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Treatment Number of Dose Ulcer index Inhibition
animals (mg/kg) (mean £ S.E.) (%)
Control 9 276 £4.0
GM-SD 8 500 142+14 48.6 <0.025
GM-Sup 8 500 129+ 22 53.3 <0.01
GM-Ppt 9 500 16.7 19 39.5 <0.05
Control 7 406 3.5
GM-Sup 7 500 249 +23 38.7 <0.005
GM-P 7 500 241 £3.8 40.6 <0.01
GM-S 7 500 36.5+4.0 10.1 N.S.
GM-L 7 500 176+ 0.9 56.7 <0.001
Atropine sulfate 6 1 2714 93.3 <0.001
Control 10 305 +f2.1
GM-P 10 100 23.7£3.0 14.8 N.S.
10 500 147 £ 3.3 51.8 <0.01
GM-L 10 100 18.6 =34 39.0 <0.05
10 500 13.1+28 57.0 <0.01

GM-SD, KEZEHEI * XK ; GM-sup, AXEE T ¥ XKAIAEMES ; GM-ppt, KEEET F 2DK
TEMES ; GM-P, GM-sup DERZEIEMILEY : GM-L, GM-sup DEREIEMT LiEDEMIAE ; GM-S,
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“P<0.05, **P<0.01, **P<0.001.
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HHEBEOS B 506 + 9.6 520 *+ 11.4 496 =+ 105

H5DO—FbAH HERELMK 556 *+ 11.7° 546 * 115® 528 =+ 11.3°
HERHOD & VB 56.9 *+ 12.8* 551 =+ 10.0® 528 =+ 10.9°

HEERH DS B 547 + 11.0 542 + 26 528 =+ 11.7

B —EE WERE LK 506 *+ 10.6 50.1 * 11.0 50.2 *+ 10.6
HEERHDD 5B 50.9 *+ 105 50.0 = 10.9 49.2 + 10.0

BERABD S B 50.3 *= 10.8 50.1 *+ 11.3 51.0 = 11.2

ER HERE 2 462 £ 89 476 + 94 475 + 8.4
HEERH DD & B 442 + 84 446 + 98 451 + 75

HERHD S B 478 £ 91°* 499 = 85 492 + 87

'3 WERE 218 548 + 9.9 54.3 + 10.0 53.6 + 10.8
BERHOD 6B 550 + 9.7 531 * 85 522 + 10.2

HHEBEDS B 546 *+ 10.2 552 + 11.1 546 *+ 11.3

IREL WERE 21 58.1 £+ 10.9 572 £ 99 55.6 * 10.1
HEERE DD 1 B 609 *+ 12.0* 579 * 95® 558 =+ 10.4°

HHERH DS B 559 * 95 56.7 = 10.3 55,5 =+ 10.0

EELIRERE. RGBTV T 7Ny MESUDBERETHEEEV $52 & ERT.
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kAt BE— (KITAMURA Seiichi)

Key Words: KZAHE MK #l BERIE BNMEE  Prevotella &
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AEZEEROHUEDEVICEB ULLEFHBET 072, HIEDRLBD 2 BADAZREERZEVIRIC 2B
BENSEEZECS, EFESEVPERERBY pH ICREEAEEVRHSNBD O7ZE6D0, HIEDHE
DVAREERZENITDILET, BERERSLDIBED 1 DTHHEED IgA ENEBIILE. Fiz
AZEEROBRICKD, BABEEICHERENHSN, KHNEOHHIVAZEEREEBNUEZIYDIRIF
HEDOHENWBDZEERUEY D RAELRU TEEDPD Prevotella BDIBIIHERD SNTZ. AWRICKD,
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DING Y A EBE RG220 DD—D2EH
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ZDEHIZ, BRI SRR ORI B

RE E R L TWBED, SROEYIZL -
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) Vo RN TR L 2T AEDN
RYHMEIERE L CTEMDGD 5, TF, FHESE
2, BRSO 2 B b ERMER
EAEER L TV B O 1B AR A
EHELN, RIBIDE ST S L) VD
D BRI D SIE R RE DR IC & o
THEETHLI NI DDA D, FLT, fH
DIAEN NS EWHHEEI R OB K E < 2%
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SERDOHKRAL D HE AR, EIHHEBINE DA R
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FIEBIETEM B L OIBNHEEIC LD X D12
BEERITT 2R L7z,

