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Abstract: To improve the thermostability of the phytase YiAPPA by introducing ionic bonds through site-directed
mutagenesis. By comparing the molecular structure of YiAPPA and phytase rPhyXT52 with excellent thermal stability,
site-directed mutagenesis was used to introduce molecular surface ionic bonds related to the thermostability of rPhyXT52
into YiAPPA to construct mutants. The mutant T209K/S220E/N237D with significantly improved thermo stability were
obtained through screening. The mutant T209K/S220E/N237D had an specific activity of 3982.06 U/mg at 37 °C and
pH4.5, which was essentially consistent with the respective values for YIAPPA. The optimal reaction temperature, optimal
reaction pH, pH stability, and protease resistance of T209K/S220E/N237D were also basically the same as those of
YiAPPA. However, compared with that of YiAPPA, the half-life of T209K/S220E/N237D at 80 °C was extended from
14.81 to 24.72 min, the half-inactivation temperature 7. 5030 was increased from 55.12 to 64.05 °C, and the T,, value was
increased from 48.36 °C to 55.04 °C. Molecular dynamics simulations showed that the introduction of new ionic bonds in
T209K/S220E/N237D improved the stability of the structural units in the enzyme molecule in which the amino acid
residues constituting these ionic bonds were located, thereby improving the thermostability of the enzyme. Results showed
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that the introduction of ionic bonds into YiAPPA could effectively improve its thermostability and make it more applicable

for food processing. The results would be also provide a theoretical basis for the improved thermostability of phytase and

other enzymes.
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PR | ST ah SR AE, B el 2
T EAR R EE PR N, N, Liao Z50 3k
T Aspergillus niger FIFH PR PhyA 5| A&+
B, A R PR R I SR AR IR T44E/T252R, LT
80 °C & 10 min JE5RBEEBRE J1425 T 20%. Zhang
LEW) ] SR YR T Bacillus licheniformis WHU 4 8 fig
g S A A, 2715 T 60 °C B T 3.8 1%
HIRAZIR G197C/A358C., Wang S5 [m] K g #T B
EIREE 5 NS, 3459 T T, (B 3.8 C 1%
AFA K74D/K75Q/K180N/R181N/K183S/K363N, Li
LEVWFL TSR T Escherichia coli WIAEBR B H 5 T-45
e, 38 i S IR SR R RE R 7 (B-factor) 3BT 8k 7F B-
FITTER -3 AA PR G - 45 2 LR 5k 2L 1Y B-factor, 1
AEH 13 DA REIRER FAE R ISR 1, M GEARAR
C E I 7 5k H B AR vk R B S AR R PS6214,
i HTF 90 °C {495 5 min J& BOFR R B HH 20% HEE
F 75%.

SR T Yersinia intermedia W FE PR iff YiIAPPA
(EC 3.1.3.2) J2 H Bil E. %0 iR 192 1§ 775 P e e 19 Al
PR HilE, LA G =35 3960 U/mg(37 °C. pH4.5)187191,
YiAPPA EAMRMESAIE T Ay e M s s | 40
58 A ER DTS5 PR ITR, PRI B i T 450
HAE KN A# T (B2 YiAPPA 143 EE M
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[# Bio-Rad 2\ H],
12 A
1.2.1 AEWEEZFGT USRIET Y. kristensenii [
FE IR I YKAPPA B3 T 445149 (PDB ID: 4ARV) Ny
AR 17221 2R F SWISS-MODEL (http://swissmodel.
expasy.org) ! 53 5 [A] 5 A5E 53 A IR i YiAPPA
rPhyXT52 Y8 H B0 F 454 . R = 4EER B
PyMOL v0.99 W RE 553454 . FHAarR i
MRS F 5 IR A2 BEAELE T. 2 RING-2.0 (http://
protein.bio.unipd.it/ring )P4, 53HTEE FH B4 TR
TFHEM ST ATIE DL
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Mutation™5E K] 5 i 58 28 3050 & i UE B 45, 455 5k
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Table 1 Primers for constructing recombinant plasmids

