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Geochemical Characteristics of Toyotomi Hot Spring
in Hokkaido, Japan and the Source Organisms
of Organic Components

Genki I. Matsumoro"*, Eiji Ucamno® and Keishi Takano®

Abstract

We studied major chemical components and organic components in Toyotomi hot
spring to elucidate their geochemical characteristics and the sources of organic components
in hot spring waters, suspended solids, Yunohana (hot spring deposit) and oil samples. Major
chemical components were Na’, CI- and HCO;", and composed of NaCl and NaHCO:.
Dissolved salts in fossil seawater and bicarbonate ion originated from decomposition of
organic components formed these salt composition. Ca* and Mg** were partly deposited under
weak alkaline conditions. SO  was reduced into H.S under reductive conditions and
removed from water bodies.

A series of n-alkanes were completely disappeared probably due to microbial decompo-
sition of hydrocarbons. Sterane composition showed that major sources of hydrocarbons are
vascular plants with some influences of diatoms. Oils are mainly derived from the Haboro
Formation formed in flubio-deltaic environments containing coal, and are considerably
influenced by Koitoi Formation formed in marine environment composed of diatomaceous
soft mudstone. Fatty acids and sterols are, however, derived from mainly microorganisms,
such as microalgae as well as small amounts of eubacteria and vascular plants in the hot
spring environments. Epimerization of triterpanes attained near thermal equilibrium state,
but no steranes reached equilibrium state, and thus were moderately influenced by thermal
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stress in sedimentary environments.

Key words : Toyotomi hot spring, geochemical characteristics, organic components, major
chemical components, organic component sources
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AWFFECIEEBEIRE O FEILFEG & ARG O MR A Z W S L, AHkso
2T 572002, REK, BEW, BB X002 1To7. FEALFHSE
FhUT LA F Y, HAEWA F U BIXORBAKEA T o0, BRIEEEENLBKESNS.
CATHER DS EE RIS TH HH, RGOSR X 5 LR ED SREEAKEA F ¥ 290
boltbEZZONDL. ANYILALFLERT I LA T I T NV ) MET—EATR R
Fe WREEA 4 IHERR BRI TR B ISR IC S N I Nz BALKZEZ—ED -7 IV H ~
BELRLENT, ) ORETHMAEWTMEZ T THD EHB IS, ARG ORNEIL,
WOV TIZAT T VARG L D HEE R OS5 05 b KE L, HEOHFEGTE PRV H Y,
FNUNOBHOEFG IO TN W, A E =Ko a R 2 &S RiE (=AMt
Y HBEELEIET, FESROBREEOREND L. HERBIEIL = MINHER Y 2 & i
T THHEEZEZOLNL. ZTOMOEEB SIS L V2 70— v & B o S
SUSHEBL, PEOBEIFMEB X OCHE RN ORERNH L L AL LN TED.

F)FARY O EALIZIZITEHIIGE L TWED, AT 5 YO LI FEHICELTES
T, FANVOBIREIZTRETH L. BERBIIEF A NVTO Y — VS (7 — V) 237 b
Y — PRz RS 25 & SRS S A A RIEDSRO S NTB Y, SROMBITEIEETH 5.
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1. LU &I

B LA O LI AL E T AR T, EAED T MY —PERE 9 L SRR ISR D D B
L TROEMEA BT D (NS, 20125 NEF, 2017 5 ZHEE T - MERREIG 7 v 7 iER
Het, 2017). BERRICIEIMS LT ABEINLED, MBI NLORMEEFLTVwD L
ZZHoNTW5 (HFEES, 2017). dbilEd Kbz 3517 5 M OBFgEd A ML & o BT 1914
FICBIR S, BEAAM (1925) 2% sh, B8 R2 (1947) 25l T2 (Fig 1, HER -
e, 1980 ; it - #IE, 1994). C OMIROMERE P AERATE L S EROBICE S, R
BB R O =M INHERE W 2 O W HER ) CHERL S D (Waseda ef al, 1998). ki dbit o Kk
MO MBS OWFSEIL, Waseda et al. (1998) 235} L T\ 5. KK, ST v 27 A, &7 A
/748 YHBIPATT VR LY, W EE UCIRBEEEERY I CHET 22 LTWwa.

