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Abstract. Comparative sequence analysis facilitates the identifi-al. 1996). Interestingly, the chicken homolog of MeCP2 was iden-
cation of evolutionarily conserved regions, that is, gene-regulatoryified through its ability to bind to matrix-attached sequences
elements, which can not be detected by analyzing one species onlfMARSs) and has thus been named attachment-region-binding pro-
Sequencing of a 152-kb region on human Chromosome (Chrjein, ARBP (von Kries et al. 1991; Weitzel et al. 1997). ARBP
Xg28 and of the synthenic 123 kb on mouse Chr XC identified therecognizes chicken repetitive sequences and mouse satellite DNA
MECP2Mecp2locus, which is flanked by the gene coding for with the same high affinity as MARs. Besides a role in gene
Interleukin-1 receptor associated kinase (IRAK&K) and the red  expression, ARBP is thought to function as a structuring protein
opsin gene (RCRsvp. By comparative sequence analysis, we at the level of higher chromatin order (Buhrmester et al. 1995;
identified a previously unknown, non-codingéxon embedded in  Weitzel et al. 1997).

a CpG island associated with MECRRYcp2.Thus, the MECP2/ Importantly, MeCP2 also possesses a transcription-repressing
Mecp2gene is comprised of four exons instead of three. Furtheractivity in the central portion of the protein (aa 207—-310) (Nan et
more, sequence comparisoht8 the previously reported polyad- al. 1997). This activity was first detected in in vitro experiments
enylation signal revealed a highly conserved region of 8.5 kband later shown to exist also in vivo. Protein—protein interaction
terminating in an alternative polyadenylation signal. Northern blotstudies indicate that MeCP2 interacts through the transrepressing
analysis verified the existence of two main transcripts of 1.9 kbdomain with the corepressor mSin3A that is contained in a large
and 110 kb, respectively. Both transcripts exhibit tissue-specificcorepressor complex including histone deacetylases HDAC1 and
expression patterns and have almost identical short half-lifes. TheIDAC2. The transrepressing activity can be partially relieved by
[10-kb transcript corresponds to a giantlBTR contained in the trichostatin A, a specific inhibitor of histone deacetylases. These
fourth exon of MECP2. The long’'3JTR and the newly identified results suggest a direct connection between DNA methylation and
first intron of MECP2Mecp2are highly conserved in human and gene silencing through histone deacetylation (Nan et al. 1998;
mouse. Furthermore, the human MECP?2 locus is heterogeneousnes et al. 1998).

with respect to its DNA composition. We postulate that it repre-  cDNA sequences of MeCP2 have been reported from human,
sents a boundary between two H3 isochores that has not beeat, chicken, and Xenopus (acc. no.: L37298, M94064, Y14166,
observed previously. AF051768). The expression pattern of the MeCP2 has been inves-
tigated using Northern analysis and Western blotting. In mouse,
MeCP2 is present in somatic tissues, and at lower levels in em-
bryonic tissues (Nan et al. 1996). In human, three transcripts of 1.8
kb, >9.5 kb, and >7.5 kb were observed in several adult somatic

The nuclear methyl-CpG binding protein, MeCP2, was identifiedtissues (D’Esposito et al. 1996; Coy et al. 1999). The murine
through its ability to recognize DNA that is methylated at CpGs Mecp2gene was mapped between thkcamand Rsvpgenes in
(Lewis et al. 1992). In vertebrates, the majority of the CpGs arethe central span of the mouse X-Chr by Quaderi et al. (1994), who
methylated, and appr. 90% of methylated CpGs occur in nonlocallzgd the human MECP2 gene to the synte_nl(_:ally equivalent
expressed or silenced sequences (Yoder et al. 1997). A minority d€gion in human Xq28, as confirmed by FISH (Vilain et al. 1996).
CpGs is clustered in 1- to 2-kb regions, named CpG islands (Bird-urthermore, it was shown that both the human and mouse MECP2
1992). genes are subject to inactivation (Adler et al. 1995; D’Esposito et
In vitro, MeCP2 is able to bind to a single methylated CpG. al. 1996), and that MeCP2 is essential for mouse development
Cytological studies have shown that MeCP2 is an abundant confTate et al. 1996). _ _ _
ponent in the pericentromeric heterochromatin of mouse chromo- We have been engaged in a large-scale sequencing project on
somes. Itis also found on the arms of mouse and rat chromosomei§ie human X Chr region 28, and its homologous region XA7-C
yet in lower amounts (Lewis et al. 1992). Further studies indicatecPn the mouse X Chr. The alignment of complete sequences of

that MeCP2 can recognize methylated sequences in vivo (Nan éomologous human and murine genomic regions will not only
reveal almost all of the exons, but is also effective at discovering

