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Kinetic and thermodynamic properties of a trypsin isoform GT-A
from the grass carp (Ctenopharyngodon idellus) intestines

LIU Zhong-yi

(Department o f Food and Biotechnology of Xiangtan University , Xiangtan, Hunan 411105, China)

Abstract: [Objective) Investigating the chemical composition and enzymological properties of trypsin
from the grass carp (Ctenopharyngodon idellus) intestine is helpful to intensively understand its property
and to probe into its potential industrial and commercial application. [Method] By biochemical and instru-
mental analysis,amino acid composition as well as kinetic and thermodynamic properties of the grass carp
trypsin isozyme GT-A were determined. [Result) V... and K,, values were determined to be 2 000 min '
and 21. 21 pmol, respectively. And its physiological efficiency (V,./K, ) was calculated to be 94. 3
min '+ ymol '. GT-A had a low Arrhenius activation energy of 17. 22 kJ/mol. By differential scanning cal-
orimetry (DSC),the thermo denaturation temperature of GT-A was determined to be 66.3 °C. And in the
presence of Ca’" ,the thermo denaturation temperature of GT-A was increased by 72. 9 °C. The amino acid
composition analysis result showed that the content of both aroma amino acid and cysteine of GT-A was
low. GT-A had the strongest absorbance near 205 nm, but weak absorbance near 280 nm. [ Conclusion]
These results showed that GT-A possessed some properties of the digestive proteinases from cold-adapted

fish,such as high physiological efficiency and low Arrhenius activation energy,and exhibited potential in-
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dustrial and commercial applications.
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Table 1

GT-A(140 pg) B AL 280 pg/ml B . R J5 H
PYRIS-1(JAC 7/DX) #8275 49 4 1 AL (DSC., 3
B 9000 S il 1 AR S PR IR . CaCly i 4 il 5
B 4G 2 F R 5 mmol/L, it # 20 min, 8 Ji5 [ #f
FH DSC 5 Bl g A8 M35 B . DSC 3 4 1 B S L oy
25~100 C, FHR# R 10 °C/min,

2SR5
ERBTX GT-A FEHEMARE T M
% 1 4RI CaCL, A MgCL, 4 GT-A #9715

PEFEARTCR M, {H Zn*" [Cu®" \Hg*" f1 AP ZEH1E
1E B GT-A JEPE) 63% ~73% B34 .

2.1

SRS GT-A FHEHNZ I

Effect of metal chlorides on the GT-A activity

AR ] e /(mmol « L™1) AE O S 1/ 6 &R AY W /(mmol « L™1) ARl 9 1/ %6
Metal chlorides Conc. Relative activities Metal chlorides Conc. Relative activities
CaCl, ) 99+1. 20 ZnCl, 5 37+1.95
MgCl, 5 97+1.05 HgCly 2 314+1.56
CuCl, 2 29+2.10 AlCl; 2 27+2.12

TE B RIE T 3 A PATIR I P . TR
Note: Data were mean from triplicated assays. The following table is the same.

2 2 W LA AR CaCly 78 5% i i 9 38 1
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HAFTWE M s m7E A Ca®™ (5 mmol/L) J5 , £33 [
FE G P40 B Bl A5 ] DL B T MY 66,509,

£2 Ca'3t GT-ARFEEEHZI
Table 2 Effect of Ca®" on thermostability of the GT-A

GT-A 5 A/ %

GT-A Gk A idtE/ %

TR/ C In#AEF [E] / min Relative activity /T T H T i) /min Relative activity
Temperature Heating time F Ca '+ 1l 5 mmol/L Ca®" Temperature Heating time I Ca2t B 5 mmol/L Ca?*
No Ca’*  Add 5 mmol/L Ca?" No Ca®*  Add 5 mmol/L Ca*"
55 20 88. 29 97.58 65 20 4.03 66. 50
60 20 82. 36 95. 86 70 20 0 3.76

2.2 GT-AR Viuu K, AREBHE

¥ GT-A JK ARk FE BAEE I (%47 3 i CE]
KA BAEE 1 56 AL 5, 52 B bl J2 Wi 19 BE R [ IR
T BV BUE (1/0) X5F A0 I ) ¥R B2 B 80 (1 /LS D AE
K (Bl Lineweaver-Burk B 28), .45 K 1 frw .
DL 9 B8 7R L6 3 g i B EUE Dy oy DLHR S 1) 81 BUE
Foa FEAT RIS, A B EE RS y=
0.106x+5.332 7X10 ", HAHKEZEH 0.999 9,1
BT