1. MBS IUHE
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1-2, ABRTFHY 1>
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1 FETIET D, ORKELEFERBERMEETE (2
b= VEE), @QREFHIERNEM 10% w0
FUEEE CRIFEZMNEE) B X OQRE LR M
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10% MEVEEE CRIEEAMEE) o 3 BEIZ 1T 72,
FRBREEL % 14 H I BB S S, B2 HH,
THEBXUC 14 HEICHH?2S 24 FEf O #E
ZEIX L7, 14 HEICHEUL L 72 %FE 1L BEE,
IgA B OWIE S L ONGAMIE O 16S rRNA &Iz
FICHEDWY TV F 4 L PCRIZ L SN
WO iT-720 72, ABE14HEIC~
T ADEHEAEMERIL, EBNEY O pH
2l L7,

1-3. AERfH

AIN-76 K5 SR R R BE DR 70 B KBS
Ku210% &b EHICHB L, h, KE
FERERMERINGREE L, AR 2 HE T 2
TN T — AN 5% & F N D AIN-76 K5 H i
BE 72,

1-4, BEESES S VEEPRIGAED

AE

REE2HHE, 7THEB XU 14 HHIZHIH A
L2 OBEMAERILL, WEMESE 2 HE
L7z 7z, ABR 14 HEIWCHILL 728 F % =
MICTHIRSE, WREOEMELZHEL, 10
mg O HFAH 2% L T 100 uL O PBS(-) % @,
R T v 7 ARG HE (4C, 20400 g, 10
min) L CEFEZBILL,IgA #l%EF v & (Mouse
IgA ELISA Kit ; Bethyl Laboratories, Inc.) 2T
FFEP IgA BXE L 72

1-5. EREAEYW pH ORE

BB 14 HEHICEUX L 22 E A % flikic
THEARL, pH A —% —IZTHIE L 72,
1-6. U742 14 L PCR

ABR 14 HEIZHI, HME%OFEMED) S5 DNA
W ¥ v b (QlAamp DNA Stool Mini Kit ;
QIAGEN) % IV T DNA % fiHi L7z, il L
72DNA ZHWTY 7% A L PCRIEIZLD,
W PNANB 3 % fBAT L 72 B L7794 <—D
E IR i

2, BR

211, BRESE

L 7R E O ER AR 1 ISR, K%
ERREENT 52 LTIy bu— VBEL



KRELEIERDOREDE DN, e

SRR B L ORI & 2 I3 REIZ O N T

®1 UT7ILEALPCRICAVETSA~—

Primer Primer $8£AC51)
Total bacteria Foward 5" -TCCTACGGGAGGCAGCAGT-3’
Reverse 5 -GGACTACCAGGGTATCTATCCTGTT-3’
Firmicutes P9 Foward 5 -GGAGYATGTGGTTTAATTCGAAGCA-3’
Reverse 5 -AGCTGACGACAACCATGCAC-3’
Bacteroidetes Foward 5 -GGARCATGTGGTTTAATTCGATGAT-3’
Reverse 5 -AGCTGACGACAACCATGCAG-3’
Prevotella & Foward 5’ -CACRGTAAACGATGGATGCC-3’
Reverse 5 -GGTCGGGTTGCAGACC-3’
03> RO—LB oREMF wHEEs | :12 I
e : wl |
5 12 | " - T 7'Z r -
~ oot s 787
ol El {
K oe B
02 | 74 -
00 73 F
2 7 14 7.2

HRA% (B)
1 EEFEEE

BEHOHR2, 7, 14 HEDRHFEES ERT, FIET
SD (n=7) *p<0.01vs I> hO—JLEf

LCikBR 2 HHL 2 S A RRIIREMER L
L7z —HT, HEDENICL L EEFER
IZEIEIALN o T2,

2-2. ElEREY pH

KB UHEO Y AEHNEY pH X 2
R d, RELAHEREEN T A LTar b
O— VL L THEEICEBNAEY O pH 2°
T L7228, MED@WIZ X 5 EBNAY pH
IZEITIALN o T2,

2-3. #{EFIgA E

A4 BHEHOEFE P IgA %2R 3137,
ﬁ%%ﬁ%%ﬁﬂTé’kf:ybu—wﬁ&
WL CHBICHEM R [gA 227Nl 72, F
TR MR UL, WM L Il L T H A RIS
Wt 7z,

2-4. RRHEERER
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2 BEEAEY pH

EROHAKR14BEOEBANRMpPH 2787, FHE+
D (n=7) *p<0.01vs 2> bO—JLEf

50

40!

