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A systematic search for expressed sequences in the
human Xg28 region resulted in the isolation of 8.5 kb
large contigs of human and murine cDNAs with no
apparent conserved open reading frames. These
cDNAs were found to be derived from the 3'-untrans-
lated region (3'-UTR) of the methyl-CpG-binding pro-
tein 2 gene ( MeCP2). This long 3'-UTR is part of an
alternatively polyadenylated, 10.1 kb MeCP2 tran-
script which is differentially expressed in human
brain and other tissues. RNA in situ hybridization to
sections of mouse embryo and adult tissues of an
Mecp2 3'-UTR probe showed ubiquitous low level
expression in early organogenesis and enhanced
expression in the hippocampus during formation of
the differentiated brain. Sequence comparison
between the human and mouse homologues
revealed several blocks of very high conservation
separated by less conserved sequences. Additional
support for a domain-like conservation pattern of the
long 3-UTR of the MeCP2 gene was obtained by
examining conservation in the chimpanzee, orangu-
tan, macaque, hamster, rat and kangaroo. The mini-
mum free energy distribution for the predicted RNA
secondary structure was very similar in human and
mouse sequences. In particular, the conserved
blocks were predicted to be of high minimum free
energy, which suggests weak secondary structure
with respect to RNA folding. The fact that both the
sequence and predicted secondary structure have
been highly conserved during evolution suggests
that both the primary sequence and the three-dimen-
sional structure of the 3'-UTR may be important for

its function in post-transcriptional regulation of
MeCP2 expression.

INTRODUCTION

Methyl-CpG-binding protein 2 (MeCP2), an abundant chro35
mosomal protein, was identified in 1992 (1) based on its sele¢
tive binding to methylated CpG dinucleotides in mammalianz
genomic DNA. The methylation of the C residues in CpG2
dinucleotides was associated with transcriptionally repressed
chromatin states and with transcriptional silencing of genes;
(2,3). Recently, arole for the MeCP2 protein in guiding a comw
plex containing histone deacetylase to methylated chromat@
domains was proposed. Histone deacetylation then induces t@e
transcriptionally inactive condensed chromatin structure (4, 5&—
Mouse Mecp? is dispensable for the growth amditro differ- Q
entiation of stem cells, but its absence in embryos causes
severe developmental defects and early embryonic Iethalit?g'
(6), similar to defects due to absence of another key componeit
of the methylation pathway, DNA methyltransferase (7). thtle>
is known, however, about the regulation of this gene. <g
As a part of the functional analysis of the human Xq28"’
region, we have developed a method based on the hybrldlz%
tion of radioactively labelled complex cDNA probes derived™
from different pig and human tissues to cosmid clones gridded
onto nylon filters and to blots of restriction digests of these
clones (8). This approach led to the identification and isolation
of several new genes (9,10). The characterization of another
transcribed region identified by this method initially revealed a
very unusual cDNA contig with no open reading frame (ORF),
highly varying discontinuous conservation between human
and mouse and no introns in its underlying genomic sequence.
Precise mapping and extension of this cDNA contig has shown
that it belongs to a >8.5 kb long 3'-untranslated region (3'-
UTR) of the MeCP2gene. It became clear that alternative
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polyadenylation of this human X-linked gene gives rise to one e cw B R

1.8 kb transcript (11) or several much longer transcripts with §SESS BE8E2B
lengths of up to 10.1 kb, differentially expressed in various tis- = 2~ =< e

sues and containing different lengths of the long 3-UTR. We , b s

also cloned the complete mouse 10.1Mbcp2transcript and 283 1
compared it with the 10.1 kb human transcript. Besides the - o i -id
expected conservation of the ORFs between human and

mouse, a very high conservation of several blocks of sequences R 24 -24
in the long 3'-UTR sequences could be detected predicting a - 135 - 1.35

conserved three-dimensional RNA folding.

Differential expression of the long and shiteCP2mRNA g - §
variants seen in brain and other tissues points to a possible 5§ & 2% B g g
important role of this sequence in methylation-associated gene * @& J3=%o
regulation. The 3'-UTRs of genes have been shown to act in d
post-transcriptional regulation of gene expression, such as the © 9.5 -95 o
. . " -75 - 75 S
modulation of mMRNA degradation and stability, nucleocyto- . - <4 2
plasmic transport, sorting and localization of mRNAs in the 1 -2'4 -24 ;%
cytoplasm, modulation of translation and control of the coding R L ' <135 s
capacity of transcripts (12). The isolation and analysis of the - Il r ' <
long variant of thevleCP23'-UTR provides the opportunity to - . S
study the possible role of this sequence in modulation ofigure 1. Expression pattern of the humafeCP2gene on northern blotso =
MeCPZprotein expression. poly(A)* mRNA from different human fetala(andb) and adult ¢ andd) tis- S
sues analysed with a probe MEC1-MEC3 from the coding region (a and c) anﬂ
with a probe JFC484 derived from the long variant of the 3'-UTR (b and d)3
RESULTS The size markers are in kb. ‘é;_
3
2

