restricted extracellular space, or accu-
mulation inside the fiber, cannot be re-
sponsible for inactivation of the inward
current. Depletion, or accumulation,
would depend on current size, not on the
ion species.

The slowing of inactivation in both
Sr’* and Ba®" Ringer was accompanied
by a marked prolongation of action po-
tentials in these solutions (/7), emphasiz-
ing that the kinetics of the Ca channel are
influenced by the permeant ion, We also
found a similar, though much less
marked, effect on the activation kinetics
of the channel: inward currents turned
on faster (Fig. 2, A and B) and the
inward current tails turned off faster (I8)
in Ca®" than they did in Ba".

Our experiments show that steady-
state inactivation of the Ca permeability
has a voltage dependerice similar to that
of the inward current and that the rate of
inactivation is, at least partly, dependent
on the permeant ion. This is in marked
contrast to the Na channel of nerve
fibers, where the species of the permeant
ion does not significantly affect the kinet-
ics of activation and inactivation. Our
findings suggest that inactivation of the
Ca permeability in insect muscle, as in
Paramecium and Aplysia neurons, is
caused by an interaction of the permeant
ion with the channel, the ion having to
traverse the membrane to produce inac-
tivation. We do not know whether per-
meant ions bind to a site at the inner
membrane surface to produce inactiva-
tion or if they influence inactivation dur-
ing their passage through the membrane
by interaction with a site in the Ca chan-
nel.

FRANCES M. ASHCROFT*
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Department of Physiology,
University of Leicester,
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Three Distinct Genes in Human DNA Related to the
Transforming Genes of Mammalian Sarcoma Retroviruses

Abstract. Southern blot hybridization was used to identify human and other
vertebrate DNA sequences that were homologous to cloned DNA fragments
containing the oncogenic nucleic acid sequences of three different type C mammali-
an retroviruses (simian sarcoma virus, the Snyder-Theilen strain of feline sarcoma
virus, and the Harvey strain of murine sarcoma virus). Each onc gene counterpart
has a single genetic locus, which probably contains non-onc intervening sequences.
The human DNA sequences may represent genes important to cell growth or cell
differentiation, or both. Their identification and isolation may allow elucidation of
their role in these processes and in neoplasias.

All rapidly transforming retroviruses
contain nucleotide sequences specific for
transformation (termed onc genes) and
linked to portions of a helper leukemia
virus genome (/). The onc genes are
homologous to subsets of normal host
cellular DNA that are well conserved
among vertebrates (I). The cellular ho-
mologs of onc genes may play a role in
neoplastic transformation. Tumor induc-
tion in chickens by the avian leukosis
virus (RAV-2) is associated with down-
stream promotion of a cellular gene (c-
myc) related to the transforming gene of
avian myelocytomatosis virus MC29 (2,
3). A similar cellular gene present in two
diverse species, the chicken and the cat,
was found in the genomes of the Fujin-
ami avian sarcoma virus and two strains
of feline sarcoma virus (Snyder-Theilen
and Gardner-Arnstein) (4). All three of
the onc gene products have associated
protein kinase activity (5, 6). The num-
ber of cellular genes that could be trans-
duced by retroviruses is probably limit-
ed, and it is likely that related genes in
diverse species have similar functions
and may have a role in cell transforma-
tion. It is therefore important to deter-
mine whether similar genes are present
in humans and to analyze these genes
before examining their role in cell
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growth, differentiation, and tumorigene-
sis in man.

. We used molecularly cloned DNA
fragments containing transformation-
specific sequences of three mammalian
sarcoma retroviruses—the woolly mon-
key (simian) sarcoma virus (SSV), the
Snyder-Theilen strain of feline sarcoma
virus (FeSVgr), and the Harvey murine
sarcoma virus (HaMSV)—to detect ho-
mologous DNA sequences in man and
lower' vertebrates by Southern (7) hy-
bridization. These viruses differ from
each other in their hosts of origin (pri-
mate,-cat, and rat, respectively), in the
arrangement of their genes, and in the
structure of the onc-specific protein.
Like a number of other acutely trans-:
forming retroviruses including Abelsor(
murine leukemia virus (8) and the avian
viruses MC29 (9), avian erythiroblastosis
virus (I0), and Fujinami sarcoma virus
(I1), FeSVgr codes for a fused polypep-
tide containing gag- and onc-directed
peptides and an associated tyrosine pro-
tein kinase activity (12, 13). The gene
order of FeSVgr is 5'-gag-onc-env-C-3'
(gag and env are antigenic determinants
of core and envelope proteins, respec-
tively, and C is a noncoding region) (/4).
The HaMSV is a double récombinant
containing the 5’ and 3' termini of the
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Moloney strain of murine leukemia virus
(Moloney-MuLV) [0.1 and 0.9 kilobases
(kb), respectively] and approximately
0.9 kb of transforming sequences near
the 5’ end; the rest (3.0 kb) is homolo-
gous to endogenous 30S rat RNA (15,
16). The transforming protein of HaMSV
is a 21,000-dalton molecule that exhibits
guanosine diphosphate-binding activity
(17). The genetic structure of SSV was
elucidated when molecular clones of
SSV and its helper simian sarcoma-asso-
ciated virus (SSAV) were obtained (18).
Heteroduplex and restriction enzyme
mapping has shown that the SSV 6.3-kb
genome has an onc-specific sequence of
about 1.2 kb and that the gene order for
SSV is 5'-gag-env-onc-C-3', which is
similar to that of Moloney-MSV (19, 20).
The onc-specific sequences of SSV are
unrelated to other viral onc genes (21).
The gene product of SSV onc has not
been unambiguously identified, but
cloned SSV DNA selected messenger
RNA from SSV-transformed nonproduc-
er cells that synthesized a 20,000-dalton
protein in vitro (22). These three mam-
malian sarcoma viruses thus represent
three different types of structures of rap-
idly transforming retrovirus genomes.

