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BUNSEKI KAGAKU

IR UNHE, BEFRNDHEERVERD insitu 4 A =D T
— DFRARATWMZBELTEGDIEESZRD —

AR 2

T NI, TS E SUBUC M L 72 Ay R OVIER A SERERICEBS T &, WRAMY EEI RS T
FARCSOA T, X NI EDERSTF LIRS TF L OMEERZFRICOTT5 Z LN TE 5. EHITWS
FeiEZFRNC AN D Z & C, ARS 1Ok LHEHE, K& O EEROBREICOW A O T —~ 2B
BALCE 7. TETIHEHS, MDD, MAEL EIT—REI VWD) 2 Eh, ZORERFGAD 720 &R
PRARRA D RETENE L KO ARBFEG R > VT —27 L OBRM, KOIPERHMIIC DWW TR L TWA. S HIZ,
EOIEYtaA A=V T OGRS, T /A4 REEERERA 1= X LAOMS, S HITIXERMA A=V 7%
BEOHFERIREZ T 570, Wb, WHEULSE S AL £ 7253 5 BERBEIRIC B\ CTHFZE 24 L
TE7=. AT, EZIEEERL TEEHEREOTNS, RIS IGE, BRI A=V 72T
AZHEFEAEDIEY A A= 7 ), [T imtikE iz~ o ZINFEREE, R OWIIIRTEAE DT, T3
W7 HE, A A=V T EAWZY a U RAEROME] O 3 SONRARICK > THRNT 5.

1 #

Tl

T < ORI R IR IRE B 1 FETH D,
S TRENT — RIZxhit L7 BIREN O > 7 b oI R
EESNT D2 LT, MBNOSTHEK, o7 HEEER
ZIEREEAGIC AT T D Z ENTE D DI, BT~ ook
X, AAHIECARERR O in vivo, insitu OHTIZ LV L T
BY, AREH, BERCH~OHHEREE > TS, &
FHHHLBAL =Y — T~ kgl - AR\ AT
LAOBBIZED SRR H Y, KIBEET L~ U AR
v MHAEE, DS Z T8 & LI AR 103 et
DT IR L T& 7299, JIREROMETIE, 7~
VAT NT— RS ERMRTAEAT A LItk o
T, WRBRERT < F — % O h LRI 20+
FMEIEHREEDNHL, BOWEETAT =Y 01 O A
EREAZHBT5 2 LIRS L2, £, T~k
S TAETE 2 BT R L7 2T M AERE TS TE 5
=%, KT T D2 oV BOREEe I aT )
A REEROGINCE DN EFREST 5. Lovl, KH
FDT Ry FIZHOWTIE, 1650 em fHEICHIH S h
% O-H ZEAIREEH RO/ REENTFL, X /78D
TIRI O RIZENTLE Y. £72, O-H I
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VRS “EINBTIERE R AR AR 2R+ 690-8504
JIFEEET 1060

2 HARRE: WA o 7 — £ 690-8504 S ARIRAATC TS
JIFEEET 1060

B AR IR AR T 7H

PRE (~3250 cm™) LW FMPAEIRE) (~3400 cm™) 23R
HEN DI EGETIX, #2737 B0 N-H MRS DS
VREFERDIZWD, EENOKE in situ THHT B L
Z A S

RIS IAETIE, HFORBERBOMEE, #HEEHN
K &N D720, RO FTRIEIL RSO AR IR
&l U CIERIAICEN TV A, KRS, WIRSMER TIX
IROWIGBRERTIN LD, BEII U A— Lt —4
— DIKEEMEY o TV & IEREERNIZ B D 3 F £ OIREE TSy
Mol eNTED. FHRMEKTIE, ~fZ7vA—]
NA—=F =Y N EFET DMENDH D Z & L g
T 5 &, REFHILERNSICEOIFFICRE PR TH
HZZEEHATHD. EHIZ, 5200 ecm AHTICHRHE
%7K OH FEOHt FrfEIRE) & EAIRB O & & D/ v
RICEBT 5 &, TR EERT 4800 cm! =2 4600 cm! T
HUNRTBHREOTIRALETIRNI, TIRAETS
R OFEEEDONY RRZEREBRE SN 57287, K
EHEURTEEEMSI L CONTAZENTES. Z0D
728, TR IEITAEROKE Z37 BF% in situ T
ST 57O DIEFICERRFIETHLEEZD. £
T, S SR S U 7e AT VISR A ST
XAHT2 UL, EEROKE XL NI E % in situ T
SR T & DU & ZFMICH WD Z Lz kY,
ARy T & AR IREEEE, K & ORI EER ORI
WTIFET DA Z A V%, EH DO OFRHE & ALEAT T
TV,



AFGTIL, EEDUHEFE LT &R ROT MDD,
UFD 3 >OMENEERINT 5. £7, BEFRIRIE,
WIRIA A= 0 T N Te A X I DFEYe oA R
— V7 OWFETIE, MWRARREIZH D A X IIRE 4
Hrl, EFICEEAZTRTIRTEZ > TV b BEE 758
R, FIICHED Z T BN EDIEF M AL
FHIE R, KOKFFBERY MU —7 DENHGH X
728, Fi2, AXIENOMGGA A—T 7L, [RESH
UNY BT B DEARG T340 & FERR DD RIFFIC A A —
DT A EIChLEI Lz, AROTE K TH Y,
DRI S R BN E 2 E DRI A TE
B2 <, AIROAALFEISITK 2 AL LT -
5T END, FOEEIKIEEINDILTTHDL. =
DX RBEID, KEE L TAERERECRBNEME & 3T
fliL, “KEBELTEEREZHED” &S Hiiz e f ez
AL T& 7.

