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We have used a biotinylated, 300-nucleotide cDNA probe
which encodes the 68,000 MW neurofilament protein to de-
tect neurofilament-specific mRNA 1n situ. The neurofila-
ment message specifically demonstrates the neuronal cell
bodies, 1n contrast to the usual antibody staining which de-
tects their neurites. The hybridization 1s detected only 1n

Introduction

Neurofilament (NF) triplet proteins form intermediate filaments
expressed exclusively by neurons (Lazarides, 1980). The 68,000
MW neurofilament protein appears early in the course of neuronal
differentiation (Shaw and Weber, 1982; Cochard and Paulin,
1984) but, like the other triplet components, 1ts role 1n neuron
function is not presently understood. Recently, cDNA probes en-
coding for this protein have been cloned and used to detect neu-
rofilament transcripts on RN A blots (Julien et al., 1985; Lewis and
Cowan, 1985). The availability of these probes provides a new ap-
proach to investigate NF gene expression and its role 1n the central
nervous system.

Materials and Methods

A 300-BP Pstl mouse cDNA fragment was labeled with biotin, using a
modification of the radiolabeling procedure described by Feinberg and
Vogelstein (1983). The polymerization reaction that was primed by ran-
dom hexadeoxyribonucleotides was carried out at 20°C for 2 hr in the pres-
ence of 2 uM dATP, dbGTP, dCTP, and biotinylated dUTP (Enzo Bio-
chem. Inc., New York, NY). The reaction was stopped with 50 mM EDTA
and the biotinylated DNA purified on a 1-ml Sephadex G-50 column.
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neuronal structures. Consequently, detection of the bio-
tinylated neurofilament DNA probe by silver-intensified
streptavidin—-gold can be specifically used to identify neu-
ronal cell bodies.
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Preparation of the Streptavidin-gold Complex. Colloidal gold (parti-
cle size about 15 nm for visualization under a light microscope) was pre-
pared according to Frens (1973) by boiling tetrachloroauric acid (0.01%,
100 ml) with trisodium citrate (1%, 5 ml). The pH of the gold solution
was adjusted to 6.6 with 0.2 M K,COj;. The protein concentration required
for stable labeling of colloidal gold was determined by the salt tlocculation
assay of Geoghegan and Ackerman (1977). Streptavidin 70 pg (Bethesda
Research Laboratories, Gaithersburg, MD) was used to stabilize 10 ml of
colloidal gold as described (De Mey, 1983). In short, after 2 min of reac-
tion, bovine serum albumin (BSA; 96-99% pure; Sigma Chemical Co.,
St. Louts, MO) was added to a final concentration of 1%, and the crude
preparation was centrifuged twice at 14,000 x g for 1 hr at 4°C. The
resulting pellet (streptavidin-gold complex) was re-suspended to 1.5 ml
of 20 mM Tris-buffered saline, pH 8.2, containing 1% BSA and 0.02%
NaN;, and used at a twofold dilution.

Preparation of Adult Brain Tissue for In Situ Hybridization. Brain
and liver tissue was removed from anesthesized Sprague-Dawley rats and
quickly frozen. Cryostat sections 10-um were cut and placed on glass slides
which had been pre-washed with ethanol and coated with poly-L-lysine
(Sigma). The sections were then processed for in situ hybridization accord-
ing to the following protocol:

1. Air-dry for 2 hr at room temperature (RT).

2. Fix in 2% paraformaldehyde in PBS for 30 min at RT.

3. Wash in PBS 3 x for 5 min.

4. Dehydrate through an ethanol gradient (sections can be stored for
weeks at RT).

5. Incubate in 0.2 N HCI at RT for 20 min.

6. Rinse in distlled water for 5 min.

7. Incubate in 0.3 M NaCl-0.03 M Na citrate, pH 7.0, for 30 min
at 70°C,
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8. Rinse in distilled water at RT for 5 min.
9. Blot the sections dry.

10. Treat with predigested pronase (0.25 mg/ml; Sigma) in 50 mM
Tris-HCI-5 mM EDTA, pH 7.5) 10 min at RT. (Predigestion of
pronase: dissolve pronase in distilled water to a final concentration
of 40 mg/ml. Incubate at 37°C tor 4 hr.)

11. Quick-dry.

12. Immerse in glycine (2 mg/ml) in PBS.

13. Wash in PBS.

14. Fix in 4% paraformaldehyde in PBS for 20 min at RT.

15. Acetylate (Hayashi et al., 1978).

16. Wash 1n PBS for 5 min.

17. Dehydrate through an ethanol gradient.

18. Prepare the probe solution as follows: dissolve 20% dextran sul-
phate in deionized formamide (A). Use salmon sperm DNA (200
ug/ml dissolved in Denhardt’'s medium to prepare sol (B). Mix
equal volumes of A and B with the biotinylated probe to give a
final concentration of 2 ng/pl.

19. After brief denaturation, apply 100 pl of the probe solution to a

brain section. and incubate in a moist chamber for 48 hr at 37°C
in the dark.

20. Wash in 50% formamide in 0.6% NaCl-10 mM Tns-HCI (pH
7.59)-1 mM EDTA for 30 min at RT with vigorous shaking.
21. Wash in PBS 3 x for 5 min.

