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Stromal cells in bone marrow provide an optimal
microenvironment for hematopoiesis. The established
stromal cell lines from bone marrow showed various
cellular heterogeneities and differed in their hemato-
poietic supportive ability. By a differential display
method, we cloned a gene whose expression levels
were correlated with the hematopoietic supportive
ability of stromal cells. Its deduced amino acid se-
quence shows a structure similar to myosins, except
that it lacks an actin binding site. Interestingly, it
contains a KE-rich sequence and a PDZ domain in the
NH,-terminal, which are protein-protein interaction
domains; therefore we termed this novel myosin Myo-
sin containing PDZ domain (MysPDZ). Western blot
analysis showed that its protein levels positively cor-
related with the supportive ability of stromal cells and
immunostaining suggested that MysPDZ was present
at cytoskeleton in a filamentous and/or network form.
Thus MysPDZ may be involved in the maintenance of
the stromal cell architectures required for cell to cell
contact. © 2000 Academic Press
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The hematopoietic system is regulated by a microen-
vironment consisting of stromal cells in bone marrow
(1-7). In addition to soluble factors and extracellular
matrices, direct cell to cell communication between
stromal cells and hematopoietic cells may be required
for the regulation of proliferation and differentiation.
Stromal cells in bone marrow show morphologically
distinct subsets of cells, which may reflect their hema-
topoietic supportive abilities (8, 9).

We have isolated panels of stromal cell lines from
temperature sensitive (ts) SV40 T-antigen transgenic
mice (10) and demonstrated that these cell lines
showed various hematopoietic supportive ability (10—
12). In this work, using a differential display method,

we isolated a gene whose expression level was corre-
lated with the hematopoietic supportive ability of the
stromal cells. The deduced amino acid sequence from
the isolated full length cDNA shows a novel protein
with similarity to myosins, and it has a KE (lysine and
glutamine)-rich sequence followed by a PDZ domain in
the NH,-terminal, thus we call it MysPDZ.

MATERIALS AND METHODS

Cell cultures. Mouse bone marrow stromal cell lines (TBR series)
were established from ts SV40 T-antigen transgenic mice and were
maintained as described previously (10). NIH3T3 cells were cultured
in Dulbecco’s modified eagle’s medium (GIBCOBRL, Grand Island,
NY) supplemented with 10% fetal bovine serum (FBS).

Enrichment of hematopoietic stem cells. Bone marrow cells ob-
tained from C57BL/6 mice were suspended in staining buffer [0.2%
bovine serum albumin (BSA)-Dulbecco’s phosphate-buffered saline
(PBS, pH 7.0)] and incubated with fluorescein isothiocyanate (FITC)-
conjugated anti-lineage markers (B220, CD3, Mac-1, Gr-1 and
Ter119, Pharmingen, San Diego, CA), phycoerythrin (PE)-anti-Sca-1
(Pharmingen) and biotinylated anti-c-Kit (ACK2, kindly provided by
Dr. S.-1. Nishikawa, Kyoto University, Japan) (13). They were then
incubated with allophycocyanin (APC)-streptavidin (Becton Dickin-
son, San Jose, CA). After the final wash, cells were suspended in
staining buffer and kept on ice prior to fluorescence-activated cell
sorting (FACS).

Cobblestone colony assay. Stromal cells were cultured in 6-well
plates (Falcon3046, Becton Dickinson) until sub-confluency at 33°C,
then the temperature was shifted to 37°C and the medium was
changed to a-minimum essential medium (a-MEM, Flow Laborato-
ries, Irvine, CA) containing 10% FBS and 50 M 2-mercaptoethanol
(2-ME). Co-cultivation with hematopoietic cells was begun 3 days
after the temperature shift. Lin"/c-Kit*/Sca-1* hematopoietic cells
were sorted by FACStar™"® (Becton Dickinson) with 200 cells per
well and the medium was changed every 3 days for 2 weeks. Foci
containing more than 10 hematopoietic cells beneath the stromal cell
layers were counted as cobblestones by inverted-phase microscopy.
The supportive ability was shown as a percentage of total cobble-
stone colony number of TBR31-1 for 2 weeks culture.

