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induce cellular protein synthesis. The identification of
We have identified the functional promoter of the new candidate genes involved in macrophage differen-

translational inhibitor p14.5, the human homologue to tiation may help to elucidate the molecular mecha-
a rat perchloric acid-soluble protein (PSP), a mouse nisms involved in this process and the accompanying
heat-responsive protein (Hrp12) and a goat tumor anti- functional changes.gen (UK114). Sequence analysis revealed a GC-rich

In our previous study, we described the isolation andpromoter with several consensus sequences for tran-
characterization of a human 14.5 kDa trichloroaceticscription factors, but no TATA- and CAAT-box. To con-
acid-soluble translational inhibitor (p14.5), that is sig-firm promoter activity, DNA fragments of the p14.5 5*-
nificantly upregulated upon cellular differentiationflanking region were ligated in front of the luciferase
from monocytes to macrophages (1). The 137-aminogene and were transfected into HeLa and HepG2 cells.
acid protein is most abundant in the cytosolic fractionA minimal promoter between nt 0104 and nt /88 rela-
of hepatocytes, renal distal tubular cells, smooth mus-tive to the transcription start site was responsible for
cle cells and macrophages and belongs to a family ofbasal activity. Furthermore, we observed a head-to-

head orientation of p14.5 to the gene for the protein evolutionary conserved small proteins. Recombinant
subunit of RNase P and MRP ribonucleoproteins p14.5 strongly inhibits in vitro protein synthesis in a
(hPOP1). Luciferase assays with fragments of the rabbit reticulocyte lysate system similar to a homolo-
hPOP1 5*-flanking region revealed a minimal pro- gous perchloric acid-soluble rat protein (PSP) (2). PSP
moter between nt 020 and nt /98 relative to the start strongly inhibits the initiation stage of cell-free protein
of transcription. These data indicate that the 102 bp synthesis in a manner different from RNase A. The
region between p14.5 and hPOP1 can act as a bidirec- biphasic kinetics and the disaggregation of polyribo-
tional promoter. The p14.5-hPOP1-cluster was mapped somes by the rat protein are similar to the characteris-
to chromosome 8q22 using in situ hybridization tech- tic of a liver inhibitory protein isolated by Delaunay et
nique. q 1997 Academic Press al. (3) and to the heme-regulated eukaryotic initiation

factor-2a kinase (4).
Recently, Samuel et al. (5) published a mouse homol-

ogous translational inhibitor (Hrp12), which shows fea-
Blood monocytes represent a relatively quiescent cir- tures of a heat responsive protein. In comparison toculating precursor cell pool for tissue macrophages common heat shock proteins like Hsp90 and Hsp70,with a basal activity of protein synthesis. Functional which display a continous increase of mRNA after heatheterogeneity of cells at various stages of differentia- treatment, the Hrp12 message responds atypically. Al-tion is closely linked with changes in specific gene ex- though the steady-state level of the Hrp12 messagepression. Upon differentiation to tissue macrophages, increases after heat shock, a marked oscillatory pat-cytokines, chemokines and metabolic stimuli rapidly

tern is superimposed on it. Interestingly, heat shock
proteins have been shown to inhibit protein synthesis
and DNA-proliferation (6, 7). Furthermore, protein1 The novel nucleotide sequences published here have been submit-

ted to the EMBL sequence data bank and are available under acces- synthesis is also necessary for cell proliferation (8).
sion number Y15082 and Y15083. Samuel et al. described, that the amount of Hrp12

2 To whom correspondence should be addressed. Institute for Clini- mRNA in highly proliferating hepatocytes observedcal Chemistry and Laboratory Medicine, University of Regensburg,
after partial hepatectomy declines dramatically in com-Franz-Josef-Strauß-Allee 11, D-93053 Regensburg, Germany. Fax:

