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Summary: The cDNA and complete gene encoding
mouse acid sphingomyelinase (ASM) has been iso-
lated using a homology screening approach. Com-
parison with the human sequence shows 81% se-
quence identity at cDNA level and 82% at the protein
level. Homology is markedly reduced in the N-termi-
nal region, especially in the presumed signal peptide.

The six-exon gene structure is similar to the human
one, except for the position of Alu1 elements. The al-
ternatively used splice site 40 bp downstream of the
human exon 2 is not conserved in the mouse gene and
accordingly no such alternative splicing was found in
mouse.

Klonierung der sauren Sphingomyelinase der Maus, ihre Genorganisation und die vollstindige Nucleotidsequenz

des Gens

Zusammenfassung: Die cDNA und das vollstindige,
die saure Sphingomyelinase (ASM) kodierende Gen
der Maus wurden mit der Homologie-Screening-Me-
thode isoliert. Der Vergleich der ASM-kodierenden
Sequenzen von Maus und Mensch ergab 81 % Identi-
tit auf der cDNA-Ebene und 82% auf der Protein-
ebene. Die Homologie ist im N-terminalen Bereich,
besonders im vermutlichen Signalpeptid, deutlich

herabgesetzt. Die sechs Exons aufweisende Gen-
struktur ist der des menschlichen Gens dhnlich, abge-
sehen von der Position der Alu1-Elemente. Die alter-
native Splice-Stelle, 40 Basenpaare 3" gelegen vom
Exon 2 im menschlichen Gen, ist nicht konserviert.
Entsprechend konnte kein alternatives Splicing in
Maus-mRNA nachgewiesen werden.

Key terms: Human and mous acid sphingomyelinase/cDNA/genomic DNA/gene nucleotide sequence/homologies.

Acid sphingomyelinase (ASM) (sphingomyelin phos-
phodiesterase, EC 3.1.4.12) catalyses the cleavage of
sphingomyelin to ceramide and phosphocholine.

The enzyme activity is represented in all cells as an
acid lysosomal hydrolase. Deficient ASM activity is
shown to be responsible for Niemann-Pick disease

Enzymes:

Sphingomyelin phosphodiesterase, sphingomyelin cholinephosphohydrolase (EC 3.1.4.12):
Polynucleotide 5'-hydroxyl-kinase, ATP:5’-dephosphopolynucleotide 5'-phosphotransferase (EC 2.7.1.78). in this paper named

polynucleotide kinase:

RNA-directed DNA polymerase, deoxynucleoside-triphosphate: DNA deoxynucleotidyltransferase (RNA-directed) (EC 2.7.7.49).

also named reverse transcriptase.

Abbreviations:

ASM. acid sphingomyelinase; NPD, Niemann-Pick disease: PCR, polymerase chain reaction; SSC, 0.15m sodium chloride. 0.015m

sodium citrate; SDS. sodium dodecyl sulfate.
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ggatcetottoeggoctocagecaggocaccacgeacgtcgtagcacacatacaaaatacee
atacacataaataaataataatgcaaaattttaaattaaaagaaagacacattaacaaaa
ccttaagtgattcaaggetgetgtaatggtggeagageataggaaat cgaggggaggace
gtececatggeaggtcaatccgetcaatgeaageat cgetgecccagecctetetagttaat
cttetecagtttaatgaccagetgagoegggeatctatteotaggaatetgaatgtitaaaa
aaaaaaaaaaaaaaaaaaagcggggagggggggtggaagagaggggcacctgggagtice
ctaaagggcttccatcagttetgggeagaaattateggggeegecgeeccgeagectegeg
cagcaatggctcagggtggtgaagettgtctctaccgaggt cacctacccaccccaacee
cgecgggtcctaagaaccgeecggggtgattgggetgtgget gaagaaggeggatcaggge
gggttggegagecccettttoctcegececcaaggttttgacageegetceccecacagtt
gctgggecataagaggaacaggaaggaggaggagetgttttgtggetggetgetgagetat
cagtcaaccacaacgaagggtaatcaggtgtct ccageegttaccegggeecegagggee
agccagggetteggectgtggggectggaggggecaagecagt cctgtctacgagectgge

aATGCCCCACCACAGAGCATCATCCGGCCAGGACCACCTCAGAGCCGGCTGGGAGCAGAG
MetProHisHisArgAlaSerSerGlyGlnAspHisLeuArgAlaGlyTrpGluGlnAr