Bl ]l
5’-GTTACCCCTGACGAIGTGGCCGAAATGGC
CGGTCGCCGCAG-3’
5’-CTGCGGCGACCGGCCATTIICGGCCACTCGT
CAGGGGTAAC-3’

T47E/Q50K-F

T47E/Q50K-R

QO64E-F 5’-CGAGGTGCAGAATTAGTGACATTGATGG-3’
Q64E-R 5’-CCATCAATGTCACTAATTOTGCACCTCG-3’
T148D-F 5’-GTAAGTTAGATTCGGATCAAACCCATAAGGC-3’
T148D-R 5’-GCCTTATGGGTTTGATCCGAATCTAACTTAC-3’
NI8ID-F  5-GATGGGTGAGATTCTGGATTTTGCGGCATCTC-3’
NI8ID-R  5’-GAGATGCCGCAAAATICICAGAATCTCACCCATC-3’
S220E-F  5’-CAAAAGTCTCGCTCIGAAGGACCACTGGCACTG-3’
S220E-R  5’-CAGTGCCAGTGGTCCTITOGAGCGAGACTTTTG-3’
T209K-F 5’-CAGCGAATAAGATCAAGGTGAACAAGCCG-3’
T209K-R 5’-CGGCTTGTTCACCITGATCTTATTCGCTG-3’
N237D-F  5’-GATCTTTTTGCTACAAGATTCACAAGCGATGC-3’
N237D-R  5’-GCATCGCTTGTGAATCTTGTAGCAAAAAGATC-3’

T I HERRTE 3 A S AL I i

5% T47E/Q50K-F Fll T47E/Q50K-R, £ PCR # 1
192 0 2R A 7 21 Fl 28 A 31k R P ) i 2Rk B
PCR P38 2511 >/: 95 °C 5 min; 95 °C 30 sec, 58 °C
30 sec, 68 °C 3 min, 35 “f#; 68 °C, 10 min, PCR
P =y 2 BRI VTS Dpn T A0S, B35
E. coli IM109, &40 T RAREFZ R P AR VA Tt 2k -
MARTBEE R D P AR PRI b, $EECEE 20 BTkL,
A FOR% & iR T AR TR A IR S T
M, I SAER FEEFHIEAT XTI . HAth e B5 58
AR A R 58 7 1A S B SE AR AR T47E/QS0K 1 A4 7t
Jridio

1.2.3 FHMEREGRRIE S8l AR
T B. subtilis WB600 852 75 4 H 11 il £ A A%
YUY Spizizen YEHEA TR WG EE L TR A4 R ZE
AT B. subtilis WB600 JBZ A4, KA AN
WEZEMAT IR . B AHAE R AR 1Y U 3Rk H alifk = I
SCHR [19] 47 SRR PI IR L5 I LUK (Sodium
dodecyl sulphate-polyacrylamide gel electrophoresis,
SDS-PAGE) P Kl 55 20 45 1R i, MR 9% 28 1 B
TE SDS-PAGE &% I At 2 B B oI B 4l
AR R B 23, IR A Bradford #2270 < H5 2 AR IR
B o

1.2.4 FEHAERREFAIEGHE J1IE A 250 pL B
(0.005 mg/mL) 5 750 puL 0.25 mol/L M2 4N 2% nhik
(pH 4.5) 1RSI G MBS CAE T, A Ay B 2E R 192 Tt 1) it
WEITMERE T . HERS PGS, 43T R SE R 2H A
XTRELZH o [ SEEZH A 2 mL 1.5 mmol/L A AREN
#E(0.25 mol/L BEPRENZE M, pHA.5), A% 4
IIA 2 mL £ SR G (GAMR L /AN TR EE/TB IR ), FE57
BT, T 37 °C ¥ 30 min J5, 57 B S2U2H oo
A 2 mL ZEIRA, STREZAHINA 2 mL 1.5 mmol/
L HERENTE W, I T4 IR S), SRS T 415 nm AP E
SEWRAE o AB R TS T P (U) E LR : 7E 37 °C.

pHA4.5 BISLETF, 85040 N 1.5 mmol/LAEBREN S
B 1 pmol/L JCH LB T s B2 AR PR Bl o — 11l
W JJHAHL(U) .