KZED (1952) I ZAMBRMO 72D IHEHl Sz 85 150 R-1 (R 789~792m) DIkt
WAFZE 2 EMiL TV D, HARIIHMGE A Y Y H AR EAABRE 2> THBY, HRilx42C, pH79
T, AFEFREWI 12189g/L L2k D Ev. FELREA 4 Y idF bU Y AL+ Y (420g/L), BBA
T AW A A+ > (623g/L) LIRERARFEA 4~ (169g/L) EHEL TS, R4 4+ >~ (<0.0005
g/L) BIFEALEITN TRV TH .

BEERUR OB B - M AR ICEIE LAbailEKE Shb. 200, RIS RE
WEL, BMEAY YT ARGATYS, F72, BNTIIAERNZHED L IEEE7 v H VPRI
SREENDG. FBBRAARBERROREOSEEICL AL, BERAIIENTRDEL L, e
FE&EHMTH L EOND [HALWR] 18435 (W%, 2017).

BRI 1992 R\ E AR ICIREE S Tw b, BEiRR EREER T mE (2014
EYED) ISkl BHEEHBMZHRTLILEOMZO 7L — 7 vy 720, RERGIEICkK
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Fig. 1 Surface outcrop map of the Tempoku basin of northern Hokkaido,
Japan, showing location of wells and oil/gas fields (Tsuji and Yokoi,
1994 : Waseda et al., 1996).
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AT RO T b E— PRl L, 215 ORI L L TR OWR (SHHa



569 & (2019) AL R R R D HERAL A RO R B & AT 3 DS IS

D), WA, —Bil, R % & O BB &0 & & AR O WER L R %
W52 L, o OHERBRE ORFAEM OHEE 21T - 7.

2. H#PtEH&E

2.1 HHER, BSHESLCEECERIOP

megrdiil (Fig. 2) TIE R-1A R4-RI0BUHD S DR E IS T4 »THD, REARREK (&
F1239m*/ H) & LThandwtry— (Fig 3), IIEIREE, =2 —REFTV, A7 )VEE (R11
bat) IR L Twa (BEIE LRSI L2 LR, 2015). BFZEH kN 201748 H 8+ 9
Hicshdwnt ¥y — 0BGt (TY02) &Z2oBEY (TY07), —#isH (TY03) B X 0%
BIBMHEMS A by 2 (TYOS), JEIREERE Y 27 (TY0D), —a—iRREET Vs > 2
(TY04) EHoiE (TY06), EEHINERASY > 2 (TY05) X O48EL 225 (TY09) % 7
2 29 (100mL £ 7212 500mL) (ZHERELL 72 (Table 1). Kif, pH B X OEERIZ, FNENI
P EFr S a2 > 282 b pH A —% LAQUAtwin B-71X, W LAQUAtwin B7IX BX Fa > ,37 v E
RAZEHE LAQUAtwin B-771 TllsE L7z, FEZALFR G O 50T L8R T 388 (BB Bk
BREiE, 2014) 1CHE U THTo 72, AR S (DOC) (ZIAAK % B AR BRI I CE A L&

Fig. 2 Toyotomi Kouzan.
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Fig. 3 Fureai Center.
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Table 1 Sampling data and oil contents in Toyotomi hot spring samples.

Sample Water temp. Electric cond. 0il*

No. Sampling site M/D/Y Hour °c pH mS/cm g/L
TYO1 Kawashima Ryokan hot spring tank 8/8/2017 18:20 36.0 7.5 17.8 0.183
TY02 Fureai Center, touji hot spring bath 8/9/2017 07:40 42.0 7.6 18.0 0.053
TYO3 Fureai Center, general hot spring bath 8/9/2017 08:10 47.0 7.8 17.8 0.045
TY04 New Onsenkaku Hotel, hot spring tank 8/9/2017 11:40 34.2 1.6 18.0 0.110
TYO05 Toyotomi Kouzan, hot spring tank 8/9/2017 09:55 37.0 1.6 18.0 0.484
TY06 New Onsenkaku Hotel, hot spring tank (Yunohana) 8/9/2017 11:40 — — — 21.1
TYO7 Fureai Center, Touji hot spring bath (suspended solid 8/9/2017 07:40 — — — 393
TYO08 Fureai Center, oil stock 8/9/2017 07:50 — — — 729
TY09 Toyotomi Kouzan, oil tank 8/9/2017 10:05 - —_ —_ 702

*Ethyl acetate extract.

