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Biochemical and functional interactions between the
neurotrophin receptors trk and p75NTR
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trk receptor is required during neural development, the
elimination of any one of these components leading to
specific deficits in the nervous system (Snider, 1994;
Lewin and Barde, 1996).

All neurotrophins also bind to the neurotrophin receptor
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Neurotrophins bind to two structurally unrelated
receptors, thetrk tyrosine kinases and the neurotrophin
receptor p73VTR, Ligand activation of these two types
of receptor can lead to opposite actions, in particular
the prevention or activation of programmed cell death.
Many cells co-expresstrk receptors and p7%'™R, and
we found that p75'™R was co-precipitated with trkA,
trkB and trkC in cells transfected with both receptor
types. Co-precipitation of p73'™R was not observed
with the epidermal growth factor receptor. Experi-
ments with deletion constructs of trkB (the most
abundanttrk receptor in the brain) and p75V'R revealed
that both the extracellular and intracellular domains
of trkB and p79'™R contribute to the interaction.
Blocking autophosphorylation of trkB substantially
reduced the interactions between p7%R and trkB
constructs containing the intracellular, but not the
extracellular, domains. We also found that co-expres-
sion of p73TR with trkB resulted in a clear increase
in the specificity of trkB activation by brain-derived
neurotrophic factor, compared with neurotrophin-3
and neurotrophin-4/5. These results indicate a close
proximity of the two neurotrophin receptors within
cell membranes, and suggest that the signalling path-
ways they initiate may interact soon after their
activation.
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Introduction

All known members of the nerve growth factor (NGF)
family, designated the neurotrophins, bind to two different
types of receptors, thek tyrosine kinases and the neurotro-
phin receptor p7'™R (Bothwell, 1991; Chao, 1992;

receptor and FAS/Apo-1/CD95 family. Following the
discovery of thetrk receptors as mediators of the trophic
effects of the neurotrophins, the role of P78 was mostly
discussed as that of an accessory receptor modulating the
signalling of thetrk receptors (Chao and Hempstead,
1995). Recently however, p& has also been shown to
mediate cell death in a ligand-dependent fashion (Casaccia-
Bonnefil et al, 1996; Bamjiet al., 1998; Davey and
Davies, 1998), a function similar to that demonstrated
previously with the structural parents of p#8, namely
the TNF receptor 1 and CD95. Evidence for this new
function of p73'TR has also been obtainéd vivo in the
avian retina (Fradet al, 1996; Frade and Barde, 1998),
in mouse sympathetic ganglia (Bamgji al., 1998) and in
the developing spinal cord of mice carrying a mutation in
the ngf or thep75 gene (Frade and Barde, 1999).

In view of these observations and the fact that many
neuronal populations co-expresk receptors and p78R,
we tested to see whether an interaction between both
receptor types could be demonstrated by immunoprecipi-
tation in transfected cells. While this question has been
addressed in previous studies, work has focused oW'575
and trkA using either cross-linking (Huber and Chao,
1995; Gargancet al., 1997) or co-patching techniques
(Rosset al, 1996). AstrkB can be activated by three
different neurotrophins, namely brain-derived neuro-
trophic factor (BDNF), neurotrophin-4/5 (NT4/5) and
neurotrophin-3 (NT3), we also investigated the extent to
which co-expression of p?R with trkB modulates the
ligand specificity of this receptor.

Results

Co-immunoprecipitation of p75"N™® with trkA, trkB

and trkC

Comparable conditions for immunoprecipitation of the rat
receptordrkA, trkB andtrkC were established by tagging
the three receptors at their N-terminal ends using a nine
amino acid hemagglutinin (HA) epitope. The ability of