ACTGGAGAGGTCCTTACCGGCACCCAGAGTGGGACTCCTTTGGATGGGGCTGEGCTTGEC
gleuGluArgSerleuProAlaProArgValGlyLeuleuTrpMetGlyLeuGlyLeuRl

GCTGGTTCTGGCTCTGTT TGACTCCACGGTTCT I TGGGTTCCTGCCAGAGCTTATCCTCT
aleuVallLeuAlaleuPheAspSerThrValleuTrpValProAlaArgAlaTlyrProle

TCCTTCTGARGGCCATTCTGTCARATTCAGTGCCATAGCGCCGCCGCTCCAGAGTGUCTT
uProSerGluGlyHisSerVallysPheSerAlalleAlaProProLeuGlnSerAlaPh

TGECTGGCAGARACCTCACTTGCCCCGCCTGCAAAGTCTTATTCACTGCTCTCARCCATGG
eGlyTrpGlnAsnLeuThrCysProAlaCyslysValleuPheThrAlaleuAsnHisGl

GCTGAAGgtgagtgcgtgaagggetgttgtggaatgetgggggcaggatgaagtgeactg
yLeuLys

gtatgceccgggggagggggcaatatatttetggtagagggtgettectatgeatccatgt
taccactaccccactgtgacctttataaagttagggagagtaaagtcagetggetaattg
tgggcttgaaatggtageacaccotgagetagagtaggtagetagaggeetggtgetgaa
ctgetgggeagtgtgtgggagatactgatgtectetttatecatggtgacagagttatecta
gcecteocgatttagacatggagoctgtggatggtggocagggttcacttgttetgtetotg

acctaacttcattggttecttecaccacaghAGGAGCCCAATGTGGCACGGETAGGCTCT
LysGluProAsnvalAlaArgValGlySer

GTGGCCATCAAGATATGCAAGATGCTGAACATAGCACCACTAGATGTGTGCCAGTCAGCC
ValAlallelysIleCysLysMetLeuAsnIleAlaProLeuAspValCysGlnSerAla

GTCCATCTCTTTGAGGACGATGTGGTGGAGGTGTGGACACGTTCAGT TCTGAGCCCATCA
ValHisLeuPheGluAspAspValValGluValTrpThrArgSerValleuSerProSer

GRGGCTTGTGGCTTGCITCTGGGCTCCTCTTGTGGACACTGGGACATCTTTTCGACTTGG
GluAlaCysGlyLeuLeuLeuGlySerSerCysGlyHisTrpAspIlePheSerThrTrp

AACATCTCITTGCCATCAGTGCCGAAGCCACCCCCAAAGCCACCGAGCCCACCAGCCCCC
AsnIleSerLeuProSerValProLysProProProlysProProSerProProflaPro

GGTGCCCCTGTCAGCCGTGTCCTCTTCCTTACTGATCTACACTGGGACCATGAGTACCTG
GlyAlaProValSerArgValLeuPheLeuThrAspLeuHi sTrpAspHisGluTyrLeu

GAGGGCACAGACCCTTACTGTGCAGATCCACTTTCTGGCCGCCGGEEGTCCGGATGGCCA
GluGlyThrAspProTyrCyshlaAspProlenSerGlyArgArgGlySerGlyTrpPro

CCCAACTCCCAGRAGGGGGCTGGGTTCTGEGECGAGTACAGCAAGTGTGACCTGCCCTTG
ProAsnSerGlnLysGlyAlaGlyPheTrpGlyGluTyrSerLysCysAspleufroleu

CGAACGCTAGARAGCCTGT TGARAGGACTGGGCCCTGCCGGCCCTTTTGARRTGGTGTAC
ArgThrlLeuGluSerLeulLeulysGlyLeuGlyProAlaGlyProPheGluMetValTyr

