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Establishment of novel adaptive optics microscopy enabling high-resolution live
imaging during stem-cell formation
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Images inside living cells and tissues always degrade because the light used

for the imaging is disturbed by biological structures. This project aims at applying adaptive
optics (AO0) to microscopy to correct the disturbance of light and performing high-resolution deep
live imaging during stem-cell formation of the moss Physcomitrella patens. We revealed the
disturbance of light that goes through living plant cells by point spread function analysis,
mathematical calculation, and simulation. This is essential to establish high-accuracy A0 system. In
addition, we increased the sensitivity of wavefront sensing around 25 folds, and also obtained the
wavefront information by image correlation. These allowed us to perform wavefront sensing and drive
AO in most place in living cells and to reduce damages caused by excitation light. Applying above
achievements to our AO microscope, we successfully perform fine live imaging inside living plant
cells.



B X C—19,. F—19—1. Z—19,.

1. WFZEBAR S IO 5

MEEE L, aZme Ay ) Txayr
(Physcomitrella patens) OFEMI/LIBFRICE
57 a~F e OBhEE L FEEE B S )
LT D, sa~TF BRI T n—T %
B L. @bl o R —Mlask o7 4 71
A= T EATo TCE T, MIBITEERN 7
~1l4um E/hEWTZH, 7 a~TF BB
REZFRNT S 2 7o DIZIE, K BB O R IR
S (89 200 nm) (23T RRE CRIZE AT 5
ERDD, LLaent, #RF LI ofeEn
B O DTN Txt Lo XAl
B LCEOWERZTTHY |, L X
O R CHIRR ORISR B8 L 72545, FFIC
BB Lz, 295 Li-gosibix, fMiEm
HEERICHRT 2o i, BT, #ELe &
DeoElin) BDRETH L EEx DL, &
BRIZ . DLAHZEBRIEE A W eI L - T
A E TR RN CIRBERR IR S E IOt 2 8L
RN CTHDHZ & %R L7 (Tamada et al.
2014, Int J Optomechatroni) ,

o Lioflhz n— Ry =7 L~JL
THIIEE L C. mfifQ g% 2 vl 3 5 £l
& LT, IH#fEES: (adaptive optics, AO) | 73
HMONTWD, ML, ez
WTRIRBLI 21T 9 BRI, RRDFED EIT X
HHOENEMIE LT EMiEEE O REKG%
Bagchy, ENRKLETIESEEET
FEFTRFUCE £ 2MBERELNLTHD
(1),

BARE 22 B F OBEZ LU TICR T, (1)
Wikt o —%2 T, BRSO HICTT
169 2 HiRHI 2 WS ROLIR (T4 &) 2
b ONDENEZFHT 5, (2) SOENDOE

Yy

BAKKRE VT

PRS2

[

M1 #ELFEEDHR
(A) EAFRORHXR, (B, C) FRimHily
&, fHIEZL (B) LMENRZEHY (C) TN
TNTRY BIRXE R

CK—19 (d:m)

WD Ea— X =P EREZFHEA
L. AIEEHEE 7 +— Ky ZHlET 5, (3)
AIETEHIZ L > THIES N0 ELh 0 5%
ZIWHE T oY= Ko TEH &, i
JELTEBICAEREI/GIEI NS, 4) =
O 7 a—=X KL=l %, toilho
ZALHEE LD RV IRTZ LIzl - T,
ZMNIFE LI OV THDOENNHIE S
TRER 72 E B D,
WENFETATA A=V 7MY
% Z & T, A TTHIRSOMERR OB T b E i
BEBEMTZAD X2 hbd & T,

2. WFEOEM

PLEZE=ZF, AREFZETIE, OELILEME
L CRf e Bl 217 5 RCHEI CTh 5 HifE
NF A U7 Bl BB R & e L,
JALIBREDREM IR T A T A A= T &AT
Y EEEME LI,

