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Improved unroofing method in AFM and cryo-electron microscopy to observe the
interaction between organelles and cytoskeleton.

Usukura, Jiro

3,000,000

(unroofing)

Two unroofing methods via tearing off cell membrane with adhesive mesh and
sonication developed and used for AFM and cryo-electron microscopy instead of vitreous ice section. An
improved unroofing method enabled the cantilever of AFM to reach directly into a cell to visualize the
intracellular cytoskeletal actin filaments, microtubules, clathrin coats, and caveolae in PBS at
molecular resolution. The actin filaments clearly exhibited a short periodicity of approximately 5-6 nm.
In cryo electron microscopy, unroofing enabled us to view membrane cytoskeleton panoramically with
extremely high contrast in native state. Many actin filaments and microtubules were observed clearly on
the cytoplasmic surface of the plasma membrane at extremely high contrast, because soluble components of
cytoplasm flowed out on breaking off the cells. Furthermore, Cryo-EM combined with unroofing revealed a
network of smooth ER beneath the cell membrane first time in native ordinary cells.




B X C—19, F—19, Zz—19 (@)

1. BRSO &

BT Doy Hrisas OPERE T D T <, il
HEBRL S N2 R B Thhil,
FDY—I T ARG REEETHLIRD D
ZEMNTESL, LML, in situ TOAIL
HXT DGR X X BE DA FREE L 73
BHEL BIEIRITETEHESL I TW RV,
HORRIL D DOERERIETH D EE X
b &, in situ TOESMRAEBILZ % "[REIC
T HEAEREN D 2, BB (F
1) BEOEAREREILEEY R ENE W
MERTH -7, 1989 £, BEFRICLD
unroofing (IHMIACIEFIEE) tEDBIRIZ LV |
HHT, 7V —AxyF 7 THllaE M5
TH] OT 7 FUfiESr 7 AU v n3i@lss
X7~ (Heuser J 1989). JH M /1BHS S
(AFM) 1 IR TR fRREBLZE N FRE T H 5
D3, RNT Y Y RIEAREREN 2 BED
AR DOANER I DOFLERD I Th o712, Fx i
Z ORI 2 ARMICEH L. #1DTC
RN T 7 T RO INE O A% 2 K
THIET D Z L2k L7 (Usukura J et
al.2012), RCEFKEL, HRE S5
HAR&H o7z, LinrL., 774 FEBH~DIL
HIIREECTH 7=, eERL, 7V v RO
KFE BIciifaz 58 Li-%a ., BEIIC
K0 EEESEE S LT L E WY, MR
SNTLEI, FiF, ¥I7ALIEELE
MPIZBNT S, H T ATES LT
DEFTHEENBERTEX AT, &
NIRRT ETHEE, WAL TLEY, #
ZT, MR har RU TR EDA L
H 3T 5 L kS & D ZE S & B
AFM THIZE T& D EARERUEZBBT 5,
TR, AT RTREEMER & O
ZEIREE S SN D . AV T O
EROEB D A T = X AN D L& 2
b5,

2. WMEOEM

T RY—A, 2 bar RY T Nk
CHIR NN E (AT R T) LR R
L OZEMBIERME, T72bb, FATR
Z OMPVERIZERT & 7 7 F o BHEOMWU NS
& O AR O REF I TR 1T kD T 7
VW, BIESHTHE S OMERRIZ B E 50T
DD, ORI LIAT 720D TN
e, Bl X, R BEMSE (AFM) X
fEDFmEE %70 L~V T, LbAKH
TN CX AN, AATXRTOFREEBEH
L, 87 —7DEFENESEHZENT
TR, TAUTIE Y T AR E R E S N T
DT, BEEMSE (B B8lconTh
FEETH D, &2 T, HlEDAEMER S
RS, MREKEANT R T 2B
S D E MR R 2B L, A
X T DOFEAEREEZ AFM 0B E TH 5 2T

