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RESUMEN

Elp ito E ba histolytica s un org; cuya fu principal de enesgia
an fi de ATP p de la gluctlisis. Este organismo tiene la singularidad de que

delas il das en la glucélisis utilizan pirofosfato (PPi) :
d dor de grupos fosfato a ¥ diarios glucoliticos. Posee una

pendi de PPi ademis de otra enzi que utiliza PPi y que

ATP; 1a p fosfato di (PPDK) que ye ala p i
en el trof La PPDK transfiere reversiblemente el grupo foafato del
fosfosnolpiruvato (PEP) y un grupo foafato del PPi al AMP, dando lugar a los fosfatos B
y v del ATP, respactivamente. La PPDK amibiana (EWPPDK) fué descrita por Reeves en
1968 y debido a su imp enla g i,

POy ™y

de energia del parssito, clonamos y
secuenciamos el gene que la codifica (Gene.142:249-251, 1994).

Este trabajo de gacion se enfocs hacia la ion funcional de la
EhPPDK, porlo que lap se sob P en E. coli, se bleci6 un esq de
purificacion y se d sus propiedad ticas y estr les. Asf se
inici6 el estudio del perfil de inhibicion con andlogos del PPi.

A partir de dos c} isladas de una bibl s ica que
secuencias del gene de la EhPPDK, se uyo el de) abierto por Ia
th dela i6n en cad de la polimerasa (PCR). El fragmento amplificado se
cloné en el vector de expresion pET23b que permite la expresion de la p conun
seg de polihistidi enel carboxil 1. Con este plésmido se
transformo E. coli y la expresion de la p se indujo en cultivo por 1a adicion de
isopropil tio galactosido (IPTG). La enzima se purificé por c grafia de afinidad

usando Ni 2* para unir las histidinas del carboxilo terminal. Con esta estrategia se
obtuvieron con una p de

P 98% y actividades especificas entre 10-13
umoles/ (minxmg) (un valor mayor que el que obtuvo Reeves en 1968 de 0.084 umoles

/ (minxmg)) v de 4-5 mg de proteina de un cultivo de 250 ml. Las constantes de
Michaelis para el PEP, AMP y PPi fueron 21, < 5 y 100 uM, respectivamente, que estén
en el mismo orden que el descrito para otras PPDKs. Se d

¢ un pH 6p deby



el P dela p en grafia de filtracion molecular sugiere que

la enzima tiene una estruct éri lar & las de matiz y Giardis lamblia
y dife ala de Bac ides symb que esund La EhPPDK requiere
Mg?* para su dad y no req i 1 un hecho dife al que se
ha descrito para otras PPDKs y la pir las L q

monovalentes para su actividad.
Ya que la EhnPPDK es una enzima que depende de PPi para su actividad y es
particular de pardsitos p tistas, se y6 el ef de 10 andlogos del PPi que se

caracterizan por tener un enl foaf rb foaf (P-C-P) no hidrolizable y un
grupo bl ido al carb E que el andlogo CGP48084 es
el P més p con una K de 67 uM. Se ha d do que este P
también tiene un ef hibidor del de trofi en cultivo. Serfa
1 otros P que en Jos grupos quimicos unidos al

carbono il dela ecul

El estudio de la PPDK de org! P itos es de p || rés porque la
enzima no tiene parte en el hosped h y tiene un mecanismo catalitico
dife al de la pir i Esta cion inicial de las propiedades de la

ERPPDK puede ser la base para inici dios con fines

|




e A A AR e o e e Al

ABSTRACT

The p E b A lytica is an org h main energetic source
comes from glycolysis. It has the singularity that several of its glycolytic enzymes use
pyrophosphate (PPi) ss an slternative phosphate donor to glycolytic intermediates. It

has a PPi-dependent phosphofructol and another PPi-dependent enzyme,
pyruvate phmpluh dﬂdmn (PPDK) which repl. the py i P in
fers the phosph group from

other organisms. PPDK reversibly tr.
! (PEP) and one phosphate group from PPi to AMP giving rise to

a0 2
Py

hﬂ“vplmph-mﬁmhA‘l‘P.wvdy The enzyme was first described by
Reesves in 1968. Recently we cl d and seq d the genw that codes for the enzyme

(ENWPPDK) (Gene.142:249-251, 1994).
Because of its role in the generation of energy (ATP) for the parssite, this work
d bes the fu t char: of EhNPPDK. We overexpressed the gene in E.
coli, purified the 'V and & d its b and structural propertiss. We also

initiated the study of the inhibitory ptoﬁlcwﬂh pyrcphooph-bnmlog-
Previously, we isolated two g b 3 of the ENPPDK
gene. The comph ding frame was twd by the poly hain reacti
(PCR) sschnique and was seq d pletely to ascertain that no mutations had besen
i di d during amplifi cti The amplified fragment was cloned into the
PET23b exp , which allowed the exp ion of the enzy fused to a
! seq of polyhistidine and this plasmid was used to transform

compahntcdhﬁomtheE coli strain BL2IDE3pLysS. The exp was ind d by

adding isopropyl B thio galactoside (IPTG) to a final concentration of 0.4 mM fto a cell
culture grown to an O.D.wam ©f 1. The enzyme was purified by metal affinity

Do "

'

chromatography using Ni?* to bind the 1 poly-h ek of
EWPPDK. With this gy we ot d ples with a p y of app! 98%, specific

tivities by 10-13 les/ (minxmg) (higher than that obtained by Reeves 0.084
umoles/(minxmg)) and 4-5 mg of protein from a 250ml culture. The Michaelis constants

e i e e S At

Lt v A e



of EnFPDK for PEP, AMP and PPi were determined: 21, <5 and 100 uM respectively.
These values are in the same range described for PPDKs from other sources. We also
studied the activity profile at different pH and ined an op PH of 6. By
molecular filtration in Sephacryl col we fi d that the 'y hasa
arrangement, similar to PPDK from maize and Giardis lambdlis, but different from

h is a dimer. EWNPPDK requires Mg ?* for activity besides to that

bacterial PPDK wh 3
bound to the Jeotide, and it has a Koy of 2.1 mM. It has been described that PPDK
fromn becteria and q ) for vy while pyruvate kinase
has a strict req for K*, h er, we did not find req for these

in ENPPDK.
Since EWPPDK is a PPi-dependent enzyme , we tested the effect of 10 different

bisphosph h nnm—hydtolyznblel’ﬂmlo‘n They differ in the number of
carbon b d o the p phorus-carbon-phosph (P-C-P) bond. We found
that compound CGP 48084 is a potent inhibitor of PPDK activity. The K, obtained from

Plots of (Km/Vmax)yy against inhibitor concentration was 67 uM, less than the Ko, for
Pi. This compound is also able to inhibit amebic growth in culture by 50% at a
logs that differ in

concentration of 38 uM. It Id be g to | other
other properties of the chemical sub to imp the inhibitory effect.
The study of PPDK of p itic org is of p 1 b the
enzyme has no partin the h host and has a different catalytic mechanism
This initiat ch ] of the prop of b t

than pyruvate ki
EhPPDK could be a starting point for new therapeutic research.
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L INTRODUCCION

L1 Amibiasis. Perspectiva General

La amibiasis es la enf dad h da por el parasito g
E da histolytica. Este org puede vivir lenell
del intestino grueso, sin embargo, en el estado patolsgico puede invadir la

1 prod do di y en estadics mas avanzados de la
o dad i de drgancs el higado, causando absceso

hepético, unade las p pak de por amibiasis (Ravdin, 1988;
Martinez-Palomo, 1982).

Esta enfi dad afecta principal te a pobl subali tadas que
viven en condici P Y que de una ad a

instruccion en higiene, por lo que es un padecimiento que se ha asociado a la

pobreza e ignorancia (Sepdlveda, 1982; Walsh, 1988). En México, se encuentra
entre las diez causas principales de muerte, por lo que en nuestro pats un gran
itologia se han enfocado a su estudio.

de tigaci enp

Un aspecto importante es conocer los factores que Je confieren
Patogenicidad a este organi asf d i las rel que se

bl enla cion hosped h parésito. A as de suma
relevancia conocer la biologia celular del pardsito, en sus asp funci i
y estructurales para llegar a un mej tendimi de la enf dad

1.2C ticas g les de E: b N L)

E. histolytica «s un org icelular que p dos estadios: el
trofozoito, que es la fase movil e .,y una f inmévil, de
1a dad que es el q Se han realizado p d conel g ya




que no e un del P ! para su ob ! la yor parte de Ia
informacion se refiere a la fase de trofozofto.

Se han d revi bre la bioq: y rfologia
£ ional de E. histoly (McLaughlin y Aley, 1985; Weinbach, 1988; Saaved!
Lira y Pérez-Montfort, 1996, Apéndice ) ademds de otras en las que se¢ trata el
tabolisano de parssitos que de mit drias ( h, 1981;

Miller, 1988; Miller, 1992; Mertens, 1993).
La amiba ha sido considerada como un modelo de una célula sucaristica

“primitiva” (Meza, 1992; Bakker-G Id y W 1993). La

tica mis evid observada en dios de P 3 es
la de boetul tpi tes como son
organel \. 1 4 P de Golgi o
peroxisomas (Martinez-Palomo, 1982 ). Aparte del leo, las mas

conspicuas son las vesiculas. La tabla I resumne algunas caracterfsticas
3 de este p quelo h L delo de estudi




TABLA I

CARACTERISTICAS GENERALES DE Entawsorbs kistolytics.®

-A cin de ik drias y p o
-Ap-nb de Golgi .ubdu.nolhdo

C P "

-Falta de dif iacion entre las dig y vesscul

constitutivas

< scacion esto y no rgida entre b Pl stica y

vacuolas digestivas

-Enzimas digestivas dasals b

-Bomba de p de tipo lar en la b plasmats

Metabolismo y proteinas

-Falta de regulacién alostérica en la glucolisis

Pl dependi de pirof

P; ferred ddorred / ferred citopt

-Ausencia del ciclo de los écidos tricarboxilicos, p [ v via de las

pentosas

A cia de via b . del gl

-Actina altamente divergente

-Si de ub ek llado

-Ubig altam vergente

W&lDNAyRNA
a\h-cyorhdeh.‘umwu

- ™ en forma poco cia de hi

convencionales

-rDNA en plasmid o 2 1

-E S' no traducid

en los mRNAs extremadamante cortos.
~tomado de BekierG. 1d y Wostmann, 1993,




L3 Metabolismo energético.

Como se puede observar en la tabla L a nivel £ 1 la by b
se aparta de las de una c#lula eucarittica tipica ya que carece de
un ciclo de Krebe funcional y una cad de porte de el tipica, por
1o que la mayor parte del ATP que se produce en la célula proviens de la
degradacién de la gl a piruvato por la via de Embden-Meyerhof .

E dos diferencias significa que d Zuen a este pardsito de su
hospedaero: la falta de una lactato deshidrog: (el lactato no es un producto
final de la glucolisis, los productos finales son etanol, acetato y CO:) y el uso
del pirofosfato inargénico (PPi) d dor alternativo de grupos fosfato a
intermediarios en la via de degradacion de 1a gh (Reeves, 1976). En el
parasito la citm de PPi i lular se lrededor de 0.2 mM,
1a cual estd por arriba de la K de las enzi d d de PPi, por lo que

aste P tiene rele cia fisiologica (Reeves, 1976; Wood, 1977). La tabla
n las depend de PPi. La Figura 1 el bok

dela gl enE. lytis ynu\dmmmw«m




TABLA II

R b dependi de & ‘uoy di .
dependientes de pi en E. his by o
= d-lde.‘, disntes immdlﬁ
de NTP
ATP + Fru-6-P — Fl\\-l,c-l’z + ADP PPi +Fru-6-P « Fru-1,6-P2 + Pi
Foufof 1 de de ATP Foafofructocinase dependiense de PPi

PEP + ADP — piruvato + ATP
Pirupato cinesa

PEP+GDP+CO; ~+oxaloacetato+ GTP
PEP carboxicinass

Acetil-P + ADP «» acetato + ATP
Acetato cinasa

PEP+AMP+PPi « piruvato+ATP +Pi
Piruvato fosfato dicinasa

PEP + Pi + CO; « oxaloacetato + PPi
PEP carboxitransfosforilass

Acetil-P + Pi — acetato + PPi
PPi- acetato cinasa

* tomado de Mertens, 1993
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1.4 Metabolisme de la gl y P
Los prod P pales de la degradacion de 1a gl enla
ba son etanol y CO; dependiendo del grado de aerobiosis: los
tres son producidos en biocsis, con una relacion etanol/ de uno
a tres, que en b @ te se form 1y CO2
inbach y Di. d, 1976).

