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A novel mammalian gene, Eif4g2, with a high degree
of homology to the p82 subunit of the wheat germ eu-
karyotic translation initiation factor elF-(iso)4F and
mammalian elF-4G has been isolated. Zoo blot analysis
indicates that Eif4g2 is a single-copy gene that is
highly conserved among vertebrates. Northern blot
analysis shows that Eif4g2 is ubiquitously expressed
at high levels in all human and mouse tissues exam-
ined. The 3810-nucleotide Eif4g2 cDNA contains a 907-
amino-acid open reading frame that codes for a poly-
peptide with a predicted molecular mass of 102 kDa.
The Eif4g2 polypeptide exhibits an overall similarity
to wheat p82 of 52%. A 248-amino-acid segment at the
amino-terminal end of both peptides exhibits 63% simi-
larity and contains conserved potential RNA binding
domains and a phosphorylation site. The Eif4g2 poly-
peptide contains multiple potential N-linked glycosyl-
ation sites as well as protein kinase C and casein Kki-
nase Il phosphorylation sites. Southern blot analysis
of DNA from interspecific backcross mice shows that
Eif492 is localized to distal mouse chromosome 7 in a
region syntenic with human chromosome 11p15. © 1997

Academic Press

INTRODUCTION

The initiation of protein synthesis requires over 10
initiation factors, messenger RNA, ATP, GTP, and the
40S and 60S ribosomal subunits (for review see Mer-
rick, 1990). All eukaryotic cellular mMRNAs are blocked
at their 5’ termini with m’GTP, referred to as the cap
(Shatkin, 1976). The initiation of translation is medi-
ated by the specific recognition of the cap structure by
polypeptides of the elF-4 group. The eukaryotic initia-
tion factor elF-4F recognizes and binds the m’GTP cap
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and catalyzes the ATP-dependent unwinding of the 5’-
untranslated region of mMRNA prior to the binding of
the 40S ribosomal subunit (for review see Thach, 1992).
The mammalian elF-4F contains three subunits: the
mM’GTP cap binding protein, elF-4E, the ATP-depen-
dent RNA helicase, elF-4A, and a molecule of unknown
function that forms complexes with other elF factors,
elF-4G (Merrick, 1990; Thach, 1992). An elF-4F com-
plex has also been identified in wheat germ and con-
tains only two subunits, p28 and p220, homologues of
elF-4E and elF-4G, respectively (Lax et al., 1986).

An isozyme form of wheat elF-4F, elF-(is0)4F, has
also been identified (Browning et al., 1987, 1990; Allen
etal., 1992). The elF-(is0)4F complex is made up of two
factors, p26 and p82, which have been shown to be
the homologues of p28 and p220, respectively. The elF-
(iso)4F complex is functionally equivalent to, but dis-
tinct from, elF-4F (Lax et al., 1985, 1986; Browning et
al., 1987; Abramson et al., 1988; Allen et al., 1992).
Although elF-(iso)4F has been shown to exist in other
higher plants, such as maize and cauliflower (Browning
et al., 1992), it has not been identified in other types
of eukaryotic cells. Here we describe the cloning and
characterization of a highly conserved vertebrate gene
whose protein product has a high degree of homology
to the p82 subunit of the wheat germ elF-(iso)4F and
to mammalian elF-4G.

MATERIALS AND METHODS

Exon trapping. A non-chimeric 650-kb yeast artificial chromo-
some, YLA77E11, spanning the Mrvil locus, was obtained from Re-
search Genetics (J.Shaughnessy, unpublished data). Yeast chromo-
somes were isolated according to the manufacturer’'s protocol
(B10101). The yeast chromosomes were loaded on a 1% gel in a
running buffer of 0.5X TAE. The chromosomes were separated by
pulsed-field gel electrophoresis using a CHEF MAPPER (Bio-Rad).
The gel was stained with 1 mg/ml ethidium bromide and visualized
under ultraviolet illumination. The YAC DNA was excised from the
gel, purified, digested with both BamHI and BglIl, and ligated into
the BamHlI site of the exon trapping vector sPL3 (Nissan et al.,
1994). The remainder of the exon trapping protocol was performed
according to the manufacturer’s protocol (Gibco-BRL).

cDNA cloning. Approximately 750,000 recombinant phage clones
from a mouse brain oligo(dT)-primed cDNA library (Stratagene) were

192

0888-7543/97 $25.00
Copyright © 1997 by Academic Press
All rights of reproduction in any form reserved.



