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phyA”™
Improving Thermostability of Aspergillus niger Phytase by
Elongation Mutation

1 2% 1 2 1 1

CHEN Hui' WANG Hong-Ning’* YANG Wan-Shen' ZHAO Hai-Xia® WU Qi' and SHAN Zhi'

1 625014

2 625014

1 College of Life & Science  Sichuan. Agriculture University Ya' an  Sichuan 625014

2 College of Animal Science & Technology ~ Sichuan Agriculture University Ya' an  Sichuan 625014

N25 phyA™ pET-30b + pET30b-FphyA™
PCR phyA C pET-30b-FphyA™ 13
pPICOK-phyA®  GS115 PP-NP* PP-NP"-8
PP-NPA® 3°C 75°C 10min 21% pH 5.6 pH
pH4.6  pH6.6 0.4
pH
Q78 A 1000-3061 2005 06-0983-05

Abstract The phytase gene phyA™ from Aspergillus niger N25 was recombined into E. coli expression vector pET-30b +
Recombined at expression vectors pET30b-FphyA™ was served as a template to amplify phytase gene and the PCR product

™ vector at C-terminal

named elongation mutation gene phyA® was expanded with a 13 amino acid sequence from pET-30b-F phy.
of phytase gene phyA™ . Furthermore phyA® gene was recombined into expression vector pPICOk and expressed in Pichia
pastoris. The comparison experiment of mutant phytase PP-NP° with wild-type phytase PP-NP"-8 showed that the optimum
temperature of PP-NPe was increased by 3°C  and its thermostability was increased by 21% when it was exposed to 10min at
75°C . lis effective reaction pH range with catalysis efficiency above 70% was pH4.6 ~ pH6.6 and wider 0.4 pH value than

that of wild-type phytase.

Key words phytase phyA gene elongation mutation Pichia pastoris thermostability
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C DNA PCR 94°C  30s 55C
30s 72°C Smin 30 10min PCR
: DNA pUCI8-T
pET-30b + C
His Tag 13 Lys Leu Ala Ala Ala JM109
Leu Glu His6 Lys Leu Ala Ala Ala Leu Glu ¢ pUC18- phyA™
pUCIS-phyA”  pET-30b + DNA Nde 1/
His6 Hindlll JM109
pET30b-FphyA™
1.2.2 phyA’ pPICOK-
phyA™ C phyA° C pET-30b-F phyA™ 13
pET-30b + 13 phyA’
pPIC9k PCR 5"
Nde | EcoR 1 5'
1 Not |
1.1 5'-GT ctggcagtceecgecte-3’
1.1.1 | IM109 GSL15 e I eoR 1
GS115 Ablumin pl();lscl 91;3 gal pET 301;I 2; . ettt
phyA” pUCIS- phyd” pUCIS-T Not 1
pET30b-FphyA™ dNTP
112 T4 DNA INTP DNA PCR 94°C  30s 55°C
IPIG X gl 30s 72°C 530 72
Taq plus DNA 10min
DNA phyA’ PCR pUCIS-T
Sigma uvP HH. S11-2 1.2.1  pUCI8-phyd”
+0.1°C pUC18- phyA* pPIC9k EcoR 1 /Not 1
1.1.3 IM109
LB 1% 0.5% 1%NaCl ~ PPICOk-phyd’
pH7.0 1.2.3 pPICOk- phyA®
MD 1.34% YNB 4x 10°° 2% pPICOk-phyA” BypE
MM 1.34%YNB 4x 10~ 0.5% GSHS MD MM
BMGY ~ BMMY 1% 2% ’
100mmol/LL 1.34% YNB 4 x 10~} 1% 1.2.4
BMCY  0.5% BMMY 10mL BMGY 30C  20h
12 1% 100mL BMGY 18h
1.2.1 phyA” pET-30b + 4h 100mL BMMY 4%
PUCIS- phyA” pET-30b + 30°C 38h 4T 60%
phyA™ PCR Sh 0.02mol/L. HAc-NaAc
5’ Nde | EcoR |
5 Hindlll C Tris-HCl 300mmol/L NaCl 150mmol/L pH7.0
pET-30b + 13 Lys Leu Ala Ala Ala SDS-PAGE * 7
Leu Glu His6 1.2.5

