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Collapsin Response Mediator Protein-2 cleavage and its

impact on beading formation during neurite degeneration
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Neurite degeneration is no more considered a passive event following cell body death of a neuron.
More and more evidence states that its mechanisms are not only totally different from the
apoptotic program but also happen way before it. Although neurite degeneration, rather than
apoptosis is now known to be the cause of main symptoms of many neurodegenerative diseases,
its exact mechanisms are largely unknown. In vitro neuritic degeneration can be reproduced by
different paradigms, including NGF (nerve growth factor) deprivation, Wallerian degeneration
(cutting of the axon from the cell body) and treating the neurons with microtubule disturbing
agents like vinblastine. Wallerian degeneration became the preferred method for many since the
spontaneous discovery of WLDs (Wallerian degeneration slow) mutant type mice. In the neurons
taken from these mice, Wallerian degeneration is markedly delayed. This delay was later to be
proven to take place in other paradigms of neurite degeneration as well. To investigate further
into the events underlying neurite degeneration in vitro we used NGF deprivation in SCG
(superior cervical ganglia) cultures. Using WLDs mice as a control we ran SDS-PAGE for lysates
of both NGF-deprived and treated neurites. As a result we found two proteins being markedly
up-regulated, which upon MADLI-TOF-MS came out to be CRMP-2 and CRMP-4. Interestingly
their C-terminal sequence was not seen by MS as well as their molecular weight was smaller.
Taking into account that the cleaved forms were not identified in the lysates taken from the
WLDs slow mutant mice made us speculate about the possibility of their cleavage in the course
of the neurite degeneration. Knowing that alteration of protein levels of CRMP-2 was mentioned
in other diseases as well such as Parkinson's, depression, schizophrenia, epilepsy, in some of
which cleavage of CRMP-2 was involved, made us even more interested to explore more about
its cleavage during neurite degeneration in our cell culture system.

Collapsin Response Mediator Protein 2 (CRMP-2) is known to play important role in neuronal
growth cone guidance, polarization and regeneration. It binds many proteins, including tubulin
dimers, actin filaments, Numb, Sra-1/WAVElcomplex, such motors as kinesins and dyneins,
calmodulin and voltage-gated calcium channels. It is mainly phosphorylated to modulate its
binding and activity by different kinases, with the most highly phosphorylated form found bound
to PHFs (paired helical filaments) during the course of Alzheimer's disease. Using different
protease inhibitors we could identify calpain as the protease responsible for CRMP-2 cleavage
during neurite degeneration. These results were further confirmed by the incubation of SCG
lysates with purified calpain in the presence and absence of calcium. Wallerian degeneration as
well as vinblastine (microtubule disturbing agent) treatment also showed same increase in the
CRMP-2 cleaved form in the SCG lysates, suggesting a common mechanism involved in
different paradigms of neurite degeneration. Calpain activation has been reported in the process
of neurite degeneration, however cleavage of CRMP-2 by calpain was detected only in the
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neuronal death following excitotoxicity. Therefore, our work was the first to identify that
CRMP-2 is cleaved by calpain during the process of neurite degeneration. By studying the
cleavage site specificity of calpain in CRMP-2 protein sequence we could identify possible
cleavage sites, which would result in protein of the same size that we saw previously (58KDa).
Furthermore, C-terminal end of the protein was found to be very proteolytically susceptible and
exposed to the outside of the protein core, therefore even in the absence of the specific cleavage
site, it is ready to be cleaved by proteases.

CRMP-2 cleavage site by calpain overlays with its kinesin binding site, therefore its binding to
this motor protein would be definitely affected. Tubulin dimers as well as dynein binding regions
lie much upstream to the cleavage site, however their transport which is directly bound to kinesin
along microtubules will be halted. To investigate more into the possible role and localization of
cleaved CRMP-2 we used both immunocytochemical and molecular techniques. Following the
appearance of the cleaved form of CRMP-2 (58kDa) during the course of neurite degeneration,
we could deduce that cleavage of CRMP-2 occured almost at the same time as beading formation
in neurites. Therefore it was logically to assume that CRMP-2 cleaved form was localized to the
beads of dying neurites. To confirm that further, we first stained degenerating neurites with C4G
antibody and detected the fluorescence under the confocal microscope. Since at the time of
beading formation all of CRMP-2 was converted into the CRMP-2 cleaved form, fluorescence
that we saw in the beads was surely the cleaved form of CRMP-2. After that by using primers to
overlay CRMP-2 truncated form (presumably at the calpain cleavage site) we have inserted it into
the mammalian expression vector pEGFP-C1, by using specific restriction enzymes. This vector
containing truncated CRMP-2 form was transfected into Neuro2a and PC-12 cells. In both cases
fluorescence was evident in the beads following colchicine treatment or NGF deprivation. Next
we used E-coli expression system in order to express high quantity of CRMP-2 protein to be used
later in proteomic studies. The DNA sequence of C RMP-2 was sub-cloned into pGEX-KG
plasmid expression vector containing lac promoter which could be induced upon the addition of
IPTG (Isopropyl B -D-1-thiogalactopyranoside), in order for CRMP-2 to be expressed. However,
working hard to get CRMP-2 protein expressed, we have encountered two main problems:
protein came out cleaved and aggregated. Using different [PTG concentration as well as changing
the expression conditions didn't help to eliminate the problems. Interestingly, the cleavage of
CRMP-2 inside E-coli gave rise to almost the same size cleaved CRMP-2 as we saw in
degenerating neurites upon calpain cleavage. This finding made us speculate: could cleavage of
CRMP-2 actually lead to its aggregation, which would promote beading formation during neurite
degeneration in vitro? Aggregate formation of different misfolded and cleaved proteins during the
course of different neurodegenerative diseases is a knmown fact. Furthermore, highly
phosphorylated form of CRMP-2 is known to be bound to PHFs in Alzheimer's disease.
Moreover, CRMP-2 is protected from calpain cleavage by phosphorylation, which is impossible
in E-coli expression system, making it even more vulnerable to cleavage. More experiments are
needed to put light on this particular finding as well as on the ability to express full-length soluble
CRMP-2 protein for precise determination of the calpain cleavage site.

In sum, this study has shown for the first time that the cleavage of CRMP-2 during neurite
degeneration is caused by calpain 1, suggesting that the cleavage is a common step in the process
of dying neurites initiated by diverse causes including axonal cutting and NGF deprivation.
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