Meakin and Shooter, 1992). In mammals, three different the tagged receptors to bind neurotrophins was determined
trk receptors have been identified and are activated byin cross-linking experiments using radiolabelled neurotro-

one or more of the four neurotrophins (for review see
Barbacid, 1994). Binding of the neurotrophins to the

trk receptors leads to receptor tyrosine phosphorylation,
triggering the activation of pathways leading to the preven-

phins and by ligand-induced receptor phosphorylation
(data not shown). These three cDNAs were used to
transfect A293 cells together with rat g¥% at a ratio of
1:1. Following cell lysis with 1.0% Triton X-100, thiek

tion of programmed cell death during development (Kaplan receptors were precipitated with anti-HA antibodies and

and Miller, 1997). Studies with antibodies and with mouse

the immunoprecipitates analysed by Western blotting with

mutants have established that each neurotrophin andanti-p75 antibodies. These experiments revealed that
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Fig. 1. Co-immunoprecipitation of p?9R with the trk receptors.

(A) A293 cells were transiently transfected with the various constructs

as indicated. Cells were lysed after 2 days and HA-tagged trk

receptors were precipitated with an anti-HA mAb. Immunoprecipitates
were run on a 7% acrylamide SDS gel followed by Western blotting.

Detection was performed with a polyclonal anti-p75 antibody.

(B) Co-immunoprecipitation was carried out as in (A) except that the
EGF receptor (EGFR) was precipitated with a mAb to the EGF
receptor. HA-X denotes a HA-tagged phosphodiesterase as a control.

The signals observed in all lanes result from antibody cross-

reactivities.

p7NTRis co-immunoprecipitated witttkA, trkB andtrkC
(Figure 1A). Like rat p78™, chick p7%'™R was also

co-immunoprecipitated (data not shown).

When similar experiments were performed with the
epidermal growth factor (EGF) receptor using a mono-
clonal antibody (mAb) to the EGF receptor, no co-
immunoprecipitation of p7SR could be detected

(Figure 1B).
To test whether expression of both receptors in the receptors was inhibited almost completely with 500 nM

same cells is needed for thek—p73'TR interaction, the

Interactions between trk and p75NTR

can be activated in fibroblasts by three different neurotro-
phins (see below).

Mapping trkB and p75""R interacting domains

We were interested in delineating the receptor domains
involved in the interaction and designed various deletion
constructs of p7™R and trkB. The trkB receptor also
exists as a splice-variant form lacking the tyrosine kinase
domain, raising the question of whether the truncated
form of this receptor would also interact with p¥5.

To facilitate comparisons between the constructs, the
HA epitope was preserved in thekB constructs, as was
the p7%'TR detection epitope (Figure 2). Deletion mutants
were constructed for each receptor lacking either most of
the intracellular domairYICD) or the extracellular domain
(AECD). trkB AICD essentially corresponds to the natur-
ally occurring trkB splice variant designated T1 and
lacking the tyrosine kinase domain. p%8 AICD, as well
as p75TR AECD, co-immunoprecipitated with full-length
trkB (Figure 3A). Likewise trkB AICD andtrkB AECD
co-immunoprecipitated with full-length p¥&R. The weak-
est interaction was found between 7% andtrkB AECD
(Figure 3B). Also, p78™ AECD andtrkB AECD, as well
as p75™ AICD andtrkB AICD, co-immunoprecipitated,
but no detectable interactions could be seen wheh'575
AICD was expressed together witlirkB AECD
(Figure 3C). In sum, these mapping studies indicate
that interaction between p¥5 and trkB involves the
extracellular, as well as intracellular, domains of both
receptors. However, the transmembrane sequence (which
is common to all the constructs tested) does not seem to
be sufficient for a stable interaction under our experimental
conditions.

