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Biomembranes play important roles not only as a cross-wall to compartmentalize the cytoplasmic components,
but also as an interface for various biological functions such as material transport, signal transduction, and energy
production. The interplay of phospholipid bilayers and membrane proteins in the biomembranes contributes to realizing
sophisticated cellular functions. To investigate the physicochemical nature of lipid bilayers and the mechanism of
membrane-related function, various model membrane systems have been developed so far. Lipid nanodiscs, which are
aqueous assemblies encompassing the smallest lipid bilayers inside, have attracted much attention in recent years.
Compared to conventional vesicles, lipid nanodiscs have several advantages such as uniform small size, dispersion
stability in aqueous solution, and easy preparation. Taking advantage of these features, lipid nanodiscs have been applied
to the analysis of membrane-associating molecules including membrane proteins. Previously, several preparation
methods of lipid nanodisc have been developed, including bicelles formed by the mixture of phospholipids with different
hydrophobic chain lengths, complexation of lipid membranes with membrane scaffold proteins, and fragmentation of
membranes by amphiphilic polymers. In this paper, we review these strategies for nanodisc formation and discuss the
physicochemical properties of nanodiscs based on the analysis of differential scanning calorimetry (DSC).
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Fig.1 Schematic image of a bicelle and the chemical structures
of bicelle-forming phospholipids.

a)

@ ! Q
/\O’s\iWTV\/\)LNJ\r(N
(O Br H 0

Fig.2 (a) Chemical structure of the synthetic lipid for
the organic-inorganic hybrid bicelle. Cryo-TEM images of
organic-inorganic hybrid bicelles. (b) wide-angle image, (c)
magnified image, (d) after sonication. Images are modified from
reference. 7
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Fig.3 Tapping mode AFM images and height profiles of (a)
phospholipid bicelles and (b) organic-inorganic hybrid bicelles in
dry condition. Images are modified from reference. ”
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Fig.4 Solubilization of (a) phospholipid and (b) organic-
inorganic hybrid bicelles by Triton X-100 (TX-100) confirmed by
DLS. Images are modified from reference.”
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Fig.5 (a) Temperature dependence of the hydrodynanmic
diameter (D) of phospholipid bicelles (filled aquare) and
organic-inorganic hybrid bicelles (open square), Cryo-TEM
images of the lipid assemblies at 60°C for the mixture of organic-
inorganic (b) hybrid bicelle and (c) phospholipid bicelle. Images
are modified from reference. ®
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Fig.6 Schematic image of a lipid nanodisc formed with a
membrane scaffold protein and its amphipathic a-helix.
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Fig.7 Schematic image of a lipid nanodisc formed with
synthetic amphiphilic polymers and the chemical structures of
nanodisc-forming polymers.
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Fig.8 (a) Disruption of DMPC vesicles observed from the
scattering measurement of the vesicle solutions in the presence of
polymers. (b) Effect of the hydrophobic : hydrophilic ratio (f) on
the disruption of vesicles. (c) Effect of the hydrophobic fraction
() and number-averaged molecular weight (Mn) of polymers on
the nanodisc formation. The nanodisc-forming polymers are
indicated by filled orange diamonds. Images are modified from
reference. 1%
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Fig.9 (a) DLS profiles of monodispersed lipid nanodiscs
formed with the polymer and DMPC vesicles. (b) Tuning of the
nanodisc size depending on the lipid/polymer ratio. (c) Negative-
stain TEM image of the nanodisc formed with the polymer. (d)
Magnified image of the edge-on and face-on nanodiscs acquired
by cryo-TEM. Images are modified from reference. '



a) b) 1000

300000 - + nanodisc (2 mM)

0
-1000
-2000 48 hrs
3000 24 ‘m:;
) hr

-4000 +———————————————
190 210 230 250

Wavelength (nm)

hIAPP alone

N
a
S
S
S
S
[8] (deg-cm?-dmol-')

200000

150000 -

ThT fluoresence (a.u.)

