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Fig. 4. Effect of ribonuclease on membrane potential level of single umscle fibres. (A) Change of membrane potential level of single muscle 
fibres induced by hormones. (B) Effect of ribonuclease on the change in membrane potential level caused by hormones. Broken line, insulin 
(0.16 units/100 g) ; Dotted line, estradioldipropionate (0.1 rag/100 g) ; Broken-dotted line, 1 dehydrometbyltestosterone (0.2 rag/100 g). 

3. Inh ib i to rs  of pro te in  b iosynthes is  (ac t inomycin  D, 
r ibonuclease) p r even t  the  ac t iva t ion  of R N A  synthes is  
in l iver cells occurr ing af ter  b loodle t t ing  and  wi th  insulin 
injection.  Thus, 24 h af ter  b loodle t t ing  there  was an 
increased R N A  renova t ion  ra te  f rom 928 • 84 i m p / m i n /  
mg R N A  to 1730 • 104 i m p / m i n / m g  RNA.  W i t h  a pr ior  
ac t inomycin  D injection,  the  inclusion was found to 
increase ins ignif icant ly  (1260 :~ 160 i m p / m i n / m g  RNA).  

Thus,  wi th  the  ac t iva t ion  of p ro te in  biosynthesis ,  the  
hyperpolar iza t ion  of a cell developes.  Inh ib i to rs  of 
p ro te in  b iosynthes is  p r e v e n t  the  deve lopmen t  of hyper -  
polarizat ion.  I t  can be s t a t ed  t h a t  a re la t ionship  be tween  

pro te in  b iosynthes is  and  cellular funct ion  plays  an 
i m p o r t a n t  role in the  d e v e l o p m e n t  of hyperpo la r iza t ion  
and regulat ion of m e m b r a n e  po ten t i a l  level. 
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Oxidative Phosphorylation in T r y p a n o s o m a  cruz i  t 

The occurence of ox ida t ive  phosphory la t ion  in Trypa-  
nosomat idae  has been d e m o n s t r a t e d  wi th  Crithidia 
/asciculata 2-s and Trypanosoma mega 6. In  th is  communi -  
ca t ion we describe exper imen t s  t h a t  prove  the  opera t ion  
of oxida t ive  phosphory la t ion  in T. cruzi, the  agent  of 

i 
55~562 AA~.01 

b:8 ~ 5  

I , , B , I t i , , I ~ J , , I 

500 550 600 650 nm 
Wavelength 

Fig. 1. Spectrum of T. cruzi. 27 nag epimastigotes suspended in 
1.75 ml of a 30% (v/v) glycerol-standard saline medium mixture. 
To the measuring cuvette was added dithionite; flat oiled paper was 
placed in the reference cuvette ~~ 5 mm Light path. For other con- 
ditions see Methods. 

Chagas '  disease. The d emo n s t r a t i o n  is based on the  
effect  of specific inhibi tors  on:  1. the  redox  s ta te  of the  
paras i te  cy tochrome  'b ' ;  2. respi ra t ion;  and  3. the  in t ra -  
cellular concen t ra t ion  of h igh-energy  p h o s p h a t e  and P,.  

Materials. T. cruzi epimas t igotes  were grown a t  28~ 
as descr ibed earlier 7,s. The med i u m (solid phase) con- 
ta ined  5 % (v/v) sheep blood. Unless  s t a t ed  o therwise  the  
concen t ra t ion  of cell suspensions  was measured  by  the  
weigh t  ob ta ined  af ter  dry ing  washed  ep imas t igo tes  at  
100-104~ for 24 h (the d ry -we igh t  was abou t  15 % of 

1 Abbreviations. In addition to standard abbreviations, the following 
are used: PCP, pentaehlorophenol; CCP, carbonyleyanide-m- 
chlorophellyl hydrazone; DCCD, N,N'-dieyclohexylcarbodiimide; 
P i, inorganic orthophosphate ; PT, heat and acid labile phosphate; 
Pas, total acid-soluble phosphate; Po = Pas less (Pi + Pr). 
G. C. HILL and W. A. ANDERSON, Expl Parasit. 28, 356 (1970). 
G. C. HILL, in Comparative Biochemistry o] Parasites (Ed. H. VA~ 
DE~ BOSSCHE; Academic Press, New York and London 1972), 
p. 395. 

