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Abstract - Myoglobin was isolated and purified by heat denaturation-gel filtration-
chromatofocusing procedure from water extract of skeletal muscles of the rat. One major
(fraction I) and two minor (fractions II and III) components were finally obtained.
Amino acid sequence of the major component was determined by an automatic Edman
degradation procedure. As compared with murine myoglobin, we found amino acid replace-
ments at 9 positions. Cysteine residue, with sulfhydryl group highly reactive to p-chlor-
omercuribenzoate (PMB), was present at position 66 in both rat and murine myoglobins.
The two minor components with higher anodic electrophoretic mobilities and with sulfhy-
dryl group unreactive to PMB were found to be derived through mixed disulfide formation
with cysteine (component II) or glutathione (component III) at the 66 th cysteine residue
of the major component. In view of the hydropathy profile, secondary structures of rat and
murine myoglobins were little different from each other and a prominent hydrophobic lobe
around position 70, corresponding to the E-helix containing the distal histidine residue at
position 64, was noted. The three components showed essentially identical oxygen equilib-
rium properties with neither homotropic nor heterotropic allosteric interactions. Half-
oxygenation pressure (Ps;) of the proteins calculated from the kinetic measurements,
assuming a simple bimolecular reaction model, agreed very well with those determined by
oxygen equilibria.
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BR, TomBIBETS~v 20 Mb 2%, Mb & LTk
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UHERTEERBC L 5= A e R=s v ELIET
HEBIAT-F v + (Sprague-Dawley R) 225, BN
HBRCBRHEFEM L. =Y ALAUL Ty P EBG
D Mb BT HEREV 0T, S —80C Tk
BEL, HEERIMU10g E5D%E>TMb %
FREL L 7.
Mb oFEEY

B OB — 7 MEB— 7 r= s T x —h TV IR
X o7V, #9160 g OERRERIC 4 SR OKBBLA 4 vk
iz, ¥=—%—%HTHE, EESEEHC.1000
rpm-20 min, 5CHIZ & v 2 fc LEXEEMPFRET, 50
CT-10 min)#%, CO &M L, BERRSEEILT 5. B2
PEBRIEIC XD, Buoi L CEERMb MA Dz AEL
(B Ho) W HEBRARZ CRET A LR TE S, 20
L5 L b Mb 8%, MERSMEERE K X
D EHE, BHESBEM L, Sephadex G-75(Pharmacia,
Uppsala)# 7 2B X B cm)ic X b © A7 v =+ 7
574 —0LG0mM Tris50 mM NaCl-1mM EDTA,
pH 7.5), EHIEMb ikl 7. T X 5L ik
L7 Mb ES, ¥ VESKE ERBTHETH- ol
%, PBE 94(Pharmacia, Uppsala) ¥#fk & 4% 7 rn =
T =y Y SR LD B L ERR . b
B, RESATEE Mb B 100 mg) & R4 B R E
#%, CO#RM 1 A vKiex L 1 EHTUC), KRR
SRS, CO ff 25 mM Tris-acetate FEE W (pH 8.3)
PERBEREUCOANTIHMLFEL TH i PBE
94 » 7 ~ICERIN L, PB 96 % (Pharmacia, Uppsala :
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Eels < pH 6.0 12 58%, CO fAFIL 1 + v 7K T 12 550
TREMEBH L. BSEX 1ml & L, 08 % 25 BRI
L7c#, 18R CO i f #+ v Kk L&, Phenyl
Sepharose CL-4 B(Pharmacia, Upssala) ##{k & Lz
BUKHEIEA 7 » = b #:(80 BEATBRLMHE )P X b
EHBEICEEND PBI6 RBRELL. 20X L THR
KEC 2 b £ E, CO BRI A + v KICH LB
U CRE R BRI U8, B8, E N o/ Eiic il
%, —135C TR L. EREAENCLEREY
EOHL, BB DIER L. 7 r~ P EFIIE
TERERZE ACOATIT, FHARERA Tk%, CO
FRL AW
F 7 U IVBKKE

