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The conventional method for quantifying photosynthetic pigments in dried Nori sheet is to grind them
in a mortar and extract them in 90% acetone for fat-soluble pigments (chlorophyll a, carotenoids) and
phosphate buffer solution for water-soluble pigments (phycoerythrin, phycocyanin). The amount of the
extracted pigments was estimated from their absorption spectra. However, this manual method has
complicated steps, which leads to heterogenous fragmentation. Our study aimed to develop a plane
method for grinding dried Nori sheet by using zirconia beads with a bead beater. In addition, regarding
chlorophyll a, we discussed the difference between the absorption-based and fluorescence-based values
and also discussed the difference between extraction solvents; 90% acetone and N, N-dimethylformamide
(DMF). Using our novel method, the amounts of each photosynthetic pigment were comparable to those
of the conventional method. Furthermore, our novel method reduced seaweed materials, which is to one
sixtieth of that used by the conventional method, and also greatly reduced the fragmentation time. For
hydrophilic pigments, their standard deviation of our new method were reduced to half of those of the
conventional method. The fluorescence measurement was more accurate than the absorbance, and DMF
was more suitable than 90% acetone for chlorophyll a extraction.
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APV Neopyropia yezoensis (Ueda) Li-En Yang & I. Brodie
KRR LEO—FT, KEMDOEmEIMEHA, HE, #ET
IS B E N T W5 (Zhang e al. 2014), HATIE, =L
Te /) 2 higtRas, MW USziRd 200 Talfe 2 8% Chziss e
EBEND, Z0%, MEYL CTREICLSBTIHNITLN, &
MEZE DM BRI 1-7 FX TOFRMIE NS, WHITE
#, OGR, B, FORETIHMEE NSNS (GH 1979, JIIF
2017), T D5 BEABEDOERIE /Y OEFRMICISC TLEH)
LR ITWVEDD, NBINKETHZ I ENSEHETNTWVS,
LA LD S, ORI HRIC K 32 BREHED L TH
D, FRMEICZLOLEWSBUIRDH S (AR - K 2007)0
TDIY, FiFE Otz BB DREINCHINTS 5 e
ELT, BilOFEREREGZDNAREREEZNET ST
EMHEREE NG, S VIDEEREARELT, ZEA LY
DETES 27087 1)V a®haT /A FFEEICIA, ALEEICEE
W74 ATV RV Y, T4aAV Tk T a8y
tEEZFTHELTED, IhHOEOFTHEEMEGRICRKENTH
% (WiARS 2010, Zhang et al. 2012, Kobayashi et al. 2020).
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Fe L 2Bk Tl < BERR U eIt e s i L, 7006%
ER TR OEOTICEZRE T ZFEMHENTER: GF
W K 1974), L LaENS, HRICZOFETORER
ZATOMET, ITOX S GRHENEDN 5Tz, ImADHEIL,
MHER OWCERTREOEE TH 2, TOFIETIE 1M
L7208 15 min 2T 728, SEOEERRICED K
USBR 21T S IC 7> T, WEOEHENRO BN, iz,
FEREIC K BWHROTD, EEHROBEAMNE—ICE
SRVHBIESEND, AT DO OIFZERE T, 7ok
KE (1974) OFE LR E 2 EERORAEFEZHANT
WBIRIAMNH %S (Lee & Choi 2018, Ma er al. 2020, Sano et
al. 2020, Mikami et al. 2021), FFZETREREISHZLE LI
i3 FEEROCTEZES D5 W0IEE /) OEREaENE
o TWVWAT 5, ZNFTNOUGET — Xz LigfiEsrd
5T LUV, Lo T, fBETRHHALSTVWERTER
FhzRET B LICKD, 51, EEYE /Y otz
BN ORI TE B L #E 2 5,