(Montalvo et al, 1971 W,
La entrada de ghucosa a la ctiula se lleva a cabo a traviés de un
y Roeves, 1974) y

de o pecifico ( S
apareniemente este es ¢l paso limitante en la utilizaciéon de glucosa, ya que
no se han deecrito regulad de la glucdlisis. En la mnayoria
de las células la f ion de fr 1-6 bifosfato estd catalizada por uns
fosfofr i depend de ATP (ATP-PFK I) en una reaccion
irreversible que es un p de regulaci lostérica de la glucolisis. Sin

aginalis,

bargo, en g itos E. histolytica, Trich
Tritrichomonas foctus, Giardia lamblia, Toxoplasma gondii y Nasgleria fovwieri,
ademds de otros p ti nop este paso es catalizado por una
fofs d diente de pircfosfato (PPi-PFK) en una reeccion

£

reversible, que aparentemente no tiene una funcion reguladora en Is amiba

(Reeves et al, 1974; Reeves et al, 1976; Mertens, 1993) .
Otro p de regulacion gl litice se enla
£ ion del fosfk ip (PEP) a pir con de una
molécula de ATP. Esta reaccién es catalizada por la enzima piruvato cinasa

en la mayoria de las células. En 1968, Hatch y Slack en plantas y Reeves en

E. histolytica, reportaron la purifi on de una que d i
fosfy (PPDK) que cataliza una reeccion similar a la

dici

pir
piruvato cinasa, es decir la conversion de PEP a piruvato en amibas y la
en pl La s la sigui (Reeves et al, 1968):

b e e Ak i b e



<] v
PEP + AMP + PPi « piruvato + ATP + Pi

La enzimna tranafiere el grupo fosfato del PEP y un grupo fosfato del
PPi al AMP, dando lugar a los fosfatos B y ¥ del ATP, respectivamente.
Se determins que esta ion es ph ble, la
enzima tiene una estricta dependencia de PPi en lugar de ATP como
donador de grupos fosfato y prefiere el AMP, en lugar del ADP, como
a fosforilar. Posteri se las propiedad
cataliticas y estructurales de la PPDK que os ¢l tivo de este trabejo de
investigacion.
Existe una ruta alternativa para la formacion de p a partir de
PEP a través de la accion de otra enzimna dependiente de PPi: una PPi-PEP
boxitransfosforil (Tabla L Figura 1) la cual fija una molécula de CO;
y prod una lécula de PPi y oxaloacetato. Este ditimo es reducido a
V! por una lato deshidrog: conla dacién de una bécul.
de NADH . El lato es p = ‘boxilado y oxidado por una
enzima mélica, con la reduccion de una molécula de NADP* (Fig. 1). Esta
ruta alternativa se ha postulado como un mecanismo por el cual 1a amiba
regenera el NAD* reducido glucoliti te en condiciones serdbicas, a
de una transhidrogenacion del NADH al NADPH (McLaughlin y

Aley,1985).

Metabolismo del pi

E. histolytica carece del ciclo de loe scidos tricarboxilicos, por lo que
el piruvato juega en este punto un papel muy importante en la formacién
de los productos finales del metabolismo de los carbohidratos.




La d rboxilacién oxid de pir & acetil-CoA es catalizada
Ppor una pir £ d bk duct: 1a cual fué purificada y
caractwerizada ( Takeuchi et al, 1975; Reeves et al, 1977). Esta enzima es
sensible a oxigenoc y utiliza P de electr lap Fe-S
ferredoxina, FMN, FAD 6 riboflavins, pero no NAD* 6 NADP* . La
reaccion es reversible, por lo que también se e ha denominado a este

plejo piruvato si ( Fig. 1) (Reeves ¢t al, 1977). Se hs postulado

que los genes de amiba que codifican para esta enzima y para la aicohol

p? " 4 1 Y 1a fon ) probab} o

deshidrog
derivan de genes bacterianos que se transfiri al g a ibi alo
largo de la evolucion (Rosenthal et al, 1997).

Un aspecto interesante €3 que el grupo de los derivados del 5-

i

imidazol actGan como acepb I L delas

diadas por la f doxina. Este tipo de compuestos incluye al
metronidazol, el cual se utiliza ampli e en infecci producidas por
P o bacterias y p actividad do se red su
grupo nitro. En p i 1a fi oxi ducida por la

i6n de la pir e d d duct: eseld dor de
electrones a ése grupo tivo de los ni idazoles, lo que los hace

reactivos en su actividad como antiparasitico (Milller, 1986).
El acetil-CoA puede dar lugar a scetato por una acetato tiocinasa
més o pecifica para 4! dos de adenina ( Res et al, 1977)

con la s is de una lécula de ATP, que puede proveer de energta
1 a la producida en la glucélisis (Fig. 1). Ademds, E. histolytica
una i depend de PPi ( 1a cuarta enzima con esta
peculiaridad) para la cual no se ha d 4 su funci
(Reeves vy Guthrie, 1975).
Alternativamente, el acetil-CoA se £ a et 1 a tr de su
ido a la

Py

tich incatal

conversion a un
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deshidrogenasa, el cual es reducido a etanol por una alcohol
d d de NADH (Lo y Resves, 1978; Lo y Chang,

deshidrog P
1982).

Aparentemente, el NADH reducido glucoliti e puede ser

dado en las ] iadas a 1a f on de 1, ¥ asf, la
transhidrogenacion del NADH al NADPH en la formacién de p a
partir de PEP puede parecer fatil. Sin bargo en b donde se
£ la ddaciéon del NADH puede verse di da, por lo
que dicha ruta puede ser un dio adicional para regenerar NAD* y
formar NADPH. Este ditimo puede d sus eq & d a
una flavina, por medio de una NADP*-flavi d d (Loy
Reeves, 1960).

v bach (1988) propuso un esq del flujo de electrones desde
sustratos reducidos al NAD*(P*), a flavinas, p e & una p
fierro-azufre similar a la ferredoxina, seguidas por ubiq y después a
un acep dl ido que p unp 1 ek gativo similar al
del ci <. El acep de e} final es oxigeno molecular, el cuasl

es reducido a agua . Hay que hacer notar que la funcion de esta ruta
“aerdbica” en la generacion de energia de este pardsito no es muy clara. A

pesar de que se ha d do ubiq en E. histolytics (un org
de mitc drias) los les de este P de la cad
que Jos d doe en otros

respiratoria son 5 a 50 veces
ti ] te aerébicos ( Ellis, 1994; Ellis ¢t al, 1994).

‘P

1 4
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1.8 Propiedades de la Pi F
1.5.1 Antecedentvs

La PPDK se describié por pri vez en 1968 en organismos tan
son el matzy E. histolytica (Hatch y Slack,

di filog _ L

1968; Reeves, 1968).
Hatch y Slack propuss 1a ruta para la fijacién de CO: en plantas
de climas calurcecs que sirve para ol CO: - al sitio de
1a Rubi P do de esta su dad de oxigen. y
- cio asi 1a fi P ion, haciendo a este tipo de plantas més
eficientes. En esta via el CO: @ hidratado en el pl de una célula
mesdfila por la acciém de una anhid carbonica. P i e este e
P 1 que se

iécula de PEP para p
porta al cloropl en donde o reducido a
transportado al cloroplasto de una célula tanico-vascular y ahf as
descarboxilado por una enzima mélica pera formar piruvato y CO;. Para
compietar el ciclo, el piruvato es transportado de regreso al cloroplasto de
1a célula meséfila y ahi es fosforilado por la PPDK para regenerar el PEP
que se utiliza en las primeras reacciones (Haikch y Slack, 1968; Ku et al,
1996). Es interesante notar que la ruta aliernativa para fa fi cion de PEP

en amibas es similar a esta ruta (Fig. 1). Ls PPDK de plantas ha sido
ampii diada desde un p de vista bi ologico ¥ g

con el proposito de hacer més prod P de pl de
econémico ( Rosche y Westhoff, 1990; M ka, 1990; Matsuoka, 1995; Ku

et al, 1996).
Reeves en el mismo aflo (1968) publicé la purificacion parcial de la

PPDK de E. histolytica. No se ha d tad idad de p <i on
£ tos de iba y 1a PPDK sustituye esa funcion; sin

2 a
auna

lato. El malato es
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bargo, a dif ia de la p i que utiliza al ADP como
aceptor del grupo fosfato del PEP, la PPDK cataliza una doble fosforilacion
del AMP: ¢l fosfato en la posicion f del ATP que se sintetiza proviene del
PEP y el fosf: ¥ provh de una lecula de PPi ( Roeves ¢t al, 1968). Se
han descrito PPDKs en Bactervides symbiosus, de la cual existe bastante

fi cio bee el i de AOn asf de sus propiedad
cataliticas y estructurales (Reaves, 1971; Wang ¢t al, 1988; Pocalyko et al,
1990; Herzberg et al, 1996). Tamt oe ha rep do la purificacion y
caracterizacion de la PPDK de Giardis lemblia (Hrdy ¢t al, 1993) y se ha
portado la cl ony iscion del gene que la codifica
(Nevalainen et al, 1996; Bruderer ef ol, 1996).

Nosotros reportamos la cl ion y cion del gene que
codifica para la ima de E. histolytica ( Saavedra-Lira y Pérez-Montfort,
1994; paginas siguientes). El andlisis de 1a de aminoscid
d 6un p je de litud de alrededor del 50% con las PPDKs
de mafz, B. symbiosus y Flaveria trinevvia. Tamb se d regiones
altamente das que 1} se sabe que estin involucradas en
1a union de sustratos.
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ABSTRACT
library of E. ba histolytica strain HM 1:IMSS, whose

shows

We isolated three overlnppm' clones from a DNA
(ot . .

s of 51, 48 and 47% with the amino acid (aa) sequences reported

for the pyruvate iki from B, des )
frame determined codes for a protein of 886 aa.

maize and Flaveria trinervia, respectively. The reading

INTRODUCTION

Car d li of Ei ba histolytica
shases some peculiaritics with that of other parasitic pro-
tists. In these orgamsms. key enzymes of the glycolytic
P y like ph h or pyruvate kinase,
are replaced by enzymes lhal use mornmc pyrophos-
phate (PP)) i d of ad s h: (ATP).
as a donor of phosphate groups (Mertens, 1993).
Pyruvate kinasc activity has not been found in E. histolyt-
ica, but Reeves (1968) reported the purification of an

that ¥ the i of ATP from phos-
phoenolpyruvate (PEP). with a mechanism of doublc
phosphorylation strictly d o on PP, and ad

Correspondence 10: Dr. R. Percz-Montfort, Departamento  de
Microbialogia. Instituto de Fisiologia Celular, UNAM. Apdo. Postal
70242, 04510 Meaico D.F.. Menico. Tol. 152-5) 622-5657: Fax (52-5)
622-5630: c-muil: rmontfor:d icsun |iisiol.unam.mxs

*On request. the authors will supply detailed experimental evidence for
the conclusions reached n this Short Communication.

Abbreviations: ad. amine acidisi AMP. adenosinc 5-monophosphate:
ATP. adenosine 5’ tnphosphatc: . base pairts): cDNA. DNA comple-
b. kilobase(s) or 1000 bp: ni. nuclco-
lidc!!): PEP. ¥ ate:  PPDK,
genc PPDNK: PP,
SSC. 0.15 M NaC10.018 M Naycitrate pH 7.6,

SSDI 037B-1119(94)100050-3

S'monophosphate (AMP). In this case the phosphate
group from PEP and one phoxphale group from PP. nre
transfersed to the B and v i of AMP, respe

This enzyme was mamed pyruvate phosphate dlkm-sc
(PPDK).