3. WD IikE

LN OERRZ, HSH5eHE OIRE HoiE
T, R TEASEE O =iF QI L, KSCF
MPEEORE wiE o, R E & 0%
BRI b LD T,

B R DAEEE

ES RO 2 X 2 12T, NHFER
IcEEmEE S (U 82 IX83) b LI
EEMM L A EEE LT, 2B LT,
B SR TRI L v XD% AN, XA
Ay 7T —%EE, AN YR &
L CHMA LED Z @& =, il — oV v
— LU RERLE L, T DO%AICHERE (144
FA-. TN a—F 17 BOSTON MEMS)
FEWVWCHLERE L7z, SHICEFOHAI—
MEHOE—LRAT Y v —%hdiE L, &M
ICIERE RO Z v R E R R ARy b
e 45 7= O Dk L —HY— (532 nm) &AL
BL7Z, BELTELNTZEHEARY NS
B E L THW, — i HOE—LZTY
v 2 —OEEMICITZHEOE—LRTY
v A —ZEE L, TOKEENCE®RL XL
gy (PA = ABAT) ZEEE L, H

= E—L

K2 f#HENFEMEOERE
HEXFERIZKD T —F NV IHIEHZETE
DEXKHTRLE,



ERNZIX, o) L—L o XEEEL, £
DHAICT vy v 7V b= UlE Y Y —
(BOSTON MEMS) #fdi& L 7=,

B R OENME

HOE B — X7 8RR OS A 1T EF A LED,
BERRACHN L VX TED X HITIEN - T
IR DA TR L — P —Z W THOR R
ZEhE L, 5572 SIS W IERD B 0 %
FANTHOENEZFHHIL, ZOEHRE S &I
RIS E 7 40— KXo 7 filfE L CHlifE L
FrEREESET,

FUEE D

HiAth 4~6 MEDE AV Y H 3 XK
Kb Z Y)W L, ¥ (K BCDAT K Hf
(Nishiyama et al. 2000, DNA Res) & & $ |24
FTA NHT A RICERE LT, ZD 1IZ, 50 um
DY ary— e A= —LLTAIN
— T A BN,

E7o. MM AR L7 N TREEE LT
T3 X—T7]F A2 v F 7 Al (Armour Etch
Glass Etching Cream, Armour Products) % ZLER
LTRLEFE L, BlEdRE LT/ Y v R
FRDBI DT AT A RATZ A (Grid distortion
target RIL3S3P, Thorlabs) {C polyethyleneimine
EHWTEEE =2 fMEIE, vV arst
AV (Gl ) 22— KF-50-1000cs, n =
1.427) ZHWTE AL, TOR. FEEROA
AR X Dot oEL & RIS
ZET LT, =y F U I AIONERREESC >
Uar A A NDIRIrREHE L, sty —
RIEZ WO & I OB DT DI,
70y MGIT B EAG O BLEE & Al IEFiPH O
FRFEIC T2,

EAEBEVE T K A R m

Ty v I = rEEHE =B W
T, LUy ALy b7 ATk > TR L=
(K3) L CENENMABEEZEY . ZAL
ERODH LT, WEHAEHEE LT,

H3 T yvyONILMNRVBEEEY—ITEB
EAVUA T EMBEOEZEE NS

4. WRIEEE
XTI BN T, XEEITIET
BATREEG & B S DG RN ERA TH
HZEEBROMNT LTV, ARIFZECIIEE
FEIRIC K o THEBEIZERN ED LS ITilind
DIPNZOWT g o fifeht (K4) 21772,
BT, ENHITR U THEHE, 2L
—a Nl Lo TR ZIT o 72, BAREITIE,
TERIRDONAHZBIE O/ RE b L1, BERAE
WZEDHDENEZHE L, ZO/EET I 2
L—yard52 8T, s Xk b5
A (K4C) 2B L, ZofRIL, X
D EEEEOME N ROBFICHEATH D
72T, xRS OMEER %
BT 57~ OISR RTH D,
MECFAIES ¥ 5 7-0121E, kodlh
ZIEREICET 2 2 ERMERARTH 5,
Tx v I o b rEE IR S
NHWHEE =D I3 ESFT D4
FENH LD, Wikt —Z2HWTHOE
N & IEMEICEHAI 22X LR & LTl
DBVENERLERAIRTHD, LNLAERN
5. A& TECHERIC RV T B WD AU EIR
D Z LIRS TIE W, FEERMGETE T
&, HERAI D WEERRHA D B Faoh 2 2 UG
TRE L THWTW:, RIFETIEL, LU AR
T —ORER T RE LR CHEmt
H— EOENRE FIFAZ LT, BFEOE
X0 BTN NEN Y T EH O
ARy M ESBEIRE LU CHECF 2 ofE
SH, MR TATAA—Y U T EITHZ L
IR LTz, @t — X2 W EERN D,
REN 25 (%M ELTWAZ L 2R LT,

