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There is so much potential for mankind to innovate novel nanoscale memory devices, motors,
and sensors if they learn from life. To understand and exploit the technology employed by life, bi-
ologists must rely on high-resolution imaging technology. Fluorescence microscopy, in particular, is
an indispensable tool for state-of-art life science, for its higher contrast with a minimum perturbation.
Recent development of super-resolution microscopy has eliminated the theoretical resolution limit
of light microscopy, and enabled observation of nanoscale structures in living organisms. While the
resolution has been enhanced, many issues have also emerged from the previously ignored devia-
tion from the ideal optics. Here we review our efforts to obtain high resolution images by fluorescence
microscopy in complex biological samples.

Q FZAhE STEEEN., DEEE, T —. BEELLY—17%

. EOWBETHIEL TWh, EmRoNE T, 20X
RSB T 2 ST RO % 13 B D12 3 BRI RMAEAT L < 2L L eSS, &Mk
LT, flz 2, #EWETH S DNA ., LF L OS2 L TWa e E2 bNTwD, &
BB S N B MR O SR B ©H 5, DNA (1. THMEEE VUL, BOTEWIRETI DL 7
MOEER T & - CRIZHSS T I — FSh 5721 M x B2 2 LD TEA LY, BINAMEH M2 2 L2
T <. HOHEEOFEIC S OB, B TELR AEWOrE) T2 EHICFHIT 2720

ISA L7 BEEA . 2 L CEISIICEL T A 2 LT W3 AR A &7 FBIRTE 2t HwWioman
&b EPEEIEIY AT A E L TEELBEIOEZFD, REDA X =2 Vv THEMDBVIETH 5o

IANF -2 ERRETHHT L L LI, BRATER TG 2 G728 K A4 A =2 ¥ 7T,
LCHMHT 2. SO L) IZENFHl B L. PRt - AR R E CREA e T L — 7 AV —% b 72
M4 52 e TEIUE, NEOFMIIEARD 5210 T L7z, HIGHEMEBETIX, B LWy YNV E
L7259, THOUME TH O O L. Bttt Ry 5 L.
HEWRZ DL ) IENBEREZRBIETE 5 DI, W RORICEHEZIEL T ELN S, BREona
Bk~ B BE & ¥ o AR DS, 2 10 ~ 150 nm YEFIAMDREL, MEOSTFTLEETRZD T,
(nm 1Z. mm @ 100 J5453 P 1) &\ ) /N O BERERY 72 55 (R - HEWS B CRE R I E O B W BEEE Th 5o
THBEBZEE L TWLINOTHE, ZOL) REKD E 512, 2008 SED ) — )AL E S E & T o okt

61



3 NMFIATLOFHICER

Wr T EOREIZ L 5Ty EEHIBTHB DS
TERDLZENHEIITEDL LIk o7 EfnTH
Baz Ffric X W BIg Lo Eicasky vy il
ATIUL, EELFEBELVWSTFRETEEL6ET
BIZRTE %, HOLHBESERM 2L, HIZERSE
BT e EMOENTREIIONS ) HEEL T
C)AZATRETH L,

€©) oo 2B

ZOOEBE LA oL BT b b R/ANOHEE
DI EEPEREEE ) o BB O HREIZIIHIRD D
bo HMHETEIHEROERETH LD, LY AellAE
HEIUTRICERZ LTS 2803 T& %, LA L.
HEMRUEICR2E 20 RTTHIENTE %L
ho INHEENLRIEONHREDRATH L, %
Y 5 FEBEROY 6. TRERIIEDWE N ER Y
G EPTE V) BHRO2D, HOWREOKF5DRKE
SR E 72 5o

DD IRF I B o 7D, RS
DFFET D 5o HOCBAREE D 77 ERED RFHIH 250 nm
7278, RBIRMEBAMEE D Z v 4ud 15 ~ 100 nm &)
ETRBEDR DN Do Z OHU & FI%E L 720 5EE 1,
2014 4E D ) —~NOALFAE 252 H L 72[11-3].

