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Analysis,design and control of 2D and 3D dynamics of cell mimetic membrane
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With respect to cell signaling, it is pointed out that not only membrane
receptors and channels but also dynamic structural changes of membranes are important. We are
conducting research by classifying membrane dynamics into two-dimensional dynamics (phase
separation) and three dimensional dynamics (morphological change including vesicle formation). Here
we describe the interaction between DNA and membrane and the interaction between amyloid and
membrane. About DNA, there is clear difference between coil state and globule state in the sites of
interaction with the phase separated structure of the membrane. Regarding amyloid B , the model
membrane revealed that 7-ketocholesterol, a type of oxidized cholesterol, is involved in membrane
binding, and the results were also confirmed in living cells.

DNA



(Nature 387, 569-572

(1997)) 1

Sirnen aeed theens [19T) Mature

[——
N et

PN )

et P e

(a) The fluid mosaic model.
(b) Raft model. Fiafi Domain

R

(Mol. Biol. Cell 18,
2765-2768 (2013))

(Nature 425, 821-824 (2003))

23

8 [
(T
ot e 7| L
i‘!—l\.r-ln‘! [E]
T Craemtasad

'h *

)
%

Rt cdorraen

&
e

Endocytosii
Exocytodis

[0 &
>0

D<o

Autophagy

(Soft Matter 7, 220-224 (2011)
J. Am. Chem. Soc., 134,
13990-13996 (2012)
Soft Matter, 8,
2816-2819 (2012)
J. Am. Chem. Soc., 132, 10528-
10532 (2010)
J. Am. Chem. Soc., 134,
19788-19794 (2012)

2
DNA
DNA coil
globule
DNA
( ) DNA
DNA
B
B
Dipamitoyl-

phosphocholine  (DOPC)
Dioleoyl-phosphocholine (DPPC)

DNA Spermidine(SPD)
DNA MgCl, coil
globule T4 DNA
DNA
B
AB 2
A
Tris buffer(pH 7.4) 37 AB-40
0,24, 120 AB-42 0,12,48
AB-40, AB-42

Oligomer Pre-fibril Fibril



DOPC/Chol/7-keto = 100/0/0, 50/50/0,
50/40/10

Ap AB-40, 42
AP
(AFM)
AP
2
AFM AP
20 pm  xy- 10 u
m z- PZT-
AFM

DOPC:Chol:7-keto=50:50:0 DOPC/Chol ,
50:40:10 DOPC/Chol/7-keto
: 2:1

Milli Q 37 2
( 200 B M)
Jurkat T

T Jurkat
RPMI 1640 37

10 %FBS
5 %CO02

B  Alexa Fluor 488

Ca2+ Fluo-3AM
Oregon green 488 taxol

DNA

DNA
Mg2+
coil

DNA

)
Mgzt DNA  coil

SPD
globule

DNA

DNA

DNA
DNA

A. In a droplet with homogeneous membranes
a. Surface

Membrane IF¥NA Merged
. . - i
b. In-section

B. In a droplet with heterogencous membranes
a. Surface

b. In-section

. - Beale bor - ||'|!,||r'|

4: DNA
(A) or (B) 10mM
MgC|2
B
DOPC/Chol AB
AB AB
DOPC/Chol
DOPC AB
DOPC/Chol DOPC
Chol AB
DOPC/Chol/7-keto
DOPC DOPC/Chol AB
T-keto AB
5
“ [AB40 AB42

mDOPC
DOPC/Chol

m DOPC/Chol/
KETO

Fluorescence intensity
° 5 S

AB40_Oh  AB40_24h  AB40_120h  AB42 Oh  AB42_12h  AB42_4sh
(Oligomer)  (Prefibril)  (Fibril)  (Oligomer)  (Pre-fibril) (Fibri)

5: 7-
AB

DOPC/Chol/7-keto
DOPC/Chol
DOPC
AB
(1)Chol AB

(2)7-keto  AB



(Jurkat T cell)

7-keto Ap

Untreated T-keto (SpI) T-Keto (10pX)
6 7- (5
10 uM ) Jurkat T-cell
(AB-42)
AB-42
5 um.
2
3
3
Directed
Self-Assembly DSA
Linactant

12

(1)N. Shimokawa, R. Mukai, M. Nagata,
and M. Takagi. Formation of modulated
phase and domain rigidification in fatty
acids-containing lipid membranes.

Phys. Chem. Chem. Phys., 19, 13252-13263
(2017). DOI:10.1039/C7CP01201B

(2) N. Sharma, K. Baek, H. T. T. Phan, N.
Shimokawa, and M. Takagi.

Glycosyl chains and 25-hydroxycholesterol
contribute to the intracellular transport of
amyloid beta (AB-42) in Jurkat T cells"
FEBS Open Bio, Open access (2017).
DOI:10.1002/2211-5463.12234

(3) b
,72(2), 68-69 (2017).
(4) .
, 94, 746-749 (2016).
(5) .
2 3

(MEMBRANE), 41, 233-239 (2016).

