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Two  d imens ional  paper  c h r o m a t o g r a p h y  of the  reac t ion  
mix tu res  f rom the  exper iments  conta in ing  P E P ,  Ru-1,  5-P 
and p y r u v a t e  plus ATP,  revealed in all cases r ad ioac t iv i ty  
in the  spots  corresponding to malic,  aspart ic ,  fumaric ,  
citric, and,  succinic acid. Such results  are consis tent  
wi th  the  ca rboxy la t ion  of P E P  to oxaloacet ic  acid, 
convers ion of oxaloacet ic  acid to o the r  organic acids by  
enzymes  of  the  c i t r ic  acid  cycle  and to  aspar t ic  acid  by  
t ransamina t ion .  

The  ca rboxy la t ion  of  P E P  is g rea t ly  s t imula ted  b y  
MgCI~ and MnCI~ bu t  appears  to be independen t  f rom 
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Carbon dioxide fixation and o-phosphate release from PEP. Con- 
ditions as in the Table. At the time intervals indicated, aliquots were 
withdrawn and pipetted in a solution of 10 N HC1. After centri- 
fugation, the supernatants were assayed Lot radioactivity and in- 

organic phosphate. 

A D P  or I D P .  T h e  enzyme  is s imilar  to t h a t  demons t r a t ed  
in p lan ts  5-~ and,  more  recent ly ,  in photosynthe t ic* ,  
chemosyn the t i c  ~ and he te ro t roph ic  bac te r ia  s'~°'11. I n  the  
react ion : 

P E P  + CO~ -~  oxa loace ta te  + inorganic  phospha te  

the  f ixat ion of carbon d idx ide  should be accompanied  by  
the  release of o-phosphate .  Indeed,  when  a reac t ion  mix-  
tu re  con ta in ing  P E P  and rad ioac t ive  carbon dioxide  was 
assayed a t  d i f ferent  t ime  intervals ,  there  was a progress ive  
increase in the first  minutes  of the  r ad ioac t iv i ty  fixed and 
of the  o-phosphate  released (Figure). 

In  v iew of the  presence of Ru-1,  5-P carboxylase  in 
organisms devoid  of chlorophyll ,  e.g. Escherichia toll, and 
in pho tosyn the t i c  organisms ar t i f ic ial ly  bleached or  
he te ro t roph ica l ly  grown 12, i ts absence in a microorganism 
v e r y  closely re la ted to  t he  green forms seems of a cer ta in  
interest .  I n  P. zopJii, ca rboxy la t ion  of P E P  is the  only  
mechan i sm so far  known for the  f ixa t ion  of carbon di- 
oxide. 

Riassunto. E s t r a t t i  cellulari  de l l ' a lga  aclorica Proto- 
theca zop/ii fissano anidr ide  carbonics  esc lus ivamente  sul 
fosfoenolpiruvato.  L a  reazione ~ s t imola ta  da  MgCI~ e 
MnClz m a  non da  I D P  o ADP.  
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Cytochemical Evidence for the O r i g i n  o f  Vitelline 
G l a n d  S e c r e t i o n  i n  t h e  E r g a s t o p l a s m  

i n  T r e m a t o d e s  

A t t e m p t s  h a v e  been made  by  var ious  earl ier  workers  1,* 
to der ive  the  secre tory  granules  f rom the  cy top lasmic  in- 
clusions: mi tochondr ia ,  Golgi bodies, e rgas toplasm or 
microsomes and nucleus.  The  present  cy tochemica l  in- 
ves t iga t ions  on the  vi te l l ine  glands  of t he  t r ema todes :  
(a) Fasciola indies Varma, 1953; (b) Paramphistomum 
(Exp lana tum)  bathycotyle (Fischoeder,  1901) col lected 
f rom cat t le ,  were unde r t aken  to e lucidate  t he  par t i c ipa t ion  
of the  cell organelles in the  secretion.  To  the  best  of m y  
informat ion ,  no previous  publ ica t ion  in the  presen t line 
has  been repor ted.  Fo r  the  cy tochemica l  t echniques  used, 
reference m a y  be  made  to  GURAYA 3. 

