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f i l aments  and  t h a t  its smoo th  ridges mus t  be due to  
d is tens ion b y  a h igher  hydros t a t i c  pressure  on one side 
of tile filter. 
U n f o r t u n a t e l y  the  observed  fil ter pa rame te r s  m a y  no t  
be the  same as those  of the  unf ixed micro-fi l ter .  F i r s t  of 
all the  house and feeding fi l ter  will shr ink  to some degree 
as soon as the  muscular  ac t iv i ty  of the  an imal  is s topped.  
Secondly,  the  f ixat ion and especial ly the  acetone  dehy-  
d ra t ion  will cause fu r ther  shinkage.  Al though  the  overall  
size of the  house  m a y  be reduced  dras t ica l ly  af ter  drying,  
it  is uncer ta in  to  w h a t  degree the  micro-f i l ter  f i l aments  
shrink.  Thirdly,  the  evapora t ion  of a conduc t ive  layer  
on the  specimen will increase the  a p p a r e n t  th ickness  of 
the  f i laments  and t he r eby  reduce the  pore  size. 
In  spite of these  factors,  I f ind it reasonable  to believe 
t h a t  the  micro-f i l ter  t r aps  par t ic les  down  to abou t  0.1 ~xm 
in d iameter .  The size d i s t r ibu t ion  of the  par t ic les  seen 
beh ind  the  fi l ter  (figure 3) speaks in favour  of th is  view. 
Compared  wi th  the  size-range of bac ter ia  and o ther  well 
def ined nanoplank te rs ,  th is  is an exceedingly  low limit. 
I t  m a y  accordingly  be supposed t h a t  smaller  l iving and 
dead  par t ic les  are an i m p o r t a n t  food source of O. dioica. 
The observed micro-f i l ter  cons t i tu tes  a cont inous  layer  
t h roughou t  the  feeding filter. A second layer, mak ing  
up the  opposi te  side of the  r idges or channels ,  m a y  also 
be present ,  bu t  has  no t  been disclosed so far. I t  seems 
reasonable  to believe t h a t  th is  micro-f i l ter  is essent ial  
for the  pa r t i c l e - t r app ing  func t ion  of the  feeding fil ter 
and  t h a t  wa te r  passes across the  meshwork  s . The small  
r ec tangula r  meshes  and the  smoo th  surface, combined  
wi th  the  large open area fract ion,  will delay clogging of 
th is  micro-f i l ter  as par t ic les  are unl ikely to en te r  the  pores 

w i t h o u t  being able to  p e n e t r a t e  them.  W h e n  the  an imal  
s tops  i ts  ta i l  m o v e m e n t s ,  as i t  does every  few sec, and  
cont inues  to  suck par t ic le -enr iched  wa te r  f rom the  feeding 
filter,  the  wa te r  cu r ren t  t h rough  the  micro-f i l ter  m a y  
also be reversed  and the  par t ic les  l if ted away  f rom the  
meshwork .  
A wate r  passage exclus ively  along the  fi l ter  r idges in 
socalled 'Reuseng/ inge '  or ' R e u s e n b a h n e n '  and a par t ic le-  
t r ap p i n g  mechan i sm based on numerous  t rabeculae  wi th-  
in these  tunnels3 will r ender  the  micro-f i l ter  funct ionless  
and  give a ve ry  small  f i l ter ing surface and  rapid clogging 
of the  filter. Likewise, the  presence  of any  s t icky  mate r ia l  
in the  feeding fil ter 5 would p r e v e n t  par t ic les  f rom being 
sucked into the  m o u t h  of the  an imal  and  cause immed ia t e  
clogging of the  filter. 
By  con t inued  scanning and t r ansmiss ion  electron mi- 
croscopic studies,  I hope  to reveal  how the  beaut i fu l ly  
spaced meshwork  of the  micro-f i l ter  is p roduced  by  
cellular secret ion and  to disclose its re la t ion to tile o ther  
componen t s  of the  e x p a n d e d  feeding filter. 
A similar, bu t  much  coarser  silk micro-f i l ter  has  recent ly  
been descr ibed in a larval  ph i lopo tamidae  (Trichoptera)  s. 
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Summary .  ATPase  was d e m o n s t r a t e d  by  high resolut ion cy t o ch emi s t ry  in the  micro t r iches  of C. cellulosae. I t  is t h o u g h t  
t h a t  the  enzyme  is i m p o r t a n t  for the  paras i te ' s  acquis i t ion of raw mater ia ls  for surviving and d i s t r ibu t ion  in hos t  
tissues. 