Bk #7T (Shimadzu TOC-VCSH) THlE L7z (¥ 5, 2016).

2.2 BBENMAYT—D—DO3R

R N A 4 ~ — J — O 47 1& Matsumoto ef al. (1979, 1982, 2003) B & OF Matsumoto and
Watanuki (1992) & EICH#E T TIr - 72, ABtaEIZIESEK (TY01~TYO05) 300mL, %&& % 20 mL,
WAL 20mL, W5 1mL 250 a — MCERD, EMMYE (pH<2) 2L, HSRKIEFER )V 100
mL T2\, TOfid 30mL T 1 [ L7z, Belk= F Vi3 %K 1mL & IM KOH/
A% 7 —=)v1mL ZIMZ KGR T, b (80T, 2WH) L7, 7 b L -3 mm eyt (pH<2)
2L, BEMRT=F )V 20mL C 1 Bl L7z, FERR = - VLR R, S U A X VA T A av
7574 — (200 Ay 2, K5% EE20emxWE6mm) (2L ), ~NFH U TRILKENE S,
B v CREm s (JRITIR, A7 a—V7aE) 257 BRI 1/2%29 7Y A8 Y25
I— T VERCIRIIB A F VA7V E L, 5D /21 M) AF V) )b (TMS) iFERICT 57
O, AWy 7V (ImL) WTKIFAL 7 TL, 25% N, O- bis (trimethylsilyl) acetamide
T M= M) VBN ZEE U EE TR L.

HBALEWOMEILX, Ca—AF - Y AFrETY—Hh 52 (Agilent J&W DB5-ms, 30m X
025mm id, BEE 1um) 2245 L7, A A27ux b7 5 7-EanWi JEOL Q1000 Gas
Chromatograph-Mass Spectrometer, GC/MS) % f#JH L T4 5 7-.

GC/MS Z3#1E, B 24 —7 VilE% 70 2*5 120C % Tl 30C/min, 120 7*5 320C £ Tk 8T/
min THIMLL, HEE T 334 MR L, WERER % 30 iR E L TiTo 72, AU 7 A% v )
7 A Al 1.2mL/min, EAFIREIZ 300C & L7z, GC/MS DA ¥ ¥ —7 = 4 AlfEid 300C,
A F VFIEL 250C 1Tk Lz, 4 4 MEEBEIX 70eV, 7 4 7 A ¥ MERIE 0200mA, 7+ b
T VRBEETEIE-1300V & L7z, < AARYZ UL 0.6 # Mk CHBEIZHNE L.

ARALGWoRER, BN F 3= —ZRELEY O A AR PRI E LT 5
ZEIZE DTz (Blx X, Matsumoto ef al, 1979, 1982 ; Matsumoto and Watanuki, 1992). A&
BT OB, #A 7a< b7 T4 (TIC) £33 A2 U M7 20— HE2illT 5
2, FREFE—-2EBEEMNED GC/MS Y7 b7 (JEOL MS-660 10MPR) TR A Z &1k
N f1o7z.
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3. WRBLUVEE

3.1 EBERFMIBOHIER & HERE

SR 2 5 ORI BT 2R ISP AR B2 SBIEIZE S (Table 2, Waseda er
al, 1996). AMiflt 7 ¥ a G BRI V=7 LER V=T 5% 5. LIRSV — T3
ERE, EBIUBKEP LMK ESNS. Z0 I3RS E=K 0TI - thiE2xH 5. ¥
Big X =AMART T, Bk, W, R, Ak Ea . Mk RS THERL LR & Btk
OB I NG, hte s 2oa TR, WE, g, sEitoFRE s Lot
DOHERSE TP EEHERE Y TH 5 (Waseda et al, 1996 ; B W LEUDGISE ILPRZAR, 2015). HEIRE
J& A SHEPBI 20 TR IR HYS  (porcelanites), o _EEBo 75 M 13 B i B kB e 5
57% A (Waseda et al., 1998).

