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Abstract 

Chromosome 17~13.3 is frequently deleted in human ovarian carcinoma, and the 15 kb critical region of deletion may 
contain a tumor suppressor gene. A 2.3 kb cDNA has been identified which spans 17 kb of genomic DNA, including 8.1 kb 
within the critical region, and thus is a candidate tumor suppressor gene. This highly conserved gene has significant sequence 
similarity to a yeast gene of unknown function and to one of the yeast enzymes in the diphthamide synthetic pathway, DPH2, 
that has it role in global protein synthesis regulation. This gene, named DPH2L (diphthamide biosynthesis protein 2 -like), is 
expressed in multiple tissues and stages of development. 
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1. Introduction 

Tumor initiation in ovarian epithelium is not well 
understood. Relatively few consistent genetic altera- 
tions have been observed in ovarian tumors of 
low malignant potential and in non-metastatic 
(FIG0 stage I) carcinomas. A region of chromosome 
17~13.3 bounded by loci D17S28 and D17S30 is 
deleted in 80% of all ovarian epithelial malignancies, 
including 3 of 7 tumors of low malignant potential 
and 4 of 5 non-metastatic carcinomas [ 11. This dele- 
tion precedes loss of known chromosome 17 tumor 
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suppressor loci TP53 and BRCAl, which are deleted 
or mutated primarily in metastatic carcinomas [l-5]. 
The region of overlapping deletion between Dl7S28 
and D17S30 is 15 kb in size and is GC-rich, with a 
CpG island located adjacent to D17S30 [6]. CpG 
islands are associated with the 5’ ends of constitu- 
tively expressed genes and tend to be found in re- 
gions of high gene density. One gene associated with 
the D17S30 CpG island has been cloned, HIC-1, and 
the coding sequences lie outside the ovarian carci- 
noma critical region of deletion [7]. In order to obtain 
a candidate tumor suppressor gene with coding se- 
quences within the common region of deletion, we 
subjected genomic cosmids of the region to exon 
amplification and identified a novel cDNA clone 
using the amplified exon. 
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2. Materials and methods 

2.1. Contig assembly and exon amplification 

A flow-sorted human chromosome 17 cosmid li- 
brary (LA17NLOl) constructed in the Center for 
Human Genome Studies at the Los Alamos National 
Laboratory [8] was probed with 32P-random primed 
D17S28/pYNH37.3 and D17S30/pYNZ22.1 [9], 
yielding a 74 kb 3-cosmid minimal contig (Fig. 1A). 
Detailed mapping showed that the contig contained 
34 kb adjacent to D17S28 and 24 kb adjacent to 
D17S30, in addition to the critical region between the 
two loci. Complete BamHI and EcoRI single digests 
of single cosmids were shotgun cloned into pSPL3 
(BRL) [lo], with gel analysis of resulting DNA 
preparations showing adequate representation of all 
cosmid fragments. Transfection and RT-PCR were 
performed according to the manufacturer’s protocol. 
Subcloned inserts were 32P-labelled and hybridized to 
blots of double restriction digests of the cosmid con- 
tig, confirming localization within the contig. Inserts 
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were sequenced by the chain termination method 
using Sequenase 2.0 (Amersham). 

