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We report the cloning of a novel Xp/Yp pseudo- being expressed from both the active and inactive X chromo-
autosomal gene called PGPL, and demonstrate that somes €). Many of the genes that escape X inactivation are

PGPL, like other pseudoautosomal genes, escapes X located in the pseudoautosomal regions (PARSs) at the termini of

the X and Y chromosomes/<16), although an increasing
number are being identified outside the PAR-80). Some of

the interspersed X chromosome genes that escape X inactivation,
like pseudoautosomal genes, have functional Y homologues,

inactivation and has a functional homologue on the Y
chromosome. This gene is expressed in all the tissues
examined and is highly conserved across several

species. The PGPL gene encodes a protein of 442 although these homologues are notidentical to the X-linked genes
amino acids and shows the consensus sequences of a at the DNA sequence level. Other genes also escape X
series of motifs of the GTP-binding protein domain. inactivation, but they do not have a Y homolodif.(One of two
Using fluorescence in situ hybridization analysis on genes located in the XqPAR9R) escapes X inactivation and is

expressed from the Y chromosomié)(while SYBL] that has
identical copies on X and Y, surprisingly does not escape X
inactivation and, in addition, is inactive on the Y chromosome

normal males and on patients with rearrangements in
the pseudoautosomal region, the gene was localized

within 500 kb of the telomere. Further refinement using (15).

a cosmid contig of the region places this novel gene In our search for genes which escape X inactivation, we

within 80-110 kb of the telomere, making this the most identified a novel pseudoautosomal gene that has a functional

telomeric gene on the short arms of the sex chromo- homologue on the Y chromosome. This gene is a putative

somes. GTP-binding protein which we have nanfe@PL (pseudoauto-
somal GTP-binding protein-like). Mapping information ident-

INTRODUCTION ifies this locus as the most telomeric gene in the Xp/Yp PAR.

Mammalian sex chromosomes share two terminal regions ?JESULTS

homologous DNA sequences, which pair and recombine during

male meiosis. Genes in these regions can be exchanged betwieghtion and characterization ofPGPL

the X and Y chromosomes and are inherited as if autosiwdd (

They are present in two doses in both males and females, dexpressed sequence tag (EST) 917 was isolated from human

escape inactivation (with one exception noted below) of the Xkeletal muscle and mapped by silver-stained denaturing

chromosome in females. polyacrylamide gel electrophoresis (DPGE) on the X and Y
X chromosome inactivation results in the transcriptionathromosomes3@). By PCR-based screenirgg] using the EST

inactivation of most genes on one of the pair of X chromosomé&4d.7 primers, a cDNA of almost 1900 bp was recovered from a

in females, thereby achieving dosage equivalence for X-linketDNA library derived from a human uninduced male teratocarci-

genes between males and femal®s A growing number of noma cell line, NT2/D134). The cDNA sequence was deter-

human genes have been described that escape X inactivatiorined and is shown in Figufle It contains an interesting open
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1 GCGGGCCGCCETACGCCCEREGCTGCGGCTCTCCCGCETGGECCGCEECCGCTCGECTCCECGGECAGCCGCGCCETCCTG 81
82 CCCCGCGCGCGCGCTAGCCGCTGTCGGCCGCAGGAGCCCCGGGAATCTGGAGGGGCCETGEGGCCEAGGGAGEGGECCTGCE 162
163 GGCGGAAGGCGGACGARAACAGAACGGAAGACGACAAGGAGGAGCCGGAAGATGCGGACGAGAACGCCGAGGAGGAGCTGEC 243