Differential display. RNAs were prepared from stromal cells cul-
tured under the identical condition of cobblestone colony assay.
RNAs were treated with RNase-Free DNase (RQ-1, Promega, Mad-
ison, WI) and 2.5 pg of total RNAs were reverse transcribed for 1 h
at 45°C in 10 ul of first strand synthesis reaction mix (5X first strand
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buffer, 10 mM ditiothreitol, 0.2 mM dNTP, 100 units of MMLV-
reverse transcriptase, SuperScript |11, GIBCOBRL) using 2.5 uM of 3
different oligo dT primers; T,;,GX, (5-TTTTTTTTTTTTTTTTTGX-
3), TCX (B-TTTTTTTTTTTTTTTTTCX-3'), and T,,AX (5'-
TTTTTTTTTTTTTTTTTAX-3'). The reaction mixture was 25-fold
diluted with Tris-EDTA buffer (10 mM Tris-HCI, 0.2 mM EDTA, pH
8.0) and 2.5 ul of the resultant mixture was added to an equal volume
of polymerase chain reaction (PCR) reaction mix [1X PCR buffer, 1.5
mM MgCl,, 2 uM dNTP, 0.025 ul of **P-dCTP (3000 Ci/mmol), 25 uM
of both forward and reverse primers, 2.5 units of Tag DNA polymer-
ase (GIBCOBRL), and 0.6 ug of Taqg antibody (CLONTECH, Palo
Alto, CA)]. PCR was performed with 12 different combinations of the
last two 3’ bases anchored oligo (dT),, reverse primers and eight
13-mer arbitrary forward primers. PCR reaction was done with 25 or
30 cycles at 95°C for 30 s, 36°C for 30 s, 72°C for 30 s, then 10 min
longer at 72°C. PCR products were applied on a 6% acrylamide gel in
Tris-glycine buffer (250 mM Tris, 1.92 M glycine). The resultant gel
was blotted on a piece of filter paper and then exposed on X-ray film.
The bands of interest on a gel were located by oriented film and cut
out. Gel slices were boiled in 100 pl of water at 95°C for 10 min, and
1.0 ul of supernatant of the extract was applied for reamplification by
PCR using the same primers as the differential display.

Northern blotting. RNAs extracted from stromal cell lines and
tissues were separated by 1% agarose gels and transferred to nylon
membranes. Following prehybridization, blots were hybridized over-
night in hybridization buffer with **P-labeled probe prepared from a
cDNA fragment (nucleotide 2442—-4842).

Cloning of full-length MysPDZ cDNA. The correlation of CB17-2,
one of 91 cDNA fragments, was confirmed with supportive ability
resulting from Northern blot analysis. Data base search found
KIAA0216 (DDBJ/EMBL/GenBank accession number D86970), en-
tried by Kazusa DNA Research Japan, which showed significant
homology to CB17-2. To clone the full length cDNA of CB17-2, the
®p-labeled probe was prepared from Smal fragment (nucleotide
1483-4421, 2939 bp) of KIAA0216 cDNA kindly provided by Kazusa
DNA Research Japan and 1,700,000 plaques of A ZIP Lox C57BL/6
mouse spleen cDNA library were screened. To obtain the 5’ region,
PCR was applied to a mouse spleen cDNA library using internal
primer (5'-ACGGCGCATGCTCATCTCTTCCAGG-3') and T7 (5'-
TAATACGACTCACTATAGGG-3') or SP6 (5'CATACGATTTAG-
GTGACACTATAG-3') primers located in A ZIP Lox phage arms.
Sequence of the 5’ region was determined by direct sequencing and
the region was cloned by PCR.