Smithies DHEIZIERE, BHF v 7 I h AL
FRBAT Y 7 R AGTRE L. B 0.04 M
Tris-EDTA-Borate ¥ (pH 8.6) Ticf7\ ~(4C), ¥k
BT @, 500 V3B v & 2 5% L€ Amido
Black 10 B $+f 1 7.
SH i#&xE

p-Chloromercuribenzoate(PMB) % Fi \» 5 Boyer ®
SICFRREEE T X W EE Le. Mb 3Bk L 0%
#2879 (0.1 M phosphate, pH 7.0013FH COIC L b &
<EFMLCAHV, PMBURTBRELOHEELEEL
BIERA L.
Mixed Disulfide Dt&H, FE

Kumari & ® HPLC #0102 HEHL Uie. Mtk E
Bk, Mixed disulfide & etz A < 3R %8 X EATR
T 5z LimX b, %% disulfide BUCBIS-3 % 5+ —
nAb&% (Cys~glutathione )% 2 A 7 » vEL(E R
Zh cysteic acid~glutathione A v 7 x VIRIZ) T % &
FRHZ, 7oA I U, BEEIR s, HEEAL 7
v % Centricon-3(Amicon, Beverly, cut-off 5+ F& :
3,000) % FA CRRAMEES BERS, phenylisothiocyanate
(PITC)M¥E L, #4 U 7- phenylthiocarbamyl(PTC)-5
Bz yHE HPLC ¥ X b HBERIE Lic. #AE» 5 & &
LTl Beckman ODS-18(4.6 X 250 mm, 5 um pore),
Rz 13 0.1 %triethylamine -0.14 M acetate(pH
6.OFELT%7 =1 ) A%E, FHE0.5ml/min
TR TF isocratic CBFEH L. &k, DEofizix
Waters 625 LC system % i\, PTC FHE A OBE 1
251 nm FicfT - = ¥/, AEEE L L TiL, Cys,
glutathione B % FEREK & AR, 4L
fo.
JoeraniRs

HCI-7 % b v3E(=20C)""c X b, MbCO Edr b
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HPLC—RTH M FewvEYS

LTF3BIh 2/ vy —=x7F 24 V%, HiE
Cosmosil 5 C18-AR # 5 & (nacalai tesque, &S 4.6
X 150 mm, 5 um pore) &\, Waters 625 LC system
2 X %4 HPLC i (Z]R, W& 1ml/min)ic X b 58,
HERTEAF o €—2713215nm TDE = # —FEREEH
BL oo HAFSEE ThZhEEEZERLE D
Trypsin {1t : X7 = € v EEH 1/100 & o TPCK-
trypsin(Worthing-ton, Freehold)ic X b 0.2M NH,
HCO. &% (pH 8.0) Fic 37C—4h kL 7. 2) Sta-
phylococcus aureus V 8-protease ¥t . X7/ mrEvE
B H1/200% © V8-protease(ICN Im-
munoBiologicals, Costa Mesa)ic X v, 10 mM BEER 7
vEa=vs(EH4.00TF, 37CT2hiHbL. Mk&MH
T, =7F VREAERERA & LT GluEEo C KAk
Eh5®, 3) Cyanogen Bromide W . 7smrevi
70 %FTRICIAM, 7w € v L %8B0 CNBr #ii 2 TER
TrI6h IRE L. MeasktT, Met B0 CRART
FEEVINI SRS, DEo3ETLOhLERT
24 FREEE, Milli-Q KX b/ RREIE LD
BAEREEE, Elom M HPLCEIZ X » TR 7 2 A
Fome U7, BERYE S LT, solvent A1 0.19%
Y 7 v v HER(TFA) KB (pH 2.75), solvent B!
0.1%TFA/90%7 = + = b U A E¥(PH 2.75), sol-
vent C: H,0/ 7% b = } Y ASBEAKEA, 7+
bR Y AOERBEARICL ) RTF A4 FREH LK.
7k, BERE D profile 1%, £ 3BDOX7 21 VIESY
B, 2MAREE 8D X 5 TR LK (Table 1). ¥4
BRT v 7 CHERT 3 KEBRE, & T MilliQ Kx A
TIERL L e,
7 3 JBRERSIDIRTE