ZTTAMIETIE, 750 - K (1974) OFLEHekike
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FRL, TEREDOUEIC YT > T, WBERZTFEXETHERT S
W2 BAAL U, dod DY —ICHiR S % Fikz et L 7,
g 2838 & LT, MHAGEMERDE TR SN, {4
7527 by OBFEM T B D B B MR R E 2 R
L7z (Mock & Hoch 2005, Wright et al. 2010),

iz, BRWEICHBNT, ERETHWLN TV SR
HIE TIRMRREOHRB ZRHI Lic < na &, BRI
OYIE L NE R EICINERDIFAENS D, HMHYI Tk
ZROEHETEENHELVEVIRELDH D, THUTHLT,
HOCCERE TR EFR ORMEICIGTE 25 2, ik
JEEHED 2 )TN EEZERTZ 5720, HNARITH
WEESDTHEST BT EMNARETH S, £ T, BHEOHE
EzloakestichigdTsc e Lz, ¥561C, Zuon
7 4V aZzfhithd BB, HERIED K ST 90% 78 k&
HHTZEDNZVD, T UNERETH ST L, i
R r7mm 7 ()b a DfEENP TN LR EORENDH %
(Suzuki & Fujita 1986, Suzuki & Ishimaru 1990), 70 H 7 ¢
)V a DT, AT N, N-dimethylformamide (DMF) 7%
HW2580M5 %, DMF &, #R11 - #F 5K « K5 TOWRINTR
PEFBIERHBAMNZHET ZH, 90% 71 bk, itk
D77 1)V a DLEERNEHNEVSFIEDDH B, ZI T,
VA DOWVWT 90% 72 b & DMF ZhZ N TR EE
ZATV, MEREE & AR 2 e U T, ARBFE T, /
U OWREFE, 1S, WEEzERE LRI 2 LT, &
D TR L Wi LD Z ORI 217 > 7z,
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Fig. 1. Sampling sites (filled circle) of Neopyropia yezoensis collected from November 2018 to March 2019 in the Ariake Sound, Saga, Japan.
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BHLEDNo.1 &, VED No. 12 #FL UTHA L,
BEL TR, Y IVF a—THNOM IS TARE 15
mLIELEICE L, HE90% 7t b 27% 1 mLEnL TR
WL, TOWEBLEICHE Uz, TOWVIARIEEIERGT
3EfTo 1%, 90% 7 N T 10 mLICER L, ZD1E,
7+ —2AZ—NZ (Thermo Minder SDmini, XA 7w 7%7) T
50°C, 5 min iMi&EL, 1,800 g T 20 mini®E.0 L7z Lzt
MW E UTeo B OB IERTE & ARk D J571ET
HIEL, FRUATaESERYD OmBRICHEL,
BE 2 T, B2 ST ZY Y TNV F 2 —T DXEFR
4 7w I8N A (MyBIL-100C, 77 A7 >) T 50°C, 5 min /Il
LUTzo ZD1%, 21,500 g T 10 min &0 L (himac CT15RE, T.
BR—IVT 0 7 R), 15 mLiEEIC LE 500 uL 28 Uiz,
BLELEERIED 90% 7 s ZEEY Y TIVF 2 —TIC
WINU TR U, [AREOEMEEZTTY, L% 15 mL
WEINEICR Uz, COHEZET 3 mIfT- 71k, 90% 7k k>
T 10 mLICEA LI OZmEMERE Uiz, BT HE
1 LRBROFETHEL, BilUT,

2. BRAY 5 BEEDE

HEgES 72 W ISR © & 200118 1 T/n LT HRAE L3
Uz EZ MR EIC BT, AR 10 mL IS % i /s
S PR FElat Uz, T OMBTEERNE, Zuno 7 2L
a BRMNEZED No. 1, TED No. 4, »EOD No. 10 L L
LT L, 5 mm BOWBERZ1, 3, 5, 10T DICE
EHTHREL, TNTNERHOY VT IVF =TI ATz,
W%, BE LIEcaZmitz1T0, EkiE L RROT
BellE LaRBZEH U, £z, COFETERLEY
ooy )ba ZREIECRETHIDLI/un T s baEEE
ZHEEL, 1OREICH U TAFETENZEMIETE 20N
Z, g% e UTHIB L,