T5, TR, AT XTI OMIBANIC
B DAEOWRE, ik, EHORXA =X
LEHONNCT HONRRKZEOHITH D,

3. WDk
AW CIIEEERN (VY= — 3 )
(2 & DHIRR RIS b eEE e RO T
A EFT Yy Bk aEhgl & HR L
(tear off 1£) T X 2 Hn i FIEEE D —F#
MEOEAVERIE Z M U, A E R, /N
K72 EORMBEE L 260360 7224221
EXE DOFRATICIE 5, £/, ISR L
LClEA Y 7L F oA )L ZAOHIA~D
BARAT =X L EMEANLBIE L. GEH
\ZHRAT 5, B3l =0 o0 Hl e i 31 e 1 oD e
SED T DL, MR R DS B R & A
NSRRI 5, #EMEZE DT T AT X
% PEFIEE T ERAE LSOV, B E I T W
IR DRI E )% RO D5 MR B D,
F 2T, PRI I s AR B O B
REBLE L TBI o7, WL OB%.
KFPTEL DM, [IARENED L HITH
NS S 72N B BB BN Lz, b
KRR E o FFEITH 1A IW LR T
bl CTE A EAER L, M) & R
DR EH M LTz, WRIZAKFIZEITS
AR VA DAL T v — TR N
WCTHDH I ENHBA L, BHEED SRR
ERBLANZ N T ALICHH TR L7
Ta—T7 R L, WEETEH, FoX
D TR EC 2 ORI 72 1e 2 MR IS S THuiE,
72T BRIV D D Lz, —J7.
tear off ETIXZNFE TORER LA
FPH 2 L HIC LV EOR PN EE N7
BT ZILHDIRT A —H —EfEE LT,
4. WFFERLE

R ) BfE V2 (unroofing) ML ARV o 7]
RYER Sy 2 &, RN O A VT %5
oM BH S S HETH D, HEA
TS OREAVEREICE AT A e F L
N—ZEEAENICEX | AL R T E
RT I TF UMM EORmEIEE LT
fRAT CE A Z ENRALNE 0T, T2,
T FAEEEMAEDED EBOTE =2
Y RIANTHIREKREDBETEDHZ
ERbMhoTz, TOX DT THRE
AVERNETH D, HBEMEITILT LHERW
ElIWAT, EBRHIfFINTWE, 22
THx X o OMME R EEE OB R K R &
fToTme —ODNEBERN S OFBZ 2RI H L
T-AMB R EEE CTH Y . o — XAk
EEOTEA Yy aReH T AL D5 &HN
LIETH D, BEIIC XD unroofing IX
BRI BMEDS BV iR O E T H 23
50W &< 1W R TOHIE S H sk 22
NHRTH D, FO7-0, BRI EBE K
Z M LT unroofing L TW=23, %< D
e, BEONmIFBETETH, KY¥oF



IR T OMIEERIZMHELTLES Z &
Nbhnole, 7 I7A4AFEBEHIZA Yy a2
TEELZMTIL - CEB TR &
MR <> TLE D, £ T . Fox g
TRRREIC LD ED X D TN EE R EE S
DM EHRNRT, TORR, Frn—74
DFBE W EEE ClIKP CHEER 284
THET o — TS EM R
(cavitation) WA T 5, Z OXIA M
BEICfZe L, IR 5 & O/mEHICLD
AR S E S D, Fz, MR ORI
i 2 ) 5 7= DTt & W RIS
HETA2HERH L Ebbrolz, 2D
7=, HF 0.3~1W THZNZ: cavitation
R Z T E MR AL E A B LT, £
B2 B2 U Ze s & 23 I < HE R sk B 2
TEH LI, BEERE o —TOME
AL R, FERBEMREE, ACE IR E 2 41
Ao, HTT AT KR B 7 i e e St e A
R LX),

L : |
" o . :'.",- . - S
:} A A e
L 7o F I RS I K 2 Al )
JEEHIBE U 72 A= AR(T), U 1354
ST EIE 7 I o TV B 3K
%, PU IR B9 AN ]
REDFNT X T B> TV
Ta—TkRT, TATYRA

\\

=
~Ei
=
e
=
&r

NE

s
A
R

CTRENE
—

NOEBEFER
X
Y

‘97(40
SHTFRED

HIEFHC
B

=
:;Ii':c
ZHIZ XY ARM (2 X9 KH TR R O
1R 3 R REAG <o M R S 1B oD ¥4 i /N Rl R o A7
R EEZALNIITHZ ENTE -
(Nature Science Report (Z#Ffad) (K 2),
F7o, FERARREEIE 7 ) — Xy F Tk
(2 K0 MR IEEE T O v/ INE AR O AFTE %
ATEx~(E3), &EHITmild 72 unroofing
RO, BEEMEEESDEA v aRH T A
WL DEZHP LELHRE L, 2,
BEREL Y & S OB E Y REWFE
THoHN., FlpdEEZLEZ L Lipnip Ll