(6) N. Shimokawa, H. Himeno, T. Hamada,
M. Takagi, S. Komura, and D. Andelman
Phase diagrams and ordering in charged
membranes: Binary mixtures of charged
and neutral lipids. J. Phys. Chem. B, 120,
6358-6367 (2016).

(7) H. Himeno, H. Ito, Y. Higuchi, T.
Hamada, N. Shimokawa, and M. Takagi.
Coupling between pore formation and
phase separation 1in charged lipid
membranes. Phys. Rev. E, 92, 062713 1-12
(2015)

(8) K. Sugahara, N. Shimokawa, and M.



Takagi. Destabilization of phase-separated
structures in local anesthetic-containing
model biomembranes. Chem. Lett., 44,
1604-1606 (2015) Open access.
DOI:http://dx.doi.org/10.1246/cl.150636

(99 N. Shimokawa, M. Nagata, and M.
Takagi. Physical properties of the hybrid
lipid POPC on micrometer-sized domains
in mixed lipid membranes. Phys. Chem.
Chem. Phys., 17, 20882-20888 (2015).

(100 T.Hamada, R. Fujimoto, S.F
Shimobayashi, M. Ichikawa, and M. Takagi.
Molecular behavior of DNA in a cell-sized
compartment coated by lipids. Phys. Rev. E,
91, 062717(2015).

(11) H. T. T. Phan, M. C. Vestergaad, K.
Baek, N. Shimokawa, and M. Takagi.
Localization of amyloid beta (AB1-42)
protofibrils in membrane lateral
compartments: effect of cholesterol and
7-ketocholesterol. FEBS  Lett. 588,
3483-3490 (2014).

(12) H. Himeno, N. Shimokawa, S. Komura,
D. Andelman, T. Hamada, and M. Takagi.
Charge-induced phase separation in lipid
membranes. Soft Matter 10, 7959-7967
(2014).

110

(Do

72 (2017)

(2)o

72
(2017 3 20

(3)o

72
(20173 20

(4)o

97 (2017)

(5)0

Thermal behavior change of raft-mimetic

structure by addition of local anesthetics.
97 (2017) 3 17

(6) Plenary Lecture o M.Takagi,
Membrane: order and dynamics

The 22nd Symposium of Young Asian
Biological Engineers’ Community(YABEC)
Nov. 28, 2016

(7) o

T
68 2016 9 28
ANA

(8) o Neha Sharma, KeangOK Baek,
Huong T.T.Phan, Naofumi Shimokawa,
Masahiro Takagi Endocytic transport of
protofibrillar amyloid beta (AR -42) in the
presence of oxidized derivatives of
cholesterol. 68

2016 9 28 ANA
(9) o
68
1 2016 9 30 :ANA
(10) o
68
2016 9 30 ANA
(11 o
68
2016 9 30 ANA
(12) o
68
2016 9 30 : ANA

(13) o Pooja Gusain, Kunihide Hoshino,
Yoshio Tsujino, Naofumi Shimokawa,
Masahiro Takagi.




Effect of d- and I-menthol on stability of
membrane heterogeneity. 68

2016 9 30 ANA

(14) o Neha Sharma, KeangOK Baek,
Huong T.T.Phan, Naofumi Shimokawa,
Masahiro Takagi.

Interaction and internalization of amyloid
beta (AR -42) with Jurkat cells in presence
of oxysterols 10

2016 9 7
(15)0
10
2016 9 7
(16)o
10
2016 9 7
1Mo
10
2016 9 7
(18)0
10
2016 9 8

(19) o Pooja Gusain, Kunihide Hoshino,
Yoshio Tsujino, Naofumi Shimokawa,
Masahiro Takagi
Chirality dependent interaction and
stabilization of d- and I-menthol in lipid
rafts model. 57th International conference
on the Bioscience of lipids. 2016 9 8
Le Majestic congress center. (Mont
Blanc, France)

(20) o Neha Sharma, KeangOK Baek,
Huong T. T. Phan, Naofumi Shimokawa,
Masahiro Takagi.

Enhancement of membrane interaction
and endocytic transport of amyloid beta by
oxidized derivatives of cholesterol.

Alzheimer’ s Association International
Conference (AAIC 2016) 2016 7 24

Metro Toronto Convention Center
(Toronto, Canada)

(21 o ,
68

28 6 15
(22) o

2 3

38
28 5 11

(1 ,

2 /7
( ),p. 117-126 (2017).

http://www_jaist.ac.jp/ms/labs/takagi/w
orks/index.html

@
TAKAGI, Masahiro
00183434

@

©)
SHIMOKAWA, Naofumi
20700181

“)

HAMADA, Tsutomu

40432140