R TBDEGRIILARAZ AR (2015) 12Xk B L, BERRECEIIHEIZAREH SN TEY, 4
AHPBE LT A, HHIEEIX 77552~1,31319m TH 5%, HBEL T2 D1t 958.60~1,313.19m
Thb. SEILTIIMHIEDL O DAFEKRE L TT4 2 THED, [FREA AR, WeB L RE
HRKICHEHEL TS, AF 2 ERG LT DEET ARITE Jfﬁzmmmﬂfﬁx:—yl
A=Y a YV AT AP SN, WRKOMBIIH STV S, BETERKESNDH W
Ly =R S L T A BESINTHEI NS IESsNd VE v ¥ —DEAETEISRM L
THHINTWD

3.2 BRRKDOIEZEVEFH

BESIRRA Y v (FR) oK 370C, pH X 76, EEXIX 180mS/cm T -7z (Table
1). BROBAFVIZF MY TAALF Y (4259 mg/L) 2SFEAEE D, DREOA) T LA T~
(248mg/L), AN T LA F Y (690mg/L) BLOYZ 2T 7 A4+ > (165mg/L) 2 HHEK
N5, BAF T A + v (5885mg/L), WEEAKFEAF >~ (1955mg/L) T, WA+~
BE S EN L2572 (Table 3). 2F ), ZOMRIEF M) T A4 2 &AL+ >,
WRIBKEAF D3, Tabbale EW o 2 MEOLEWE S %5 (N, 2017). M
BERE 2 X 7 R EEAS 552.1 mg/L, DOC A% 86mg/L T - 7z (Table 1, Table 3). DOC iEEEIZ It
BNE L, MOPEERTVwAERDEEZONS.

Table 2 Stratigraphy of the Tempoku wells in the Tempoku
basin (revised from Waseda et al., 1998).

Geological time Formation Environment
Pli Koitoi
ocene ortol Upper to Middle
% Wakkanai Bathyal
%" Miocene Masuporo
= Onishibetsu Outer Shelf
@ 0ligocene Magar ibuchi Middle Bathyal
go," Eocene
% Haboro
& | Paleocene Flubio-Deltaic
Hakobuchi G
Cretaceous
Upper Yezo G Inner Shelf
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Table 3 Major chemical components in Toyotomi hot spring samples (mg/L)

Sample No. TYO1 TY02 TYO3 TY04 TY05
Kawashima Ryokan Fureai Center Fureai Center New Onsenkaku Hotel Toyotomi Kouzan

Chemical components  hot spring tank touji bath outlet general bath outlet hot spring tank hot spring tank
Cation

Na* 4,481 4,265 4,119 4,291 4,259

K* 24.3 23.9 241 24.5 24.8

Ca® 65.0 65.0 62.3 64.7 69.0

Mg 17.7 24.6 23.8 19.9 16.5
Anion

G~ 5,938 5 672 5,733 5,885 5, 885

S0, 0.0 0.0 0.3 0.0 0.0

HCO;™ 2,004 1,955 1,944 2,004 1,955
Non-ionic components

HBO;™ 591.6 534.6 552.1 525.8 552.1

Doc 9.2 8.4 8.1 7.9 8.6
Total 13,066 12,484 12, 467 12,823 12, 701

TY05 OEFWRE RIS 1277 ¢/kg THiKOK) 1/3 TH B, ALFHBII S 720 B b, FFICH
WA T VBIEEAEGEEINTES T, BTRETHILKAEIRTINRESRZDEEZOND
(N5, 2005 ; H#ESE, 2010). F72, AVYIAAF ORI TIIILAFT I {ENRVLLL,
G977 VA VTR SN2z TH A . TYOL~TY04 it AR O b 1 25 851
(JFSR, TY05) LHBETH -7z, IhooWEHERITRES (1952) B L OWNE S (2005) DFEHR L
[ CTH - 7.

