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The organization of |4 exons cavering 97% of the cDNA sequence of human cerebroside sulfate aetivator protein preeursor has been determined

from twe averlapping EMBL-@ human genomic clanes extending aver 17 kb. All exons and exenjintron splice junctions and five introns were

sequenced, Exon & consists of anly 9 bp and is invalved in allernative gplicing which generutes three different mRNAs of cerebroside sulfite activator
precurser.

Cerebroside sulfate activator protein: Genomie structure; Alternative splicing

1. INTRODUCTION

“The cerebroside sulfate activator protein (CSAP)
stimulates the lysosomal break-down of cerebroside
sulfate by arylsulfatase A [1]. It is synthesized as a 65
kDa precursor protein [2] which is protzolytically pro-

cessed to yield four small homologous sphingolipid ac-~

“tivator proteins [3-5]. Alternative cDNAs were observ-
ed differing from the one corresponding to the protein
sequence by insertions of 9 or 6 bp, respectively, into
the cerebroside sulfate activator domain {5], (H.
Holtschmidt and K. Sandhoff, unpublished). Here we
present.the organization of the CSAP gene and offer an
explanation for the occurence of the different cDNAs,

2. MATERIALS AND METHODS

2.1; Isolation af genomic clones

Two genomic libraries from human kidney and brain tissue in
lambda EMBL-4 phages were constructed by the method of Frischauf
{6]. 2.3 x 10% phages were screened by hybridization with the cDNA of
CSAP [5] which was labeled before with p by random priming using
a kit from Pharmacia (Freiburg, Germany). Two genomic clones were
isolated as described by Manijatis et-al..[7].
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2.2, Gene mapping and DNA sequencing

Lambda clones were cleaved by single and double digestions with
the corresponding restriction enzymes and the fragments were size.
fractionated by agarose gel electrophoresis. Appropriate fragments
were extracted from the gel by the glasmilk method (Biogen, LalJolla,
CA, USA) and were subeloned to pUCIS. Plasmids were prepared
with the Quiagen plasmid prep-kit (Diagen, Dusseldorf, Germany).

‘Sequencing was donie by the dideoxy chain termination method (8}

with the kit from Pharmacia using [a-*'S}dATP (22 TBg/mmol,
Amersham), Tr-polymerase and a commercial sequencing primer or
synthetic oligonucleotides as primers,

3. RESULTS AND DISCUSSION

Two EMBL-4 human genomic libraries were screened
with the full-length cDNA of the CSAP precursor
described by Nakano et al. {5]. Two overlapping
genomic clones, SAP no. 1 and SAP no.. 2, were
isolated encompassing 17 kb of the genomic sequence
and were characterized by restriction mapping (Fig. 1).
They cover 14 exons (no. 2— no. 15) with more than
97% of the cDNA sequence. Only the region coding for
the first 13 amino acids of the signal peptide (putative
exon +1) and the 5’-untranslated sequence are not
represented by these clones and were not yet discovered.
About 9,9 kb of the genomic clones including all exons
and exon/intron junctions were sequenced, 6.3 kb in
both directions. The exon/intron organization of the
CSAP gene was deduced from the comparison of the
¢DMA sequence with the genomic sequence. The posi-
tions of the introns show some regularities. The CSAP
precursor contains a signal peptide and four
homologous sphingolipid activator protein domains.
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Fig. 1. Map of the CSAP gene. By sereening with the eDNA of CSAP the genomic clones SAP no. | and SAP no, 2 were isolated from EMBL-4
human genomie libraries, (A) Restriction map of clones SAP no.. | and SAP no. 2(B = BamH1, Bg » Bp/ILE » EcoRl, P = Ps]), Exon contain-
ing fragments were subcloned to pUCIS and sequenced, (B) Sequenced regions. (C) Exon/intron organization of CSAP gene. Open boxes corres
spond 10 exons no. 2 (o no. 15 covering the cDNA sequence from the codon for Ala' to the end. Black areas correspond to untransiated regions.
The putative exon no. 1 (in brackets) which should cover the missing §'-end of the gene has not been found yet. Introns are labeled with lower
casc letters. (D) eDNA of CSAP. Exons and untranslated regions are indicated as in (B), (E) CSAP precursor (527 amino acids). The signal peptide
is marked withan'$. Domains A-D correspond to the mature acrivator proteins: A, saposin A [11), B, CSAP [10], C, glucocerebrosidase activator
protein [12},.D, component. C [3].-N-glycosylation sites are marked by the points,

