above the rupture temperature of 87°C, and
corresponds to a pressure of about —80
MPa.

Comparison of the parallel-polarized Ra-
man spectra of the Sample 2 inclusion in the
fundamental -O-H stretching region at
92°C both before and after rupture (Fig. 4)
reveals that, despite the ~5% difference in
density between the cavitated and stretched
samples, their Raman spectra are nearly
indistinguishable. This result was not unex-
pected because both Raman spectra and
infrared spectra are known to respond only
weakly to positive pressure changes (22).
Some minor differences in the Raman spec-
tra of the cavitated and uncavitated liquids
at 92°C are discernible. For the sample
under tension, there is a small loss in intensi-
ty of the lower frequency shoulder and a
small positive shift of the main band peak
relative to the cavitated sample. These differ-
ences indicate that, in the temperature range
of our study, isothermal stretching has qual-
itatively the same effect on structure as iso-
baric thermal expansion (23). Computer
simulation studies of the stretched state of
water (9) suggest that this may not be the
case at lower temperatures. It should be
possible to study this interesting aspect on
samples prepared to maximize the tension
without provoking cavitation. The relations
in Fig. 1 suggest that one should be able to
pass solutions through the temperature of
maximum density (the temperature of maxi-
mum tension in a constant volume experi-
ment) which should be reached at about
—150 MPa.

Our observations show that physico-
chemical studies of liquids are possible in a
pressure-temperature regime in which the
physical properties are dominated by the
attractive component of the intermolecular
potential. The low-frequency vibrational
modes, the compressibility, and the struc-
tural relaxation times of water should be
much more sensitive to tension than are the
high-frequency vibrational spectra, especial-
ly as the spinodal limit is approached. The
challenge will now be to exploit microscopic
Brillouin scattering techniques developed
for ultrahigh-pressure studies in diamond
cells (24) to explore more fully the proper-
ties of water and other liquids in this new
and interesting regime.
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Direct Cloning of Human Transcripts with
HnRNA from Hybrid Cell Lines

LAURrRA CORBO,* JULIE A. MALEY, DAVID L. NELSON,

C. THOMAS CASKEYT

A library of human-derived complementary DNA from a human-hamster hybrid cell
line containing the Xq24—qter region has been constructed. Complementary DNA
synthesis was primed from heterogeneous nuclear (hn) RNA by oligonucleotides
derived from conserved regions of human Alu repeats. At least 80% of these cloned
sequences were of human origin, providing an enrichment of at least two orders of
magnitude. Two clones, one containing a fragment of the primary transcript of the
human hypoxanthine-guanine phosphoribosyltransferase (HPRT) gene at Xq26 and
another recognizing a family of human genes mapping to two regions of Xq24—qter,
were charaterized. Additional hncDNA clones mapped to a variety of sites in the
Xq24—qter region, demonstrating the isolation of many transcriptionally active loci.
These clones provide probes for identification of genetic loci on the terminal region of
the X chromosome long arm, which is the location of a number of inherited disorders.

HE ABILITY TO PURIFY HUMAN

transcripts from specific regions of

the genome would greatly facilitate
its characterization (7). The Xq24—qter re-
gion of the human X chromosome encodes a
minimum of 25 genetic disorders whose
genes are unknown (2). This region is there-
fore particularly attractive for the investiga-
tion of its gene content. We have isolated
transcribed sequences from the human
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Xq24—qter region using a hybrid cell line,
X3000-11.1 (3), which retains this human
chromosomal region in a hamster back-
ground. This approach takes advantage of
hybrid cell lines to reduce the complexity of
the genomic region under study and exploits
the presence of human Alu repetitive ele-
ments in introns and 3’-untranslated regions
of human transcripts.

HnRNA, extracted from purified nuclei
of X3000-11.1 and RJK88 (hamster parent
of X3000-11.1), was used as template to
synthesize first-strand hncDNA. Two oligo-
nucleotides, TC-65 and 517, from the same
Alu region but in opposite orientations,
have been shown to bind specifically to
human Alu sequences in a hamster or mouse
background (4). They were used separately
to prime the synthesis of human hncDNA
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(Fig. 1). No hncDNA synthesis was detect-
ed when hnRNA was treated with deoxyri-
bonuclease  (DNase)-free  ribonuclease
(RNase) before cDNA synthesis, which
demonstrates that the cDNA was produced
from hnRNA templates and not from con-
taminating DNA (5). The second strand was
synthesized according to standard methods
(6). The double-stranded hncDNA was di-
gested with Hind III or partially digested
with Sau 3A and ligated into the plasmid
pTZ18. More than 100 independent clones
were obtained from 20 pg of hnRNA. The
size of hncDNA inserts, analyzed by poly-
merase chain reaction (PCR) (7) with vector
primers (see legend to Fig. 2A), ranged
from 200 to 1500 bp. These clones consti-
tute a library of transcripts from the human
fraction of the hybrid cell genome. To con-
firm the human Xq24—qter origin of these
clones, we radiolabeled the PCR-amplified
hncDNA inserts with 3P and hybridized
each to a mapping panel consisting of
X3000-11.1, RJK88, and human Eco RI-