30t

20t

#fEh IgAE (mg/day)

0.0

JvhO—)LE hi AR
3 EFEFIGAE

EHOHBR14BENEBFEHRIGAEE T T, FHE+ SD
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vs RIFERARY
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ICBWTHRME RIS EL 5252 &L, K
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Superoxide Anion Radicals Contribute to the Beneficial Effects
of Ascorbic Acid in Food 1
— For Kamaboko (heat-induced fish gel) —
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Abstract.
The beneficial effects of vitamin C (ascorbic acid) on Kamaboko (heat-induced fish gel) were investigated.
It was established that these beneficial effects are brought about through the ascorbic acid-induced
polymerization of the myosin heavy chain. The polymerization proceeded via a radical-radical reaction
between the thiyl radicals of Cys residues generated by superoxide anion radicals, which are yielded during

the oxidation of ascorbic acid.
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L- Ascorbic Oxidized SH
1120, Acid (AsA) Glutathioné Groups
(GSSG) in Flour
Proteins
(PrSH)
4\, Dehydro- A\ Reduced /i
H, - AS‘:COI'bIC i Glutathion¢® i = PrS-SPr
i Acid (DHA) (GSH) i
L- Ascorbic  Acid  Glutathione SS-SH
Oxidase Dehydrogenase Interchange
Cu®*or Fe** Reaction

1 Scheme showing the improvement of dough
by L-ascorbic acid (AsA)?

AsA is oxidized to dehydro-L-ascorbic acid (DHA) in
dough by ascorbic acid oxidase or transition metals.
Reduction of DHA to AsA by glutathione dehydrogenase
also results in the oxidation of reduced glutathione. This
oxidation promotes the formation of disulfide bridges
between flour proteins via disulfide (SS)-sulfhydryl
(SH) exchange.
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ASAX Fe(1IN) MHC-SH
MDA Fe(1I) K MHC-S*
YVi(AsA+DHA) 0:  H:0: ’/;(MHC S-S-MHC)

2 Scheme for the superoxide anion radical-
dependent polymerization of the myosin heavy
chain'?

Fe (lII) is an example of a transition metal that
catalyzes the auto-oxidation of AsA. Monodehydro-
L-ascorbic acid (MDA, AsA radical), the
univalently oxidized product of AsA, spontaneously
disproportionates to AsA and DHA. Fe(ll) generated
during the auto-oxidation of AsA reduces molecular
oxygen to form the superoxide anion radical (Oz). The
resulting O, removes hydrogen radicals from the SH
groups on the myosin heavy chain (MHC), generating
Se. Two Se can then combine to form a disulfide bond.
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|Fish|— Removing the boweld —

[Washing the body] —|Collecting meaf —

[Washing the meal —|Dewatering —

[Meat - mincing|— |Grinding meat| —

|Grinding meat with salf — Molding —

[Setting -/Heating| — [Cooling| —[Packaging] —
[Kamaboko (heat-induced fish gel)

3 Production process of Kamaboko (heat-induced
fish gel)2”

4 Schematic showing the gelation reaction upon
heating myosin molecules under standard conditions
(0.6M KCI, pH 6.0)?

(A) The state of the myosin monomer before heating.
The monomer exists in a discrete state.

(B) The state of the myosin monomer at around 43°C .
Agglutination of myosin heads occurs.

(C) The state of the myosin monomer at around 55C .
Cross linking occurs between myosin tails.

(D) The state of the myosin monomer at 60-70C .
A network structure is formed and then gelled.

PEZIREESAL T (@5, chso
ZEDS ASATRINC X ) ZFAEEEDEIC 2 -
TWbL I EDWEINT, EE, »FIFZ0
Wi % B T-BEMEEIC X DV BIZE T 5 &, AsA
ERIMOPFIZTZICHERTHEMLZ2FIZZD
Fihs, AL—RGHEEIZ > Tniz W,

sonpm SRAGC
!a aiiil -—MHC
HEHE SAS0OH
SRBEE SHBEE — acin

ABCDEV FGHI1IJ

5 Effect of AsA on proteins in surimi (fish paste)
during the formation of a set or heat-induced fish gel '*’

Surimi was prepared with and without 0.2% Na-AsA,
from which a set or heat-induced gel was obtained and
analyzed by SDS-polyacrylamide gel electrophoresis
(PAGE).

