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o 0. 05 mol/L.pH5.0 400 mL
o 1.3
( Trichoderma asperellum) T. asperellum tachil
° c¢DNA chitl 1 5°-CCGA
ATTCACTCCTGTGTCTACAAACGACG3”  chit2:5"—
o GGGCGGCCGCTTAGTTGAGACCGTTTCGGAT-3~
T. asperellum 57 EcoR' T  Not 1
tachil ( GenBank accession: cDNA . PCR
GU457411) Pichia pastoris pMD18-T Vector
Tachil . pMD18T/tachil . EcoRI. Notl
Tachil pPICOK
pPIC9K /tachil DNA  Stul
GS115, N N
Invitrogen
1 Pichia expression kit instruction manual o
1.4
1.1
1.1.1 : Tachil GS-tachil X YPD
GS—tachil K . BMGY 28 -30C
( 1.3), (250 =300 r/min) (0D, =2 -
1.1.2 : chitl  chit2 6 16 - 18 h). 5000 x g 5 min
;EcoR 1 Not 1 Stul
pMDI8-T Vector TaKaRa ; BMMY 0D, 1.0-2.0 28 -30C
(Chitin) ; o 24 h 100%
(Tryptone) 0.5%
; ( Yeast Extract) 0XO0ID 24 h 240 h.
;D- (D-Glucose) « (D-Biotin) o
Sanland ; (YNB) 1.5
BD s N- (NAG) Sigma
; (Albumin bovine) 5000 x ¢ 5 min
. YPD.BMGY BMMY 80% 8000 x g 15 min.
Invitrogen o 0. 05 mol/L.pH 8.0 Tris-HCI
(HWS=250 ) ; SDS-PAGE o
;752 1.6 Tachil
1.6.1 Tachil
; (30 -80°C) Tachil
o ; Tachil
1.2 (10 min 20 min 30 min 40 min
10 ¢ 100 mL 50 min 60 min) o
5 1.6.2 Tachil pH pH
50% pH (pH 3 -10)
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Tachil ; Tachil pH M 1
50°C 1h . s0a
972—
1.6.3 Tachil
66.4—
0.05 mol/L HIT < i
100%
290—
1.6.4 Tachil
201 —
L00% 143— -p‘«
o
1.7 1 Tachil SDS-PAGE
BMMY Fig.1 SDS-PAGE analysis of recombinant P. pastoris with
q Tachil. M. marker; 1. Purified chitinase.
pH. N N
GS—achil X 100
. 4 3 S 80
Tachil "?; 60
2
’ S 2
1- 8 C‘ O 1 1 1 1 1 1 1 1 1 ]
DNS T 30 35 40 45 50 55 60 65 70 75 80
e
1 mL(2.5% w/v) 500 pL
37°C 1 he (V) 2 Tachil
1 p,mol N— Fig.2 The optimal reaction temperature of Tachil.
o Bradford 100 %
80
X
2 E 60 ——335C
3 —0— 40C
. £ 40 ™~ —A—45C
2.1 Tachil SDS-PAGE § — . . . —o—50C
25 pL SDS-PAGE 20 F —%—55C
44 kDa (1) —e— 60T
! ! ! ! ! J
2.2 Tachil 0 10 20 30 40 50 60
i
2.2.1 Tachil o
Tachil 3 Tachil
( 2) 50C Fig.3 The thermostability of Tachil.
80°C 30 -70°C 2.2.2 Tachil pH pH
o pH Tachil
Tachil Tachil pH (pH3 -7.5
35 -50C (> >50%) pH
50%) 40C 60C 5.5( 4). 50C I h pH
10 min 45.32% ( 3). Tachil pH5.0-5.5
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pH ; SDS p-
19.85%  22.81% SDS
100 B_
X
} 80
=
§ 604
2w
£ °
g 20
24
2 Tachil
O 1 1 1 1 1 1 1 1 1 1 1 1 1
335445 555665775 885909510 Table 2 Effect of protein denaturing agents and
H
P inhibitors on Tachil activity
4 Tachil pH Denaturing agent Concentration / Relative
rotease inhibitors 1/L 9 ivity /9
Fig.4 The optimal reaction pH of Tachil. protease infubitors (mmol /L. %) activity /%
H,0 - 100
100 Urea 500 31.65
£ g0 Urea 3000 31.98
? 60 SDS 0.10% 40. 37
8 SDS 1% 19. 85
o
£ 40 4 EDTA 1 94.13
E 20 EDTA 10 88.09
0 I I I I I 1 1 1 L L ] B-mercaptoethanol 1 91.19
30 35 40 45 50 55 60 65 7.0 75 80 85 B-mercaptoethanol 10 2 81
pH
5 Tachil pH 2.3
Fig.5 The pH stability of Tachil. 2.3.1 : 24h
2.2.3 Tachil :
. o Tachil
Tachil
8
( 1) Ag" Hg”
; CuZ + FeZ +
8 d 6-A).
0.89% 2.69% ;Mn’" .Zn’* \Mg’* NH, ( )
- 2.3.2 pH: pH 3.4.5.6.7.8 Imol/L
20% - 80% M OF: RN
L BMMY 8d  Tachil
K" Na  .Ba o
o pH
1 Tachil Tachil pH 6-8( 6B).
Table 1 Effect of different metallic ions on Tachil activit .
: - : L) 2.3.3 : Tachil
Metalions  Relativive activity /% Metalions Relativive activity/%
H,0 100 Ag’ 0 0.5% Tachil
Cu’” 0.89 K* 90.71 ( 6C),
Ca'" 97.47 Na' 90. 90
Mn®* 24.09 Mg 67.11 °
Fe’* 2.69 NH, 80. 00
Hg'* 0 Ba’* 96. 66 ;
7n’* 58.87 9
2.2.4 2.3.4 :
Tachil - ( 2) EDTA Tachil .
Tachil SDS
o 0.5 mol/L
68.35% ( 6D).

