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The neuron-specific phosphoprotein B-50 is a major substrate of kinase C in fetal nerve growth cones, 
neonatal neural and synaptosomal plasma membranes. B-50 is identical to a growth-associated protein 
GAP43. Similarly, increases in B-50 occur during rat brain development, neuronal differentiation and 
axon regeneration. To document the relation between the expression of B-50 and the outgrowth of central 
axons, we studied B-50 in the developing pyramidal tract in rats at postnatal days 2, 7 and 90 (P2, P7 
and P90), at the third cervical spinal segment C3, using affinity-purified antibodies to B-50. At P2 and 
P7, when outgrowth of pyramidal tract fibers is occurring, B-50 immunoreactivity (BIR) is intense in these 
fibers. BIR is reduced from P2 to P7 in the ascending fiber tracts of the cuneatus and the gracilis, which 
develop earlier. At P90 when most of the dorsal funiculus fibers have reached their targets and many are 
myelinated, BIR is dramatically reduced. In agreement, a 10-fold decrease in B-50 content was measured 
at P90, as compared to P7. Therefore, our results indicate that B-50 is only expressed relatively abundant 
in axons of the funiculus posterior during outgrowth. By inference, B-50 may be a differentiating marker 
to detect elongating fibers. 

The ontogenesis of the spinal pyramidal tract in the rat occurs during the postnatal 
development. Shortly after birth, the leading corticospinal fibers are entering the up- 
per cervical segments of the spinal cord [21], where they occupy the most ventral part 
of the dorsal funiculus. The spatial and temporal outgrowth of these corticospinal 
fibers in the spinal white and gray matter in the neonatal rat have been described 
by Gribnau et al. [8]. They demonstrated that the corticospinal fibers have reached 
the upper thoracic segments of the spinal cord at postnatal day 2 (P2) and the sacral 
segments at P7. A delay of two days was observed between the arrival of the cortico- 
spinal axons at a given spinal cord level and their outgrowth into the adjacent spinal 
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gray. Electron microscopic analysis revealed the presence of numerous growth cones 
in the growth zone of the developing pyramidal tract [4]. 

Recently, the presynaptic neuron-specific phosphoprotein B-50 [5, 6, 29] is shown 
to be a member of the class of growth-associated proteins (GAPs) [23, 24], presum- 
ably identical to GAP43 [9, 28], GAP48 [19], F1 [7] and pp46 [14, 20]. This protein 
is a prominent substrate to protein kinase C in growth cones membranes and out- 
growing neurites in fetal and postnatal rat brain [2, 15, 18] and in outgrowing pro- 
cesses of differentiated PC12 cells [26]. By means of  radioimmunoassay for B-50 [l 6], 
the highest levels of B-50 are determined in developing nervous systems and in re- 
generating axons following lesion of peripheral nerve [27, 28]. From these studies, 
it is apparent that the B-50 (GAP43) protein can be used as a selective marker of 
neurite outgrowth in developing neural tissue. Indeed, Kalil and Skene [10] have 
shown that the biosynthesis of GAP43 (B-50) is enhanced during development of the 
pyramidal tract neurons in hamsters and declines at the time when the axons stop 
elongating. In the present study using affinity-purified anti-B-50 immunoglobulins 
(IgGs) [17], we document changes in B-50 distribution in the developing pyramidal 
tract of the rat reflecting different stages of maturation. 

Wistar rats aged 2 days, 7 days and 90 days were anaesthetized by injections with 
Nembutal and perfused intracardially with a fixative consisting of 2% paraformalde- 
hyde, 0.5% glutaraldehyde, and 0.1% dimethylsulfoxide in 0.1 M phosphate buffer, 
pH 7.4 [6]. After perfusion the cervical spinal cord was removed and immersed for 
2 h in the fixative. Subsequently, the third cervical segment was dissected out, rinsed 
in buffer, dehydrated and embedded in Epon. Transverse sections of l /~m were cut 
and mounted on glass slides coated with chrome-alum gelatine. Epon was removed 
from the tissue according to Lane and Europa [l 1]. Endogenous peroxidase activity 
was blocked with 0.3% hydrogenperoxide in methanol for 20 min. After hydration 
the sections were stained for B-50 using the peroxidase-antiperoxidase (PAP) tech- 
nique [25]. This involved an incubation of  the sections in 0.03% normal goat serum 
in 0.05 M Tris-HCl buffer containing 0.9% NaCl, pH 7.6 (TBS), followed by an over- 
night incubation at 4°C in affinity-purified rabbit anti-B-50 IgGs [15, 17] diluted 
1:500 in TBS. After rinsing in TBS, the sections were treated for 30 min with goat 
anti-rabbit IgG (Nordic), diluted 1:30 in TBS. The sections were rinsed in TBS and 
incubated for 1 h in PAP complex (Dakopatts) diluted 1:90 in TBS. After rinsing 
in TBS, the sections were incubated for 15 min in 0.05% diaminobenzidine tetra- 
hydrochloride in 0.05 M Tris-HCl buffer, pH 7.6, containing 0.01% hydrogen perox- 
ide. The staining reaction was terminated in distilled water. Subsequently, the sec- 
tions were dehydrated and embedded in Entellan. The controls with the pre-immune 
serum and without primary antibodies were negative. Two animals per age group 
were examined, giving similar results. To determine the B-50 content of spinal cord 
sections, B-50 was assayed by means of  a radio-immunoassay (RIA) as reported by 
Oestreicher et al. [16]. Wistar rats at P7 and P90 were sacrificed by decapitation. The 
cervical segment 3 (approx. 3 mm thick) was dissected from the spinal cord and 
homogenized as described previously. Protein content was determined by the proce- 
dure of Lowry et al. [12]: n=3 ,  g protein/g wet weight tissue, mean_+S.D.: at P7, 
60+2  and at P90, 94+ 10. 
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During postnatal development of the rat CNS, at P2 and P7, B-50 immunoreac- 
tivity (BIR) is found in the gray as well as in the white matter of the third cervical 
segment (Fig. 1, panel 1 and 3). In the young adult rat at P90, BIR is considerably 
reduced in the spinal cord (Fig. 1, panel 5). In this study we focus on the outgrowth 
of the pyramidal tract in comparison to the two other fiber tracts in the funiculus 
posterior, which are differentially stained. At P2 the pyramidal tract shows the most 
intense immunoreaction, whereas the long ascending fiber tracts, the fasciculus 
gracilis and notably the fasciculus cuneatus are less intensely stained (Fig. 1, panel 