A, surimi ; B and C, set fish gel in the absence and
presence of AsA, respectively ; D and E, heat-
induced fish gel in the absence and presence of AsA,
respectively ; F, G, H, |, and J, 2-mercaptoethanol was
added to A, B, C, D, and E to give a final concentration
of 10%.

Set and heat-induced fish gels were prepared by
incubation for 30 min at 40 and 90°C, respectively.

2, ASAIREDESICLTHIVEEE %R

BILTHIDOH

FNTIE, I, AsA % AN & 7Lk
W b DTS D He BFE, HIAPIZT IV
RS T A8EL L TI4F T r
ATPase R b 5 Y A7)V ¥ I+ — ¥ DIELEDHI
LNTW5E, TNHDOBEEED AsA 12 X0 iEHE
LS NAUT, AsA DTHEEIZ T Vi 2 B
LTWBaI LIl b, ZITINSDEHEIZSE
A% AsA DRNREMET L7z, TORER, I 4
T v Ca¥-ATPase IhETEIE, 0.2%AsA OIS &
DiE b E N oW, F72, FT VRS
VE I F—EIZH LTD AsA IZBHFE R iEEAL
RRE ol (R1DY, 2O EIE, AsA
WEFES 287 B & 2T TRBESRRR
EH7o6LTWAZERRLTWS, 22T,
AsA RIS % LAl MHC @ SS #& & E A1
R AMEAE SN2 DR 21T 7% - 726
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= 1 Effect of AsA on transglutaminase activity '¢

The activity of transglutaminase with dithiothreitol
and AsA was determined by taking the activity of
transglutaminase with no additive to be 100%

Additive Relative transglutaminase activity

(%)
None 100.0 £5.3
10 mM »
dithiothreitol 121.0£72
0.2% ASA 956 i 81

Values are the mean = standard deviation (n=6), those
denoted with ** were significantly different from the
control at p < 0.01.

It is known that dithiothreitol can activate transglutaminase.

3. ASAILEL D MEURIRADEME
BEROMS

AsA 78 DHA 2L S B BRI, K6 IR
£ B MIGTEMREAFET B PP, OVA ~
DEAURMERI R TIE, NS DOFEEBEOHM
Ha@oshnz?, 22T, ki, TV g
23 % AsA DB BRI RSO ERE F B
BowheE 27z, ST &, F o8y
BOHHEEM A D72012VE M= V&g
ATBY, ZOVILELF—=)LIE, BFoXT I
A (OHe) DAH NI ¥ =L LTHAH
bhwbd, 22T, EBICAAIZEDT O H
RCIETERE R AE U A REMEIC D W T E 37
720 TOHICOICEDELT L= T IL—
T bV YA (NBT) iz, »FEIFZEE
THEPICODBEELTWENE ) hEREL
72 (R7)5"7, ZDfER, AsA # MR 725D
g (®7-B) &, mmaizwdbo (K7-A) 12k
T, 40 BEIUOOCTThI#HICHL <L,
FLFOREBIZO,DAINY vy —ThHhbT
Oz hiizens (B7-C)e 2D &I,
THNHEFTH O Z2II LD ETHIHELRED
ASAICENFEL TVWEI EERAINRY D vy —
P ZERIR LT Wiz,

K2, BEREBIZX D AsA Ot (H6)
EMZ57-01CF L - MRITHLEYZFL
N7 I CAEEEE (DTPA) ZNZ, Z0k &
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(1) M (n +1) + ascorbate — M (n) + dehydroascorbate
(2) M (n) 02 — M (n +1) + Oz
(3) O2+2H" — H20:
(4) M (n) + H202 — M (n +1)+ OH +OH-
6 Production mechanism of active oxygen when
ascorbic acid is oxidized to dehydroascorbic acid 22

M denotes a transition metal.