2.1 ERRREEMER

BB BERGSE X, B ERBRI 2 2 7O TIE v,
SoWEERI ORI O T, SEEEE HIKI T 5N Z
[k 4 2 MiiE 2 72D TH B Bl 21, fE LR
o, Y TV OBEMEE O ERE L D D B 7 iR AR
2. G TR 2Bl ofkk R ERaEbE L 2 L T
WX DR EED 4] ( 1) o ZOTHERRIZE
T L EMHEN, TTOBML ) QRELEMICR L, 7
DIz, WEOWEHEDOTHRETDH., ET LEABIET
&b, COBRLE-ETLE, BEREbEEEHOR
BB W T O 2 AR & BTRIC K o TR

e ik e
At FFRER (Fi#8)

X1 BELREEDRE
HEOEEROIHETHNSE, BEOEME CIFRE TR LN L. BEXD
DRt (1R) ZRDOBAZERGDED & BEEILNTFSLEVET L (F
i) DRET B, EFVRTORBEKIIRKEVD T, BEEOEME CHE
TED, BRUCET U EFHDORBRADBERZEIC. HBDORZFFEICK
DR ZEDTED,

62 TBIRBEAIIHIBIAIIRE Vol.66 No.1 (2020)

HIENTEDL, TOLHIT, EFER TV LHE{RILE
HONBRREOHFIES N TVWAEDY, IV Ea—¥F —
FTOFHEIC X o THD THIREEDEE %8 2 4 W% H
BonbsDTHb,

2.2 OfEREET =5 SHElT

B IRAR PSR (L F TR S ey, &A%
FAWVTEBIZEHI 2179 O3 THEETH 5, BiF
REMERIE. MRS % BRKT 572012, HAEW
BREMD S DEP BB X > TOHEGEPHFE L. 75
FREEDS KB L2, 7—7 4 77 27 b (g
HBECTEET LT OR) REFTORNHKRIZLD
RKRFHEL LWL ) REENELLZ L) BELRD
LTLE ). A I GEEMEEZ SO LI H
HT 59 2 TREE L HEAMOBAFIZIY HATEZ,

), ZOLDIGHREIKELMIETT 5, 20X
I RIEEEROEEERS TRV — a y R
AR EG DT ) AV 7 E OB %
FRARBEMERE IS L, 306 4 XOFFE T TH R
fREEZIS 5 Z I L7267 72, ftskid, H#E
GEAMETEIC L VRS NZERICELL T —T 10 7 7
7 NOEROBEEIRETH 720 ZOMEIZR L.
T ld, 155 N7 WG % 22 i BOEIS CRIAT 5 =
EIZE D, KO XL RO X9 R FEFEORE
% HICEE T & BB 2 525 LT E 72(8]91.

L2 L. BUEOEJCEAMER I BT 5 8T A3 72 i
S, ERBE RO EITEOMETH 5, Mz
HEPE —ED L) ZEFrEk e LT 2o, #
BRRICE > TIME VW) "L o X" %8 L TS
52l BN ATTRRIC RS (M2 A), Bl
ZAE, B oM 2 e OBEME TR T L & &
Prv o 22 E & <R 2 205, 20ROl o3
HOBEIMDBEAHILIE L, FEAERLZENTE
e\, AR O RIS IIR D THHEICZ L L T 5
720, BAEOUMEE Tld. MLRREE O M ks >
T AL E SRR RIS T A 2 LIImO THET
H5bo

AR DO TR OME 2 R 5 7201213,
JETHEA Y 7Ty A4 A THlE LHIET X 2 6L
(Adaptive Optics: AO) DFIFEDVATT K TH 5o, AO 1L,
RAELERGFEHEINTEHMTH Y, EORK
DYWL XX MY &, WEROFARL@EE, S
THOFHOL T EAHBETHE CELHMNTH %,
AOIZHARTIENICT THfEE N T & -HilFTH
D0, BRELOFHLHAEBICOHFEH I LTV
L1112l AO TlE, F9WmEt s —12X 0ok
HOWAAZFHHT S (K2B). kIZ, BEBEFEIZE



3-4 MO ZENEFTETHR#ES — DRREDIRA % X % MR

JETEBNMERHEZHNT, OPALZEEZFTHHET
TEICLY, oW EIEET S (2B 2D L)
WA IE L7206 % 1 A 1G85 &, KREAD
JEITERD DAL S AL, #FR A5 T FH 220 &[]
FEOEDHRETRAEZTHETE L, A IZZOFHEE
AW OBAREEIZICH L. AR BT 5 0 EED
HILEAT> T\ b,

A B
s
Bk
L
%yﬁgl > 55
< \\/ GR35 |
. \\_EE
. | REHE ),
o)
W

M2 EHFSAROBIROBER CFERE
(A) EHEBES DR DEMIREITEDZH (SO HF LT . RES (ER)
[FEEAERREV. (B) MENFRMBORIE. BN SDHOREZ
RETYY—TEHAIL., TIEERICK Y EAZMETNE. SHOBEOER
ZESTE D,

