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Abstract. In humans, the poly(A)-binding proteins (PABPs) comprise a small nuclear isoform and a
conserved gene family that displays at least three functional proteins : PABPL1, inducible PABP
(iPABP), and PABP3, plus four pseudogenes (1, 2, 3, and PABP4). In situ hybridization of PABP3
cDNA as the probe on metaphasic chromosomes have revealed five possible loci for this gene family
at 2921-g22, 13q11-g12, 12913.3-q15, 8922, and 3gq24-g25. Amplifications of specific DNA
fragments from a human-rodent somatic cell hybrid panel have allowed us to associate PABP1 and
PABP3 with 8g22 and 13qg11-q12, respectively. The iPABP gene has been assigned to chromosome 1.
This result, compared with radiation hybrid database information, strengthens the location of this gene
to 1p32-p36. The pseudogenes PABP4, 1, and 2 have been assigned to chromosomes 15, 4, and 14,
respectively. Three loci detected on chromosome spreads are not associated with any amplified
fragment. They might represent other related PABP genes not yet identified.
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Introduction

The poly(A)-binding proteins (PABP) bind to the poly(A) tail of eukaryotic mRNA. This interaction,
among several roles (reviewed by Sachs and W98, is notably determinant for the regulation of
MRNA stability. In addition, although being anchored at the 3’ end of the mRNA, the PABPs
participate in translation initiation by interacting with elF4G, a component of the translation
machinery located at the 5" UTR of the messenger RNA (Kessler and =#hse et al.1997,

Tarun and Sachk996 Tarun et al1997). In humans, four PABP isoforms have been reported so far :
PABP1 (70.3 kDa) is ubiquitously expressed (Bldi#13 Grange et all987), with a splicing variant
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PABPII (58.5 kDa) only being described in Genbank (accession no. Z48501); inducible PABP
(IPABP; 72.4 kDa), which exhibits 77% identical amino-acids with PABP1, is found mainly in
activated T cells and platelets (Houng etl@P7 Yang et al1995; a smaller nuclear PABP isoform
(PABP2; 32.7 kDa) is unrelated to PABP1 (Wah®91). In addition to these four functional genes,
three human PABP-related pseudogenes, viz., 1, 2, and 3, display 95%, 93%, and 71% nucleotide
identity with PABP1, respectively (accession nos. U64662, U60801, and U64661).

Recently, we have isolated and characterized two human testis transcripts, named PABP3 and PABP4,
which exhibit 92% and 82% identical nucleotide residues with PABP1 mRNA, respectively (Feral et

al., in preparation). PABP3 corresponds to a functional testis-specific protein exclusively expressed in
round spermatids. In contrast, PABP4 displays a frameshift at codon 56 as compared with PABP1 and
probably corresponds to a new PABP pseudogene.

Consequently, the PABP multigene family could be distributed on several loci in the human genome.
Three of them have been mapped on chromosomes 3g22-923, 12913-q14, and 13q12-q13 (Morris and
Bodger1993. In the present study, in addition to these three locations, we have also detected specific
signals on chromosomes 2 and 8 by using in situ hybridization. For the respective chromosomal
localization of each PABP gene and pseudogene, we have designed sets of oligonucleotides to amplify
specific fragments from a panel of somatic-cell hybrids. This has allowed us to map several PABP
genes and pseudogenes and to localize precisely the functional PABP1 and PABP3 genes in 8922 and
13911-q12, respectively.

Materials and methods

Southern blot analysis of human genomic DNA

Human lymphocytic genomic DNA (20 pg) was digested by using the restriction enizymaiés,

Pst, Pvdl, or EcaR1 according to the manufacturer’s specifications, fractionated on a 0.8% (w/v)
agarose gel, blotted onto nitro-cellulose membrane (Hybond N, Amersham, UK), and hybridized with
the [*2P]-labeled PABP3 insert, by using a protocol previously described (GiuiliEa%#. The blot

was washed, twice at 65°C, with *LSSC ({ x SSC=150 mM NaCl, 15 mM sodium citrate, pH 7),

0.1% SDS. The signals were detected by using a phosphofluoroimager (STORM, Molecular
Dynamics).