X3000 RJK 88
hncDNA hncDNA
TC-65 517 TC-65 517
.
1537 —
1078 —
872 —
603 —
310
281 —
271—
234 —
[
3
194 — 8
3

Fig. 1. Gel electrophoresis of single-strand
hncDNA synthesized from X3000-11.1 and
RJK88 hnRNAs with the use of TC-65 and 517
Alu-derived primers (17). Aliquots of 32P-labeled
first-strand hncDNAs were separated by electro-
phoresis on a denaturing 8% polyacrylamide-urea
gel and visualized by autoradiography. Size mark-
ers (in base pairs) are' ®X174 digested with Hae
III. We calculated the cloning efficiency on the
basis of the amount of 32P-labeled first-strand
hncDNA synthesized. About 20 to 40 pg of
single-strand hncDNA was obtained from 20 to
40 pg of X3000-11.1 hnRNA.
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digested DNAs. Twenty (80%) of 25 clones
analyzed were Xq24—qter—specific. Of the
five remaining clones, two (8%) were clearly
of hamster origin, while the other three
(12%) hybridized to repetitive elements in
both genomes. The relative enrichment in
human transcripts from the starting hybrid
DNA (0.5% human) is greater than two
orders of magnitude. In order to map these
clones to subregions of Xq24—qter, they
were hybridized to a panel of somatic cell
hybrids containing X chromosomes with
various breakpoints in Xq24—qter.

An example of the localization of one
clone to Xq24—q25 is shown in Fig. 2A. A
summary of the mapping analysis of the 20
human-derived clones is shown in Fig. 2B.
Four subregions distinguishable by the pan-
el are represented by at least one hncDNA
clone, indicating the isolation of indepen-
dent transcripts and the nontrivial complex-
ity of the hncDNA library. In addition,
three clones also recognize rodent sequences
(5). Such cross-hybridization is expected for
coding sequences, which are more con-
served across species than noncoding se-
quences.

One such clone, All, hybridized to three
human Eco RI fragments and to one frag-
ment in hamster and mouse DNAs (Fig.
3A). The largest human band (~12 kb)
maps to Xq26; the smallest bands (4 to 5
kb) map to Xq24—q25, have variable hy-
bridization signal ratios between different
lanes, and demonstrate polymorphic varia-
tion between X chromosomes (Fig. 3A). A
Northern blot hybridization analysis of
RNA prepared from cell lines X3000-11.1
and RJK-88, human liver, and human pla-
centa was carried out with the A1l insert as
probe (Fig. 3B). We also probed RNAs
extracted from various mouse tissues and

A

21

10+

Fig. 2. (A) Autoradiograph of hybridization of a
single hncDNA clone (T26) to Eco RI—<leaved
genomic DNA samples derived from human,
hamster (lane 10), mouse (lane 11), and a panel of

from pig and baboon livers. The putative
Al1 genes appear to be expressed in many
of the tissues we examined, with the highest
level in liver, brain, and heart (5). The
expression pattern of All genes in human,
with two major transcripts (Fig. 3B, lanes 3
and 4), differs from that in rodent with one
transcript similar in size to one of the two
human products. This additional band is
also present in baboon liver (5) but is not
detectable in X3000-11.1 RNA (Fig. 3B,
lane 2); thus the transcript cloned in All
may correspond to the human RNA comi-
grating with the hamster product. Together
with the Southern (DNA) blot data, these
findings demonstrate that clone All origi-
nates from a member of a human X-linked
gene family. Partial DNA sequence data
indicated that this transcript is not one of
the human genes present in GenBank and
revealed a 30-bp region with similarity to
the 3’-untranslated region of the human
pre-proenkephalin B mRNA (5).

