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Introduction Key experimental data The best DR6-GFD NAPP model is physically plausible and is
in nice with experiment

Alzheimer's disease (AD) is a progressive neurodegenerative disorder that
involves a devastating clinical course and that lacks an effective treatment. A
biochemical model for neuronal development, recently proposed by Nikolaev and
co-workers, that may also have implications for AD, hinges on a novel protein-
protein interaction between the death cell receptor six (DR6) ectodomain and an
N-terminal fragment of amyloid precursor protein (NAPP), specifically, the growth
factor like domain of NAPP (GFD NAPP). Given all of this, we used a pure
computational work-flow to dock a binding competent homology model of the
DR6 ectodomain to a binding competent crystal structure of GFD NAPP. The
DR6 homology model was built according to a template supplied by the
neurotrophin p75 receptor. The best docked model was selected according to an
empirical estimate of the binding affinity and represents a high quality model of
probable structural accuracy, especially with respect to the residue-level
contribution of GFD NAPP. The final model was tested and verified against a
variety of biophysical and theoretical data sets. Particularly worth noting is the
excellent observed agreement between the theoretically calculated DR6-GFD
NAPP binding free energy and the experimental quantity. The model is used to
provide a satisfying structural and energetic interpretation of DR6-GFD NAPP
binding and to suggest the possibility of and a mechanism for spontaneous
apoptosis. The evidence suggests that the DR6-NAPP model proposed here is
of probable accuracy and that it will prove useful in future studies, modeling work
and structure-based AD drug design.

The DR6-NAPP interaction: a new model for AD

Previously proposed AD models include the amyloid hypothesis, the tau
hypothesis and the myelin hypothesis, with the amyloid hypothesis qualifying as
the dominant model of AD.
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Recently, Nikolaev and co-workers suggested a new model for AD. According to
their model, AD is caused by an aberrant interaction between the DR6
ectodomain and NAPP, leading to dysregulated caspase signaling and apoptotic
cell death.
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Work performed and cited by Nikolaev and co-workers resulted in a body of
experimental data that was used to test and validate the final DR6-GFD NAPP
Model. Key data includes:

® NAPP binds to DR6 (EC50~4.6 nM, G, ,,,,~-11.5 kcallmol)
® Anti-GFD NAPP (22C11) antibody prevents NAPP from binding to DR6
©® Anti-GFD NAPP (22C11) data strongly implicates the GFD NAPP alpha
helix, as a key DR6 recognition motif
® N-terminal APLP2 also binds to DR6 with similar affinity
® p75 binds to NAPP, but with lower affinity than DR6
(EC50~300 nM, dG,,, ,,,,=-9.0 kcalimol)
@ Crystal structure of GFD NAPP is known (1MWP)
® No crystal structure of the DR6 is available but
1) Sequence of DR6 is known
2) Structure of p75, in complex with NGF, is known (1SG1)

Building and testing the DR6-GFD NAPP model using a
validated work-flow

® Retrieve GFD NAPP crystal structure (IMWP) from the PDB

®Build a homology model of DR6 using a p75 template structure (I-TASSER)
® Minimize the DR6 model structure using AMBER99 and GB/SA

@ Validate the DR6 homology model

® Dock the minimized DR6 model to GFD NAPP (ClusPro)

® Minimize the top10 docked DR6-GFD NAPP models

® Assuming rigid body association, calculate dGyng wv-caisa for each model
@ Using an empirical energy function, calculate dGppg, empircai for €ach model

dG = -0.79AX,, +0.075AX_, -0.65X,-0.86 X,

—0.00089 X, —-0.08 AX, —0.33

gap tor

bind empirical

®Compare dGyd empiical With dGing exp

®Use PPI-Pred to predict DR6-GFD NAPP interface residues; compare results
with model interface residues

® Compare model GFD NAPP interface residues with 22C11residues data

® Other tests (can account for APLP2 data; can account for p75-NAPP data)

®Entire modelling and testing work-flow previously validated on p75-NGF

The DR6 ectodomain homology model is a high quality model
of probable accuracy
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We used the ClusPro docking server to dock the GFD NAPP crystal structure to
the minimized and validated DR6 homology model. The top 10 resuits from the
ClusPo server were retained for further analysis. The tope 10 complexes were
then minimized and scored using and MM-GB/SA methodology and an empirical
methodology.
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The best ClusPro generated DR6-GFD NAPP docked model (model 1) is
depicted in (A). An empirical estimate of the binding affinity for model 1 is
provided in (B), along with the experimental binding affinity. Free energy scores
for the top (10) ClusPro models are provided in (C), along with RMSD values with
respect to model 1. The nice agreement between the theoretical and
experimental binding affinity strongly suggests that the proposed DR6-GFD
NAPP model is a good one of probable accuracy.

The interface residues implied by the DR6-GFD NAPP model
agree nicely with experiment and theoretical calculati

We next tested the DR6-GFD NAPP model by comparing the interface residues
implied by the model with independently predicted interface residues (PPI-Pred)
and the GFD NAPP interface residues suggested by the 22C11 data.
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Towards a model of the structural and energetic basis of
DR6-GFD NAPP recognition

The validated DR6-GFD NAPP model proposed here is of probable structural
accuracy. Thus, the model can be used to suggest the structural and energetic
basis of DR6-GFD NAPP binding.
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The data suggests an important role for hydrophobic group burial,
hydrogen bonding and salt bridge interactions and water-mediated interactions.

Conclusion

Nikolaev and co-workers have proposed a new model for AD. According to their
model, aberrant DR6-NAPP binding plays a role in AD pathophysiology. Given
this, we have developed a theoretical model of the DR6-NAPP interaction. The
available data strongly suggests that GFD NAPP binds DR6. Thus, we docked
GFD NAPP to a validated homology model of DR6. The final DR6-GFD NAPP
model is consistent with the available experimental data and agrees nicely with
theory. The proposed model can be used to rationalize DR6-GFD NAPP
recognition and is suitable for structure-based drug design. Indeed, our lab is
currently using the model to guide structure-based drug design. While not
discussed here, the model suggests the possibility of spontaneous apoptosis.
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