionic atrenqth waa maintained conatant at 100 mM with 

tetraaethy1ammoniwn aalt. To teat tha errect or Na" on th• 

activity or the enzyae th• NaCl in tha elution burrer waa 

aeparated rrom PPDK by riltration in rine Saphadax G-2S, but 

the enzyme loat 601 or ita activity in thia atep. Thia loaa 

or act.ivity waa due to th• procesa or f'i.1tration and not to 

th• abaence or aalt. Thua, we uaed EhPPDK without rurther 

treatm•nt. Th• reaction mixture a1waya had at 1east 500 folH 

or rea.idua1 Na• rrom th~ e1ution burrer and th• NADH, a 

conc•ntration that had no errect on the activity or the 

enzyme. 

The PPi derivatives were the tetrasodium sa1ts or 1-

hydroxyethy11dane biaphoaphonic acid; 1-hydroxymethylidene 

9 



b;l.•pho•J>honic ac;l.d and 1-hydroxynonan• b;l.aphoaphon;l.c ac;i.d. 

All th• der;l.vat;l.vaa were k;l.ndly aynthea;l.zed by Dr. Benj...Un 

Ort;l.z (%nat;l.tuto de Qu;l.a;l.ca. UIUIHI accord;l.n9 to aaeyer (211. 

%nh;l.b;i.tion or EhPPDK waa .. aaured ua;1.n9 t~e enzyaat;l.c aaaay 

deacr;l.bed above ;i.ri coapat;l.t;l.on exper;i.aenta uain9 dirrarent 

concentration• or inhibitor with dirrerent concentrationa or 

PP;I. ;l.n a voluae or 3 al. The type or ;i.nh;i.b;l.tion produced by 

dirrerent ana109a wa~ detera~n•d u•inq doub1• reciprocai 

plota or 1/Vo aqa;l.nat l/(PP;i.J. The valua or K;I. waa 

ca1cu1ated rroa the interaection with X axi• in Dixon p1ot• 

or ICln/Vlnax aqain•t the concentration or inhibitor. 

OpU-pR. 

The burrera ror th• detera;i.nat;l.on or optimua pH were 50 mH 

Tr;l.a-acatic acid (pH 5-61. ;l.aidazole-HCl <pH 6-7), Tria-HCl 

(pH 7-8.5), Mea-Tria and 'ipea-Tr;l.a (pH 6.3) • 

.,. __ nauon o~ the ol;l.-r;l.o •truot:u- o~ ShPPDIC. 

Pur;l.ried EhPPDK waa analyzed by molecular r;l.ltration columna 

(0.7 • 20 cml or Saphacryl s-300, s-400 and s-500 ;l.n burrar 

A containinq 100 lllM iaidazo1e. Mo1ecu1ar maa• atandard• were 

rarr;l.tin (445 kDal. P-aaylase (200 kDal and bov;l.ne aerum 

albumin (66 kDa). 
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-•cruouon oe ~· -· ancl ....-aa.a.on oe Eh•~IC. 
A rraCJlllant or 2.7 lcb containinq the complete open readinq 

rrame codiryinq ror EhPPDK waa ampliried. Cloninq this 

rragment into the expreaaion vector pET23b permitted th• 

expreasion or the protein in E. coi~ atrain BL21DE3pLyas. 

Arter three houra or induction_ bacterial ly•atea rrom 

dirrerant clone• that carr~ plaamid pET23b-EhPPDK showed a 

raint expreaaion or the protein in SOS-PAGE. A qreater 

accwn.ulation or th• protein C98 kDa> was obaerved 14 hours 

arter induction. bacteria without plaamid did not ahow thi• 

protein band (data not ahown) • 

... r.a.e.a.aat.i.on oe Eh•~IC. 
The enzyme was puriried by metal arrinity chromatoqraphy 

uainq Ni'º to bind the terminal polyHia or recombinant 

EhPPDK. Samplea with a purity or approximately 98 • were 

uaua11y obtained. Figure 1 ahowa an analyais by SDS-PAGE or 

the dirrerent rractions obtained in the arrinity 

cromatoqraphy or EhPPDK and Tab1• X summerizes the 

purirication or the protein. Moat or the enzyme bound to the 

column !Fiq. 1, lane 3). Approximately 16• or the total 

activity was lost in thi• atep in th• rorm or enzyme not 

trapped in the column. Xn the washinq atap with 60 lllH 

11 



i9J.dazo1e, 4• o~ th• tota1 activity·or EhPPDK waa 1oat, but 

th• e1uate had a very 1ow apeciric activity 12 ..-o1•• 

pyruvate/min mg). Practica11y a11 contaainanta are e1uted in 

thia at•P CFi9. 1, 1ane 4). The reat or EhPPDK activity ia 

recovered in the e1ution atep (Tab1• %) and th• puriried 

enzyae ahowa on• band in SDS-PAGJ: ana1yaia (Fi9. 1, 1an• 5). 

Typica1 puriricationa yie1ded 4 to 5 mq or pure protein 

atartinq rrom 250 •1 bacteria1 cu1ture. The purirication 

ractor oaci11ated around 9 with a yie1d or 72•. ·The apeciric 

activity waa 10-13 iamo1• pyruvate/min aq. Thi• va1ue ia 

h~9ber than th• one reported by R••V•• ror th• aame enzyme 

partia11y puriried rrom trophozoit•• (0.84 lllD01•• 

pyruvate/ain 119> (6J. Th• activity we·obtained ia cloaer to 

that reported ror PPDK rrom •· aymbJoaua (10-24 111D01ea/min 

119) (221 • 

The Nichae1ia conatanta or EhPPDK ror PEP, JllMP and PPi were 

determined (Tab1• %%). The ••••Y waa perrormed in illlidazo1e­

HC1 pH 6.3 containin9 4.5 - Hq••. The K.. ror PEP waa 21 µH 

which ia 1ower than ·th• va1ue obtained by ~••••• (70 pi() 161 

and thoae reported ror B. •ymbJo•u• and maize 160 and 140 

µH, reapectively) (20, 23), and aillli1ar to that or G. 

i..u.iJa 124 J,111) (131. Th• K.. value ror AMP cou1d not.be 

12 



aea•ured exact1y wLth our ••••Y• but our reauita •howed that 

the K.. waa lower than 5 pH. Th• valuea reported ror th• 

other enzymea were in th• •ame ran9e CG. i.abii•, a. 

•)'mbio•u• and .. ize. s. 3.4. 10 and ¡¡11. reapective1y) [13. 

20. 23). Th• K.. ror PPi i• 100 pH. Th• value• ror PPi 

reported by ~••vea ror •· hi•eoiyeic• and thoae reported ror 

a. •.)'mbio•u•• maize. and G. ~..mii• were 100. 100. 40 and 29 

pH, reapectivaly [6, 13, 20, 23). Xt i• intereatin9 that 

&hPPDK and PPDK or G. i.ambi~. are mora •i•ilar in th••• 

kinetic prcperti•• than ameba verau• maize and bacteria. 

OpU-pM. 

Th• activity prorila or &hPPDK at dirrerant pH uain9 burrera 

containin9 Tria-acatic acid (pH 5-61, imidazola-HCl (pH 6-

7), Tria-HCl (pH 7-8.5) waa determinad (Fi9. 21. Th• optimum 

pH ia 6 ror activity in tha direction or ATP ayntheaia, 

which i• in th• aam• ran9e •• the enzyme• or maize and 

bacteria (pH 6.4-71 [23). Nhan the enzyma waa incubatad ror 

30 min at pH 6.0. in Tria-ac•tic acid burrer. aome activity 

was 1ost. Thu• pH 6.3 waa choaen ror •ub•equent ••a•Y•· To 

exp1ore ir there was an errect cr the ••••Y burrer on 

aetivity. Mes-Tria and Pipes-Tria <pH 6.3) were a1ao tried. 

Th• aame activity waa obaerv•d in th• thr•• burrera. 
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Th• errect or divaient cationa haa b••n exp1ored in PPDK• 

rrom other aourcea. Xt i• Jcnown that the enzyaea rroa 

GJ.ardi• .z.-.zJ.a, •· •yml:>J.o•u• and -iz• requir• Mcr• ror 

their activity in addition to that bound to tha nuc1eotid• 

(13, 20, 231. Mq,. i• naceaaary ror EhPPDK activity with an 

optima1 concantration or 4.5 11111 (Fiq. 3AJ. Thera waa a 

decr•••• in activity or appr6xiaate1y 10• at hiqher 

concentrationa. The Je._ or th• enzyae ror Mil'" ia 2.1 11111. 