wiz, [T~ 0kikEvio< o AP, KON
WIHIRTEAEDSHT] TIE, SR ATRBPECAT7 ATREME 2 Tk
ETNA F~—H—%, 01 (RO 4L LEFE
FEEHZLABIELTE R 210, J5ERY Ve PO
E, IWEERET A A A~—HI—L LTRIETE,
U —F—MREH ORI ZIEIC LY, BT ~DIFEME %

BTDHIENTE. mnbdVnIZ L, MlfED
LIE—RESIVWD T L, TORERBIIHTFHNDL
S BHIR ) TN EEZ TS,

tkiz, BT~ Nk, A A=V 720zl
A SBROGE TiE, VabvraARERICLD
X MNUHRE, Vabtr RNt T MR
DESICEL, ArT Lokt 2 EfAERORINE
b L7z & 2B L FRI RGNS, Y 3 8o DRk
EWZIZAHZEITRIILEZ D, 2L T, HEAK, 1246
BEEERT D) av s orinERic b~ MRS 5
BTrE2AA—V IR B EMTER, UT,
ENENOWRNE O TR 5.

2 RS, TR A= T ERWEA
F HRBEDIEGEA A—T T

WA, IR IR, TR A=Y v TR RN A
A RRREAEOIEME, YT =8 ) o J O % £l
LC& 7 912710, 20Ty ARMIEE, HRAENTEML
L7 % KDOKRFEREEG R Y NT—7 DENPLIR-X D Z
EERBERLEY. EWREEZTRTAXIRE, RZFEIIC
IRIRES SR X o CTRAEDRIEMAL Lz A & B IROK Sy
FDOKRFHREEFX Y BT =7 DEWDIZONTHOHL, K5
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T MDA T L O ANERDENDD A X I RFEAE
OIS T L 7.

F7o, MEERE 2 WonT — U =N AT ARV A
FARDIEE=H Y T HHICBNT, A X ARDIE
Yetaiifid A— V0 ZIC Lz D, ez o
T RN DI SN HIE, Ry 77—k - T
BN IRV D XU RAEL B DS, 22 TRV AT AT
L0, ZOMNRIREE O X L AT Lo THRIHL
DB 7 v R Lz, £ LT, IBE, # X
VBT EOEKRST AL, MIRORFEEY A A —
V7 xwREE LTz,

2-1 EBR
AHFFETIEEA I OREHER L=, £, BEED
TEPEAGIC K D KDKFREG Ry NT—7 DEWE SHTT
5728, WERAENEML LIZR@), &3 FEEOIEEM:
72IR(b)-(d) & A L7=.
ZF5 1 BB OIEFREEZRTIR
A 1 HB OZRINOESRIRE A 3CICREL,
st Sl It el )Y
C.  RERERIZL RS, BAERIEILSER
d.  REAEI
3T 7R 4 | E 12 1% Spectrum  Spotlight FT-IR Imaging
System (Perkin Elmer) %z HVY, =i 25°C CUEHRINA A —
VU TT =22 EAG Lz, EE 7800-4000 cm!, JEHGy
FRHE 4 cm™!, ZEREAREE 25 x 25 um?, FEFEIEK 60 [B1CHI
ELTe. A A=V 7T —2REIIE, 15 DRREE L.
AXHINIERBEZ 1.5 mm OB TH Y, HEKELHI
2B, AN—%—036 mm ZIFRALTAZ VIEE 2
MDAZTA RH T A, ErFay s THEELE.
Wi, MFEA A= 7 OERTIE, #ER 2 k7
— Vx4 AT 5 (NT00-T011-01, NT00-T012, 7 A1
B 2RV, 28 5 B HORA X TROERIA A
— LT F— 2 BT L. ZERS IR 8um, HE
10002500 nm, JHESEEEITH 10 nm TH Y, FFTAIE
I 7 —1%250 um X, 30 B OJIERERH T 1800 AL D4
IS L7,

22 fER-BE
221 AFHRREDEMAEKOKFREERY PT—
7 DFEVD LD

A X T EDIIEER 53 7> H AT LI aRIMRI A~ 2 |
VDI % Fig 1A TR T, 7000 em™ J O 5200 em™ 43T
IZ O-H s FMHHEIRE) & o M iEIRE) O 65, O-H iff
KM IRE & EMIRBIOFE G E DN BB, 2 Eh
K &7z 9.0 50004200 cm™ 0 2 PGy A7 R LT
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1%, 4410, 4338, 4258 em™ IR I3k D C-H #RE) & A IR
BhOFESTE A 202D, 4864, 4538 cm™ (2 N-H (HEIREI & 7
T FUOEAT B—1F, a~UvZRA), 4612cm™'
N-H fffEHRE) & 7 2 RTTOFEAEFICE 2 B—2 D8 S
7= (Fig.B) 2B, ZpXHIZ, IR ART FLT
oK, R0, IREERFFIMSLL TaTT 562 &
NTED.

Lﬁéomﬂkazﬁﬁ PBEALET D L, (),
(b) 1B T B H I ERREHED V' — 7 3R H (o),
(d) ITEERTHEHLS RoTWA Z ENRSN5. IfIIE, IR
FACIH RO THET 5 £ TOMIZKLER T RV
=, FURITERRELE L CEALN TS, 0D
k@J&GMT_ﬂ6@2ﬁﬁ%%fﬂTﬂoTMé_
LiE, MEEICE > TR SN Z LIC K DARED
BLEBRELTWS EBZ6ND.