BBt Edman 5B X 7. PTH 7 3 VB0 4
HERIE X, Seque Tag™# 5 4 (Milligen, Burlington :
PTH 7 s /B4 #A, 3.9 X 300mm) % %i% Nova-
Pak®R C18 # 5 & (Waters, Milford : HPLC A, 3.9 X
300 mm) %A\, ProSequencer 6600(Milligen, Burlin-
gton)ic & » EME(E =% —§E | 215nm ¥ X 0° 316
nmm) CHESH L. » v 7Y v 7 membrane & LT
1% Sequelon AA (Milligen, Burlington) %% & L, 42
12 U T Sequelon DITC(Milligen, Burlington) % 5
Lz, AE R T 520807 3 /BD 5D, H—
Cys 3% PTH FEANRLE a7, BH O Edman
BB X > TIRET 2 ERATER. TR,
Sequelon AAJEIC S v 7V v 7/ X8 Cys BRERT &

*® &

1 P EREHEERID S-v ) 2=t L e, BE
© Edman Hf#E# BT 52 &k, CysBEXR
&L
O, PR AIE

BEEAOSHENFEPIC X b JEL2Q0C). A
EDEHNC, —135C THESHRAE L T\ 7z MbCO B
D HLUBEE, EEOBREECT3mg/ml Linb X 5%
WU, ks, IRE TCBER 60 W) Z3ng#ERE LoD
B 100 %0, % 3057 5 v+ = LTMbOfLL, Th
FRERR L L.
0.fZ8t—1E 4 Kinetics DEIE

Stopped-flow 4t HIESE (Union Hi#F, RA 401D %
FVvs, BESRD & 3 ) 220,485 7 b OV RBE NS DR E
WOMTE R - 7. WELVOXBERER 2mm &L, K
BE% Tkg/cm?E L& O dead time 130.9ms T
Bt RIGEEHO MbEE 10 uM(~ & b ic
»), 0.1 M phosphate &% (pH 7.0), 20°C i@l
L, BIEREE L O 58 KIEDB 4 430 nm, O R E T
1% 415nm & L7e.

AR IR E TS TR e 7
3 BEAIREAREIC SO, T =R, 4
ySmueAa7Aa—n, 25— IiXHPLCH %
(nacalai tesque, ;#), BEER, BEf= /1, n-~7 & v
27 3/ BESIS ¥ (nacalai tesque, 5UEF), PITC i
7 3 %1547 (Pierce, Rockford), TFA i3z AT
< I xREgEESTAEE, "), 4-v=ryoy, b

Table 1. Elution profiles for the tryptic,
V8-proteolytic and cyanogen bromide pe-
ptides from rat myoglobin

Time Solvent
Peptides K
(min) A (% B (%) c %
Tryptic 0 100 0 0
40 85 15 0
80 78 22 0
100 54 46 0
115 30 70 0
120 0 100 0
140 0 0 100
V8- 0 90 10 0
proteolytic 86 30 70 0
96 0 100 0
106 0 0 100
CNBr 0 90 10 0
90 50 50 0
100 30 70 0
120 0 100 0
130 0 0 100

See text for the compositions of the solvent.
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Fig. 1. Gel-filtration chromatography of water
extract from rat skeletal muscles after
heat-denaturation (50 ‘C, 10min). Se-
phadex G-75 column (3X 95 cm) equilibrat-
ed and eluted with 50 mM NaCl-50 mM
Tris-1 mM EDTA (pH 7.5), 4 C. Fraction
volume : 4 ml.
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Fig. 2. Visible absorption spectra of the fractions
A (Hb) and B (Mb) in Figure 1. CO from.

