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Development of membrane permeability prediction method for cyclic
peptides using enhanced sampling molecular dynamics simulation
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Abstract: Peptide drugs have attracted attention in the drug discovery field over recent years. However,
their poor membrane permeability is one of the problems for intracellular drug targets. Thus predicting the
membrane permeability is important for the peptide drug discovery projects. This study aims to predict
the membrane permeability of cyclic peptides using molecular dynamics (MD) simulation and parallel com-
puting. We performed MD simulations for 102 cyclic hexapeptides using supervised MD enhanced-sampling
method. In the best prediction results for 90 cyclic peptides for which we successfully reproduced the mem-
brane permeation, the correlation coefficient was 0.55. For the purpose of speeding up the prediction, we
proposed a method of estimating the membrane permeability only from the data archived from half of the
permeation process by utilizing the symmetry of the membrane. With using this method for 14 test peptides,
we achieved 1.4-times increase of calculation speed, and the correlation coefficient was 0.71.

Keywords: cyclic peptide, membrane permeability, molecular dynamics simulation, enhanced sampling
method
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B 2 Membrane-water-ion-peptide simulation system
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% 1 Membrane-water-ion-peptide simulation system details
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% 2 Supervised MD computational details
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4 Membrane permeation process
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#& 3 Basic specifications of ABCI

CPU Intel Xeon Gold 6148 2.4GHz 20 cores X 2
Memory 384 GB

GPU NVIDIA Tesla V100 NVLink (16 GB) x 4

SSD 1.6 TB

% 4 Parallel setting in single node
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% 5 Pearson correlation coefficient with respect to Umbrella

sampling time

V7Y VIR (ns/window) | BRI R P f#
10 0.386 0.18x1073
15 0.435 2.05x10~5
20 0.467 4.05x10°6
25 0.488 1.07x1076
30 0.502 4.65x10~7
35 0.534 6.15x10~8
40 0.550 1.96x10~8
45 0.544 3.08x1078
50 0.548 2.19x10°8
55 0.532 6.75x10~8
60 0.509 2.94x10°7
65 0.491 8.80x10~7
70 0.480 1.69x10—6
75 0.468 3.29%10°6
80 0.469 3.18x10°6

T T T
-
— Regression line 7
e®e Raw data e
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6 Plot of the predicted membrane permeability and experi-

mental values at Umbrella sampling time of 40 ns/window
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7 Changes in Pearson correlation coefficient with respect
to Umbrella sampling time calculated only from the data

archived from half of the permeation process

% 6 Pearson correlation coefficient with respect to Umbrella
sampling time calculated only from the data archived from

half of the permeation process

BTV v IH (ns/window) | FHEIRE R | P 1H
10 0.37 0.21
15 0.45 0.13
20 0.50 0.09
25 0.58 0.04
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35 0.63 0.02
40 0.67 0.01
45 0.68 0.01
50 0.63 0.02
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8 Parallel efficiency (single node)

6.3 MPI &R E DM
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9 Performance change with node numbers

Median of predicted value
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10 Changes in median of predicted values of membrane per-

meability versus Umbrella sampling time
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10 1219
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IO RECHBEONPT VI LERINTVS., ZOHE
WD128LTHERXOND I L LT, TALF—HHER
DEVSVH 5. A% TIE WHAM 2 & 5 PMF dhifi
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7.2 VT J/—RTO MPI FHEERED®EEF
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DR TCEHERO 707 7 V& L2, B 11 1% GPU
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55 Rf#] (wait GPU NB nonloc.) &, Force DFHEIZH
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11 Analysis result of calculation time profile in single node

with 10 thread x4 process

10 1 GPU W2threadx20process
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12 Analysis result of calculation time profile in single node
using 1 GPU

GROMACS Tl, process 8L WX A7 H GPU LA
7B —RXNB. process N LD 5 WEHETIE, GPU
BEEPT ZLIZ KN OM BT, 5 RHEAHIH
ThzeEbhs.

¥ 7z, 40 threadx1 processx1 GPU D& T, 12
WR L7 & 512, GPU OfFLIFHE & Force DEFHEICED
RS L, BE#OIELEHEAFIH TH S PME
mesh OFHBEFRFPHIRI N TWBE Z Wb o7, PME
mesh FHHEIZDWVWTIE, ARTHNIEEHE CPU BULET 5
M, 1 process D% EDATEHBED—EH GPU A 70—
REn=Zen 77 7Aoo ETE-7-0, GPU
ANDFTO—= KN 1 RATIZ 5722 e TH o7&
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7.3 XIF/— KTO MPI EHERE DR E T
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HEHA (Constraints) & PME mesh THh 2 Z & hbhn5s.
F72, MD StETIZRZ0EILTE D, node M 2 DIGE
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13 Analysis result of calculation time profile in multi node

using 1 GPU
4.3 = inode 10thread X 4process x 4GPU
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14 Analysis result of calculation time profile in multi node
using 4 GPUs

% 7 Summary: acceleration of prediction
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% 8 Smaller and larger simulation systems
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