/49-941-9446202. E-mail: Gerd.Schmitz@klinik.uni-regensburg.de. parison with sham-operated liver controls. Analogous
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Reporter gene constructs for p14.5. A genomic PCR fragmentphenomenona are visible with human p14.5, which dis-
(p14.5-1) was amplified using primers with Sac I or Kpn I-sites atplays low mRNA and protein expression in a variety of
their ends for cloning into the luciferase expression vector pGL3-undifferentiated proliferating liver and kidney tumor basic (Promega, Madison, USA). p14.5-1 was amplified using primers

cells and high expression in relative quiescent fully Lucif.1 (5*-GGGAGCTCGCCTTCCCTCTTGCAGCCCCTTCAGG-3 *)
and Lucif.2 (5*-GGGGTACCATCCCAATCACTAGGGCTCTGT-differentiated cells. Since it is known, that adult liver
TCAG-3 *) and extended 716 bp from nt 0628 to nt /88. The genomicis a mitotically quiescent organ with most of the hepa-
fragment obtained from library 1 served as template for the PCRtocytes resting in the G0-stage of cell cycle (9), p14.5
reaction. PCR conditions were as previously described (14). Shorter

may play an important role in preventing cells (e.g. fragments were derived from p14.5-1 upon amplification using inter-
hepatocytes) from entering the cell cycle. nal primers with Sac I or Kpn I-sites. Primers for p14.5-2 were:

Lucif.1 and Lucif.3 (5*-GGGGTACCGCTCCAGCGCAGGGGACGA-The goat homologous protein (UK114) was recently
AGGAGATG-3 *); p14.5-3: Lucif.1 and Lucif.4 (5*-GGGGTACCCTGC-characterized as a hepatic perchloric acid-soluble pro-
CAGACGCTGTGAGGAATCCCC-3 *); p14.5-4: Lucif.1 and Lucif.5tein (10). UK114 is expressed on the cell surface of (5*-GGGGTACCATGCGCCAGACCGGGAGCTTCCTCC-3 *); p14.5-

several human tumor cell lines, whereas differentiated 5: Lucif.1 and Lucif.6 (5*-GGGGTACCCCGCCCCCAGCGGGAG-
cells are negative for a plasma membrane signal (11). CTGTGGGG-3 *). The PCR products were digested with Sac I and

Kpn I and cloned into pGL3-basic.This suggests, that the expression of UK114 on the cell
membrane might be an event related to neoplasmic Reporter gene constructs for hPOP1. A genomic PCR fragment
transformation. Antibodies against UK114 mediate in (hPOP1-1) was amplified using primers with Sac I or Kpn I-sites at

their ends. The fragment hPOP1-1 was amplified using the primervitro complement-dependent cytolysis of cancer cells
hPOPlucif.1 (5*-GGGAGCTCCTGCCAGACGCTGTGAGGAATCCCC-expressing the UK114 protein on the cell membrane.
3*) matching nt /74 to nt /98 with respect to the transcription initia-Administration of the antibodies in vivo suppresses the tion site of hPOP1 (15) and hPOPlucif.2 (5*-GGGGTACCAATGGCC-

growth of human colon cancer HT29 cells xenografted CCTGGGGCTTTCGCGG-3*) matching nt 0228 to nt 0250. PCR was
performed using the Expand High Fidelity PCR System (Boehringerinto nu/nu mice (11). Whether these findings may open
Mannheim, FRG) with genomic DNA as template. The fragmentnew perspectives for immunotherapy of cancer is re-
hPOP1-1 extended 348 bp from nt /98 to nt 0250. Shorter fragmentscently under intensive investigation through clinical
were derived from hPOP1-1 upon amplification using internal primers

studies in patients with metastatic cancer (12, 13). with Sac I or Kpn I-sites. Primers for hPOP1-2 were: hPOPlucif.1
In this paper, we report the isolation and character- and hPOPlucif.3 (5*-GGGGTACCGCCTTCCCTCTTGCAGCCCCTT-

CAGG-3*); hPOP-3: hPOPlucif.1 and hPOPlucif.4 (5*-GGGGTACCG-ization of the p14.5-promoter region. The functional
GAAGCTCCCGGTCTGGCGCATGCG-3*); hPOP-4: hPOPlucif.1 andcharacterization of the promoter will help to under-
hPOPlucif.5 (5*-GGGGTACCATGCGCTCTCCAGCGCGCTCTCC-3*).stand the mechanism governing the regulation of this