3. BB OB GOEET

HIEE TOREBRICBWT, FHEE IR G R HRAE,
MERBEIIIRE T NI T2, SR OIS OBE 217>
Teo FIRU721BXT 2 DMETTIE, WHEICHES R 2T
TEDRMZRALTD, WRNmed EsL, Yo7
F 2 —T O, BEEECOYIEH TREOIEEORTEMN
HCT. ZD%, ARETRMEE R ZWTE 5P TEAEER
fR O g5V MG UTe, TSRO TRELREE %S
DIRGDIHLHE TH B2, TNETHHAL Tz 4,500
rpm &, K DHERE Rz 4,000 rpm & THHRE L 7z,
COMEFERIE, 7anT 1)l a FRPLZED No. 2, HEOD
No. 5, V&M No. 8 ZREEL L THAL, #EH 3 K TENE
Ufzo bad 1 CEEE Lt e ezt 21Ty, ke
IR EABROTFETRIE L, Bl L7,

TR LR F A DI LR
HIIH 1-3 OMGETREROR R TEIE LT, S st

LR, SRR TFEE L, COFE
KX B2 TOERRONAKRARERZEML 2, HE
Frisiesg, FevAMEEZE1E 50°C T 5 min hIiEAIC 1,800 g T
20 min @O U, KIAMGOZRIZ 4°C T—BfHERIC 3,600 g T
40 min @O LT, TNZENEEEZOSMERE Uiz, B
HIR OIS I3 ek L RO TTETRIE L, FUNXNTEHE
BEEN-OOORBICHFE Lz, COTFETERLEOR
B2, (ORETER UM & LRl UNS S 72 380 U7z, AHRahg
FttE % V5 C & THOR ULEBROEREMEAN ENUF LM
Z N OFHiE, HERETORTEMOEEMER 2D, HT
FETENEFED LIz VSRR (R 2Z DD R)
TiT otz EHERADOWADRIE, WESHRC & D[R~
MO RARIBIC K > TRAEDVEZRD, HiFLEORE Y
EkE & Hei U T Uie TR Uz,

7087 « )b a DEATRERE & RAERED LR

a7 )b a FREVOCEN SEH U TOIERIEICH
LT Galk - KFE 1974), A2 TRIED DGO ZE
BHE TEZHLREN S/ na T o)V a GRERBL, R
YETOEEFGETOMZKR LI, 7aaT )badD
HOCRRE I, HEYEERN (Trilogy Laboratory Fluorometer,
Turner Designs) & 271007 )b a €Y 22—V (Chlorophyll
a Non-Acidification Module, #7200-046, Turner Designs) %
EHALTHE Lz, 7unT )b okt (EL7 VLY
O 2 AUt 2 DMF ICTAMR LT 6 BRFEICARIRL,
WEERE /75 AF 22— T 4 mL N A CTHOCSEE 2 & LTz,
FENTHOCRED DIMBEIRZER L 7 a7 1) a JREIC
R LT, 1Ok L FRkIciiBE ER Y720 /a7 ¢
VadgzRM Uz, DR, REMICERL7an T«
)V a BRICDWT, WHETOM%Z Chl-Abs, #¢1ETOM
% ChlFlu EFF9 %, 2 COMEERRZNNT, EdlT
TEOREIE LI TFT o 7ol i & 6] C RN T iz it
LT, GEhhHIE, 1ERE L RBRICBOCE 2 lEdT B L &
HICHOLRE EME L, Chl-Abs & ChlFlu ZHH LTz, %7z,
HE RO AN 5, ERLD K 51T Chl-Abs & Chl-Flu Z
NZNFRAED 2K, Chl-Flu DFRZETIA Chl-Abs Ofif
B U Tein e m S i R A2 O 3 2 F U e,

7007 1) a DIHAED L

fEkIETIX, 7anaT ¢ )b ek EDIRAMERER 90% T &
M ACK o THIH LTV GElE - KE 1974), AWIZETIE,
OELZEMICHEOH S DMF a7 )b a ZHHL, 2
DOVAER T2 i Uz, T OMGEIFERZ, Zua 7 )b
a GENZED No.2, HEOD No.5, VED No.8 k&L L
THEA LT, FRIOFRHHLET, Fv 2 #ilvEsz 90%
T hYHE DMFICEREL, kFECFETORZMEL
Teo FRMMWRIZPOLSE & HOMRIE 2 ZNZNHEL, Chl-
Abs & ChlFlu ZEH L TCZNEDEEIEL 2,
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TRETRRAT