Th• errect or Mn2
• cou1d onJ.y be teated at very J.ow 

concentrationa co-o.45 mM). Thia waa dueto precipitaton or 
the phoaphatea preaent in th• reaction mixture at hi9her 

Mn2
• concentrationa. Xn thia range ther• waa a two-rold 

reduction or activity when compared with Mg2 • (data not 

ahown1. ·Thi• errect or Mn2
" i• aiai1ar to that obaerved ror 

pyruvate kin••• (241. J:t ia known that Mcr• and Mn2 " can 

occupy th• ...... ait• in th• enzyae [241. 

Th• enzym.e• rrom G. i.mbi1•, a. •l'Jllb1o•u• and maize require 

NH.· or r :ror the reactiona in both directiona [13. 20, 23, 

25]. At constant ionic strength conditiona, EhPPDK ahowed a 

al.i9ht activation with monoval.ent cationa ror th• ATP 

14 



•ynthe•.1• react.1Ón1 1t• act1v.1ty w•• ai.n1-lly arrected .i.n 

the aba enea or NH• •, r or Na• .in the Z.eact.ion aedi.a ( Fi.9. 

39). •• obaerved a •mall act1vat1on w1th K" but 1t 1• 

ai.n:i.aa1 when ca.pared wi.th th• acti.vati.on or pyruvat• ki.na•• 

by aonovalent cat1on• [26, 27). Th• lack or act.1vat.1on or 

EhPPDK by K" had already been notad by ~••V•• [6). 

Th• pur1r1ed EhPPDK w•• analyzed by molecular r1ltrat1on 1n 

Sephacryl s-300, s-400 and s-500 column•. In all e•••• the 

anzyae had the •aa• elut1on volwn• a• rerr1t.1n (445 kDal 

whi.ch au99eata a tetrameric arranqement (data not ahown). 

aoth th• mai.ze and G. i.-bi1• enzymea have th• aaae 

•tructura (13, 231 which dirrar• rrom that or a. •YJllb1o•u• 

wh.i.ch 1• a dimer (12). 

Si.ne• PPi-dependent enzymea are protei.n• unique to aome 

para•~t•s and have no counterparta i.n th• humari hoat, 

b1aphoaphonat•• lwh1ch are non-hydrolyzabl• PP.1 analo9al 

have been u••d to 1nhibit the 9lycolyt1c enzyme PP1-

phoaphorructok1n••• rrom E. h1•rolyc1c• [28, 291 and 

roxopi••m• gond.11 [30). •• te•t•d the erract or thr•• 

15 



bi•pho•pbonat•• to inhibit puriried EhPPDK. Th•. inhibitor•. 

wara tetra•odium 1-hydroxyethy1idene bi•pho•phonate lana109 

Xl1 tetraaodiua 1-hydroxyaathy1id•n• bi•pho•phonata 1ana109 

XXI and tetra•odium 1-hydroxynonana bi•pho•phonata Cana109 

XXX). Thay dirrar. in th• nuabar or carbonato .. bound to th• 

pho•phorua-carbon-pho•phoru• IP-C-Pl bond. Ana109 X •howad 

aú.xad inhibition ror EhPPDK in doub1• reciproca1 p1ot• IFi9. 

4). Th• othar two ana109• a1ao •howed thi• kind or 

inhibition (data not •hown)."Tha Ki va1uaa deterainad by 

Dixon p1ot• or ICa/V..x a9ainat concentration or inhibitor 

ror each bi•pho•phonate ar• ahown in Tab1• XXX. Ana109 X ha• 

th• ioweat Mi va1ue wh~1• compound• II and III are very weak 

inhibitor•. The abi1ity or the•e inhibitor• to b1ock the 

1ytic capacity or E. hJatoiytJca on CHO ca11• in cu1ture ha• 

bean datermined (28). The mo•t errective inhibitor waa 

ana109 XXX. Bruchbaua et a1. (29) u••d ana109 X latidronatal 

and other PPi-darivativ•• to inhibit PPi-phoaphorructokina•• 

rrom E. hJatoiytlca. Thi• biphoaphonata •howed a vary waak 

arrect on tha anzyme and·on the inhibition or 9rowth or 

amaba• in cu1tura (29). 

Thi• work deacribea aome or the rundamenta1 b~ochem.ical 
• 

proparti•• or EhPPOK. Thi• anzyme i•'r••pon•ib1• ror ona or 

16 



the two ATP ao1ecu1•• produced by 91yco1y•i• and. thu• i• 

important ror ener9y production in E.hJ•Co~ycíc•. 

EhPPDK ha• •imi1ar cata1ytic properti•• to PPDK• describ•d 

:rroa other •ourc•• in ita Je. ror di:rrerent aub•tratea,. in 

reaction vel.ocitiea, in the requireaent of' dival.ent cationa 

ror activity,. and ita ol.i9omeric atructure. Zt dirrera rrom 

other PPDK• and pyruvate kin••• in ita 1ack or requirement 

:ror a aonoval.ent cation f'or activity' (e.9. r or Tl.• ror 

pyruvate kin•••> [26,. 27) • .rt ia noteworthy that pyruvat• 

kin••• has thi• abso1ute requirament ~or Je' (26]. Th• 

cryata1 atructure o:r bacteria1 PPDK ahow• in the 

phosphoeno1pyruvate bindin9 domain (which ha• a very simi1ar 

aecondary atructure to the phoaphoenolpyruvate bindin9 aite 

rrom pyruvat• kinaa•> an Arq at poaition 617. Thi• char9ed 

reaidue ia in an equival.e~t poaition to ~ in pyruvat• 

kin•••• which 1acks an Ar9 pair in thi• •it• (12]. Thi• 

reaidue i• a1ao preaent in EhPPDK and PPDKa rrom aaize, 

Fi•veri• crinervi• and G. i.mbii•. %t wou1d be intereating 

to teat th• ro1• or thi• reaidue on·enzymatic activity u•ing 

ait• directed mutagenesia. 

Th• biaphosphonat•• t••t•d •• inhibitors on EhPPDK had a 

1DOderate errect·. Thua, it wou1d be intereatinQ' to eva1uate 

oth•r compounda that dirrer in other properti•• of the 

chem.ica1 •ub•tituents such as thoae used by Pen9 •t ai. [30) 

to inhibit the PPi-phoaphorructokinase or T. gondii. They 

17 



observad that thoae PPi ana1oqa in which th• carbon of tha 

P-C-P 9roup i• •ub•tituted with a carbony1 9roup are aor• 

errective a9ainat th• puriried enzya• and a9ain•t paraaitea 

J.n. cu1ture. 

Th• atudy of PPDK of paraaitic orqaniaaa ia Of particu1ar 

intereat becauae the enzy.me ha• no counterpart in the human 

ho•t and ha• a dirrerent catalytic mechaniam than pyruvate 

kinaae. Thia initia1 characterization of th• ba•ic 

properti•• of racombinant EhfPDK, cou1d be a atartinq point 

ror new therapeutic approach••· The recent report or th• 

thr•• dJ.aenaiona1 atructure or th• dimeric •nzym• rrom 

bacteria [121 ha• opaned naw poaaibi1iti•• for detai1ed 

atructure-runction atudi•• and may aid the rational deaiqn 

or dru9a that arrect •o•• paraaitea, but ar• harm.l••• ror 

humana. 
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rJ. ... w. 1. SDs-PAGE ahowing the purirication or EhPPDK by 

Ni2 • arrinity chroaatography. 11 Crude extract, 21 

•Upernatant or ext.ract, 3) wash witb 5 8M .iaJ.dazol.e, 4) wa•h 

with &O 8IM iaidazole, 51 puriried EhPPDK (elution with 100 

mM J.aidazolel. Lanea 1-3: 30 pg1 iane 4: 20 pg1 lane 5: 5 

rJ._.... 2. zrract or pH on th• activity or EhPPDK. 

Puriried EhPPOk waa incu.bated over a ranqe o~ pH vaJ.uea. The 

burrera were a11 at 50 mH conc•ntration. Tria-acetic ac.id 

(pH 5-&, pK 4.7&1, iaidazoie-HCi (pff 6-7, pK &.751, Tria-Hci 

(pK 7-e. pK 7.8). Circiaa: Th• anZl/lll• waa preincubatad 30 

ain at the indicat•d pH. Zn thia ca•• the reaction waa 

atartad with th• addition or iactata dahydrogan••• and PEP. 

rJ.trUre 3. Erract or divaiant and aonovalent cation• on tha 

activity or EhPPDK. 

