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During the past few years, several methods have been developed
for the detection of specific nucleic acid sequences by in situ
hybridization using non-radioactive labels such as fluorochromes,
cytochemically detectable enzymes and electron-dense markers' ™.
These methods are preferable to autoradiography in terms of speed
of performance and topological resolution. Their limited sensitiv-
ity, however, has so far restricted their use to the detection of
repeated sequences. Here we report single gene detection with a
procedure using 2-acetylaminofluorene (AAF)-modified probes,
immunoperoxidase cytochemistry and reflection-contrast micro-
scopy. We confirmed the autoradiographic data on the localization
of the human thyroglobulin (Tg) gene to the distal end of the long
arm of chromosome 8 (ref. §). A mixture of cosmid cHT2-derived
subclones of the 3’ part of the Tg gene, 22.3 kilobase pairs (kbp)
in total, was used as a hybridization probe. This procedure can be
used to map other unique sequences, if genomic clones are available
from which clones with an appropriate amount of inserts can be
isolated.

In non-autoradiographic procedures, labels are either coupled
directly to the probe®’ or introduced via specific antibodies after
hybridization with haptenized probes*®. The procedure
described here is an example of the latter, in which the nucleic
acids are chemically modified with N-acetoxy-2-acetylamino-
fluorene ( N-AcO-AAF). This compound reacts mainly at the
C-8 position of guanine, yielding N-(guanin-8-yl)-AAF
adducts’®. Using anti-AAF antibodies and a fluorochrome-conju-
gated second-layer antiserum, we could localize high- and
middle-repetitive sequences on mammalian metaphase chromo-
somes'®. Recent developments in the visualization of in situ
hybridization results have prompted us to investigate whether
this procedure could be used for the detection of unique
sequences. The Tg gene was used, because the gene is well
characterized'"'? and recently localized by more conventional
methods such as Southern blot analysis of human-rodent
somatic cell hybrids with human-specific chromosomal losses
and in situ hybridization with titrated probes®.

To establish a non-autoradiographic assignment of the Tg
gene, hybridizations in situ with AAF-labelled probes were

LETTERSTONATURE e
¥
cHT 2 '] 9 99 9 9 9 9 [ S
! — — =
pcHT2/ 1.8 27 28 3.z ar ae 15
% Egom:
4 pamni 10 kb
X Hingmw

Fig. 1 Single-copy probes of the human thyroglobulin gene used

for in situ hybridization (results from ref. 12). The upper bar shows

the position of the 3’ end of the Tg gene with respect to cosmid

cHT2 (line). The complete restriction maps for EcoRI, BamHI

and Hindlll used for subcloning in pAT 153 are also indicated.

The single-copy subclones are depicted as pcHT2/ followed by
the length of their insert (lower bar).

performed. A mixture of seven single-copy subclones derived
from cosmid cHT2 was used to eliminate highly repeated
sequences in genomic cosmid DNA. This cosmid contains
45 kbp, 38 kbp of which comprise the 3’ end of the Tg gene'l.
The subclones cover a total of 22.3 kbp, including 3 of the 5
exons in this region (0.55kbp in total), ~20 kbp of intronic
DNA and 2 kbp of 3'-flanking sequences'? (Fig. 1). The DNA
of these recombinant plasmids was sonicated to a single-
stranded (ss) length of ~400 bases and modified with N-AcO-
AAF 10 a substitution degree of about 5% '°. The probe mixture
was hybridized to metaphase spreads of cultured human lym-
phocytes and detected by means of an indirect immuno-
peroxidase reaction.

The diaminobenzidine (DAB) precipitates, deposited at the
chromosomal sites of hybridization, were observed with reflec-
tion-contrast microscopy'>'®. This type of microscopy allows
the visualization of reflection, rather than absorption of incident
light by the dye precipitate. The light is reflected because of a
critical difference in the refractive indices of the stained structure
and the embedding medium, a phenomenon termed anomalous
dispersion'>. Because the DAB precipitate does not dissolve or
recrystallize, these preparations are permanent and can be evalu-
ated under the microscope several times without loss of detail.
In addition to the specific hybridization signal, a low level of
overall chromosome staining can be observed. This eliminates
the need for a supplementary total DNA counterstain (Fig. 2).
The applied combination of in situ hybridization and visualiz-
ation also produces a banding pattern in the chromosomes
resembling R-bands'S. Although the banding is not as detailed
as can be obtained with, for example, a routine G-banding
procedure'’, the chromosomes can be karyotyped. Direct micro-
scope evaluation of the chromosomes is possible but a higher
contrast is obtained on photographs taken from the metaphases.
Standard banding protocols, when tested, had the disadvantage
that specific hybridization signals could no longer be distin-
guished from the other staining results.