CHARACTERIZATION AND LOCALIZATION OF Eif4g2

screened with the probe YLAET2512/9 according to conventional
methods. Sixteen phage plaques were purified to homogeneity by
repeated dilution and rescreening. cDNA inserts were rescued from
phage by in vivo excision according to the manufacturer’s protocol
(Stratagene). cDNA insert sizes were determined by restriction diges-
tion and gel electrophoresis. 5’ end confirmation was carried out by
nested 5’ rapid amplification of cDNA ends (5’ RACE) using mouse
brain Marathon Ready cDNA and the gene-specific primers EIF1
(5'-ACCGAAGACTCAGCAGCTGCCACCG-3') and 5'-EIFINEST
(5’"-GCCTCCTCTGGATCCGGTCGTCGGGG-3") and the manufac-
turer-supplied adaptor primers AP1 and AP2 (Clontech).

DNA extraction and zoo blot hybridizations. High-molecular-
weight genomic DNAs were extracted from various species by con-
ventional methods. Restriction endonuclease digestions, agarose gel
electrophoresis, Southern blot transfers, hybridizations, and washes
were performed as previously described (Jenkins et al., 1982). Hy-
bridizations were performed at 65°C in 5X SSC, and a final wash
was performed at 65°C in 1X SSC. The blot was then exposed to X-
ray film for 10 days at —70°C with an intensifying screen.

Northern blot hybridizations. Northern blots containing 2 mg of
twice selected poly(A)" RNA (Clontech) were prehybridized and hy-
bridized with ExpressHyb according to the manufacturer’s protocol
(Clontech). Blots were washed to a final stringency of 0.1X SSC
at 65°C. Blots were then exposed to X-ray film at —70°C with an
intensifying screen.

DNA sequencing. DNA sequencing was performed using the
PRISM Ready Reaction DyeDeoxy Terminator Cycle Sequencing kit
(Perkin—Elmer) on the ABI Model 373A DNA Sequencer (Applied
Biosystems). Sequence primers were either the T3, T7 sequencing
primers or synthetic oligomers derived from previously determined
sequence.

Chromosomal mapping. Interspecific backcross progeny were
generated by mating (C57BL/6J X Mus spretus) F, females and
C57BL/6J males as described (Copeland and Jenkins, 1991). A total
of 204 N2 mice were used to map Eif4g2. DNA isolation, restriction
enzyme digestion, agarose gel electrophoresis, Southern blot trans-
fer, and hybridization were performed as described (Jenkins et al.,
1982). Probes were labeled with [a-*?P]dCTP by the method of ran-
dom priming (Stratagene). The probe YLAET2512/9 detected a 2.3-
kb fragment in Pvull-digested C57BL/6J DNA and a 6.6-kb fragment
in Pvull-digested M. spretus DNA. The presence or absence of the
6.6-kb Pvull M. spretus-specific fragment was followed in backcross
mice. The Nup98 probe, pAmp-4-9, detected a major band of 7.4 kb
in Scal-digested C57BL/6J DNA and a major band of 5.5 kb in Scal-
digested M. spretus DNA. The segregation of the two M. spretus-
specific bands recognized by each probe was followed in 204 backcross
mice. Recombination distances were calculated as described (Green,
1981) using the computer program SPRETUS MADNESS.

Probes. The probe YLAET2512/9 was a 230-bp Xbal-EcoRI
mouse genomic fragment representing an exon of the mouse Eif4g2
gene. The probe pAmp-4-9 was a 410-bp Notl-EcoRI fragment de-
rived from a cDNA clone of the human NUP98 gene.

Computer analysis of DNA and protein sequences. DNA sequence
analysis was performed by using the software package of the Genetics
Computer Group (Devereux et al., 1984). The sequence homology search
was conducted at the protein level using the National Center for Bio-
technology Information and the BLAST network service. The sequence
alignment between the mouse p82 homologue and the wheat p82 was
performed and analyzed based on the progressive sequence alignment
program (Feng and Doolittle, 1987). Protein subsequence motifs were
identified using the program Mac Vector (Kodak).

