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Comprehensive molecular analysis of biological tissues by deep-UV excitation
autofluorescence hyperspectral imaging

Kumamoto, Yasuaki
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I developed a comprehensive molecular imaging method for analyzing
biological tissue without labeling. In this method, tissue autofluorescence is excited with
ultraviolet light and intrinsically fluorescent molecules are simultaneously excited and
comprehensively measured. By measuring rat liver tissue with this method and analyzing the data
acquired, I have succeeded multicolor imaging of distributions of various molecules such as retinol
and tryptophan in the liver tissue without labeling. Additionally, by measuring and comparing normal

and fatty liver tissues, | have found the method as potentially useful for analyzing and diagnosing
liver disease. | have also developed a practically useful microscope enabling fluorescence
hyperspectral imaging at ultraviolet excitation. This microscope has allowed a fast measurement of
biological tissue without such pretreatment as staining and fixation with a wide field of view as

well as a high spatial resolution.



B X C—19, F—19—1, Z2—19 (@)

1. WFZEBIAA 4 DY =

MROTEECHEEE, IREBZ BT D ITITEREME L~V TN T 20 ERNH 5, FIBRoF v
INTE D —r o — 135 B S RIS T T & A O BRI Kﬂkf%é*ﬁﬁxﬁﬂ
DOZEMEHRETF DI, Bt OZEMIE ® 2 BT 3 2 72 D AEMmEHE O 43 B Tl L BMEE )
<FIHEND, aﬁﬁﬁ%%ﬂ%?hi@@wﬁﬂLtw“%%4ﬁ/@Aﬁ%HﬁﬁﬁT%
5o L LESLEBAEIO 16 & 72 D3OI ) T OB X ORI B %2 5.2 5, $1-Z2 DY
B L 70 B [EE SR EE AL 7 E ORTLWBE b BISER A AT 5, ZOXHIBRE RO LR
LB Z ABE & U W IR AR RSy A A — 2 0 PIEDEEE STV 5, T H 4 FHEMRER
I AT Z DB EOHTE, T~ WELDEE, V=V —FR T L —r X ok a sl LizA
A=V TIRITEERRBETE T TR JEMBIFEE IS L DA RICbEDILD L O o T
ETWVD, LOLINODOTETIEFHIT 2E 53K TH 0 | 55725 5 & R 2 00 CTHREE
T 5 OB Z T 5, £7o, MIOHMRICIME LMETE LW 2 R ORIy
ﬁ#é:&ia%fi&w

2. WFEOHB
P EOSE AR E 2 TRIFZE ClE, FEYQOARGE 2 SRy TR A A —2 2 JTE D50
WriEZBR¥T 22 2EME L,

3. WDk
Lﬁ@ﬁ%%%&?ét@ﬁ%ﬁbt%&ﬁ% SNV B FH ik Th 5, ERy T 0%
iTﬁWTiﬂééwf%é% SEAMIRFIZIE R 300nm DL OVREEIMEIZ W TR %
HT 5, %ﬂﬁ%&ﬂf%%g®9%@*%i GRS IZ KL v 9t (= BFE) &%
T 5, E%atiﬁmtw%wﬂm ITREVWEBHEERMZLE L LRV, 72 0foIEYLE
DAHTE IR EDO 1% HIE TE 5, MlECHERICAFET 2 B Z9WE X FAD,
mm tr b=, BX¥I NIRRTy o] FERE, VT — e 8100 FEELL B STk
””%%iﬁ%ﬁﬁ“t&fi WO DAFEINSFOHNPBIENR L7200, BRENY
E®%<i$%®%@ HERE. M OVRIEL BT Db TRB Y, KA (B, HEeL) omt
%ﬁ@ﬁ%(w\ﬁﬁﬁf)wﬁm bitHInTWD
DL b2 F 2 ARBFIE CIIGRER %%tﬁ%ﬁﬁ“ﬁ&%ﬁﬁ?&m&ﬂAbt* SN L A A
HEEND A A =D TEEZRET L, WEEZEHIZITADE D 74 VBAZHWS

EADE S
Kﬁn®%%&bf D) REESFEHDE AR LA A— 0 ZHEE OBA%S . 2) BASTIEIC
FEYe O B RHIRR O IR BB . B LN 3) 2R4% « TREEA L H S E AT h LA A — //&ﬂ%@
BIZIZOWT, UTFO@E Y &I 5,

1) AR A AT hvA A= 7 AEE O B%

B 1 IEBRFE L2 E OB TH D, JibiEtiTiE & 275nm @ LED SGJR (76 mW/sr, KELEUERT)
Thd, KEPOR LTIEHNEZ LV O RICEVIE LAY v MIFBRIELZ LTk, 714
Whhit B — A& Ek Lic, ZORE—a2X 470, v 7 I 712X LB L
vREs L R X kT %Ltoﬁﬂﬂ%%btmﬁiﬁ%y/f&%@VVfﬁi
0 436es (MS3540i, SOL Instruments) D AR AU » b RICEE IND, I8t 2 &k
J6 CCD 7 A Z (Newton 920, Andor) 2KV T A MR D% Fﬁ/\q!ﬁg: 22T MDD 2 RIET —