In a previous work we have reported the identification
of a clone from a library of DNA complementary to RNA
(cDNA) of E. hlsml,\ tica strain HML:IMSS, whose se-

pprox. 20% of the gene encoding
PPDK (Snavedr- Llra et al., 1992),

EXPERIMENTAL AND DISCUSSION

(2) Sequencieg

To de inc the of the gene. we
screened a genomic llbrary of E. histolytica strain
HMI1:IMSS constructed in AZAP (Short et al., 1988)
using this cDNA clone as a probe. With this strategy we
isolated three overlapping clones whose 3033-nt sequence
(Fig. 1) ins an open ding framc for a p in of
886 aa. with a calculated Af, of 97899,

(b) Protein w
The cor with the
SwissProt (releasc ’5) and NBRF/PIR {releasc 30) data
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Fig- 1.

ol PPDK. Start and stop
codons shown in capital letiers are undertined. GenBank accestion
number: U02529. Maethads: Clones from a ;ZAP genomic library were
hybridized with a 960-bp EcoR1 fragment from a cDNA clone that has
20% of the PPDK genc (Saavedra-Lira et al.. 1992). Hybridization
temperature was 65°C and washing conditions were 2 x SSC/0.1% SDS
a1 65°C far 60 min. Positive clones were excised in vivo (Short et al.
1988) and their nt sequence was detcrmined by the dideoxy chaine
termination method (Sanger et al. 1977) using

gions A, B and C in Fig. 2). are also conserved. It has
been proposed that these sites are involved in the PEP
ding and in the of p to the
catalytic His residuc (Reizer ¢t al.. 1993)
The PPDK scquence of E. histolytica also contains a
region present in the other three sequences (@), which is
rich in the aa residues Q, R. P, E and S, similar to xhe
region prop as a linker
in Enzyme I (Reizer ¢t al., 1993).
Qur results confirm the existence of PPDK in tropho-
zoites of E. histolytica. The study of this enzyme will
our k ge about the of this

parasite whose main energetic source is glycolysis.
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the catalytic site (Pocalyko et al., 1990). Regions A. B and C are proposed sitcs involved in the binding of PEP and transfer of phosphoryl groups.
Region Q is similar to that proposed in Enzyme | as a linker between two structurat domains.
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1.5.2. Propiedades de 1a PPDK

AL " de

Se han reportado las propiedades de varias PPDKs (South y Reeves,
1975; Benziman, 1975; Milner et al, 1975; Hatch y Slack, 1975; Edwards et al,

1985).

Como se ha d te, 1a PPDK cataliza la stntesis
&Aﬂlmd.AMi’,PEPymh i6n sets f cida en esta
direccion a pH 7.0 y es en este tid funci enp y
b En pl ia 16n funci hacia Ia sintesis de PEP y esté

da porla g ia de altas ! de pirofosf, y
denilato ci en pl (Ed ds et al, 1985).

La reaccién tiene lugar en tres p 3 . )| la
fe cion de un diari PPi y otro enzima-P. El grupo
aceptor de los grupos fosfato es una histidina (His) que se presenta en el
sitio activo de la Elesq dela ion es el sig (Evans y

Wood, 1968; Wang et al, 1988; Carroll et al, 1990; Thrall et al, 1993):
DE Kis + P PP P*-Ade + Pi +~ Ey;s p'p P-Ade Pi

2)Epis PP P™~Ade Pi « Epyp + P Pi + P -Ade

3HE HisP‘ + piruvato «— Epgjy + PEP®

Por estudios cinéticos se sabe que la reaccion puede dividirse en dos
reacciones parciales: el paso 1y 2 P de lo que se d ina la ci6
parcial del nuclestido mientras que el paso 3 P de la ion parcial con el
pnruvalo (Wang et al, 1988; Thrall y Dunaway-Mariano, 1994). Cada una de las

ial den llevarse a cabo independientemente de Que se realice

P P
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4 1de la

laci do con ls estr

1a otra y este hecho ests

proteina.
El i de do por la identificacion de dos
P bes con el ledtido y con el piruvato (pir)/PEP llevs a la
P lacion desde muy v de que la enzima estaba arreglada en dominios
estr les ¥ fi les indey d) cada uno responsable de llevar a cabo
las P Jes . Esta proposicion fué apoyad. be por
estudios de protdlisis ( Carroll et l, 1994) ¥ por estudios con en las que
b les por sep do. En este caso las

se eliminé cada uno de los d
protet pudieron ! las ci P
conservabe (Xu et al, 1995b).

tridi 1 se

La PPDK de B. symbicsus se cristalizé y la esty
berg et al, 1996) (Fig 2). La estructura

dientes en el dominio que se

resalvié a una lucion de 2.3 A (H:

d: 6 que cada subunidad del dimero de 3 domi estr 3

en el que el d en donde se 1a histidina catalftica ests flanqueado
poreld de del 3 do en el i 1y el
dominio de unién del pir/ PEP en el carboxilo & inal. Este arreglo
tiene 1a particularidad de que los sitios de de los e

separados por 45 A de d ia. El acoplk de sitios tan distantes se
facilita por el d dio de la fosfok dina que tiene dos uniones
flexibles. Esto Je p estar en dos estad i cionales diferentes, cada
uno rep do por este d \ do a cada uno de los dominios de unién
de La interfase del d& eath Fo d 1 te por el d i

del pis/PEP y l1a estructura impide la posibilidad de transferir fosfatos entre

monémeros.

RN aas e et e
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El domi de union del ledtido se de en tres subd el
primeroy basi e con estr a+P que tienen un plegamient
similar a Jos d de on de )] dos de otras enzimas que unen

lestidos. El subdomini dio de una vaina de 4 a-helices. Por
otra parte, @l dominio del pir/PEP p una de barrit a/B8, muy

similar al de la piruvato cinasa, a pesar de que la similitud a nivel de la secuencia
de aminodcidos no es significativa (Herzberg et al, 1996).

2. 2

Estos prop que la én de 1a puede ser
ci te: el domi de la histidins catalftica pusde estar “ riéndose”
de un d i & otro y el resultado dependers de la
disponibilidad de los on dichos d (Herzberg et al, 1996).
La esty tridi | b ha ayudado a la identificacion de
i imp parala del pir/PEP. Se ha identificado una Cys en la
6m con el pir Xu et al,

posicion 831 esencial para llevar a cabo la
1995a). También se ha identificado que la arginina (Arg) 561 tiene una funcién
importante para la union del fosfato en la on del pir/PEP. Este residuoc ests

Ppresante en una region rica en glicina que pusde formar una asa para la union del
fosfato (Yankie et al, 1995).




Fig. 2 E:

Se d

del
(Tomado de Herzberg e al, 1996).

io de 1a

16

de 1a PPDK de Bacteroides symbiosus.

)| azul, inio de unidén del
amarillo, histidina catalftica;
dominio de union del pir/PEP; gris, péptidos de unién.
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Algunas de las propiedades fisicas y moleculsres de la PPDK de matz
ds e# al (1985). Se ha descrito que la PPDK de matz

£ P das por Ed
«s rel te 14bil: se inactiva en ia de > tiol, cia de
magrwsioy a P por debsjo de 10° C. Esta enzima tiene una estructura
drica y cada sub dad tiene un peso moleculer de 94 kDa.
e esun b A6

A diferencia de la enzima de maiz, la de B. sy
cuyas subunidades tienen una mass nclecular de 94 kDa estimada por geles de
bién es L4bil al frio (South y Reeves, 1975).

poliacril da-SDS y
La caracteristica de labilidad al frio ha sido explorad e (Ohta
et al, 1996). Se describic que la PPDK del g Flaveri ii es tol -
bajas P Los aut yeron p quiméni con
sensibles al frio o dias. Por experi de mutag dirigida
identifi tres inodcidos en el carboxilo inal de la p que
te estan invol dos en la iacion de las dif bunidad

La enzima de G. lamblia ha sido purificada y caracterizada (Hrdy et al,

1993). Poses una estructura tetramérica con una masa molecular de 372 kDa.
ElpHoop de la ividad de varias PPDKs se encuentrs alrededor de 6

en la di ion de de ATP, que en la direccién contraria se

encuentra alrededor de 7.2-8.0 (Edwards et al, 1”5).

Para las PPDKs que se ! se ha reportado que
i de un ! (NH,¢* o K*) psra su actividad en ambas

direcciones (Edwards et al, 1985; South y Reeves, 1975; Hrdy et al, 1993).
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1.6 Tratamiento actual de la amibiasis

La eleccion de un far para iniciar un de amibiasis
dependde de la localizacion de la infeccién. Los ag bi se han
dividido en tres grupos (Seavedra-Lira y Pérez-Montfort, 1996. Apéndice):

1) Agentes ] les, que se por su baja absorcién en el se
aplican en inf i les (Chlioqg; 1 o Er £ F .
Eritromicina)

2) Ag i (tales como 1a Emetina que s aislada de la ip ) se
distribuye en varios 6rganos y se P pal e en el higado. Este

fa tiene { d enel d 1

3) Agentes mixtos, son derivados del nitroimidazol (Fasigyn, Tiberal y
Metronidazol). Estos P t tividad i do se red su
grupo nitro para formar radicales libres. Como se cioné se, la
ferred ducida por la accion de la pir £ doxi cid duct:
pued und dor de ek al grupo ctivo de los
nitroimidazoles. El oxigeno es un fuerte petidor del tronid 1, por lo que
no hay acti ion del P ensup y por lo tanto el farmaco es més
activo P tist: bios y b tales Trick Giardia y

Bacteroides (Miller, 1986).

1.7 El uso de bifosfonatos para inhibir A dependi de
pirofosfato
En aftos las i L das en el boli de los
park han tdo la ion para el d llo de nuevos fairmacos
parael to de enf dades p rias. G | te estas
estan invol das en vias metaboli que son peculiares del

parésito en cuestion. Algunos ejemplos de enzimas cuya estructura
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'Y ied
L ]

¥ que son bl parael d i 1 de
P son 1a hip tina-guanina foaforribosil € de
tripancsomitidos (Ullman y Carter, 1995); la dihidrofolato reductasa-
timidil de Leish

ia (McKie, 1994) y la tripanotion reductasa
de Trypsncsoms (Douglas, 1994). Tambié de la via gl i

1a gliceraldehido 3-fosfato deshidrog; ¥ 1a tricea fosf
i de trip Atidos han sido estudiadas con este enfoque
(Veslinde et al, 1994; Gomez-Puyou et al, 1995).

Delos dios pi lizados por Reeves sobre el metabolismo
energético de E. kistoly se ha ido que la iba utiliza
activamente ¢l PPi en ¢l metaboliamo de los carbohid (Re , 1976).
El hosped h nop esta peculiaridad, por lo que se ha
Propuesto que las depend de PPi de parésitos pueden ser
bl i tes para tigaci peGticas.

Con este enfoque se han iniciad tudios sobre la inhibicion de 1a
fr £ depend de PPi (PPi-PFK) de E. histolytica (Jiménez et
al, 1992; Bruchhaus et al, 1996). En este dltimo trabsjo, los prob
el eft ded bifosfonat P con un enl fosf;
carbono-fosfato (P-C-P) no hidrolizabl

son inhibid petitivos con
(CGP4s084, - s lod

y que estos derivados
P al PPi; 1os mas potentes

y una K, de alrededor de 50

uwM con ala ial

P P purificada. El risedronato a una
concentracion de 10 uM tré : { bre el de

un
trofozoftos en cultivo (Bruchhaus et al, 1996).
Se han lizado otros di sobre 1a PPi-PFK de
Toxoplasma gondii y su inhib con bifosf: on el que prueban el
efecto de los grupos quimicos presentes en el derivado, que aumentan la
pacidad de inhibicié

fai

P en fibroblast

tanto de la enzima como de 1a replicacion del
en cultivo (Peng et al, 1995). Este grupo encontrd

FECTPRS—




que la presencia de un grupo carbonilo o imino entre los dos grupos
fosfato ests do con un efs inhibidor mayor, por 1o que este
compuesto es un buen prototipo para el disefic de inhibidores mis

P dela

En ba ls otra glucolftica dependiente de PPi es 1a PPDK
que también puede ser esstudiada desde un punto de vista terapeitico
dada su imp ia en la g iom de energia para el parisito.

N P 1acl cion y iacion del gene que
codifica para la PPDK de E. histolytics ( Saavedra-Lira y Pérez-Montfort.
1994) por Jo que el propoeito de este proy de tigacion es d
las cheristicas funcionales de la (purificada por primera vez) as{
como conocer e} perfil de inhibicion con anslogos del PPi.

LAY Sl e
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1. OBJETIVOS

Este trabajo de investigacion ssth enfocado hacia la caracterizacion

bioguimica de las PPDK de E; be A ¥ uns enzi glucolftica que
ﬂ-mmﬁmdnwmhmbmddmn.

