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ABSTRACT

Neurons of mammalian central nervous system (CNS) fail to regenerate their
axons after injury, leading to permanent loss of function. In contrast, axotomised
CNS neurons in fish, amphibians and some reptile species can perform functional
axon regeneration after injury. Generally, the factors contributing to success or
failure of axon regeneration lie in the intrinsic properties of injured neurons, as well
as the surrounding microenvironment of the transected axon. Mammalian neurons
may lack the intrinsic ability to survive after trauma, or to re-express genes required
for axonal regrowth. Moreover, several proteins inhibitory to neurite growth, such
as Tenascin-R (TN-R) and Nogo-A, have been identified in mammals. These
proteins are associated with oligodendrocytes and myelin and are considered

major inhibitory components of the CNS microenvironment.

Anuran amphibians, e.g. Xenopus, present a particularly interesting model for CNS
axon regeneration: in tadpoles, the optic nerve (ON) and spinal cord (SC) are
regenerating successfully, while axon regeneration only occurs in the ON, but not
the SC of frogs after metamorphosis. In this study, the distribution and functional
aspects of TN-R and Nogo-A were analysed in Xenopus frogs and tadpoles by

means of immunological detection methods and in vitro functional assays.

Western blots and immunohistochemical results revealed that Nogo-A and TN-R
are present in tadpole as well as post-metamorphic Xenopus ON and SC tissues.
Using double-labelling techniques with cell-type specific marker antibodies, both
broteins were found to be associated with oligodendrocytes and CNS myelin, as

described in mammals. However, expression of Nogo-A was also found in the

Xiv



axons and somata of non-myelinated neurons throughout the CNS, where it was
particularly prominent during development, as well in peripheral nervous tissues -
thus diverging from the findings in mammals. These celi-type specific expression
patterns of TN-R and Nogo-A were confirmed by immunocytochemical results
obtained from Xenopus glial and neuronal cultures. Therefore, no direct correlation
exists between levels of TN-R and Nogo-A expression on the one hand, and
regenerative success in the different parts and developmental stages of the

Xenopus CNS on the other.

Anélysis of the post-lesion expression of TN-R and Nogo-A revealed no
down-regulation of either protein, thus excluding the possibility that reduced levels
or absence of these putative neurite growth inhibitors following injury could account

for successful axon regeneration in Xenopus.

in vitro functional assays using purified TN-R or Nogo-A proteins showed that the
mammalian homologues of these proteins are poor substrates for the growth of
Xenopus neurons — demonstrating that the signaling pathways mediating growth
inhibition by TN-R and Nogo-A are conserved. However, it is not possible to state
currently whether Xehopt}s TN-R and Nogo-A are as inhibitory as their mammalian
counterparts. Moreover, differences might reside in the intrinsic sensitivity of
Xenopus neurons to neurite growth inhibitors and thus influence their regenerative

capacity - highlighting the need for further studies to address these questions.
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Chapter 1 introduction: Central Nervous System Regeneration

three of these, TN-C, TN-R and TN-X, are expressed spatiotemporally in the
CNS (Deckner et al., 2000). TN-C and TN-R called J1 initially and collectively are
the most structurally related members of this family. Each tenascin polypeptide
chain is characterized by a series of common structural motifs (Fig. 1.4). These
comprise of a cysteine-rich N-terminal, followed by a variable number of
epidermal growth factor (EGF)-like domains and fibronectin (FN) type lli-like
repeats. The C-terminal regions are homologous to fibrinogen (FG) chains (for
reviews, see Chiquet-Ehrismann, 2004; Joester and Faissner, 2001).

TH-X

TN-W sy << HOOOCEGEEEL Deoo-

aminoterminal () EGFdomain () constitutively expressed
<3 cysteinerich FMill domain
sequence fibrinogen-like ') alternatively spliced
domain FHil domain

Figure 1.4. Structures of tenascin family. The polypeptide sequence analysis of
each tenascin members displays a common arrangement of structural motives.
(Adapted from Pesheva and Probstmeier, 2000)

TN-R protein was originally isolated from a membrane fraction of an adult mouse
brain with molecular weights of 160 and 180kD, and then later identified as J1-
160/180 (Kruse et at., 1984, 1985). Although the functional differences between
these two isoforms are not clear at present, they are generated from alternative
splicing (Fig. 1.4). TN-R sequence is phylogenetically highly conserved, and is

P
12


































































Chapter 3

Expression Analysis of
- Tenascin-R



Chapter 3 Expression Analysis of Tenascin-R

3.1 Identification

Tenascin-R  (TN-R) is an ECM protein expressed by mammalian
oligodendrocytes. it has been shown to be expressed at high levels in the
lesioned mouse optic nerve (ON) and to repel axon growth in vitro, and it is
therefore suggested to be an important cémponent influencing mammalian
axonal regeneration (Becker et al.,, 2000). The isoforms of TN-R protein were
shown to migrate at different molecular weights of 160/180kD {Pesheva et al.,
19889). To verify the expression of TN-R in Xenopus and compare it to that in
mammals, two polyclonal TN-R (pAB janusin and pAB TN-R) antibodies were
used in the western blotting. These antibodies were kind gifts from Dr Pesheva
who has shown the specificity and cross-reactivity of the TN-R antibodies in the
phylogenetic analysis by western blotting (see Appendix for the data sheet,
Pesheva et al., 2006).