Isolation of the long 3'-UTR variant of the human MeCP2  coding region of the humaMeCP2gene was generated by o
gene RT-PCR and hybridized to the northern blots, which had foro
. . . . . merly been hybridized with the 3-UTR probe JFC484. AsS
To identify transcribed sequences in human Xq28, a regions, o teq; the large transcripts detected by the 3-UTR probe
specific cosmid library (13) was screened with radioactively, .o 554 detected by the coding region probe. The smaller trag-
labelled Comp'ex CDNA isolated from.plg brain and mu.splescripts (1.8 and 5 kb, respectively) of thkeeCP2gene are only ¥
(.8)' A_cosm|q Qc8D3 was detected, which showed a hybr.'d'.zadetected with the MEC1-MEC3 probe. The ratio between th%
gpn S|gn?l \kllv.'th thesgdprobes.hA S%UIQ‘?(SU b:jOI O_fr? rﬁStr'Ct'orHO.l and 5 kb transcripts changes significantly during develop%

igest of this cosmid was then hybridized with the Sam&nent of the brain. Whereas the 10.1 kb transcript is more abun:
probes. A positive 4.5 kb longindlll restriction fragmentwas a4 than the 5 kb transcript in the fetal brain, the 5 ki&:
isolated and used to screen a region-specific cDNA library.pnqcrint is more abundant in the adult brain (Fig. 1a and c). &

(14). This led to the isolation of one positive cDNA clone, Th :

) , ese results demonstrate that we have isolated the long @
31g3B4. Sequencing of this 1. kblllong CDNA cIon.e anda datal'.JTR of the 10.1 kb longMeCP2transcript. Database compar- ©
base search revealed no significant homologies to know o

sequences [$ons reveal no significant sequence homology, except for thg
. 1 c
To extend the sequence, clone 31g3B4 was hybridized to recently released 113 kb long genomic sequence di@P2 g

; . ! 9 10 Beus (GenBank accession no. AF030876) and many express‘éd
conventional human fetal brain cDNA library and 15 posmveSequence tag (EST) sequences. Most of the 3-ESTs are iden-

cDNA clones were isolated and sequenced. One end of tkheal . . L . R
X - , to the 3'-end of the cDNA contig. A minority of the 3'-ESTs

sequence of the CDNA contig overlapped with the 3 'end of th%Iuster ~2.9 kb upstream of the 3'-gend of the )éontig and defing

?(%gljgo;wai)la ZTEET]Cbr?;gggggepréﬁg?iﬁﬁhgcgegﬁéogf S\%’another alternatively used poly(A) addition site (Fig. 2b),&

. - i i i i - N

cDNA contig was generated by PCR and used to screen the saléVh'Ch can give rise (0 a 7.2 kb lorgeCp2transcript. Tran-

. : o 8’iption of theMeCP2gene is directed from the telomere to
cDNA library. Another 25 new cDNA clones were identified. A the centromere, on the complement of the published genomic

new end probe was used to screen the cDNA library once morg, o -

: ; .sequence. The poly(A) addition site of the 1.8\MbCP2tran-
?nd |19 nﬁ(W C?NdA gl(iﬂes COUlld lIJDeNzolatetq f'ngggéag a:cd(lj"script is located at nucleotide position 21711. The new cDNA
lonal walk extended the novel ¢ contg to P 0'contig covers the complement of the genomic sequence up to

E’W?ﬁ byb|atrr)]og("3') t‘?” indicatin%] the d3|-('et?1d of t?teh 9€Ne. hase 13284 and both sequences are collinear with an absence
orthern blot hybridization was performed with one of IN€ over-,¢ any introns. At the 3'-end, the 10.1 kb long variant of the

lapping cDNA clones (JFC484) and a transcript of ~10.1 kb Waﬁ/IeCPdene is flanked at a distance of <2 kb by the inter-

detected in all fetal and adult tissues tested (Fig. 1b and d). L ) - - ;
In addition to the cDNA sequence of D'Esposébal. (11), leukin-1 receptor-associated kinase gdRAK) (15) (Fig. 2a).