1 M RTRTUPRTI RS C 10
244  TGCGGGEAGAGCCTCTGCTGCCGGCGEGEACCCAAGCGCATETCTCTGATTCACCCTGACGTCAAGTGGGGCCCAGGGARR 324
11 C GESTLCCRI®RGPI RKRVC CLVYVEHPUDVZEKWSEGT?PGEZXK 37
325  TCGCAGATGACTCGAGCCGAGTGGCAGGTGGCGEAGGCCACAGCGCTEGTGCACACGCTGGACGGCTGETCCETGGTGCAC 405
38 S QM TRAEWU QU VA ATEATATLVYVEHTTILDGWSVV H 64
406  ACAATGGTCGTGTCCACCAAAACGCCGGACAGGAAGCTCATCTTTGGCAAAGGGAACTTTGAGCACCTGACAGAAAAGATC 486
65 T M VV S TXTUPDRIEKTILTITFOGE R GNTFEUHTLTTETZ KTI 91
487  CGAGGGTCTCCAGACATCACGTGCGTCTTCCTGAACGTCGAGAGGATGGCTGCCCCGACCAAGAARGAACTGGAAGCCGCC 567
92 R GSPDITO CVV FLNVETRMAATPTTIERKTERKTETLTER AA 118
568  TGGGGCGTGGAGGTGTTTGAGCGCTTCACGGTCGTCCTGCACATCTTCCGCTGTAACGCCCGCACGAAGGAGECCCGGCTT 648
119 WGV EVFERTFTVVLHITFIRTCNARTIERKTEA AT RL 145
649  CAGGTGGCCCTGGCGGAGATGCCGCTGCACAGGTCGAACCTGARAAGGGACGTCGCCCACCTGTACCGAGGAGTCGGCTCG 729
146 Q VALAEMPTLU H®RSNTLIERK®RDVAHTILTYTZ RGV VG S 172
730  CGCTACATCATGGGGTCAGGAGAATCCTTCATGCAGCTGCAGCAGCGTCTCCTGAGAGAGAAGGAGGCCAAGATCAGGAAG 810
173 R Y IMGSGESTFMOQLOQOQRTLTILU®RETE KEUA AT EKTIT REZK 199
811  GCCTTGGACAGGCTTCGCAAGAAGAGGCACCTGCTCCGCCGGCAGCGGACGAGGCGGGAGTTCCCCGTGATCTCCGTGETG 891
200 AL DRLRIEKIEKRIELIL®RROQRT®RIRETFUPVTISV VYV 226
892  GGGTACACCAACTGCGGAAAGACCACGCTGATCAAGGCACTGACGGGCGATGCCGCCATCCAGCCACGGGACCAGCTGTTT 972
227 T L I KA LTGDAA ATIG QTP RTUDUG QTLF 253

973 GCCACGCTGGACGTCACGGCCCACGCAGECACGCTGCCCTCACGCATGACCGTCCTGTACGTGGACACCATCGGCTTCCTC 1053

254 A T LDVTAHAGTIULUPSRMTUVILYUV 280
1054 TCCCAGCTGCCGCACGGCCTCATCGAGTCCTTCTCCGCCACCCTGGAAGACGTGGCCCACTC 1134
281 S Q LPHGLTIEST FSATTILETVDV VA AHSDTILTITULUEHY 307
1135 AGGGACGTCAGCCACCCCGAGGCGGAGCTCCAGARATGCAGCGTTCTCTCCACGCTGCATGGCCTGCAGCTGCCCGCCCCG 1215
308 R DV S HPEAETLU QI KT CSVLSTUILRGILUGQTILTZPA ATP 334
1216 CTCCTGGACTCCATGGTGGAGGTTCACAACAAGGTGGACCTCGTGCCCGEETACAGCCCCACGGAACCGAACGTCGTGCCC 1296
335 L L. D 8 MV E V H L v P G Y S P TEUPNUVV P 361
1297 GTGTCTGCCCTGCEGGECCACGGECTCCAGGAGCTGAAAGCTGAGCTCGATGCGGCGGTTTTGAAGGCGACGGGCAGACAG 1377
362 ¢ H G L Q ELXATZEULUDA AAZAVYVILIZ KA ATGTZ R Q 388
1378 ATCCTCACTCTC TGTGAGGCTCGCAGGGGCGCAGCTCAGCTGGCTGTATAAGGAGGCCACAGTTCAGGAGGTGGACGTG 1458
389 I LTLRVRILAGA AGQILSWILYZ XKEA ATV VOQETVT DYV 415
1459  ATCCCTGAGGACGGGGCGGCCGACGTGAGGGTCATCATCAGCAACTCAGCCTACGGCAAATTCCGGAAGCTCTTTCCAGGA 1539
416 I P EDGAADVI® RVYITISNS SAYGZ RXT FTRIETLTFTUPG 442
1540 TGAACGGACGCCCACAGAGGCCTGCGEGETGEGEGCATTGCTGCCTGGGGAGCTGAGGCETTACCGCTGTCTTGGGGCCAG 1620
443 * 443