* J. P. KUSEL and B. STOR~Y, Biochem. biophys. Res. Commun. 46, 
501 (1972). 

5 j.  j .  TONER and M. M. WEBER, Biochem. biophys. Res. Commun. 
46, 652 (1972). 

G S. K. RAY and G. A. M. CRoss, Nature, New Biol. 237, 174 (1972). 
r j .  F. DE BOISO and A. O. M. STOPPANI, Proe. Soc. exp. Biol. Med. 

136, 215 (1971). 
8 j .  F. DE BOlSO and A. O. M. STOPPANI, Experientia 28, 1162 (1972). 
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Fig. 2. Effects ol CCP, antimycin A and cyanide on the redox state 
of cytochrome 'b' and respiration. 6.2 mg epimastigotes suspended 
in 1.75 ml of standard saline medium (pH 7.2) ; endogenous substrates; 
CCP, 5.7 ~M; antimycin A, 0.34 ~zg/mt; cyanide, 0.4 raM; temper- 
ature, 37 ~ light-path 5.0 ram. Oxygen concentration was measured 
with the platinum vibrating electrode. Where indicated by the 
arrows, oxygen was introduced into the anaerobic suspension by 
means of mechanical agitation. The number at the oxygen trace 
indicates the rate of respiration (ng atom O/min/mg of cells). 

Fig. 3. Effects of DCCD on the redox state of cytochrome 'b' and 
respiration. Reversal of DCCD effects by PCP. 6.5 mg epimastigotes; 
DCCD, 590 ~xM; cyanide (CN), 0.3 mM; antimycin A (AA), 0.34 ~g[ 
ml; PCP (~tM) as indicated above. DCCD was added in 50 p.1 of 
dimethyl sulfoxide (the solvent had no effect). For other conditions 
see Figure 2. In the absence of DCCD, respiration continued at the 
initial rate and 'b' maintained its initial redox state until exhaustion 
of oxygen. In the absence of PCP, the inhibition of respiration and 
the reduction of 'b' continued to increase. 

t he  f resh-weight  g). Reagen t s  were purchased  f rom the  
following sources:  ki ts  for measur ing  ATP,  f rom B6hrin-  
get  und  S6hne;  DCCD, f rom Koch~Light  & Co; an t imyc in  
A, f rom Sigma Chemical  Co. and PCP, f rom E. K o d a k  Co. 
CCP was a gif t  f rom Dr. P.G. HEYTLER, E.I .  D u p o n t  de 
Nemours  and  Co. 

Methods. The spec t rum of ep imas t igo tes  was  ob ta ined  
wi th  a Johnson  Research  F o u n d a t i o n  sp l i t -beam spectro-  
pho tome te r .  Changes in absorbance  at  selected wave leng th  
pairs were followed in an Aminco-Chance  dual  wave leng th  
spec t ropho tomete r .  Resp i ra t ion  was measured  w i t h  the  
v ib ra t ing  p l a t i n u m  electrode or w i th  Warbu rg  direct  
method.  A T P  was measured  as descr ibed in reference~~ 
P~ and  incorpora t ion  of 8~p in organic  phospha t e s  were 
measured  as descr ibed in referenceS. 

I ncuba t i on  condi t ions  were as descr ibed in Results ,  
using a m e d i u m  (hencefor th  s t anda rd  saline medium) 
consis t ing of 110 m M  K+, 45 m M  Tris, 6.8 m M  Na+; 6.8 
m M  p h o s p h a t e  buffer  and 157 m2Vf C1-; p H  7.2. 