_— novel regulatory elements (Hardison et al. 1997). By comparative
The nucleotide sequence data reported in this paper have been submittedgegquence analysis of the entire MECP2 locus in human and mouse,
GenBank and have been assigned the accession numbers: AF0308%8¢ identified novel transcribed regions. The genomic data contrib-
AF121351, AF158180, AF158181. ute to the knowledge on MeCP2 and provide a basis for studying
Correspondence tavl. Platzer, e-mail: mplatzer@imb-jena.de the regulation of the MECP2 gene.
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Materials and methods from the 8 region of the 1181-bp fragment (3 TGATGTGACATGT-
GACTCCC-3) and a primer (5CCTCTCCCAGTTACCGTGAA-3) de-
. ) ) . rived from the previously reported &nd of the cDNA (acc. no.: L37298).
Genomic clonesCosmid Qc8D3 is from QIZ-derived Xq27.3- Xqter Both PCR products were cloned into the vector pCR 2.1 (Invitrogen) and
library (Warren et al. 1990); cosmid 1219D is from GM07297-F-derived fysed at a commomsBI site. The nucleotide sequence of the MECP2

LLOXNCOU1'U’ library (no. 110), and cosmid LC1837 is from ¢pNA was deposited in GenBank/EMBL under acc. no. Y12623.
GM1416B-derived ICRF library (no. 104) (Nizetic et al. 1991). PAC

P671D9 was isolated from a human BAC/PAC library distributed by Re- )

search Genetics, Inc. (Huntsville, Ala.; loannou et al. 1994). BAC B22804mRNA expression analysedultiple human tissue Northern blots were

is from a mouse BAC library generated at the Genome Research Laborgbtained from Clontech. A human MECP2 cDNA probe was prepared with

tory at the California Institute of Technology and distributed by Researcho-*’P]JdATP by random prime labeling (Boehringer Mannheim). Prehy-

Genetics, Inc. bridization, hybridization, and washing were performed under high strin-
gency conditions according to the manufacturer. To control for the relative

. ) . amount of RNA in each lane, after hybridization with MECP2 cDNA, the

Sequencing and assemblyosmid, BAC, and PAC DNA preparation  pjots were stripped by incubation in 0.5% (wt/vol) SDS at 95°C for 10 min

and shotgun sequencing were performed as described by Platzer et @nd reprobed with a human GADPH cDNA.

(1997). Sequence reactions were electrophoresed on ABI 377 sequencers. To analyze the splicing and polyadenylation pattern of the human

CDNA clones of identified ESTs were ordered at the Resource CentefJECP2 mRNAs, total RNA was extracted from Jurkat cells by the method

Berlin (ht_tp://www.rzpd.de) and sequenced with unlve_r_sal and/or customyf Chirgwin et al. (1979). In several lanes, 3@ of RNA was electro-

made primers. Sequence assembly and manual editing were performeghoresed on formaldehyde gels (Sambrook et al. 1989). Lanes were blotted

with GAP4 (Dear and Staden 1991). and then individually hybridized with probes specific for the following
exon and intron sequences of human MECP2: exorf 2n8 of intron 2,

; : ’ : 3’ end of intron 2, complete exon 3, complete intron 3eBd of exon 4,
Sequence analysisiomology searches in public domain databases were, ;
performed with BLAST, v.1.4 (Altschul et al. 1990) and FASTA, v.2.0 " 3 UTR probe (derived from EST R125739).
(Pearson, 1990). G+C content, and distribution of G+C were calculated

with GCG, v.9.0 (Genetics Computer Group, Inc.); for graphical presen-Determination of the MECP2 mRNA half-life in Raji celiaji
tation, a sliding window of 6 kb with a step size of 1 kb was chosen. ce|ls were treated with ug/ml of actinomycin D. Poly(A) RNA was
Criteria for identification of CpG islands were G+C% >50%, ratio of CpG extracted from appi2 x 10 cells as described by Rahmsdorf et al. (1987)
observed/expected (o/e) >0.6, length >250 bp, CpG island finder (Larsen f the time of actinomycin D addition and 1.5, 2.5, 4.5, and 6.5 h later.
al. 1992). Exon boundaries were identified by aligning mRNA sequence toRNA samples were run on formaldehyde gels and blotted (Sambrook et al.
genomic sequence with GAP (Huang, 1994). Genome-wide repeats wergggg). Blots were first hybridized with the MECP2 cDNA probe and then
identified by RepeatMasker (http://ftp.genome.washington.edu/cgi-binkehybridized with a human GAPDH probe. Autoradiograms were scanned
Repeat Masker). Potential transcription factor binding sites were identifiedyith a Bio-Rad model 620 video densitometer. The signals obtained with
by Matinspector (http://genomatix.gsf.de/cgi-bin/matinspector/a MECP2 probe were normalized for those obtained with the GAPDH
matinspector.pl). 3Untranslated regions were searched folldR spe-  probe, taking into account a previous determinatib8 b for the half-life
cific motifs using UTRscan (http://bio-www.ba.cnr.it:8000/cgi-bin/ of GAPDH mRNA (Dani et al. 1984).
BioWWW/UTRscanHTML.pl).

