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The expression of the c-src gene in embryonic and adult tissue of the teleost fish Xipho-
phorus helleri was analyzed by in-situ hybridization. The highly conserved fish c-src gene
was found to be expressed at high levels in midterm embryos, where c-src mRNA was
localized in developing neurons of the sensory layer of the differentiating retina and in the
developing brain. In adult tissues the expression of c-src was found to persist in certain cell
types of the brain and the neural retina, especially in the bipolar cells of the inner nuclear
layer, which are postmitotic, fully differentiated mature neurons. Thus c-src in Xiphophorus
appears to be a developmentally regulated proto-oncogene which is important for neuronal

differentiation

during organogenesis, but whose persistence of expression in certain

terminally differentiated neurons strongly suggests a particular maintenance function for

c-src in these cells as well.
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INTRODUCTION

The proto-oncogene c-src was the first cellular
homolog of a retroviral transforming gene detected
(Stehelin et al., 1976). It has been found in all verte-
brates (Spector et al., 1978; Shalloway et al., 1981;
Takeya et al., 1981; Schartl and Barnekow, 1984),
and cloning of various c-src genes revealed a high
evolutionary conservation of sequence, e.g., in
human (Anderson et al., 1985), mouse (Martinez et
al., 1987), chicken (Takeya and Hanafusa, 1983), and
fish (S. M. Robertson et al., unpublished obser-
vations), as well as in invertebrate species, including
the fruit fly (Hoffman et al, 1983; Simon et al.,
1985). c-src has also been shown to be present in the
most primitive multicellular animal, the sponge
(Barnekow and Schartl, 1984). The c-src gene pro-
duct is a 60 kD phosphoprotein, pp60°*, which is a
protein tyrosine kinase (Collett et al., 1979, Hunter
and Sefton, 1980). Despite this salient feature the

*Corresponding author.
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normal physiological role of c-src remains unknown.
The pattern of gene expression in normal and trans-
formed vertebrate tissues is the basis for obtaining
insights into the function of c-src. Several immuno-
chemical studies of pp60“* expression in various
adult tissues and in developing embryos have been
carried out, revealing approximately 10-fold higher
protein levels and specific tyrosine kinase activity in
brain and related neural tissues compared to the
levels observed in nonneural tissues of adults or
chicken embryo fibroblasts (Cotton and Brugge,
1983; Schartl and Barnekow, 1984; Fults et al., 1985;
Maness, 1986). At the RNA level our knowledge is
much more incomplete, with the exception of Droso-
phila (Simon et al., 1985). For vertebrates there exist
only some c-src mRNA data (Gonda et al., 1982;
Gessler and Barnekow, 1984; Vardimon et al., 1986;
Wang et al., 1987), as well as a regional mapping of
c-src mRNA to distinct areas of rat brain by in-situ
hybridization (Ross et al., 1988). Detailed in-situ
investigations during development and at the
cellular level in brain and other tissues are lacking,
mainly due to the low abundance of c-src transcripts
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and potential cross-hybridization difficulties with
other members of the src gene family of protein
tyrosine kinases (Strebhardt et al., 1987).

The live-bearing Xiphophorine fish, the platyfish
and the swordtail, offer unique advantages as a
vertebrate system. Fish in general have proven to be
very useful vertebrate systems for the study of
developmental biological questions, and are
especially suited for in-situ hybridization studies.
Xiphophorus, in particular, is a genetically well-
defined experimental animal system for studies on
the function of oncogenes during tumor formation
(for review, see Anders et al., 1984). In addition,
Xiphophorus is the only fish for which immuno-
chemical data on pp60¢*" are available (Schartl et
al., 1982). The c-src gene of Xiphophorus has been
found to be involved in processes of tumor progres-
sion (Maueler et al., 1988; Schartl et al., 1988).