RESULTS

In an effort to identify novel disease genes in the
region surrounding retroviral integration sites found
in myeloid leukemias of BXH2 mice, we trapped a 103
base pair (bp) exon, YLAET2512/9, from a 650 kilobase
(kb) yeast artificial chromosome that spans a site that
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FIG. 1. A zoo blot of various vertebrate DNAs hybridized with
the probe YLAET2512/9. Molecular weight size markers are indi-
cated along the left side.

we have termed Mrvil (J. Shaughnessy et al., manu-
script in preparation). To determine the relative con-
servation of YLAET2512/9 we radioactively labeled the
DNA fragment and used it as a probe on Southern
blots of various vertebrate DNAs (Fig. 1). These results
showed that the probe recognized a single band in all
samples with the exception of mouse, rat, and hamster,
in which a major band and minor light hybridizing
band were observed. The hybridization and wash strin-
gencies used in the experiment were relatively high,
with hybridization performed at 65°C with a wash
stringency of 65°C and 1X SSC. This high stringency
of hybridization and the recognition of a single band in
most species suggested that the exon was likely part
of a highly conserved, single-copy gene in vertebrates.

To analyze the expression pattern of the YLAET2512/
9 associated gene and to determine the size of the mMRNA,
we hybridized YLAET2512/9 to Northern blots containing
poly(A)* RNA from mouse embryo and various adult
mouse and human tissues (Fig. 2). A major tanscript of
approximately 4.6 kb was observed in all tissues tested
in both mouse and human. An additional minor band of
approximately 6.8 kb was observed in mouse. Hybridiza-
tion of a Northern blot of whole mouse embryos constitut-
ing Days 7, 11, 13, and 15 of gestation showed that the
gene is expressed at all stages of development. The expres-
sion level of this gene was found to be exceedingly high
in most tissues with levels approximating those seen with
the housekeeping genes used to normalize Northern blot
RNA loading.

To a isolate a full-length YLAET2512/9 cDNA we
screened an oligo(dT)-primed mouse brain cDNA li-
brary using YLAET2512/9 as a probe. From a screen
of approximately 750,000 recombinants we isolated 16
positive clones. Eight of the 16 clones contained inserts
of approximately 4.0 kb. The complete 3810-nucleotide
sequence of one of the full-length clones is shown in Fig.
3. The sequence of this cDNA terminates at a consensus
polyadenylation signal located 14 nucleotides up-
stream of a poly(A) tract. Since the 3810-nucleotide
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Northern blot analysis of various adult human (left) and adult mouse (center) tissues and whole mouse embryos at various

stages of gestation (right) hybridized with the probe YLAET2512/9. Each lane contains 2 ug of poly(A)* mRNA from various tissues,
indicated across the top. Each autoradiogaph represents a 1-h exposure, except the embryo blot, which was exposed 1/2 h. All blots were
hybridized with the GAPDH probe to control for RNA loading. Sizes in kilobases are indicated along the left side.

c¢cDNA was shorter than the length predicted from
Northern blots, we designed nested oligonucleotide
primers complementary to sequences from the known
cDNA sequence and performed 5° RACE. Using a
mouse brain Marathon Ready cDNA library (Clontech)
as the template, we generated 5' RACE fragments that
were subcloned and sequenced. The analysis of the 5’
ends of these clones failed to extend the 5’ end beyond
the point already established by the conventional
cDNA clones (data not shown). We conclude that the
sequence presented here represents the full-length
cDNA. The cause of the discrepancy between the size
of the messenger RNA observed in Northern blots and
the cDNA sequence has not been resolved.

An analysis of the cDNA sequence indicted that the
polypeptide could initiate at a GTG codon located
within the context of a Kozak consensus sequence (Ko-
zak, 1986). This GTG appears to be the initiation codon,
as site-directed mutations within this codon in the hu-
man gene result in a loss of polypeptide synthesis in
in vitro assays (N. Sonenberg, Montreal, pers. comm.,
1996). The open reading frame ends with an in-frame
termination codon at nucleotide 3006. The polypeptide
produced by this mRNA would consist of 907 amino
acids with a predicted molecular mass of 102 kDa. A
search for protein subsequence motifs revealed five po-
tential N-linked glycosylation sites at amino acids 98,
210, 474, 790, and 873 (Fig. 3). Two potential protein
kinase C phosphorylation sites were identified at
amino acids 87 and 565, and two potential casein ki-
nase |l sites were located at amino acids 302 and 313
(Fig. 3).