: After 90°C
o= . incubation
A B C

7 Formation of the superoxide anion radical upon
addition of AsA to surimi '5'7)

After 40°C
incubation

Surimi (fish paste) containing 3% NaCl and 100
mM nitro blue tetrazolium (NBT) (Group A), surimi
with the same concentration of NaCl, NBT, and 0.2%
AsA (Group B), and surimi containing the same
concentration of NaCl, NBT, AsA, and 100 mM Tiron
(Group C) were prepared by grinding surimi from
walleye pollack. Each sample was incubated at 40 or
90°C for 10 min.

D AsA 12 & A MHC DEEILICE 2 5 5%
SDS-PAGE {£IC & W #E L 72 (R 2) DGR,
DTPA OFRNMNZ L D AsA 12 & %5 MHC D iEdML
D (T abbEALORE) ITHEEISH R
5N7ze T72, OH  DAHINRY T ¥ —Th bR
b 1) 7 2%, AsA OESLARHERD T % JIH
Loz d, ObDAINRY Y v —ThbHTF
O, BREICHIZ7Z ('3 ZNHDZ LI,
AsA DSBS BEIFIZ AsA 12X W FE L7 O
MG LTWAEZ EERLTW Y,

AsA DI BIGTERRFE R Y Vs B Y
RTI MY RGBT A LML NTE
D RBMOBARHELWEOBENTCHEH SN
bo ZZT, TOHRTHERAELZOZIZILD
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< 2 Effect of DTPA on the decrease of MHC by
AsA 'Y

# 3 Effect of scavengers on the decrease of MHC
by AsA ¥

Relative amount of

Relative amount of

Aaditive MHC in set gel (%) Additive MHC in set gel (%)

None 88.0 =6.2 None 77.0 218

0.2% Na-AsA 67.2 9.9 0.2% Na-AsA 474 +11.3
0.2% AsA+10mM . 0.2% Na-AsA + N
DTPA 87.8 £11.0 100mM Tiron 61.6 =121

) L 0.2% Na-AsA +
* = -+
Each value is the mean =+ standard deviation (n=8). The 100mM KBr 489+ 104

amount of MHC in surimi was taken as 100%. The
value denoted with * is significantly different from the
sample with 0.2% Na-AsA at p < 0.05.

DTPA : abbreviation of diethylenetriamine pentaacetic
acid, a chelating agent.

Each value is the mean % standard deviation (n=11). The
amount of MHC in surimi was taken as 100%. The
value denoted with * is significantly different from the
sample with 0.2% Na-AsA at p < 0.05.

= 4 Effect of AsA on amino acid composition of gels incubated under various conditions '”

Incubation condition

Amino acid Surimi 40°C for 30 min 90°C for 30 min 9050%’ f?c’)? e’jgr;n?;‘er
Asp 228 26.4 238 26.3
Thr 11.1 12.8 115 12.6
Ser 115 13.1 12.0 12.7
Glu 333 38.8 35.1 38.7
Gly 14.0 15.7 14.4 15.8
Ala 18.6 220 19.9 220
val 13.1 15.1 13.6 15.3
Cys 1.0 1.2 1.0 0.8
Met 57 6.8 6.3 6.9
lle 11.0 12.7 11.4 12.9
Leu 18.5 21 1 19.2 213
Tyr 59 65 6.3 7.0
Phe 65 7.4 6.6 73
Lys 43 46 41 47
His 202 208 21.0 23.0
Arg 10.6 12.1 11.8 12.2
Pro 75 9.0 8.1 9.8

Arbitrary value relative to a cystine value in surimi of 1. The amino acid composition is expressed as the mean of

three independent measurements.

CF BIEMMENY VST BICEH 2 b
OWTHME L7ze 73 VBOTORE, T
oy o881, 40 7213 90CHMER %
ToTHITLALTHERREICL Y EBELZITT
WARWZ EAHBHLE (R4, 2o ki,
ASADRT D HHOY U7 E x4 G L 2 WwE
ELWELBHITHDL L E2RLT VD,

4, TVEHIIXNT 3 AsA MENREE
DEDZ EDS, AsSADT ) FI2at3 55,

B BRI 0 SB5- LTwa Z LIFEFET
Db, TNTIE, EDIHITTHHDY Ny
BAER LTSS HiEEAMIER © 2 L Tw
LDTH?HI) 0o FHDHIX, 0,12X% SHED
TN NVEALIC L) SSHEAEAMIL DA T
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(1) Rf + hv Rf *
(2) Rf * + RH Rf*+R-+H'
B)Rf~+0, Rf + O