1.2.5 EELAAAFREG Y EEFPE I AR R
s SRS | FE L s O, pH L ANE] pH T
FasE . B EEEH TR E 2 FEOSCHR (191317

MG 1.2.47 B il 52 A4 28 (R ) S 86 2H vhoin A
2mL 1.5 mmol/L #H PR 8% W, ) X BE 41 Fin A
2 mL Z ARG, FEAMRED), IR OV A R 435
30~90 °C JZ )W 30 min, {55 A [RIVEEE 4514 T RESR B9
Wit 7, K e = G ) 2 SR 100%, T4 15
A RE R B S, I LA RE X Tl X VR R R I, A s
I S R . KAV T 80 °C YL 0~40 min ZX
100 °C FRE 0~20 min, MRYE “1.2.47 0 2 BE 5 A BEE
71, H ALK BRI 72 A 100%, THREHAY
R Sh 5% BA S 0, DASR B NG 1 X HREEE L, R
BT 80 °C BY 100 °C 1akasE k.

B 250 L FfEHE (0.005 mg/mL) 5 750 uL A [H]
pH( 1.0~8.0) 2% m M IR 5] J5 I A .0 8 b, A i
“1.2.47 I e AR S AR TE T, R B B e SR
100%, P13 4% pH T B AR X i 06, I LLAR X /6 7
Xt pH VE I, #fi i Hodnedd e W pHo K 250 pL B
(0.005 mg/mL)5 750 uL AS[E] pH(1.0~12.0) Z& ik
RAEIMA B LA, T 37 °C 4B 2 h, 85 FH %
i&E pH SRR AR 4 4%, I ERM B a1
BEE 7, LAREZS 37 °C AbFE 2 h FURESL AU EES J15E X
S 100%, T E AR IR AL BE IS A8 i A BR B8 il G T, AR
FA TS 1%t pH VEIEL, PRI TASIE] pH R RausE vk o
BT FH P9 Z2 P 20 F - 0.25 mol/L H 2 k- Eh e 22 vh
W&, pH1.0~3.5; 0.25 mol/L i iR 44 - 12 2% 1 UK
pH3.5~6.0; 0.25 mol/L Tris-£L 2 2% i, pH6.0~8.5;
0.25 mol/L HZM-E A iz vk, pH8.5~12.0,

3 BEg ] 0.1 mg/mL B9 B &5 M (0.25 mol/L
Gly-HC1 £& vh &, pH2.0) F1 & 8 1 fiff (0.25 mol/L
Tris-HCl 22 W%, pH7.0), $ FEER A 1 S5 AR R il o1 2
Eb2R 110 B4 ERAR) 1] AR 1R Bl R 43 S A B 2R R
JRER B, T 37 C 4ralfRiE 2 h )5, mIoin A
B A A AR 20 N, SR T Beil pH 2% v
(0.25 mol/L BHFR4ENEE vk, pH4.5) X 45 1 B b B
PEALIEAT 100 F5FE RS, PR © 1.2.47 10 2 A8 15 ifg Ak
HRATE RS 7o
1.2.6 FELAMBREFIIIIFZE0N xR NG
PR S FORAE FEAFR T ] (¢, )« RIS TR
JE (T o) AP S5 (T, -

