Downloaded from genome.cshlip.org on June 21, 2026 . Published by Cold Spring Harbor Laboratory Press

The exon structure of the mouse Scl gene is very similar to the
mouse Sparc gene.

P J McKinnon, M Kapsetaki and R F Margolskee

Genome Res. 1996 6: 1077-1083
Access the most recent version at doi:10.1101/gr.6.11.1077

References This article cites 29 articles, 7 of which can be accessed free at:
http://genome.cshlp.org/content/6/11/1077 full.html#ref-list-1

License

Email Alerting  Receive free email alerts when new articles cite this article - sign up in the box at the
Service top right corner of the article or click here.

CRISPR and RNAI Genetic Screening. | LEARN
Your new superpower. MORE

CELLECTA

To subscribe to Genome Research go to:
https://genome.cshlp.org/subscriptions

Copyright © Cold Spring Harbor Laboratory Press


http://genome.cshlp.org/lookup/doi/10.1101/gr.6.11.1077
http://genome.cshlp.org/content/6/11/1077.full.html#ref-list-1
http://genome.cshlp.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=protocols;10.1101/gr.6.11.1077&return_type=article&return_url=http://genome.cshlp.org/content/10.1101/gr.6.11.1077.full.pdf
http://genome.cshlp.org/cgi/adclick/?ad=58174&adclick=true&url=https%3A%2F%2Fcellecta.net%2Ffxlscreen-genres-2301-468x68
https://genome.cshlp.org/subscriptions
http://genome.cshlp.org/
http://www.cshlpress.com
http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cship.org on June 21, 2026 . Published by Cold Spring Harbor Laboratory Press

LETTER

The Exon Structure of the Mouse Scl Gene Is
Very Similar to the Mouse Sparc Gene

Peter . McKinnon,'*> Manuela Kapsetaki,' and Robert F. Margolskee”

'Department of Genetics, St. Jude Children’s Research Hospital, Memphis, Tennessee 38101;
“Department of Physiology and Biophysics, Mt. Sinai Medical Center, New York, New York 10029-6574

Scl and Sparc are two extracellular proteins sharing similarity in their carboxyl terminus, with 63% identity
over a 232-amino-acid region. We have cloned and mapped the genomic locus of mouse Sci. The mouse Sc!
gene contains Il exons spanning ~35 kb of DNA. The genomic structure (exon/intron boundaries) of ScI
exons 6 to exon Il is identical to those of the similar portion of the Sparc gene. This suggests that Scl and
Sparc originated from a common ancestral gene. Using fluorescence in situ hybridization analysis, Sc/ was
localized to band 5E4 of mouse chromosome 5.

[The sequence data described in this paper have been submitted to GenBank under accession nos. Ué4827
and Uéé157-Ué6166.]

Sc1 (originally isolated during a screen for synap- larreal et al. 1989), and Xenopus (Damjanovski et
tic complex components; Johnston et al. 1990) al. 1992). Caenorhabditis elegans Sparc has also
and Sparc (secreted protein, acidic, rich in cyste- been cloned, and is related closely to its verte-
ine; also known as osteonectin, because of the brate counterpart. This indicates that SPARC’s
high levels found in bone tissue; Termine et al. function predates the occurrence of bone tissue
1981; Mason et al. 1986) are two extracellular (a vertebrate tissue rich in SPARC; Schwarzbauer
matrix (ECM) associated proteins that share a and Spencer 1993). The actual in vivo function of
high degree of identity. Sc1 is expressed highly in Sparc is presently unknown, although a consis-
the nervous system and heart (Johnston et al. tent observation is that Sparc appears to be in-
1990; Mendis et al. 1994; McKinnon and Margol- volved in processes that modulate cell-ECM in-
skee 1996) and at lower levels in other tissues, teractions (Lane and Sage 1994).

and Sparc, while high in bone, has a more general In this report we investigate the similarity of
distribution (Sage et al. 1989; Mundlos et al. Sc1 and Sparc at the genomic level. This provides
1992; Mendis et al. 1994; Porte et al. 1995). Ad- insights regarding potential conservation of
ditionally, SC1 has been isolated from the high function during evolution of SPARC-related pro-
endothelial venules of the immune system (Gi- teins, such as Scl.