E 52, BGOMEIC X > TOEDELN A G
W3 2 g hE BEVE 2 i fE R ICE A LT,
ZTORER, EE MO (X5)
W2 T, IR R 2 AV CHEMEABIAIC X
D ATV, MEL A B ES TR
7RSS Z EICRE LT, 2z Lo
T, FOEEBNE SNV X ) sk xt LT
LWECFEIES TS N TE D LD
\Z7po Tz, Tz, BhEYEIZ X B AMECE G
BN IEANDHE A — D & KRIEICIRE L 72
W & IENFIRE & 7o 7=,

A C

L]

158 2435 158

H4 LSO RG S MR

—BoMaENSREEAV)HRTTEIC
390 nmMD EHE —XFEY DT, B FEM
HBICTEBLIz, (A) ZOxPIL XA/
Yo t# Nt E —X &, (B, C) L VX
LRTRAEICEEY D& AE —X &,
(B) & (C) IZRAL&EM. (B) [FaAvkSA
% A) [CEDERID, VT FILBREDA
F—a—RETEITR S . /N —:2 um,

2435 170




®5 ESMRREICEBMELS
BB L IERAERERDT
T —HRAGDEE . BIERT (A) LHIE A
Wik (B) 2 ThiRT, /S—5 um,

DLEDRRED 9B, RIERDOHDIZHONT
ITHEREHETTH D,

5. E7RFEIGm L
(WFFEFRAE . WHIEoHE M ORI ZE4 |12
(=)

CdERERm=C) (BH1 0 )

(D Masayuki Hattori, Yosuke Tamada, Takashi
Murata, Shin Oya, Mitsuyasu Hasebe, Yutaka
Hayano, Yasuhiro Kamei. Artificial testing
targets with controllable blur for adaptive
optics microscopes. Optical Engineering, 56:
080502 (2017) A #t
doi: 10.1117/1.0E.56.8.080502.

@ EM . FE o, BIF R IRES HE
Z. VEMBGES O BREBA XA —Y v 7
~HOENET 7T 4 TITHIET D it
W) BEREE 52: 72-76 (2017) H
http://microscopy.or.jp/kenbikyo/

@ EM I, DI E AR OFE L £ O
MBS~ OIS ) JEF 46: 236 (2017)
e
http://myosj.or.jp/publication/kogaku/

@ EMH S, ATE B IRES Rz, T
PIZL DA A=V T | EEDRFE
68: 410-411 (2017) A HilE
http://medicalfinder.jp/toc/2425/current

(® Masayuki Hattori, Yosuke Tamada. The
development of an adaptive optics system and
its application to biological microscope.
Proceedings of SPIE, 10021, 1002106 (2016)
e
doi: 10.1117/12.2246440.

© FkiIl K&, BB . RS 2. EHE T
Jr. T o —IC & B SR AR |
FZR v - BRAFREE 92 912916
(2016) 2 Hi
http://'www.jspf.or.jp/journal/

(@ Yosuke Tamada, Masayuki Hattori. Adaptive
optics microscopy for fine imaging of live

plant cells. SPIE Newsroom, 9 March, 1-3
(2016) A i
doi: 10.1117/2.1201602.006335.

EH S, BB . IRES ez, TR
DWENFTEY OB ZBEE) . AN
4772, 2016.6.27: 37-9 (2016) il
https://bio.nikkeibp.co.jp/

© EME I ERA L —F =1 FEZH
WIAHENR T A T A A= T ) K
44:384-90 (2015) A5
http://myosj.or.jp/publication/kogaku/

LH ST, ARES ez, T BB
ERNZTGATA A=V T KT ZL
TR 260 1-7 (2015) A i
http://www.nikko-pb.co.jp/products/list.php?c
ategory id=13