The entire human and mouse sequences were aligned by use of SIM96
with default parameters (http:/globin.cse.psu.edu). Alignment results wergyaglts
plotted with APLOT (http://www1.imim.e§jabril/gff2aplot.tgz). The nu-
merical values of homologh in exons and introns were determined from

the local alignments produced by SIM96 according to: Sequencing between IRAK/IlIlrak and RCP/Rsvp in human and
) mouse.We have previously sequenced a 400-kb cosmid contig

=ﬂ spanning the region between the creatine transporter gene, CRTR,

(ng +1ny)/2 and the gene encoding the interleukin-1 receptor associated kinase,

wherem(i) is the number of exact matches in an alignmient, andn, are IRAK, in human|Xq28 (a$C'| nos..: U52L}51;.15i1r21d #521.12’ fSrSrEb
the lengths of the considered region in the human and mouse sequenc%?ntr(.)mere '.[0 telomere). Te omeric to . there is a 50-
respectively, and the sum is over all local alignments within the region ofc0SMid contig (GenBank entries 247046, Z47066, and 268193,
interest. The sequence identities of the lon@ 3R of MECP2Mecp2and sequen(_:ed at the Sanger Centre, Hinxton, UK), which contains the
of another 55 3UTRs extracted from a set of human/mouse and human/rated opsin gene, RCP (Nathans et al., 1986; Vollrath et al. 1988).
homologous genes compiled at http://www.ncbi.nlm.nih.gov/Makalowski/ Between U52112 and this cosmid contig remained a gap of un-
PNAS (Makalowski et al. 1996) were calculated as described above. Foknown length, likely to contain the gene for methyl-CpG binding
comparison of the obtained values, match profiles were calculated. Aprotein 2, MECP2 (Quaderi et al. 1994).
match profile is obtained when the length of all aligned fragments that fall' T4 ¢|ose this gap, we generated sequence-specific probes from
into a certain identity category (e.g., identities between 95% and 100%) ?;\fhe distal end of U52112 and screened genomic libraries. Initially,
e

summed, and the obtained sum is divided by the total sequence length. . . . .
plotted (i) the fraction of sequence length (taken with respect to the total 3we identified one cosmid, Qc8D3. It overlaps 13 kb with U52112

UTR length) of the conserved fragments against their sequence identitiedNd €xtends 31 kb into the gap. In a second screening, we used

and (i) the average length of matching fragments within théU3Rs probes corresponding to the distal end of Qc8D3. We identified

against their sequence identities. cosmids 1219D, LC1837, and PAC P671D9. P671D9 turned out to
overlap both with Qc8D3 (31 kb) and Z47046 (11 kb). It thus

- . bridges the gap between U52112 and Z47046; the size of the gap

Cell culture. Human Raiji cells and Jurkat cells were grown in RPMI . : I

1640 medium supplemented with 10% fetal calf serum (Boehringer Mann.S 89 kb (Fig. 1). T(.) rule QUt a de!et|0n in P6.71D9.’ we performed

heim), 100 units/ml penicillin, and 10@g/ml streptomycin. Fiber FISH analysis, which confirmed the integrity of the PAC
(data not shown). Together, clones Qc8D3, 1219D, LC1837, and
P671D9 assemble into 112.756 kb of contiguous sequence (acc.

Cloning of a human MECP2 cDNARoly(A)" RNA from human  nq . AF030876). Including the 50-kb cosmid contig mentioned
placenta (Clontech) was reverse transcribed with an oligo(dT) primer an ove, a 151.676-kb contig is formed.

Expand Reverse Transcriptase (Boehringer Mannheim). Double-strande : L :

cDNA was synthesized, and a cDNA adaptor was ligated by use of the To compare the humz.an region .W'th Its muriné counterpart,

Marathon cDNA Amplification Kit (Clontech). Then, a 1181-bp fragment Mouse BAC B22804 was isolated with a murine EST homologous
was amplified by PCR with adaptor primer 1 and an internal MECP2-10 rat MeCP2 (acc. no.: W10855). The BAC was completely se-

specific primer (3-TGGAGTTGATTGCGTACTTCG-3, acc. no.: quenced and assembled to a 123.192-kb contig (acc. no.:
L37298). The 5end of the cDNA was obtained by PCR using a primer AF121351, Fig. 1).
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Fig. 1. Comparison of the human and murine genomic regidizper kb) and bridges the gap of 89 kb. STS markers are indicated by vertical
panel: The 152-kb region on human Chr Xq28ap: The top line depicts  lines. Genes:ldentified genes are marked by arrows indicating the direc-
previously sequenced contigs U52112 and 247046, Z47066, 268193, antibn of transcription, exons are drawn as white boxes, and predicted CpG
the gap at the starting point of our work. Below, sequenced clones aréslands as drawn as black box&epeats and G+C contentRepeats are
shown. Cosmid Qc8D3 extends U52112 by 31 kb. Cosmid 1219D extendslepicted by dotted lines and G+C content by solid lines. Drawings are to
Qc8D3 by 23 kb. Cosmid LC1837 bears a 31-kb deletion at its centeiscale.Bottom panel: The homologous region of 123 kb on mouse Chr XC
(dotted line). PAC P671D9 overlaps with Qc8D3 (31 kb) and 47046 (11lis encompassed by BAC 22804.