Transient transfection of HepG2 and HeLa cells. HepG2 or HeLatranslational inhibitor protein.
cells were cultured at a 10% CO2 atmosphere at 377C, in DMEM-
medium (Biowhittaker, Verviers, Belgium) supplemented with 10%

MATERIALS AND METHODS fetal calf serum (Pan Systems, Aidenbach, FRG). Cells at a density
of 60 - 70% were transiently transfected with 7.5 mg of plasmid DNA
using DOTAP-lipofection (Boehringer, Mannheim) as described byIdentification of the transcription start site. Rapid amplification
the manufacturer. The transfected cells were incubated for 40 h. Inof 5*-cDNA ends (5*-RACE)-ready cDNA prepared from human leuko-
each experiment, the cells were transfected with a pGL3-basic and acytes poly(A)-rich RNA (Marathon-ReadyTM cDNA, Clontech, Palo
pGL3-promoter plasmid, that served as negative and positive control,Alto, USA) was amplified following the recommendations of the man-
respectively. The pGL3-basic construct had no promoter or enhancerufacturer. Primary PCR reaction was conducted with the provided
elements upstream of the luciferase gene. The pGL3-promoter plas-anchor primer and the gene specific primer GS6r (5*-GCCTATCTG-
mid contained the SV40 early promoter.TCCTGAAATGTAAATGG-3 *) matching nt /165 to nt /190 with

respect to the 5*-end of the p14.5-cDNA (1). An aliquot of the initial Luciferase assays. Transfected cells were harvested 40 h after
PCR reaction served as template for the secondary PCR reaction transfection and lysed in 500 ml of reporter lysis buffer (Promega).
with the provided anchor primer and the primer GS3r (5*-GCGGTG- Subsequent to centrifugation (5 min, 10,000 1 g) of the lysates, 20
CTGATCACCCTTCTGATC-3 *) matching nt /88 to nt /111. PCR ml aliquots of the supernatants were mixed with 100 ml luciferase
reactions were carried out in a Perkin Elmer 9600 thermocycler (Vat- assay reagent containing luciferyl-CoA (Promega). The luciferase ac-
erstetten, FRG). The PCR-fragment was cloned in the Sma I-site tivity was measured in a LUMAT LB9501 (Berthold, Munich, FRG).
of pUC18 and sequenced using fluorescently labeled primers (Cy5 Protein concentrations of the cell extracts were determined according
AutoRead Sequencing Kit, Pharmacia, Freiburg, FRG) and an AL- to Smith et al. (16).
Fexpress DNA sequencer (Pharmacia).

Slides preparation for fluorescence in situ hybridization (FISH).
Cloning of the promoter. Five libraries of uncloned, adaptor li- Lymphocytes isolated from human blood were cultured in a-minimal

gated genomic DNA fragments, constructed with Eco RV (library 1), essential medium (MEM) supplemented with 10% fetal calf serum
Sca I (library 2), Dra I (library 3), Pvu II (library 4) and Ssp I (library and phytohemagglutinin at 37 7C for 68-72 h. The lymphocyte cul-
5) (PromoterFinder DNA Walking Kit, Clontech) were amplified ac- tures were treated with 5-bromo-2 *-deoxyuridine (0.18 mg/ml) to syn-
cording to the recommendations of the manufacturer. Primary PCR chronize the cells. The synchronized cells were washed three times
reaction was performed with the provided adaptor primer 1 and the with serum-free medium to release the block and recultured at
gene specific primer GS3r (see above). An aliquot of the initial PCR 37 7C for 6 h in a-MEM with thymidine (2.5 mg/ml). Cells were har-
reaction served as template in a secondary PCR re action with the vested and slides were prepared by using standard procedures in-
provided nested adaptor primer 2 and the primer Prom3 (5*-GCC- cluding hypotonic treatment, fix and air-dry.
TTCCCTCTTGCAGCCCCTTCAG-3 *) matching nt /46 to nt /70
with respect to the 5*-end. The main PCR fragment from library 1 In situ hybridization and FISH detection. The 2116 bp probe was