1621 CTTGGTGTCAGGTGCAGCAGGGTCCTCCTTGTCTGGTTCTGCACCCETCTCGCTCCCAGCCATTTGCTGGGATGACCGTCC 1701
1702  AGGCCGGTGACACGGCCGCACCTGCCCCAAAGCGGGCCGCCCGAGCETCCACTCCAAGCCTGAGCATCCACACAATTCCAG 1782
1783 TGGGCCCTCGGTGCCTGCTGTGAACTGCTTTCCCTCGGAATGTTTCCGTAACAGGACATTAAACCTTTGATTTTAARAAAAA 1863
1864  AAAAA 1868

Figure 1. The nucleotide sequence of 8PLgene together with the conceptual translation of the open reading frame. GTP-binding protein-like domains are denotet
by grey boxes. The primers used in the RT-PCR assay are indicated by solid lines.

reading frame (ORF) that starts at the ATG codon at nucleotideose in the EMBL database revealed homology (34.5% identity
214 and ends with the termination codon (TGA) at nucleotidand 43.5% similarity) with F46B6.4 (Z70780), a putative
1542, encoding a putative protein of 442 amino acid&TP-binding protein o€aenorhabditielegans(36) (Fig. 6A)
(49 390 Da). The '3untranslated region (UTR) contains aand lower homology with hflX (U14003), a GTP-binding protein
putative polyadenylation signal (ATTAAA) at 11 nucleotidesof Escherichiacoli required for high frequency lysogenization by
from the poly(A) tail. This putative protein contains four domainsacteriophaga (37). Analysis of the homologous eukaryotic
characteristic of a GTP-binding site at amino acids 227-23droteins for cellular sorting signals shows that both the human and
(GYTNCGKT), amino acids 275-278 (DTIG), amino acidsC.eleganssequences contain amphipatitichelices at their
344-347 (NKVD) and amino acids 363—-366 (SALR). N-termini characteristic of mitochondrial matrix proteins. The

In the review of Kjeldgaardt al. (35), the common structural human protein is highly charged and contains a possible nuclear
core of the GTP-binding protein was described. The first domaifgcalization signal at amino acids 205-209 (RKKRH).
GXXXXGK(S/T), appears, with variations, in many nucleoside Northern analysis detected three RNA species in all human
triphosphate-utilizing enzymes and represents the phosphatelult tissues tested. The most abundant transcript of 1900 bp was
binding loop. The second element, DXXG, is conserved in abbbserved in all tissues analysed, with the highest levels of
GTPases and is implicated in conformational change between tiagoression in muscle and heart (F&. Moreover, two less
GDP and GTP forms. The third element, NXXD, determines thabundant transcripts (3.5 and 4.8 kb) were observed in all tissues.
specificity for the nucleotide guanine. The fourth element, To assess the transcriptional activity BGPL on the X
(CIS)AXX, may be essential for the structure of the proteinchromosome in various cell lines with either active or inactive X
Comparison of the deduced amino acid sequence of PGPL withromosomes, RNA was amplified by RT-PCR using a specific
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Figure 2. The expression ¢*GPLin human tissues by northern blot analysis.
The bars on the left indicate the position of migration of RNA markers.
Reprobing of the same filter withaactin probe is shown in the bottom panel.
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Figure 3. RT-PCR analysis of the expressionR&sPL using the primer pair
917F/917R. Ethidium bromide-stained RT-PCR products were obtained after
amplification with primers foPGPLas well adIC2, XISTandHPRTcontrol
primers tested against RNA from somatic cell hybrids containing active X
(Hy136¢ and GM06318B), inactive X (THX88, Hy70C4T3 and Y162.5E1T2),
inactive XX (X8/6T2), Y (Hy853 and GM06317), a hamster cell line, male
(46,XY) and female (46,XX) cell lines and a human lymphoblastoid cell line
GM1416 (48,XXXX). Sizes are indicated on the right.