In situ human gene mapping

In situ hybridization was carried out on chromosome preparations obtained from
phytohemagglutinin-stimulated lymphocytes cultured for 72 h, 5-bromodeoxyuridine being added for
the final 7 h of culture (60 pg/ml medium), to ensure posthybridization chromosomal R-banding of
good quality. The PABP3 clone, which contains a cDNA insert of 2397 bp in pGEMagZ
tritium-labeled by nick-translation to a specific activity ( %1108 dpm pg!. The radiolabeled probe

was hybridized, at a final concentration of 200 ng per ml of hybridization solution, to metaphase
spreads as previously described (Mattei et@85. After being coated with nuclear track emulsion

(Kodak NTB2), the slides were exposed for 19 days at +4°C and then developed. To avoid any
slipping of silver grains during the banding procedure, chromosome spreads were first stained with
buffered Giemsa solution, and metaphases were photographed. R-banding was then performed by the
fluorochrome-photolysis-Giemsa method, and metaphases were rephotographed before analysis.
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Chromosomal PABP assignment on a panel of somatic cell hybrids

The sequences of the oligonucleotide primers specific for PABP1, iPABP, PABP3, and PABP4 are
shown (Table 1). Polymerase chain reaction (PCR) was carried out on a Perkin-ElImer GeneAmp 9600
apparatus in a final volume of 35 pl containing: either 40 ng genomic DNA from control samples or
from somatic cell hybrids (HGMP Resource Centre, MRC, UK; Kelsell 4885, or 1 ng cDNA

plasmid specific for the probe tested, or a mixture of 1 ng of each cDNA plasmid specific for the three
other PABPs. These DNA solutions were added to 50 pmol each primer, 0.3 mM each dNTP, 1.4 mM
MgSQ,, and 5 U Tfl polymerase (Promega). PCRs for PABP1, 3, and 4 were performed by using the

"touchdown" strategy (Don et dl991J). Briefly, the annealing temperature of the reaction was

decreased every following cycle from 55°C to a touchdown at 45°C. At this temperature, 30 cycles
were carried as follows : 1 min at 94°C (denaturation), 1 min at 45°C (annealing), and 1 min at 72°C
(elongation). Following the last elongation step, the incubation was continued for an additional 10 min
at 72°C. Conditions for amplification of the iPABP were identical, except that the touchdown PCR
was from 62°C to 52°C, and the temperature of the annealing step in each cycle was 52°C. An aliquot
(10 pl) of the PCR mixture was electrophoresed on a 3% (w/v) agarose gel, blotted on HybondN+
membrane (Amersham), and hybridized withH]-labeled oligonucleotides (% 108 cpm,

90 % 108 cpm/ug) specific for each PABP (Table 1). Hybridized PCR products were visualized by
using a phosphofluoroimager (STORM, Molecular Dynamics).

Table 1.PCR primers used for the chromosomal assignment of PABP dg¢smagName of the
oligonucleotide primerPositionposition in nucleotides of the oligonucleotide in each specific
sequence, the positions referring to sequences as deposited in Genbank (PABP1: accession

no. U68101, iPABP: accession no. U33818, PABP3: accession no. AF132026, PABP4: accession
no. AF132027)Sequencesequence from the 5’ end to the 3’ end of each oligonucleotide

Name | Position (nt) Sequences PCR product|size

PABP1| 5'primer 510-527 5'CCCAGCTGCTCCTAGACC3’ 253 bp

3’'primer| 717-732 5'GAGTAGCTGCAGCGGCT3Z

probe | 581-601 S'CACAGCGTGTTGGTGAGTCTTZ

iPABP | 5’primer| 2170-2191| 5’'GGACCTCAACACCAAGGATTAC3 213bp

3'primer| 2358-2382 | 5’GGGAAACGTAAGACTTGGGTACATC3’

probe | 2240-2264| 5’GCACCTAGAATTTTTCAATTATACG3

PABP3| 5'primern 20-36 5’GAGAATGAACCCCAGCAZ 178bp

3’primer| 178-197 5'GTTCACATACGCGTAGTTGG3

probe | 99-120 5'ATGCTCTACGAGAAGTTCAGCCZ

PABP4| 5'primer 1029-1046] 5'CCTCCCCAGAAGAAGTAGS 151bp

3'primer| 1161-1131 | 5’GCTCGTACACTTGCCATCT3

prober | 1115-1131] 5TGCAAAGAACAGCGCCT3
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Results

