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Changes in Mitochondrial Spectra of Submerged Rice Seedlings
after Exposure to Air
Gaussian Deconvolution Analysis

Mineo SHIBASAKA and Hideo Tsuj1

Quantitative changes in mitochondrial cytochromes of submerged rice
seedlings after exposure to air were investigated using gaussian deconvolu-
tion analysis on absorption spectrum at liquid nitrogen temperature.
Difference spectra were obtained from subtracting the absorption spectra
of oxidized mitochondria from reduced mitochondria by succinate with
antimycin-A. They showed three kinds of b-type cytochrome and a spectral
component similar to cytochrome ¢,. Subtraction of the cytochrome ¢;-like
component from the spectrum by curve analysis showed that three cyto-
chrome bs had similar absorption maximum and that on a mitochondrial
protein basis they were constant during air-adaptation. Cytochrome ¢ per
mitochondrial protein in submerged seedlings was about half of that in
aerobic seedlings and increased by 1.5-fold during air-adaptation. The
change in cytochrome ¢ content was in paralleled with that of cytochrome
aa;. These findings revealed that there were two groups of cytochromes in
the response to air-adaptation, i.e., three cytochrome bs were constant and

cytochromes ¢ and aa; increased in parallel.

Key words: Absorption spectrum, Air-adaptation, Cytochrome,
Gaussian deconvolution analysis, Oryza sativa

Research Institute for Bioresources, Okayama University, Kurashiki 710, Japan
FH 5 E12H16HZHE (Received December 16, 1993)
* AR EAE

135



A A DBEEBICERICBTSI 2> FITAXT R

#

AREFRAKFDL ) LHERERETICB W TLESFET 5 (Taylor 1942, Vartapetian ef al.
1978, Shibasaka and Tsuji 1991), % D4 2 DIFRIEHEI IFRAICRIF L 2 BBicxt Lo
e DR, SRR 2 RSN SR B &, ZOEPEIR KX (3T 5 (Shibasaka and Tsuji
1991), Kb CRIFEL 232 PIFANBRBICEIGT 288, I 3> F) TIHRENRE

(Shibasaka and Tsuji 1988b) 2 & b 7wy, 3 F 3> F ) T OERERLEE»BNT 5
Z E3BEIC 4 L 72 (Shibasaka and Tsuji 1988a).

WREREEICBTZ2I P22 P TRINZRY Fvic k3 &, KPP TREF L2342 Ok
HsRd 2 ) (ZERICIRIREE T F 7 9 203 e THii-> T T, FEZHV\BRICHNDL EF 7o
¢ ¥ am’¥EHIT % (Shibasaka and Tsuji 1988b). LA L, HAICIRINZARZ P LEFHND
PHTERFrsascEFhran o DR EVICELD)E->TWENDT, FF7ubc
DMz D> TEBNLERE T AR AELETH- 72,

—7%, Butler and Hopkins (1970) i3 Prototheca zopfii Ol BE K NKIRIRIN 2~ 7 |
WE ARSI B EICLY, FrruackFrrsonahEidnszssnl, &5
b7 a2z 5T A RIS & BOFE TV TRBL T, ZTDEMART PV E ARG
5 & AR D 4 Koy A7 P v KB Z & AR L2, %72, French et al. (1970)
7 oa7 4 VOBFHET VG EIREL, ZDOAMANT L & FEGRES DOIRITLA A~
TINHRL—KT DL ) LRTNKGD/ 8T A= %KedTz, ZOFER, HWHEOEN %
Mz CTHRBLET VSV HEET LI 2 /AL, ZOREH—T7TFY) o ADFHEH A
7 P VEBERT A DOGTICAEMTH L Z 2R

72T, BrIIERERIEFREZRAVT, A7 PEBFEHETOUES (77 AR
RUou—L Vi) CBETA 22— 7077 42 EKL (Shibasaka ef al.
1993), 4 A KH3FH: 2 DERFRBEIGBRIC BT 5 F P 70 27 P NVOBLERCT F 7 m
LADBE CHIZOWTHNG, ZOMELL I a3y FYTOFREIHE) FF 70 nH0E
BOHFEIZDONTEEL /2,

