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myosin B, myosin A %2 meromyosin % A\ TEMOEEL TN, - hb o fibrous 7oA,
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FES TR & RS T 5 REXR OB, BT I 2AROBELYELD LT
D—DDOEBRBH L DT, O EEFICH LT T L70DHIT, globular ZefkADHE LT
v o JFRE catalase & MV, BESEAZIC L 5 conformation DA LH = - Z 0 BLEREE T
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i L BICsRE X R T BA, ZDOFE conformational FeBALAVE D A E S T O TR
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Lo THE IR T2, BEEROSEEOBREHL Ty, BMTRIBKETHD
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17y, Lim'/)?\\@’%ﬁ)ﬁbi PR L L U catalase 1x10 8™, H;O, 1 X10 *M, 1/15 M phosphate
buffer pH 7.0 T, 20°C CTMZE L7z,

FREEMIZE (X, Ytk 50 # > Ubbelohde FIE R4 Lo, ﬁlél(ffz' % 0.4~0.14% OGP TR
20°C THIZE L fo il %ﬁb ﬁﬁmkﬂwc@mmﬁiwrﬂ¢®ﬁm®gﬁ)&@mﬁ%&lm
Nep/C) H R DI,

FEARY bt, BHEES5 V-50A B E 5 EEH R ik A 37 - Perkin-Elmer 139 843365
BEhc ko, lemoAEw L2 AL, ERARECL4% & L, native Jeilkhba il & U -CIlzE
Lz, BL, BREEOWECL b K RE 40T H L.

IREmE ., Hiz UCA-1 4 it MmO Ay, RS L OB R R 1,

EAEEL, 278 mu & 405 mu O RILOE 1 5, e><10 5=40, ex10°=3.1% i\ -}hE
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B O AL O F¥ DL S5 L Th S ote, B, catalsse % B 05%, 1/15M
phosphate buffer (pH7:.0) i Fi%& L, S5ml #HRBS (R 16mm) T & b, lig N, TAH LI
propyl-alcohol @ bath 1= L1-, #£% AW —SEOME T XE 5 DIz, —20, —40, —60,
—80, —196°C D ED bath %2 < by, MHKE LB I0HB B LD BEVIEEABL,
DB CORAS L, AU IEBRE % 30°C @ bath It AhiR YD Te b 1778 » e,

SR, 230mm, X 10mm O F JAFHAREY L0, FECRE®D bath iwi%
LTHFEL, BHCERERY 7OREZREc & 0o, 6 RMEE L, TR likig
T B Iz, T ORKE FIC Ik R v 7 T 6 R L, R LB 0°C TR L
RIZE A= 1/15 M phosphate buffer (pH 7.0) THE /@ EIZ AR L7,
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oo R T hamd, Ricihbh b I 5, HEREDE IS L CBEREN
METLTwD, BL —196°C TLXHED 40% 2 EOFEENE > T 5B,

[ UERhZ oV, 043~0.14% DR EHIPA T, 1/5M phosphate buffer (pH 7.0) #
ELTHEXRE Lic, RUCE IHPC Lo RIhtus, BEHRENET &t
MNTHIENBEIMLCW5 X 51Tz b2, kit myosin FOHEEE L 58 L HXEH LS
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na,

X, @UEEHC DT, RAED native 7ARAE AR E LT, BEEEA7 PAXIE
L, catalase 278 mu, 405 mu (Soret band), 620 mu BRI KO — 27 R o2 Lit Xk
bR TD, RiFIEEIC tyrosine BHIC L & TLKEATGOBRNTH H, ZDOMEDOEE)
LB 5 D conformation A LA Kk LT 5, —i%iC globular Yo EEIC I\ Tk, 7
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Dyg & 40-Dags Ol & HAERIE & OBRILE IXPITRE R TV %, Z OENLHD L5
Iz, —20~—196°C DT, %53 & Soret band DWW & A EEAbILIe <, BRI D R =
shift (IS, BL, RADOFERFE CHICHERC 7 v — FTrTrkiinmbh s o LT
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FU <, EEEEMAE LR LT, @O X AR A RS, TS WE L
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%5, MicRbh? X 5ic, DI cBUIC kg 0t knbh, @m: 6~3% ORI R
LT %%, DILGIRE Bl 3~2% TR T LT 5%, Bih, RER v 7 Col (1335
ETMAK) T X o T, BEESEIE LA SERIC Kb, HL, O % OERIFGHE
B HROBFIC A5 R 5 X 5 I BEHRE~ D RIFIE 2R LT B,

