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The lipid raft, which functions as a platform for various signal transductions in the cell
membrane, takes an ordered liquid phase (Lo phase) with an intermediate property
between the gel phase and the liquid crystal phase. Sphingomyelin (SM) is the main
component of lipid rafts and often used together with cholesterol (Cho) to constract a
model membrane of lipid rafts. These mixed membranes are considered to reproduce
the raft part (Lo phase% and the non-raft part (Ld phase) of the cell membrane to some
extent. We have studied the molecular conformation and the interactions between lipid
molecules involved in the physical properties of Lo phase.l The molecular basis of the
Lo phase has been discussed on the assumption that strong specific interactions exist
between SM and Cho, called the ‘umbrella effect’ where Cho resides under the SM
headgroup on the membrane surface. We investigated in detail the Lo phase containing
SM and its derivatives (such as dihydro and stereoisomers) mainly by solid-state NMR
spectra. The experimental results show that the SM-Cho interaction at the headgroup
region is not particularly important while the SM-SM head interaction is essential for
the Lo phase formation. In particular, the intermolecular hydrogen bond between the
amide moieties of SMs is the main cause for the nanodomains (SM clusters) which
compirse Lo phase.2 These findings are expected to enable a deeper understanding of
lipid rafts in biolmembranes.

We next developed a lipid-protein model system to investigate the lipid interaction
with membrane-integral proteins which form dimeric or trimeric complexes in
biomembranes. Phosphatidylcholine (PC) and phosphatidylglycerol (PG) were used as
neutral and acid lipids, respectively.3 As a result of the solid-state NMR measurement
using a new technique called COARSE¢4, PC was fond to surround the protein complex
as a annular lipid while PG preferentially interacts with the protein-protein interface
(PPI) to induce the dissociation of protein trimers. It is well known that functions of
GPCR are modulated by taking monomeric and dimeric (oligomeric) forms, which is
also related to the localization of these proteins inside and outside lipid rafts. The
result implies that the aggregation state of membrane proteins can be controlled by
partitionaing to lipid rafts with different lipid compositions.
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Science and technology have been advanced by the discovery of a new natural phenomenon
frequently using a new scientific instrument to explore. Among various analytical methodologies,
microscopy is the experiment that provides us with the imaging data of matter in real space and
time at the resolution that is available in a microscopy apparatus to use. While ordinary
transmission electron microscopy (TEM) is already established as a useful methodology in the field
of materials science and bioscience for revealing the static characteristic of a specimen at the atomic
scale, in-situ TEM has recently advanced to reveal the dynamic characteristic of matter at both
atomic scale and ms to ps time scale [1-4]. In-situ environmental TEM (ETEM) is regarded best to
search new dynamic phenomena of matter in not vacuum but gas and liquid. After having
developed ETEM for over fifteen years [5, 6], we recently find an unexpected gas-solid transition
that is occurring reversibly on a metal surface under a strong electrostatic field [7]. Furthermore, it
is revealed that the unpredicted atomic dynamics is induced on a catalytically active metal surface
by the electronic interaction with gas [2]. Behind any scientific measurement, a specimen undergoes
the perturbation more or less that potentially drives the specimen from the intrinsic state to excited
states in both electronically and atomically. During (E)TEM observation, a specimen is under the
irradiation of high energy electrons (in the range of 100 keV) of high electron current density,
typically around 10A/cm?. We have been developing the methodology to evaluate the perturbation
quantitatively, in order to derive the intrinsic atomic characteristics from (E)TEM observation [8].
We will summarize the development of atomic resolution and time resolved ETEM up to now and
suggest various applications made possible by this methodology in the future such as in-
situ/operando characterization of materials and devices.
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anﬁfézgﬂﬁé T, AT ALIEPIEFICE WG (Y ARy 8 BEE