(4) O3+ Oyt 2H=—— H,0,+ 0,
(5) Hy0, + Fe®* —— HO-+ HO +Fe”"

Rf : Riboflavin
Rf * : Excited Riboflavin

8 Mechanism of the production of a super oxide
anion radical from riboflavin via photosensitization 2*

HOTERWhEEZ, bL, FOBEIZX
D SSHEEEABERSELOTH L, il
AL L T2 ICRTEIICHRASY v 8 s
B THAHMHC LIZS DB OLNEIETTH
o LD, 72AESE R EOEGTWHILE
FAY g (ESR) HICBWTHET LYY
FIVEHR D g lBRFHINY — T NHEL,
HRWICEONT Y ZF ISy — U EL I L
BHHNTWSE X, I+ VTR TED
FI50 T EBERGZAEZLSHETH A7, ESR
BEHGIZE, 202 7FIV0T5 Y hIVEHE
DR E 70 B Z EDITFHENT,

L L, FHESIAT- 72, WSS F5 >
ITETHBHFMET VT I v 2 HO D
EERTIE, oI SH EAYEET UL, &
BT NI EETH Se DRI DHET D -
7 27>o

FIT, A VI THDLIFT TS
SITHEHL, BT A LT, WEESHEZBE
WCERLIA T 2B, EREITo 7
L2L, O; O3AFE LTHW AsA 133ETC
J15558 <, ESRMIETIX, £/ Fe Fa7 A
INECEET VIO TV LIEL L
Molze FIT, AsA EAFRIZCO, ZIZ LD &
THEMMELZETLIRTIEY (R) %
v (K8)%, MHC 112 0; £ 1) Se 2356/
BhEt o7 (M9)Y,

AV bT v THEITH B 55T A F-1-¥
oYy y-N-FFH% 4 F (DMPO) f£7EFT, 53
pmoles/ml D #E SH 2k % & & I 4 ¥ ¥ ZHEHR
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A

>
1mT

X9 Detection of thiyl radicals in myosin by 5,5-dimethyl-

1-pyrroline-N-oxide (DMPO) spin-trapping electron
spin resonance (ESR) spectroscopy 20

A mixture of 0.83 g/mL of the myosin concentrate,
1 mM diethylenetriaminepentaacetic acid, 0.4 pM
riboflavin, and 75 mM DMPO in 10 mM piperazine-1,4-
bis (2-ethanesulfonic acid) buffer at pH 7.0 containing
0.3 M NaCl was incubated at room temperature in the
dark (A) or for 4 min under white light illumination at
325,000 Ix (B), and then examined by spin-trapping
ESR spectroscopy. Trace C was recorded under the
same conditions as those for trace B, apart from the use
of modified myosin. Instrument conditions : center field,
335.8 mT ; microwave power, 16 mW ; modulation
width, 0.1 mT ; amplitude, 2000 ; sweep time, 4
min ; time constant, 0.3 s. The magnetic field strength
and apparent signal intensity of the S¢ adduct were
calibrated using the ESR signals of Mn (Il)-doped MgO
powder.

TIREBVWTH V7 FVEHEO N2 >72 (F
9-A), 75, 325,000 Ix DY THRGS L Rf D Y518
BEEIBICE N FE L0 #EMEsEA L, 1
2.2 11255 L7 DMPO- S« FiED Y — 7 12
L 72b o2t sz (H9-B), 2D
Fidg=20025 2/ RLY AT A ¥ EDSe &
FEEDOY 7 FIVERICEM L T (Y27 A
Y ED Se Tl g=20055", 20D gD
I3, ESRICHAH L7287 VS EEDN S W LR,
FDIDITHENE L ) 7 FIVIEENEA
ik r®P rEIZLNE, FIT, IO
HESLIIMHTA7-0105% 59GSH # H
WTHHLZS DY 7 F IV (VAFA Y ED
Se AL g=20055)" X 9-B THLNT
PrFVEFEREDLER (K10), Ok
B TFILDEE— 213720 L —F L7,
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ImT

10 Identification of a signal detected in Fig.9-B

The S- signal (gray line)'® obtained using GSH
(reduced glutathione) was superimposed onto the
signal of myosin detected in Fig.9-B.