A> Activity aaaaured at dirrerant concantration• or Hgci. in 

tha anzymatic ••••Y daacribad in Hateriaia and Hethoda. B> 
Ac:tiv.ity aeaaured with dirrerent conc•ntrationa or 

aonoval.ent cationa at conatant .ionJ.c atreng-tb. • X-, • 

Nff.•, 4 Na•. 
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r•.,aee C. %nhib1tion or EhPPDK by biapboaphonatea. 

Doul:>1e reciproca1 p1ota or tetraaodiwa 1-hydroxyethy11d•n• 

biaphoaphonate (ana1oq %1 aa an inhibitor or PPi. Six 

dirrerent concentrationa or PPi were teated aqainat riva 

dirrerent concentrationa or inhibitor <•o -· • 1 -· • 3 

-· • & -· • 10 _,. Tha p1ot ahowa a aixed inhibiton 

errect on tb• activity. In••C. Dixon p1ot• ror ana109• %, 

%% and :i::i::i:. 
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TalaJ.• z. ..... .. ~~aauon ar ~i.nant· a.•·-=·· IU.•t:o~a. 
~- - ..... - D .. lli--. 
Protein concentration waa deterained accordin9 to Lowry 119) 

itep focal 

•rotei.n ,_, 

Crude extract ••· 

Supernacant 

HJ.-Trap co1uan 

e1ut.i.on 

(i.lai.da&o1• 100 _, 

87 

••• 

Total 

Acti.vi.ty 

(\llll01•• 

pyr/ainl 

r.7 

113 

81 

ipeclilc Ylel3 füi'.lilcatlon 

ActJ.vi.ty ,., U!oldl 

(¡,¡mo1•• 

pyr/min _, 

1.5 

1.3 100 1 

12 72 , 
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-1• .:i:s. ~~·- or ~ ror - ·-·---• or _....,,._ 
..... ..,..._ cu.lli~-·· ,.._ cu..-r ...... t ...... _ •• 

Sourc• PIP 1Wi1 Jliip líiiil pfl ll>MI aelerenc• 

l:hPPJ:!K 21 <S 100 ThJ.a work 

l:hPPDK 70 ND* 100 6 

G. .l..ib.l.i• 24 s 29 13 .. •)lmb.io•u• 60 3.4 100 20 

aaize 140 10 40 23 

. NO not detezaJ.ned 
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Tab1• zzz. ZftlU.bj.Uon o~ Sb•-K blf ••;&. -1-•• 

Dirrerent concentration• or PPi in a ranQ• or 20-soo ~ wer• 

t••t•d with th• indicated concentrationa o~ inhibitor under 

conditiona deacribed in Mataria1 and Mathoda. 

Ana1oq 

i> tetraaodiwa i­

hydroxyethy1idane 

biaphoaphonata 

XX) tetraaodiwn 1-

hydroxyaathy1idane 

biaphoaphonata 

XXX> tetraaodiwn 1-

hydroxynonane 

biaphoaphonate 

lian9e ol teated 

concentrations 

(lllK) 

o,. 1,. 3, ti, 10 

o, 10,. 15,. 20 

o,. 3, 5, 6,. 7 

Ki 

(mM) 

1.3 

11 

4.3 

26 
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V. DISCUSIÓN GENEllAL Y CONCLUSIONES 

~-- ............ -• .. EllPPDJC 

~w-clonam-y-..-el..-q-cocllfica par• 
la piruv•llD _, • .., clicinua ele E11,._.. ~ (Saav.clra-Ura y p.._ 

Montrort. 1-) una.....,-~ fu6 purUicaclAo ~-por a-v.. en 

1-y dela cual hubo muy poc-tra•joa--q-la caraclerir.aran. Ya 

q--ta -·--pol'tanteen la aw-aci6nele-aia del parutlil>en 
fonna ele ATP. -te traNjo ele ln..,..tiaadOn- -'ocó hada la .._hladón ele 

.......... ele ... ....,....._.._ bioq-ic-clela EhPPDKncombinante. Con-• 
objmtivo _..._,,.,......._Ja.,- en un•-• a.ac-no y -tableclmoa 

un--• ele purificación q- permitió contar con enzima purificada a 
.................. d (911" ... purez.a). 

La EhPPDK ~ caracteriaticaa almilaN9 • otr- PPDKa que - han 

deKrito para malz. B. •ynoW.. .... F. ,,.,......,. y G. """"'"'· N-obtu~oa 

una enzima con activld•cl -pedfic• (10-13 imooa-/(minXmg)) en un Intervalo 

•lmilar en el q- oe encuentran otra• PPDKa (10-24 l&lftoa-/(minXmg)). La 

PPDK de amiN que purificó parcialm.ente .__ (1-). probablemente -taba 

en m .... condicl-ya q .... en un->'o enzillYtico aimilar al que n­

utilizamoa. la proteina tuvo una -viciad -pecUic• de O.M ¡uno1-/mln mg. 

Do. d6c•d- anteriore., en loa p....._ -tud'- ele la• PPDKa de otras 

'bacterias. - obRnlan m-lr•• con -vid..._ -pecUlca9 en-- lntervaloa 

tan bajos. •In embargo, loa m6tocloa ele purificación actuaie. incluyen P9- de 

purificación en el q,_ se utiliza HPLC, lo q,_ ha pannitido obtener m...,.tras 

con un grado ele pureza mayor (Pocalyko ri "'· 1-.). 

La EhPPDK - similar • la mayoria ele ... PPDKa en su -...lblliclacl al frio 

(se inactiva a temperaturas por debajo ele 10 gracloa). Se ha reportado que la 

enzima ele malz requiere Iones Mg2+ para la formación clel tetrámero (Hatch y 



~ 1-). A....---te, la u..ctivM:i6npar...,.__peratura•-debea la 

d-da a.. aubunid..._, Y•--d-o •--·El grupo de 

Bunwll (Ohta et"'· 1996) identificó en una PPDk de F1- ,,._,,.¡¡tolerante al 

frio, ----·•-o carl>oxilo--...áwl que pueden- una 
fund6ndiftlda o indiftlda con la aaociaci6nda la• ... bunidaclea y que au 

mutaci6nca-...-1a .,.-tna ... -tallle ahora a baju-peratur ... Doa 

d.--....--un..-n--la-damai2,. q--­

•llec.plibilidacl al frio in-la --una liolmrante y una auoceptible. 
En cuanto a aa-tructur• olis-., la EhPPDkee a-..ja a a.. ---ftica• de plan_ y G. ,_,,,..y dl&.N de la enzúna de B. 

·~ que--dflnero. Si_......_ la-lnlctur• tridimenaio-1 dela 

enzún•-iWana -in--.ntec-.tarrasto decada 11-dalaa 

aubunid..._, ya q- como -d--en la ---crU~ de la de 

~ .aarras1o deldimeroúnpidala ~de-·--­
•11bunidad• (Herzbers et 111, 1996). 

T-1"ñlcletermm-oaque laenzúna-un pHóptimo de actividad 

de 6.0 en la dlracción de ain-• de ATP. Eat. valor- 9Úllilar al que - ha 

daacrito para - PPDka. Aaimiamo, a- v.a- de K.. que obtuvimoa para .t 

PEP, AMP y PPi aon muy paNCid- • •- repartacloa previamente para •ta• 
enz11n .. (Edwuda dlll, 1985). 

Una d"-'cia notable que 91\Conlram- con -.-io a otra• PPDka y la 

piruvalo c:ilwaa, - que la EhPPDk no,......- cati6n monovalente para •11 

actividad. Ea- experimen- - realiuron poniendo áfa•i• en elimi-r la 
mayorco-lrad6n de ..... enel enaayo, q ...... ndo una concentrM:ión final 

de 500 l&M de Na• (en auaencla abaoluta de cualquier .. 1, la adición de eata 

concenlrM:i6n de .. 1 remanente no tuvo niftS1ln eÑCto -- la actividad) 
ademo - manlllvo la fuerza i6nica en 100..M con -•metilamonio. Se ha 

repo-do, para la• enzlln•• de B.·~ y maiz que requieren amonio o 

potaaio para •u actividad ( Edwarda et 111, 19115; Mehl et 111, 1996). Adem.6s, para 
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la-• ele G. ,._NM, -..-.vó w depa:wt.tldA •IMoluta ele NJL• o K• 

(Hntj>dlll, 1993). LA piruvato CU...._...._ - --lriclo nqUArimiento 

c1e--ca-. que pueden eer •uatibdd- poi' talio ( KAclunar y lloyer, 1953; 

Kay:w, 1971). Se .. be que el cati6n monov ..... • • nquiere pAr• la enolizAci6n 

clel PEP durAR• la :wac:ci6n enzlm6tica (MAhl d 111, 1991). Da ~o can la 

---· autalinA ele la-. c1e ~ _ .. d-úúo de ..-clel 

pir/PEP, ... la poeici6n que OCUpA el K• - la pinav•to dnAu, -.ee la Ars 617 

que podriA-tar funcionAndo •-.._ ..... d K• y poi' Jo -to la funci6n 

cle1-c•- monov•len-enla ~dela PPDK IMdniAnA podriA mer 

de w -• difwnnte que el ele la piruv•to CU.... <H-z-. d 111, 1996). 