A computer aided comparison of the 907-amino-acid
open reading frame to the database of protein se-
guences maintained at the National Center for Biotech-
nology Information using the BLASTX program (Dev-
ereux et al., 1984) revealed that the predicted polypep-

tide has a high degree of homology the p82 subunit of
wheat germ elF-(iso)4F (Allen et al., 1995) and to the
p220 subunit of mammalian elF-4G (Yan et al., 1992).
A more refined comparison using the BESTFIT pro-
gram showed that the predicted polypeptide has a 52%
similarity over 870 amino acids to the wheat p82 pep-
tide and a 49% similarity over 1032 amino acids to the
human EIF4G peptide. The highest degree of similarity
among the three proteins occurs in the amino terminus.
A 248-amino-acid stretch at the amino-terminal end of
the gene described here (amino acids 111 to 408) exhib-
its 63% similarity to p82 (amino acids 211 to 497) (Fig.
4) and p220 (data not shown). Within this region a
highly conserved putative RNA binding domain is con-
served among all three peptides. A second potential
RNA binding domain within the region is conserved
between the gene described here and wheat p82 (Fig.
4). There also exist within this region a potential pro-
tein kinase C phosphorylation site in p82 (amino acids
397 to 400) and a casein kinase Il phosphorylation site
in the protein described here (amino acids 302 to 306)
that is conserved in position with respect to the RNA
binding domains of both polypeptides.

The mouse chromosomal location of the gene de-
scribed here (designated Eif4g2 for eukaryotic initia-
tion factor 4 gamma homologue 2) was determined by
interspecific backcross analysis using progeny derived
from a mating of [(C57BL/6J X M. spretus)F; X C57BL/
6J] mice (Copeland and Jenkins, 1991). This interspe-
cific backcross mapping panel has been typed for over
2200 loci that are well distributed among all the au-
tosomes as well as the X chromosome. C57BL/6J and
M. spretus DNAs were digested with several restriction
enzymes and analyzed by Southern blot hybridization
for informative restriction fragment length polymor-
phisms (RFLPs) using the exon probe YLAET2512/9.
The 6.6-kb Pvull RFLP was then used to follow the
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GGTACGAGCGGGTACCAGGTGGCGGTTTGCAGCAGTTACTCCTCTGAGTCTGAGTACTTTCAAGCCGGCCGCGTCTCCTTCCTCCCCCTTCCCTCCCCCT

