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We report a lethal phenotype of mouse embryo with a disruption in the gene encoding
p116, a subunit of the translation initiation factor, eIF3. The amino acid sequence of
mouse pll6, as deduced from the cDNA, shows high homology (97%) with human p116,
and contains the conserved RNA binding sites, RNP1 and RNP2. The p116 mRNA is
ubiquitously expressed in various organs, suggesting a house-keeping function of the
p116 protein. To obtain genetic evidence for the essential role of the p116 protein in
mouse cells, we constructed mice with a disruption in the p116 gene. Heterozygous
pl116* mice were intercrossed, and the genotypes of the offspring were determined. The
results indicated no p116* pups among 84 neonates. Also, there were no p116” embryos
13.5 days postcoitum (d.p.c.). Among 77 embryos, there was only one pl16”- embryo at
the blastocyst stage (3.5 d.p.c.). These results indicate that p116 plays an essential role in
the early stages of mouse development.

Key words: elF3, embryonic lethal, gene trapping, knockout mouse, p116, Prtl, transla-

tion initiation.

The initiation of translation in eukaryotes is promoted by
soluble proteins called eukaryotic initiation factors (elF's)
(1-4). elF3, which was originally purified from an extract of
rabbit reticulocytes and HeLa cells, is the largest of these
factors and is a multiple protein complex comprising at
least 9 subunits, p170, p116, p166, p48, p47, p44, p40, p36,
and p35 (5-9). elF'3 plays a central role in the translation
initiation pathway. eIF3 has also been purified from yeast
(10, 11). ¢DNA cloning of human pl16 revealed that the
amino acid sequence shares 30% homology with Prtl, a
yeast homologue of mammalian p116 (10, 12). Purified Prt1
stimulates the initiation of translation in vitro (10). Protein
synthesis is inhibited in a temperature-sensitive mutant of
the prtl gene, which encodes Prtl, due to an inability to
form the translation initiation complex (13, 14). Thus, Prtl
is essential for the initiation of translation in yeast. These
results suggest that pl16 is necessary for the initiation of
translation in mammalian cells; however, there is no gene-
tic evidence that this is the case.

The establishment of ES cells with a disruption in a par-
ticular gene by insertion of a trap vector into chromosomal
DNA, followed by construction of chimeric mice by intro-
ducing the ES cells into blastocysts, and the generation of
mice with disrupted genes, is useful for examining the
functions of the protein encoded by the disrupted gene (I15).
In the present study, we established an ES cell line whose
pl116 gene was disrupted by the insertion of a trap vector,
and constructed heterozygous pl16*~ mice. Intercrossing
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the heterozygous p116*~ mice revealed that the protein en-
coded by the p116 gene is essential for the early stages of
mouse development.

MATERIALS AND METHODS

Establishment of Mutant ES Cell Lines by the Gene-
Trapping Method—The gene-trapping method was per-
formed as described by Baker et al. (16). The trap vector,
pGT1.8Zin, was introduced into ES R1 cells (provided by
Dr. Hisato Kondo, Osaka University) by electroporation.
The cells were cultured at 37°C in ES culture medium (Dul-
becco’s modified Eagle’s medium; DMEM; Invitrogen,
Carlsbad, CA) containing 0.0007% B-mercaptoethanol
(Nacalai Tesque, Japan), 100 pmolliter non-essential
amino acids (Invitrogen), 1 mg/ml nucleosides (Sigma
Chemical, St. Louis, MO), 10* U/ml ESGRO (Invitrogen),
and 20% fetal bovine serum (Equitech-Bio, Kerrville, TX)
supplemented with 250 pg/ml neomycin under a 5% CO,
atmosphere. Colonies were further screened by B-galactosi-
dase assay with X-gal staining. ES cells were fixed with
glutaraldehyde, permeabilized by deoxycholic acid, and
incubated with X-gal overnight at 37°C. B-Galactosidase-
positive cell lines were selected and used for further analy-
ses.

