Anomalous dynamics of water molecules around
cell membranes: Molecular dynamics simulation
study

March 2016

Eiji Yamamoto



AY

= wm xX #H 5

s ® . % = K 4 LA Bkt
T S H
Anomalous dynamics of water molecules around cell membranes: Molecular dynamics simulation
study
BT INFEY I 2 b—ra MK DMIEIRE Y DK T DR XA T X7 ZADME)
(NEDOEE)

HINEREYE © DKL, BEOZZEMESEY o X7 B ORRE : SIS L TR0, HilaEoEE
HEFFT 2 ECHEREHIZH ST\, £z, HlaE ECoOAES RO AER OO DG
WAL QA AR CIE, OBy S 2 b— 3 VAT, HIIEE D kSR IO
BEAFAET DAKRKTF ¥ XN THDHT 7 TR o Z2dmlbd DK DX A F I 7 ATDNTHEEAT
ST,

BN, ARSI TS, Ntk - [FRSEBIOIREARA D, »SIVT OKRGFEIHED 2 &
O UT. T ETIIRE S T & OHEAERIC L5525 C, IREIK NTHES T, Koy 1-oiEdH)
DFEFEN VT DK F XV BIRE D, Z OB INFERIN BRI 1.2 nm ORFEEN DK FIZE TH
DD, Fiz, BT A T mOESR) & FEE T OEEN IR B D Z L 3o T,

WIZ, FHIRORE TRy T « [EHEILRNE, B R EREIR) oA VU T BISR AR
TEERFR L. FELVITATT Y 2 & T, ZOREIEOIFKD, MR T X AT —7

(continuous-time random walk: CTRW) & EHEMEZ H DX 97T X 4720) (VA4 R) IZX - THR
XD T T 7 EH) (fractional Brownian motion: FBM) (ZHCKI L CWA Z EABHGMNI L. &
BT, HEERAEIZAKF LT DK FOEE DD S ED 1f D6 E &5 REWEEIN & 2 K772
PO EERT I E A LT, DD H EDRERSING RRE CEAE L O 2RI L D7y vk
RE) DHFRIIZIEREL, T2 28T, 20 1f @O EDFRD, FARBEDHTERTEA T » b A
T DG HNFAN /2D Z & b, FRRIERICRIIERE N H 5 Z LITENT 2 Z & 2P BN L.

BT, KO3 T DI 2 BRI CHIRENMN O S5 2 & CHIRRN D=1 AT 25 X
JETHDT 7T RY L OIRGFBMIONTIA . T 7 TR Y ATTEEES T 1 -DDRFL
MDZENTEY, Ko FIEHANE —FIZ# 2> CHEET 5. 7 2/ BOD 5 X LK FEadBR
ERRNT S 5 Z & T, MILNOT X JEED 1f @B EMN, IERT Y AEOMBADH 5K T 5=
LTSI LA L.

TIUBRERIY, MRS EOK S T DX A F X 7 AT HHT- A TH Y, BRI
DHELWNST BT A T I 7 ADIEOSRERERHC A G- L CND Z & 2t LT 5.




SUMMARY OF Ph.D. DISSERTATION

School Student Identification Number SURNAME, First name
Science for Open and Yamamoto, Eiji
Environmental Systems

Title
Anomalous dynamics of water molecules around cell membranes: Molecular dynamics

simulation study

Abstract

Water molecules play important roles in maintaining the cell membrane functions and providing unique
environments for biological reactions on cell membranes. In this study, all-atom molecular dynamics
simulations were performed to investigate the dynamics of water molecules around cell membrane surfaces.
Firstly, we showed that temperature dependencies of water translational and rotational motions near a
membrane surface are different from those in bulk. Decreasing temperature enhances the water retardation on
the membrane surface, and the lateral motions of water molecules are correlated with the vertical motions.
Next, we found anomalous dynamics of water molecules on membrane surfaces. The translational and
rotational diffusion of water molecules on the membrane surfaces exhibit subdiffusion and aging. The
anomalous diffusion is attributed to both divergent mean trapping time (continuous-time random walk) and
long-correlated noise (fractional Brownian motion). Moreover, we found that hydration dynamics on the lipid
membranes exhibits 1/fnoise. Constructing a dichotomous process for the hydration dynamics, we provided
an evidence that the origin of the 1/ noise is a combination of a power-law distribution with cutoff of
interoccurrence times of switching events and a long-term correlation between the interoccurrence times.
Finally, water permeation through an Aquaporin, which exclusively permeates water molecules across cell
membranes and regulate the osmotic pressure of the cell, was investigated. Analyzing the effects of the
conformational fluctuations of amino acids on water permeation, we found that 1// fluctuations of amino
acids generate non-Poisson water permeation in AQP1.

These results provide new insights on the water molecules that play important roles for the function of cell

membranes.