Results and discussion. Figure  1 shows the  spec t rum of 
T. cruzi in the  650-500 m n  range.  In  ag reemen t  w i t h  
earl ier  repor t s  7, ~ n ,  t he  ~-band of cy toch rome  b was  the  
main  peak  of the  spec t rum;  the  e -band  of cy toch rome  a 
was ve ry  small  and a typ ica l  c550 was undetec tab le .  The 
~-band of cy toch rome  b showed a broad m a x i m u m  at 

Table I. Effect of inhibitors on intracellular ATP ~ 

Inhibitor QxM) ATP concentration (mM) 

None 3.8 
CCP (10) 1.5 
DCCD (600) 2.3 
Cyanide (100) 1.9 

Epimastigotes (66 rag) were suspended in 6 ml of standard saline 
medium plus the additions stated above. After 5 rain incubation, 
2.0 ml duplicate samples were taken with an automatic pipette and 

558-562 n m  and  it is assumed t h a t  i t  could involve con- 
t r ibu t ions  f rom several  cy tochrome  species, including 
c55 s (ref.*). Therefore,  absorbance  at  558-562 n m  will be 
provis ional ly  t e rmed  cy tochrome  'b '  unt i l  the  consti-  
t u e n t  species have  been identif ied.  

Mammal ian  cy tochrome  b is a sui table  t e s t  of t he  
energy s t a te  of t he  inner  m e m b r a n e  because the  redox  
s ta te  of a t  least  one b species (bT) is d e p e n d e n t  on the  
phosphory la t ion  po ten t i a l  13. On th is  basis, the  response  
of T. cruzi cy toch rome  'b '  to inhib i tors  of ox ida t ive  
phosphory la t ion  was inves t iga ted .  Figure  2 shows the  
effects of CCP (an uncoupler) ,  an t imyc in  A and cyanide  
(both inhib i tors  of e lectron transfer) .  Absorbance  changes  
were  measured  at  562 nm (with 575 as reference) to  min i -  
mize in ter ference  by  c55 s (ref. S). I t  can be seen t h a t  1. 
add i t ion  of CCP caused a shif t  of 'b '  t owards  the  oxidized 
s ta te  and a 26% increase of the  ra te  of resp i ra t ion ;  2. 
add i t ion  of an t imyc in  A caused a reduct ion  of 'b '  and 
89 % inhib i t ion  of respi ra t ion;  3. final addi t ion  of cyanide  
caused a fu r ther  increase in absorbance  and  comple te  
inhib i t ion  of respirat ion.  These resul ts  s t rongly  suggest  
t h a t  'b '  inc luded a t  least  one energy- t ransduc ing  cyto-  
chrome on the  snbs t r a t e  side of the  an t imyc in  sensi t ive 
site (the b-c I segment  of the  resp i ra to ry  chain14). Concer- 
ning the  effect  of cyanide,  an inhib i tor  of T. cruzi respi-  
ration11,~2, i t  is assumed t h a t  it  p r e v e n t e d  the  flow of 
electrons escaping f rom the  an t imyc in  A inhib i t ion  and also 
f rom reduced  c5~ s. Difference be tween  cyanide  and  ant i -  
mycin  A levels of reduced 'b '  (Figure 2) indica ted  about  
30 % in ter ference  by  non-b  ey tochromes  a t  562 rim. 

DCCD, an inhib i tor  of oxida t ive  phosphory la t ion ,  
which  mimics  o lygomycin  action, was used as suggested 
by  the  exper imen t s  of KOVAC et al. ~5 wi th  yeast .  Figure  3 

9 T. VON BRAND, Revta. Inst. Med. trop. S. Paulo d, 53 (1962). 
10 H. ADAM, in Methods of Enzymatic Analysis (Ed. H.-U. BERG- 

-~[AYER; Academic Press, New York and London 1963), p. 539. 
n j .  F. RYLE'Z, Biochem. J. 62, 215 (1956). 
1~ j.  D. FULTO~ and D. F. SFOONER, Expl Parasit. 8, 137 (1959). 
t3 B. CKANCE, Fedn. Europ. biochem. Soc. Lett. 23, 3 (1972). 