Introns b, ¢, i and k are ¥ound just in front of domains
A, B, Cand D, respectively. Introns dand g, cand j as
well as f and | are located at homologous positions of
domains A and B, A and C and B and D, respectively.
These observations confirm the assumption that the
gene of this precursor arose by sequential duplications
of an ancestral activator protein gene. All intron se-
quences comply with the gt/ag rule (Table I) and are in
good agreement with the consensus sequences of splice
junctions [9]. Introns ¢, j, k, | and m have been com-
pletely sequenced (Fig. 2).

So far, the amino acids encoded by the very short ex-
on 8 (9 bp) were not found in the mature protein [10].
However, in addition to the cDNA corresponding to the
protein sequence, other cDNAs were observed in-
cluding those with nine [5] or six (H. Holtschmidt and

K. Sandhoff, unpublished) ‘additional bases. Here-we
demonstrate exon & as the source of these additional”

bases. The three alternative mRNAs observed may be
generated by splicing exon 7 to exon 8, to the last six
bases of exon 8 (exon 8) or to exon 9, thereby skipping
exon 8 (Table I). - '

268

Acknowledgements: This work was supported by grants from the
Deutsehe Forschungsgemeinschaft.

REFERENCES

[t{] Fischer, G. and Jatzkewitz, H. (1975) Hoppe-Seyler§ 7.

Physiol. Chem. 339, 260-276.
~[2] . Fujibayashi, S, and Wenger, D.A. (1986) Biochim. Biophys.
Alta; 875, 554~562. ‘ ‘

{3} Fiirst, W., Machleidt, W. and Sandhoff, K./(1988) Biol, Chem,
Hoppe-Seyler 369, 317-328, : ’

(4] OBrien, 1.S., Kretz, K.A., Dewji, N., Wenger, D.A., Esch, F,
and Fluharty, A.L. (1988) Science 241, 1098-1101.

(5] Nakano, T., Sandhoff, K., Stiimper, J., Christomanou, H, and
Suzuki, K. (1989) J. Biochem. (Tokyo) 105, 152~154,

[6] Frischauf, A.-M., Lehrach, H., Poustka and Murray, N. (1983)
J. Mol. Biol, 170, 827-831,

[7] Maniatis, T., Fritsch, E.F. and Sambrook, . (1982) Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY.

{8) Sanger, F., Nicklen, S. and Coulsen, A.R. (1977) Proc. Natl,
Acad, Sci. USA 74, 5463-5467, - -

[9] Breathnach, R. and Chambon, P, (1981) Annu, Rev. Biochem,
50, 349-383, ' ‘

[10] Fiirst, W., Schubert, J., Machleidt, W., Meyer, H.E. and San-
dhoff, K. (1990) Eur, J. Biochem. 192, 709-714,



Velume 280, number 2

FERS LETTERS March 1991

Table t

Exonsintran bovrsdarke of the CSAP gene, Bxon auchvotides are wrilien iy upper cave leiters, intron nusleatides in lawer cand. The aumbers below:

the exon swequenves refer 1o %" and 37 pucleotide positions in the CSAP ¢DNA Manking each intran (1 = A of v lnidiation codony ATG). Below

these numbm are given the amine aclds in the CRAD prevursor interrupted by, or Tlanking, each intren. Altornative farmy of the mRNA wwy
-generared by spliving eson 7 ether 1o exon ¥, or 10 the Iast six basey of exon & texon X' or drevtly 16 exon 9.