BEAYFE

i
]

e

RIS L RORS
SR FHEEFEARD 7 ) — X F o 7B

%, AR O N 2132 < O ML R 23 475 L
TW5, TOM %> & 5w/ eEGReals
Bo ThDHEDMBFET H, MTHUNE

Fo, BRI b KU TREDEZL DA
NIRRT EHRLEEE, MlaEzH 72D
WM EDOFETHLH D, FZT, IhvE
TEITRA DALY 2. 5mm X 2. 5mm D
BT A LEICETMEEEREL, #5125
Wiz, Avva(Z 74 FEBROLR) -
I T A (7Y =X F o TOEE) LI
MM 2 I LTz, 512, solid
P MR T A7 B & EEE bnm O
HN—=HT A=, S5, RORK
FEEHTRNERDY , 1~2 5%, V7L
WRETNT, BHICEY BT 2 &5 & FN
T, O\ THIANTIL, AT R T,
M E ¥ 2 & AT ORI 2S Alcian
blue &AM L CThH D TEHOH 7 A, £721%
Ay RIS LIZIREETHRINTE 5,
ZDOFEIZLY, 7 T4 FEBITTHEET
U D AR TE O RSO i /D R AR A B2




X 4 FHUARBEHEE L 72 MEE (native) FAZD
I T A AEBBGABRNENDTT 7 F M
He, PoUVE (MT), ¥ E/MR(SER) 23 H B &
f@gf%ﬁ?’%éhéo%ﬁmiun‘:y‘—AMELT
W5,

5. ERRERLE
(WFFeiRFE . WFZEsHE R OV EERF 22 512
X THR)

UdesEamsc) GGE 4 )

1.Yamaguchi T, Lu C, Ida L, Yanagisawa K,
Usukura J, Cheng J, Hotta N, Shimada Y,
Isomura H, Suzuki M, Fujimoto T,
Takahashi T. RORI1 sustains caveolae
and survival signalling as a scaffold of
cavin-1 and caveolin-1. Nat. Commun. 7
10060 2016 i

2. Hayakawa EH, Tokumasu F, Usukura J,
Matsuoka H, Tsuboi T, Wellems TE.
Imaging of the subsurface structures of

“unroofed”’Plasmodium falciparum-infected
erythrocytes. Exp Parasitol. 153:174-179
2015 AFHA

. Sanuki R, Watanabe S, Sugita Y, Irie S,
Kozuka T, Shimada M, Ueno S, Usukura
J, Furukawa T. Protein-4.1G-mediated
membrane trafficking is essentiall for
correct rod synapstic locateon in the
retina and for normal visual function.
Cell Rep. 10: 796-808 2015  #5Hi

. Owa M, Furuta A, Usukura J, Arisaka F,
King S M, Witman G B, Kamiya R,
Wakabayashi K Cooperative binding of
the outer arm-docking complex
underlies the regular arrangement of
outer arm dynein in the axoneme.
Proc. Natl. Acad. Sci. USA 111
9461-9466 2014 A5

(F=¥ER) Gt 16 )

&l 4+

1. Usukura E, Narita A, Yagi A, Ito S
and Usukura J Unroofing methods
in AFM imaging for intra-cellar
cytoskeletons at molecular resolution
The American Society for Cell Biology
December 12-16 2015 )San Diego
Convention Center, Sandiego,
CA ,USA

2. Usukura J, Matsumoto T, Usukura E,
Oharai Y, Sunaoshi T, Tamochi R and
Narita A Development of low voltage
cryo-electron microscope for
simultaneous imaging of bright field,
dark field STEM and SEM using
unroofed frozen cells. The American
Society for Cell Biology December
12-16 2015 San Diego Convention
Center, Sandiego, CA ,USA