To demonstrate the presence of unspliced
human transcripts in the library, we
searched for an hncDNA clone representing
the hypoxanthine-guanine phosphoribosyl-
transferase (HPRT) gene, which maps at
Xq26. This was done for several reasons: (i)
RJK88, the hamster parent of the hybrid
X3000-11.1, has a total deletion of the
HPRT gene, and its hybrid derivative was
originally isolated by selection for HPRT
activity (3), therefore the sole HPRT gene
of the hybrid cell line is both expressed and
of human origin; (ii) N clones covering the
entire gene are available (8); (iii) 60 kb
surrounding this human gene have been
sequenced (9); and (iv) the HPRT gene has
a high Alu content (over 40 copies). To
identify the clone or clones carrying tran-
scripts from the HPRT gene, we hybridized

B
All
Xq24 T26
T30
Al
5 Ad
A7
Al6
T28
26 A8 T32
C4 T
A84 T36
T40
7 4
R
T38
23 C10

somatic hybrid cell lines (18). Genomic DNAs were cleaved with Eco RI and analyzed by Southern
hybridization (19). The amount of DNA present in each lane is approximately the same, except the
human male line where the amount is half of that present in others. The order of hybrid cell lines is from
left to right: 4.12, X3000-11.1, Lowe3, RJK734, 94.3, 8121 Aza 1, 2384 Aza 2, and Micro 28g. Size
markers (in kilobases) are Adeno IT DNA digested with Bam HI-Eco RI [International Biotechnolo-
gies, Inc. (IBI)]. (B) Subregional localization of human hncDNA clones.
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the hncDNA library to five A genomic
clones covering the entire gene (10). This
screening identified a single clone whose
1500-bp insert was confirmed by DNA
sequencing to derive from the human
HPRT gene (Fig. 4). Based on the localiza-
tion of this clone and the HPRT gene
sequence, we can identify four Alu repeats
with less than two mismatches with primers
TC-65 or 517 as potential oligonucleotide
priming sites (Fig. 4). The distance from
these priming sites to the cloned fragment is
quite large; we cannot exclude the priming
from Alu sequences with more than two
mismatches or the removal of an intron or
introns from the primary transcript by splic-
ing before hncDNA synthesis.

In summary, we have developed a strategy
to clone human transcribed sequences that
map to a specific genome region. Evidence
that the library contains transcribed se-
quences includes (i) its origin from hnRNA,
which contains gene transcripts at various
stages of maturation; (ii) isolation of an
hncDNA clone recognizing an X-linked
gene family; and (iii) isolation of a clone
derived from the human HPRT gene, which
is known to be expressed in the hybrid cell
line.

Investigation of the expression of further
clones by Northern and RNase protection
analyses with mRNAs derived from a variety
of human tissues is under way. It is likely
that many clones derive from intron se-
quences, as with the HPRT clone, since
coding exons are free of Alu repeats and
constitute only a small portion of primary
transcripts. Thus, it will be necessary to
isolate genomic sequences related to these
clones and search for nearby exons.

This approach has general applicability
for cloning transcribed sequences from any
region of the human genome for which an

Fig. 3. Characterization A

of the hncDNA clone | VR e

0 10 20 30 40 50

N L L s

60 kb

1 23 45 6 789

Clone A84insert £ __ ______.>
~1500bp 30559

Fig. 4. Localization of hncDNA clone A84 in the
human HPRT gene (10). Scale map of the HPRT
locus showing the positions of the nine exons
(boxes), and the positions and orientations of
four Alu sequences containing less than two mis-
matches with hncDNA priming oligonucleotides
(arrowheads). Since oligonucleotides TC-65 and
517 are complementary, cDNA synthesis may
have begun at Alu repeats in either orientation.
The 400-bp sequenced fragment (bold line) is
identical to the corresponding region of HPRT
gene. The 5’ end of A84 clone starts at position
30559 of the complete gene sequence (9).

appropriate human-rodent cell hybrid is
available. It differs from a similar approach
described by Liu et al. (11) by allowing
construction of small libraries that are highly
enriched for the presence of human clones.
Since Alu repeats are distributed at an aver-
age distance of ~4 kb in the human genome
and are present in 23 of the 29 largest
human gene sequences of GenBank (12), it
is likely that many transcribed regions will
be amenable to isolation by this method. In
addition, recent evidence (13) suggests that
even tissue-specific genes are transcribed at a
basal level in many cell types, which may
include hybrid cell lines. Thus, this approach
may not be restricted to genes expressed
ubiquitously, but may also apply to isolation
of tissue-specific genes. It has a substantial
potential for the isolation of human-tran-
scribed sequences in rodent cell lines trans-
fected or microinjected (stably or transient-
ly) with large fragments of human DNA
(14), yeast artificial chromosome clones
(15), or whole chromosomes (16). Applica-

03708 9 1024

All. (A) Autoradio-
graph of hybridization
of clone Al1l to Eco RI-
cleaved genomic DNA
samples derived from the
panel of hybrid cell lines
described in Fig. 2A.
The amount of DNA
present in each lane is
approximately the same,
except for the human
male line where the
amount is half of that

present in others. Size

markers (in kilobases) are Adeno II DNA digested with Bam HI-Eco RI
) Northern blot analysis of clone All on hamster cell line RJK88
(lane 1), XSUOO 11.1 (lane 2), human liver (lane 3), and human placenta (lane