5500-5000 cm™! DIKD 2 KIS AT MAF—H £ v b

WZxt U CERG T (PCA) #FEM L& A, ERm 2
(PC2) IZBWTHAENEMAL L) &, FETEMED IR
(b)-(d) ORIT, KOWIL A RIZENRH D Z LIRS
iz (Fig.1C). PCl IZIFKD 2 Ay A~ hLSEN
THEY,PC2 1L PCL kT HMHIEBE & LC R X2 5336,
5200 cm™ O —27 28, E\1EIZ 5276 em™ D B — 7 MR
T&5 (Fig.1D). WRFEEAENEEL L2 TILIPC2 DA =

TP LT, T ADfEEFFOZ LD, PCl Da—
T T AR MATH LT 5276 e fHE D 2 IR TR
EZ T IHEmEHE, 5336, 5200 cm™ Z4 L _EIFC,
BERICE— 7 BN SRR 7 M5 EIRTE
5.

IKOETRANRIM S o Rk, BE EH &SRl msks 7
F9 % (Fig2A). 2 WD A7 MVEFHET S EFH
22 o0ov—r 8h, BEEEHICIhED 2 K
AR LTS (Fig2B). AR IEIEIZ X Bk
SHTINT, Fig2B OFEETIEEIT 2 DOKASD Tﬁ%
TEXDHZENEATHIRICE > THESNRTEBY, Ky
DORFIRFITBWT, HLHE %ﬁ#ﬂ@@ﬂ%&zo
EHLAEREAEEZTHILOZROVAKZB/EE T DK
(SHB : ~5170 cm™), FALLISD & DEGHVIKEREEGE T
57K (WHB : ~5250 cm™) & L CTERI N TN S 292,
DFEY, WE EFIE S KRS ROZEE, FIZZ
D 2 AT DKROFIELENELT 5 Z L ICERT 5 L fif
WTE D, PCA IZ Lo TR INFHFEADIEHLOE N
WZ KDL S ROFEWE, 2D 2 DOKEGOk
KOB\ENE LTHMETE S, EEIZKERAY RO 2 %
AR (Isps0/Is170) ZRPHET D &, HFEAEDNEMAL

L72CIEWHB OEIAE N ENZ L AR ST (Fig.20).

2 §k%r (WHB, SHB) OKOEIGIZHEZ 52 5/ T
ELT, BEERL, A AVBEEEL, oo ERER
b, #2308 2 FAEEELEEBEIE LT, A¥D
RFEAENZ R 9 AKDOEAL L RIFEDOREE 5 255/ T2
WCHRTZY, ZOREE, ¥R 0E @2&%L#a~)
v I AN B — Uy FlefEE~ LB LTEBRIC
W TOKDEIGHRE BT HZ EnmEni. %@

, IRFANEMAL LIZIR T, X o7 8o 2 kg
DB —FwFIZBL L TWB I ER T~ kI
K VRS, TOEENKICERE I AREM VR &
iz KBS RO 2 IRIGTREELE (Is170/Is250) & 2
Wotlic7 ey LT, BRHKFHERY NT—7 2 FF
SKRDLA Z AL L= (Fig2D). (I) (3 4 FEHO A &
HROFEERLR TH Y, () TILME, I, W (gsk
AZTNTIR DAL D3 OOREENR BND. (b)b(a)é
FEREOREEN R SN, WL —REBIN22720 . (¢)T
I OREE N R A7 < 7o TR Y, RZFEINCIXIMTH
BIPNEIRIZ A L CWDEET AR TE 5. (1D O
RIMA A= 7 ClE, REOERS D SHB DAKDEIG )
EL 2o TWNB I EERLTWD, IWEANEE LT
(a) T, M@%&w«TW%%A£¢mﬁﬁmmof%
D, WHB OEIGNENT &EBA A= 7 THHS
_.%%E#@%Mbt%@*@*%ﬁé%ybv—ﬁ
DENERZ T REFBRENER L 720, Anabtical
Chemistry DFHEIT R 72 .

222 Ry 7 T7—HRICEDHTFEEINHA LA X IR
FERBMGPEA A —D T

AL 2 ot 7 — V) MV AT LEWT, AX
SREIID HEUG L TT R Ay bV &S L2, K%y
W AT BIE, EFEFEETHLANBFEL T T AE
RIZ E > THFERBE INTZHDOTH L. KA T AT
Ay 7 H— L LTRFTAIEI 7 —REINTHEY,
ABHBLER R N B4 U 2 MR 2% 5 2 % (Fig.3A)
B, FLT, MHEEEGZLNZHITTHICL A%
—T7xal I hEEL, 7—UEHZL -T2 KT
SIERERAGTHZ LN TE 5, ERAIUANS DN
?%ﬁﬁmﬁ\kbfﬁMéﬂétb A HF—T=xn
TT MBI DR o5 2 Lic kv, JFER
WCHERIRAA A= I F =B G T 52 N T
x5,

Fig3B i, 55 5 H B DA X USRI a5 OYEKR
M Thsn. HOMME, MIEROFMREENBETES.
Fig.3C 1%, Fig.3B OUFEER/D(A)D B KT — K CTHS S
NiEA LV E—7 2075 5TH5. x FHIRFAATEI Z
—OBEIEHAZRL TBY, FOME 125 um TR Z—



