Vol. 197, No. 1, 1993 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

November 30, 1993 Pages 154-162

HUMAN ELONGATION FACTOR EF-18: CLONING AND CHARACTERIZATION OF
THE EF1B5a GENE AND ASSIGNMENT OF EF-18 ISOFORMS TO CHROMOSOMES
2,5,15AND X

Antonio Pizzuti1§, Massimo GennarelliZ, Giuseppe Novelli3*,
Alessia ColosimoZ, Stefania Lo CiceroZ2,
C.Thomas Caskeyl, and Bruno Dallapicco]aZ,4

linstitute for Molecular Genetics and Howard Hughes Medical Institute,
Baylor College of Medicine, Houston, Texas 77030

2Department of Public Health and Cell
Biology, Tor Vergata University of Rome, Rome, Italy

3Chair of Human Genetics, Catholic University
of Rome, Rome, Italy

4CSS Hospital IRCCS, San Giovanni Rotondo, Italy

Received October 4, 1993

Summary: We report here the isolation and characterization of a novel human elongation

factor-1 B (EF-1B) gene by cDNA selection from YAC mapping on chromosome 5q12-q14.
This gene is specifically transcribed in fetal brain and in skeletal muscle and is characterized
by a complete sequence homology with previously described EF-1B ¢DNAs. We also
assigned the loci for three other EF-1§ isoforms, to human chromosomes 2, 15 and X. The
multiple chromosomal assignments of EF-1f3 loci demontrates the genetic heterogeneity of
human EF-10 peptides.  © 1993 acadenic pross, 1ne.

Introduction:  Elongation factor-1(EF-1) is responsible for the enzymatic delivery of
aminoacyl tRNAs to the ribosome (1). EF-1 is a multimer of three different peptides, EF-la
(MIM*130590), EF-13 (MIM*130591), and EF-1y (MIM*130593) (1). The a subunit of
EF-1 corresponds to the nucleotide binding domain, and it is equivalent to the bacterial EF-
Tu (1). The nucleotide exchange complex,functionally related to the procaryotic EF-Ts
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factor, is composed by the y/B dimer (1). The EF-1a gene is present in multiple copies in
the human genome, with different chromosomal localizations (2). No chromosomal
assignment has been reported for the EF-1B coding subunit. Two highly homologous
c¢DNAs coding for this subunit, and differing only in the 5' untranslated region have been
cloned (3,4). Although sequences difference may be attributed to an alternatively spliced 5'
exon from a unique gene, Southern blot experiments using EF-13 ¢cDNA as a probe, suggest
the presence of multiple homologous sequences in the genome (3). We report the isolation
of a new EF-1P gene, highly homologous to the known EF-13 cDNAs, by cDNA selection
on a human chromosome 5 YAC clone. RT-PCR experiments indicate that the new gene
(EF-1B5a) transcribes a specific cDNA with some tissue specificity. We demonstrate that in
addition to EF-1PB5a, at least three other EF-1P genes are present in the human genome on
chromosomes 2,15 and X.

Materials and Methods

c¢DNA direct selection from total YAC DNA: Whole YAC DNA (100 ng) was separated
from the yeast chromosomes by pulsed field gel electrophoresis (PFGE) and digested to
completation with Mbol. The YAC DNA fragments wzre ligated to adapter A (Table 1) and
amplified by PCR using a biotin-conjugated-oligonucleotide complementary to the adapter
A sequence as a polymerization primer. Poly-A+ RNA from 5 different human tissues
(brain, skeletal and cardiac muscle, placenta, liver) was isolated and ds-cDNA synthesized.
The ¢DNAs were ligated to adapter B (Table 1) and amplified by PCR using an
oligonucleotide complementary to the adapter B sequence as a polymerization primer.
cDNA (500 ng) and YAC fragments (30 ng) were denatured and hybridized for 24 hours at
65°C. The hybridization was carried out in 5 X SSPE, 5 X Denhard, 0.1% SDS. 10 pg of
human genomic DNA and 5 pg of yeast DNA were used to compete for repetitive
sequences. The hybridization mix was completed by adding of 50 pl of streptavidin-
conjugated magnetic beads (DYNABEADS, Dynal,Inc., USA). The beads-biotinilated
YAC fragments-cDNAs complexes were separated magnetically. After washing in 0.5 X
SSC at 65°C for 15 min, the DNA was recovered by boiling (5 min at 100°C). The released
c¢DNAs were amplified by PCR using the oligonucleotide complementary to the adapter B
sequence as a polymerization primer. PCR products (500 ng) were used for a new selection
step. The resulting cDNAs were digested using EcoRI restriction enzyme and cloned into
EcoRI digested pBluescript (Stratagene,Inc. USA).