5'-GT ctggeagteeecgeete-3'

Nde 1 EcoR 1
5'-CT agcaaaacactecgee-3'
Hindll

PUCIS-phyA” dANTP

pH4.6 0.01mol/L. HAc-NaAc
37°C 40°C 45C 50°C 55C 57°C 59°C 60C 61C 63°C
65°C 70°C 75°C 80°C 85°C 90C 30min

1.2.6 pH4.6
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phyA™

985
0.02mol/L. HAc-NaAc 37°C 75°C 85C pPIC9k C
95°C 10min 37C 30min pET-30b + 13
2.4 pPIC9k-phyAe
1.2.7 pH pH
37°C 30min pH1.7 pH 2 pPICOk- phyA*® GS115
pH2.6 pH3.6 pH4.6 pH5.6 pH6.2 pH6.6 pH7.1 pH
7.5 pHS8.1 HIs4 AOX1 MD MM
1.2.8 pH4.6 0.02mol/L Mut*
HAc-NaAc 37°C PP-NP*
Lineweaver-Burk K, Vo 2.5
phyA*
pUCI18-phyA™ vector SDS-PAGE 1
jper 70.2kD PP-NP"-8 ’
hyA™ 1 2 3
phyA™ gene : D>
— 974
PUCIS-T-phyA Nor 1 Find1 24" — 662
3.1kb Lacl
His /
/ 11 origin phyANy EcoRT — 43.0
Nde 1 /Hindlll et
cleavage and linkage
— 310
DET-300(+) l PCR —210
>421bp phyA°® gene
ori l Cloning
Bgl11_Sacl SnaBlL
ColBL pror 1 SDS-PAGE
kb e Fig. 1 SDS-PAGE analysis of phytase purified
Belll 1 PP-NP® mutant phytase 2 PP-NPm-8 wild-type phytase 3 protein
| EcoR1/Notl cleavage and linkage | standard .
l 2.6
Bell Sqe 1
FeoR 1 2.6.1 pH4.6 0.02mol/L HAc-
phyd® NaAc 30min
Not 1 2 2 PP-NP*
Bglll
63°C PP-NP"-8 3C
Kan 100
Sac 1 90 r
2 80
S L
E‘ 70
Z 60
2.1 phyA™ PET-30b + 2l
PCR 1.4kb Nee I + 2ol
Hindll 1.4kb DNA 2t
phyA™ pET-30b + 20
2.2 phyA*  pPIC9k PCR WL, Weass
37 40 45 50 55 57 59 60 61 63 65 70 75 80 85 90
Temperature/°C
PCR 1.4 kb 5
pUCIS-T Fig. 2 The curve of optimum temperature for catalytic
reaction of wide-type phytase and its mutants
23 phyA PPICOk-phyA M PP-NP"-8 wild-type phytase @PP-NP* mutant phytase .
PCR 1.4 kb
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2.6.2 37°C 2.6.4 pH PP-NPe
3 3 pH 4 4 pH
PP-NP* 75°C 2.6 5.6 pH5.6 pH4.6~6.6
85°C 95C 10min 78 % pH5.6  72.9% PP-NP"-8
1% 59% 21% 20% 18% pH4.6~6.2 pH5.6  70%
100 r pH 6.6 pH5.6  41%
90
g0k pH pH6.6
! 100
7
X3 nt
g st g0 b
o ©
Z30r 2 60
20 F § 60
10} £ or
0 L f L | < 40
37 75 85 95 = ok
Temperature/°C
20
3
10 |
Fig. 3  Thermostability of wide-type phytase and its mutants 0 . ) ) ) ) ) ) )
@ PP-NP"-8 wild-type phytase EPP-NP® mutant phytase . 172 26 36 46 56 63 66 71 75 81
pH
2.6.3 37°C
1 4 pH
PPNP* Fig. 4 Effection of reaction pH on activity of wide-type
phytase and its mutants
1 @ PP-NP"-8 wild-type phytase IMPP-NP* mutant phytase .
Table 1 Kinetic parameters of wide-type phytase and its mutant 2.6.5
Enzyme  Specific activity K., Kea Ko/ K,y http //www.
[wmg™' /ot L7 /57! ’ mm"}l shg. bio. ic. ac. uk/servers/3dpssm/
Ls ~
5 a-
PP-NP"-8 209955 +363 34.8+2.2 0.402+0.018 11.55 Helix 41.6% Coil 40.3% B-
wild-type Strand 18.1% o 35.3%
phytase
47.4% B 17.32%
PP-NP* 217536 £301  25.0+1.7 0.308 +0.015 a- C 6
mutant 12.33 .
phytase a- 4 His