Southern blot of human genomic DNA

Human lymphocytes genomic DNA, digested with the restriction enzifimell, Pst, Pvul, or

EcaR1 was hybridized with the’fP]-labeled PABP3 insert as probe. Seven to ten bands of uneven
intensity, ranging from 500 bp to 20,000 bp, were observed for each digestion (Fig. 1). This pattern is
compatible with a multigene family and is in accordance with the results obtained by Morris and
Bodger (993 who used the PABPL1 insert as a probe on human genomic DNA.



:2:[:2:2(5 __ _ 2'5 ;.§:;: .Tl gi

W Ao WABSUT - eH

4978
3530

MNUe

i
i
i
—+

2027
1584
1375

947

L]




Fig. 1. Southern blot of human genomic DNA. Human lymphocyte genomic DNA (20 ug) was
digested by using eithétindlll (H), Pst (P9, Pvul (Pv), or EcdR1 (E) restriction enzymes. The blot
was hybridized with the PABP3 cDNA as the probe, as described. The size of the lambdac@NA/
+ Hindlll markers are indicatelft (in bp)

Human PABP genes mapped by in situ hybridization

LUT-|eH

The loci of the PABP genes were mapped by in situ hybridization of the PABP3 cDNA to metaphase
spreads. On the 150 metaphase cells examined, 356 silver grains were associated with chromosomes,
with distributed hybridization signals on chromosomes 2, 13, 12, 8, and 3 of 15%, 12%, 10%, 9%, and
7%, respectively (Fig. 2A). The distribution of the grains on these chromosome was not random and
ranged from 64% to 88% on the 2g21-g22, 13q11-q12, 12q13.3-q15, 8922, and 39g24-g25 regions
(Fig. 2B).
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Fig. 2. A Sublocalization of human PABP-related sequences. Histogram showing the distribution of
356 grains scored from 150 human metaphase cells following in situ hybridization of the cDNA
PABP3 probe. Five significant hybridization peaks were detectable on chromosomes 2, 13, 12, 8, and
3. B Ideograms of the human R-banded chromosomes 2, 13, 12, 8, and 3, illustrating the precise
distribution of labeled sites for the cDNA PABP3 probe. The distribution of the total of 356 grains

was as follows: 14% chromosome 2, 69% of the grains, 36/52, in the 2921-922 region; 12%
chromosome 13, 83% of the grains, 35/42, in the 13g11-g12 region; 10% chromosome 12, 77% of the
grains, 27/35, in the 12913.3-g15 region; 9% chromosome 8, 69% of the grains, 22/32, in the 8922
region; 7% chromosome 3, 64% of the grains, 16/25, in the 3924-925 region

Chromosomal assignment for PABP genes

The assignment of each PABP gene to these loci was performed by using DNA from a panel of
somatic-cell hybrid (huma x mouse; huma * hamster) containing single human chromosomes

with, in some cases, additional fragments (see below). PABP-specific amplification products were
derived from this panel by using different sets of oligonucleotide probes.
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Selection of specific PCR primers

For each amplification, we designed sets of three oligonucleotides. Two oligonucleotides were used as
PCR primers, and the third one, internal to the amplified sequence, was used as a probe for the
identification of the PCR fragment (Table 1). In order to achieve a significant specificity, these
oligonucleotides, ranging from 17 to 25 residues, were designed according to four criteria. (1) The
sequence of a pair of primers specific for a PABP differed by at least five nucleotides from the
corresponding sequence on the other PABPs (the PABP3 primers compared with the corresponding
regions in PABP1, iPABP, and PABP4 are illustrated in Fig. 3). (2) The size of the PCR product was
different for each PABP sequence. (3) Each pair of primers for PABP3, PABP4, and iPABP amplified
a fragment on the corresponding cDNA plasmid and gave no product on a mixture of the plasmids
related to the other PABPs (data not shown). For PABP1, we were unable to design a specific set of
primers based on the mRNA sequence (accession no. Y00345) that met with these criteria. Therefore,
we selected a pair of primers suitable for amplifying a fragment overlapping with the exon 10-11
sequence of the human PABP1 gene (accession no. U68101). Consequently, the PABP1-specific
oligoprobe was designed from a sequence in intron 10 of the PABP1 gene (Fig. 4). This last
experiment was not carried out for pseudogenes 1, 2, and 3, since no cDNA was available. (4) DNA
fragments, amplified from mouse or hamster genomic DNA, could be distinguished from the human
counterpart by size differences. The sequences of the sets of oligonucleotides and the amplification
conditions for the seven genes or pseudogenes have been deposited in dbSTS under accession