2.3.5 : 500 mL 10% -
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15% 20% 25% 30% 8 d Tachil Tachil ( 6F)
( 6E). 10%
o Tachil o 0Dy, =1.5-2.0 ;
10
Tachil o o
2.3.6 s 0D, =1.5-2.0,
12 A 10 B
~ 10 r 9
9 E 8 9 E 8
< = Z2 =
£2 6 £ 2
Ez £z
Oz 4T oz
g 2t g6
0 ! . . . . . . . . 5 . . .
1 2 3 4 5 6 7 8 9 10 4 5 6 7 8
t/d pH
10 r c 10 b
~ 9% & 9.5
2% o] % E 83
g5 g5es
=2 17 £ 275
Oz ST '7
S 6 f 5
s 6.5
5 . . . X . . X .
0.5 1.0 1.5 2.0 25 0.00 0.05 0.10 0.15 0.20
¢(Methanol /% ¢(Oleic acid)/%
11 .
~ 10
—_ ~~
2 E 9 E 9 -— o .
22 s gL . —
g€ 7 2z
= cE7
g 6 ‘g 6
5 I I I | s I I I I I I |
10 15 20 25 30 0.5 1 1.5 2 25 3 35 4
Culture volume/% oD,
6 .pH. N N Tachil

Fig. 6 Effect of induction time

Tachil activity. A: induction time

pH methanol concentration oleic acid

culture volume and cell densities on the recombinant chitinase

B: pH. C: Effect of methanol concentration on chitinase activity. D:

Effect of oleic

acid

concentration on chitinase activity. E: Effect of culture volume on chitinase activity. F: Effect of cell densities on chitinase activity.

2.3.7 :
pH- N
4 3 C 3),
: >pH >
> A B,C,;D,.
GS—achil K A, B,C,D, A,B,C,D,
16.47 U/mL
17.93 U/mL 8.80% ;
3.79 g/ 6.19 ¢/L

63.32% .