A
B g=2.0025 lfﬂ:

C
MMM\I\
E

11 Effect of enzymes on thiyl radical formation
in myosin

The mixture of myosin used in the ESR experiments
was incubated at room temperature for 4 min under
white light illumination at 325,000 Ix (A). Traces B and
C were recorded under conditions identical to those of
trace A, except for the respective addition of superoxide
dismutase (SOD) (100 units (u)/mL) and an equivalent
amount of heat-inactivated SOD. Traces D and E were
recorded under the same conditions as those of trace
A, except that catalase (1,200 u/mL) or an equivalent
amount of heat-inactivated catalase was added,
respectively. The instrument conditions were the same
as those stated in Fig.9.

T/, NNZF V<L A4 3 FIZX D) SH £ % (A
Lt SH 25 % 0.2 pmoles/ml 22723 4 2~
ZHWTE (325,000 Ix) B2 47-CTHX 9-B

THOONZ1:2: 2 1 DBETHHET LY
FFVESNT 0; D 7 FVPEIEY 1H.
L7zbormmansz (9-C Iz
Lix, MO9-BTRDOLNIZY 7 F IS, S
Hk$T2b0THE I ExRRLTWV,

RIZOL AR T X¥ —ThHbA—I3—%F
Y F7F 14 AL % —+¥ (SOD) (100 units/mL) @
EEME LS, EELY T FIVERE
DA O S (K 11-B), OHe D AH N>
Jx—THAN YT —+F (1,200 units/mL) D
MRE L 7S FIVREICEREE NS R o T2
(B11-D)s BT, TXRTDY Y IRTEHINT
VHNAIRY Dy =D& eHELE5bLET
WB A 2l g, IS S 72 soD (H
11-C) BLUOH % 7—¥ (K11-E) OHE%
MET L7225, BELY ZFIVIREICHEE
ZALIERRD SN o7z IEDOFERLI D, 3
F ¥ BITIZ REF OGIIESUG & D 584 L 72 02
2L SeAFAEL TSI EAHBLAY,

5. O, 33 AL O EDBICIERT
-X¥
AsA ICX 2 FITZ 0 VB BASREIE, X2
DA F — LT THEA SS B E ML OIEHE
WELBLZEDPHBELZ, 2L TIE, AsA L,
3GV UGTFOEDEHSITVER L TEARIEK
FRIDODTHA 90 IF T T OMERIC X
DEENIE, B4 IRT XIS, Bk
W I A Y VHHEFEENS oD EE, ZTORE
AT ZL, BENICY Ty FeidEs
EERBTHEENTWS, #2T, 34+
UhFEFEN) TV CMBICCYHT TS
A b1 (S-1) (BEES) #orenowy B (BHE)
BRI F, 0.2%AsA % Il 2 40°C T 60 5[]
PRIF L5 0 251k % SDS-PAGE #: % v C
BEFL 72 (R12)"7, 2 O/E, AsA HERN
D S-1/ 1y FEREIT 605 MmE L Td (K12,
Lane B), Kn#on b o (K12, Lane A) &
FOPEINY — T E AT D o7
A%, AsA RS-/ T v FiE# (B 12, Lanes
C ~E) Tl3MmEmsictlo Tl vicd A
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12 Influence of AsA on changes in protein composition during heating '*’

The mixture containing the S-1 (myosin head) and rod (Lane A) was heated at 40°C for 60 min (Lane B). The mixture
containing the S-1 and rod, and 0.2% AsA, was also heated at 40°C for 15 (Lane C), 30 (Lane D), and 60 (Lane E)
min. Lanes F-J were obtained by the addition of 2-mercaptoethanol to lanes A-E, respectively.

13 Morphological study of the heated myosin molecule by electron microscopy '*

Myosin (A) was heated at 40°C for 15 min (B) ; myosin in the presence of 0.2% AsA was heated under the
same conditions (C). Each myosin solution was observed by rotary shadowing. Magnification is x 40,000,

and the scale bar indicates 200 nm.