To further our understanding of the role of c-src
in normal cells, which may help our understanding
of the function of c-src in melanoma cells of Xipho-
phorus, we have examined c-src expression in
normal tissue of embryos and adult fish. Utilizing a
homologous Xiphophorus c-src probe for Northern
blot analyses and in-situ hybridization histo-
chemistry, we have investigated alterations in tran-
script size and quantity, and have localized the cells
expressing the c-src gene.

RESULTS

Xiphophorus src Probe is Specific for the Fish c-src

The Xiphophorus c-src gene was cloned from a
genomic library by screening with a v-src probe (S.
M. Robertson et al., unpublished observations). The
Pstl/Sphl probe utilized in this study contains the 3’
109 bp of exon 8 plus 10 bp of intron sequence (Fig.
1). The coding sequence of Xiphophorus c-src has the
highest sequence similarity, both at the nucleic- and
amino-acid levels, to src genes of higher vertebrates
and a significantly lower similarity to other mem-
bers of the src/tyrosine kinase multigene family. In
Table 1, data for the percentage similarity are shown
for the exon 8-specific probe. Comparison with the
Xiphophorus c-yes sequence shows that there is more
than a 20% divergence at the nucleic-acid level
between fish c-src and fish c-yes in exon 8, which is
in the same range as the divergence between human
c-src (Anderson et al., 1985) and human c-yes
(Sukegawa et al., 1987). c-fyn (Semba et al., 1986),

and c-fgr (Nishizawa et al., 1986). The Pstl/Sphl
probe used in this study proved to be src-specific
under highly stringent hybridization conditions. In
addition, this probe had the advantage that the
sense-oriented probe—contrary to other possible
c-src probes—gave no hybridization signal and
therefore could be utilized as a control for the in-
situ hybridization studies.

— Pst 1

——eeed Xiph.c-src exon 8

L T_Sph I

L_J50bp

Pst 1
CTGCAGGAAG CTCAGGTCAT GAAGAAACTG AGACACGAGA

AGCTGGTTCA GCTGTACGCG GTGGTTTCTG AGGAGCCAAT
r__.’imron
CTATATCGTA ACAGAGTTCA TGGACCAAGg tcagcatgc

Sph 1

FIGURE 1. Exon 8 map and sequence of Xiphophorus c-src probe.
A 109bp Pstl/Sphl fragment containing most of the 3’ part of
exon 8 was used as a src-specific probe for generating riboprobes
for Northern blot and in-situ hybridization studies.

TABLE 1
Sequence Comparison of Xiphophorus c-src-Specific Exon 8 Probe
to Other src Gene Family Sequences

% ldentity
Nucleic
Amino
acids acids References

Human c-src¢ 81.7 91.7 Anderson et al. (1985)
Human c-yes 72.2 86.1 Sukegawa et al. (1987)
Human c-fgr 80.7 86.1 Nishizawa et al. (1986)
Human c-fyn 80.6 80.6 Kawakami et al. (1986);

Semba et al. (1986)
Human c-lyn 70.6 69.4 Yamanashi et al. (1987)
Human c-hck 69.7 66.7 Ziegler et al. (1987);

Quintrell et al. (1987)
Mouse c-lck 66.1 61.1 Marth et al. (1985);

Voronova and Sefton (1986)
Chicken c-tk! 68.8 61.1 Strebhardt et al. (1987)

Robertson et al.,
unpublished

Xiphophorus c-yes 76.8 87.0
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Northern Blot Analysis

Northern analysis of RNA prepared from various
adult tissues showed that expression of the Xipho-
phorus c-src gene was found predominantlv in
neuronal tissue. Under conditions of high hvbridiza-
tion stringency the c-sre-specific riboprobe detected
two transcripts of 3.7 and 3.4 kb Both transcripts
could be detected in brain. In eve, the 3.7kb
message was predominantly found. In muscle, only
barely detectable amounts of c¢-src mRNA were
observed (Fig. 2, lanes 1-4).