Comparative analysis of the human and mouse I&ibse- intron boundaries follow the GT/AG rule and are identical in both
quently, we compared the 152 kb of human genomic sequencspecies.
with 123 kb of homologous murine genomic sequence. We iden- The average G+C content of the human 152 kb is 49%, while
tified three genes in both species: IRAK, MECP2, RCP and theirt is 43% in the murine 123 kb. Local analysis indicates three
murine homologdllrak, Mecp2,and Rsvp,from centromere to compositionally distinct regions in the human sequence (Fig. 1).
telomere (Fig. 1). The proximal and distal portions exhibit a G+C content of 56% (24
An overall comparison of both genomic sequences representekb) and 53% (16 kb), but the G+C content drops to 46% in the
by similarity and percentage identity plots is given in Fig. 2. central region (111 kb). Similarly, we observe differences in the
In both species, IRAKIlrak and MECP2Mecp2 are tran-  G+C content in the mouse sequence. It is 48% in the proximal 15
scribed from telomere to centromere, whereas RSPpis tran- kb and drops to 41% in the central portion extending over 90 kb.
scribed from centromere to telomere. Exon/intron organization)n contrast to the human region, the G+C content remains at 42%
exon sizes, and coding regions are highly conserved (>80%). Inin the distal portion (18 kb).
tron sizes are conserved to a lesser extent. In the mouse, the sum A considerable fraction of both the human and the murine
of all intron lengths is smaller than in the human (64,282 bp versusequences is composed of repeats, representing 47% in the human
77,442 bp, respectively). In addition, part of the non-coding se-and 43% in the mouse. In the human, most of the repetitive ele-
quence, that is, regions flanking individual exons are well con-ments are SINEs and LINEs (22% and 18%, respectively). A total
served (http://genome.imb-jena.dkathrinr/tbl3.html). Exon/  of 123 Alu repeats is present in the human sequence, that is, 1 Alu

Fig. 2. Comparison of the human and murine genomic regions by simi-tive percentage identities of the CEs are drawn as black bars in the PIP plot
larity (SIM) and percentage identity (PIP) plot analygtep) Overview of below each SIM plot. Coding regions of genes are depicted as blue boxes;
the region from IRAKl1rak to RCPRsvp.The human and murine geno- arrows indicate the direction of transcription. The londJIR of MECP2/

mic sequences are represented on horizontal and vertical lines, respetecp2and the 3 UTR of IRAK are drawn as red boxes. CpG islands are
tively. The conservation between both sequences is represented by diagepresented by yellow ribbongottom) Enlargement of the ' 3UTR and

nal lines in the SIM plot. Conserved blocks (CEs)E0 bp, being=60% the B region including intron 1 of MECP®lecp2.

identical and not contained in repetitive elements, are shown. The respec-
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Table 1. Comparison of human and mouse MECP2 genes.

Exon Intron
human mouse match human mouse match
no. (bp) (bp) (%) no. (bp) (bp) (%) phase
1 noncoding 69 84 90.2
1 5259 5476 64.6 —
2 noncoding 98 98 100.0
2 coding 26 26 100.0
2 59633 4273 12.3 1
3 coding 351 351 88.0
3 756 487 34.5 1
4 coding 1084 1078 91.1
4 noncoding short 127 127 98.4
4 noncoding long 8555 8590 73.8
short transcript 1755 1764 94.6
long transcript 10310 10354 91.6

per 1.24 kb, which is fourfold the estimated genome averagdioned above, there are two ESTs in GenBank, in which that poly-
(Deininger 1989). In the mouse, SINEs, LINEs, and LTR elementsadenylation signal is used (acc. nos.: AA279313, AA543089). The
are almost equally represented (14%, 12%, and 13%, respectivelyyorresponding 3UTR has a length of 127 bp and exhibits 98%
Specifically, SINEs are present at a density of 1 repeat per kbidentity between human and mouse. Interestingly, this polyadenyl-
which is 20-fold the estimated genome average (Deininger 1989tion signal is followed by a region of 8.5 kb, which exhibits 74%
Furthermore, the repeat content shows drastic local differences. itlentity between human and mouse (Fig. 2). This sequence termi-
is high (58%) in the second large intron of MECRBcp2and in  nates in two additional, non-canonical polyadenylation signals (un-
the intragenic region between MECRRIcp2and RCPRsvp.In derlined) (VAUAAAGAGUUUGCCUUAUAAAUUUACA). A
the remaining portions of MECP2lecp2and in IRAK/Ilrak the  database search identified 44 human, 16 mouse, and 4 rat ESTs
repeat content is very low (14%). that match within the 8.5-kb region. These ESTs are mostly ex-
CpG islands are associated with tHeehds of both the IRAK/  pressed in brain, lung, and breast. In four human ESTs (acc. nos.
lllrak and the MECPMecp2gene. The island (77% GC-rich) R40020, AA670387, R43025, N25284) the sequence up to the U
found at IRAK is 1034 bp long and covers 314 bp offlanking (bold face) is followed by a poly(A) tail. This indicates that cleav-
DNA, exons 1 to 3, and 26 bp of intron 3. In the mouse, theage of the primary transcript occurs at the site marked by the
corresponding island (71% GC-rich) is 598 bp. It covers 209 bp ofarrow, but not at the canonical poly(A) site CA (italic). Collec-
5’ flanking DNA, exons 1 and 2, 7 bp of intron 2, and it is 89% tively, these ESTs suggest that the 8.5-kb region represents an
identical with the corresponding section of the human island. Thealternative, unusually long’3JTR of MECP2Mecp2.
islands associated with MECP2 aMi@cp2are 1020 bp and 881 bp
in length, respectively. Both islands are 88% conserved over th%xpression and half-

