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ABSTRACT

A restriction frogment containing the 5' region of the spinocerebellar ataxia type 2 (SCA2) gene was subcloned
from PAC65i22 into pBluescript and totolly sequenced using an ABI 373A automated sequencer, in combination
with the direct sequencing of the mentioned PAC genomic clone through the DOP-vector PCR method. A typical
CpG island with several potential sites for Sp1 transcription factor has been found, where the promoter activity of
the SCA2 gene can be situated, maybe like it occurs with the gene for Huntington disease.
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RESUMEN

Un fragmento de restriccién que contiene la regién 5’ del gen de lo ataxia espinocerebelosa 2 (SCA2), fue
subclonado en el vector pBluescript a partir del PAC65i22, y secuenciado completamente mediante el empleo de
un secuenciador auvtomatizado ABlI 373A, en combinacién con la secuenciacion directa del mencionado clon
gendmico de PAC mediante la técnica de PCR basada en el vector DOP. Se encontré un islote de CpG tipico con
varios sitios potenciales de unién al factor de transcripcion Sp1, donde puede estar situada la actividad prometora
del gen de la SCA2, como ocurre posiblemente para el gen de la enfermedad de Huntington.

Palabras claves: ataxia espinocerebelosa 2, enfermedad, islote de CpG, ratén transgénico

Introduction

Spinocerebellar ataxia type 2 (SCAZ2) is an autosomal
dominant genetic disease with marked anticipation. An-
ticipation is defined as the decrease of age for disease
onset and the increase of disease severity in successive
generations. The SCA2 gene was recently identified
and cloned in different laboratories [1-3]. The abnor-
mality at DNA level was elucidated as the intergenera-
tional expansion of a CAG repeat in the coding region
of this gene. Other seven different genes for neurode-
generative genetic diseases caused by (CAG), tract ex-
pansions were also cloned in the past few years j4-10],
and the expanded repeats were described as dinamic
due to the meiotic and mitotic instability of the se-
quence (CAG), [11].

In Holguin, Cuba, more than 1000 individuals are
affected by this disease, and the reported frequency
of 133:100 000 is the highest worldwide caused by a
founder population effect [12].

The recent progress in the generation and charac-
terization of transgenic mice expressing the genes con-
taining expanded CAG repeats associated with four
of eight disorders—X-linked recessive spinal and bul-
bar muscular atrophy (SBMA), spinocerebellar
ataxia 1 (SCA1), Machado-Joseph disease (MJD/
SCA3), and Huntington disease (HD) - is beginning
to provide insight into the underlying mechanisms of
these neurodegenerative disorders [13]. The best ani-
mal model of neurodegenerative disorders caused by a
(CAG), expansion is based on the expréssion of HD
gene exon 1 carrying the mutated (CAG), sequence
under the physiological promoter of this gene [14].

To further use the SCA2 promoter and the trun-
cated gene with the same purpose, the 5'-end of the
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latter was sequenced and cloned. In this paper we
report a 5.366 kb sequence of this region. We have
noted that the 5’ region of the SCA2 gene is com-
posed of a typic CpG island, which could contain the
putative promoter elements of this gene,

Materials and Methods

Cloning of the 5’-end from the SCA2 gene
into pBluescript

PAC65i22 genomic clone [15] was digested with a
combination of several restriction enzymes (Boe-
hringer Mannheim, Germany). The resultant finger-
print was transferred to a Hybond N* membrane
(Amersham, United Kingdom), and a Southern blot
[16] was performed using the radioactive labelled
probe CS (163 bp), which hybridizes approximately
800 bp upstream of the Sacl site in exon 1 (Fig-
ure 1). A Hincll-Sacl fragment 3.3 kbp long was
cloned into pBluescript SK(+) (Stratagene, USA) to
obtain the clone 1BS.