EstudioA con mutag-1• dirigid• de-• ..Uduo podliul poner• pruebA e9ta 

hlp6-.is. C:.be explorar mú a fondo porq,.. la EhPPDK no tiene este 

Nquerilftiento. 

Con ... pecto• 1-callo- dlv ......... a.. PPDK. na:eútan Mgz+ para •u 

activld•d, -tabilidad y amoclacl6n en- •ubunidades (Ohta d al, 1996). LA 

EhPPDK _...._ :wc¡uine cati6n dlvalente para •u actividad (con UnA 

concentración 6ptima de 4.5 mM y w Km.. ele 2.1 mM). lntentalft09 --1izar 

ensayos con otroa cationem divalen ... COlllo Mfta+ y Zn2+,. ain embargo, dada a. 
pre.encia de fo.fa- en l• mezcla ele IW<ICXión. -- fonnaben p11WClpitad- a 
muy bAj.ms concentrAci-. nnica:nen .. ..._iftAlft_ que con Mn>+ ha.ta 450 

µM .. obte:úan valo:em de v_ apro_ad_te a la mitad de la• obtenid•• 

con Mg>+ y esto e9 un efecto similar al cleacrito pAra la piruvato cinAu (Mildvan 

y Cohn. 1965). No .. hA explorado en mú-. este fenómeno. Tam.,.... -

interesAnte realizar estudios con la EhPPDK pAra cletenninar si el magnesio 

tiene un efecto mobre la e9tabilidad de la-.. 
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EJdale-panmfon1uld ___ el_~od•di..._ parúi-

q-inhctan al eerh-ano. Ea cOllllbl ... di.,.... ........... •des .. - ... laa 

lormaa e¡¡- -nplican ~tro del Mr h-, la,,.. -WJica e¡¡- pn>v.e de 

la mayorpa .... delATP~lro de la dlula •la alueoliaia. Por.,.._pJo, 

Tryp•or- "'"'°"en la f-c¡¡- - .,._.. ... el .......... ID.,_._ - tipo de 

-bolieao Mllic ...... le _....,.o, de 1-=ho ... •ta f-el .,.rúilD d-.rrolla 

Milocondria9 aptu para la,..._ de la fuaforilaci6n oxidativa: ain 

embaqo, cuando ae transfonna ... la f- tnfectiva de laa dlulaa hwnanao, la• 

mi1Dcondria9 --poco d__,..,llad .. yel _....._o-princi.,.lm ... te 

glucolitico (Clayton y Michela, 19!116). Eale • - .....,p1o lfpico de cómo loo 
.,.r---ad•ptan•-ioaam"'-n_,.__...., __ nub'ien-. 

Desde •-•tudi- plo-.- nalizad- por._,_ - la d«ada de loo 70a 

aobreel -boliamo de la amilM, -Ne-c¡¡owel mayoraporle deenerg .. 

proVil!IW de la glucóliaia. Con el aua..c-le •mdio de lao enz1m .. glucolitica• 

de amibll y de vuioo par4lai- prolodia- -cl99cri- que alguna• de ella• 
utilizan el PPi como donador de _,a_ (Wood, 1977; Weinbach, 11181; 

Merte.,., 11193). Esta car-tica no la_......, con el humano, por lo '1-

para varia• paraai-• - ha pootulado q-la ilnhib6d6n de-- enzima• 

pu.de afectar el m-boliamo de loa...-- y ....,.tualmente disminuir la 

úús:ci6n. Recien-enle - han deac:rilD trabejoa aollre la purificación de 

enzima• m-bólicao c¡¡ue -n peculiuwa para va.._ parúi-. En eote sentido 

ae ha clonado y 9eCUeftdado el - y carac:tinizado la PPi-foafofructocinaN de 

amiba ()Wev-.,, al, 1974; Re.veo"' aL 1976; Huana et 111, 1995: Bruchhaua "' lll, 

19!16) adem4l• de que ae ha modelado au •tructura bidimensional (BylnglDn f!f 

tll, 1997). Tam- - han estudiado laa ppj.PFJC de T.....,.,__ (Peng f!f 111, 1995) 

y N_,glf!ria (Merlena "' lll, 11193). 

1 

1 
1 
1 • 



32 

Soblw la PPi-PFK ele T_,,,,,__ - -UZ.-experilnen- muy in-- eoblw - inhibici6ncon an61oa-clel PPi (an61ogos del 6cido 
foefmúco) (Pelos d al, 1995). •-au-.,......._el......,.., ele 23 clerivad­

del 6ddo '-fOnko q- dffiaren en aua srupoa qumuc-. El com..-to mb 

.,..-.. - el cari>onildifoafto --6dko. C:-paraci6n en- laa 
•"'-'uraa clev- inhibid-y .... ..___.._ .. enzima indican que un 

grupo carl>onilo o ilnino --load- snapoa foafato •tA aaociaclo con un 

may- poder ele inhi"""6n. Sin-bup>, - com...-to p,.._t6 un-... 
~do al medir la capacidad ele inhi"""6n de la Nplicaci6n del par6aito en 

fibl'oblaa- luun- en cultivo y-to ................... -debi6 a q_ .. una 

moWcula cargada, lo q- podria iJnpeclir la acc..ibilidad al citoplaama de la 

dlula. Sin -bargo dentro d• ea .. llftlpo de c-...--· ellos identificaron 

otro an6logo que - perm-ble y q- - ~en cultivo, por lo que loa 

derivadoa del 6c:ido carboftildtfa.f61\ico - candid•- tn-.n- par.a •u 
manipulaci6n qulmica. 

Con ~pect>D a la PPi-PFKde ... iba. --•-reportaron eatudi­

aoblw au inhibtci6n con bifoafona-a- d al, 1992; 9ruchhaua "'al, 1996; 

9yington et al, 1997). En total, en embaa -bajoa - prob6 el efecto de loa 10 

an6logoa que noaotroa pro--con la EhPPDJI: (Fig. 3). De manera aimilar a 

loa ... u1tadoa ele inhibtci6n de la PPi-Pl'IC, la EhPPDJI: ea m6• aenaible al 

com..-to CGP,.._. (Fig. 5). La k.cle 67 pM q----para eate 
com.,._.., _menor a la 1'. por PPi (100 pM). 

& in_ .. notar que ea .. com.,-to _.,.... ,,_t6 un valor de K. 

aceptable (50 pM) cuando - prob6 •a - con la PPi-PFK de amiba 

(9ruchhaua "'al, 1996). Eate an6logo junto con el n-dronato y el zoledronato 

pnoaentaron un -to inhibtdor aobse el cndm-to de trofozoi- en cultivo a 

ana concentración de 50 pM. De __..to con la• eatructuraa de los 10 an6logoa 

utilizad- (Fig 3), aparen-entee>date una ~---la .,_1a de un 

snapo voluminoso en la cadena unida al carbono del enlace P-C:-P para que -



inc:Jwmente el efecto inhibidor de --COlllP--. Con una •proxúnac:i6n 

-ilu al ...uz.cto por ...... pu• la l'Pi-Pl'k de T. a-MI. - podl'flln modificar 

COft8KUliv--te-taac: .......... ......_.,........,...unCOlll.,_ll>c:on 

m.;on. prop6eclades inhibidor .. pu• la EhPPDK. 

En ... 6ltim•• d_ ....,..._.ha ... bido un ...... •-por el cleunollo de 

f6rm..,_ derivad- del etidronalo que- uliUzad- pu• el tr•--lo de Ja 
--..---primaria o _ _,__ ... u--a..que ... y wbmon:i6n de h­

(Uc:ata. 1997). En_ I_ nuev-f-que-han probedo y que- -

et.c:tomhibidordea. ... ~•a.----..eletidronalo, 

c:lodronalo, pemldronall>, alendronalo, ri8edronalo y tiludl'Cmlllo. En JMl'tic:ular, 
el ri8edronalo-uno de loe ..... ...,.... _____ oy c:omo_ ... 

mencionado •nteriorm-te tambWn ea un inhibidor cle I•• enzima• 
.......,.. __ dePPi depuúi-. 