Porcine cyst icercosis  is p roduced  by  Cysticercus cellulosae. 
In  the  human ,  cyst icercosis  occurs when  man  acc identa l ly  
becomes the  in t e rmed ia te  hos t  of the  ces tode Taenia 
solium. 
C. cellulosae is p re fe ren t ia l ly  localized in the  bra in  of 
man,  whereas  in the  hog it is usual ly lodged in skeletal  
muscle 2. A l though  the  reasons for such a preferen t ia l  
d i s t r ibu t ion  are no t  ye t  known,  i t  is ev iden t  t h a t  t he  
a d a p t a t i o n  of C. cellulosae to  d i f ferent  mic roenv i ronmen t s  
which  offer d i s t inc t  metabol ic  recourses, m u s t  require  
the  possession,  by  the  parasi te ,  of a carefully and  s t r ic t ly  
regula ted  t r a n s p o r t  sys tem.  Therefore  the  s t u d y  of the  
presence  and  d i s t r ibu t ion  of those  enzymes  associa ted  
wi th  t r a n s p o r t  mechan i sms  migh t  shed some l ight  on 
the  exp lana t ion  for th is  par t i cu la r  b o d y  t issue d is t r ibu-  
tion3. Many  s tudies  have  p rov ided  evidence for the  close 
associat ion of a specific (Na, K, Mg) ac t iva ted  ATPase  
wi th  act ive ca t ion  t ranspor t4-% In  some sys tems  th is  
ac t ive  ca t ion  t r a n s p o r t  m a y  also be l inked to the  t rans -  
po r t  of none lec t ro ly tes  7 10. Therefore  ATPase  migh t  be 
highly  s ignif icant  to th is  par t icu lar  d i s t r ibu t ion  of the  

parasi te .  The purpose  of the  p resen t  s t u d y  was to localize 
the  cy tochemica l ly  demons t r ab l e  ATPase  ac t iv i ty  of C. 
cellulosae's vesicular  m e m b r a n e  at  u l t r a s t ruc tu ra l  level, 
and  relate it  to the  possible  role in the  preferen t ia l  t issue 
d i s t r ibu t ion  of this  paras i te .  
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Fig. 1. Vesicular membrane of C. cellulosae. The tegument discloses 
numerous mierotriches. Section stained with uranyl acetate and 
lead citrate, x 25,000. 

Fig. 2. The picture discloses positive ATPase reaction as evidenced 
by numerous electron dense deposits corresponding to lead precipi- 
tates confined to the external surface of the vesicular membrane 
mainly around the microtriehes. Unstained section. • 11,500. 