rard and Springer 1995). Scl and Sparc are ~63%
identical over their carboxy-terminal 230 amino

acids, suggesting functional conservation of this RESULTS
region. The unique amino-terminal region of Scl The similarity of ScI to Sparc at the cDNA level is
(~400 amino acids) is unrelated to any presently apparent over a large stretch of their carboxy-
described protein. Qr1 (a recently identified gene terminal regions (Johnston et al. 1990; Lane and
in quail), encodes a product of similar size to Scl Sage 1994; Girard and Springer 1995). The mu-
and also shares carboxy-terminal homology to rine Sparc genomic locus comprises ~26 kb, con-
Sparc and Scl (Guermah et al. 1991). tains 10 exons that give rise to a message of 2.2
The amino acid sequence of Sparc, particu- kb, and is located on chromosome 11 (McVey et
larly the region of similarity to Scl and Qrl, is al. 1988). Mapping and sequencing of the murine
conserved highly across a number of species, in- Sc1 genomic locus revealed a single copy gene
cluding mouse (McVey et al. 1988), bovine (Find- spanning ~35 kb of genomic DNA, located on
lay et al. 1988), human (Swaroop et al. 1988; Vil- chromosome 5 and containing 11 exons that

show a high degree of similarity to the exon/
3Corresponding author. intron Stqut}He (?f Sp arc. .
E-MAIL peter.mckinnon@stjude.org; FAX (901) 526-2907. One distinguishing feature of the murine Sc1
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Figure 1 Map of the murine 5c7 genomic locus. (A) The mouse Sci
locus contains 11 exons (indicated by solid boxes) spanning ~35 kb of
DNA (scale bar, 2 kb). The restriction sites are (K) Kpnl; (Xh) Xhol; and (X)
Xbal. The genomic map of mouse Sparc serves as a comparison to Sc7.
The Sci region of similarity with Sparc is exons 6-11 (corresponding to
Sparc exons 5-10). The ATG start codon and the signal sequence are
contained in exon 2 of both Sparc and Sc1. (B) The lambda fix I clones
used to generate the map for Sc7 are indicated as solid lines below the
exon map. The P1 clone used to map exons 1 and 2 and the first intron
is indicated as a solid and dashed line. The solid line shows the region of
the Sc1 locus not found in any \ clones; the dashed lines indicate the

ous DNA fragment by screening
with PCR primer pairs against
exon 2, and then identified those
clones that also contained exon 1
(using another primer set). Further
mapping and sequencing was
achieved by subcloning the P1 in-
serts as Xhol and Xbal fragments.
Figure 1 shows a restriction map of
the mouse Scl locus. DNA se-
quencing of the Xhol and Xbal
junctions in the original P1 clones
was used to orient the fragments.
Intron sizes were confirmed using
long PCR on genomic DNA and
the P1 clones, as well as Southern
blot analysis (data not shown).
Figure 2 shows the complete
sequence of all Scl locus exons,
and these correspond to the mu-
rine ScI c¢cDNA isolated from a
mouse brain library (GenBank ac-
cession nos. U64827 and U66157-
U66166). The region of Scl that is
similar to Sparc is contained in Sc1

overlap with the \ clones.

locus is the large first intron. In fact, no Scl A
clones were obtained from two independent
screens of a mouse library that contained overlap
between exon 1 and exon 2. Moreover, Southern
blot analysis failed to show unambiguously a
single DNA fragment containing both exon 1 and
exon 2, following digestion of mouse genomic
DNA with a variety of commmercial restriction en-
zymes (data not shown). Single bands were ob-
tained with rare cutters such as Notl and Sall, al-
though the limited genomic digestion that re-
sults from these enzymes makes interpretation of
the Southern blot pattern unclear. Therefore, to
map the large first intron we obtained P1 clones
that contained exon 1 and exon 2 on a contigu-

exons 6 to 11 (Fig. 3). The exon/

intron boundaries of these Scl ex-

ons correspond exactly to those of

Sparc, although the intron lengths
for Scl differ in many cases in Sparc (Fig. 1). Scl
contains a relatively long first intron (16-kb) and
a signal sequence for secretion (in exon 2), as
does Sparc. However, Scl has three additional
unique exons: exons 3, 4, and 5. These three ex-
ons encode a substantial portion of the Scl pro-
tein; in fact, the large size of exon 4 (equivalent
to 330 amino acids) suggests a functional mod-
ule, as present in SPARC (see Discussion).