(3R] G181

O EH P, TEE M 2 @i L7t
DEIN ORI & Z OHIEIC X 2 G A A
oA A= 7). AERERZ 3 P57
FIRAFHEIN— T RO A =
J&. 201842 A 6 H

@ EH I, ARES Fez. TAMdZ @ L
THOEHNEZDT 7T 4 THIEIZLD
REA A= 7| B 43 [B] L — PR
BrE=. KBz, 2018 4E 1 A 19 H (Hifsak
i)

@ s Be. AR EB. =i QB EH T
I, ARES ez, TERRETAE DL s
YT OIS OWIGHILEL) | #14 [FA
B FERIHEE X B A=, LI,
201841 A 6 H

@ Yosuke  Tamada, Masayuki  Hattori.
Investigation and correction of optical
disturbance caused by living plant cells. OSJ
- OSA Joint Symposia 2017, Tokyo, Japan,
Oct. 31st, 2017 (invited)

® Yosuke Tamada. Adaptive optics: Towards
deep imaging of living cells by active
correction of optical disturbance. The 55th
annual meeting of The Biophysical Society
of Japan, Kumamoto, Japan, Sep. 20th, 2017
(invited)

® Yusuke Honma, Noriaki Miura, Yosuke
Tamada, Masayuki Hattori. Development of
correlation-based  adaptive  optics  for
microscopic observation. The 24th Congress
of the International Commission for Optics,
Tokyo, Japan, Aug. 25th, 2017

@ EH I, IRES Hz. THIEDLY - ko
FLAVEAHIE L CAEMOBER 2822, F33
[ 2 DDS FR2FMER. 5H. 2017 4F
7H 6 H (i)

Yosuke Tamada. Adaptive optical imaging
through complex living plant cells.
Biomedical  Imaging and  Sensing




Conference 2017, Yokohama, Japan, Apr.
20th, 2017 (program committee member and
symposium organizer)

©@ EH I, IRES Rz, TRIKBLRNZ W
DAEC A IS LT B A A A —
Ty DML 811 [EINIBB /NA 21
A= T4 —Z A, i, 2017 4 2
A 14 H

EH PRI, IRES HEz. TRICEOMIME
i M U7 AR ES O S g A A —
Ty, FEEDER Bk, 2016 F 12
A 17 H (FAfsaETE)

@ FkI KA, fRHE EE. B PR, ARED
Z. R P BRI, B %R, K
B E, B #H [y y s e vbher
U — DIEIRIZ X D5 FAEM TR D
LT T AVEBOFNI, ALEFRE
K FEW#IE= Optics & Photonics Japan
2016, HL, 2016 4F 10 H 31 H~11 H 2
H

@ Yosuke Tamada, Masayuki Hattori. Adaptive
optics microscopy for high resolution imaging
of the stem-cell formation in plants.
International  Symposium on  Optical
Memory 2016, Kyoto, Japan, Oct. 17th, 2016
(invited)

@ Masayuki Hattori, Yosuke Tamada. The
development of an adaptive optics system and
its application to biological microscope. SPIE
conference: Optical Design and Testing VII,
Beijing, China, Oct. 12th, 2016 (invited)

@ Yosuke Tamada, Masayuki Hattori. Adaptive
optics microscopy: Towards high resolution
imaging of the fertilization in living plants.
JSAP-OSA Joint Symposia 2016, Niigata,
Japan, Sep. 13th, 2016 (invited)

® EMA A THECEBAREEIC L oA E 7
Mo G BlEs) . P2 8ELZ 7 F
=2 RBH T4 —Z 5 F1EDEERE
WS, KPR, 2016 457 H 8 H (if%F
AfEE)

EH S, T30 Bimsin O BmEE~ -
FRE O IE MR FE O RS 72 in vivo A A
— U 7 a RS D DG BRI ) |
#3396 MILFFERFEER. 5
R, 2016 42 A 9 H (FAfFaE)

@ Yosuke  Tamada, Masayuki  Hattori.
Establishment of adaptive optics microscopy
for fine live imaging during the stem-cell
formation in plants. Workshop on microscopy,
biology, medicine, and advanced CMOS
imagers, Hamamatsu, Japan, Nov. 20th, 2015
(invited)

EH PSR HEe . RE AT R,
K2 B B Skl B R RAE Ot
&, THEYINELS Tl & 232K 0 Al Ak ~D
Phi DG BB X 2 e R e B4 .
AAEFEREXRFHARKS Optics &
Photonics Japan 2015, H L, 2015 £ 10
H29H (VRO LA—=TFAF—)

