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The human c-Ha-ras2 is a processed pseudogene inactivated by numerous base substitutions
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ABSTRACT
The human c-Ha-ras2 gene, one of two known members of the Harvey ras

family, is reportedly located on the X-chromosome and has lost introns (1,
2). There has heretofore been no information on its precise gene structure
and oncogenic potential. We have determined the nucleotide sequence of the
c-Ha-ras2 and demonstrate that it is a processed pseudogene surrounded by
several direct repeats and contains numerous base substitutions as well as a
notable mutation (AGT at codon 12 of the p21 protein) responsible for
oncogenic conversion of the known ras genes (3-8).

INTRODUCTION

Normal human DNA contains sequences related to retroviral oncogenes,

and activation of these proto-oncogenes is considered to be involved in ex-

pression of the transformed phenotype in naturally occurring tumors. The

transfection assay of NIH 3T3 cells with tumor DNA disclosed activated ver-

sions of ras-related proto-oncogenes (9-16), comprised of at least three

members (c-Ha-ras, c-Ki-ras and N-ras) (17), in human solid tumors, cell

lines of epithelial origin and certain types of hematopoietic malignancies
(18, 19). Based on hybridization analysis, the human genome was found to

contain additional cellular homologues of transforming genes of the Harvey

and Kirsten murine sarcoma viruses (1). As characterization of normal ras-

related sequences and determination of their exact numbers might be of

clinical significance in the diagnosis and prevention of cancer, we

attempted to identify homologous sequences by screening a human genomic DNA

library using the v-Ha-ras probe at various hybridization stringency. Among

these clones, we report here the nucleotide sequence of the c-Ha-ras2 and

demonstrated that it is a processed and inactivated pseudogene accompanied

by several direct repeats.
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Fig. 1. Relationship between the c-Ha-ras2 and the oncogene of Harvey-MSV
(v-Ha-ras).
a. Schematic representation of the c-Ha-ras2 gene. The human DNA insert

is boxed. Shaded boxes indicate fragments homologous to the v-Ha-ras. Ab-
breviations of restriction enzymes are as follows; E; EcoRI, B; BamHI, S;
SacI.

b. Digestion of the 670-bp HindIII-PstI fragment of the v-Ha-ras gene
with Hinf I produces five fragments (A-E), and the correlation to four
coding exons (1-4) of the v-Ha-ras gene is shown schematically.

c. The recombinant X DNAs containing the c-Ha-ras2 gene were digested
with BasHI, electrophoresed in agarose (0.8% w/v) gels, blotted to
nitrocellulose filters and hybridized in condition of 6X SSC and 550C for
20 h. to nick-translated probes; five probes listed in b. were used in
each lane from A to E. Filters were then washed four times in 0.1 x SSC
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at 550C and exposed to Fuji Medical X-ray film at -70uC with intensifying
screens for 24 h. The arrow marks the 3.6-kb BamHil fragment specifically
hybridize with each probe. Nonspecific hybridization backgrounds
of X arms and human DNA sequences were also visualized in this low
stringent condition. DNA fragments of HindIII-digested X served as size
standards.

MATERIALS AND METHODS

Preparation of DNA probes

The ras probes were prepared by digestion of the Harvey MuSV sequences

cloned at the EcoRI site of pBR322 with appropriate restriction enzymes,

isolated on 1 % agarose or 3.5-5 % acrylamide gels, and recovered by elec-

troelution. All probes were labeled with [a- 32P]dCTP by nick-translation to

a specific activity of-2x108 c.p.m. per ug DNA, and subjected to plaque

hybridization and Southern blot analysis (20, 21). Enzymes were purchased

from Takara Shuzo Co., Ltd., Japan, and radio-isotopes were from New England

Nuclear.

Isolation of human v-ras homologous sequences

The human genomic DNA library, obtained from T. Maniatis, was screened

for human v-ras homologous sequences by the method of Benton and Davis (20).

The c-Ha-ras2 clone was isolated at the standard stringent condition as de-

scribed (22).
DNA sequencing

DNA sequencing was performed entirely by the partial chemical cleavage

method of Maxam and Gilbert (23). The resulting fragments were resolved on

0.3 mm thin 8 % and 20 % acrylamide/8 M urea gels. All sequences presented

were obtained from both DNA strands and/or in both directions.

RESULTS AND DISCUSSION

We isolated a recombinant X Charon 4A phage containing a 14.2-kb EcoRI

insert of human DNA which exhibited a 3.6-kb internal BamHI fragment that

specifically hybridized with the v-Ha-ras probe. This 3.6-kb BamlI fragment
was subsequently used for restriction enzyme analysis and proved to be the

clone identical to the c-Ha-ras2 reported by Chang et al (1) (Fig. la). The

structural relationship between the c-Ha-ras2 and the v-Ha-ras sequences was

studied by Southern blot analysis using ras probes divided by HinfI in the

low stringent condition as described in the Fig. 1 legend. As shown in Fig.
lb and lc, the 3.6-kb BamlI fragment produced strong hybridization with the

99-bp HinfI fragment D, and also hybridized with the 110-bp HinfI fragment
C, but not with HinfI fragments A, B and E. These findings suggest that the

1823



Nucleic Acids Research
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ATGCCGAGTGTTGTGTGGGTGGGAGTGAGACTGGGTAGAATGTTACTTGAGTTGTGAGAATTC
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Fig. 2. Comparative nucleotide sequence analysis of the human c-Ha-ras2 and
c-Ha-rasl proto-oncogenes.