nos. G49185-G49191.



sense primer
PABP3 —GCCTGCGGGCAGCCGTGCCGAGAA-TCAACCCCAGCACCCCCAGCTACCCAACGGLCTC
PAPP1 -CCCTGCGGGCAGCCGTGCCGA TGAACCCCAGASCCCCCAGCTACCCCATGGCCTC

PABP4 GCCCTGTGGGCAGCCGTGCC TGAACCCCAGHMCCCCCAGCTACCACATGGCCTC
iPABP ——TCGGGGTGGTGGGGGGCG TGMCEC SN O AGCAGCTACCCCATGGCCTC
:%i ® K OK W * * kHF Ok wk Ehktd & * & TR TRT * kkkkkk
0
[ probe
23 PABP3 GCTCTACGTGGEGGGACCTCCACCCCGACGTGACTGAGGCGATGCTCTACGAGARAGTTCAG

PABP1 GCTCTACGTGGGGGACCTCCACCCCGACGTGACCGAGGCGATGCTCTACGAGARGTTCAG
PABP4  GCTGTATGTEGGEGGACCTGCACCCCGACGTGACTGARTTGATCHT CAGAACTTHEAG
iPABP CCTGTACGTGGGCGACCTGCATTC GGACGTCACCGAGGCCATGC ACGAEAAGTTCAG

®E R kRwEE kkkdkd dk ® kkdwdk kk R L wF k¥ kkhkhkk hh

o

PABP3 CCCGGCAGGGCCCATCCTCTCCATCCGGATCTGCAGGGACTTGATCACCAGCGGLTCCTL
T’ABF1 CCCGGCCGEGCCCATCCTCTCCATCCGEGTCTGCAGGGACATGATCACCCGCCGLTCCT
PABP4 CECGECEGGTCC—AECCTCACCATCCGGGTCTTTAGGGACTGGCTCHCCCRCCTCTTC

iPABP CCCCGCEGGGECCTETECTGTCCATCCGEETCTGCCGCGATATGATCACCCECCGUTCCL
%k  k kx k% *hk kEkAAAAE hEE * ok * kkkkdk b kd R

AUELW A0 Wl

antisense primer
PABP3 CAACTACGCGTATCGTGAACTTCCAGCATACGAAGGACGCGGAGCATGCTCTGGACACCAT
PABP1 HEEC TACCCCTATGTGAACTTCCAGCAGCCGGCGHRACGC GGAGCGTGCTTTGEACACCAT

o

PABP4 & cmc CTGARCTTCCTGCAGCCGGCAGACGCGGAGCETGCTCTGGCCACCAT
iPABP S £C TRAACTTCCAGCAGCCGGCCEACGCTGAGCCCECTTTGEACACCAT
kw % ¥k kkdkikix AR% * % khwwrdr FEhkdh Fhhk *Ahk FhhAdN

Fig. 3. Alignment of the sequence of the PABP3-specific PCR product with the sequence of similar
regions in PABP1, iPABP, and PABP4. Timederlinedsequences correspond to the 5’ and 3' PCR
primers and to the oligonucleotide proBateriskddentical bases between the four PABP sequences.
The differences in nucleotides between PABP1, iPABP, and PABP4 sequences as compared with
PABP3 primers arboxed
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CATTCCRAERR TATEFICCGGT GUTATCCGLL CAGUTHUTLL TAGRUCARCLR TTTAGTALTA