entire length of the murine island. life of the alternative MECP2 transcripia

investigate whether the putative, unusually londJIR is related
to MECP2Mecp2, we performed Northern blot analysis with
Comparison of the MECP2 gene in human and mouse reveals probes from various regions of the human MECP2 gene. A cDNA
new 3 exon and an alternative polyadenylation siferesently,  probe (acc. no. Y12643) as well as probes specific for exon 2, exon
GenBank contains four mMRNA entries of human MECP2 (acc. nos3, or the translated portion of exon 4 simultaneously detected two
L37298, X89430, X99686, Y12623). These mRNAs harbor threetranscripts of 1.9 kb and10 kb (Fig. 3a and data not shown). Both
exons spanning 62 kb and 45 kb of genomic DNA in human andranscripts are ubiquitously expressed but show different tissue
mouse, respectively. By comparative analysis of human and muexpression patterns; for example, the shorter transcript is barely
rine genomic sequences, we identified upstream of the first ofletectable in brain and lung, but very abundant in heart, skeletal
these exons a region of 6 kb, which contains blocks of well-muscle, and spleen. On the other hand, Ei@-kb transcript is
conserved sequences, including a highly conserved CpG islantbarely detectable in lung and liver, and absent in ovary, but rela-
We assumed that this island is associated with theerid of tively abundant in skeletal muscle, kidney, pancreas, and brain.
MECP2Mecp2.This hypothesis was confirmed by a murine EST Furthermore, there is a third, weak transcript of >7.5 kb. It is
(acc. no.: Al181668), which maps in the murine CpG island andmainly expressed in heart, brain, skeletal muscle, and pancreas, but
defines a new, non-coding’ ®xon of 84 bp. In this EST the also present in other tissues. A probe from the putative long 3
sequence of the new exon (exon 1 in Fig. 1) immediately abuts that) TR exclusively detected thgl0-kb transcript (data not shown).
of the previously known most upstream exon (exon 2), thus deThese results are in agreement with those of D’Esposito et al.
fining an intron 5.5 kb in length. Furthermore, Al181668 overlaps (1996), but contrast with those of Coy et al. (1999; see Discussion
by 336 nt with the human mRNA (acc. no. L37298) and extends itsection). The intron probes (see methods) hybridized with neither
by 97 nt at its 5 UTR, which defines a new, non-coding &on  transcript (data not shown). This indicates that the 1.9-kb as well
of 69 bp, and an intron of 5.3 kb. Thus, the four exons of theas the[110-kb transcript is generated by alternative usage of two
human MECP2 mRNA have a length of 1755 nt (acc. no.poly(A) addition sites in the MECPRIecp2 mRNA. Therefore,
AF158180), while the murine homolog is 1764 nt (acc. no.the [0 kb transcript harbors a lond 8 TR encompassing 8555
AF158181, Table 1). Accordingly, the CpG islands in human andbp (acc. no. AF158180) in the human and 8590 bp in the mouse
mouse cover 344 bp and 130 bp, respectively, dfeking DNA, (acc. no. AF158181). Thus, the four exons of MEQW&¢p2span,
exon 1, and 607 bp and 537 bp, respectively, of intron 1. in fact, 76 kb in human and 59 kb in mouse.