The putative promoter region upstream of
Scl exon 1 shows little homology to the pro-
moter region of Sparc, consistent with the differ-
ences in tissue expression of the two genes. While
transcription factor binding motifs can be iden-
tified using gene analysis software, the lack of

Figure 2 Sequence of the exons and intron boundaries of the ScT gene. The complete sequence of the Scl
exons together with intron sizes is presented. The ScT gene transcribes a message of 2730 bp. The dashed lines
between exons indicate additional intron sequences. ScT exons 6-11 have conserved exon/intron boundaries in
comparison to exons 5-10 of murine Sparc. These exons show exactly the same interruption in coding sequence
found in the analogous region present in Sparc (McVey et al. 1988). For example, the junctions between exon
9 and 10 and exon 10 and 11 of Sc7 split a codon in a similar manner to the related exons in Sparc (Sparc exons
8 and 9, and exons 9 and 10 respectively). GenBank sequence accession nos. are U64827 (cDNA) and U66157-

U66166 (exons 1-11).
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exon 1

exon 2

exon 3

exon 4

tggctttgcagtcgccctaggaataaacaagagtgtgaageccrctyca
gtgtcrcagagtcacaagccccaagggatcccaatcatacgatctcicag
agrtgttigaaaaaaaaaaatgcatgaagagccaaatgcttacactetygg
ccaagttaggagcctatgaggaggagaggcraggggagggecgteactce
catgcatgctgcagaattagctcrotccarctgggctgetatgctgcaa
agctcagCAGCACGGAGGGAGCGAGATCCAGGAATCTGCAACAGAAACCA
TGACAGCCTGAAACACCCTGTGGTGCCAACCTCCAAATTCTCATCTGTCA
CTTCAGACCCTGACTGGCTGACAGAGCAGCAGAATTTCAACTCCAATAAA
CGTGAATGTGCTTCTAGGCAAAGCAGCCAAGCTGACGAGGGAGGGGGGTG
GAAGAGCTAGCTCCTCTTGGGCATTTGTCAAACTTTTACCTCCTGGCTGT
GTGCAAGGAGGGGACTCAACTTCGGCTTCAAGCTACCAAGGCTCTGGATC

