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1 : pH 13

(DTT ) n- D L- ( BAPNA Sigma-Aldrich
) (Tris); 24 N- ) (MES); 1-  3- )
(EDC); N- ( NHS) o ( TFA ) ( CAN )
2.2
2.2.1 CS 7 5¢gCS 150 mL 3% 50 mL 6%
H,0, 40 °C o 10 mol /L. NaOH
o CS 0.1 mol/L 0.2 mol/L NaCl 25 C
() s (M,):
n = 0.00181 M)”
2.2.2 Trypsin-CS 10 mg CS 5 mL 0.1 mol/L MES (pH =5.50)
1 mL5g/LEDC 1 mL10g/LNHS 3 mL2 g/L Trypsin ( 2500 U/mg) -MES
5~15C 2 h, PBS Trypsin.
0.01 mol/L Tris( 150 mmol/L NaCl 0.1% NaN; 0.2% BSA pH 8.2) 2 h
o PBS BSA Trypsin-CS o
2.2.3 CPSP CS  Trypsin-CS pH
10 mg CS  Trypsin-CS 5 mL 0.1 mol/L. HAc pH 4.0 0.1 mol/L
NaOH pH4.0~10.0 0.5 pH 543.5 nm pH
pH pH CpPSP . 3%
3 .
2.2.4 Trypsin-CS BAPNA 8 Trypsin 25
C BAPNA o 1 mL DMSO 33 mg BAPNA BAPNA o
410 nm 0.001 (I0) Trypsin ~ Tryp-
sin-CS 50 mmol /L. MES (pH6.2 10 mmol/L CaCl,) 3.0 mL 15 uL
410 nm o
2.2.5 Trypsin-CS 10 mg Trypsin-CS 5 mLL MES (pH=6.2)
30 d o Trypsin Trypsin-CS o
2.2.6 Trypsin-CS Trypsin-CS ~ BAPNA
0.1 mol/L. NaOH pH 8.0 Trypsin-CS 5000 r/min MES
(pH 6.2) o o
2.2.7 Trypsin-CS BSA HPLC ’ 10 mg Trypsin-CS 5 mL. MES
(pH 6.2) 500 pL 170 uL 0.1 mol/L NH,HCO, 10 uL DTT 20
ul 100 g/L BSA 37 C o 0.1 mol/L. NaOH
Trypsin-CS o HPLC o 0.1%
Hypersil Cy (20 cm x4.6 cm 5 pm) o
1.0 mL/min 0 ~30 min 5% ~T70% 210 nmo
2.2.8 Trypsin HPLC 5 mg Trypsin 10 mg Trypsin-CS 5 mL. MES
(pH 6.2) 500 pL 170 pL 0.1 mol/L NH,HCO; 10 pL DTT,
37 C o HPLC o
3
3.1 Trypsin-CS
EDC/NHS EDC Trypsin —COOH NHS

CS Trypsin-CS o 1 o
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EDC/NHS j’l\
CS  Trypsin CS O oene O h - %HN Trypsin
Trypsin o Trysin TrypsinJ\OH Twpsin)LO/ = 2
O
CS Trypsin o I Trypsin €S
Scheme 1 Diagram of conjugate reaction between trypsin
g jug ryp:
Trypsin-CS Trypsin 8500 U. and chitosan ( C5)
15000 U Trypsin 56.7% Trypsin  CS o Trypsin-CS
25% o
EDC/NHS Trypsin ~ CS
o Trypsin ~ CS o
3.2 CS CPSP
pH CPSP o CS
pH < CPSP CS CS ; pH > CPSP
6421
s = I 6.38F
pi ’ 24 g 634
CPSP e
RE ¢
. CPSP %:é 2 630}
o3 F \
o CS = F s26f e
CPSP o 1 S i
. ’ 5 10 15 20 25 30 35
s CPSP ' s CS4r 11t Molecular weight (x10%)
CPSP o
cS cS 1 CS Trypsin-CS CPSP
H Fig. 1 Effect of chitosan molecular weight on the critical
g P 10° cs CPSP phase transitional pH( CPSP)
o X
6.36. pH <6.36 CS ; pH >6.36 o CS  Trypsin
CPSP o
3.3 Trypsin-CS
Trypsin 8 x10* €S 1007
S
pH 801
pH Trypsin-CS %8
=3 604
o Bl B
& g
100% = -
o = 20
Lﬁ 0
2 12 3 4 5 6
FA 43 B AR L Cyclic number
o 6
6 2
799 Fig.2 Recovery of residual enzyme activity during phase
transitional cycles
Trypsin-CS CPSP ( pH6.0~7.0 )
pH Trypsin