Con este obj , el trabaj P 1 se dirigit en primer Mrmino
hacia la sob P delap o un b yel

hleck de un eaq para su purificacion. Con la p purificada

se procedio a estudiar algunas de las propisdades bisicas de la PPDK
amibi e inacion de sus el el uso de cofi y

Ya que la no tiene parte en of hosped h yes
N =l para f gaci i <l

estudio del perfil de inhibicion con andlogos del PPi (bifosfonatos).



111 METODOLOGIA
La parte pond a teriales y mvétodos se incl en el articulo
de tigacion (capitulo de resultados)

IIL1 Metodologia adici 1

Determinacién de las constantes de Michaelis

Las dici del Y dtico para la d de la Ka
para los dif fu 50 M imidazol pH 6.3, 20 mM NH.CL, 4.5
mM MgCl, 0.2 mM PEP, 1 mM AMP, 1.25 mM PPi, 0.2 mM NADH, 13 ug de
L deshidrog y de 600 a 700 ng de PPDK. Para el ensayo de cada uno
de los e b las i ionadas de

1o otros dos sustratos y el sustrato al gue se determina la Ko se usé a

bles : PEP (10, 15, 20, 25, 30, 40, 60, 70, 80, 160, 240, 320
uM); PPi (10, 15, 20, 25, 30, 40, 60, 70, 80, 160, 240, 320, 500 y 1000 uM); AMP (5,
10, 1S, 20, 25, 30, 100 y 1000 1M). En et caso del PEP y PPi, el ensayo se realizé

en un vol de 3 ml, que para el AMP se utiliz6 un volumen de 4
ml. La ion se con la ad dela (600-700 ng).
D 4 1i6m del ef del magnesio en la actividad

El efecto del magnesio se determiné en las condiciones de ensayo

descritas para la d inacion de la Ka. Las i de rs que
se ensayaron variaron desde 0 a 10 mM. A altas concentraciones de Mg?*
(arriba de una concentracion de 6 mM) se obeervé un efe hibidor de ap

30%.



Efecto inhibidor de otros andlegees del piraofesfato

Se probo el efecto de 10 andlogos del PPi que difieren en la longitud y

grupos q dos al carb 1 del scido fosfénico
(Fig 3). . :

El ensayo de inhibicion de estos andlogos del PPi sobre la actividad de la
PPDK se realizé utili do el yo Atico descrito en materiales y

métodos del articulo. Dado que Jas cantidades de esios andlogos fueron
limitantes, se utilizé una concentracion fijs de PPi (300 uM) con una
concentracion fija del inhibidor (1mM) y se p dis a & i elp y
de inhibicion a ess i6n. En el caso del compuesto CCP48084, la K se
d on tos de P an el que se varié la concentracion

de PPi de 20-500 uM con d h de inhibidor (50, 75 y 100
X cion de

uM). La K;se determind con regrificos de (Ka/V,
inhibidor.




. i foat. Hid Bifoaf
(Ghideonate)
~ - o .Yon
_— b
e O Dl o o
- CGPres7s CGPI3SWA

Fig. 3 Analogos del PPi.
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1IV. RESULTADOS

Los resultados y discusion de 1a sobre exp ony dela
EhPPDK estén 4

enel lo de igacion (paginas siguientes) as
como resultados sobre la inhibicién con tres bifcsfonasos.

Resultados no mostrados en el articulo de investigacion.

A continuacion se musstran los regraficos de dobles reciprocas para
determinar la K. para ¢l PEP y el PPi.

1%
PN I

A L XERR R AL

. e o3 B A S 80 M
1/5Er) et
Fig- 4 5

de dobles pars la & delos
valowes de K para ¢l PEP y ol PPi. Pr dic de los vak cualad,
de dos exp depend

R 2 em m = = -

1/7iem) et

Los valores de Ka. para el PEP y el PPi que se obtuvieron fueron 21 y 100
uM, respectivamente, y se reportany d

enel lo de tigaciom.
En el caso del AMP 3610 se pudo reconocer que la K, era menor de 5 uM,

ya que el tipo de snsayo y el intervalo para esta Ka. estuvo fuera de nuestro

P



Resultados adici 3 bre la inhibicién de la ERPPDK con
bifcefonatos

La tabla M p los jes de inhibicion con los 10 anslogos del

P

PPi a una concentraciéon de 1 mM.

lehmlmik“.“hmxm“mbﬂ'ﬂm

Se ermayo el efecto de 10 bif de‘l-lM.
Se rep «l ,) de iniiby dt la dad total (Pre de3
Inhibider W @e inhibicien
“EF e 100
Risedronato (CGP39200) a3
Zoledromato (CGP42446A) z
Imidodifosfato 23
Hid: Dém by (Ezid: ) 13
Hid, b 9
.. e b 7
Alendronato (CGP 40706) (]
Pamidronato (CGP23339A) o
Clodronato (CGP41388A) o

Los resultados que se muestran en la tabla il indican que el andlogo més
P esel puesto CGP48084, por o que se p di6 a d su
constante de inhibicion en el yo de inhibicion d to en les y
métodos. En la figura 5 se muestra el regrifico de dobies reciprocas en el que se
observa que este compuesto es un inhibidor mixto con respecto al PPi ya que
modifica 1a Ka ¥ 1a Vaux. En el inserto se muestra el regrifico de (Ka/Veau)wy

i6n de inhibidor para d el valor de K; en el
intersecto con el eje de las x, el cual se calculs en 67 uM. Este valor es mucho
menor que el que se obtuvo con los andlogos hidi tilén (etid )

hid e hidroximetilén bifosf to que se rep en el ar




(13, 43y11 mM P ). Es te notar que este compuesto

también presents un valor de K. de 50 uM do se probé su ef con la PPi-
PFK de amiba (Bruchhaus et al, 1996).
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Fig. 5 Inhibicion de la EnPPDK con el andlogo CGP48084 (Promedio de 3

Se probé el efecto inhibidor del anslogo a dife dro)
eny ia de dify de PPi. Grafics de dob e
que la inhib mixta. I regréfico de (Ka/ Vaw)epp contra

de inhibidor para d 1a K ( con el aje de las x).
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The parasite Entamoeba histolyticd is an organism whose main
energetic source comes from glycolysis. It has the

singularity that several of its glycolytic enzymes use
pyrophoshate as .5 alternative phosphate donor. Thus,

pyruvate phosphate dikinase (PPDK), an inorganic

pyrophosphate (PPi)-dependent enzyme, substitutes pyruvate
kinase present in humans. We- previcusly cloned and sequenced

the gene that codifies for PPDK in F. histolytica. We now '
report its expression in a bacterial system and its

purification to 988 homogeneity. We determined its K. for
phosphoenolpyruvate, AMP and PPi (21, <S5 and 100 uM, .
respectively). Unlike PPDK from maize and bacteria and 1
pyruvate kinase from other cells, EhPPDK is dependent on
divalent cations but does not require monovalent cations for
activity. The enzyme ha--.n optimum pH of 6.0, it is labile
to low tonp.r-tuio- and has a tetrameric structure. Since

EnPPDK is a PPi-dependent eniyne we ‘1.0 tested the effect

of some pyrophosphate analogs as inhibitors of activity.
Studies on the function and structure of this enzyme may be
important for therapsutic research in several parasitic

diseases, since it has no counterpart in humans.




Key words: pyruvate phosphate dikinase, Entamoeba

histolytica, expression, purification, characterization

Abbreviations: EhPPDK, pyruvate phosphate dikinase from
Entamoceba histolytica; PCR, polymerase chain reaction:; PPi,
inorganic pyrophosphate; PPDK, pyruvate phosphate dikinase;

PEP, phosphosnolpyruvate.




Entamoeba histolytica, the agent causing human amebiasis,
has several morphologic and functional properties that make
it a model for primitive eukaryotic cells ([(1]. It lacks the
enzymes of the tricarboxylic acid cycle and oxidative
phosphorylation. Thus, the main source of metabolic energy
derives from glucose transformation through the Embden-
Meyerhof pathway and the conversion of pyruvate to ethanol,
acetate and CO; [2,3). E. histolytica and other protist
parasites have the characteristic that several enzymes of
the glycolytic pathway use inorganic pyrophosphate (PPi) as
donor of phosphate groups to qucolytic intermediates [4]).
E. histolytica has a PPi-dependent phosphofructokinase [5)
and another PPi-dependent enzyme, pyruvate phosphate
dikinase (PPDK) which replaces the pyruvate kinase of other
organisms [6,7]. PPDK reversibly transfers the phosphate
group from pho-pho.nolpytpvnto (PEP) and one phosphate group
from PPi to the B and y positions in AMP, respectively,
producing one of the two ATP molecules made in glycolysis.

. This enzyme was described simultanecusly in plants [8] and
E. histolytica (EnPPDK) [6). There were few studies on EhPPDK
until we identified a clone in an amebic cDNA library which
contained approximately 208 of the gene [(9]. Subsequently we
cloned and sequenced the complete gene [{10]. The derived

o




amino acid sequence and the regions related to the motifs
that bind substrates are highly conserved in the primary
sequence. The l:_in.tic- of PPDK from Bactercides symbiosus
has bsen extensively studied (11] and its crystal structure
has also been described [12]). PPDK and the gene for this
enzyme have alsc been described in Giardia lamblia ([13, 14,
15]).

.
¥We are interested in the functional characterization of
EhPPDK because of its role in the generation of energy (ATP)
for the parasite. Thus, we overexpressed the gene in
Escherichia coli, purified the enzyme and determined its
kinetic and structural properties. We alsco initiated the
study of the inhibitory profile with pyrophosphate analogs.
Since the metabolism of the parasite differs in some aspects
from its equivalent in the human host, knowledge of the
function of PPi-dependent enzymes is particularly
interesting, because it:A may be relevant for future

therapeutic studies.
MATERIALS AMD METHODS
Construction of the uninterrupted EhPPDK gene.

We isclated two genomic clones containing sequences o©f the

EhPPDK gene in opposite directions from a common EcoRI site

1]



[}0). The éonplot. reading frame was :ocbh.:guctod by the
polymerase chain reaction (PCR) with Vent polymerase
(Biolabs). Briefly, both codifying fragments were amplified
separately from the common ECORI site in a first reaction,
creating a complementary region between the two clones. The
oligonucleotides PPDK7fw 5S° tacaagactttGAATTCactattgaaag3’
and PPDKl1Srew S5’ctttcaatagtGAATCaaagtcttgtald’ and the
external oligonuclco;id.s PPDKLw
5'g.gctcgq.tccgcthca:chaag;;taa' and PPDKrew

5’ ctcgaggtcgacgctagecattttctcttgg3’, were used. In a second
reaction we mixed the amplified fragments and only the
external oligonuclectides, that have restriction sites for
Nhel, were used. With this strategy we amplified a fragment
of 2.7 kb containing the codifying sequence of EnPPDK. The
product was sequenced completely tc ascertain that no
mutations had been introduced during the amplification

reaction.

Expression of EhPPDK.

Expression was performed in the bacterial system pET
(Novagen), which is under control of promoters recognized by
T7 RNA polymerase [13]. The amplified fragment was cloned as
a Nhel fragment in the pET23Db expression vector, which

allowed the expression of the enzyme fused to a

carboxyterminal sequence of polyHis. Cells from the E. coli




strain BL21DE3pLysS made competent with CaCl: were
transformed with the vector and transformants overexpressing

EhPPDK were selected.
For the expression assay a bacterial colony was inoculated

in LB [17] medium containing 100 ug/ml ampicillin and
The culture was grown until

incubated at 37 °C with shaking.
0.4 mM IPTG was added

it had an O.D.soonm ©f 1, at this time,

and the incubation continued for 14 hc;urs. Expression of the
protein was ncmitoé.d by po’lyaczylmid. gel electrophoresis
in the presence of sodium dodecyl sulfate (18] using
bacterial lysates taken at different time intervals after

induction.

Purification of ENPPDX.
A 1 ml Hi-Trap column (Pharmacia) previously coupled with

Ni?* was used. The column was prepared by washing it with 2

volumes of 0.1 M NiSO,, 5 volumes ©f water and 10 volumes of
buffer A (5 mM imidazole, SO0 mM NaCl, 20 mM Tris-HCl. PpPH

7.9).
Cells overexpressing EhPPDK from a culture of 250 ml were

centrifuged S min at 5000 x g and resuspended in buffer A.