Antiserum against MysPDZ. The cDNA fragment encoding the
coiled-coil domain (residues 1732-1943, Fig. 3) was subcloned into
pPGEX 5X-1 vector (Amersham Pharmacia biotech). The glutathione
S-transferase-MysPDZ fusion protein (GST-MysPDZ1732-1943) was
purified by GST Purification Modules (Amersham Pharmacia bio-
tech). GST-MysPDZz1732-1943 was treated with Factor Xa (New
England Biolab) to cleavage at the fusion joint. Antisera against
recombinant MysPDZ (rMysPDZ1732-1943) were raised by immuni-
zation of rabbits. Immunoglobulin G (IgG) fraction of antisera were
purified by protein A Sepharose column (AmpurePA Kit, Amersham
Pharmacia biotech), followed by affinity purification against the an-
tigen coupled to a column (HiTrap NHS-activated, Amersham Phar-
macia biotech).

Western blot analysis. Stromal cell cultures were rinsed with
PBS and harvested by scraping in cold RIPA buffer (50 mM Tris-HCI,
pH 8.0, 150 mM NacCl, 0.5% deoxycholate, 1% NP-40, 2 mM MgCl,,
2 mM CacCl,, 0.1% sodium azide) containing protease inhibitors [10
ng/ml soybean trypsin inhibitor, 1 U/ml aprotinin, 1 mM phenyl-
methylsulfonyl fluoride (PMSF), 1 ng/ml leupeptin]. Protein samples
(20 ng/lane) were applied on SDS-polyacrylamide gel electrophoresis
(SDS-PAGE). After electrophoresis, proteins were blotted onto nitro-
cellulose membranes. Filters were immunoblotted with anti-
MysPDZ antibody diluted at 40 ng/ml, and bound antibodies were
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visualized by ECL Western blotting detection system (Amersham
Pharmacia biotech).

cDNA transfection. Full length MysPDZ cDNA was subcloned
into pPCDNA3.1(—)/Myc-His expression vector (Invitrogen) in fusion
with myc tag sequence at 3’-terminal. Expression vectors were trans-
fected into NIH3T3 cells by calcium phosphate coprecipitation
method and cells were fixed the next day for immunostaining.

Immunohistochemistry. Stromal cells and transfected NIH3T3
cells cultured on poly-L-lysine coated cover slips were incubated for
15 min at 37°C with microtubule stabilization buffer (100 mM
PIPES, pH 7.0, 1 mM MgCl,, 5 mM EGTA, 0.5 uM Taxol, 4%
polyethleneglycol 4000, 0.5% Triton X-100) (14). Cells were fixed for
30 min at 4°C with 4% paraformaldehyde-PBS and incubated for 3 h
at 4°C with staining buffer (2% BSA, 5% FBS-PBS). After blocking,
cells were incubated with primary antibody diluted in staining buffer
[for anti-MysPDZ antibody, 4 pg/ml; anti-g-tubulin (NEOMARK-
ERS, Union City, CA), 1:50; anti-myc antibody, 1:1000]. After incu-
bation, cells were washed with 0.1% Tween 20-PBS, and incubated
with a second antibody. For staining by 3,3-diaminobenzidine tetra-
hydrochloride (DAB), biotinylated anti rabbit goat 1I9G (ZYMED) was
used as the second antibody. After the incubation, cells were washed
followed by incubation with HRP-conjugated avidin diluted at 1:500.
After the final washing, cells were incubated with 0.05 M Tris-HCI,
pH 7.6, 3 mg/ml DAB, 0.006% H,0,. For double labeling of MysPDZ
and actin, cells were incubated in diluted FITC-labeled anti-mouse
1gG (ZYMED) and 200 units/ml of rhodamine-labeled phalloidin
(Molecular Probes, Eugene, OR). For double labeling of MysPDZ and
B-tubulin, cells were incubated in diluted FITC-labeled anti rabbit
antibody (Cappel, 1:500) and rhodamine-labeled anti mouse 1gG.