Y 7+ a7 3 VER(Aldrich Japan, Tokyo) % % i
ZRERA L. 7, BEPTH-7 I VBRF vy b RIV
PTH-S-t ) o4 =5 A Cys & LTRERERAECK
B%) % X 0 Applied Biosystems Japan(Osaka) D5 &
Fuie.
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1% 540 % X OV 578 nm ICIRIUE K, 570 nm ST 85I 8
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Fig. 3. Chromatofocusing profile of the fraction
Mb in Fig. 1. About 80 mg of the sample
after overnight dialysis vs. H,0 were
applied onto a PBE 94 column (1X20 cm).
Absorbances at 540 nm (—) and pH at 20
C (= » —) of the effluents were monitored.
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DIDIE~ & 72 AVEL DRI ERBRE SR, #

WHMBEEL R RYUEBRET D ADELAIR, ¥
AMEBIZX Y MbESHLOMEREIRSZERRL
Twa, LhrLlhdid, BREBECI R s,

B4 B (Mb B i iiin ks v 0O REBERLS OFF
FETHT Lo lDT, EbLz7e< b7 x—h
v P X BHiA B RS (Fig. 3). FofsE, B Mb
BEBEAWEEBESRLRICT S 4 EU EoRHRBR
NEETBERSNORS &b, FlrosE
P BRTES 1A B Mb, BEH2-4 13 Fhd
MbCO THBZ bbbl 2=t 7x—vv
B 1-4 #5E L, BT % PB 96 B BUKHEEIER
7r< VEPRIDEELEE, TSV LBRKSE
L. FoiERFig. 4 Ao bES 2 28 COE Mb ER
(@5 1), B 1A MbERSES DD 2 E L
Mb X b % cationic 7edE~ & 72 AEL DBERS, ES
31z k3 Mb R4S (@4 1) & 2E0 Mb B4 (&5

"o’

II, ID DEARS, BS54 3ES 1 &ESTORBRS
THBHT ENbhote. FOH, EH I KI 4 2EE
sme= b7 x—prv LT, B, MEHEREE
ciifl, BHBET A LA TE . Fig. 4B, 1073M »#
NHT =R = AEEUEETIR, EREos7r< b
¥ =y PES 1-4 R BSHE L RT, B 1, 2
DB & — VI BB bR worx L, B
53, 4 OB EESI, Y3 v F23HEx
T, MbERSELS IDIERIET HHE—Y FDOH IR
STWAZENREREINSG., COFMRZZ7r~t 74—
BTV Y SEEINDES 1-4 DM, mhHE
ERECKEeEE T2 tELEbRDE, =VA
Mb iz oW THEEbhbh i 2 iR LAk B 1
M native 725 v b Mb, B4 I, MEZhZhES 1ic
3k U CARL L mixed disulfide TH 5 & &8H R
BT BEREELLNS.

S b Mb O 1 RigERE

Fig. 4. Starch gel electrophoresis of the four fractions obtained by
chromatofocusing (Fig. 3). A : without mercaptoethanol, B:
with 10~3 M mercaptoethanol, indicating the disappearance of
the anodic heterogeneous zones observed in A. 0.04 M Tris
-EDTA-Borate buffer system (pH 8.6), 500V-3h, Amido
Black 10 B stain.
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Fig. 5. HPLC peptide maps of cyanogen bromide

-(top), trypsin-(middle) and Staphylococ-

cus aureus V8 protease-digests (bottom)
of rat myoglobin. The peptide fractions
were collected by spectrophotometric
monitoring at 251nm. Waters 625 LC
systems with a Nacalai’s reversed phase
Cosmosil 5C18-AR column (4.6X150 mm)
was used under acetonitrile gradient elu-
tion.

