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Enzyme activity changes of papain and immobilized papain
in organic solvents with different logP values
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Abstract :[Objective] The aim of this paper was to study the effect of organic solvents with different
logP values on enzyme activity papain and immobilized papain. [Method) Immobilization of papain on sodi-
um alginate-chitosan and nylon cloth were prepared. Enzyme activity of papain and immobilized papain
were determined in 15 kinds of organic solvents with different log P values(logP=—1.30,—1.10,—0. 76,
—0.33,—0.24,0.28,0.49,0.68,0.80,1.31,1.80,2.0,2.5,3.5 and 5. 0)and volume fractions(5% ,10%,
15%,2096,25%+30% ,35%,40%,50% ,60% and 70%) , the effect of enzyme activity in different organic
solvents and volume fractions were analyzed by taking pH 7. 2 Tris-hydrochloric acid buffer or pH 7. 2
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phosphate buffer without corresponding organic solvents as comparison. [Result] The results showed that
in lower logP values(logP<C—0. 24) and lower volume fractions(¢<<10%)of the added organic solvents,
enzyme activity of papain and immobilized papain was activated by some organic solvents(e. g. dimethyl
sulfoxide, 1,4-dioxane and acetonitrile) ,and it was observed in higher volume fractions(=30%) of or-
ganic solvents(logP<C—0. 24) that the enzyme retained their activity in some organic solvents(e. g. metha-
nol and ethanol) . but decreased in their activity. In organic solvents with logP values between 0. 28 and
1.31,a dramatic reduction in their activity was observed. In organic solvents with higher logP values
(logP=1.80) ,it was observed at higher volume fractions (¢==30%) enzyme activity decreased slowly in
lower volume fractions(go<10%) ,but increased in the activity of the enzyme. [Conclusion) Enzyme activity
of papain and immobilized papain were activated or stabilized in lower logP values(logP<{—0. 24)and low-
er volume fractions(¢<10%) of the added organic solvents,but a reduction in their activity was observed
in higher volume fractions (¢=30%) of organic solvents. In organic solvents with middle logP values
(0. 28<logP <C1. 31) enzyme activity decreased remarkably. In organic solvents with higher logP values

(logP=1.80) ,it was observed at higher volume fractions (¢==>30%) enzyme activity decreased in lower