5-Race Method for Amplification of cDNA—RNA was
prepared from ES cells by the thiocyanateguanidine meth-
od. A primer ( 5-AGG GTT TTC CCA GTC ACG ACG ACG-
3") corresponding to the downstream region of the lacZ gene
in the trapped gene was used for ¢cDNA synthesis with
reverse transcriptase and RNA prepared from ES cells.
PolyC was added to the 5" end of the cDNA by the terminal
deoxynucleotidyl transferase reaction. The polymerase
chain reaction (PCR) method was performed with primers
for the lacZ gene (5'-TGC TCT GTC AGG TAC CTG TTG G-
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3’) and polyC (5’-GGG IIG GGI GGG IIG-3").

Cloning of Full Length Mouse p116 ¢cDNA—Full length
mouse pl16 ¢cDNA was amplified by the PCR method with
DNA from a ¢cDNA library of mouse ES cells. Three pairs of
primers (A, B, and C; A 5-CGA CGT GAG CGA GGA AGA
ACT AC-3' and 5"-TTC CTC ACT CGG ATC TTC TGT C-3;
B 5-AAT CAT CTG GGA CAT CCT CAC GG-3’ and 5-
CGC TCG TTC TTC TGC TTC ATG TAG-3; C 5-GAT GTT
TGA CAA GCA GCA AGC C-3, and 5-CAA GTC CGT
GAA TGG AAA CCC-3) were designed from a sequence
obtained by the 5-Race method of mouse p116 cDNA de-
scribed above and human p116 ¢cDNA. These primers cover
the region upstream of the translation initiation site and
the region downstream of the translation termination site
of the p116 mRNA.

Northern Blot Hybridization—Total RNA was extracted
from ES cells by the thiocyanateguanidine method, and
poly (A) RNA was further purified. After electrophoresis,
poly (A)* RNA (1.5 pg/lane) was blotted onto a nylon mem-
brane, and fixed by heat treatment at 80°C for 2 h. Pre-
hybridization was performed at 65°C for 15 min, and the
hybridization reaction was performed at 65°C for 2.5 h. The

mouse 1

human 1
EEE LI R LS LS 22T ) KkKE X KXk *%k K *

MQDAENVAVPEAAEERAEPARQQPASESPPTD- - -EAAGSGGSEVGQTEDAEE - --DAEAGPEPEVRAK 63
MQDAENVAVPEAAEERAEPGQQQPAAEPPPAEGLLRPAGPGAPEAAGTEASSEEVGIAEAGPEPEVRTE 69

% *

R. Koyanagi-Katsuta et al.

¢DNA sequence corresponding to the 5" upstream region of
the trap vector insertion site was radio-labeled with 2P,
and used as a probe. The membrane was washed with 2x
SSC at 65°C for 15 min, and then with 0.5x SSC at 65°C for
30 min. Autoradiography was performed with an imaging
plate and analyzed with a BAS2000 (Fuji Photo Film,
Tokyo).

Construction of pl16 Gene Knockout Mice Using the
Aggregation Chimera Method—Chimeric mice were estab-
lished using ES cell aggregation as described by Kondoh et
al. (17). BDF-1 mouse embryos at the morula stage were
co-cultured with GT529 cells, developed into blastocysts,
and transplanted into the uteri of female ICR mice. Among
the derived pups, chimeric mice having agouti fur color
were further crossed with the wild type C57BL/6J mice,
and heterozygous pl116*" mice were obtained.

Determination of the Genotypes of Pups, Nonviable
Embryos, and Blastocysts—Heterozygous p116*- mice were
intercrossed, and chromosomal DNA was extracted from
the resulting pups, neonatal pups, and embryos at the blas-
tocyst stage. PCR products were analyzed by agarose gel
electrophoresis, and the genotypes were determined. The