. . , . DXS1233Xqtel (data not shown). This result is in accordance
primer pair (see Materials and Methods and E)g.RT-PCR with the PCR result.

amplification ofPGPLwas detected in both active and inactive Further mapping of theGPL gene was achieved by fluor-

X- as well as in the Y-containing hybrid cell lines, 4X cell line o AT ; . .
; ; T . “’escencén situhybridization (FISH) analysis. Using two cosmids
male and female cell lines (Fi§). Because the primer pair (U55B10 and UB3F1) positive for teGPL sequence-tagged

(917F/917R) amplifies identical products from genomic DNA,;
RT-PCR assays were performed with and without revers%te (STS) (EST 917) as probes, FISH was performed on DNA

: : e 'om normal males, a patient with a deletion of the distal 1.5 Mb
transcriptase to confirm that amplification was from RNA and Nl ihe PAR region (YU: unpublished data) and a patient with an

from contaminating DNA in the RNA preparations. Control. version breakpoint at 500 kb from the telomere [AB The

genes showed the expected amplification products from tH% ; . ; X
: ; : résults of this analysis show tHRGPL s located in PARL at a
active X for theHPRT (hypoxanthine phosphoribosyl tranSfer'Hgaximum distance of 500 kb from the telomere. Finer analysis

ase) gene, a gene known to undergo X inactivation; from tl o o
- ; . ' . was performed by localizing tfGPLSTS on a yeast artificial
inactive X forXIST(38) and from the active X, inactive X and Y chromosome (YAC) and cosmid contig of the regidi(1). The

for MIC2 (39) (Fig.3). Escape from X inactivation f®@GPLwas N X
: 3 ; . ; TS was positive for cosmids LLNLN0434, U55B10 and U63F1,
confirmed by RT-PCR assays with two other primer pairs (seé?.n d places the gemB0—110 kb from the telomered) (Fig. 4).

'(\f'jgig”r?(')f gﬁgwl\flwt)ethods and Fig.based on the cDNA sequence This makes th® GPL gene the most telomeric gene on the short
' arms of the X and Y chromosomes.

Chromosomal localization ofPGPL Evolutionary conservation of PGPL

The regional assignment of AR&PLgene on the X chromosome Southern ‘zoo’ blot analysis, using tR&PL cDNA as a probe,

was inferred from the patterns of segregation of the amplificatiomas employed to study whether there B@PL-homologous
products in a somatic cell hybrid panel. This panel contained 2&quences present in other species. The cDNA clone hybridized
human—hamster or human—mouse cell lines that subdivide thet&X genomic DNA from a number of species including human,
chromosome into 31 intervald@). Using this panel, we have monkey, rat, mouse, dog, cow and rabbit (F&). Such
mapped the gene in the cytogenetic band Xp22.33, telomeric ¢onservation of th®GPL gene argues strongly in favour of an
DXS1233data not shown). important biological role.