The lower line shows the sequence of exons of the c-Ha-rasl reported by
Capon et al (14). Homologies (-"80%) between the two are indicated by the
shaded boxes. Dashes represent insertions introduced for alignment to
maximize homology, and asterisks mark differences in the two sequences.
Arrows show the positions of RNA splicing in the c-Ha-rasl gene. Direct re-
peats are overlined by solid, wavy and broken-lined arrows, in-frame
termination codons are overlined, and underlined sequences are the poly(A)
addition signal and the poly(A) addition site. These features are discussed
in the text.

c-Ha-ras2 shares extensive homology with the first exon of the ras gene, and

rather weak homology with the junction of the third and fourth exons, and

very little homology with the second and 5'-half of the third exon. Further

analysis revealed that the homologous region was confined to the 666-bp BalI

fragment (Fig. la).
The DNA sequence covering the entire c-Ha-ras2 was determined by the

Maxam-Gilbert method and is presented in Fig. 2. Comparative sequence an-
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alysis of the c-Ha-ras2 and the v-Ha-ras/ c-Ha-rasl (3, 24) demonstrated

that the homologous sequence is defined between positions 365 and 926. Dis-

tribution of homologous segments fundamentally parallels the findings of

Southern blot analysis. All the nucleotides and deduced amino acids, between

the third codon for glutamate and the 23rd codon for leucine in the first

exon of p21 (position 371-433), coincide with the v-Ha-ras/c-Ha-rasl
sequence with the several exceptions. Although this homologous segment

( -80% homology) continues downstream to the first splicing point of the

c-Ha-rasl and extends further 15-bp 3' to the first exon (position 365-490),

numerous amino acid changes were observed below the 24th codon for as-

paragine. Further comparison reveals three short stretches of > 75% homology
at positions 561-579, 680-714, and 752-848. The last one also spans the

third splicing point. These two homologous segments spanning junctions of

the first-second and third-fourth exons seem to be consistent with a prop-

erty of the c-Ha-ras2 as a spliced or processed gene, despite its affection

by numerous base substitutions.

We found no obvious sequences of transcription initiation signals, RNA

cap sites and ATG translation initiation codons indispensable to ordinary
eukaryotic genes. Several ATG codons are present in the 5' region to the

protein coding-like sequences, but these are of no significance considering
that three TGA termination codons are present at positions 632, 707 and 839
(overlined in Fig. 2) in the same reading frame aligned with the p2l initia-
tion codon of the v-Ha-ras and the c-Ha-rasl. These findings strongly

suggest that the c-Ha-ras2 is biologically silent and that it would not be

rescued by insertion of promoter or enhancer like elements. Furthermore, we

found evidence to support the idea that the c-Ha-ras2 is probably trans-

located via an RNA intermediate. Doublet of poly(A) addition signals AATTAAA
and AATAAA (25, 26) is located between positions 1162 and 1172 (underlined
in Fig. 2), 236-bp downstream from the end of the coding-like region, and

the site of poly(A) addition is present 15-bp from the poly(A) addition

signals (double-underlining in Fig. 2). It is notable that the sequence

AGCTGCCT flanking the poly(A) addition site (position 1191) is also present

just at the beginning of the c-Ha-ras2 (position 363) followed by the third

codon GAG, thus it forms 8-bp direct repeats just outside the c-Ha-ras2. The

sequence AGCTGCCT(G) is also found at position 234, but this one does not

seem to be directly involved in generation of the c-Ha-ras2 because the re-

gion between positions 234 and 363 is not homologous to the 5' untranslated

region of the c-Ha-rasl. Although the c-Ha-ras2 deletes most of the poly(A)
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tail, it is quite conceivable that this gene is a processed pseudogene

accompanied by direct repeats probably generated during the integration

step. The existence of additional direct repeats GTG AGACTGGG (at positions

30 and 1225) and TCTCTTCCC (at positions 191 and 223) surrounding the

c-Ha-ras2 might reflect recombination events which have occurred in the pro-

cess of DNA rearrangement.

Genetic mechanisms including gene amplification (c-myc and c-Ki-ras)

(12, 27, 28), insertion of retroviral controlling sequences (c-myc) (29-31)

and a transposable element (c-mos) (32), translocation (c-myc and c-abl)

(33-36) and spontaneous mutation (c-Ha-rasl and c-Ki-ras2 ) (5-8) have been

proposed to explain activation of proto-oncogenes. However, none of them is

expected to convert the c-Ha-ras2 itself to an oncogenic form, considering

its numerous base substitutions. The actual role of the c-Ha-ras2 in human

carcinogenesis is thus unknown.

It might be of some interest that the c-Ha-ras2 has the same mutation

AGT at codon 12 of the p21 protein as the v-Ki-ras (4). The current concept

is that a glycine residue at position 12 is important in normal p2l function

(37) and that any mutation affecting the coding properties of codon 12 of

the c-ras proto-oncogene will lead to its malignant activation (38).

Although oncogenic potential of the c-Ha-ras2 is not convincing, it might be

possible that the extensively homologous sequences (positions 371-433) con-

taining the critical mutation of serine at codon 12 of p2l are involved in

somatic recombination like gene conversion (39) with other members of the

c-Ha-ras gene family and result in the formation of an oncogenic hybrid

gene.
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