Results of immunoblotting revealed that pAB janusin antibody recognized double
bands representing a protein with two isoforms of molecular weights above
230kD in rat brain (Fig. 3.1, lane 1), as well as in Xenopus frog brain (Fig. 3.1,
lane 2) and ON (Fig. 3.1, lane 3). The pAB janusin was not cross-reactive with
any other non-nervous tissues, as shown by the absence of immunoreactive
band in Xenopus frog liver (Fig. 3.1, lane 4). The immunoblot using pAB TN-R
also showed a similar staining pattern in both frog and tadpole CNS (data not
shown). Although the apparent molecular weights of TN-R are higher than the
expected 160/180kD, the protein has a high number of charged residues that
may play a role in altering its mobility in the gel electrophoresis. Both polyclonal
antibodies specifically recognized doublet protein bands in the immunoblots. The
immunoblotting pattern of anti-TN-R in the Xenopus CNS is similar to that in
various vertebrate species (Pesheva et al., 2006). This indicates that the TN-R
antibodies specifically recognize the two isoforms of TN-R protein which are

expressed in the CNS of Xenopus frog and tadpole.

36










































































































































Chapter 4 Expression Analysis of Nogo-A and Nogo-Receptor

Figure 4.17. (previous page) Immunoreactivities of pre-immune serum in the
Xenopus. (A) The pAB NgR antiserum detected numerous bands in the immunoblot
of Xenopus CNS, and a band of approximately 90kD (arrow) in Xenopus frog brain
(FB) and spinal cord (FS}). (B) The immunobilot of pre-immune serum did not show a
corresponding band (arrow) as that in the NgR immunoblot. M, molecular weight
marker; kD, kilodaltons.
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Chapter 8 Discussion and Conclusion

interesting to investigate whether TN-R is also anti-adhesive for microglia in
Xenopus, as activation and migration of these macrophége-[ike_ cells is
considered crucial for successful axon regeneration (Angelov et al., 1998). i

To inveétigate its substrate properties, TN-R was used in neurite outgrowth
assays of Xenopus neuron and glia cell cUlt@jres. Using the tadpole CNS primary -
culture in the assay it was difficult to visualize the direct effect of TN-R upon the )
neurites among the heterogeneous cell population. Based on the distribution of
‘the anti-NF .immunoréactivity, most of the neurite outgrowth on the homogenous |
substrate  of mammalian TN-R avoided making direct contact with thé protein
substrate but extended onto the cells-instead (Fig. 5.1). The suéstrate property of -
rﬁammélian TN-R has also been shown to be non-permissive fdr neurite
outgrowth of mammalian, fish and salamander neurons (Becker et al., 1999,
2004; Pesheva et al., 1989, 2006). This suggests that the mammalian TN-R, as a

’ sole substrate, may exhibit a high degree of inhibitory effects on the outgrowth of

Xenopus neurons.

Different form of substrate preparation, such as homogenous and patterned, give
rise to different types of in vitro cellular réspbnses. The stripe assay is ideal for
the studies on substrate choice and,guidanbe of extending axon. Thus, the in
vitro effect of the TN-R protein on Xenopus neurite outgrowth was further |
analyzed by offering the neurons alternating parallel lanes of TN-R and control
‘substrate. Ideally, different sets of assay should be done to compare neurite
. outgrowth on the combination of inhibitory, or favourable and “neutral” protein -
substrates. Yet, simply by comparing the ih vitro effects of mammalian and fish
TN-R, neurite outgrowth from the Xenopus neurons did not appear to be
inhibited substantially by either mammalian and to an even lesser extent by fish
TN-R substrates (Fig. 5.3). This could be attributed to the presence of laminin,
one of the TN-R interaction partners (Briickner et al., 2003; Pesheva et al., 1989),
~as positive substrate it may counteract the inhibitory effects of TN-R. This could
| also possibly be attributed to a possibly different inhibitory action of TN-R from
differént organisms (Pesheva et al., 2006), since most of the studies on neurite
inhibition have been done and described with mammalian TN-R (Becker C.G. et .
al., 1999; Becker T. et al., 2000). The responsiveness of the Xenopus neurites,
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Chapter 6 A Discussion and Conclusion

such as the existence of different recéptor(s) or different conformation. of the
receptdrfligand binding sites resulting in différent interactive responses, may be
different from that of mammalian neurites. Atfematively,n it can be argued that the )
TN-R substrates may not be non-permissive substrates in Xenopus.