volume fractions(gp<10%) ,but increased in the activity of the enzyme.
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Table 1 Effect of different volume fractions of organic solvents with lower logP values on activities of PA and IPA
ﬁ*ﬂ/’ﬁhﬁu i KRy %/ % Volume fraction
Organic Enzyme - - -
solvent 0(CK) 5 10 15 20 25
LR PA 34.1240.62 ab  35.7570.66 a 36.96+0.36 a 36.5340.23 a 35.77£0.72 a 31.56+0.65b
E)lirl?g:jgg IPSAC 27.2940.44 be  27.67£0.19 ab  28.56+0.11 a 26.4840.18 ¢ 25.46+0.80 d 23.59£0.71 e
IPN 21.58+1.09 b 22.474+1.13 ab  23.35+0.16 a 22.50£0.11 ab 18.51%0.61 ¢ 17.41+0.32 ¢
1, 4-— I PA 34.3941.05 ¢ 38.78+1.35 b 42.56+1.17 a 38.3441.49 b 33.36+E1.25 ¢ 26.8740.21d
. dioxane  IPSAC  25.760.79 ¢ 28.58£0.84 b  32.03+0.68a  28.98-0.79 b  25.9240.89 ¢  20.76+1.19 d
IPN 22.9940.77 d 25.3740.43 ¢ 27.93+0.31 a 26.484+1.08 b 25.77+0.52 be  25.044+0.51 ¢
it PA 34,1940.96 a 35.07+1.30 a 34,454+0.77 a 34.2540.78 a 32.7640.48 ab 30.66+2.59 b
Methanol IPSAC  25.6440.72a  25.9440.84a 25.1140.57a  25.2140.54a  24.2240.43 ab 23. 441,62 ab
IPN 22.9140. 64a 22.95+0.52 a 21.95+0.32 a 20.54+1.73 a 20.454+1.07 ab 16.77240.96 ab
i PA 31.8140.36 b 35.4040.73 a 34.2540.39 a 31.6740.03 b 27.15+1.27 ¢ 22.03+1.53d
Acetonitrile  IPSAC  24.1640.16 de 25.991.03 ab  26.0240.06 a  24.360.09 be  22.69+0.75d  18.9642.61 e
IPN 21.9340.25 ¢ 25.41+1.96 a 23.9240.38 b 23.4740.07 b 23.0740.42 be 15.28+1.04d
2B PA 33.32+1.11 a 33.98+0.86 a 34.1540.30 a 33.8040.60 a 33.64+0.38 a 32.57+1.37 ab
Ethanol IPSAC  27.324+0.33 ab  27.15-50.39 ab  27.3140.46 ab 27.310.24 ab  27.61%0.45a  26.2441.04 be
IPN 22.3240.74 a 22.2840.32 a 21.8040.38 a 21.9540.26 a 21.3440.24 a 18.25+0.92 b
AP i PRFA %/ % Volume fraction
Organic Enzyme - '
solvent 30 35 40 50 60 70
TR PA 26.35+1.17 ¢ 26.18+2.61 ¢ 22.5941.89 d 20.7740.35d 16.51£0.32 e 13.05+0.43
?Si?szgé IPSAC  22.12+0.62f 20.83+0.24 ¢ 18.4440.88 h 17.50+0.161  14.7140.43j  11.81-0.89 k
IPN 17.31+2.32 ¢ 14.37+0.41 d 13.624+0.23 d 11.914+0.39 e 6.66+0.91 f 6.09+0.71f
1,4-— %R PA 26.2240.28 de 25.1740.69 de 24.63+0.69 e
l.idioxane  IPSAC  19.5640.36d  19.28+0.43 ¢  18.4540.51 ¢
IPN 22.07£0.53d  18.5440.14 e  18.0940.19 e
i PA 30.53+1.60 b 25.03+1.43 ¢ 23.9442.64 ¢ 23.9042.56 ¢ 17.26+2.97d 13.37+3.08 e
Methanol IPSAC  22.37+1.35b  18.46=1.00 ¢ 17.31%+1.92 ¢  16.94%+0.91 ¢  14.00%=3.43d  9.622.31 ¢
IPN 16.04+£1.77 b 16.01+£1.72 ¢ 11.56+1.99 ¢ 9.1042.06 ¢ 8.9640.97 d 6.72+0.43 e
s PA 20.4540.60 e 11.72+0.57 f 9.20+0.64 g 1.804+0.55 h 0 0
Acetonitrile  IPSAC 15.310.68 f  9.0540.59g  7.0240.36 h  1.4140.261 0 0
IPN 14.20+0.41d 8.27+0.39 e 6.56+0.43 f 1.524+0.38 g 0 0
7. PA 31.1040.72 b 28.747+0.16 ¢ 25.0140.42d 24.5741.08 d 18.98+3.57 e 16.48+1.14 f
Ethanol IPSAC 25.3740.24 ¢ 23.1840.31d 20.4940.32 e 19.38+0.31 e 15.10+1.62 f 13.22+0.68 g
IPN 17.274+0.48 b 15.68+0.11 ¢ 13.18+0.28 d 11.59+0.79 e 9.15+2.39 f 7.47+0.76 g

I BB 5 AR R R/ING bk R 22 5 W38 (P<C0. 05) o JCEIUHE Y 25 4 2 DR hy I8 SRV o i JE vk i . R R

Note:Data with different letters in the same column indicate remarkable differences(P<Z0. 05). The blanks in the table above show that the

data were not determined by unclear filtrated solutions. The followings are the same.
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Table 2 Effect of different volume fractions of organic solvents with middle logP values on activities of PA and IPA