3
Table 3 Data of orthogonal test
Factors
No. c(Methanol)  Cell densities  Induction  Tachil activity
pH 1% (0Dg,) time/h /(U/mL)
1 1(6.5) 1(0.25) 1(1.0) 1(180)  8.77
2 1¢6.5) 2(0.50) 2(1.5) 2(192)  13.6
3 1¢6.5) 3(0.75) 3(2.0) 3(204)  14.65
4 2(7.0) 1(0.25) 2(1.5) 3(204)  10.85
5 2(7.0) 2(0.50) 3(2.0) 1(180)  13.58
6  2(7.0) 3(0.75) 1(1.0) 2(192)  7.79
7 3(7.5) 1(0.25) 3(2.0) 2(192)  13.18
8 3(7.5) 2(0.50) 1(1.0) 3(204)  9.99
9 3(7.5) 3(0.75) 2(1.5) 1(180)  13.65
k, 12.340 10.933 8.850 12. 000
k, 10.740 12.390 12. 700 11.523
k, 12.273 12.030 13.803 11. 830
R 1.600 1.457 4.953 0.477
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(P. pastoris)

500
12 o
Tachil
Tachil 44 kDa
pH 50°C.5.5  60C 1h
27.92% o Ag' Hg'".Cu®" Fe''
B Li* . Na'.
Mg’ .Ca’* \K*.Ba®"
1ot Tachil
o Ca"
0.05 M Ca** 37C
7.5 min 165
min 7 . Ca’* Tachil
Ca’" Tachil
Tachil .
Tachil pH 6.5
0.5% 0D, =2
180 ho GS—achil K
6.19 g/L Tachil
T 17.93 U/mL
o Gan
P. pastoris LPCHIl 4

12.3 mU/mL(nmol/mL*min) " . Wang

( Chaetomium cupreum’) chit58
120 h
39 U/mL * (
1 pg N- ); Liu
2 Chaetomium globosum CHI46

6 0.71 U/mL
( 1 pg N-
).

P. pastoris
Tachil o
N ? , Lorito *
*, Tachil
Tachil
GS—tachil K
Tachil Tachil
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Characterization and production optimization of a
chitinase ( Tachil ) from Trichoderma asperellum in
recombinant Pichia Pastoris expression system

Wei Tang Yahua Li Lu Liu Junxia Zhang Hongquan Xian
Agricultural Applied Microbiology Laboratory College of Life Science Qingdao Agricultural University Qingdao 266109
China

Abstract: Objective We characterized a chitinase (Tachil) from Trichoderma asperellum and optimized its production
conditions by methanol induction of the recombinant strain Pichia pastoris GS—tachil K transformed with the gene tachil
(GenBank accession: GU457411). Methods We purified Tachil from the fermentation broth to analyze enzymatic
properties after it was secreted by GS—achil K. The production conditions of GS—achil K were optimized by single-factor
experiment and orthogonal experiment. Results The molecular weight of Tachil was about 44 kDa. Tachil had a broad
range of temperature and pH adaption with the optimal reaction temperature at 50°C and pH 5.5. It was stable at the
temperature below 50°C  yet less stable under alkaline conditions. Tts activity was significantly reduced by 0. 05 mol /L of
Ag’ Hg'" Cu’" Fe’* 1% of Sodium dodecyl sulfate (SDS) and 10 mmol/L of B-mercaptoethanol. The optimum
conditions obtained were: initial cell density with an 0D, equal to2 0.5% of methanol pH 6.5 induction time 180 h.
Under the optimized condition the activity of Tachil reached 17.93 U/mL and the expression of tachil was 6.19 g/L.

Conclusion The recombinant strain GS—achil K showed high expression of tachil and the protein secreted by GS—
tachil K had high chitinase activity. It will provide theoretical basis for further research and application in this chitinase.

Keywords: Pichia pastoris Trichoderma asperellum chitinase enzymatic properties production conditions
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