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S o m e  P r o p e r t i e s  of  Crys ta l l ine  I n c l u s i o n  B o d i e s  

Ranidae  are the  o n l y  amph ib i a  k n o w n  to  possess 
crysta l l ine  in t r ami tochondr i a l  inclusion bodies. By  mos t  
au thors  these  inclusion bodies  are referred to  as ' in t ra-  
mi tochondr ia l  yolk'  1, ~. Since in t r ami tochondr i a l  inclusion 
bodies have  so far no t  been inves t iga ted  biochemical ly,  
prac t ica l ly  no th ing  is known abou t  the i r  chemical  compo,  
sit ion. Their  crysta l l ine  la t t ice  seems to  be the  only basis 
for compar ison  wi th  the  common  a m p h i b i a n  yolk- 
p la te le t  (vesicular yolk  VY), which  is composed  of lipo- 
vi tel l in and  phosv i t in  3. 

As is r epor ted  in a separa te  paper  4, bo th  Rana esculenta 
and Rana temporaria mitochondr i a  were found  to  possess 
two types  of crysta l l ine  inclusions, one being located in 
the  mi tochondr ia l  ma t r i x  (mi tochondr ia l  ma t r i x  yolk  
MMY) (Figure 1), the  o the r  in the  cristae ( intracr is ta l  
yolk ICY) (Figure 2). As would have  been expected ,  the i r  
crysta l l ine  la t t ice  does no t  show an ident ical  center  to 
center  spacing of the  crystal-cyl inders .  MMY has a 
spacing of 165 ~_ as compared  to 85 It of ICY. In  these  
two species (Rana esculenta and  Rana temporaria) t he  
common  yolk-p la te le t  (VY) has a spacing of 95 h (Figure 
3). 

Since some authors~, 6 r epor t  an ident ical  crysta l l ine  
la t t ice  for the  vesicular  yolk and the  in t rami tochondr ia l  
yolk in Rana pipiens, differences as found in Rana 
esculenla and Rana tempomria are of grea t  interest ,  
because t h e y  indicate  differences in compos i t ion  as well. 
Microanalysis  as carr ied ou t  wi th  the  A E I  E m m a - 4  on 
the  3 inclusion bodies revealed in fact  a d i f ferent  compo-  
sition. 

Of all the  e lements  expec ted  to be p resen t  in the  inclu- 
sion bodies,  phosphorus  was the  easiest  to  de tec t  wi th  

in O o c y t e s  of Rana temporaria and Rana esculenta 

microanalysis .  The figures in Table I show t h a t  the  phos-  
phorus  m e a s u r e m e n t s  ob ta ined  f rom the  3 crysta ls  
differ considerably.  

The peak  background  rat io of a lmost  one in MMY is 
no t  due to a to ta l  absence  of phosphorus  bu t  r a the r  to the  
l imi ted  sens i t iv i ty  of t he  Ern ma-4. For  these  measu remen t s  
g lu ta ra ldehyde  fixed, 2000 A th ick  uns ta ined  sect ions 
were used. The spot  size of the  probe  was app rox ima te ly  
1000 A. 

Table I. Counts per minute for phosphorus in the 3 different crystal- 
line inclusion bodies 

P e a k  Background Peak/background 
(cpm) (cpm) (ratio} 

VY 300 31 10 
ICY 140 20 7 
MMY 18 15 1,2 

VY, vesicular yolk, ICY, intracristal yolk, MMY, mitochondrial mat- 
rix yolk. 
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Fig. 1. Mitochondrial matrix yolk crystal (MMY). Center to center spacing of the crystalline lattice approx. 165 A. • 75,000. 
Fig. 2. Intracristal yolk crystal (ICY)~ Center to center spacing of the crystalline lattice approx. 85 A. • 75,000. 
Fig. 3. Vesicular yolk crystal (VY). Center to center spacing of the crystalline lattice approx. 95 A. • 75,000. 
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E n z y m a t i c  digest ion on u l t r a th in  sect ions ~ fu r ther  
cor robora ted  the  resul ts  ob ta ined  t h rough  microanalysis .  

Af ter  ox ida t ion  on per iodic  acid or H20 ~ the  sect ions 
were d iges ted  e i ther  on 0,5% pronase  in dist i l led wa te r  
which had  been ad jus ted  wi th  N a O H  to p H  7.4 or on 
0.5% peps in  in 0, 1 N HC1. (Table II). W h e n  u l t ra th in  
sect ions were f loated for 2 h on xylene  prac t ica l ly  all l ipid 
was ex t rac ted ,  bu t  the  3 crysta l l ine  inclusion bodies were 
left  to ta l ly  unaffected.  

Table II. Digestion of the 3 crystalline bodies on pronase and on 
pepsin. 