TGGACGGGAGATATCCCTGCCCATGATGTCTGGCAACAGTCTCGCCARGATCAGCTGAGG
TrpThrGlyAspIleProAlaHisAspValTrpGlnGlnSerArgGlnAspGlnleufrg

GCCCTGACCACCATCACAGACCTCGTGAGGAARGTTCTTGGGGCCAGTGCCAGTGTACCCT
AlaLeuThrThrIleThrAspLeuValArglysPheleuGlyProValProValTyrPro

GCTGTGGGCARCCATGAGAGCACT CCTGTCAATGGC TTCCCTCCTCCCTTCATARAGGGA
AlaValGlyAsnHisGluSerThrProValAsnGlyPheProProProPhellelysGly

ARCCAATCTTCACAATGGCTCTATGAAGCCATGGCCAAGGCATGGGARCCCTGGTTACCA
AsnGlnSerSerGinTrpLeuTyrGluAlaMetAlaLysAlaTrpGluProTrpleuPro

GCTGATGCCCTTCACACCCTAAGgtacttactgt cggtggaaacccaggaaggaagaaga
AlaAspAlaleuHisThrLeuAr

aagatggatgagggagaaaggaggagggaactgggtagactactccagecaggtgtectea
gcactctctactgecectococtaacctgacectgectteoctttaattatetccagecace
ctecttttcagagectageagtacatccccactcectagettgtgtetttgectacagtage
teotctttgtazaatgaattotcoctooctetttaatatetoccatttttttetcaacgtg
geccaggectataacatctcccgacagaaaggectttgetttetgactcaccteactettt
gtcctgaattcatgaagectctcaaccetetgaggettotttactgtcagaggageecctat
aattactgetgttggtcttcagetagggtgggagetcetggygggtgggagatgacateat
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Fig. 1.

gtgtacctctgectgatgtgeaggactattgacateteggttacttttgtttocagAATTG
glleG

GGGGCTTCTATGCCCTCACCCCACGCCCTEGCCTCCGCETCATCTCTCTCAATATGAATT
1yGlyPheTyrAlaLeuThrProArgProGlyLeuhrgleulleSerLeuAsnMetAsnP

TTTGTCCCCGTGAGAACT TTTGGCTCTTGATCARCTCCACAGATCCTGCTGGACRACTCC
heCysProArgGluAsnPheTrpLeuleulleAsnSerThrAspProAlaGlyGlnLeuG

AGTGGCTGGTGGRGGAGCTTCAGGCTGCTCAGARTCCGAGGACACAAAgtaaggggatgcy
1nTrpleuValGluGluLeuGlnAlaRlaGluAsnArgGlyAspLys

ttatgaaccgggtggagaaggtgotgttgggggetgaggagaageaggetgetgtgtagtg
gggetgagatectgtgaagaggggagtgtogottcacttectagaactactgtetteectg
ggtccatgttcaccttecctgtgtecttogtatactecaatcttetgtecactctacecaagg

ctgectggattoctcaatgetotgactgecettaatt ctecett cagGTGCATATAATTG
ValHisIlelleG

GCCACATCCCTCCAGGACATTGTCTTAAGAGCTGGAGCTGGAATTATTACARRATCATAG
1yHisIleProProGlyHisCysLeuLysSerTrpSerTrpAsnTyrTyrLysIlelled

CCAGgtaagggatagagggcttgggtgtggagactgaagggttaaaatactctecaacagt
laAr

caggcagtggtageacatgectttaatcgaageactettgagttcaaggeccagectggte
tacaaagtgagttctaggacagccagggetgttaacacagagaaatcctttoteotggaga

aaagaa ggaaggag ttecectcaagecacag
agtctecacaatctggaggagetactttgeccattgoagaacgaccacoetaactecteag

gtctacccaccetcatttecacttecttacagecttotatcactgtgtctctgggeagGT
gT

ATGARARCACTCTGGCCGGTCAGTTCT T TGGCCACACTCACGTGGATGAGT TTGAGATCT
yrGluAsnThrleuAlaGlyGlnPhePheGlyHisThrHisValAspGluPheGlulleP