CAGCCACCTCTCCGCAGgtaaatgtaaatrtrtgcttatattgcccaact

gcatgcgttaaactgacttccctgatctaaaaagactget. ... 16kb

....... accttcctgaaggaagccrccgaggtcactgatgcrgrcrece

£gatttgcagATCTAGCCAGCATGAAGGCTGTGCTTCTCCTCCTGTGCGC
M X A V L L L L C A

CTTGGGAACCGCTGTGGCAATCCCGgtaaatgtectttct. .. .2.2kb

L G T A V A I P
....... agrtggcttctatatattagcaacataaagrettcactreree

agACAAGTACAAGGTTTCTCTCTGACCACTCCAACCCAACTACTGCAACA
T 8 TR F L $S DHESNUPTTNAMAT

CTGGTGACACCGGAAGACGCTACAGTCCCCATTGCCGGGGTTGAAGCTAC
L VT PEDA ATV P I AGVENAT

AGCAGACATAGAAAACCATCCCAATGACAAGgtaaaaata. ... .. 1kb
A D I ENH P N

. agGCTGAAAAACCTTCAGCACTTAATTCAGAAGAGGAAACTCATGAAC
A E K P S AL NS EEETHE Q

AGTCAACAGAGCAGGACAARACCTACAGCTTCGAGGTGGACCTGAAGGAT
8 TE Q D KT Y S F EV DUL KD

'‘GGAGAT TTAAGTGTAGATCCAACGGAAGGAACACT
E E DG D G DL 8V DPTUEGT L

AACACTGGATCTACAAGAAGGTACAAGTGAGCCTCAACAGAAAAGTCTCC
T L DL Q E G T S E P Q Q K S8 L P

CGGAGAACGGCGATTTCCCCGCGACCGTGTCCACTTCCTATGTGGATCCT
E NG D F P ATV 8 T S Y V D P

AACCAACGCGCARACATCACARAGGGAAAGGAGAGTCAGGAGCAACCTGT
N Q R A NI T K G KZE S QE Q P V

AAGTGACTCACACCAGCAACCGAATGAAAGCAGCAAGCAAACCCAAGACT
8 D S EH Q Q P NE S S K QTOQDL

TAAAGGCTGAAGAAAGCCAGACACAAGATCCAGACATTCCCAATGAAGAA
K A E E 8 Q T QD P DI P NTEE

GAGGAAGAAGAAGAGGAAGAAGAAGAGGAAGAAGAGGAAGAGCCGGAAGA
E EE EEEEEZETETETETETEZPTETD

CATTGGTGCCCCCAGTGATAACCAAGAGGAGGGAAAAGAACCTCTGGAGG
I G A P 8 D NQE2UZEUGIKTETZPTLTETE

AGCAGCCTACCAGCAAGTGGGAAGGAAACAGAGAGCAATCTGATGACACC
Q P T S K WEGNUZ RIEUZGQSDDT

TTAGAAGAGTCCAGTCAGCCCACTCAGATAAGCAAGACAGAGAAGCATCA
L EE S8 8 Q P T Q I 8 K TZEZKH Q

ATCTGAGCAAGGAAACCAAGGGCAGGAGAGTGACTCTGAGGCAGAAGGAG
S EQ G N Q GQ E 8 D S E ANEGTE

AGGACAAGGCTTCAGGCAGCAAGGAACACATTCCACATACAGAGCAGCAG
D K A 8 G S8 K E E I P HTZEQQQ

GACCAAGAAGGGAAAGCTGGCCTTGAAGCTATTGGCAACCAGAAGGACAC
D Q EG K A G L EATIGNUGQI KD DT

TGATGAGAAGGCCGTTTCCACAGAACCTACCGATGCTGCCGTGGTGCCTA
D EK AV S TEUPTUDA AN ALV V PR

GGAGTCACGGAGGAGCTGGTGATAACGGGGGCGGGGATGACTCTAAGCAT
S H G 6 A G DNG G G DD S K H

GGTGCAGGCGATGACTACTTCATCCCCAGCCAGGAATTCCTAGAGGCCGA
G A GDDYTFr I P S QETTLENATE

AAGGATGCATTCCCTCTCCTATTACCTCAAATATGGCGGCGGCGAGGAGA
R M BE 8§ L 8 ¥ ¥ L K Y G 6 G E E T

CAACGACTGGCGAGAGTGAGAACCAGAGGGAGGCTGCAGACAACCAAGAG
T T G E S EN Q RE A ANDNGQTE

.2.3kb

jagcgagaatagtottagorgtgotac
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exon 5