CTGCAGCTAC TCCTGCTGTC CGCACCGTTC CARCAGTATAR ATATGCTGCA GGAGTTCGCA
anfisense primer

SENSE primer
EXON 10

70 a0 a0 100 110 120
T TGAGROCAGE TTCTTCRCAG GTTCCACGAG TCATGITAARC ACAGCGTGTT Gotgagtott
5 probe
I
i 130 140 150 160 170 180 INTRON
@ aatcocttoct ttaaaaattg atcaccaatt tgaaagagca agataaaaat acaaaatght
Lt
1= 190 200 210 220 230 240
'-_:|_ cttatttttt agCTAACACA TCAACACAGR CARATGEGTCC ACGTCCTGCA GCTGCAGCCE
=
_,' Z50 260 270 £B0 290 300 EXON11
i

310 320 330 340
ATCCTCAGCA ACATCTTAAT GCACAGUCAEC AAGTTACAAT GUAACHG

1Ly

Fig. 4. Selection of the PABP1-specific oligonucleotide sets. The amplified fragment overlaps with
the exon 10-11 sequence of the PABP1 gene (accession no. UG8%04).casdntron sequence.
Theunderlinedsequences correspond to the 5’ and 3’ primers and control probe

DNA analysis of somatic cell hybrids panel for PABP-specific sequence

For PABP1, an intense signal of the expected size (253 bp) was observed on hybrid DNAs containing
human chromosome 8. No signal of this size was observed on chromosome 22, corresponding to the
contaminating fragment of the chromosomal hybrid. A weaker band at a higher size (277 bp) was also
observed on hybrid DNAs containing human chromosomes 13, 16, 21, 22, and X (Fig. 5). The 141-bp
band amplified from the PABP1 cDNA-specific plasmid was detected by using ethidium bromide

(data not shown) but did not hybridize to the PABP1-specific oligonucleotide probe, since it was
located over intron 10 (Fig. 4). Specific iPABP amplification generated a product of the correct size
(213 bp) from a hybrid containing human chromosomes 1 and X. Since no specific product was
detected in the hybrid DNA sample containing only the X chromosome, it can be deduced that the
iPABP gene is located on chromosome 1. PABP3- and PABP4-specific amplifications each yielded a
single band of the expected size (179 bp and 151 bp) from hybrids that contained human
chromosomes 13 and 15, respectively (Fig. 5), and weaker bands on chromosomes 17 and 21 for
PABP4. No signal was detected on the chromosomes corresponding to a contaminating fragment, so it
was concluded that PABP3 and PABP4 genes are located on chromosomes 13 and 15, respectively.
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bpuyx 234567891011 12HPBI1314151617 18192021 2 XY MT
o0 . ‘
100=
Fig. 5. Chromosomal assignment of the PABP genes by PCR amplification of specific fragments on
human-rodent hybrid cell line genomic DNA samples. Southern blot analysis of products amplified
with PABP-specific oligonucleotide primers and revealed with an internal control probe, as described
in Table 1.NumbersX andY abovesach lane, indicate the human chromosome contained in the
hybrid cell line. Control DNAs were from humatd)( mouse 1), and hamsterT) genomes or from

PABP-specific plasmidR). These specific plasmids contain cDNA corresponding to the sequences
PABP1 (accession no. U68101), iPABP (accession no. U33818), PABP3 (accession no. AF132026)
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and PABP4 (accession no. AF132027). No DNA was presdhtThe size of the DNA standards (in

bp) is indicatedeft. In addition to the selected chromosomes, some hybrids contain small fragments of
other chromosomes as follows: chromosome 1: X; chromosome 6: Xqgter-Xql3; chromosome 8:
fragment of 22; chromosome 10: Y; chromosome 12: 21 and X; chromosome 13: fragments of 8, 11,
and 12; chromosome 14: 16p13.1-g22.1; chromosome 15: 11g and Xp; chromosome 20: X, 22q and
fragments of 8 and 4; chromosome 21: X; chromosome 22: fragment of Xp

The data concerning the human assignment of PABP pseudogenes are not shown, but, using a similar
approach, we obtained two pseudogene 1 amplification products from hybrids containing human
chromosomes 4 and 20. Since the hybrid corresponding to chromosome 4 is apparently pure, and the
one corresponding to chromosome 20 contains fragments of chromosome 4, the PABP pseudogene 1
is probably located on chromosome 4. Specific human PABP processed pseudogene 2 amplification
product was observed for a hybrid containing human chromosome 14. Finally, the PCRs for human
PABP processed pseudogene 3 gave four signals of the correct size from hybrids that contained
human chromosomes 6, 12, 21, and X. The overall results are summarized in Table 2.