TTITTTGTTTTCCGTTCCCCTTCCCCCTCCCTTCCCCGTCCCCGACGACCGGATCCAGAGGAGGCAGCTGCGGTGGCAGCTGCTGAGTCTTCGGTGAAGGC

TTTTCATTTCTACCATCCCCTCCCCTCCCCACCCCATCCATTAATATTATTCTTTTGAAGATTCTTCGTTGTCAAGCCGCCAAAIISGAGAGTGCGATTG
vV E

A1 A 6
301 CAGAAGGGGGTGCTTCTCGTTTCACTGCTTCTTCGGGCGGAGGAGGAAGTAGGGGTGCACCTCAGCACTATCCCAAGACTGCTGGCAACAGCGAGTTCCT
E GG ASRTFTASSGGG GSRGAPU QHY®PKTAGNS L 39
401 GGGGAAAACCCCAGGGCAAAACGCTCAGAAATGGATTCCTGCACGAAGCACTAGACGAGATGACAACTCCGCAGCAAACAACTCCGCAAATGAAAAAGAA
G K TP G QN A Q B S T RIR D D N S A A NNGS ANEKE 72
501 CGACATGATGCAATCTTCAGGAAAGTAAGAGGCATACTAAATAAGCTTACTCCTGAAAAGTTTGACAAGCTATGCCTTGAGCTCCTCAATGTGGGTGTAG
R HDATIFRI KV RGIILNSEKTLTU®PETZKTFHDTZEKTLTGCTLETLTLNVGVE 106
601 AGTCTAAACTCATCCTTAAAGGGGTCATACTGCTGATTGTGGACAAAGCCTTAGAAGAGCCAAAGTATAGCTCGCTGTATGCTCAGCTATGTCTGCGATT
s K I L K GV I L L I VDK ATLTETETPI KT YSSLYAQLTCLR RL 13
701 GGCAGAAGATGCACCAAACTTTGATGGCCCAGCAGCAGAGGGTCAACCAGGACAGAAGCAAAGCACAACATTCAGACGCCTCTTGATTTCCAAATTGCAA
P NFDGZPAAEGA QPG QKO QSTTFRRLILTISKTLQ 172
801 GATGAATTTGAAAACCGAACCAGAAATGTTGATGTCTATGATAAGCGTGAAAATCCCCTCCTTCCTGAGGAGGAGGAACAGAGAGCCATTGCTAAGATCA
D E F ENRTARNVUDVYDI KR RENPTLTLTPETETETETGRA ATIAIKTI K 206
901 AGATGTTGGGGAACATCAAATTCATTGGAGAACTTGGCAAGCTTGATCTTATTCATGAATCTATCCTTCATAAGTGCATCAAAACACTTGGGGAAAAGAA
M L GNTIKTFTIGETLTGTEKTLTDTLTIHESTSTILHEKTCTIRKTTLGE KK 239
1001 GAAGAGAGTCCAACTCAAAGATATGGGAGAGGATTTGGAGTGCCTCTGTCAGATAATGAGGACAGTGGGACCTCGATTAGACCATGAACGAGCCAAGTCC
K RY QL KD MGETDLEC c a I M R TV GPRLDHE 272
101 TTAATGGATCAGTACTTTGCCAGAATGTGTTCCTTAATGTTAAGTAAGGAATTGCCAGCCAGGATTCGTTTCCTACTGCAGGATACTGTAGAGTTGCGAG
L M D Q A[RMC S L|]®M LS KTETLPARTIRTFTILLO QDTVETLRE 306
1201 AGCACCATTGGGTTCCTCGCAAGGCTTTTCTTGACAATGGACCAAAGACGATCAATCAAATCCGTCAAGATGCAGTAAAAGATCTAGGAGTGTTTATTCC
H W PR KAFLDNGPJ KTTINOQTIRU QDA AV KUDTLGV F I P 33
1301 TGCTCCTATGGCTCAAGGGATGAGCCGTGACTTCTTTCTGGAGGGACCGCTCATGCCGCCAAGGATGAAAATGGATAGGGACCCACTGGGGGGACTTGCT
Q@ GMSRDTFFLETGPTLMPPRMEKMDZBRDPILGG A 372
1401 GATATGTTTGGACAAATGCCAGGTAGTGGAATTGGTACTGGTCCAGGAGTTATCCAGGATAGATTTCCACCCACAATGGGACGTCATCGCTCAAATCAAC
DM F GQMPGSGI GTGPGV I QDRFP M G R H R S N Q L 406
1501 TCTTCAATGGCCATGGGGGACACATCATGCCTCCCACACAATCGCAGTTTGGAGAGATGGGGGGCAAGTTTATGAAAAGCCAGGGGCTAAGCCAGTTCTA
F N GH G GH I M PP TOQSQaFGEMSG®GT KT FMZKSOQGL S Q@ F Y 43
1601 CCATAACCAGAGTCAGGGACTCTTATCCCAGCTACAAGGACAGTCGAAGGATATGCCACCTCGGTTTTCTAAGAAAGGACAGCTTAATGCAGATGAGATT
H N O S QQGLL S QL Q@G as D M PP RTF S K KGOQLNAUDEI 472
1701 AGGTTGAGGCCTGATCAGTCGTTTCTAATGAATAAAAATCAGGTGCCAATGCTTCAGCCCCAGATAACTATGATTCCTCCCAGTGCACAGCCACCACGCA
RLRPDU GSTFLM®NIEKNO GVYVPMLOQP QI TMTIPPSAQ GPTPHRT 506
1801 CTCAAACACCGCCTCTGGGACAGACACCTCAACTTGGTCTCAAAACTAATCCACCACTTATCCAGGAAAAGCCTGCCAAGACTAGCAAAAAGCCACCACC
e TPPLGO GTTP QLGLTZKTNPTPLTIO GETZKTPAEKTSK]KPP P 53
1901 ATCAAAGGAAGAACTACTTAAACTGACCGAAGCCGGTGTGACTGACTATCTGAACAGTGGAAATGCCAACGACGCTGTCAGTGGTGTGAGAGAAATGAGA
S K E E L L K LTEA AGUVTDYLNSGNANDAUVSG YV ] 572