R TRUE IS DD B L E LML, —IohdE 7Y
53Kt (Two-way ANOVA) XU Tukey DMEZMFH Lz, —
TERE N BAHICBE VT, 2 DO TFOMICZHEERNRS
NIGEE, RPREOTREDREE T E Rz, TRz
RO Z2RE Lish o Tz,
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P R DRRET
1. BERMBIRFORET

BT (F 1 BRUEAE 2) TI7 - I RIE i
HIRIZDWT, BOCERENSEH Lz7un 7 1 )ba B &
% Fig. 21SRUTz, Z0ran7 )b a &8, 7k No.1H
2.5-4.4 mg/g, No. 127V 1.1-1.8 mg/g & 75> 7z abRhFEHLEE
WKrona7 o )va ZETHEULEHE CU%, %) ok
AR O I 0a 7 1)l a BRI HERENHERI N
(p <0.00D) A, 7B 7 ¢V aFEOFERICH LT, Shlil
BEDR IR NIz o7z (p>0.05) (Table S1),

2. FRY 2L BEEDKE

WBERFRET LI, #80F 1 OJ5E Tl Ulzlsrstt Gz
HIRICDOWT, WObERENSHIH L7 c)bae &
% Fig. 3A R LTz, ZD7an’ ¢)ba &&iE, ik No.1
3.1-4.8 mg/g, No. 4 M 2.8-6.1 mg/g, No. 10 HY2.1-3.0 mg/g
Lot ALYV IIVTE, BEREOENT/7 IO T ¢
)V a GRICERDHR I NI, £, WERRE LD 71
07 1)V a DHIHZR% Fig. 3B IR LTz, Z0MEIE, 1 KT
76.3-140.2%, 31T 82.6-89.6%, 5 M T 65.5-77.5%, 10 #
T 54.3-64.0% &5 57z, mAMHIFHEE 1D No. 4 7273,
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Fig. 2. Chlorophyll a content of each sample extracted with operation
1 (OP1) or operation 2 (OP2).

OP1: Crushed dried Nori sheet was rinsed three times with solvent
and volume was fixed at 10 mL. After that, it was extracted by heating.
OP2: Crushed dried Nori sheet was heated and extracted in 1 mL of
solvent. The supernatant was collected by centrifugation three times,
and the volume was fixed at 10 mL.

Closed and open circles show the results of sample No. 1 extracted
with OP1 and OP2, respectively. Closed and open triangles show the
results of sample No. 12 extracted with OP1 and OP2, respectively.
Data are shown as mean + standard deviation (n = 3).
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Fig. 3. Chlorophyll a content (A), extraction efficiency (B) of a series of Nori sheet circles (n = 2).
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7 & UTiBE T BEEOBEIMS RO ISR OB DR E Nz,

3. EBBDOWPREADRST

R e i D Hi e [l s S 72, SIS C ¥ % 4,500
rpm &, X O#EZ RIS 4,000 rpm & L, 3WOEBEHRD
SERE 1 TR U7 iEvATE = MR 2 F R LTz, C otk
HHRICDOWT, Zan7 )b a G'aZWCEREICL > T
HIE, B LA % Fig 4 1R Uz, 4,500 rpm THEFE L 72
Ror7anm 7 ¢ )b a FERHE, #E No. 2 T 4.9 mg/g, No.
57T 3.7mg/g, No.8 T 1.7 mg/g &x>7z, 4,000 rpm THE
L7z, 7Kl No. 2 T 4.8 mg/g, No.5 T 3.6 mg/g, No.8§
T l.6mglg Lixo7z,

