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P h o s p h a t e  T r a n s p o r t  in Trypanosoma cruzi 

C u l t u r e  f o r m s  of  Trypanosoma cruzi ( the  a g e n t  of  
C h a g a s  d i sease )  a r e  c a p a b l e  of  a s s i m i l a t i n g  P i  ~ a n d  in-  
c o r p o r a t i n g  i t  i n t o  t h e  i n t r a c e l l u l a r  p h o s p h a t e s  ~, z. T h e  
r e s u l t s  r e p o r t e d  h e r e  s h o w  t h a t  a n  i n w a r d  P i  t r a n s p o r t  
c o n t r i b u t e s  in  a n  e s s e n t i a l  m a n n e r  t o  p r e s e r v e  P~ c o n c e n -  
t r a t i o n  in  T. cruzi. 

Material .  T. cr*tzi ( T u l a h u e n  s t r a i n )  w a s  g r o w n  in  R o u x  
b o t t l e s  o n  a b i p h a s i c  m e d i u m  a t  28 ~ T h e  so l id  p h a s e  w a s  
m a d e  of  a g a r  ( B a c t o ;  19 g), b r a i n - h e a r t  i n f u s i o n  (Di fco ;  
38 g) a n d  w a t e r  1 1. T h e  o v e r l a y  c o n t a i n e d  y e a s t  e x t r a c t  
(Difco ; 5 g), g l u c o s e  (5 g), n e o p e p t o n e  (5 g), NaC1 (7 g), in -  
a c t i v a t e d  c a l f - s e r u m  (80 ml )  a n d  w a t e r  1 1. 4 d a y s  a f t e r  
i n o c u l a t i o n ,  t h e  o v e r l a y  of  s e v e r a l  b o t t l e s  w a s  poo l ed .  T h e  
cel ls  w e r e  c o l l e c t e d  b y  c e n t r i f u g a t i o n  a t  4 ~ w a s h e d  3 
t i m e s  in  t h e  c e n t r i f u g e  w i t h  i s o t o n i c  ( 0 . 1 5 4 M )  NaC1 so lu -  
t i o n  a n d  r e s u s p e n d e d  in  t h e  s a m e  m e d i u m .  T h e  f i n a l  con -  
c e n t r a t i o n  of  t h e  T. cruzi s u s p e n s i o n  w a s  e s t i m a t e d  b y  
m e a s u r i n g  t h e  w e i g h t  a f t e r  d r y i n g  t h e  w a s h e d  e p i m a s t i -  
go re s  a t  1 0 0 - 1 0 5 ~  for  24 h ( the  d r y  w e i g h t  w a s  a b o u t  
1 5 %  of  t h e  w e t  w e i g h t ) .  1 m g  ( d r y  w e i g h t )  of  ce l l s  con -  
t a i n e d  4.5 • 10 ~ e p i m a s t i g o t e s .  O r t h o p h o s p h a t e - a ~ P  w a s  
s u p p l i e d  c a r r i e r - f r e e  b y  C N E A  ( A r g e n t i n a )  ; t h e  f i n a l  spe -  
c if ic  a c t i v i t y  is  i n d i c a t e d  in  e a c h  case .  

Method. I n c u b a t i o n s  w e r e  c a r r i e d  o u t  in  W a r b u r g  m a -  
n o m e t e r s  o r  in  2 • 16 c m  t e s t  t u b e s  p l a c e d  in  a s h a k i n g -  
w a t e r  b a t h ,  u n d e r  a i r ,  a t  30 ~ Al l  m e a s u r e m e n t s  w e r e  d o n e  
in  d u p l i c a t e .  T h e  cei ls  w e r e  s u s p e n d e d  in  a s t a n d a r d  sa-  
l ine  s o l u t i o n  m a d e  u p  as  f o l l ows :  92 I n M  KC1, 31 m M  
NaC1, 36 m M  Tris-HC1 bu f f e r ,  a n d  a d d i t i o n s  as  s t a t e d  in  
e a c h  ca se ;  t h e  f i n a l  p H  w a s  7.4 a n d  t h e  ion ic  s t r e n g t h  w a s  
0.15. T h e  t o t a l  v o l u m e  v a r i e d  in  a c c o r d a n c e  t o  t h e  e x p e r i -  
m e n t a l  c o n d i t i o n s .  