which joined theMeCP2gene with the new cDNA contig, an
RT-PCR experiment on a mixture of RNAs using primers
MEC2 and D44 confirmed that th&#1eCP2 gene and the
8323 bp long cDNA contig belong to one transcript (data noBecause a comparison between human and murine homo-
shown). Furthermore, a probe (MEC1-MEC3) representing thiogues could identify regions that are conserved and therefore

Comparative sequence and expression analysis of human
and mouseMeCP2
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Figure 2. Location and structure of the human and muineCP2gene. &) Physical map of the human genomic region showing the three exons bfa®2 =
gene (black rectangles), 14 exons of tRAK gene (grey rectangles), direction of transcription (arrows) and the distance between the two genes. Numbers ¢brre-
spond to the 5'- and 3'-ends of the published genomic sequence bfeai®2gene (GenBank accession no. AF030878).4 detail of the third exon of the
MeCP2gene. The positions of the different polyadenylation sites inMle€P2gene are shown. The open rectangle represents the 3'-end of the ORF and fhe
asterisk indicates the stop codon. The hatched box indicates the extension of the 3'-UTR by a rat EST (see text focd€lalgerfomic restriction fragments ﬁ

subcloned from the mouse P1 clone covering the 3'-end of the mMigmp2gene. =

w

apeog/

possibly functionally important, we cloned and sequenced thBCR products, the complete sequence of the 10.1 kb Ior@
complete transcript of the mouséecp2gene. To analyse the mouseMecp2transcript could be assembled. o
mouse genomitecp2locus, human cDNA clones JFC88 and  Figure 3 shows a comparison of the ends of the 1.8 and 1071
JFC484 (from 5'- and 3'-ends of the UTR, respectively) werkb long human and mouse 3-UTRs of tiweCP2 gene. §
used to screen a mouse genomic P1 library (16) at reducafhereas a common AATAAA poly(A) signal is detectable ing
stringency. One positive clone, PM703E0165, was identifiedthe 3-end of the 1.8 kiMeCP2 transcript, no canonical &
This P1 clone was digested wilst and Hindlll, subcloned  Poly(A) signal is present in the 3™-end of the 10.1 kb long vari-z
into the Bluescript SKII vector and positive subclones wereants of the human and murine genes, although they containaa
sequenced. The same human cDNA probes were also usedR@ly(A) tail. Instead, there is a sequence TATAAA in both §
screen a mouse fetal brain cDNA library. Fourteen positivéluman and mouse, which resembles the poly(A) signal and is
cDNA clones were identified and sequenced. Sequence analpolyadenylated with ~20% efficiency compared with thec

sis revealed collinearity between the mouse 8323 bp cDNAATAAA sequence (17). No A-rich stretch is present in 2
contig and genomic sequences. Twiindlll and one Pst genomic DNA which could be responsible for artifactual inter-3;

genomic restriction fragments cover the complete mousBal priming of cDNAs. The third alternative poly(A) addition o

. - ; ite defined by clustering of a minority of human 3'-ESTs has,
Mecp2long 3'-UTR (Fig. 2c). To enable a comparison between:m AAT sequence. There are obvious GT elements (18§

the complete human and moude CP2transcripts, the mouse immediately downstream of the poly(A) addition sites of theo

short Mecp2 transcript was also cloned by a PCR-base . .
approach Using primers MECP-CON-1 and MECP-MOU-4. AL-8: 7-2 and 10.1 kb long transcripts. The longest variants ab

) ) . ; the human and mouse UTRs contain AT-rich sequences (Fi
PCR reaction with an aliquot of a mouse fetal brain cDNA

. . i . o 3) which have been shown to be involved in mMRNA destabili<
library with these primers resulted in amplification of a spe- &

. : ation and degradation (19). The most 3'-end of the longest
cific DNA fragment of 1284 bp, which was sequenced an(ﬁariant of both genes detected in databases a rat EST derivgd

showed high homology (90.7 and 95.5%, respectively) (o thgo 5 polyadenylated cDNA clone (GenBank accession nd®
human and raeCP2sequences. Another PCR primer (MEC- A1044055), which extends the cDNA sequence ~250 bp to
MOU-11), located at the end of this sequence, was used ignother possible poly(A) addition site (Fig. 2b). This site has a
cpmblnauon with primer MEC-MOU-18, Iocgted in the b(_agn_”n— GATAAA sequence [~15% polyadenylation activity (17)].