biotinylated with dATP for 1 h at 15 7C using the BioNick labelingand 3 was cloned and sequenced.
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system (Gibco BRL) (17). The procedure for FISH detection was per- In contrast to the observed promoter structure for a
formed according to Heng et al. (17) and Heng and Tsui (18). Briefly, housekeeping gene, p14.5 mRNA expression is regu-
slides were baked at 55 7C for 1 h, treated with RNase and denatur- lated in a tissue- and differentiation-dependent man-ated in 70% formamide in 21 SSC for 2 min at 70 7C followed by

ner (1). The existence of putative binding sites for thedehydration with ethanol. Probes were denaturated at 75 7C for 5
min in a hybridization mix consisting of 50% formamide and 10% ETS-family transcription factor PU.1 (nt 0547, 0327)
dextrane sulphate and loaded on the denaturated chromosomal could be the reason for upregulation of p14.5 upon dif-
slides. After over night hybridization, slides were washed and de- ferentiation from monocytes to macrophages (1). PU.1
tected. FISH signals and the DAPI banding pattern was recorded

is a candidate transcription factor for mediating macro-separately by taking photos, and the assignment of FISH mapping
phage-specific gene expression. The expression of genesdata with chromosomal bands was achieved by superimposing FISH

signals with DAPI bandet chromosomes (18). encoding prointerleukin-1b, macrophage inflammatory
protein-1a, CD11b, Fc gamma receptor-1b and the col-
ony-stimulating factor-1 receptor appear to be regu-RESULTS AND DISCUSSION
lated by this protein (19).

The high expression in hepatocytes (1) may be medi-As a first step towards characterization of the pro-
moter of the p14.5 gene we used 5*-RACE-PCR to ated by three binding sites for the liver-specific tran-

scription factor LF-AI (nt 07, 0341, 0421) (20), whichdetermine the position of transcription initiation. Se-
quence analysis of the longest 5*-RACE-PCR product is required for the expression of a set of genes in hepato-

cytes (21).revealed a fragment of 167 bp in length. It was com-
posed of the used anchor primer (38 bp) at the 5*-end In regard to the function of p14.5 as a translational

inhibitor (1, 2) and its putative role in regulation ofand 110 bp of already known cDNA sequence at the
3 *-end. The remaining 19 bp represented new 5*- cell growth and differentiation (1, 5), two additional

transcription factor binding sites for c-Myc at nt 080cDNA sequence, revealing a transcription start site
94 bp upstream from the ATG codon. Interestingly, and a-palindrome-binding protein (a-PAL) at nt 0107

may be important. c-Myc appears to be a member of amost of the cloned and sequenced 5*-RACE-PCR frag-
ments revealed a transcription start site 75 bp up- transcriptional regulatory network responsible for con-

trolling a set of genes whose functions impinge directlystream from the ATG codon. This is in accordance
with the published length of the p14.5 cDNA and on the machinery of cell growth and proliferation. For

example, eukaryotic initiation factor-2a (eIF2a) andindicates, that the transcription process may be initi-
ated at multiple locations. eIF4e, two important proteins of the translational ap-

paratus, are candidate c-Myc regulated genes (22).Amplification of the provided promoter finder li-
braries from the PromoterFinder Kit revealed PCR Binding sites for a-PAL, which was originally identified

as a key transcription factor for the eIF2a-gene (23),products ranging in size from 700 bp (library 1) up
to 3000 bp (library 4) (Fig.1A). The main fragments are localized in numerous genes involved in transla-

tion, cellular proliferation, growth-responsive path-from library 1 and 3 with 716 bp (Fig.2A) and 2116 bp
(accession number Y15082) in length, respectively, ways and DNA replication/repair. a-PAL may be a

transcription factor that links the transcriptional mod-were sequenced. The 3 *-end of the 2116 bp fragment
was complete identical to the PCR product obtained ulation of key metabolic genes to cell growth and differ-

entiation (24). In addition to the transcription factorfrom library 1, confirming the identity of the smaller
fragment. recognition sites mentioned above, two half-palin-