[ XX ]

Reference files max shift allowed (um) 5.0 Suffix

directory file name

{Users/macronucleusfima ... Phallo_281_010.dv

Run all Zmag Auto |Local align Projection

min window size 60

2.3 BIEMER

HOGPEMEE ClX. B BN T 2R L EE0
(F. fk, R L) THROFITLZEIZLE > T, BHO
R GTZFEICBRTE 5, L, BoEiiid
FEDOWEIZL Y R D0, EMEEERIIIMEI 26
AVDH L Do BIEEIEMSC X 0 m kL 225 REET
X, E2Z O AL TORROMMSEEE I ->TLE
I o FFICEKRDOEITFZLITFUTE VD, EE
BIRICBU A AL 2 IEMEICHIEST 5 2 ik, fEkid
FFICHETH o720 COREEZ RIS H7-0, Fx
X, EREO@INEMEICDI ) HATE 2, BEIC
B A0 XL EEFH$ 5 WERRUSE: & G x
FCHOTHZE L. 3KITOFETH 15 nm & v ) i
DT WAIERSEE 2 923 L 72[13]14]. CO¥sETHhHN
XL OBEIEMGEEEOR R EZE L CHETE b,
C OWGHSE L B Y 7 N 2 7 2 R oiE
RGBSR L — ) — 2B LT, BHEFRIC BT S
T = OIE LWHEFIZERBL L TV A[15] (M 3) .

C DOEAFE O EINGERIESATIE, — S RO T
2B B IRBHY 2 FEEER EIZ S IBHTE 50 2D

fRREL D L72sa, M UBETHIUERIZRLE -
TLEV—RHIZL2RR WD, AN ENELR
LB THIITT T —WGE»rS Zm e Byl s 2 &5 T

Chromagnon v0.60
Target files Ed crop nt
z directory file name

JUsers/macronucleusfima... Phallo_2SI.

wavelength t

525442600 1 g..

T -
|| Auto scale

3

1: 8568.3 Ir: -610.7 9839.2
442

I 601.4 Ifr: -897.0 4182.1
| 600 |

1 6668.3 Ifr: -281.1 5233.6
xy: (5, 151)

Image
Image info

Pixel size (um):
X 0.040: ¥ 0.040: Z 0125
Data type: float

Zlg /55

Auto focus
Orthogonal projections
Save screen |viewer XY

K3 RELTWBYIRITIPDRAIU—2rY 3wk

63



3 NMFAYATLOAITES

A B

wEsmsssssmssmEEEEEEEy

C
il
spNup131
¥ - |#934nm
I #94nm
spNup132 spNup107
®E

4 BIGERERNZHIR LSRRI
(A) BUBOZRNMEYT 5 DB TR, B) ZRHEE# (d) MEUTE. BB2BDO-RIEDET
=2, (O) ETARDOZEARGHEDAIRBICH 29 VNI BRFEIDIEER (BSEXE [16] D 5E) .

E5 (M4A Bo BubtbO_maeiiglLich T —
EgErSary¥a—4%—ETtET 5 &, lEOGH
REZIZADICHZ-REE C MMM NIl TE %,
COHFEIZL o T, D 150 nm OAEEFLE G4 &
W RNDGT Y=V RN T 55 R T
OMOHEEA M nm OFETFHMT LI LN T
(X4 C)[16)s T DMHiBERH% | 4 X 7ML OWNFRTFT
)T ENTET,

@ Bz xxoic

b hEES TR CRROMBEFMOIEIIZ, &
IR T DR OEAN R v, T2, S ME
WZIETH LT NS E Ty oo En - Hi
EBL, AHTLZEIZEBELE R D, W
FIAT—VOFH L VELEEE, -5 —. Ly —
% EOFHEMOMEMEICH SN TV Db, T/ AT —)
DOHEAEFEIZIET T, xR HW A A =2 ¥ ZHiTIE.
Lt b NA FTTE R L2 BIEBERAMT E 2 57259 B
FRARTEMSE S & 0 BEMEE O 7 R EE D BRI S L7228,
HERE CED MR Z 5T A 7201213, FIZHIZERH
BWWETH D, eafsd e & blo, FHEICE b g
POERETI ST &) B, SREICEE. %
WE725 9, HFR EHERBETTHOEMIET S
NICT (2B, HHuBEFM 2 IS L7238 L Vil
ST A BT 2 LD HETH b HALEMD
HEICEBCE S X912, Fx345H% D MR 5%
RELBIgEE oM L2 LED, R AR ZILTS
WE%179 o

(BE ]
1 S. W. Hell, “Nanoscopy with Focused Light (Nobel Lecture),” Angew.