Sequence analysis. Sequence similarity searches and motif
searches were performed using FASTA, BLAST and MOTIF programs,
run on a GenomeNet WWW server (http://www.genome.ad.jp/). The
protein sequence alignments were produced with ClustalW (GenomeNet
WWW server) and the philogenic tree was created by TreeView soft-
ware (download from WWW site of Division of Environmental and
Evolutionary Biology, Institute of the Biomedical and Life Sciences,
University of Glasgow; http://taxonomy.zoology.gla.ac.uk/rod/rod.html).
Prediction of the coiled-coil region was analyzed using MacStripe 2.0
software (15).

RESULTS

Cobblestone supportive ability among stromal cell
lines. To measure the hematopoietic supportive abil-
ity of 20 stromal cell lines, Lin"/c-Kit*/Sca-1" hemato-
poietic cells were isolated by cell sorter and co-cultured
with each cell line as previously reported. The support-
ive ability was expressed as the number of cobblestone
colonies (Fig. 1). Twenty cell lines were classified into 3
groups: 5 cell lines with highly supportive (TBR59, 33,
357, 31-1 and 311), 11 poorly supportive (TBR52, 6, c,
10-1, 16-1, 91, 152, 17, 53, 9, and 511) and 4 with
intermediate supportive ability (TBR11, 92, 343, and
351).

Differential display and isolation of a gene whose
expression level is correlated with the supportive abil-
ity. We applied a differential display method to
screen the genes whose expression levels were corre-
lated with cobblestone supportive ability. Ninety-six
different combinations of primer sets consisting of
twelve anchored oligo(dT) primers and eight arbitrary
primers were used. We isolated 91 differentially ex-
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Hematopoietic supportive ability among bone marrow stromal cell lines. Two hundred Lin~Sca-1*c-Kit" hematopoietic cells were

co-cultivated with 20 stromal cell lines and the supportive ability was estimated by cobblestone colony formation. Data are means = SD of
3 independent experiments. The supportive ability is shown as a percentage of cobblestone colony number of TBR31-1 after 2 weeks of
culture. BALB3T3 and NIH3T3 mouse fibroblast cell lines were used as a control. The supportive ability was designated as poorly,

intermediate, or highly.

pressed bands: 48 were chosen for their positive corre-
lation with supportive ability and the others for their
negative correlation. The average length of these
bands was 220 bp. They were recovered from gels and
reamplified using the corresponding primers. Using
these cDNA fragments as probes, Northern blot anal-
ysis was performed to assess the results of differential
display. The expression of one of these cDNA, CB17-2
was shown to correlate with supportive ability (Fig. 2).
The sequence of this cDNA fragment was determined
and a human homolog (KIAA0216) was found in
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FIG. 2. MysPDZ mRNA expressions in stromal cell lines. Total
RNA were prepared from each stromal cell and 10 ng RNA was
applied on each lane. MysPDZ mRNA is observed as 7.5 kb transcript
in the stromal cell lines. TBR52-92 have poorly hematopoietic sup-
portive ability (poorly), TBR357-311 have highly supportive ability
(highly), and TBR92-351 have intermediate supportive ability (in-
termediate). 28S indicates the amount of 28S ribosomal RNA and
GAPDH indicates the expression level of glyceraldehyde-3-
phosphate-dehydrogenase.
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DDBJ/EMBL/GenBank DNA databases (DDBJ/EMBL/
GenBank Accession No. D86970) with an unknown
function (16). We screened 1700,000 plaques of mouse
spleen A ZIP Lox cDNA library using human cDNA as
a probe, and isolated 14 independent clones. The most
extended cDNA clone, R2-2, contained a 7289 bp cDNA
fragment, but the initiation codon was lacking in the 5’
region. To obtain the 5’ region, PCR was applied to the
mouse spleen cDNA library using an internal primer of
R2-2 and T7 or SP6 primers located in A ZIP Lox phage
arms. We found a termination codon upstream of the
ATG provisional first codon at nucleotide position 52,
and judged this ATG to be an initiation site. Its
sequence is available from DDBJ/EMBL/GenBank
DNA databases (DDBJ/EMBL/GenBank Accession No.
AB026497).