<
=4
e N~ ey
€ 2 fd — o~ (]
vy s U owon e
fas) ;_‘ v ‘= ._’.j oL ;él 29 & 5}0
N - & > [ 3 3 & 3 g
= = B¢ £ £ 2z 28 B %

=

& 3
R

FIGURE 2. Developmental and adult expression of ¢-src
Northern blot analysis: (1) 20 gg poly(A ) RNA as control; (2-5)
10 ug poly(A*) RNA each of adult eye (2). brain (3), and muscle
(4). (5-9) 20 pg total RNA of unfertilized eggs (3), embryos stages
12 (6), 17 (7), 21 (8), and 25 (9). Besides the major two src tran-
scripts of 3.7 and 3.4 kb in lanes 3-5, one larger and some smaller
minor transcripts are slightly visible. The larger transcript is
thought to be probably an unprocessed ¢-sre form from hnRNA
(total RNA loaded) and the smaller forms could be degradation
products. For size determination and quantification of filter-bound
RNA, filters were stained with methviene blue (MBS): (a) RNA
marker (BRL-ladder) with 9.5/7.5kb, 4.4 kb, 2.4 kb, and 1.4 kb. {b)
200 ug total RNA with 285 and 185 rRNA.

During embryogenesis  both transcripts  were
detected at levels that varied independently from
one another. In unfertilized mature ova and in
embryos of early stages, approximately similar re-
lative amounts of the 3.7 and 3.4 kb transcripts were
found (Fig. 2, lanes 5 and 6). During late organo-
genesis (6-7 days after fertilization; stages 15-17
according to Tavolga, 1949), an clevation in level of
the smaller transcript was apparent, while the
longer transcript level decreased compared to earlier
stages. In late embryogenesis. in neonates and in
young fish, c-src expression had returned to a low
basal level (Fig. 2, lanes 7-9).

Localization of c-src mRNA

During middle and late organogenesis, the ¢-sre
expression inembryonic tissue of  Xiphophorus s
restricted to neuronal tissue. In embryos of stage 19,
when  elevated  sre expression was  detected by
Northern analysis, in-situ hybridization ot whole
embryo mounts showed that the sensory laver of
the developing eve and the brain were slrungf_v lab-
cled (Fig. 3A, B). No labeling was obscrved in any
other organ or tissue of the embryo. In vounger
embrvos (stage 13). distinct labeling, although con-
siderably lower. of both developing organs was
found (Fig. 3C), based upon hybridizations carried
out in parallel with the later stage embryonic sec-
tions.

To determine which cell type(s) in the adult retina
synthesize c-src mRNA, we performed in-situ hybri-
dization of "S-labeled riboprobes to cryo-sections of
adult eyes from albino xiphophorine fish. Albino
fish were used because the pigment granules in
wild-type pigmented tissue are almost indistinguish-
able tfrom autoradiographic silver grains. In addition,
melanin has a high affinity for nucleic acids and
gives rise to high background labeling in in-situ
hvbridizations.

The general morphology of the cell layers in the
mature fish retina is outlined in Fig. 4A. The cell
bodies of the six major classes of retinal neurons are
arranged in three layers: the outer nuclear laver
(ONL), containing the perikarya of the photo-
receptor cells; the inner nuclear laver (INL), with the
perikarya of bipolar cells, horizontal cells, interplexi-
form cells, and amacrine cells; and the ganglion cell
laver (GC). These cell layers alternate with layers of
synapses: the outer plexiform layer (OPL), with the
processes of the receptor, bipolar, interplexiform and
horizontal cells, and the inner plexiform layer (II'L),
containing the processes of the bipolar, interplexi-
form, amacrine and ganglion cells.

