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Table 1. Calculating equations of denaturation constant
and thermodynamic parameters

Formulae
Kn (InCi-In Co) /1
E. R - d(InK)/d(/T) = -2303R - a

AH®  E-RT
AST  4576(log Kp-10.75-log T+E./4.576 T)
AGT H-T-S

Kp : Denaturation constant, C,: Protease activity before den-
aturation, C; : Protease activity after denaturation, E, : Activation en-
ergy. R : Gas constant, T ; Absolute temp. a : Slope of Arrhenius
plot, AH= ! Activation enthalpy, AS™ . Activation entropy and AG
* : Free energy of activation.
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Fig. 1. Lineweaver-Burk plots for hydrolysis of casein

by two proteases produced by B. subtilis p-4(@—@)and

B. licheniformis p-5(0O—Q).

Kn value : B. subtilis p-4; 0.38mM, B. licheniformis p-5; 0.18mM.
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Fig. 2. Inactivation of protease produced by B. subtilis p
-4 during heat treatment at 30°C(O—C), 40C(@—
@), 55C(A—A) and 50C (A—A)
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Fig. 3. Inactivation of protease produced by B I
cheniformis p-5 during heat treatment at 30°C(O—Q),

40C(@—@), 45C(A—A) and 50T (A—A)
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Fig. 4. Arrhenius plots of apparent rate constants for in-
activation of proteases produced by B. sublilis p~4((O—
Q) and B. licheniformis p-5(@—@) during heat treat-

ment
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Table 2. Thermodynamic activation parameters of the
proteases produced by B subtilis p—4' and B. licheniformis
p-5 at different temperatures®

Temp Ko H S G
Enzyme (x107°%/ (Kcal/ () (Kcal/
) sec) mole) e mole)
30 p4 46 1900 -1329 2303
po 94 1460 -2640 22.60
10 p4 12.2 1898  -1350 2321
p5 19.0 1458 2668 2293
50 p4 357 1896 -13.38 23.28
p-5 46.3 1456 2648 2311

* Activation energy : p-4 protease ; 19.6Kcal/mole, p-5 protease
; 15.2Kcal/mole.

Table 3. Amino acid composition of the proteases pro-
duced by B. subtilis p—4 and B. licheniformis p-5*

Amino acid B subtilisp-4 B licheniformis p-5
Alanine 11.9(12) 21.1(21)
Valine 46( 5) 11.0(11)
Leucine 10.5(11) 20.8(21)
Isoleucine 5.6( 6) 6.9( 7).
Proline 15.7(16) 10.7(11)
Methionine ND** 55( 6)
Phenylalanine 2.8( 3) 55( 6)
Glycine 26.4(26) 45.3(45)
Serine 12.0(12) 175(18)
Threonine 33(3) 6.3( 6)
Cysteine 23( 2) 44( 4)
Tyrosine 20( 2) 7.9( 8)
Aspartic acid 13.5(14) 25.3(25)
Glutamic acid 16.2(16) 324(32)
Lysine 11.0(11) 12.2(12)
Arginine 6.6( 7) 6.4( 6)
Histidine 5.4( 5) 48( 5)

* The compositions were expressed as amino acd residues/mole besed on & molecular
weight of protease p-4(18000), and p-5(30000). The values in parertheses are the
nearest integer.

**ND : Not detected
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Studies on the processing of rapid fermented anchovy prepared with low salt contents by

adapted microorganism. 2. Thermodynamic characteristics of microbial extracellular pro-

tease isolated from fermented fish paste

Yong-Jun Cha and Eung-Ho Lee*(Department of Chemistry, Changwon National University,
Changwon 641-240, Korea, *Department of Food Science & Technology, National University of

Pusan, Pusan 608-023, Korea)

Abstract : This study was undertaken to determine thermodynamic characteristics of B. subtilis p-
4 and B. licheniformis p-5 proteases isolated from fermented anchovy paste. K, values of two pro-
teases for casein as a substrate were 0.38mM in p-4 protease and 0.18mM in p-5 protease, respect-
ively. Denaturation constants(Kp) of p-4 and p-5 proteases were 12.2 X 10~%/sec and 19.0 X 1075/
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sec at 40°C, and 35.7 X 1075/sec and 46.3 X 10~%/sec at 50°C, respectively. Activation energies(E,)
of p—4 and p-5 proteases were 19.6 Kcal/mole and 15.2Kcal/mole, respeclively. Free energy of ac-
tivation(AG™), activation enthalpy(4H*) and activation entropy(4S™) at 40°C were 23.21Kcal/
mole, 18.98Kcal/mole and ~13.50 eu, respectively for p—4 protease and 22.93Kcal/mole; 14.58Kcal/
mole and -26.68 eu, respectively for p-5 protease. The major amino acids in p—4 protease(151 resi-
dues of amino acid) were Gly, Glu, Pro, Asp, Ser, Ala, Liys and Leu, while those in p-5 protease
(247 residues of amino acid) were Gly, Glu, Asp, Ala and Leu. It may be concluded that heat den-
aturation of two proteases showed liner regression curve and p-5 protease was more sensitive to
heat than p—4 protease.