Sequence, motif and structure of MysPDZ. An open
reading frame (ORF) of the CB17-2 gene encodes a
protein of 2035 amino acid residues with unmodified
relative molecular mass of 230 kDa. The amino acid
sequence showed 94% homology with a human ho-
molog (KIAA0216), but an additional 458 amino acids
were present at the NH,-terminal. BLAST programs
revealed that the region of residues 407-2035 of this
protein showed homology with myosins. Interestingly,
a KE-rich sequence (residues 6—-23) and a PDZ domain
(residues 220-310) were found in the NH,-terminal by
SMART and ProfileScan programs, thus we called this
molecule Myosin containing PDZ domain (MysPDZ).
An unrooted phylogenic tree constructed from a region
of the motor domains of 15 known myosin superfami-
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lies with MysPDZ is shown in Fig. 3A. MysPDZ does
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MysPDZ is shown in Fig. 3B. A KE-rich sequence is

a nuclear targeting sequence conserved between nu-

clear proteins and centromere/microtubule binding

proteins like TFIIF-a and MAP (Fig. 3C). Down- 7-5kb—
stream of a KE-rich sequence, there is a PDZ do-

main, which is involved in protein-protein interac-

tion. Alignment of the amino acid sequence of the 235—-_
PDZ domain of MysPDZ with that of other PDZ con-

taining Pmtems is shown in Fig. 3D. We found that FIG. 4. MysPDZ expression among various tissues and cell lines.
a genomic clone from human 17 chromosome (DDBJ/ 115119 and B31-1 are hematopoietic cell lines. Total RNA were
EMBL/GenBank Accession No. AC005412) contained prepared from each tissue and cell line, and 10 ug RNA was applied
an exon which showed significant similarity to Nnu- oneach lane. MysPDZ mRNA is observed as 7.5 kb. Different spliced
cleotide 1-946 of MysPDZ cDNA. It showed 88% forms were obs_eryed in heart, skeletal inufscle (Sk. muscle, 10.5 kb),
homology at the nucleotide level and the deduced a_r;)d hemelitopmetlc cells (7.0 kb). 28S indicates the amount of 28S
amino acid sequence (Hs MysPDZ in Fig. 3D) showed ribosomal RNA.

94% homology. Nagase et al. (16) reported that

KIAAO0216 also located on chromosome 17, suggest- yentjonal myosins, and may mediate dimerization.
ing that MysPDZ has a specific variant in hemato- the remaining COOH-terminal sequence (residues

poietic cells without a KE-rich sequence and a PDZ  1938_2035) may form a globular structure because
domain (see Northern blotting analysis). of its hydrophobicity.

Myosins share a common structural organization

consisting of a conserved head domain followed by a . . L -
myosin light chain/carmodulin binding 1Q motif(s) Plot analysis of MysPDZ is shown in Fig. 2. High ex-

and a highly divergent tail. MysPDZ also contains pression levels of 7.5 kb MysPDZ transcript were de-
the head domain (residues 407-1169) with an ATP tected in highly and intermediate supportive cell lines,
binding site (residues 498-505) and an IQ motif but very low levels in poorlysupportl\{e ce_llllnes. N_ext,
(residues 1183-1205) in the neck. Alignment of the W& analyzed MysPDZ mRNA expression in the various
amino acid sequence of ATP binding site and 1Q tissues and cell lines. Northern analysis showed that
motif with other myosins is shown in Figs. 3E and MYSPDZ mRNA was detected ubiquitously in all tis-
3F, respectively. Although these regions show high SUes and cell lines, but specific spliced variants were
homology with other myosins, we could not find any obse_rvgd in heart, skelet_al muscle (10.5 kb) and hema-
actin binding site conserved among myosins in the topoietic cells (7.0 kb, Fig. 4).