In the fourth exon of MECPRAecp2,there is a conserved, We then determined the half-life of the human MECP2 mRNA
previously known polyadenylation signal 102 nt downstream ofby Northern blot analysis after inhibition of RNA synthesis with
the stop codon. In addition to the mRNA database entries menactinomycin D (Fig. 3b). Both the long and the short transcript are
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degraded rapidly in Raji cells. For the 1.9 kb transcript we ob-similarity at amino acid level and (i) whoseé 8/TRs are longer
served a half-life of# h, while the(110-kb transcript has a half-life  than 1 kb. We calculated the sequence identity of these 55 ho-
of (B h (Fig. 3c). mologous 3UTRs and compared the values with the lorigJIR
Not only in human, but also in rat and mouse, a short (1.9-kb)of MECP2Mecp2.When the fraction of sequence length is plotted
and a long (110-kb) MECP2 transcript are present (data notagainst identities, the long MECR2écp23’ UTR fits well the
shown). Both show tissue-specific expression patterns; for exhuman/mouse reference set (Fig. 4a). Intest for paired differ-
ample, the long transcript is expressed at relatively high levels irences, the null-hypothesisno difference®) is not rejectedp(=
brain, while the short transcript is barely visible in this tissue. Wep 9963). However, it turns out that the long 8TR of MECP2/
also performed Northern blot analysis, using total RNA preparaiiecp2is unusual in at least two respects. First, it is much longer
tions from chicken embryos, various chicken tissues, and cell lineghan 3 UTRs in any other of the human/rodent homologous genes
(data not shown). We detected two short transcripts of 1.8 kb an@nown so far (Makalowski et al. 1998); the longesLBIR (4.160
2.3 kb, both exhibiting tissue-specific expression patterns. Theikb) occurs in the gene encoding the mouse zinc finger protein Zfx
expression level is low in brain, but high in spleen, a feature a|SQMardon et al. 1990). Second, matching fragments within the long
observed for the short transcript in mammals. This indicates thathEcpzMecpzs’ UTR are on average 14 bp longer than in the
tissue-specific expression is a cross-species feature of the MECRZfarence set (Fig. 4li;test for paired differences yields: =
gene. 0.0429). The unusual conservation of the long MEGRp23’
UTR is also reflected in the values for the categpupaligned”
The long 3 UTR of MECP2/Mecp2 is well conserve@ihe un-  (Fig. 4a), For the average human/mouselUdR pairs, 14% of
usual length (8.5 kb) and high degree of sequence conservatiggequence is not aligned at all, however only 6% fall into this
(74%) of the MECPMecp23' UTR prompted us to compare it category for the long 3UTR of MECP2Mecp2.
with other orthologous 3UTR pairs. From a table of GenBank To identify functional sequences that may act as regulatory
accession numbers (Makalowski and Boguski 1998), we chose 2dlements, we searched both the long and the shold TR of
human/mouse and 31 human/rat homologs (i) that share 92—100%dECP2Mecp2 using UTRscan. Both'3UTRs do not contain
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Fig. 4. Match profile of the long MECPRlecp23’ UTR compared with a reference set of homologous human/mdusd@R pairs. Identity categories

are plotted againgi) the fraction of sequence length aig) the average fragment length.

iron-responsive elements, TR stem-loop structures, or any applies to the 152-kb region described here. While its proximal and
other motif compiled in UTRdb. With respect to the short half-life distal portions exhibit average G+C contents close to neighboring
of the MECP?2 transcripts (see above), we note that the short andlCAM and G6PD contigs (56% and 55%, respectively), the G+C
the long 3 UTR do contain AU-rich elements, the most common content drops to 46% in the middle portion of 111 kb. These
determinant of RNA stability in mammalian cells (Chen and Shyucompositional differences suggest that the described region may
1995). comprise a boundary between two H3 isochores located around the
L1CAM and G6PD loci (De Sario et al. 1996). Accordingly, the

Conserved elements in the MECP2/Mecp2 gefteere are 170 four exons of MECP2 span 73 kb, which contrasts sharply with the

. verage gene density in the LLCAM and G6PD contigs of one
conserved elements (CEs) within the 152 kb of human and 123 k . >
of murine genomic sequence. These CEs were obtained by extra%nleggg; 22 kb and 12 kb, respectively (acc. no. U52112; Chen et
tion those locally aligned fragments which are at least 50 bp long,™ .
have an identity of at least 60%, and are not contained Withiq'ére

0

The DNA composition in mouse has been described as less
repetitive elements. Of the 170 conserved fragments, 114 CEs ar terogeneous than in human (Cuny et al. 1981), and the genome
located in the region occupied by MECR®cp2,which corre-

rodents underwent secondary changes leading to narrower com-
sponds to 16% of the locus in both species (http://genome.imb

positional distributions than in human (Bernardi 1995). Corre-
jena.de/kathrinr/tbl3.html). Five of these 114 CEs represent exon pondingly, we find that the G+C content of the 123 kb of murine
1-3 and the coding portion of exon 4, while 109 CEs are found int

enomic DNA varies only moderately. Furthermore, the G+C con-
i 04 | i i i I 0,
untranslated regions and intronic sequences. ent is 48% in the proximal portion in mouse compared with 56%
Intron 1 of MECP2Mecp2is 5.3 kb in human versus 5.5 kb in

in human, which represents a transition from an H3 to an H2
mouse (Table 1). The intron exhibits an overall identity of 65% isochore between both species. Even more, in the distal portion the
between both species. There are 24 CEs within the intron, whic

t§5+C content is 42% in mouse versus 56% in human, representing
are on average 93 bp long and exhibit 87% identity. Together, the

a change from an H3 to an H1 isochore. Also, it was shown that
comprise 42% of intron 1. Intron 2 spans 60 Kb in the human an pG islands associated with mouse genes have lower CpG and/or
43 kb in the mouse. In this intron, the overall sequence conserva:

C levels than their human homologs'é8ani and Bernardi 1991)
tion is 12%. 37 CEs are observed. These are on average 73 bp o nd that typical CpG island features are severely depleted in the
that is, they are shorter than the CEs in intron 1, but exhibit with

ouse (Matsuo et al. 1993). Corresponding to these findings, the
86% identity a similar degree of sequence conservation. Togethe(l:'rﬁ)(;3 rﬁcl)?g(gé‘:‘i?f'tﬁfr? t\llqulatir; rr:]uurnﬁg E/loli(r:];% Zr:tds IRAK are larger
these CEs represent 5% of intron 2. Six CEs exhibit a sequenc% parts.
identity above 84%, which was reported as the average identity oé;

According to the mRNA sequence information available from
human/mouse coding sequences (Makalowski et al. 1996). Intro enBank (acc. no. L37298), the human MECP2 gene seems to
3is 756 bp in human and 487 bp in mouse, and exhibits an overal

onsist of three exons. The present comparative analysis of human
identity of 35%. There is one conserved element in this intron. It

nd murine genomic DNA combined with a Northern blot analysis
is 66 bp long, exhibits 64% identity between both species, an

drevealed that neither the’ ®nd nor the 3end of the gene was
represents 10% of intron 3. The potential regulatory role of thesénCIUded in the reported exon sequences. We identified a new
CEs remains to be investigated.

untranslated exon appr. 5.4 kb upstream of the previously reported
most upstream exon. Since this exon is embedded in a typical CpG
island and since ubiquitously expressed (housekeeping) genes rou-
Discussion tinely have CpG islands associated with theirehds (Antequera

and Bird 1993), we assume that the novel exon is the first one. The
Chromosomal band Xg28 is a terminal reverse band and corresimultaneously discovered novel first intron is distinguished by a
sponds to approximately 9 Mb of DNA. Compositionally, a proxi- surprisingly high degree of sequence conservation between human
mal, middle, and distal region are distinguished, which consist ofand mouse. Sequence comparisoh¢a3the previously reported
L/H1, H2/H3, and L isochores, respectively (De Sario et al. 1996).polyadenylation site with the SIM algorithm revealed an extremely
The MECP2 locus is located in the middle portion of Xg28, which well-conserved (74%) region of 8.5 kb. Thus, the last (fourth) exon
extends from GABRA to G6PD and has been described to bef MECP2 harbors two alternatively used polyadenylation sites,
extremely heterogeneous in base composition. Particularly, thitocated 127 bp and 8555 bp downstream of the stop codon, re-
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spectively. We have to infer that this exon contains an unusuallfcommon feature is a highly conserved methyl-CpG binding do-
long 3 UTR, which seems to be longest among tHelB3Rs main (MBD-family; Hendrich and Bird 1998). Interesting novel
deposited in GenBank. This alternativelBTR was recently found members of this family are a DNA demethylase (Bhattacharya et
independently by Coy et al. (1999). Our Northern blot analysisal. 1999) and a methyl-CpG binding endonuclease probably in-
showed that in human (and other mammals) MECP2 gives rise tyolved in DNA mismatch repair (Bellacosa et al. 1999). For all
two prominent transcripts, of 1.9 kb and appr. 10 kb, and a weaknembers of the family, the genomic sequence of the methyl-CpG-
transcript of >7.5 kb, which is in good accordance with D’Espositobinding domain is interrupted by an intron at an equivalent site
et al. (1996). In contrast, Coy et al. (1999) reported that in adul{Hendrich and Bird 1998). Thus, the family members also share
tissues the most abundant transcripts detectable by a coding regisimilarities in their genomic organization. The complete elucida-
probe were 5 kb and less than 1.35 kb in length. We did not detedion of the organization of one family member, MECRIRLp2,
these transcripts. Moreover, we are confident that the transcripttherefore provides a valuable basis for further studies at the geno-
detectable in our Northern blots and in those of D’Esposito et almic level.
(1996) are indeed the most abundant ones, since we obtained con-
sistent results with different fragments of the cDNA as probe undeiote added in proofRecently, mutations in the MECP2 gene have been
high-stringency conditions. identified as the cause of RRH syndrome (Anir et al., Nat Genet 23,
The extreme length of the' JJTR raises the question of con- 185-188, 1999)
servation of long untranslated regions between different species.
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The expression of the MECP2 transcripts shows conserved

tissue-specific differences; for example, thg0-kb transcript is

prominent in brain, while the 1.9-kb transcript prevails in heart and

skeletal muscle. The transcripts derive from alternatively usedadler DA, Quaderi NA, Brown SD, Chapman VM, Moore J et al. (1995).