(IBI). (B

4) RNAs. Total RNA (20 pg) from cells and from each tissue was prepared by the guamdmr.
isothiocyanate procedure (20), separated on formaldehyde gels, and transferred onto nylon membranes,
which were hybridized with A11 insert labeled as described (21). The positions of the 285 and the 188

ribosomal RNA bands are indicated.
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tion to the study of heritable disease genes
with known map position, such as X-linked
disorders, is particularly promising.
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Two G Protein Oncogenes in Human

Endocrine Tumors

JOHN Lyons, CLaubpia A. LANDIS, GRIFFITH HARSH, LUCIA VALLAR,
KURrT GRUNEWALD, HANS FEICHTINGER, QUAN-YANG DuH,
Orro H. CLARK, ERNEST KAWASAKI, HENRY R. BOURNE,*

FrRANK McCORMICK

Somatic mutations in a subset of growth hormone (GH)—secreting pituitary tumors
convert the gene for the a polypeptide chain (o) of G; into a putative oncogene,
termed gsp. These mutations, which activate o, by inhibiting its guanosine triphospha-
tase (GTPase) activity, are found in codons for either of two amino acids, each of which
is completely conserved in all known G protein a chains. The likelihood that similar
mutations would activate other G proteins prompted a survey of human tumors for
mutations that replace either of these two amino acids in other G protein a chain
genes. The first gene so far tested, which encodes the a chain of G;;, showed mutations
that replaced arginine-179 with either cysteine or histidine in 3 of 11 tumors of the
adrenal cortex and 3 of 10 endocrine tumors of the ovary. The mutant o, gene is a
putative oncogene, referred to as gip2. In addition, gsp mutations were found in 18 of
42 GH-secreting pituitary tumors and in an autonomously functioning thyroid
adenoma. These findings suggest that human tumors may harbor oncogenic mutations

in various G protein a chain genes.

ANY PROTO-ONCOGENES EN-
code proteins that transmit sig-
nals that regulate normal cell
growth. Specific mutations convert these
genes into oncogenes, whose mutant pro-
tein products are responsible for the abnor-
mal growth of malignant cells. In many
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human tumors, for example, point muta-
tions convert ras genes into oncogenes (1).
These mutations render p21™° oncogenic
by inhibiting its ability to hydrolyze bound
guanosine triphosphate (GTP), thus trap-
ping the protein in its active, GTP-bound
state (1). We reported (2) functionally simi-
lar GTPase inhibiting mutations that acti-
vate the a chain (as) of a heterotrimeric G
protein, G, in human growth hormone
(GH)—secreting pituitary tumors; the muta-
tions convert the ag gene into a putative
oncogene, termed gsp (2).

These findings, combined with conserved
stretches of amino acid sequence in a large
number of G protein a chains, suggested a
novel approach for finding oncogenes. Here
we report success of this approach in its first
application, to the gene encoding the a
chain (a;;) of Gj;.

This approach is based on two inferences

regarding structure and function of G pro-
teins. First, we infer that the two conserved
amino acids whose mutational replacements
inhibit GTPase of o have similar functional
roles in o chains of other G proteins. This
inference in turn implies that cognate muta-
tions in other a chains will activate the
corresponding G proteins. One set of gsp
mutations (2) substitutes arginine for GIn®?’
of ag, which is equivalent to GIn®! of p217,
a frequent site of GTPase-inhibiting muta-
tions in the ras proteins. Other gsp mutations
(2) replace Arg?' of o, with cysteine or
histidine. This arginine is the target for
cholera toxin-catalyzed adenosine diphos-
phate (ADP)-ribosylation of o and the a
chain of retinal transducin, a covalent modi-
fication that inhibits GTPase activity of both
proteins (3). The amino acid sequence in
regions surrounding both these codons (Ta-
ble 1) is conserved from unicellular eukary-
otes to mammals, further supporting the
inference that the two amino acids play
conserved GTPase-catalyzing roles in all G
proteins.

The second inference is that a chains of
other G proteins, like as, are protooncogene
proteins—that is, that they mediate signal-
ing pathways coupling external stimuli to
stimulation of proliferation. This inference
is based on evidence that certain hormones
and neurotransmitters promote prolifera-
tion via receptors that interact with G pro-
teins and thereby trigger signaling pathways
that promote proliferation, including activa-
tion of phospholipases C and A, (4).

This second inference dictates a broad-
based search for a chain mutations, because
current information does not point to spe-
cific cells or tissues in which a specific G
protein (other than G) is known to mediate
a proliferative stimulus. This contrasts with
the initial search for gsp mutations, which
was prompted by abnormally elevated ade-
nylyl cyclase activity and GH secretion in a
subset of GH-secreting pituitary tumors (5).
In normal pituitary somatotrophs, G cou-
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