Cells were broken in an ice bath by sonication in one minute

intervals until a clear extract was obtained. This was
centrifuged at 39000 = g for 20 min to eliminate cellular

debris. The supernatant was applied to the affinity column




and washed with 15 column volumes of buffer A. This was
follouod by a wash with 2 column volumes of ﬁutlor A
containing 60 mM imidazole, pPH 8.1. The protein was eluted
with 2 column volumes of buffer A containing 100 mM
imidazole, pH "2( Since we observed that the enzyme is
inactivated by temperatures below 10 °C, it was stored in
the elution buffer at 22 °C. In these conditions, activity
was stable for at least 2 weeks. Protein concentration was

determined according to Lowry [19).

Ensyme assay.

Activity was determined in the direction of ATP and pyruvate
synthesis and was measured by trapping pyruvate with lactate
dehydrogenase and following the oxidation of NADH
spectrophotometrically at 340 nm and 25 °C. The assay
reported for the bacterial enzyme was used initially ([20],
but it was modified for o-pcxniz.tion ©of the activity of the
amebic ‘nzym.: the reaction mixture contained 50 mM
imidazole, PH 6.3, 20 mM NH.Cl, 4.5 mM MgCl., 0.2 mM PEP,

0.2 mM AMP, 1.25 mM PPi, 0.2 mM NADH (all as sodium salts
from Sigma) and 13 ug lactate dehydrogenase in 1 ml volunme
reaction. The reaction was started by the addition of
EhPPDK. The K. Values for PEP and PPi were determined in a 3
ml reaction volume and the assay for AMP was performed in a

4 ml reaction volume. The Km for all three substrates was




determined by double reciprocal plots of 1/Vo against

1/7(PPi).
Effect of oations on the activity.

To determine the effect of monovalent cations on the

activity of the enzyme the substrates tricyclohexylammonium-—
PEP, pyrophosphoric acid, adenylic acid and NADH (this last

as disodium salt) at pH 7 were used for the enzymatic assay.

The ionic strength was maintained constant at 100 mM with

tetramethylammonjium salt. To test the effect of Na® on the

activity of the enzyme the NaCl in the elution buffer was
separated from PPDK by filtration in fine Sephadex G~25, but

the enzyme lost 608 of its activity in this step. This loss

of activity was due to th‘ process of filtration and not teo

the absence ©of salt. Thus, we used EhPPDK without further
The reaction mixture always had at least 500 uM

treatment.
of residual Na® from the elution buffer and the NADH,

concentration that had ﬁo effect on the activity of the

enzyme.
Inhibition studies with PPi-analogs.

The PPi derivatives were the tetrasodium salts of 1-
hydroxyethylidene bisphosphonic acid; l-hydroxymethylidene



bisphosphonic acid and l-hydroxynonane bisphosphonic acid.
All the derivatives were kindly synthesized by Dr. Benjamin
ortiz (Instituto de Quimica, UNAM) according to Baeyer (21).

Inhibition of EhPPDK was measured using the enzymatic assay
mpetition periments using different

described above in
concentrations of inhibitor with different concentrations of

PPi in a volume ©of 3 ml. The type ©Of inhibition produced by

different analogs was dotorngncd using double reciprocal

pPlots of 1/Vo against 1/[PPi). The value of Ki was
calculated from the intersection with X axis in Dixon plots

of Km/Vmax against the concentration of inhibitor.

Optimun pN.

The buffers for the determination of optimum pH were 50 mM

Tris-acetic acid (pH 5-6), imidazole-HCl (pH 6-7), Tris-HCl

(PH 7-8.5), Mes-Tris and Pipes-Tris (pH 6.3).

of EhPPDK.

Determination of the oli ic str

Purified EhPPDK was analyzed by molecular
and S-~500 in buffer

filtration columns
(0.7 = 20 cm) of Sephacryl S-300, S-400

A containing 100 mM imidazole. Molecular mass standards were

ferritin (445 kDa), P-amylase (200 kDa) and bovine serum

albumin (66 kDa).



RESULTS AMD DISCUSSION

Reconstruction of the gene and eaxpression of EhPPDX.
A fragment of 2.7 kb containing the complete open reading
frame codifying for EnPPDK was amplified. Cloning this

fragment into the expression vector pET23b permitted the

expression of the protein in E. coli strain BL21DE3pLysS.

After three hours of induction, bacterial lysates from

different clones that carry plasmid pET23b~EhPPDK showed a

faint expression of the protein in SDS-PAGE. A greater

accumulation of the protein (98 kDa) was cbserved 14 hours

after induction, bacteria without plasmid did not show this

protein band (data not shown).

Purification of EhPPDK.

The enzyme was purified by metal affinity chromatography
using Ni** to bind the terminal polyHis of recombinant
EnPPDK. Samples with a purity of approximately 98 % were
usually obtained. Figure 1 shows an analysis by SDS-PAGE of

the different fractions obtained in the affinity

cromatography of EhPPDK and Table I summarizes the
purification of the protein. Most of the enzyme bound to the

column (Fig. 1, lane 3). Approximately 16% of the total

activity was lost in this step in the form of enzyme not

trapped in the column. In the washing step with 60 mM

11



imidazole, 4% of the total activity of EhPPDK was lost, but
the eluate had a vor& low specific activity (2 u-ol_o.

pyzﬁvato/nin mg) . Practically all contaminants are eluted in

this step (Fig. 1, lane 4). The rest of EhPPDK activity is

recovered in the elution step (Table I) and the purified
enzyme shows one band in SDS-PAGE analysis (Fig. 1, lane S).
Typical purifications yielded 4 to S mg of pure protein
starting from 250 ml bacterial culture. The purification
factor oscillated arocund 9 with a yield of 72¢. The specific

activity was 10-13 umole pyruvate/min mg. This value is

higher than the one reported by Reeves for the same enzyme
partially purified from trophozoites (0.84 umoles
pyruvate/min mg) (6]. The activity we -obtained is closer to

that reported for PPDK from 5. symbiosus (10-24 umoles/min

mg) [22].

Xinetic ch sation of EhPPDK.

The Michaelis constants of EhPPDK for PEP, AMFP and PPi were

determined (Table IX). The assay was performed in imidazole-

HCl pPH 6.3 containing 4.5 mM Mg*°. The K. for PEP was 21 uM
which is lower than the value obtained by Reeves (70 uM) (6]

and those reported for B. symbiosus and maize (60 and 140

M, respectively) (20, 23], and similar to that of G.

lamblia (24 uM) [(13]. The K. value for AMP could not be
12




i.alur.d exactly with our assay, but our results showed that
th‘ Ka was lower than 5 uM. The valﬁ.. reported for the
other enzymes were in the same range (G. lamblis, B.
symbiosus and maize, S, 3.4, 10 and uM, respectively) (13,

20, 231. The K. for PPi is 100 uM. The values for PPi

reported by Reeves for £. histolytica and those reported for

8. symbiosus, maize, and G. lJamblia were 100, 100, 40 and 29
.
uM, respectively {6, 13, 20, 23]. It is interesting that
o
EhPPDK and PPDK of G. lamblia are more similar in these

kinetic properties than ameba versus maize and bacteria.

Optimum pM.

The activity profile of EhPPDK at different pH using buffers
contatpinq Tris-acetic acid (PH 5-6), imidazole-~HCl (pH 6-
7)), Tris-HCl (pH 7-8.5) was determined (Fig. 2). The optimum
PH is 6 for activity in the direction of ATP synthesis,

which is in the same range as the enzymes of maize and

bacteria (pH 6.4-7) {23). When the enzyme was incubated for

30 min at pH 6.0, in Tris-acetic acid buffer, some activity
> t assays. To

was lost. Thus pH 6.3 was ch for q
explore if there w‘s an effect of the assay buffer on

activity, Mes-Tris and Pipes-Tris (pH 6.3) were also tried.

The same activity was observed in the three buffers.

13




Effect of diveslent cations on activity.

The effect of divalent cations has been explored in PPDKs
from other sources. It is known that the enzymes from
Giardia lamblia, B. symbiosus and maize require Mg?* for
their activity in addition to that bound to the nucleotide
(13, 20, 23). Mg* is necessary for EhPPDK activity with an
optimal concentration of 4.5 mM (Fig. 3A). There was a
decrease in activity of apprdximately 10% at higher
concentrations. The Kee ©f the enzyme for Mg?*® is 2.1 mM.
The effect of Mn? could cnly be tested at very low
concentrations (0-0.45 mM). This was due to precipitaton of
the phosphates present in the roaceion mixture at higher
Mn?* concentrations. In this range there was a two-fold
reduction of activity when compared with Mg?** (data not
shown) . "This effect of Mn’ is similar to that observed for
pyruvate kinase (24]. It -13 known that Mg?®" and Mn** can

occupy the same site in the enzyme [24] .
Effect of monovalent coations on activity.
The enzymes from G. lamblia, B. symbiosus and maize require
NH* or K for the reactions inr both directions [13, 20, 23,
25]. At constant icnic strength conditions, EhPPDK showed a

slight activation with monovalent cations for the ATP

14




synthesis reaction; its activity was minimally af!.:é.d in
tl":. absence of NH,", K" or Na' in the reaction ‘..di. (Fig.

3B) . We cbserved a small activation with K' but it is
minimal when compared with the activation of pyruvate kinase
by monovalent cations (26, 27). The lack of activation of
EhPPDK by K had. already been noted by Reeves [6].

o34 e str of EhPPDK.

-
The purified EhPPDK was analyzed by molecular filtration in
Sephacryl S-300, S-400 and S$S~500 columns. In all cases the
enzyme had the same elution volume as ferritin (445 kDa)
which suggests a tetrameric arrangement (data not shown).
Both the maize and G. lamblia entymes have the same
structure (13, 23) which differs from that of B. symbiosus
which is a dimer (12).

Inhibition studies with bisphosphonates.

Since PPi-dependent enzymes are proteins uniquovto. -lomc
parasites and have no counterparts in the human host,
bisphosphonates (which are non-hydrolyzable PPi analogs)
have been used to inhibit the glycolytic enzyme PPi-
phosphofructokinase from E. histolytica [28, 29] and

Toxoplasma goncdii (30]. Ve tested the effect of three

1s



bx-pbo.phona:c. to inhibit purified EhPPDK. The, thtbigors_

were tetrasodium l-hydroxyethylid bisphosph ate (analog

I)s; tetrasodium l-hydroxymethylidene bi-phosphonat. (analog
I1) and tetrasodium l-hydroxynonane bisphosphonate (analog
III). They dit!czv in the number of carbon atoms bound to the
phosphorus-carb phosphorus (P-C-P) bond. Analog I showed

mixed inhibition for EhPPDK in double reciprocal plots (Fig.

4) . The other two analogs alsc showed this kind of
inhibition (data not shown) .” The Ki values dct.‘ninod by
Dixon plots of Km/Vmax against concentration of inhibitor
for each bisphosphonate are shown in Table III. Analog I has
the lowest Ki value while compounds II and III are very weak
inhibitors. The ability of these inhibitors to block the
lytic capacity of E. histolytica on CHO cells in culture has
been determined [28). The most effective inhibitor was
analog III. Bruchhaus et al. [29) used analog I (etidronate)
and other PPL-dozivntiv.; to inhibit PPi-phosphofructokinase
from E. histolytica. This biphosphonate showed a very weak
effect on the enzyme and on the inhiﬁition of growth of

amebas in culture [29]. <

COMCLUSION

This work describes some ©f the fundamental biochemical

properties of EhPPDK. This enzyme is responsible for one of

16



tho two ATP noloculo. produced by glycolysis and thus 1.
important tor onozqy production in E.histolytica.

EhPPDK has similar catalytic properties to PPDKs described
from other sources in its K, for different substrates, in
reaction velocities, in the requirement of divalent cations
for activity, an;:! its oligomeric structure. It differs from
other PPDKs and pyruvate kinase in its lack of requirement
for a monovalent cation for activity‘'(e.g. K° or T1l® for
pyruvate kinase) (26, 27). 4t is noteworthy that pyruvate
kinase has this absclute requirement for K ([26]1. The
crystal structure of bacterial PPDK shows in the
phosphoenclpyruvate binding domain (which has a very similar
secondary structure to the phosphoenolpyruvate binding site
from pyruvate kinase) an Arg at position 617. This charged
residue is in an oquiv;lcr;: position to K in pyruvate
kinase, which lacks an Arg pair in this site [12]. This
residue is also present in EhPPDK and PPDKs from maize,
Flaveria trinervia and G. lamblia. It would be interesting
to test the role of this residue on enzymatic activity using
site directed mutagenesis. .