DNESLHEWE) ZEREGGTTWEPEL S I,
BRI S-1 U v RNy Rz
LWL T LMEANA LN, ZOEKRSTTW
B 2-ANVA T PIY ) —VORMIZE - T
WEL, S-1Eay FIZESLZ &5 (H12,
Lanes H~J), Lanes C ~ E CE#ibN7-EKE
SFWEIES1BLIUO Y FOSSHEGESE
THDHI D gholz, 72, S-1 DNV NI,
60 INERICE Y Ty FONY KX YA
BETE R THRA LTV (Fryy b A—F D
WEICL D, T—FIIRER V), 2D LT,
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AsA DTN E D, s-1 (FEHE) DFH Rod (B
) LR SSHEEAKREER TSI L
ERLTWiz,

E51Z, 40CIIBITEIF Y v OELSLOR
TR EBMEBETHEMSEICCHRELZEZS (K
13)", FMEo 3 4+ 2 Vil (R13-A) TR
R4-ADE S ICHERE LTHFEL TS I
Ty U RFDVEBEEINZ, THE 40TCT 1545
frFax—ar32L, M4BTHHL
7259 7%, ST DD GTIHEA L
= IF Y U OBERPBIE I NS, ay K
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AP AD->GIER SN o7 (K
13-B)s —J7, AsA #{HINT 5 (®13-C) &,
CDOEERT DI F T T OEDEIL, &
MRS AsA RO b o (K 13-B) L Y EKA
ILLTWD ZEREESI N, ZoiFboy
FERLAF D ET o TV AEBIZREE LD 5
2o 2D &k, SDS-PAGE D5 H (K 12)
EEEZAEDET, AsAIERI4IIRT O &
IF VoS MLER Y 2RO TVWHE LD L
25N,

6. ASANIF LU DBEICERIRE

DX B ASA L B I 4T 41 SS 48
W BARER) 1L, AsAIC X B 7 Y87 HD
WEZALDHE LI > TWVAEDTIE WV
EEZ, MR AV, AsA RIS &
LIFTUNTHDa- N v 7 AEEOEAL
rHIE L, bbb, I+ UBRELIE
ASA B I A T VBRI DOWT 40°C T 60 551

(%)
100

o-Helical content

Cc D

A B

14 Influence of AsA on changes in the a-helical
content in myosin during heating'?

Myosin, in the absence or presence of 0.2% AsA,
was heated at 40 ‘C for 60 min. The circular dichroism
spectra of myosin before and after heating were
measured at 4 and 40°C, respectively. Values A and B
show the a-helical content in myosin in the absence and
presence of 0.2% AsA, respectively. Values C and D
indicate the a-helical content after heating in myosin in
the absence and presence of 0.2% AsA, respectively.
Values without common subscripts are significantly
different from each other (p < 0.01). The bar shows the
standard deviation of 3 replicates.

VEFaANR—T gy LEOa- N v 7 AEE
DEREEISEOLEE%, 1 v Fax—T 37
CRIOME & MR L7z (B 14),

AsA EEH (B 14-ABLUEAE I+ Y v (H
14-B) D a- NV v 7 A& ORI 64.4 +
85% B L1639 +13.5% # /"L, MEMICH
B3 ol —J, 40CT 6052 2
TEIZXY, AsAESH (K14-C) BLUE
HIAT >y (M14-D) O a-~Y v 7 A&
378 £53% B L U356 £ 62% &b, M
B CIREEEN o720 L2LEAS, N
WKWEDVRLIA Y YHBPTREREIZa-NY v
7 AREEDRA LT2e SO &L, NI L B
s LdAE U2 DD, AsA DIEBIC X B
T I ATV OWEEAD AL NI L 2R
LTw3,

DEDZ s, I IHTHAAD
TEFAMSREII B L OREPIRBET 5 342~
DENALEER (F4)2 %2, AsADY VX7
DG  EE D725 %L, 7272H
MRS & OIRET 258 (R2)" 12k 5 T,
ST SS BT 2 RS 5 2 L THEWE
BEELZSLTWAZ EAVHBE L 72,

FbYIC

AsA IZE B D FITZ 0 MEN B (F2)
i, NUIBWTRBEIR TV AHEE (K1)
EIRVIZE > Tz, $72, EROBEEMN
M54 28822 (K1) XDIE, AsA D25k
T D 0 D5 5 MEEBED A%, B
WS HAMT, AL TWVWEHIIEEIGNL, #
T, ROMEIZBNT, SSHEAIZEIY L
AT A KE Y 828 (1S 7 a7 1) )
wHWT, F-ADAF— LT AsA DY EFFE
WH7=HENLDOPIRES L7z, E5612, /8212
BWTH FAMOME 21T > 72,
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