Fig. 1. Distribution of  B-50 immunoreactivity (BIR) in transverse sections of the spinal cord at the third 
cervical segment in the 2-day-old rat (P2: panel 1 and 2), the 7-day-old r~.t (P7: panel 3 and 4) and the 

3-month-old rat (P90: panel 5 and 6). High BIR was detected in the pyramidal tract (PT) at P2 and P7, 
while at P90 still a reduced BIR is observed. The fasciculus gracilis (FG) and the fasciculus cuneatus (FC) 
show at P2 less BIR than the pyramidal tract. Moreover, the immunoreact ion in the FG and FC is reduced 
at P7 and virtually absent at P90. Bar = 200/~m. 
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1 and 2). The posterior median septum is not stained. The unstained profiles in the 
pyramidal tract probably represent glial cells and blood vessels. At P7 BIR is differ- 
entially distributed in the gray and white matter (Fig. 1, panel 3). In the dorsal funi- 
culus the densely stained pyramidal tract stands out against the adjacent ascending 
fiber tracts, in which BIR is strongly reduced as compared to P2 (Fig. I, panel 3 and 
4). By 3 months of  age (P90) BIR has decreased and is sparsely distributed in discrete 
areas of the gray and white matter (Fig. 1, panel 5). The area of the pyramidal tract 
in the dorsal funiculus displays clear, although reduced, reaction to the B-50 anti- 
bodies in tiny dots. The fasciculi gracilis and cuneatus however, are devoid of BIR 
(Fig. 1, panel 6). 

Independently, the amount of B-50 present in the cervical segment C3 of the spinal 
cord at P7 and P90 was determined by means of a RIA according to Oestreicher et 
al. [16]. A 10-fold decrease in B-50 content at P90, as compared to P7, was found 
(n = 3:P7 500_+ 60 vs P90, 50 _ 6 ng B-50/mg protein). 

Using afffinity-purified anti-B-50 IgGs [17] we described changes in the pattern of 
BIR in the cervical segment C3 of  the spinal cord of  the rat related to the developmen- 
tal stage. The work of  Gribnau et al. [8] indicates that elongation of  corticospinal 
axons in the white matter and their outgrowth into the gray matter are still in pro- 
gress at P2 as well as at P7. It is at these stages that we found most BIR in the devel- 
oping pyramidal tract axons. In the full grown pyramidal tract of  the young adult 
rat, however, the immunoreactivity in the axons passing the cervical segment C3 was 
considerably reduced. 

In the ascending fiber systems of the dorsal funiculus, i.e. the fasciculi gracilis and 
cuneatus, of the neonatal rat, BIR was less intense than in the axons of the pyramidal 
tract. Moreover, BIR in the ascending tracts decreased considerably from P2 to P7, 
whereas in the young adult no immunostaining could be observed. The differential 
BIR of the pyramidal tract vs the ascending fiber systems might be explained by the 
fact that the fasciculi gracilis and cuneatus develop earlier than the pyramidal tract. 
According to Altman and Bayer [1] these tracts develop several days before birth in 
the upper cervical segments of  the spinal cord. Myelination starts at the time of  birth 
in the fasciculus cuneatus and at about P4 in the fasciculus gracilis, whereas the first 
signs of myelination in the pyramidal tract are not observed before PI0 [13]. Hence 
it can be deduced that in the neonatal rat large numbers of  ascending fibers have 
completed their outgrowth and have entered a stage of  maturation, while pyramidal 
axons are still growing to their targets. Kalil and Skene [10] reported that the period 
of elevated synthesis of  a GAP43-1ike protein in the pyramidal tract of the hamster, 
coincides with the period in which normal axon growth and axon regrowth after neo- 
natal pyramidal tract injury occurs. The present study demonstrates high levels of 
B-50 by immunocytochemical localization and RIA that coincide with axon growth. 
This gives further support to the hypothesis that B-50 plays a role in axon growth 

[3, 28]. 
The significance of  the persistence of a low amount of B-50 in the pyramidal tract 

of the young adult rat remains to be established. In line with the proposed function 
of B-50 in the adult [3, 5, 22] and in the developing nervous system, one might specu- 
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la te  t h a t  the  B-50 p r e sen t  in the  p y r a m i d a l  t r ac t  o f  the  y o u n g  adu l t  ra t  ref lects  a 

c a p a c i t y  fo r  r e m o d e l i n g  in this  sys tem at  this  age.  T h e  d i f fe ren t ia l  s t a in ing  o f  the  

t rac t s  in the  d o r s a l  f un i cu lus  ind ica te  t h a t  the  neu ron - spec i f i c  B-50 p r o b e  is a useful  

m a r k e r  fo r  the  s tudy  o f  d i f fe ren t ia l ly  o u t g r o w i n g  f iber  t rac ts .  
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