Before  t he  c o m m e n c e m e n t  of the  secretion,  the  cy to-  
p lasm of the  vi te l l ine g land  cells shows l ipid spheres  (of 
phosphol ip id  nature) ,  rod-shaped  mi tochondr i a  (made up 
of l ipoproteins) and abundance  of basiphil ia,  in te rpre ted  
as due to R N A  from its pos i t ive  react ion wi th  m e t h y l  
green pyron in  t echn ique  4. The  recent  researches of PA- 
LAY 1, b o t h  cy tochemica l  and  e lec t ron microscopic,  have  
clear ly  shown t h a t  t he  cy top lasmic  basiphi l ia  (RNA) 
comprises  t he  e rgas toplasm in g land cells. As the  secre tory  
a c t i v i t y  in the  vi te l l ine  g land cells s tar ts ,  some sudano-  

phobe  secre tory  vacuoles ,  ident ical  wi th  the  ' e rgas to-  
p lasmic  sacs '  of e lec t ron microscopis ts  (see PALAY 1) m a k e  
the i r  appearance  among  the  basiphil ia  t h r o u g h o u t  t h e  
cy toplasm,  and  s imul taneous ly  the  sudanophobe  secre tory  
mater ia l ,  which s tains in tens ive ly  wi th  acid h a e m a t e i n  
even  af ter  pyr id ine  ex t rac t ion  controls,  begins to  be 
deposi ted in thei r  interior.  The s ta in ing of the  secre tory  
mater ia l  wi th  acid haemate in  has been in te rp re ted  as due 
to  its p ro te in  contents .  Each  secre tory  vacuole  is bordered  
by  a sudanophi l  membrane ,  seems to  consist  of l ipo- 
proteins,  which, as t he  secre tory  globule  grows, becomes  
th ickened  and forms a shell  a round  the  fully deve loped  
secre tory  globule. I t  is ident ica l  wi th  the  'surface m e m -  
brane '  of the  e lectron microscopis ts  1 and is possibly 
der ived  f rom the  ' e rgas toplasmic  membranes '  t h rough  the  
add i t ion  of more  l ipoproteins  dur ing the  g rowth  of t he  
globule.  Ear l i e r  workers  (KANw~,R ~) on the  o ther  g land 
cells h a v e  m a d e  an a t t e m p t  to  der ive  this  sudanophi l  
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s h e a t h  or  shel l  f rom the  d i sc re te  l ipid bod ies  (so-called 
Golgi  bodies)  b y  a t t r i b u t i n g  t h e  or ig in  of t h e  sec re to ry  
m a t e r i a l  in  t h e i r  c e n t r a l  core. I n  t h e  p r e s e n t  m a t e r i a l  t h e  
l ipid bodies  (so-called Golgi  bodies)  a n d  m i t o c h o n d r i a  do  
n o t  p l a y  a n y  vis ible  role in  t h e  process  of secre t ion  a n d  
c o n t i n u e  to  ex i s t  as such  a m o n g  t he  sec re to ry  globules  
which,  however ,  d i s to r t  t he  s h a p e  of t he  l ipid spheres  
whose  p a r t i c i p a t i o n  in t he  sec re t ion  can  easi ly  be  elimi- 
n a t e d  b y  t he  fac t  t h a t  t h e y  h a v e  no t  been  observed ,  a t  t he  
t i m e  of t he  a p p e a r a n c e  of t he  sec re to ry  vacuoles ,  in  Fas- 
ciola. The  m i t o c h o n d r i a  seem to  p r ov i de  ene rgy  for t he  
secre t ion ,  as t h e y  h a v e  been  obse rved  to  lie in t h e  v i c in i ty  
of t he  sec re to ry  vacuoles .  W h e n  t he  c y t o p l a s m  is ful ly 
p a c k e d  u p  w i t h  t he  m a t u r e  sec re to ry  globules,  no  basi -  
ph i l i a  c a n  be  d i s t ingu i shed .  T h e  v is ib le  changes  in t h e  
bas iph i l i a  (e rgas toplasm) ,  sugges t  i ts  d i r ec t  role in  t h e  
s y n t h e s i s  of v i te l l ine  g l and  secre t ion  in t r e m a t o d e s .  