The bisphosphonates tested as inhibitors on EhPPDK had a
moderate effect. Thus, it would be interesting :o.-valuat.
other compounds that differ in other properties of the
chemical substituents such as those used by Peng et al. ([30]
to inhibit the PPi-phosphofructokinase of T. gondii. They

17
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observed that those PPi analogs in which the carbon of the
P=-C-P group is -uﬁléitut.d with a carbonyl Jgroup are more
eaffective against ého purified enzyme and against parasites
in culture. .

The study of PPDK of parasitic organisms is of particular
interest because the enzyme has no counterpart in the human
host and has a different catalytic mechanism than pyruvate
kinase. This initial characterization of the basic
properties of recombinant EhPPDK, could be a starting point
for new therapeutic approaches. The recent report of the
three dimensional structure ©f the dimeric enzyme from
bacteria (12) has opened new possibilities for detailed
structure-function studies and may aid the raticnal design
©of drugs that affect some parasites, sut are harmless for

humans.
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L ds for Fig

Frigure 1. SDS-PAGE showing the purification of EhPPDK by

Ni?* affinity chromatography- .
supernatant of extract, 3) wash with S mM imidazole, 4) wash
S5) purified EhPPDK (elution with 100
20 ng; lane S: S

1) Crude extract, 2)

with 60 mM imidazole,

oM imidazole). Lanes 1-3: 30 ugs lane 4:

Bg.

Figuze 2. Effect of pH on the activity of EhPPDK.
The

Purified EhPPDK was incubated over a range of pH values.
buffers were all at 50 mM concentration. Tris-acetic acid

imidazole-HCl (pH 6~7,
The entyme was preincubated

(pH 5~6, pPK 4.76), PK 6.75), Tris—-HCl
PK 7.8). Circles: 30

(PH 7-8,
In. this case the reaction was

min at the indicated pPH.
started with the addition of lactate dehydrogenase and

PEP.

Figuzre 3. Effect of divalent and monovalent cations on the

activity of EhPPDK.
A) Activity measured at different concentrations of MgCl: in

the enzymatic assay described in Materials and Methods. B)
Activity measured with different concentrations of )

monovalent cations at constant ionic strength. B Kk, @

NH.", & Na°.
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Figure 4. Inhibition of EhPPDK - by bisphosphonates..
Doﬁblo reciprocal plots of tetrasodium l-hydroxyethylidene
bisphosphonate (analog I) as an inhibitor of PPi. Six
different concentrations of PPi were tested against five
different concentrations of inhibitor (00 s, B1 mM, A3
M, 6 mxM, © 10 mM). The plot shows a mixed inhibiton
effect on the activity. Inset. Dixon ‘plotl for analogs I,

II and IIIX.
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Table X. Purification of nant Ent ba histolytica

ryrx Dikinase. -

Protein concentration was determined according to Lowry [19]

Scep ota. ota pec < 3 cation
Protein Activity Activity ) (fold)
(mg) {umoles {umoles
pyz/min) PYr/min mg)
Crude extract 8’ re7 1.8 - -
Supernatant 87 113 1.3 100 1
Hi-Trap column 4.6 81 . 12 72 9
elution

(imidazole 100
=)
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Table ,88.‘ Comparison of e toé three substrates of pyruvate

phosphate dikinase from different sources.

ource ( ) (M) P (M) e
EhPPDK - 21 <$ 100 This work
EhPPDK 70 ND+* 100 [ ]
G. lamblia 24 L3 29 13
B. symbiosus 6_0 3.4 100 20
maize 140 10 40 23

* ND not determined

25




Table IIX. Inhibition of EhPPOK by PPLi analogs.
Different concentrations of PPi in a range of 20-500 uM were
tested with the indicated concentrations of inhibitor under

conditions descridbed in Material and Methods.

Range of tested
Analog concentrations Ki
. (mM) (mM)
I) tetrasodium 1-
hydroxysthylidene o, 1, 3, 6, 10 1.3
bisphosphonate
II) tetrasodium 1-
hydroxymethylidene o, 10, 15, 20 11
bisphosphonate
III) tetrasodium 1-
4.3

hydroxynonane o, 3, 5, 6, 7

bisphosphonate
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V. DISCUSION GENERAL Y CONCLUSIONES

C idn bioguk de la ERPPDK

Previ e 1 y ci el gene que codifica para
la p foafato dici de Ei b histolytica (Saavedra-Lira y Pérez
Mmﬁortlﬂl)ummhﬁuqmﬁnpuﬂm ial por Rer en
1968 y de la cual hubo muy p b descritos que la Ya
qw“hmnnmmnbmhmdewddwmﬁm
forma de ATP, este trabajo de investigacion se enfoct hacia la d inacion de
algunas de las propisdades bioq i de la ERPPDK recombinante. Con este
bje b P lap enun bacteri y bleci
un esquema de purificacion que p itio con purificada a
h geneidad (98% de p ).

La ERPPDK p imil a otras PPDKs que se han

descrito para maiz, B. symbiosus, F. trinevvia y G. lamblia. Nosotros obtuvimos
una enzima con actividad especifica (10-13 umnoles/(minxmg)) en un intervalo
similar en el que se encuentran otras PPDKs (10-24 umoles/(minxmg)). La
PPDK de amiba que purificé parcial te Reeves (1968), probabl e b
en malas condiciones ya que, en un ensayo enzimstico similar al que nosotros
utilizamos, la proteina tuvo una actividad especifica de 0.84 pmoles/min mg.
Dos décadas anteriores, en los primeros estudios de las PPDKs de otras
bacterias, se ob con actividadh pecificas en estos intervalos
tan bajos, sin bargo, los dos de purificaci les incluyen pasos de
purificacion en el que se utiliza HPLC ,loque ha p tido obten
con un grado de pureza mayor (Pocalyko et al, 1990).
La EhPPDK es similar a la mayoria de las PPDKs en su sensibilidad al fric

(sei tiva a p por debajo de 10 grados). Se ha reportado que la

a de maiz requi iones Mg2* para la f cion del (Hatch y
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Slack, 1968). Ap e la inactivacion por bajas temperaturas se debe a la
disociacién de las sub dades, ya sea en dim © El grupo de
Burnell (Ohta et al, 1996) identificod en una FPPDK de Flsveria brownii tolerante al
frio, tres i idos en el boxil 1 que pueden tener una
funcion d o indi con la iacion de las sut dades y que su

tacio que lap sea ble ah a bajas temnperaturas. Dos
de estos id estdn p enla de mafz, que tiene una

susceptibilidad al frio intermedia entre una Yy una P

En cuanto a la estructura oligomérica, la ENPPDK se asemeja a las
estrn icas de pl y G. lamblia y difiere de la enzima de B.
symbiocsus que es un df ©. Si se ob la - | 1 dela

b seria el arreglo de cada una de las
subunidades, ya que como se d en la estry cristalina de la de
bacteria, el arreglo del df impide la L de fosfi entre

b dades (Herzberg et al, 1996).

También d i que la tiene un pH 6ptimo de actividad
de 6.0 en la direccién de sintesis de ATP. Este valor s similar al que se ha
descrito para otras PPDKs. Asimismo, los valores de Ka que obtuvimos para el
PEP, AMP y PPi son muy parecidos a los reportados previamente para estas
enzimas (Edwards et al, 1985).

Una dify ble que con resp a otras PPDKs y la
piruvato cinasa, es que la EhPPDK no req lente para su
dad. Estos exp se realizaron p o f en elimi la

mayor concentracion de sales en el yo, guedando una i6n final
de 500 uM de Na* (en ia absol de iq sal, la adicién de esta

tracion de sal no tuvo ningun efecto sobre la actividad)

ademés se la fi ionica en 100mM con tetrametilamonio. Se ha
portado, para las de B. symbi ¥y maiz que requieren amonio o

potasio para su actividad ( Edwards et al, 1985; Mehl ef al, 1994). Ademés, para




1a enzima de G. lamblia, se observé una depend ia absoluta de NH,* o K*
(Hrdy et al, 1993). La pir cil b tiens un estri Q! i

de estos cationes, que pueden ser sustituidos por talio ( Kachmar y Boyer, 1953;
Kayne, 1971). Se sabe que el lente se req parala lizacio:
del PEP d ia i6 stica (Mehl et al, 1994). De acuerdo con la
estructura cristalina de la de b ria, enel & de del
pir/PEP, en la posicion que ocupa ¢] K* en 1a pir i 1a Arg 617
que podria estar funci do de similar al K* y por lo tanto la funcion
de los & en la actividad de la PPDK bacteriana podria ser
de una manera diferente que el de 1a pir i (Herzberg et al, 1996).
Estudios con tagénesis dirigida de este duo podrian p a prueba esta
hi Cabe )| maés a fond ¢ la EhPPDK no tiene este

requerimiento.

Con resp alos 3 las PPDKs necesitan Mg?* para su
actividad, estabilidad y iacién entre subunidades (Ohta et o/, 1996). La
EhPPDK b q B para su actividad (con una

ién 6p de 4.5 mM y una Ky de 2.1 mM). Intentamos realizar
ensayos con otros dival Mn?* y Zn?, sin embargo, dada la
P de fosf, enla la de ion, estos f ban p pitados a
muy bajas Uni e o ! que con Mn?* hasta 450
uM se ob \? de Ve ap imad. te a la mitad de las obtenidas
con Mg?* y esto es un efe lar al d para la piruvato cinasa (Mildvan
y Cohn, 1965). No se ha explorado en més detalle este fenomeno. También serfa

te bi tudios con la ENPPDK para determinar si el magnesio

tiene un efecto sobre la estabilidad de la enzima.
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Inhibicion con andlogos del pirefesfato

Existe una gran informacion sobre el metabolismo de diversos parésitos
que e dades que en las
formas que se replican d del ser h 1a via metabdlica que p de
hmyorp-rhdelATPdenuodehcduhuhglm Por ejemplo,

Trypanocsoma brucri en la fase que se p enel q P un tipo de
e bio, de hecho en esta fase el pardsito desarrolla

inf al serh Es on

bolismo basi

mitocondirias aptas para la reali de la fosforilacion d a; sin
bargo, do se transf en la fase infectiva de las células humanas, las

mitocondrias estin poco d lladas y el metabolisano es principalmente

glucolitico (Clayton y Michels, 1996). Este #s un ejemplo tipico de cé6mo los

parasitos se adaptan a medios ambientes gue son ricos en nutrientes.
realizados por Reeves en la década de Jos 70

Desde los dios p

bre el bol dela ba, se 6 que el yor aporte de energia
P de 1a gk 1 Con el sub dio de las gl 1iti
de amiba y de varios p P se d bié que algunas de ellas
utilizan el PPi d\ dor de fosfi (Wood, 1977; Weinbach, 1981;
Mertens, 1993). Esta nola parte con el h por lo que
para varias parasitosis se ha p lado que la inhibicion de estas
puede af: el boli de los p itos y l te d ir la
infecci Rec te se han d bejos sobre la purificacion de
enzimas metabélicas que son peculiares para pars En este ticd
se ha ¢l doy iado el gene y d PPi fofructoci de
amiba (Reeves ef al, 1974; Reeves et al, 1976; Huang ef al, 1995; Bruchhaus et al,
1996) ademés de que se ha delado su estr d 1 (Byington et

al, 1997). Tamt se han diado las PPi-PFK de Toxoplasma (Peng et al, 1995)
y Naegleria (Mertens et al, 1993).