polyadenylation signals. It is not clear why the frequency at which The X-linked methylated DNA binding protein, Mecp2, is subject to X

these signals are used varies in a tissue-specific manner. Further-inactivation in the mouse. Mamm Genome 6, 491-492

more, it is unclear whether the two transcripts play different orAissani B, Bernardi G (1991) CpG islands, genes and isochores in the

similar physiological roles. We could show that both transcriptsAlgiR3T§§ ‘(’;i‘s’ﬁr\tzbm?:r-Vselr\}l‘;;gsévlvgiézi 1 D3 (1990) Basic local
have almost identical short half-lifes. Yet it is possible that they alignmen’t cearch 100l J Mol Biol 215 ' 403-410

differ in their translatability; _the_re are cases in whlch _elther theAntequera F, Bird A (1993) CpG islands. Exper Suppl (Basel) 64, 169-85
shorter or the longer transcript is tra_n5|ated more eff'C'emly,(Ed'BeIIacosa A, Cicchillitti L, Schepis F, Riccio A, Yeung AT et al. (1999)
walds-Gilbert et al. 1999). Also, the high sequence conservation of MED1, a novel human methyl-CpG-binding endonuclease, interacts
the long 3 UTR between human and mouse suggests an important with DNA mismatch repair protein MLH1. Proc Natl Acad USA 96,
function of the[110-kb transcript. Expression of a significant num-  3969-3974

ber of other genes is known to be regulated at the level of polyBernardi G (1995) The human genome: organization and evolutionary
adenylation. However, also in these cases little is known about the history. Annu Rev Genet 29, 445-476

molecular mechanisms (Edwalds-Gilbert et al. 1997). It has beefhattacharya SK, Ramchandani S, Cervoni N, Szyf M (1999) A mamma-
proposed that usage of an immunoglobulin alternative poly(A) site lian protein with specific demethylase activity for mCpG DNA. Nature

I . . e 397, 579-583
is developmentally regulated through differential binding of aRid A (1992) The essentials of DNA methylation. Cell 70, 5-8

basal polyadenylation factor, CstF 64-KDa protein (Edwalds-gynmester H, von Kries JP, Stiag WH (1995) Nuclear matrix protein
Gilbert and Milcarek 1995; Takagaki et al. 1996). Furthermore, ARBP recognizes a novel DNA sequence motif with high affinity. Bio-

interaction of two splicing factors, U1 snRNP A and 70K protein, chemistry 34, 4108-4117
with the basal polyadenylation machinery has been implicated irChen CY, Shyu AB (1995) AU-rich elements: Characterization and im-
alternative polyadenylation (Gunderson et al. 1994; Lutz and Al- portance in mMRNA degradation. Trends Biochem Sci 20, 465-470
wine 1994). Recently, a basal polyadenylation factor, cleavagé&hen EY, Zollo M, Mazzarella R, Ciccodicola A, Chen CN et al. (1996)
factor |, has been shown to possess a domain containing SR (Ser_Long-range sequence analysis in Xg28: thirteen known and six candi-
ine-arginine) dipeptides (Ruegsegger et al. 1998). Thus, classical déggg?ggs,_ﬂ,él&; Iéber?;hég%%ceggm between the RCP/CGP and
and cell-type-specific SR proteins bound to RNA might 'nt.eraCtChirgwin IM, Przybyla AE, MacDonald RJ, Rutter WJ (1979) Isolation of
with cleavage factor | and thus might be implicated in the tissue- " ;5|ogically active ribonucleic acid from sources enriched in ribonucle-
specific recognition events of the two polyadenylation signals of gse. Biochemistry 18, 5294-5299
the MECP2Mecp2mRNA. Coy JF, Sedlacek Z, Bachner D, Delius H, Poustka A (1999) A complex
The CpG island at the’snd of MECP2 most likely includes pattern of evolutionary conservation and alternative polyadenylation
the promoter, which contains a number of Sp1l binding sites. In- within the long 3-untranslated region of the methyl-CPG-binding pro-
terestingly, homozygous Spl knockout mice who die at day 11 tein 2 gene (McCP2) suggests a regulatory role in gene expression. Hum
show greatly reduced expression of MeCP2 (Marin et al. 1997), Mol Genet 8, 1253-1261 _ _
MeCP2 performs structural roles in the nucleus and furthermor&{ny G. Soriano P, Macaya G, Bernardi G (1981) The major components

. - . of the mouse and human genomes. 1. Preparation, basic properties and
acts as a transcriptional repressor (Weitzel et al. 1997; Nan et al. compositional heterogeneity. Eur J Biochem 115, 227-233

1998; Jones et al. 1998). Therefore, it has been hypothesized thah; ¢, piechaczyk M, Audigier Y, EI Sabouty S, Cathala G et al. (1984)

the deficiency of MeCP2 in Sp1 knockout mice contributes sig-  Characterization of the transcription products of glyceraldehyde 3-phos-

nificantly to the phenotype of the embryos (Marin et al. 1997).  phate-dehydrogenase gene in HelLa cells. Eur J Biochem 145, 299-304
MeCP2 is the first member of a family of proteins whose Dear S, Staden R (1991) A sequence assembly and editing program for
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