The PAC65i22 vector was digested with Sacl re-
striction endonuclease, and then ligated to itself. Ten
recombinant clones were then digested with EcoRI
(Boehringer Mannheim, Germany), and the fingerprint
was tranferred to a Hybond N* membrane. A South-
ern blot was performed with the radioactive labelled
probe B (169 bp), which hybridizes with the region
of the (CAG), sequence within SCA2 gene exon |
(Figure 1). An EcoRl fragment (2.4 kbp) including the
rest of exon 1, from the Sacl site to the EcoRlI site in
intron 1, was cloned into pBluescript SK(+) to pro-
duce the clone 3BS.
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gtcgacacaatctaaacatccacaatggaaagtagacacaaaatgtggtatgtccatacatggaatatgacatagcaataataa
ggaatgaaatactgctacatgeccacaaccttagataaacctcaaaaacattatgacaagagaaagaaggcagacacaaaagget
gcatgctgtaagattctactatgtgaaaaatctggacaaatccatagagagaaaatgtagatgagtggttgecctggggctaagy
atgggaaccaaactgcccacccatcgtgaaggatectitbtttggggtaatggaaatgttctgaaattagtggcaatggttgtgcaa
atttactgtgtaaatttactgagaatcattaaatgtacacaaaataggtgaatttcatagtatgtaaattatatcttgataaaa
ctattaagtttttattcaatggtagtgagtaaaaaccaaccttttcagetatgtcagecttcaggcctctttottbttaattttg
aaaaattttttatggagaggagggtctcactatgttgeoccaggctggtotectacteccttggttcaaaggagetgcctgectty
gccttccaaagtgctgggattataggtgtaggccactgtatccagecectaggeccttcttattcaactteccatcgacctgaaactt
actattttttttttgagacggagtctggectctgtegcccaggctggagtgecagtggtgtgatetccgectcactgcaagecacegc
ctcccaggttcacaccattcectectgecctcagecteccaagtagetgggactacaggtgegcatcaccacacccagectaattttt
gtatttttagtagagatgggctctactaaaaattggccaggctggtectogaactecectgacctcaggtgatccacggecactgeo
tccCaaagtgctgggattacaggcgtgagccaccacactggccaaaactﬁgttcttaagattgtattctgggaccttgattcca
atcagagaaaagtgattgtatttbtttatttttattbtttttagataaagtttegttottgttgeccaggetggagtgecagtgyg
tgccctectbttggtcactgtaacctecgectectygggttcaagegattetectgoctcaagecatectgecgtagectgagatcacag
atgcccaccaccacgceccagctaattttttcgtatttttagtagegatggggtttcaccatgttgocaacgectggtettgaact
cctgacctcaggtgatccaccgecteggcctocragagtgctgggattacaggtgtgagccaccgegeccaggccaagbgttegt
atttctattaaagaaagaatataacgggacaccattgacgacctgctccattgocaggocctoccttgetgttcctcagactecocec
ctcagagcctttgtccctegetgtgecatecacctggagegtttectaecccaggatectecatgeccatgectcatttgggtecctyg
ccecatgtcacceotctecaggaacttcccctcacagecageccctggectgtaccacagccgggtacaggtatttttttgtttcaa
ctggttttttagttccagtttccttaggttactttatttatttatttatttatttattttttgaaacggagtctegetectgteg
cccaggctggagtgecatgatcteggectgactgcaaccttecacctoccggattcaagcaatecctgtatcagectecoccgagtaget
gggattacaggcgcccaccaccacacccggetaattttatatttttgectagagacggggtttcaccatgttggetaggetagyg
ttaatttttaaagggttttgcaatggtcoccttgatctacttbtttaccttagatgggaaataaaactgatttectacattggecag
aatacaatgatcatttttgcctggactatttaggaggttaatttcagttggactactgaaaactgctggttcaatcattcteca
gtttatctaagtctttacctttatctggacagttbctaggacattgaggggaattttggbgtticttccectattatttectgaa
gtcatttcactttaaaaacaatagattcactgctcaaaaaaaaaaaaaaaagttacctactttctacttgettccagtttaact
gcaacacattttcaaaagagtctactgtgctggctgggtaagttaaattaaaacttctaaagggtccaaggtctaaagttegeca
cattgttttgaggtcggtctgtttctaccgagggagatcccattatcegtagttttaccagtcecaatcccatatatttecttt
gaatctcatgaatgaggaaaaagaagttcaagtgagggaacataggttcaaatgaaggtcagatacctaaaagagbttbctggt