3. Matsumoto T, Sunaoshi T, Usukura J,

Narita A The Cold FEG STEM
Brings the Modulation-Free Image
Suitable for Protein Structure
Analysis. The 2nd East-Asia
Microscopy Conference November
24-27(25),2015 The Himeji Chamber
of Commerce and Industry, Himeji,
Hyogo, Japan
4. Usukura d Development of low
voltage cryo-electron microscope for
simultaneous imaging of bright field,
dark field STEM and SEM using
unroofed frozen cells. Microscopy
Conference 2015 September 6-11,
2015 Georg-August University
Gottingen, Germany
5. Usukura J High resolution AFM
direct imaging of the intra-cellular
cytoskeleton by using unroofed cells
Multinational Congress on
Microscopy August 23-28 (24), 2015
Hotel Eger& Park, Eger, Hungary
6. Usukura J, Usukura E, Narita A,
Yagi A, Ito S Use of the unroofing
technique AFMdirect imaging of the
intra-cellular structure at high
resolution Microscopy &
Microanalysis August 2-6 , 2015
Oregon Convention Center Portland,
Oregon, USA
7. Usukura J Spatial structure of the
peri-nuclear cytoskeleton The 15th
International Membrane Research
Forum, Kyoto, Japan, March 2-4,
2015
8. Usukura J Spatial organization of
nuclear membrane cytoskeleton The
American Society for Cell Biology
December 6-10, 2014 Pennsylvania
Convention Center, Philadelphia,
Pennsylvania, USA
9. Usukura J, Minakata S.
Simultaneous imaging of Cryo-Bright
field, dark field STEM and SEM using
unroofed living cells with special
reference to membrane cytoskeletons.
Microscopy & Microanalysis 2014
Meeting August 3-7, 2014 The
Connecticut Convention Center
Hartford, USA
A
10. HARE MialcbERH D 2 Mias
& Xiicoy LA - XA AR
T4 WNVFERRE R 2T AR 10 A 31
~11H1R  AEBEHERY
1. FATBER RN T 7 F Lo 22 H
WS BT E A PR L2y 94 F
TEIH. freeze deep etching replica, J&
TS e £ X D ARt
A ARBESSE 725 3 8 [0l B R SRRk




2 k26423 H8 H AARLTK¥H
H¥ v o782 R IR - )\ -RAE

12. FATRES High resolution in situ
imaging of cytoskeleton by AFM in
liquid environment. International
Workshop —High Resolution Cell
Biology- “FH(27T4E10H 1 H 4 HE
KEES MaBfE

13, FAAIRER. RH¥ ., mEE, A
ZRBBIET  AfRa T ZE MRS E AT
FH Cryo—in lens-S (T) EM ®BHZE
Development of Cryo—in lens—S (T) EM
for biological use HAFEMEEFZESE
71 [RIZEATEE S SRR 2T 25 13 H
~15 A [ENLRCHS E B A

4. HATRED MR BRI KO
fao>T 7 F MR E b 0D 24 R R
Spatial structure of actin
cytoskeletons in retinal pigment
epithelial and photoreceptor cells
A AR Pk - REPIES Rk
2143 421 H~23H #pFAR—FTA
TR, M EBRER S

15, EAIRES kEICHT 2 BEMEBEE & O
F— 2 _N—ZfIZ DT Image
library as a database in America
Society for Cell Biology H AKFHEfSE
SR 10 PR AEMHIE TR 26
FES5HIIH~I3H HEAvE

16. FAIRELS, FLEM 27 T A A STEMIC
X DRS4S ORI EG  BLER &
TIREFBE ORI Simultaneous
Imaging of Cryo—Bright Field STEM,
Dark Field STEM and SEM H AEE#KE:
TN T0 PRI SRk 26
FES5HIIH~I3H FHEAvE

(XEF) Gt 0 )

(P 36 M PEAE )
OmiiRee Gt 1 )

A AR R B HIBE TR, B LW
Bk

FAE - MG, CARZE. FRTRED

MeER|E « XA T 7 /Y —X

FEYE : B

& . HFRE 2015-083841

HFEAEH B : 2015/4/16

E N ORI . BN

OBfsiRdt Gt 0 1)

YN
FE
HERF
FH¥H -

HFG
iy X ey s =
ENS DRI -

(D)
R B B

6. AIFFERHRR
() wFgEfEH
FIATRAR (Usukura Jiro) 4 diRAK%: -

HERFZER - BFZEE
e &5 30143415

(2) WFFE 533
( )

RER
(3) HHERF I