ning of the 8323 bp mouse cDNA contig, to isolate the missing 1q analyse the expression pattern of the long variant of the
mouse cDNA sequence. PCR on the mouse fetal brain cDNfhouseMecp2gene, a cDNA clone, JFC617, was used as a
library and on total genomic mouse DNA resulted in the ampliprobe in RNAin situ hybridizations on sections of two stages
fication of specific DNA fragments of the same size. Similar toof mouse embryos and sections of mouse postnatal head. A
human, this result demonstrated the absence of an intragbiquitous low level of expression is visible in early organo-
between primers MEC-MOU-11 and MEC-MOU-18 and genesis at 10.5 days post-conceptum (d.p.c.) (Fig. 4a and b). At
sequencing of both fragments revealed no sequence diffe12.5 d.p.c. a low level of expression is detectable in the mye-
ences. This sequence represented the end of the mouse ORhcephalon and spinal cord (Fig. 4d and e). At 1 week post-
and the 5'-end of the UTR. By combining the sequences of theatalis (w.p.n.) expression is visible in all parts of the differen-
8323 bp cDNA contig and the sequences of the two mousBating brain and in the nasal epithelium, enhanced expression
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3’ end of short MeCP2 transcript

! ARAAARARA
human AAGCTTCCCGATTAACTGAAATAAAAA?TATTTTTTTTTCTTTCAGTAAA bp 1669
CECLELELCEE L P LT
mouse AAGCTTCCCGATTAACTGARAT AAATATTTTTTTTTCTTTCAGTAAA bp 1623
HindIII PolyA signal Im
human ?TTAGAGTTTCGTGGCTTCAGGGTGGGAGTAGTTGGAGCATTGGGGATGT
LELELLLEL L FEEEEE TP (I
mouse CTTAGAGTTTCGTGGCTTCGGGCGTGGGAGTAGTTGGAGCATT . GGGATGT
human ACCGACAAGCACAGTCAGGTTGAAGACCTAACCAGGGCCAGAA
IIIIIIIlIlIHIIIIlll||||I||||llIlIIIlIIIIIIIiIIlII
mouse AAGCACAGTCAGGTTGAAGACCTAACCAGGGCCAGAA
S
human TTGCACTTTTCTAAACTAGGCTCCTTCAACAA. §
lII!||||I|||II||IIIIIIIIIIIIIIHIIIIII 3
mouse TTTTCTAAACTAGGCTCCTTCAACAA. %
<
S
3
>
human AGGCAATTTATTAAGGAAATTTGTACCATTTCAGTAAACCTGTCTGAATG bp 10006 '§
IIHI CLELLEEEE L LT <
mouse AA_IEATTAAGGAAATTTGTACCATTTCAGTAAACCTGTCTGAATG bp 9998 2
:
3
human TACCTGTATACGTTTCAAAAACACCCCCCCCCCACTGAATCCCTGTAACC g
I||1||l|||||II||||||||I FLLLLELEETE LT S
mouse TACCTGTATACGTTTCAAAAACA. . . .CACCCCACTGAACCCCTGTAACC 8
3’ end of long MeCP2 transcript %
i \ (g
I oy
human TATTTATTATATAAAGAGTTTGCCTTATAAATTTACATAAAAATGTCCGT =
I LEEETTEIE LT LLLTTTITTLTTT T S
mouse TATTTATTATATAAAGAGTTTGCCTTATAAATTTACATAAAAATGTCCGT o
= S
5
human TTGTGTCTTTTGTTGTAAAAATCAAGTGATTTTTTCATAAGGTTCTTTTA §
IIIIIIIIIIIIII!I LELEDELEEE LELELE LT =
mouse TCTTTTGTTGT . AAAATCAAGTG . GTTTTTCATAAGGTTCTTTTA §
(o]
=2

Figure 3. Sequence companson of the ends of the 3'-UTRs of the human and riMee2genes. The two slashes flanked by periods indicate internal sequenc(‘gs
not shown in this comparison. The poly(A) addition sites are indicated. Polyadenylation signals are boxed, GT-rich sequences downstrearfA)fatidipoty
sites are underlined and three representatives of AT-rich elements ATTTA are double underlined. Nucleotide humbering corresponds to the ciD&& see;ue
(EMBL accession nos AJ132917 and AJ132922).

an

Bny Lz uo

is found in the olfactory bulb and the hippocampus formatiorthe human and mouskleCP2long 3'-UTRs is 52%. The
(Fig. 5a and b). In the fully differentiated brain the samehomology is interrupted multiple times and extensive gapping.
expression pattern is found. Enhanced expression is seen in tiserequired to maintain the alignment of the two sequences. IR
hippocampus formation and low expression in all other parts ofontrast to this, the coding region is highly conserved over th&

the brain (Fig. 5d and e). whole length. In the 3'-UTR, at least eight blocks of strong
sequence similarity are detected. These highly conserved
Distribution of conserved blocks and possible three- regions are scattered throughout the whole transcript and inter-
dimensional structures in the human and mouse MeCP2  rypted by regions of low homology. The conserved blocks are
transcript clearly visible when the sequence homology along the two

