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Computational

Replica exchange molecular dynamics (REMD) simulations

All REMD simulations were performed using the GROMACS-4.5.3 software package ' with
all-atom CHARMM?27 force field . The exchange time between the adjacent replicas is 0.2 ps
and the average acceptance ratio is 16%. In the REMD simulations, the temperatures were
maintained at the chosen values using the velocity rescaling method’® with a coupling constant of
0.1 ps. The pressure was kept at 1.0 atm with a coupling constant of 1 ps via the Parrinello-
Rahman barostat’. Bond lengths within peptides and water molecules were respectively
constrained by the LINCS ° and the SETTLE algorithms °. This allows an integration time step
of 2 fs. A twin-range cutoff of 0.9/1.4 nm was applied for van der Waals interactions and the
particle mesh Ewald method was used to calculate the electrostatic interactions with a real space
cutoff of 0.9 nm. All simulations were performed using periodic boundary conditions. The
protein molecules were explicitly solvated in a TIP3P water box with a minimum distance of 1.0-
1.8 nm from any edge of the box to any protein atom. The Na' and CI ions were added to the
solution with a ion concentration of 0.1 mol/L. The DSSP program was used to determine the
secondary structure '. The atom-based contact is defined when carbon atoms of two non-
sequential residues’ side-chains or main-chains come within 0.54 nm or any other non-hydrogen
atoms lies within 0.46 nm °. The atom-based contact number is the number of atom-pairs

satisfied by the atom-based contact criterion.

K18 monomer and K19 monomer. Each REMD simulation consists of 48 replicas. The
simulation temperature ranges from 310 to 430 K with an exponential distribution. Each replica
runs for 100 ns (total simulation time is 4.8 us), and the last 70 ns of the trajectories were used

for analysis, which represent 3,336,000 conformations.

K18 octamer and K19 octamer: Each REMD simulation consists of 64 replicas, with the
simulation temperature ranging from 310 to 380 K with an exponential distribution. Each replica
runs for 11 ns (the total simulation time is 0.706 ps), and the last 5 ns of the trajectories were
used for the analysis, which represent 320,000 conformations. For each REMD simulation, there
are total 8 initial conformations, 7 of which are constructed using U-turn like structures which

have been verified experimentally’, and the last one is put together by the structure constructed



by homology modeling. Thus, the 64 replicas are initially evenly distributed with 8 sets of 8
conformers from the 8 models. Each conformer in the same set is selected from a short
simulation with the temperature rising from 310 K to 600 K, to obtain a decreasing population of

ordered B-structures.

Percolation transition of hydration water on the surface of K18 Octamer

To investigate the percolation transition temperature of hydration water around K18 octamer, we
calculated the probability distribution of the largest water cluster in the hydration shell at
different temperatures (Sup-Figure 2). In the calculation, the last 10 ns data were used. A water
molecule was considered as belonging to the hydration shell when the minimal distance between
its oxygen atom and the heavy atoms of protein is smaller than the defined shell width D (here,
we chose D=4.8 A) [10]. Water molecules were considered in the same cluster if they are
connected by an uninterrupted path of hydrogen-bonds. Two water molecules were considered as
hydrogen-bond connected if the distance between their oxygen atoms is less than 3.5 A and their
pair interaction energy was below -2.3 kcal/mol '°. The probability distribution curve of the
largest water cluster in the hydration shell in Sup-Fig. 2 shows a two-peak structure with a left
(low S) and right (high S) peak, corresponding to respectively the nonspanning and spanning
clusters at T=330 K, indicating that this temperature is close to the percolation threshold ''. The
minimum between the two peaks gives the minimal water cluster size S’ (here S’=2500),
necessary for the largest cluster to have spanning hydrogen-bond network. The spanning
probabilities R at 64 different temperatures were estimated by integrating P(Smax) for Spax> S’
(Sup-Fig. 2B). The spanning probability is almost 100% at T=310 K, and drops to zero at T=345
K. The percolation transition temperature is close to T=330 K, with the spanning probability of
50%. The snapshots at T=310, 330, and 380 K were illustrated to show the three largest water

clusters and the spanning and nonspanning hydrogen-bond network (Sup-Fig. 2C).