exon 6

exon 7

exon 8

exon 9

exon 10

exon 11

....... cactgaaattctgcrcitgctctrttcaaagGCCAAGAAAGCT
K XK A

GAGAGCTCACCAAATGCTGAACCTTCAGATGAGGGCAACTCAAGGGAGCA
E 8 8 P N A EP S DEGNSR RTEH

CAGTGCTGylgagtggacactgtgtgagetgcagetggece. ... 0.6kb
8 A G

....... aaLCcLLLectgt tagGTTCTTACACGAACTTCCAATGTAAAAG
8 ¢ T N F Q C K R

GGGACACATTTGCAAAACCGATCCACAAGGGAAACCTCACTGTGTTTGCC
G BE I ¢ K T D P QG K P B C V C Q

AAGATCCAGAGACTTGTCCCCCTGCAAAAATCCTAGATCAGE . 1. 7kb
D PETCTPPAZKTI

....... tccertatctagGCTTGTGGCACTGACAACCAAACCTACGCCAG
A C G T DN QT Y A 8

CTCCTGTCACCTGTTTGCTACCAAGTGCAGGCTGGAGGGGACCAAAAAGG
C H L F AT K CR DL EG TKK G

GACACCAACTGCAGCTGGATTACTTCGGAGCTTGCAAATTL . .
H Q L Q L DY Fr G A C K

.2.4kb

....... gttatttgaagtatggtcacatgttrrctgcrtaccacagCTA
I

TTCCTGCTTGTACGGACTTTGAAGTGGCTCAGTTTCCCCTGC! TGAGA
P A CTDUF E V A Q TF P L RMR

GACTGGCTCARAAACATCCTCATGCAGCTTTATGAACCAAATCCCAAACA
D WL KNTIULMOQLTYZEUZPNTUZPTIKH H

TGGCGGCTATCTCAATGAAAAGCAAAGAAGCAAAGL AT . . . . .. . 2kb
G G Y L NE K QR 8

....... CcrtggtagctgaccaacttitccCiicitaatotcagGTCAAAR
K K

AMATTTACCTGGATGAGAAGAGACTCTTAGCTGGAGACCATCCCATTGAA
1 Y L D EIKU®RULULWANGDH HU?PIE

CTTCTCTTGAGGGACTTTAAGAAAAACTACCACATGTATGTGTATCCTGT
L L L R D PF K KN Y B M Y V Y PV

GCACTGGCAGTTTAATGAACTGGACCAGCATCC TGCAGACAGQ tagaaac
H W Q F N E L D Q H P A

cctttacattttctggtgraatgatatcrcrgtgaaacggaattgagace
cagttgggaacatgrccagctteattrocgaatactaaatataaaccats
gtgttaggaatctaattaaaaaatcacttagaaaataattggacgtggra
afagcccagcercccgaatcgcgatagtgagttrccLtataaaatctgLge
trccccacaaaaatggcttcagttctcaactcttgaactaaatoccraag
ggaatcaatcratcygggccaacttgggccaagtgaocactocrtgtacaat
ccaggtaggcaggaagtgagaggcaggicicacaagcacaaciotLygee
gcacattcagagactgggattgggcitcccagtgaagyggtgagecagy
gcaccataacctgcrtcttgoctycagotrutcggttggcccacacagtga
ctttgtagaagggaatcuccttggtgatcgagactraagecttcaagrac

aaaccagygcaattcgcotgactglcgecgtcetcitgcagGATCTTGACAC
I L T H

ACTCTGAACTTGCTCCTCTGCGAGCTTCCCTGGTGCCCATGGAACACTGC
8§ E L A P L RAS L V P MEHUC

ATAACTCGCTTCTTTGAGGAGTGTGACCCCAACAAGGATAAGCACATCAC
T R ¥F F E E C D P N KD KH I T

CTTGAAGGAATGGGGCCACTGCTTTGGAATTAAAGAGGY taagttcatta
L K E WG HCUPF G I K E E

acaaagaacaatgtcettcagatgaacactytgrootgrggcotaacagea
.2.3kb

agatccoctgrgrgtgtgtgtygtgtgrgrgrgtgrge. .

....... attratree tgcagAGGATATAGATGMMCCTCCTCTTTTGA
I D ENULUL F *

ATTAAGATTTGAGAGAATCGGAACTTTCCATCCACCTCACCTGCTTTAAC
CGCTTCAGAAATACGAGCAGCCATGACACTATACATTCATATGTAGCARA
ACATTTGTTTGGCATGTGAGAGAAGACAATGGTAGTAATTACTTCTTGGT
GATATATATATGAGCCAGGCACTTAATATTAACTTAGGAARTGAAACTTT
AAMATTAAGTAGAGTCAATGTCTATAAAAGACTGTCCTGTCTGGGGACAG
TTAGCCACCATGGCAATGTCACTCTGTGCATCTGCGTTTATAATTGATAA
TTATAAACTATTAAAAAAACAATGTTCATATTGTCCATAATACCTTATGC
ATGCTGAGGAAGTGAGATACTGCTCTTTTGAGATAAATATGCCTCCTTTT

CAGTGTCTTGATGTCCTAATAAAAAATCTATAAMACCCCaaat

faajattallioTy

e 2 (See facing page for legend.)
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Figure 3 Comparison of the structural domains of
Sc1, Sparc, and Qr1. (A) Alignment of Sc1, Sparc,
and Qr1 demonstrates their similarity and modular
nature. The proposed regions of homology in Scl
and Qr1 are inferred based on their extensive simi-
larity to specific structural domains present in Sparc.
Only the last 298 amino acids are presented for
mouse Sc1 (total length 650 amino acids) and quail
Qr1 (676 amino acids) compared with the full-
length (minus signal sequence) mouse Sparc. The
amino terminus of all three proteins is acidic (pl
values are: Sc1, 4; Sparc, 4.3; and Qr1, 5.1). The
stippled and cross-hatched areas indicate regions of
putative homology and correspond to the same re-
gions described in B. The flags (¢) represent con-
served cysteine residues, and the arrows indicate the
identical exon/intron boundaries present in Sc1 and
Sparc. In Sparc and Qr1, only amino acids not iden-
tical to Sc1 are indicated; however, in many cases
these amino acid differences are conserved changes
(not indicated). (B) Diagram of the structural fea-
tures of Sparc as they relate to the exon structure.
The modular nature of Sparc is revealed by the as-
signment of protein domains to specific exons. Do-
mains | and IV (which contains the EF hand motif)
are Ca* binding sites. As above, the flags (¢) indi-
cated in domain Il represent conserved cysteine resi-
dues, present in Sparc, Sc1, and Qr1. These cysteine
residues are the basis for the structural similarity of
the SPARC-gene family with Follistatin and Agrin
(Patthy and Nikolics 1993).

any similarities with other promoter sequences
(present in GenBank) from genes showing a simi-
lar tissue pattern of expression makes interpreta-
tion difficult. For example, Scl is known to be

1080 @ GENOME RESEARCH

expressed in astrocytes in the adult rodent brain
(Mendis et al. 1994; McKinnon and Margolskee
1996), but the Scl promoter region does not
show any similarity to astrocyte-specific gene
promoters such as the glial fibrillary acidic pro-
tein promoter.