o 10 ( Laccase)  CS o
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1 pH
o Trypsin
pH7.0~8.0 o Trypsin-CS pH 6.2
o pH pH
Trypsino Trypsin 0
3.4 Trypsin-CS
Trypsin 30 d
5% " . Trypsin
o Trypsin-CS 30 d

69% Trypsin [ Trypsin-CS

CS Trypsin o
3.5 Trypsin-CS Trypsin BSA

Trypsin o Trypsin Trypsin
( Peptide fingerprint mapping) o
o Trypsin-CS
Trypsin o 11 CS
o 3a
Trypsin  BSA 37 C 2 h HPLC . BSA
Trypsin BSA HPLC o 3a
Trypsin 24 h HPLC o 3b Trypsin-CS
BSA HPLC HPLC Trypsin—
CS ( 3b ) o pH
Trypsin-CS Trypsin o
a b
)
0 2 4 6 8 10 12 14 05 10 15 20 25 30
0 5 015 20 25 6‘FMJJ5'\‘ 0 520 25
/min t/min
3 BSA  Trypsin(a) Trypsin-CS( b) HPLC Trypsin

Fig.3 HPLC peptide map of bovine serum albumin( BSA) digested by trypsin( a) and Trypsin-CS

(b) Conjugant the inset is the self-digestive peptide fragment of trypsin

a BSA  Trypsin = 2h ( Peptide map of BSA digested by free trypsin for

2 h peptide map of selfdigestive product is shown on the inset) ; b. BSA  TrypsinCS 2 h

( Peptide map of BSA digested by trypsin-CS for 2 h)
4

Trypsin-CS

o
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pH Sensitive Phase Transition and Enzyme Activity of
Trypsin-Chitosan Conjugant

WU Bei-Bei SHANG Yun-Ling WU Jian-Min"
( Institute of Microanalytical System Depariment of Chemistry Zhejiang University Hangzhou 310027)

Abstract Trypsin—chitosan conjugant was prepared by coupling trypsin with chitosan ( CS) through the meth—
od of 1+ 3-dimethylaminopropyl) 3-ethylcarbodiimide / N-hudroxysuccinamide ( EDC/NHS) coupling reac—
tions. The resulting conjugant had borne both characteristics of pH-sensitive phase transitional behavior and
enzyme catalytic activity. The critical phase transitional pH point ( CPSP) of the conjugant was determined by
turbid titration method. The results show that CPSP value increase with the decrease of chitosan molecular
weight. The CPSP value of CS and its trypsin conjugant could reach 6. 36 when the chitosan with molecular
weight of 8 x 10* was used. The near neutral CPSP is in favor of stabilizing the enzyme activity during the cy-
clic procedure of phase transition. Trypsin-CS conjugant could preserve 69% of initial enzyme activity after 30
days storage and 79% of enzyme activity was observed after 6 cyclic phase transitional procedure. Trypsin-CS
conjugant could catalyze the degradation of BSA in homogeneous phase when the pH of solution is slightly less
than CPSP value. The conjugant could be recovered by precipitating it from solution when the pH is higher
than CPSP value. HPLC results demonstrated that the self degradation of trypsin was significantly inhibited and
the interference from the self-degraded peptide could be eliminated in the peptide fragment mapping.
Keywords pH sensitive polymers; Trypsin; Conjugation; Enzyme activity; peptide fragment mapping
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