Sequenie of {nieon cxon junciions

Exon  Eon . Intren
e, siee bp % Border lntran (na.y ¥ Border size kb
€Y C
-1 S &1 47 G 41 4 « R & not analaysed ... ggrtrtrticattutag cT CTA " GCC 0.8
M KT [
Atlayt tAHat
()]
2 134 CCA  ACA ATG gtgagtgce e tattetttotoetrag AAM T¢CC CTT 1.4
174 178
Val’* ) Lys'®
b 8 GCC ACT JAG gtgagecgge ... ggtgtectetcgtag GAG GAG ATC 0.6
Glu'* 250
Gly™
(W ‘ ‘ ;
4 126 GGA FAA ATG gtaagtgat ttteccatcceaccag: AGE €Ot CCT 20
A8 ky{d g
Mt Ser't?
(c)
s o CAG  CCA  AAG gtsagacaa ... gecetetettetgtag GAT AAT GGG a.s
576 : 51
Lys'™® Asp*®!
({})]
SR ST+ | ace AC  ATA gtgagcctt . tttectetetectcag TGC AANG AAC 2.6
» lecc’)‘" z\ls"'
C (8)
7 57 ATG  CAC  ATG gtagatgge L/ rtrrttgttcaacag CAG GAT  CAG 21
177 - ;- 78
Mo Gl .
") ;
or: , ttttttgttcaacagcag GAT  CAG 2.1
781
&
(h) ASP: '
8 9 CAG GAT CAG gtatgtgte ctgtgctetecttcag CAA cce AAG 1.9
~or B 6 GAT  CAG 787 ,
786 Gin*o
Glne?
‘ L (i)
9 132 CCC  ATT  AAG “"gtacctggt ctactctttccacag AAG CAC GAG 0.9
918 ‘ ” C ‘ 919
L)’S'“m L yslm
‘ () , ;
10 96 AAG ACT GAG gtatgectgt tctecgtgtgtttcag AAA GAA  ATA 0.35
1014 1018
Glu'*® Lys'?
: (k) ‘
11 187 CTG ACC G gtgagecget tgcecctettatgtag TT CAC GOTG 0.09
1201 1202
v(a‘)d()\ (V)al-l()l
‘ SRR )
12 158 CAG AAG CAG gtacgcccc cactttcctttatag TGT GAT CAG 0.35
1359 o 1360
Gln451 CySJN
(m) .
13 81 GTG TGC TTG gtgagccte tttectcaccatatag AAA ATT GGA 0.3
1440 1441
Leutto Lys'““
‘ (n)
14 108 CAG TGC AAT gtgagtage cectetetecctaccag - GCT GTC GAG 1.0
1548 ' 1549
Asnﬁl() AlaSl'l
15 1182
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L .
4wl 13 Ala Uly Asp Met Leu Lys Asp Ase Ala Thr iy
B EI7  GOT GOT OAT ATO €TG ANE OAC ANT DEC ACT GAD GLQaEaYY

4CgRatggug atgatysttlyg
Jagetgtgyt teeguargte
CAdFEgLOLLl eracanggat
egratactgl centqLeacd
Ldragaceat LecEtgagLe
tactLgatgd ¢eceggact
tgeatgecan Laatacetay
cetQtgeatg ¢gagactgea
QrEtYertEt gentgartad
LeRLELEQee tgagyaetay
tatgayggee tettgeetie
adt 84
bp1d5l  tegtgatral gacevtyqglg
Intran i)
EERRE LT
bR X000