— A MPBBIHIESND. —F, Fig.3B QLS (B)H> 5 I
BLiA v E2—T7 20 05 020E, /A XD X572 EAH
RO INRIE R > TV D Z & 0355 h 5 (Fig3D). ZodJ
A AWIEEIERT D &, 5T 16 [HORE B S 4L
7o ZHUL 3.2Hz OEFICKIE L TEBY, BRICED A
WO E B L. 2F0, 20/ A XWHEIT
DAL D JE I 2B X IZBIE# L T\ D 2 L 305,
FIT, A A —Tx2ul T LT =Y LB LTHBD
J A RS WERE A pm) 3R L. 30 BEICAE L 50k
F7513250v2 pm TH Y, ZTOMIT 3.2 HzX 30 8D JE
B AFAET D720, AT (1) 705 3.68 ym &K &
iz,
250V2
T3.2x30 @
EhE, 7=V 2R OT —ZIBNT, 3768 nm (ZH
E—7 & L (FigdA), TOFH 155, § 2550t
Mg D 1884, 1256 nm 12 b B — 2 23 H &7z (Fig.4B) .
DA 2 7 g, RN DTN R D
2ODWNEREDLINZBRICAE LT (~TrH A v
T Ik vmHanizeBZxonsd DS, KEl5%E5]|
FRITAD= AL EHHFET L7200, HHOTDICHMA
HIEP S SN HOTHEE 2 %, Fig3(AITBNT,
YT ND R O TRE SN IETFEBR L > X2 @i L
PrFEY 7 2 —CRE S, BOWES SH CCD 7 A 7 TR
H9 5. 2 oONE T L ABMAR r TOEFRIFE, X
(2) DEHTRTZLENTED.
E = Aje"i01Meiot 4 4, e=iv2(1) giwt 2
T ZT, Ay, Ay FIRIEE, olXAIREE, @), @, (r) IX
BHA v ICBTDICBITDHMMEELRLTEY, LHKE 1,
WE 1 2HWCo(r) =2nl /AL REND. RV AT A
T, MY 7 X =280 e,(r), @) IZER RS0 %
Ffo, BUNESN DI BREIRIED 2 #THDH-D, LT
DEHTKRDHND.

I=|E> = A3 + A% + 24,4, cos ¥ (r) 3)
2

() = 91() - 92(1) = 58 )

d=lL -1 )

—7, M7 EoBMMIKIC L > TRE SN S EE, B
v 7T —RIT K o TR T 5720 (AIRE)
# ), B r TOEHRREIL, KOLICEKTZ L
NTED.
E' = Aje i1 it 4 4, e=ip2 (1) gin't (6)
ZO=, BRE r IZBT 2 EREITRO X HITRD S
, X Q) LD ENFEHEONENRRS.
I'=|E'|* = A2 + A% + 2A4,A, cos ¥’ (1, 1) @)

2
W(1,8) = 91(1) - 92(r) - (0 - )t = 8- 8,t (®)
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Oy =0—0' 9
0L, Ry T TR X HWEFO X LR, Ko
THERHOTREEND Z LR TE 5.

BT — R THOIEFRNA A=V I F— 2 2T Lz,
WX AT ST, DABRD /S RAS 1880, 2260 nm
M B DTN HER Sz, DHEUIEREREAED
B Lo TEDIEL2EREZT BN, £z, 1940
nm (213K OH FH kD) 28, 2360 nm T IZIZNE
WAL B RAL K FE 2 & D CH kORI v — 2 73
K &7 19, % 2T, (a) 2260 nm DIEHREE, (b) 1880 nm,
(c) 1940 nm, (d) 2360 nm QWS 2RIz T 7 v M9
5 &, Figs DL T RINA A= v IRE LTz D
figGEB A <0 MLAE O IE, IRIERCINE DA%, R IE
Petb|ZA A= T HZ EITRBILTz.

3 FwUotERRWEY T RIFREE, RO
KRR A D43HT

ZREINIAEMOERTH D, L LETHRAETIER
DI TIEel, TOEGFHREMNR IZRBI0E], 50
X I kD EEbnTnb, £ LT, £l
BYEERRIZIBWNT I omEE M (VE)” 23D CEER
L 72D, TR L ATHMBIERORBE N Lol
B e MR BN OB B £ o T D

—RBIZ, INEIC L DA RO EWRRIIIRSE A I
9 NN E DAL FRIZEAIE, ORNA, # /37,
N8 72 YOSy %, RNA 7 vt A REKIKENE, TR
o~ 777 4 —7e EOREESHT Lo TR~ b1
% 29030 F - EEOAREMBEROHRIBICBNT, IS
IXQBEMEE T2 B I0T-OaCW e E O REZIBLER
WCEVFMEND. S BICOHBROST NG, 10
AT 2 BT 23D b 72 ST 5 32 39,
L L E@o X 9 1A RNYE & ffEi I T4 2 F
BT, MRRABEE L TR 2T 5 NER D D720,
HIZ A A=V h 52 PITINVE ZFM T2 2 LN T& e
V. BT, QOFETIIBEFEOEBIZESC LD A
MREL, QOTIHINEZREMT Do T ERDPE LN
RNEWSESENHD. T T, T UNNEEIVE
PSR AT 5 2 & T LR O-QOMBE R AR L, FEE
O FEYOITAEE I B BUS Lz s A RIS,
GNVE % B9 2 Fiic e FIEOBRFE & FHNT T X 7291034,

Z 2T, 2 DOIVERHIIZ DU T ORI & B
5. 128, v VAINTOMBEEFML, 528 - %4
RESI DR FEEE, FERIRAYIHIR] T & 2 D GE
L7z 9. 2001%, ~ U AHHIEOIEAITAE D IINHE O
A0, INEIC X DA LFHBE NI OW T 21T - 72
e Cd 5 10 LUF, ZRENOIIEIZ OV TR T 5.
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31 EB

