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A B S T R A C T  

Glycerinated chicken muscle was stained with antimyosin antibody conjugated with 
mercury and fluorescein. The antibody was visualized in both the electron and the fluo- 
rescence microscope by using adjacent thin and thick sections. In order to make this possible, 
Araldite was used as the embedding medium. The mercury was reduced to metallic mercury 
in the electron beam and either migrated in the section or was sublimated in the vacuum. 
Therefore special techniques of carbon filming had to be used to prevent this. Some non- 
specific staining occurred because of the binding of mercury to available sulfhydryl groups 
in the tissue. The available sulfhydryl groups were blocked by pretreating the tissue with 
iodoacetic acid and formaldehyde. The non-specific staining which occurred after this 
treatment was easily removed by brief washing with a buffered solution of thioglycolic 
acid. 

I N T R O D U C T I O N  

The preparation of an antimyosin antibody 
conjugate containing both mercury and fluorescein 
was described in the preceding paper (1). The 
mercury was indirectly linked to the protein 
through diazo coupling of tetraacetoxymercuri- 
arsanilic acid and the fluorescein was directly 
coupled using the fluorescein isocyanate. After 
conjugation the antibody retained its specificity 
as was shown by its staining properties under 
fluorescence microscopy. The  purpose of the 
mercury atoms in the conjugate was to increase 
the electron-scattering power of the antibody 
molecules. The visualization of such an antibody 
conjugate in sections by electron microscopy 
depends on its electron-scattering power relative 
to the rest of the tissue proteins. Therefore the 
localization of the antibody conjugate in com- 
bination with the specific tissue antigen is ul- 

timately possible regardless of how the antigen is 
distributed in the cytoplasm. Its distribution 
may be along definite membrane structures or  
filaments, or it may be diffusely localized in the 
cytoplasm. 

As will become apparent later, the technical 
difficulties involved in visualizing alternate 
sections of the antibody-stained tissue by electron 
and fluorescence microscopy, at present, do not 
permit resolution of individual antibody mole- 
cules. However,  an increase in density due to the 
presence of the antibody conjugate can be ob- 
served in the electron microscope, and this 
density increase can be compared with the cor- 
responding fluorescent areas observed by fluores- 
cence microscopy, using alternate thin and thick 
sections. ~Ihe ultimate precision of localization of 
the antigen by means of the antibody conjugate 
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is l imi t ed  by  the  size of  t he  a n t i b o d y  m o l e c u l e  

itself, because  the  subs t i t u t ed  o r g a n i c  m e r c u r i a l  

a n d  f luorescein  a re  sma l l  molecu les  in  c o m p a r i s o n  

wi th  the  size of  the  a n t i b o d y  molecu le .  

M A T E R I A L S  

An R C A  E M U - 3 C  electron microscope was used. All 
work was done at 50 kv with a 50 # objective aper ture  
and  a 0.25 m m .  condenser  aperture.  

M E T H O D S  

Glycer inated chicken neck muscle  was used th rough-  
out  this investigation. T h e  an imal  was sacrificed by  
decapitat ion,  eviscerated, skinned, and  immedia te ly  
p lunged  into chopped  ice and  allowed to cool to 0°C 
for approximate ly  ]/~ hour .  T h e  whole neck was then  
removed  and  placed in 50 per cent  glycerol at 0°C 
and  agitated slowly with several changes  of 50 per  
cent  glycerol for approximate ly  48 hours.  I t  was then 
stored for at least 2 weeks at - -24°C.  Small  pieces of  

|:;o_ -- [ C O 02 Hg-Ab-f I 
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FIGURE 1 

React ions  with the  funct ional  groups  of tissue dur ing  the  s ta ining procedures  : a, muscle  I before stain-  
ing with an t ibody conjugate ;  b, muscle  I after s taining with ant ibody conjugate ;  c, muscle  II  before 
s ta ining with ant ibody conjugate ;  d, muscle  II  after s ta in ing wi th  ant ibody conjugate ;  e, muscle  II  
after s taining wi th  ant ibody conjugate  followed by a buffered thioglycolic acid wash. Ag, ant igenic  
site; Hg--Ab--fl, ant ibody doubly  conjugated  with m e r c u r y  (Hg) and  fluorescein (fl). 