. sample on a quartz coverslip

objective

lens "stage mounted on a 1-axis voice coil motor stage

camera spectrometer

(= ==

22U90saJ0N|)

dichroic

mirror

P — s . S ‘
slit :

aluminum
mirror

DUV light
imaging lens

=i slit

++ imaging lens

aspherical lens
LED

B 1 PREEAMENEE O AR T b LA A — T TG E ORI



2L LTitsnsg, B A2EEAT— (B18-120, THK L3 ) 1T X 0 /N NERES
PEALESHRET D, EVWHIFIEEZBVIRLATY Z LIk v, 22/ 2 kot & AL b LD 3Rl
HREBTDHDEINAIN—=ART N A=V T T —ENEIGEIND, 2B, #IERE X
DWEREDRD, ¥4 7uA v 7 IT7—%FRT 5,

ZORETHEH, REAT—COENEIATOFE N L Z KA SEEINERDH D, 72, T A
T DIEFHARH LRAT =V OEND H\WTEOREIR GBI~ IR G 25 < T, 3k f e
EHRATDFE t&%ﬂ%éﬁégg%%éo_h6wﬂﬁ KR & SEBL3 5 7=, LED KZ A
N—= CDH AT, BLRART—VHH—OHE VAL VBN TV AT AEEE LT, =
DY AT BIZBWT AT — /ﬁAWX@i%TWU INE L, o 2 SOBEERIZ SV ADIL D
Tﬁ@ INBETHEIY vl T AL, ZHICED AT —U L ZEDMOMEs % H—0D /L A2

AQUNAEE- R eyt /\/I/Z%EE 133V A Y =% L—#& (SEN-3301, Nihon Kohden) % v 7=,

DLEDHERE « AT ML VSR e N AMIEZRIE LT, 567z AT R & atmig
LERK21TRT, 2O O T Hoechst33342 & Th* 2 L W FHFHUDNA & RNA & A3Yufh X
LTS, Hoechst ®EY (1 = 470 nm) & Tb* DEL (2, = 490, 545 nm) D/ KR A
7%» WICBWCHERR TE 72, ZNZENDOME O /SARIC L 0SS L3 elmiig cix, FICEE

W23 Ai 3% DNA & B/MER &I 9435 RNA & AR T & 7=,

A

C

o o]
~ <t
<

intensity (a.u.)

460 480 500 520 540 560 — —
wavelength (nm) A =470 nm intensity (a.u.) A =545 nm intensity (a.u.)
B2 RSN HOE AR ML A= TEEEIC L VGO AT G EMa D AT [ Lat
{4, Kumamoto, et al., Sci. Rep. 9, 10745 (2019) X v #F v %15 CilisH,

R ORIE TIEEIE R U » & 25 mm & Lz, ZORE JFEEHEIZRBWT 0.9 um g0
FA R — L EAERK LT, AT —OEANEIZ0.57 ypm & LTHY . ERHlE ilmﬁﬁm
ZERSREE CIT AT W2 D, 72, COD A AT 1 7 L—LbOEEREIL 0.6 7, FHAHLL—
M1 Mz HIET A 803256 & LTRY . T —ZHEEEICHE LZERIZH T2 45 #T%oto

2) BAFETFIEIC X B IEYL A (KRR O T AR B 8 2%

AR A ISRIFEIER T AT ORI L o X% 40x 706 16X [ZH R Tm KRBT . BB FAE
ERRZFEM R T BRI K 0 AR I EREHEICHE D, BE R ZHBE SN/ 7~ R
SR U7 gtk 2 vz, K317 > MEHEFFO 3.3 mm X 0.4 mm #6H %2 RESM b
AR MAA A=V T LIERERTH D, KITRT DI 2 DORERI 7R 22 0612 L D %
LA 7 — EAREFiE, =O—EOYERKEE, BIOREHALT ML TH D, A TRLTND
AR 490nm OIRESAATH Y . EICFHIEOMICE T LIHFEL TWDH 2 & EZ20E0k
AR RN H LT ) — )V EHEESND, —HHFAILEE 370nm OEESAATH Y | ZOEEA

Fluorescence intensity (a.u.)

T T T T T T
380 400 420 440 460 480
wavelength (nm)

X3 7 v MEWHOIKEEREIMNDEE AR Mg A =D 0 7 DR




RTINS N TR Tl HEESND,

LT — VI E 360nm MU ORI K VRIS E SN D, IhEEE AR
375nm i H I AR Y Mv A A — 0 FHEE 2B LTz, R 375nm it A & 3 K 275nm b A
DIEBEBOEWVIIHIROWEE XA /v, v I IT7—Dhy FAT7HETH B,

W 375nm FHEEDIEFRIZE Y T v MTEAEMREZBIZE LR A2 X 4 10”7, #ETRLT
WA IR 490nm OESFATHY LF ) — L Thd, TDar b7 A MIEE 275nm i
FEOLEXIVIZANITE V. —HHOAITEE 430nm OMESH TH D, ZOHMITEIET 555
TP 460nm (UTICHOE E— 2 & %D NADH O A REMEN 8 5, I E 375m e Tl vV A h 7

FEE SN,

Fluorescence intensity (a.u.)