The trkB-p75""R interaction is K-252a sensitive

The demonstration by immunoprecipitation of an inter-
action betweentrk receptors and p78R necessitates
receptor over-expression. This leads to phosphorylation
of the trk receptors due to their propensity to dimerize in
a ligand-independent fashion. As our results indicate that
the intracellular domain ofrkB interacts with p78™®
(see above), the question arises as to whether the phospho-
rylation status oftrkB influences the formation of the
trkB—p78'TR complex. This possibility was tested using
the kinase inhibitor K-252a. A dose-dependent reduction
of thetrkB—p73¥™R interaction was observed, with a slight
inhibition at 500 nM K-252a and a marked reduction at
1 pM K-252a (Figure 4). To test whether the effects of
K-252a result from an action of the alkaloid on the
intracellular domain oftrkB, we used thetrkB AECD
construct with p78™R. The interaction between the two

K-252a. In contrast, the interactionwkB T1 with p73VTR

trk and p75™R constructs were expressed in separate setswas notinfluenced by K-252a. Therefore these experiments
of cells and the immunoprecipitation performed as above indicate that the K252a-mediated inhibition of receptor
after mixing the cell extracts. No co-immunoprecipitation interaction is due to its action on the intracellular domain
of p73¥TR could be detected under these conditions (data of trkB, and that the phosphorylated form akB is

not shown).

Although all threetrk receptors behaved similarly
in their ability to associate and co-precipitate 7%
subsequent investigations focusedtdeB, as this is the
most abundant of thérk receptors expressed in brain
tissue. Also, previous studies have established titk

predominantly involved in the interaction with g¥&.

p75NTR influences the specificity of ligand-

dependent phosphorylation of trkB

The close proximity of the two receptors may affect their
ability to be activated by different ligands. A&B can
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Fig. 3. Co-immunoprecipitation of the deletion constructs of P75andtrkB.
full-length HA-trkB. (B) Full-length p7%TR co-immunoprecipitated with del
constructs of both receptors. The experiments were performed as descri
p75AICD and HArkBAECD do not interact. The interaction of gY& full-le

be activated by BDNF, NT4/5 and NT3, we asked whether
p78VTR increases the ligand selectivity tkB. Ligand-
dependentrkB phosphorylation was investigated in A293
cells stably transfected with @kB construct that can be
readily activated by three different neurotrophitr&B-L,
Strohmaieret al, 1996). These cells were transiently
transfected with various p?5R constructs. Whereas the
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(A) Deletion constructs of pMR co-immunoprecipitated with

etion constructs of HAB. (C) Co-immunoprecipitation of deletion

bed in Figure 1, except that 10% acrylamide SDS gels were used. Note that
ngth with HAtrkBAECD is significantly weaker.

BDNF-induced phosphorylation oftrkB remained
unchanged with p?9R co-expression (Figure 5), that
induced by NT4/5 and NT3 was clearly reduced. This
increased selectivity was dose-dependent, being more
prominent at lower neurotrophin concentrations and not
readily apparent at 100 ng/ml neurotrophin (data not
shown). p78™R AICD also mediated the increased ligand
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I‘f&s—trka O GE DamE for a direct association between tiek receptors and
AECD AICD p75'TR, as demonstrated by co-immunoprecipitation. This
kDa association is relgvant to f[hek function in intact cells,
0 061 0 0510 05 1 K252a [uM] as it leads to an increase in ligand specificity.
18— Previous biochemical studies on trk-p75NTR
85— m o «p75™ interactions
The question of an association between titkereceptors
o - im and p7%TR has already been addressed in previous studies
. with trkA. Chemical cross-linking was used, either with
radiolabelled NGF (Huber and Chao, 1995), or by revers-
ibly cross-linking receptors expressed in Sf9 insect cells
Immunoprecipitation: anti-HA (Garganoet al., 1997). Also, co-patching studies with
Detection: anthp7s fluorescently labelled receptors (Wat al, 1995; Ross
Fig. 4. Inhibition of the p78TR_HA-trkB interaction by K-252a. et al, 1996) suggested a co-localization of the receptors