L. TERERE ORBROMNPEE CThole, ZNOORMBELMRT 5 H5EE LT, REX
L —9—WifE 1 4t (Surface-Assisted Laser Desorption lonization: SALDI) &AW &
nbEoceotz, ZOFEF, RTS8 T4 b X d il A 5 8 Wik
ERORM A LFNERMT D 2 & T, FEMMHEAEEASCHURUR RIS & W o 7248 BAEH
REBATHHETHD, ZHUTKY, — ISR EE U WEERZRE & > 7 B2 KR
HMTELL9olz, LLAERBRL, i~ N 7 AOMAE/ERZBEEBHIT 5 Z
LR EDORGAEDFHE & W o T E 'R IIA S Tldev, ZiIvE TITYHFIEE Tl
fEntE 2 A D HFLMESE A CTH D kA AR Y (Crystalline Sponge: CS)! AW T, £ D
HIFLN A F AR FHFEIROM Y AL ZATV, L—F—if A 4 fb (LD 2R A7z, &
ASNEBRIKICED L P, AF R0 CS WARD AT, BERE S X BRSSO
FERND ., OOWTEO SRS, QofE L B4 & OMAIER. £ L TOHMERNT A K
BERD, Fio, AT ARCAEAD LDIIZE D AF LR %E“JZIWM Frv—7r %
HEED Z LIS Lz, BLEnG, CSITA A 1bin b 2 &0y . ZOTFEER
fa AR V- L—Y— il A A ALE &S5 HT (Crystalline Sponge — Laser Desorption lonization
Mass Spectrometry: CS-LDI MS) 12 L BER - L2 L7,

ARG TIL, CS-LDIMS 728 THL—DifEih | 72> 6 Bifkfh X #EEMEATIE & LD E &0k
EWVNVD OO REOR R DA EDE TR . EVOSHHERN D oy ST %
AREIC CE D EEME DT TETH D Z L 2md, TTHDIZ, LDl #EE L TORH
IR D T2, WRERIC phenyl ££ % A9 2 ELELREZ ene (L&YW (CEHAEIK 1~3) @
B IABRZIT o T2, TDFER, TXTD ene (LEWI CSN~TVIAENT=Z & %%%FSHE'H X
S AT IC LV gD DTz, 2D ORI AZ LDUEIZ KD A A b2kl b 24,
TOfEMmIZB TRV IAENTALEMHR KON T =7 25252 L3 IMS (Imaglng
Mass Spectrometry) X Y /x Z#7=, —77 . DHB (2,5-dihydroxyl benzoic acid) % f\ 7= MALDI
ETIHMEEmIZ ;ofT/FXT/F@\EWEQOth ZDOZ b, CS-LDIET
LA EYNZER Y IAENT-HE, T A N TOA A E—7 ZffEICREHTE S 2 &
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Mot (Fig. 1),
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Fig. 1. ene {t&¥®D CS NER Y AH & B#E& X SRAEE AT, MALDI, CS-LDI MS(CIMS).

CSHN~EVIAEND S FREAIRE LT- & 2 A, 1,3-benzodioxole FHE (&, HERLEW
B L Windole FEENBV IAETNAEACHDH Z L2 R L, 2 Tx7 . piribedil &
B LT, CSIEIZHD Hiffdh X SEEMITI TV, CS-LDI MS 225 b 4 i fE i A 15
HZENTE, BEEMNTN S, ST+ & LT =20 piribedil 28 L2/, b
DI HLEOOEDXEHS TITEEX A L2 VTN > Tz, £7-, CS-LDIMS
MO FFAFT =T ZBBI LTI TRBHERT I T AT —2a s E2BIIILTZ,
DT T T AT = a BB TH D 1,3-benzodioxole DA A v — 7 MBI E U722,
BEFIETHDLE AL AL EN) BEEEEP LSRN HLDT. 77T AT —a DT —
B _R— AT DG R EHE T D L E 2 bND, — 7T 10 BR A2 5 HEIR LS
BN A~E D A E NN, DFA LI &N otz ZIUIERBEAMRAEER &
A ACOBRE BB L7l W2 b 9, SHICHE RO pm S5 L—3—]
ok oA A nAERTHZ Enb HVTZEEN fmol A—#—Th o & AfEL 5 2
EINTET,

PLEX Y CS-LDIMS |I57° A N alBahs bt O Bk fh X # & fiEAT 123 T disorder % CfiF
WrsWEE7 4. LDl IS K D& GREEEREM O Z LN TE 5, FRFICRAbE
M OREERATORREMZ R L TN Z 0D, KRFEOI LRI ONTEEL, &
SICA F AR I O\ TCiERT 5,
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EEFILA A BR JLEEaR =R E RS
REERRZFE EFHAAT RFH A

sk Fitie 0D Fe 5 - AR

B A T AT L (UATZ Thearmo Plus EVOTL) : DSC (-125~450°C) , TMA (Z{E~1350C)
TG-DTA (Z1ii~1350C)

