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c o n t a c t  w i t h  t he  p laque  surface,  especial ly  w h e n  t he  f luid 
is m o v i n g  downwards .  A s p i r a t i o n  of aga r  is to  be avoided .  
The  resu l t ing  suspens ion  is t h o r o u g h l y  mixed  w i t h  a n  
equa l  vo lume  of 2% sod ium p h o s p h o t u n g s t a t e  so lu t ion  
of p H  7.0 in a sma l l  p o l y e t h y l e n e  conta iner .  A d rop  of 
t h e  m i x t u r e  is t h e n  p laced  on  a co l lod ion -and-ca rbon  
coa ted  copper  grid a n d  w i t h d r a w n  i m m e d i a t e l y  w i t h  t h e  
same p ipe t t e  or  w i t h  f i l te r  paper .  As soon as the  p r epa ra -  
t i on  ha s  dried,  i t  is e x a m i n e d  in an  e lec t ron  microscope 
w i t h  double  condense r  i l l umina t ion .  

Besides  some bac te r ia ,  severa l  b a c t e r i o p h a g e  par t ic les  
are n e a r l y  a lways  found  on  s cann ing  t he  f i rs t  p r e p a r a t i o n  
m a d e  f rom the  mix tu re ,  w h i c h  is k e p t  a t  h a n d  u n t i l  t h e  
morpho log ica l  t y p e  of t he  b a c t e r i o p h a g e  is docume n t ed .  
E v e n  smal l  p l aques  usua l ly  yie ld  a suff ic ient  n u m b e r  of 
par t ic les .  I n  th i s  way  i t  is, for  ins tance ,  possible  to  dif- 
f e r en t i a t e  b e t w e e n  a m i x t u r e  of morpholog ica l ly  d i f fe ren t  

bac t e r i ophages  caus ing  d i f fe ren t  p laques  on  one h a n d  a n d  
a morpho log ica l ly  un i fo rm p o p u l a t i o n  of bac t e r i ophages  
caus ing  d i f fe ren t  p laque  t ypes  in  one a n d  the  same P e t r i  
d ish  on  ti le o t h e r  hand .  

Zusammen/assung. B e s c h r e i b u n g  e iner  PrSoparations- 
t echn ik ,  d u r c h  die yon  e inze lnen  m i t  e inem kurzen  Glas-  
oder  Meta l l zy l inde r  yon  der  U m g e b u n g  a b g e g r e n z t e n  
P laques  m i t  zwei Tropfen  S u s p e n s i o n s m e d i u m  gent igend 
B a k t e r i o p h a g e n  ftir e ine U n t e r s u c h u n g  im Nega t iv -  
k o n t r a s t v e r f a h r e n  gewonnen  werden.  
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Rodent Preimplantation Stages: Mounting 'in 
toto' and Alterations Due to Anisotonic Solutions 

Whi le  d e m o n s t r a t i n g  e n z y m e  reac t ions  of the  whole  
egg w i t h  t he  e m p l o y m e n t  of t h e  m o u n t i n g  ' i n  t o to '  t ech -  
n ique  1 a f t e r  successful  reac t ion ,  we obse rved  in  more  
t h a n  2000 e x a m i n e d  eggs of t he  whi t e  r a t  and  the  golden 
h a m s t e r  (Mesocricetus auratus Wate rhouse ) ,  t h a t  even  
s l igh t ly  an i so ton ic  so lu t ions  cause  severe  a l t e r a t i ons  in 
shape  a n d  size of the  eggs. C o n c o m i t a n t  w i t h  these  a l t e ra -  
t ions  are in t r ace l lu l a r  a r te fac ts ,  wh ich  m a k e  i t  d i f f icul t  
to  d r aw  correc t  conclus ions  (see F igures  1-3). W e  h a d  
n o t  cons idered  suff ic ient ly  th i s  fac t  in  a p r e l i m i n a r y  no te  2. 