head domain. A coiled-coil domain (residues 1242— Expression analysis of MysPDZ protein. To detect
1938) in the tail is longer than other reported uncon- MysPDZ protein, we raised anti-MysPDZ antibody us-

4

Expression analysis of MysPDZ mRNA. Northern

FIG. 3. (A) An unrooted phylogenic tree of the myosin superfamily with MysPDZ. The motor domain protein sequences (amino acids 213
to 511 in chicken fast skeletal muscle myosin, GgFsk) of 45 myosins and MysPDZ were aligned with default settings of the ClustalW program
and the tree created by TreeView software. MysPDZ does not join any of the existing branches of the tree with greater than 60% confidence.
Scale bar indicates 0.1 nucleotide substitutions per site. The accession numbers for the sequences are as follows: class I: Dm IA S45573, Rn
Myr4 A53933, Ce IA X75564, Dm IB S45574, Rn Myr2 x74800, Mm A L00923, Gg Bb U04049, Dd IC L35323, Sc Myo3 P36006, Hs IC
U14391, Dd IB P34092, Dd ID P34109, Dd IE Q03479, Dd IA P22467; class I1: Sc Myol S46773, Eh 1103534, Dd 11 P08799, Ac Il P05659,
Ce 1A P12844, Dm Il P05661, Hs Peri P13535, Hs CaA D00943, Ai 11 A40997, Sm 11 L01634, Dm nmll Q99323, Hs nmIIA M81105, Gg Sm
11 P10587; class I1l: Dm NinaC P10676; class IV: Ac HMWM1 A23622; class V: Mm Dilute X57377, Sc Myo2 P19524; class VI: Dm 95F
Q01989, Ss VI A54818; class VII: Hs Vlla U55208; class VIII: At ATM S33812; class IX: Rn Myr5 X77609; class X: Bt X U55042; class XI:
At MYA1 728389, At MYA2 Z34294; class XII: Ac Myol U94397, Ac Myo2 U94398; class XI11: Ce X111 Z266563; class XIV: Tox A Y09693;
class XV: Mm myo15 AF053130. (B) Schematic diagram of the domain structure of MysPDZ protein. MysPDZ has a structural organization
similar to other myosins consisting of a head domain with ATP binding site (residues 498-505) followed by an 1Q motif (residues 1183—-1205)
in the neck and tail, but no actin binding site is present in the head. Characteristic KE-rich sequence (residues 6—-23) and PDZ domain
(residues 220-310) exist in the N-terminal. Solid line (residues 1732-1943) indicates the region where the antigen makes antibody against
MysPDZ. (C-F) Alignment of the consensus sequence of the KE-rich sequence (C), PDZ domain (D), ATP binding site (E) and 1Q motif (F)
of MysPDZ with other motif containing molecules. Identical or conserved residues among at least four of the six sequences are shaded. The
accession numbers are as follows: (C) Hs MysPDZ AC005412, Mm MAPB P14873, Hs IF-2 060841, Sc NOP5 Q12499, Sc CBP5 P33322, Dm
T2FA, Q05913; (D) Hs MysPDZ AC005412, Hs AF6 P55196, Mm SAP-102 P70175, Rn PSD-95 M96853, Dm DLG1 P31007, Mm ZO1 P39447;
(E) Hs MysPDZ D86970, Hs MYH3 P11055, Hs MYH8 P13535, Hs MYH11 P35749, Mm Dilute Q99104; (F) Hs MysPDZ D86970, Hs MYH9
P35579, Hs MYH11 P35749, Hs MYH10 P35580, Hs IQGAP P46940.
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lines. TBR52-53 have poorly hematopoietic supportive ability (poorly). TBR59 and TBR311 have highly supportive ability (highly). (B)
Anti-MysPDZ antibody detected 230 kDa protein and two additional minor signals. The same band pattern was observed in myc tagged