AREEREL o hBEELICR#E LT

M B IUFHE

1. b
A % Oryza sativa L. ghfEv~t az Bz,

2, REOFIEEE£FHRG

FEFIEESI TR, BRET260% T / — LKER T 3H5HEn, T>F7
a3y (1 %HEMESR) BP0 MEC. 20%, BRHABKTHIHE- 2. BELD
cm, HE5cmDAT YLV RABDXAEWERFREL THWZ, 2R5VvofdE% LicL g,
ZOLICETFZECTA - TEY, BIhWE iy 3 BEEOBRTLA TSSOl
FiCEE L 72, WE L 2PE18cm o Witt DB E > 2 8E5FAH L L THY, X8O
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O EnFnsY) arvBEREND AR D L T2BTE VL, BEHE»KELIIcm & 75 L
JICERERFKPICRFR 2D 2. U LoERAN AR T THY B 7 ) —> < F
WTIT- 72, SBEFHICHEHBRZNICHEL 2. BFrRFTLLE, RPFRLD
W — OB R EL THEZ L2 TE 5, WokBthh» 5 5 HiE, K2 T, REKRD
FTCTFomETCAKER2 FHLZ LI2LNFEZ 2 ZRRUTEL 72,

CoReh i (1] 5 kb TREFELLZLD, [2] 5 BMAKPTREFLAEL L HER
ficEnzbo, [3]16 BRZBAEPTTRFLLZLODIDOMDFEZ #H, £21Eh
2 TokvhEEd 2, TBREBIGIFEAEZ ), THRFAEZ ) LR ENEFNDOFEZ > H1F72 3
Far P TLEBEC TR bar )T, TEBRERHAIGI )T, THRI bar
DTN i (AP N

3. IbaFYTFOHSE

FHZE AV AFNOTC LT, FodbsiEarz. REKTT 2K, 50Kk
PR THLFRLE. W0 & -7723%2 2mm DU HA, & Qv eERHERY R
BO2ERMZ, THLTEWIERTHEY) B L 72, BRAHBERIZ0O.IM <> = —L &, 0.1
M Hepes-KOH (pH7.5), 5mMEDTA, 0.05%3> 274>, 0.1% 7 MET7TLV7TI>D
KERTH D, BONTERBE1IEOF oy —F (X224 X25um) THEEL,
1.000Xg Tl &G L 72, RiE% Fi210.000 X g TI55M&E 6L 72, 2Dk % vk
BWHRIC BB L, B0°10.000 X g Tlo @R L L 72, PREAEEmRIZ0.3M <> = F—vk, 50
mM Hepes-KOH (pH7.2), 0.3% ™7+ METNT 3 > DKEBETH 5. 155 Nz kB3 HE
MBRBRICBRELZ I P2 FY 7). BREBEBFRIZ0.3M 2 = —)b, 4mMIE
e 7% >, 50mM Tes-KOH (pH7.2) DAKBHETH 5. £THEIMEIZLITHL & TIT
stz TP A FYThLF R 7a s e #B L EER, Kusel and Storey (1973) (24>, 0.15
MEALA ) 7 LB T ) S LIS d » TTE » 7z,

4, I baAYFYTPORS

ML F oy FY TEERE28% v—2—)1, 50mM Tes-KOH (pH7.2), 0.3M <> =}
—VDEBEIBAL . 40.000Xg, 400FE.GL, BOEEREEQRIC & > Trols e s
Fay FYToRy FEREDR, ZOBROBEANDFERE R ML > Ty—a—LERELR
BT NEERICHW,

T hay FYTHREBHEO Y7 BERIT Lowry ef al. (1951) DA EIZHE - 72,

5. EEBEZART FILOBIE

H 375567 ik B B 2R 2 VR ER P TEA PV ABE L 2 R RIDOEH
E0.2em DT 7 Y ABHERIO ¥ 2=y P THERE S, o Y v il 1nm F
fEHIC 2% L 72, SEMIZATHE (Shibasaka and Tsuji 1988b) (zih~7z,