Material  and methods. A to ta l  of 180 cyst icerci  were 
excized f rom the  anconeous  muscle  of 6 paras i t ized  hogs  
s laughte red  in the  aba t to i r  of Mexico City. In  order  to 
preserve  the  in t eg r i ty  of the  paras i tes ,  we refra ined f rom 
any  dras t ic  t r e a t m e n t  and  only  2 gen t ly  washings  in 
40 mM Tris -malea te  buffer  (pH 7.0) were carr ied ou t  
to clean t h e m  out  f rom sur round ing  mater ia l .  Ill o rder  
to d e m o n s t r a t e  the  Mg -N a-K -s t i mu l a t ed  ATPase  ac t iv i ty ,  
the  m e t h o d  of Wachs t e in  and  Meisell was used as modif ied  
by  1Viarchesi and Pa lade  11. The reac t ion  was  pe r fo rmed  
a t  37~ for 15 min  e i ther  w i th  unf ixed or pref ixed  
cyst icerci  (20-30 rain in a mix tu re  of 2.5 % g lu ta ra ldehyde  
in 0.1 M cacodyla te  buffer,  p H  7.4). Control  expe r imen t s  
were carr ied out  wi th  the  following modif ica t ions  of 
the  incuba t ion  media  : a) Conta in ing  ADP,  AMP, -glucose- 
6 -phospha te  or Na~HPO 4 ins tead  of ATP;  b) con ta in ing  
ATP,  b u t  wi th  added  1 mM ouaba in  and  c) w i t h o u t  
ATP.  Af te r  incubat ion ,  spec imens  were fixed in 3% 
g lu ta ra ldehyde ,  cacodyla te  buffered  to  p H  7.4, and  
washed tho rough ly  wi th  the  same buffer,  d e h y d r a t e d  
in ascending  concen t ra t ions  of e thanol  and  e m b e d d e d  
in Ara ld i te  as men t ioned  elsewhere 12. Sections in the  
silver colour range cut  on a P o r t e r - B l u m  MT-2 ul t ra-  
mic ro tome  were collected on copper  grids and  observed  
in a Phi l ips  EM-300 e lec t ron microscope.  
Results. The cyst icercus '  t e g u m e n t  free surface, as is 
the  case of the  t e g u m e n t  of o the r  t a p e w o r m s  ~, is endowed 
wi th  numerous  s lender  microvil l i  called microt r iches  18 
readi ly seen wi th  scanning and  t r ansmiss ion  electron 
mic roscopy  la (figure 1). E lec t ron-dense  deposi ts  of lead 
p h o s p h a t e  along the  t e g u m e n t  of C. ceUulosae were seen 
and  in t e rp re t ed  as ev idence  t h a t  this  ex te rna l  surface 
was  a si te of ATPase  ac t iv i ty .  P rec ip i ta tes  appeared  as 
dense i r regular ly d i s t r ibu ted  granules  confined exclusively 
to  micro t r iches  (figure 2). P repa ra t ions  made  af ter  the  
g lu ta ra ldehyde-pre f ixa t ion  descr ibed above were general ly  
free f rom any  lead p h o s p k a t e  depos i t  (figure 3). Controls  
in which  A T P  was absen t  or replaced by  Glu-6-P, as 
subs t ra te ,  disclosed no e lec t ron dense deposi ts .  Ouabain  
conta in ing  samples  revealed no lead p h o s p h a t e  pre-  
c ip i ta tes ;  nor  were there  a n y  deposi ts  formed when  
Na~HPO 4 was added  to t he  incuba t ion  med i u m ins tead  
of ATP.  Considerable  a m o u n t  of p rec ip i ta tes  were 
found  a t  the  ex te rna l  surface in p repa ra t ions  conta in ing  
A D P  ins tead  of A T P ;  however ,  the  local izat ion of the  
react ion p roduc t s  was p a t c h y  along the  outer  l imit ing 
membrane .  A similar  p a t t e r n  of p rec ip i ta tes  bu t  in 
minor  quant i t i es  was observed  when  A M P  was added  
ins tead  of ATP.  
Discussion. Fol lowing the  r epo r t  of Rosen tha l  et  al. 1~, 
m a n y  d o u b t s  have  been raised concerning the  va l id i ty  
of lead m e t h o d s  for t he  h i s tochemica l  d emo n s t r a t i on  
of p la sma  m e m b r a n e - b o u n d  ATPase  a c t i v i t y n ,  16-1s. 
However ,  re l iabi l i ty  in the  W-M m e t h o d  for demons t ra -  
t ion of ATPase  seems to  be successful ly ma in t a ined  

Fig. 3. Vesicular membrane of a cysticercus fixed in glutaraldehyde 
prior to the eytochemical reaction. No electron dense deposits are 
present. Unstained section. • 10,000. 
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b o t h  by  changing  the  concen t ra t ions  of lead and  sub- 
s t r a t e  x7,19 and  by  app ly ing  th is  m e t h o d  to  unf ixed 
sect ions  2~ Thus,  a t  p r e sen t  t he  h is tochemica l  va l id i ty  
of t he  ATPase  reac t ion  has been  recovered.  Therefore  
our  resul ts  provide  evidence for the  presence  of ATPase  
ac t iv i ty  in t he  exposed  surface of the  vesicular  m e m b r a n e  
of C. cellulosae. This is in keeping wi th  d a t a  ob ta ined  
by  L u m s d e n  in the  ou te r  surface of t a p e w o r m  t e g u m e n t  21. 
Since all pos t embryon i c  s tages of these  paras i tes  lack 
a digest ive t rac t ,  the  ass imila t ion of mater ia l  f rom the  
e n v i r o n m e n t  m u s t  t ake  place across the  t egumen t .  In  
th is  case, those  enzyme sys t ems  which  are concerned  
wi th  the  t r a n s p o r t  of subs tances ,  or w i th  the  modi f ica t ion  
of solutes to which paras i tes  are otherwise  impermeable ,  
m a y  be qui te  i m p o r t a n t  to the  survival  or specific 
d i s t r ibu t ion  of the  paras i te  in the  hos t  tissues. The 
demons t ra t ion ,  therefore,  of ATPase  in C. cellulosae m a y  