Polymerase chain reaction (PCR) and chromosemal mapping panel: Oligonucleotide
primers complementary to published sequences of EF-1 B (3,4) were synthesized and used
to prime PCR reactions. EF-1B35a specific amplimers were prepared from the nucleotide
sequence (Fig.1). The complete set of oligonucleotide primers used in our experiments are
reported in Table 1 and Figure 1. PCR was performed according to Saiki et al.(5) in 50 ul of
a mixture containing 50 ng genomic DNA, 20 pmol each primer, 20 mM Trnis-HC1 pH 8.7,
200 uM each dNTP, 50 mM NaCl, 1.5 mM MgCly, and 2 units Taq DNA polymerase
(Perkin-Elmer-Cetus, USA). The cycling conditions were 1 min of denaturation at 94 °C, 50
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Table 1: Oligonucleotides and primers used for cDNA selection and PCR experiments

Primer code Position Primer sequences
EF5A1A 830 5' -TCGGAGACCTGAAAAGGTCCCGCG- 3'
EFZ2A 6755654  5'-GATCTTGTTGAAAGCAGCCACA- 3'
EF684 2685290  5'-GTGGAGCTACAGATAGTAAAGAT- 3'
EF274 699675  5'-TGCCATGATCCAGGATGGATTTTAG-3'
EFNEWI1A -188—-167 5 -GAGAAGTGGGAATGCAAAAGTA-3'
EFNEW3 288 5'-CAGGGCTTTTCAGGTCTCCGA- 3'
EF273 -50—-27 5'-CTGGTTCCCGTCATCTTCGGGAGC- 3'
EF685 11592 5" -CAAATACTGCCACATCTGCTTGTG- 3'

5' CTGGCTACGAATTCGAGCTCAGATG 3'
Adapter A -

5'GATCCATCTGAGCTCGAATTCGTCGACCAG 3'

5' GGCCGCAAGCATGCGAATTCAGGATCC 3'
Adapter B -

5' GGATCCTGAATTCGCATGCTTGCGGCC 3'

s of annealing at 57°C and 1 min of extension at 72°C. The cycle were repeated 30 times
{Thermocycler, Perkin-Elmer-Cetus, USA) followed by 8 min of a final extension at 72°C.
Amplification products were analysed on ethidium bromide stained agarose gels (2 per cent
w/v). Amplified DNA was purified from low melting point agarose (FMC BioProducts,
USA), reamplified by asymmetric PCR (6) and sequenced using a Sequenase kit (US
Biochemical Corp., USA). Sequencing products were analysed on 8M urea-8 percent
polyacrylamide gels. In some cases, PCR products were transferred to Hybond-N filters
{Amersham) and subjected to Southern blot analysis. The BIOS Somatic Cell Hybrid
PCRable DNAs (New Haven, USA) was used for chromosome localization of specific PCR
amplified fragments.

cDNA synthesis and expression studies: Multiple tissue poly(A)" RNAs were purchased
from Clontech Laboratories, Inc. (USA). Reverse transcription of mRNAs into single-
stranded cDNA was essentially carried out according to the method of Kawasaki (7) and by
using the cDNA synthesis kit supplied by Clontech Laboratories, Inc. (USA). The reaction
was performed with avian myeloblastosis virus reverse transcriptase, oligo (dT)15 primers,
RNasin {Amersham International, U.K.) and 0.5 pug of mRNAs in a final volume of 25 pl.
Aliquots of 10 ul were used in the PCR experiments. Human B-actin (Clontech
Laboratories, Inc., USA) was used as an internal standard.

Fluorescent in situ hybridization: Metaphase chromosomes were prepared from human
peripheral blood lymphocytes as described (8). Purified EF-135a cosmid DNA was labelled
with biotinylated-dCTP and dUTP by nick translation and hybridized to chromosome
spreads according to routine procedures (8). Chromosomes were counterstained with
propidium iodide and visualized as described (8).
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Results