6. h=FF7FIULR

I 227 b )Lod T — % 130.7042nm R THARY, 2> E2—F—Iic AJL 72, BIEH
Bl (RO KoL AN X —IcBl§ 210H) oZEBL TH-72 Kx AT i3
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1 ANBFEBRICBTLIbar P T7a7 0

BFLENTWEDT, B—DETEBICL > TEL AN AT L LI E—D 578 724
oo ToaRlF U b 7evhs, BETRIIUCIIRE S & CRERIEM S EL > THW5HDT
THL RPN v, BTFEERECH 2 KBS 03 FREERSEMICHENDT, %
COEFERILZ DA HEL 55 (RIUBKEER), %0 FEICRIRR D % &I kT
SN AL B, Lizh-> T, B—DBEBTBEBICL > TELLNARZ FvE, ALY
—IZHBI B TH BB L THEC &, IS RIS R & 2 ol & L 72477 2 i
MTRENBERET DI ENTESL, COREXIHEL, V7 AMBETERL 255 (£
TNGr) OB E, BESD 5 BRI ARY VOB ET L E AL, KT S
ET NN 28T A —F % Gaussian deconvolution analysis #®Fit (Shibasaka et al.
1993) #H Tz, BTICLELELZ TE 5Ll 520, BIFOF
MElE, BALETD 55 EFEZLNDL AT F DL ETNEGTNDNT A —F T RE L
ZOREREHCTENEREL 27 P VEBITFL TiT- 72,

7. AvYEa—970s54

H—=TTF N ATV T T LR, SRS —T T4 T4 > IO LD T
D, BB T 975 a0k - THEBERB L OCESRIL21T). FITAERNERMES 70 75
L0 HAES B N88-BASIC (DOS fR) T#hh, [itEio BASICC 2> 34 7 THlE
RRIC AV A NBENT NS, A—T 74T 4> 77077 6%, BEBELZCEEOH
AR NEFEC L VR BT I2HFET LA TR L, BREEOHREYIBLHE
HE2ZEL, @by B 720, KE=A 70V 7 | #5Lo Microsoft C Professional Devel-
opment System Version6.00A Z4EH L TEH N, 1 > T NL4E8180286CPU a2 — Fiz o> ¥
ANENTWE, 7077 LDFMIERT 5, LD 70 7T ADETIF HAELAR PC
9801 1) — XD x—F )2 B a—F TITh - 72,

ZZTHWIZA—=T T4 v T 47707 TLEART PIVNDETIVESG E L TH 7 A
WMeo—v o VHigE, 72, =274 OFGE L TEED n kR LRk ZEHTED
5, WHEDOLDICHFNET NV E L TR 2AMBENAE, /2, R—2F74 LTt
RROERZHVIHEETT 077 22 FETLE,

8. FroOLRPOHE
7 AR E ) % 5 BN ETMTRORNIC L - TREIN S, B A ICBIT R
(A) &
A=A, -sm2dio)

L, ZZTHWERRTOESRIZ
LA, R
W
Lot BE— 7 40E (D
Thoh, Thbb, ZOANTEINIHBRIINL IO T 4—5THRES, L2rL, =
HIFREDET NV TH DT, RN OBEBFMEIE— 7408 2 HMEMmTaE D, RIUEK
BEDHFAEETRT Z LICk 5,
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F bt a0 2RI E— 7B L TZEC MENT— I EMSI LT 525 FfE
CEL T3 BETHE, Lh->T, AMETEIECBNE—-7MLETF 724
B DHEEAT, HENI BT CORSEDHEITHA L 2.

