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Abstract

The use of the colloidal-gold technique in electron microscopy immunocytochemistry has provided
important information on the in situ localisation of intracellular antigens. We have developed a post-
embedding technique for prolactin localisation on resin-embedded human pituitary tissue sections by
the use of the protein-A gold conjugate. Human pituitary tissue obtained at autopsy was processed for
electron microscopical study without post-osmication and then embedded in Epon. The indirect
immunoperoxidase method was used for light microscopical targetting of lactotroph cell sfor subsequent
electron microscopical antigen localisation. Ultra-thin sectionswerelabelled with human anti-human
prolactin followed by protein-A gold conjugate. Specific labelling was observed over secretory
granules with a density of 15-30 particles per granule, as determined by the Quantimet 570 image
analysis system. This technique provides a means of studying the pathophysiology of hormonal
secretion at ultrastructural level and can be a useful tool in diagnostic and research investigations.
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INTRODUCTION

Immunocytochemistry hasprovided animportant
means for microscopical in situ localisation of
intracellular antigens. In order to extend such
visualisation tothe ultrastructural level, different
techniques for electron microscopical labelling
have been developed, amongst them the protein
A-gold conjugate method.

Protein Aisacell wall constituent produced by
most strainsof Staphylococcus aureus.’ 1tsunique
and high affinity binding with immunoglobulins,
especially immunoglobulin G (IgG) is the basis
of its application in immunocytochemistry.>**
Moreover, being non-speciesspecific, itisauseful
reagentfor binding immunoglobulinsfrom several
animal species. Protein A has been conjugated to
ferritin® and peroxidase” for antigen localisation
at light and electron microscopical level.

In 1971, Faulk and Taylor” initiated the
immunocolloid method for electron microscopy
by using an antibody-colloidal gold complex for
cell surfaceantigen localisation. Sincethen,gold
particles have gained popularity as markers in
light and electron mi croscopical
immunocytochemistry.2#%!® Soon after, Roth et
al’!" successfully applied the protein A-gold
conjugatein apost-embeddingstaining technique.

Variousattemptstorefinethetechniques aboveto
improvespecificity and resol ution followed.>#!®12

Osmication and Epon embedding techniques
have been cited as unsuitableforimmunolabelling
due to the destruction of antigens during
osmication and processing.?**  Most of the
literature on post-embedding techniquesthusfar
report the use of araldite or low-temperature
embedding mediasuchasL owicryl. However, in
our laboratory, the Epon embedding technique
has been the mainstay in routine work. Assuch,
in this study, we endeavoured to develop an
immunolabelling method that can be applied to
unosmicated Epon-embedded tissue. The protein-
A gold technique is used here because it is a
relatively simple technique and precludes the use
of various preparations of species specific
immunoglobulins. In thisstudy, we havechosen
to apply this method to the detection of prolactin
in human pituitary cellsasan exampleof hormone
detection at ultrastructural level. The ability to
localise hormonal or other protein antigens at
ultrastructural level is envisaged to have far-
reaching applications in the study of cell
physiology in healthanddisease. Unlikedetection
of antigens using immunohistochemistry at light
microscopical level, ultrastructural studies can
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relate protein localisation to variouscytoplasmic
organelles. Furthermore, the gold particles used
aso lend themsel vesmoreeasily to someform of
quantitation.

MATERIALS AND METHODS
Principles of protein A-gold technique

The principlesof the protein A-gold techniqueas
a two-step post-embedding labelling procedure
carried out on thin tissue sectionsisdescribed in
Fig 1. Inthefirststep, thespecificimmunoglobulin
bindsto the antigen exposed at the surface of the
section. In the second step, moleculesof protein
A conjugated with gold particlesinteract with the
Fc region of the immunoglobulin. The first
antigen-antibody reaction is then revealed by the
protein A-gold complex. In thisindirect way, the
location of the antigen is indicated by thegold
particles.

Tissue preparation

Small cubes(about 1 mm?®)of fresh human pituitary
tissuesobtai nedfrom 4 humansubjectsat autopsy
werefixed in 4% glutaraldehydefor four hoursat
4°C. They were then thoroughly washed with
several changes of cacodylate buffer to remove
unbound glutaraldehyde followed by washing
briefly indouble-distilled water and block stained
in 4% uranyl acetate for 10 minutes at room
temperature. The tissues were washed free of
uranyl acetate in several changes of double-dis-
tilled water, transferredto 35% al cohol and dehy-
drated in agraded ascending series of alcohol up
to absolute alcohol. After clearing in propylene
oxidethetissueswereinfiltratedand embedded in
Epon 812 (Bio-Rad).

Antisera

The primary antibody used was anti-human
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FIG. 1: Diagram illustrating the principles of the
protein-A gold technique.
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prolactin (Dakopatts). The gold label used was
protein-A gold conjugate (10 nm, Sigma).
Ovalbumin (Grade VI, 99%, Sigma) was the
blocking agent used to reduce background stain-

ing.