dromic estrogen response elements (ERE) (nt /16,Within the 716 bp fragment putative transcription
factor binding sites were detected using the FACTOR 0319), an incomplete ERE (nt 0174), a myc-associated

zinc finger protein (MAZ) site (nt 0271), an activatoralgorithm of the HUSAR package (DKFZ, Heidel-
berg, Germany) (Fig.2A). The 5*-flanking region of protein-2 (AP2) site (nt 0346), a cyclic nucleotide regu-

latory element-binding protein (CREB)/activatingthe p14.5 gene shows typical features for a group
of housekeeping genes, exemplified by dihydrofolate transcription factor (ATF) site (nt 0401), a GC-rich

sequence binding factor (GCF) site (nt 0426) and tworeductase. These promoters lack TATA- and CAAT-
boxes, are GC-rich, and contain multiple transcrip- CACCC-boxes (nt 0430, 0576) were identified.

Potential promoter activity was ascertained by de-tion start sites. Housekeeping genes are mostly con-
stitutively expressed, and the GC-box binding pro- signing fusion constructs of the 5*-flanking region of

p14.5 linked to luciferase gene as a reporter in thetein SP1 appears to play a prominent regulatory role.
In fact, the p14.5 promoter exhibits a 67% GC-rich pGL3-basic vector. Five different promoter-luciferase

constructs were transiently transfected into HeLasequence localized between nt 0448 and nt /1 and
contains no TATA-box. A CAAT-box was identified at and HepG2 cells and assayed for luciferase activity

(Fig.3A). The general pattern of luciferase activity innt 0625, however this is not the expected position of
a CAAT-box relative to the transcription start site. these two cell types was similar, but transfection of

HepG2 cells resulted in a significant higher level ofIn addition to a GC-box at nt 0425, a second con-
served GC-box is located at nt 026. promoter activity compared to HeLa cells. Only pro-
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FIG. 1. (A) Agarose gel electrophoresis of the amplified genomic fragments of the p14.5 promoter region. Primary (lanes 1–5) and
secondary (lanes 6–10) PCR was performed as described by the PromoterFinderTM DNA Walking Kit protocol. Lanes 1 and 6: Eco RV
library, lanes 2 and 7: Sca I library, lanes 3 and 8: Dra I library, lanes 4 and 9: Pvu II library, lanes 5 and 10: Ssp I library. Lane M
contains 0.5 mg 1 kb DNA-ladder (Gibco BRL). The sequenced fragments are indicated by arrowheads. (B) Schematic structure of the 2116
bp promoter fragment obtained from library 3. The genes for p14.5 and hPOP1 are found in a head-to-head orientation. A 102 bp intergenic
region is sufficient for divergent transcription of both genes. Various numbers of tandem repeats (VNTR) are localized between nt 01192
and nt 01250.

moter plasmid p14.5-2 (0390//88) exhibited a lower (0104//88) showed 70-fold (HeLa)/93-fold (HepG2)
and 38-fold (HeLa)/88-fold (HepG2) luciferase activ-activity in HepG2. No activity was detected in the

lysate of cells transfected with the promoterless ity, respectively. Very low promoter activity was de-
tected when cells were transfected with constructpGL3-basic plasmid. Plasmid p14.5-1 (0628//88)

contained the whole 716 bp fragment obtained from p14.5-5 (028//88), suggesting that the sequence be-
tween nt0104 and nt/88 is necessary for basal tran-library 1 and exhibited a 21-fold (HeLa) and 59-fold

(HepG2) higher luciferase activity compared to cells scription of the p14.5 gene. The disruption of the po-
tential SP1 site (nt 026) in construct p14.5-5 may betransfected with pGL3-basic. Deletion of the proxi-

mal 238 bp of the 726 bp fragment (plasmid p14.5-2; the reason for the almost complete loss of luciferase
activity.0390//88) increased promoter activity to the 165-

fold (HeLa) and 122-fold (HepG2) activity. The pres- The nucleotide sequence of the 2116 bp fragment ob-
tained from library 3 was aligned with sequences fromence of a repressor or silencer in the region between