In-situ  hybridization revealed a predominant
labeling of the inner nuclear layer (Fig. 4B, (). Low-
level labeling was seen in the ganglion cell layer and
in the outer nuclear layer, and only background
hybridization was found in the plexiform layers of
the neural retina. No detectable ¢-src expression was
observed in the retinal and choroidal pigment
epithelia of albinotic fish. Control hybridization with
the corresponding sense riboprobe did not show any
autoradiographic signal above background (Fig. 4D),
nor did sections that were treated with RNase prior
to hybridization with the antisense riboprobe (Fig.
4E).
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Whereas in embryonic brain (Fig. 3A, B) no dif-
ferential expression of c-src was observed, the adult
brain displayed a src expression pattern showing
regional quantitative differences. For example, the

FIGURE 3. Locahzation of ¢-src mRNA in Xiphopiorus embryos
during organogenests. Autoradiography ot ¢-sr¢ in-situ hybridiza-
tion of albine embryos from Xiphophorus, Cephalic region of stage
19 embryo: (A} bright-field view; (B) dark-tield view. The small
insert in (A) shows the whole embryo section (length: 3.2 mm).
(C) Eye region of stage 13 embrvo, bright-field view. Counters-
taining with toluidine blue, Bar =50 um.

ganglion cell layer of the mesencephalon (Fig. 3) and
the granule cell layer of the cerebellum (data not
shown) were intensely labeled. No detectable auto-
radiographic signal above background was found,
however, in cells of the molecular layer of the cere-

bellum or in the white matter of the tectum
opticum.
DISCUSSION

We have used in-situ hybridization to analyze the
localization of ¢-src mRNA in embryonic and adult
tissue of Xiphophorus. Knowledge of the cell types
that express the c-src gene and of when during
development expression occurs could give important
clues to the function of its protein product, ppe(c ™.
Northern blot analyses showed a preferential
expression of c-sr¢ in neural tissue, in agreement
with earlier findings in other systems at the RNA
level (Gonda et al, 1982, Gessler and Barnekow,
1984) and protein level (Cotton and Brugge, 1983;
Schartl and Barnekow, 1984; Maness, 1986). Other
tissues of Xiphopharus showed low amounts of ¢-sre
mRNA--e.g.. heart, head-nephros, and spleen, or
barely detectable amounts-—e.g., muscle, liver, and
testes (Maueler et al., 1988). Under the conditions of
high hybridization stringency used, two specific
c-sre transcripts of different size were observed.
These transcripts might be considered as the con-
sequence of differential splicing or of the presence
of multiple transcription start and/or termination
sites in the Xiphophorus c-src gene, which has been
shown to be a single copy gene in the genome of
Xiphophorus (5. M. Robertson et al., unpublished
observations). It is interesting to note in this regard
that the Drosophila c-src gene Drsrc64B gives rise to
three transcripts (Simon et al., 1983), while the
chicken and human c-src genes generate either a
single transcript or two transcripts of nearly
identical size (Gonda et al., 1982; Gessler and
Barnekow, 1984; Tatosyan et al., 1983). A cell type-
specific differential splicing event resulting in two
mRNA species giving rise to distinct neuronal and
fibroblast forms of pp60~* has recently been shown
in chicken (Brugge et al., 1985, 1987), and in mouse
(Martinez et al, 1987). In the fish the situation
might be similar and one of the two messages could
be that of the neuronal form src+. It should be
noted that, in Xiphophorus adult brain, both c-sr¢
mRNA species are present, whereas in adult eye
predominantly the longer transcript is found.
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During development both tish ¢-src transcripts are
abundant in oocytes and early embryonic stages.
However, in immunochemical analysis no or only a
minimal amount of protein kinase activity could be
detected at these stages (Schartl and Barnckow,
1984). But a small amount of pped-“-like immuno-
reactivity was observed by antibody staining during
chicken gastrulation and neurulation (Maness et al.,
1986). This points to the possibility that the

FIGURE 4. Localization  of  c-sr¢
mRNA in  adult neural retina. (A)
Paraffin cross section of adult Xipho-
phorus retina; azan staining. P'E, pig-
ment epitheliuny; RCS, rods and cones
segment;, ONL, outer nuclear laver;
OPL, outer plexiform faver; INL, inner
nuclear layer; IPL, inner plexiform
layer; GC, ganglion cell laver; FIL, nerve
fiber layer. (B. () Autoradiograph of a
cryo-section of an adult albino Xipho-
phorus eye after in-situ  hybridization
with c-src anti-sense riboprobe, (1))
Control hybridization with sense RNA
probe. (E)} Hybridization with anti-
sense RNA probe following pretreat-
ment of the section with RNase. Hybri-
dization was performed in the presence
of  10mM  ribovanadyl  complex.
Bar=4A0 gm (A}, 100 g (B), 20 gam
(C-E).