IR BRI O EBRIZ BN T, = 7 AFPF 1L hCG (&
M REMEPE AR AR LT V) 5 K D PN 4 B
P DRGEMRE (130 (1), 15h (IT), 18h (IIT), 24h (IV)) TERYN
L, 507 (EEH 80 um) O 0% 1-3 AIIE L. hCG
B 5% 15 R O I 23 b Ao REaE, FAERMN R <, B
W BIZONTIEN TR A Z ERREINTND
(Fig.6) 3. <7 AFMIIROSHI Clx, ~ 7 AFMIIE Gk
ZREUN - BRI - 2 IR - 4 IR - 8 MIR) e T
VU ANY MAVERELE. 785 0m L—H—, JL—F
4 7600 line/mm, YT NARA L N TOL—HF—RT
—50 mW, 30 F> (15 #x 2) OFNRFMH CHIE Lz, H
BLiT~w AT bV, 5 SO ZHZGERIZ L 0
Ny 7T ReEREL, 1004 cm D7 = =L7T
T=rDOE—T OFE SN 1D X ) BB LT

32 RER-EBE
321 < U RIFFRAEHBIONAL F2—T— 2D

Fig.7 1%, RENEDRRD 4 BREOINF-2 5 BG L7z
Yo AT "MV THD. Table 1 ITRT X HIT, ¥
78, JEE, DNA/RNA HSRO RS RS 5l
STz 30,

BT AT LT —Z & v MKk LT PCA &3l
L, JRFRREMCPE S SRNIBE O ZELIZ DN TR Lz,
ZORER, PC1 T 24h & ENLIAOIFRFIHE O INF-23 5017
5 TEY, PC4 T 13h, 15h & 18h, 24h (T43D¥7z
(Fig.8A). PCl ®u—F ¢ > ZNIINREH KD AT kL
NE—URBITEY, PC4 TIEY VERHED > 7
78 1046 em™ (28 < M &7z (Fig.8B). Z Of&HIL, 24h
OBPIRCTHEE IR E A FRTAIZ R <, =HE - BAGE O
FEWIR(13h, 15h) TIXU VBBERFEL K-> TnD 2
LERLTWD., IBEIZ~ Y RINFRADT- DD TRV
F—RTH L7 ®, BHERE ERIL, =X —R
DELLARBEN TN L AR L, WBEUTLE S H
HBEEZTBL WD EEZDND. Fiz, IIAEVEER
+ (MPF) {Zt & b F—+F p34 (cde2) & cyclinB 725
DS R EEAEERTHY, cde2 DY UEEIZXY
MPF JEPE DS HIE S 41TV 2 3040 MPE S EME b s &
ooz X7 Bxw ) VEME LT, IR O > 7T
AR — FRICBES D, MOEERENEE,
Fay FUTICESTEYVEL D ATP 3ERRSH, Y
FRIRFE SEVIE & MPF JEME 2 RRF L, IRFREAD > 7
JABRENR 31T I T E M TE LRI > TND EE R
LD,

Z D PC4 DRESy & AW THIZHIBI 34 (LDA) %17~
7o A BEBED 4 324 AT BVT— X BT, — T
TPCA-LDA ET/VEIER L, RV DT — X B RuH 7
L& LTYTUID, Sk - FAERES) O RV IR (13h, 15h)
LIBEIRF (18h, 24h) & AVIE L < MBS D DMREE L
7o ZORER, 90.7%DF5EE T 13h, 15h DK - F8ERE
DOEVIFFZHIBITED Z LR ENT-.

IHiz, L—YP—REHBOINTIEAZREERL T 5
HREIESER L7 25, 50%LL OBV VHER TR EINOnE
ol CHREIA T Z & AR SN, L—V—REHC L B
FEMIEALERHEN RN LRS- (Fig9). &K
MFRIC LD, T~y iks V- IemE, FFREMN R
YREREAM D FTREMES R 40, Analyst DERARITERT ST
9)

PALORER LY, hCG 5% ORRRBICLE D 75k
AEZ, FESLU VMRl T~< Ry REfnTE=
XY U7 TEDLAREENRENT. F2, L—Y—H4
WL DB LRCRH SN 2T2Z s, T~y
JeEE RV COIREE, JHRIRA 7R IVE RN 32 b~
F I EEERNG N

322~ RRGIER LD X B IVE EH
AAFIETIL, ~ 7 AFAROIEAELE S IFNE DA
b0, IREIC X 2L FRE VI OW T 21T o 72
~ U AMR (R FEIN - A - 2 R - 4 Hnfady -
SR MBEEE LT~ T — &y MIk LTPCA
Ei{To7-& Z A, Fig 10A 12" 7 K 512 PC1 DA =2 713510
BN HON TS T Ao~ A F 27T X L RFHEHIC
L=, LT, PCl ®»u—F 4 v G kD
ARG MR = PRBITOS (Fig10B). £ THT~
VAT RUE, 1004 em DT == T T =0 DRV R
DESNLITRD LKL TS0, ZORER
IR — RS 2 R B OREN ER L, IREZRE
DDA I EE DR AN Lz K o lc i x iz &
Ezobhd. £72PC2 TiE, REZFEIVEZREIIE N2
DIN—FI3T N TEBY, ZOWEEST LR L
LCH U RTED 2 REEICHRTH AN Rla~Y v s
2Z:939cm’, B — b :980 cm™) D3 Sz (Fig.10B)
), SFEY, FHICL o TH LT ED 2 k&I
DD ENRBIh, FAEICHEST B — MEEDR
DL, e~V w7 ZAREEDEIG NS DR S
7= (Fig.10C). Lb., 2 Ak & 4 fpaiofm <& oo
JED 2 WHEEFIGENRRESEMLTEY, Mo T
FEITIRBNT, RN I E A3 R B R~ & S SR~
EBITTDEVHIREL —FHLTnD D IbiL, ¥
VRTBED 2 WIEEE (L EEN TS L5, Fu oy