By Southern blot hybridization assay, the cDNA detected a In an EST database search to identify ESTs of mouse related to
20 kb EcaRI fragment in male and female DNAs as well as inthePGPL gene, we found six ESTs of mouse (see Materials and
DNAs from hybrid cells containing either a human X chromo-Methods) which showed significant homology toRi@&PLgene.
some or a human Y chromosome. The same fragment wakese ESTs were assembled by ‘The EST Assembly Machine’
detected in the hybrid EGMHA49 that retains part of the human program (http://gcg.tigem.it/cgi-bin/uniestass.pl) which gave a
chromosome between Xptel/Xq26.3 but not in the hybrighutative murine cDNA homologous ®GPL An assembled
EGMH42 that contains the human X chromosome betwedragment of 773 bp was obtained, and comparison of the deduced
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Figure 4. Relationship between the chromosomal marker map, cosmid contig and the genes in the 700 kb region bounded by the Xp-§) telarkers are
indicated vertically below the solid bar representing genomic DNA, with respect to their distance to the telomere. Thésteldiveted by zero on the left side.
(B) Cosmids are positioned below (1BGPL resides on cosmids U55B10, U63F1 and LLNLN0434 shown by a thick line. A furtherS§¢@;, has also been
mapped on this chromosomal interval.

and hflX) and supports the hypothesis that the fragment obtained
is part of the putativepgpl gene. In fact, comparison of the
consensus nucleotide sequencegpfl with PGPLrevealed 71%
homology (data not shown), while comparison of the deduced
amino acid sequence of pgpl with PGPL revealed high homology
(67% identity and 87% similarity) (Fi@B). Therefore, a more

-

23 kb
i . . . .

o precise comparison with the full-lengifpl cDNA remains to be
9.4 kb determined, together with its chromosomal localization and its
6.5 kib : 4 expression pattern.
43kt - i DISCUSSION

v i We have isolated a novel pseudoautosomal gene ¢B&EL
which is the most telomeric gene on the short arms of the sex
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ey chromosomes. This gene shows the consensus sequences whicl

are known to constitute a fingerprint of GTP-binding protein
domains. GTPases are conserved molecular switches, built
according to a common structural design. Turned on by binding
GTP and off by hydrolysing GTP to GDP, the switch mechanism
is remarkably versatile, enabling different GTPases to sort and
amplify transmembrane signals, direct the synthesis and trans-
location of proteins, guide vesicular traffic through the cyto-
plasm, and control proliferation and differentiation of animal
Figure 5. Evolutionary conservation of tHeGPL gene. The bars on the left cells. . . . .
indicate the position of migration of the DNA markers. The comparison of the human protein againsl igdegansand

E.coli homologues suggests that they have the same or very

similar functions since the vital regions of the GTP-binding
amino acid sequence with those in the EMBL database revealdomain is conserved and the regions of homology are almost at
the same homologies as that of H@&PL human gene (F46B6.4 equal distances from one another. All of these proteins appear to