A i sttt e o

ik
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Sobre la PPi-PFK de Toxop se realiza peri tos muy
interesantes sobre su inhibicion con andlogos del PPi (andlogos del &cido
foafonico) (Peng et al, 1995). Estos prob el efi de 23 derivados
del scido fosfonico que difieren en sus grupos g El puesto més
P fué el carbonildif 6dico. Comp i6n entre las

tre de varios inhibid y sus efectos sobre la enzimas indican que un
grupo carbonilo o imino entre los dos grupos fosfato esth asociado con un
mayor poder de inhibicion. Sin embargo, este P P un efy

gido al dir 1a capacidad de inhib de ls replicacion del paradsito en

fibroblastos humanos en cultivo y esto probablements se debi6 a que es una
molécula cargada, lo que podria impedir la accesibilidad al citoplasma de 1a

ctlula. Sin embargo dentro de este grupo de P ellos identifi
otro andlogo que es permeable y que tiene efectos en cultivo, por lo que los
derivados del &cido carbonildifosf candidat: tes para su

Con respecto a la PPi-PFK de amibae, recientemente se reportaron estudios
bre su inhibicion con bifosf: Jimne: et al, 1992; Bruchhaus et al, 1996;
Byington et al, 1997). En total, en b bajos se probé el ef delos 10
anslogos que nosotros probamos con la EhPPDK (Fig. 3). De manera similar a
los resultados de inhibicion de la PPi-PFK la ERPPDK es més sensible al
compuesto CGP48084 (Fig. 5). La K. de 67 uM que se determiné para este
compuesto es menor a la Ka por PPi (100 uM).

Es interesante notar que este P b P un valor de Ku
aceptable (50 uM) do se probé su efs con la PPi-PFK de amiba
(Bruchhaus et al, 1996). Este anslogo junto con el d y el zoled
P un ef hibid bre el i de trofe en cultivo a
una concentracion de 50 uM. De acuerdo con las estructuras de los 10 andlogos
utilizados (Fig 3), ap te una ) entre la p ia de un

grupo vol en la cad ida al carbono del enlace P-C-P para que se

i
|
|



incremente el efecto inhibidor de estos P Con una ap 0
similar al realizado por Peng para la PPi-PFK de T. gondii, se podrian modificar
i te estas cad 1 les para ob un P con

5 propiedad: hibid para la EWPPDK.
En las ditimas dos décadas ha habido un gran inter¢s por el desarrollo de
far A dos del etid que son utilizados para ¢l L dela
P primaria o en enf dades en las que hay reabsorcion de hueso
(Licata, 1997). Entre los nuevos fairmacos que se han probado y que tienen un
2 hibidor de 1a reab: de h se ol etid L
lod! P d to, alend d to y tilud; to. En par
e risedronato es uno de los mis p on este tido y como se ha
d te bién es un inhibidor de las enzimas
dependientes de PPi de parésitos.
El snayor i del l de las dependi
de PPi de estos parésitos ha permitido la identificacion y postulacion de
compuestos modelo o “lead” paras el di 1 de f& cuya
modificacion q puede llevar al desarrolio de un nuevo compuesto que
£y lecti e a estas ¥y que sea relativamente inocuo para el ser

humano.



PERSPECTIVAS

En general, 1a PPDK es una enzima peculiar desde el punto de vista

Atico y estructural, por su arreglo trid d 1 en d ios estry !
y funci les y el dominio del “b flexible” cuyo movimiento implica
grand: b f ! les. Esta no se de otras

prowminas por 1o que seria interesante sstudiar que s lo que determina el
movimiento de estos dominioca.
Con la aplicacion de la lografia se puede d i ia
tridimensional de la PPDK de amiba que mostraria co6mo es el arreglo de las
b dades en ¢l demés de inf i6 de los

sitios de unién de y cof. Dwsde el punto de vista terapettico, se

podthtr.mdevcﬁnnlinrh, con inhibid © estudiar a de

P las posibles 1 dela con los
andlogos del pi una p proximacion para el di
racional de farmacos.

Este trabajo abre 1a posibilidad de estudiar la PPDK desde un punto de
vista terapeftico ya que junto con la PPi-PFK constituye un grupo de enzimas
especificas de varios parésitos que estdn )| d
para la sobrevivencia de la célula.

ot

en la produccion de ATP
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Abstract

action of is

L4 ruvate

when the pye

me is presant in

group of the drug. The
other amaerobic

that
of the drug can be
the

carboxytr and

which use asa donor and

have no human counterparts. The first part of this

article describes the reactions by which

E. histolytica obtains energy from glucese
and it in the

recen
of genes for the various participating

te the in the
hout. £, ather Thne.‘nn-hw-ualur-ulvcvkv
in that are for the study of targe unique to the
for the design of new drugs. It h parasite, and in es their importance in
that are for the of (Arch Meod Res 1996; 27:257)
energy like ph hofructokinase, pyruvate
KEY i X v yme; Drug
Introduction b host. These may be i ing as
starting points for ncw therapeutic approachcs
In rescarch oricnted to find drugs for the trcatment of This pmllst itc has been idcred as a model of

parasitic discases, onc is confronted with the dilemma of

a pnm:uvc cukaryolc since it lacks some structures that
amebas

choosing the aspect of lhc or the di on
which the th 1d be What
usually comes to mind is an outstanding trait of the

that y has no with the
host. In Enlamoeba histolyrica, lhc agent that causcs

there
that arc quite differcnt from their cquivalents in the

yp y** eukaryotic (1-4). These
i or an evi Golgi
Their most slnkmg h istic is the of
hondria, the or 11 involved in cnergy
production in most cukaryotic cells. Besides the nucleus,
of

do not have p

the most p str is the
icles whose fi i On
the b ievel, b also diverge from

eukaryotic cells. They lack a functional
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Krebs cycle and a typical electron transport chain, and

severul enzymes involved in the catabolism of glucose
d on p; Table 1 i some of

the fcntumﬁ lhat makc lhls il

org fromab

a very i
1 point of vicw.
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Table 1
General of
Morphoiogy
of and
« Undeveloped Galgi apparmus

- Numerous vacuoles and vesicles
Metabolism and Proseins
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E. histolytica, highlighting the enzymes dependent on
PPi.

Car y Glycol; and PPIi-
Dependent Enzymes
The main of d d. in E.

histolyrica are cthanol. acctate and CO,. Their ratio
3 . he f iosis. In F i

the ratio cthanol/acetate is 1/3, while in anaerobiosis the
only p are ethanol and CO, (13,14).

- of ic acid cycle and pentose
phosphate shum

.y
+ Pyraphosphaie &puthm kinases
- Lack of in

. of the i of

- Highly divergent actin
- Highly divergent ubiquitin

Glucose enters the cell by a specific transport
mechanism (15) which is apparently the rate limiting
i of

step in the Y
of have been described. Free

glucose has not been detected inside the cell, because it
is immediately phosphorylated or stored as glycogen.
All ;cholync enzymes arc soluble and. even though
some key enzymes of glycogen metabolism have been
lhcmam A% glycogen Y has not

been d (6). G d in
glycolysis comes from glycogen by the action of
phosphoglucomutase, or directly from phosphorylltion

» Undeveloped ubi i
ublquitin system of glucose that enters the cell by the action of a
- bound digesti glucokmuc. rmher lhan by hexokmase There is no
N that by the
- Vacuol; pump asma :mbranc
ar type proton in the pl e P P shunt, since no lcuvny of glucose-6-
DNA and RNA Organization P Y has been 5).
. Absence of introns in most of the sequenced genes F 1_._ i then 'ns:he
+ Extremely short untransiated 5' ends of mMRNAs of fi 6-phosphate to 1.6-biphosph
most cells lhu mnsfotmauon is catalyzed by an A'I'P-
led by R inan rea_c-

During the 19703 the
and by others, d a great
amount of knowledge about the physiology of E.
hi.rmlyuca Thesc groups generated most of the

tion which is an important y step in gly

But ln E. h:smlyuca and olher protist parasites hkc
Trii Joetus, Gi

gondii, ia fowleri, and in

about 'y
morphology of E. histolytica (5,6) and on the
ites that lack mi ia (7-10).

ofp

other non pnusmc prollsu. lhls step is camlyzcd by n
PPi-dependent ph i
and m

hs we will review

by which E. histolytica &

y has no
E. hlslolynca (lO 16 17) The gene for lhls cnzyme hns
been

energy in the form of ATP, highlighting those prop and the d
that are unique to the parasite, and that in our amino acid was found tobesi tothatof the
may be useful for therapeutic research. pondi Y of Propi ium and
Naegleria (18).
Energy M inE. & '{ Fi 6-bip phate forms p uvate
E. hislolyu'ca o d 1 > 1o py by the hr lhe glycolytic reactions of the Embden-
 glycolytic p. y. T ifi M:yerhor pathway. Very recently, the gene for enolase,
ofthe p from thatof its lhc enzyme that cnmlyzes the dehydration of 2-
host. The firstis that it lacks lactate hy thus, pyruvate (PEP), has
lactate is not a final product of glycolysis. The second is been cloned and scqucm:ed a9).
that it uses inorganic pyrophosphate (PPi) as a sub The of PEP to pyruvate is catalyzed by the
for ATP in some glycolync rcnchon: (sce Table 2) (11). A% pyruvate p ph dikinasc (PPDK). In 1968,
PPihasa phy ical role in bas, since its R (20) rep the purifi of this yme,
y 0.2 mM, making it the first of the PPi-d d i

higher than the K,,, of PPl-depcndcm enzymes (11.12).
Figure 1 shows the catabolism of glucose to pyruvate in

in amebas. PPDK catalyzes a similar reaction to that
catalyzed by pyruvatc kinase, which E. khistolytica lacks
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completely. The reaction for PPDK is (21):

8 b
PEP + AMP + PPi & pyruvate + ATP + Pi.
the ph: from PEPandonc
phosphaxe from PPi to the B and y positions of ATP,
‘This The

enzyme ha: a strict depcndcncc on PP: as a donor of

259

(FMN), flavin adenine di ! ide (FAD) or ril i

as acceptors, bul not NAD’ or NADP’. The leaclion of
(26). The in has been

characlcnzcd (27) and the gene that encodes it has been

cloned (28).
Aeclyl~CoA can produce acetate wnlh l.hc help of an

Py 3

phosphate groups instead of ATP, and p AMP
instead of ADP as the to ph ylate.
gene that codes for this protein has been idenuﬁed
(22,23). Pretiminary evidence of the ptimary sequence
suggests that the binding sites for PEP are different from
those on pyruvate kinase (24).

An alternative route for the formation of pyruvate from
PEP is through the action of a PPi-dcpcndent PEP-

whichhas
id (26) Thcre is a net synthesis of a molecule
of ATP, whichp gy tothat
by glycolysis:
Mg>

acetyl-CoA + Pi + ADP « Acetate + CoA + ATP.

E. histolytica also has an acetate kinase dependent on
PPi (Table 2) whose exact function has not been
detcrmmed (29). Anemnuvely. ncelyl-CoA may be

ylase ( (Table 2 and Figure 1). This
enzyme fixes CO, PPi and dintoa
which is reduced to malnle bya 1 o whnch ls then reduced to ethanol by an
with th NADH M isthen NADH-d d (30).
ylated and i by a malic enzymc by In1971 . N ) AL h(31)p
reducing a moleculc of NADP-. This alternative route an NADPH-d lcoh h hich

has been postulated as a mechanism by which the amcba
regencrates glycolytically reduced NAD- by the
phosphogilycerate kinasc reaction with a final
transhydrogenation of NADH to NADPH (5).

Pyruvate Metabolism
Since E. histolytica has no mitochondria, it also lacks

the tricarboxylic acid cycle, and thus. pyruvatc plnys a
of.

wi
was later characterized by Lo nnd Chnng (32). It is
known that thns y and

that its alcoh: i y of
less importance than that of NAD" d
cnzyme.