Light microcopical localisation of prolactin-
producing cells

Onemicronthick Epon sections mountedon glass
slides were stained by the indirect
immunoperoxidase method™ to determine the
location of prolactin-producing cells. After these
wereidentified, the blockswere trimmeddownin
size to target these cells prior to ultra-thin
sectioning for immunogold labelling.

Electron microscopy (Immunogold procedure)

Ultrathin sections of 60 nm were obtained using
aSorvall MT-5 ultramicrotomeand subsequently
collected on Nickel grids (300 Mesh, Bio-Rad).

The following steps were used for immunogold
labelling:

1. Etch Epon section with 10% aqueous hydro-
gen peroxide for 10 minutes.

2. Washwithseveral changesof double-distilled
water.

3. Rinsewith phosphate-bufferedsaline (PBS).

4. Incubate sectionon grid in 1% ovalbuminin
PBSfor 30 minutes.

5. Blot dry to remove excess ovalbumin.

6. Incubate in primary antibody (anti-human
prolactin, diluted 1:100 in PBS) overnight at
4°C.

7. Wash with several changes of PBSand then
blot dry excess buffer.

8. Incubatein Protein-A gold in PBS(1:20) for
60 minutes.

9. Wash with several changes of PBS and
double-distilled water.

10. Counterstain with uranyl acetate and lead
citrate.

RESULTS

At light microscopical level, prolactin-producing
cells were stained brown with the
immunoperoxidase method for human prolactin
(Fig2). Electronmicroscopy revealedthat colloi-
dal gold particles were concentrated over secre-
tory granules of these cells (Figs 3a & b). The
background was relatively clean. Whilethe gold
particles were easily identified, it was observed
that ultrastructural preservationof organelleswas
not optimal. Thiswasfelt to bedueto theomission
of osmium tetroxide post-fixation.



Quantitation of thespatial distribution of gold
particles over the granules wascarried out using
the Quantimet 570 {Leica Cambridge, UK.) im-
ageanalysissytem. The nuntoer of gold particles
per granule or per unit area of the granule were
analysed automatically from themicrographsand
was found to range from I5 to 30 particles per
granule.

DISCUSSION

Previousattempts at immunogold labellingin our
laboratory using osmicated tissue, even though
subjected to sodium metaperiodate etching, had
proved unsuccessful. Thiswas most likely dueto
the loss of antigenicity during the osmication
process. However, omission of osmication, asin
the presentwor k, resulted incell organelles being
more vulnerable to distortion/disruption during
dehydration and embedding dueto the lipophilic
nature of Epon. Thisartifact wasobserved in the
micrographs(F gs 3a& b). Notwithstanding the
problem of optimal morphological preservation,
we found that the technique described is an
acceptable and practical compromise for
immunoelectron microscopical investigations.
Other limitations o this technique are rela
tively minor. Being a post-embedding technique,
only antigens on the exposed cut surface of the
sectionscan be labelled. Another limitation con-
cerns the affinity of protein A to IgG molecules.

H G 2: Light micrograph of pituttary gland stained
with the indirect immunoperoxidase technique for
human prolactin. Cellsexpressing prolactin are stained
dark brown.

PROTEIN A-GOLD TECHNIQUE

Thisvariesfrom oneanimal speciesto another, It
has been found that antisera raised in rabbitsand
guinea pigsarepreferred and yield better results
over thosefrom goat or sheep.” Furthermore, Epon
embedding suffers from the disadvantage that
Epon ishydrophobicandthereforeliabletocause
high background staining due to itsstrong attrac-
tion for hydrophilic immunoreagents.

Thecombined desirability o strong, specific
antigen binding together with optimal
morphological preservation remains the main
problem, as is also the case with all other
immunocytochemistry techniques. However, this
can be circumvented by varying the conditions
for fixation and embedding. The use of newly
developed resinssuch asLR White and Lowicryl
or of modified embedding procedures for
processi ng the tissues at very low temperatures
improve antigenic preservation and offer
promising results."* However, nosingle procedure
can be recommended as the best for
immunoelectron rnicroscopy asoptimal labelling
has to be worked out for each type of antigen."
From ourstudy, we observed that Eponembedded
tissue can be used for immunolabelling even
thoughit isat theexpenseof ideal morphological
preservation, Thiscompromise allowssatisfactory
detection o antigenic Sites and provides a valu-
able means to study the pathophysiology of en-
zymeactivitiesat ultrastructural level in aroutine
electron microscopy set-up.

We also suggest the use of a computerised
imageanalyser (suchastheQuantimet 570in this
study) as an objectiveevaluationof thespecificity
o labelling. Italsoservestoensurequality control
d the immunogold labelling technique.
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FIGS.3a. b:Localisation of prolactinin human pituitary cells. Gold labelling isobservedover
secretory pranules (g).
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