L *

HRFEZ, BEEICHFEZ, KPFEZENTNPLEREL LI a2 P T22FF
FA FPRICL TRZMEIT AT LD 4 KIS A7 PIVIZIERICBME AR & % ) fEATIc
WL %dro7DT, RFRTIE, A7 PO ER N Z DRI AR R F 4 Ko 2~
I bk o THEET B HEIER S o 72, £ 2T, PROBGDAEZZTU EHFEIND
AT P B MEIC BT IS D /3T XA —F R RET b HEL K- 72, £ORBIZZERT
5DICBRILRITEANT P VEBIIONRE L2,

1. Fbo70hc (o) CHTBTIETFARR/NFA—FDRE

0.15M #aft A ) 7 L 2 GURBER CAHHEENF P 7oL c 2HokvwE- 2RI T 2
YFVTEBE, 7220 EE TMPD GEITLZLO LD DNDEXT L
2T P 7L DADENDS Z LIS NS (Kusel and Storey 1973), 135 4172 A~

Wavelength, nm
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Fig. 1. Absorption spectrum at liquid nitrogen temperatures of cytochrome ¢, in aerobic
mitochondria fitted with the component bands. The observed data (O)are plotted
versus wavenumber. Wavelength corresponding to wavenumber is shown on the top
of the panel. The solid line through open circles is the sum of the component curves.
The component bands are represented as dotted lines. The error of fit at each point
is shown below the spectrum on a scale with 2.5-fold magnification.
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7 R uizi3560nm AHEIC Bl DO A B 7245, BRI KBRS KE (LT3 2 &5,
Fr7un -7 OFTICIIFE L Lo L HMTL 72 (Fig. 1), FF 72 4 o RIUR
K EIF551.0nm TH Y, FE1136.27nm Th - 72,

2. FFoOLbBINTTIETILRPNNFA—TDRE
TrFed s ABFE-INTBBITICLD2EARZ FAERHWTF F 79 s b FHicHG

A
S aee A ey Woen. S O ‘..r"c e 2% EIFOFXZ,S
M == adin ~ 4 \wrg ) d
2 B
=
©
o
[}
o
o
©
£
o
[%2]
o)
<C
Errorx2.5
C
. . AL Errorx25
L A v ~ " af MG o A 2

176 180 184

Wavenumber, cm™! X 1072

Fig. 2. Absorption spectra at liquid nitrogen temperatures of cytochromes 4 in submerged
(A), air-adapted (B), and aerobic (C) mitochondria fitted with the component bands.
The component bands are represented as dotted lines and are designated by Roman
numerals corresponding to ones in Table 1. The error of fit at each point is shown
below each spectrum on a scale with 2.5-fold magnification. Other details are the

same as in Fig. 1.
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Table 1. Peak wavelength of component bands
obtained from curve analysis of the differ-
ence absorption spectra* of mitochondria
reduced by succinate with antimycin-A
minus oxidized

Component band*

Seedlings
I 11 I v
Peak wavelength (nm)

Submerged 563.2 558.2 553.8 551.0
Air-adapted 563.3 558.7 554.4 551.0
Aerobic 563.5 558.7 554.4 551.0
Cytochrome

suggested bses bssz bsss G

*Component bands designated by Roman numerals are
shown in Fig. 2. Component band V is not shown.

Table 2. Peak height of cytochromes & obtained from
curve analysis of the difference absorption spec-
tra of mitochondria reduced by succinate with
antimycin-A minus oxidized

Cytochromes
Seedlings
b563 b557 b553
A-protein g~'-ml
Submerged 3.11 (3.47) 4.02 (4.30) 2.91 (4.56)
Air-adapted 3.01 (3.08) 3.83 (4.14) 3.17 (4.12)
Aerobic 3.27 (3.19)  3.56 (3.76)  3.22 (4.08)

Figures in parentheses represent peak height obtained
from direct measurement of the spectrum shown in Fig. 2.

FTBETNARGD NT x—FhkiiE L 72, Fig. 21t Loz, 3250F b7 asn b &t
T2 32D FETINEDOMIZ 2 DOAMB LKA UETH 72, FF7aL bIiZHIGND
PRGEFORTAELEFGELRTLORF P 704 qicHIGT 2 BT VED & & B
T R—F HF o TnT, K, BEHEIE, HRIbar F)TuFnangsd, ZH3D
DF 7 a s b ORI KEENORBICED) T - 725 (Tablel), Kz bar F)ToF
b 70 L by, DT AMED & DI AR K E S - 72 (Fig. 2A),