TCTATGATGAGGAAACTCTGAGCCGACCACTAGCTGTAGCCTTCCTGGCGCCCAGTGCTA
heTyrAspGluGluThrLeuSerArgProLeuAlaValAlaPheleuAlaProSerAlal

CARCCTTTATCAACCTTAACCCTGgtgagtaaggcagaagggageattoctcatcetgag
hrThrPheIleAsnleuAsnProG

gctggtgtgacagaaagggatggaagecaaageaggtcctecctaaagttoctttgttee

cttecttaccactcaacccteccttcto TACCGAGTTTACCARATAGATGGARA
1yTyrArgValTyrGlnIleAspGlyAs

CTACCCCGGARAGCTCTCATGTGGTCCTGGACCACGAGACCTACATCTTGRATCTGACCCA
nTyrProGlySerSerHisValValleuAspHisGluThrTyrIleLeuAsnLeuThrGl

GGCCAACGCAGCAGGAGGCACACCAAGCTGGAAGCGCCTCTACAGGGCTCGAGARACCTA
nAlaAsnAlaAlaGlyGlyThrProSerTrplysArgLeuTyrArgAlaArgGluThrTy

TGGACTTCCAGATGCGATGCCTGCCTCCTGGCACAACCTGGTCTACCGCATGAGGGATGA
rGlyLeuProAspAlaMetProAlaSerTrpHisAsnLeuValTyrArgMetAxgAsphAs

TGAGCAACTCTTCCAGACCTTCTGGTTTCTCTACCATAAGGGCCACCCACCTTCAGAGCC
pGluGlnleuPheGlnThrPheTrpPheleuTyrHisLysGlyHisProProSerGluPr

CTGCGGCACACCCTGCCGCCTGGCCACTCTGTGTGCCCAGCTCTCAGCCCGAGCAGACAG
oCysGlyThrProCysArgLeuAlaThrleuCysAlaGlnLeuSerAlaArghlaAspSe

CCCTGCTTTGTGTCGCCACTTGATGCCCAATGGGAGCCTCCCAGATGCTAATAGGTTGTG
rProAlaLeuCysArgHisLeuMet ProAsnGlySerLeuProAspAlaAsnArgleuTr

GTCACGCCCCCTGTTGTGCTAGEattocatgttcecagactggggaaagttcatgtatcag
pSerArgProleuleuCys *

aaaagggatacattccegagtgetgettatetacctgaggoaaaagettecgggggaagga
gecagccaggccagggaaacaagecgectcatgagagettgtttggttacactggaggag
gttttggctgtectacttatgeccaggatetggattaccectggggetgatgtotgacet
gggetttgtcogagggetcagtgotctggatagt cagacaggagetattgeecgageetgg
gctaatggacctetgaacecctgtactgttacctgateoctgeaaggetgttaaaataaaga
gacacacttcagactccaccgttoctatttcottettcccaaacaggcagggcaaagggag
gttggtagcatgacccotgactgaagagttgoatgagcacaggaagacacacagecagegea
gacagactttattagtgatatcagtacageggagg 3994
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Complete nucleotide sequence of the mouse ASM gene with translated
exon sequences.
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(NPD) of a neuronopathic. type A, and a visceral,
nonneuronopathic, type B, form. Although in both
storage disease types similar residual ASM activity
(0-10% of normal level) can be measured, they differ
in their phenotype and the severity of the symptoms.
The neuropathological symptoms of NPD-A lead to
death within the first three years of age, whereas
NPD-B patients show only visceral symptoms and
often have a normal lifespan!'l. Recent cloning and
sequencing of human ASMP=! opened up the possibil-
ity to analyse the molecular basis of these lipid stor-
age disorders. Subsequently nine different muta-
tions*-*! have been found in the ASM gene causing
NPD type Aor type B. Despite of this progress the dif-
ferent development of the neuronopathic (NPD-A)
and visceral form (NPD-B) caused by mutations of
the sphingomyelinase gene is not understood in
molecular terms. To answer this question and to
examine the possibility of a gene therapy, a well
characterized animal model would be helpful. Ex-
isting animal models!*~"?! are insufficiently charac-
terized on the genetic level. For this reason we are de-
veloping a NPD-mouse model based on transgene
technology. Such transgenic mice would offer the pos-
sibility to prove ASM-point mutations as sole basis of
the NPD. Here we report as a first step the mouse
acid sphingomyelinase cDNA and the complete nu-
cleotide sequence of the corresponding gene.

