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(ref. 15 and M. McCoy, J. J. Toole, E.H.C. and R. AW, in
preparation) as well as fibroblastic tumours (L. Parada and
R.A.W., unpublished results) have been found to carry
oncogenes derived from activation of cellular Ki-ras genes. As
discussed above, the N-terminal regions of the Ha-ras and
Ki-ras proteins are extremely similar, and the Ki-ras proteins
of many of these tumours also exhibit aberrant electrophoretic
migration rates (manuscript in preparation). We predict that
activation of many of these other oncogenes will depend on
structural alterations very similar to those reported here.

Most amino acid sequence alterations are either neutral or
deleterious to protein function. Few are able to actively potenti-
ate the normal functions of a protein. We suggest that only a
small number of sites on the p21 protein can be altered in a
fashion leading to oncogenic activation. Most mutations will
affect other residues whose alteration will be unproductive for
oncogenic conversion. The target for oncogenic conversion may
therefore be exceedingly small, and may even be confined to
the Gly-12 codon. In such a case, the restriction site for Nael,
which totally spans that codon, may provide an ideal diagnostic
tool for detecting a critical change in the genome.

The present data suggest that the alteration of one nucleotide
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in one bladder cell leads to the creation of an activated onco-
gene. There are three possible point mutations at this posi-
tion, and it is perhaps not coincidental that the G-T transversion
observed here is precisely that mutation favoured by many
suspected bladder carcinogens®®. The oncogene resulting from
this mutation was probably an important determinant in the
subsequent outgrowth of a lethal neoplasm. The point mutation
implicated as a central event in this oncogenic transformation
represents the first demonstration of a lesion in cellular DNA
whose occurrence is directly related to the carcinogenic process.
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A point mutation is responsible for the acquisition
of transforming properties by
the T24 human bladder carcinoma oncogene
E. Premkumar Reddy, Roberta K. Reynolds, Eugenio Santos & Mariano Barbacid

Laboratory of Cellular and Molecular Biology, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20205, USA

The genetic change that leads to the activation of the oncogene in T24 human bladder carcinoma cells is shown to be
a single point mutation of guanosine into thymidine. This substitution results in the incorporation of valine instead of
glycine as the twelfth amino acid residue of the T24 oncogene-encoded p21 protein. Thus, a single amino acid substitution
appears to be sufficient to confer transforming properties on the gene product of the T24 human bladder carcinoma

oncogene.

DNA-MEDIATED gene transfer techniques have made it poss-
ible to identify the presence of dominant transforming genes
(oncogenes) in a variety of human tumours (for review see ref.
1). Although only a small number of human tumour DNAs
have been shown to be capable of transforming normal cells in
transfection assays, oncogenes have been detected in tumours
representative of each of the major forms of human cancer®®,
To date, more than 10 different human oncogenes have been

identified. One of them, present in T24 and EJ bladder car-
cinoma cell lines, has been isolated by molecular cloning tech-
niques®'°, Preliminary characterization of this oncogene has
revealed that it is small (less than 4.6 kilobase, kb), and that it
has not undergone major genetic rearrangements® !, Compara-
tive analysis of this bladder carcinoma oncogene with retroviral
transforming (onc) genes has revealed that an internal fragment
of the T24 oncogene is closely related to the onc genes of
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Fig.1 Location of the region of the c-has/bas-1 gene that under-
went the genetic alterations that led to the activation of the T24
oncogene. Hybrid plasmids containing sequences derived from
pT24-C3 (Il ) and pbc-N1 ( [ ) were tested for their biological
activity. pT24-C3, pXKT-82 and pLST-2 transformed NIH 3T3
cells in transfection assays®, with specific transforming activities
of 5x10% 1x10* and 0.6 x 10* fiu pmol ™%, respectively. In con-
trast, pbc-N1, pXKN-91 and pSST-3 exhibited no transforming
activity. The hatched boxes located within the restricted endonu-
clease map shown in the top of the figure represent the predicted
exons of the T24 oncogene and its normal homologue, the
c-has/bas-1 gene. Deletions (A), and plasmid sequences (m),
are also indicated in the diagram. See text for definition of the
regions encompassing the transforming sequences and the acti-
vated domain of the T24 oncogene.