For fluorescence microscopy a Reicher t  Ze topan  
research microscope was used. Dark-field i l lumina-  
tion was obta ined  us ing a Zeiss cardioid condenser  
and  a 100 X achromat ic  oil immers ion  objective con- 
ta in ing a buil t- in ultraviolet  filter. T he  light source 
was an O s r a m  HBO-200  lamp.  T h e  combina t ion  of 
Corn ing  5840 and  Schott  UG-1 filters was used for 
the  incident  light. Exposures  were of the  order  of 5 
minutes  using K o d a k  type I I a -G  spectroscopic plates 
and  K o d a k  D-19 developer. Pr in t ing was done a lmost  
entirely on Kodak  F-3 paper  using Kodak  Dektol 
developer. 

T h e  ant ibody and  no rma l  T-globulin conjugates  
were prepared  as described previously (1). 

Araldi te  epoxy resin was used th roughou t  as an  
embedd i ng  med i um.  T h e  Araldi te  mix tu re  found by 
Finck (2) to give opt imal  results was used. 

muscle  were excised and  small  fibers of less t han  0.5 
m m  in d iameter  were dissected out  and  cu t  into 
lengths of approximate ly  1 to 2 m m  in 25 per  cent  
glycerol, M/60 PO4 buffer  p H  7.4, and  were kept  at 
0 -5°C.  Some of the  muscle  fibers (muscle I) received 
no addi t ional  t r ea tment  before s taining with the  con-  
juga ted  T-globulins.  Others  (muscle II) were fixed in 
1 per  cent  formaldehyde,  0.2 per  cent  iodoacetic acid, 
in 25 per  cent  glycerol, M/60 PO4 buffer  p H  7.4, at  
0 -5 °C  for approximate ly  3 hours,  in order to block 
available SH  groups and  prevent  non-specific s ta in ing 
of the  tissue t h rough  the  mercu ry  (see Fig. 1). Each  
muscle  prepara t ion  was separa ted  into two tubes, 
washed  with solvent  (25 per cent  glycerol, M/60 PO4 
buffer  p H  7.4), and  s ta ined respectively with doubly  
conjugated  no rma l  ~,-globulin and  doubly  conju-  
ga ted  ant ibody y-globulin.  Sta ining t ime was from 12 
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to 15 hours  wi th  f requent  agi tat ion at 0 -5°C.  All 
fibers were then  washed  wi th  solvent  for 24 to 30 
hours  at 0 -5°C wi th  twelve changes  and  f requent  
agitat ion.  T h e  mater ia l  in each tube  was again  
separa ted  into two tubes.  O n e  group  received a 2 
hour  wash  wi th  a solution of 1 ml  thioglycolic 
acid (purified, Fischer) -[- 50 ml  solvent  ad jus ted  
to a final p H  of 7.5 wi th  6 N N a O H .  Two  changes  
of this solution were used with occasional agita- 
tion. T h e  other  g roup  was left in the  wash  solution. 
All samples  were then  b rough t  t h rough  a graded  
series of e thanol  solutions (20, 40, 60, 80, 95, 100 per 
cent) and  allowed to s t and  in 100 per  cent  e thanol  at 
room tempera tu re  approximate ly  1 hour  wi th  two 
changes  of 100 per  cent  ethanol .  T h e  pieces of  tissue 
were then  removed  to capsules, the  e thanol  was 
dra ined ,  and  the  Araldi te  resin with accelerator was 
added.  I t  was difficult to change  the  Araldi te  resin 
since the  refractive index of the  tissue is so close to 
tha t  of  the  Araldi te  tha t  it was no t  easily visible. T h e  
capsules were allowed to s t and  1 hou r  at room tem-  
perature ,  t hen  1 hour  at  40°C,  and  were then  t rans-  
ferred to a 55°C oven for polymer iza t ion  for 2 days. 
In  m a n y  of the  capsules  the  pe rmea t ion  of the  tissue 
by the  resin was not  adequa te  and  sect ioning was im- 
possible. These  were discarded.  I t  was not  possible 
to use methacry la te  as an  e m b e d d i n g  mater ia l  since 
it q u e n c h e d  the  fluorescence of the  flourescein. 