Aan Asn Lya Thr Glu

RAC AAL AAG ACT GAG
tetoetgede dugggagect
agagggetty gecagectty
Qaagyguaate cteaccaglg
gLogacacca ttgeeetget
dcgaeaaeed ceatrgacte
greecedadl eettgrecgy
dat 339 Lys 6l Ile
bpi1015 tgute cag AMA GAA ATA

inteon, K
asl 391
bpill?7l

Cys Ser Gly Thr Arg
TGC TCT GGC ACG €6

gytgrggiqe, g9gagaggat
aa: 40)

bp:12032 ccagcg:tﬁn geaagetgoes

lofren. At

as: 449 Pro Tyr Gln Lys Gln

bpt 1349 CCT TAC CAG AAG CAG
geatggenga acctgatgaa
adaaccaget getttcotgegt
gyaggtgate tgttggeerta
t3gagageee aaatgtagat
cagtggoetyg ggaatgecag
geetggeatt ttgtgeacea

aa 454

bp: 1360 glgtecccas Lttcetttat

inteen_m;.

aa: 476 Ser. Pho Val Cys Leu

bp: 1426 TCC TTC GG TGC TTG
gggeagelgt aacctggggg
cttggecgtg gggrggagece
gtagggagee agecocccaa
ttetgaaaga gegtggtgga
tttattagtt ttganagecga

aa: 481

bp:ld4l ettotttect ttteteacca

AGEUSLONYY aNBEQRABTY HTTERTaud

EAA4949944 TQATATAYUL Y4 aUntaq

CAFYPAYHIE AGALLILAFD Qratatgaye
CAYECLEtLY EEAAAAATOL SAdaAa0ANLY
RLGAULLata vagaadtasy eLgasgugee
Agatgrecas 40tLaatiad gatartacat
QEREateLlg quuatetety cttagaatie
GOLReARad L NEsatttt gaatguieat
et aat 4949 eaatagitad Lytgueeday
CLQLLLEcea guutegqattt ttetaggaans
ageacatita tLLeedgudl Qaaaageety

Glu Gilu Ile Lau Val
teetategta 9 OMF GAG ATC 7T Ot

gratgetate etectyauay agagagages
gaatgleaes 9t9aQiadql LeCACaN)aY
ACATYLOTAC agenatgtee aeitetaygtg
ggacetetag getooeadyy gLeeyyggag
LLQLAGLEEYg graQuitiet grgggtggaa
atttectgoy eatgtlagkd tutteagaat
ceteeegrel LeLescacys tecretagey
Leuw Agp Ald Pha Asp Lys Met Cys
CTC GAC GOLT TTT GAT AAA ATO TGC

Leu Pro Ala Leu Thr Vial)

CTG CCT GCA CTO AC U grgagagets

ggegeceete thggutetygy gagaaceatq
(Vial Hig val The Gln

crettatgta gTT CAC GTG ACT CAG

Qtaggeoceq ggetQousty cagraggeea
gratgeeaayg gergggatac attttgatyg
ceggyYcatgg agioosatga agtrttaclt
agatgageca etgguggaaly caacctgadadg
JGFAtgLety gAAAGINAG CCCQaggaca
gageteteayg gaaacaqtqge atecagqgect
cratgetegg acacceecay agotggacct
Cys Asp Gln Pha Val Ala Glu
a9 TGT GAT CAG TTT UTG GCA GAG

grgageotea ctgygtgotg rggtectete
getgeagaga coaqqaagagt tgotetgags
totgggtict getgegggay agecaagaag
gooecatege tttecteage aacectgaty
gotgtgatee tagetocotte tggaaactgt
tacatcggge ageotcteatt cteccoottt
Lys Ile Gly Ala Cys Pro
tatag AAA ATT GGA GCC TGC CCU
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Fig. 2. Nucleotide sequences of introns ¢, j, k, ! and m of the CSAP gene. Exon nucleotide numbers corresponding to the ¢cDNA sequence (1 =
A of the initiation codon ATG) and amino acid numbers are given on the left side, intron nucleotide numbers on the right side. Exon nucleotides
: are written in upper case letters, intron nucleotides in lower case,
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