A f t e r  i n c u b a t i o n  w i t h  aePi t h e  e p i m a s t i g o t e s  we re  cen -  
t r i f u g e d  a t  3000 • g a n d  4 ~ T h e  s u p e r n a t a n t s  we re  k e p t  
for  t h e  m e a s u r e m e n t  o f  e x t r a c e l l u l a r  P~ a n d  t h e  cel ls  w e r e  

1 The abbreviations used were: P,, inorganic orthophosphate; PT, 
heat and acid-labile phosphate, TCA-soluble phosphate; P~, total 
TeA-soluble phosphate; Po, P~ less P~ -/- P~; P*, lipid phosphate; 
Pr, TCA-insoluble phosphate less Pz; P~, total phosphate; TCA, 
triehloracetic acid. 
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w a s h e d  t w i c e  w i t h  0.5 m l  of  0 .154 M KC1. T h e  cel ls  w e r e  
r e s u s p e n d e d  in  2 m t  of  0 .154 M KC1 a n d  s a m p l e s  of  t h e s e  
s u s p e n s i o n s  w e r e  u s e d  for  t h e  d e t e r m i n a t i o n  of  Pi .  E x -  
t r a c t i o n  a n d  f r a e t i o n a t i o n  of  P c o m p o u n d s  w e r e  p e r f o r m e d  
as  d e s c r i b e d  b e f o r e  ~. T h e  cel ls  we re  e x t r a c t e d  for  I h w i t h  
T C A  (10% (w/v)) ,  a t  4~  T h e  r e s i d u e s  we re  e x t r a c t e d  
t w i c e  m o r e  w i t h  T C A - s o l u t i o n  a n d  t h e  e x t r a c t s  w e r e  c o m -  
b i n e d  (Pas f r a c t i o n ) .  T h e  cell  r e s i d u e s  w e r e  e x t r a c t e d  w i t h  
e t h a n o l - e t h y l  e t h e r  m i x t u r e  (3:1 (v/v))  t o  i s o l a t e  l ip id  P 
(P~). P i  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  of  ER~STER e t  al. 5 
P7 w a s  h y d r o l y z e d  w i t h  1 N  H 2 S O  4 for  7 r a i n  a t  1 0 0 ~  
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Comparison of outward and inward phosphate fluxes. Epimas- 
tigotes were growrl in the PD 1 medium. 4 h before harvest,  5 mC 
phosphate-82P was added. The cells (160 rag) were washed 3 times 
with 0.5 ml 0.154M NaC1, at 4~ 20 samples of cells (6.8 mg each) 
were suspended in 1.5 ml of s tandard saline solution containing 
10 m M  glucose. Incubation of first 5 (duplicate) samples was in- 
terrupted at the intervals stated in the abscissa. Where indicated by 
the arrow, 5 of the remaining samples were added 82P-phosphate 
(final concentration, 5.3 raM; specific activity, 4.2 • 109 epm/m atom 
g a2p) and the other 5 samples were used as controls. 3~P-added and 
control samples were further incubated for the time stated in the 
abscissa and niP, distribution was then measured. Extracellular 
alp, was determined with the chemical 5 and the radioehemical 
methods, on the base of a2p specific activity in the intracellular nip,. 
Other experimental details were as described in Text and Table I. 
P(E), extraeellular P,; P(I), intraeellular P,. 