Fl 7 VS & 2 TR 7K AR O SR 40T B 13 0.045~0484 g/L T, &5 Sk LR IR 45
ZBRELTVEZZOICZFIIEE 3% (Table 1), & lEMEHE TIZ702g/L B X U5
NoHnwty 7y —OWMBA M v 713 729g/L TIEEAEFMEEZ 5N,

3.3 N FAYT—H—DER

1) 7nAhY

SANdHvt ¥y —OEEGIE (TY02) 2o bhmkibKEHISOT A0 7 I ABIT
AU NTTAONRY — 0%, EREEHBTHEEN/ b DL ITRESRRD, v-T IV >
OREHALEY ORFFRF B O 121, WS —ED -7 VA YRR NG o7 (Fig. 4). =
DT ERROBAEM DB ZITRT VT VA YL ENBL LTS D EEZD
N5 (Waseda et al. 1998). %A F v )3— (m/z) 57T & n-TNVh v DNR—=AY =27 ThHbHA, <A
77U NI AE nTIVH ORI ER 2 28I, ZHORFAEDOE— 27035 575,
INOEDTAARY MVIZIEm/z 57, 71, 85 7% EEEE 14 BIWE (-CH-) TE—22ALNL T L
XY, BT AH T EEZLNRS. TRSDNRY — MO BEERERTLEMKTH 72 nT
VI v DEEABEGEF I % 7R $ CPI (carbon preference index) 1%, #-7 IV ¥ ORFIZ L ) Fp
LHFHETE oz,
2) MU TRV

TYR HEHFDO M) F ARV BLO M) FURyOAZ70< 794 (m/z 191) % Fig. 512
RY. ¥— 7 EZEHEIL Table 4 D=2 F o N—= 1233 5. —#D ) 730 (22S)-Ca~
Co FERNN R 172 (H), 218(H)-F/ 8 B EFBBENT WS, N TR0 R EDOERTIE,
FELT17a @), 218 (H)-30-/ VAN BX N 17a (H), 218 H)-F/X> ThHho7z. T2, —i
D 225 KB LV 22RARD Coy~Cos RS VEMRRTE—=7 TR SN TWS, M) TR D8y —

8
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Fig. 4 Gas chromatogram (TIC) and mass chromatogram (m/z 57) of hydrocarbon fraction from a Toyotomi
hot spring sample (TY02). Arabic figures in the mass chromatogram denote position of n-alkanes.

9 894711 - 0
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Fig. 5 Mass chromatogram of triterpanes and triterpenes (m/z 191) from a Toyotomi hot spring
sample (TY02). Peak identification is shown in Table 4.
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VB ORECTHEEETH o 72 (Table 4). Thbb, BEMICL ) T AP HEAZILERH L RD
L AHND. IS0y — VITEERR TR OHRY Gk Lo, 2009), BHEROHERY (O
5, 2014) BIXUHBNKZO@RYE OF 1 - %, 2017) LFEEETH- 7.

3) AFT v

TYRRKBHHDOATFF Vv BIOTVTATFI v Arzu~x 754 (m/z217) % Fig. 6 IR
Y— 7 FERFIE Table 5 DE—27 F U N=1CWHIET 5. —#OAT IV BLUOYVTATI v (Cy
~Cw) PHRHENTVE, FWSIRFEHD Co D (20S)-24-TF V-5a (H), l4a (H), 170 (H)-
IVAY Y, (20R)-24-TF V-50 (H), 148(H), 178 (H)-2 L A ¥ ¥ + (20R)-24-TF )V-54 (H),
l4a (H), 17a (H)-2 L A ¥ ¥, (20S)-24-=F V-5a (H), 148 (H), 178(H)-2 L XA % » B L W
(20R)-24-TF V-5a (H), lda(H), 17a (H)-T LA ¥ > THholz. TNHATFIFT DIy —UE
LML, MmOFETOEPMERALNTz (Table 5). T H D35 — VIFTHEROEEHEO
W ECHERED (AR S, 2006) R LRGSR OHERY (OF 15, 2009) 3 X OBHlRRE OHEREY (FF
5, 2014) LEETH - 7.