Transiently transfected A293 cells were treated with K-252a for 24 h  in cell membranes using Sf9 cells. Curiously, no such
before lysis. Co-immunoprecipitation was performed as in Figure 1. evidence could be obtained in similar experiments using
trkB instead oftrkA (Wolf et al., 1995; Rost al., 1996).
BDNF NT4/5 NT3 50ng/mi Functionally, co-operation between p78 and all three
oot trk receptors has been obtained in transfected cells by
showing that co-expression increases responsiveness to
low neurotrophin concentrations, but in these and other
experiments the demonstration of co-immunoprecipitation
- W <— trkB of p78¥TR and trk failed (Hantzopouloset al., 1994).
The explanation as to why we eventually succeeded in
demonstrating a biochemical interaction between\p?5
Immunoprecipitation: anti-trk and all thredrk receptors may lie in the tagging procedure.
Detection: anti-phosphotyrosine It is possible that antibodies used previously to test
receptor association may have either interfered with the
formation of atrk—p73'TR receptor complex or did not
recognise the receptor complex. In particular, we note that

p75
p75
p75

88 8 (o]

BDNFHTAE NT3 BDNF NT4/5 NT3 Gargano and colleagues documented the observation that,
L L . N whereas antibodies to pVB efficiently co-precipitated
ssaeEel ssEiedal p75VTR cross-linked totrkA, antibodies totrkA did not
o detectably co-precipitated pV& (Garganoet al., 1997).
LT LEET L R [ | ' e Also, it is conceivable that the A293 cells used in this
study offer a favourable context to study the interactions

between p78'R andtrk receptors, for example by provid-
ing cytoplasmic proteins that stabilise the interaction.
Fig. 5. Influence of p78™R on ligand-induced autophosphorylation of However, merely mixing detergent extracts of cells

trkB. FO”OWIng incubation in serum-free medium (see Materials and expresang Only one receptor type does not |ead to receptor
methods), cells stably transfected witkB were incubated with association (see Results).

neurotrophin (50 ng/ml) for 5 min at 37°C. Cell lysates were
immunoprecipitated and analysed using a phosphotyrosine antibody.
Following stripping, the blots were reprobed with a pantrk antibody to ~ Functional evidence for a trk-p75"™R association
check for receptor expression levels. Cell lysates were also checked  \Whereas there is no doubt that tir& receptors play a
for p78TR expression levels. key role in mediating the trophic effects of neurotrophins,
it is also clear that the expression wk receptors does
specificity oftrkB (data not shown). From these experi- not account for all neurotrophin receptor properties on
ments we conclude that one of the consequences of theneurons. For example, NGF binds with high affinity to
trkB—p73'TR interaction is a marked increase in the sensory neurons (~18 M; Sutteret al,, 1979), and most
selectivity oftrkB for BDNF-mediated receptor phospho- of the sites formed byrkA are of a low-affinity type
rylation, and that this effect is more likely to be accounted (Mahadeoet al., 1994). Similar observations were made
for by direct receptor interaction than by p75-mediated with BDNF andtrkB [compare for example Rodriguez-
signalling. Tébar and Barde (1988) with Dechaet al. (1993)]. In
addition, co-expression of both pY& and trkA in the
same cells leads to the formation of high-affinity receptors
(Hempsteackt al., 1991; Mahadeet al., 1994). That the
The possibility of trk—p78'TR receptor association has formation of high-affinity binding sites is of functional
been raised ever since two different receptors were shownsignificance is well established for NGF. For example,
to bind the neurotrophins. This question is all the more studies with PC12 cells indicate a reduced activation of
pressing since both receptors are now known to signal, trkA at low NGF concentrations when binding to p78
and that this signalling may lead to results as different as is prevented (Barker and Shooter, 1994; see also Verdi
cell death or cell survival. Our study provides evidence et al, 1994). Moreover, in mice carrying a deletion in

Detection: anti-trk Detection: anti-p75"™

Discussion
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the NGF-binding domain of p78R, substantial sensory

mechanism leading to increased ligand specificity. In

deficits have been observed, and neurons isolated fromparticular, a recent report indicates that BDNF can activate
such mice display a decreased sensitivity to low concentra-p73¥TR to cause serine phosphorylationtdfA (MacPhee

tions of NGF (Leeet al,, 1992, 1994; Daviest al., 1993).