Fig. 1. Comparison of the amino
acid sequences of mouse and hu-
man pl16. Asterisks indicate identi-
cal amino acids in mouse (upper) and
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primers used for DNA from the tails of pups and whole
bodies of neonatalpups were 5-AGG ATT TCG TAG ACG
ACG TGA GCG-3’ and 5-AGT CAA TCC CGT CCG CTT
CCT GAG G-3’ for detection of the wild type allele of the
pl16 gene, and 5-GAT ACG TTA CGT TGG TGT AGA
TGG GC-3' and 5’-CTA CCA TGA AAA TTC AGC GCC C-3
for detection of the mutant allele. DNA from blastocysts
was analyzed by the PCR method using 5-AGG ATT TCG
TAG ACG ACG TGA GCG-3’" and 5-AAC GTC CTC AAG
GCT GGA G-3' for the wild type allele of the p116 gene,
and 5-TTC TGC CGA GAA AGT ATC CA-3 and 5-GTC
AAG AAG GCG ATA GAA GG-3’ for detection of the neo-
mycin-resistant gene. To prepare blastocysts, heterozygous
pl116* mice were mated, and 2- or 4-cell embryos were iso-
lated from the oviducts of the female mice 1.5 days after
mating. The fertilized eggs were washed with M2 medium,
and cultured in M16 medium at 37°C under a 5% CO,
atmosphere. Culture was continued for 2 days, and blasto-
cysts were obtained.

RESULTS AND DISCUSSION

Isolation of Mouse p116 cDNA—We established several
ES cell lines whose genes were randomly disrupted by
insertion of a trap vector, pZT1.8Zin. Among them, one cell
line (GT529) was successfully transferred to a germ line.
We characterized the disrupted gene in GT529. First, the
total RNA was extracted from GT529, and the cDNA of the
trapped mRNA was isolated by the 5 Race method. Next,
the ¢cDNA corresponding to the 3’ downstream region of
this mRNA was isolated. Sequence analysis of the whole
c¢DNA indicated that the amino acid sequence of the pro-
tein encoded by the open reading frame in this mRNA had
93% homology with human pl116 (Fig. 1). Furthermore,
there were two RNA binding motifs, RNP1 and RNP2,
which are highly conserved in eukaryotic pl16 proteins
(Fig. 1). These results indicate that the pll6 gene was
trapped in GT529 cells.

Northern blot analysis was performed with poly (A)*
RNA prepared from various organs of C57BL/6J mice. The
results indicated that the p116 mRNA was expressed ubig-
uitously in kidney, liver, lung, thymus, and brain (Fig. 2),
suggesting that the p116 protein has a role as a housekeep-
ing protein.

Embryonic Lethality of Homozygous p116'—We gener-
ated chimeric mice by the aggregation method with the
GT529. The chimeric mice were crossed with wild type
mice, and heterozygous pl16* mice were obtained. The
PCR method was used to determine the genotypes of the

ES cells
(R1)
kidney
liver
lung
thymus
brain

'
!

k. A -4— p116 (3.1kb)

‘ o e W - ylls | <-GIPDHOIM)

Fig. 2. Ubiquitous expression of the pl16 gene in various
mouse organs. p116 gene expression was assayed by Northern blot
hybridization in ES cells, kidney, liver, lung, thymus, and brain:
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offspring (Fig. 3a). There was no apparent difference
between the heterozygous p116*--mice and-wild. type. mice
in terms of their growth and appearance. Heterozygous
pl16* mice were intercrossed and the genotypes of the
neonatal mice were determined using the PCR method.
There were no homozygous pl16* pups among the 84 off-
spring (Table I). To determine the stage at which the
homozygous pl16* animals die, embryos from heterozy-
gous matings were genotyped. At 13.5 d.p.c., there were no
homozygous pl16* embryos. At 3.5 d.p.c., there was only

a PGTL.8zin insertion site
A §
116 cDNA [ |
/ ~ -
/ ~
/ 5 ~
350bp -
wild type exon g exon

D116 gene

mutated | exon
D116 gene

Genotype

-/= +/- +/+

44— mutated p116 gene (450bp)
“4— wild type p116 gene (350bp)

Fig. 3. Genotyping of pups from the intercross of heterozy-
gotes. a: Diagram showing the insertion site of the trap vector in the
knockout allele. Arrows indicate positions of primers. The sizes of
the PCR products are shown. b: Genotyping of the blastocysts from
the intercross of heterozygotes by the PCR method.