4) JEMimE - AT u—)

TYO2 iEHHH ORI A F VI AT VO A7~ b7 I 45 (TIC) BIOYAZEX M T A
(m/z74) % Fig. T\IRY. <A+ nN— (m/2) A3 n-TNVh )49 ZBOR—AE—2Thb.
NRITER SR B FEN T n-Co (TR — 2 2 H 5 —8D -7V A 7 (n-Co~n-Cx) 25,
Gl (£, 7rF AV, Co~Crn) BLOREANRIEE (Cuo., Cu:, RE A 22D
W ENTWD, SNED TV h I A4 v 78 (n-Co~n-Cy), FWIENNE (£, TVF4V

18 218478 - 32554
19

17
20

18:00 19:00 20:00 21:00 22:00 23:00 24:00
Retention time (min.)

Fig. 6 Mass chromatogram (m/z 217) of steranes and diasteranes from a Toyotomi hot spring
sample (TY02). Peak identificatioin is shown in Table 5.
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82417660 - 0
WLW‘M‘ A
TIC
6501209 - 0
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50129 = 0
x 10
20 n 24
W21 9 23, 252 "
16:00 20:00 25:00

Retention time (min.)

Fig. 7 Gas chromatogram and mass chromatogram (m/z 74) of fatty acids from a Toyotomi
hot spring sample (TY02). Arabic figures on the peaks denote carbon chain length of
fatty acids. i and a are iso- and anteiso-alkanoic acids, respectively. m : n are carbon
chain length : number of unsaturation, respectively.

Ce~Cin) B IXUOREANEEE (Co., Cis) &, TXRTOBBIIHBINTBY, R EBRT L
FEIIE LT RTORKToCs TIVH ) 4 v 7 Tdh-7- (Table 6).

NEWGER X n-T VA 7 A v 7R (Co~Cu) 7%5958~83.03%, Kfin-7 VA /4 v 78 (Cy
~Cy) 73208~11.19%, ZUENGIiEE (£, 7 ¥ F 4 V-Cuo~Cr) 75319~10.30% 3 X A HIH
BIiME (Cu, 15) 2%5.01~35.15% THet S 17z (Table 6).

AT 0= VIIRGEED GALREZE DL BIIRIEL, ATH=IVOFTAZu< 754 (TIC) B&
P~xAza< 755 (m/z129, 215) 23V EROAL A F 0 — VoAb EN7: (Fig 8). 1
DEFRRALTHRBETH > 72,

3.4 NMFv—Hh—DOEE

JRWiRRIE T —F 7 2B DO W B EMIIL AL, RILKFEFRRIINA A - —L LTE
WThDH, FH (Co~Cu) THBERZEEND n-TVH 24 v 7L, BEHON T3 —H—T, &
i (Co~Csy) THEEFEMDO n-TIVH ) A4y 7RI, HEREDONL F<—D—L LTHMH
EhTwb (B2, Matsumoto and Watanuki, 1992 ; #8485, 2006 ; F.1-, 2014). F 7=, 5l
GIEE (Co~Cu, 4V, 7T¥FAY) BELEMEON, A<= —THsH Blz1E, Reddy et al,
2000, 2003a, 2003b). FNEBAEEIE T RCORBCTEE n-7T 7 h /4 v 7D 60~80% L b L & F
h, PEOE#E-TNH A v 7, SRS X OGRS E £ L5 AUFE TR
MTHh7 7% (Table 6).

AT T VIEAT = VORKIERICHET 225, A 70— VERIIRE I NS o EAY O
Behs, aLA7u—VIZEELTEE, MWT70 7 b oR@;WT 77 PV ICHBT AT
O— )V CHDEA, 24-TF NIV ATO—=)VITEE L THERMWICFIF Y M XAT70—-VThHD
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12745386 - 8692107

Cholesterol

TIC
67770 - 18642

Cholesterol

- . - . v 216
21:30 22:00 22:30 23:00 23:30 24:00
Retention time (min.)