7Ly MO (855/830 cm™) A LT BB LM
Sz (Figl0D). Z Oy REREIIT v ki o
OH HEOBREOEWERE LTRY 9, /78D 2
TREEELET a7 by N OMBE O EE)
LT ENTZ &1, FEFICHKREVERTH 2.
iz, FIEROEC/, MW R 7R & ORI
Mo REW, REREHBahsT—4%€> b (Figll)
WX LT, HONPCA 21772, TORER, AINEIBpED
AEETE, HBELTIEEE NS Faxo 7 %1 b0
FXHREREL 2o TS Z EDRBENZ. ZNHD
TN R, IR RN DO~ —— " R
LA REEE R LTEBY, SMEREEBRICE T2 N
JED 2 WHEEESLCINVEIZE T 531 A~ — I —D[HE
EEW D, FBAFIZBWTHERREN N REHELZ N T
=Y/

4 HET<UHHEE, A A= TEHANEZY a
= s XENY 5

AT, B b~ A Y a ¥ E, T
VO IEEE RO CTIREEN S SN L, B A
BRI DFEZRET DD ORI EITo 7. I -
AHL (UV-VIS) ZptiEe 7~ o atia e, JVay
VEREIRD So— Sy B K OIECIREEIC IS 54 TR
&% invitro X N in vivo TEERIZ 0T L, b~ hRICEIT
L5V a L OBESCHIE, T A A=V 7285
THkT 22 2B L.

41 =B

U a B EEERD invitro HITETIE, VabBr ZRED
BB T % b ARKIRTRIZERD L(100%, 80%, 50% and 20%
acetone/water (v/v)), K CWEI L7203 5 7-10 43 T E A%
PN T 72, 100% 7 2 R AR TR Y o BT HER
ELTHEL, T FUKERTIE T 261, H a6
WHAFET D, A AIRE O T~ REICBE T, A
X oy M SmL OV e EmREEALTHIEL
oo FREAFEHN T AT 12mL Y a U mRER 52
CIZEY, WROBERIZE > TR LY a2 BER
(A 7 afEdh) o7z (Fig 12A). b= RO invitro
WETHE, SRR, FRE, AERE, RENSEARS
MVERRE LT, b~ MU 7id s 54 flim kst
DI A =T 72

AR - EERANMGIEIC KD MIENE UV-3600 (SHIMADZU,
Japan)Z i L, %R HEIK 300-800 nm o SURHIE 24T -
7-. 7~ WETIL 638 nm (DL 638-025-S, CrystaLaser,
USA), 532 nm (RL532C150, Renishaw Inc., UK) @ 2 &
V=P =&AL, 7L —F 47 1800 line/mm % f>
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oo AA—V U TRECHEERBEM I~ VAT A
(inVia Qontor, Renishaw Inc., UK) % V>, ZE/] 5 fEFE 1 pm
TRIE LT,

42 FER-EBE

Vavro7t b kB OSSN - AIEIRIA R R
JV% Fig.12B TR, 100%7 & b <k, B
TRDITAF(So) = 1'B;f (S,) BERATMIET DML AN K
73 448, 473, 505 nm B E . F, T RUK
Wik, ~A 7 afEihCid 358 nm KO 556 nm 13001 HE
B, TAAERBEREOEI Y FAKRIE S, b~ M
ORI - PRI AR Y FAAZEW TS 350 nm, KON
556 nm fTUTIZRIN N R3ERE S, b~ FAOD Y =
Yot b H K, T 26RER L TIFELTWD Z
E DR S T2 1D,

532 nm I R W HKIR T <~ AT MVERG LT &
Z 5, 1514, 1156 cm 1T C=C #E#IRE) (vi) MY C-C
FEIRED (v2) kD /S RAMBLH S 37z (Fig.12C) 4947,
Vi RD2RMGT AL Sy b HEAR (1521 cm™),
] &4k (1508 cm™) RO Y RIZHEER (1511 cm™)
DR RbENEmEE, K7 FLTnb
Z My B(Fig12D). £ LT, Figl2BIZRT b~ hD
NRFEE R ORRENSCEIG L2 T~ AT MDD, in
vivo IZBIF5 H 26K LN T /KD T~ Rix
1516 cm™, 1506 cm™ IZBIHI SN D Z &R pmoTz. Tk
KRR, ~A 7 afds, b MEBNICBIT S HS
B, TEREE, HERD Si—>S, BB LF—, KO'T
YUV R wEENLEN2 R Try TS5 E, TE
k2 IKEEE (100%, 80%, 50% and 20% acetone/water (v/v))
DOF—Ht v MIxt LT, Fig.12F O XL 5 \THAIVEL T
WTET.

BT < Lo, BT ERERE TON TIRENC R
THERE G2 D720, vi ANy RZREERRETOY av
VT OREENEE R, i Ny FORBSUTIE 2 &
FEAHEOWEIZHAT 5 2 EBRHEZINTEY, Si—S:
BB XX — b 2 EEAHE OWEIC I
DT ENEATIRICE D ZHERE SN TWD 2D,
So—S2 & vi DRNZHARED AL Y LD T & M35 4949,
Tz, WO SBRIZ L > TET D So—S2 & vi & DI
WICHBRIMER D D, EHICK D29 A b7 NRNET
R L 5 2, BT Eodtg 2 EREAHEEN
LI EBEINTWD Y. AIFERR TR BT So
> & vi & DD SN T S ERRIC, H 28Kk
W] 2AERERICBIT =% b hR%E, Vavsy
TN—FEDOHA b7 MIRO L SITELT, AT Eo
AL 2 HIREGHEN L LI b LR L 7=
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R#IZ, BRSO (PCAZAWT b~ RO T~
VA RA—=T v T EAT o7 (Figl13). EE4 1 (PCl) v
—F 4 77y MZiE 1516, 1157 em™ 12 H &AKIH:
M7 BB TWS. —J, PC3 ou—F 17
vy FTIE, PCLIZHATY,, v, DN RBZEREN
sk, @iz 7 hLTWaZEns, PC3 I T &
ERICRBI IR AT MV R LTS Z LR 050
%o F77, PCAITREERD Y v 7 A EF LTINS,
ENENDERSAAT Z2H T oy Lk 25,
HE&A/E, I86E, RORRSPHETREDOT v 7 A5y
D in vivo TOHFAEABLT 5 Z LICkEI LT, #e %
gD ) 2 BB EAREAE TRIRIC AT D8k 1
DRI 2 B2 L iF, EFICHRERTHS.

