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Establishment of the new observation method for bioparticles using an SEM based
on the elucidation of the properties of the NanoSuit.
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We have established the NanoSuit technology which can observe the alive/wet
biological samples in an electron microscope which requires a high vacuum environment. The NanoSuit
membrane can form on a biological sample surface by a quick one pot treatment. The membrane can

protect biological samples in high vacuum, and add the conductivity against electron beam
irradiation which usually causes the electric charge. By modifying the NanoSuit solution and the
polymerization method, it became possible to observe not only cells and tissues but also industrial
roducts.
pWe also succeeded to observe biological particles such as exosomes and viruses using the NanoSuit
method. In the analysis using viruses, we succeeded in increasing the sensitivity by counting Au
and/or Pt particles as the marker using the immunochromatography method when we cover the cellulose
membrane of immunochromatography with NanoSuit membrane, therefore we could establish the new
observation method for bioparticle.

NanoSuit NanoSuit_



1. WHFEBRR SO =

WL U & LI EMB RO EDFEARE LT, H5)] Z LM ERAARTHD, 17
Fo &0 FEBMEBEN A SN < OEFH /RN 22 S v, EmAHE B TR TR 2E X
ONDE I oT, DK, HFHMBEL D L@ WRBIEL L o8Bl 2 B L T, B0
FIFBHR A E V. 1931 4£0 Max Knoll & Ernst Ruska (2 & 0 B EAMEE N 3H S /-, Ernst
Ruska @8 Helmut Ruska (. M. 4R, SFIERTAINLARE, WL OB
TR FE RN S A A E T IAMEBEN TR L L O & L, 72 Pease LAY, RILEEZ LG,
SEMINTHAE TWAEBDWL S DOFRAEBEFEOEKR 282 Uiz, SEM NIZERK Y IAE - H
2R Y < OERIIBETICE X MEILEL T2 b 00, BlE%, KREREE FICRT & @mE
DIFEENVZHEBI L WO EN I~ (Pease & Hayes 1966), LxL. D%, BEHAEIIU
DL LTEMEZOEFE TSI CHBET2HEIIBEA T LE-T, &5 < ETHKED
FICESEANTZREOIZEAENRTHOLURTER LT LE-=0EA S, B HEMEEITE TR
EHATAOEBEZEIZ LR TUIR LRV, 72005 80% b DK & & AT AW, K L,
SEM CTRIFH I NI A MNEBIEDIITTRATANRNy X a— X — |l koTEBa—T 47
95 (Bozzola & Russell 1999) & W\ ) BERHMIENBR EINEE Lz, L., BE, RO
F & A EDWFEIERR TITHOIL TV D Z OFNEIL, EHE OB % i U/EERF 005 721F T2
SVARERT—T 47727 FEERLTLEY, EVOH Y OFEEOBIEZLIT TND, BX%E
B < & D ITBA%E ST K TR O o FNE O WA Hz g dE 18 O R o ki@ e 2 T |
VT B OUGEE NS Z L 1TTX 72\ (Brunk et al. 1980; Jensen et al. 1981), 5
HFC 70 4EMIC AT, ZOBEZERE FICAND ZOOBABEEDOSKENERLNTEZLES
25, WA L CRITECHOAIAEWABEmICERA Ny XY 7 LBIFE, 2 N T A b
DESELWR, WBICE DT =T 4777 FEBELTODLIOTIERWNE W) S a i
TAHZEIETERY,

MIEET-BiZ, TEHERVAEMOZOETEDOEE RN EWIERERD Z LiF o,
PRALERYE NG 2 5 R & a8 LR 2 72972012, IR~V DEZEIZ L - TR TE 2 8REE
SEM PR ELZ2 SEM, & D WM iEalkh 4 KA T ICE W THLERT D KRAUJE SEM 72 & olsss ik it S,
ZL DEENEBELND L 917 -7~ (Danilatos 1991; Mohan et al. 1998; Symondson &
Williams 2003; Stokes 2003), 7-7°. Z U5 DIKELZE SEM CBREE SEM 72 & Cld, EZZfEA T
HZ L2k (K10°Pa), MMEENMETFTLTLES L, REESIM TIXEFHROa b —LD
SERREMNRIE o vz, Fo, wEHCA A Uik E V0 2 E B 72 FIERBR s vz
(Kuwabata et al. 2009), A A VURIED, FIR CTIRIEDE THY | BEFTHLABEIHA 4
HEWEZATDHEVSTMFFEAZFH L CEFBEBEOREFTILE~DOEHANKRF SN0 TH
% (Nimura et al. 2017), UL, A A iREOME & LT, MENEWIZOITMUN S 28
BT OO AEENREL D & KOVEWREAMES T TIER WA & /IR Z 0T T B iE 9
DEEER S MEE &9 RIER R - TV 5,