B y  pe r fo rming  t he  r eac t ion  on  free eggs, as is r equ i red  
for ce r t a in  e n z y m e  reac t ions  3, those  a l t e r a t i ons  are 

avo idab le  on ly  if exclus ively  i so tonic  solut ions  are used 
pr io r  to  m o u n t i n g .  Dev ia t i ons  of i so ton ic i ty  f r e q u e n t l y  
occur  du r ing  m o u n t i n g  w i t h  p a s t i n g  ti le eggs on  a slide, 
w h e n  t h e  smal l  a m o u n t  of so lu t ion  s u r r o u n d i n g  t h e  egg 
becomes  h y p e r t o n i c  t h r o u g h  evapora t i on .  F ina l ly ,  t he  
eggs s h r i n k  in spi te  of good p r e s e rv a t i o n  a f te r  i ncuba t ion .  
There fore  a t t e n t i o n  m u s t  be  d i rec ted  also to a su i t ab le  
m o u n t i n g  t echn ique .  

Mounting procedure. Apply ing  t h e  fol lowing procedure ,  
we h a v e  succeeded in p r e p a r i n g  whole eggs which,  a f t e r  
t h e  e n z y m e  r eac t i on  w i t h  i so tonic  solut ions,  differ n e i t h e r  
in  size n o r  in  shape  f rom r ecen t ly  ga ined  t u b a l  eggs (see 
F igure  4). 

The  eggs r e a d y  for m o u n t i n g  are t r ans fe r r ed  in Ty rode ' s  
so lu t ion  or ill f ix ing agent .  Pre fe rab ly ,  one egg a t  a t ime  
is a sp i r a t ed  b y  a f inely d r a w n  glass p ipe t t e  an d  b r o u g h t  
on  a clean slide coa ted  i m m e d i a t e l y  before  m o u n t i n g  w i t h  

1 M. A. DALCQ, Bull Aead. r. Belg., 6 e S~r. 17, 236 (1952). 
2 p. ELMIGER and K. S. LUDWIG, Experientia 27, 635 (1965). 

P. ELMIGER, Experientia 21,670 (1965). 
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Fig. la. 2-cell stage, R 505~, calculated age 57 h, glucose-6-phosphate 
dehydrogenase, x500. Hypertonic incubation solution. Shape 
rather well preserved. Size excessively diminished. Nucleoli hardly 
recognizable. Due to artefacts the cleavage plane and the peripheral 
zones of both blastomeres seem to be flee of the reaction product. 

Fig. lb. 2-cell stage, R 73, calculated age 57 h, DPNH-diaphorase, 
x 500. Hypotonic incubation solution. Marked deformation of both 

blastomeres. Size hardly altered because of subsequent shrinkage in 
the relatively hypertonic Tyrode's solution. The peripheral zones of 

both blastomeres seem to contain no reaction product. 

Fig. lc. 2-cell stage, R 505, calculated age 57 h, DPNH-diaphorase, 
• 500. Solutions isotonic. Shape and size not altered. Correct distri- 

bution of the reaction product. 
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Fig. 2a. 4-cell stage, R 291, calculated age 62 h, DPNH-diaphorase, 
x 500. Hypertonic incubation solution. All blastomeres flattened 

through shrinkage. Size markedly reduced. Correct localization of the 
reaction product impossible. 

Fig. 2b. 4-cell stage, R 659, calculated age 64 h, DPNH-diaphorase, 
x 500. See Figure le. 