5 #E

i

T Uitk BRIV EE RGO in situ
ARA=T TR E N D T =T, EHFOIFEDOWYFIR
BAEHINLTET, AT IEBEDERNA A=V T
DFFETIE, BORBIFIEDOENEZKDKZEHE SR Y k
J—7 OEWEBLTCIADZ ENTEE. ARERIT,
Bl ZATZREINDONRHN R, SBIENEFICHEA T
SO0k, KoWrZzim L CHRITE 2AHEM 2R LT
%o At X DICARIIIET —~ & e, K& L CTER
RERECEHEME 2 D7 L\ D Bz 72 i ge it 2 fEBE L
TNWEEBZ TS, £, MKOFHFROA A=V T O
FERTIE, MBS AR F O OE R FEHZ T
XL EERLTEY, #flx X iPS MO O HE A~
OMEFERREDO T =% Y 77 EICGHTE D aliett:
ERBL TS, 56, w7 AIFOHE T, I+
OB D A (R RE MBS 2 FERER 3 2 72
DDA A<= =PI DR H Y, KT
IR R B IBNC, IVE OF T 725l Rk 2 2R T
TDLEEMNDD. FIZIE, BHOIRERESY VRE
BEx T IR L o TIRMEE, JEREICHEML, =
FEATREMEC AR ATREME A THICE D L IR D e EX D
5. LT, APFEIEBRORLRROSEEICB D
T, GHGWER OB I 22 ERIS A, FEEERICER D
LI SN B,

TN EE L TAMOBEEEEE, 07—~
ELEBLSOICERSYE, AMOmMMEER RS Z L2
TENEEFE->TWS, 2LT, ARaAEEmEEER
I T X 20 1A m L <, NORFECEE
WO L THHEBRTEERENTHD.

#t 2

AWFFEDO—HEIL, B AR ST 5 8 2,
Blmrse & mbh4e T#F (B)) (17K18267), [HkikAywg
3 (25560212), FeRIWFse B (15J40212) D&
W shizZ e, ZZICHEEELET.
T, AR TR LR EHET D107 0, RBilE
s (BB RY), iR eide (BvEFEt R
7). BAFHEERR B TRERT), AAOHBERE (F
JIEKZ), EUrmEi#HhT (AARL RS, 7TAA B
KtITIIREBHERNC 2D £ LT, ZoREBH L
TOE Y EHE L B ET.
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Table 1: Band assignment of averaged Raman spectra

Peak (cm™) DNA/RNA proteins lipids carbohydrates others
asym str PO, .
830 DNA/RNA ring br Tyr
853 ring br Tyr
935 C-C BK str
1004 symring br Phe
1033 Phe
1048 sym str PO,
1084 sym str PO, C-N str sym str PO,
1129 C-N str C-Ostr
1250-1275 TA Amide I11 =C-H hen
1309 CHs/CHatwi, ben  CHs/CH, twi, ben
1451 CH def CH def CH def
1656 Amide | C=Cstr
(A) (B) 00003
1.8 10— 80°C
00002 -
1.6 1
1.4 1 0.0001 -
3
o 127 -3 0.0000
o ©
& 104 10— 80°C £
€ 8 -00001
8 0.8 o
] &
T & -0.0002
04 -0.0003 |
2] -0.0004
00
0 ~0.0005 . .
10000 9000 8000 7000 6000 5000 4000 5300 5200 §100 B0l
Wavenumber (e Wavenumber (cm™")
©
50 (c) (d)

Mean ratio of second derivative intensity
I5250/ 15170
S~
(=]

7

3.0

(d)

Fig. 2: (A) Temperature dependent variation of NIR absorbance spectra of ultrapure water in the 10000-40000 cm™ region. (B)
The second derivative spectra of (A) in the 5300-5000 cm™ region. (C) Mean ratio of the second derivative intensities
(Is2s0/1s170) With standard errors. (D) (1) Visible images of the four kinds of fish egg groups. (1) NIR images constructed by
plotting the ratio of the second derivative intensities of the water bands defined as Isi7o/Is250. Reprinted with permission from Ref.
8. Copyright (2020) American Chemical Society.
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Fig.1: (A) Mean NIR absorbance spectra obtained from four kinds of egg yolk groups. (B) Second derivative of the NIR
spectra recorded from the four kinds of egg yolk groups in the 5500-5000 cm™* region. (C) Score and (D) loading plots of
PC1 and PC2. Reprinted with permission from Ref. 8. Copyridght (2020) American Chemical Society.
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Fig.3: Schematic view of the imaging-type two-dimensional Fourier spectroscopic system (ITFS; AOlI ELECTRONICS CO.,
LTD., NT00-T011). (B) The optical image of an embryonic body of a medaka fish egg on the 5™ day after fertilization. (C) and
(D) are interferograms obtained from the yolk part at Point (A) and the heart part (B) in Fig.3B, respectively. Reprinted with
permission from Ref. 12. Copyright (2018) American Chemical Society.
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Fig.4: Spectroscopic information obtained by Fourier transformation of the data in Fig. 3D in the (a) 1000—2500 nm and (b)
2000—15000 nm regions. Reprinted with permission from Ref. 12. Copyright (2018) American Chemical Society.
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(b)