Table I. Effect of phosphate limitation on P content and a2p~ uptake by resting epimastigotes 

Culture medium Total P in medium (raM) 
mmole 

P in epimastigotes \ ~ - - g  ] 
8~P-Phosphate uptake by epimastigotes a 

mmole 
k~S-1 

Pi Pt Less glucose Plus 1 5 m M g l u c o s e  

Complete (see text) 11 38 113 0.10 0.16 
Brain-heart infusion (50%) and 6.8 21 79 --  
calf-serum omitted (PD1) 
Brain-heart infusion and 0.7 16 73 1.35 1.77 
calf-serum omitted (PD2) 

Epimastigotes (42 mg) suspended in standard saline solution; after thermal equilibration, 0.7 m M  8~P-phosphate (specific activity, 2.4 • 
10 ~~ cpm/m atom g 32p) was added. Total volume, 14.2 ml. Incubation for 1 h in a Gyrotory Water  Bath, at 30~ under air. Other ex- 
perimental condition as described under methods, b Wet-weight. 
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Table II. Phosphate fractions in epimastigotes: labelling after absorption of aeP-phosphate ~ 
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P fraction Phosphate concentration in initial fractions aSP-phosphate uptake in fractions 

mmole / (_mmole ~ C cpm(X_10 ~) 
kg cells~ ] ~ kg cells~ ] \ m atom g ~sp) ) 

P, 21.3 ~ 3.4 293 
P7 17.8 0.3 39 
Po 17.7 0.8 90 
P~ 21.2 0.3 32 
P~ 39.0 0.6 39 

Phosphate-deficient (PD~) epimastigotes (42 mg) were incubated with 0.7 mM aSP-phosphate and 15 mM glucose as described in Table I 
(legend~). ~ Wet-weight. ~ This value is not very different from P~ concentration in the cell water content of epimastigotes that was 85% 
of the wet-weight. 

Pas, Pz and  Pt  were de t e rmined  by  the  m e t h o d  of BART- 
LETT6. 3~p ac t iv i ty  was measured  in i sobu tano l -benzene  
ex t rac t s  of p h o s p h o m o l y b d a t e s  complexes  ~ (Pi and PT), 
to ta l  cell suspensions  (Pt) and TCA- or l ip id -ex t rac t s  
(Pas or P~, respect ively) ,  a~p ac t iv i ty  was measured  in 
f low-counter  in accordance  to  s t anda rd  me thods .  Up-  
t ake  of a2P-phosphate  by  ep imas t igo tes  was ca lcula ted  on 
the  base of ~2p ac t iv i ty  in p h o s p h a t e  f ract ions  and  the  spe- 
cific ac t iv i ty  of a2p in tile added  phospha te .  

Resul ts  and discussion. Table  I shows t h a t  ep imast i -  
gores cul tured  in t he  s t a n d a r d  m e d i u m  took  up very  l i t t le  
aePi, i r respec t ive  of tlhe add i t ion  of an energy source, such 
as glucose. On the  o ther  hand ,  a s igni f icant  up take  of 
3~p~ occurred when  the  cells were grown in phospha t e -  
l imi ted  med ia  and, accordingly,  were p h o s p h a t e  deficient .  

Table  I I  shows P pools  and  32p d i s t r ibu t ion  af ter  up-  
t ake  of 8~p~ by  the  phospha te -de f i c i en t  ep imast igotes .  The 
soluble fract ion,  t h a t  inc luded abou t  hal f  of t he  cell P, 
was cons t i tued  by  Pi  (40%), P7 (30%) and Po (30%). The 
Pi  f rac t ion  had  the  fas tes t  t u r n o v e r  as shown by  the  spe- 
cific ac t iv i ty  values.  Omiss ion of glucose decreased by  
50% to ta l  82P i up t ake  b u t  did no t  a l ter  t he  d i s t r ibu t ion  
p a t t e r n  of 39.p. I t  is w o r t h  no t ing  t h a t  up take  of 32P i oc- 
curred aga ins t  a s teep  concen t r a t ion  gradient ,  as resul ts  
f rom compar i son  of" the  ext ra-  and  in t racel lu lar  concen-  
t r a t ions  of P~ (0.7 and near  21 m M ,  respect ively) ,  