6.1.2 Nogo-A in Xenopus
NogoFAXRTN4-A ortholog in Xenopus

CNS myelin and oligodendrocytes of the Xenopus spinal-cdrd (SC) are known to 1
be nonpérmiésixfe.for neurite outgfowth, however, the inhibition for n‘éuritevgrowth'
is neutralized by the monoclonal inhibitor-neutralizing antibody mAB IN-1 (Lang
et al., 1995). Furthermore, in mammalian spinal cord injury model, neutralization
of non-permissive substrate proberty by mAB IN-1 has lead to promote axonal
regeneration as well as functional motor recovery (Bregmari et al., 1995;
Brosamle et al., 2000; Merkler et al., 2001; Spillmann et al., 1998;»Thatlmair’et al., -
1998). Since Nogo-A is shown to be an antigen of IN-1 (Chen et al., 2000), it can
be postulated that Nogo~A in part contributes to the hostile environment for CNS
axon growth in Xenopus SC. Together with the phylogenic analysis of reticulon -.
gene familyv (Oertle et al‘., 2003a), the Nogo-A/Rtn4-A ortholog in Xeg‘:opus frogs -
was identified (Klinger et al., 20043)’, In the same study, two indepehdent rtnd. 1
and rtn4.2 genes were identified and the resulting three major transcripts, rtn4-A, |
-B and -C were related to those in mammals. However, the mé!ecular weight of
Xénopas Nogo-A protein was shown to be slightly lower than. the mammalian
Nogo-A (Klinger et al., 2004a).

in the present ir'nmlunobletting analysis, the same antiserum aga‘inst Xenopus
Nogo-A used by Klinger et al. (2004a) revealed a protein band in ‘XenopusCN’S )
of a similar molecular weight to the band in rat CNS. recognized by mammalian
spec'ific'NogowA antibody. The current immunoblotting results are consistént. with
previouély published results (Chen etall.-, 2000; Klinger et al., 2004a). In addition,
there ‘were bahds with low moleouiér weight in the Xenopus, however, these -

were shown to be non-specific binding from the secondary antibo_dy in the control
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Chapter 6 V - Discussion and Conclusion

exberimént. Thus, the specificity of the Nogo—A antiserum is confirmed in current
“work and the Nogo-A immunolabelling in the Xenopus CNS can be considered

specific.

On the other hand, there rernains some uncertainty of Nogo-A as an antigen of
original mAB IN-1 which could suggest functions of ‘Nogo-A otﬁer than neurité
inhibition. The IN-1 antibody was raised against NI-250 which was initially
identified from mémmaiian CNS myelin extract (Caroni énd Schwab, -1988). In
mammalian expression studies, staining patferns' of IN-1 antibody in the adult rat
CNS were identical to those of mammalian Nogo-A antibodies (Chen et at,
12000). However, the lack of IN-1 immunoreactivity in the: Xenopus ON (Lang et
al., 1995) is in contradiction to the results obtained in this study, which strongly
" demonstrated NogoQA immunoreactivity in both‘» tadpole” and frog ON. This
~ controversy has Taised the question on recognition of Nogo-A by IN-1, since no
direct evidence has been presented so far and the biochemical‘analysis of this
aspect has turned out to be difficult. This is due to t‘he nature of mAB IN-1, which
belongs to the IgM .isotype family. Another challenge lies within the full
purification of the original IN-1 antigen, NI-35/250, vthus no direct comparison
between the NI-35/250 and Nogo-A could be elucidated. Therefore, one could'
argue that the inhibitory activity concluded by many studies of axonal
regeneration using IN-1 neutralization was the result of IN-1 recognizing a
different epitope of Nogo-A. This could also lead to clarification of a variety of

unknown functions of Nogo-A.

tnteréétingly, the mammalian specific Négo—A antibody did not recognize Nogo-A‘
in the Xehopus CNS in present study. Thus, one could argue the degree of
| cdnservation of Nogo-A structure and function in different species. On the other
hand, the mammalian Nogo-A P4 peptide has demonstrated a high degree of
repdtsive effects on the outgrowth of Xenopus axons in the functional assays,
indicating conservation of the signalling pathways mediating the inhibitory action
of Nogo-A. In fact, high variability of Nogo/RTN4 sequence conservation has
been observed in vertebrates (Oertle et al., 2003a). Furthermore, some inhibitory
domains of Nogo-A are only present with weak similarity in amphibians (Oertle et
al., 2003a). Therefore, one may speculate that the substrate property of Xenopus
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Nogo-A is not inhibitory to the Xenopus neuritev outgrowth. It is possible that the '
evolution of Nogo/RTN4 may lead to protein structural divergence which may
result in functional divergence, but more thorough ‘studvies are needed on this

issue.
Nogo-A is associated with oligodendrocytes and myelin.