Table 1. List of used oligonucleotides.

Primers for PCR generating the screening fragment:

Exon 2. human,
sense

Exon 2. human,
antisense

Ohl (cctgecgtgtgecaatccattgtecacctc)

Oh2 (gaagctattgacaggtatgetttcarggtt)

Primers for PCR amplification of mouse ASM-cDNA:
Exon2, mouse,

Om3 ctggttaccagetgatgeccttcacaceet
(cgg gelgaty ) sense
Exon 6, mouse
Om4 cccttatgglagagaaaccagaaggtct Tt b
(2e gglagag gaaggiet) o e

Oligonucleotides used for Southern blot hybridization analysis:
alternative splice

Om5  (ttactgtcggtggaaacccaggaaggaaga) —region, mouse,
sense
Exon3. :
Omé6  (ctetctcaatatgaattt) =3 SRONSE
sense
Exon4. mouse,
Om7  (gcatataattggecacat)
sense
Om8§ (cacactcacgtggatgag) Exon S, maiese,
glggalgag, sense

Oligonucleotides used for primer extension reaction:
Exon 1, mouse,

OmY  (ctggecggatgatgetetgiggtggggcat) e
Ohl0  (tectacacggggctggticgtetgtceegt) E’ﬁ?:e:{s:"ma"'

Methods and Materials

Isolation of cDNA and genomic clones

Human genomic (Clontech, HL1006d. »-EMBL3). mouse
genomic (Clontech. ML1040j, A-EMBL3-Sp6/T7) and mouse liver
¢DNA (Clontech, ML 1035b, 2gt11) libraries were screened, using
PCR amplified genomic fragments with primers (Table 1: Ohl,
Oh2) derived from the human ASM cDNA sequence. Libraries
were screened by standard procedures!™ on cellulose nitrate filters
(Schleicher & Schuell. BA-85). Filters were hybridized with
the radiolabeled PCR fragment and stringently washed with
0.2 x8SC, 0.1% SDS at 55°C. Positive plaques were identified by
autoradiography and purified.

DNA sequencing

The cDNA and the genomic inserts of the ASM clones were sub-
cloned into the plasmid pUC19 and sequenced using the standard
method for double-strand sequencing™*"! (Pharmacia, T7-
Sequenase Kit). Sequence analysis and comparisons were carried
out using the GCG program package.

Southern blot hybridization analvsis

The synthetic oligonucleotides (Om5-8, listed inTable 1) derived
from the ASM nucleotide sequences were labeled with [“P]JATP
in a polynucleotide kinase reaction. They were used for the South-
ern blot hybridization (Dupont, gene screen plus) of the PCR frag-
ments (with primers Om3 and Om4) separated by agarose gel elec-
trophoresis and of dot-blotted genomic fragment. cDNA used as
the PCR template was generated by standard reverse transcriptase
reaction (superscript reverse transcriptase, BRL) with mouse brain
poly(A)” RNA.

Primer extension

The primer extension reaction was carried out following estab-
lished methods!”) using the superscript reverse transcriptase
(BRL) with the primers Om9 and Oh10 (seeTable 1).

Results and Discussion

The complete mouse ASM gene (Fig. 1) was isolated
and subcloned in pUC19 as a 4.8-kb BamHI frag-
ment, starting 780 bp upstream the start codon and
ending 160 bp downstream the polyadenylation sig-
nal. The human ASM gene was isolated and sub-
cloned in pUC19 as a 3.2 kb BamHI fragment (5’ do-
main) and a 1.9 kb BamHI-EcoRV fragment (3’ do-
main), starting 520 bp upstream the start codon and

o
]
-
-
2

Fig.2. Gene structure of human ASM (I) and mouse ASM (II).