The abi l i ty  of ep imas t igo tes  to  m a i n t a i n  the  P~ grad ien t  
is fu r the r  d e m o n s t r a t e d  in the  Figure.  In  t h i s  exper iment ,  
t he  m a x i m u m  in the  P(E)  p lo t  and  the  s y m m e t r i c  mini-  
m u m  in the  P(I)  p lo t  ind ica ted  t h a t  as soon as the  ex t ra-  
cellular P~ reached  a cri t ical  concen t ra t ion ,  P~ eff lux was 

coun te rba lanced  by  Pi  influx.  In  good ag reemen t  w i th  
t h a t  assumpt ion ,  add i t ion  of a smal l  a m o u n t  of h igh ly  
rad ioac t ive  z"P i de t e rmined  a s ignif icant  up take  of a~pi by  
epimast igotes .  The ra te  of 32p~ inf lux was  ca lcula ted  f rom 
the  slope of the  p lo t  of in t racel lu lar  Pi  a f ter  tile add i t ion  
of asP-phosphate  (broken line) while the  ra te  of Pi  eff lux 
was ca lcula ted  f rom the  increase of extracel lu lar  ~ P  in 
the  f i rs t  5 min  of incubat ion .  F r o m  da ta  in t he  Figure  
resul ted  tile fol lowing values  for Pi f luxes (in nmole  
P i •  -1 c e l l s •  1.00 (influx) and  0.16 (effiux), 
The re la t ive ly  h igher  value of tile inf lux ra te  is r emarkab le  
when  compared  w i t h  Pi concen t ra t ions  in ep imas t igo tes  
(near 24 mM)  and  m e d i u m  (5.5 m/F /a f t e r  add i t ion  of 32p). 

Table  I I I  shows t h a t  t r e a t m e n t  wi th  3 m M  iodoace ta te  
d i s rup ted  the  pe rmeab i l i t y  barr iers  for Pi. The effect  of 
iodoace ta te  was d e m o n s t r a t e d  by  a) the  exi t  of near ly  all 
of the  cell Pi  and  b) by  the  increase of 32P i uptake .  In  addi-  
t ion,  iodoace ta te  caused dephosphory l a t i on  of organic 
compounds  and  an expec ted  7,s inh ib i t ion  of respira t ion.  
The 2 la t t e r  effects  would reflect  the  inh ib i t ion  of gly- 
colysis which  in T. cruzi is a main  p a t h w a y  of glucose oxi- 
da t ion  9,10. However ,  ne i ther  t he  var ia t ions  of Pi and P~ 

6 G. R. BARTLETT, J. biol. Chem. 239, 466 (1959}. 
7 j.  F. RYLEY, Bioehem. J. 62, 215 (1956). 
s R. ZELEDON, Revta Biol. trop. 8, 181 (1960). 
9 T. voN BRAND, Biochemistry of Parasites (Academic Press, New 

York 1966). 
1o T. vow BRAND, in Medicina Tropical (Ed. A. ANSELI~I; Editorial 

Fournier, M6xico D. F. 1967), p. 261. 

Table IfI. Increased permeability of epimastigotes after treatment with 3 mM iodaeetate ~ 

Iodoacetate (mM) P~ efflux Diminution of cell phosphates 3sP-Phosphate uptake in fractions b Qo 
mmole ~ ( mmole ~ ( mmole 

