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P, FLEA SR 15 2R R 2 . DR E
T IOBE R Al B BE AR R Al AppA Y U i Il 2
(T,)#4°C ~5C, AWFAERT A TARREERD -,
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1.1 ##
L11 EBRAEORL
KW #T B ( Escherichia coli DH5a) , & 7 % £

(Pichia pastoris GS115) , GS115/appA T+ T.F2 4,
FREAK pPICY , FLlE # fA& PMDI8T-appA , ¥l A5
1.1.2 k5

YNB.YPD It F Solabio 2\, #i & 4l P1090 I
F Sigma /v aE], HAKH G F LA T, YPD BM-
GY .BMMY Z5 8% 77 5L #4744 B Invitrogen 2\ w] $2 44 (1)
BRI BERAE TG o Bradford 2 1 0 5 3
5 &M T Fermentas /A& o
1.2 7 &%
1.2.1 78 g it

SR XAERR E AppA 43 ¥ I 4514 K7 51 43 #r
PEVT A5 7 150 WA6E . Q62W  A73P K75C S146E
R159Y , N204C . Y255D Q258N Fl Q349N, it 5]
Primge 1 s CF X0 A AH R 1 28 AR L ) o

®1 appA ERRERFHSIY

EIEZE

1M (5-3")

appA (WAGE) -Forward
appA (WAGE) Reverse
appA (Q62W ) -Forward
appA (Q62W) -Reverse
appA (AT3P,K75C) -Forward
appA (A73P, K75C) -Reverse
appA (S146E) -Forward
appA (SI46E) -Reverse
appA (R159Y) -Forward
appA (R159Y) -Reverse
appA (N204C) -Forward
appA (N204C) -Reverse
appA (Y255D) -Forward
appA (Y255D)-Reverse
appA (Q258N) -Forward
appA (Q258N) -Reverse
appA ((Q349N) -Forward
appA ((Q349N) -Reverse

GCCAGTCAAGCTGGGT GAGTTGACACCTAGAGG
CCTCTAGGTGTCAAC TCACCCAGCTTGACTGGC

GTCACTAC TGGAGACAGCGTCTTGTTGC
GCAACAAGACGCTGTCT CCAGTAGTGAC

GGATTGTTGCCCAAG TGTGGTTGTCCACAATC
GATTGTGG ACAACCACACTTGGGCAACAATCC

GCTATCTTG GAGAGAGCTGGAGGATC
GATCCTCCAGCTCT CTCCAAGATAGC

GACTTCACCGGTCAC TACCAGACTGCCTTCAGAG
CTCTGAAGGCAGTCTG GTAGTGACCGGTGAAGTC

GAAGGTCTCCGCCGAC TGCGTCTCTTTG
CAAAGAGACG CAGTCGGCGGAGACCTTC

CGCTCAATTC GACTTGCTGCAGAGAACTCC
GGAGTTCTCTGCAGCAAGT CGAATTGAGCG

CGACTTGCTG AACAGAACTCCAGAGG
CCTCTGGAGTTCT GTTCAGCAAGTCG

CTCTCAATGGATT AACGTTTCGTTGG
CCAACGAAA CGTTAATCCATTGAGAG
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TEEHE B 1] 4 A\ ELAZ IR A pPICY ) EcoR T Fl
Not 1 fii pi Z [a], 45 3] # 21 % 35 # Ak pPIC9-ap-
pAM10, H Bgl T ¥4k 8 21 i ki pPIC9-appAM10
Jei RS AR EERE GS115, G e A5 21 ey Al e A AE PR i
FE B EERE T AR GS115/appAM10 .,

1.2.3  HAMEMM AppA Ml AppAMI0 [ZR Ik 4k
B iwE AL

VIR T AR B GS115/appA 5 GS115/appAM10
S3AITE YPD SFAR - RIZR,30°C HH 3G FR A K 5% 72h,
PRI T v, $2 4 3% A S00mL BMGY 19 1L #2)f
1,30°C ,220r/min 5 3% 48h, #4 LI I 45 35 W 8000
r/min .0 10mm,j+¢$i(ﬁ JBTVE, JF 4 B 11
500mL BMMY #5535 7% S 95, 5 IE F
BELs , BER% 12h Kb sEH @iﬁﬁﬁﬂ WV R 0.5%
PS5 72 W 80001/ min 4°C F .0 15min, 80% #
R B UTTE 17 , 13000r/min (4 °C 5.0 15min, W AR 7T
VE, IE T B B F A8 4 2 AT (SP Sepharose TM Fast
Flow) K73 1ifi 85 JI¢ /2 A ( Hiprep 26/10) i — 25 4
b FERREGINE S AL 3R H New England Biolabs
A Endo H . FIH] SDS-PAGE 434 ik alifl )5
(AL RR I AppA F1 AppAMI10,