Table 2122 DLW L TRE-7F L 70 b HNI v FUT I/ 7EEZY)DE
—JERT DR, AT TF) P ADKRIEIRN—ATA v bEHl - E— 7 DEm3 &
NEFNFNINEL o2l FPI7OAbsldF 7048 il X PR GOBELRLZ
T CHI8E—65% I L7, FolzoHFrrsunbicBLT, 3008 ax )
TORNCITIZEAEEDS LW EDHB Lz, FFI7O0b bzl &L THNDFE 70l b
DE—7ERRTE, b IIEAE T THY, bigH1.1-1.3FHEFRELMHELETRL 72,
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3. Fto0bLclZHIBTBEFIRERDGD/IANT A —FDRE

W= — VO HCERBEEDER ML > TELNHFRFEI P LOBE I Fa> Y
TEHWE, ZOPF4AT4 FPETICLBEART PV, ETRLNTF 708 oKV
FL7unbDETNVRGEL TS, FF 70l ciTHIET 5 ET VS ERD. F
70 A c ITMAREBRIBETIE a XY FP 22008 — 712498 L w5728 (Ida and Morita
1969) 2 DD ET IS #EIY BTz (Fig. 3, Table 3). F72, A7 FLEET L
=B D 72T 2 DOMIMBYES BT 5 UED H - 120%, ZDEHFEIIFFIC/S
ofz. 3HOF P 7OLbITHIET 2 ET VRGN N7 A—F 3EEE L TEZ LD
EHERERE L BN OBICEELEV ko2, F 7 unc DRERBOY—7
2T 5 E T VBT OWRIUE K% £13548.9nm TH - 72, Z DI Ducet (1985) HFEK
4 HEHME (549nm) (23 ¢, Lance and Bonner (1968) < #t4s | 7zl (547nm) L 9
LRPRERICE > T3,

4. I PV F NP DRART P OB

KA 2 L BESEIEHA 2 D b s — I — VO BERNRE AV OBRET 20 S k&
OHI L ar FNTHBLAL VDT, BRI L3> F)T2I0EBRICHCS Z L3R
Thote, £2T, KEIATOFEZ P LHBELLMI b2y FITEAWT 20V 54
F A FRIGERRZ PRI (Fig. 4). 136 RO K€ TV O WRIIHE K &

Wavelength, nm

570 560 550 540

Absorbance (relative)

AR ALY B v

176 180 184

Wavenumber, cm~! X 1072

Fig. 3. Absorption spectra at lquid nitrogen temperatures of cytochromes in purified
mitochondria isolated from aerobic seedlings fitted with the component bands. The
component bands are designated by Roman numerals corresponding to ones in Table
3. The error of fit at each point is shown below the spectrum on a scale with 5-fold
magnification. Other details are the same as in Fig. 1.
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% Table 4 IZ/R L7z, BB ba> FY T A7 FAETLVTREL 72 2 DDA HES O
5 b, 557.2nm DR HTEE L, 561.9nm DREATIZRRBERICS 7 P L2, FF 794 by
WG 5 BTV BEN A3 .49nm & ET/E %), F 79 L by DET VS
DB AERIZFR I Par FY T e ®BEHGS P 2> FY 7 ClE555.Inm, K3 b2

Wavelength, nm

570 560 550 540

Absorbance (relative)

z‘\ oA n“ {.\‘A peo, , ErrOrX5s
vvvvvv V\

T y T T T

J;.\» AErrorXS
A

176 180 184

Wavenumber, cm~! X 102

Fig. 4. Absorption spectra at liquid nitrogen temperatures of cytochromes in washed
mitochondria from submerged (A), air-adapted (B), and aerobic (C) seedlings fitted
with the component bands. The component bands are designated by Roman
numerals corresponding to those in Table 4. The error of fit at each point is shown
below each spectrum on a scale with 5-fold magnification. Other details are the same
as in Fig. 1.
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Table 3. Parameters of component bands obtained from curve analysis of the
difference absorption spectra of purified mitochondria reduced by
dithionite minus oxidized

Component band*

Parameter I I I v v Vi VI VI
Wavelength 563.5 561.9 558.7 557.2 5544 551.0 548.9 544.4
(nm)
Half width 423 3.06 3.85 2.10 4.03 6.03 5.01 4.35
(nm)
Cytochrome
suggested bsss — bs77 — bsss 2 ¢ c

Mitochondria were isolated from aerobic seedlings.
*Component bands designated by Roman numerals are shown in Fig. 3.