The human and mouse 3-UTRs of the long variants of théedquences in a sliding 100 bp window is plotted (Fig. 6a).
MeCP2gene were analysed for the presence of ORFs. The |ar@e3|des the conservation of the ORF, the strong conservation
est human ORFs found in each of the possible forward frames #fithin the conserved blocks in the 3'-UTR indicates that these
the human transcript are 459, 273 and 252 bp. None of them ggquences are under strong selection pressure and may there-
conserved along its entire length between the two species. ~ fore represent functionally important domains. .

To assess which regions of the UTRs might be functionally The sequence of any RNA molecule may carry information
important, we studied in detail their evolutionary conservatiorrequired for its three-dimensional conformation. To detect pos-
over the whole length. The overall sequence identity betweesible three-dimensional structures, a computer folding of the
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Figure 4. Expression of JFC617 in mouse embryogenesis. Bright field (a and d) and dark field (b, c, e and f) images of a horizontal (a—c) and a sagittah(d—f) Sectio
through a 10.5 d.p.cafc) and a 12.5 d.p.cdf) embryo hybridized with a JFC617 antisense (b and e) and a JFC617 sense (c and f) riboprobe are showr%, No
specific signals are obtained with the sense control hybridization (c and f). The signals in the heart of the 12.5 d.p.c. embryo are due to fighspdiatiton
of embryonic blood cells (e) and are also visible with the sense control probe (f). br, brain; dec, decidua; he, heart; lab, labyrinth; li, liveemepheadon; my,
myelencephalon; sc, spinal cord; te, telencephalon. Bar, 1 mm.

S9019/€5¢L/

9

human and murinéeCP2sequences was performed usingin the generation of a single PCR product in each species. The
Foldsplit, a program which finds a conformation of minimumsize of the products varies between 790 and 846 bp and
free energy using published values of stacking and destabilizequence homology to the human sequence was between 99%
ing energies (20). Regions of high minimum free energy argchimpanzee) and 13% (kangaroo). The alignment of alf
expected to have a Wegk secondary. structure. The minimugbquences (Fig. 7) was used to generate a phylogenetic tree
free energy corresponding to the optimal secondary Structuigsig. 8. The topology of the tree is in good agreement with the?

for every 100 bp sequence window was plotted (Fig. 6b and chccepted phylogenetic relationships of the species used.
Although the overall sequence homology between the human

and murine 3' sequences is only 52%, the distribution of the
minimum free energy along the sequence is very similar ilDISCUSSION
both. This may indicate that the evolutionary changes did no ; . : .
alter the sec0r¥dary structure of the RNA molizculesgMoreoverbur ;earch for transcribed sequences in Xq28 led to the identi-
the 3'-UTR sequences that show a high degree of conservatigﬁat'orlrﬁfd\s/'le\éeggl long \t/r?“art];ts| of thet s-UTR qf th?eCI'ZI’Z f
during evolution are those regions predicted to be of high fre@€ne. ThevieLmsgene thus belongs 1o a growing tfamily o
energy with respect to RNA folding (Fig. 6a—c). Interestingly 9€n€s with multiple tandem terminal poly(A) addition sites,
there is no correlation between the degree of conservation affflich can be alternatively used in different tissues or develop-
high free energy within théleCP2coding region. mental stages of an organism (21,22). The phenomenon may
Additional support for a domain-like conservation pattern ofo€ even more frequent and remain partly undetected because
the long 3-UTR of theMeCP2gene was obtained from exam- alternative transcripts that differ in size by several hundred
ining conservation in other organisms. To do this, two primergiucleotides may not be resolved on northern blots because they
(DC4 and DCS5; Fig. 6a) for two neighbouring highly con- are contained in the major band, because of the existence of
served domains were designed. Amplification of chimpanzeegome mRNA variants only in particular cell types or because of
orangutan, macaque, hamster, rat and kangaroo DNA resultéldeir extremely low frequency.