FIGURE 5. In-situ hybridization  of
c-sre - anti-sense  riboprobe  to adult
Xiphoplorus brain cross section, mes.
encephalic region. GCL, panglion cell
layer. (A) Baght-field view. (B) dark.
field view. Bar= 100 um.

maternal c-src RNA gives rise to an enzymatically
inactive src protein, which may play a role in carly
developmental  processes.  Alternatively, the vast
majority of the maternal c-src transcripts may
remain untranslated at early stages as a masked
message, as shown for maternal mRNA in the sea
urchin (Grainger and Winkler, 1987).

An increase of the c-src mRNA level in Xiplo-
phorus embryos occured about 7 days after fertiliza-
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tion (stage 16/17). This corroborates earlier findings
at the enzyme activity level (Schartl and Barnekow,
1984). The peak of expression coincides with the
appearance of stellate epineural and cutaneous
melanophores and, among other events, with the
development of the mesencephalon. This streng-
thens the hypothesis that c-src is involved in dif-
ferentiation processes of neuroectodermal cells.
Indeed, in-situ hybridization to embryos of the
corresponding stage of development revealed an
exclusive labeling of neuronal tissue, especially brain
and the sensory layer of the developing eye, con-
firming earlier findings at the protein level (Sudol et
al., 1988).

In an attempt to avoid proliferative and/or dif-
ferentiative effects which may influence or override
src-specific functions, we focused our studies on
c-src expression of adult neuronal tissues with
mainly terminally differentiated cell populations. In
adult brain we could detect differential src expres-
sion in several brain subregions, in agreement with
Ross et al. (1988), showing that some neuron classes
express src, whereas other neuron types either do
not at all or do so at very low levels. Due to the
immense complexity of neuronal and nonneuronal
cell types in the brain, as compounded by the
presence of two c-src mRNA transcripts of different
size, an exact determination of the cell type(s) which
express c-src was not possible.

An alternative to the brain for these sorts of
studies is the neural retina, where certain fully
differentiated neuron types arrange in several dis-
tinguishable layers, and where only one src tran-
script is predominant. In-situ hybridization of adult
neural retina sections with a c-src antisense ribo-
probe revealed labeling predominantly over the
inner nuclear layer. Acridine orange staining showed
no substantial difference in the RNA content of the
outer and inner nuclear layers (data not shown), so
that the substantial difference between hybridization
signals of both nuclear layers is not due simply to a
quantitative RNA effect. The uniform labeling of the
inner nuclear layer (Fig. 3B) strongly supports the
interpretation that the bipolar neurons of the retina
are predominantly responsible for the hybridization
signals. The possibility that Miiller glia cells could
contain c-src transcripts, which would give rise to a
similar distribution of hybridization signals seems to
us to be unlikely, because it has been clearly
demonstrated that c-src mRNA is heuron-specific in
the neural retina (Vardimon et al.,, 1986). From a
comparison of our data at the transcript level to

immunochemical staining in chicken (Sorge et al,
1984), where immunoreactivity in the retina was
mainly localized to both plexiform layers, consisting
nearly exclusively of nerve processes, only bipolar
and interplexiform cells would be able to give the
observed protein localization pattern, because only
these cells extend processes into both plexiform
layers. However, the perikarya of the interplexiform
cells lie in the proximal portion of the inner nuclear
layer, and only bipolar neurons spread throughout
the inner nuclear layer. Amacrine cells may also
contribute to the hybridization signals, although
they are only arranged along the proximal border of
the inner nuclear layer. In contrast to the abundant
c-src mRNA in the inner nuclear layer, low levels
were observed in the ganglion cell layer, and in the
outer nuclear layer.