TSR LR A DIBE LR
HgRE L2 O TRDE L7e, vzl o ke
BHGRZ Fig. 5 1SR L, REROMHRIE VT, 71

103

6
04,500 rpm

% 04,000 rpm
g4
3
£
S
<
5 2

0

2 5 8
Sample number

Fig. 4. Comparison of chlorophyll a content ground at rotation speeds
of 4,500 rpm or 4,000 rpm (12 = 2).
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Fig. 5. Results of pigment quantification using the new method. Closed bars show the values of the conventional method, open bars show the
values of the new method, and open circles show the extraction efficiency. Data are shown as mean + standard deviation (n = 3).
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a7 4 )V ah 989 = 0.05%, 7T /A RN 96.6 + 0.05%,
T4 ATV RY VA 87.9 + 0.03%, T4 AT VA 1119 +
0.06% TdH D, Frige T2 ORI IERE LI IZTH
EHETHoTe, BERZORADRIE, a7 o)l ald22%,
has /A REN 2% EinLz—45T, 743V RAYVE
T4 AV T ZVEETNFTNA5% BX T 50% &, HIERAED
PERILEDENTREE TR LTz,

MRFEC XS ERMZSBETHIET S L, RAMEGED
ranad o )aBRUCAAT /A REDOGEITERE 72 =
0.981 THH (Fig. 6A), /KAMMOEDT s TV XY U BX
G740y 7=rDAEEr=0983 &7 (Fig. 6B). M
FHETOBRIERMEICH LU ohlE 8oz Lz & T
%, ETCOOETEEERROER (yaa7 4 )LaG8&T
D) LORENHRISHVELTED (p<0.001), EEEik
BEROBVEZEEZEORENZOVIERICK > T2, A
tEOIOOT o )va b haT /A REICOVWTI, Tiké
WS ORI & DERICERUAWICHEZE LA S TERNAS
NLOD, FECAREZIHR I N Zh>7 (Fuu 7
JVaip>005;h07 /A p>0.05), KaEGARDT «
A7V ERRICH FEICEEE RO NEh - 2
(@ >0.05), 73TV R VIITFEICHEEENMEREINS &
LBIT, THEEBEREDEHEDOE> TV (p < 0.0
(Table S2),

B TFETOROERICOVWT, 7aaJsla &
BERMEICILETZ L, haT /A4 FEBKOC 7y 7=

YoOEREFZunT )b R EHHILTEIML TV (Fig

7o —HTT4ATYRY VL, JunTqbagd@EMDE
MO REETH S TEGE TOEES AR T ILEIREGRE
oM, 7aarq)la &85 mee (HoEREEE LT 0O
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Fig. 7. Correlations of carotenoids, phycoerythrin, and phycocyanin
contents with chlorophyll a content (n = 3).
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Fig. 6. Correlations of quantitative values of each photosynthetic pigment extracted by conventional (CM) and new methods (NM) (n = 3).

(A) liposoluble pigments; (B) water-soluble pigments.
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MROPERBUE 7 = 0971 TH BT D, WHFICHROHIE
NROEN, iSO RIEEFEIC KRS 3 &,
rau7 1)l a GERODIRORKE RS T Chl-Flu AV
KT ChlAbs D 1.5 L kot T, HEUERZORBARIX
#130% TH O, Chl-FluH¥ Chl-Abs & b L0 K LEEROT =
e 3 BIRIEIZ b,

2007 1)U a HARO LR

90% 77t k> & DMF ZNZ N ORI CHll i Tk
KO L, W ENSHH L7z Chl-Abs DFEHR%Z Fig. 9A 12,
HOGEE DN BE N U7z Chl-Flu D5 7% Fig. 9B ITR Lz, f#
ML ToEERENCENT, DMFIZ90% 7t k> &
DEHLEWEZERL, ChlAbsid 1.1 £%, ChlFluik 1.2 50 =
Th-olz,