El ... yor c:onoc:im-to del...__ ele ... enztme• depm>dien­

cle PPi de --JMrúi- ha penni-o la W-tific:ac:i6n y poetulac:i6n de 
c:om..-- modelo o •1e11d• pu• el cl6- rac:ional ele f6rmac:oe c:uya 

modific:ac:i6n c¡uimic:e puecle U.Varal~•- nuevo c:om..-1oque 

afecte -lec:tivamente • eata• enzún .. y que - ..a.tiv•m-te inocuo ..-n el Mr 

h11111ano. 



PERSPECTIVAS 

l!.n a-raL la PPD'K •una enzüna s-cuJiar ....... el J>11ftto de vista 

-6tieoy-tructural, por su anealo tñd--1 en domini- -tructuralea 

y fundon8i.. y el dominio del Hbl-9%.0 flmdl>le" cuyo moviln-to illlpUc. 

.......... caabioe confonnM:lonam. Eata ~tka no .. conoce de otra• 

...-...-1oq--in--.Siarq--loque~inael 

mavilnientode--dmn~. 

Con la apile- ele la criataloarafta .. puede --...inar la eslructura 

b'id-1 cle la PPDKde -iba q- -trarta c-o-el aneglo de las 

subunid..._ en el -6mero. ademú den- infonnaci6n acerca de•­si-de uni6n de .... tra- y cofactons. DRde el .,....to de vista terapetlltieo, -
podria tratar de cristalizar la.,...,_ con inhi.,..._ o -ludiar a travn de 

mMod- cOlftputadona .... las posibles intmracci-de la enzima con los 

a~ del pirofoúato, como una pri- apro-.ci6n para el d'9efto 

raci-1 de f6rmac-. 

Eate trabajo abre la posibilidad de -llodiar la PPDK desde un punto de 

vista terapetlltieo ya que junto con la PPi-PFK constituye un grupo de enzimas 

especifica• de varios parbi- que -t6n involucradu en la producción de A TP 

para la sobrevi-'a de la dlula. 
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lntroduc:IJon 

In rcsc1J.rch oricntcd to find drugs for thc 1rcatmcnt of 
parasitic discnscs, onc is confronrcd with thc di1cmma of 
choosing thc aspcct of thc parasitc or thc di1&C45C on 
which thc thcrnpcutic studics should be focuscd. What 
usually comes to mind is an outs1nnding trait of thc 
parasitc lhat prcfcrably has no common fcalurcs with the 
hos1. In Entamoeba histolytica. thc ngcnt thal causes 
human amcbiasis. thcrc are sevcr.tl biochcmic:tl rcactions 
that are quite diffcrcnl from thcir cquivalcnL"i in thc 

c~spondence to: 
E. s-vedra·Lira, Deplo. de Micrabiolo~ha. lns1iluto de Fhdolo¡;Ca 
Celular. UNAM, Apedo. P<Ktat 702 .. 2. 04510 M~xico. D.F. Tel: 
(525) 622·5657. 
'Re.ean:h on pyni\·are phospha1e dikinuse is curn:ntly ~uppc1ned hy 
• ¡:rant from DGAPA·UNAM CIN202693J. 

human host. Thesc characlcristics may be inlcrcsling as 
stanin¡: points for ncw 1hcrapcutic approachcs. 

This protist parasitc has bccn considcrcd as a modcl of 
a primilivc cukaryotc sincc it Jacks sorne sttuctures that 
are considcrcd ••typically .. cukaryotic ( J -4). Tilcscmnebas 
do not ha ve pcroxisomcs oran cvidcnt Golgi apparatus. 
Thcir mosl striking charactcristic is thc abscncc of 
milochondria, thc organcllcs involvcd in energy 
production in most cukaryotic cells. Resides thc nuclcus. 
lhc mosl promincnt struc1ural fcaturc is the prescncc of 
numcrous vcsiclcs whosc functions rcmnin unclcar. On 
thc mc1abolic lcvcl. amebas also diverge from 
charac1Cris1ic eukaryotic cclls. Thcy lack a f'unctional 
Krcbs cycJe and a typical elcctn>n transpon chain, and 
severa) cnzymcs involved in the catabolism of alucose 
dcpcnd on pyrophosphalc. Table J summarizcs some of 
the fcamrcs that malee lhis parasilc a vcry intcrcsting 
organism from a biological point of vicw. 
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T-1 
Cleneral FeMurn ol En~bo IWIDlytica 

• Abaence ol mitochondri• and pcroxisomes 

• Undewloped Galsi appan1us 

• Numeroua VllCUOlcs and "9SlcJes 

Metllbolism and Proteins 

• Abmence al C)'loChromas. tricarboaylic acid cyc:Je and pentme --• C)toplasmic:: pynavaae:í•nedoxin oaidantductue/fenedmr.in 

• P)• ' U .,. clepemdmt kinws 

• l..aclc: ol allmteric rcplalion in &l)'CDl)'Si• 

• Absenc:e of the blm)'hthetic pathway of &Julalhione 

• Hi&hly diverpnl ac::tin 

• Hi&hly dJverpnt ubiquitin 

• Uftdnoeloped ubiquitin system 

· Membranc bound diaative ea.t)'meS 

· V9CUOlar type patan pump in the pluma membranc 

DNA and llNA Orpniution 

• Absence ol introns in mmt ol lhc .equenced senes 
• Elltremely shor1 un&ranslaled 5' enda el mltNAa 

Durina: thc 1970s lhc research groups led by Reeves 
and by Weinbach. among odters. contributed a grcat 
amount of knowledgc about the physiolo&y of E. 
ldstolytica. Thesc aroups gcnerated most of thc 
informati.on about lhc biochemistry and thc funclional 
morpholoay of E. histolytica (.5,6) and on thc 
mctabo1iam ofparasiles that lack mitochondria (7-10). 

JnthefollowinaparaaraphswewiUrcvicwthepathways 
by which E. histolytica degrades &lucose and oblains 
ener&Y in thc form of A TP. hi¡:hliGhlina those propen.ics 
that are unique to the parasitc. and that in our opinion 
may be useful for therapeutic rcsearch. 

E-l'llY - In E. IWIDIJ1U.:. 
E. histol:ytica degrades &lucose IO pyruvale by lhc 

classical alycolytic pathway. Two significantdifferences 
distinauish 1he mctaboJism ofthe parasite from that of its 
host. The first is thal it laclts lactate dchydrogcnasc. lhus. 
lactatc is nota final product of alycolysis. The second is 
that it uses inorganic pyrophosphatc (PPi) as a substituac 
for ATP in aome alycolytic rcactions (scc Table 2) (1 J). 
PPi has a relevant physiolo¡:ical role in amebas. since its 
intracellular concentration is approximatcly 0.2 mM. 
hiaher than the Km of PPi--dcpcndcnt cnzymes ( 1 J .12). 
Figure J shows thc catabolism of glucosc to pyruvatc in 

SAAVEDRA-LIRA. PEREZ-MONTFC>llT 

E. ltistol:ytica. hi&hliahtina thc enzymcs dcpendcnt on 
PPi. 

C.....,.ytlrale Me .. ltoll•m: Glyc:oly•l9 •ad pp¡ .. 
._.._ •• i;:..y-

The main products of glucose dearadation in E. 
ltistolytica are cthanol. acetalc and C02 • Their ratio 
dcpendsonthedegrecofaerobiosis.lnaerobicconditions 
lhe ratio ethanol/aceaate is 113. whilc in anaerobiosis lhc 
only producla are ethanol and C02 (13.14). 

Glucoae entcrs the ccll by a specific transport 
mcchanism (15) which is apparently the rale limiling 
•tep in lhe utilization of alucoae. since no reauta&ory 
mechaniams of alycolyais have been described. Free 
alucoae hu nol bccn detected inaidc the cell. becauae it 
is immediately phoaphoryla&ed or atored .. alycoaen. 
All slycoly1ic cnzymes are soluble ami. even thouah 
some kcy cnzymcs of glycogen metabolism have been 
identificd. the main enzymc alycoaen synthctasc has not 
been detcctcd (6). Glucose-6-phosphatc catabolized in 
alycolysis corncs from alyc:ogcn by the ac:tion of 
phoaphoalucomutase. or directly from phosphorylation 
of glucose that cnrers the ccll by thc action of a 
&lucokinase, rather than by hexokinasc. There is no 
indication that alucose-6-phosphate is dcaradcd by the 
pentosc pholphatc shunt. since no activity of alucosc-6-
phosphatc dehydrogenase has been deaected (5). 