400 420 440 460 480 500 520
wavelength (nm)

I47/FE%H®&§3@m%t$ﬁXA7kw4% VT ORER

LI — VTR O B JRAE U IR RIS & 2 E2MiaoiE b s & I35, £ 2
T K 375nm J)?bt@j’l:??é &V MR OB E HAT - 7o NIRRT, FER SRR RS
B EREB R &0 AGE S N EREHENZIE D, gl - 2 VAT n— R e gt SRl
ﬁ?/%#%%ﬁLKOISi7/%%%ﬁﬁ%%@tbh#%f%é X4 LT DL, i
%ﬁﬁﬁTiV%/%w®ﬁ%ﬁﬁ9ﬂ%ET%to ZDRERDPD | SOV EE AR R LA
A= U TIEIC Dﬁ%@%ﬁ%@%@k%%ﬁf%é:kﬁ%@éﬂko

X5 7 v MO E 375nm il s Y AT A A= 7 OfER

3) ERAL  BERAMBNE AR B A A= v T EEE ORISR

F K 275nm bt & & 375nm JEhiE & CIEAFIRMRRIC B W TBIER CE 20 THOEW DR A LTz,
FITING 200 EEMENE L THATE 259 - TREABIREIEANRT Mg A=
VUEEEEBR LT, bR OB R XA O JEHER R ORI A AR E LT 5720, bk
EEHDOGHEIIE— L AT v X =L VITRoT2, 2ODFEE—AFmEA Y v ~ XY E]
DOHFNZBW TGN E 725 X 9 I1c Uiz, E 375nm i TIIS e DRlica v Z /R A7 4 L4
—&hlE LT,

AL TRERAMEDLHE AT R LA A= U THEE B O CREIAFER ORI E 217 - 72,
L7ealBHE, FEBSLER R FEh R BRI L 0 AR S IV EBREH e W s BT R £ 7=
WEEEN - a2V AT a— VB ERE I N7 v B REH U7 Flgtagk o sifsE e i T H
%o ZNENOMMEOIFHELE R L 2 mg 2 [X] 6 (2R T, FEER X 0 TN oMk, I8l
DNERE LT HAIMERRRA T (Z2) . BRI OERE & ZUTEE O B L MFET DRRIAEF % (/) <
HDHZENDNoT, EEENEB LY 2 o0MEKEREICIVREOR U2t
ERbroTe, EENETNOREERIZ X VSOSN8l 51X, RO RESCHE SR D
DA bMERTE =, 5% ﬂ%x«7%w7 B DFEFNIR RN 226D 5 Z L1 L 0 IRIERT R
%M%ﬂmﬁéék%ﬁéné

HEE - RS ER RS - AR, W - EARCKRRSEA. [\ - PrAPHER Se A 23R UR R
WZBWTZHAWEEE L, Z2AXVEHNZLET,



6 NEWANTZ ~ R B REH U7 It O moRE B, LB IR BE (g, R E IR 275nm bt dt
e (GO E 296-422nm) . FEIEIE R 375nm i EOGEIE (BB E 396-522nm) ,



3 3 0 2

Kumamoto Yasuaki Taguchi Atsushi Kawata Satoshi

Deep- Ultraviolet Biomolecular Imaging and Analysis

2019

Advanced Optical Materials

1801099 1801099

DOl
10.1002/adom. 201801099

Kumamoto Yasuaki Matsumoto Tatsuya Tanaka Hideo Takamatsu Tetsuro

Terbium ion as RNA tag for slide-free pathology with deep-ultraviolet excitation fluorescence

2019

Scientific Reports

10745 10745

DOl
10.1038/s41598-019-47353-8

Matsumoto Tatsuya Niioka Hirohiko Kumamoto Yasuaki Sato Junya Inamori Osamu Nakao Ryuta 9
Harada Yoshinori Konishi Eiichi Otsuji Eigo Tanaka Hideo Miyake Jun Takamatsu Tetsuro
Deep-UV excitation fluorescence microscopy for detection of lymph node metastasis using deep 2019

neural network

Scientific Reports

16912-16912

DOl
10.1038/s41598-019-53405-w

108

2019




2019

2019

Yasuaki Kumamoto

Deep-UV bioimaging of cells and tissues by terbium ions

SPIE Optics + Photonics

2019

RNA

60

2019

17

2019




Yasuaki kumamoto

Biological imaging with deep-UV light by lanthanide ions

OptoX-NANO 2019

2019

Yasuaki Kumamoto

Biological imaging with deep-UV light by lanthanide ions

Core-to-Core Symposium “ Global Nanophotonics 2019”

2019

Yasuaki Kumamoto, Tatsuya Matsumoto, Hideo Tanaka, Tetsuro Takamatsu

Terbium ion as RNA tag for slide-free histology with deep-ultraviolet excitation fluorescence

SPIE Photonics West

2019

2019




(Harada Yoshinori)

(Mochizuki Kentaro)

(Takemura Masashi)