K4 BEA (0.005 mg/mL) T 80 °C A41E, I 5E A H]
A1) BOBRTS 7o LAARARBERE 5 AYBRTE 718 100%,
THAHARE S R B S T o AR BE IS 7 i X4
AR, LB ¢ R AR, S TERERLG, TR
A BRI I 15 B 125 W8 ko FIUH—RNG TR
()P A R A PR B ) P o A (e ) 0 — SR
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TR Ay HWILAREEG 71, A, AN FEIRHE] T BES 1T

A =A™ X (D

H¢ % (0.005 mg/mL) 4351 F 45, 50, 55. 60,
65. 70 °C FARE 30 min, I 5E 4416 5 A6 o B4 T 1%
JTo IARACIHEFE S GG J] 2R 100%, 1A R
TR AL B S AR S 4 5% B NG T o AR BE G TN
50% o FIEteh 0 AR E R A TS TR B (T5>0) o

K Nano-DSC FIfE 22 s A3 A 52 5
2 AR TR g 1) A DT A TRLBE (T ) o BT JEfE R <
AR, RS S MR G S ), TFRLL 1 C/
min (4 ERHEEE A 30 °C FFHZE 80 °C %R &
TrHHE . FIHERAME Nano Analysis X334 44 3547
LA, A HPERITE IR (T, )
1.2.7 ELHAERAG B 122500 F 0.25 mol/
L& PR ENZE P (pHA.5) T Tl AS [RI 9 22 A R NI T
(0.0625%.0.1%. 0.125%. 0.2%. 0.25%. 0.5%. 1.0%.
1.5% ), [ AS [R) 3 S35 A8 A P2 00 75 Y8 I A 2562 o 174 i
W, FEE IR 1.2.47 I il s o AR B B e )
LRI 2 ([S]) BRI R AR bR, ARG 71 (V) 11
BB INALFREE], BERIRER R K/ V axe R
1/V o VHEEE LA RN A IR B K QR 2L K,
KIZHE Vo RIE G IR HE K, H
[E,] MBI

VTV S v A
Vmax
k., = B A (3

1.2.8 43 F3hiJizdtl  SRAIFR)T Gromacs 2019.
6P FEIRE 373 K #EAT 100 ns BU4> T30 F1 28540,
Sy BT E AR PRGN FA S 1 SF P it . ST Bl 1A
e R R L R R A M 3 B AR R 3R AT, A
Amber14SB 4 JRF 7117, TIP3P /KEELAL . 51745
J& BV AT 3RAS I 2 AR -T2 A M ) RMSD 347
N Fz Bl 3 v 2 JE R AR B U B M K /N RMSF
S
1.3 #HIELIE

ARSI EE 3 K, g R B ER T
2R, 1B JHHAF SigmaPlot 14.0 SHRUEHEHATHE
THAHTIHER .
2 HRESH
2.1 BFERTHENMZESHISIFE
2.1.1 BFEsAMARME  PESCmkogEk [20] Hikid,
FH AR EF rPhyXT52 T 80 °C MUF#HIZY Jy 2.1 h, 44
BR M YiAPPA T 80 °C FYE=EHIZ4 15 minl™®, HJI
rPhyXT52 f#ERE M A0 T YiAPPA, Jf H. Tan
ZEER20) 3 1) FUAR rPhy XT52 K Hy1- 32 1 25 el e o
GEAAR IRIFRFL SE P, WESZE rPhyXT52 4372 T 257t
XHF4ifsfese tEdE R 12, rPhyXT52 fil YIAPPA

[F) @ FeH IR IR s IR, HAT AH R e Ll A
U 5T 45k . ARBFFEXT rPhyXT52 Fl YiAPPA 4
TR FHEA 7430, B rPhyXTS52 - FRIOE T
] A ZE YiAPPA #, I3RS AR e TR = Y
YiAPPA 878K,