Phosphoglucoisomcrasc thcn produces fructosc-6-
phosphate. TI»e subsequent renction is the transfonnation 
of fn.lctose-6-phosphate to fructosc-1.6-biphosphale. In 
moat cells this transformation is catalyzed by an ATP­
depcndent phosphofructoldnase in an incversiblc reac .. 
tion which is an important regulatory stcp in glycolysis. 
But in E. hisrolytica and other protist parasitcs Jike 
Trichomonas ''aginalis. Tritrichomonasf~tus. Giardia 
lamblia, To.roplasma gondii. Naegleriafowleri. and in 
othcr non-parasitic protislS, this slcp is catalyzed by a 
PPi-dependent phosphofructokinasc. Thc rcaction is 
reversible and apparcntly has no regulatory function in 
E. histolytica (10.16.17). The acnc for this enzyme has 
been reccntly cloned and sequenced. and thc deduccd 
aminoacidsequcncewasfoundtobesimilartolhatofthc 
corrcsponding enzymcs of Propionibacterium and 
Naegleria ( J 8). 

Fructosc-1.6-biphosphatc fonns phosphocnolpyruvaae 
through thc nonnal glycolytic rcactions of the Embden­
Meycrhof pathway. Vcry rcccntly. the gene forenolase, 
thc cnzyme that catalyzes thc dchydration of 2-
phosphoclyccratc to phosphocnol pyruvate (PEP), has 
been cloncd and scqucnccd (19). 

Thc conversion of PEP to pyruvatc is catalyzcd by thc 
cnzyme pyruvatc phosphatc dikinasc (PPDK). In 1968. 
Rceves (20) reponed the purification of this cnzyme. 
makingitthcfirstofthcPPi-depcndcnlcnzymcsdcscribcd 
in amebas. PPDK. catalyzcs a similar reaction to that 
catalyzcd by pyruvatc kinase, which E. histolytica lacks 
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complctcly. Thc reaction '°" PPDK is (21 ): 

p y 
PEP + AMP + PPi ++ pyruvu.tc + ATP + Pi. 

"1bc enzyrnc ttansfcrs lhe phosphu.tc from PEP u.nd one 
phosphale from PPi to lhe p und 'Y positions of A TP. 
respcctively. This ~tion is comp1ete1y reversible. The 
enzymc has a strict depcndence on PPi as a donor of 
phosphale s;roups inatcad of ATP. and prefers AMP 
inslcad of ADP as lbe substratc to phosphorylale. The 
sene that codes for this protcin has been identified 
(22.23). Preliminary evidcnce of the primary scquence 
suqests that lhe bindina: siles for PEP are different from 
thoac on pynavate ltinase (24). 

An altemative routc for thc formu.tion of pyruvatc from 
PEP is throuah the action of a PPi-dcpcndent PEP­
carboxyttansphosphorylase (Table 2 andFigurc 1). This 
cnzymc fixes co~ and produces ppj and oxaloacctale. 
which is n:duced to mala.te by a mu.late dchydrogenase 
with the concomitant oxidation of NADH. Mal ate is then 
decarboxylated and o•idizcd by a maJic enzymc by 
reducing a moleculc of NADP"'. This .a.ltem.a.tivc routc 
has bcen postulalCd as a mcchanism by which thc ameba 
reaencrates ¡:lycolytically rcduccd NAD- by thc 
phosphoglyccratc kinasc rcaction wilh a final 
transhydroacnation of NADH to NADPH (5). 

Pyn11vate MeUboliem 
Sincc E. his1oly1ica has no milochondria. it also lacks 

thc tricarboxylic acid cyclc, and thus. pyruvatc plays a 
vcry imponant role in thc final products of carbohydratc 
mctaboUsm. Oxidativc dccarboxylation of pyruvate to 
acctyl-cocnzymc A (acctyl-CoA) is catalyzcd by o 
pyruvate:fcrrcdoxin oxidorcductasc instcad of thc 
classical pyruvatc dchydroscnasc complcx. The firsl 
protcin is cithcr dimcric or lctramcric wilh a molecular 
mass of240 k:Da. whilc thc sccond is a multicnzyma1ic 
syslem with a particlc wcighl ofapproxima1cly 103 kDa. 
The pyruvntc:fcrrcdoxin oxidoreductasc of 
E. histo/yr;ca was purificd and characlcrized (25,26). Jt 
uses Fe-S fcrrcdoxin prolcin. flavin mononuclcotidc 

2.!19 

(FMN). fl;::i:vin adcninc dinucleotidc (FAD) or riboflavin 
as acccp1ors. but not NAD• or NADP"'. Thc reaction of 
pyruvate:fcnedoxinoxidorcductase.alsonamedpyruvatc 
synthetasc. is reversible (26). Thc ferrcdoxin has bcen 
charactcrizcd (27) and thc ¡:ene that cncodes it has bcen 
cloncd (28). 

Acctyl-CoA can produce acetatc wilh the help of an 
acetale thiokinase which has some specificily foradeninc 
nucleotidcs (26). Thcre is a net syntheais of a moleculc 
ofATP.whichprovidcsadditionalcnersytothatproduced 
by alycolysis: 

Ma2• 
acctyl-CoA +Pi+ ADP ...... Acctale + CoA + ATP. 

E. histolytica also has an acera1c ldnasc dcpcndcnt on 
PPi (Table 2) whosc cxact function has not becn 
detcnnincd (29). Altemativcly. acetyl-CoA mu.y be 
transfonned in to a thiohem.iacetaJ bound to acetu.J.dchydc 
dchydrogcnasc. which is then rcduced to cthanol by an 
NADH-dcpcndent alcohol dehydrogenasc (30). 

In J 971 Rccvcs. Montalvoand Lushbaush (31) purified 
an NADPH-depcndent alcohol dehydrogcnase, which 
was Jatcr characterizcd by Lo and Chang (32). lt is 
known that this enzyme reduces f'rec acetaJdchydc and 
that its alcohol dehydrogenasc aclivily is apparcntly of 
lcss imponance than that of anothcr NADH-depcndent 
cnzymc. 

Thc cloning of thc gene and characterization of a 
NADl--dcpcndcnt aldchydc dchydrogenase which is 
indcpendent of Co-A was dcscribcd by Zhans and 
collabora1ors (33). The same group has also purificd to 
homogcneily and cloned thc ¡:ene for n NADPH­
dcpcndcnl alcohol dchydroscnasc (34 ). A gene that 
encades a 97 k.Da enzymc for which activitics of alcohol 
dchydrogcnase and acctaldchydc dchydrogcnasc werc 
characlcrizcd. was also describcd reccntly (35.36). This 
finding confinncd thc first obscrvations by Lo and 
Rccvcs (30) that thc same protcin could catalyzc thc 
activitics ofNADH aldchyde dchydrogenase and NAO· 
alcohol dehydroscnase. 

Pyrophosphale Dcr-:ndcnl Reotclions in E. histof.wica und Thcir Co~sponding Nucleotidc Dcpendent Re.c:tions in Od~r Cells 

Pyrophosphate depi:ndcnt n!.tctions 
(Enzymc reaction J 

Phosphofructol.:inasc• 
PPi + Fru-6·P - Fni·l.6-P! + Pi 
Pyrin•ate phospluue úikiuuse 
PEP+ Aflt,.1P + PPi ...... pyruv;:itc + ATP+ Pi 
PEP carbo~·tra"·"l'""·'-Phorylase 
PEP + Pi + CO: - ox:iloacctatc + PPi 
PPi • acerare J.:ina.'Oe 
Acctyl-P + Pi - ncctmc + PPi 

NTP dependenl reactions 
CEnzyrne rcaction) 

Plro.,phofr.•ctoki11ase 
ATP + Fru-6-P - Fru-J.6-P2 + ADP 
Pyru1•ate Jd11ase 
PEP + ADP ........ pyruvate + ATP 
PEP carboxykinase 
PEP + GDP + C02 ........ oxaloacctatc + OTP 
Acerare kinasc 
Acctyl·P + ADP ~ DCCtate + ATP 
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~ 1. C•rbohydr•t• metaboliam in En,.mo.bla hi•IOlytU. a) PPl-phosphotruc10kina-; b) A.TP-phoaphofructOkinaM•: e) 
phoaphogtyceral• klnaae; d) PEP carbox~ranaphoaphorylaae; •> PEP cart>oxyklnaae•; f) matate dehydrogr9naae; g) ma•te 
dehydrD91'naae (decarboxylallng); h) pyruvate kln-·; 1) pyruvate phoaphate diklna-: j) pyruvate:terrec:toxln oxldoreducta-; 
k) acer.te thioklnaM; 1) acetakiehyde dehydrogenaM; m) alcohol dehydrogeMM. •nucleo0d9 depenctent enzymea at>aent in 
E.hl~. 