~,Vhen t he  sec re to ry  globules  become  ful ly m a t u r e ,  t h e n  
some phys i co -chemica l  changes  beg in  to occur  in t h e m  as 
e v i d e n t  f rom (1) t he  s loughing-of f  of t h e i r  l ipid s hea t h ,  
(2) t he  loss of t h e i r  a f f in i ty  for h a e m a t e i n  a n d  (3) t h e i r  
d i s i n t eg ra t i on  in to  smal l  pieces. Such  changes  in t h e m  
m a k e  t h e i r  f i rs t  a p p e a r a n c e  nea r  t he  nuc leus  a n d  t h e n  
proceed  t o w a r d s  t h e  p e r i p h e r y  un t i l  t h e  whole  of t he  
g lobules  a re  r educed  to  v e r y  smal l  par t ic les .  Th i s  also in- 
d ica tes  t h a t  t h e  ' su r face  m e m b r a n e '  or t h e  l ipid s h e a t h  
s i m p l y  ac t s  as a p r o t e c t o r  to  t he  globule.  W h e n  such  
c h a n g e s  a re  go ing  on, t h e  bas iph i l i a  (e rgas top lasm)  beg ins  
to  r e a p p e a r  in  t he  fo rm of p a t c h e s  a m o n g  t h e  d i s in te -  
g r a t i n g  globules.  On ly  a t  th i s  s tage  a d ic tyosome ,  h a v i n g  

a comple t e  or  i n c o m p l e t e  s h e a t h  of phospho l ip id s  a n d  a 
s u d a n o p h o b e  sphere ,  a p p e a r s  in  Fasciola. The  p a t c h e s  of 
t he  bas iphi l ia ,  w i t h  t he  comple t e  d i s i n t eg ra t i on  of t h e  
globules ,  m o v e  nea r  the  nuc l ea r  m e m b r a n e  to fo rm a com-  
p a c t  mass  (r ich in R N A  a n d  l ipoprote ins) .  Th i s  ind ica tes  
t h a t  t h e  nuc leus  poss ib ly  p lays  some i m p o r t a n t  role, a t  
t h i s  s tage,  in  some r eo rgan i za t i on  or  r e j u v e n a t i o n  of t he  
bas iph i l i a  for t he  n e x t  sec re to ry  cycle. S imi la r  sugges t ions  
h a v e  also been  p u t  fo r th  b y  va r ious  ear l ier  workers  (see 
r~ferences b y  WEIsSe). Ve ry  soon t he  d i c tyosome  of 
Fasciola disappears ,  while  t he  l ipid bodies  of Paramphisto- 
mum c o n t i n u e  to exist .  The  s igni f icance  of t he  a p p e a r a n c e  
of d i c t y o s o m e  in Fasciola for  such  a s h o r t  pe r iod  could  n o t  
be  d e t e r m i n e d .  

I n  conclus ion,  t he  e r g a s t o p l a s m  (RNA)  is d i r ec t ly  in-  
v o l v e d  in t he  syn thes i s  of v i te l t ine  g l and  secre t ion ,  r i ch  in  
pro te ins ,  in  t r e m a t o d e s .  

Rdsumd. Les corps  l ipides (corps paranuc l6a i res )  e t  les 
m i t o c h o n d r i e s  ne p a r t i c i p e n t  pas  v i s i b l e m e n t  A la s6cr6t ion 
de la g lande  v i te l l ine  des T r 6 m a t o d e s  qu i  c o n t i e n t  des  
p ro t ides  e t  p r o v i e n t  de l ' e rgas top lasme .  
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T h e  N a t u r e  a n d  Synthetic Capacity o f  F r a g i l e  loo, 

