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recen t ly  in the  scanning-  u e lectron microscope.  Secondly,  
even w i thou t  nega t ive  s taining,  the  gold colloid and  the  
ferr i t in  molecules (iron nucleus) can easily be de tec ted  
and  d is t inguished  in t he  t ransmiss ion  e lec t ron microscope.  
Double  labelling exper iments ,  using colloidal gold par t ic les  
coa ted  wi th  a p ro te in  (phytohemagglu t in in ,  ant ibodies ,  
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etc.) and  fe r r i t in -pro te in  conjuga tes  can therefore  be 
pe r fo rmed  s imul taneously .  

Summary. The morpho logy  of model  complexes  be- 
tween  colloidal gold, ferr i t in  and  ant i - fer r i t in  ant ibodies  
has  been  s tudied  in order  to  eva lua te  t he  po ten t i a l  of 
colloidal gold as a cy tochemica l  marker .  
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H y b r i d i z a t i o n  of  M i t o c h o n d r i a l  a n d  C y t o p l a s m i c  
M i t o c h o n d r i a l  a n d  N u c l e a r  D N A  

The genet ic  origins of mi tochondr ia l  and  cytoplasmic  
r R N A s  from ra t  l iver were inves t iga ted  by  R N A - D N A  
hybr id iza t ion  exper iments .  I t  was shown in earlier 
s tudies  ~ t h a t  mi tochondr ia l  r R N A s  f rom ra t  or mouse  
l iver were di f ferent  f rom the i r  cy toplasmic  coun te rpa r t s  
in several  of the i r  phys ico-chemica l  proper t ies .  If  in 
add i t ion  mi tochondr ia l  r R N A s  hybr id ize  specifically wi th  
mi tochondr i a l  DNA and no t  wi th  nuclear  DNA, th is  
would  be an indicat ion of a d i f ferent  genetic origin f rom 
b o t h  types  of rRNAs.  

2V[aterial and methods. Mitochondr ia  and R N A  were 
p repa red  f rom adul t  r a t  l iver as descr ibed in earlier 
s tudies  1. Dur ing  subcellular  f rac t iona t ion  and R N A  
ext rac t ion ,  2 r ibonuclease inhibi tors  were used to aw)id 
R N A  degrada t ion :  a na tura l  one p repared  f rom ra t  liver 
the d a y  before, and d ie thy lpyrocarbona te .  Af ter  e thano l  
precipi ta t ion,  the  RNAs  were purified by  2 centr i fuga-  
t ions  t h rough  5 20% sucrose gradients  in order  to com- 
ple te ly  e l iminate  tRNAs .  

The cytoplasmic  r ibosomal  RNAs  were p repa red  
according to STEVENIN et  al. 2, excep t  t h a t  for the  ribo- 
nuclease t r ea tmen t ,  0.05 ~*g r ibonuclease per  ml for 20 
min at  0 ~ was used to remove  m R N A .  

Mitochondr ia l  DNA was prepared  according to lx'rEL 
et  al. a and the  nuclear  I )NA according to MARMUR 4, 
excep t  t h a t  DNA was prec ip i ta ted  by  cold e thanol  and 
no t  by  isopropanol .  B o t h  DNAs were f r agmen ted  by  
sonicat ion as descr ibed by  MORI et al. 5, in order  to ob ta in  
f r agmen t s  wi th  a l eng th  of abou t  500 base pairs, which 
corresponds  app rox ima t ive ly  to a gene size6, L The two 

"Fable I. Hybridization percentages of mitochondrial and cyto- 
plasmic rRNAs with mitochondrial and nuclear DNA 

Mitoehondrial DNA Nuclear DNA 
(% DNAhybridized) (% DNA hybridized) 

MitochondrialrRNA 1.74 (10) 0.01 (3) 
Cytoplasmic rRNA 0.02 (3) 0.42 (8) 

R i b o s o m a l  R N A  w i t h  

species of DNAs  were t r i t i a t ed  in v i t ro  wi th  sodium 
aH-borohydr ide  as descr ibed by  LEE and  GORDONS. The 
specific act ivi t ies  of DNAs ob ta ined  var ied  f rom 5-1500 
cpm/tzg DNA. 

The mel t ing t empe ra tu r e s  (Tms) of the  D N A  f ragment s  
and  hybr ids  were de t e rmined  b y  the rmic  elut ions a t  in- 
creasing t empe ra tu r e s  on h y d r o x y a p a t i t e  columns. This  
m e t h o d  of t e m p e r a t u r e  measu remen t s  5 is ve ry  rapid  
and several  de te rmina t ions  can be done  s imul taneously .  
H y d r o x y a p a t i t e  was p repa red  according to  TISELIUS 9 and 
modif ied by  LEVIN ~~ The elut ion was per fo rmed  wi th  
0.12 M sodium p h o s p h a t e  buffer.  