An alternative explanation for the localization of
the pp60°* protein and its mRNA to different layers
of the retina would be that the transcript is localized
to the perikarya of all neuronal cells of both nuclear
layers and the ganglion cell layer, and that, fol-
lowing translation, the protein product is trans-
ported into the axons. This would then suggest a
general function for the src protein within a uni-
directional signal transduction pathway in the nerve
cells, as outlined below. However, this explanation
is inconsistent with the marked quantitative dif-
ferences in c-src mRNA content of the inner nuclear
layer, as compared to the outer nuclear and the
ganglion cell layers.

The c-src mRNA content of bipolar neurons could
be a special feature of this particular type of retinal
neuron, in that these neurons are fully differentiated
and postmitotic cells. Additional effects of pro-
liferating and/or differentiating cells can be
exlcuded, because rare cell proliferation leading to
the formation of new neurons of the inner nuclear
layer is clearly restricted to the retinal margin at the
ora terminalis, as observed in the adult goldfish eye
(Johns, 1983). The persistence of c-src expression in
certain terminally differentiated neuron types sug-
gests a function for c-src in the maintenance of
particular mature phenotypes, probably as part of a
complex cascade of intra- and intercellular signal
transduction. It was recently shown that pp60“*
may be involved in gap-junctional cell-cell com-
munication (Azarnia et al., 1988), and other data
also suggest a role in neurocrine function (Mellstrom
et al., 1987). In all cases, however, the mechanism of
the src involvement and the cell type specificity of
certain modes of src action remain to be determined.
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MATERIALS AND METHODS

Isolation and characterization of Xiphophorus c-src
Probe

A genomic library of Xiphophorus maculatus DNA in
EMBL 4 was screened with the nick-translated Pstl
fragment F of Rous sarcoma virus (SRA-2; DeLorbe
et al,, 1980) under moderate stringency conditions
(5. M. Robertson et al., unpublished observations).
The insert of the strongest hybridizing clone (419-4)
was subcloned and was shown by sequencing of
both DNA strands to contain the fish sequences
homologous to chicken, mouse and human c-src.
The Pstl/Sphl fragment utilized in this study was
subcloned into Bluescribe (Stratagene Cloning
Systems, San Diego). For in vitro transcription, the
linearized plasmid was incubated in the presence of
[a-?*P] or [a-P*S|UTP (New England Nuclear) with
T3 or T7 RNA polymerase (Genofit, Heidelberg)
according to the supplier’s recommendations. Tran-
scripts of specitic activity 1-2x10" dpm/ug were
finally purified by NENSORB20 chromatography
(New England Nuclear, Dreieich).

RNA Isolation and Northern Blot Analysis

Total cellular RNA isolation following the LiCl/urea
procedure and poly(A)*-RNA selection was as
described previously (Maueler et al., 1988). RNA
was separated by electrophoresis on 1.2% agarose/
22M formaldehyde gels, and electrotransferred to
GeneScreen nylon membranes according to the
supplier’s protocol (New England Nuclear). RNA
standards (RNA ladder; BRL) were run in parallel
for sizing. After UV fixation, the membrane-bound
RNA was stained with methylene blue for quantita-
tion (Khandjian, 1986). Filters were prehybridized
overnight at 58°C in 50% formamide, 0.6 M NaCl,
50 mM Tris-HCI (pH 7.5), 1% SDS, 10 xDenhardt’s
solution, and 250 ug/ml yeast total RNA. Hybridiza-
tion was carried out at 58°C for at least 12 hr in the
same buffer containing 5X10°cpm/ml of *P-labeled
cRNA probe. Filters were then washed for 1hr in
three changes of 0.1 XSSC, 1% SDS at 68°C, then for
Smin in 0.1xSSC at room temperature, and
examined by autoradiography (Kodak X-Omat AR
film).

