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# E. TRAIMEEE (catalase, CAT) R —H AR, EFf. GSLFARS 2L AT LEs, LF
IR RS, T —Mik, RERREFREFLE, TP HEFLEMMEABHRLEDKBEAR, FHRUAL

H A7 aélﬂki%wt:‘iﬁﬁiﬁiﬁ FFE—FfE. B, KRAFTAARIGEAFTELG T %
st it Bk B HEAT B R ALA 2R 5 B AR R LB AL, EFA N EE R, KAFRIER
AAEZE FIATH (Bacillus Subtilis) 168 ¢9it AL A B KatA £ KA A P HATTHEREA, L EH 5B
LeALAT B 6 Lh B VA B - R ALZ A 2 R AETY X4 & ik B T ALB T ATBE MR TR . R B+, AIA T
B2iLE . DEAE M B T X4 EAT. BKEN 3 Féith, AR RN T4 KatA, XG4
#) & E& M RAF T — P32 KatA/Cas(POy), 22124 K AL Bl ALER , B 5 M i AF R 45 R 2.7 , % % B KatA
A RIER LB E A 35 °C, KatA/Casy(PO,), LA RALH FKIER IR Z A 30-35C, —#H RKIER A pH
183 % 11.0, # % B KatA #= KatA/Cas(PO,), 244 K F6 £ pH 4.0-11.0 F= 25-50 CHM T H AN E
BIF A7, KatA/Cas(POy), Z21b2h K FL 2 7 b Wit B B KatA ZAFe9M AT, £ 4 CHs
14d BARRE 82%WBaE 7], Mt BB IR 50%6BeE . JIh, ARILEIIT S RIEILR G
EA 55%0BaE 7, AL BABAFRERETE. SIAFHRERE T, #H5H KatA AR
TAAEAN Kn A (8.80£0.42) mmol/L, keo/Kn 1 (13 151.53£299.19) L/(mmol-s); @ KatA/Cas(PO,),
ZA g R IE 8 Ky A (32.75£2.96) mmol/L, ke/Kn 1 (4 550.67+107.51) L/(mmol-s). 5 % & B KatA
A, KatA/Cay(POy), Zibsh K ibat R i BAL AN F A=) T, FloTHAEBE AR FTEIK. %
LRTR, RAFRVA Ca¥ A B AEEF A, R KatA vABE- TALLAL g RS0 X b & % B 2 AGEE,
TARSE B4 Bl 5 MERE I T 5%AL, %ﬂﬁl&% LR A B 00 4 & 4] S MR R 32 T ARk,
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Preparation and catalytic properties of catalase-inorganic
hybrid nanoflowers

PANG Jiao, JIANG Mengtong, LIU Yuxin, LI Mingyu, SUN Jiaming, WANG Conggang,
LI Xianzhen

School of Biological Engineering, Dalian Polytechnic University, Dalian 116034, Liaoning, China

Abstract: Catalase is widely used in the food, medical, and textile industries. It possesses exceptional
properties including high catalytic efficiency, high specificity, and environmental friendliness. Free
catalase cannot be recycled and reused in industry, resulting in a costly industrial biotransformation
process if catalase is used as a core ingredient. Developing a simple, mild, cost-effective, and
environmentally friendly approach to immobilize catalase is anticipated to improve its utilization
efficiency and enzymatic performance. In this study, the catalase KatA derived from Bacillus subtilis
168 was expressed in Escherichia coli. Following separation and purification, the purified enzyme was
prepared as an immobilized enzyme in the form of enzyme-inorganic hybrid nanoflowers, and the
enzymatic properties were investigated. The results indicated that the purified KatA was obtained
through a three-step procedure that included ethanol precipitation, DEAE anion exchange
chromatography, and hydrophobic chromatography. Then, by optimizing the process parameters, a novel
KatA/Ca;(PQOy), hybrid nanoflower was developed. The optimum reaction temperature of the free KatA
was determined to be 35 ‘C, the optimum reaction temperature of KatA/Ca;(PO,), hybrid nanoflowers
was 30-35 C, and the optimum reaction pH of both was 11.0. The free KatA and KatA/Ca;(PO,);
hybrid nanoflowers exhibited excellent stability at pH 4.0—11.0 and 25-50 ‘C. The KatA/Ca3(PO,),
hybrid nanoflowers demonstrated increased storage stability than that of the free KatA, maintaining 82%
of the original enzymatic activity after 14 d of storage at 4 ‘C, whereas the free KatA has only 50% of
the original enzymatic activity. In addition, after 5 catalytic reactions, the nanoflower still maintained
55% of its initial enzymatic activity, indicating that it has good operational stability. The K, of the free
KatA to the substrate hydrogen peroxide was (8.80+£0.42) mmol/L, and the k./K., was (13 151.53+
299.19) L/(mmol-s). The K, of the KatA/Ca;(PO,), hybrid nanoflowers was (32.75£2.96) mmol/L, and
the ke/Kn was (4 550.67£107.51) L/(mmol-s). Compared to the free KatA, the affinity of
KatA/Ca3(PQO,), hybrid nanoflowers to the substrate hydrogen peroxide was decreased, and the catalytic
efficiency was also decreased. In summary, this study developed KatA/Cas;(POQ,), hybrid nanoflowers
using Ca*" as a self-assembly inducer, which enhanced the enzymatic properties and will facilitate the