Using fluorescence in situ hybridization
(FISH) analysis we have localized Sc1 to mouse
chromosome 5 (Fig. 4). Measurement of 10 spe-
cific chromosome 5 hybridizations demonstrated
that Sc1 is located at a position that is 64% of the
distance from the heterochromatic—euchromatic
boundary to the telomere of chromosome 5. This
region of chromosome 5 corresponds to band
5E4, although the adjacent bands SE3 and SES
cannot be excluded as band SE4 is very small.
The region spanning 5E3 to SES corresponds to
markers found on three different human chro-
mosomes, and thus it is difficult to accurately
establish potential relationships to human loci
(homology data retrieved from Mouse Genome
Database 3.1, The Jackson Laboratory, Bar Har-
bor, ME; http://www.informatics.jax.org).

DISCUSSION

We have found that Sc1 and Sparc, in addition to
having a high degree of amino acid identity, also

Chr 5

w o=

e

-y

W
—N
N
\
N
_

F o =
(2]

{

Figured4 Assignment of ScT to band 5E4 of mouse
chromosome 5. FISH was used to localize ScT to
mouse chromosome 5 at band E4. The cartoon
drawing of mouse chromosome 5 (Chr 5) shows the
banding assignment, and the arrow indicates the
position of Sc1. The photographic plate shows a
metaphase spread of mouse chromosomes, and the
arrowheads indicate the specific Sc7 fluorescent sig-
nal present on chromosome 5.
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share a similar genomic organization. That these
two genes share a high level of identity and pre-
cise exon/intron structure spanning the region of
similarity suggests that they evolved from the
same ancestral gene.

The presence in C. elegans of Sparc that is
closely related to the vertebrate Sparc proteins
suggests that the functions of Sparc have been
well conserved (Schwarzbauer and Spencer
1993). Structural differences in the C. elegans
Sparc compared with vertebrate Sparc are the ab-
sence of the protein sequence corresponding to
exon 3, as well as that of exons 1 and 10, and the
fusion of exons 6 and 7. However, these changes
do not affect the strong homology of the C. el-
egans protein to that of the vertebrates. It will be
interesting to determine whether Scl also occurs
in C. elegans, as this would suggest an important
early specification of function for Scl, possibly
relating to the protein sequence encoded by Scl
exons 3, 4, and 5.

SPARC has been assigned four domains (I-1V)
that are distinguished by primary amino acid se-
quence, and all of the amino acid sequences in
domains II-1V are present in Scl and Qr1 (Fig. 3B;
Engel et al. 1987; Maurer et al. 1992, 1995). This
modular nature of Sparc has a number of func-
tional implications. Domain I (exons 3 and 4) is
acidic and can bind Ca?*; domain II (exons 5 and
6) contains a number of cysteine residues and is
homologous to follistatin and Kazal type protease
inhibitors (Patthy and Nikolics 1993); domain III
(exons 7 and 8) appears to bind collagen IV
(Mayer et al. 1991); and domain IV at the car-
boxyl terminus (exons 9 and 10) has been shown
to bind Ca®* via an FF hand motif (Engel et al.
1987; Maurer et al. 1992; Schwarzbauer and
Spencer 1993; Maurer et al. 1995). Domains III
and IV have been shown to form an extracellular
Ca?* binding module, termed EC, that is found in
several other extracellular proteins (Maurer et al.
1995; Hohenester et al. 1996). The greatest varia-
tion between rat (Johnston et al. 1990), human
(Girard and Springer 1995), and mouse Scl oc-
curs in the region encoded by mouse exons 3, 4,
and 5. Although the amino acid identity is di-
minished within this region, the region is highly
acidic in all species, with an average pl of ~4 (this
region is ~420 amino acids in length, and extends
from amino acid position 20-417 of the mouse
protein). This suggests that an acidic charge is
required in this region rather than a specific
amino acid sequence.