Time (h) Pronase 
MMY ICY VY 

1.5 0 0 + +  
3.0 0 0 + + +  
4.0 + + 
6.0 + +  + +  

Time (h) Pepsin 
MMY ICY VY 

1.5 0 0 + 
3.0 0 0 + +  
4.5 0 0 + + +  
6.0 + + 

O, no effect; +,  slight effect; + +,  clearly visible effect; + + +, most 
material digested; - - - - - ,  all material digested, leaving holes in sec- 
tions. 

On the  basis of t he  above f indings  it appears  very  
p robab le  t h a t  the  in t r ami tochondr ia I  crys ta l l ine  inclusion 
bodies  (ICIt3) are of a p ro te inaceous  na tu re :  They  are 
no t  ex t r ac ted  th rough  xy lene - t r ea tmen t ,  peps in  and  
pronase  digest ion a t t acks  t h e m  to a cer ta in  ex ten t .  
Most  authors ,  deal ing wi th  ICIB,  t ake  it as a fact  t h a t  
t h e y  have  exac t ly  t he  same compos i t ion  as the  vesicular  
yolk-pla te le ts .  This  m a y  p e rh ap s  be  the  case for some 
species. For  Rana temporaria and Rana esculenta, however,  
th is  does no t  hold true.  A n u m b e r  of facts  speak against  
an ident ical  composi t ion.  1. Their  crysta l l ine  latt ice,  
even  under  the  same f i x i n g  condi t ions  and in the  same 
oocyte  is no t  ident ical  wi th  the  la t t ice  of the  vesicular 
yolk. 2. Their  phosphorus  c o n t e n t  is m u c h  lower. 3. 
A l though  MMY and ICY are a t t a ck ed  to a cer ta in  ex t en t  
by  enzymat i c  digestion,  digest ion takes  place a t  a much  
slower ra te  t h a n  is the  case in vesicular  yolk, which  is 
especial ly surpr is ing in the  case of pronase  digest ion 
(Figure 4), since pronase  is one of the  mos t  unspecific 
p ro teo ly t ic  enzymes% 4. MMY and  ICY are much  less 
electron dense t h a n  VY and can ha rd ly  be de tec ted  on 
uns ta ined  sections,  MMY showing even less con t ras t  
t h a n  ICY. 

Taking these  four poin ts  into considerat ion,  a d i f ferent  
compos i t ion  of the  i n t r ami tochondr i a l  inclusion bodies 
appears  to  be  ve ry  likely. This  would  be of grea t  in teres t  
par t icu lar ly  in view of a possible in t raoocyt ic  mechan ism 
for the  syn thes i s  of ICIBs. 

Al though  a means  of t r a n s p o r t  for macromolecules  
across the  mi tochondr ia l  m e m b r a n e s  has  not  been repor ted  
so far, an in t r ami tochondr i a l  syn thes i s  of the  inclusion 
bodies  was no t  bel ieved to  be ve ry  probable .  The  coding 
capac i ty  of the  mi tochondr ia l  D N A  was considered to be 
too small  to  account  for the  syn thes i s  of pro te ins  wi th  a 
re la t ive  h igh  molecular  weight ,  like l ipovitel l in (420,000) 
and  phosv i t in  (40,000). 

Phosvi t in ,  conta in ing  abou t  8 ,4% phosphorus ,  repre- 
sents  mos t  of the  phosphorus  of vesicular  yolk-plate le ts .  
The high con t ras t  of vesicular  yolk in uns ta ined  sect ions 
is due to  t he  h igh  na tura l  dens i ty  of phosvi t in .  If  the  
in t r ami tochondr i a l  yolk is a t  all composed  of phosv i t in  
and  lipovitell in,  t h a n  a var ied compos i t ion  wi th  less 
phosv i t in  will have  to  be expected,  especial ly since MMY 
and  ICY are less e lectron dense and  have  a lower phos-  
phorus  conten t .  Biochemical  inves t iga t ions  on t h e  na ture  
of ICIB will be awai ted  wi th  interest .  

Zusammen[assung. Die drei  in Oocyten  Yon Rana 
temporaria und  Rana esculenta v o rk o mmen d en ,  kristall i :  
nen  Einschlussk6rper  wurden  m i t  E lek t ronens t rah l -  
R6ntgen-Mikroana lyse  und enzymat i sche r  Verdauung  
am Df innschni t t  un te rsucht .  Die hierbei  e rha l tenen  
Ergebnisse  lassen auf eine unterschiedl iche  chemische  
Z u s ammen s e t zu n g  der  bis j e t z t  als Dot te rp l / i t t chen  be- 
ze ichneten  S t ruk tu ren  schliessen, was  im Gegensatz  zu 
bisher igen A n n a h m e n  s teht .  
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Fig. 4. After 3 h digestion on pronase the lattice of the vesicular yolk 
platelet (VY) is digested, while the lattice of the intraeristal yolk 
(ICY) appears to be unaffected. • 44,000. 
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