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Effect of Heat Treatment on Some Physico-chemical
" Properties of Carp Myosin

Yiiji Kawar*, Mutsuo HaTano* and Koichi Zama*

" Abstract

Myosin solutions were prepared and heated at 20°, 40°, 60°, 80°, and 100°C for
15 minutes at neutral pH and changes in the nature of chemical bonding (hy-
drophobic, electrostatic and covalent bonds) were investigated.

Hydrophobicity of myosin remarkably increased in temperature range of
20°-60°C, but no changes were observed in electrostaticity. Changs in covalent
bonds were first observed at temperature higher than 80°C. Therefore, it was
considered that the heat denaturation of myosin was mainly contributed by
comparatively weak interactions such as hydrophobic bond rather than stronger
interactions such as electrostatic and covalent bonds.

Thermodynamic parameters for the heat denaturation of myosin were also
calculated from the changes in hydrophobicity. The Arrhenius plot of hydro-
phobicity showed 2 lines with different slope. The transition temperature
was found at 45°C and it was conecluded that the structural changes in myosin
molecules are completed even at temperature lower than this.

It was also concluded that the hydrophobic interaction between myosin
molecules has considerable influence on the interfacial phenomena of myosin such
as emulsification and adsorption properties.
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BER, TEELY ORENHEBE S L 7V BORBRINBVLEC X 5B S OBREND ST Y
Kll\o

B2 A 2 L% 7 BRI DSHST A5 (Fabricated food) D& 85 C & R HIFFL, % O
AEPES1D, TTIAGHE» SR (4o 2y, MBYEE X3 3+ 2 DHREIc
DT #ITL - 120

REGLURBAE

e EEFER No. 5P (HARARE KK) *54 THBELIESER 23om, EHHE 224¢
D3 4 (Cyprinus carpio) 2FEHL 12,

IXASCORMVEMBAE  EHPH LIRSS OMENEHEC L > THLNI + 4 v % 0.5M
KCI-20mM Y > BHEiR B pH 7.0) Wi, BITLIZ b DRV, O A vV EK pH7.0
kimeic 20°, 40°, 60°, 80°, 100°C DOFEEET—ER (15 40) Mk, KARPTRHUUT
DEBRITL 12,

TR BREORFE Gomall 57 DY 2L » MEREY, FMF7LT I BV (FOGHE
KK) %fE#: L CHRIERITE - 10,

ANS BEBEORE PO BIFHAL? OHECEL TIFE -1 TaDD 14 ¥ R
8 7=Y )-1-F T XL ANALEETE =0 A (ANS) ZHKEEEHN 1,0x1074M /23 X 5
Alo48, BIL 650-60 4P NEEEES (RS 385nm, BNHE 470nm) X - THRILHRE X
EL, BNHED &> s BRECHT 2P b - THUKMEE S LU,

BRI AR T b ADRFE  HL 556 —HEHESERER T L > TRIEL 1283, ZEORR:I A Y
CHHE (Img/ml) FHEAT 5 & BT 5 12, —EE (300nm) EE - —EREAEE (60nm/min)
B r-oTED 2PHEBEVREL I,

a04 FEE?Y 14 CUPEMEE 01N HC 37213 01N KOH T4 pH e fi#tk, =R (pH
4,5-5,0) & hERHEMITIZ N/400 # Y ¥ = VBB Y v & (PVS-K) BIRTHE, % iEEMEAITR
oMU N/200 2F 1Y a—0% by (MGCh) B BRIEMA 2%, N/400 PVS-K T
BERFTo17. WEDKAIZ VA DL T V—BTREDEFAD OFREB~DERBKLELI,

SH ZOFR Buttkus!® OFECHEL THZ 1205, B SH K2 SM REEZPMA T4 v o ¥
unfold IVWIHBITERL, TRFLMAFTTERLU ORI SH MR Uiz,

SDS :RYTHZULT3I RS LES XY (SDS-PAGE) Weber-Osborn DF#E® kb, 14y
v % SMREREL 19 SDS-19% 2-A0 A7 b= 4/ —ou- Y o ERHEREWIIC 30°C, 20 BEEIR 5,
YFTazy MRS B2, 0.19% SDS-10%8Y) 747 3 ¥ ¥ A2 B TEEI21T/8 512,