ZIH D SEM B D % OREIRROEIR OB IL, X TV DHIREIZTE 5720V AEYRE %
EE CBIE LW E WO MIREDOEROEZENOTIESL LWEETH D . Hix OKERN RS
Nt 525, Feald, AEREAMER D TRKERE AT, ARk o By Mo, -
J AR CE AWM BIE T X 28 C©d 5 NanoSuit {EZ2MENT L. 8% L7 (Takaku et
al. 2013) ZOHEHMIT, EMEAEN LT FHAE SIM THETE, 7T—T7 4 77 7 NBIEFEITD
TRWEMBIEIETH D,

2. WEoHBY

BATH, AR - DIREE A2 O D —DIXBEFHEMEETH V| AT - B B3
7o EAEMRLICEE T B2 08 CIA VWS N D L ) o TV D, L L, BEMEEITE
FRHARBHCBE T 272010, ERNASEEICHER LTI LR, 205, EwaRe4
SEM THIZ29 A WEIL, BT & U CHANCHE - @RFAEUHEN AR THD EEZ LN TY
5. FeaITEMEKRSMER 2 EOBERT, AX7FF BN FE D SEM BIEHEITE LTO
NanoSuit EZ#ESL L —E O ZBIZZRE & L TV, TS E 28R EE T Ik W Ty <.
T RTOMIELCHIL WO VY —h0, Ml EBRT D2 UA N A EE R ITBIZET S
ZEIETERD ST ARWFIE T, Z OO IEARTH 2 NanoSui t &> 2 i S e & T L.
Z DT —HIZHANT NanoSuit AT & EAEERE L, MIEE L OVERBE+ (7o LA
T YV =L L) EBIEFRICTAZEEENE LT,

3. WHEDTTik

ERAEY

XAl arlau Ao 3Eshh ((KEMN 3mm) (FL =2 RS %213 0D SeE7e M E
WA, b hisk, =7 AHKROEREMR, YA VA, =7 =LA R L, M ey
a UV a UNTOHRCEERNE RIS EEMSCAERRBEOEN R 2 BRET H-0HIT,




FREK TIP3 25 72 £, NanoSuit IR DB R A2 MFET D7D T RE L,

BRI BEAR A

SEM #2212 1%, JEM=7T100F (JEOL) % F=IZfE ] L, JCM-7000 Nescope (JEOL) , S-4800 (Hltachi)
Miniscope TM4000 (Hitachi) 7z EDiZsb AL, #1472 /7QE%%£ﬁﬁé I%. SEM
MODOEET —Z% Hi-band TV XN T —<y hOETF AL a—F— &iﬁﬂébfuﬂ’f‘ib
7= (Y =—_ BDZ-EW500), #/NEMEIAD SEMBIE2I1E, #EHT Nmﬁmthml@&% EE
TLK%\ﬁﬂﬂ%%ﬁﬁNwﬁmt@ﬁ%ﬂ@&@&%%w(@%b-%@iiﬁmﬁﬁbto
T XV X = E X% (BDS) ¥

XMax #&&E (A7 A7 4 — KA /Z VAR R LCOREONEFEN LT, BRE
b 257912, JEM-T100F |2 2 -2® EDS 5 /34 A Zg%{&E L7-, EDS 4y#rix. 10.0kV Ohl@EE

5 I U MOMEERM A H L TS LT,

CLEM (Correlative light and electron microscope) 15

H& EYetazfii LIIREEARAD AT A KT T A LD NR—=T7 T 2 %5047 DI2, FU V3K
WCATA RT T A%R L, BFAAEZRE L7-%, NanoSuit Type HIEIKZ LA EIZHE L,
Ay a——7h W TCES IR T2, BIR PO EFTIZFE > T % NanoSuit iK% % AT
A Tl ETHRER. FOEE SEMBIZRAITo7,

A X727 v~ ~ NanoSuit ¥

A TN Y ARG R EHIREORBH D212 InunoAceFlu 3 » + (TAUNS Laboratories
HA) ZfH L, SEESMEMEREHEEREa 2 7 A LA 2 (SARS-CoV-2) FH D TgM Hit LFA & v
&, Kurabolndustries (KPR, HA) ZEH L7z, PURPUARISEZ SET-A L/ 7~ FE Y
NZ NanoSuit Type [¥ATH L., TOFEE SEMBIELTTo T,