I o
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PGPL MRTRTPRRSCCGESLCCRRGPRKRVCLVHPDVRKWGPGR~SQMTRAEWQVAEATA 52
] el Te e oele I L]z
F46B6.4 SROTVLSFRNLSIGSSEVAAPSAFANDRWSVLVVHPRKVRWGSGSASVLRQADRQLEEAVA 66
PGPL LVHTLDGWSVVHTMVVSTK-TPDRKLIFGKGNFEHLTERIRGSPDITCVFLNVERMAAPT 111
[1 2] = 22 2222 2 ¢ || zzsa|]z|s] 2 | = RN EEEE]
F46B6.4 LVDNLPNMNAVDSLIMPVDYNTKRKAVWASGNLEKLIAR~REAARATALMVNVDALSPSQ 125
PGPL RRELEAAWGVEVFERFTVVLHIFRCNARTREARLQVALAEMP————— LHRSNLKR~~~—-- 161
bl s L elslessl] I Lslalflslelellsl  a| < ||
F46B6.4 QQELYRIFEVPIFDRYNIVLATFKQFAKTEEARIQIAIAEIPYIKHRIHALSSKRLHSRP 185
PGPL DVAHLYRGVGSRY IMGSGESFMQLQOQORLLREKEAKIRKAL-DRLRKKRHLLRRQRTRREF 220
N
F46B6.4 DILH-~~~IDSHYSDIDGD——~~~ LNEILRKREQDLRKELKDVTRRNVGQLGVRNSSDA- 235
PGPL PVISVVGYTNCGRTTLIKALTGDAATQPRDQLFATLDVTAHAGTLPSRMTVLYVDTIGFL 280
s T L edel T Tee LT3 @z (1] seezsl (1]
F46B6.4 ~VVAVVGYTNSGKTSLVKKLTGAASLTPKDQLFATLDTTRHLAKLPSGRSAVFTDTIGFL 294
PGPL SQLPHGLIESFSATLEDVAHSDLILHVRDVSHPEAELQKCSVLSTLRGLQLEAPLLDS-M 339
IR N
F46B6.4 SDLPMHLIAAFEATLAHVKSADVITHLRDISNPDWKAQEEDVLATLRKSIGVTDYVLNERT 354
PGPL VEVHNRKVDLVPGYSPTEPN-VVPVSALRGHGLQELKAELDAAVLKATGRQILTLRVRLAG 398
el e sl L Ll f el oxx | ot sl
F46B6.4 ISVDNKIDKESAFPTSESNNSVRISCKTGDGMHELIDVINDKVTMVTRCKTIRLRLDARS 414
PGPL AQLSWLYR-EATVQEVDVIPEDGAADV-RVIISNSAYGKFRKLFPG* 443
0 Ll s s leses] [el0] |
F46B6.4 PVIEWLYHNELVVIEPTI~~-DGNYLIFDVVMNESEIGRFRRKKFAHLKKKNSQSVSL 468
Human QLOQRLLREKEAKIRKALDRLRKKRHLLRRQRTRREFPVISVVGYTNCGKTTLIKALTGD 243
e | (sl selss 01 [slsls s LT ]S
mouse ELRARALRDRELRLRRVLERLRDKRRLMRKERVRREFPVVSVVGY TNCGKTTLIQALTGE
Human AATQPRDQLFATLDVTAHAGTLPSRMTVLYVDTIGFLSQLPHGLIESFSATLEDVAHSDL 303
e LU LE T T T e L]
mouse ASLOPRDOPFATLDVTVHAGLLPSRLRILYVDTIGFLSQLPHSLIHAFSATLEDVAYSDV
Human ILHVRDVSHPEAELQKCSVLSTLRGLQLPAPLLDSMVEVHNKVDLVPGYSPTEPNVVPVS 363
LU =T 1] s e 1]
mouse LVHVTDVSHPDAELQKATVLSTLRGLHLPPALLESALEVHSKVDLVPGYTPPCSGALAVS
Human ALRGHGLQELKAELDAAVLKATGRQILTLRVRLAGAQLSWLYKEATVQEVDVIPEDGAAD 423
s T L1+ IT LTzl D0 T L fe ]
mouse ATSGRGLDELKAALEASVLRSTGRQVLTLCVRLGGPQLGWLYREAVVQQVQELPEGDAAH
Human VRVIISNSAYGKFRKLFPG* 443

| lelzzzs|l=l |11

Mouse VIVVITQASYGRFRKLFPI*

Figure 6. Comparison of the amino acid sequences. Amino acids are given in the single letter code. The vertical lines repretentiitteatitds and the colons
represent conservative amino acid chang@sComparison between F46B6.4@klegansand the predicted PGPL peptid®) Comparison between the predicted
PGPL peptide and the putative homologous murine pgpl.

be in their own GTP family and do not appear to be part of the Rawitch controlling the activity of a protease. This GTP-coupled
or any other known GTP-binding family. Analysis of the PGPLproteolysis system appears to affect the stability of specifically
sequence shows that it contains an N-terminal sequence whielgeted proteins3().

can function as a mitochondrial matrix targeting sequence.Seven human pseudoautosomal genes in the Xp/Yp PAR have
Functional studies ik.coli suggest that the prokaryotic homo- been described to datdIC2 was the first pseudoautosomal gene
logue may form a subunit of a protein complex that may act asdescribed in man, and is a ubiquitously expressed housekeeping
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gene that encodes a cell surface antigénXE7 appears to be These ESTs were assembled by the ‘EST Assemble Machine’
ubiquitously expressed, and alternative splicing results in tworogram (http:/gcg.tigem.it/cgi-bin/uniestass.pl).