EAEAYVEFLAVPASRNQSTCDTVDQGYQCFSETSHLWGQYAPFFSLANESATISPDVPAGCRVTFAQVLSRHGARYPTDSKGKK
CCSSSSSSSSSSSCCCCCSSSSSSSSSSCCHHHHHHCCCCCCSSSCCCCCCCCCCCCCSSSSSSSSSSSSCSSSSCCHHHHHM

83
YSALIEETQQNATTFDGKYAFLKTYNYSLGADDLTPFGEQELVNSGIKFYQRYESLTRNIIPFIRSSGSSRVIASGKKIFTEGF
HHHHHHHHHHHCCCCCCCHHHHHHCCCCCCCCS SSCHHHHHHHHHHHHHHHCCCHHHCCCCCS SSSSSCHHHHHHHHHHHHHH

166

QSTKLKDPRAQPGQSSPKIDVVISEASSSNNTLDPGTCTVFEDSELADAVEANFTATFVPTIRQRLENDLSGVSLTDTEVTYL
HHHHHCCCCCCCCCCCCCCCSSSCCCCCCCCCCCCCCCHHHHCCCHHHHHHHHHHAHHHHHHHHHHHHICCCCCCCHHHHHHC

249
MDMCSFDTISTSTVDTKLSPFCDLFTHDEWINYDYLQSLKKYYGHGAGNPLGPTQGVGYANELTARLTHSPVHDDTSSNHTLD
HHHHHHHHHHCCCCCCCCCCHHHCCCHHHHHHHHHHHHHHHHAHCCCCCCHHRHHHRHHHHHHHHHHICCCCCCCCCCCHHHN

332
SNSATFPLNSTLYADFSHDNGIISILFALGLYNGTKPLSTTTVANITQTDGFSSAWTVPFASRLYVEMMQCQAEQEPLVRVLY
(CCCCCCCCCSSSSSSSCHHHHHHHHHHCCCHHCCCCCCCCCCCCHHHHCCCCHHHHCCCSSSSSSSSSSSSCCCCSSSSSSS

415
NDRVVPLHGCPVDALGRCTRDSFVKGLSFARSGGDWAECFAKLAAALEHHHHHH

SCSSSCCCCCCCCCCCCSSSHHHRACCCHHHHCCCHHHHHHHCCHRHHHHCCCC
469

5
Fig. 5 Secondary structure prediction of Elongation mutation phytase

C coil S strand H helix.
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phyA™

987

3.1
1997 2

12

13
75C
25°C
37°C 75.7%
phyA™ pET-30b +
PCR pET-30b +
phyA’

63°C 3C
75°C 10min
21%
13
Ala Ala Leu Glu His6 3D-pssm
13

3.2 pH

pH
’ 2002
concept pH
2.8~3.4
A. fumigatus

88 25 C

88 25
phyC

15°C
90°C 10min

13
PhyA’

78%
C
Lys Leu Ala

pH
pH
Andrea Tomschy
consensus
2 pH
A. fumigatus  KO68A
S140Y D141G

pH  0.5~1.0

2004 phyC
pH
phyA*
pH5.6 pH
0.4

1.5

pH6.6

pH

pH

2.5~5.5 pH

pH

pH

cat

pH
pH
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