Two  techniques  of ca rbon  sandwiching  were used 
for observat ion of the  sections in the  electron micro-  
scope. All ca rbon  films were m a d e  by evapora t ing  a 
2 m m  length  of ca rbon  1 m m  in d iameter  onto grids 
at  a dis tance of 13 cm from the source. Evapora t ion  
was carr ied out  when  the v a c u u m  reached a pressure 
of 0.03 # of mercury .  T h e  first t echnique  of carbon 
sandwiching  (method  A) consisted in evapora t ing  a 
film of ca rbon  onto a gr id  previously coated with a 
F o r m v a r  film. T h e  section was then  placed on this 
ca rbon  film and  ano ther  film of ca rbon  was evapo- 
ra ted  directly onto the section in in t imate  contact  
wi th  it. T h e  second technique  (method  B) consisted 
in p lac ing the  section on the  grid wi thout  a suppor t -  
ing film (the grid spaces being smal l  enough  to sup-  
port  the  section). A carbon  film was then  evapora ted  
directly onto one side of the  section, the  grid was 
tu rned  over, and  ano ther  ca rbon  film was evapora ted  
directly onto the  other  side of the  section. This  gave 
very in t imate  contact  be tween the section and  the  
carbon on bo th  sides. 

Direct  observat ion of sections prepared  as above 
for electron microscopy was possible by fluorescence 
microscopy if thin  a thene  grids were used. T h e  grid 
con ta in ing  the  sections was immersed  in immers ion  
oil be tween a slide and  coverslip. After observat ion in 
the  fluorescence microscope the  immers ion  oil could 
be r emoved  wi th  e thylene dichloride and  the  speci- 
m e n  could be observed in the  electron microscope. In  
the  thin sections needed  for electron microscopy,  

rapid  quench ing  of the  fluorescence occurred on ir- 
radia t ion with ultraviolet  l ight and  it was impossible 
to take photographs .  Therefore  a l ternate  th in  and  
thick sections were used for obta in ing  electron micro-  
g raphs  and  fluorescence mlc rographs  respectively. 
No  observat ions could be m a d e  of sections by  phase  
microscopy because of the  similari ty in refractive in- 
dex be tween the tissue and  the  embedd ing  med ium.  

O n  observat ion of sections p repared  for f luorescence 
microscopy,  it was found tha t  Araidi te  showed auto-  
fluorescence with increased t ime of exposure to the  
ultraviolet  source. However ,  dur ing  the  5 m i n u t e  ex- 
posure  needed,  the  intense initial fluorescence of the  
tissue and  the  slow bui ld-up  of fluorescence in the  
e m b e d d i n g  m e d i u m  permi t ted  photography.  

Serial sections of all the  mater ia l  were also investi- 
ga ted  after s ta in ing with phosphotungs t ic  acid as 
follows: Sections were placed on grids and  the  whole 
gr id  was immersed  in a 1 per  cent  solution of phos-  
photungs t ic  acid in 100 per  cent  e thanol  for 1 m i n u t e  
followed by 1 minu t e  in 100 per  cent  ethanol.  

R E S U L T S  A N D  D I S C U S S I O N  

Severa l  diff icult ies were  e n c o u n t e r e d  in  t he  

v i sua l i za t ion  o f  t he  d o u b l y  c o n j u g a t e d  a n t i b o d y .  

T h e  re la t ive ly  sma l l  n u m b e r  o f  m e r c u r y  a t o m s  

a d d e d  in  c o m p a r i s o n  w i th  the  to ta l  m o l e c u l a r  

we igh t  o f  t he  a n t i b o d y  m o l e c u l e  r e su l t ed  in a 

s m a l l  i nc rease  in dens i t y  re la t ive  to the  d e n s i t y  o f  

the  s u r r o u n d i n g  t issue p r o t e i n  (1). O s m i u m  

f ixa t ion  cou ld  no t  be  u sed  because  it  d e s t royed  

t he  f luorescence  o f  t he  a n t i b o d y  a n d  t hus  pre -  

v e n t e d  c o m p a r i s o n  o f  a l t e r n a t e  sect ions  for 

f luorescence  a n d  e l ec t ron  mic roscopy .  A n o t h e r  

di f f icul ty  was  t h a t  u n d e r  the  e l ec t ron  b e a m ,  

m e r c u r y  v a p o r i z e d  o u t  o f  the  sect ion,  or  it  f o r m e d  

dense  g lobu les  w h i c h  m i g r a t e d  in t he  sect ion.  T o  

con t ro l  this ,  t he  specia l  t e c h n i q u e  of  c a r b o n  

f i lming  desc r ibed  above  as " m e t h o d  B"  was  used .  