¥itkd LU HENFEORE® BL BRI (HRRHE KK) i HM-1 »n~— > — %233, 20°C
THEELU 2, T8 I3 v o BMEIZIE= 2 — b U HEEREO I DEEZ BT ORBE (X )V HEET79.257Y
ELUTERRLI,

FEEADHE Du Noty OEEBENEHZHEAL, HERES L bkeEREL L THER2TE -
72e
BEORARE AL 556 /MNIEER % Huy, 350nm B B3R L LI,

ATPase EHQRAET :#4v % 0.5MKCI-+ ) XvL x— MEBK pH7.0) w&iITL, &L
510 DFHRIC & » TEREBERETICI 3 Ca®tATPase HiGHEZRIEL 12,
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IFLEHORNFHETS 4L 0 OBMEEEIIREMIRE (V) L ERE (D) ORE
DABHEETH D EL, TBBHORTRBNTE N & D OAMBES (N <= D) itdh 5 Rigk
BEUTHITU, REBN OBHER yy, RiE D OFEHE vp, £EORCBT 3 EMER Y &7
3L, B O BOEE fp iR,

fp=-2"%D (1)

&b, N<=D DFECHT 5 EEER K 3

K= fo  _ y-uN @)

1-fp Yp—y

E5B, L bESFEI8T X — %~ D Gibbs D HH = X —~ Bk 4G%, = ¥ — Bt 4H°,
zrhr e~k 48° 2D IS5 icEbIN G,

4G9 = —RTIn K (3)
dIn K
0 — —
4H® = —R Z0/T) (4)
AH® — 4G°
0 — T
450 = = (5)

R =S, T =/xEg K

HBREIUER

1A v OBUKIEE So i3 Fig. 1 5RT & 51T 20°C T 20 s 4 2 OBLERI bTHTh
A8, 40°C LA LALEE Tt NEERLA1S 5 403 TIRABICEERL, 15 4TI iz TR EL 12,
T DFERD 5 AEBRTIZ £ 44 L ONIBERRE % 1540 8 BEL T,

FEETI5MEAEZ LIz 122D S OFfbIR Fig. 2 1RT & 518, 40°CHETEL < #HR
L, &< 60°C DL ETIMBEEE D R ON THAKMEIZ R L kT 5l ZRU 12,

WIVRIRIL 2~ & oL Fig, 3 R T L 5T 40°C L EOUE CIREOPENSEL Wz, —§
E (M) % 300nm EHEL, hOBEE () 2EEXIRZ & Fig 4 WRT X5 ) BEHOBE
KEHMER INT, 285nm LT OEFIRTIE 40°C PLEOMBULET  WAEDOHRBA LN, C
DT L3R ne s 7 BSFRECEHLUIZIID EBA SN,

1000|

Fig. 1. Effect of heating period on the
hydrophobicity of myosin
Se: Fluorescence intensity/Myosin
concentration (Initial slope calculat-
ed from the fluorescence intensity
vs. myosin conen. plot)
o——: Heating temp., 20°C
o———: 40°C, A----: 60°C
A—-—-: 80°C, o—-.—: 100°C
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1000

g 8 8

Hydrophobicity, So

=]
S

20 40 60 80 100
Heating temp. (°C)

Fig. 2. Effect of heating temperature
on the hydrophobicity of myosin
Heating treatment: 15 min.