Fig. 8 Gas chromatogram (TIC) and mass chromatogram of sterols (m/z 129, 215) from a Toyotomi
hot spring sample (TY02).

(Matsumoto et al, 1982 ; Volkman et al, 1998 ; H- 1., 2014). F7z, IV ATFu— VigRHOT v
KD ELEHEENDLAT UV EDOHEDH S (Jackson and Blomquist, 1976). 24-XF)La L

AT U= VIT—MRICHEHRICEF AT 5205, BEOHIE (H] 21X Navicula spp., Nitzschia spp.)

CEoTiFavAru—vz24 &L r— A% H 5 (Rampen et al., 2010).

2557 (Ca) EATTE—, 24AF VAT T (Cy) 13 2UAFNVATE—, 24-TF VAT
5 (Cw) 1Z24-TFNVALATFO—VIZHEKT S, BEIERAHDOZT T D Cy, Cu BI U Cy
fEIEHIE, T2 453~7.33% (5.62+0.81 ¥4 + FEEfR ), 33.30~35.63% (34.2+0.99) B XL O
57.05~6148% (602+14) T, —BLTCx AT T UMD PR FI6%, Cx AT T H34%, C
AT T ¥ 60% CHEERADV/NS W & X ) &R TR E 2&d %7 -7z (Table 5f). 275~
B E R OB IHEK T 272D KRE LHER TV EEZRLTWS

uh%O)Lf‘J‘ﬁ&ﬁ‘%HHHﬁ@}Z AT = VIEH T OPIRHRTIE %R <, RRBRBICA BT 2 Bl ol
B IOV EOEMMECHETMYERTH L EZONA. FR FREH) 20860, &

SICIIRIEE F TS 774 Y THIESNTB Y A — 7 v A= 2137% , MEE A IR
OFBEWEICHRT D EEZ N5, BICARMBEHBIZVWANDVE Y ¥ —O—FBHER
Za—imREART VR Y v 7 TR, AW AL CE TS (Table 6).

AT T L Co DD HEBM LKW T Cus VT L L0, IMTIEEEFMPOF Gl RDRE L,
HEREOEBEENPRDVZTTCVDLEARLILENTESL., BERAETHB L TV L IHIEER
958.60~131319m T, HEZMICBITAMBRICIIEBEENZLEITNHEHBEOF IR H L LV
B0, MERMYOFGIIEZ SN, TROFAERTEZLORBREI=ZANEEY THIKE
“rts (Waseda et al, 1998). Waseda et al. (1998) (X FIMERE D> & DM 0% ILE O E R HIK G &
BELTEALMERMYOEGPRKEL oz LTWA, AR I = MINHERY OHERE
FHPOR B Z T TR EDEZL—HT 5. Tbbilino% JIZ=AMNOMRYORE % &
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B ZITTVDHERD I ENTES.

3.5 FMUFINCELIVRXTIORKE

HEIHSER L7287 ) F RN RY F— Vi EICHET S M) T8 E (22R) ARt Ad
BEEAT 505 ML EOREIZ L ) BIIFWIRER (22S) -~ B35 (BT, Seifert
and Moldowan, 1981 ; Matsumoto et al., 1987 ; Peters et al., 2005). F72, A7 a—)VIZHKT 5
A7V (Ca~Cx) &, (20R)-5a (H), lda(H), 17a (H)-fiEzZ A3 555, Mk EOEEICL
D % 72 (20S)-5a (H), 148 (H), 178 (H) MK~ & 2 b9 % (il 21X, Mackenzie et al, 1982 ;
Matsumoto et al, 1987). MU TR AT 5 O bR, HEREICB 2D oBEH <
BUCXDPEORIE L LTHWHNRTWAS (Bl21X, Matsumoto et al, 1987 ; Peters et al., 2005).
L7255 T, TN OLEWIIHERY - LW o RWIMIZH72 %, HMEORER NATHERE D7
A B O RAKFZOHAEZ WL T HDICHHATH 5.