a n  invis ib le  t h i n  f i lm of pa ra f f in  oil. I n  such  a w ay  a 
m a r k e d l y  v a u l t e d  d rop le t  of a b o u t  2-3  m m  in d i a m e t e r  
develops,  in  wh ich  t h e  egg is enclosed.  T h e  egg should  be  
p laced  cen t r a l l y  in  t h e  drople t ,  if not ,  i t  m a y  be  dis- 
p laced  t o w ard s  t h e  l igh t  r e f r ac t i ng  b o r d e r  a f t e r  t h e  
eovers l ip  is set  in  place. As soon as possible  t h e  smal l  
d rop le t  of Ty rode ' s  so lu t ion  is t h e n  covered  w i t h  m o u n t -  
ing m e d i u m  (MM) 'Har l eco '  (in Xylene) ,  w h e r e b y  one 
m u s t  be  ce r t a in  t h a t  i t  is comple t e ly  enclosed b y  t h e  MM. 
T h e  MM m u s t  be t r i ck led  down  f rom  a s h o r t  d i s tance ,  
because  w i t h o u t  t h a t  t h e  c o h e r e n t  T y r o d e ' s  d rop le t  
would be f r a c t i o n a t e d  in to  m a n y  smal l  d rople t s  (Figure 5). 
T h e r e a f t e r  t h e  p r e p a r a t i o n  is carefu l ly  covered  w i t h  a 
coversl ip,  whose  size m u s t  be  selected in accordance  w i t h  
the  a m o u n t  of MM. Too large a covers l ip  leads to  f l a t t en -  
ing of t h e  eggs t h r o u g h  pressure ,  whi le  too smal l  a cover-  
slip m a k e s  t h e  o b s e r v a t i o n  w i t h  h i g h  reso lu t ion  impos-  
sible. I f  t h e  size of t h e  T y r o d e ' s  drople t ,  as well  as t h e  
a m o u n t  an d  t h e  v i scos i ty  of t h e  MM are chosen  correct ly ,  
t h e  Ty rode ' s  so lu t ion  ex t en d s  f rom t h e  slide to  t h e  cover-  
slip. I n  th i s  w ay  a n  opt ica l  b o r d e r i n g  p lane  b e t w een  t he  
T y r o d e ' s  so lu t ion  an d  t h e  MM is avo ided  an d  t h e  egg lies 
f reely on  t h e  b o t t o m  of an  ' a q u a r i u m '  bo rde red  l a t e ra l ly  
b y  MM (Figure 6). 

A lmos t  ha l f  a yea r  ago we m o u n t e d  eggs, as descr ibed,  
on  which  we h a d  pe r fo rmed  a r eac t ion  for  D P N H -  
d iaphorase ,  us ing  MTT~ a f t e r  s h o r t  p r e f ixa t i on  w i t h  
g l u t a r a l d e h y d e  5. U n t i l  now these  eggs h a v e  n o t  s h o w n  
a n y  a l t e r a t ions  a f t e r  s torage  in  t h e  re f r ige ra to r  a t  4~ 
However ,  m o u n t i n g  in a mi ld  f ix ing agent ,  e.g. g lu ta r -  
a ldehyde ,  m a y  p rove  to give b e t t e r  l ong - t e rm  results .  

Discussion. Fo r  ce r t a in  e n z y m e  reac t ions  the  t echn iques  
of DALCQ 1, LUDWIG 6 a n d  DALCQ a n d  PASTEELS 7, w h e r e b y  
t h e  eggs are p a s t e d  on a slide p r io r  to  the  reac t ion ,  are 
n o t  sui table .  DALCQ 8,9 and  ISHIDA a n d  CHANG 10 refer  to  
m o u n t i n g  ' in  t o to '  a f t e r  t h e  reac t ion .  I n  some of DALCQ'S 
pho tog raphs ,  de fo rma t ions  of t h e  eggs are recognizable  

Fig. 3a. 8-cell stage, R 451, calculated age 81 h, DPNH-diaphorase, 
• 500. Hypotonic incubation solution. For mounting Tyrode's 

solution diluted with distilled water 4:1. All blastomeres markedly 
enlarged and deformed by swelling. Distribution of the reaction 

product altered. 

Fig. 3b. 8-cell stage, R 916, calculated age 80 h, DPNH-diaphorase, 
x 500. See Figure lc. 

Tyrode's solution 

Glass stick 

81ido [ ~  ~ z S ~  Mou#tin# medium 

Fig. 5. Application of mounting medium (MM) to cover the droplet 
of Tyrode's solution containing the egg. Observe the position of the 

glass stick, as welt as its proximity to the slide. 

Tyrede's solution Coverslip 

Slide 

Fig. 6. Mounted egg at the bottom of an 'aquarium',  the lateral wall 
of which consists of mounting medium. 

Fig. 4a. 1-cell stage (fertilized), R 942, calculated age 29 h, directly 
mounted in Tyrode's solution after flushing of the tube, x 500. 
Fig. 4b. 1-cell stage (fertilized), R 951, calculated age 30 h, DPNH- 
diaphorase, x 500. Both eggs are similar in size and shape. In both 

eggs shadows of the polar bodies at 2 o'clock. 