P~ P~ Po P, P~ P~ 

0 -2.0 -1.0 0 -2.0 0 0.11 0.25 7.0 
3.0 34 16 14 2.0 35 0.33 0.81 0.5 

(18) a (15) a (12) a (74) a 

Epimastigotes (15 mg; PD1) were suspended in standard saline solution and incubated in Warburg manometers for 3 h with iodoaeetate 
as stated above. 3ZP-phosphate was then added (final concentration, 3.9 mM; specific activity, 3.42 • 109 cpm/m atom g asp} and after 
further incubation for 2 h, the reaction mixtures were analyzed for phosphate distribution. Other experimental details were as in Table I. 
b The amount of assimilated phosphate was calculated on the base of the specific activity of the added 3~P-phosphate corrected for phosphate 
concentration in the extracellular space at the time of aSP-phosphate addition, o Wet-weight. a Initial concentration. 
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nor the metabolic inhibition did per se promote phosphate 
extrusion because antimycin (1 tzg/ml) and iodoaceta~e 
(0.1 mM) inhibited respiration and increased the intra- 
cellular concentration of Pi without stimulating Pi ef- 
flux 1,. The effect of 3 m M  iodoacetate on Pi efflux would, 
therefore, imply a selective alteration of P~ transport. 
Iodoacetate (3 mM) caused also visible alterations of epi- 
mastigotes, namely, abnormal round shapes and loss of 
mobility that  would involve important  osmotic changes in 
the cells. 

Very little is known about ion transport in T. cruzi and 
its modification by enzyme inhibitors", ~~ The results 
described here, particularly the effect of iodoacetate, sug- 
gest that  exploration of tha t  aspect of the parasite biology 
might have interesting implications for the chemotherapy 
of infections by T. cruzi~e. 

Zusammen/assung. Epimastigoten von Trypanosoma 
cruzi sind fiir Orthophosphate (Pi) relativ undurchl/issig. 
Man kann trotzdem bei Zellen, die aus Ortophosphat 
armen Kulturen stammen, einen signifikanten iJbertr i t t  

von Ortophosphat ins Zellinnere messen. Bei diesen Zellen 
ist die Geschwindigkeit des Pi-Transportes ins ZeiIinnere 
trotz eines diesem Vorgang entgegenwirkenden Phosphat- 
Konzentrationsgradienten etwa 5 mal gr6sser sis die der 
Pi-Abgabe aus dem Zellinnern des umgebenden Mediums. 
Die Durchlgssigkeitsschranke fiir Pi wird dutch 3 m M  
Jodacetat  zerst6rt. 
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Aktiviti it  e iniger T r a n s a m i n a s e n  in den mi t  SO 2 

In vorgehenden Mitteilungen haben wit tiber den Ein- 
Iluss des SO 2 auf den Gehalt freier Zucker und Amino- 
s/~uren sowie Ketosguren in Erbsen-Keimpflanzen be- 
richtetL2. Welter haben wir die Bildung der Bisulfit- 
Addukte yon Carbonylverbindungen (Glyceraldehyd, 
=-Ketoglutarat, Pyruvat,  Oxalacetat) in den mit  SO 2 be- 
gasten Erbsen-Keimpflanzen bewiesen 2. Durch Ent- 
stehung dieser Addukte kann die Erniedrigung des Ge- 
halts freier Ketosguren erklgrt werden2. Zugleich erkl~irt 
diese Tatsache die Ver~inderung des Gehalts einiger freier 
Aminosgnren (Alanin, Glutaminsgure) in den Organen der 
mit  SO~ behandelten Erbsen-Keimpflanzen ~. Auch bei 
Kaninchen verursacht SO= eine Erniedrigung freier Ami- 
nosguren (Threonin, Histidin, Methionin) im Blur a. Alle 
diese Tatsachen sprechen fiir die Beeinflussung der Trans- 
aminierungsvorggnge durch SO~ in Pflanzen und wahr- 
scheintich such in Tieren. Um diese Voraussetzung zu 
best~itigen, haben wir die Aktivi tgt  einiger Transaminasen 
(Glutamat-Oxalacetat- und Asparagat-Pyruvat-Trans- 
aminase) in den mit  SO~ begasten Erbsen-Keimpflanzen 
ngher untersucht. 