BERRICE, —HO M) TRy [(22S)-Cy~Cys FERX R 170 (H), 218 (H)-F787] &
EX, AT I YBIOVT AT T ¥ [(205)-5a (H), 14a (H), 17a (H)-Co~Cox A7 7 ¥ ] H3H 5N
72 (Table 4, Table 5). TN SIIBEW Z 2T 72 RALKFZICAONL Y = TH 5. (225/22R) -
170 (H), 218 (H)-30-FE &/ OFHiftiid 1.5 (Suzuki, 1984) TH 578, EEERE TIE 1.27~157
(144 +0.078) T I VEEAZ VY (Table 4). ZHUZxL, (20S/20R)-24-TF V=50 (H),
1o (H), 17a(H)-3 LA ¥ ¥ OFHifEIZ 1.2 (Suzuki, 1984) TdH 545, T CTORECPHfI25E
LTHE53092~1.04 (098+0.034) O#ifAICH % (Table 5). TN SDOHIEIZAT T DI EAL
O ANV F =25, PUTFUNRVOZENLYDRENWT LI2X D (Suzuki, 1984 ; Matsumoto et
al, 1987, # k., 2014). IO OMERITA A VRGN IE T, PREOBREEE ZIT T
LT ERIMT 5.

4. FLEHESHDRE

AT CTIEEFIRE O ETALFR ST & ARG OMIRILZE A S 20T L, AR S ORI
BV RS 272012, K, BEY, Bl X OMWMSo5izit-72. MRERITKRD X 9
CFEoohs.

D FEBEEZEEF U AL, A+ U BIOREBEKEA L ok, AlfLE
EWrOMkEns.

2) ACHMEARDPTEERIEDTHHH, ARY ORI X B T BALRED b RERKZEA + 75
bolzbZZONDL. ANV IAALF YV ERT I TNALF VT IVHYMET—ERA LR R F
g A 4 VL RICERFTE ThE S sz,

3) MEWiMEE A7 u— Vi T ORRAEKR TR <, BREEICAELT 2HIoWEE L 0E
DEVEHNE RS R 7 EEWH R TH B EE L OND.

4) RACKFZ—ED -7V H R ENT, BB TH %) OMAM G HEZITTVwD E
Zibhb.

5 MSIHEERMYOFGIRDRE L, BHBEOEBEP LV ZITTNDELALILNTES.

6) MITANRYBIOAT I YOZUEIMIITFHIGELTBLT, 4 VOREIIHRETDH
5.

7)) WMSEEH AR EERO AR EETRRE (SAMMERY) PEELRIET, IESKoE
BaOwB a2 T TnDEADIENPTE S, HREREIZ=ANMMERY > SR TH 5 L&
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8) Atkid, BEEAICIIMATOY —VEG (¥ —IVIRIE) BT b E—VEER 2% & YRR
T 2 ERENRD HNTBY, W sHETH 5.

RELFREAZEWAF ORI AL L OB TR T N 2 THEEH L . £
72, WREHRIGE T BRI 2 o 2 BB LEDER, Shdvt sy -0tk NBkEZ 50N
=2 =R B AR 7OV OEERICIE, FRAE - SEHRIGET, BlUAZTHIBETHELIVIRBELIYT. A
ME NS () R ARHEE I, SERAMBORCELTHEEHF LTI, AmE 28120
HELZERZTHERHL I

5| A 3K

GREE T - BERRBE T Y 7iMERHSH (2017) : BEHERIIA/ Py INTZ . 166 .,
T &b ORFA, HuL

FEREAM, A EE (1980) : dbiiiE RAbHbis oo £ MR 1 B3 2 MU S i9E 28, Imaii i &0k,
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PREEEAY, BN Ok R 8L EEEEOhSE, =6 se, MIHEEGE (2017) ¢ 7 P E—BA O
TUr—MRAELD., BERREISA DY IUANMTIY (GHEET - BEERBET Y 7 HE
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