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Fig.1 The initial structures for protein—protein docking

(a) Representative conformations and corresponding content of the first three clusters of AR monomers during 200 ns simulation; (b) structure of Ap

pentameric structure with each chain noted as chain a, b, ¢, d, e; (c) structure of TTR monomer with DAGH sheet and CBEF sheet labeled;

(d) structure of TTR tetramer.
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Fig.2 The protein—protein docking models for each system
For systems ABTTM and ABTTRT, the model with the highest binding affinity of each AR monomer was displayed. For systems ABOTTRM and
ABOTTRT, models with binding affinity at the top three were displayed. Values at the bottom of each plot represent for the binding affinity score of

corresponding plots.
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Fig.3 Time evolution of the RMSD of Ca atoms for each simulated system

Reference to the first frame of each trajectory, (a) shows the RMSDs of A monomer and (b) shows the RMSDs of A pentamer.
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Table 1 Binding free energy for interactions between
different structural forms of TTR and A3

(energy unit: kcal/mol)

Model / Model 2 Model 3

ABTTRM -36.59 -41.48 -37.88

ABTTRT —-43.45 -38.47 -32.73

ABOTTRM -45.47 -0.42 -10.74
ABOTTRT -16.96 -31.18 2.11

XFHAB HRIR R, TE AR KRR R P BR
ABOTTRM 1A % it Model 1 #i1 ABOTTRT 14 £ H ()
Model 2 G #E 4G A HAESN, HABKRME G
A HAES AL, JUHE ABOTTRM 14 £ () Model 2
1 ABOTTRT 1K & (1) Model 3, %54 H HBEZ 51 H
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Fig. 4 The decomposition of free energy to residues and the representative conformations for system with the highest

binding free energy

Only the residues with energy contribution greater than 1 kcal/mol are shown in the figures. In each representative conformation, residues with large

energy contribution were labeled.
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formation as a result.
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Abstract Objective It was reported that the transthyretin (TTR) has a neuroprotective effect on Alzheimer’s
disease (AD), which is manifested by the ability of TTR to inhibit the pathological aggregation of amyloid beta
protein (AB). In this work, we investigated the mechanism of the interactions between TTR and AP at the
molecular level to reveal the neuroprotective effect of TTR on AD. Methods Protein-protein docking was used
to explore the models of interaction between different structural forms of TTR and AP, and molecular dynamics
simulation was further applied to investigate the dynamic process of the interaction between the two.
Results Both TTR tetramer and monomer can interact with A monomer, and the thyroxine-binding channel of
TTR tetramer is the main binding site of Af monomer. In addition, the EF helix and EF loop of TTR tetramer
were also able to bind A monomer. When the TTR tetramer dissociates, the hydrophobic site of the internal TTR
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monomer is exposed, which has a strong affinity for AP monomer. For the interaction between AP aggregates and
TTR, a higher degree of aggregation can be formed between TTR monomer and AP aggregates due to the B-sheet-
rich property of TTR monomer and A} aggregates, which may therefore reduce the cytotoxicity of AP aggregates.
Conclusion Both TTR tetramer and monomer can inhibit AP aggregation by “sequestering” Aff monomer, while
TTR monomer can reduce the cytotoxicity of AP aggregates by forming large co-aggregation with AP aggregates.
This work can provide an important theoretical basis for the design and discovery of anti-AD drugs based on the
neuroprotective effects of TTR.

Key words Alzheimer’s disease, transthyretin, neuroprotective effect, amyloid beta protein, molecular
dynamics simulation
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