22. Incubate in streptavidin-gold solution diluted 1:2 in PBS for 2 hr
at RT.

23. Wash in PBS and intensify with silver as described (Danscher and
Norgaard, 1983)

Results

In Situ Hybridization Method

Figure 1 shows a restriction cleavage map of our mouse NF cDNA
clone (Julien et al., submitted). For in situ hybridization we used
a 300-BP cDNA fragment corresponding to the a-helical region
of the 68,000 MW NF protein. In our experiments, similar results
were obtained with a tritiated (not shown) or biotinylated DNA
probe. We found, however, the detection by streptavidin-gold
more rapid and sensitive than autoradiography. Essentials for suc-
cessful hybridization were a) use of poly-L-lysine to pre-coat the
glass slides, b) freezing of the tissue before fixation, ¢) acetylation
of the sections, and d) brief but vigorous washing atter the hybrid-
ization and streptavidin—gold steps. In our case, acetylation of the
glass slides and sealing of the sections during incubation with the
probe (Haase et al., 1985) were not found necessary. The advan-
tage of the biotin-streptavidin-gold hybridization method 1s 1ts
possible direct application to electron microscopy.
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Localization of NF Transcript

The 68,000 MW neurofilament transcripts were localized in neu-
ronal cell bodies leaving the nuclear and axon hillock areas un-
stained (Figure 2A). Neuronal cell layers in the locus coeruleus
(Figure 2A) and the cortex (Figure 2D) were clearly demarcated.
In cerebellum, the internal granular cell layer was positive and the
Purkinje cells expressed the neurofilament message (not shown).
Hybridization was not found in the glial elements, capillaries,
ependymal cells, meningeal structures, or nerve fiber projections
(Figures 2A and 2D).

The liver control (Figure 2E) and a brain control treated with
a probe derived from the plasmid pBR322 yielded no hybridiza-
tion signal above background (Figure 2B). Treatment only with
the silver intensification procedure did not stain the sections, nor
did treatment with only the streptavidin-gold complex intenst-
fied with silver (not shown).

Discussion

The present report shows that in situ hybridization with NF cDNA
probes serves as a marker for neuronal perikarya. Biotin-labeled
cDNA probes have previously been applied for localization of
DNA (Hutchison et al., 1982; Manuelidis et al., 1982) and RNA
(Singer and Ward, 1982). The authors used as a detection system
either avidin coupled to rhodamine or peroxidase (Singer and
Ward, 1982), or biotin antibody followed by second antibody cou-
pled to gold particles (Hutchison et al., 1982).

Our improved detection system for in situ hybridization of cel-
lular mRNA 1s based on the use of a biotinylated, 300 nucleotide-
long, 68,000 MW neurofilament-specific double-stranded cDNA
probe and a combination of several published techniques. The ap-
plication of the biotin-labeled probe is based on the strong af-
finity between avidin and biotin. To avoid possible nonspecific
binding of avidin (Finn et al., 1980; Morris and Saelinger, 1984),
we used streptavidin (Chaiet and Wolf, 1964). The streptavidin-
gold complex, in combination with silver intensification, ensures
high sensitivity of this non-isotopic detection system. Omission of
several steps from the original approach of Haase et al. (1985) and
use of streptavidin-gold detection instead of a non-isotopic
double-antibody system (Hutchison et al., 1982) or autoradiogra-
phy (Hafen et al., 1983) shortens the whole procedure.

In conjunction with a highly specific neurofilament cDNA
probe, this method makes possible distinct and rapid localization
of neuronal cell bodies. Neurofilament antibodies have been
widely used to detect nerve fibers in the developing and mature

Figure 1. Restriction cleavage map of
mouse cDNA encoding the 68,000 MW NF
protein. The restriction map was estab-
R lished by single and double digestions with

ATG \ ol

/{ Pstl (P), Bgl Il (B), Kpnl (K), and Sacl (S) en-

zymes and by DNA sequence analysis.
The locations of the initiating codon (ATG),
stop codon (TGA), and a polyadenylation
site (AATAA) are indicated. The cDNA
fragment used as a probe corresponds to
the a-helical region of the protein.

200 bp
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e | ‘ . n Figure 2. In situ localization of NF mRNAs in neuronal cell bodies of adult rat
0 v J- £ s . X ' brain. A biotin-labeled cDNA probe encoding the 68,000 MW NF protein, hy-
R A O o ek i AT \ bridized as described in Materials and Methods, specifically detects neuronal
3 ot R P o T T ? ~ cell bodies (arrows) in the nucleus locus coeruleus (A). In a control hybridiza-
T8 PSS 817 e ¥ b K 4 tion experiment with pBR322 plasmid DNA probe, no signal was obtained in
o ‘ .; 0T BV At . neuronal cell bodies of the locus coeruleus (arrows). n = nucleus (B). (C)
. L TR T ELE N il Ly M \ shows the phase-contrast picture of the cells (arrows) in (B). The low-
BTN W " - magnification micrograph in (D) shows the specific detection of neuronal cell
37 28 '\ 8 | 075 ED | by & Fo, : bodies in the cerebral cortex by the neurofilament cDNA probe. In a control
=% 4 fNE 5 o Bl L " 3 experiment with adult rat liver, no hybridization signal was detected using the
neurofilament cDNA probe (E). Bar = 10 pm.
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brain. However, there are some discrepancies concerning the ini-
tial appearance of neurofilament proteins in the developing brain
(Shaw and Weber, 1982; Cochard and Paulin, 1984). The 1n situ
hybridization technique should provide a reliable approach to
study the timing of the initial maturation of developing neurons.
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