Fig. 51c, 3 D} (CNBr 4L, trypsin {H{b3s X O
Staphylococcus aureus V 8 protease {HIIC L H T v +
Mb 2xb zbhicX7 &4 FieonwTo HPLC-R7 %
AR o=y 7%RLIc. ZOLXSRLTCHHLIERT
FAFVEBIO e v Z0E %A, BE Edman 4
REOZ X D RE LT v P Mb1 k%% Fig. 612
AL, 7 rev{£5TF % Sequelon AA BTG X €

B, SEOFETIEN KNS 0~60 L ETDT 3

JBEFIERETH ENTER. ks, 7§/ BEF
DRBIE DT> TiE, BECIRETHD~ v 2 Mb 1 XH
BEORSR, EL.

FETH RN X 51, foAEL F D Cys BT &
ZFFEL THBE O Edman 5 TRET H Z L 11T
&g\, £ 2T, =Y &2 Mb 1 RS SOEHT, 8%
5L Cys BMIETH L BbN B 66 M Fis VE-~7
# 4 ¥ 55-85 #F\, Zh¥% Sequelon AA Rz & X
7%, Hirano boSHEVIZL H S-v ) or=51
1k, ¥ O Edman 5 X ) INRE X T - 2. £
DiER %, Subtraction LE IR L 7= D 23 Fig. 7B
T, $66ficiy, FRES D S-v Y =9 1-Cys
(Fig. TA), L7cho T Cys BENBRHE I N I,
HOSALITIXGly It BT 5 A — 278, ThiFHE
5 b I hie.

SH &%E

<7 AMb &R, v b MbizkW\WTh 15Fhic
b 1Z%3, N KR bE 66 f1ic Cys DFAET 5 & &4
BT TE o Te. Mb 70 F O AR 2> b AT, UREFBAL I
DFEECALBE L, Licdto TUR SH R LT
BEWRIEEERTEELbNS. £Z TPMB 2w
% Boyer "z X b, SHEE L iR Fig. 8 TH
5. 7y MbERSTHHEL [ coTi, FRE
50, 140Fhch 10 SHENEE S hich, B
4(EHIICEBEOES I Z&E) 2\ Tik0.16 SH/
mole DNEE SN IBE T, FREUFEESITRWT
BERIGH SH A€ r L WHFERN 2 bhi. Bl
DWTh, EFIERT SH MEEInehote. &
72, Sephadex G-10 # 7 £ (2.5X 40 cm) % B\, 0.1 M
“ANHT b =g ) - VBT B LI Y, BT X
Olllo SH EREHFELCEBEL T, BEL I 0BEL
FkED SH Kt ERT & L dbbote, B E—EDHE
£ix, B4 I D66 Cysicis\T, mixed disulfide 2%
BEhHEER, B, 4T 5ATHEN 258 < Rt
5.

Fw b Mb IZ#(T 5% mixed disulfide FER
BEicifi~te & 5z, < o R bAT, E
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Sequence No. 9 13 19 31 35
Mouse GLSDGEWQ LEJ VLN VAL WGKVE ALl DLAGHGQEVLI 6Y LFK TR HPETLDKFDKFKNLKSEE
Rat NET ILE ay SER LA
Sequence No. 57 110
Mouse . DMK GlY SEDLKKHGCTVLTALGTI LKKKGQHAAE IQPLAQSHATKHKIPVKYLEF ISE IIE I
Rat SER VAL
Sequence No. 119 153
Mouse I 6 VLKKR HIS SGDFGADAQGAMSKALELFRNDIAAKYKELGFQG
Rat TR
Fig. 6. Primary structure of rat myoglobin as determined by an
automatic Edman degradation procedure. The result with
murine myoglobin'® was also shown for comparison. Amino
acid replacements were indicated by three-letter designation.
Lor (a)
0.2
0.8t -
o-6f 2
L\
: O.1F
o W
»n
=
o L
= 0
_ (8) _ S
o o.2r 0 50 100 150
* 0 M ) PMB b
Fig. 8. SH titration by Boyer’s spectro-
-0.2} photometric method of the rat myoglobin
) fractions obtained by chromatofocusing
-0.4k (Fig. 3). O-O; fraction 2, @-@ ; fraction
: 4. SH titres were 1.05 (fraction 2) and
-0.6F 0.16/mole (fraction 4).
-o0.8} FEES I, 237 » b Mb &% mixed. disulfide %
o 5 o o RORRELCAEEE FhO TR £2T, Cof
Minutes BEME %, Kumari 50 J#k(1994) X ) EEEBIEL T
. o . Zie. FORER, ELl, IikzhZFhs vy b MbDON
Fig. 7. Sequence determination by an automatic o .
Edman degradation procedure of cysteine RinbEE 66 AT % Cys D SH & Cys B L U
residue after gas phase S-pyridylethyla- glutathione & DEICHH & 7v % mixed disulfide TH
tion . = .
: BT ED iE & ni- (Fig. 9.
A : S-pyridylethyl cysteine standard N EE%;E i=(Fig. 9)
(arrow), B: sequencing of the O #EEHRE
V8-proteolytic peptide 55-85 after the der- Fig. 101c, 5 v b Mb E4 (&4 1), glutathione
ivatization. The data after “subtraction” » @ mixed disulfide BRIC X D 2 UAEAL, 3 X O
was shown, indicating the negative peak of . o ~ . B
65Gly followed by the S-pyridylethylated Cys & @ mixed disulfide BRI X b & U @4 ico