Nogo-A is strongly expressed in oligodendrocytes and mye!inated'tré‘cts of the
mammalian CNS (Chen et al., 2000; Huber et al., 2002). in the Xenopus frog and |
tadpoie CNS, the immunoreactivity of Nogo-A was found in the highly branched -
oligodendrocytes ahd myelinate“d nerve fibers of the SC and optic nerve (ON). In
éddition‘ the expression of Nogo-A was found in the myelinating
oligodendrboytes of tadpole ON as indicated by the high expression level of
myelin protein. These findings imply that the expression of Nogo-A in Xenopusv

- CNS is associated with oligodendrocytes and myelin similar to that in mammals.
However, this expression pattern in Xenopus CNS does not support the notion
that Nogo-A is a neurite outgrowth‘ inhibitor because Xenopus is capable of CNS

‘ regeneration after injury. The permissive substrate property of Xenopus frog |
- optic nervéA was demonstrated by earlier functional assays (Lang et al., 1995). -
Furtherfhore, Nogo-A is already expressed in the tadpole CNS, where both the
ON and SC are capable of regeneration after injury (Beattis et al., 1990). -

The immunostaining data of post-lesioned nerves revealed the expression of
Nogo—Atpersisted after the ON injury in tadpole and frog (Section 4.2.4). This is
an important finding because Nogo-A is believed to be an inhibitor for axon
outgrowth in mammals, yet it is expressed in the regeneratmg nervous system of -
amphibians. The expression patterns of Nogo-A in the injured nerves were,

however, different from those in the mtact’nerves. Findings revealed that more

Nogo~A_ gexpré.ssion was found in the oligodendrocytes than in fibers. Results . ‘

also indicated that after lesion the Nogo-A expressing cells: had a similar
morphology to the myelinating oligodendrocytes found in the tadpole ON. The
close association of Nogo-A with the oligodendrocyte in the regenerating nerve -~
may provide an indication of the active state of oligodendrocytes. Furthe‘rmbre, it

may also indicate the putative function of Nogo-A in relation to oligodendmcyte
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Vdedxfferentsatton and redifferentiation, when Xenopus gna adapt the plastlcsty
after lesion (Lang et al., 1996)

Possibility of different membrane topology of Nogo-A

In vitro studies have demonstrated that Nogo-66 is a potent inhibitory re.gion‘ of .
the N'ogo-A protein causing growth cone collapse in different models (Foumier et
al, 2001) The results of stripe assay from the present study have also
demonstrated some degree of inhibitory effects by Nogo- 66 peptlde on the
- Xenopus neurons (Section 5.1.2). This 1mphes that all Nogo proteins have
inhibitory properties (Oertle et al., 2003; Fournier etal., 2001). In addition, Nogo- .-
A contains a Nogo-A specific region in the N-terminal that results in potent
neurite growth inhibition, thereby making Nogo-A. the most potent inhibitor of the
Nogo proteins (Chen et al., 2000; GrandPré et al., 2000). So far, the membrane |
topology is still not clear. Two possible membrane topologies of Nogo-A have
been postulated in mammals (Fig. 6.1). When the surface expression of Nogo-A
was studied in Xenopus oligodendrocyte cultures, the immunoreaétivity of Nogo-
-A antiserum was detected after permeabilisation ‘as described in the literature -
(Khnger et al., 2004a; Taketomi et al., 2002). This did, however, not occur in the .
live-staining of Nogo-A antiserum. A!though one cannot neglect the possibility of
 culture artn‘acts, these results do not indicate the in vitro surfat;e expression of
“ Nogo-A on the oligodendrocyte cultures. This controversy leads to a question
regarding the membrane topology of Xeno,bus Nogo-A. OneApossibility is that
Xenopus Nogo-A rhay exhibit a different membrane topology from that in the
mammals and consequently it does not play a role in neurite inhibition as in the
‘mammalian form. Another hypothesis is that the expression of Xenopus Nogo-A
is not expressed on the plasma mémbrane of oligodendrcicytes at all, hénce thé
presence of Nogo-A in the Xenopus may be not acting through contact inhibition
of axon growth as occurs in mafnma!s (Chen et al., 2000; Oert!e‘ et al., 2003b). '
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postulated that Nogo-A may be a marker for growing axons and may possibly
promote effects axon growth (Hunt et al.,, 2003; Tozaki et al., 2002). In the
' presént study, post-lesion expression of Nogo-A was fourid in the nerve fibers of
're‘generating frog ON colocalized with the neurofitament expression in the
'absence of myeiin protein (Séctién 4.2.4). Due to the similarity in Nogo-A
expression bétween Xenopus CNS and amniotic CNS, one could hypothesize
that during development the function‘s of Nogo-A in Xenopus and higher -
vertebrates neurons are likely to be the same. Moreover, Nogo-A may aiso be a
marker for regeneiating axons in Xenopus. |

Nogo and apoptosis

When the nogo gene was initially shown to have high hom‘ology té cDNA of bNi-
220, the bovine homologue of Ni-250, the sequence anaiysié also revealed that
the Nogo shares similar C-terminal domains with the reticulon gréup of proteins '
(Chen et al., “2000; GrandPré et al., 2000). Nogo is thus one of the most re‘ce‘ntlyv :
identified members of the reticulon family (Oertle et al., 2003; Oertle and Schwab,
2003). The expression of Rtn proteins is widely found in most eukaryotes.
Aithough,'a role of Rtn has been §uggested in endoplasmic reticulum (ER)
| membrane transport, cytoskeleton linkage of the ER network and in cell division,
the functions of Rin proteins are still poorly understood. Nonetheless, the Nogo-
A/RTN4-A has been widely described as a potent neurite outgrowth inhibitor in
mammals (Chen et al., 2000; GrandPré et al., 2000; Prinjha et al., 2000). One
co;iid hypothesise that Nogo-A/RTN4-A may have functional relatedriess with its
" Rtn protein family. |

