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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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of t he  Geon  used b y  FAHEY and  McLAUGHLIN, f rom 
Br i t i sh  Geon,  Devonsh i r e  House,  Piccadi l ly ,  London .  

The  whole  of t he  r eac t ion  mix  was i nco rpo ra t ed  in to  
t he  block.  Af te r  a n  o v e r n i g h t  r u n  w i t h  a c u r r e n t  of a b o u t  
20-30 m A  a t  300 V, the  f e r r i t in -d i i socyana te  i m p u r i t y  is 
n o t  far  f rom the  a n o d a l  end, a n d  forms  a b rown,  recog- 
n i zab ly  sepa ra t e  band .  B e h i n d  is found  a wide b r o w n  
b a n d ,  r a t h e r  s t r e a k y  and  cover ing  a d i s t ance  of some 
6 cm. The  mos t  a d v a n c e d  p a r t  of th i s  is p r o b a b l y  free 
ferr i t in ,  t h e  res t  c o n j u g a t e  freed of fe r r i t in  a n d  g lobul in  

c o n t a m i n a t i o n .  Globu l ins  r e m a i n  in the  v i c in i t y  of t h e  
origin.  

Most  of t h e  b r o w n  area  iden t i fy ing  t h e  c o n j u g a t e  is 
t h e n  r emoved ,  some of t h e  lead ing  an d  t ra i l ing  edge be ing  
sacrificed.  T h e  c o n j u g a t e  is e lu ted  w i th  successive a l iquo ts  
of 0 . 0 5 M  p h o s p h a t e  p H  7.5, an d  t r an s f e r r ed  to  8/32 
Visk ing  t u b i n g  to be c o n c e n t r a t e d  b y  u l t r a f i l t r a t ion .  I t  is 
t h e n  passed  t h r o u g h  a 0.45/~ mil l ipore  f i l ter  a n d  k e p t  in  a 
s ter i le  vial .  

Typ ica l  i m m u n o e l e c t r o p h o r e t i c  p la tes  of t h e  r eac t i on  
m i x t u r e  before  an d  a f t e r  zone e lec t rophores i s  are  s h o w n  
in F igures  1 a n d  2. 

F igure  1, us ing  t h e  c rude  r eac t ion  m i x t u r e  in  t h e  
midd le  well, shows t h e  presence  of fe r r i t in -y-g lobul in  
con juga t e  t o g e t h e r  w i t h  free y-globul in  an d  t h e  fas ter -  
t rave l l ing ,  p r e s u m e d  fe r r i t in -d i i socyana te ,  c o m p o n e n t .  
F igure  2, us ing  t h e  i so la ted  conjuga te ,  shows t h a t  i t  con-  
t a in s  a t r ace  of free fe r r i t in  b u t  is devo id  of free y-g lobul in  
a n d  fe r r i t in -d i i socyana te .  The  a d d i t i o n a l  well, i n to  w h i c h  
was p u t  i so la ted  fe r r i t in -d i i soeyana te ,  shows no  r eac t ion  
b e t w e e n  t h i s  an d  t h e  r a b b i t  a n t i s e r u m  ag a i n s t  h u m a n  
serum,  i nd i ca t i ng  t h a t  no y-globul in  has  been  con juga ted .  

Zusammen/assung. Die Re in igung  eines d u r c h  Markie-  
r u n g  y o n  I m m u n g l o b u l i n  m i t  Fe r r i t i n  he rges t e l l t en  
R o h m a t e r i a l s  wird  beschr ieben .  Zonene l ek t ropho re se  
mi t t e l s  P o l y v i n y l p u l v e r s  e rg ib t  ein fer r i t in-  u n d  g lobul in-  
freis E n d p r o d u k t .  