220z 1snb
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Figure 5. Expression of JFC617 in postnatal brain differentiation. Bright field (a and d) and dark field (b, ¢, e and f) images of horizontal sections throagh a
1 w.p.n) @) and a 6 w.p.n.d—f) head hybridized with a JFC617 antisense (b and e) and sense (c and f) riboprobe are shown. Only non-specific signal distribution
is visible with the sense control hybridizations (c and f). ce, cerebellum; cor, cortex; col, colliculus; ey, eye; hi, hippocampus; ne, nasaheplihelfactory
bulb. Bar, 1 mm.
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Different distributions of polyadenylation and other factorsis no transcription of embryonal genes and all key deveIopZ
in particular tissues or developmental stages may direct thmental events are dependent only on protelns and mRNA@
abundance of various mRNA species with different 3'-UTRswhich had been formed during oogenesis and which reqwre
which differ in length and content of regulatory elements andsophisticated regulation at the mRNA level (25). In the case c%
may exert different regulatory functions on expression of theheMeCP2gene and its product this period may be of particu
gene (12). Some of the variant alternative 3'-UTRs of thdar interest, because it overlaps with the period of gross
MeCP2gene show polyadenylation signals that differ from thechanges in DNA methylation (26,27) and thus also changes i m
AATAAA or ATTAAA consensus, similar to other alterna- demand for theeCP2gene product. >
tively polyadenylated genes such@BIFR andATM or many Cloning of the complete human and murine transcript of the
3'-EST clusters (22-24). The variants of alternatively polytMeCP2genes enabled us to analyse the conservation of the
adenylated genes also differ in the content of AT-rich sequencsequences during evolution. The overall conservation of thg
motifs, which have been implicated in mRNA stability (19). two 3'-UTRs was 52%, which was lower than the 69.4% aver~
Indeed, there are differences betweenM@&CP2mRNA tran-  age reported for 3'-UTRs between human and mouse (28).
scripts in the content of these AT-rich elements. While there iRemarkable differences in the degree of conservation could be
none in the 1.8 kb transcript, many are found close to the 3'-endetected, however, along the transcript. The strong conserva-
of the 10.1 kb transcript. The relative abundance of the mRNAion of several sequence blocks within the transcript indicates
isoforms seen on northern blots may also reflect this. that these sequences are under selection pressure and therefore

The importance of 3-UTRs for the regulation of genefunctionally important. Some of these sequences have
expression is increasingly recognized. The 3'-UTRs may exeremained without a single base pair change over an evolution-
post-transcriptional regulation enabling rapid modulation ofary period of many tens of millions of years since the human
protein levels in response to different developmental or physicand mouse lineages diverged. In contrast to this, other
logical changes and stimuli. This can be especially importardequences of théeCP2 3'-UTR are only moderately or
during the maturation of germ cells and early embryogenesisyeakly conserved. This variable pattern of sequence conserva-
when translationally repressed maternal mMRNAS are activatetbn resembles a similar distribution described for several
and active mRNAs are silenced (12). During this period therevertebrate 3'-UTRs (29).
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Figure 6. The comparison of the complete sequences of the human and M&@&e2genes. 4) A sequence homology comparison was performed using a sliding
100 bp window. ) Minimum free energy plot for the humaieCP2mRNA. (c) Minimum free energy plot for the mousdecp2mRNA. The ORF (filled rec-
tangle), stop codon (asterisk), the short 3-UTR (line) and the positions of primers DC4 and DC5 used for the evolutionary analysis are ingicatedhiar(a
zontal scale is in bp; the free energy values are according to Zuker and Stiegler (20).

To analyse whether the pattern of conservation is related tminimum free energy using published values of stacking and
predicted three-dimensional structure of the folded RNAdestabilizing energies (20). It was found that the distribution of
molecule, a computer method was used to find a distribution afinimum energy along the 3'-UTR of the transcript is very
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Figure 7. Sequence comparison of fragments of human, chimpanzee, orangutan, macaque, hamster, mouse, rat andé@r@aemte 3'-UTRs. Identities are

1

C--A-

-CAA-AATATCCT-CC-CTTCCCCCCCCCCACCCCCG~--~.G----C——-=
TC---ACAA-AA-A-CC--C-CCCTCCTCACCCCACCCCTAT-~-~-TG----C--A-
———————— T-----------------—--—-—-T-T--——-TTT-TAGGGTA-A--AGC----GC. ... ... .v.ovue.u....-=T=-—-TCATC-C—