=
BB ERBENEICHITDHREREE DL
RIS A R OROTMINRIEZ MG T 2728, AN
7 CIIBRME D BETAIRD 5 2 DOBIECIsTATEZEE M
WL, RELLTHEZDOZOa 7 2 )V a GRZHE L, i
BREOME S, #1E 1 TiX 10 mL A chnigat L, 1
5] D5 DR E CHRIE 2 BRZET 2 DISHR LT, #E2 T3 1 mL
TSR THNIRM U, #ER O O E CHRIEZ R ZE LT 10
mLICERT HmTH 5, HEMBICE, WINORTE
MEEEICRERAZASNED - 7ehy, BIE 1 OB EE,
DEMMTITA BT LD, TOREERHATRCEE L,
FT T, BE1 2L TTMMNIC 12 MRk O sz H =
L, 5mmZOMHEEHR 10 ENRIC /7T )b a G &
EaFEM LTz, ZO/R, ERIEICHTd 2 RIE T T
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Table 1. PE/Chl a for each color tone of Nori sheet: averaged for
No.1-3 for dark color, No.4-6 for medium-dark color, No.7-9 for light
color, and No.10-12 for graded color, respectively.

Color tone of Nori sheet PE / Chl
Dark 4.48 + 0.30
Medium dark 2.83 +0.18
light 2.96 + 0.27
Graded 2.79 + 0.15
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Fig. 8. A correlation between chlorophyll @ content measured with the
absorption-based method and by the fluorescence-based methods (n = 3).
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Fig. 9. Comparison of chlorophyll a content extracted with 90% acetone and DMF (n = 2). (A) Chl-Abs; (B) Chl-Flu.
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56.2 = 0.02% &2 0, HERIEDEEE U aES T
BN EMMBAL 7. (Fig. SD. ZTOERE LTI, 3 HOHE
UVSAFEEIETIEY > VT 2 — T NS Fr HED Y1z
T &, BEWEICH L TSR &2 ol LI EN%T
5N%, T THWWIAAICBE L Tid 3 BUCHIFRE T, 10 mL
IERT 5 X THRERIR D RV AL Z KN EEZ B,

SRRSOV TIZ, Fig. 2 %9 Fig. 3A 1RT & 9 ICHEE
FREBOEMIE->Tr/aa 7 )b GNP TZC M
5%, AR 10 mLICH U TSR ENESTES T LHVRE
N, 5mm BOWEER1, 3, 5, 10 Tr7ua7 c)ba
GRANE LR, SR 3 ORISR S SORIR Tt
TEDH, BEOBEIN > THHIRME R 2 EmD R
5Nz (Fig. 3B), [Al CEZFEMIRIC DOV THOREIC X Z 71
07 4)Va GBAEET-oIET A, EOICHEICHE K
BEDKIBIMIIRE N, HER 10 RTIREROE S Wifi s

HEDETI/un 7 )b a & 2 mg/g NEUNR L Tz (Fig.

S2), bbb, WERBEZER U TEZOMESRICH L
THokEo 7an 7 ¢ )b a M TETWIRW 28, VAl
a7 g )laBEML TS EEZ SN, MLEND,
WINORROWE R TERLRIENLEL TEL, #0E
TEMEMNMIMLTIHETEDHRML UT, RHTFiLETH
WAIEEEE 10 mL I UTERH S 25 d 3 0 (89 5 mg)
MEWE IR L7z,

Tl U T i B E &5 BT, S2il SRR O B
Frfrofcb T A, IREPHRHE 4,500 rpm & 4,000 rpm T
FIEDFERNME SNz Fig 4o 4,500 rpm T, HRIHEFE
BENHEIRT 29 > T IVF 2 — T OFPE FRRICHE L, BEEEE
DEEEAD U B D ERICOEER 52 BURENEN D %,
FIKIC, 4,500 rpm TLXEFHRIERICY Y P IVF o —TICE
WA, WET2E68H 7, ThHDEEREELT,
WS E ST 2550, #ROY Y T IVF 2 —T 7%
M U7 BT, fREEESEE 4,000 rpm D&/FCilgE F & iR
TEBITENEW WLz,