Die Versuche wurden mit  15t~igigen griinen Erbsen- 
Keimpflanzen (Pisum safivum L., Sorte Orlik), die bei 
Licht gepflanzt wurden, durchgefiihrt. Die Kultivierung 
sowie Intoxikation mit 1 ~o gasf6rmigem SO 2 geschah auf 
dieselbe Weise wie in den friiheren Versuchen 1, ~. Nach 
der 48stiindigen Intoxikation wurden die Keimpflanzen 
(Kontroll- sowie Versuchspflanzen) auf Kotyledonen, 
Wurzeln und Achsen vertei l t  und diese Organe dann ge- 
trennt  verarbeitet. 

Die Bestimmung der Transaminase-Aktivitat  geschah 
nach einer modifizierten Methode yon GREBINSKIJ et al. 4. 
Das Pflanzenmaterial (5 g) wurde mit  wenig Glaspulver 
in 30 ml eiskalten K2HPO~-Puffer (pH 8,0) im Porzellan- 
M6rser unter Kiihlung im Eisbad fein homogenisiert und 
dann sofort in der Kiihlzentrifuge (Janetzki K 14) bei 
700 g 10 min zentrifugiert. Die Inkubationsmischung war 
wie folgt zusammengesetzt : 5 ml Enzymextrakt  und 2, 5 ml 
0,06 2K Na-Pyruvat-  bzw. 0,06 M Oxalessigsgure-L6sung. 
Diese Mischung wurde 10 min bei 37~ unter mildem 
Schiitteln im Dubnoff-Inknbator inkubiert, dann 2,5 ml 
0,06 M Asparagins~inre bzw. 0,06 M Glutamins~iure zu- 

behandel ten  E r b s e n - K e i m p f l a n z e n  

gegeben und unter denselben Bedingungen 20 rain weiter 
inkubiert. Die enzymatische Reaktion wurde mit  
96 % igem Athan01 (25 ml) unterbrochen. Mit j edem Enzym- 
extrakt  wurden 3 Parallelversuche durchgefiihrt; in zwei 
weiteren I~roben (ohne Zugabe von I~ieto- und Amino- 
sanre) wurde der endogene Gehalt der Aminosgure be- 
stimmt. Eine eventuelle nichtenzymatische Reaktion der 
Substrate wurde durch eine weitere Probe mit ~_thanol- 
Zugabe am Begmn der Inkubation gepriift. 

Nach Zugabe des &thanols wurde der Eiweisstoff- 
Nieders~!~lag abzentrifugiert und im Vakuum auf dem 
Wasserbad abgedampft. Der Riickstand wurde dann in 
1 ml 80%igem Athanol gel6st und auf Whatman Nr. 1 
aufgetragen und mittels zweidimensionaler Papierchro- 
matographie getrenntS, ~. Die Aminosguren wurden mit- 
tels 0,2~oiger Ninhydrin-L6sung im Aceton (60 ~ 10 min) 
sichtbar gemacht. Die Flecke des Alanins und der Aspar- 
ginsgure wurden dann ausgeschnitten und mit Methanol 
3mal unter stgndigem Schiitteln extrahiert. In den 
Extrakten wurde die entsprechende Aminosgure mit  
Ninhydrin und Cadmium-Acetat  gepriift und die Ab- 
sorbanz der orange-roten Cadmium-Komplexe bei 500 nm 
mit  'Spekol ZV' (C. Zeiss, Jena, DDR) gemessenS, ". 

Die Ergebnisse sind in der Tabelle angegeben. Wegen 
der nicht ganz befriedigenden Trennung yon Asparagin- 
und Glutamins/iure in den Kotyledonen, wurde die Kon- 
zentration der Asparagins~iure nicht bestimmt. Die Men- 
gender  durch die Transaminierung entstehenden Aspara- 
ginsgure bzw. des Alanins wurden Ms Differenz zwischen 

1 j .  Kogr I. MACHs163 V. JIRi~EK und E. BucHAR, Expe- 
rientia 26, 604 (1970). 
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(1972). 
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767, 2297 (1967). 
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