The clonmg of the genc and chamclcnzauon of a
NADP*-d aldehyde dchyd which is

mdcpcndnnl of Co-A was dcscnbcd by Zhang and
(33). The same group has also purificd to

very important role in the final prodi

metabolism. Oxidative dccarboxyl;nlon of pymvale to

acetyl-cocnzyme A (ncclyl-CoA) is catalyzed by a
in ox d of the

pyru
classical pyruvate dchydrogcnasc complcx. The first

h iy and ] d the genc for a NADPH-
d d lcoh (34). A gene that
encodcs a97kDa enzyme for whu:h activities ofalcohol

and hy
ized. was also di iy y (35.36). Thls

is either wnh a

confirmed the first observations by Lo and

find;

mass of 240 kDa. whilc lhc
system with a particle wcight ol‘npproxlmnlcly 10°kDa.
The pyruvate:ferredoxin  oxidoreductase of
E. histolytica was purificd and characterized (25 26). It
uses Fe-S ferrcdoxin p . flavin

Table 2

Recves (30) that the same protein could catalyze the
activities of NADH aldehyde dehydrogenase and NAD~
alcohol dehydrogenase.

in Other Cells

in E. und Their Cq

(Enzyme reaction)

NTP dependen: resctions
(Enzyme reaction)

Phosphofructokinase

PPi + Fru-6-P « Fru-1.6-P, + Pi
Pyruvare phosphare dikinase

PEP + AMP + PPi «» pyruvate + ATP « Pi
PEP carboxy phosphorylas

PEP + Pi + CO. «> oxaloacctatc + PPi
PFi - acerarc kinasc

Acctyl-P + Pi — acctare + PPi

Phosphofruciokinase
ATP + Fru-G-|
Pyruvate kinasc

PEP + ADP — pyruvatec + ATP

PEP carboxykinase

PEP + GDP + CO; «» oxaloacetate + GTP

Accrate kinase
Accty!-P + ADP <> acctate + ATP

P — Fru-16-F; + ADP
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aLuco.
aLucos
RUCTORE e m e AT
e avre
-
> B i :
- E -
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A e e a———e  hEaSassaneTC"
SR e AT
~ac-
~NaCr
. e
N
avre
B OB HOGLYCEmATE
[ ] CO, + Pt I
oxaLcacaTare ST HOREHOBRNOLS Y RUYaATE
~aADH are €O, » QOm i ace ; rARNAE PR
- [ o v e o
"MAaALATE 2 P PR A N T e € mwa
NaCE:  NADeS . oo, oxisiane aceemiore
“ v reeucey Aecemtors
ACETvL - Gom
/" :\: AL o e
ACETALOBMYOR ACETATE « ATE +« Soa
~NaACH () -
m
~aC(m
-TanoL
. C: n a) PPi-pl Pl b) ATP-p i c)
phosphoglycerate kinase; d) PEP 8P s ;@) PEP ; 1) matate y Q) maiate
9); h) kinase*; i) phosphate di i) py
[5) 1717 n m) aicohol y * dependent enzymes absent in
E. histoiytica.
A y. NADH by glycolysis can be Eleﬂron Trumpoﬂ
reoxidized in the rcactions associated to cthanol 1 t from reduced
formation. and thus the transhydrogenation from NADH subslmlcs to molccular oxygen in E. hulalynca has not
to NADPH in the formation of pyruvatc may appear to bccn clearly have shown the
be futile. But under acrobic i where is of p with heme groups like cytochromes.
formed, the rcoxidation of NADH can bc diminish Neverthel b iron and acid lnbxle sulfurhave
which is why this routc may be an addil i beend din itcs(41). W
of regy ) NAD’nnd" ing NADPH. In additi that flow from reduced subslrates o NAD-
i i hy activity has (P-). then to flavins, by an
which is similar to in, then iqui and

becn detected (37) and the gene that codes for this

enzyme has been cloned (38,39). NADPH can donate lhrough an unknown acceptor whlch has an

rcdncmg cquivalents to a flavin by mcans of a NADP-- to cy c. The
(40) andini transport.

i, Bt v e o L e e ok 45 0
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final P is 1 ygen which is
reduced to water.
The function of this “acrobic” pathway for the
i of energy in the p ite is not clcar. Evcn
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Current Therapy of Amebiasis

‘The elcction of a drug for the treatment of amebiasis
depends on the locale of the infection, i.e., intestinal or
cxlmmlcsunal Thus the drugs used for treatment arc
i into those with Juminal, systemic and mixed

h h ubiqui has been d in E. histoly
(which, as i lack mitochondria) the
concentration levels of this dinthe i

chain arc between 5 and SO times less than in olhcr
typically acrobic prouns (42). Therei isno catalase inthis

action (for reviews, sec References 51-53). It should be

noted that their mechanism of action is known in only a

few cases.
Luminal

A property of these
is their low absorption by the i They

nn: used for intestinal infections in whnch there has been
These drugs include diloxanide furoate

parasite, so that it is unlikely that h; gen p ide is
formed. Yet, it mny the i like
lhe P lhcncnvny for

has been d d(43)andthe gene that codes

for an iron-containing enzyme of this type has been
cloned (44). It has been suggested that ublqumone could

(Furumldc). the group of halogcnnted 8-

li ik inol)
n:ld iodochlorohydroxyquin (Clioquinol or
- The latter two drugs have an important

have in Leishi ( 2).ll
to be bli if it has a similar fi in b, iccffcctknownas
whlch causcd lhc mtcrrupnon of their usc in an.’m (53)
Therupy of Parasitic Diseases y (F in) is an bicidal amino
Worldwide, there is a_great i in ibiotic that also has an cffect on pathogenic
drugs nnd P iti Both nnd nonpn(hogenlc intestinal microorganums.
hould be y (45-47). Thistype and the i
of 1 the diffi step of idemtifying oxylclrncycllnc and lelmcyclmc arc agents lhal act nl
appropriate xargel molccules of the parasite for the level of the i wall by ap
prophylaxis or ofthe d This sch has i which are cssenlml for the
been applicd to relatively few p itic di sincc it P ion of
requires knowlcdge of the biology of the or ism and icagents.Thi ine which
of the intecractions cstablished in thc host-p i1 wasused i tural ici n-lhemoloflhclpccncunnm
relationship. plant. i h lhc Yy ins in the
There are ly two ! ics forthe di y of h ite by inhibiti ) ion of the pey
i itic drugs: the i and the rati tRNA fi intherib from the ami 1o
pathway (48). The first "lrymg"- the peptidyl site (51). This drug distributes in various
activity of a great ber of r ly ! d organs but concentrates mainly in the liver, and has
i braincd severe on the system.

compounds cither in a pure statc or in
gcncmlly from natural sources (49) Th-s strategy docs
not req a great of infor about the
target molecule. Most of the drugs now in use have been
dcvcloped from this type of strategy. Its orlgms can be

d. has jess side

cffects, but rcqulrcs lhc same precnullons as thosc
for Chl (Aralenc) is another

compound whose main action is in the liver because it is
d by this organ.

traced back many centurics 1o natral Their
effects can be currently enhanccd considerably by
biolcchnologicnl nnalylicul. organic synthesis, and

Mued agents. The derivatives of mlrolmldnzolc used
of

most freq ly in
(Flagyl:

(Tiberal) and

(49). (Fasigyn),

The rational sl'nlcgy i of the i 1 hydroxyecthyl. 2 methyl. 5 nitroimidazole).
design of a at has activity for Mectronidazol is used very often since it has both lummnl
which zhc spccnﬁc lxrgct is known and whichp andsy icactivitics. These ic
is a i |d|osyncr..|sy of lhal activity when their nitro group is r:duccd to l‘nx nitro
orgnmsm. Thns moleculc or Icad IS then uscd as a radicals or superoxide anions. Activation intcrmediates

asimilar of metronidazol apparcntly have their effcct by aitering
molecule which has bcner inhibitory propcrtics on the the helicoidal structurc of DNA when they interact with
target an whose lhrcc- guanines and cylosmcs (53, 54)
dimensional structure is known (50) Any In P fer: by the acnon
obtained by cither of the two strutegies, aficr being of py fe i d (in the

synthesized, must be u:sled forits rclauve toxicity in the
host, its ility, its b its ability to
reach the right and other propcerties which
turn outto be a tight bottleneck for many drug candidates.

decarboxylation of pyruvate to nce!yl-CoA). can act as
electron donor to the group of

thus diverting them from the pathway for the production
of energy (8.53). Oxygen is a strong competitor of
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idazol as an el plor. 'l'herc is no
the

SAAVEDRA-LIRA, PEREZ-MONTFORT

PPDK, another PPi in
y of bas, could be a good target for the deslgn

reduction of the drug in its pre

of Some putative substrate binding

compound is more effective

and bacteria such as Trichomonas, Gmrd:a and

Bacreroides (54). Current wi

lasts 10 days with rclauvely few sccondnty effccts, but
and

regions have been determined in its primary sequence
(23). The rcgion proposed as the PEP binding site shows
no similarity with the corresponding one in pyruvate
kinase (24) which makes it ldcal for dengmng lpecnﬁc
has

there are of its effect in rod
its mulagemc et‘fecl in bacteria (Reference 52 and drugs. PPDK from the
53). been purified and chnmctcnzed and could be used for
initial with this p (59).
An Alternative App tothe T of Other Y of boli whose
Amebiasis il was are 1dchy which
What are some of thc other alternatives for the 3% into eth 1. and the malic
dcvelopment of drugs for the of ? that work: in an alternative pathway of PPDK
Although there are a great of p ibiliti Py groups are in the
enzymes involved in 1 bolic p. have study of. ] wi i
ion of h for the and, as mentioned previously. several genes that encode
of i iti dmgs. Some cxamplcs of these ptou:ms have been cloned (33-36). Gonzilez-
whose thi di have been Garza and collab (60) the of
solved and are ¢ y tasgets for drug design the malic 'y and 1 dch of
are hyp by gossypol Thls compound whlch acts on NADP” and
from prous! (55) and dihy d AD* both Y in a
from Leish (56). These non-compenuve way. The levogyrous form was more
prolcuu are lnvolvcd in purine and pynrmdmc;ymhcsns active primarily against the malic cnzyme. The same
Try from 7r is also group has also reported the toxic effect of gossypol on
being icd with this app! h (SO) The glycolytic trophozoites (61).
Yy i i and gly
3-ph h deh from Tr\'panosoma havc Conclusion
becnu, i i Yy P
bascd o ge of lhe K di In recent yeats, Lhcrc has been interest in the study of
wuh lhc aid of P ] 1 deli Y thatexistexclusively in
1 les that have some inhibitory some parasites and nol in the human or other hosts, with
the purpose of developing drugs that affect selcctively

Lead
effect arc modnﬁed by a “linked fragment appmach"
i.c., the drug is d by addi blocks or ch
groups to the lead compound. and these molecules are
synthesized and testedin the labornlory Thisand smular
have pi the i
activitics of some compounds (57). From studicsinitiated
by Reeves on the energy mctabolism of £, histolytica we
know itactively uses PPi in itscarbohydrate mciabolism.
Humans do not sharce this peculiarity sincc our glycolysis
is strictly dependent on ATP. Conscquently. it has been

the target without aﬂccung the host. Based on previous
knowledge of antiparasitic compounds and the
determination of the th of the
target molccule, there arc some cxamples of new proto-
1ype drugs whosc therapeutic cfficacy is now being
tested. Examplcs of this arc lrypanolhnone reductase
(50). triosephosp and gly 3-
dchyd of tryp (57)

Thc studics on lhc inhibition of glycolytic ecnzymes of
many parasites hnve several advantages. In a great
the or i that infect

proposed that the PPi-dcpendent cnzymes of pnrnsllcs

providc good targets for it
considered this possibility und uscd phosphonate
derivatives as PPi analogs for the inhibition of these

enzymcs (10).
Compectitive

inhibition of PPi-dcpcndcn(
inasc in b b; BE

hydroxymclhyl d iphusphonate:

Y
1.3- hydroxyclhylcnc
nd

of
their hosts generally obtain lhcll‘ encrgy from glycolysls
y of gl

This is duc to the inthe
tissucs of the host. The parasite docs not use all the

cnergy thutcanbe ex dfroma leand

wastcs it dary boli like
clhanol succmnlc. cte. This is not only truc for protist

but also for helminths (62)

A -hydroxy
lhclr lclrasod:um salts has been rcpom:d (58). It was
specuiated that the inhibition of thc ecnzymc by thcse

" Rational drug dcsngn has been possnble ducto a greater
k dge of the bioch 'y of i and of the
and host cells: both target

compounds could be r ible for the r
cytolytic activity nf lrophozouca against cells from

hamster ovary (C!

ccllsandccnsmvolvcdmlhemsponsetolhl nteraction.
On the other hand. improvement of biochcmical
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of & i J Biol Chem

logies for the puri of p
assays, knowladge of enzymnuc function and

he ;

1974; 249(24):7737.
17. Recves RE. Semmano R. South DJ. 6-phosphofructokinase
7 Biol Chem 1976; 251(10):2958.

allow the undcr:mnding of dcl:uls of target lecul

and their In

DNA )] mits the d ination of primary

scquences of proteins, their cxpression and

mungenells.whlch havc in some cases contributed to
of All thesc

advances will < e the d p of new
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