A. CHARLES 

Fig. 2. Immunoelectrophoretic plate photographed wet. Lettering as 
for Figure 1. 
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C o m p a r a t i v e  M i c r o e l e c t r o p h o r e s i s  of Di f ferent  
Sera  on N i t r o c e l l u l o s e  M e m b r a n e s  I m p r e g n a t e d  

wi th  T w e e n  60 

Nitrocel lulose  m e m b r a n e  f i l ters  p r e t r e a t e d  w i t h  Tween  
60 (po lyg lyco lsorb i to lmonos teara te )  were shown  recen t ly  
as be ing  a su i t ab le  s u p p o r t i n g  m e d i u m  for t he  r ap id  
microe lec t rophores i s  of p ro te ins  1-4, whereas  u n t r e a t e d  
m e m b r a n e s  were no t  su i t ab le  for th i s  purpose .  Elec t ro-  
phores is  on  T w e e n - i m p r e g n a t e d  ni t rocel lulose  p r o v e d  to 
be an  a d e q u a t e  a l t e r n a t i v e  to t he  e lec t rophores i s  on  
acetylcel lulose s t r ips  5,6, especial ly  for t he  ana lys i s  of 
u l t r a m i c r o - a m o u n t s  of mater ia l .  This  was  conf i rmed  b y  
good sepa ra t ions  of h u m a n  se rum 1 4 as well  as b y  a r ap id  
cha r ac t e r i z a t i on  of d i f fe rent  ba t ches  of a modi f ied  bov ine  
s e rum 2. A search  for the  mos t  c o n v e n i e n t  cond i t ions  for a 
q u a n t i t a t i v e  e v a l u a t i o n  of t he  mic roe l ec t rophe rog rams  
b y  d i rec t  p h o t o m e t r y  is u n d e r  e x p e r i m e n t a t i o n  now. 

I n  the  course of f u r t h e r  research  work  w i t h  Tween-  
i m p r e g n a t e d  ni t rocel lulose  m e m b r a n e s ,  we w a n t e d  to  
t e s t  w h e t h e r  th i s  mic ro - t echn ique  was sens i t ive  e n o u g h  to  
d i s t ingu i sh  b e t w e e n  the  e lec t rophore t i c  p a t t e r n s  of sera  of 
d i f fe rent  species. 

Ni t rocel lulose  m e m b r a n e  f i l ters  H U F S  (pore size 
0.3-0.5 /,) and  V U F S  (pore size 0.1-0.3 /~) (VCHZ Syn-  
thes ia ,  UhHn~ves ,  Czechoslovakia)3,7 were used in these  

expe r imen t s .  E lec t rophores i s  was  done  in a mois t  c h a m -  
be r  1 w i th  a br idge  gap  of 3.5-4.0 cm a t  0.4-0.5 m A / c m  
a n d  15-20 V/cm,  us ing  a ve rona l  (25 m M ) - c i t r a t e  (2.5 
m M ) - o x a l a t e  1.0 m M )  buf fe r  a t  p H  8.6. E a c h  electro-  
phore t i c  r u n  las ted  15 min.  Af te r  d ry ing  a t  75-85 ~ for 
10 mi n  t h e  e l ec t rophe rog rams  were s t a ined  b y  nigro-  
s i n e l &  T h e  i m p r e g n a t i o n  of t h e  m e m b r a n e s  before  elec- 
t rophores i s  was  done  in the  usual  way  1-4, us ing  a 2% 
so lu t ion  of Tween  60 in t h e  ve rona l  buf fer  for 5 m i n  fol- 
lowed b y  a t h o r o u g h  w as h i n g  of the  s t r ips  w i t h  5-10 ml  
of the  de te rgen t - f r ee  buf fe r  on a funne l  to  r e m o v e  t h e  
excess of u n b o u n d  T w e e n  604. Sera  of man ,  horse,  dog, 
pig, ra t ,  ox, r a b b i t  a n d  cock were t a k e n  f rom samples  
s tored  a t  - - 2 0 ~  an d  were appl ied  on  t h e  s t a r t s  b y  
m e a n s  of a wick of acetylcel lulose 4 or of H U F S  n i t ro -  
cellulose p r e t r e a t e d  w i t h  Tween  60. The  sample  vo lumes  
were of t h e  o rder  of 10-5-10 -4 ml. 
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