66Cys.

WC e O FE g 2R, ok, Bo I 0F — 2 3R
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2% 48R, BESINIRRS 2BERCOWTORRTDH
D, IR NA WA REEEET (ROFBBRO T -
fo.

Stopped-flow Y= X v, B4 1(0.1M phos-
phate, pH 7.0)120\ T 3R 3 7o O,/ B B = H ) 1%
22.010.6s'(n=5), OfEAHEEEH K’ X10") DfEI
22.0+0.8 M'-s7'(n=5) & 7z 7. heterotetramer 7z
AELTHB Hb L3R 7, monomer 7 AIEL TH
% Mb ic¥sid 5 O.ff#, & KIG1%, monophasic 1z

0.2

(A) (C)

Absorbance

O.l | -

I N

O L 1 ll 1 1 1 1
(0] 10 20 (0] 10 20
Time (min.)

Fig. 9. Reversed phase-HPLC determination of
mixed disulfides in heterogeneous fractions
of rat myoglobin after performic acid oxi-
dation followed by PITC-derivatization'®.
(A) : cysteic acid (1) and glutathione sul-
fonic acid (2) standard with the retention
time (R. T.) of 8.380 and 9.100 min,
respectively. (B) : rat myoglobin fraction
1, (O : rat myoglobin fraction II (R. T.
8.312min) and (D) : rat myoglobin frac-
tion III (R. T. 9.173 min).

T35 C &2 REDD BRT B, & e 0 O, P4 L4

M BREEARNICE o TRETEHS, ZOBEOKE
SPEER K 13,
K=k'/k @

CroThEzbha., —7F, O, FHIZRKIT 5 EF Po,
(Pso) & K & ORICIT¥ EBAGR DI 5 DT,

Py =1/K/=k/k’(MD @
X oT, Py BERHNCETE T 5 EAATREL 72 5%,
Fig. 10 OSE#REHRIZ, EEOEREERME Kk, KDnbHE
Hi U7 PyofE(0.5940.14 torr, n=10) %\, HEIEH
FR(Hil R, B, n=DcXHitBELL5 » + MbES
L oW CTOERE O, PR Th 5. PHEIEICL D 2
TeREFER LB I ) 2 bh Bl s X {—%%
L7z

= £
Sw b Mb D 1 KiEE
“ELZRETTHRRILIOIE, AU~NATAIELTH
n7eai b, Hb icth L Mb o, #pEcBi3 5558134
, EREME LCEAEhA S5 vy b Mb 1 Xk#E

o
0.8 o ©
0.6} .
8,

™ L

0.4

0.2

o 1 1 1 1 1 1
(o} 1.0 2.0 3.0
F’o2 (mmHg)