be indica t ive  of the  paras i te  unzyma t i c  dependance  for 
its nu t r i t i on  and  selective t issue dwelling. If  i t  is so, 
the  inhib i t ion  of ATPase  ac t iv i ty  would  h a m p e r  the  
survival  of t he  paras i te .  Recen t  obse rva t ion  by  Sengup ta  
on the  presence  of a mobi l i ty - inh ib i to ry  factor  which  
acts  as a p o t e n t  A T Pas e  inhib i tor  opens  the  poss ib i l i ty  
of a search for th is  factor  in var ious  t issue fluids ~. 
Theore t ica l ly  the  physiological  neu t ra l i za t ion  or absence  
of this  fac tor  in skeletal  muscle  and  bra in  t issue fluids 
would explain  such preferen t ia l  d i s t r ibu t ion  of C. cellulosae. 
F u r t h e r  s tudies  are needed  to s u p p o r t  th is  theory .  
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Stud ies  on prote in  c o m p o s i t i o n  and s y n t h e s i s  in the o v a r y  of Rhynchosciara americana 
(Diptera ,  Sc iar idae )  1 

M. L. Benozzat i  and R. Basile 

Departamento de Biologia, [nstituto de Biocigncias, Universidade de SEo Paulo, C. P. 11461, Sdo Paulo (Brazil), 
10 January 7977 

Summary. A compara t ive  s t u d y  of e lec t rophore t ic  pro te in  p a t t e rn s  f rom ova ry  and h a e m o l y m p h  was under t aken .  The 
syn the t i c  ac t iv i ty  of the  ovaries was also s tudied  by  measur ing  pro te in  precursors  incorporat ion.  Based on these  
analysis,  the  origin of vi tel logenic pro te ins  is considered.  

Vitellogenic pro te ins  have  been ex tens ive ly  s tudied  in 
m a n y  insects  wi th  respec t  to the i r  ident i f ica t ion and 
isolation 2, sites of synthes is  3, 4, and ho rmona l  regulat ion ~. 
There seems to  be 2 mechan i sms  involved in yolk forma- 
t ion:  the  synthes is  by  the  ovary  itself and the  incorpo- 
ra t ion  of proteins ,  syn thes ized  in o ther  tissues, f rom the  
haemolymph .  
A s t u d y  was unde r t aken  on the  syn the t i c  ac t iv i ty  of the  
ovaries of Rhynchosciara americana, during pupa l  and 
adu l t  stages, when  yolk depos i t ion  occurs. Ovary  follicles 
of R. angelae (R. americana) 8 have  1 oocyte  and  only 
1 nurse  cell, enveloped by  a layer  of follicular cells 7. The 
ova ry  grows rap id ly  f rom the  middle  s tage of pupa,  when 
typica l  po ly tene  chromosomes  develop in nurse  cells. 
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Fig. 1. Determinations of protein content in the ovaries of R. a m e r i -  

c a n a  during pupal and adult stages, using crystalline bovine serum 
albumin as standard. Each point represents an average of 3 deter- 
minations. D O corresponds to the newly ecdysed pupae. Arrow indi- 
cates adult eelosion. 

F r o m  this  s tage up to the  adul t ,  a large n u m b e r  of yolk 
granules can be seen in the  oocyte  cy top la sm 7. A fert i l ized 
female lays a group of eggs which develop synchronous ly ,  
p roduc ing  individuals  of the  same sex 8. 
Quan t i t a t ive  de t e rmina t i ons  of p ro te ins  have  been made  
ill order  to ver i fy the  corre la t ion be tween  pro te in  accu- 
mulat ion and ovar ian  growth.  Fol lowing dissect ion,  the  
ovaries were t r ans fe r r ed  to  1 ml of a N a O H  1 N solution,  
a t  45~ for 1 h, and  a sample  of 0.2 ml  f rom this  solut ion 
was used for the  dosage of soluble prote ins ,  according to 
Lowry  et  a12. The s p ec t ro p h o t o me t r i c  analysis  showed 
an increase of p ro te in  concen t ra t ion  at  abou t  the  5th 
day  of the  pupa l  stage,  which  intesifies t owards  the  end 
of the  adu l t  life (figure 1). The ovar ian  g rowth  observed  
f rom mid pupa  to adul t  s tage 7 mus t ,  therefore ,  involve a 
r emarkab le  accumula t ion  of prote ins ,  p ro b ab l y  re la ted  
to vitel logenesis.  
The compara t i ve  analysis  of p ro te in  pa t t e rns ,  revealed  
by  po lyacry lamide  gel e lectrophoresis  1~ showed a re- 
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