(E) GF1#)

O EH ¥, B8 o, IRE o, T
IR T A TA A= 0 T H A REICT A4
BN, D TTHLTED | @i A £
— v 7 ME S (W) . EfR 263-70
(2016)

(& Dfth)
R— A=V
WG v =T A b (i L
WFFEEE)
http://www.nibb.ac.jp/sections/evolutionary biol
ogy and_biodiversity/hasebe/

SEHEAE AR GERT AR LA S
MRE T =7 %A b
http://www.nibb.ac.jp/evodevo/

BANSRES B v—7 =7 A k
http://myosj.or.jp/group/

79 L) —FEHE

O KBRS A —TF A F—  m R SR,
LA HAA . =7 FIBA v SRR, a4
Ve L RY R IRED 2 EH I
N [ZVFRTTNA A= T KM
HfED SEE, SR, T — T ETO
M & R~ OPRER . AA =
T4 hEAFTIRBRETN—T R
UL, ZJE 201842 A 5~6 H

© ERAEMFEAR A & —FE BEEFEER £
H 6. BAMY YR 81 BIRE, B
M. 2017 49 J 10 H

@ ABHFFREA— T A — B R,
SRR NS i N I v S L N
L OIRES ez FE PR B Sk, E
H ST DR & A ORE I X > T
DISH LA A A =D 7] B I
Bl NIBB NA FA A=V T T 5 —T A,
RIEF, 2017 42 A 14~15 H

@ — AR EH RS EE YO,
SLHEE W TSR — B L PR, 2016
F10 H 8 H

(® Organizer of the public international
symposium: Hideki Takami, Yutaka Hayano,
Mitsuo Takeda, Hirotsugu Yamamoto,
Noriaki Miura, Masayuki Hattori, Yosuke
Tamada. “Super adaptive optics with wave
field correction: Toward perfect imaging of
the universe and live organisms”, Symposium
series “From Subaru telescope to microscope”
3, Mitaka, Japan, Mar. 23rd, 2016

® AFHFFREA— A — B R
SR NS i v I v S T N
L OIRES ez FFE FE. B k. E
H R TR ONAL T A A= T D
BIF . %5 10 [BINIBB /3A A A A=V 7
74— A MR, 2016 422 A 16~17 H

@ BRI : EE PRI, TRl O 2 0 O%% 5
X2l L CRIEMOERAR ), BFRFE




INBHEETE S [ CERI O FEAE 7> & 7 RERIAN
ECREEIZE D |, B, 201542 A 14
H

INBIRF G A — T A — . B R R,
R e M S i == = st 1 I = L 2 N q T T =
TR AR B KR B A R
i, RS HEe. EH . TR =R
THENFER AN ARAA A =D
T WeEMEIZIENT T, YR T ALY
— 2 PIXDEmEE) S PSS~ 2 S
2014 4 8 H 20~21 H

O EIE BFE - HERORIT C EE LS.
TR HN UL ST P (B SRR 0 m AR AR 30 44
VZHFSE - BERXARIT. iRy, 2014 4F 8 H 7
H

6. AR
(ORI ES
EH 7S (TAMADA, Yosuke)
FERSE WA ZE T - A LT R -
Bh#
MeE®&S: 50579290

QW FE
QrEFENTEE

(DHBFZEt 1
ARES  He2 (HATTORI, Masayuki)
[ENLRSCH « TMT HEESE - ReEih%
rseE&Fs: 20308208

BB (HAYANO, Yutaka)
ENLRKIH - el o % — - ez
WroeE & 80390623

KE E (OYA, Shin)
ENZKE « TMT #EtE=R - FrfuE#e
WeeEF‘E: 80399287

=7 HIBA (MIURA, Noriaki)
LR TIERE - TS - Hif%
g =: 30209720

&H A1 (KAMEI, Yasuhiro)

FLRE A SR GTET - AR RE AT = v &
— o BRTEUEHR

et FE: 70372563

#HE % (MURATA, Takashi)
FEREA W) ERRIE AT « AL ZEERPY -
HEHZ

MEEHS: 00242024