PSR YiAPPA F rPhyXT52 B9%E 15 F 51
AT EAELE M vl SWISS-MODEL (http://swissmodel.
expasy.org) , [F] U AL g P v ARL R i (%) 8 1 0 45 T 45
¥ o PE—HRG P AP AR PRI 1 35 B 5 F A5 sc &=
FEZE T H. RING-2.0(http://protein.bio.unipd.it/ring) ,
SRR S R A AR T Ol o [RIURAR A SR
R, R ES YiAPPA Al rPhyXT52 (Y45 H 5 1
55 K M4 LA PR T YKAPPA 1443 T 4% ¥ (PDB ID:
4ARV) AR AR [R AR A5 5] . FEBREF YiAPPA F
rPhyXT52 WY 553 F 4544 DL R 437 38 T 125 4
BT A IS DL A&l 1 BT, TR A 1R 196 A4 43— 22 T 25
THEXT LAy AT 4 Rk 2 s . FETRTEF YiAPPA
A 8 Xy I T HE, HERNE rPhyXT52 6 9 X
SyT-ERImES T, it YiAPPA 5 rPhyXT52 HYZE
BT LA T =4k 53 F 4544 X & 81, rPhyXT52 1
Ky G HE v 3 X6k 431 SR 2 - 1) 2 L 1 K 3k (Asp
126-Lys129, Glu230-Arg29. Asp336-Arg25) 5 Yi-
APPA A a3 X432 1T B T ER Y S L R ok
3£ (Aspl127-Lys130, Glu231-Arg31., Asp338-Arg27)
FHE XTI, Bl YiIAPPA 5 rPhyXT52 4 3 X4+
AT S FEEAH B Y o

FT LU BT, AW (PhyXT52 4y
6 X TFRIETE THES | AR YiAPPA 1, EREAN N &
Hefig 4% 3 R AE 5] A = YiAPPA . T47E/Q50K .
Q64E. T148D. N181D. T209K/S220E, N237D. H:
T LR TR FL 58 A T47E/QSOK I RES | AGH =S F
Bt E47-K50; Z 2RI IS Q64E A Ge5 | AFTHY
BT E64-R61; 2 ILRFRILIEAE T148D Nl EEL| A
R T D148-K152; AR5k IL5E4E N181D 1]
BET | AHT 19 B T4 D181-R248; & JL i 5k L 58 A%
T209K/S220E A] BE5 | AHT 1% &5 F-48 K209-E220; %
FPRFRIFLZEAE N237D R HES | AT i &5 T 5 D237-
R374, X JH SWISS-MODEL ] J§ & 2 40, & L |-
6 -2 FE iR 5k 3L 28 A8 1Y) 22 AR R T47E/Q50K/Q64E/
T148D/N181D/T209K/S220E/N237D [ 4E [ & 4%
SR, IR FITELR T H RING-2.0 4307 58 2844 2% i 55
T, G5 R ROR (E] 2): AR 5848 T209K/S220E
J& N237D AT Hi e T4, Hop e IRk it os A8
REIAHIIES THREEGER AR BR) o R, ASBFTEAa L
T BT AMA T209K/S220E . N237D L) Kz T209K/
S220E/N237D, Jf 4% T 45K 5 YiAPPA [T~
PR .

2.1.2 B THERRAMANRIZERE  FF YIAPPA M H
BT 52 A8 fAR T209K/S220E. N237D LA Az T209K/
S220E/N237D 41 5] T 4fi B 2F 46 #T B8 B. subtilis
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Fig.1 Surficial salt bridges of phytase YiAPPA (A) and phytase rPhyXT52 (B)
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Giuz31/Arg31

2 MEMRNG rPhyXTS2 43 F 2 I B 5 S AR P25, SDS-PAGE Kl 25 51 878 YiAPPA K
YIAPPA 5 TREIS T RN kAT FLB T HESE AR PR 53 T 920 48 KDa, 55 F /4

Table 2 Comparative analysis of surficial salt bridges between YiAPPA [ 4y F i A 38 & 3B & & 4
hytase rPhyXT52 and phytase YiAPPA NN
phytase rPhy Pyt YiAPPA [ 4 % il % 4 3960.81 U/mg; 5 25 A