DI & DIIiz 2T, i & U L, RAHEO native 7e Bl B E LT, EANZ P axfl
SE LT, #31x (DI), #8541 (DII) O R, b ba5 X 510, BEMMOEE & BY, 405mu
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DI BO'DI &z Ehic2ouT, HEREY RS, TREERXHELL, F5XEO) i,
DID 16T, MBLHLBEL T a— FIXE—EA2RL, S QHEEED L MEO AT 2 h
HHY, 36~41 TRETNIBOMEARLTVA, AL LT S B U catalase 23
subunit W L e EA R L, BICEET D L 51, subunit 1@z 2 D, monomer ik
dimer THBHZ EERLT VB, , Sww? 38 L Sy, BRI 7A» ) RLRE/LLECE
LT H A subunit Ofid X AL TuB, HE, TEEORBERAEOR, 4285 &
625 S5 (4) , 1108 &£ 64S DG ~DRRHEN B DRI FIN D - 1o, WML <,
HARER RO S & OBIRITEE B 2 Tl Ty,

IONDOERIFEORT EF LD TURIND, ZOKRSD, catalase (XHASEEIZ LD,
— Bz 38S D — subunit iEE L, RIFFC O LE LT, Soret band ORI DE L~
P&, BREEDRLALTEEREE DRSS, InEORENLIL, TR ERE S
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BHAGRARC X B catalase OEEEE MO LFICOWT, /MY OME T EBREOKT
ECRES T %25, —196°C TixkiEp P oo &, X, PUEEYY OSSR CRmERE
—30~—80°C il TH 10% KiET % 2 n LIS O E TIE 100% iEHARFEFL 52 &
IeEBRERT D, EHEDER T, HEOEE L —EIZ Lok, BEMEEREOETIZohT
FENHR LIz, ZHhiX myosin A, B3 7o Sic oW TEL KR LFBETH 0, I, 1%
HORRIEE LY —FE T Lisv e EEZ MEEHCHBA S, RGO L TEiEoR
ELEEO T OOBERN M < & 5 EFE D myosin THLAKHEL X —HKT 2,

DX, BEBREIEBEECETERCBY T LR LT, D < 220HH
IEFEBHEEHE L SES L2 Epb, catalase 5 F D conformation (I FERRIC & » TILE
fELignC &, BELEE LRV EMNHELMCT 5T, ZAUTBARI7 fibrous IeEH
T%% myosin %> meromyosin O KIS, SREGEABREROK T L P LT, HEOR
BE LI depend L TAALT 20 MBI TH D, T OFEIL, FNCHE L Gactim OFf
ENHESBARC X > TE B 2 &, H-meromyosin @ conformation ® % {t#% L-meromyosin
CHEANHI G &, Bim—BAC globular e B2 u s THEEBE R 0 8, RFIC
BEBHOCIECHAWOLRTWA Z i EEHbeEL T, catalase D L 57 globular 7B EX
Y7 & 53 F o conformation B9 % R 0, fibrous 7c7RE X D RAEAER IS L CRE TH
LT EHRLTVWS ERbRD,

fibrous 7c HH D conformation HSEIEERRIZ X - CHALT 5 R o Tk, d/ilic, &A
SFOKFAKDIRFENEEA D conformation DMEFHCEE CTHAL I &, BRAKOHEEZ X - C
AFIROREENEBEL X h, BEBRIC L - TZ&k#C helix 2B L T4 hydrogen bond
L=k O I TS LT\ % hydrophobic bond 73§28 X v T conformation 743 %
S HERARE L, catalase @ X 512 globular 7cE AL, FEEIZ rigid <45 FRHICIE
BEROKIBBLILEEZDRTED, BEOKCET L FROEEI LRS- LE2
LRDDT, BIEOK,EEEL TLRMOREBORE L, ThickswBphsveExbh
%, X globular 7sHEH D conformation DEEMIZIE, hydrophobic bond »F 5 A K E <,
B+ Tl folding L7 (Bl native 7g) REABIBMCRETH L LE2 DR T, €
- TH&EHZ hydrophobic bond 73 Z 3o T ¥, BifEHEIT native 7R BRICHE T3 5 AlEEM N E
ZbhBhh, ZHCH LT fibrous 72ZKA % hydrogen bond 2K E A EAx R LR Y, —K
FOFEABYIND & spontaneous MEICIXIFE A EARAAEL B b, T h b OHEND,
globular 7c & 2° fibrous 72 HA L Y BEMNCEETH D 2 LXFHAMNES,

A AR & - T conformational 7 bit7c\ IS 3, EEEMSMET T 2HED
W, catalase THE A A DBHE (X BF RGO REICEES ST, Gk LIs 0 BT ok
HORDEHETHH I EERLTED, EEMBEOSS R T X 5 e fF TiEt LT
DOREED I SHCBILEN S 2T THEEAMETT 2 L B, 20 X 5 e filid, ribonuclease
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DREZ L DLW E WO RMB R T 50, BHEOERT, 2 KNORMEMAE LT
catalase M3EA-27 } LT, haem group (o H13%7 % Soret band THIZHE THEM IR EFH A
DB DB B\ IR OBESE O BN e 2L K2 L F i O NED TR L