very hydrophilic protein isoforms. Presently there is no clue to its

biological function §). The product oASMThas been suggested Northern blot analysis

as a candidate for psychiatric disorders because of its tissue-spe- ) _

cific expression in brain and retina and previous association af@0 human multiple-tissue northern blots (Clontech) were
linkage studies of pseudoautosomal markers in schizophreriybridized with the full-length human cDNA, and witB-actin
patients 9) ANT3represents a h|gh|y conserved gene from th@fObe to Vel'lfy the relative no_rmallzatlon Of MRNA amounts. The
ADP/ATP translocase family and thus plays a fundamental roforthern blots were pre-hybridized, hybridized and washed by an
in the energy metabolism of the eukaryotic cel)(IL3RAand ~ ExpessHyB" Hybridisation Solution protocol (Clontech}4).
CSF2RAmap close and their products share the gambunit The fllter_s were exposed for 16 h for the PGPL probe and 2 h for
whereas the subunits are distincL{,12). Recently, two groups thep-actin probe.

independently have isolated two identical ger&dOX and

PHOG, that were suggested to cause growth failure in idiopathiCell lines

short stature and Turner syndrom&,{4).

The high degree of conservation across several species of
PGPL gene implies an important function for the locus in
humans. Moreover, its expression pattern as well as the import
biological role carried out by GTP-binding proteins suggest th
the gene may not have a specific phenotypic effect in a particul
tissue or cell type but may be crucially involved in the vitality o

Eﬂée panel of somatic cell hybrid lines used in RT-PCR assays
comprised two hybrids retaining the active human X chromo-
e, Hy136c45) and GM06318B (NIGMS, Camden, NJ);
ree hybrids retaining an inactive human X chromosome,
FX88 (46), Hy70C4T3 (5 and Y.162.5E1T2 (from M.
occhi) [the hybrid Y.162.5E1T2 retains an inactive human X
chromosome, a portion of chromosome 5 (5pter-5cen) and a

an organism. fragment of chromosome 12 (12g24.3—qter)]; a hybrid retaining
two inactive human X chromosomes, X8/6T2 (from M. Rocchi);

MATERIALS AND METHODS and two hybrids retaining the human Y chromosome, GM06317
(NIGMS, Camden, NJ) and Hy858%48). The human lympho-

Southern blots blastoid cell line GM1416 (48,XXXX) (NIGMS, Camden, NJ)

Southern blot hybridization was carried out in SSPE/% and normal male and female cell lines were used as positive
Denhardt's/0.5% SDS at 66; the filter was washed once in 2 controls. The hamster cell line YH245) was used as negative
SSC (300 mM NaCl, 30 mM sodium citrate, pH 7.5), 1% SDS &ontrol.

65°C and twice in 0.2 SSC. 0.2% SDS at 86. The membrane 1 n€ somatic cell hybrid lines used in the Southern blot assay
was exposed to XAR-5 film at—80 for 24 h. Zoo-blot (Clontech) comprised two hybrids; EGMH42 and EGMHA49 retain part of the

was pre-hybridized and hybridized inx 5SSPE/% Den- ~numan X chromosome betwedXS123Bqtel and Xptel/
hardt's/0.5% SDS at 5C: the membrane was washed oncexin 2 X326.3 respectively40).
SSC, 1% SDS at B€ and once in 0:6SSC, 0.2% SDS at 5Q.

The membrane was exposed to XAR-5 film at2@@or 24 h. ~ Analysis of expression from active and inactive X
chromosomes
FISH mapping RNAs from cell lines were obtained by extraction in guanidinium