gactgtgcgcggctyggggtggaaaaagtyggggaaaaggtaceccagatgbgggtgggccccggagggttgttecactcoccageec
cggcagggcaggacadcgcggcctgectgatagatgoccccgagecactggagegectactgtgtggegggegggggacggcagg
aaaacggcaggatgctgtgteoceococtgaatctggecagggttctaggtgctttacacgtagcaagacacattecteccgecccaaggce
actcgcagtcagtocattttoctgggttgcatcaggtgggggcaaactaggtecocccgeagaagtgaagatgetgaaggaatacag
taggagaagaaatgttcoteoteoctgbcocttccacaccaggecaggeccagacggetgagaccgacacgecctoccecgaagggcaga
cocgcoctcgaggaaggeggateccgggtagggaccgecgebggecctcaccecgACCCCCGAGAARGCAACCCAGCGCGCCGLCCG
CTCCTCACGTGTCCCTCCCGGCCCCGGGGCCACCTCACGTTCTGCTTCCGTCTGACCCCTCCCGACTTCCGGTAAAGAGTCCCTA
TCCGCACCTCCGCTCCCACCCGGCGCCTCGGUGCGCCCGCCCTCCGATGCGCTCAGCGGCGCAGCTCCTCGGAGTCCCGCGGTG
GCCACCGAGTCTCGCCGCTTCGCCGCAGCCAGGTGGCCCGGETGGCGCTCGCTCCAGCGGLCGGCGUGGCGGAGCGGECGEGEGT
GGCGGTGGCGCGGCCCCGGGACCGTATCCCTCCGCCECCCCTCCCCCEGCCCGGCCCCGGCCCCCCTCCCTCCCGGCAGAGCTCC
GCCTCCCTCCGCCTCAGACTGTTTTGGTAGCAACGGCAACGGCGGCGGCGCGTTTCGGCCCGGCTCCCGGCGGCTCCTTGGTCT
CGGCEGGCCTCCCCGCCCCTTCGTCGTCGTCCTTCTCCCCCTCGCCAGCCCGEGCGCCCCTCCGGCCGCGCCARCCCGLGLCTS
CCCGCTCGGCGCCCGTGCGTCCCCGCCGCGTTCCGGCCTCTCCTTGCCGCGCCCGGCTCCCEGGCTGTCCCCGCCCGGCGTGCGA
GCCGGTGTATGGGCCCCTCACCATGTCGCTGAAGCCCCAGCAGCAGCAGCAGCAGCAGCAGCAACAGCAGCAGCAGCAACAGCA
GCAGCAGCAGCAGCAGCAGCCGCCGCCCECEECTGCCAATGTCCGCAAGCCCGGCGGCAGCGGLCTTCTAGCGTCGCCCGECGT
CGCGCCTTCGCCGTCCTCGTCCTCGGTCTCCTCGTCCTCGGCCACGGCTCCCTCCTCGGTGGTCGCGGCGACCTCLGGLGGLGG
GAGGCCCGGCCTGGGCAGgtgggtgtcggeaccacageccocctecgetcagggcoccggocgtecceteccocgeggeccegagoay
ccgtoocecogoccogtgacoogecgggctacocoggggtgggectigggggocggcaacgocgggggaaactegetocgggectgaacce
cgaagctcggeccggtgggegcaaccggggtoctetgggattgtcaggocegtbccagoctecogecageatoccoogeccoctocoee
ggoggtcaagatggagggagcgggcggcecctocectoceccacgegtgitgggaggggtitctecgggtageggegatyggtcagecee
ggctecccecttecogoacgatcctocecgeoccgecagegtggggatgetcgggecagetecctoccactocccggtttaggtgtgaacgttyg
gaggggtctggaggctgtggtggegtittcecggaacatgtceccccteccatgggggacatctetggaggggataagttagggecyg
cgtccocecogtgeocoggttaaaggggtaggecaccgggetecteccggaatcatcagggtetgteggggacteteteccaecgaececoccteo
gagtcctgggaaagatcggagygacgggaggtggagacaagtgggocttggocooogcacoccttgtgegttagtgtecgaggeygy
cggcgggggctcoccgaacteoccctgaaatecgtggggctecatgtyggectecyggeagegtteccecctocccccacctggggaagyyg
aaggggtggggagtgeccggecccgtocoggetttcctegtteccocgecagaccttbcocggggggcgggtggtggaecgatecyg
cattgctgttcgaggecgcagtggagaaggegectgtggaaaatcggtgggtgagggetggacoecaggctggacoctggagatke
cggggtggcggtgatggtggecagggggegggcaccttgegcacttateccaaccccogececcaattteggaaatgoctaggagayg
agagattgcagcaggggacgtggtcgggttcctgaaggcagaaaggoggatgtttactagegtecttttteccctoctaageocyggy
gttgtagtaggggctgggggctgragtgttgtcccggctaactgggtttgactcagagggtgtgtttgtgocaggagggectgtt
gggggogggcgggcggttgtcagttcgtatttcacgaactaagaaaatgcttagtgttcaaagggagaaggaaacgtcaatagac
tcecattceccattgtggeoggtgtecttaacttcgggagtgeccgocrcagagottaccaagggecacgcaagbccattoccecttgtgoo
tcaagtccatecocgtgttgtaggcactactgtgecttctttaggectaggcocgccgettgacggcgggtgaccggcgtectoott
aaataggcatcttgggctttggaaggtggaataagaggatitttcattcacccgagttttectitttgaaaacacattttcagea
acccatttcoccaaagaatttttatttacagcagaaattcococccatcaagaggaatcagoctggtttttaaggaatte