Z(S)?éﬁiu fif PRFA %/ % Volume fraction
solvent Enzyme 0 5 10 15 20 25
I PA 34.7540.32a 34.9140.34a 28.30£1.19b  23.62+0.52 ¢  21.8840.50d  17.51-0.66 ¢
Propanol IPSAC 26.3240.12a  26.1540.09a  20.9440.97 b  14.1140.55 ¢  11.3340.93d  9.01+1.22 ¢
IPN 20.9440.97 a  20.8541.54a 18.5740.72b  18.314£1.02b 14.9141.23 ¢  11.0140.51 d
DY I PA 33.3241.11a  32.9620.45a 30.58+0.37 b  26.1840.46 ¢  18.25+0.39d  10.8740.93 e
Tetrahydrofuran  pgpc 25.7440.42 a  24.4540.52a 21.13+2.36b  16.5840.48 ¢  14.86+0.77 ¢  8.40+1.954d
IPN 22.0140.45a  20.8240.71a 17.7140.58 b 15.4140.45 ¢ 13.28420.30d  7.89--0.24 ¢
LIRS PA 34.4940.42 a  32.8240.91ab 31.7340.51b  28.0041.92 ¢  18.9440.96 ¢ 15 71-1.43
Ethyl acetate  1psAC 26.8141.10a  25.2540.48 b  23.274+1.46 ¢ 21.9540.54d  19.26+0.69 ef  16.92-0. 37 hi
IPN 23.1140.28 a  21.9940.61 ba 21.2640.34b  18.761.29 ¢  13.45+1.06 ¢  10.52-20.96 fg
- PA 34.5740.51a  29.6042.08b  26.75+1.05c¢  19.38+0.89d  15.430.77 ¢  9.68--0.40
Butanol IPSAC  26.65+0.17a  23.03+1.19b  19.38-0.89 ¢  15.4340.77 d  12.494+0.27 ¢  7.8540.30 f
IPN 22.7740.45a 21.64+0.28a  16.54-50.66 b  13.9240.79 ¢  9.6440.50d  7.2840.35 ¢
. PA 32.5940.85a 24.6440.46b 18.1140.87 ¢  14.95+1.12d 11.054-0.6d ¢  9.06--1.32
Pentanol IPSAC  25.06-0.64a  19.02+0.35b  14.06-20.66 ¢  11.66-0.85d  8.70+0.48 ¢  7.1941.01 f
IPN 20.01£0.92a  12.83+0.79 b  10.85+0.51 ¢  9.7740.59d  8.55+0.34 ¢  7.6240.39 f
Z(S)?éﬁiu fify B H/ % Volume fraction
solvent Enzyme 30 35 40 50 60 70
. PA 14.9141.23 f  6.4740.20 ¢  3.39+0.43 h 0 0 0
Propanol IPSAC 5.714£0.26 f  4.9140.16 f  2.5840.33 ¢ 0 0 0
IPN 8.59+0.28 ¢  6.35+0.531  2.1640.32 ¢ 0 0 0
P kv Pa
Tetrahydrofuran IPSAC
IPN
o PA 13.7041.39 f  14.4141.29f  14.1440.86 1 15.234+1.15( 21.02+42. 18 ¢  23.78--2.08 d
Ethyl acetate  IPSAC 15.8740.43 1  17.80--0.67 gh 17.94-+0.63 gh 18.8340.61 fg 19.63+1.08 ef 20.31-0.51 ¢
IPN 9.1840.93 ¢  10.9140.28 f  11.6440.99 f  11.62+0.36 f 13.701.39 ¢  15.7141.43d
TE PA 8.07+£0.59¢g  7.26+0.37g  5.3540.33h J1740.80 hi 2,740,424  2.1040.25 ]
Butanol IPSAC 6.6540.44 g  6.0440.28 g  4.1840.25h  3.2540.63h  2.13+0.32 i 1.6440.19 i
IPN 6.13£0.31 fe  5.5140.36 1  4.0540.12g  3.45+0.33g  2.9840.27 hg 1.76+0.28 h
. PA 5.774£0.78 ¢ 5.7540.51g  4.8620.74 gh  5.001.07 gh  4.32-20.42 hi  3.0540.40 i
Pentanol IPSAC 4.6640.59 g  4.7340.29 g  3.9940.56 gh  3.8340.67 gh  3.5840.32 hi  2.6240.30 i
IPN 4.88+0.39 g 4.2140.34gh  3.5340.45h  3.39+0.12h  2.4840.30i  2.1640.18 i
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Table 3  Effect of different volume fractions of organic solvents with higher logP values on activities of PA and IPA

