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Protein tyrosine phosphorylation plays a crucial role in regﬁlation of
cell proliferation, differentiation and transformation. The level of tyrosine
phosphorylation is determined by the balance between the activities of protein
tyrosine kinases (PTKs) and protein tyrosine phosphatases (PTPs). Molecular
cloning of PTPs have revealed that PTPs comprise a diverse family of
cytoplasmic and transmembrane enzymes. The receptor-like PTPs (RPTPs) are
structurally composed of intracellular one or two phosphatase domains, a single
transmembrane domain and extracellular segments. Extracellular segments of
several RPTPs display structural motifs that are suggestive of a role in cell-
cell or cell-extracellular matrix interactions, such as immunoglobulin (Ig)-like
domains, fibronectin type I (FN-II)-like domains and carbonic anhydrase (CAH)-
like domains.

RPTPy belongs to RPTPs and shows a high degree of structural
similarity to PTP¢ /RPTP B, a nervous system-specific RPTP. The extracellular
regions of these molecules contain a CAH-like domain at the N-terminal, followed
by a FN-M-like domain. In the central nervous system, RPTPy is up-regulated
during cortical development and maintained in the regions containing postmitotic
neurons, suggesting that it plays a role in neuronal differentiation. Despite
these observations, RPTPy gene products have not been fully characterized.

In this study, he identified four isoforms of RPTPy from rat brain by
cDNA cloning. They designated these molecules as RPTPy -A, -B, -C and -S.
RPTP y -A was the longest form, contained an open reading frame of 4,326 bp
encoding a protein of 1,442 amino acids, and had the same structure as human
and mouse RPTPy reported. RPTPy -B lacked intracellular juxtamembrane 29 amino
acids of RPTPy -A. RPTPy -C is a protein of 1,176 amino acids. The sequence of
this isoform differed from that of RPTPy -A from nucleotide residue 3,503, and
terminated translation after adding 9 novel amino acids resulting in loss of the
carboxy-terminal phosphatase domain. RPTPy -S was a protein of 717 amino acids.
The sequence of this isoform from nucleotide residue 2,147 was distinct from
that of RPTPy -A, where the translation terminated after adding 2 amino acids
causing loss of the transmembrane segment and the intracellular region. Thus,
RPTPy -S is an extracellular variant of RPTPy . mRNAs of the four isoforms were
expressed in the brain, kidney, lung and heart. By Northern blot analysis, four
RPTPy transcripts of about 9.0, 7.0, 4.5 and 3.5 kb were detected in the rat
brain. The former two transcripts were expressed at high levels and the latter
two transcripts were expressed at low levels. The-9.0- and 7.0-kb transcripts
likely encode RPTPy -A and -B, and the 4.5-kb transcript likely encodes RPTPy -S.

Transfection of RPTPy -A and -S expression plasmids into COS7 cells
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resulted in the expression of membrane-bound 190-kDa and secreted 120-kDa
proteins, respectively. These proteins were highly glycosylated by sialic acid.
However, RPTPy isoforms were not expressed as proteoglycans like PTP ¢ /RPTP 5.
In RPTPy -A-expressing PC12D cell lines, a doublet RPTP)/fA protein bands with
apparent molecular mass of 184 and 187 kDa were detected, suggesting that
RPTPy ~A is proteolytically cleaved in PCl2D cells.

To elucidate the functions of RPTPy in neuronal cells, he first
established PC12D cell clones expressing rat RPTPy -A. PC12D cells, a
subline of PC12 cells, extends neurites immediately in response to NGF, FGF or
cAMP. In PC12 and PC12D cells, the 3.5-kb transcript was the sole transcript of
RPTPy, and enzymatically active RPTPy isoforms were not expressed. RPTPy -A-
expressing PC12D cells showed remarkably reduced neurite outgrowth in response
to NGF. Surprisingly, there were no obvious differences in tyrosine-
phosphorylation of major cellular proteins between control and RPTPy -A-
expressing transfectants. Activation of MAP kinases was equally detected in
the RPTP y -A-expressing cells as well as in control cells. These results
suggest that RPTPy functions at the downstream of MAP kinases or through
independent signal transduction pathways.