/ YA =T + >y H 4 S, N P,
P hy’;fﬁf”\ o hyXTSzg;;ﬁfﬁ%%?ﬁm IS Y‘Ai’%ﬂ\ ¥ T209K/S220E (1) 2% it i Ay 3935.18 U/mg, FEAEA
BT FEYiAPPAH N R B N237D (XIS Ay 3977.23 U/mg, 5878A& T209K/
Glud5-Lys48 TR} 8 T4k, Thra7-Gln50 Aspd6-Arg248 S220E/N237D FY4a %)% A 3982.06 U/mg, S H 4
Glu62-Arg59 JEXIE BT, Gln64-Arg6l  Asp127-Lys130 YiAPPA StAX — 3, E 4l YiAPPA T 80 °C f&i&
Aspl26-Lys129 A% &5 T4, Asp127-Lys130  Glul56-Lys152 20 min J5 (5% B EIE 14 33.99%; €451k T209K/

Aspl47-Lys151  JOXJN 4 T4, Thrl48-Lys152  Glul64-Lys167
Aspl80-Arg247 ORI B T, GInl81-Arg248  Glu231-Arg31
Glu219-Lys208  JCRI#§ T4, Ser220-Thr209  Glu288-Arg295

S220E. N237D & T209K/S220E/N237D F 80 °C {4
i 20 min J& FY5R EE B NG 139 0H B2 5 F YiAPPA, H

Glu230-Arg20  FIXIBIBITAE Gu231-Arg31  Agp338-Arg27 1 T209K/S220E T~ 80 °C {ifik 20 min J5 Y 54 ¥4 i}
Asp236-Arg372  JCNRIES T, Asn237-Arg374  Glu419-Arg277 1% F1°8 37.30%, N237D F 80 °C f&iE 20 min J5 %%
Asp336-Arg25 X B T4, Asp338-Arg27 A BETE 18 40.98%, T209K/S220E/N237D T 80 °C
Vs FRIZARTERT R YIAPPAT I 75 6 25 O R MR I (35, 20 min J& H5S 52 EE 41 43.15%. LI #T5E

SRR 3 R A 565 B A B T 6 A R
WB600 F i HFiREY ik, IE% A5 [ g »
TSR EAARIA, RIS RIIEAL L L e e g T s B A L

TR T4 B alifh, SR SDS-PAGE £ & 21 A% T e B 4R 1 B bl € A A T209K/S220E
MR LRIEE, R FAVRIRARAO ARG I 2L N237D M T209K/S220E/N237D. ek, 41455k

T 80°C Rl 20 min MYFREEBFIG J7. WK 3A /R,  T209K/S220E/N237D 1Y HGE 52 1 B 5 AL T 98 28 4
YiAPPA K HiZ FEl o AR AR I 459 3| 3i 2H e ik falifh T209K/S220E K N237D., BEAWIFEFRM, Wit &

! z‘ b ’

ARG-174
=%
Frad
L

&2 AEEREE S TE5 8 T
Fig.2 Molecular structure analysis of recombinant phytase
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Fig.3 SDS-PAGE analysis of recombinant phytase YiAPPA
and its mutants (A) and its enzyme activity
and thermostability (B)
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Fig.4 Effects of temperature on enzymatic activity (A) and
stability (B) of recombinant phytase
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Table 3 Thermodynamic parameters of recombinant phytase

i 80 Ct,, (min)  Tg,™(C) T, (C)
YiAPPA 14.81+0.37 55.12+0.87 48.36+0.53
T209K/S220E/N237D 24724081  64.05:092  55.04+0.59
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Fig.5 Effects of pH on enzymatic activity (A) and stability (B)
of recombinant phytase