In line with this, two recent studies have shown that a
mutated form of NGF unable to bind to p¥%, but
capable of activatingrkA, is less active than wild-type
NGF in supporting the survival of p?5R/trkA expressing
neurons at low ligand concentrations (Horetral., 1997;
Ryden et al., 1997).

and Barker, 1997). But as our results with f7carrying

a large deletion in the intracellular domain indicate,
this construct is equally effective in increasing ligand
specificity, compared with full-length p8R, we consider
this possibility unlikely. Previously we have reported that
a chicktrkB splice variant lacking exon 9 coding for 11
amino acids in the extracellular juxtamembrane domain

Of special relevance to the present study are previousof trkB also shows an increased selectivity for BDNF,

indications that an additional function of thiek—p78'TR

compared with NT4/5 and NT3, even in the absence of

association may be an increased ligand specificity. Thus, expression of p75R (Strohmaieret al., 1996). A similar

sympathetic neurons isolated frop7SVTR--animals are
more responsive to NT3 than wild-type neurons (keal.,

variant oftrkB with increased selectivity for BDNF was
also found in human retinal pigmented epithelium (Hackett

1994) and PC12 cells have an increased responsiveness tet al., 1998). Taken together, these results indicate that

NT3 when p78™R levels are reduced (Benedet al,
1993).

Finally, there is evidence for a modulation of p78-
mediated sphingomyelin hydrolysis ligkA (Dobrowsky
et al, 1995).

Properties of the trk-p75"R association
Our experiments indicate that the interaction of ¥75

with all three trk receptors is stable enough to resist
detergent solubilization in a buffer containing 1% Triton
X-100. It is thus unlikely that the association results
from hydrophobic interactions within the membrane, and
co-transfection with constructs only able to interact with
their transmembrane domains are in line with this inter-
pretation. In this context, it is interesting to note that a
previous study using a reversible cross-linketr&f and

there are at least two different ways by which the selectivity
of trkB for BDNF can be increased. This is particularly

relevant in the context of numerous previous reports
indicating that BDNF has trophic activities on a variety

of neurons that differ from those of NT4/5, even though
both ligands bind tdarkB.

Conclusion

The results of this study point to a close association of
trk and p7%™R receptors in cellular membranes and that
one outcome of receptor association is an increased ligand
specificity. Close association of these two different receptor
types suggests that their signalling pathways may interact
with each other as soon as they are activated.

p75NTR also concluded that transmembrane interaction is Materials and methods

unlikely to participate significantly in receptor interactions
(Gargancet al., 1997). Our mapping experiments indicate

Cell culture and reagents
A293 cells (Grahanet al, 1977) were cultured in Dulbecco’s modified

that both the extracellular and intracellular domains of the Eagle’s medium (DMEM, Gibco-BRL) supplemented with 10% fetal
receptors seem to be sufficient to drive a stable associatiorcalf serum (Boehringer Mannheim) at 37°C and 5%,CThe A293

of the two receptors. This result is in agreement with that

of Garganocet al. (1997), who used deletion constructs of
trkA and p7%'TR. However, the finding that the association
with the intracellular domain ofrkB is K252a-sensitive

raises the possibility that in the absence of receptor deleti

phosphorylation, the interaction may be driven mainly by

cell line stably expressing chickkB had been established previously
and was used as described in Dechetnal. (1993). K-252a was from
the Alexis Corporation.

Construction of p75"NTR

ion mutants
Rat p73'TR full-length and the p7%™R extracellular domain AICD)

were cloned in the mammalian expression vector pcDNA3 (Invitrogen).

- and trk-expression plasmids and

the extracellular domains of the receptor. The possibility The intracellular domain of p?8R (AECD), rat trkB and the trkB
therefore exists that the state of phosphorylation of the constructs, as well agkA andtrkC, were cloned in the pRC/CMV AC7
trk receptors modulates the strength of the interactions of vector, a derivative of the pRC/CMV vector (Invitrogen), which contains

the trk receptor with p78™, and our findings suggest
that phosphorylation afk would reinforce the interaction
with p73VTR. Clearly not all tyrosine kinase receptors
interact with p75™ as no co-immunoprecipitation could
be demonstrated with the EGF receptor.