In-situ Hybridization Histochemistry

Pretreatment of glass microscope slides with
3-aminopropyltriethoxysilane (Fluka, Buchs, Swit-
zerland) was according to Rentrop et al. (1986).

Preparation of Tissue Sections

Albino Xiphophorus helleri were sacrificed by decapi-
tation. Embryos were staged according to Tavolga
(1949). Tissues and whole embryos were immedi-
ately embedded in Tissue-Tek (Miles Scientific),
frozen on powdered dry ice and stored at —80°C.
Cryostat sections 6 um in thickness were thaw-
mounted on pretreated glass slides, dried over
desiccant and fixed in 4% paraformaldehyde in
phosphate-buffered saline (PBS) with 5 mM MgCl,
for 15 min. After three washes in PBS, sections were
transferred through 30%, 50%, and 70% ethanol for
5 min each and stored in 70% ethanol at 4°C until
used.

Pretreatment of Sections

Prior to hybridization, sections were warmed to
room temperature and treated with 120 mM HCI in
70% ethanol for 10 min. Sections were then trans-
ferred through 70%, 50% and 25% ethanol for 5 min
each, washed twice with PBS, and incubated with
10 ug/ml nuclease-free pronase (Calbiochem) in
50 mM Tris-HCl (pH 7.5), 5mM EDTA for 10 min at
40°C. The pronase digestion was terminated by incu-
bating the sections in 0.1 M glycine in PBS for
10 min, followed by a wash in PBS. At this point
controls were treated with 100 ug/ml RNase A and
5 ug/ml RNase T, for 4 hr at 37°C. All slides were
post-fixed in 4% paraformaldehyde/PBS for 5 min at
room temperature, followed by a wash in PBS. The
sections were finally acetylated by immersing in
0.5% acetic anhydride in 0.1 M triethanolamine-Cl,
pH 8.0, for 10 min. Thereafter they were washed for
5min each in PBS, 70% and 95% ethanol, and air
dried. Staining with acridine orange according to
Hafen et al. (1983) was done to monitor RNA reten-
tion during the different pretreatment steps.

Hybridization

Without prehybridization, the dry prewarmed slides
were covered with prewarmed hybridization solu-
tion (~250 ul/slide) containing 50% formamide,
10% dextran sulfate, 1M NaCl, 10mM Tris-HCl
(pH 7.6), 10mM DTT, 1xDenhardt's solution
(=0.02% Ficoll, 0.02% polyvinylpyrrolidone, 0.02%
bovine serum albumin), 25 uM UTPaS (non-labeled
thionucleotide, New England Nuclear), 100 ug/ml E.
coli total RNA, and 5x10°cpm/ml, ie., ~2ng/ml,
cRNA probe. Hybridization was carried out in small
humid chambers at 42°C for 12 hr.
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Washing

After hybridization the slides were rinsed with pre-
warmed 50% formamide, 2 xXSSC, 10 mM DTT, and
subsequently washed in the same solution at 46°C
for 12-16 hr followed by two washes in 2X55C,
10 mM DTT, and a RNase A digestion (10 ug/ml in
0.5M NaCl, 10 mM Tris-HCI [pH 8.0], 10 mM DTT)
at 37°C for 30 min. Finally, slides were washed twice
in 2x55C, 10mM DTT, room temperature for
10 min, followed by dehydration with increasing
concentrations of ethanol, and air dried.

Autoradiography

Slides were dipped in K.5 nuclear research emulsion
(Iiford) diluted 1:1 with water, air-dried for 2 hr,
exposed for periods of 2-5 weeks at 4°C, developed
in Kodak D-19, fixed in llford Hypam 1+4, and
counterstained with 0.02% toluidine blue after
development. Silver grains were visualized by
bright- and dark-field microscopy.

Sequence Analysis

DNA sequences were analyzed with the aid of the
sequence analysis software package of the Uni-
versity of Wisconsin Genetics Computer Group.
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