101
TAGAGACAGAGCGACAGAGCAGTTGAGAGGACACTCCCGTTTTCGGTGCCATCAGTGCCCCGTCTACA . . . GCTCCCCCAGCTCCCCCC . . ACCTCCCCC

201
ACTCCCAACCACGTT . GGGACAGGGAGGTGTGAGGCAGGAGAGACAGTT . . GGATTCTTTAGAGAAGA . TGGATATGACCAGTGGCTATGGCCTGTGC

CTA----GT--G-

----- - CTA-A--GT--G-A-~--AT-GC-C--CA.-T
~T-AA--TT-TA- - CCAA-GTCTTA-AT-A-T-T-TT-AG-G-TTTT-- . . . .. ---CCCT---GG-GCC.G--GGG--GGGG-A--G- . -~ATTA- . .
301
GATCCCACCCGTGGTGGCTCARGTCTGGCCCCACACCAGCCCCAATCCARAACTGGCAAGGACGCTTCACAGGACAGGAAAGTGGCACCTGTCTGCTCCA

~TAT--TGA-AA---~-=-~—~-
~TAT--TG--AA~A-A-====~———=—m oo~
--AT--TG--~AA-A-T--

-GA---C-TA--A
.-T.-A----GT---C-TA--A- G-A--—-A---————eomm oo A--A-A---T---CA--TG
..... A--AGGG-GGG--AAGAC-T-A-A-AAGGA-TAG. .AA-C~----A~-T---CC-A-A-AA-AGC---T. .

501

..AT-T--A-C-GCA--T..--TTC

601

-G-

A-

-TG-CA-A-AACA- . . =-T---TA-G----
~TG-CA-A-AACA- ...--T-A-TAAGA
-TG-CA-A-A-CA----A-CAGT--C.TG---...--T---TAAG- .----A--A-GA-

ATTT--T--ACCTT-T-TATA--TGGGTGTG-ATGCAC-TAGATA-~- A-TGA--A-GA-
701

AAATGTTCTTCCAGTTACTTTCCAATTCT. . . CCTTTAGGGACAGCTTAGAATTATTTGCACTATTGAGTCTTCAT. . . . GTTCCCACTTCAAAACAAAC

--GG---CTG. .
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indicated with a dash, gaps with a dot; different bases are shown. Numbering is relative, with human base 1 here corresponding to base 1811 afghemcenan s
and murine base 1 corresponding to base 1764 of the mouse sequence.
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tions of the sequences reflect the currently accepted phyloge-
netic relations between these organisms.

362 kangaroo

MATERIALS AND METHODS

hamster . . :
3 Isolation of cDNA and genomic clones, sequencing and

sequence analysis

4.9

rat Plagues (2¢x 1) from each of the human and mouse fetal
brain cDNA libraries (Stratagene, La Jolla, CA) were screened

238 with the different cDNA and genomic probes. DNA probes

—5_mouse were labelled with ¢-32P]dATP and §-32P]dCTP (3000 Ci/

' mmol) in a random primed reaction (30). Hybridizations were
carried out in 0.5 M sodium phosphate, 7% SDS, 0.2% bovine
serum albumin, 0.2% PEG 6000, 0.05% polyvinylpyrrolidoneo
360000, 0.05% Ficoll 70000 and 0.5% dextran sulphate at 6%
or 55°C overnight. Non-specifically bound probe was removedy
by washing at 65 or 5% in 40 mM sodium phosphate, pH 7.2, &
1% SDS for 60 min. Filters were exposed to X-ray film (XAR- =
’00 rangutan 5; Kodak, New York, NY) for 1-5 days. Multiple human fetal
' and adult tissue poly(A)RNA northern blots were purchased
from Clontech (Palo Alto, CA). A total mouse P1 library (16)
was screened with the cDNA probes JFC88 and JFC484.

For sequencing, the dideoxy termination method was use§i
(31). Incorporation of the dideoxynucleotides into the sequenc
ing product was improved by the use of manganese-containirig
buffer (32). 5

Multiple and pairwise alignments of DNA and protein 8

Lo . . equences were performed using Clustal V (33) and Bestfﬁ
similar in human and mouse. This may point to a conserve

. ; : 4), respectively. The percentages of identity and similarity of
three-dimensional structure of the 3-UTR molecule. Morégequences were calculated using Bestfit. Database searchies

over, there is a correlation between distribution of minimum mployed FastA (35). All sequence analysis used the HUSAR
free energy and the degree of sequence conservation in the 8’ Sequence Anélysis Package (DKFZ, Heidelberge
UTR. The sequences that show the highest degree of conserygg ; 3