XHREE A HTHERE (B /Kratos AXIS-165x) 1 IHALXERIR (£ /7 mA—2—(Al), Mg/Al) .
HTAHBAZREL, MR ETND 1~2 R B0 EM:  E &L AR AEE 45T,

< JE - PSS (S0 — A VN-8000/VN-8010) : £ (X-Y 200nm—200 1 m) | Z S fi6E
0.3nm , RKHCRIEZEI TV, HUCEETED,

Hose PL BN SRH E IS E (AR h=2A Quantaurus—QY) : il & (250-850nm)., PL K&
#iPA (300-950nm) , 74 ML B AR I FENAT B O S B IR A I E,

~HO X BRSIHTEERE (U727 Supermini) : R0 B X #Ro0HT, Mo (F~U),
RIS P, FADXHE BRETLCHIE T 2K T i B 7=

* LR ORI

A ETHIRIRER D ) S TR BN DO A LR R o722 8,

WRFIT D LETE D ALAR TILIE DX IGAN TE RGBS &P FT D LB ST D56 . PEWHIF
Hrto 2 —SEDFEROERE THERD /2D LZAZABIT LD WITHEITL Th B 720 LT OF)
Mz @ HT LN KT,

ks PL - S LG HOIE X BRI E
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YHEE T, MBS LY — iR ER =2 bo—J =2 2T Tk, KR 56 &R
(300 ) FTOHFGHENAETH D Z ENRERFETH D, iRt & o—AEH
LY, XA E—2 OREEbZEEN BB CHIEST 2 Z E N TE, X,
> TVOFEALHT R TOBLRMPEDE N, T I v 7 TNOBMRE R E, £ D4
B CTOMEBEMIEICAMREETH D,

s JL[FIFH D2 A
AR D FERTE O 2 ZTIRTICE Y | EEO—FOZEMENIFFTE 5,
* MR &

H29 4R (Gt 653 IFfH)
- ZENHEFEF 653 B

H30 4R (5t 682 IFfH])
- ZPNSEEFA ;682 R

H31/R1 FFE D T8
< SHTRF R R O B E R SR 2 & RERESEHE T E,
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HifEdh X REPTEERE XtalAB P200
KIRKRZRERERE T ZHER 8K &— - JIISFE Al—8R

* Fdm DL

XtalAB P200 {3/NA 7 U > N7 &L
FaH#s PILATUS3 R 200K Z-#3# L 7= Hifk
PR ERIT S AT L Ch D, mkatir
D ATREZ2 R AR ORFE A TR L, v %
v X — LV AWEETA D, Bl /A
AWIRNTZDIT S/N BEREL, SHIH
AT IV I LUV BIRNTZ EnD, A
RO/NE 7l 7e E OB X ARIREE D
BV VRS BRI )E L TR 2 s AT — L
Lot

s JERIFI H O 2 R
EEORTRNCL Y FRFEOSWEIFEIGEL. 2 < OFHULEY O HES it G
FRAT DN EERR S VT2, M RKIEHE 2 O TIRAT S U7 RS i & O RE B &2 LU T ISR

Ref. 1 Ref. 2 Ref. 3

Rl FH 9E0E
H29 AEFE - SL[EFIFRER 2, 387 IEfH
H30 AFHE - FL[EFIHRER 3, 112 K

* References
1) Nagae, H.; Aoki, R.; Akutagawa, S.; Kleemann, J.; Tagawa, R.; Schindler, T.; Choi, G.; Spaniol,
T. P.; Tsurugi, H.; Okuda, J.; Mashima, K. Angew. Chem., Int. Ed. 2018, 57, 2492-2496.
2) Arikawa, S.; Shimizu, A.; Shintani, R. Angew. Chem., Int. Ed. 2019, 58, 6415-6419.
3) Suzuki, S.; Nakamura, F.; Naota, T. Mater. Chem. Front. 2018, 2, 591-596.
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ALEME T, FBIREIC XHR2 B L, 3ORRE 2 O AU S0 2 EF OEE) = 1L ¥ —
T2 Z & T, RBIRETHICFET DoT R OMEk, B RE, (LB RES
T D EMNMTEET, XHFE LT Mg Ky Al Koo, HEOL X (Al Ka) OUIEZ
MARETH Y, 7m—TRE/N 15 um O ORENTE ET, WEAHEICHEILLI~U T,
RETPFEEEZA L TR0, fEmakHox LTl —Ilchfd 22 A L TCWET, F
oo Ar A AV ERWEDy F U IR DS F MG S TEET, GBI B O
EVE < BB ICFIHTE S0, 2O HTHEHTT,

sk SRR O %) F

FHNTEREFIHTE DNEFHNIEEITZ RV, £2, 2,Y,Z, 0 4 WiEERAT—,
15 mmX 130 mm DK ER2FEHEEA T —T2H L TWHT2d, —EORE CHEEOREZ H
B CHIEARETH V. BRI EOFRIN D720, (KOS AIRETH 528, A EOHT
B D 2 —— DRIV I IEE T,

kR ARG L
H29 4F i
- SENIEEIFI - 1456 BERE (BREhER 85%)