W a t s o n  (3) h a s  r epo r t ed  obse rva t ions  of  in-  

creases  in  con t r a s t  of  m a t e r i a l  af ter  s a n d w i c h i n g  

sect ions  b e t w e e n  F o r m v a r  films. T h i s  is p r o b a b l y  

d u e  to p r e v e n t i o n  of  s u b l i m a t i o n  of  m e t a l  or  o t h e r  

ma te r i a l .  H a l l  (4) was  ab le  to observe  col loidal  

d rop le t s  of  m e r c u r y  in  the  e l ec t ron  mic ro scope  by  

s a n d w i c h i n g  t h e m  b e t w e e n  sil ica films. T h e  

col loidal  su spens ion  was  p l aced  on  a p rev ious ly  

p r e p a r e d  sil ica f i lm a n d  a n o t h e r  f i lm was  e v a p -  

o r a t ed  over  it. S ingle  c a r b o n  f i lms h a v e  been  u sed  

p r i m a r i l y  for s p e c i m e n  s u p p o r t  to p r e v e n t  dis-  

to r t ions  in  t he  e l ec t ron  b e a m  (5-7) .  W e  a t t e m p t e d  

to p r e v e n t  the  loss of  m e r c u r y  by  s a n d w i c h i n g  the  

sect ions  b e t w e e n  c a r b o n  films. 

Al l  sec t ions  were  sp r ead  w i th  xylol  (8) in  a n  
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a t tempt  to remove ripples, since ca rbon  filming 
stabilizes any sectioning distortions present (6). 
Fig. 2 a is a micrograph of a section of muscle 1 
stained with an t ibody  conjugated with fluorescein 
but  no mercury,  and Fig. 2 b shows the same 
muscle p repara t ion  stained with ant ibody con- 
juga ted  with fluorescein and  mercury.  These 
sections were carbon-sandwiched using method 
A as previously described. For confirmation of 
an t ibody  staining in both cases, serial sections of 
each were checked by fluorescence microscopy 
and are shown in Figs. 3 a and  3 b respectively. 
Note the dense droplets of mater ia l  present in 
Fig. 2 b. T he  electron beam appears  to have 
caused reduct ion of the mercury  to metallic 
mercury which has migrated and  collected in 
little droplets at  points on the structure. The  
ca rbon  sandwich method A seems to have pre- 
vented loss of mercury through subl imat ion off 
the section and  into the microscope column. I t  
fails, however, to prevent  migra t ion of mercury 
within the specimen. 

Carbon  sandwich method B, by which the 
ca rbon  film is deposited in more in t imate  contact  
with both  sides of the specimen, was found to 
prevent  the migra t ion of mercury within the 
specimen. Fig. 2 c is a micrograph of a section 
treated by method B. "Ihe section was cut fi-om 

the same specimen as was the section t reated by 
method A (Fig. 2 b). Fig. 4 shows a larger field 
of the same, at lower magnification. No dense 
droplets of mercury are present;  however, the 
density of the Z lines in the micrographs is much  
higher  than  was expected, in comparison with 
the control mater ial  of Fig. 2 a. 

CarefGl observation of the corresponding 
fluorescence micrograph (Fig. 3 b) shows some 
faint, non-specific staining of Z lines. The  Z line 
density observed in the electron microscope may 
therefore be due to binding of the ant ibody-  
mercury conjugate to available SH groups in the 
tissue through the H g - - S  bond. An unsuccessful 
a t t empt  was made  to reverse this b inding in 
muscle I by washing the stained tissue with a 
buffered thioglycolic acid solution. In  muscle I I ,  
the tissue was treated with iodoacetie acid and  
formaldehyde before staining in an a t t empt  to 
block the available SH groups. Sta ining of this 
tissue with the doubly  conjugated ant ibody or 
with the doubly  conjugated normal  ")'-globulin 
resulted in an  increase in the degree of non-  
specific staining. However,  it was found tha t  this 
non-specific staining could be easily washed off 
with a short  wash with buffered thioglycolic acid. 
The  most plausible explanat ion of these observa- 
tions is as follows (see Fig. 1): The  H g - - S  bond  

FIGURE 

Antibody-stained, glycerinated chicken neck muscle. All material was embedded in 
Araldite. ,4, A band. 