KR TIEDOFEM

https://doi. org/10. 1038/s41598-020-71523-8
https://doi. org/10. 1038/s41374-019-0309-7
https://doi. org/10.1016/j. jpba. 2021. 113924

4. WFTERE

PSSR A

SEMIREE MR | BRI M 470> & AW E R O AR & O FEV] 7o g 03 e S e, fBRTRAE
EIX AT EDRVESFTHORAOZ LT AR T —T OB AN/ NIWIEEHEL 2D,
BERERNPEL RDITEELS 72D, SEM ODAF T v —7 O & AIEFBEMEE OS5 AT,
#9100 ff5/h N, Z D728 SEM O FERERE T, SEFBMBEOZ LK 100 fFRE W L1275,
ZO LI, SEMITAFBEMBICH AT, mWafEie (2208 %84 O e LTHRRIZXR]T

DEEIN WD E VIR T TR ZOEREEOFRHANIANZ S RERFRBH D,
Elﬂ%bt;in;NmﬁﬁtE@%%KﬁotEWEWT%éyav)awﬂzwmaé
BB AN CTE CICBERGT 5 L AMER S (X 1a), [AU L D ICE MBS
AN TEFHRERINETIC30 oL ERET D EBMAKSNTRELSELE TS (K 1b),

in water

d z@wmwErs
© iFRLEETRIE

1. ¥favavyau_zoihho FE-SEM (2 L 58122 (a, b) ; ik 4 B - BEMEEN
KAMKL%%%*%ﬁ%%bTﬁ %%Ltﬁﬂ@(w L R R
BETIZ 60 Mg L=l 2822 L7218 (b)), B8 a2 RS Lo EHZ O A, (REmIZ 50~
m%m®§ﬁﬂﬁﬂéhfw509ﬂ TRSHIE L O b OIS TER S e (), (83
N STV D asME (ECS) 72 L T, ZO ECS 2 AT A K7 T A EIZA
FTTT I AWK T 5 L, KIZET 2 WBENEEENER SIS (de; Erky b (%)
fd@ﬁ%@%ﬁ%%ék%ﬁﬁihf%ié(%mn—ﬁ‘EE% %Lthi@ﬂﬁ
(g) 1&. KPP TEMET S (h) (KRENXECS OfF 7284y, BAROEIZEN),


https://doi.org/10.1038/s41598-020-71523-8
https://doi.org/10.1038/s41374-019-0309-7
https://doi.org/10.1016/j.jpba.2021.113924

TRV F — S HOM X AR (EDS) {5

1 OfERAE S &2, =3 V=W X #5506 (EDS) Tz £+ 25 &, AR s
WAHHO (K2a) &, ZELTHELTWHWA LD (K 2¢) TRESHOSACEICEHE EWND
N D LNy o T2 (Takaku et al. 2020),

e ot ixet— cohventional
&/ NanoSuit specimen =) fixationt,

conventional
fixation: \

2. FETCWBH T a v ya o (a) EHERDOBEEHETEARB L (o) OX
FRAMSEEIS, TNENEZILER SEM B Tl 5 &, EAOFKE (b) BILORML
WOEERE (d-g) THEFEREVWALLNE, OE@NOEAWHRTRLE EA2, EDS
TAVAX XY T D &, kE (CGH), BE (O~EBU%), TR (NasgR), U
P;AL oY), BEOAAI UL (Oss/Kkt) OIEF1#EIZ S 11, Conventional fixation @
FEARTIZECROEFDNHEFICHTLE D 2 E8bn 0 | AERNEFEOWEORIEIZIL, (Ek
MEITHOITWAEEEIAREY T, NanoSuit X W ARLERH D Z LNtz

CLEM (Correlative light and electron microscope) £

Choosa the location where you want to
obeerve (Marked with NanoSuit solution)

Light microscope

[ ol / - | Remowecowerglass | . B
| S / / / w / g Light microscope
ex. Speders HE staired slidegasses %
7 Apply a dropof
.‘" NanoSut solution
e’ W
Possible to restore “ / S:glejtb{yg
same position
Spin coating