2.2. cDNA cloning 

A 344 bp BglII-Sal1 fragment containing most of 
the 345 bp exon amplification insert derived from 
cosmid 66C4 was hybridized at high stringency to 
filters from a 9-week human fetal and placental 
cDNA library (FP4, ATCC 77434) [ll]. yielding 15 
positive plaques from 5 X lo5 plaques screened. Af- 
ter an additional round of hybridization screening, six 
clones were analyzed. Using 1 PM PCR primers S- 
ACCTITG’ITCCAGGGA’ITCTG-3’ and 5’-GCGG- 
ACCCCGACATCTC-3’ (designed from the exon 
amplification product sequence), 200 PM dATP, 
dCTP, dGTP, d’ITP, 2.5 units TaqI DNA polymerase 
@omega) and the supplied standard buffer with 
1.5 mM MgC12, and 30 cycles of 94” for 1 min, 
58” for 1 min and 72” for 1 min, the expected 256 bp 
PCR product was demonstrated in all clones. Gel 
analysis showed that inserts from the six clones 
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Fig. 1. (A) Cosmid contig containing ovarian cancer smallest region of deletion. Clone names are indicated. N, Not1 site. (B) Detailed re- 
striction map of D17S28-D17S30 region showing DPH2L exons localized to specific restriction fragments. Black boxes indicate exons 
with known intron-exon boundaries. Gray boxes indicate segments of the 5’ and 3’ non-coding sequence localized to specific restriction 
fragments by hybridization but with undetermined intron-exon boundaries. Restriction fragments containing D17S28 and D17.330 variable 
numbers of tandem repeats sequences are indicated with bars. (B) BamHI; E, EcoRI; N, NotI. 
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shared restriction fragments. The largest of these 
inserts (B2-3.1) was sequenced on both strands 
using exonuclease III nested deletion (Promega) and 
chain termination with Sequenase 2.0 (Amersham). 
The exon trap sequence was confirmed in this clone. 
5’ and 3’ halves of the clone were hybridized to 
the cosmid digest blots to determine the genomic 
extent and to establish the transcriptional orient- 
ation relative to the loci D17S28 and D17S30 (Fig. 
1B). 

3. Results and discussion 

The B2-3.1 clone insert is 2222 nucleotides in 
length exclusive of a 12 nucleotide poly-(A) tail, and 
contains a 1311 nucleotide open reading frame that 
encodes a 363 amino acid protein with a predicted 
molecular weight of 39 900 (Fig. 2). This predicted 
amino acid sequence has eight potential protein 
kinase C phosphorylation sites (residues 41, 87, 141, 
206, 222, 278, 339, 352), six potential casein kinase 
II phosphorylation sites (residues 11, 20, 64, 132, 
284, 352) and two potential N-myristoylation sites 
(residues 205 and 211) (Prosite 12.1). 

The cDNA hybridized to genomic fragments to- 
talling 17 kb, 8.1 kb of which, including most coding 
sequence, lie within the D17S28-D17S30 critical 
region of deletion. The transcriptional start site lies 
telomeric to D17S28, outside the critical region and 
26 kb away from the CpG island just centromeric 
to D17S30 that contains the HIC-1 gene. Long-range 
mapping of the region by Ledbetter et al. [ 121 does 
not show a cluster of NotI, BssHII, or SfiI sites 
near the DPH2L transcriptional start site. The 
DPH2L cDNA itself has 17 CpG sites within 150 
bases of the 5’ end and has an overall CC content of 
60%, suggesting a high GC content of the critical 
region of deletion. The coding sequence has 8 exons, 
with an unknown number of exons 5’ to nucleotide 
280 and 3’ to nucleotide 1398 (Fig. 1B). Three of the 
coding exons comprise the 345 bp exon amplification 
insert. 

Comparison of the amino acid sequence with the 
Genbank non-redundant translated database and the 
dbest expressed sequence tag database was per- 
formed using the BLAST algorithms and NCBI de- 
fault settings (BLOSUM 62 matrix). Three human 
expressed sequence tags had identity to portions of 
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the B2-3.1 sequence: brain (T31191, M.D. Adams et 
al., unpublished), infant brain (R14587, Bento Soares 
et al., unpublished), and adult heart (T20070, Liew et 
al. [13]). Thus this cDNA species has been identified 
in several stages of development (early fetal, neona- 
tal, adult) and tissues (brain, heart, mixed fetal tissues 
and placenta). Five additional sequences from three 
species, Saccharomyces cerevisiae, Caenorhabditis 
elegans, and Plasmodium falciparum, have highly 
significant sequence similarity (Fig. 3). Pairwise 
comparison, using the PAM 250 matrix and a simi- 
larity threshold of 0.5, and multiple sequence align- 
ment (ClustalW) place these sequences into two 
groups. The more closely related group contains 
an expressed sequence tag from P. falciparum 
(TO9561 and T09562; 55% identity and 72% similar- 
ity with B2-3.1) [14], yeast YIK3 chromosome 
IX sequence (sp:P40487, B.G. Barrel1 et al., unpub- 
lished) and corresponding expressed sequence tags 
(T37516 and T37605, K. Weinstock et al., un- 
published) (52% identity and 69% similarity with 
B2-3.1), and C. elegans chromosome III genom- 
ic sequence hypothetical protein CEC14Bl-5 (gp: 
237139, B. Harris, unpublished and R. Wilson et al. 
[ 151; 48% identity and 66% similarity with B2-3.1). 
Among the members of this group, there is 46-55% 
identity and 65-72% similarity, and it is possible that 
the newly cloned human gene and these three genes 
from lower eukaryotes may be homologues. The less 
closely related group consists of the yeast diphth- 
amide biosynthesis gene DPH2 (sp:P32461; 20% 
identity and 41% similarity with B2-3.1) [ 161 and 
C. elegans hypothetical protein CEC09G5-2 (gp: 
246791; 18% identity and 39% similarity with B2- 
3.1; 21% identity and 43% similarity with DPH2). 
Examination of the aligned sequences for conserved 
motifs shows that an N-myristoylation site is con- 
served among all members of the alignment, and 
two protein kinase C phosphorylation sites and 
one casein kinase II phosphorylation site are con- 