Beyond co-immunoprecipitation, the most direct indication
for an interaction betweetnk receptors and p78R is the
increase in ligand specificity ofrkB when p7%TR is
co-expressed withrkB. The details of the mechanisms
by which p7%'R increases ligand specificity are unclear.
It is conceivable that the association of P7% with

the BM40 signal peptide (Mayest al, 1994). In all cases expression
was driven from the CMV promoter.

Rat p78'TR was isolated from the pGEM1 vector by cloning it with
EcoRl andApd in a pcDNA3 expression vector leaving thé &nd part
of the 3 untranslated region (UTR) intact. Using rat P78 subcloned
in pcDNA3 as template, a one-step PCR strategy was performed to
delete the 118 C-terminal amino acid residues {J7AICD). Primers
were: B-CTGGAATTCCCGGGGATCCG,; and the antisense oligonu-
cleotide with a translation stop codon insertetfGCCACGGGCCCT-
CAGCCACTGTCGCTGTGCAGTT. The resulting cDNA for the
construct was subcloned withcaRl and Apa into the pcDNA3 vector
and sequenced. The gY®AECD construct was generated by performing
PCR with the primers 5GCCCCGCTAGCTCGCGGCACCACCGAC-
AACC and 3-GATCAGTGCGGCCGCTCACACTGGGGATGTGGC-

Fhe trk receptors C_har)ges thei_r_ C_0nf0|’mati0n Ieading_ t0 AG, which deletes the 245 N-terminal amino acid residues. The construct
increased ligand-binding specificity. Such a mechanism was subcloned witiNhe and Not into pPRC/CMV AC7 and sequenced.
could also be responsible for the enhanced binding of Rat trkB with the fused HA tag was cloned in the pRC/CMV AC7

NGF to trkA in the presence of p?8R (Barker and
Shooter, 1994; Verdet al, 1994). In theory, signalling
through p78TR following ligand binding could also be a
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vector and used as a template to generate the con$tkBAECD, in
which the 398 N-terminal amino acid residues are deleted. The primers
used were 5GCCCCGCTAGCTTATCCTTATGACGTGCCTGACT-
ATGCCGGGGGACAAACCAATCGGGAGCATCTC and 'SGATCA-



Interactions between trk and p75NTR

GTGCGGCCGCCTAGCCTAGGATGTCCAGGTANhd andNotl were with the anti-HA antibody (Boehringer Mannheim), diluted at 1:1000 in

used for subcloning into pRC/CMV AC7. The T1 isoform tofB was TBST/2% milk.
cloned from a pCMV-5trkB.T1 construct usingHindlll and Xba to The immune complexes were detected using the ECL detection system
fuse it to the HA-tagged N-terminus dfkB in the vector pB-KS (Amersham) and exposure to autoradiographic film (Fuiji).

followed by subcloning into pRC/CMV AC7 witiNhd and Notl. Rat
trkA and rattrkC were similarly cloned with the HA tag into the vector
PRC/CMV AC7. The EGF receptor construct pRKS was kindly provided Acknowledgements

by A.Ullrich. We thank A.Ullrich for providing the EGF receptor construct and the

anti-EGF receptor antibodies #108, and RK2 and G.Yancopoulos for the
trkC cDNA. We are grateful to A.Rotjuez-Téar for the anti-p7%TR
antiserum #17 and the pantrk antibody, and S.Werner for the anti-HA
hybridoma supernatants.