2001 GCTCCAAAACACTTTCTTCCTGAGATGCTAAGCAAAGTGATCATCCTGTCACTTGATAGAAGTGATGAAGATAAAGAAAAAGCAAGCTCTTTAATCAGTT
A P K LPEMTLSIKVTITILSLDARSDETDTEKTET KA ASSILI S L 806
2101 TACTCAAACAGGAAGGGATAGCCACAAGTGACAACTTCATGCAGGCTTTCCTGAATGTATTGGAGCAGTGCCCCAAACTGGAGGTTGACATCCCCTTGGT
L KQ EG T ATSDNTFMQATFTLNVLE QCPTIKTLEVDTIPL V 63
2201 GAAATCTTACTTGGCACAGTTTGCAGCTCGTGCTATAATTTCAGAGTTGGTGAGCATTTCCGAACTAGCTCAACCACTGGAGAGTGGCACCCACTTCCCT
K S YL AQFAAR ATITISETLUVS 1T SETLAQPTLESGTHEFTP 672
2301 CTCTTCTTACTTTGTCTTCAACAATTAGCTAAATTGCAAGACCGAGAGTGGTTAACCGAACTTTTTCAACAAAGCAAGGTCAATATGCAGAAAATGCTGC
L FLLCLO G GLAKTLTU GDA REWTLTTETLTFU QQSKVNMOGKMLP 706
2401 CAGAAATTAATCAGAATAAGGATCGCATGTTGGAGATTTTGGAAGGAAAGGGACTGAGTTTCTTATTCCCACTCCTTAAATTGGAGAAGGAACTATTGAA
E I N Q@ NKDRMTLETILITLETGI KT GLSFTLTFU®PILILTZEKTLETZKETLLK 73
2501 GCAAATTAAGCTGGATCCATCCCCTCAAACTATATATAAATGGnGTAAAGATAACATCTCTCCCACACTTCATGTAGATAAAGGATTTGTGAACATCTTA
@ I K L D P S Q@ T I Y K W S K D N1 8P T L HV DI KTGTF VNI 772
2601 ATGACCAGCTTCTTACAGTACATTTCTAGTGAAGTAAACCCCCCCAGCGATGAGACAGATTCTTCCTCTGCTCCTCCCACAGAGCAGTTAGAGCAGGAGA
M TS FLQY 1S SEVNPZPSDETHDSSSAPZPTETU GLEQ 806
2701 AACAGCTGCTGCTCTCTTTTAAGCCAGTGATGCAGAAATTTCTTCATGATCATGTGGATGTACAGGTCAGTGCCCTGTATGCTTTGCAGGTGCACTGTTA
Q L L LS F KUPV M QKTFLHDUBHYDVQQVS ALY ALOaGV Y 839
2801 CAACAGCAGCTTCCCACAAGGCATGTTACTTCGATTTTTTGTTCACTTCTATGACATGGAAATTATTGAAGAGGAAGCTTTCTTAGCTTGGAAGGAAGAC
N s 8 F Q@ G ML LRFFV HFJYDMETITIETETEA AFTLAWEKESTD 872
2901 ATAACTCAAGAGTTTCCAGGAAAAGGCAAGGCTTTGTTCCAGGTGAATCAGTGGCTAACCTGGCTAGAAACTGCTGAAGAAGAAGAATCAGAGGAAGAAG
I T QEFPGKGIKALTFA QV NQWLTWLETAETETETESTSEEE A 96
3001 CTGACIEXIAGAACCAGCCAAAGCCTTAAATTGTGCAAAACATACTGTTGCTATGATGTAACTGCATTTGACCTAACCACTGCGAAAATTCATTCCGCTGT
D =*
3101 AACGTTTTTTCACAATATTTAAAGCAGTTGCACGTCAGTAAGGTTTCCTTCTGCATAAGGTTTTTGTAGTGTGATGTGCTTAATCATAGTCTACCATCAA
3201 ATACTTTAGGAGTATCCTTAATCTTTAGATAGAATATTAGCAGCATACAATAATTACCTCCTAAGTTCTCAAGCAGAGGCAGTCTATTGCAAGGACCTTC
3301 TTTGCTGCCAGTTACCATAGGCTGTTTTAAGTTAGAAAACTGAATACTGTAGAGATGCACTTTGCTCAGTAATACTTGAGTTGTTGCAATATTTGATTAT
3401 CCATTTGGTTGTTACAGAAAAATTCTTAACTGTAATTGATGGTTCTTGCCGTAATAGAATATTGCCTGTATTTCTACCTCTAGTAATGGGCTTTATGTGC
3501 TAGATTTTAAAATCCTTGAGCCTGGGCAAGTGCACAAGTCTTTTTAAAAGAAACATGGTTTACTTGCCCCCAACTGATCAGTTTGAGAGATCATTAATGC
3601 CCCTGAAGTGGTTTTTGTGGGTGTGAAACCAATGGTGAGAAATTTGAATTGGTCCCTCTTATTATAGTATTGAAATTAAGTCTACTTAATTTATCAAGTC
3701 ATGTTCATGCCCTGATTTTAAAAACTTGTATCTATCAATAAACATTGTGATACTTGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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FIG. 3. Nucleotide and predicted amino acid sequence of Eif4g2. The GTG start codon and TAA stop codon are in boldface. The
polyadenylation signal is underlined. Protein subsequence motifs are noted. Potential N-glycosylation sites are underlined. Potential protein
kinase C and casein kinase Il phosphorylation sites are boxed. Nucleotide number and amino acid number are indicated to the left and