; . o . ermany). The sequences reported in this paper have besn
tion show the highest level of minimum energy and are likelyyenosited in the EMBL databank with sequence accession ngs
to be unstable with respect to three-dimensional folding ang j132914-A3132924. =
therefore single stranded. The sequences that are less con-
served during evolution are those that show low levels of min,~p - 04 RT_PCR
imum free energy and therefore are likely to build well-packe
stable three-dimensional structures. Total RNA of EBV-transformed human lymphocytes andg
We conclude that the sequence of MeCP23-UTR can be RNA of different cell lines (SK-N-SH, KELLY and IMR-32; &
divided into two subtypes. First, conserved regions where thATCC, Manassas) was isolated (36). First strand cDNA was
primary structure (nucleotide sequence) itself is importantsynthesized using 250 ng hexanucleotifigsfotal RNA. In ™
Second, sequences that are less conserved but may build sta@tilition, mouse cDNA libraries (Stratagene and Clontech) ang
and conserved three-dimensional structures. Both types of cotetal genomic DNA from different species were used as temi2
servation, the conservation of sequence and of three-dimeplates for PCR amplifications.
sional structure, could be of relevance for possible interactions The PCR reactions with first strand cDNA, cDNA library 8
with protein or other nucleic acid molecules. These may exewliquots and total genomic DNA comprised 35 cycles of 1 min"
regulatory functions and modulate the stability, transportat 94C, 1 min at 60C and 4 min at 72C.
localization and translation of the mRNA (12). The isolation The following primers were used: DC4, aaactaggctcct-
and characterization of the complete long 3'-UTRs of the humattaacaaggc, and DC5, tgagcccactttaaaacaagcg (conserved
and mousévleCP2genes opens the possibility of studying theseprimers in the 3'-UTR for amplification in different species);
phenomena on the functional level. MEC1, tgttagggctcagggaagaaaag, and MEC3, gggaagctttgtca-
Because of the periodic occurrence of conserved blockgagccctac (for amplification of the human coding region);
(which allow placement of primers) and stretches of weakflMECP-CON-1, tgacatgtgactccccagaatac (located in the 5'-
conserved sequences (from which valuable phylogenetic infotd TR and conserved between human and rat), and MECP-
mation can be obtained), the 3'-UTR of thieCP2gene may MOU-4, ctgctgctcaagtcctgaggetc (for amplification of the
also be very useful in evolutionary studies. We isolated onenouse coding region; designed from a mouse EST, GenBank
such highly diverged region from chimpanzee, orangutanaccession no. AA690741); MEC2, gtgtatttgatcaatccccaggg,
macaque, rat, hamster and kangaroo and compared it with tlamd D44, tccttgccagttttggattgggg (for connection of the short
human and mouse sequences. Indeed, the phylogenetic reMeCP2transcript with the contig of novel cDNAs in human);

3.4

macaque

sdny wou

chimpanzee

oe//

human

Figure 8. Phylogenetic tree based on the alignment shown in Figure 7.
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MEC-MOU-11, aggaccccatcagcccccctgag, and MEC-MOU12.
18, cagcttgtcaggtcagtagtatc (as above for mouse).

The isolated cDNA clones were as follows. Human: JFC2, 5
bp 1769-3487 (agtagctttgca...tgctgtgggattt); JFC88, bp 3258—
6627 (cagcagggc...cgacttgtg); JFC208, bp 3758-7159 (gtccct-

Decker, C.J. and Parker, R. (1995) Diversity of cytoplasmic functions for
the 3' untranslated region of eukaryotic transcriftstr. Opin. Cell Biol,

7, 386-392.

Kioschis, P., Gong, W., Rogner, U.C., Wilke, K., Manca, A., Coy, J.F. and
Poustka, A. (1994) Cosmid contigs in Xg27.3—Xqt@ytogenet. Cell
Genet, 67, 355.

ggc...taaaaaaag); JFC487, bp 6920-9304 (cctgggctt...aacaé‘f'a Korn, B., Sedlacek, Z., Kioschis, P., Konecki, D.S. and Poustka, A. (1994)

gtg); JFC484, bp 7237-10084 (cttctttca...ttgccttat). Mouse:

Establishment of an Xq27.3—Xgter specific cDNA library using cDNA
selectionCytogenet. Cell Geneb7, 356.

JFC611, bp 3022-7140 (tctgggtca...gaaaaaaaa); JFC617, BP cao, 7., Henzel, W.J. and Gao, X. (1996) IRAK: a kinase associated with
3452-7152 (tcatattgg...aagaaaaaa); JFC622, bp 7762—10087 the interleukin-1 receptoBcience271, 1128—1131.

(tatctgcta...acataaaaa). 16.

RNA in situ hybridization 17.

The mouse embryo and adult tissue sections were prepared

the RNAin situ hybridizations were performed as described™™
previously (37). The probe used in these experiments was the
3.7 kb JFC617 mouse cDNA insert transcridadvitro from  20.
the pBluescript Il vector promoters.

21.
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