Figure 1. Complete sequence of the insert from clone 98BS representing the 5'-end of the human SCA2 gene. The 162 bp
region from the 5°UTR region and exon 1 are represented in copital letters. Note the underlined Sccl site within this
region. The restriction sites most used in our work, the initation ATG [1, 26] and two CCAAT binding sites are in bold
letters. The regions for hybridization of probes CS and B are underlined. G/C boxes into the predicted promoter region are
in bold letters and underlined. The SCA2 gene 5" CpG island extends from the Kpnl site 436 bp upstream of the transcrip-
tion start site [1, 26] to the beginning of intren 1.
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Clone 1BS was digested with Sacl and dephos-
phorylated with alkaline phosphatase (Boehringer
Mannheim, Germany). A Sacl fragment from the
clone 3BS was cloned into the clone 1BS to produce
the 5.366 kbp-long SCA2 gene 5" region (¢lone 9BS)
(Figure ).

Sequence of the 5’ region of the SCA2 gene

The DOP-vector PCR method [17] was used to se-
quence from PAC65i22 genomic clone. This protocol
is based on a two-step PCR: The first step was devel-
oped with the 6MW primer [18] and a sequence-spe-
cific remote primer. Then, a nested PCR was performed
using 3 to 5 mL of the first reaction, the 6MW primer
and a sequence-specific nested primer. Primers used to
sequence from the 5’ region of the SCA2 gene are listed
in the Table. The products from several nested PCRs
and DNA from the clone 9BS were sequenced using a
Prism Ready Reaction DyeDeoxy Terminator Kit (Ap-
plied Biosystem, USA). Sequencing reactions were
performed in a Perkin Elmer 9600 thermocycler (Perkin
Elmer, USAY: 25 cycles of 96 °C for 30 s, 50 °C for
15 s, and 60 °C for 4 min. Sequencing reactions were
processed on an ABI automated sequencer 373A. Data
was collected and analyzed on a Macintosch llci or
Centris 650 using the ABI 373A Analysis and Data
Collection software.

Computer algorithms for promoter
predictions

Computer algorithms such as TSSW and TSSG were
used in order to predict a promoter sequence from
the 5"-end of the SCA2 gene. Both TSSW and TSSG
use the same underlying algorithm but TSSW is based
on TRANSFAC, whereas TSSG is based on the pro-
moter data file derived from Transcription Factor
Database (TFD) [19).

Results and Discussion

In the last few years, a (CAG)n instability was found
for eight neurodegenerative disorders in the sequences
of their genes. The complete nucleotide sequence of
the 5.366 kbp fragment from the SCA2 gene was
obtained. The cloning steps to produce the clonc
9BS are shown in Figures 2, 3 and 4. The truncated
proteins that include the cxpanded polyglutamine
domain from huntingtin [14. 20-24], atrophin 1 [23.24],
androgen receptor protein (AR) {24], and ataxin 3 [24]

Table. Primers used to obtain the total sequence of the
5’-end region from the SCA2 gene.