Fig. 10. Oxygen equilibria of rat myoglobin frac-
tions. O-O; four different preparations
of fraction I. @-@; Two different
preparations of fraction III. X-X ; Frac-
tion II. Solvent conditions: 0.1M
HEPES-0.2~0.4 M Cl- (pH 7.2~7.6), 20
‘C. The curve was drawn assuming the
P, of 0.59 torr, which was derived from
the kinetic measurements (see text for the
details).
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Mouse Mb

Hydropathic Index

60
Sequence No.

1
90

Fig. 11. Hydropathy profile of rat myoglobin as compared with that
of murine myoglobin. The profiles were constructed accord-
ing to the Kyte-Doolittle procedure with 9 amino acids span.

DWTHREHREN V. SH, Z0D 1 REELHREL,
HED~< AMbDZHOLIE LIz 25, 9EFTO
Leu — Met, 13 Val — Ile, 19 Ala — Gly, 31 Gly — Ser,
35 Thr — Ala, 57 Gly — Ser, 110 Ile — Val, 113 Glu —
Gln, 119 His— TyDieR\WT7 3/ BERIL LI
(Fig. 6).

ZRETORENOHRBLRY, FHEY Mb T Cys 7
E2 b ObDRELDTHTHS. Tibdb, EEEC
B3 5%e 13K X 0T F ¥ (Hylobates  agilis)?® D
Mb T N K2 b5 110 A2 Cys BEFEEEL, F il F
& =<7 v (Thunnus albacares)® Mb Th, 7 3 75

WoORR, 15FHib 1BED Cys BEENFE IR T
W52, T DFTFERMLERETH 50, bhbh OHEIC
BWTh, BoLBME 14 B 24 18, WHE7 B 13 B>
T, Mb 1 KEERHRE L2, Cys BEAL L OL DI
ETHo7c(Enokietal.  RKFEHE). <7 2 Mb ik Cys
EHOMBEHEHO—2>TH> T, NE»DE66AIT
Cys AT SO, &H, v F MbizoW\Th, ¥ 7R
Mb 0%E & R—ALc Cys BEDHFRET 5 2 L v R
L7c(Fig. . D, v b, =7 ALDOWTHbR
XS EEE EOBAN, FomEeRehTIZES
BT DNE S D DOWTHIRE Lick 2 5h, <7 R,



Sy VEWE A R €Y OBEE L S (377)

Ty PERAUToBWERX X IHACBT AT —A TV
o ~ AR & —(Mesocricetus auratus) ® Mb I3\~ Ti,
1 XEE L Cys BERX LAY, ALK Y~7 7 vH

BeB357 7V 425 K3 Y¥Y<7 5 (Hystrix cres-

tata) B X ' v E v b (Cavia porcellus) Wz B\ Th
Cys ixx bhis s 7o (Enoki et al. | RHK).
S b Mb O 2 Rigis

SEBELzIXRBEBERESE, Kyte B X O
Doolittle D 21 X h 3w % Hydropathy profile
2ER, Zhvk <=7 A Mb D Fh &R H L Txni-(Fig.
1D. W Mb X 9 BT s T 7 § V BEBERED S
Zhvhvd 53 ((Fig. 6), Hydropathy profile iz X - T
LZBHRY, WED 2 REE M5 FETEHDT
I<EULTVBZ Lbhs., EBLTHCERZI R
DU, 1062 F 0 E L THR DR %\ hydro-
phobic lobe "G, 43%EikiE Mb & O, & D RIHikE &4
CEER b Db ok R 5EM His BRIEGE 64
A1) & &1s E-helix @G35,