(d)

Fig.5: NIR images obtained by plotting (a) light intensity at
2260 nm and absorbance intensity at (b) 1880, (c) 1940,
and (d) 2360 nm. Reprinted with permission from Ref. 12.
Copyright (2018) American Chemical Society.
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2 2
-] Q
S a
2 =]
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T T T T T T T 1 3
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Post hCG injection (h)

Fig.6: Oocytes were collected at 13, 15, 18 and 24 hours
after hCG injection, and were subjected to experiments as
Phase I, 11, 1ll or IV, respectively. Solid and dashed lines
indicate incidence rate to Metaphase Il oocyte and
developmental competence, respectively. Reprinted with
permission from Ref. 9. Copyright (2019) The Royal
Society of Chemistry.
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Fig.7: (A) The averaged Raman spectra in the 1800-600
cmregion of mouse embryos obtained from Phase | (n =
105), Il (n = 88), Il (n =96), and IV (n = 35) after injection
of hCG hormone. Reprinted with permission from Ref.9.
Copyright (2019) The Royal Society of Chemistry.
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Fig.8: (A) Score plots of PC1 vs PC4 of PCA performed on the data set of mouse oocytes in all maturation stages. (B) Loading
plots of PC1 and PC4 of PCA in (A). Reprinted with permission from Ref. 9. Copyright (2019) The Royal Society of

Chemistry.

Fig.9: Visible image of embryos incubated for five days; (A)
laser irradiated and (B) non-irradiated embryos. Several
blastocysts and morula can be seen and some of them
already hatched in both (A) and (B). Reprinted with
permission from Ref. 9. Copyright (2019) The Royal
Society of Chemistry.
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Fig.10: (A) Score plot of PCA performed for datasets of all developmental stages. (B) Loading plots of PC1 and PC2 for PCA
in (A). (C) The averaged intensity of the second derivative with the standard error at 939 and 980 cm™. (D) The averaged
intensity ratio for the tyrosine doublet (Igss/Ig30) With the standard error for the five stages. Reprinted by permission from
Macmillan Publishers Ltd: Scientific Reports (Ref.10), copyright (2017).

(a) (b)

Fig.11: Examples of embryos (a—c) with high-grade
morphological features in unfertilized, pronuclear, and
8-celled stages and (d-f) with low-grade morphology.
Reprinted by permission from Macmillan Publishers Ltd:
Scientific Reports (Ref.10), copyright (2017).
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Fig.12 (A) The dry micro-crystals of lycopene on quartz glass. (B) UV-VIS spectra of lycopene acetone/water solutions. (C)
Averaged resonance Raman spectra of micro-crystals, acetone/water solutions, and tomato fruits measured with 532 nm
excitation. (D) The 2nd derivative spectra of lycopene dry micro-crystal and 100% acetone solution obtained using 532 nm
excitation. (E) The detail structure of tomato tissue. (F) The plot of the frequency of the vi Raman band (cm™) at 532 nm
excitation versus the S, — S, transition energy (cm) of lycopene in vitro and in vivo. Reprinted with permission from Ref.

11. Copyright (2017) American Chemical Society.
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Fig.13: Raman image of the section of a tomato fruit using PCA. (A), (B), and (C) are drawn by plotting the PCA scores of RC1
(the H-aggregate of lycopene), PC3 (the J-aggregate of lycopene), and PC4 (wax component), respectively. Reprinted with
permission from Ref. 11. Copyright (2017) American Chemical Society.
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In situ imaging of living organisms using Raman and near-infrared Spectroscopies
—Look into the brilliance of life through molecular spectroscopies—

Mika ISHIGAKI"?
E-mail : ishigaki@life.shimane-u.ac.jp

! Institute of Agricultural and Life Sciences, Academic Assembly, Shimane University, 1060 Nishikawatsu, Matsue,
Shimane, 690-8504, Japan

2 Raman Project Center for Medical and Biological Applications, Shimane University, 1060 Nishikawatsu, Matsue,
Shimane 690-8504, Japan

Raman spectroscopy can obtain spectral information strongly reflecting the molecular structure in a
non-destructive manner, and near-infrared (NIR) spectroscopy can simultaneously analyze molecular
composition, molecular concentration, and the interaction between the biomolecules such as proteins and
water. By using both spectroscopies in a complementary manner, interdisciplinary research of analytical
chemistry, physical chemistry, and biophysical chemistry have been achieved. In this review, three topics of
my recent research are introduced. The first one is about non-staining iz situ imaging of medaka fish eggs
using NIR spectroscopy. The activation of egg development was captured by detecting the changes of the hydrogen
bond network of water molecules, and optical interferences caused by Doppler effect made it possible to get blood flow
images of fish embryos. In the second topic, it was revealed that the mouse oocyte maturation and the embryonic quality
were able to be assessed in situ by Raman spectroscopy. The concentration of lipids and phosphoric acids could be
biomarkers for discriminating fertilization and viability competences of embryos, and the results presented a new possible
evaluation method of embryonic quality to assisted reproductive technologies. Furthermore, in the third topic, the
distributions of lycopene aggregations within tomato fruits were visualized using resonance Raman imaging. J- and
H-aggregates were distributed in layers under an exocarp, the linear relationship between the frequencies of Raman band
(v1) and the electronic transition energy (So — S,) shifted by forming aggregations was interpreted in terms of differences
of effective C=C chain length. The mystery why life can exist strongly attracts my interests. It is my great pleasure for

continuously seeking to catch the brilliance of life through molecular spectroscopies.
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