nt 0716 and nt 0390 is likely. A putative binding the EMBL-databases using the FASTA algorithm of the
HUSAR package. Interestingly, nt 0103 to nt 0200 dis-site for the transcription factor GCF (nt 0426), which

represses transcription in the epidermal growth fac- played a 100% homology to the 5*-end of the hPOP1-
cDNA, encoding the protein subunit of the human RNasetor receptor and b-actin promoter (25), may be re-

sponsible for the observed repression of transcrip- P and MRP ribonucleoproteins (15). RNase P endonucleo-
lytically cleaves precursor tRNA molecules to remove thetion. The constructs p14.5-3 (0200//88) and p14.5-4
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FIG. 2. Nucleotide sequence of the 716 bp human p14.5 promoter fragment (A) and a 348 bp hPOP1 promoter fragment (B). Nucleotide
position /1 is assigned to the first of the transcription initiation sites, and negative numbers refer to 5*-flanking sequences. Exon 1 of p14.5
and hPOP1 is written in capital letters. Putative binding sites for transcription factors are underlined and indicated.

5*-leader sequences and generates the correct 5*-termini moter activity of the 5*-flanking region of the hPOP1
gene have been constructed (Fig.3B). Within the 348of the mature tRNAs (26). The eukaryotic RNase MRP

was originally identified as an endonuclease able to bp fragment containing the first exon of hPOP1 and
250 bp of the hPOP1 5*-flanking region the followingcleave a RNA substrate derived from mitochondrial ori-

gin of DNA replication in vitro (27). In the yeast S. cerevis- consensus sequences for transcription factors have
been found: an a-PAL site (nt03), a PU.1 site (nt021),iae, RNase MRP cleaves the ribosomal RNA precursor to

allow the subsequent formation of the 5*-end of the major a nuclear factor interleukin-6 (NF-IL6) site (nt 024), a
c-Myc site (nt 028), an interleukin-6 response element5.8S rRNA species (28).

The head-to-head orientation of p14.5 and hPOP1 in (IL6-RE) (nt 062), a housekeeping initiator protein 1
(HIP1) site (nt 063), a SP1 site (nt 080) and a CACCC-close proximity suggest, that both genes are tran-

scribed divergently from a bidirectional promoter box (nt 0220). Almost all transcription factor binding
sites are located within the region between the p14.5(Fig.1B). To check this hypothesis, the 5*-flanking re-

gion of hPOP1 was aligned for putative transcription and hPOP1 transcription initiation sites, supporting
the proposed function of this intergenic region as afactor binding sites (Fig.2B). Furthermore, four differ-

ent promoter-luciferase fusions for measuring the pro- bidirectional promoter.
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FIG. 3. Promoter activity of p14.5-luciferase gene fusions (A) and hPOP1-luciferase gene fusions (B) transiently transfected in HeLa
cells (black bars) and HepG2 cells (white bars). The localization of the tested promoter fragments are shown to the left. Numbers indicate
the relative positions with respect to the start of transcription. Right, luciferase activity is shown as x-fold value compared to cells transfected
with a promoterless vector. Activity expressed by a pGL3-vector containing the SV40 early promoter is included as a positive control. Data
represent the means and standard deviation of three independent ex periments, each performed in triplicate.

Measurement of the luciferase activity of the four A complete loss of promoter activity was detected when
HeLa/HepG2 cells were transfected with constructhPOP1 promoter constructs revealed a higher pro-

moter activity than observed for the p14.5 5*-flanking hPOP-4 (/1//98), suggesting that the DNA sequence
between nt 020 and nt /98 is responsible for basalregion (Fig.3). In contrast to the p14.5 promoter, the

general pattern of hPOP1 promoter activity varied transcription of the hPOP1 gene. Disruption of a poten-
tial a-PAL site (nt 03) in construct hPOP-4 may be theslightly among HeLa and HepG2 cells. The constructs

hPOP-2, -3 and -4 exhibited similar activities in both reason for the loss of activity, because there is no other
known transcription factor binding site in the regiontested cells with a moderate higher activity in HeLa

cells. However, the activity for the largest construct from nt 020 to nt /98. It may be suggested, that a-
PAL could be a key transcription factor in regulationhPOP-1 was significantly decreased in HepG2 cells. Lu-

ciferase activity for hPOP-1 (0250//88) was 291-fold of hPOP1.
The significant promoter activity for both genes, orig-(HeLa) and 114-fold (HepG2) higher compared to cells

transfected with a promoterless pGL3-basic. Deletion inating from the same intergenic region, confirmed the
existence of a new bidirectional promoter. Bidirectionalof the proximal 60 bp of the largest promoter fragment