1.2.4  fHEREGHETE 700

AL 2 AR P 0 SR PR B o S ) B L

N AE 3TC B BT L wmol JCHLBAE BT 5 AY 1l 5

= [1,12]
B o

1.2.5  EAUENRNG AppA Al AppAMIO Y 5l 2
SRR pH 43 BI7E pH 1.0 ~3.5 {13 250
mmol/L Glycine-HCl,pH 4.0 ~ 6.0 A 250 mmol/L

NaAc-HAc .pH 6.5 ~7.0 %) 250 mmol/L Tris-HCl &
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73, LA 37°C A5 B () A6 BTG 0k 100% |, 6 2 il 11
Tif 4 [l 5 76 75°C (1418 38 K ¥ 43 51 Ak B Smin
10min . 15min ,20min . 25min , 30min J5, 7K& 30min,
TERRESRAE T 2 BRAR G 7, AR i AR e Pk

VIR E (T,) WO R AR R E R
2 x10 "mol/L, FGi4 & I N 280nm, & K
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, YN T ¥p P RT T

AH T -T
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I EECK, RV, AERGE SR LB
JLREA3 0 FE 1~ 15min (B[R] BEDEAT , 0 %2 MGG o
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WK, 1V,
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2 # R
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SRR FGE (1) o 248 80% it R 2 T UE | FH 25
F 324 JZ AT R oy - Ui R S )2 A 4l A ), SDS-PAGE
BRI R UL AR G AppA BUAHR 0 TR AN
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AppA FlI AppAMI10 47 B bE Ak Ab B , #8748 Sy —
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SIS IR0 W75 R, 1
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TERURABAEAE 4 A N - BERARAL 8 (NVT139—141
NRT258—260 , NWT317—319 1 NVS349—351 ),
LA - 4% 50 B 25 M o 5 26 36 O MR B AppA A
AppAMI0 HAHEHALEM, R E A F R 2ER
2 FHOBESE AR AN [R) T 3 ) o

kDa 1 ) 3 4 5
116 .-

66.2

45 .
—

35

25 -—

1 tEB{E AppA 71 AppAMIO K& 4L R fii #% L 1Y
SDS-PAGE 43 #f (VK 1 IR 43 F it b v 2R 115 Ukl 2 4lifl
Je IR R I AppAMI0; k3l 3 : 2li4k 5 MO A R AppA ; vk
4 BURRALAL S PO R B AppAMI0; YKk i 5« JBEWE RE Ak Jm i i
Mt AppA)

2.2 EEFMFRHSTEHE
2.2.1 HEFREE AppA 1 AppAMIO fyfcidi pH Al
2 i I

XL EE AppA I AppAMI0 Atz pH 7351 7E
7 7IE 5 R, 45 R R W] — 3% i il pH #80 4.5
(K2(a)). AppAMIO ffiE N 65°C, L AppA
ARG IEE SR T SC (I’ 2(b)),

2.2.2 ZA7pARALKS AppA i BERR E PR R

W ARG AppA FI AppAMI0 43 HI7E S0°C .60°C |
70°C .80°C 90CHEE 15min PYFRUESAF T I 5E Bl i,
ZEHL W AppAMIO0 78 50°C ,60°C &b B 5% 433 1
70% L) I3 70°C i, AppAMIO ) 5% 4% 176 P i BE 3k 7]
68% , i AppA X3 20% ;2 90°C ¥ 75 15min Ji5, AppA
SEAIE T AppAMIO {/35% F8 18% fiE I (B 2(¢) ) .

[F)— Ik B 75°C AN [R] o i) 4b B, AppAMIO A 2
30min J5 A 50% f9F AT P, M AppA £ 4b 3
20min JFERARTEMEAGAE] 7% (K1 2(d)) .

PLEZER UL 5 AppA A L, AppAMI0 £ B
UF IR e P A Pk . JF HL, AppAMIO 14 3% fif iR
JE(T, =68%C) . AppA (T, =60C) & 1 £ 8°C
(£2),
2.2.3 RN AppA 5 AppAMI0 (13 )7 4L

WRREF AppA 5 AppAMI10 1) — &5 52 7 B ] 45
J2 Smin, BEE K, 5V, BYBGE SR ] A
Line weaver-Burk HiZilE AppA 5 AppAMI0 A K,
435013 480 wmol/L #1330 pmol/L,

3 9 i

BTSN AR B, SR T T 19 7ol SR s o
KM R DRAR R B AppA VEAT 1% 170 50 i o
— TS 7L T AL T B oy 7 R 8 A7 k1
(W46E .Q62W (A73P K75C ,S146E .R159Y \N204C ,
Y255D) , 3 FIAE R T 2 1T A A e ol TR IS A T
— M RE R K PE RO (TR 3A (B o A 1% il £
T AR R, BN 2w B 0 pE A e S M . B HERY
SR AV R AR Garrett 10 ) A 10 0 58 AR
((GSSM) 7 3 % 07 6 5 75 B K B T i R R 18 AppA
FALM PhyoX i Fe 81 it . A B et i
PhyOX JEAE R AT AT AR 1Y, A B 584
F1% 258 DR T o O 2 6 1 AT T 04K, A B R
B EFAE T AppA K GAE A AppAMIO AT A
RIS HLASE, DTS ) T3 Abl P A8 A HAR e 1k
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120 ¢ —— AppAMI0 120 ¢ —— AppAMI10
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100 | 100 ¢
$ X
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ol #
e 60 HT 60
& (24
= 40 = 40 i
20 + 20
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80
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120 —+— AppAMI10
—e— AppA
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0 5 10 15 20 25 30
75°CHBE A FA A ¢ (min)