Harvey and BALB murine sarcoma viruses (designated v-has
and v-bas, respectively)''™"*, Characterization of human DNA
sequences homologous to v-has and v-bas has demonstrated
that the normal c-has/c-bas-1 gene is in fact an allele of the T24
oncogene''™"*. Moreover, we found that these genes, despite
their different biological properties, were indistinguishable by
both heteroduplex and restriction enzyme analysis'*™">, In an
effort to understand the molecular events involved in human
Sac 1

carcinogenesis, studies were undertaken to determine the num-
ber and nature of the genetic alterations that have resulted in
the activation of the T24 human bladder carcinoma oncogene.

A domain within the T24 oncogene
responsible for its activation

Previously, we have reported that a plasmid (pT24-C3) known
to contain a 6.6-kb BamHI fragment of T24 cellular DNA was
capable of transforming NIH 3T3 mouse cells with a specific
activity of 5 x 10* focus-forming units (ffu) per pmol. A restric-
tion endonuclease map of this DNA fragment is depicted in
Fig. 1. The transforming activity of this molecule was localized
to a region within the 4.6-kb XhoI-Sphl DNA fragment based
on the observations that cleavage with these two restriction
endonucleases did not affect the transforming activity of pT24-
C3 (ref. 11). To establish the region of the normal human
c-has/bas- 1 gene that underwent the genetic alterations leading
to its malignant activation in T24 bladder carcinoma cells, we
constructed a series of plasmids in which fragments of the T24
transforming gene were substituted with the homologous nor-
mal sequences of c-has/bas-1. In reciprocal experiments,
regions of the normal c-has/bas-1 gene were replaced by the
corresponding domains of its transforming allele. Figure 1 sum-
marizes the plasmids constructed in the present studies as well
as their respective biological activities. Substitution in pT24-C3
of a DNA fragment located between the Xhol and Kpnl
cleavage sites by normal sequences, completely abolished its
transforming activity. In contrast, replacement of the normal
Xhol-Kpnl region of pbc-N1, a plasmid that contains the 6.4-kb
BamHI DNA clone of the normal human c-has/bas-1 gene,
by the corresponding domain of pT24-C3, generated a plasmid
(pXKT-82) that transformed NIH 3T3 mouse cells with an
efficiency of 10* ffu pmol™*.

Two additional plasmids were generated by replacing the
internal 0.7-kb and 3.0-kb SacI DNA fragments of pbc-N1 by
the corresponding regions of the T24 oncogene. As shown in
Fig. 1, only the latter plasmid (pLST-2) was able to induce
malignant transformation on transfection to NIH 3T3 cells,
These results, taken together, establish that the genetic alter-
ations that activated the T24 oncogene are located within the
0.9-kb Sacl-Kpnl DNA fragment of pT24-C3 DNA.
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Fig. 2 Comparative sequence
200 analysis of the 0.93-kb SacI-Kpnl
DNA fragment of the T24
oncogene and its normal human
homologue c-has/bas-1. The
upper line shows the sequence of
the T24 oncogene proceeding in
the 5’ to 3’ direction with respect
to the polarity of the closely
related v-has and v-bas retro-
viral mRNAs. The corresponding
sequence of the 0.93-kb Sacl-
Kpnl DNA fragment of c-has/
bas-1 has also been determined
and found to be identical to that
of the T24 oncogene with the
exception of the nucleotide located
at position 653, where we detected
a G instead of a T. These nucleo-

2 G h X N R .
Met Thr Glu Tyr Lys Leu Val val val Gly Alafvalf§Gly val Gly Lys Ser Ala Leu Thr tide chains result in the incorpor-
ation of glycine, instead of valine,
Pvu 11 Splice at position 12 in the p21 protein

Y . 700 . . . . 750 .
ATC CAG CTG ATC CAG AAC CAT TTT GTG GAC GAA TAC GAC CCC ACT ATA GAG GTGAGCCTGGCGCCGCCGTCCAGGTGCCAGCA
Ile GIn Leu ITe Gin Asn His Phe val Asp Glu Tyr Asp Pro Thr Ile Glu
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GCTGCTGCGGGCEAGCCCAGGACACAGCCAGGATAGGGCTGACTGCAGCCCCTGRTCCCCTGCATERTGCTGTGGCCCTETCTCCTGCTTCCTCTAGAGG