Isolation and characterization of the EF-1B5a gene: The CEPH human genomic YAC
library was screened by PCR for the presence of the marker D5S125 (CA),, dinucleotide
repeat (9). This marker, is tighly linked to the spinal muscular atrophy (SMA, MIM*
253300) locus on human chromosome 5 (9). A single YAC, 311H5 was isolated. This YAC,
is about 350 Kb long, and was used for cDNA selection. 100 selected ¢cDNA clones were
analysed for the presence of transcripts mapping in the YAC. Fourteen clones were isolated,
specifically hybridizing to the YAC DNA. They were derived from 5 different single copy
genes. Five cDNAs (average length 250 bp) showed complete homology to the 5' portion of
the human EF-18 ¢DNA described by von der Kammer et (3). In order to isolate the
complete EF-1P gene, a total yeast DNA cosmid library (supercos-Stratagene, USA) from
clone 311H5 was prepared. The library was screened using the EF-18 ¢DNAs isolated from
c¢DNA selection. A 35 Kb cosmid clone (BcELF-1) was isolated and a 4.4Kb Bglll
fragment, containing most of the EF-1f3 gene was subcloned in pBluescript (Stratagene, Inc.
USA) and sequenced using oligonucleotides designed based on known sequences of EF-1
c¢DNAs. As shown in Fig.1, the coding sequence of the EF-135 gene is highly homologous
(96%), but not identical, to the known EF-13 ¢cDNAs, Regions of high homology include
the whole coding region, the 3' untranslated, and the last 83 bp of the 5’ untranslated region.
The most striking difference is absence of a TT sequence at base 559 after the starting ATG
that creates a STOP codon thereafter, truncating 31 codons from the translated sequence.
EF-1p35a is colinear to the cDNAs in the whole 3' untranslated and coding regions indicating
absence of introns after the starting ATG. The two known ¢cDNAs are completely identical
to each other up to bp -22 from the starting ATG, where their sequences diverge. The EF-
1B5a sequence follows the structure of one of these cDNAs in the 5' untranslated up to bp -
83, where the two sequences also diverge (Fig.1). The region at the diverging point
conforms to an exon-intron junction sequence, suggesting the presence of an intron at 5' to
the divergent point. This assumption is confirmed by RT-PCR experiments using
oligonucleotides designed on the "intronic" and "exonic" side of the EF-1B5a sequence.
"Exonic" primers coupled to EF-1B ¢DNA internal oligonucleotide give products of the
expected length, while experiments using "intronic” oligonucleotides are always negative
(data not shown). In order to look for the presence of non-homologous sequences belonging
to the very 5' end of the known cDNAs in the EF-1B5a gene, oligonucleotides were
designed on their sequences and used for hybridizing the YAC and the cosmid B¢cELF-1
DNAs. No signal was detected. The presence of specific transcripts of EF-1B5a, was
investigated by designing a specific oligonucleotide on its sequence (EF5alA). EFZ2A was
used as co-amplimer for detecting by cDNA-PCR a fragment of 668 bp in fetal brain and
muscle. A barely visible signal was also detected in placenta and no products were observed
when liver cDNA was analysed (Fig.2).

Chromosome confirmation of the EF-1B5a and assignment of the other EF-1§ genes:
Two oligomers (EF684 and EF274) were designed on the EF-1P ¢cDNA sequence in order to
amplify a very short region of 430 bp in the coding region (Table 2).They were used as PCR
primer on a hamster-human DNA panel obtained from BIOS Laboratories, Inc, (USA). The
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EF-1b(l) GGACAATTTGTGGGCCATTTAATTCAGGGCCCCCAATTCG

EF-58 it e e e i e e CGTAT -~155
|
EF-1b(1l) TACGTGGAGAAGTGGGAATGCAAAAGTACTTTGACCTTTA

TCTTCACACAAGGCTCTTGCAGAARAAAAAAAARAACCAG -~115
[ e L |
ACCTTCGGTCCGGCGCGGTGGAGGGAAACGCCTCCGTCTC

EF-5a TTTCACTGTTTCACTTAAGAATGTCGTTGAGCTTTTTCCT
(I | | [ Iotrrrreet

EF-1b{1l) TATATAAGGAATTTTCCGGTCTCTTCGGGTCCTTTTTCCT -75
[ O R B Il
EF-1b(2) GCCTCGAGGCGGGCGTCTT

CTCTTCAGCGCGGGGCGCCCACAGTTTGCGCGCTCTCTTT
PRELTEICEE T e rererr bl
CTCTTCAGCGTGGGGCGCCCACAATTTGCGCGCTCTCTTT -35
i ! [N bt [ [ [
CGGTCATCTCCGGCGCTTCTAGGGCTGGTTCCCGTCATCT