AR T T B catalase D oW C, Tanford %MW 1%, 768 & 425 0 ZHG ~D g
Bl , BERIEEOKIE, 278 mu & 405 mp ORINORA DA BND I EEREL TV 5, £F
DY, BEFIEMEG DL (LR v 7 6 #HE) TRES s kichi, DIL (hkx v 7 6 #fE) ©
BB L IT LA ESRTshb R, M, B RIEEIC DT, SR O BRESIR AR 2
B BNR%, subunit ~OEEHY, Tanford 2 - By, BHIAFx 38S B—po~ ML
7o. 2 AL Tanford 20> & 51c catalase 7% 6 {H> subunit 73 H K2 &35 & 1{#D mononer,
BESEO LT 12MLT 5 & 2D dimer DB—BFCHYL, foEic k2 BEcho
A% subunit © S EF P LAMEAFZ LTS, T OREEA, & 2 TS IR TOREELRIER
DEFIRIFE T LT IBSOHE WG ~OMHETH D & L&, W X 2MHEH X 0 o
B CHIE D), ik all or none DR TR D Z LA RL VB, EANI FATHEADRS
Soret band DRI D E L\ KA L, subunit ~DBEEC X » THEMEDLTH S haem group &
B OHEERCELVEBND e 2 LR L, BREEOKFEILLOMRRTHL I L%
RLTW5, R, 40-Digs Ol HisE L HHED & KR T —EMl 2R+ o &k, BELo
FEE L KIS LT A, fBEE L 72 subunit 7X@ conformation 7% native 7ok EEE X
DESITRADMIE, AEIOEART D 4O Dysm, DA H O K TILAR LELD, AL
< unfold LiciRfEE E2Z BHN D,

WA L BB BT o\ TiL, subunit O SOEESAHE B MM ERTWow
DTELLHSI, —, BESCE - 745V CRBTEET S 2 &5 5, ionic bond,
hydrogen bond, hydrophobic bond 0 EEM & %2 HiTu-%", hydrophobic bond 1%
@ﬁ®$&®%#1%®T%&§hé®f IR X DK TS LI ESITBR X
hEs,

catalase |3 Fe #7951 % haem @ TH 5, Cu #7475 haemocyanin ¢, Hihghg T

B LD EERTERCENET S Z LB T 5D, i, —#Eo globular frZ&
B, REPEOMORETESCEE L TL, FEHRCE L ULEE TH D - LILRBR
Zmnh, ABOBRECHBERIOACHVLR VA, TREDHEEMND, catalase D
LOEEEYHD, subunit AHBR I TBEAL, HAEERO X 912 drastic FeffiK
WX LT ER I AREE s ¢ - ¢, # o subunit BO#SICKIMTEPORELEL T
VRO TR E WS T EABREIRD,

E #
FICHE Lz, fibrous 7o EK T % myosin O BRENEIARIC X 5 AW & T LB X 5 R
PO L &) BB AT B0, globular 7eERED—2 & LTY T catalase % Fius,
BRASER b & OBFE IR X B RERIE S L OV = o M b H o B b a 3 7,
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TORER, HRASAMRIC X - T catalase OBEFIH ML HFSRE QKT £ TP+ 525, fid
DB i B it 7e <, EERSFO conformation D&Y, REESELIESAW
EDH o1,

R, HRESEHT X 0 3.8S subunit ~DfERE L, TiucH-I< Soret band ORI DO ED,
BERTEIE D3 & A EFEL L RERA DR, SRLEEMRER L O OORBREOXCH b
FT—F LB R LT,

LI kDR, globular 77K ¢4 % catalase (L, myosin @ X 5 7¢ fibrous 7c /R & &
HBL, SRR L USRI 3 FFICRETH S & Lol oo, X, BASHETITSD
Wl i+ 2 = L, subunit HIOREEICK P FAIELOFRE LR L TV 5O Tikiows
hEFEZLRS,
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Summary

Some physico-chemical properties and enzymatic activities of frozen and thawed or
freete-dried catalase were examined in an attempt to elucidate the mechanism of protein
denaturation by freeze-thawing and freeze-drying.

On freeze-thawing, catalase activity was decreased depending on the freezing temper-
ature, but no change appeared in the values of viscosity, 4O+D.rsm 40-O.y5m, and
sedimentation constant. Neither dissociation nor association of the catalase molecule was
found. These results suggest that freeze-thawing causes no conformational change in

the catalase molecule, except for a decrease of enzymatic activity.
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Freeze-drying gave rise to the dissociation of the catalase molecule into 3.8.S subunits
and the evident decrease of absorbancy in the Soret band. Enzymatic activity was also
remarkably affected, but these changes were independent on freeze-drying conditions.

It might be said, therefore, that the molecular conformation is more stable against
freeze-thawing in globular protein than in fibrous protein, such as myosin. The mech-
anism of the denaturation of proteins by freeze-thawing was discussed in relation to the

behavior of hydration water during the freezing process.