4Bk (a7 )b a TR OzigEatE 12 Mifk
Wxt U CH e Tl U745, C o FiEomitsh
RN LT eichnz, HERIEDORIEE & Ol
KOVWEREN 098 L7520, AFEMERETHEL > T
WABE R O FEZRETE 28D THE T LR
Ente (Figs 5, 6). ¥z, IEREEAFEZNTNOEEE
B LT Lz e T b, yana T g )ba, AT /A RHE,
T4 AT ZVEIEREENRON G o T8, HEtich
AFENMERLELRAETHEEEZ %, — S, 74IATVXR
U Y TCEFERICEEEMEES N, 2 TOBHEICEVT,
BOTROETELNEIROATREIZ>TWVS, DED,
BRITRIITEOERICH S EZZITTEY, FcT«

axY AV VIZZOMERNES, ROTEERCZ o7 (Fig

7)o Fif, WK, FECEROMME, L3 DOERNLTT
RGN RD 5N T2 il in I NE T H 50,
T4 ATV R Y THEERE NI FEORERR, RROGE

WKHlEITENTELREHIIENS, £oT, 7043V X
VB L TE, Fredm b FEEERE ORI HoEd
R = A

HERBRAEICHIT DRAEAE & EIREDLER

AHFZETIE, WOCEN SHEIM Uz Chl-Abs &, HEiR &
MHHE Uz Chl-Flu Z g L, m#F IO EES RSN S
T EEMER LU (Fig. 8)o £z, IRELITORWVIZHEE R
#l (No. 4-12) Tl ChlFlu B KT Chl-Abs D 1.5 5% Ei
lEZRLTHED, KREOMINIIDEWEGEDREEN A
TNTW53, TOFRNS, 7ana7 1)l a GEIZHOERE
ZHA L TEIORE L RRELL FICETE 5T Lhnh-
Too TERIRIC KB OZME L, EHROOEDEGEMEET
ZUEMEEP OV CEZ L2 ETHEL, SEBICHIGL
Te R RIS ER ) 2P ERIC K> TRRREZEH L
T3 G5 - K5 1974, Jeffrey & Humphrey 1975, Porra
et al. 1989), TOTFIETIE, S DOWINART MVh 5o
007 )V a Z8EHELTWED (HES 1961, 558 - K
BE 1974), EEMHIRH OO YO ZD6 B X Wt
HEETDZ0ENH D (effrey et al. 1997, Babin ef al. 2003,
Hulatt ez al. 2009), ZHEEESERARNOHRXONAM
REZYEICONTRE TR BRMAEDS R ETH B, £z, S
I ORI, fhowE, R YR EAEMBESEICH G-
TRt BT 20BN DS, EHICT ATV AT UR
T4 AT Z0F, WA < PO K B A m e S
LW9 Z2 (Zimba 2012), T 5OEBEMEBEDORRIE, &
HART B IVNCED L B G EHEE DR IEMEIC/R S (Beer &
Eschel 1985), ZAUTx LT, HOLHREIC X5 EENE TR,
FORIIS UM EOMEETEE L, ZOaBENMOET
WEEZHRHT 2720, KEETH->TH, FOEDOELXD
FEHICHIE T & % (Welschmeyer 1994), #0GETHIUL, 7«
ITVRY R T 4 AV T ZVDEBEERICEIGEL TN
(Cowles et al. 1993, Lee et al. 1994),

A AR ERAE ICH T B AEOMRET

fR7ATE B ORMETABICOWT, ERETHEH NS 90%
7l b RIS K o TR O RN LT ST &, il
BRic7ana 7 )b a B fREN3 LR EDORESENDH > Tz
(Wright et al. 1997), fhOHHITALE L LT DMF AHVH5N 3
M, DMF 32MHEEZEI2HMERTH D, WOFWIC
B ERFENDETH S DML SN GAEEH S,
LU, DMF RN E <, 90% 7 & b A THiH
#Bor7un 7 1)V a ZEENENE WS FENH S, DMF H
DOrun 7 VR, -25°C ORGFT T 24 HEIGEENZE
Lz oWEH 2T b, ML LTo DMF
DRENIDEEMMAlZ % (Suzuki & Ishimaru 1990),
AHIFETIE, 90% 7+ k> & DMF Z VAR LTz
KD, yun7 g )badEZ R, 2 TD%LMN T DMF
DT HEVEERD, HHZIERN LFE L T05 T LAV
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mENT, L LENS, FiE- KE (1974) OFFMHE R
90% 7t F VCHEDVWTHRETIN TSz, DMF TOE
MTOFEREEH LAVt H 5, £ T, HLHRE
TEr/uu7)vaGREMELIETA, BOLEXIDEE
WEICTE S T 2DV o 72 (Fig. 9) . DMF fliH TEv e -
TEERIZ, 90% 7 rrEtkRTrana T 1)l a DRz
ANl EZIONS, £z, B SEZHET 2K
Y, AR E A INGTHI L Tz BEE 8 £ 2 BN B, — 5T,

DMF OfEHIC & O it R @< > 72T & T, JRED No.