Table 2. Summary of the chromosomal locations of the PABP gene family

Names Chromosomes
PABP1 822

iPABP 1p32-p36
PABP3 13q11-q12
PABP4 15

Pseudogene|l 4

Pseudogene|2 14

Pseudogene|3 6, 12, 21, X

Discussion

This is the first precise localization of two functional PABP genes: PABP1 and PABP3 on
chromosome 822 and 13gq11-g12, respectively. We also assign iPABP to chromosome 1, and the
three pseudogenes, viz., PABP4, 1, and 2, to chromosomes 15, 4, and 14, respectively. A comparison
of the results obtained by in situ hybridization and PCR amplification raises two points.

First, the specific signals detected on chromosomes 2 and 3 by in situ hybridization do not correspond
to any chromosomal assignment detected by PCR on somatic cell hybrids. This observation might
reflect the presence of new PABP genes or pseudogenes not yet identified. Alternatively, it might also
reveal a cross hybridization of the probe to other genes, such as the gene for fibroblast activation
protein alpha (FAP; accession no. U63542), located in 2923 (Mathewl808). which contains

three regions of 200-300 bp exhibiting a near 90% nucleotide identity with the PABP1 mRNA
sequence, with a 300-bp sequence corresponding to the inverted non-coding strand of PABP1. Such a
gene could be detected by in situ hybridization by using a PABP probe, but not by PCR amplification
because of the primer selection.

-12 -
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Second, PCR on somatic cell hybrids revealed several assignments of PABP sequences that were not
detected by in situ hybridization. This was expected for pseudogenes 1, 2, and 3, which contain only
short fragments of PABP genomic sequence, fragments that are likely to be barely detectable with
PABP3 cDNA as a probe on metaphase spreads. For iPABP, we assigned the gene by PCR on a
hybrid containing chromosome 1. The lack of hybridization of the PABP3 probe to this chromosome

is probably a consequence of the low identical nucleotide residues (69%) between the PABP3 and
iIPABP sequences. A similar observation is more puzzling for PABP4. We have assigned the PABP4
gene to chromosome 15, by using PCR on a somatic cell hybrid panel, whereas in situ hybridization
displays no signals on this chromosome. This discrepancy might be attributable to a lack of sensitivity
of in situ hybridization methods that have previously failed to localize genes detected by Southern blot
analysis (Goode et d986 as described for UBA 52, one of the human ubiquitin gene family (Webb

et al.1994.

Two different locations for iPABP are registered in the radiation hybrids (RH) database: one is on
chromosome 1 at p32-p36 (accession no. AO01T47), and the second one is on chromosome 15 at
g26-qtel (accession no. WI-19844). Our assignment of the iPABP gene to chromosome 1 resolves this
controversial situation and definitively establishes the location of this gene to 1p32-p36.

Brais et al. {998 have shown that short GCG expansions in the PABP2 gene, located in 14q11, alter
PABP?2 function in the disease oculopharyngeal muscular dystrophy. Because of a similar role of other
PABPs, we checked whether the PABP1 and PABP3 locations (8922 and 13q11-ql12, respectively)
were linked with human genetic disorders registered in the OMIM database. However, we did not find
any human genetic diseases relevant to PABP dysfunction and associated with these loci.

In this study, we have definitively established the chromosomal locations of the three functional
PABPs, viz., PABP1, PABP3, and iPABP, on chromosomes 8922, 13q11-q12, and 1p32-p36,
respectively. We are now investigating whether alteration of the PABP3 gene, located at 13q11-q12,
might be related to dysfunction in spermatogenesis.
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