HEHERIZ O 4 FIEEORRE Fig.5) »5 3
F L3 PR T BREEMIERE IS {, pH S
DT OBMIRTIR 7 § 2 0 EOEEMESREL,
pH 8 DL EOHEEMIR TR A v E R0 K2 X OB
HEEELREES 5 C DB BT, 40°C PL DM
BT B RO 20°C MEOK 1/2 )
BTN, —HRHEORIIIEL WELIZRD
Bsh o1z, 2B A FHETRDIZIZL DR
B OEERIT 20°C R TIZ pH4.8 ThH Y, —
R UERREE DRI & ORI BENT A
FEHA BN, UL pH7 0 Ti3imssic X 3

14 v OWMBRBOBLRBED SN LD -T2
FEESHEII SH 8 (Fig.6) 8 X O SDs-

PAGE <% —> (Fig.7) %5, 60°C ¥ T O {LH

TIEH L S BRIAD 5D, 80°C LD

MU SH EHEEL T S-SEEA L), ChiciEET 2 SH BEEMWEPL Iz, ChidEi Heavy
chain & 7 O RARSIHEEES (SH—>S-S) L. Heavy chain OFTE LYV KREIVESTOES

1.0

0.8

0.6

Absorbance

0.2

0

25 20 25 300 35 340
Wavelength ( nm )

Fig. 3. Effect of heat-treatment on the

UV spectra of myosin

Myosin concentration: 1 mg/ml.

——: Heating temp., 20°C

———: 40°C, ----: 60°C, ——: 80°C

—--—: 100°C

1.9

Absorbance

Op By 75 a0 5 %
Wavelength {nm )

Fig. 4. Effect of heat-treatment on the
UV spectra of myosin
Myosin concentration: 1 mg/ml.
A, wavelength is fixed at 300 nm
and A, is scanned. Lines are the
same as Fig. 3.

— 134 —



&S @+ a4 - 14> vOnsgEk

N
(&)

o
Y

1N PVS-K (ml/g prot.)
o
o0

J 8.9 10 11 1

o

pH

o
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IN M.G.Ch (ml /g.pret.)
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Fig. 5. Effect of heat-treatment on the colloidal titration value of myosin
Symbols are the same as Fig. 1.

PELBIDTH BY, 32RO SH Fid 40°C, 104

RIOMB RT3 53, TH LA EONEIRE TIREIIML 6
B oty THUE 40°C, WAHORBT I A OR = ”_‘*H‘*“\NK\\R
Stk SH S FRECEHL D TH Y, Thlk g
ORETRUUSRILL TSS#AMET s tp e LT e
ABN G, 60 HIOMBYMETIX, FUSHESH Hizinm B, ST T
BED LF L 20BDT 3 ERERL, i 0= 2 | .« e
60°C KB 2 WMPRIZKRY L, COREBRTIAv> 4
OEHRBOEL S 5 REIMEORLLSEL et B
HEIN I, 9
Ca?*ATPase WiEikiZ 40°C LA EOMUE CIZTELL, L .
?Bﬁ;ﬂiifcﬁﬁ'é“ﬁ' 39T a=y MEENEET ST LBRD 20 :igaﬁng 6'([lmp. (8%) 1w
s o W A i ke o % R I e
2k & FIfR, 20-60°C @ i & - THEL L #BRL content of myosin
(Fig. 8), ZOBREDHENT I v S THEOES Heat treatment: 15 min.
RTINS bO LA BRI, T—fﬁgiiiﬂ b
DT D, 40° 5L 60°C 3 TO HEy KRR mﬁpammloém
RO TIRBAKEOEIENEL {, BEBWD 50 i3dE A———: 20 min
EAMEIE Z NI EBLHE S N EBRD b, A—: 60 min

14 v L OMEENIL 1 A v 2 S TRIOBRKEIBEE S
BEELZLZbDEZLILNT. $TT2, KOO I 4o OBiAMER N, 100°C = TOMED : 4o

— 135 —



Kk Kk E & @ 342). 1983

-
S
<

—
N

—_
]

0.8

Absorbance at 610 nm

40°C
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Fig. 7. Effect of heat-treatment on the SDS-PAGE pattern of myosin
HC: Heavy chain, LC: Light chain, PL: Polymer

Absorbance at 350 nm
o o o
N [#*) s

b
=

20 40 60 80 100
Heating temp. (°C)

Fig. 8. Effect of heating tempera-
ture on the turbidity of myosin
solution
Myosin concentration: 10 mg/
ml.,

