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electrons) when uncoated preparations are examined. In
addition the metallic marker permits good spatial resolu-
tion to be achieved in SEM0.

Summary. A rapid method has been developed to

visualize cell surface receptors in the SEM. Thus mannan

10 Acknowledgment. We thank Mrs M. WEBER for the photographic
work.
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at the surface of Candida wtilis cells was localized by
stabilized colloidal gold granules coated with either anti-
mannan antibodies or Con A.

M. HORISBERGER, JAQUELINE RosseT and H. BAUER

Research Depaviment,

Nestlé Products Technical Assistance Co. Lid.,
CH-1814 La Tour-de-Peilz (Switzevland),

16 June 1975.

Morphology of Colloidal Gold, Ferritin and Anti-Ferritin Antibody Complexes

Electron microscopical studies on the formation of
ferritin — anti-ferritin complexes have been published
previously -3, Colloidal gold — ferritin mixtures have
also been used to demonstrate membrane holes in osmotic
and saponin hemolyses and membrane lesions in immune
lysis% 5. However, the structure of the complexes formed
between colloidal gold particles, ferritin and anti-ferritin
antibodies has not been studied in detail. It was therefore
interesting to investigate the morphology of these com-
plexes in order to evaluate their potential use as markers
for transmission — and scanning-electron microscope
cytochemical studies.

Expevimental. The anti-ferritin antibodies were isolated
by immunoadsorption from a colostral lactoserum of a
cow immunized with horse spleen ferritin (cadmium free,
2 x crystallized; Pentex Biochemicals). The presence of
precipitating anti-ferritin antibodies was shown by a
positive ring test® against a ferritin solution (1 mg/ml).

Ferritin and anti-ferritin antibodies were adsorbed
onto colloidal gold according to the procedure of FAULk
and TavrLor?, modified by GERBER et al.®. The colloids
were suspended in phosphate-buffered saline, pH 7.2 to a
final absorbance of 3.6 at 520 nm.

The different preparations were examined in a Philips
EM 300 electron microscope after negative staining with
5%, aqueous uranyl-acetate.

Results. In Figures 1-3 the individual materials used
in our experiments are represented. The non-stabilized
colloidal gold particles tend to aggregate (Figure 1).
They have a polyhedrical form (inset) and are unstable
under the electron beam. With progressive beam radia-
tion, they become electron transparent (mass loss). The
horse spleen ferritin (Figure 2) is quite homogeneous;
however, some detached apoferritin (protein shell of the
ferritin molecule) can be observed occasionally (arrow).
The purified anti-ferritin antibodies (Figure 3) form small
clusters of fairly constant diameter (30-40 nm). Aggre-
gates of variable sizes of ferritin marked with colloidal
gold granules (average diameter 5.2 nm) are visualized in
Figure 4. Over 959, of the ferritin molecules are labelled
with at least one gold particle. Adsorption of the gold
colloid takes place onto the protein part of the ferritin
molecules. Free apoferritin is therefore labelled as well.
Figure 5 illustrates the purified anti-ferritin antibodies
marked with colloidal gold. Most important is the observa-
tion that all colloid particles are covered by antibodies,
i.e. after negative staining a clear, electron-transparent
zone is visible around all colloidal gold granules. In
favourable projections, the Y-shape of the anti-ferritin
antibodies adsorbed onto the colloid particles can be
revealed (Figure 5 simple arrow and inset). It is evident
that this arrangement with the colloid granules in the
center, surrounded by adsorbed immunprotein, is most
favourable for immunocytochemical reactions. Small

clusters of free antibodies (compare with Figure 3) are
recognized occasionally (double arrows). Complexes
between ferritin and colloidal gold, coated with anti-
ferritin antibodies, are seen in Figure 6. They appear, due
to the presence of antibodies, less densely packed than
those formed by ferritin and uncoated colloidal gold. In
this preparation, rather important fluctuations in the
size of the colloid granules occurred. Finally, the rather
heterogeneous complexes formed between ferritin marked
with colloidal gold and colloidal gold covered with anti-
ferritin antibodies are demonstrated in Figures 7 and 8.
With adequate concentrations of ferritin and anti-
ferritin antibodies, complexes of the type seen in Figure 7
are obtained. All ferritin molecules are surrounded by
colloid particles, but it is impossible to distinguish be-
tween the gold granules directly adsorbed to the ferritin
and those linked to the ferritin via the anti-ferritin anti-
bodies. In Figure 7, the ferritin and anti-ferritin antibodies
are not revealed because no negative staining was applied.
Nevertheless, the ferritin nucleus (simple arrow) is easily
distinguished from the gold particles (double arrow) by
its considerably lower density. The same complexes after
negative staining with uranyl acetate are shown in Figure
8. Again all the ferritin molecules are surrounded by
colloid granules. The typical ferritin structure is masked
(arrow) due to adsorption of antibodies. This is in agree-
ment with observations on ferritin — anti-ferritin com-
plexes?.

Discussion. From the electron micrographs presented
it is evident that mixed complexes are very heterogeneous
in size and therefore not suitable as cytochemical markers.
Two observations are, however, of importance. Firstly
protein molecules are adsorbed around colloidal gold
granules in a sterically favourable position necessary for
cytochemical coupling or for the antibody-antigen reac-
tion. This property has already been successfuily exploited
in labelling experiments in the transmission-"-1° and
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All electron micrographs, except Figure 7 (unstained), are from material negatively stained with 5% UO,-acetate. The dimensions on the
micrographs are given in nm.