Rabin et al. (1993) reported that tyrosine phosphorylation of some

sucl

proteins purified with pl3 beads was augmented by NGF in PC12 cells.
pl3°"c! was initially identified as a gene product which rescued p34°%°?
mutations. Recently, it was also reported that complexes purified from squid

sucl

axoplasm with pl3 beads contained cdc2-like kinases, some other kinases and
cytoskeletal proteins (Takahashi et al., 1995). These results suggested that
pl3®“°! complexes are involved in phosphorylation/dephosphorylation processes
underlying axonal cytoskeletal dynamics. Therefore, he next examined
phosphorylation of the complexes purified with pl3°"°'-agarose, and found that
the pattern of protein phosphorylation was different between control and RPTPy -
A-expressing transfectants, which was not detected in the total cell lysates;
tyrosine-phosphorylation of 140- and 117-kDa proteins were specifically reduced
in the pl3°"°“'-complexes from RPTPy -expressing cells. These 140- and 117-kDa
proteins may be directly dephosphorylated by RPTPy or indirectly through
activation of other protein tyrosine phosphatases. p13;“"—complexes from PC12D
cells also contained cytoskeletal proteins such as actin, tubulin and neuro-
filaments, and kinases including cdk5 and MAP kinases. While the association of

sucl

tubulin and actin with pl3 beads-complexes did not.change after NGF-
treatment, the binding of MAP2 to the complexes and phosphorylation of neuro-
filaments in the complexes increased rapidly. MAP2 is a high molecular weight,
neuron-specific phosphoprotein copurified with microtubules, and neurofilaments

are neuron-specific proteins that constitute the major cytoskeleton in axons.
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Since neurite formation and extension are regulated by cytoskeletal proteins and
their associated proteins, abnormality of tyrosine phosphorylation in this
complex caused by RPTPy expression may explain the inhibition of neurite
extension in RPTPy -A-expressing cells.

Neurite extension and axon guidance are regulated by neurite outgrowth
-promoting and -inhibiting molecules distributed in the local environment.
Recéntly, it was suggested that activities of RPTPs might be down-regulated by
the ligand~mediated dimerization (Bilwes et al., 1996). Ligand molecules of
RPTPy may control neurite extension or axon guidance by regulating RPTPy
activity: in the absence of ligands, active RPTPy on neuron may dephosphorylate
the proteins such as 140- and 117-kDa proteins and inhibit the neurite outgrowth,
while ligand binding to RPTPy may lead to dimerization and inactivation of this
receptor resulting in promotion of neurite outgrowth. ‘

The RPTP y -expressing PC12D transfectants suggested that RPTPy plays-
an important role in neuronal differentiation. The findings obtained in this
study will'contribute to elucidating the regulation mechanism of neurite
extension in neuronal cells. From this standpoint of views, it is important to
characterize the tyrosine phosphorylated 140— and 117-kDa proteins. Moreover,
identification of ligand molecules which regulate RPTPy activity is a pre-
requisite for revealing the functional roles of RPTPy in the brain development.
The RPTP y -expressing PC12D transfectants which he prepared here will be useful

for these investigations.
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LB AR EBELNMITEIILEZHBELTWS,

BEZIITETSy FPRMASPTPy cDNAD 7 O—= v Z (1T, BE L DDNAZ T =V D
—REERMOER. RNAA T IA YV 7 DHEVIZE s THET S 4205 FH (PTPy -A,B,
C.SE@&) #HWH LA, TOMNPTPy -AL -BE2WTHIYALBWTIIZHESNT
WBSTRICHEY LA, PTPy -CE-DIZFH M DG T TH o7z, PTPy -Cid %5 “PTPase I X
4V ERSHSTETHY, PPy -SHMIBSI~DHENEHTFH (HEBFAAYE2D
DPTPase FA A4 Y%K <) Thotlo MMTORNABH L XNV EF KR, PTPy -ART
BEAITERSFHETHLIL, $LANDTFHEDICMZER Y b7 — 27 BB S DI EH
AP — 2 LR EBsRTIENPAD Lo, T2, HEAREAVWTZIALD
cDNAR BB &8 ¥ /-8, PTPy B — KM EIFHULAMN—77 3 -5 FTHAHPTP L i
Rgh, avy FuA4FrmBgEoryr)avrs/ sy rriirgb7urt+ s sl T
BERLLEWIEN RSN,

KICHESLIC BT BPTPy O e e R A0, NCFUHBUICIEE L TEMisicoits
TENRHE LN TWABPCI2MED Mk TdH HPCI2DANNE 2 ATV T, PTPy -A%R MM IS TR ¢
MR EBTI L. FOMEHLICE X AR L2 MAT LA, PCI2DAIIZ IXNGFSH % v i cAMP
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FOF A v FF—F, a7 4FA b, Fa-—T) rEOMREKIFIEELT
Bh, FOESEBREINGFHBMICELTYAFI v 7 BEILTB I E2RL L,
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