thorougly mixed with 1.0 ml ice-cold perchloric acid (50% w/v). I~ j. R. BRANDON, J. R. BROCKELHURST and C. P. LEE, Biochemistry 
After eentrifugation, the supernatant was analysed for ATP. ATP 71, 1150 (1972). 
concentration was calculated by assuming that the water content of 1~ L. t<ovAo, T. GALEOTTI and B. HESS, Biochim. biophys. Acta 153, 
fresh epimastigotes was 85% of the total weight 9. 715 (1968). 
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shows the  effects on the  redox s ta te  of 'b '  and respirat ion.  
The sequence of events  m a y  be descr ibed as follows: 1. 
addi t ion  of DCCD increasingly inhib i ted  respi ra t ion  and 
shif ted 'b '  towards  the  reduced  s ta te ;  2. add i t ion  of 
14 ~zM P C P  s t imula ted  resp i ra t ion  by  50 % (with respect  
to the  inhib i ted  rate) and s l ight ly  rever ted  the  reduc t ion  
of ' b ' ;  3. fur ther  addi t ion of 72 ~M P C P  s t imula ted  
respi ra t ion  by  100% (with respect  to the  inhib i ted  rate) 
and  caused an ex~ensive ox ida t ion  of 'b '  ; 4. f inal  add i t ion  
of cyanide plus an t imyc in  A comple te ly  inhib i ted  res- 
p i ra t ion  and res tabl ished 'b '  in the  reduced state,  demon-  
s t ra t ing  the  revers ibi l i ty  of P C P  effect. 

T. cruzi epimast igotes  con ta ined  A T P  in a concen t ra t ion  
no t  very  di f ferent  f rom those  repor ted  for an imal  t issues 
such as skeletal  and hea r t  muscle  16. T r e a t m e n t  of epi- 
mast igotes  wi th  cyanide,  CCP and DCCD de te rmined  signif- 
icant  d iminut ions  of t he  intracel lular  concen t ra t ionof  A T P  
(Table I). In  accordance wi th  those  results,  an t imyc in  A 
inh ib i ted  phosphory la t ion  (Table II), as shown by  the  

Table II. Effect of antimycin A on a) a2p i uptake in high-energy 
phosphate and b) the intraeelluIar concentration of Pi 

Experiment Antimycin A Uptake of Inhibition of 
(~zg/mg of cells) a~P-phosphate in respiration 

fractions (%) 
(~g atom 8~p) 
(g of ceils ~) 
P: P0 

a) None 0.8 0.4 -- 
0.19 0.3 0.2 80 

Diminution of 
intracellular P~ 
(~xg atom P) 
(g of cells ~) 

b) None 6.0 -- 
0.11 --1.0 78 

Experiment a). Epimastigotes (16 mg phosphate deficient PD-1 
(ref. ~) ; 3.9 mM aP-phosphate (6.0 • 10 s cpm/mg atom a~p) ; 5.0 mM 
glucose; standard saline medium to 3.0 ml. Incubation in Warburg 
manometers for 2 h at 30 ~ After incubation the cells were analyzed 
for the incorporation of 32p in P-fractions. Control Q0~, 5.0 Experi- 
ment b). Epimastigotes, 8.9 rag; glucose, 5.0 mM; incubation for 
3 h. Initial P~ concentration, 27 ~zg atom P per g of cells. Other 
conditions as in experiment a). Control Q0v 9.0. After incubation 
the ceils were analyzed for P~ concentration, o Fresh weight. 

decrease of 32p incorpora t ion  into P7 and P0, and by the  
increase of the  intracel lular  concen t ra t ion  of P,.  The 
effect  on the  label l ing of P0 ( tha t  represents  glucose-6-P 
and  der iva tes  iv) is expla ined by  consider ing t h a t  p a r t  
of the  A T P  required to phospho ry l a t e  glucose or ig inated 
in ox ida t ive  phosphory la t ion .  