Figs. 1-3. Individual materials used in our experiments. 1. Non-stabilized gold colloid particles showing instability under the electron beam.
The polyhedrical form of the individual granules is well revealed (arrow, inset). X 250,000; inset X 500,000. 2. The horse spleen ferritin pre-
paration is quite homogeneous. Some free apoferritin is indicated by an arrow. x 250,000. 3. The anti-ferritin antibodies tend to form small
clusters of fairly constant diameter (30-40 nm). X 250,000.

Figs. 4 + 5. Direct marking of ferritin and anti-ferritin antibodies with colloidal gold. 4. The complexes formed between ferritin directly
marked with colloidal gold are rather heterogeneous. Over 959%, of the ferritin molecules are marked with at least one gold particle. x 250,000,

5. All colloid particles are coated with anti-ferritin antibodies. In favourable projections (arrow, inset), the Y-shape of the antibodies is
revealed. The double arrow points to small cluster of free antibodies (comp. Figure 3). x 250,000; inset x 500,000.

Figs. 6-8. Marking of native and gold-labelled ferritin with anti-ferritin antibodies coated colloidal gold. 6. Complex formed between
ferritin and colloidal gold coated with anti-ferritin antibodies. x 250,000. 7. Complexes formed between gold-labelled ferritin and
colloidal gold coated with anti-ferritin antibodies. No negative staining was applied and therefore the protein part of the ferritin
molecules and the anti-ferritin antibodies around the gold colloids is not revealed. Ferritin nucleus: |; gold particles: |{. X 250,000.
8. Complexes formed between gold-labelled ferritin and colloidal gold coated with anti-ferritin antibodies. This preparation contains
an excess of free antibodies, and it appears that free antibodies attach preferentially to the ferritin molecules (arrow). x 250,000,
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recently in the scanning-1! electron microscope. Secondly,
even without negative staining, the gold colloid and the
ferritin molecules (iron nucleus) can easily be detected
and distinguished in the transmission electron microscope.
Double labelling experiments, using colloidal gold particles
coated with a protein (phytohemagglutinin, antibodies,

1 M. HORISBERGER, J. RossET and H. BAUER, submitted for publica-
tion.

12 Pathology Institute, University of Bern, CH-3008 Bern, Switzer-
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etc.) and ferritin-protein conjugates can therefore be
performed simultaneously.

Summary. The morphology of model complexes be-
tween colloidal gold, ferritin and anti-ferritin antibodies
has been studied in order to evaluate the potential of
colloidal gold as a cytochemical marker.
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Hybridization of Mitochondrial and Cytoplasmic Ribosomal RNA with

Mitochondrial and Nuclear DNA

The genetic origins of mitochondrial and cytoplasmic
rRNAs from rat liver were investigated by RNA-DNA
hybridization experiments. It was shown in earlier
studies! that mitochondrial rRNAs from rat or mouse
liver were different from their cytoplasmic counterparts
in several of their physico-chemical properties. If in
addition mitochondrial rRNAs hybridize specifically with
mitochondrial DNA and not with nuclear DNA, this
would be an indication of a different genetic origin from
both types of rRNAs.

Material and methods. Mitochondria and RNA were
prepared from adult rat liver as described in earlier
studies®. During subcellular fractionation and RNA
extraction, 2 ribonuclease inhibitors were used to avoid
RNA degradation: a natural one prepared from rat liver
the day before, and diethylpyrocarbonate. After ethanol
precipitation, the RNAs were purified by 2 centrifuga-
tions through 5-209, sucrose gradients in order to com-
pletely eliminate tRNAs.

The cytoplasmic ribosomal RNAs were prepared
according to STEVENIN et al.?, except that for the ribo-
nuclease treatment, 0.05 pg ribonuclease per ml for 20
min at 0°C was used to remove mRNA.

Mitochondrial DNA was prepared according to 11Tl
et al.® and the nuclear DNA according to MARMUR?Y,
except that DNA was precipitated by cold ethanol and
not by isopropanol. Both DNAs were fragmented by
sonication as described by Mogr1 et al.?, in order to obtain
fragments with a length of about 500 base pairs, which
corresponds approximatively to a gene size® 7. The two

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

Mitochondrial DNA
(% DNA hybridized)

Nuclear DNA
(% DNA hybridized)

Mitochondrial rRNA
Cytoplasmic rRNA

174 (10)
0.02  (3)

0.01 (3)
0.42 (8)

The values in brackets are the number of determinations.

species of DNAs were tritiated in vitro with sodium
SH-borohydride as described by LEE and Gorpon?®. The
specific activities of DNAs obtained varied from 5-1500
cpm/ug DNA.

The melting temperatures (Tms) of the DNA fragments
and hybrids were determined by thermic elutions at in-
creasing temperatures on hydroxyapatite columns. This
method of temperature measurements® is very rapid
and several determinations can be done simultaneously.
Hydroxyapatite was prepared according to T1SELIUS? and
modified by LEvVIN'®. The elution was performed with
0.12 M sodium phosphate buffer.

Nuclease S; was prepared according to SurToN!! in
our laboratory {from takadiastase. Enzymatic activity
was determined according to SurTON!! except that the
incubation was performed at 37°C and not at 56°C. This
enzyme preferentially attacks single-stranded DNA.

Hybridization conditions were those of our laboratory.
Tritiated DNA (12,000-15,000 cpm) was incubated with
a large excess of RNA (100 to 600 times) in order to
decrease strongly DNA-DNA reassociations, in 0.75 M
sodium phosphate buffer for 48 h at 65°C after heat
denaturation. Hydroxyapatite (2 ml per column) was
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Table II. Temperature values from nuclear and mitochondrial DNA, and RNA-DNA hybrids

Temperature (°C)

Temperature (°C)

Mitochondrial DNA 82
Mitochondrial DNA-mitochondrial rRNA hybrids 74.8

Nuclear DNA 86
Nuclear DNA-cytoplasmic rRNA hybrids 78.5