é)iﬂf}i’] i S8/ % Volume fraction
solvent Enzyme 0(CK) 5 10 15 20 25
oL PA 32.90+1.42 a 27.53+1.28 de 27.41£0.57 de 26.79+1.28 de 24.834+1.65 1 25.6640.95 fe
Hexanol IPSAC 23.58+0.87a 22.124+0.69 b 20.03740.23 cd  18.23740. 30 ef 15.75+0.61 g 16.24+0.52 g
IPN 20.15+0.74 a 20.1340.23 a 18.33£0.30 b 15.63+0.79 d 13.49+0.52 ¢f 12.7440.17
% PA 33.4840.50 gh 32.6740.70 h 32.4740.62 h 31.1840.53 i 33.34740.42 gh 34.23+1.03 g
Benzene IPSAC  26.16+1.21d  25.5340.94 de 22.0840.54 [ 21.6440.96 f  22.55:£0.93 { 22.7940.51
IPN 22.437%0.33 e 21.89£0.47 e 22.08+0.54 e 20.8940.35 f 22.34740.28 e 22.7940.51 e
S PA 33.84740.25 ef 30.5640.46 h 31.8340.37 gh 33.06=+0. 14 fg 34.69+0.23 ¢ 34.83+1.05 e
Toluene IPSAC  26.6040.36 fg 24.58+0.62 h 25.9440.51 gh 25.96--0.70 gh 27.17+0.41 fg 27.60-0. 46 ef
IPN 22.234+0.21g 21.04+0.27 h 22.62+0.19 g 23.7140.30 23.9540.23 25.1440.12 e
ok PA 34.89+1.68 ef 33.484+1.07 ef 32.814+1.11f 33.84740.19 ef 34.47+0.51 ef 36.10+0. 64 de
Cyclohexane  IPSAC 26854204 de 26.13+1.85 de  25.27+0.88 ¢  26.11+2.31 de  26.23+1.24 de 26,400, 67 de
IPN 24.464+1.09 fg 23.13+1.52 gh 22.23+0.79 h 23.6240.51 fgh 25.5340.37 ef 26.74+0.48 de
+—m PA 34,2540.82 h 33.274+0.55 h 33.81%0.78 h 36.9440.71 gh  39.354+0.28 fg 40.8840.37

Dodecanol IPSAC 26.6140.44 h  22.48+0.491  20.01+0.84j  21.0340.44 25.8240.56 h  30.56+0.38 g
IPN 22.1940.37 ¢  18.74+0.41f  16.68+0.70 g 17.54+0.37 fg  19.2340.65f 21.5340.47 ¢
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4% 3 Continue table 3
AL RFR4 %0/ % Volume fraction
Organic Enzyme ,
solvent 30 35 40 50 60 70
£ i PA 27.2940.59 de 27.794+1.30d 28.6240.31 cbd 28.2841.18 ed 29.9540.60 cb  30.324+1.73 b
Hexanol IPSAC  16.03+0.99 g  17.5740.44 f 19.26+0.97 de  19.38-£0.79 de  20.2540.71 cd  20.6340. 96 c
IPN 13.86+0.66 e 15.18+0.57d 15.72+0.15d 17.22+0.10 ¢ 17.354+0.62 ¢ 17.67+0. 87 be
% PA 37.86+0.87 f 41.85+0.51 e 44.8840.42d 47.944+0.56 ¢ 50.24+0.64 b 52.62+0.68 a
Benzene IPSAC  24.5140.83 ¢  26.3240.64d 28.3040.75¢  31.2040.70 b  33.2740.85a  34.13-20.60 a
IPN 26.3240.64 d 28.0440.34 ¢ 28.3040.75 ¢ 29.3340.66 b 31.2840.80 a 32.08+0.57 a
RS PA 37.48+0.87 d 39.0340.69 ¢ 39.8940.89 c 42.304+0.92 b 43.5940.29 ab  44.66+0.31 a
Toluene IPSAC  28.83+0.32de  29.6640.37d 31.83%+0.23 ¢ 32.9740.45 be  33.974+1.11b  38.0440.98 a
IPN 25.424+0.19 e 27.4640.27 d 28.4740.18 ¢ 28.1140.11 cd 29.15£0.13 b 30.6540.26 a
Tk PA 38.42+1.62 cd 40.06740.97 bc 41.0441.31 abc 40.48743.58 be  42.66+2.40 ab  43.6140.55 a
Cyclohexane ~ IPSAC  26.9540.19 de  28.6242.53 cd 30.58+2.53 be  32.75+0.83 b  37.35+1.02a  37.64%0.54 a
IPN 28.45+1.20 ed  29.6840.72 be 30.4040.97 abc 29.9942.65 be 31.60+1.78 ab  32.3140.40 a
= PA 42.5040.99 48.1940.75 e 54.6642.33d 58.7247.08 ¢ 65.8441.02 b 74.3341.40 a
Dodecancl IPSAC  33.89-£0.73f  35.4240.10 ¢ 36.9440.71d  40.88-£0.37 ¢  48.19+0.75b  65.84+1.02 a
IPN 22.85+0.49 de 24.154+2.32d 28.1240.88 ¢ 28.85+0.76 ¢ 41.984+1.78 b 53.50+£1.41 a
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