Chem. Int. Ed., vol.54, no.28, pp.8054-8066, July 2015, doi: 10.1002/
anie.201504181.

2 E. Betzig, “Single Molecules, Cells, and Super-Resolution Optics (Nobel

64 TBIRBEAIIHIBIAIIRE Vol.66 No.1 (2020)

Lecture),” Angew. Chem. Int. Ed., vol.54, no.28, pp.8034-8053, July
2015, doi: 10.1002/anie.201501003.

3 W. E. Moerner, “Single-Molecule Spectroscopy, Imaging, and Photocon-
trol: Foundations for Super-Resolution Microscopy (Nobel Lecture),”
Angew. Chem. Int. Ed., vol.54, no.28, pp.8067-8093, July 2015, doi:
10.1002/anie.201501949.

4 M. G. L. Gustafsson, “Surpassing the lateral resolution limit by a factor
of two using structured illumination microscopy,” Journal of Microscopy,
vol.198, no.2, pp.82-87, 2000, doi: 10.1046/j.1365-2818.2000.00710.x.

5 A. Matsuda et al., “Condensed Mitotic Chromosome Structure at Nano-
meter Resolution Using PALM and EGFP- Histones,” PLoS ONE, vol.5,
no.9, p.e12768, 2010, doi: 10.1371/journal.pone.0012768.

6 P. M. Carlton et al., “Fast live simultaneous multiwavelength four-dimen-
sional optical microscopy,” Proc Natl Acad Sci U S A, vol.107, no.37,
pp.16016-16022, Sept. 2010, doi: 10.1073/pnas.1004037107.

7 M. Hamasaki et al., “Autophagosomes form at ER—-mitochondria contact
sites,” Nature, vol.495, no.7441, Art. no.7441, March 2013, doi: 10.1038/
nature11910.

8 J. Demmerle et al., “Strategic and practical guidelines for successful
structured illumination microscopy,” Nat. Protoc., vol.12, pp.988-1010,
2017.

9 A. Matsuda et al., “Highly condensed chromatins are formed adjacent
to subtelomeric and decondensed silent chromatin in fission yeast,”
Nat. Commun, vol.6, art. no.7753, July 2015, doi: 10.1038/ncomms8753.

10 H. Takami and M. lye, “Membrane deformable mirror for SUBARU adap-

tive optics,” in Adaptive Optics in Astronomy, vol.2201, pp.762-767,
May 1994, doi:10.1117/12.176110.

11 BIBSr4E, "BIAHEN R E SRR NICT NEWS, pp.1-3,

Oct. 2017.

12 ZRM@ETR, HICALI DR - FLEE - b LROBERAEHEEEZE

#5ULC.” NICT NEWS, pp.10-11, Oct. 2017.

13 A. Matsuda, L. Schermelleh, Y. Hirano, T. Haraguchi, and Y. Hiraoka,

“Accurate and fiducial-marker-free correction for three-dimensional
chromatic shift in biological fluorescence microscopy,” Scientific Re-
ports, vol.8, no.1, p.7583, May 2018, doi: 10.1038/s41598-018-25922-7.

14 F Kraus et al., “Quantitative 3D structured illumination microscopy of

nuclear structures.,” Nat. Protoc., vol.2, pp.1011-1028, 2017.

15 A. Matsuda, T. Koujin, L. Schermelleh, T. Haraguchi, and Y. Hiraoka,

“High-Accuracy Correction of 3D Chromatic Shifts in the Age of Super-
Resolution Biological Imaging Using Chromagnon,” JoVE (Journal of
Visualized Experiments), no.160, p.e60800, June 2020, doi:
10.3791/60800.

16 H. Asakawa et al., “Asymmetrical localization of Nup107-160 subcom-

plex components within the nuclear pore complex in fission yeast,”
PLOS Genetics, vol.15, no.6, p.e1008061, June 2019, doi: 10.1371/
journal.pgen.1008061.



3-4 MO ZENEFTETHR#ES — DRREDIRA % X % MR

MHEEE @21 &oUL)

3K ICT HH5RFR

J0V7 « PRIEHEEHRE
EERES

BL (2%

SRR, DFREDF

65