In  conclusion, occurence of ox ida t ive  phosphory la t ion  
in T. cruzi is suppor t ed  by :  1. the  ox ida t ion  of reduced 
cy tochrome  'b '  a f ter  add i t ion  of uncouplers  (Figures 2 
and 3) ; 2. the  cons is ten t  effects of an t imyc in  A on the  redox 
s ta te  of 'b', resp i ra t ion  and  p h o s p h a t e  metabo l i sm 
(Figure 2 and  Table II),  and 3. the  effect  of uncouplers  
and DCCD on respi ra t ion  and  p h o s p h a t e  me tabo l i sm 
(Figures 2, 3 and Table I). These effects are in good 
agreement  wi th  the  presence  of a Mg2+-activated ATPase  18 
and  mi tochondr ia l  s t ruc tures  in T. cruzi19-21. 

Zusammen/assung.  In  E p i mas t i g o t en  yon  T. cruzi wird 
die oxyda t ive  Phosphory l i e rung  bewiesen durch  : 1. Besei- 
t ignng der Atmungskon t ro l l e  durch  Zugabe yon  en tkop-  
pe lnden  Subs tanzen  (CCP und PCP) ;  2. H e m m u n g  der 
Phosphory l i e rung  du tch  An t imyc in  mi t  gleichzeit iger 
Reduk t ion  yon Cy tochrom 'b ' ;  3. A t m u n g s h e m m u n g  
durch  Dicyc lohexylcarbodi imid  (DCCD) ; 4. Ve rminde rung  
des intrazellul~ren A T P  d u t c h  CCP, DCCD und  Cyanid. 

A. O. M. STOI'I'ANI 2~ and J. F. DE Bo l so  22 

[nstituto de Qulmica Bioldgica, 
Facultad de Medicina, 
Paraguay 2155, Buenos Aires (Argentina), 
24 M a y  1973. 

16 C. LONG, Biochemists' Handbook (E. and F. N. Spon Ltd., London 
1961), p. 783. 

17 g. F. LELOIR and C. E. CARDINI, in Methods in Enzymology (Eds. 
S. P. COLOWlCK and N. O. KAPLAN; Academic Press, New York 
1957), vol. 3, p. 840. 
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.21 This investigation was supported by grants from Consejo National 

de Investigaciones Cientificas y T~enicas (Argentina), Instituto 
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Visual  Cort ical  Cells:  H o w  Crit ical  is  Focus? 

Although  per formance  l imits  of the  re t ina-cent ra l  
p a t h w a y s  can now be def ined using techniques  which  
essent ia l ly  by-pass  the  opt ics  of t he  eye 1 3, little, yet ,  is 
known of the  specific effects of image blur  on single cell 
pe r fo rmance  at  successive levels of these  pa thways .  

Ini t ia l  observa t ions  of cat  re t ina l  ganglion cell responses  
do indicate,  however,  t h a t  re f rac t ive  errors of as l i t t le  
as 0.25 d iop te r s  can of ten  be de tec ted  th rough  use of a 
set  of neurophysiological  criteria4, ~. A similar  suscepti-  
b i l i ty  to  blur, bu t  general ly less acute,  has  been demon-  
s t r a t ed  for par t icu lar  cells of the  r abb i t  superior  colliculus, 
as well 6. 

Bu t  how critical is image focus to cort ical  cell perfor-  
mance  ? Is the  eff iciency of every  cell equal ly  degraded  

by  blur  ? And, how is responsiveness  to specific t r igger-  
features  in the  env i ronment ,  e.g. mo t ion  and  direct ion,  
affected ? 

Material and method. 123 phot ica l ly  respond ing  
cort ical  cells of the  r abb i t  were inves t iga ted  here, using 
the  same expe r imen ta l  me t h o d s  and condi t ions  as in the  
superior  colliculus s t u d y  repor ted  earlier 6. As previously,  
the  recept ive  field of each cell was r epea ted ly  p lo t t ed  
t h ro u g h  a series of induced  spherical  ref rac t ive  errors. 

Results and discussion. The Figure i l lus t ra tes  6 classes 
of cort ical  cell pe r fo rmance  in the  presence  of induced  
re t ina l  blur. The upper  3 profiles are in response to 
f lashing 1/2 o spot  where  : (A) shows a cell wi th  a ve ry  high 
suscept ib i l i ty  to induced blur  ( representa t ive  of abou t  