The exact localization of the Tg gene was determined by
analysing the distribution of DAB reflection signals from 40
metaphase spreads of a representative slide. The scoring was
performed from photographs of randomly selected metaphases
by two observers who were unaware of the gene involved.
Different types of signals can be seen (Fig. 2), as dust particles
or other contaminants present in the incubation solutions or
immersion oil can cause reflection of the incident light. These
background signals can be readily distinguished from DAB
reflection by a few criteria, such as a different colour (blue
instead of yellow), a halo effect, or a difference in focus plane
between the signal and the chromosomes. Of the total of 99
chromosomal sites labelled, 36 (36% ) were located at the end
of the long arm of chromosome 8 and the remainder were
randomly distributed over the chromosomes (Fig.3). More
illustrative, 45% of the individual metaphases showed one or
more chromatids of chromosome 8 containing a signal at the
q24 band. In several instances, all four chromatids of a single
metaphase spread were positive (Fig. 2a). The fact that not every
possible specific hybridization site reacts, can at least partly be
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Fig. 2 Non-autoradiographic in
situ hybridization of single-copy
human Tg gene probes. Two
examples of metaphases, which show
in addition to the specific signals a
weak overall DNA staining and an
R-banding pattern, are shown. a,
Each of the four chromatids is
labelled at the end of the long arm
of chromosome 8 (arrows). b, Both
chromatids of one chromosome 8 are
positive. In the latter metaphase, a
DAB signal, which was also scored
(Fig. 3), is indicated as well. A few
background signals showing halo
effects are marked by bars. Original
magnification x1,000.

Methods. A mixture of seven recom-
binant plasmids, derived from the
3-end Tg cosmid clone cHT2 (see
Fig. 1), was used as a probe. These
plasmids, containing 223 kbp of
unique fragments of the gene in total,
were modified with AAF and hybrid-
ized to human metaphase prepar-
ations. The hybridized probes were
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detected by an indirect immunoperoxidase/diaminobenzidine reaction in combination with reflection-contrast microscopy. Chromosome
preparations of cultured human peripheral blood lymphocytes were made according to conventional methods. Amounts of 1 ug DNA of each
probe were pooled, sonicated to a ss length of ~400 bases, and labelled with N-acetoxy-2-acetylaminofluorene ( N-AcO-AAF) to a substitution
degree of about 5% (ref. 10). After purification the nucleic acids were dissolved at a concentration of 15 ng pl™" in the hybridization mixture,
containing salmon sperm DNA (750 ng ul™!), formamide (50%, v/v) and 2 xSSC (0.3 M NaCl, 30 mM Na-citrate, pH 7.0). Five ul of this
mixture were applied per microscopic slide and hybridized for 18 h at 37 °C. The slides were denatured for S min in 0.07 M NaOH in 70%
ethanol and treated for 15 min at 37 °C with proteinase K (10 g per 100 ml 20 mM Tris-HCl, pH 7.5, 2 mM CaCl,) prior to the hybridization.
Immunocytochemical detection occurred through subsequent incubation with a rabbit anti-AAF serum (diluted 1:500 in phosphate-buffered
saline (PBS) containing 2% normal serum and 0.05% Tween 20; SERVA), and a peroxidase-conjugated goat anti-rabbit serum (DAKO,
diluted 1:50 in the same buffer) for 1h at room temperature each. The slides were washed 3 times for 10 min in PBS between and after the
incubations. The preparations were then stained with 0.01% 3,3’-diaminobenzidine tetrahydrochloride (Merck) and 0.01% H,0, in 0.05 M Tris-
HCI, pH 7.6 for 20 min at room temperature in the dark. After rinsing with PBS (3 times for 10 min), the preparations were dehydrated,

air-dried and visualized by reflection-contrast microscopy'*.

explained by loss of chromosomal DNA. We have found that
under optimal conditions this loss still equals ~30% of the
DNA initially present (Raap et al., in preparation). In control
experiments, which included both unrelated - AAF-modified
probes and unrelated primary antibodies on hybridized slides,
no significant labelling was observed.