26 28 30 32 34 36
1/T (1072 K™)
100 80 60 40 20
Heating temp., t (°C)
Fig. 9. The Arrhenius plot for the heat denatura-
tion of myosin from the hydrophobicity
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COBKEE D LT, (2 R&H BEERK 2RD, 5y OBMRHAENT BN &,
Arrhenius ¥ n v b (Fig.9) & 45°C i BITR 2B T2 25EHBRE 2D, CORERET: v
RBCEENET I D EERAON S, T2, BHFHNS 2~ 2— (Table 1) D5 B, 45° i3 45°C
ZECL CERRSERMA S D 8 BOERRL, 422 OBBEORILOREME 45°C & HEERD
FHENTEZHEIN S T EWRBINT, 4G° i3 40°C P LOBREBTA D% RL, N<D ORIk
CRWT N—-»D OEWFH~ERCEITT 3 & %2R U,

MR IE= 2 ~ P ERBIOZEE)ERL, T BET ORI 40°C B THRK, 60-80°C MHET
B/hEZ otz (Table 2), Chbid 14y OBERLE BEL, ZhEFhsTIZLHRICBII S
[&h] & TKRY ] YT 2HEEELLNS,

Table 1. Thermodynamic parameter for the heat denaturation of myosin
from the hydrophobicity

Heati?%)temp- | K| 46°(J-molY) | 4H®(J.mol) | 45° (J-K-1.mol-Y)
20 005 413 7930 95.6
40 | L6 ~100 7930 95.6
60 | 6.69 —301 1600 5.1
80 | 1890 —415 1600 5.1

Table 2. Flow equation, apparent viscosity and surface tention
of heat-treated myosin solution

Heating temp. | Flow equation | Apparent viscosity* | Surface tension
(°C) S=uDn (mPa-s) (dyn.cm3)
20 0.07Dt.o4 8.7 55.3
40 0.41Do.51 18.3 53.6
60 0.25D0.83 12.0 54.2
80 0, 15Do.91 10.3 54.3
100 0.47D0.7 13.3 54.6

Myosin concentration: 10 mg/ml with 0.5 M KCl phosphate buffer,
pH 7.0

Measurement temperature: 20°C
* Rotor: HM-1, Shear rate: 79.2 s

KERANIREOEMNEAEY Y OB R A F—EL {, TOEMFPRINT EIRMITRHESH
RKoTOHRETH Y, TAVREPHTORSE, XV lOBRKLHESER¥H 219, (4o
RO FREE T 20°C B TEKRT 40°C ALOMIECET LY (Table 2), DT b, 2D
ECHYT AT I AL oA THEORSE, BRECREHEH AVE-BERAINT IO LERY
Nz, I5TiES > I BORERS &BUKEE & ZADHBES S 3 & b5 Keshavarz 520 iz X -
THLHRIN TV A, TEL L 1AL DN T OEREEHT 2 RE2A,

PAEDRER, 4> OMBEMEIS 20-60°C DEER TR 250KES & £ HEHB - HEER
HERL, HENMES, RS, ARG LEMONEEERISE VEEL VT ELHEL » 5
Totle 212, COBUKMBEEMIZ I XY DOk, BRELZEOREHRRC LSRR RIZT
bDEEALNI,
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= #

a4ADHE I v % 20°, 40°, 60°, 80°, 100°C DARE T 15 A IMBLE % 5700, 1oy
OHRE R 12,
A v ORKEHERIZ 20-60°C OEEIR CABICHERL, BEAHRIE RIS Tl AR LT
THiE L AR, TIHERAMIERIZ 80°C DL EOBRAIRT X - THD TEMHAEL 12,
NGk I A v DB 3B ENEE, HEBE L Y BREEEANEE L {,
USBRKREE S EOBOHEERAVEEL S 2T 0 BN,
AL ORKMEDIACE S b I 4 o o DI 2 BUTERCIRITL 12 EER, TROBEELH
45°C TLORE X VEROBWENT I v > OBREEOTLMNITREING T & VWL b &

AP foll

A OBUKEREERI, AL - BELEORERR b SR SHER RTT L BTESA
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