4 A. G. E. PEARSE, Histochemistry (Churchill, London 1961). 
5 D. D. SABATINI, K. BENSCH, and R. J. BARNETT, J. Cell Biol. /7, 

19 (1963). 
K. S. LUDWIG, Archs Biol. Li6ge 65, 135 (1954). 
M. A. DALCQ and J. PASTEELS, Exp. Cell Res., Suppl. 3, 72 (1955). 

8 M. A. DALCQ, C. r. Acad. Sci. Paris 249, 2851 (1959). 
9 M. A. DALCQ, Archs Biol. Li6ge 73, 405 (1962). 

lO K. ISHIDA and M. C. CHANG, J. Histochem. Cytoehem. 13, 470 
(1965). 
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(see F igures  13 a n d  C s a n d  Figures  1, 3, 5, 8-10, 14, 15a, 
16-20) 9. ISHIDA a n d  CHANG t r ans f e r  t he  eggs to a slide 
be tween  four  vase l ine  spots,  a n c h o r i n g  t h e m  be t w een  
slide and  coversl ip.  T h e r e a f t e r  the  edges of t he  eoversl ip  
are  sealed w i t h  nai l-pol ish.  Th i s  m e t h o d  is r a t h e r  compli -  
ca ted ,  and  in t h e i r  p h o t o g r a p h s  as well, t h e  eggs show 
some d e f o r m a t i o n  (see F igures  1 and  2)9. 

Compared  w i t h  the  t echn iques  of pas t ing  t he  eggs be- 
fore or a f t e r  t he  r e a c t i o n ,  those  descr ibed b y  ISHIOA an d  
CHANG 10 and  b y  us show severa l  a d v a n t a g e s  for  del ica te  
h i s t ochemica l  r eac t ions :  i so ton ic i ty  is p r e se rved  d u r i n g  
t he  m o u n t i n g ,  u n e v e n  adhes ion  to  t he  slide is exc luded  
a n d  p r o t e i n - p r e c i p i t a n t s  or o the r  pa s t i ng  agents ,  as 
needed  for  t h e  pa s t i ng  t echn ique ,  are  avoided.  F u r t h e r -  
more,  t he  t echn iques  are app l icab le  w i t h o u t  modi f i ca t ion  
for all  p r e p a r a t i o n s  and  w i t h  a n y  mode  of f ixa t ion ,  as long 
as t he  r eac t ion  can  be  done  on  free eggs and  t he  r eac t ion  
p r o d u c t  is n o t  water -so luble .  

I n  c o m p a r i s o n  w i t h  t he  t e c h n i q u e  of ISHIDA an d  
CHANG, i t  appea r s  to  us  t h a t  ours  offers some a d v a n t a g e  
in t h a t  i t  is more  simple.  I n  addi t ion ,  t he  eggs lie com- 
p le te ly  free a n d  t h e y  can  be  d is located  for  purposes  of 
o b s e r v a t i o n  b y  s l id ing t h e  covers l ip  m a n y  hour s  a f te r  

m o u n t i n g .  One d i s a d v a n t a g e  m u s t  be  m e n t i o n e d :  ex- 
per ience  is requ i red  for  a p r e s en t ab l e  d e m o n s t r a t i o n  of 
al l  t he  eggs found  in one a n i m a l  n.  

Zusammen/assung. Aniso ton i sche  L6sungen  ve ru r sa -  
chen  bei  der  D u r c h f i i h r u n g  h i s t o ch emi s ch e r  R e a k t i o n e n  
a n  freien E ie rn  v o n  N a g e r n  Ar te fak te .  Es  wird  eine ein- 
fache  M o n t a g e t e c h n i k  n a c h  D u r c h f i i h r u n g  der  R e a k t i o n  
beschr ieben ,  bei  der  intrazel lulSze V e r ~ n d e r u n g e n  ver-  
mieden  u n d  weder  F o r m  noch  Gr6sse der  E ie r  d u r c h  
Aniso ton ie  ve r / inde r t  werden .  Die T ech n i k  e r l a u b t  jede 
A r t  y o n  F i x a t i o n  u n d  jede Reak t ion ,  solange das  Reak-  
t i o n s p r o d u k t  wasserun l6s l ich  ist. 
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Purification of Ferritin-Labelled 
Immunoglobul ins  