This ‘statistical localization’ is typical of autoradiographical
chromosomal mapping of single-copy genes'®'°. The reported
assignment of the Tg gene to the 8q24 band in situ®, obtained
by the use of a similar set of probes, required the observation
of a significant number of silver grains in 50 spreads. However,
those results could only be evaluated after exposure times vary-
ing from 2 to 3 weeks, whereas our slides can be viewed the
next day. Another disadvantage of autoradiography is the loca-
tion of most of the silver grains near the hybridized probe, rather
than on the chromosome itself, because of the thickness of the
emulsion. .

In its present form the technique allows for the first time the
non-autoradiographic detection of single-copy genomic sequen-
ces. In terms of slide preparation before hybridization, two
elements are significant: the addition of alcohol to the denatur-
ation mixture, which is important for the preservation of DNA
sequences'®, and the application of proteinase K in enhancing
accessibility for the antibodies®®. The use of a set of unique
recombinant plasmids as a hybridization probe and reflection-
contrast microscopy may further account for the sensitivity
obtained. This method of visualizing DAB precipitates favour-
ably compares with absorption microscopy'®; DAB signals on
these preparations (both the banding pattern and the hybridiz-
ation signals), for example, are not visible with the latter method.

Other unique genes can be localized by the strategy of using
flanking sequences in combination with coding fragments. The
necessary subcloning of single-copy segments from large
genomic clones is not a disadvantage and usually required for
gene characterization. The precise lower detection limit of the
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Fig. 3 Distribution of DAB reflection signals over metaphase
chromosomes. Human chromosome preparations were hybridized
with the AAF-labelled Tg probe mixture, visualized by means of
the immunoperoxidase/reflection-contrast combination described
in Fig. 2 legend and 40 randomly selected metaphases were ana-
lysed. The chromosomes were karyotyped by the R-banding pat-
tern, which is provided by the procedure itself. The DAB reflection
signals were scored and are marked as filled squares (l) above
the schematic representation of the corresponding chromosome.
Ten signals are indicated as filled circles (@). Thirty-six chromatids
of chromosome 8 exhibited a signal at the distal part of the long
arm (8q24 band), representing 36% of all labelled sites (99 in total)
throughout the chromosome complement. This unambiguously
confirms earlier autoradiographic data® on the localization of the
Tg gene.
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procedure has not yet been determined, although it may be
lower than the 22.3-kbp genomic DNA used here. Furthermore,
the sensitivity of the method can still be improved at various
levels of the procedure, for example, by optimalization of the
hybridization efficiency. (The application of pure ssRNA,
obtained by in vitro asymmetrical transcription of recombinants
with SP6 RNA polymerase®’ has been reported to result in an
eightfold increase of the in situ hybridization signals®)
Improvements also seem possible at the level of immuno-
cytochemical detection. The use of the streptavidin biotinylated-
peroxidase system in combination with AAF-modified probes
has proved to be advantageous over an indirect peroxidase
reaction”. With such refinements, the localization of smaller
smgle-copy fragments should be feasible. The speed of detection
and the high resolution of the technique should greatly favour
its applicability for the localization of structural genes or break-
points in chromosomal rearrangements. In particular, the deter-
mination of the orientation of loci within a chromosome?* would
benefit from a non-autoradiographic approach.
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Genes encoding types I, II and III collagens (fibrillar collagens)
contain many discrete-size exons, most of them 54 base pairs (bp)
long, in addition to the 45-, 99-, 108- and 162-bp exons’*. It has
been suggested™® that these collagen genes evolved from an ances-
tral coding unit of 54 bp. Type IV collagen is a specific component
of basement membranes and contains two genetically distinct
polypeptides, the a1(IV) and a2(1V) chains’™. It differs from the
types I-11I collagens in that it contains interruptions in the Gly-X-
Y repeat sequence'®'? and does not form ordered fibrillar struc-
tures”’>. We have isolated complementary DNA and genomic
clones for the mouse a2(1V) collagen chain and here characterize
64-, 123- and 182-bp exons in the Gly-X-Y coding domain of the
gene. The data suggest that the a2(IV) collagen gene may have
evolved differently from those encoding the fibrillar collagens.
From a mouse parietal endoderm (PE) cDNA library'