Table 4. Peak wavelength of component bands obtained from curve
analysis of the difference absorption spectra of washed
mitochondria reduced by dithionite minus oxidized

Component band*

Seedlings
I 11 il v \' VI Vi
Peak wavelength (nm)

Submerged 5639 561.2 5585 5559 5521 548.6 545.1
Air-adapted 563.9 560.8 558.2 555.1 552.2 5492 545.1
Aerobic 563.1 560.3 558.1 555.1 551.7 549.1 5449
Cytochrome

suggested bsss - bss: bsss (o] c 4

*Component bands designated by Roman numerals are shown in Fig. 4.

Table 5. Peak height of cytochromes obtained from curve
analysis of the difference absorption spectra* of
washed mitochondria reduced by dithionite minus

oxidized
Cytochromes
Seedlings
bses bsss bsss (5] C [
A-protein g'-ml

Submerged 2.74 473 3.33 6.26 2.10 1.59
Air-adapted 3.26 4.70 3.46 4.48 424 2.41
Aerobic 3.14 4.75 4.66 4.60 5.49 2.93

*The spectra are shown in Fig. 4.

> B 7 TIE555.9nm ~ &, AR D REREICC 7ML, FE e qlcHieT A ET L
B 552nm A~ 7 b L7z, STDL I AR P Lo REICAHEL TWT, %<0l
DTG EBL NG THBRTND/ 3T A —=FHRESELZ.

Shav FNT IR IEL)DEET VRS DES ® Table 5"l FF 72

144 1994



%R -k

bss1 & bsslZ G T B ET AR, 22 CTARZIEN: Far FYTRITIIEA LR UIES
L7, BRICF b 79 L by, fEIZ Table 2 T/RL7ZMEE & < —%L 72,

% B

1. EFLVRUBMBEEDR UM

Gaussian deconvolution analysis ®FiETlx, ©— 7 N HAIX T T VS DX
BELTEHEZ BT A=A BEBLTHEERL>HREBLILHE. TnEPi<C2
HIZ, FENF P2y P TEELICHAET S ZE T, E—7OMBELDEDF F 7oL
B bl B AT b VERZ, FNERICENTAILICL T, F L 7o LT L HEE
ENRETNKGD 8T A= %, L DEHEL A7 P VEBITT SRCAEME S L TH W
7o, WIBMEE L CE 2 o7 A 20F, EESPICAEEIL, HAEICIRL TITC A, 4
DFERIZTF b 70 AES EHES NI R T NRG D87 A—=F 5 F F 70 LG L I3a8H 5
NAVIEEICAESEHTA L) I B Uo7, Lzd'»>C, ZZTHRALLZET VG
FEBEDART PLELSRBRLTWEEEZ LN, BHELZATHL EEbILS.

2. FFoOLBPDME

Fig. lok& % —2713, I +ar FYTOMRELRE»PLEZ T, FF70LaThdE
Bbiadds, 560nmAHENE— 72 % ICiCHRT 2023 FRHTH S, I Far P TR
ICIIED AL T T ZAF FPABALTWAZ ETFRENDY, TAINE VEETELIN,
ORI E— 7 2O T AF FERSEF 7o al THE, ZNFTHLNTWSF L
71 L4 f O —713553nm 4 5555nm TH D (I 1973), ZOReHEIIBRASI NS, BX
L4, FrzusahrbFtr7aonb~—BOEFHIEHRLZLDEBRbNDS,