The probes used in this study were (i)
the intact SSV genome linked to Charon
21A arms, (ii) two pBR322 recombinant
plasmids, which together contained ap-
proximately 1.2 kilobase pairs (kbp) of
the 1.4-kbp transforming region of
FeSVgr (23), and (iii) a pBR322 plasmid
with a 6.6-kbp HaMSYV insert (24). These
recombinant DNA molecules were la-
beled in vitro by nick translation (25).

All three probes detected bands in
human, subhuman primate, and chicken
DNA (Fig. 1). Samples of DNA from
chimp, human, gibbon, woolly monkey,
dog, and chicken were digested with
Bam HI and hybridized to the SSV probe
(Fig. 1A). Two fragments (approximate-
ly 8.6 and 1.9 kbp) were found in DNA
from all four primates. One band of 4.3
kbp was detected in chicken DNA and
three bands of 7.3, 3.9, and 2.1 kbp were
detected in dog DNA. Materials on du-
plicate filters hybridized to cloned SSAV
DNA labeled with 3P showed no detect-
able bands (data not shown). The intensi-
ty of the bands detected by SSV are
similar to those in DNA from all the
species. This suggests a strong conserva-
tion of the homologous sequences from
chicken to man.

The onc gene of FeSV was derived
from cat cellular DNA (26). Direct com-
parison of the restriction maps of viral
and cellular onc elements showed that
most, if not all, of the restriction endonu-
clease sites are conserved between the
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two and that, in addition, the cellular onc
sequences are interrupted by at least
three stretches of noncoding sequences
(23). Specific DNA fragments were de-
tected in Sac I-digested DNA from hu-
man, baboon, dog, and chicken (Fig.
1B). The FeSV probe recognized three
Sac I fragments in human, baboon, and
dog DNA and one fragment in chicken
DNA. Two of the three Sac I fragments
are conserved between human and ba-
boon DNA.

The HaMSV probe detected two Kpn
I fragments (7.6 and 4.1 kbp) in human
DNA and one Kpn I fragment in baboon
(4.9 kbp) and chicken (13.7 kbp) DNA
(Fig. 1C). Again, the similar intensity of
the bands in the three DNA samples
suggests a high degree of conservation of
HaMSYV sequences among the different
vertebrate species.

Human DNA was digested with differ-
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ent restriction enzymes and hybridized
to the three mammalian sarcoma virus
probes. In our limited survey of different
primary normal and neoplastic tissues as
well as tissue culture cell lines, we did
not detect any polymorphism of the onc
gene loci. When used with the SSV
probe, Eco RI cleaved human DNA to
yield a single fragment of 23 kbp (Fig. 2).
This result suggests that there is a single
locus for SSV-related DNA sequences.
Digestion with Bam HI showed at least
one site within the SSV-related onc gene
that generated two dominant bands,
while digestion with Xba I revealed three
bands of 30.0, 9.8, and 3.9 kbp. Since
these patterns were reproducible even
after the amount of enzyme was in-
creased fivefold, they were probably not
the results of incomplete digestion. The
size of the SSV-specific sequences is
only 1.2 kbp, which is smaller than that
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Fig. 1. Conservation of cellular onc genes related to SSV, FeSV, and HaMSV. Total cellular
DNA (20 pg) from different species, as indicated, was digested with 60 units of restriction
endonucleases (Bam HI, Sac I, or Kpn I) for 20 hours; the fragments were separated by
electrophoresis on a 0.8 percent agarose gel. The DNA was transferred to nitrocellulose filters
(7) and hybridized to 32P-labeled probes (~ 2 x 10° count/min) prepared by nick translation (25)
of cloned DNA (specific activity ~ 2 X 10® cpm/pg). Molecular weights are given in kilobase

pairs.
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Fig. 2. Restriction patterns of the human onc genes related to SSV, FeSV, and HaMSV. Human
DNA (normal placenta) was digested with the specified restriction endonucleases and hybrid-
ized to 3?P-labeled SSV, FeSV, and HaMSV probes as described in the legend to Fig. 1.
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of any of the three fragments generated
by Xba I; thus the SSV-related onc gene
in humans is probably interrupted by
noncoding sequences.