isolated a cDNA clone which by messenger RNA hybrid selec-
tion and in vitro translation was shown to be specific for one
of the type IV collagen chains. In Northern analysis (Fig. 1)
this cDNA, PE69 (430 bp), hybridizes to a 6.4-kilobase (kb)
RNA, distinct from the major 6.8-kb and minor 6.2-kb RNA
species which hybridize with a mouse cDNA probe specific for
a1(IV) collagen chain (refs 14,15 and M.K. et al, in prepar-
ation). The nucleotide sequence of PE69 cDNA was determined
and an amino-acid sequence of 143 residues was derived from
it which contained Gly-X-Y repeats with three interruptions
(Fig. 2). This sequence overlapped and was nearly identical with
the partial protein sequence available from mouse and human
@2(IV) collagen chains'é. From these results we conclude that
the mouse PE69 cDNA, reported here, is specific for the a2(IV)

|| Present address: European Molecular Biology Laboratory, 6900 Heidelberg, FRG.

Fig. 1 Northern hybridization. Total cellular 69 131
RNA (10 pg) of mouse embryo parietal endoderm
cells (lane 2) and F9 embryonal carcinoma cells
(lane 1) were run on an agarose - formaldehyde
gel and transferred onto a nitrocellutose filter.
One-half of the filter was hybridized with the PE69
cDNA probe and the other half with an a1(IV)
collagen-chain-specific cDNA probe, PE131 (refs
14, 15). These probes hybridized to a 6.4-kb RNA
(arrowhead) and a major 6.8-kb and minor 6.2-kb
RNA, respectively, visible only in lane 2. As re-
ported previously“, mouse parietal endoderm
cells synthesize 100-fold more type IV collagen
than do the F9 embryonal carcinoma cells. Size
markers were mouse ribosomal RNAs?! visualized
in the gel by ethidium bromide staining.
Methods. A ¢cDNA expression library was con- \
structed from total poly(A)*RNA of 13.5-day

mouse embryo parietal endoderm (PE) cells by

the double-linker method??. The double-stranded 1
cDNA, with an EcoRI linker at the end corre-

sponding to the 5’ end of the mRNA and a Sall linker corresponding to
the 3’ end of the mRNA, was digested to completion with both EcoRI and
Sall and size fractionated on a Sepharose 4B column. cDNAs ~500 bp and
larger were then ligated to EcoRI/Sall double-cut vector pUCS (ref. 23).
Transformation of Escherichia coli strain DH-1 with recombinant plasmids
was carried out as described prevnously2 The bacteria were Plated onto
82-mm nitrocellulose filters overlaid on ampicillin (S0 pg ml™") plates to
give 1,000-2,000 colonies per filter. For long-term storage at —70 °C, colonies
were replica plated onto nitrocellulose filters and replicas were grown on
5% glycerol plates25 Duplicate filters of the PE ¢cDNA expression librar
(~25,000 colonies) were screened with antibodies as described greviouslyz
using a mlxture of antisera against mouse laminin and entactin®® and mouse
PYS-2 cells®’, a teratocarcinoma-derived PE cell line that produces large
amounts of type IV collagen. After this ‘shotgun’ screening nine signal clones
were selected for further analysis by Northern hybridization, mRNA hybrid
selection and in vitro translation'*. One clone (pPE69) was found to hybrid
select mRNA for a polypeptide of 168,000 relative molecular mass, similar
in size to one of the in vitro synthesized chains of mouse type IV collagen“’.
The mouse library was constructed in the hope that cDNA clones expressirig
sequences for basement membrane components or other abundant PE pro-
teins could be identified directly by immunological screening. Indeed, in
separate experiments, one cDNA clone expressmg a fragment of mouse
laminin B2 chain was isolated by this technique®®. However, isolation of
the pPE69 clone from the PE cDNA expression library by antibody screening
was only fortuitous. Sequence analysis of PE69 ¢cDNA revealed, quite
surprisingly, that the DNA strand corresponding to mRNA is in the wrong
orientation for expression in the pUC8 vector (Fig. 2).

2 1 2

collagen chain. At present, the exact position of this sequence
within the 1,740-amino-acid’” «2(IV) collagen chain is not
known. However, the mouse protein sequence (Fig. 2) represents
the N-terminus of pepsin fragment P2, of relative molecular
mass 70,000, which is located near the N-terminal end of the
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