served only among the most closely related group of 
genes consisting of DPHL, YIK3, and CEC14Bl-5 
(Fig. 3). The human gene has been designated 
DPH%L, diphthamide biosynthesis protein 2-like), 
after the most similar protein of known biochemical 
function. 

Although sequence database analysis does not 
identify a definite homologue of known function, the 
amino acid similarity score of 66% in the 60 N- 
terminal amino acids (57% identity and 86% similar- 
ity for the sequence VMGDVTYGACCVDD) with 
the yeast diphthamide biosynthesis protein DPH2 
suggests that DPH2L and yeast DPH2 could share a 
catalytic or recognition site. Yeast DPH2 represents 
one of five complementation groups involved in 
diphthamide synthesis, and it is possible that the 
yeast protein YIK3, the probable homologue of hu- 
man DPH2L, could represent one of the other com- 
plementation groups. If human DPH2L is involved in 
diphthamide synthesis, it could participate in regula- 
tion of global protein synthesis. Diphthamide is a 
posttranslationally modified amino acid primarily 
seen in the eukaryotic protein synthesis factor EF-2 
[ 171. ADP-ribosylation of the diphthamide residue 
by bacterial exotoxins and cellular ADP ribosyltrans- 
ferases [18] prevents EF-2 from translocating the 
growing peptide strand and thereby stops protein 
synthesis. The strict conservation of the EF-2 diphth- 
amide residue, of the complex diphthamide biosyn- 
thesis pathway, and of the cellular ADP-ribosyl- 
transferase activity suggests that diphthamide may 
be important in regulating the activity of the EF-2 
pool, either by inactivation after ADP-ribosylation or 
by participation in the recognition site for calmodu- 
lin-dependent protein kinase III, which reversibly 
inactivates EF-2 [19]. Alternately, DPH2L may not 
participate in the human diphthamide synthesis path- 
way but may provide a DPH2-like interaction in a 
protein complex for an unidentified synthetic path- 
way. 

Fig. 3. Sequence alignment of human DPH2L with similar proteins in Saccharomyces cerevisiae (YIK3 hypothetical protein and DPH2 
diphthamide biosynthesis protein), Caenorhabditis elegans (CEC14B1.5 and CEC09G5.2 hypothetical proteins) and Plasmodium falcipa- 
TUM (PFA0163M expressed sequence tag). Accession numbers are listed in the text. Conserved potential protein kinase C phosphorylation 
sites (DPH2L TAR and SPR), casein kinase 11 phosphorylation site (DPH2L SPGE) and N-myristoylation site (DPH2L GLILGT) are indi- 
cated by underlining. Portions of the YIK3 sequence that have been found in expressed sequence tags are bracketed. < and > indicate addi- 
tional residues not shown in this figure (N-terminal residues: 60 for YIK3, 29 for DPH2, 24 for CEC09G5.2; C-terminal residues: 496 for 
CEC14Bl.S. 29 for DPH2, 13 for CEC09G5.2). 
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