Kon 1
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AGGEGAGTCCCTCGTCTCAGCACCCCAGGAGAGGAGGEEGCATGAGGEGCATRAGAGGTACCAGGGA

s coe

coded for by the c-has/c-bas-1
gene. Termination codons are indi-
cated (---). The nucleotide
sequence analysis was performed
according to the procedures of
Maxam and Gilbert?>.
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The letter code for the amino acids is: A, Ala; D, Asp; E, Glu; F, Phe; G, Gly; H, His; |, Ile; K, Lys;

L, Leu; M, Met; N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; and Y, Tyr.

Comparative sequence analysis of
the 0.9-kb Sacl-Kpnl DNA
fragments of pT24-C3 and pbe-N1

The nucleotide sequence of the 0.9-kb Sacl-Kpnl DNA frag-
ments of the T24 oncogene and its normal homologue was next
established. To our surprise there was only a single (nucleotide)
change, located at position 655 from the Sacl cleavage site.
Figure 2 shows that the guanosine residue present in the normal
c-has/bas-1 gene has been changed into a thymidine residue
in the T24 oncogene. Thus the activation of the ¢c-bas/ras-1
gene in T24 human bladder carcinoma cells was caused by a
single point mutation.

The mutated guanosine residue was found to be part of the
hexanucleotide sequence GCCGGC, which is specifically rec-
ognized by the restriction endonuclease Nael. Thus, we used
this enzyme to verify the results obtained by nucleotide
sequence analysis. We observed that Nael cleaved the 6.4-kb
BamHI insert of pbc-N1 five times, yielding four internal DNA
fragments, of sizes 0.2, 0.4, 0.6 and 0.9 kb. In contrast, digestion
of pT24-C3 with Nael yielded only three internal fragments,
of sizes 0.2, 0.6 and 1.3 kb (data not shown). The loss of the
Nael cleavage site within the 1.3-kb internal fragment confirms
the nucleotide sequence shown in Fig. 2.

Heteroduplex analysis of the T24 oncogene and its normal
allele with v-has and v-bas had indicated that the putative
coding sequences of the human genes are distributed among
four exons, of which only the first one lies within the 0.9-kb
Sacl-Kpnl fragment''*, We have sequenced the entire coding
region of the T24 oncogene and identified the four exons by
comparison of these sequences with those of v-has'® and v-
bas'®. This sequence analysis demonstrated that the first exon
ends at position 731 from the Sacl cleavage site (Fig. 2). At
this position, we detected the consensus donor splice sequence
AGAGG"". Thus, in agreement with previous heteroduplex
analysis and restriction enzyme data''*, the first exon of the
T24 oncogene contained the coding information for 37 amino
acids extending from position 621 to 731. These observations
located the mutated G residue at the second base of a triplet
coding for glycine, the predicted twelfth amino acid residue of
the normal human p21 protein. Substitution of this guanosine
residue for thymidine results in the change of the glycine-coding
triplet GGC to GTC, which codes for valine. Thus, a single
amino acid substitution (Gly— Val) seems to be sufficient to
confer transforming properties to the gene product of the T24
human bladder carcinoma oncogene.

A common genetic alteration in human and
retroviral transforming genes

The amino acid sequences of Harvey and BALB-MSV-encoded
p21 proteins have been identified by nucleotide sequence analy-
sis of their corresponding onc genes, v-has and v-bas, respec-
tively’*'®. Comparison of the first 37 amino acids of the p21
protein coded for by the normal c-has/bas-1 human gene with
their retroviral counterparts shows complete identity except at
position 12, the same amino acid residue that is altered in the
T24 oncogene (Fig. 3). Whereas arginine is present in Harvey-
MSV p21*, lysine was found in BALB-MSV p21*¢. Interest-
ingly, the normal rat homologue of human c-has/bas-1, the
gene that presumably recombined with Moloney-MuLV to
generate Harvey-MSV, also possesses glycine at position 12
(M. Ruta, personal communication). These results suggest that

mutations affecting the coding properties of the twelfth codon
of normal c-has/bas-1 genes may be sufficient for the acquisi-
tion of malignant properties.