Experimental

Expression, purification, and labeling of tau proteins

Tau constructs K18 and K19 were expressed and purified as previously described'?. Briefly,

expression was performed using Escherichia coli (BL21 (DE3)). After 3 hour induction with



IPTG at 37 °C, bacteria were sedimented, pellets resuspended in buffer (500 mM NaCl, 20 mM
PIPES, pH 6.4, 1 mM EDTA, 50 mM 2-mercaptoethanol) and stored at -80 °C until later
purification. Samples were heated to 80 °C for 20 min, sonicated, and centrifuged at 15,000g for
30 min. To the supernatants a 60% weight to volume amount of ammonium sulfate was added.
Samples were incubated for 1 hr with gentle rocking and centrifuged 10 minutes at 15,000g.
Pellets were resuspeded in dH>O with 2 mM dithiothreitol (DTT), sonicated, passed through a
syringe filter, and applied onto a MonoS cation exchange column (GE Healthcare). Tau was
eluted with a 50 mM to 1M NaCl gradient and fractions were analyzed for purified protein by
SDS-PAGE. Enriched fractions were applied to a Superdex 200 gelfitration column and tau was
precipitated overnight at 4 °C with a 4x volumetric excess of acetone (5 mM DTT). Precipitated
tau was sedimented, washed and stored in fresh acetone (2 mM DTT). Pellets of K18 were
solubilized and, where applicable, acrylodan labeled as previously described'’. Concentrations of

monomeric tau were determined by the BCA method (Pierce).

Aggregation of tau fibrils at high temperature and subsequent cooling

Aggregation reactions were carried out in HEPES buffer (10 mM HEPES, pH 7.4, 0.1 M
NaCl or 2.0 M NaCl). Total tau monomer concentrations were 10 uM, with a molar ratio of 98%
cystein-free (cysteines replaced with serines) and 2% acrylodan-labeled tau (position 310 — or
position 309 in control experiment — replaced with cysteine and labeled). Heparin (average
molecular weight of 4400, Celsus, Cincinnati, OH) when present was 20 pM. Stirring was
utilized in all reactions to promote aggregation. The progression of fibrillization was monitored
using a Fluorolog 3 fluorometer (Horriba, Jobin). All reactions were allowed to proceed for 80
min at 343 K. Temperature was adjusted using a solid state Pelletier element. Upon cooling from
343 K to 275 K, samples were allowed to equilibrate and were then measured. Excitation of

samples occurred at 360 nm with a 5 nm excitation and emission slit width.

Inhibition of heparin-mediated fibril growth by high salt

Tau fibrils were prepared by incubating 25 uM K18 or K19 with 50 uM heparin (10 mM
HEPES, pH 7.4) for 3 days at 25 °C under agitating conditions. Fibrils were chilled on ice for 10
min and sonicated for 20 seconds to induce breakage. Monomeric K18 and K19 (10 uM; 98%



cysteine free tau and 2% acrylodan labeled at position 310) were seeded with a 3% molar
addition of sonicated fibrils composed of their respective construct. Reaction conditions were
maintained at 10 mM HEPES, pH 7.4 in the presence of low (0.1 M NaCl) or high (1 M NaCl)
salt. Heparin was added in all reactions at 20 uM. Assembly of tau monomers on fibril seeds
was monitored by observing the shift in fluorescence maximum of acrylodan label. Excitation of
label occurred at 360 nm with 5 nm excitation and emission slit widths.

Electron microscopy

250-mesh carbon coated copper grids were placed on 10 puL drops of the incubated sample for
40 s, 30 s on 10 pL 2% uranyl acetate, and air-dried on filter paper. Samples were imaged with a

Philips/FEI Tecnai-12 electron transmission microscope equipped with a Gatan CCD camera.
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Sup-Table 1: The percentage of secondary structure distributions for K18 and K19
monomers at 310 K.