ol—
O A9

PIAEXT RS 1 (Bl SA) o k4h, ERLHAB RS YiAPPA
FIGEASAR T209K/S220E/N237D ¥E pH1.0~12.0 & [l
N EA AL FEETE. nE 5B FioR, 7 pH1.0~3.0
JEIEI P, PIRh S HAR R B EA 80% LA Y5k B8 il
¥ J15 7E pH4.0~10.0 Y2 {5 PN, PR 2R 20 A8 R i 34 2
B 90% LA _F iy AHXT B WG s 75 pH11.0~12.0 Y5 [ Y,
PR T 2H A R I S AN B2, AHXT B TS 7 LR B
LI EFoT g R, 1] YiAPPA 5 AES T4 K209-
E220 X D237-R374 Asg i Hofwid X v, pH M pH £
EME . YiAPPA K 2748 f& T209K/S220E/N237D
HAT 20 pH fEHTER, XA FFHAR S Tk
A H o
2.2.3 ZEAFK T209K/S220E/N237D [ 8] 17 2% 254

L ZHAA TR Bl LA RN R SIS B i 45 X5} il K 2y )
RN R 4 N . 28488 T209K/S220E/N237D
5 YiAPPA MZ4aXT Bl FEAs —2 I H a8 AR A
T209K/S220E/N237D MK [GHEEL K, (BN L H %K
ke, THWLS YiAPPA JEAS—3%, H[H YiAPPA 5| A
B T4 K209-E220 & D237-R374 =520 H X 4
OSSN EANSE A A

W EEOLR, TS AR S M 2 Tl AE AR

2N (trade-off) "B, “ARAZEREN 2 Dk g LA 3RAR =5
PEREZEATHEA BRI R 2R o 2R BT R T PR X
P ) B S RS PSR B R K P, Xl ST
R M TT BB SR AR, SRS RRE
PEER S IEPEA AR ST PR 1SS AR . filg ST ER A
B P IR e M R DO, Sm ik
T P O A TR A3 2R TED 5 B AT DATEAS e G
MEAGTEPE RS O 32 S Bfe e M. AN Su 5P 5E
52 SR R W SR IE T Ochrobactrum sp. M231
P P BEXT R A /K A MPH._ OCH 5| A T3 M 55 T
it D76-K78, 1S R iR IR S 4 °C 5eAs
{4 P76D/P78K, Jf H. 2 22 {4 P76D/P78K I 1 AL AL
H (K / K PEm T 2.24 f%. Shivange 550 [T
Y. mollaretii WIAE BRI 5| A 5+ R T & 8 K77-
D122, 345 T AE R B PRI ASASAE - H#ga e M
R P GEARAR . ISR I AR T TR (T $ i 1
1 °C, HTF 58 °C 475 20 min /558 B BTS I= T
12%. AREFFEEAEIRNE YiAPPA 5| AZrT-3 M 2
T K209-E220 Kz D237-R374, 3545 1 FEBR BT T
IR e 1 B ARE J1 FEAS AR H e M3 e
FIZEZRAR T209K/S220E/N237D
2.2.4 AR T209K/S220E/N237D HZE A BT

L AR R I 1 AR A TR E 25 SR N 5 N .

4 HARRRMH AN B K3 2 H (3T °C)
Table 4 Specific acitivity and kinetic constants of recombinant phytase (37 °C)

ARG # XIS (U/mg) K,,(umol/L) K (s™) K, /K, (pmol/L s™)
YiAPPA 3960.81+105.34 126.24+14.18 10375.27+1256.73 82.19
T209K/S220E/N237D 3982.06+123.09 126.47+12.17 10419.29+£1007.16 82.38
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Table 5 Resistance of recombinant phytase to protease

(37 °C, 2 h)
ARG HE AW (%) B AR (%)
YiAPPA 84.17+3.20 82.28+4.18
T209K/S220E/N237D 85.61+£3.36 82.37+4.02
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Fig.6 Molecular dynamics simulation results of
recombinant phytase
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