The FeSV onc-specific probe also de-
tected a single locus in human DNA
digested with Eco RI (Fig. 2). The size of
this fragment (16 kbp) is different from
the one detected by SSV. Two and three
bands, respectively, were produced by
Pst I and Sac I (Fig. 2). The sum of the
sizes of these fragments is again greater
than that of the onc sequences.

The HaMSV probe hybridized to one
Hind III fragment and two Kpn I and
Bam HI fragments of human DNA (Fig.
2). Although HaMSV contains, in addi-
tion to the onc gene, sequences homolo-
gous to rat 30S RNA, the endogenous
virus-like 305 RNA sequences would be
expected to be less well conserved phy-
logenetically than the onc sequences.
However, we cannot rule out the possi-
bility that a subset of the bands detected
in human DNA is due to hybridization of
the portion of HaMSV genome homolo-
gous to the 308§ RNA.

Our studies confirm earlier observa-
tions that the cellular onc genes are well
conserved among vertebrate species. We
were able to detect specific fragments in
human DNA homologous to sarcoma
viruses isolated from cat, rat, and pri-
mate, using hybridization conditions of
moderate stringency (50 percent forma-
mide; triple-strength standard saline cit-
rate; 60°C). Our results indicate that
each cellular onc gene is confined to a
single genetic locus, distinct from the
loci of the others. In at least two cases,
the size of the onc locus is greater than
that of the viral onc specific sequences,
suggesting the presence of intervening
sequences not related to onc. This is
borne out by direct cloning of the human
cellular homologs of the FeSV-and SSV-
related onc genes (27). The presence of
introns has been reported in cellular onc
genes of Abelson-MuLV (mouse) (28)
and FeSV (cat) (23), and they may be a
common feature of other onc genes. An
exception is the Moloney-MSV system’
where complete and uninterrupted ho-
mology was observed between viral and
cellular onc sequences (29).

There are now about a dozen known
viral onc genes. All of them may have
counterparts in human DNA. The pres-
ence of these genes in humans raises the
question whether they are expressed
constitutively or are turned on specifical-
ly in certain differentiating or neoplastic
cells. Since these genes have been con-
veniently parceled into retroviruses,
they can be used as probes to answer
these questions.

Note added in proof: In surveying a
large number of human DNA samples,
we have found more than one allelic
forms of the onc loci of SSV and HaMSV
(30).
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Perivascular Meningeal Projections from Cat Trigeminal

Ganglia: Possible Pathway for Vascular Headaches in Man

Abstract. Peroxidase-containing cell bodies were found in the ipsilateral trigemi-
nal ganglia after horseradish peroxidase was applied to the proximal segment of the
middle cerebral artery in seven cats. Cell bodies containing the enzyme marker were
located among clusters of cells that project via the first division. The existence of
sensory pathways surrounding large cerebral arteries provides an important neuro-
anatomical explanation for the hemicranial distribution of headaches associated

with certain strokes and migraine.

The proximal segments of large cere-
bral arteries are among the few struc-
tures in the cranium which, when stimu-
lated, give rise to the sensation of pain
(I). Afferent nerve fibers that convey
this information have not been identi-
fied. However, the areas to which pain is
referred (such as the forehead) suggest
the possibility of a relation between the
trigeminal nerve, which receives afferent
fibers from the cranium, and head pain of
vascular origin. Thus perivascular tri-
geminal projections, transmitting senso-
ry information from large cerebral arter-
ies, may explain the unilateral head pains
associated with certain vascular syn-
dromes such as strokes, classical mi-
graine, and cluster headaches (2).

We have initiated neuroanatomical
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studies to determine uptake and trans-
port of horseradish peroxidase (HRP) (3)
by neurons surrounding the middle cere-
bral artery to cell bodies in the trigeminal
ganglia. Our results indicate that, in the
cat, sensory afferents surround the prox-
imal segment of the middle cerebral ar-
tery and project ipsilaterally from cell
bodies in the first division of the trigemi-
nal ganglia. Should such first-order affer-
ent fibers exist in man (/), this would
provide an explanation for the distribu-
tion of hemicranial vascular headaches.

Using microsurgical techniques and a
dissecting microscope (magnification,
x25), we applied HRP to the right mid-
dle cerebral artery in-seven cats (2 to 4
kg) (4). To restrict the diffusion of HRP
away from the artery, HRP (3 mg) was
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