2 CRIBEHR IO T )V a BEMLTO SRR L H 5,
ZTOiY, BOBEVIESNMS BRI T ARIE, AR
TR EOMIEETERENDHZ1EA5, TNLOFERN
5, EEkEEOI7aa T )b ald, DMF A 33
ck, ZTUTHERIREFELAVEOtIE TaEBRZIET
TENEFLWVWEEZLND,

EAEERBRANEDHFLRR

A 2E LT, iEELERARNEOH FILEZLT
DEINHRET %, WS 5 mg Z MR HY > 7 )L
Fa—TWKAND, 5mmBOVIVIA=TH—)VZ% 1K, 0.5
mmEDOIIVIAZT R—)V% 0.5 gMA, LM ET
4,000 rpm, 20 sec RIS 5, 1 min DKInZ LA, BT
FIREICHS %, BEAMGED I aa T o )vabhaT /A
REEIZ DMF, KAMOROT ATV AV eT VT =
R UERERZ 1 mLIRINL, HERGERET S, TV
TIVF 2 — T NOZHEETATRE 15 mLIgIE IS, BB CME
LRVIABEN S L, 10 mLICERT %, ZT0%, IEAMN
L 50°C T 5 min hNiE#& 1,800 g T 20 min DEL, KA
PEEFRIE 4°C OIS C—BiEfiE % 3,600 g T 40 min DEOZ
o, TNFNEEEREIL TaSEMtke 3%, chso
HOCREZAE L, MEEES TR LU EMERIC K> TH
FKREZEHNT 5,

AW TIRELHTETIE, 5 mm FOEEN 3K (K
5mg) ZfHLTHED, MEKEDK 300 mg &HIEELTZD
=iE 1/60 I A SN e, H2ilEE OB BRI, 4 E
Lz 12 BikER T LGS, EkiET2h ZELT
WD L, #irFik Tl Mifam i E CRIRHC U T E %
TEND, 1HEHD 1 min BEICE CHEHES NI, EiC
T4 ATVAYVET 4 AV T =V ClE, PEMOREHER
EHOREDOR I EICETHMAONIzT &h 5, Bikic X
DR L LIz e EZ BNE, Ko TAMETRSE
UIeH FEIC K o T, RERILEOMETH - 1 IR & AL
ENFUETZT N TE, THIKBEDIENE, DMF
IZ KB REEMEAROM DOZ Y S TEMG L7z, AW
TlE, BIFERIORE LI LT, $EHirce Gl
MNFEEE Nz, 5%, BEMEDOS 2FiEE UTARFENE
HENZC ez WEd %, £, AR TRELIZBER O
BT, HETAROZEIC K D RV ERE R I %,
B2 I G PE O AN DISH D RETH B fth, WS L

AR VICEISHTEREDTH S, ATFED, BHEHED
FHIEBG ) )R DOFENE L OHEEIC BN 2 T L2
(EREE

g

Atgee it S 2ICH D, s AR ZER V2720
T R A B A S OBERICE LR L B E T,
AW, KEKFEOTOY 2 b THISORIKE YA -
FIRI B ORI L) DO3H%, ISPS BT 18K19235 DK
BRI TCHEMENE L

AE X DO B &R (Fig. S1, Fig. S2, Table S1, Table S2)
IEDWTIE, HABY S0 WEB Y1 b [T & FIREAH
DFETHD, FEKEHEY KT MY (https:/saga-u.repo.
nii.acjp/?action=repository_uri&item_id=23146) T& B L
TWa,
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