Conductivity can impart by NaroSuit liquid coating

;‘;’ ' No charge

Scanning electron microscope

“ 3

High magnification
Can re-stainand encapsuate — —

3. CSFEEMEE LB IEMEL (SEM) Z1T-o720 kK72 L BEIERE, /N—7
T A% L 72, NanoSuit Ak —fM7-Hb L, A a—X—R P TRHLTEDOEE
SEM THi£79 5, AT, ZO—fl& LT, BMIMESRE OMBANOMEZBZ LT b D,
KPP TIZIT - & 0 LW & 2< R UEFT 42, SEM CHIZETE, HETHDH 2
L EMERTE D,



MRFIREDONRT T 4 VHIRERAT A BT T R IRENFEBEL AW EBRE2T5 2 L,
EMBFAFFNZE S TRPT ZEDTERVWFETH D, b MERRE LIZERIGIZEWNT
@\ﬁwVUVEEN§74V@@ﬁﬁ@ﬁ®ﬁ&hEﬁ\“VF%VUVHIﬁVV(%)f
Yeth X, JRBLE DS BIRBIBIEE T 5 Z LI P STV 5, SR IRMERIC X 2 8lg T, k-
ffECTH T —BE L TREMMNE RO T’?’Tb‘ ERRETH LN, BRI EH VDT
OIZERIEEN %L chOT WILDOBLEE L 72D | m‘/‘ﬁﬂ%ﬁ%’fﬁ%ﬂ@b‘ EDRRETH DL, £
DB Z RS B 72012, HFEEEE CRIE L8 ir %, B HEEEE2 WL BV ifgEE T
Eﬁﬁ%ﬁ%‘?ﬁ‘ég%ﬁﬁi CTW5D, ZOJEFHMEE CBIEE L I-R—50 2 E& A E Mtk
TEIET LML, e- B HRIAMSE (Correlative Light and Electron Microscopy: CLEM)
BIEE LT, B N OREZW S A2 LIS B S DRI S TnWh, TivE CTES
B & W= BRI HAREZ: CLEM VEDSBHIE ST & 7y, Fex 1T AEMEEAPED NanoSuit ¥R % Fl
352 LT, GKRIREOHMMBUI A 2822 LT-tk, FRGETEZDX T L E £
REZ iR U 7= (Kawasaki et al. 2019),

A A/ 27 o< b _NanoSuit {£
4/7»i/%@ Wi EICHWLRTWAA A 7 a~ 7T 7 =%, JUROHUAR E
DE L RYEIT A Tg EDOERRLF 2R L. PURPUABUSEM . DR 7T X & B T2k
LTW5s, \RJE EECH DN, EVER T, PCRIEICEHE D EAERAGIZRE MR &9 D
3?)50 —. SARS-CoV-2 OFRHIZIE W T, PCRIFIIEEE LD EEMEAMH L CLEI> Z L &
I, RAEFERS D ETCICHBEERI DD Z EBRERBETHD, A 2/ 7a~v NI T 7 4 —
@ﬁﬁ: HRAL A . NanoSuit VAWK Z i@ fH U CHE 1B CBIZ I 2 8BS Ic ik Bh L7z, PUEPUA
SN D&E BRI T &2 SREIC AT b5 2 & CEBE, BEM, OBl 2BESE 352
EMNTE (Kawasaki et al. 2021), U7 F o ahF7p EEMGEOBREA & H A RE72 BEFE 12 72

2>77,

a. Schematic drawing of ICG c. Counting points in ICG
Lysis Buffer ) 7.8 mm
~ Influenza 6.8 mm
e ;\ virus
'\‘ 3
Anti-mouse IgG 4 LAntn Influenza A NP ' ) — 1
—— control test
§——NanoSuit Solution line line
4X by
“%‘;— 2 ____=-—__ d. Apparent signals due to the anti-antigen reaction
L ————
P . .
Controlline 4 Lest line
l.NanoSuit thin layer

Control line 4 L Test line Background In a test line

b. Setting ICG in a conventional SEM e. Detection mechanism of nano-particle with NanoSuit

” T

Put the ICG into a Conventional SEM

/ ;f R "_< ® Anigen
Au [ 5 Y Aniibody
: i 4 :’ Au"_( ; s /" Cellulose
2 ¥ I’?‘ b/ =P Backscattered
=~ electon

X4, BHTHELTWSA L/ 7~ hME (ICG) %, B FHEMEE CHNIT S &, BT
DO PCRIELIFIFRUEKREICT L ENTES, PCRIZ, VA NVARREDEMLGT %
iE L TRV SN TWAD T, BERENTA N RAEREF L T D BT A A 6E
7205, RIETHIUL, VANVAZRERFLTWVWAZLEZHMAET A2 ENTE S EREFRC
BERT 7 F R DPUAZ R L W DG b RA RTRETH D,