Nuclease $1 was p repa red  according to  SUTTON 11 in 
our l abora to ry  f rom takadias tase .  E n z y m a t i c  ac t iv i ty  
was de te rmined  according to SUTTON n except  t h a t  the  
incubat ion  was per fo rmed  a t  37 ~ and no t  a t  56 ~ This 
enzyme preferent ia l ly  a t t acks  s ingle-s t randed DNA. 

Hybr id iza t ion  condi t ions  were those of our labora tory .  
Tr i t ia ted  DNA (12,000-15,000 cpm) was incuba ted  wi th  
a large excess of R N A  (100 to 600 times) in order  to 
decrease s t rongly  I ) N A - D N A  reassociat ions,  in 0.75 M 
sodium phospha t e  buffer  for 48 h a t  65~ af ter  hea t  
dena tura t ion .  H y d r o x y a p a t i t e  (2 ml per  column) was 
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Table ii. Temperature values frolu nuclear and mitochoudrial DNA, and RNA-DNA hybrids 

Temperature (~ Temperature (~ 

Mitochondrial DNA 82 Nuclear DNA 86 
Mitoehondrial DNA-mitochondrial rRNA hybrids 74.8 Nuclear DNA-cytoplaslnic~ rRNA hybrids 78.5 
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equ i l i b r a t ed  in 0.18 M sod ium p h o s p h a t e  buf fe r  (equi- 
mo la r  m i x t u r e  of N a 2 H P O  ~ and  NaH~PO4) a t  p H  6.8. 
Before  adso rp t ion  on  t he  h y d r o x y a p a t i t e  co lumns,  t he  
ionic s t r e n g t h  of t he  h y b r i d i z a t i o n  m i x t u r e  was decreased  
to a f inal  c o n c e n t r a t i o n  of 0.18 M s o d i u m  p h o s p h a t e  
buffer .  F o r m a m i d e  was also added  to  a f inal  concen t r a -  
t ion  of 50% v / v  to  p r e v e n t  non-specif ic  h y d r o g e n  b o n d  
in t e r ac t i ons  be twe en  nucle ic  acids, t h u s  a l lowing t h e  
adso rp t ion  and  e lu t ion  to  be  pe r fo rmed  a t  a lower t em-  
p e r a t u r e  t h a n  t he  i n c u b a t i o n  t e m p e r a t u r e .  The  double-  
s t r a n d e d  m a t e r i a l  was e lu ted  f rom h y d r o x y a p a t i t e  
co lumns  w i t h  0.25 M sod ium p h o s p h a t e  buffer  a t  100~ 
a f te r  wash ing  ex tens ive ly  w i t h  0.18 M s o d i u m  p h o s p h a t e  
buffer  a t  r oom t e m p e r a t u r e  and  a t  40~ to  e l imina te  
s ing le - s t r anded  mate r i a l .  

D N A  a lone  was i n c u b a t e d  in  t h e  same cond i t ions  as 
h y b r i d i z a t i o n  assays  and  gave  t he  b l a n k  va lue  wh ich  was 
s u b s t r a c t e d  f rom t he  R N A - D N A  hybr id i za t ion .  Radio-  
a c t i v i t y  of t he  h y b r i d s  was measu red  b y  l iquid  scint i l la-  
t ion  c o u n t i n g  in 0.25 M sod ium p h o s p h a t e  buf fe r  e lua tes  
us ing  In s t age l  (Packard)  in a SL 40 S p e c t r o m e t e r  I n t e r -  
t echn ique .  

Results and discussion. T he  resul t s  of h y b r i d i z a t i o n  
e x p e r i m e n t s  are p r e sen t ed  in  Tab le  I. T h e  va lues  for  
m i t o c h o n d r i a l  D N A - r R N A  h y b r i d i z a t i o n s  (Figure  1) a n d  
for nuc lea r  D N A - c y t o p l a s m i c  r R N A  h y b r i d i z a t i o n s  (Figure 
2) were g raph ica l ly  de t e rmined .  W e  p l o t t ed  1/H (where  
H = % of hybr id i za t ion )  aga ins t  the  D N A / R N A  rat io.  
This  r e p r e s e n t a t i o n  sugges ted  b y  BISHOP 12 for hyb r id i za -  
t ion  done  in t he  presence  of a n  excess of R N A ,  leads to  a 
s t r a i g h t  line, and  i ts  e x t r a p o l a t i o n  to  zero va lue  corre- 
sponds  to  t h e  inverse  of t h e  pe rcen t age  of D N A  h y b r i d i z e d  
a t  s a t u r a t i o n  level  ( l /H) .  Our  resul t s  show t h a t  mi to -  
chondr i a l  r R N A s  h y b r i d i z e d  specifically w i t h  m i t o c h o n -  
dr ia l  D N A  a n d  cy top la smic  r R N A s  w i t h  nuc lea r  DNA.  
Compe t i t i on  h y b r i d i z a t i o n  assays  were also per formed.  
Cytop lasmic  r R N A  did no t  compe te  w i t h  m i t o c h o n d r i a l  
r R N A  w h e n  m i t o c h o n d r i a l  D N A  was i n c u b a t e d  w i t h  b o t h  
types  of r R N A s .  M i t o c h o n d r i a l  r R N A  did no t  compe te  
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Fig. 1. Mitochondrial DNA-mitochondrial rRNA hybridization. 
H represents the percent of rRNA-DNA hybrids for a given RNA/ 
DNA ratio. 