ApparentJy. NADH reduccd by glycolysis can be 
reoxidized in thc rcactions associated to cthanol 
fonna.tion. a.nd thus thc transhydrogenation from NADH 
10 NADPH in the formation of pyruvatc may appcor to 
be futile. But undcr aerobic conditions whcrc acctate is 
fonncd. thc rcoxidation of NADH can be diminishcd. 
which is why this routc may be an uddilional mechanism 
ofrcgcnernting NAO· and fonning NADPH. In uddi1ion. 
nicotina.mide nuclcotidc transhydroacnasc activity has 
becn detectcd (37) and thc &ene that codes for this 
cnzymc has bccn cloncd (38.39). NADPH cnn donatc 
rcducina: cquivaJcnls 10 a navin by mcans of a NADP"'­
flnvin oxidoteductasc ( 40) and iniliatc elcctmn transpon. 

ElectronTnampon: 
Thc rncchanism of clectron transpon from rcduccd 

substratcs to molecular oxygen in E. hi.stolytica has not 
bccn cJcarJy cJucidatcd. Scvcral studics havc shown lhe 
abscnce of protcins with heme groups Jike cytochromes. 
Ncvcrthclcss. non-heme iron nnd acid Jabile sulfur have 
bccndctcctcdintrophozoitcs(41). Wcinbach(6)proposcd 
that clcctrons flow from rcduccd substrates to NAO· 
(Po'). thcn to fJavins. followcd by an iron-sulfur prote.in 
which is similar to fcrrcdoxin. then ubiquinone. and 
lhrou¡:h an unknown acccp1or which has an 
clcclroncgativc potcndal similar to cytochromc c. Thc 
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final clectron acccptor is molecular oxya:cn which is 
reduced to water. 

Thc func-lion or this ••aerobic .. pathway for thc 
gencrution of eneray in lhc parasilc is not clcar. Evcn 
thou&h ubiquinonc has becn detcctcd in E. histolytica 
(which. as alrcady mentioncd. lack mitochondria) the 
conccntration levels ofthis compound in thc respiralory 
chain are between .5 and 50 times less than in olhcr 
typically acrobicpro1is1s (42). Titerc is nocatalase in this 
parasite. so lhal il is unlikely thal hydroa:cn peroxide is 
formed. Yet. il may have other oxyaen intermedia tes like 
thc superoxide anion. beca use the activity far superoxidc 
dismutasc has been delccted ( 43) and the pne thal codcs 
for an iron-containin¡: enzyme of this typc has bccn 
cloned (44). 11 has bccn suuestcd thal ubiquinone could 
have anlioxidanl propcnies in Lei.~luHania (42). lt remains 
to be estabJished if it has a similar function in amebas. 

Tlw .. py "'.....-11c -
Worldwidc. thcrc is a a:rca1 intcrcst in dcvcloping 

dru¡:s and vaccines against parasitic diseascs, Both 
appl'04Chcs should be complemcntary (45-47). This typc 
of rescarch rcquires thc difficult slcp of idcntifying 
appropriate tar¡:et molcculcs or thc parasite for 
prophylaxis or treatmcnt of lhc di sen.se. This se heme has 
bccn applied to rclativcly fcw par..isitic disc.o.ses. sincc it 
rcquires knowlcdgc of thc biology of the organism and 
or thc interactions cs1ablished in thc host-purasítc 
rclationship. 

Thcrc are currcntly two ICndcncics for lhc discovery of 
antiparasitic drugs: thc cmpirical pathway and thc rational 
palhway ( 48). The first consisls oftrying the antiparasitic 
activity of a great numbcr of randomly sclcctcd 
compounds eithcr in a purc statc or in mixtures ob1aincd 
gcncrully from natural sourccs (49). This stratcgy docs 
not requirc a grcat amount of information about lhc 
ID.rgct moleculc. Most ofthc drugs now in use havc bccn 
dcvclopcd from this typc or stra1cgy. lts origins can be 
traccd back mnny centurics 10 nalUrnl medicine. Thcir 
effccts can be currently cnhanccd considcrably by 
biotcchnological. analy1ical. organic synthcsis. and 
computational mcthodologics (49). 

Thc rational strategy consisls of thc rccognition or 
dcsign of a compound thal has antipar.isitic activily for 
which the spccific target is known. and which prcfcrahly 
is a biochcmical or metaholic idiosyncrasy of 1hnt 
organism. This molccule or lcad is 1hen uscd as a 
templa te to redcsign, by compututional melhods. a similar 
molcc:ulc which has bcucr inhibitory propcrtics on thc 
targct molcculc; gcner.illy an cnzymc whosc thrcc­
dimcnsional suucturc is known (SO). Any compound. 
obtained by cilhcr of thc lwo str.itcgics. aftcr being 
synthcsizcd, must be tcstcd for its rclativc toxicity in thc 
hosl. its chcmical sro.bilily. ils mctaholism. its ahility to 
rcach 1he right companment. and othcr propcrtics which 
tum out to be a tighl bottlencck forman y drug candidatcs. 
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Current Thenipy ol Amelliasl• 
Thc ctcction of a drug for the treatmcnt of aincbiasis 

dcpcnds on the localc of thc infcction. i.c .• intestinal or 
extraintcstinal. Thus thc drugs used for lreauncnt are 
dividcd into thosc wilh luminal. systemic and mixed 
action (for revicws. sec Refcrenccs S l-S3). lt should be 
noted that lheir mcchanism of action is known in only a 
fcwcases. 

Luminal agents. A common propcrty of thesc 
compounds is their low absorption by thc intestine. They 
are uscd for intestinal infec1ions in which thcrc has becn 
no tissucdamagc. Thcsc drugs include diloxanidc furoate 
(Furamidc). thc aroup of halogcnated 8-
hydtoxyquinolincs Jikediiodohydroxiquin(lodoquinol) 
and iodochlorohydroxyquin (Clioquinol or 
Enteroviofonn). Thc laner tWo drugs have an imponant 
toxic cffcct known ns subacute myclitis-optic ncuropathy 
which causcd the intcnuption ofthcir use in Japan (S3). 

Paromomycin (Humatin) is an amcbicidal amino 
¡:lycosidc antibiotic that also has an effcct on pathoacnic 
and nonpathoacnic intestinal microoraanisms. 
Erythromycin and the tctracyclincs - chlortctracycline. 
oxylctracyctinc and tctracyclinc - are aacnts thal act at 
the levcl of 1he intcs1inal wull by apparcntly affccting 
en1eric microorganisms which are cs~ntial for lhc 
prolifcration of amebas. 

Systemicagents. This catcgory includes eme ti ne which 
was uaed in natural medicine as thc root oflhc Jpccacuanha 
plana. Emctine blocks lhc synthesis of proteins in the 
trophozoitc by inhibilina the ll'ansloca1ion ofthc pcptidyl­
tRNA-transfcrasc in the ribosomc from thc aminoacyl 10 
thc pcptidyl sitc (S 1 ). This drug distribu1cs in various 
organs but concentratcs mainly in thc liver. and has 
severo advcrsc cffccts on thc cardiovascular system. 
Dchydrocmctinc. an analogous compound. has Jcss sidc 
cffccts. but rcquircs thc samc prccautions as thosc 
neccssary foremctinc. Chloroquine (Aralcnc) isanothcr 
compound whose main ac1ion is in thc livcr because it is 
conccntrulcd by this organ. 

MiA·ed ugents. Thc dcrivativcs of nilroimidazolc uscd 
most frcqucntly in thcrapy of umebiasis are tinidazole 
(Fasigyn). omidazole (Tibcral) and metronidazol (Flagyl: 
1 hydroxycthyl. 2 mcthyl. S nitroimidazolc). 
Melroniduzol is uscd very ofacn sincc it has both luminal 
nnd systcmic activitics. Thcsc compounds ha ve cytotoxic 
activity whcn thcir nitro group is reduccd to free nitro 
radicals or supcroxidc anions. Activntion in1ennedii:1.1es 
of metronidazol apparcntly havc thcir ctTcct by nltcring 
thc helicoidal struc1urc of DNA whcn thcy intcract with 
guanines and cytosincs (53.54). 