(plasmid hPOP-2; 0190//98) decreased promoter ac- promoters, although common in prokaryotes and vi-
ruses, are seemingly rare among higher eukaryotes. Intivity in HeLa cells (200-fold) and increased it in HepG2

(161-fold). The construct hPOP-3 (020//98) showed verte brates, examples of genes sharing a bidirectional
promoter include the a1 and a2 chains of type IV colla-197-fold (HeLa) and 116-fold (HepG2) activity, which

were almost the same values as ob served for hPOP-2. gen (29), WIT-1 / WIT-2 of the Wilms tumor locus (30),
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FIG. 4. FISH mapping of human p14.5 to chromosome 8q22. (A) Fluorescence detection of a biotinylated human p14.5 genomic probe
(2116 bp promoter fragment) on a metaphase chromosome spread from human lymphocytes. (B) Diagrammatic representation showing the
G-banding pattern for human chromosome 8 and the labeling distribution of the p14.5 probe. Each dot represents the double FISH signals
detected on human chromosome 8. (C) Sequence comparison between p14.5-genomic DNA and the genomic DNA for the p14.5-related
protein. Nucleotide exchanges in the p14.5 initiator codon and in a stop codon upstream of the p14.5 initiator codon are boxed. Nucleotide
/1 in the p14.5 genomic sequence is assigned to the first transcription initiation site, and negative numbers refer to the 5*-flanking sequence.
The start of an Alu-repeat in the genomic sequence for the p14.5-related protein is indicated by an arrowhead.

the proliferating cell nuclear antigen (PCNA) / un- carboxylase / 5*-phos phoribosyl 4-(N-succinocarboxa-
mide)-5-aminoimidazole synthetase (AIRC) (37). Bidi-known cDNA (31), the genes Surf1 / Surf2 of the mouse

surfeit locus (32), dihydrofolate reductase / mismatch rectio nal transcription units often encode proteins
sharing very similar structural and functional charac-repair protein 1 (33), the transporter associated with

antigen processing 1 (TAP1) / low molecular mass poly- teristics. A comparison of the amino acid sequences
predicted by the p14.5 and hPOP1 cDNAs revealed nopeptide 2 (LMP2) (34), histidyl-tRNA synthetase / un-

known cDNA HO3 (35), the gene for ataxia telangiecta- sequence identity, indicating that the p14.5-hPOP1-
cluster did not evolve by gene duplication as is likelysia (ATM) / unknown cDNA E14 (36) and the enzymes

glutamine 5-phosphoribosylpyrophos phate amido- for the a1 and a2 chains of type IV collagen (29). On
the other hand, bidirectional transcription units alsotransferase (GPAT) / 5*-phosphoribosylaminoimidazole
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encode proteins, that are different in structure but and the RNase P and MRP protein subunit hPOP1.
The relevance of the identified putative transcriptionhave similar biological functions as it is the case for

the enzymes GPAT/AIRC involved in different steps factor binding sites, especially for the tissue- and dif-
ferentiation-dependent regulation is currently inves-of purine nucleotide synthesis (37) or the TAP1/LMP2

proteins important for peptide-antigen processing and tigated and experiments are in progress to clone the
cDNA of the p14.5-related protein in order to clarify,transport to generate functional MHC-II-peptide com-

plexes (34). In regard to the function of p14.5 as a trans- whether it constitutes an additional translational in-
hibitor protein.lational inhibitor and the involvement of RNase P and

MRP in processing of components of the translational
apparatus, it is likely that the p14.5-hPOP1-cluster be- ACKNOWLEDGMENTS
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