Cells o f  B a c i l l u s  m e g a t h e r i u m  P a r t l y  D e p r i v e d  0t0 

of Cell Walls 
80 I n  t h e  p r o t o p l a s t s  of B. megatherium, pro t e in s  a n d  

nucleic  acids  a re  s y n t h e t i z e d  n o r m a l l y  i and  t he  p ro t e in -  
fo rming  c a p a c i t y  is r e t a i n e d  even  b y  t he  ghos t s  a de r ived  
f rom the  p ro top las t s .  Fo r  t he  s t u d y  of t he  syn thes i s  of t h e  
pep t id i c  c o m p o n e n t  of t he  cell-wall,  t h e  a u t h o r s  h a v e  
t r i ed  to  use a s y s t e m  no t  on ly  capab l e  of f o r m i ng  t he  cell 
wall, b u t  also be ing  as a m e n a b l e  to  f r a c t i o n a t i o n  as are  
t he  p ro top la s t s .  I n  m a k i n g  such  a subce l lu la r  p r e p a r a t i o n ,  
a d v a n t a g e  was  t a k e n  of t he  f ac t  t h a t  B. megatherium 
s t r a i n  K M  formed  p r o t o p l a s t s  in  a C/G m e d i u m  w i t h  
0.5 3 I  p h o s p h a t e  buf fe r  p H  7 a m u c h  more  s lowly t h a n  on  
a m e d i u m  s tab i l i zed  w i t h  saccha rose  4. T h e  course  of 
f o r m a t i o n  of p r o t o p l a s t s  in b o t h  s tab i l ized  m e d i u m s  was  
the re fore  s tud ied  in deta i l .  D u r i n g  a p r e c u l t i v a t i o n  period,  
t he  cell walls were label led  w i t h  d i am i nop i m e l i c  acid 
(DAP)-2J4C s which  enab l ed  us to  d e t e r m i n e  t he  solubil i -  
za t ion  r a t e  effected b y  0.2 m g  of l y sozyme  pe r  ml  (Figure  
1 a). I n  the  p h o s p h a t e  m e d i u m ,  a b o u t  50% of t he  cel l-wall  
m a t e r i a l  st i l l  r e m a i n e d  in t ac t ,  a f t e r  a n  i n c u b a t i o n  a t  30°C 
for 1 h, whereas  in  t he  saccharose  m e d i u m ,  a b o u t  8 5 - 9 0 %  
of t he  ~4C-DAP was in so lu t ion  a f t e r  a pe r iod  of on ly  
5 min .  The  r e m a i n i n g  1 0 - 1 5 %  of r a d i o a c t i v i t y  b o u n d  in 
t h e  p r o t o p l a s t s  was  m o s t l y  due  to  ~4C lys ine  fo rmed  b y  t h e  
d e c a r b o x y l a t i o n  of D A P  d u r i n g  t h e  p r e c u l t i v a t i o n .  T h e  
s a m e  i n t e r p r e t a t i o n  of t h e  so lub i t i za t ion  of t he  cell wal l  is 
g i v e n  b y  microscopic  obse rva t ion .  I n  t h e  saccha rose  
m e d i u m ,  a b o u t  one  ha l f  of t he  cells are t r a n s f o r m e d  to  
p r o t o p l a s t s  in t he  course  of 5 ra in  a n d  a f t e r  15 m i n  t h e  
n u m b e r  of cells falls below 1%. On t he  o t h e r  h a n d ,  in  t he  
0.5 M p h o s p h a t e  m e d i u m  on ly  a g r a d u a l  decrease  of g r am-  
p o s i t i v i t y  t o o k  place  d u r i n g  t he  i n c u b a t i o n  w i t h  lysozyme,  
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Fig. la. The releasing of laC-DAP from cells of B. megatherium by 
the action of lysozyme, © Incubation in C/G medium with 10% of 
saccharose, • Incubation in C/G with 0.5 M phosphate, lb. Solu- 
bilization of proteins from protoplasts and fragile cells by osmotic 
shock. © protoplasts, • fragile cells; Full line: the solubilization 
measured at intervals of 10 rain after the osmotic shock; Dashed line : 
the solubilization was measured after freezing to -- 15 ° C and thawing. 
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