1 kb 220 bp
—_— —
- --— —»> <+
e f g h
wild type p116 gene - Jexon ] EXOM X0 EXOMN

~~
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mutated p116 gene  [EFGT |
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< <
z Z z
LELg L L8 L8
TOF O F g2 T F o+ 2 T+ o+ 8

' $ ’{ 3 size markers

s

primer e, f (1kb) primer i, j (450bp) primer g, h (220bp)

Fig. 4. Analysis of the 3’-downstream region at the insertion
site of the trap vector. a: Diagram of part of the p116 gene. The
insertion site of the trap vector in the knockout allele is shown. Ar-
rows indicate positions of the primers used for the PCR method.The
sizes of PCR products are shown. b: PCR analysis of blastocysts
from the intercross of heterozygotes. Homozygous p116™- (—/-), het-
erozygous pl16*- (+/-), and wild type (+/+) are shown.
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TABLE 1. Homozygous p116* mice are embryonic lethal.

Genotype

A,

ge s e - Total
3.5 d.p.c. (blastocyst) 19 57 1 77
13.5 d.p.c. 2 13 0 15
4 weeks 29 55 0 84

Genotypes of offspring obtained by intercross of heterozygotes was
determined by the PCR method. Homozygous pl116* (—/-), het-
erozygous pl16*~ (+/-), and wild type (+/+) are shown.

one homozygous pl16™ embryo among 77 embryos. Thus,
we concluded that homozygous p1167 is embryonic lethal,
and that most embryos die before the blastocyst stage.

The ratio of wild type to heterozygous progeny was 29:55
at 4 weeks, consistent with the expected ratio of 1:2. Thus,
both sperm and oocytes with the inactive allele are derived
from productive gametogenesis and maintain their viability
until fertilization. This result indicates that expression of
the pll6 gene is not required for viability of sperm or
oocytes until fertilization. To confirm this, male or female
heterozygous pl16*- mice were crossed with wild type
mice, and the offspring genotypes were determined. In both
cases, the ratio of heterozygous pl116*- mice to wild type
was approximately 1:1 (data not shown), indicating that
sperm and oocytes with the disrupted p116 gene have nor-
mal fertility. This indicates that the homozygous p1167-
mice died sometime between fertilization and the blasto-
cyst stage. The reason for the production of functionally
normal spermatozoa and oocytes by p116* mice is proba-
bly due to the active pl116 protein derived from stem cells.
However, we can not exclude the possibility that another
protein compensates for the function of the p116 protein.

Analysis of the Genome Structure in the 3' Downstream
Region from the Disrupted p116 Gene—Disruption of genes
by a trap vector can introduce a large deletion in the 3'-
downstream region adjacent to the insertion site of the trap
vector (18). This raises the possibility that the observed
phenotype of embryonic lethality of the gene knockout mice
might not be due exclusively to disruption of the p116 gene,
and that deletion of other genes located in the 3’-down-
stream region of the p116 gene may also be responsible for
the phenotype. To test this, we analyzed the structure of
the 3’-downstream region of the p116 gene in the homozy-
gous pl16”- embryo that developed to the blastocyst stage
(Table I and Fig. 3b).

The PCR method was performed using primers located
in the 3" downstream region at the insertion site of the trap
vector (Fig. 4). A 220-bp DNA fragment was amplified with
the g and h primer set on chromosomal DNA from both
wild type and the homozygous p116™ embryos, indicating
that the sequence was intact in the genome of the homozy-
gous pl16 embryo. Therefore, we conclude that no large
deletion of chromosomal DNA adjacent to the insertion site
of the trap vector occurred. Thus, disruption of the pl116
gene alone is responsible for the embryonic lethal pheno-
type. In this study, we analyzed the structure of the down-
stream region of the p116 gene in the mutated allele by the
PCR method. Further analyses, such as FISH, restriction
mapping, PFGE, or Southern blotting, will be needed to
reach an absolute conclusion.

In this study, we cloned p116 ¢cDNA and established gene
knockout mice. The results show that pl16 is essential in
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the early stages of mouse development.
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