One of the Nogo spliced isoforms, Nogo-B is also known as, RTN-Xs which bi‘nd
| -to anti-apoptotic Bcl-2 family proteins, and is likely to modulate their anti-
apoptotic ability. In fact, an a‘pOptosis'inducing gene (ASY) has been identified to .
be the sarrié as Nbgo-B, -and its ectopic expression has been shown to induce
extensive apoptosis of cancer cells (Li et al., 2001). Another link between the
function of Nogo and apoptosis was implicated by the interaction between.the )
Nogo-66 and rmitochondrial proteins, namely Nogo-interacting mitochondria
protein (NIMP) and two of the comlponents of ubiqiiinoi-cytochrome ¢ reductace
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complex, UQCRC1 and UQCRC2 (Hu et al., 2002). These mitochondrial proteins -
are known to be part of the trigger of programmed cell death in mammalian celis. -
‘Furthermore, evidences from expressional and functional studies in the

mammalian CNS have demonstrated that p75"™

, heurotrophin receptor and also
pé-receptbr of NgR, mediates the cell death via Rho signaling under
physiological and pathological conditions (Dubreuil et al., 2003; Grade and Barde, -

1999).

Thus, one could speculate that the persisted expression of Nogo-A in the injured
nerve of mammalian CNS has a role in pragramnﬁed cell death leading to the
failure of regeneration.VOn the other hand, the persisting post-lesion expression
of Nogo-A in the Xenopus could possibly mean the modulation of apoptdsis after
~injury. and during regeneratio‘n'. However, there is a high level of Nogo-A
| expression in retinal ganglion cell axons after Xenopus ON crush, and these
cells in the frog and lizard show only: relatively low levels of apoptotic cell death -
after axotomy (Lang et al,, 2002; TehntanAt et al., 1983). Thus, one could also
question the connection between Nogo-A 'and apoptosis in Xenopus:. In fact, the
~validity of the Nogo-A.isoform, Nogo-B, as a physiolbgical pro-apoptotic protein
has also been questioned in one of the mammalian studies (Oertleet'al., 2003c).
Although more functional assays, such as cell-count study or BrdU labeling, are
required to demonstrate the validity of Nogo playing é role as a promo(er of
apoptosis, the link between the function of Nogo and apoptosis remains an

~ interesting possibility.
Nogo-Receptor expresses in Xenopus

Hints on the possible roles of Nogo-A in Xenopus may come from the diStrib_ution

of the Nogo66-Receptor, NgR, wﬁich.mediates the axon inhibitory effects :

i through binding to the Nogo-66 loop. Extensive NgR expression studies have

- been done in mammals (Fournier et al, 2001, Wang et al, 2002), while in !owér :

vertebrates the NgR homologous gene has been identified in fish (Klinger et al.,

. 2004b). However, no studies have been done on amphibians to date. Although

the Xenopus NgR sequence is yet to be fdentiﬁed, a new polyclonal NgR

antiserum hbas been generated from the highly conserved region of the NgR
110



Chapter 6 " Discussion and Conclusion

sequence across species. Although this new antiserum may recognize the
-protein of interest in the neurites of Xenopus culture, as well as in the '
immunoblots, it is at present not specific enough to be used as a tool in further
expression studies or functional assays. This is fnainly due to unacceptable
levels of non-specific bihding'of pre-immune serum that has been shown by'the -
multiple intensive bands in the Western-blots. In order to obtain a more specific
antiserum, affinity purification can be done with the antigen, however, there can '
be inherent problems with this purification due the use of a short peptide as an
antigen. The immunogenic peptide only consisted of 8 amino acids which may
~give rise to problems due to potential cross-reactivity of the antiserum raised -
égainst it. Moreover, further studies such as the preéi‘ncubétion of the antiserum
with the immuhizing‘ peptide need to be carried to obtain the final proof of such
specificity. Only once all these issues have been addressed will it be legitimate to
state that this new antiserum does actuaiiy recognize NgR in Xenopus.