environmentally friendly preparation and widespread application of immobilized catalase.

Keywords: catalase; immobilized enzymes; organic-inorganic hybrid nanoflowers; enzymatic properties
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H, H RIS NS AL S CAT FFE & fhsi s
R o AE 522 ZEARIRME 1 1 25 220 i v 45 I ) 2
AALEGEFN CAT o] LME =P 42t 7 ey7
G, CAT AT Beob M B2 1 2 1 b gk
AR (H00)"; 7EZ5ZI Tl , CAT 7]
BRAEGAEEBREA T Z PR H0,,
BB P PR ARG 2B = AR, L& s IR 0 347
FERRRE T A, B CAT B Tlb % K sk 85 1Y
H,0, A DLkE G fh 27 ok A B O () ik is e
M1 T CAT 7 LR 40k i i 3k Vg, S8 H
AT CAT BT REZAEE . SR, LAE
BSAETERITT Ak CAT o E & AT, JFHia
ETEARE, SHLL CAT %00 Tl A= WAk
S AR A2 i 3o P AR A 1

I FH AR 5 A A 0 i 11 3 T 7K AN 5 1k 2k
PRARRE L, AT ) 5 ol [ il — o k4
o T %) ) L SR R E P R SR o SRT, [T E AL
Fe AR A Y Tl 0 A R 22 22 T R Y
U O (1N D= A k= R NN S A N %) e 1
XoF AN (] 11 A it e /< 35 Y 1 A SR
T BRI A B RPE DL RO 7 SRR e A
A E A P H TR CAT # [ 22 fL i
RTAECLEAS T —2it el B CAT Ay [E
AT FEE TR . . &
BRTE AN 25 B Ik AL G b e A R,
un Alptekin 5545 4= PR UR B9 CAT sl i M 45 &
15 [8 % 7 Bupergit C 244 I, il £ (1 [# % 1k CAT
AT e MEA L F S CAT A Pk, i H
il fEAa E Ve B4R i, 76 5 C FARAE 28 d J il
W SN E TS S 79%, TEES CAT 7Ef#%
711 d e kKRiE, BRI CAT @itk
TR T Fe(lll) MOMERREIRAT 4E, 15
N E L CAT 59 2 i 1) d5e 3 S N il J3E R
pH AH[F, LLIE 1A BT Rk, H g e v 2
P, A8 75 CHAF Sha, hEERE 30%A91%

&B: 010-64807509

I 3 R A L e R S AR S Ak
5 %E 1k CAT, % BLIE RE L CAT e MR IEFF BT T
R PRI BT 22, (EL7E i 0P PR AR 1k
iR Lt R, A A G T i B
b CAT B R 1T AR, (HAT 285 i A
AR [ 2 P A 2 1) S T A g o 5
AS i S5 A~ 1G] A AL BRBUAS B e, R A5 R
PR B N T RSN T . P, R R
CAT [ 7€ Tl i 14 2 (0 ] 25 M e 280R TR i
[l 2 fe R g L,