1000 No nanodisc

100000 -

+500 uM ND 1000
50000 48 hrs

-2000
24 hrs

6] (deg-cm?dmol*)

-3000

o
0 500 1000 1500 2000 4000 e
Time (min) 190 210 230 250

Wavelength (nm)

Fig.10 (a) Formation of hIAPP amyloid fibrils evaluated by the
Thioflavin T (ThT) fluorescence experiments in the absence and
in the presence of the nanodiscs. (b) CD spectra of human-IAPP
in the presence (upper) and absence (lower) of the nanodiscs.
Images are modified from reference. ')
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Fig.11 Effect of the polymer concentration on the DSC
thermograms for DMPC-polymer complexes. The concentration
of polymer and corresponding hydrodynamic diameter (Dny) of
nanodiscs were shown in the figure. The thermograms were
acquired at a scan rate of 30 °C. The thermogram for DMPC alone
indicated as ‘No polymer’ was scaled to 1/10. [DMPC] =10 mM.
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D _EFIHE o TR A LT BT S, BRE
W2, XUl F T o RO GFET D ERERS
TWBRY ~—JEEF 0.16 mM ([DMPC)/[R Y ~—] = 64:1)
IZBWTIE, EmBor—rnbdhic7a— RRMeLizo
E RIS, EiRA (25 CHHE) 12y a vy —v— 7 B
WCHEB L, =12 /T4 A7 OBPIERENDRY
~—J 0.63 mM ([DMPCJ/[R Y = —]=16:1) DT,

R VIRET DV ¥ —FRWBY— 7 RBELL, 7
0— KRR —27 O 25 CHRTICBEI N, EHITHRY
~—REY 25 mM £ TERTDHE, WEEY—2 13K T
n— RMbL, KEM~7 N T2 RBE SN, MSP
F T4 AT DBEEBEIZIINS OFERIC OV TR
L&, RV~w—lZXo TOERESNDIRE T /T 4 A7 1XLL
TORMEGLTWSLERTES, (1) T/ T4 AT H
ThHhoTh, FIREHESREZPARIORLIZZ L0 D,
B AT HEEEIIR Y ~— 2 X5 BELEZ T ThH, B4l
EEIND Z LR BRRFENTHD, Q) T /T4 AID
FHBITE ST DRBE — 7 |3 7 L & b L CHEE IS
Ta—RiZiholZ LD, HHERICBIT AIRE T O
FIMENMETFLTWAZ Enlbnd, Z0oZkiE, AU ~—
DFERIT LT, BT /T 4 A7 ORI I CRRE D 1
DRy F U TNRELENTWDH Z EICERT D EEZ LD,
(3) R& 22T /T 4 AV BERENDFMTIX, FEHEBEO
iRy 7 bz, RERBEEZTLFT /T4 AT D
FREL D & I BRI, PE IR S FRIEAS X D 3R
SHEMEHTDZ LT, FAMoBENLZEILENS, 4)

INETeF ) T4 AT PR SINDERY v —REDOSRMNET
IZBWTIE, FEHEBORENMETFTS, 202 &%, /hE
RF T4 ZAZITRNTIE, R ~— L 55E0 &
DEIERT HIRE ST ORENE 2 572912, Z0 1R
LU REEEEIN, BESFHEII NNy X 7T HUE
DB DB TNVHNRRLZEEND, kXY, DSC JEIC
Lo TH LN FNVREFHEEEEBICER T A2 & T

F T 4 A7 IR S N NRE 0 TR DRSS ] & 2
27 o7z,

6. BHYIC

ARRTlE, BABEICL > TEREINDE AL BLEBLT
MEE R 2 X7 B L OmBUEER Y ~—2 Wiz d
T A AT B BT, EORARITIE & IOV TRz,
F ) F 4 A0, GEROEF VRS & el U CE 1o —
MOLERBE S FIREEL N TE DL, ZOREE
B LT T FIEDEAFEAR L TR, BX 7 HxiT
U & 2IREMIAER T 2 40 T2 B3 2 HEME N 20k
LD OB D, T )T 4 AL, BETEELTD
FRICEEDLT, FIv 7 Xx UTEHOHF LWL ~T
U7 e LCORMARMES WD, B, missrER
Ve—%2MHWieTF /7 40 A28, toF /7 40 A7 RITH
WEL DBMERH Y, BEMIZEWRT Uy L EH L
TWb, AfETRLIZE 1T, DSCEDASHFEE F
B LT ENTZT /T 4 A7 OFEMZR B % 0 & 2c
THIENHAERTH D, 5%IL, HTEEORRDT
T4 ATRAR Y v — %R RIFN 2D D & T, R
7 —EHOE NG 2 HIRE 5 TIEOMMEIC R 5
IZOWT XY FEAMTHET L, RO A3 2 Wit %
FOEFHR LT /T 4 A7 REFH LIV,
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