Arrow: Alul element: open box: alternative splice region in the
human gene: open circle: polyadenylation signal; B: BamHI re-
striction site: V: EcoRVrestriction site.
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Fig.3. Comparison of the 5' regions of mouse and human
ASM gene.

Bars mark putative SP-1 sites, black circles: major transcription
starts; open circles: minor transcription starts: Met: start
codon.

o (g| ©®

Fig. 4. Gel electrophoresis and Southern blot hybridisation of
a PCR amplification product spanning exons 2 to 6 with mouse
brain cDNA as template.

Lane a: kb-ladder marker (Gibco-BRL); lane b: PCR
amplification product, 680 bp: lane ¢: Southern blot hybridisa-
tion with radiolabeled oligonucleotide complementary to
40 bp region downstream exon 2: lane d-f: Southern blot hyb-
ridisation with radiolabeled oligonucleotide complementary to
exon 3, 4, and 5, respectively. The lower half of the blot shows
a positive control obtained from 20 ng dot-blotted plasmid
pUC19 containing the mouse ASM gene.

ending 180 bp downstream the polyadenylation sig-
nal. The gene structures (Fig. 2) are similar for
human and mouse except for the different positions
of the Alul elements and minor gaps in intron re-
gions. The promoter region (Fig. 3) shows a con-
served putative SP-1 site at about —245 bp (counted
from the start codon) and an additional one only in
the human gene at —155 bp. The homology markedly
decreases upstream of —250 bp, suggesting a short
promoter region. Primer extension experiments
(data not shown) reveal a major transcription start at
—226 bp and a minor one at —160 bp for mouse. A
major transcription start at — 160 bp and two minor
ones at —177 bp and —251 bp were found in the
human gene. The human ASM gene was also se-
quenced by Schuchman et al.!""!, but sequences differ
upstream position —210 bp. For the human ASM an
alternatively spliced variant has been reported?. in
which a 40 bp longer exon 2 is connected directly to
exon 4. In contrast to the human ASM gene the
mouse gene shows no alternative splice site 40 bp
downstream exon 2 according to the splice site donor
consensus sequence. To verify the lack of such alterna-
tive splicing in mouse, cDNA produced from mouse
brain poly(A)* RNA was used as template for PCR.
The amplification product spanning exons 2 to 6
showed only the length of the normal spliced cDNA



rory
[\ ]
W
[ee]

D. Newrzella and W. Stoffel Vol. 373 (1992)

on gel electrophoresis (Fig. 4). Southern blotting and
subsequent hybridisation with a radiolabeled oligo-
nucleotide complementary to the alternatively spliced
region did not mark any PCR product. Radiolabeled
oligonucleotides complementary to exon 3, 4, or 5
bind strongly to the PCR fragment, confirming the
specifity of the PCR reaction. According to this exper-
iment there is no detectable amount of alternatively
spliced transcript.

GTPCRLATLCAQLS

Q) CEWYLFTA
G BCRELFTA

QS A
RDV|

SCGHWDIFSTWNISLPSVPKPPPRKPPSPPAPGAPYV|

TCGHWDIFSEWNISLPTVPEKPPPRKPPSPPAPGAPYV|

The mouse cDNA clone covers the sequence from
—118 bp to 2221 bp and shows an overall sequence
identity of 81% to the human ASM cDNA. On the
peptide level the identity amounts to 82% (Fig. 5).
The homology is markedly reduced in exon 1, espe-
cially in the first 44 amino acids determined as signal
peptide by the van Heijne algorithm!"l. All NPD
point mutations found until now are in protein re-
gions which show a 100% homology between the two
species.

GLRLISLNMNFCIHRENFWLLINSTD
GLRLISLNMNFCHRENFWLLINSTD

LFQTFWFLYHKGHPPSEPCGTPCRLATLCAQLS

DRIE[]
MOLFQTFWFLYHRGHPPSEERC

i svaxrsn
P ALLER

PS
SP

5
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