NanoSuit
L



11 11 0 8

Hariyama Takahiko Takaku Yasuharu Senoh Chiyo Yamada Satoshi Itoh Toshiya Suzuki Chiaki 33

Takehara Sayuri Hirakawa Satoshi Kawasaki Hideya

Living Organisms under an Electron Microscope: the NanoSuit(R) Method aiming for Medical and 2020

Industrial Applications

Journal of Photopolymer Science and Technology 517 522
DOl

10.2494/photopolymer.33.517

Takehara Sayuri Takaku Yasuharu Shimomura Masatsugu Hariyama Takahiko 15

Imaging dataset of fresh hydrous plants obtained by field-emission scanning electron microscopy 2020

conducted using a protective NanoSuit

PLOS ONE e0232992
DOl

10.1371/journal .pone.0232992

Kawasaki Hideya Suzuki Hiromi Maekawa Masato Hariyama Takahiko -

Sensitive quantitative and rapid immunochromatographic diagnosis of clinical samples by 2020

scanning electron microscopy - preparing for future outbreaks

medRxiv -
DOl

10.1101/2020.05.20.20106864

Takaku Yasuharu Takehara Sayuri Suzuki Chiaki Suzuki Hiroshi Shimomura Masatsugu Hariyama 10

Takahiko

In situ elemental analyses of living biological specimens using ‘ NanoSuit’ and EDS methods in 2020

FE-SEM

Scientific Reports

DOl
10.1038/s41598-020-71523-8




Kawasaki Hideya Suzuki Hiromi Maekawa Masato Hariyama Takahiko

196

Combination of the NanoSuit method and gold/platinum particle-based lateral flow assay for
guantitative and highly sensitive diagnosis using a desktop scanning electron microscope

2021

Journal of Pharmaceutical and Biomedical Analysis

113924 113924

DOl
10.1016/j . jpba.2021.113924

274

NanoSuit(R) —

2020

1136-1144

DOl

276

2021

740-748

DOl

23

: NanoSuit R)

2020

145-155

DOl




Hariyama Takahiko Takaku Yasuharu Suzuki Chiaki Takehara Sayuri Hirakawa Satoshi Suzuki 32

Hiroshi Kawasaki Hideya

Living Organisms under an Electron Microscope: the NanoSuit 2019

Journal of Photopolymer Science and Technology 287-290
DOl

10.2494/photopolymer.32.287

Kawasaki Hideya Itoh Toshiya Takaku Yasuharu Suzuki Hiroshi Kosugi Isao Meguro Shiori 100

Iwashita Toshihide Hariyama Takahiko

The NanoSuit method: a novel histological approach for examining paraffin sections in a 2019

nondestructive manner by correlative light and electron microscopy

Laboratory Investigation 161-173
DOl

10.1038/s41374-019-0309-7

Shinmura Kazuya Kawasaki Hideya Baba Satoshi Ohta Isao Kato Hisami Yasuda Hideo Yamada 10

Satoshi Misawa Kiyoshi Sugimoto Ken Osawa Satoshi Sato Masanori Hariyama Takahiko

Sugimura Haruhiko

Utility of Scanning Electron Microscopy Elemental Analysis Using the * NanoSuit’ Correlative 2019

Light and Electron Microscopy Method in the Diagnosis of Lanthanum Phosphate Deposition in the

Esophagogastroduodenal Mucosa

Diagnostics E1
DOl

10.3390/diagnostics10010001

66

2020




NanoSuit

2020

Hariyama T, Kawasaki H, Suzuki H, Takaku Y, Suzuki C, Takehara S

Living organisms under an electron microscope: the NanoSuit

The 36th International Conference of Photopolymer Science and Technology (ICPST-36)

2019

68

2019

NanoSuit

2019 2

2019




NanoSuit

19-2

2019

2019 2

2019

Hariyama T

Nanosuits, Imaging living organisms in the Scanning Electron Microscope

Japanese-German Symposium “Biomimetics: Learning from Nature for an Innovative Future"

2018

NanoSuit

36

2019




2020-079912

2020

(SUZUKI Hiroshi)

(50345831) (13802)
(HIRAKAWA Satoshi)
(50419511) (13802)
(TAKAKU Yasuharu)
(60378700) (13802)
(KAWASAKI Hideya)
(90397381) (13802)