Perturbation of SPARC function with pep-

THE GENOMIC STRUCTURE OF Scl IS SIMILAR TO Searc

tides has been used to correlate a number of bio-
chemical properties to specific regions within the
various domains of Sparc. These include an anti-
adhesive property associated with domains I and
IV (Lane and Sage 1990), and the ability to modu-
late cell-cycle progression in certain cell lines as-
sociated with a region in domain II (Funk and
Sage 1991, 1993). Recently, SC1 has been identi-
fied in the immune system as a component of the
high endothelial venule (the protein has been
called hevin to identify this fact). Functional
studies with recombinant human SC1/hevin
have also shown a striking antiadhesive property
toward attachment of endothelial cells to differ-
ent substrates (Girard and Springer 1996). Thus,
SPARC analogous domains present in Scl may
confer similar functional properties on Scl (and
Qr1), while the Sc1 unique domains may contrib-
ute different activities.

METHODS
Isolation of Sc/ Genomic Clones

From a mouse (strain 129Sv/J) Lambda Fix II genomic li-
brary (Stratagene, La Jolla, CA) 1 x 10° plaques were trans-
ferred to Hybond nylon filters (Amersham, Arlington
Heights, IL) and screened with a 3?P-labeled full-length
mouse Scl cDNA (2.7 kb) under conditions described in
Church and Gilbert 1984, and the 20 positive plaques ob-
tained were taken to purity.

Three independent X clones were isolated that collec-
tively contained all of the Sc1 exons (Fig. 1B). These three
clones were subcloned as Nofl fragments (using the Notl
sites on the arms of N\ FixIl ) or Xbal fragments (Fig. 1).
These subclones were sequenced using a number of oligo-
nucleotide primers designed from the mouse ScI cDNA.
Additional primers were designed as the sequencing
project progressed. Oligonucleotides were synthesized on
an Applied Biosystems, Inc. (Foster City, CA) oligonucleo-
tide synthesizer and all sequencing was performed using
an Applied Biosystems autosequencer and dye terminator
technology. Both strands of the genomic clones corre-
sponding to coding regions were sequenced.

Isolation of Pl Clones

As no \ clones were obtained that contained both exon 1
and exon 2 of Sc1, we obtained P1 clones to provide con-
tiguous DNA that allowed us to map the large first intron.
Sc1 P1 clones containing both exon 1 and exon 2 were
obtained from Genome Systems (St. Louis, MO). The P1
library was screened with PCR probes designed against
exon 1, and those P1 phage that contained exon 1 were
screened using PCR with specific primers for exon 2. The
exon 1-specific primers were mScl-P1-1 (forward), 5'-
CAAAGCTCAGCAGCACGGAGG-3', and mScl-P1-2 (re-
verse), 5'-GTTTAACGCATGCAGTTGGGC-3', generating a
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PCR product of 394 bp. The exon 2-specific primers were
mSc1-P1-3 (forward), 5'-CCTTCAGCACTTAATTCAGAAG-
3’, and mSc1-P1-4 (reverse), 5'-CTTCAGCCTTTAAGTCT-
TGGG-3’, generating a PCR product of 349 bp. The DNA of
interest from the P1 clones was mapped initially using
Southern blot hybridization, and then subcloned into
pBluescript (Stratagene) and subjected to analysis as de-
scribed above for the A subclones. Further mapping (and
confirmation of Southern blot data) was done using long
PCR (Elongase; Life Technologies, Gaithersburg, MD).
Long PCR was performed according to the manufacturer’s
recommendations with primers derived from prior se-
quence analysis.

Mouse Chromosomal Localization

FISH was performed by Genome Systems using established
methodologies (Stokke et al. 1995). DNA from the ScI P1
clone described above was labeled with digoxigenin dUTP
by nick translation, combined with sheared mouse DNA,
and hybridized to normal metaphase chromosomes de-
rived from male embryonic stem cells. Hybridization was
done in 50% formamide, 10% dextran sulfate, and 2x SSC.
Positive signal was detected using fluoresceinated antidi-
goxigenin antibodies followed by counterstaining with ei-
ther propidium iodide or DAPI. Precise chromosomal as-
signment was obtained by cohybridization of Sc1 with a
chromosome S-specific probe. A total of 80 metaphase
cells were analyzed, with 73 exhibiting specific labeling.
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