L , _, thiocyanate followed by centrifugation in caesium chloride solution
Blotlnylated DNA of cosmids U55B10 ar)d U63F1 was hybrld—(49)' Tenug of total RNA, X reaction buffer (40 mM Tris—HCI pH
ized to metaphase chromosomes from stimulated lymphocytes9§. 10 mm NaCl; 6 mM MgG), 16.5 U of RNasin (Promega) and
patients AT 13)_and YU (unpubhs_hgd data) under conditions 4% U of RQ1DNase (Promega) were incubated iru50f total
described previously}¢). The hybridized probe was detected viay,ojyme at 37C for 30 min. After incubation, the RNA was purified

avidin-conjugated fluorescein isothiocyanate (FITC). on Strataclean resin (Stratagene). Abouiglof total RNA was
reverse-transcribed in a $0 reaction mixture containingxLRT
cDNA and sequence analysis buffer (20 mM Tris—HCI pH 8.4, 50 mM KClI, 2.5 mM Mg}l

10 mM dithiothreitol (DTT), 0.5 mM dNTP, 0.dg of random
The cDNA library used in this work was from a human uninduce@lexamers (Boehringer Mannheim) and 200 U of SuperScript
male teratocarcinoma cell line, NT2/D34j. The cDNA was  reverse transcriptase (Gibco BRL). After a 60 min incubation at
subcloned into vector pGEM-4Z (Promega-Biotech), and an®7°C, 1 ug of DNase-free RNase was added and incubated for
lysed by dye-terminator cycle sequencing on an Applied0 min at 37C. The cDNA formed was extracted twice with
Biosystem 373A automated sequencer. The cDNA sequence witenol:chloroform:iso-amylalcohol (25:24:1). The cDNA was then
deposited in the EMBL database with the accession no. Y143%ecipitated overnight with 1/10 vol. of 3 M sodium acetate, pH 5.2,
Sequence databases were searched using the BLAST sequepe 2.5 vol. of ethanol. Approximately g of cDNA was

alignment progran¥@). recovered. RT-PCR experiments were carried out using 100 ng of
RNA and 5 ng of cDNA as the template in alPCR reaction
ESTs containing X TNK 100 buffer £0), 0.2 mM dNTP, 0.35 U of

AmpliTaq polymerase (Boehringer Mannheim) andu®Beach of
The ESTs for the putatiyagpl gene are: mu22h01.r1 (AA197541), the primer sequences derived from the EST. Using a DNA Thermal
mv45g12.r1 (AA198285), mu40e06.r1 (AA209886), ve36b07.rCycler MJR (M.J. Research Inc.), we carried out 35 cycles of
(AA423167), ve91a02.r1 (AA432941) and ma24a09.r1 (W50953amplification using a step programme: 1 min eét®42 min at
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60°C; 2 min at 72C. ThePGPLprimers used in RT-PCR assay, 15. D'Esposito, M., Ciccodicola, A., Gianfrancesco, F., Esposito, T., Flagiello,

are: 917F, 5SGTCTCGCTCCCAGCCATTTGCTGGGATGA- L., Mazzarella, R., Schlessinger, D. and D’'Urso, M. (1996) A synaptobrevin-
. like gene in the Xq28 pseudoautosomal region undergoes X inactivation.

C-3; 9}7R, SGGAAACATTCCGAGGGAAAGCAGTTCA- Nature Genet 13, 227229,

CAG-3; PGPLa, 5CGGGGAGAGCCTCTGCTGCC-3PG- Vermeesch, J.R., Petit, P., Kermouini, A., Renauld, J.-C., Van Den Berghe, H.

PLb, 3-CTTTCTTGGTCGGGGCAGCC-3 PGPLe, 5GGT- and Marynen, P. (1997) The IL-9 receptor gene, located in the Xg/Yq

ACACCAACTGCGGAAAG-3; PGPLf, 3-TGTCTCCCCGT-

pseudoautosomal region, has an autosomal origin, escapes X inactivation and

16.

CGCCTTCAA-3. is expressed from the Mum. Mol. Genet6, 1-8.
17. Franco, B., Meroni, G., Parenti, G., Levilliers, J., Bernard, L., Gebbia, M.,
Cox, L., Maroteaux, P., Sheffield, L., Rappold, G.A., Andria, G., Petit, C. and
Ballabio, A. (1995) A cluster of sulfatase genes on Xp22.3: mutations in
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