Recently, Tsuchida et al. have also reported the nucleotide
sequence of v-kis, the onc gene of Kirsten-MSV'®, When the
first 37 amino acids of the deduced sequence of Kirsten p21
were compared with those of c-has/bas-1, only two changes
were detected: Gly - Ser in position 12, and Glu- Gln in posi-
tion 37. Thus, it is possible that changes in the glycine residue
at position 12 may have also activated c-kis genes. This
hypothesis would predict that another human transforming
oncogene, present in a large variety of human carcinomas and
known to contain the human c-kis-2 gene,>*%'>'*!? has been
activated by the same mechanism that originated the T24
oncogene.

Activation of the human c-has/bas-1 gene:
a qualitative or quantitative mechanism?

That each of the known p21 transforming proteins has a
different amino acid at residue 12 suggests that their malignant
properties are the result of the elimination of the glycine residue
present in their normal counterparts, rather than due to a
specific transition from one type of amino acid residue to
another. Glycine residues are known to alter the a-helical
structure of proteins. We compared the predicted secondary
structures of the p21 proteins coded for by the T24 oncogene
and its normal human homologue using the computerized
method of Garnier et al.*. Such an analysis revealed that the
N-terminal region of the c-has/bas-1-encoded p21 protein
contains two a-helical regions of 10 and 13 amino acids joined
by a hinge region of 7 amino acids that provides flexibility for
folding. When the glycine at position 12 is replaced by valine
in the transforming p21 protein, the size of the hinge region
decreases to a stretch of two amino acids, resulting in an
increased helical content of the N-terminal region of this pro-
tein. This change should result in the prominent projection
of the N-terminal domain of transforming p21 proteins away
from the central core of the molecule.

The biological significance of the structural alteration of
human and retroviral p21 transforming proteins remains to be
determined. Shih et al. have recently reported that the Harvey-
MSYV p21 protein is processed before its association with mem-
branous structures'. Whether the presence of a glycine residue
in position 12 confers on the normal cellular p21 protein a
configuration that affects either its processing or its association
with putative cellular targets remains to be determined. What-
ever the mechanism might be, our findings indicate that the
difference between the normal c-has/bas-1 and the T24
oncogene-encoded p21 proteins is of a qualitative nature.

However, it is also possible that quantitative alterations in
the expression of the normal p21 protein induce malignant
transformation. Chang et al. have shown that the normal
c-has/bas-1 can transform NIH 3T3 mouse cells when this gene
comes under the regulatory influence of a retroviral LTR*. In
this case high levels of normal p21 protein can be detected in
the transformed cells. Thus it is possible that increasing amounts
of normal p21 protein may overcome the structural limitations
imposed by the presence of a glycine residue at position 12.
However, the possibility that over-expression of the normal
c-has/bas-1 genes may induce morphological transformation
by a different mechanism than that of their transforming
counterparts cannot be ruled out at present.
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Implications

The present studies have located the genetic changes leading
to the activation of the T24 bladder carcinoma oncogene within
a 0.9-kb SacI-Kpnl DNA fragment of the human c-has/bas-1
gene. This region contains some 5' putative regulatory sequen-
ces, as well as the first exon (Fig. 2). Comparative sequence
analysis of these 0.9-kb DNA fragments derived from the T24
oncogene and its normal counterpart revealed a single base
pair difference: a point mutation (G- T) within the exon
sequences that led to the substitution of a glycine residue in
the normal c-has/bas-1 gene-encoded p21 protein to a valine
residue in the corresponding translational product of the T24
oncogene. These results, taken together, indicate that a single
point mutation was responsible for the activation of this
oncogene in T24 human bladder carcinoma cells.

These findings may have important practical applications.
The mutated guanosine residue is part of a sequence
(GCCGGC) recognized by the restriction endonucleases Nael
(GCCGGC), Hpall (CCGG) and Mspl (CCGG). The G>T
change observed in the T24 oncogene eliminated the cleavage
site for these three enzymes. Neither Nael nor Hpall appear
to cleave this sequence in human DNA, probably due to DNA
methylation. However it is possible that Mspl, which recognizes
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the CCGG sequence whether methylated or not, could be used
for the screening of human DNAs for the presence of T24-like
oncogenes. Similarly, antibodies capable of specifically recog-
nizing the altered domain of transforming p21 proteins may
also be used to detect activated c-has/bas genes.