right, respectively. The sequence of Eif4g2 was deposited with the EMBL/GenBank database under Accession No. U63323.

segregation of Eif4g2 in backcross mice. The mapping
results indicated that Eif4g2 was located on chromo-
some 7 linked to Nup98, Lmol, and Pth (Fig. 5). Al-
though 113 mice were analyzed for every marker and
are shown in the segregation analysis (Fig. 5), up to
153 mice were typed for some pairs of markers. Each
locus was analyzed in pairwise combinations for recom-
bination frequencies using the additional data. The ra-
tios of the total number of mice exhibiting recombinant
chromosomes to the total number of mice analyzed for
each pair of loci and the most likely gene order are
centromere—Nup98-1/146—Lmol1-1/122—Eif4g2—-1/

153-Pth. The recombination frequencies (expressed as
genetic distances in centimorgans + the standard er-
ror) are Nup98-0.7 = 0.7-Lmol1-0.8 + 0.8—Eif4g2—

0.7 = 0.7—Pth. The mapping data also indicate that
Eif4g2 maps to human 11p15 based on the fact that it
is flanked on either side by NUP98 and PTH, two genes
that map to 11p15.

DISCUSSION

Here we have described the cloning and analysis of
a gene that has a high degree of homology to the p82
subunit of wheat germ eukaryotic initiation factor elF-
(is0)4F, an isozyme of the m’GTP cap binding complex,
and to mammalian elF-4G. The wheat germ isozyme
form of elF-4F, elF-(iso)4F, contains two polypeptides,
p28 and p82, that are antigenically distinct from the
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FIG. 4. Partial comparison of the amino acid sequence of the
mouse Eif4g2 (Top) and wheat elF-(iso)4F p82 (Bottom). The 248-
amino-acid region in the amino terminal of the two polypeptides,
sharing 63% similarity, is compared. The positions of two potential
RNA binding domains and a phosphorylation site are indicated,
showing the conservation of both the primary sequence and the rela-
tive positions of the motifs. Amino acid identity is represented by a
vertical line between the two sequences. Conservative amino acid
changes are represented by two dots and semi-conservative changes
by a single dot between the two sequences. Gaps created in the se-
quences to optimize alignments are represented by a dot in the se-
quence string. The amino acid positions within the full-length poly-
peptides are noted to the right and left of the sequence.

p26 and p220 polypeptides of elF-4F (Browning et al.,
1987). Studies have shown that elF-(iso)4F can (1) sub-
stitute for elF-4F in in vitro translation systems defi-
cient in elF-4F; (2) substitute for elF-4F in supporting
the binding of the mRNA to the 40S ribosomal subunit;
and (3) exhibit a RNA-dependent ATPase activity and
ATP-dependent RNA helicase activity in the presence
of elF-4A and elF-4B (Lax et al., 1985, 1986; Browning
et al., 1987; Abramson et al., 1988; Allen et al., 1992).
Additionally, equilibrium binding assays have shown
that the two isoforms have different mechanisms for
interacting with the cap structure and exhibit differ-
ences in their affinity for hypermethylated cap struc-
tures (Carberry et al., 1991). It has therefore been sug-
gested that there are two distinct isoforms of the elF-
4F complex in plants.