Fig. 2a, electron micrograph of muscle I (see text) stained with anti-L-meromyosin 
antibody. Antibody was conjugated with fluorescein but  not with mercury. Sections 
were sandwiched between carbon films by method A described in text. X 29,000. 

Fig. 2b, electron micrograph of muscle I stained with antimyosin antibody. Antibody 
was conjugated with fluorescein and mercury. Sections were sandwiched between 
carbon films by method A. X 59,000. 

Fig. 2c, electron micrograph of an alternate section of material shown in Fig. 2b 
sandwiched between carbon films by method B (see text). A, A band;  Z, Z line. 
X 59,000. 

FmURE 3 

Fluorescence micrographs of alternate sections of material shown in Fig. 2. 
Fig. 3a, alternate thick section of material shown in the electron micrograph Fig. 2a. 

The bright areas of localization of the fluorescent antibody correspond to the laterM 
edges of the A band. 

Fig. 3b, alternate thick section of material shown in the electron micrographs Figs. 2b 
and 2c. The bright areas of localization of the fluorescent antibody correspond to the A 
band. X 1700. 
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has a very small  dissociation constant  in com- 
parison with the dissociation constant  of the 
Hg- -ca rboxyl .  Thioglycolic acid provides excess 
available SH group. In  using thioglycolic acid to 
wash off non-specific stain in muscle I (Fig. 1 b) 
there would have to be a breaking of a tissue 
H g - - S  bond to form a thioglycolic acid H g - - S  
bond.  This  does not  occur easily, tha t  is, over a 
short  period of time. However,  washing off non-  
specific stain from muscle I I  (Fig. 1 d) would 
require breaking a tissue H g - - c a r b o x y l  bond to 
form a thioglycolic acid Hg---S bond.  The  tissue 
Hg- -ca rboxy l  bonds of muscle I I  are therefore 
easily converted to thioglycolic acid H g - - S  bonds 
which have a much  smaller dissociation constant.  
The  result is tha t  only the conjugate bound  to the 
tissue through the ant igen-ant ibody bond remains 
and all o ther  non-specifically bound  conjugate is 
removed. If  the tissue was pre t reated with iodo- 
acetic acid alone, the non-specific stain could not  
be completely washed off, presumably  because 
not all available tissue SH groups were blocked. 

Samples of muscle I I  t reated with the doubly 
conjugated an t ibody  or normal  T-globulin with- 
out  receiving the thioglycolic acid wash gave the 
electron micrographs  shown in Figs. 5 a and  5 b. 

Al ternate  sections for fluorescence microscopy are 
shown in Figs. 6 a and  6 b. There  is no difference 
between the micrographs  of mater ia l  t reated with 
the normal  ~,-globulin conjugate and  those of 
mater ia l  t reated with the an t ibody  "y-globulin 
conjugate.  Aliquots of this same material ,  when  
brought  through the brief  thioglycolic acid wash, 
gave the fluorescence photographs  shown in 
Figs. 8 a and  8 b. The  non-specific s taining in 
fluorescence has been completely washed off. In  
Fig. 8 c is shown the addi t ional  control  for this 
series stained with an t ibody  wi th  fluorescein but  
no mercury.  Electron micrographs  of serial sec- 
t ions of this mater ia l  are shown in Figs. 7 a, 7 b, 
and  7 c, where it can be seen tha t  the Z line densi ty 
is no longer so p rominen t  as it was in Figs. 4 and  5. 
Also the specific increase in density of the A band  
relative to the I band  is striking for the mercury-  
labeled an t ibody  stain as compared  with the 
controls. 