Even though the mechanism behind the interaction of Xenopus NgR and Nogo-A
is not clear, there is little doubt that NgR is‘present in theXenopus, 'based‘ on the -
fact that Xenopus neurons ‘are’sensitive to the inhibitory influence of Nogo-A in’
vitro. It cannot be ruléd'out that an intrinsic neuronal factor may modulate the
inhibitory signal transduction in the same way that intracellular molecu!és
rnediate the axonal growth, or overcome the inhibitory effects of the 5urrounding
venviron‘men{. NgR protein was characterized as a glycosyl-phosphadidylinositol
~ (GP!).anch‘Or protein (Fournier et al, 2001) that was found to be attached to the -
plasma membrane of neurons and axons (Wong ét al., 2002). Due to the nature |
of GPl-anchor of NgR which has no transmembrane domain, other m_embvrané
proteins have been described to form a receptor complex with NgR: p75N™R
(Wang et al., 2002a; Wong et al., 2002), LINGO-1 (Mi et al., 2004) and recently
TROY/TAJ (Park et al., 2005; Shao et al., 2005). Fu'nctionai studies have shown
that the enhancement of axon regeneration is induced by manipulating the Nogo
receptor complex (Wang'et al., 2002a; Wong et al., 2002; Yamashita et al., 2002)
or the ‘mdleculés downstream of the signal transduction cascéde‘,' such as Rho
(Fournier et al, 2003, Yamashita et al., 2002) and cAMP (cyclic AMP) (Neurmann -
et al., 2002; Qiu et al., 2002). Furthermore, inactivation of Rho (Bertrand et al.,
2005; Fournier et al., 2003; Lehmann et al., 1999) or elevation of cAMP (Cai et
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al., 1999; Neumann et al., 2002; Qiu et al., 2002) -éttenuates the inhibition of
axon growth and promotes ‘axdna!.regeneration in the presence of myelin- .
associated inhibitors. Taken together, it is possible that Xeropus neurons may ‘
exhibit different intrinsic prcperties within- the signal transduction or thé Nogo
receptor complex in which the Xenopus p75 homologue has also been identified
(Hutson and Bothwell, 2001). However, the lack of inhibitory activity cannot bé_
explained by the absence of NgR as this receptor is most likely aiso expressed in

Xenopus as shown by this study.

6.2 Conclusion

| The inhibitory activity of TN-R and Nogo-A towards neurite outgrowth has been
shown in in vitro studies of mammalian cells. Thus, it could be responsible for the
failure of axonal regeneration in the mammalian CNS. From the |
immunohistochemical experiments of this study, it is clear that the putative
neurite growth inhibitory proteins, Nogo-A and TN-R are expressed in the
amphibian CNS, which can perform axonal regeneration after CNS injury. The
expression patterns of TN-R and Nogo-A in Xenopus CNS was found to be
associated with myelin and oligodendrocytes. This is in line with published
findings in the mammalian CNS, suggesting their roles in myelination and
oligodendrocyte functions. In addition, expression of these proteins was also
observed in neurons, similar to mammals. Conflicting with their postulated role in
inhibition of axon growth, however, both molecules were present at the injury site
of the ON, which can be regenerated in Xenopus. These post-lesion expression
patterns of TN-R and Nogo-A could imply a role in oligodendrocytes
dedifferentiation and redifferentiation. Moreover, the outgrowth of | cultured
- Xenopus neurons was not completely inhibited by the TN-R and Nogo-A. Thus, -
the TN-R proteins from different classes of vertebrates might differ in their ability
to inhibit axon growth.

In conclusion, these results do not provide evidence of a correlation between the

presence (or absence) of mammalian neurite outgrowth inhibitors and the ability
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for axon regeneration in the CNS of Xenopus. One could argue that there is an -
intrinsic difference in the neuron properties between amphibians and the
mammals. Alternatively, TN R and Nogo-A may exhibit different functions durmg
development, adulthood and regeneration in different vertebrate classes.

6.3 Future Work

Although TN-R and Nogo-A are known potent neurite outgrowth inhibitors, other
functions are yet to be discovered that lead to future studies

e An investigation on the origin of the protein synthesis may provide an
indication of where and how the proteins are synthesized. This can be
achieved by considering mRNA expression in TN-R- and Nogo-A-
expressing cells, such as in situ hybridization. It will also be interesting to
measure the 2" messenger levels of the signal transduction in an attempt fo_
understand the change in the intrinsic neuronal properties.

® Normally, the transgenic or knock-out animals are the  models. for

- discovering the functions of a protein. It is, however, technically challenging
to perform such experiments in Xenopus. To reveal the yet unknown
functions of these proteins, various in vivo and in vitro analyses of TN-R and
Nogo-A can be performed in this regenerating system. For instance, RNA-

 interference technique can-be performed at the embryonic stage of the
animal, or the application of function-blocking antibodies can be done in the
in vivo or in vitro models. Another example of functional study will be the ,
intravital ‘microscopic imaging and analysis of axon growth and guidance

under physiological and pathological conditions.