Demonstration that a single genetic change can activate a
human transforming gene poses the dilemma as to how to relate
these observations with the widely accepted multi-stage model
for the development of human neoplasias. It is possible that
activation of the T24 oncogenes may represent a late, irrevers-
ible step in oncogenesis. Support for this hypothesis comes from
the fact that NIH 3T3 mouse cells, the cells used to identify
this oncogene, are thought to be pre-neoplastic rather than
normal cells. However, the possibility that this oncogene may
have a role in the onset of certain human cancers cannot be
excluded at present.

Development of biochemical and immunological reagents
capable of specifically detecting the presence of the T24 bladder
carcinoma oncogene (or its gene product) in both naturally and
experimentally induced neoplasms should help to define the
role of this dominant transforming gene in carcinogenesis.
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UV observations of TT Arietis

and the magnetic rotator hypothesis
R. F. Jameson, M. R. Sherrington, A. R. King

& J. Frank

Astronomy Department, University of Leicester,
Leicester LE1 7RH, UK

TT Arietis, one of the brightest cataclysmic variables, m, ~
10.2- 11.0, is usually classed as a novalike variable, but after
arecent dip in brightness to m, ~ 14.5, Krautter ef al." suggested
it to be a dwarf nova in an extended high state. Photometric
light curves®™ generally show a sinusoidal light variation with
a period of 0.1329 days and no eclipses®. Cowley et al.® have
measured radial velocity curves and find a period of 0.13755
days. We have made’ IR measurements of the system from
which we deduce a distance for TT Ari of 100+ 20 pc based
on a colour change for the system from V to K of +0.4 while
the system is faint to V —K =-0.17 when brighter. The red
colour is caused by dilution of the primary 2.2-pum light by the
light of the secondary, giving m; = 11.7525:3; for the secondary
star; Bailey’s method® then leads to the distance. The sinusoidal
light variations have generally been interpreted as due to a hot
spot on the edge of an accretion disk. Since good quality IUE
spectra can be made with exposure times of about 15 min, we
decided to observe as many IUE spectra as possible round the
binary period with a view to studying the behaviour of the hot
spot at UV wavelengths. We now report that the variations at
these and X-ray wavelengths round the orbital cycle rule out
a hot spot/accretion disk model for TT Ari. Instead we propose
that it has a magnetized white dwarf primary rotating with the
photometric period of 0.1329 days.

Four short and four long wavelength low dispersion spectra
were obtained with the IUE satellite spectrometer on 9 January,
1982. Between each exposure the fine error sensor (FES) was
used to measure the white light variation of TT Ari. The spectra
taken nearest to maximum light, are shown in Fig. 1, together
with an optical spectrum measured by M. J. Ward with the
Anglo Australian Telescope. Although the spectra appear
noisy, most of the features are repeatable from one spectrum
to the next. The strongest features are: Lya 1,216¢
(geocoronal?); Nv 1,238 a; Si1v 1,393 a; C1v 1,549 ¢ (2.9);
He 11 1,640 a; and Mg 11 2795 e (2.1) where ‘a’ denotes absorp-
tion, ‘e’ emission and the number in parentheses the variation
in line strength (maximum/minimum). The variation of the
emission lines roughly follows that of the continuum variation.
Regions as free as possible of absorption or emission lines were
used to measure the continuuum light variations. The con-
tinuum was averaged over a bandwidth of 50 A. The only
significant errors in the measurements are due to the photo-
metric accuracy of the IUE cameras, namely < +£10%.

Figure 2 shows the four point continuum light curves at 1,265,
1,700, 2,110, 2,510 and 3,010 A, together with the nine point
white light FES light curve. The amplitude of the white light
curve corresponds to m,=11.86->12.36; thus TT Ari was
unusually faint. The solid curves are an attempt to fit a curve
of the same shape as the white light curve but with variable
amplitude through the UV points. The main difficulty in getting
a good fit to the UV points is that the FES points represent
~1min of integration and are thus prone to the flickering
whereas the UV points result from spectra with 15-min
exposure times. Whichever numbers are used for the amplitude
of the variations the trend is clear; maximum amplitude being
found for white light and the hard UV with a minimum variation
in between at 3,010 A.
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