Fig. 2i1cF F 70 & ooy & L AP e¥T A= 2 FOETIVEASPHIAL 205, Zhiz
Frrun OSBRI ELRLDERLNS. TrFeA sy Azt bEFRENNE
B, Fr7anbrFrranqnEdfic7T oy 2350 TIRIA, FF7anb—alf
SR SBREE AR ET B2 LI L > TELTWENT, F b 70l b Ea&ETL T
VBRI R VICH B LB b S, MOWEDORIUCREA T 2BINEZRIET 2 2 L3 7
— 7T FN L ADFHEI L > THDTHREE K- 2D T, ZOBBELEICERT L2 LT,
2 ar FYTICBIY 2 EFEEOBRBICET 2 BRECERIBLNL I EEIFIND,

3. I PaALYFUFPRRIMLDA—TFFY SR & 3BIFEROKE

LSBT TR RO 2D & THET VRS & 77 AR L 7255, M b ar b
)P 227 FLBHE ET RS DONT A= 2T E A EELE VD Z L G CRRANT b
NEE—%L7, Lal, B a3y FYTOBREEPL YT A=FFELIZ &
5 (Table3, Tabled), MOFNLFFTNDEALELICLD, I ba> F)TOMIRESF 7
o AN OWMENGEINTVE Y ICEbNS, £, KFFEEZOI P2y FITTRE
FF 20t tBT B ET RSN NT A — I BMBOFEZ DL D ERREL > TWEDNT
(RSB IcBE L it Table 4, EEMICEL T3 7T -5 2RL Twiw), &F L 70Ld
TAEREEA B ZEE 2 S I3 B > T A AR H S, LoL, Kb ba>r F)T7TRE
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A A DOBRFBILBRICBITEI 3> FYTAT P

BEZE D - L B DT EEA TV DI, PUVETARSEEZME L 22 B - 72
INTA=F E/LARELTETCE v, BEATE 2 20RO WI N2 2 HET S 2
L TE L,

AT P NORBRMOEICAET 5F F 70 L bl T 2T ARSI L 2>
FUTOBETOHEHEI P ar FYTRTrF ALY A 2 J7BETHOEAELEL
RIS A R &l T, E— 2782 RLE2. DI Ehbh, A7 FADHERDETIVESIL
WaMNEL )DL M P ary FOTOBETHLEEOBIT 2357 A—5 %1822 L
TEDLEEZLND, RS, A7 P NVOEERBOWICHET 2F F 792 ¢ D545nm
DE=ZIZHET B2 ETNEST DT A —F L EB L FHEICHT 2 9 2 & H 2 72,

4. BEBICBRBIEUW3EF I I7nLBOBRNEIEOZ Y

FEI7RLbHEDNI LI FY T IV EN O — 7 EIRRBERRICBRETIIEA
EZALH 7% { (Table 2, Table 5), Ri# (Shibasaka and Tsuji 1988b) s & —F L
7z. Table4 TIR7:F b 7 0 4 ¢ O545nm DET NS ZHWS &, RERTIIEL L » -
RFFIuLcHDBWENEMB I ENTESL, KFFAEZ %21 ET2L, BERBEIGHFEZ,
WERFAEZIZZENENLLS, 1.845 %0, FF 79 L4 agsHOMIET 54E1.60, 1.97(Shibasaka
and Tsuji 1988b) CI3E A LRI TH B o b, Fr7uliagtFF7ulcli, BE
WG EFE TPATHNC ML T 5 2 & 550 5,

Breidenbach & (1967) 3RFHEHOE—F VY TFHEICTINLITF F 70 2AH0LEI 2 HEL
T, #F2 50 L4.58BDDF F 70 20BN OMINIE, FF 794 ¢ 2100 L 724
IMETF + 79 L agd$110, F + 720 L b D8 TH 72, ZORERLF P70 2 any & ¢ H5F
THICEML TWT, FF7u0lboing ) kEh» -7z,

BELL3EDF L 796 bi3ZDL~NOMHFENFR ORI TICEILNTWDEH D&
BbiLd, AT N 7ohak c LML»OBETCHFAMICHBIN T3 L BbN b,
I, BERBICNTLNEDRL L 2007 VT RIS L,

(] B

WAL 7 b LEA—T7TF ) ADFEEFACTENL, KPR TREFLLFEZIER
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