CTGCTGCTCCCCAGCTCTCGGATACAGCCGACACCATGGG
TR e R b r bttt
CTGCTGCTCCCCAGCTCTCGGATACAGCCGACACCATGGG 5
| | POTERLERTTEEE bRt
TCGGGAGCCGTGGGCTCTCGGATACAGCCGACACCATGGG

EF-5a TTTCGGAGACCTGAAAAGTCCCGCGGGCCTCCAGGTGCTC 45
PECTLERUES LR rreey e v rrerer it brntd
EF-1b(1-2) TTTCGGAGACCTGAAAAGCCCTGCCGGCCTCCAGGTGCTC

AACGATTACCTGGTGGACAAGASCTACATTGAGGGGTATG 85
L N N RN
AACGATTACCTGGCGGACAAGAGCTACATCGAGGGGTATG

TGCCATCACAAGCAGATGTGGCAATATTTGAAGCCGTGTC 125
PPEERrreerererrr et ver bt rr ey
TGCCATCACAAGCAGATGTGGCAGTATTTGAAGCCGTGTC

CGGCCCACAGCCTGCTGGCTTGTGTCATGCCCTACGTTGG 165
Porrertl e p e ey
CAGCCCACCGCCTGCCGACTTGTGTCATGCCCTACGTTGG

TATAATCATGTCAAGTCTTATGAAAAGGAAAAGGCCAGCC 205
PEEEEEer bt v v i el
TATAATCACATCAAGTCTTACGAAAAGGAAAAGGCCAGCC

TGCCAGGAGTGAAGAAAGCTTTGGGCAAGTATGGTCCTGC 245
FEEELEEr ety eretr verprrerend
TGCCAGGAGTGAAGAAAGCTTTGGGCAAATATGGTCCTGC

CAATGTGGAAGACGCTACAGGAGGTGGAGCTACAGATAGT 285
CoPVECEEN e nernre vt
CGATGTGGAAGACACTACAGGAAGTGGAGCTACAGATAGT
Fig. 1. Sequence comparison between EF-1p5a and the EF-1B ¢DNA described by von der
Kammer et al. (3) and Sanders et al. (4). After the start codon ATG the sequence of EF-1
(3) and EF-18 (4) are identical and are indicated as EF-1f (1-2). The STOP codons (TAA
for EF-1f (1-2) and TGA for EF-1{35a are also underlined.
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AAAGATGATGATGACATTGACCTCTTTGGATCTGATGATG 325
Prerrrrrey e eterrirerrreirrr et
AAAGATGATGATGACATTGACCTCTTTGGATCTGATGATG

AGGAGGAAAGTGAAGAAGCAAAGAGGCTAAGGGAAGAAAG 365
PEATERr ettt
AGGAGGAAAGTGAAGAAGCAAAGAGGCTAAGGGAAGAACG

TTGCACAATATGAATCAAACTTAGCCAAAAACCCTGCA 405
IIHIIIIHHIIIIIIIII PEELLREEE TEtTd
TTGCACAATATGAATCAAAGAAAGCCAAAARAACCTGCA

CTTGTTGCCAAGTCTTCCATCTTACTAAATGTGAAACCTT 445
PEVPOTEETEY LR EY R et rrvererereed
CTTGTTGCCAAGTCTTCCATCTTACTAGATGTGAAACCTT

GGGATAAGGAGGCAGATCTGGCGAAATTAGAGGAGTGCGT 485
POEEE 0 it eeer reereeretdrrreretrined
GGGATGATGAGGCAGATATGGCGAAATTAGAGGAGTGCGT

CAGAAGCATTCAAGCAGACGGCTTAGTCTGGGGCTCATCT 525
PEVTELE Tyttt v e eerietd
CAGAAGCATTCAAGCAGACGGCTTAGTCTGGGGCTCATCT

AAACTAGTTCCAGTGGGATACAGAATTAAGAAAC--CAAA 565
Prrrrrererreinrb e vebrernrin i 1
AAACTAGTTCCAGTGGGATACGGAATTAAGAAACTTCAAA

TACAGTGTGTAGTIGAAGATGATAAAGTTGGAACAGATAT 605
FEEETEE Rt reererry e rtrt et brenl
TACAGTGTGTAGTTGAAGATGATAARAGTTGGAACAGATAT