WG B 0 R R AR 8 Vo MK, (6, 3
ZERWNE 3 in., R 3IWFHIET GT-A EH L
BORV /K B AR 4 Fhmai 1 25 11 Bl A0 VG v
ISt R R RIS BE. MR 3 AT IL.GT-A K
Vo M1 K, {8 43 3] & (2 000 + 82. 1) min ' Al

(21.21+ 1. 98) pmol, 4= B % 1k &% & N 94. 30
e pmol T B0 {7 AR ORI R PG VE i £ i
HAEE S BUE A AL

0.0018

min

»=0.106x+5.3327X10""

0.0016 R'=0.999 9

0.0014

/min

0.0012

1
v

0.0010

0.0008

0.000 6
1 1
0.00 0.02

1 1 1 1 1 1

1 L 1 Il ]
0.04 0.06 0.08 0.10 0.12

1 1
[s] /umol
K1 GT-A /Kf# BAEE fJ Lineweaver-Burk [0] )9 B £k
Fig. 1 Lineweaver-Burk plots for hydrolysis

of BAEE by GT-A
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Table 3 Comparison of kinetic constants of the GT-A and other fish alkalin proteinases
fitf Enzyme V max/min ! K.,/ pmol Vinax/ Ky /(min~ 1« pmol ™)

GT-A 2 000£8. 21 21.21 £ 1.98 94. 30
U IR A I 9 110+745 37.40 + 2,44 243.58
Crayfish proteinases 1T 15 400+1 020 35.70 £ 2.10 431. 37
Il 13 4004821 43.20 £+ 2.46 310.19
v 13 500£875 34.90 £ 2.20 386. 82
i 401 g5 25 (1 EC2) Cod trypsin 18 200 220 82.73

H(DGT-A B EUE N 3 D TFATIRIEE A T 5 (2 Vi AL LA ol [ () BAEE 1 J7 ¥ £R .
Note: (1) Data of GT-A are mean from triplicated assays; (2) V.. value is BAEE units for GT-A.
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Fig. 2 Arrhenius plots for hydrolysis of BAEE by GT-A
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Table 4 Comparison of amino acid composition of trypsin isoforms of GT-A and other fish alkaline proteinases

&/ % Contents

= i

JAMR WA 0 € W 1 R W (1) Wt BT P
Grass carp trypsin GT-A Greenlan cod trypsin Anchovy trypsin Anchovy chymotrypsin

Asp + Asn 50 27 32 25

Glu + Gln 39 25 24 21

Ser 27 37 30 21

His 9 8 9 10

Gly 31 33 28 17




5 14 X S B A0 i T8 R R R TR GT-A (4 3h 1 2% Fk g 2 R 215
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FIH P4/ % Contents
iR , _ , ,
Amino acid 0 1 0 i ) B 2 1) W 5 T
Grass carp trypsin GT-A Greenlan cod trypsin Anchovy trypsin Anchovy chymotrypsin
Thr 10 12 14 21
Arg 5 6 6 9
Ala 16 19 11 12
Tyr 3 8 8 3
Cys-s 5 8 5 9
Val 13 19 16 19
Met 2 4 3 2
Phe 8 5 5 4
Tle 13 9 10 10
Leu 22 16 15 14
Lys 6 7 6 6
Pro 20 12 11 15
Trp 2 3 2 6
IR AL / N N
Number of residues 218 254 235 234
M/ (J + mol D) . , ,
Mean hydrophobicity 3.49 3. 60 3.60 4.06
2.5 GT-A R 2% KR BE 3 2 1 o B i AR S AR 280 nm 4b
WP TS GT-A 1) UVl WEHOBE I BB ) (A AT 53— 0B 51
Kl 3 . 52,

% X BE
Absorbance
o

1.0F
0.5
0 1 1 1 1 1
200 220 240 260 280 300 320
A /nm
3 EAAPE AR GT-A )2 kot i%
Fig. 3 UV absorbance pattern of the grass

carp trypsin-like enzyme isoform GT-A
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GT-A 5 # i & FE IR W & i1t LA, L AR5 &
R LR & B R % M AE 280 nm FiF T HUA 0SS W Ik
M EZERNZ —, WA WA REEME RS -
(R IR P T B 25 1 A/ 280 nm B I A AR S 1Y
W MST A T, 7 75 TR 2 ik i ke 5 M) i 5 2 ) R T AR
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Fig. 4 DSC patterns of GT-A after incubating with 5

mmol/L of Ca’" for 20 min at room temperature
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M5 TR % . Y4 Tl 78 RN 908 1 - ) 4% & 4 OF
PRI 0 2 725 Sy 7= B B SRR I - T iR
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