(d) HiR [ AppA 5 AppAMIO [y #E P

E2 1EEE AppA 5 AppAMIO0 P L%

R2 1EEREE AppA 5 AppAMI0 FRERE (T, ) B NFESHRLFE LR

TR T,(C) K., (pmol/L) Ve (U/mg) i (U/mg)

AppA 60 480 + 19 3848 + 154 3197 + 127

AppAMI10 68 330 + 13 3147 = 126 3022 = 121
RN, 95— 7 I, i 3d 28748 Q258N il Q349N 5| & R E 4. AppA A H & A = ML

HEREREAL A BN T RIS AppA (RS AL R
JE TR R PR EVEE— P 4R w . IR RAZE T 10
AR, T, (ELHC R 8 A7 1 AL R4l 5 |
HEPGAS R 1) S AT I i 18

N - WERAL R A W 3 A e i 2 S

i 2 — R L R h 3R IK 2 N - AL B 1
A i 1) PR A R A Y R Ak

A 1 PO R 7 s IR A e 45 ) T I 2 1 4%
H e g 0 R AR A 1 T R Y Y 5
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B AL S SO S T O F s e

B HEMRHE AppA Fl AppAMI0 rf N — BEELAL A7 5 A B
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FERY AR BT 13X — 3, AppA 1 3 IREEEALAL
FERAZ PR AppAMIO H1 i 1 AL > T N204C {3
RUIEINTT Q258N A Q349N fif i, Firh N204C fif
TIRME G AL MT . il A SCHRIE , B BR IR
B0 0 s BRI PR A 37 5 (NVS204—206) , AT 42

R T 0 B SE R 3 Y AR R g e 1 S AR R
AppAMI0 1) K, fH /N, 5 3% SCRRHE D /9 A W) 6 o
I, 3 3 ASBEFEARAL SR AR AL AT MGE A R B AppA
PERT, TR 32 S A IR I AppA AR E J7 THI B A 2AE
Hl. AppA H1ig NVT139—141 fl NWT317—319
BEFACAL S EAARVE IR AR R AR 2, SRS 4 B A
WA T F— LRI AppA HOBEEEAL A AT
G, TEAE B Ak 27 03 A 1 T BOR AT
5 R A AE R B 4514 5 DI Re A2 1k .

B AT i 220 5 2 SR AL R IR appA
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Improving the thermostability of Escherichia coli

phytase AppA by multipoint mutation

Wang Xi" ,Yao Mingze ,Song Mali® ,Fu Yuejun” ,Hu Fengyun ™ ,Liang Aihua”
( " Key Laboratory of Chemical Biology and Molecular Engineering of Ministry of Education,
Institute of Biotechnology, Shanxi University , Taiyuan 030006 )
( ™ Department of Neurology,Shanxi Provincial People’s Hospital , Taiyuan 030012 )
Abstract
In order to enhance the thermostability of Escherichia coli phytase AppA ,an important feed supplement with the
favorable properties of high specific activity and broad pH optimum, ten residue substitutions of W46E, Q62W
A73P,K75C,S146E ,R159Y ,N204C,Y255D, Q258N and Q349N were sequentially introduced into the gene appA ,
named the appAM10 after mutation. The recombinant genes of appA and appAM10 were expressed in pichia pastoris
GS115 and the enzymology properties of them were analyzed. The results showed that the purified AppAM10 had a
specific activity of 3 022 U/mg and a molecular weight of approximately 55 kDa. The optimum pH of AppAMI10
consistent with AppA was 4. 5. However, the optimum temperature of AppAM10 was 65°C ,5°C higher than that of
AppA. Meanwhile, the K, and V_, of AppAM10 were 330 pwmol/L and 3147 U/mg respectively. AppAM10 exhibi-
ted 17.5 % residual activity after treatment at 90 °C for 15min(none for AppA) and about 8 “C increase in the

melting temperature (T, ). In a word, compared with the wild type AppA, AppAM10 showed an enhancement in

thermostability significantly. According to the results above, the ten residue substitutions were found beneficial in
promoting the thermostability of the phytase AppA. Especially,N204C, Q258N and Q349N associated with N-glyco-
sylation may play an important role in improving the enzymology properties.

Keywords : Escherichia coli phytase AppA, site-directed mutagenesis, thermostability , N-glycosylation, Pichia

pastorts
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