K18-monomer K19-monomer
B Helix turn coil B Helix turn coil
RIN 6.18 1.61 3.31 88.89 2.83 0.43 2.74 94.00
R1IM 4.41 7.42 18.69 69.47 2.07 54.21 13.68 30.03
R1C 11.01 8.95 10.09 69.94 19.29 11.23 5.46 64.03
R1T 0.91 10.8 46.25 42.04 4.71 15.15 38.81 41.33

R2N 17.66 5.07 8.51 68.76 - - - -
R2M 3.54 10.42 17.79 68.26 - - - -

R2C 19.01 1.93 6.62 72.45 - - - -

R2T 4.59 7.14 32.55 55.72 - - - -

R3N 21.71 1.00 1.28 76.02 21.92 11.21 8.60 58.27
R3M 3.43 13.37 11.10 72.10 0.65 25.25 12.83 61.27
R3C 9.92 3.64 8.28 78.17 19.91 4.16 8.25 67.68
R3T 2.63 7.93 52.48 36.97 9.37 3.86 26.59 60.18
R4N 11.28 2.27 4.94 81.51 25.84 1.77 6.71 65.68
R4M 0.61 31.93 13.86 53.61 1.36 37.82 9.53 51.28
R4C 4.20 5.48 8.49 81.84 13.44 13.36 8.08 65.12
RAT 2.89 19.65 39.92 37.54 8.03 8.37 33.80 49.80

Tail 4.62 4.73 7.00 83.66 15.44 0.67 1.52 82.37




Sup-Figure 1. (A) Region organization of K18 and K19. Each repeat is divided to 4 regions: N-
terminal region (RxN), middle region (RxM), C-terminal region (RxC) and the turn region
(RxT), where x = 1, 2, 3, or 4. The last four residues after the R4 repeat is called tail region (T).
The first residue index of each region is labeled with the number at the left-bottom corner. The
preferred secondary structures are shown with colors: B-structure (red), helix (orange), turn
(blue) and random (green). (B) Average inter-region protein-protein contact number for K18 and
K19 at T=310 K. The contact numbers for K18 and K19 are both averaged over 70,000

structures.

Sup-Figure 2. Protein solvation energy (per residue) versus simulation temperature for K18 and
K19 octamers. (A) Total solvation energy. (B) Protein-solvent interaction energy. (C) Cavity
hydration energy (due to excluded volume effect). (D)-(E) Decomposition of protein-solvent

interaction energy: electrostatic and VDW interactions.

Sup-Figure 3. KI8 fibrils formed in the presence of high salt cold dissociate. Spectra of
monomeric tau before (green) and after (blue) 80 min aggregation at 343 K. When aggregated
tau was cooled to 275 K, the emission spectrum (purple) red shifted indicating cold dissociation.

Protein concentration = 10 uM. NaCl concentration = 2.0 M. These data suggest that under the

given experimental conditions 2.0 M NaCl are not sufficient to stabilize the K18 fibril.

Sup-Figure 4. K19 resists aggregation at 343 K. Monomer mixtures containing 98% K19 and 2%
acrylodan-labeled K19 were measured before (green spectra) and after (blue spectra) 80 min
incubation at 343 K. (A) 10 uM K19, acrylodan label at position 310. (B) 20 uM K19,
acrylodan label at position 310. (C) 10 uM K19, acrylodan label at position 309. The lack in blue
shift indicates that under the specified conditions K19 does not aggregate. The labeling position
was changed in order to ensure that the inability to aggregate was not caused by structural

incompatibility with the modification.

Sup-Figure 5. (A) Probability distribution P(Syax) of the size Sy« of the largest water cluster in
the hydration shell of the K18 oligomer. (B) Spanning probability R at different temperatures. (C)



Snapshots at 6 ns of K18 oligomer system at T=310 K (fully spanning), 330 K (partially
spanning), and 380 K (nonspanning). The water molecules within the first hydration shell (D=4.8
A) are shown, with the molecules in the first, second, and third largest water clusters being
colored in red, yellow, and green, respectively. Water molecules in smaller sizes of clusters are

represented with line style.

Sup-Figure 6. High salt inhibits heparin-mediated fibril growth of K18 and K19. The growth of
acrylodan-labled tau monomers onto fragmented fibril seeds results in a shift in the emission
maximum, which is monitored as a function of time. (A) Fibril growth of K18. (B) Fibril growth
of K19. All samples contained 3% seeds, 10 uM respective K18 and K19 monomer (2% of
monomers were labeled with acrylodan at position 310), and 20 uM heparin. Fibril growth in the
presence of 0.1 M NaCl (blue) and 1 M NacCl (red). Values reperesent mean +s.d. (n=3). The
data indicate that heparin-mediated growth is inhibited in the presence of high salt.
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