MysPDZ cDNA transfected COS7 cells with anti-myc antibody.

ing rMysPDZ polypeptide [coiled-coil domain (residues
1732-1943), see Fig. 3A] as antigen and examined the
expression levels of MysPDZ protein in stromal cell
lines. Western blot analysis with anti-MysPDZ anti-
body detected 230 kDa protein and two additional mi-
nor signals (205 and 195 kDa, Fig. 5A). Since the same
band pattern was observed in myc tagged MysPDZ
cDNA transfected COS-7 cells by anti-myc antibody
(Fig. 5B), some of these bands contained degradation
products of MysPDZ. As expected, the expression levels
of MysPDZ proteins in the stromal cell lines were pos-
itively correlated with their hematopoietic supportive
ability (Fig. 5A).

Subcellular localization of MysPDZ. To know the
subcellular localization of MysPDZ, stromal cells were
immunostained with anti-MysPDZ antibody. MysPDZ
could be stained even when the cells were permeabil-
ized by 0.5% Triton X-100 before fixation, suggesting
that MysPDZ is localized with the cytoskeletal network
in the cytoplasm. Under this condition, MysPDZ was
present in filamentous and/or network form in the cell
(Fig. 6) and this mesh was developed well in a high
supportive cell line, TBR311 (Fig. 6A), but poorly in a

1 iy ‘*‘.’4 3 A . 2 ‘Jf}?‘
.. ;";;,v.a‘%‘*, : , :

;

FIG. 6.

lower supportive cell line, TBR16-1 (Fig. 6B). In both
cell lines, MysPDZ seemed to be slightly concentrated
at the perinuclear region. We stained myc tagged
MysPDZ-transfected NIH3T3 cells with anti-myc tag
antibody, and the exogenous gene products showed
similar localization to endogenous MysPDZ (Fig. 6C).
As MysPDZ has both myosin-head domain and a KE-
rich sequence, which brings association with microtu-
bules, we examined the co-localization of MysPDZ with
actin filaments and microtubules in myc tagged
MysPDZ transfected NIH3T3 cells. Although partial
overlapping was observed, MysPDZ did not totally co-
incide with either actin filaments or microtubules

(Fig. 7).
DISCUSSION

Many studies have reported the importance of direct
interaction between hematopoietic cells and stromal
cells in hematopoietic organs. Attention has been fo-
cused on membrane molecules such as the adhesion
molecules, receptors, and their signal transduction
pathways. It has recently learned that clustering and

Immunostaining of MysPDZ in stromal cell lines. Cells were fixed and stained with anti-MysPDZ (A, B) and anti-myc antibody

(C). TBR311, a highly supportive cell line, showed filamentous staining for MysPDZ (A), but TBR16-1, a poorly supportive cell line, showed
weak staining (B). Myc tagged MysPDZ transfected NIH3T3 cells were stained with anti-myc antibody. The exogenous gene products show

localization similar to endogenous MysPDZ (C). Bar indicates 20 um.
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FIG. 7.
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MERGED

‘.
\
y

TUBULIN MERGED

Fluorescence micrograph of MysPDZ localization in the myc tagged MysPDZ transfected NIH3T3 cells. To double labeling of

MysPDZ and actin, MysPDZ was detected by anti-myc antibody followed by FITC-labeled anti-mouse IgG and actin filaments were stained
with rhodamine-labeled phalloidin. To double labeling of MysPDZ and microtubules, MysPDZ was detected by anti-MysPDZ antibody
followed by FITC-labeled anti-rabbit antibody and microtubules were stained with anti-B-tubulin antibody followed by rhodamine-labeled
anti-mouse 1gG. MysPDZ localized differentially with actin filaments (A) or microtubules (B), and partial co-localization was observed