The discovery of what appears to be a mammalian
counterpart to the plant elF-4F isoform generates sev-
eral questions. What is the reason for the evolutionary
conservation of two isoforms of the cap binding com-
plex? What distinct roles do the two isoforms play in the
initiation of protein translation? One possible answer is
that the two isoforms initiate the translation of two
distinct types of mMRNA. Regulation of the translation
of MRNA appears to occur in two ways: a quantitative
or global regulation that leads to alterations in the
amount of total protein synthesized with relatively
equal effects on the translation of all mMRNAs and a
gualitative mechanism that leads to an alteration in
the relative translation of specific mMRNAs (Merrick,
1990). Increasing the overall rate of initiation results
in a greater rate of synthesis of all proteins, but those
encoded by mRNAs containing a high degree of 5'-ter-
minal secondary structure, the so-called “weak”
MRNAs, are preferentially enhanced (Pelletier and So-
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nenberg, 1987). Several lines of evidence suggest that
the factor responsible for the discrimination between
weak and strong mRNAs is elF-4F (Rhoads, 1991). It
is possible that quantitative and/or qualitative regula-
tion of protein synthesis during cell growth and differ-
entiation is mediated by the actions of the two elF-4F
isoforms.

Eif4g2 is physically linked to a common site of viral
integration found in the myeloid leukemias of the
BXH2 inbred strain of mice and may be affected by the
viral integrations (J. Shaughnessy et al., manuscript
in preparation). Additionally, Eif4g2 is located within
a cluster of genes that have chromosomal synteny with
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FIG. 5. A partial chromosome linkage map showing the chromo-
somal location of Eif4g2. (Top) The segregation patterns of Eif4g2
and flanking genes in 113 backcross animals that were typed for all
loci are shown. For individual pairs of loci more than 113 animals
were typed (see text). Each column represents the chromosome iden-
tified in the backcross progeny that was inherited from the (C57BL/
6J X M. spretus)F1 parent. The shaded boxes represent the presence
of a C57BL/6J allele, and the white boxes represent the presence of
a M. spretus allele. The number of offspring inheriting each type of
chromosome is listed at the bottom of each column. (Bottom) A
partial chromosome linkage map of chromosome 7 indicating the
location of Eif4g2. Representative probes and RFLPs for loci used to
position Eif4g2 in this analysis have been previously described.
These include Lmol (Forino et al., 1992) and Pth (Pathak et al.,
1996). One locus, Nup98, has not been reported previously for the
Frederick IB. Gene order was determined by minimizing the number
of recombination events required to explain the allele distribution
patterns. No double or multiple recombination events were observed.
The number of recombinant N2 animals over the total number of
N2 animals typed plus the recombination frequencies, expressed as
genetic distances in centimorgans (+ one standard error), is shown
for each loci to the left of the chromosome map. The positions of loci
in human chromosome 11 are shown to the right of the chromosome
map. References to map positions for most human loci can be ob-
tained from the GDB (Genome Data Base), a computerized database
of human linkage information maintained by the William H. Welch
Medical Library of the Johns Hopkins University (Baltimore, MD).
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human chromosome 11p15, a region that harbors sev-
eral unidentified tumor suppresser genes. Based on the
chromosomal map position of Eif4g2 and studies that
show that alterations in the translation initiation com-
plex can affect cell growth, it is possible that Eif4g2 is
itself a tumor suppressor gene. Brenner et al. (1988)
have shown that the yeast cell cycle mutant CDC33
encodes the Saccharomyces cerevisiae 24-kDa p25 cap
binding protein elF-4E. In addition, Lazaris-Karatzas
et al. (1990) have shown that overexpression of elF-4E
in NIH-3T3 and Rat-2 fibroblast causes their tumori-
genic transformation in that the cells form transformed
foci on cell monolayers, exhibit anchorage-independent
growth, and form tumors when injected into nude mice.
Future studies will be aimed at determining the exact
role of Eif4g2 in protein translation initiation and
whether mutations in the gene might be associated
with genetic disease.
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