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The sum frequency generation (SFG) microscopy uses the second order nonlinear effect excited by
two laser beams with visible and infrared wavelength. This effect is sensitive to the symmetry of
material’s structure because it occurs only at non-centrosymmetric parts in the sample. Hence this
microscope is expected to be useful in the observation of biomaterials because most biomolecules have
chiral or non-centrosymmetric structure. However, until now SFG microcopies have not been
completely successful in observation of several samples so far. Therefore, it is necessary to try to
observe on as many different samples.

In this study, | used the two type biological samples, fish scale and cracked rice. These samples
contain  biomolecules such as collagen and starch. The collagen is included in fish scales, and the
starch is included in cracked rice. The collagen and starch can generate relatively strong SFG signals.

The first discuss is about the fish scales. In this study, a scale of Pagrus major was used as the
samples. Fish scales contain collagen. The collagen is a protein based on glycine, prolin, and
hydroxyproline, and their chains are combine to form a triple-helical structure. Collagen is the main
ingredient in the animal skin, bones, tendons, cartilage, and teeth. Because of such characteristics, the
collagen is studied in the fields of anti-aging, food, cosmetics, healthy supplement, living body or medical
materials such as an artificial cornea and vascular grafts. SFG spectra and SFG images have been
observed on the fish scales. Compering to the collagen of Achilles tendon of a cow(Bos Taurus). The
peak near 2950 cm™ in the fish scale SFG spectrum was assigned to the fish collagen. The two collagen
spectra showed different line shapes and widths owing to a difference in the background nonlinearity. In
the SFG image of the fish scale cross section, stronger signal was observed from the sea side than from
the body side.

The second discussion is about the cracked rice. | observed SFG images of the rice kernels and the

correlation between the cracking of rice and the molecular structure of amylopectin in them. The




samples were the normal and the cracked japonica nonglutinous rice Koshihikari and Nipponnbare, which
were cultivated at Shiga Prefecture Agricultural Technology Promotion Center. | attempted SFG
spectroscopy in the C-H stretching vibration region for normal and cracked rice kernels. The rice
kernels are including so much starch. The starch is composed of two components of homopolymers:
amylose, a linear polimer of 1000 links glucose molecules, and amylopectin, a high branching polymer of
10,000-100,000 linked glucose molecules. The amylopectin molecule has complicated branch linkages
and its molecular weight is much larger than that of amylose. Thus, the molecule allows for a lot of
functional properties according to the variety of its structure. In Nipponbare, the width of the SFG
spectrum C-H vibration peak at 2915cm™of the cracked rice kernals was broader than that of the normal
ones, while for Koshihikari there was no clear difference. The width of the 2015cm™ peak is suggested

to originate from the variety of the higher-order structure of saccharide chains in amylopectin.

Key Words
nonlinear optics, sum frequency generation spectroscopy and microscopy, cracked rice, fish scale, starch,

amylopectin collagen
X EEOHBROER

A SC T E 1 (SFG)BEISEBE D Mk~ DIE H 2 BT 57212, 2 2Ok EZ L Y
b FOBEMT 21T o712, £ 0 HITERBHE~ A 0o a LB AEFORALTH 5,
SFG Bfgz8ls34 5 L L i, BAIZET S SFG i tBlE2 b7 o7, WalEhI & s 6 6 K%K
Db D& EDEEORETHE L, FHIREIN K ORE IV TR RS CE RS 2 %
WZRREk L72iRE A v T,

~HA DO aDPETIE, Ay X —FHNTyaazglLZzolimzilE Lz, fiovr
2F 2T U R TAGT E UTCRRHER O/ IR S A, EAA um 38 = 1T 90°[Hl#R LR
ICHR S T2l Z & o> T\ 5, SFG BAMERIC X 2 EGHIEICB W TR, 60Ok I &I12 SFG
FAEOBENR R I > TND Z ENboolz, £/, SFG A7 MVOREIZB W TIFOT F
VAERSRD 2T =7 v b o m adWimh b bNTZ AT MAORERE DN U r 2l
H2rHO SFG ABIFFE2T7 =7 U ICHRTLHLOTHDL EEZX LN, fAD U R ) bEH:
SFG A7 FV &R OEAGEAT > T2 RIIAR LD T TH D, v alliEasz—r L
HDZL DEERBENREGFL TNWD EEZ BNS, SFG BMBIE O HIETIX, Thbhnb o
T ERAICBIERE TE 5 T RS,

AREINKEOHEE TIX, Yo aoEa L RIS v & —Ta X 28l L2 OREEEIc BT
SFG A7 NORGEIT-T-, 2 ADWEIX, KEL DT TT 7 U a2 Gl &
PR DIFECIRD IT & 70 DR B 722 0 IRFL & PROBEFUTIR T IIMAA D — 5 T 5 23
FRAEIR & I 2 RERI 72 44 i A B 2 D AVTZ RIS IR 8 © T 5, R SCOBNE TiE 2 Ok D 2



N7 MHEZEIT- T, T ARLNLO SFG BERIZET 7O ThHhHrT IuaXsF
CHKTDHDOTHD, 7Inr FrARIEZDER CHEHMEEND | ZERRMEZ RO Z
EDTEDLEEBEZLNTWD, K SUTIHIAEINK & TEEF KD AT MAZRIEL, Z D%
1Tol-, TOFER, BARED RN FLIZB T, AEIN KO ENIEFE KOS D & T,
2910cm D E— 7 DIEN LD K 2o TW AN AN SN, 7InXrFrizagni
PRI AN 7NV a—ARES LT DO TH LR, ENEND S TAEEDE NN D2 B b
SFG A7 MBRERT I ENAMBITWD, 2O NG, KiaSLORFITFE L KO T
R uERTFUACBNTEDOS FAEENIETR K & XR > TOWAAREMEEZ RET 56 O L iFR S
izo REMSZBIT 2 AT MAFRATIE, IRONTERBIORERIZE EF o TWDH A, ARAFEIE,
L0 R a AT OPOREHOEIE E ZDE=F—DEBRIZHNDL N TEH L EE
HIZZRLTWDH EFE R D,

PUEAGR ST 31T 2 24 6 O pCRIF IR B0 YEIE D AW 53 B ~ O3 A B &2 7= 97721 T72
< VERREH ORFE S T OFHIEB X OFITICB W T LW R 2/ 605 AlfEE 2 /R LT\ 5,
Lo THE(=T U TAHA = )DL E LTHIMMED D b D LRI,



