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All umbrella sampling calculations were done with the collective variables module! in NAMD?.

Thickness of the membrane. Here, the membrane is divided into blocks of 20 A along Y-direction. The thickness (T) for each
block is calculated as the absolute difference between the average center of mass (COM) of all phosphorus (P) atoms of upper

leaflet and lower leaflets.

Thickness = |COME,per — COMP, er [Eq. 1].



Surface area of the membrane. First the length of the curved membrane (L) was calculated as the sum of distance between the
consecutive COMs of the phosphorus of upper leaflet for each 20 A block along Y-direction. Then the surface area of the membrane
is calculated as:

Surface area = Length X Width [Eq. 2].
Here W is the width of the membrane (dimension of membrane along X-direction).
Surface area of nanostructures. The radius (r) of the nanofilament is ~4.5nm and of the nanotube is ~5.1nm. The surface area
(A) of each nanostructure is calculated as:

A = 2nrh [Eq. 3].

Thus, for length (h) of 10nm, the surface area of the nanofilament is ~283nm? and of the nanotube is ~321nm?.

Bending energy of the membrane. We calculate the approximate bending energy of the POPC membrane model as:

1 Eq. 4].
Fbend:EkcHZ [Eq. 4]

Here, k. is bending rigidity of the POPC membrane (~14.6 x 102° J) and H is the mean curvature calculated as:

[Eq. 5].

<

We assume the mean curvature of the membrane is determined by the radius of the nanocluster (r). For the nanofilament of radius
~4.5 nm, Fyeng s ~ 0.52 kcal/mol.nm?, and for the nanotube of radius ~5.0nm, Fjepg ¢ ~ 0.42 keal/mol.nm?.
The total bending energy of the membrane is calculated as:

Fbend,total = Fpena X Amembrane [Eq. 6].

The approximate area of the membrane is estimated as the area of a rectangular patch having the same length and width as that of
their equilibrated box. Hence, Amembrane Of the nanofilament is (16 nm x 15.8 nm) 252.8 nm?, and of the nanotube is (12.3 nm x
19.6 nm) 241.08 nm?. Thus, we estimate the total bending energy of the membrane interacting with the nanofilament is Fyeng total

= 131.23 kcal/mol, and the total bending energy of the membrane interacting with the nanotube is Fyeng ¢orqr = 101.37 keal/mol.



]
8 50 o | CPT
N
® 207 812 9
S 40~ 3 ]
] O o
©
/1]
56
£
s 3
=
0 T T ] T T I T 1]
0 6 12 18
D. s
12
E u
)
[7}]
3
o
°
L
Q
o]
£
=]
pd
4 [lllllllIllllllllllllllll Illlllllll]llllllllll
0 5 10 15 20 25 0 5 10 15 20 25

Hs Hs

S1. Average cluster sizes and number of clusters for A-B. ‘mCPT-buSS-Tau’ and C-D. ‘qCPT-

buSS-Tau’. Average cluster size is the number of hydrophobic drugs (CPTs) per cluster.
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S2. A-C. Local thickness profiles of the POPC membrane at three critical events: Initial (0 ns),

Insertion (88 ns) and Permeation (25 microsecond). The black boxes shows the positions of the 8

drug-portions on the thickness profiles. D-F. Tracking positions of 8 drug-portions that penetrate

the membrane the deepest. To smooth out the average, only the last 20 frames of each event are

considered. Larger size shows ending of the trajectory.
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S3. Hydrogen bonds over time in mCPT-buSS-Tau/membrane system
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Figure S4. Density of water, lysines of the nanostructures and phosphates of the membrane across
Z-direction along the middle section (~30 A) of A. ‘mcpt-buSS-Tau’ filament B. ‘qcpt-buSS-Tau’

nanotube calculated for the last 10ns of the 28ns simulation when the nanofilament and the

nanotube is in contact with the membrane.
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Figure SS5. Average H-bonds when the A. nanofilament and the membrane B. nanotube and the
membrane when nanotube/nanofilament is approaching the membrane and in contact with the

membrane calculated for the last 10ns of the 28ns simulation.
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