In anaerobic protists. fcrre.doxin rcduccd by thc action 
ofpyruvate:ferrcdoxin oxidoreductasc (in thc oxidative 
dccarboxylalion of pyruvalc to acctyl-CoA). can actas 
elcctron donor to thc reactive group or nitroimidazolcs. 
thus divcrting 1hcm from thc pathway for lhc production 
of cnergy (8.S3). Oxygen is a strong compctitor of 
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metronidazoJ as an eJcc1ron acccp1or. Therc is no 
rcduclion of lhe drug in ils prescnce: thcrcforc. thc 
compound is more effeclive a¡;ainst anacrobic protislS 
and bacleria such as Trkliomonas. Giardia and 
Bacteroides (54). Curren• treatment with mctronid.azol 
laslS JO days with relativeJy few sccondary cffcclS. bul 
there are repons of i&s carcinogenic cffcct in rodcnts and 
its muta¡:enic effect in bAcleria (Refcrcncc 52 and 
rcfercnces therein: Ref'crence .53). 

A• A-Uwe A __ lo lloe T-1 ol "-What are sorne of thc other aJlemalives for lhc 
dcveJopment of' dru¡:s f'or thc trcauncnt of amcbiasis? 
Althou¡:h therc are a crea• numbcr of possibilities. the 
enzyrnes involved in several metabolic pathways havc 
recently attractcd attention of rcsearch a:roups for thc 
dcvclopmcnt of anliparasilic drugs. Sorne cxamples of 
enzymes whosc thrce-dimcnsional structurcs havc bcen 
solved and me currenlly taracrs for ralional drua design 
are hypoxanthine-guaninc phosphoribosyltransferasc 
f"rom protist parasitcs (.SS) and dihydrofolalc reductase­
thymidilate synthase from Leishmania (56). Thcsc 
protcins are in volved in purine and pyrimidine synthcsis. 
Trypanothionc rcductase from Try1Janosoma is also 
bcing studicd with this approach (50). The glycolytic 
enzymes trioscphosphatc isomcrasc und glyccraldchydc. 
3-phosphate-dchydrogenasc from Trypanosoma have 
bccncrystallizcd.Jnhibitorpro1otypcshavebccndcsigned 
bascd on knowlcdgc of lhe thrcc-dimcnsional structurc 
wilh the aid of compu1a1ional molecular modelin¡; 
mclhods. Lcad molcculcs 1ha1 havc some inhibilory 
effcct are modified by a ••Jinkcd fragment approach··. 
i.c .• lhc drug is dcsigncd by adding blocks or chemical 
groups to thc lcad compound. and thesc molccules are 
synlhesized and 1cs1cd in lhc Jabora1ory. Thisand similar 
approachcs have prosrcssivcly improved the inhibilor 
nctivities of sorne compounds (57). From studics initialcd 
by Rccvcs on the cncrgy mclabolism ofE. liis10/y1ica wc 
know it activcly uses PPi in ilscarbohydrate mc1abolism. 
Humansdo not sharc lhis pcculiarily since our glycolysis 
is s1rictly dependen• on ATP. Conscqucntly. il has bccn 
proposed 1ha1 thc PPi·dcpcndent cnzymes of parasiles 
pro vide good targcts for lhcrapcutic investigntion. Rccves 
considered this possibility and used phosphonatc 
derivativcs as PPi :innlogs for thc inhibition of 1hesc 
cnzymcs ( 1 O). 

Compctitivc 1nhih11ion of PPi-dcpcndcnt 
phosphofructokim1!'.C in ameba!'. by PPi analogs 1.1-
hydroxymethyl diphusphonalc: J .J-hydroxyclhylcne 
biphosphonalc; J .1-hydroxynonanc diphosphonate and 
thcir tctr.isodiutn salts has bccn reponed (58). lt was 
spccufaled thal thc inhibition of the enzymc by these 
compounds could be rcsponsiblc for thc reduccd 
cytolytic activily of 1rophozoi1cs against cclls from 
hamster oval'}' (CHO). 
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PPDK. anolher PPi-dcpcndcn1cnzymc in theglycolytic 
palhway ofamebas. could be a good targel for thc dcsign 
of specific inhibi1ors. Sorne pulalive substtate binding 
re¡;ions havc bccn dc1cnnincd in ils primary sequence 
(23). Thc .-egion proposed as thc PEP binding si1e .shows 
no similarily wilh thc corresponding one in pyruvatc 
kiruase (24) which makcs il ideal for desianina specific 
drua:s. PPDK from thc parasile Giardia intestin.alis has 
been purified and characterizcd and could be uscd for 
inilial cxperiments wi1h this p¡uusile (~9). 

Othcr enzymcs of cmbohydratc mclabolism whosc 
inh.ibition wu studied are alcohol dchydro¡:cnasc. which 
transforms acetaldchydc into ethanol. and tbe malle 
enzyme. lhat works in an altcmativc palhway of PPDK 
fonnin¡: pyruvatc. Seveml groups are intcrested in thc 
study ofalcohol dchydrogenase with tbcnpeutic pwposes 
and, as mentioncd prcviously. severa) acncs thal encocle 
thcsc protcins have bcen cloncd (33-36). Oonzálcz­
Oarza and collaboralors (60) reponed the inhibition of 
thc rnalic cnzymc and alcohol dchydro¡:enase of amebas 
by gossypol. This compound. which neis on NADP• and 
NAO• oxidorcductascs. inhibitcd both enzymcs in a 
non-competilive wuy. Thc levogyrous fonn was more 
ac1ive primnrily a¡;ainsl the malic cnzyme. The same 
group ha.o¡ also rcportcd thc toxic cffect of gossypol on 
ttophozoitcs (6)). 

Concluolon 
In recent ycars, thcre has bccn in1ercs1 in lhc study of 

molecules. panicularlyenzymes 1hatexis1exclusively in 
some parasitcs and not in the human or olher hosts. wilh 
1hc purpo~ of dcveloping drugs that affect scfcctivcly 
1hc targc1 wi1hou1 affccdng lhe host. Based on previous 
knowledgc of antiparasitic compounds and thc 
dclcnninalion of the thrce-dimcnsional structurc of lhc 
targct molcculc, there are sorne cxnmplcs of ncw prolo--
1ypc druss whosc 1hcrapcu1ic efficacy is now bcing 
lested. Examplcs of lhis are 1rypano1hionc rcductasc 
(50), trioscphospha1e isomera:;¡c and glyccraldehyde-3-
phosphatc dchydrogcnase of trypanosomes (57). 

The studics on thc inhibition of glycolytic cnzymcs of 
many parasi1cs have scvcral advantagcs. In a grcat 
numbcr of pamsitic discases, the organisms 1ha1 infcct 
thcir hosts sencrally obt.ain theirenergy fromg1ycolysis. 
This is dueto thc abundant availability of ¡;lucosc in lhe 
tissucs of thc hos1. Thc parashc docs not use ull the 
cnergy thm can be cxtractcd from aglucosc molcculcand 
wastes il sccrcting sccondary melabolites like acctntc. 
cthanol. succinalc, etc. This is nol only true for protist 
parasitcs bul also for helminths (62). 

Rational drug dcsi¡;n has bccn possiblcduc lo a grcater 
knowlcdgc of the biochcmistry of parasites and of thc 
intcrnclions bctwcen par.isite and host cclJs: both targct 
cclls and cell sin volved in lhc response to this inleraclion. 
On thc other hand. improvement of biochemieal 
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technologics f'or the purification of proteins. cnzymalic 
assays. knowlcd¡:e of" cnzymalic function o.nd 
dctcnnino.tion of'lhrcc-dirnensional structureaofprotcins 
alJow die undcrstanding of dcrails of tarac1 molcculcs 
and thcir probable ligands. In addi1ion. rccombinant 
DNA tcchnoloay pennirs rhe detennination of primary 
sequences of proteins. thcir exprcssion and 
mutagencsis.which havc in sorne cases contributed to 
the functional charactcrization of cnzymes. All thesc 
advances will accclcrate the dcvcJopment of new 
lhc:rupeutic strateaies aaainst parasitic diseascs. 
Aclt ____ nl 

Thc authol's thank: Dr. Diego Gonzálcz-Halphcn for 
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