Only with greater clarity on the functions of TN-R and Nogo-A it will be possiblé
to assess the correlation between the expression of these proteins and the
regenerating ability among the different classes of vertebrates and thus shed -
light on the role of TN-R and Nogo-A in development and regeneration.
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Appendix

Data Sheet of Tenascin-R Antibodies

- Phylogenetic analysis of tenascin-R in the vertebrate CNS

1. Vertebrate species (brain tissue) analyzed by Western blotting:
Squalus acanthias (shark)

Cyprinus carpio (carp), Salmo irideus (trout), Carassius aureus

Triturus cristatus (newt), Salamandra salamandra (salamander), Rana ridibunda (frog)
Natrix natrix (water snake), Lacerta viridis (lizard), Testudo hermanni (tortoise)

Galus domesticus (chick), Columba livia (pigeon)

*

Erinaceus concolor (hedgehog), S'pemmopnilus citellus, Mus (Mus musculus, Microtus arvalis,

Apodemus fl.), Rattus (rat), Oryctolagus cuniculus (rabbit), Bos (cattle), Sus scrofa domestica (pig),

"Homo sapiens (man)

Species TN-R forms* n-Rl m-R2 tn-R3 m-R4 w-RS tn-Ré6 pTN-R
Squalus 200-220 kD + - - - + + 4+
Cyprinus, others 170 kD + - . - + + +
Salamandra, Rana  180-160 kD + + X + 7+ +

‘| Natrix, others 160- 180 kD + + - + ? + +
Galus 180-160 kD + + + + + + +
Mammals (diverse) 160-180 kD + + + + + + +
Homo sapiens | [60-180 kD + + + + + + +

* Major molecular forms dé;ectabie; the order of description reflects the predominant appearance of
either TN-R 160 or TN-R 180 isoform.

2. Polyclonal (pTN-R) and monoclonal antibodies tn-R1-6 to TN-R

tcénc;]

.

Antibody Species Immunoblot (ECL) Immunocytachemistry
1. pTN-R rabbit [gG 4.2 mg/ml 1:2000 - 1:5000 1:500 - 1:1000

2. tn-R1* mouse IgG 2.0 mg/ml 1:1000 - 1:2000 1:300 - 1:700
3.tn-R2 mouse IgG  3.0mg/ml  1:1000 - 1:3000 1:100 - 1:500

4. tn-R4* mouse IgG 4.0 mg/ml 1:1000 - 1:2000 1:500 - 1:2000

5. tn-Ré6* mouse [gG 4.8 mg/ml  1:1000 - 1:3000 1:500 - 1:2000

All antibodies represent affinity purified IgG fractions (1 ml each) in PBS + 0.2% sodium azide.
~ * most suitable for immunocytochemistry
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Data Sheet of Synthetic NgR Peptide

@D

ALPHA DIAGNOSTIC

INTERNATIONRAL

Animal Derived/Byproducts Health Certificate

I, Undersigned certify that Alpha Diagnostics Intl. Inc., located at 5415 Lost Lane, San
Antonio, TX,78238,USA is a United States Drug Agency (USDA) registered and .

periodically inspected animal research facility (USDA Reg.#:74-R-140.) All antibodies

included with this shipment have been derived from our own healthy animals that have -
no clinical signs of any infectious diseases. In addition, the antibodies have been affinity ‘
purified.

The material supplied with this shipment is strictly for In Vitro Research Use Only, and
it is not intended for use in animals or humans. The supplied material does not pose any
health hazards to the personnel handling or working with the products.

Masarrat Ali, PR~ Personallv Apneared Masarrat Ali this Date:
Director, Ammxk Reso,urces
Dated: [ i

2 - Mohammad Al
} / %wammﬁw
;js.mwzsm

-

5415 Lost Lane s San Antonio » TX 78238, USA » (800) 786-5777 = {210) 561-9515 » Fax (210) 561-9544
Email: service@4adicom. * Web. Site:. www.4adl.com
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Data Sheet of Synthetic NgR Peptide

ALPHA DIAGNOSTIC
I HTER

N ATIOHNSAL

Specification Sheet for Nyatia-1 Peptide-KIH Conjugation .

Name of peptide: ' Nyatia-1 (12756)
Form supplied in: Lyophilized {Recoﬁstitute in 5 mi 1X PBS)

Amouit of peptide Coupled: 10 mg

Concentration: 2 mg/m}

Volume: Smil

Amount of KLH Coupled: S mg

Peptide Solubility: Soluble in DMSO

Coupling Method: GLUT |

Recommended Storage for peptide-Conjugate: 4°C for short term;Freeze in suitable aliquots.

The peptide-conjugate may be cloudy in appearance upon storage. Ifthat OCCULS, mxx well before use.
This does not affect the antigenicity of the conjugate..

Please note that no preservative was added to 1he conjugate. Appropriate preservénve can be added if
the conjugate will be used for non-immunization purposes. Do NOT add any preservatwe if it is used
for immunization.

Prepaved and Checked by:

Date  05/01/05

5415 Lost Lane * San Antonio » TX 78238, USA o (800) 786-5777 » (210) 561-9515 ¢ Fax (210) 561-9544
Email: semce@dadx com * Web Site; www.dadi.com

»

.
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Data Sheet of Synthetic NaR Peptide

ENCHIY

ALPHA DIAGNOSTIC

INTERNATIONRBAL

PEPTIDE DATA SHEET
LQT NO: ;" | 28532 / ! 25¢ /
PEPTIDE NAME | Nyaéia-l
PEPTIDE SEQUENCE;: 'SLQ YLR LN
EXPECTED MASS: 1006
AVERAGE MASS: | | 1006.8
 SOLUBILITY: Soluble 77 Dpass
AMOUNT DELIVERED: 5y
PURITY: 100%
COMMENTS:
DATE: 4/2622005
 RELEASEDBY:

VERIFIED BY:

5415 Lost Lane = San Antomo o TX 78238, USA » (B00) 786-5777  (210) 561-0515 * Fax (210) 561-9544
. Email: service@dadi.com » Web Site:. WWWAadc com. . .
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e

Mon Apr 18 2005 17:18:10 Resutts Report
Chromatogram
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e 50 p—
&
%
£
s ®7 2
8 E
2
E
0
Lo : T : r .
0 5 10
Minutes
[ caganst BO5.001041805.gdt - detactor - 28532; Inj. Number: 8
water with 0.1% TFA ‘
- - aenwith0.1% TFA
[Gampie Descrip] R Time Area Area%
il 28532 6.38 57858875 100.00

134




X
©
c
@
o
o
<

Data Sheet of Synthetic NgR Peptide
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To ensure that our material refain their inlegrity, the following guidelines are suggested for storage and use.

To determuing the suitable method of dissoiving your peptide.
wilize only a aemalt amcunt of appropriale solvents., Dissolve
the peplide in Distitled or deionized sterile (and if possible,
oxygen free) water. Only when the peptide has been fully
dissoived should required buffer salls/solution be added and
the solution diluted to its final concentration, that is, dissolve
the peptide first and add the buffer afterwards.

Bacterial degradation can occur in peptide solutions. Always
use sterile water {o digsolve peptides. If required, the peptide
solutions may be filtered through a 0.45 um or 0.2 um filter.
Do not keep peptide solutions at room temp.

Amino acids such as cysteine, Methionine or Tryptophan are
susceplible to oxidation and should be dissolved and stored in
oxygen free water. This may be prepared by degassing under
reduced pressure by sparing with an inert gas such as
Nitrogen, Helium or Argon.

if peptide is insoluble in pure water, sonication may help in
breaking up any particles and increase the rate of dissolution.
Caution: Sonication can cause warming of the solution and
degradation of the peptide.

If the peptide contains many basic amino acids (K, R etc), use
an aqueous acetic acid solution (1 to 10%) with or without
sonication. For very hydrophobic peptides, use 50% aqueous
acetic acid.

if the peptide has many acidic antino acids (£, D et¢), use an
aqueous ammonia solution (1 to 10%) or a volatile basic buffer
{up to pH 8) such as N-Ethymorpholine Acetic or Bicarbonate
with or without sonicaton, The pH may have to be adjusted
before chromatography. -

Propanol or acetonitrile may be used to dissolve sore medium
sized peptides. If the peptide is fo be injected onto a cojumn,
the amount of organic solvent, especially propano! must be
kept small, or retention time will be greatly affected.

If the peptide is highly hydrophobic with aromatic or
hydrocarbon-like side chains, such as Val, Leuy, lle, Met, Phe,
Try, Ala or if the peptide is neutral, use a chaotropic agent
such as DMF/DMSO-

a} High concentration of chaotropic salts to help dissolve
the peptide by breaking up the secondary structures.

b} Chaolropic agents are suitable for preparing solution
for analysis, but may interfere with a biological

system used for study of the peptide

¢. The best agent are DMF or DMSO {up to
30%; added drop until the peptide dissolves.

d.  On reverse phase chromatography, the DMF
will elute with the buffer front. The peak can
be vary high, depending on how much was
injected. Most peptides are retained longer .
than the few minutes it takes for a Jarge DMF
peak to elute. If the peptide is very small and
elute early, the starting % may have to be
decreased when the peplide Is injected.

Storage Of Lyophilized Peptides

All peptides should be stored refrigerated, preferably
at ~20 °C for maximum stability. Most peptides when
stored below =20 °C will remain stable for several
months. This apphies to many amino acid derivatives,
lipids, enzymes and other proteins as well as
peptides, The only exception to this is tmmobmzed
proteins and peptides.

When using a refrigerated product, the bottle or the
vial shiould be allowed to warm to room femp, in 2
desicoators containing  fresh desiccant  beforé
opening. From -20 °C this can take an hour or more,
depénding on thé pack size. Failure to' do this can
cause condensation to form on the product when the
boltle or vial is opened and will greatly reduce the
stability of the material. Once opened, the required
quantity should be weighed out to prevent water
uptake. This is a parlicular problem with some
hydroscopic peptides.

Storage Of Pepfides in Solution .
Peptide in sclution- are much less slable than
yophihzed peplides. For best result please follow the
following guidelines.

1. Avotd repeated thawing and freezing, It is
recommenéeé that the stock solution be.aliquoted
Thaw oniy whit is needed. DO not storé diluted
Solutions.

2. Fof meaximum stabiity, store at ~20 °C in 2
stetile, pH'S to 7 buffered solution.

3. Amino acki such as Cysteine, Methidnine or
Tryptophan are susceptible to oxidstion and
should be dissolved/stored in oxygen free water.

4. Bacterial contarnination deégrades peptides, so
use sterile water or buffer.

Peptide recon 40107
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