Careful comparison of all the micrographs  
presented makes it evident  tha t  the only possible 
explanat ion for the increase in contrast  is tha t  it 
is due to the added mercury.  Theoret ical  treat- 
ments  now avai lable derived from work on large 
objects of uni form density would predict  no 

FIGURE 4 

Low magnification electron micrograph of the same area shown in Fig. 2c. X 9000. 

FIGURE 5 

Electron micrographs of muscle II  (see text) stained with antimyosin, and normal 
globulin as control. Sections were carbon-sandwiched using method B (see text). These 
micrographs demonstrate the non-specific staining present, before removal with the 
buffered thioglycolic acid wash solution. 

Fig. 5a, muscle II  stained with antimyosin previously conjugated with mercury and 
fluorescein. This tissue was not treated with buffered thioglycolic acid wash solution. 

Fig. 5b, musele II stained with normal globulin previously conjugated with mercury 
and fluorescein. This tissue was not treated with the buffered thioglycolic acid wash 
solution. X 9000. 

FIGURE 6 

Fluorescence micrographs corresponding to the electron micrographs of Fig. 5. These 
were obtained from thick sections alternate to the thin sections used for the electron 
micrographs. 

Fig. 6a, fluorescence micrograph corresponding to the electron micrograph Fig. 5a. 
Fig. 6b, fluorescence micrograph corresponding to the electron micrograph Fig. 5b. 

Bright areas are areas of fluorescence localization. X 2300. 
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FIGURE 7 

Electron micrographs of muscle II (sec text) staincd 
with antimyosin, normal globulin as control. The 
tissue was washed with a buffered solution of thio- 
glycolic acid after staining, to rcmovc thc non-specific 
stain. Sections wcre carbon-sandwiched using method 
B (see text). X 9000. 

Fig. 7a, muscle II stained with antimyosin pre- 
viously conjugated with mercury and fluorescein. This 
is to be compared with the electron micrograph, 
Fig. 5a, of material which did not receive the buffered 
thioglycolic acid wash. The dense areas are the A 
bands, visible because of antibody localization. 

Fig. 7b, muscle II stained with normal globulin 
previously conjugated with mercury and fluorescein. 
This is to be compared with the electron micrograph, 
Fig. 5b, of material which did not receive the buffered 
thioglycolic acid wash. Fig. 7b is also the control for 
the antibody staining observed in Fig. 7a. 

Fig. 7c, muscle II stained with antimyosin pre- 
viously conjugated with fluorescein but no mercury. 
This is an additional control for the antibody staining 
observed in Fig. 7a. 

FIGURE 8 

Fluorescence micrographs corresponding to the 
electron micrographs of Fig. 7. These wcrc obtained 
from thick scctions alternate to the thin sections uscd 
for the electron micrographs. X 2300. 

Fig. 8a, fluorescence micrograph corresponding to 
thc electron micrograph Fig. 7a. This is to be com- 
pared with the fluorescence micrograph, Fig. 6a, 
of material which did not rcccivc the buffcred thio- 
glycolic acid wash. 

Fig. 85, fluorcscencc micrograph corrcsponding to 
the clcctron micrograph Fig. 7b. This is to bc com- 
pared with the fluorcscence micrograph, Fig. 6b, of 
matcriai which did not receive thc buffcred thio- 
glycolic acid wash. Fig. 8b is also the control for the 
antibody staining obscrved in Fig. 8a. The bright 
areas are the A bands, visible because of fluorescent 
antibody localization. 

Fig. 8c, fluorescence micrograph corresponding to 
the electron micrograph Fig. 7c. 
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visible contrast. Fur ther  experimental  and 
theoretical work is needed to explain the dis- 
crepancy. 

Alternate sections of all the material obtained 

for electron microscopy were stained by immersion 
of the grids in 1 per cent phosphotungstic acid in 
absolute alcohol. An example of this material is 
shown in Fig. 9. The stabilization and enhance- 
ment  of contrast due to the heavy metal staining 
is striking. No differences were observed between 

antibody-stained and control materials when 
treated in this way. 
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FIGURE 9 

When sections were stained with phosphotungstic acid, a great deal of structure became 
visible. No differences in structure were observed with the variously treated material 
described in the text. A, A band; I, I band; Z, Z line. X 28,000. 
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