Zw b Mb IZ2&(} % mixed disulfide FZEL

Te AEL WHFET B Cys B SH(Pr-SHE, 4k

TR LEUES T 5 + — LA (RSSR) & AT R
LT, @5 mixed disulfide /&% (Pr « SSR) %
B35 EBRMbRT\5,
Pr « SH+RSSR 2 Pr « SSR+RSH €))
¥, TORIGKBETHESFFA—1{bEGmE LT
1%, glutathione(FR{L.7) = Cystine E 2 #i&E I h T
B, e AR CHFET 5 SH 23, AGEROBE(- & 2
i, MIBEEE O integrity) SRR (7o & 2 (XBESRIEM) O
BrBEERrhb)Eb 2l LIXOALGbLA TS L
ZATHB. Lich - T, EEED mixed disulfide K
J5h, Z0X 5 BIED b AKEEOREIC A WA
HTBRLTWAbDEEbh 5., BIOEFEREHZh
T\W5AH DI, oxidative stress RFIZ4 3" % oxy-radicals
Fofhic X BHEBEES L OBETHB. mixed disul-
fide DB (FEHIE, FEBL DX 5 gkl
31} % PreSH @ & b g 5 A7 & 21%, Pr
* SOH, Pr « SO,H, Pr + SO,HDIckf 3 5 —MED LKL &
LT b 2R LT A EEIEHI T
%,

Mixed disulfide DE L, ZhE TEE D AIEL
DWW THE ER TV 5232, Mb 2o\ TOEILE
EThot. BEbhbhlL, =7 AMbIEEWT
mixed disulfide DR Eh 5 Z & & RE LY, §E
EHERT Yy P MbIEDOWTH ZDOEREHLNIZL 2
7=. Mb 121} % mixed disulfide W D £BRHE D

VT, BRETEARLTLIBALATRRGE, &
BHRLH &5 Mb 2B T 58 EILE T, BERIC
K17z oxido-reduction V_ADEBRET B Z L &E
2% &‘, Fizif <7z oxidative stress 1zxf 3 5 PR
D—BERL T A TEES 5B Lbh L 5.
Zw I Mb 0 O,#&&—RBERS

FPPERPT 7o —FRIIVALDI IR -7 &1,
O, I T 2B RN EL KA DbRIRNZ ETHD
(Fig. 10). L7cdio T, EFE~L2AELTHH Hb D
BAwRAZ BRI S X 5 InfE 4 O heterotropic  allosteric
interaction Zh& (7= & 2%, Bohr ZEL7 =4 vHHR)
w4 Rish oz, & bz, homotropic allosteric inter-
action R b &< Z b T, O, PR XEAZ SRR
w7 L (Fig. 10). Th b oM, Thi s
ERTVBEWAVAREMbEBELTCHADR TS E L
5 ESEEI—B LT, ¥ 1z, Cys % glutathione & DfH]
IR & Auic mixed disulfide-Mb(E 411, Do O,5F
i, (LB LR T BIMALEE 66 £, ~AD Y &
VN AR B O B B 5 64 iz HisGEA His)ic &
GEEBL TV B2 b native £ R4 (E 45 1)
D &L ENLh - (Fig. 10). & D RITDWT
b, Hb iz oW T2 bR L TRV ICRin 5, &k
Z, B, Stopped-flow 7tk TRD e O, HE—FEE K
IEREER K, kKD) b, Mb & O, 0B 2 5F G
FREL T, BEMANCEH L O, FihiRiE, SERhR
LI —FH L. ZoERE Ibhbho#sli
4 BOBHERY Mb oW TR E 4 —FKL, Lk
Do TRRBD VWA WS LFERD D >z, Mb & 0,&0
ARG R T, WS FRORIGEBICER O RIGF
RMEDHEBLZR\ LIk 7 AVE ST I S, (B
AT B EDO R NIELECEETE 5.

Eil Fixd

Faa# 2 5 \Tigs, ABFROHELE, RILOBEMMEIC
bl b iz X HHEEE L HEEREL R - ol BRI
DIYOWBEELET. Tk, 1A/ vV 1 REE
DOPRFCHI Y, BEAMEBII T8 2 BB
%, AUREOTWRICEH - LET.

AWFEOBEEL, FRTEI R, H 72 BARERESS
KRETBVTRE L.
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