H30 4728
- ANHEEFRIH ;1212 BT (BE)ER 84%)
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5 L e

A B BMEESEM)IT, 2R U CWE R T OM NS L fE T8I T 52 Th
%o TOTER S IFITIALS B, PR, B39/ ARE DL I ha=s A A FEEEEMEM DD
E5 AWl SO OO EEEICE L ETH SN TS,

H 37 SU6600 % FE-SEM |3 22 B REAT & & /0 iR RE A A o - BEIRER T | 1l 0 15 25481
BT TR REZ B E TG L TD, [RE 224 CITERBIE NOE & @< L TERR K
K537 LB OEERIZEDIEALToAA L R BIRE O R EL P 2281280, #&y G
BIERURD AT R E TR T& 5, Fio, TAMHOZ WG KRB OBIZRICHL VS
N5, IREZEBIZRIIARF DML S R LR I TR ARIE B 72T OFF 8L 72D,

s SRR HOZh R

AIEE I IAFEOB G UFI LI A bEiL, FR AN TIESFISN TWD, D720 Hifl
2P =T LTI ATV BRICENW R BB NI CEDL LB TnD, AH3E
IZEV BT FAERHEMIE B EL TR AL Q2 e, R AL T AR S~ =27 1
(B ARGE, J955) OVERRL QU2 & | ISR E 2 2ex 23012 e o7, Fio, FIAFICE
STHEMR~ =27 NV E RDZERUICHEICHEZ B2 2 BEIARBR S ICH 2 b HY |
RKEFEHZRTH-T-,

* 5 1% 0
RAEFE AT F 2B AL Q25T E T D, ARLERE T — MR KR

AT F U AR ST- L AT F o AR B TWRW, EIAL T F U 25 BT %

DL, BEREMER I L ONEIE S ROA AL, 5 %D BAFRIREENR THEB X2 TS,

BUE, WIET — 2% FEbIRD 1L LT, USBEA PCICH L, & B 7 — 42 ML ThHo T
Wz, ZOHRTIEFHBICKEOT =22 TG 2ZLR3TEDD, B BMEHRIE PC L UF|
FH# PC lCar B a—H0 VARG DY A7 3T <7D, EERAFZER O NMR TR LT
WD 7 ANY — N —Z R LT A F BRI BT 228 T EFEMEEIC VT
LRINET — 2 BGT DV AT LERFES D, 22— —DFEMAZ M EEt, F/o, EED
W72 DUAY % T 52 & CRIAF IERIC o7 ¢
o

RAFENOAREBIZB DV CTHARFE TS B
PRI AT a2 R T 580127807, ZDOAY vk
XRFOILABERN Y — AL AT TE 2 H
5 DRI TELEE DI R 2ERT ol
ZLIiZh D, Atk REBEOFIHEBIEZLHZEITH
FFLIZU,
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BFHEMREE (JSM-T600F, JEM-2100)
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FEITFR DA EEE OIRBEITIEH (B AR BB CHEA TE QWD INA T, RAERMERFZER S L
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W L GEAT 22N TET,
*FIHISRE - AR FEICB TR RE

S BRE) FE AR
H29 47 FEF A& H30 47 FEF A&
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ERERE
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L 7L B 13 A)
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EZ 2 El E~6 AN)
ARFEITBITDRE

AEEOFHTLMILE S EL T, BHSH QO WERREIA 2 ZIZIVENEOEED~=
27L JSM=7600 | % B AFERR & JEFERR, JEM-2100 |XFEIR D~ =27 MEin T&, £ 504
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s R1AEJE LA O G f OV 22
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FEHHHE N X — a2 — P —EF R ATRERL ~UUICEIEL TWAIELHY . A% bk 7
HEHFIHBFTRETHDHEE 2 TS,
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FED & H5EETT, AAICEAR BIHA TR . AlEE L Z0EFHET D Z
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