w i t h  cy top la smic  r R N A  w h e n  i n c u b a t e d  t o g e t h e r  w i t h  
nuc l ea r  D N A  is. 

The  lower h y b r i d i z a t i o n  va lues  found  for m i t o c h o n d r i a l  
r R N A - m i t o c h o n d r i a l  D N A  t h a n  those  r epo r t ed  in t he  
l i te ra ture l* ,  15, were  ce r t a in ly  due  to  t h e  e x p e r i m e n t a l  
cond i t ions  used and  to  t he  in t r ins ic  p roper t i e s  of mi to -  
chondr i a l  DNA,  e.g. r ap id  self reassocia t ion.  S t r a n d  separa-  
t ion  would h a v e  g iven  a h igher  h y b r i d i z a t i o n  va lue  for 
m i t o c h o n d r i a l  D N A  b u t  t he  t echn iques  of s t r a n d  separa-  
t ion  c a n n o t  be  appl ied  w i t h  success to  nuc lea r  D N A  of 
eukaryotes .  Our  e x p e r i m e n t s  were des igned  to ana lyze  t he  
specif ic i ty  of locus t r a n s c r i p t i o n  of t he  r R N A s  s tud ied  b y  
h y b r i d i z a t i o n  w i t h  D N A  f r a g m e n t s  f rom homologous  or 
he te ro logous  subce l lu la r  f ract ions ,  r a t h e r  to  d e t e r m i n e  
t he  n u m b e r  of r i bosoma l  cistrons.  

The  s t r i n g e n c y  of t he  h y b r i d i z a t i o n  cond i t ions  al lowed 
a b e t t e r  compar i son  of h y b r i d i z a t i o n  assays  f rom nuc lea r  
a n d  m i t o c h o n d r i a l  D N A s  w i t h  t h e i r  r i bosoma l  r R N A s  to 
be made .  

The  Tms  d e t e r m i n e d  for m i t o c h o n d r i a l  a n d  nuc lea r  
D N A  a n d  for t h e  h y b r i d s  R N A - D N A  are s u m m a r i z e d  
in Tab le  I I .  The  T m s  of hyb r id s  were lower t h a n  those  
of t he  co r re spond ing  DNAs.  

Accord ing  to LAIRD le, h y b r i d s  show 1.5 % m i s m a t c h i n g  
for  a t e m p e r a t u r e  decrease  of 1 ~ I n  our  case, t h e  hyb r id s  
showed an  ave rage  of 13% m i s m a t c h i n g .  Likewise  t he  
D N A - R N A  h y b r i d s  were 80 to  90% r e s i s t a n t  to  SI 
nuc lease  ac t iv i ty ,  T e m p e r a t u r e  m e a s u r e m e n t s  a n d  resis- 
t a n c e  t o w a r d  nuc lease  S I showed  t h a t  t h e  h y b r i d s  pos- 
sessed a d o u b l e - s t r a n d e d  s t r u c t u r e  w i t h  a low pe rcen t age  
of m i s m a t c h i n g .  

These  h y b r i d i z a t i o n  expe r imen t s  lead to the  conclus ion 
t h a t  m i t o c h o n d r i a l  r R N A s  c o n s t i t u t e  a class of R N A  
d i f fe ren t  f rom t h e i r  cy top la smic  c o u n t e r p a r t s  a n d  t h a t  
t h e y  are gene t ica l ly  d i s t i nc t ly  de t e rmined .  

Summary.  H y b r i d i z a t i o n  assays  of r a t  l iver  m i t o c h o n -  
dr ia l  a n d  cy top la smic  r R N A s  w i t h  in v i t ro  label led  mi to-  
chondr i a l  a n d  nuc lea r  D N A  were pe r fo rmed  ill l iquid  
med ium.  Sens i t i v i ty  t owards  S I e n z y m e  and  T m s  of t he  
R N A - D N A  h y b r i d s  were s tudied.  Our  resul t s  are in 
f a v o u r  of a d i s t i nc t  genet ic  or igin of t he  two t y p e s  of 
cel lular  r R N A s .  
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Fig. 2. Nuclear DNA-eytoplasmic rRNA hybridization. H represents 
the percent of rRNA-DNA hybrids for a given RNA/DNA ratio. 
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