Primer Sequence
DAN]-reverse 5'-cccatacaccggetegeacg-3°
n 5'-cgctgggttgettcicg-3°
12 5’-ccacatetgggtaccititec-3'
i3 5'.otgatcattgtatictgecaatyg-3°
J4 5'-agcgagggacaaaggctctg-3°
J5 5’-cagoatacootcttacgoacaag-3'
16 5’-aggectgaagetgacatage-3°
N -forward 5'-cgagoaagcaacccageg-3°
DANI 5’-cgtgcgagecggtgtaiggg-3°
17 5'-acggetecctecteggiggte-3°
J8 5‘.aggelgtggtggegttitc-3°
19 5'-oocatcggtgogtgugggetg-3°
no 5'.agactecaticcattgtgge-3°

167

EEPg g, ERE
oo TR
Eia o
& e k3
§roeegriine.

“idszavaric 21226
bis £ 7 rhid 4
5148, 4973
4268

Figure 2. Southern blot with the radiolabelled probe CS on a fingerprint from the genomic clone
PAC65i22. A combination of different restricion endonucleases with Sacl is represented. Lane 1 to
10: Acel, Clal, EcoRV, Hincll, Hind|ll, Pstl, Sall, Spel, Tth1111 and Xbal. Note in lane 4 the signal on
the Hincll-Sac! fragment corresponding approximately to the size of 3.3 kbp. This fregment was
cloned to obtain the clone 1BS. Molecular weight marker HNI (Boehringer Mannheim, Germany) is

represented to the right.
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Figure 3. Southern blot using the radiolabelled probe Bon a
fingerprint from ten clones derived from PACA5i22 lacking
Sacl fragments, which were digested with EcoRl. The rodioac-
tive signal representing opproximately 2.4 kbp is shown in
lane 7. The fragment corresponding to this size was cloned
EcoRl into pBluescript to preduce the clone 3BS. Molecular
weight marker [l {Boehringer Mannheim, Germany} is repre-
sented to the right.

are able to produce the ncurodegencration observed
in the specific ncurons affected in these disorders.
Major pathological steps of these related diseases in-
volve a neurodegencration caused by an induced
apoptosis due to abnormal protein aggregates in the
affected neurons [24, 25).

For the 5’-end of the SCA2 gene (Figure 1), we
have found a CpG island (% G+C > 50 and CpG
obs/exp > 0.6) with multiple GG/C boxes that include
436 bp upstream of the transcription start site
[t, 26], 162 bp from the 5'UTR [1, 26]. the com-
plete exon | carrying a CAG repeat with 22 units,
and the beginning of intron 1. G/C boxes (composed
of the sequence GGGCGG or its reverse comple-
ment CCGCCQ) are located upstream of and down-
strecam from the transcription start site of genes with
CpG islands [27]. Spl transcription factor binds to
some sequences that contain a G/C box, and promot-
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Figure 4. The BomHI di-
gestion of the clone 9BS
produces three fragments.
Noteinlane 1 the 1.4 kbp
fragment derived from the
two BamHl sites ot the 5°-
end from SCA2 gene. The
other BamH| site corre-
sponds 1o the rest of the
pBluescript vector multi-
cloning site from the
construction 3BS. Lane 2
contains o 100 bp ladder
marker {Gibco BRL, USA),
in which, from top to bot-
tom, the upper two frag-
ments represent 2 kbp
and 1.5 kbp, respectively.
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ers based on Spl transcription factors often contain
multiple binding sites [28].

Both TSSW and TSSG algorithms predicted the
120 bp stretch upstream of the Sacl site in exon 1 as
the strongest promoter into the 5.366 kbp region. This
region contains four G/C boxes that possibly consti-
tute target sites for the Sp!l transcription factor.

The best transgenic mouse model of neurodegenera-
tion caused by an expansion of polyglutamine tracts
was constructed using a fragment from the 5’-end of
the HD gene from an ill patient [14]. We analyzed the
complete coding region predicted for HD gene [4] and
we noted that the structure of its 3'-end presents both
the average % G+C > 50 and the CpG obs/exp ratio
> (.6, which is typical for CpG islands [27]. House-
keeping genes and widely expressed genes have a 5’ CpG
island involved in their promoter activity and lack the

TATA box [27]. SCA2, like HD, shows a wide expres-
sion in different tissues. It is supposed that the clone
9BS contains the regulatory sequences involved in the
expression of the SCA2 gene. This clone containing the
(CAG), tract expansion could be useful for the genera-
tion of a transgenic model for SCA?2 disease.

In conlussion, further experiments using a reporter
gene and deletion constructions are necessary to de-
termine, in in virro systems, which part of the 5’
region of the SCA2 gene is responsible for the pro-
moter activity.
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