Fer r i t i n  ha s  t h u s  far  p r o v e d  to be  the  m o s t  c o m m o n l y  
used label  for i den t i fy ing  i m m u n o g l o b u l i n s  in  t he  e lec t ron  
microscope.  Th i s  p r o b a b l y  owes m u c h  to  t h e  careful  
work  of i t s  f i rs t  p r o p o n e n t s  1, and  to  t he  ease a n d  c e r t a i n t y  
w i t h  w h i c h  label led  molecules  can  be  de tec ted .  Pur i f ica-  
t i on  of t he  c rude  m i x t u r e  o b t a i n e d  a f t e r  t he  coupl ing  
r eac t ion  is, however ,  r a t h e r  tedious .  RIFKIND et  al. 9 
r e c o m m e n d  t h r e e  s equen t i a l  cen t r i fuga t ions  a t  100,000 g 
for r h to  r e m o v e  t he  uncoup led  y-globulin,  free fe r r i t in  
be ing  a l lowed to r emain .  BOREI~ a n d  SILVERSTEIN 9 sug- 
ges ted  t he  use of con t inuous  f low p a p e r  e lec t rophores i s  to 
i so la te  t he  con juga te ,  b u t  th i s  ha s  no t  been  m u c h  used 
(see, however ,  BAXANDALL et  al.4). The  p r e s e n t  no te  
descr ibes  t he  use  of a zone e lec t rophore t i c  s e p a r a t i o n  
wh ich  forms  a c o n v e n i e n t  p r e p a r a t i v e  m e t h o d  for  ob t a i n -  
ing t he  c o n j u g a t e  free of impur i ty .  

F e r r i t i n  (twice c rys ta l l ized;  N u t r i t i o n a l  Biochemica l s  
Corp.) was  coupled  to y-globul in  b y  means  of to luene  2, 4- 
d i i socyana te  (K. a n d  K. Labora tor ies ) .  The  m e t h o d  used 
was der ived  b y  c o m b i n a t i o n  of those  descr ibed  b y  
SINGER and  SCHICK 1 a n d  RIFKIND et  al. 9. Af te r  t he  c rude  
r eac t ion  m i x t u r e  has  been  d ia lysed  in to  0.05 M p h o s p h a t e  
buf fe r  p H  7.5, i t  conta ins ,  in  add i t i on  to t he  con juga te ,  
u n r e a c t e d  y-globulin,  free ferr i t in ,  a n d  fe r r i t in  wh ich  has  
r eac t ed  w i t h  d i i socyana te  alone. These  can  be  r e m o v e d  
b y  zone e lec t rophores i s  us ing  po lyv iny l  powdersS,% be- 
cause  y-globul in  is s low- t rave l l ing  and  r ema ins  n e a r  the  
or igin;  ferr i t in ,  on  the  o t h e r  h a n d ,  t r ave l s  fas te r  t h a n  the  
con juga te ,  whi le  f e r r i t in -d i i socyana te  is t he  fas tes t  t r ave l -  
l ing of t he  t h r e e  m a j o r  c o n t a m i n a n t s .  

The  p rocedure  used is t h a t  descr ibed b y  FAHEY an d  
McLAUGHLINS; P e v i k o n  C 870 be ing  o b t a i n e d  f rom the  
S h a n d o n  Scient i f ic  Co. Ltd . ,  65 P o u n d  Lane ,  L o n d o n  
N.W.  10, a n d  B r e o n  Viny l  425, said to  be the  e q u i v a l e n t  

Fig. 1. hnmunoelectrophoresis on agar gel in veronal buffer pH 8,2 
ionic strength 0.05. Plate photographed after drying, fixing, and 
staining with Poneeau red. F, purified horse ferritin; FC, presumed 
ferritin-diisoeyanate complex; xF, goat anti-ferritin antiserum; 
M, crude reaction mixture; xHS, rabbit anti-human serum anti- 

serum; HS, human serum. 
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