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hybridized Northern blots with three different cDNA probes

designed to distinguish between the different mRNA

structures found in rodents (Fig. 1A,B). All three probes

recognized a single ,9 kb transcript in chick spinal cord at

E6, E10 and E14 (Fig. 1B), in agreement with a previous

report (Rowley et al., 1993). Thus, in contrast to rodents,

there appears to be only a single RPTPZ/b transcript in

chick spinal cord. Consistent with this, in situ hybridization

of embryonic chick spinal cord sections with separate

intracellular and extracellular riboprobes (int and ext;

Fig. 1A) produced indistinguishable signals (Fig. 1C,D).

These data imply that the truncated TM isoform of

RPTPZ/b and the extracellular variant (phosphacan) do

not exist in the developing chick spinal cord, as previously

suggested (Rowley et al., 1993).

We examined the distribution of cRPTPZ/b in chick

embryos by in situ hybridization with a probe against the

intracellular domain (int; Fig. 1A). Expression was

restricted to the central nervous system (CNS) at all ages

examined. We examined the spinal cord in more detail.

From E3 to E6 cRPTPZ/b mRNA was found throughout the

spinal cord VZ, with the exception of the dorsal-most part

next to the roof plate (Fig. 2). Starting from E7.5, small

numbers of cRPTPZ/b þ cells appeared to be streaming

away from the VZ, initially from the ventral part but later

from all parts of the VZ. By E13.5 many scattered

cRPTPZ/b þ



the VZ, perhaps in neuronal progenitors migrating away

from the VZ or else in the processes of neuroepithelial cells,

which extend radially to the pial surface. This faint

expression was lost at later ages (e.g. E7.5; Fig. 2D) at the

time when intensely labeled cells began to leave the VZ.

These later-migrating cells are undoubtedly progenitors of

glial cells (either oligodendrocytes or astrocytes) that retain

expression of cRPTPZ/b after leaving the VZ.

We tried to establish whether cRPTPZ/b is expressed by

oligodendrocyte progenitors (OPCs), astrocyte progenitors

(APCs) or both, by double in situ hybridization with probes

against cRPTPZ/b and either PDGFRa (OPCs; Hall et al.,

1996), fibroblast growth factor receptor3 (FGFR3) or

glutamine synthetase (GLNS: EC 6.3.1.2) (APCs; Pringle

et al., 2003). There was little or no overlap between

cRPTPZ/b and PDGFRa in migrating cells outside of the

VZ (Fig. 3A–D). Neither was there any significant overlap

between cRPTPZ/b and the differentiated oligodendrocyte

marker proteolipid protein (PLP/DM20) (Fig. 3E,F).

However, there was extensive overlap between cRPTPZ/b

and the APC markers GLNS and FGFR3 (Fig. 4). There was

no overlap at E14.5 between cRPTPZ/b and the neuronal

antigenic marker NeuN (Fig. 5A–D), or the mature

astrocyte marker GFAP (Fig. 5E,F). At this age, GFAP is



according to Hamburger and Hamilton (1992). For sub-

tractive hybridization the spinal cords from about 800

chicken embryos were dissected and separated into ventral

and dorsal halves. Total RNA was isolated by guanidinium

thiocyanate/phenol–chloroform extraction (Chomczynski

and Sacchi, 1987). PolyA containing mRNA was purified on

oligo-dT cellulose (type 7, Pharmacia Biotech Inc).

2.2. Subtractive hybridization and cDNA cloning

Forward- and reverse-subtracted cDNA populations were

prepared using the PCR-Select kit (Clontech), according to

the manufacturer’s instructions. For forward subtraction

cDNA from E7.5 ventral spinal cord was used as tester, and

cDNA from E5 and E7.5 dorsal spinal cord as driver.

Forward subtraction reduced the representation of a house-

keeping gene, G3PDH, around sixteen-fold. Amplified

fragments from the forward subtraction were ligated into

plasmid pCRII-TOPO (Invitrogen). Clone inserts were

amplified by PCR, spotted onto Hybond-NX membrane

(Amersham Biosciences) and probed with 32P-labeled

forward- and reverse-subtracted cDNA mixtures as well as

unsubtracted tester and driver controls to eliminate house-

keeping and background genes. Hundred and twenty six

differentially expressed clones were analyzed by in situ

hybridization to cryosections of E7.5 chick spinal cord, and

the interesting candidates were sequenced. One clone (B11)

was an identical match to chick RPTPZ/b mRNA coding for

part of the intracellular region.

2.3. Isolation of chicken RPTPZ/b cDNA clones from E7.5

spinal cord cDNA library

An oligo(dT) primed E7.5 chick spinal cord cDNA

library (Zap Express Synthesis Kit, Stratagene) was

screened with a 0.6 kb RPTPZ/b cDNA clone from

Fig. 4. Double in situ hybridization for cRPTPZ/b and immature astrocyte markers GLNS (A–D) and FGFR3 (E,F). There is significant overlap (yellow)

between the cRPTPZ/b signal (green) and the astrocyte lineage markers (red). Scale bars, 50 mm.

Fig. 5. (A) In situ hybridization for cRPTPZ/b (green) combined with immuno-labeling for the neuronal antigen NeuN (red). There is no significant overlap.

(B) In situ hybridization for cRPTPZ/b (green) combined with immuno-labeling for the astrocyte protein GFAP (red). There is no significant overlap at this

age, when GFAP expression is restricted to radial glia in the VZ. Scale bars, 25 mm.
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the subtracted library. Partial nucleotide sequences of six

cDNA clones were identified using synthetic primers

corresponding to the ends of previously determined

sequences. A hybridization probe corresponding to the

N-terminal extracellular domain was synthesized by PCR

using the longest (5.5 kb) clone as a template [primers:
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