(merged, arrowheads). Bar indicates 20 um.

site specific localization of membrane molecules are
important for cell to cell communication and these
events are regulated by scaffolding proteins such as
PDZ containing proteins. Therefore, it is quite intrigu-
ing that MysPDZ was isolated as the candidate mole-
cule that may provide the architecture for hematopoi-
etic supportive ability of bone marrow stromal cells. In
the nervous system, the PDZ containing proteins, PSD-
95/SAP90 (17, 18), DLG (19) and PICK1 (20) are known
to regulate the localization and clustering of their tar-
get molecules at synaptic contacts. Some PDZ contain-
ing proteins such as ZO-1 (21, 22) and affadin (23, 24)
function as components of the cell junction in epithelial
cells. Multiprotein complexes including PDZ contain-
ing proteins are anchored to cytoskeletal filaments like
microtubules (25, 26) and actin filaments (27-29), and
these events are necessary to enlarge the stability and
signal transduction of cell to cell contact. If MysPDZ
could anchor its target molecule(s) of the PDZ domain
to cytoskeletal proteins without any adaptor mole-
cules, it might be able to act as a direct mediator of
signaling between membrane molecules and cytoskel-
eton at the site of stromal cell-hematopoietic cell con-
tact.

MysPDZ has an ATP binding site and myosin light
chains binding 1Q motif conserved within myosins,
suggesting that this molecule acts as a motor protein
regulated by light chains in the presence of ATP. But
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MysPDZ may not be an actin-based motor protein
like other myosins, because it lacks an actin binding
site. In fact, it showed different localization with
actin filaments in double staining MysPDZ and actin
in transfected NIH3T3 cells (Fig. 7A). Since a KE-
rich sequence is present in the NH,-terminal, which
allows association with microtubules, we examined
but found no co-localization with microtubules (Fig.
7B). MysPDZ thus seems to distribute in filamentous
and/or network form independently with these two
filaments (Fig. 6). Unconventional myosins generally
have short coiled-coil domain and a globular struc-
ture at the end of the tail, and therefore do not form
a complicated filamentous structure as do class Il
myosins. MysPDZ has a long coiled-coil domain
equal to that of class Il myosins, whereas the re-
maining COOH-terminal sequence consist of 100
amino acids may form a globular structure for its
hydrophobicity. We speculate that MysPDZ could not
form a filamentous structure by itself and that its
subcellular localization may result from the associa-
tion with other filaments, e.g., class Il myosins or
intermediate filaments. We are now attempting to
confirm the role of the myosin homology region to
localize at the cytoskeleton and the effects of a KE-
rich sequence and a PDZ domain for its distribution.

Whereas MysPDZ mRNA was detected ubiquitously
in all tissues by Northern blot analysis (Fig. 4), alter-
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native splicing variants were detected in muscle and
hematopoietic cells (Fig. 4). KIAA0216, cloned from a
myelogenous leukemia cell line, lacked 458 amino ac-
ids at the NH,-terminal, and we also confirmed that
the variants in muscle and hematopoietic cells have a
different NH,-terminal without a KE-rich sequence
and a PDZ domain (in preparation). We speculate that
the specific variants expressing in muscle and hema-
topoietic cells may have different roles and distribu-
tion.

To date, at least 15 myosin subfamilies have been
identified (30) and they have a variety of cellular
functions in cell movements (31, 32), membrane traf-
ficking (33-37), organelle particle movement (39,
40), and sensory function (40—43). We propose that
MysPDZ is a new member of the myosins because of
its divergence from other myosins. Although the bi-
ological function of MysPDZ is not clear, it may act
as not only a motor protein but also a scaffolding
protein involved in cell to cell communication such as
stromal cells and hematopoietic cells. Further work
is in progress to define the function of MysPDZ in-
cluding motor activity and target molecule(s) of the
PDZ domain.
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