TCTGGAGGAGCAGATCACTGCTTTTGAGGACTATGTGCAG 645
PEErerest e
GCTGGAGGAGCAGATCACTGCTTTTGAGGACTATGTGCAG

TCCATGGATGTGGCTGCTTTCAACARGATCTAAAATCCAT 685
SRR R RN A RN R AR R R A NN RN RN
TCCATGGATGTGGCTGCTTTCAACAAGATCTAAAATCCAT

CCTGGATCATGGC 698
VEErbrerreen
CCTGGATCATGGC

Fig. | - Continued

fragment was amplified from hybrid containing human chromosomes 2,5,15 and X,
indicating the presence of EF-13 sequences in these chromosomes (Table 2). Specific
oligomers for the EF135a sequence (EF5A1A - EFZ2A) and for the EF-1B ¢DNA isolated
by Sanders et al. (4) (EFNEW1A - EFNEW3) were then synthesized for the amplification of
these EF-1P related genes. These amplimers specifically showed PCR products in hybrids
containing respectively chromosomes 5 and 2 (Table 2). Similarly, the von Kammer cDNA
(3) was mapped to chromosome 15 using the oligomers EF273 - E F685. EF-1B5a gene was
sublocalized on chromosome 5q12-q14 by FISH using B¢cELF-1 cosmid as a probe (Table
2).
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Fig.2. Detection of EF-1p5a transcript. Ethidium bromide visualization of DNA fragment
amplified after RT-PCR from skeletal muscle (lane 1), fetal brain (lane 3), human placenta
(lane 5), liver (lane 7); lanes 2, 4, 6 and 8 are reverse transcriptase free negative controls;

lane 9 genomic DNA positive control.

Discussion

We have reported the isolation and characterization of a novel human EF-1pB gene by direct
c¢DNA selection using a YAC. This clone, designed as EF-1B5a, maps on chromosome 5
and shows high homology with the EF-13 cDNAs isolated by von der Kramer et al.(3) and
Sanders et al.(4). However, many divergences in nucleotide sequences are found at the 5'
region, suggesting that this isoform is the product of a different gene.Using selective PCR
for the differential region of each of the EF-1p isoforms, the three genes were assigned to
chromosomes 2, 5, and 15. Furthermore, an additional homologous sequence was scored in
somatic cell hybrids containing the sole human X chromosome when the PCR was
performed using the 3' common coding region of EF-1Bgene. These results demonstrate
genetic heterogeneity of the human EF-1P gene, similarly to the EF-la gene which is
encoded by a multigene family, distributed on chromosomes 1,2,4,5,6,7, and 15 (2). The
existence of multiple copies of the EF-1 genes could reflect a functional role of their
products. In fact, eukaryotic protein elongation factors, are involved in a wide-range of
cellular functions including cell division, differentiation, ageing and transformation
(1,10,11,12). Using sequence comparative analysis and PCR-mapping experiments between

Table 2: Chromosome assignment of EF1- ¢cDNAs

EF-18 ¢cDNA Reference Chromosome Method
EF-1p5a Present study 5q12-ql4 PCR - FISH
EF-1B von der Krammer et al.(3) 15 PCR
EF-18 Sanders et al. (4) 2 PCR
EF-1B Present study, 2,515 X PCR
3' common coding  von der Krammer et al (3);
region Sanders et al. (4)
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the isoforms of the EF-18 genes, we found that the 3’ coding region is common to all copies
of genes as well as to possibly processed pseudogens present in the eukaryote genomes.
This is confirmed by zoo-PCR analysis using DNA from different vertebrates (data not
shown) which revealed specific EF-18 3' region amplification products in chicken, mouse,
rabbit, pig, chimpanzee and old world monkeys. However, only in these two latter species
PCR experiments were positive when the EF-1f 5' region was amplified. These data
suggested that the 5' coding region of EF-1p genes is distinctive of each isoform and provide
important insights into the evolutionary relationship between the EF-13 peptides. We
suggest that the 5' untranslated region contains regulatory elements for EF-15 expression. In
fact, we have recognized intron-sequences only at 5' region of the EFI1-B5a gene and
demonstrated a restricted pattern of expression of this isoform using 5' region-derived
oligomers. RT-PCR experiments suggest that the EF-1 isoforms are tissue-specific, with a
precise but still unknown function. Complete genomic characterization of all the EF-1f
genes could elucidate in future the origin of this new multigene family. The chromosomal
localization and the selective expression of the EF-135a mRNA in brain and muscle, the
major target sites of neurodegenerative discases, indicate that EF-185a couls be a candidate
gene for the SMA locus. The biochemical defect of this disorder is unknown, but linkage
studies have mapped the three forms of SMA to chromosme 5q12 - q13.1 (9,13), a location
concordant with the EF-1f35a locus.
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