Neurotrophins and antibodies

Recombinant BDNF, NT3 and NT4/5 produced in Chinese hamster
ovary cells (CHO) were a gift from Genentech, Inc. In some experiments
Escherichia coliderived recombinant neurotrophins were also used
(Regeneron Amgen Partners). The antibodies used included anti-human
p78VTR pAb (Promega) as well as a rabbit polyclonal antiserum #17 References
generated against a peptide corresponding to amino acids 248-274 of the

cytoplasmic domain of chick p?8R (kindly provided by A.Rodrigie- Bamiji,S.X., Majdan,M., Pozniak,C.D., Belliveau,D.J., Aloyz,R., Kohn,J.,
Tébar). Monoclonal anti-HA for immunoprecipitation was used from Causing,C.G. and Miller,F.D. (1998) The p75 neurotrophin receptor
hybridoma supernatants (a kind gift from S.Werner). Western blottingwas = mediates neuronal apoptosis and is essential for naturally occurring
performed with anti-HA mouse mAb clone 12CA5ug/ul (Boehringer sympathetic neuron death. Cell Biol, 140, 911-923.

Mannheim). A rabbit antirk antiserum (pantrk) recognising alik Barbacid,M. (1994) The trk family of neurotrophin receptors.

proteins (raised against a peptide corresponding to the last 14 amino J. Neurobiol, 25, 1386-1403.

acids of the chicktrkA sequence) had been established previously Barker,P.A. and Shooter,E.M. (1994) Disruption of NGF binding to the
(Schripel et al,, 1995). Monoclonal anti-phosphotyrosine (clone 4G10) low affinity neurotrophin receptor p?8'R reduces NGF binding to
was purchased from Upstate Biotechnology. Anti-EGF receptor antibod-  TrkA on PC12 cellsNeuron 13, 203-215.

ies were #108 (Waterfieldt al, 1982) and RK2 (Kriset al, 1985). Benedetti,M., Levi,A. and Chao,M.V. (1993) Differential expression of
nerve growth factor receptors leads to altered binding affinity and
Transfection of cell lines neurotrophin responsivened@roc. Natl Acad. Sci. USA90, 7859—

A293 cells were transfected by the calcium phosphate precipitation  7863.
protocol using the method of Chen and Okayama (1987). Within one Bothwell,M. (1991) Keeping track of neurotrophin receptdtell, 65,
experiment, the amount of DNA was kept constant by supplementing  915-918.
samples with pcDNA3 vector DNA. For transient expression, cells were Casaccia-Bonnefil,P., Carter,B.D., Dobrowsky,R.T. and Chao,M.V.
lysed 2 days after transfection. Transfection efficiency was analysed by  (1996) Death of oligodendrocytes mediated by the interaction of nerve
parallel transfection with a pCMV-GFP vector (b EGFP-N1, Clontech). growth factor with its receptor p7®Naturg 383 716-719.

Chao,M.V. (1992) Neurotrophin receptors: a window into neuronal
Immunoprecipitation differentiation.Neuron 9, 583-593.
Cells were washed with ice-cold phosphate-buffered saline (PBS) and Chao,M.V. and Hempstead,B.L. (1995) p75 and Trk: a two-receptor
lysed at 4°C in 1 ml lysis buffer (50 mM HEPES pH 7.5, 150 mM system.Trends Neurosci.18, 321-326.
NaCl, 10% glycerol, 1% Triton X-100, 1Qg/ml Leupeptin and 1 mM Chen,C. and Okayama,H. (1987) High-efficiency transformation of
PMSF) followed by centrifugation at 4°C with 10 0@Pfor 10 min. mammalian cells by plasmid DNAVol. Cell. Biol, 7, 2745-2752.
The supernatants were incubated with 20Ganti-HA antibody for 2— Davey,F. and Davies,A.M. (1998) TrkB signalling inhibits p75-mediated
5 h at 4°C followed by precipitation with protein A—Sepharose 6MB apoptosis induced by nerve growth factor in embryonic proprioceptive
beads (Pharmacia Biotech) overnight at 4°C. The EGF receptor was neuronsCurr. Biol., 8, 915-918.
precipitated with 2ul antibody #108. After washing the beads three Davies,A.M., Lee,K.-F. and Jaenisch,R. (1993) p75-deficient trigeminal
times with lysis buffer, containing 0.1% Triton X-100 instead of 1% sensory neurons have an altered response to NGF but not to other
and no Leupeptin and PMSF, the proteins were eluted by boiling in  neurotrophinsNeuron 11, 565-574.
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