LA, K5 AW LA HL- LR AL AR AE
T Uil w8 e A2 21 12 e, HRA
A AR L R AT A M) T e 28 R B
IRETEE . PR BLER (AL o B A Tl F5 2
ARG AT . AOKRIERIIE i T Z 2 F A9
Bt <) BH s 1 S W AR B g il ad A 43P
A LAY RIRIET LS LM AR e[
EALE R, A G m R o AR A AL
Ay FTCHLAR 3 AT 2461, AT 1 & H i
HE YRR 3 28 o 0 ARy E 4 R R T
VRO R AT A R AT ] A AR A2 TR S [
EALEENT A 2012 4 Ge S K& T HENA
Ji-Cus(PO4)y ALK AL LIRS, ZH AR
PRz o HATA K AETE AR WAL . 1%
SRR A L A R 2 A AU R B HY K Y
FVE 120 Zare 2504 R W] 25 AN AKAE , A
U U7 720 2 B S G 1 A T P AN R
Cui Z&l % 1 IR W B B 2 L ok A, BA
R L 5 i ST 1 e A T PR S R e A,
A I TR E E R 1 A AT . oA i
IR il 55 22 Tl £ 0 il o1 6 1A T - JCHIL 2% AL 20
KA LIRS HE IR R, KR WG
AR AL RERS LB E AT, i Ho 3k %
PR B s e A R AR PE AT .
T 5 T v Tl A G 07 12 W i 1) T AR TR L
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RZ Mol 2 W 52 A AL oK AL R I T
) A AR TR T RRS R 1, R R A HIL-TE AL 21
29K 6 W 5 R XS CAT #EATHE ELA B R
CAT 1 = R & A A P2 g sk ms . skmi, H
HIXT CAT DIGKALTE R AT [ e 4k i) T AR AL
FRLHB, HRAAMRER CAT F3H
AE R o A Zhang S5 T — Mt AL S
fity - s TR A4 =2 AL 9K AE , I ELUK L o T A
H,0, B ] ML K 5 21

AR SCHT I AR R R AR R ZE 6T IS
(Bacillus subtilis) 168 B3t %A1k A i KatA £ £
Pl A= 1 = AP EAT T B A R R i 1 S A
58, KIULNEEA R AR R RO R,
B KatA 0y ARG e Pk DL 2 52
BN, AR KatA 78 K FF A
(Escherichia coli) BL21(DE3) 478 40 ik
53 B 2lifb , 4 2l il 1) 25 B - JC L2 A 9 K A
T A [ 22 T o 5% 1 20 K A6 06 M 117 G ik 5
B4 JE B TR E | AR BEE IR
FEHAT T A . Z 5 ¥ ILIE R KatA-Cas(POs),
T K AL AT IR S R AE ARG A ME 9T, A
I 72 Ak 3 S Ak A A A 1 I A R e AR 4R
HEBr R s, (ki A S AE Tolk I i B Ak
I

1 MRE7T %

1.1 #RFnLF
1.1.1  EHRFA AL

R KT (Escherichia coli) DH10B .
BL21(DE3) ¥ b A 5 3 %= & /£, Wk
pET22b-katA H 75 M A A= B Bk 45 B 1 A B2
AlA o
1.1.2 FERXF

AT HEX (ampicillin, Amp). 577 3E-
B-D- it 18 Mk M 2 FL W% (isopropyl-B-D-

http://journals.im.ac.cn/cjben

thiogalactoside, IPTG), —“F 1] T°iX (bicinchonininc
acid, BCA) & Mo &4 i G50 & W A A T4
PITRE (L) B ABRAR . B 5
FIREEREAEEY TR (KiE) BRA
¥ , DEAE Sepharose Fast Flow [H & 732 )2 Hr
H#l . Phenyl Sepharose™ CL-4B i /K )2 B K}
¥ EasE AR (PR ARAR . HAlfe
TR R T R R AR A PR A A
1.1.3 EHxE

LB WA . B F R 10 g/L, B
#8455 g/L, NaCl 10 g/L, pH Ny 7.25, LB [E{Ak
B SR HONTE LB WK B SR b I Ak i
1.5%M 508 . TB ¥igekk: WM 12 g/L,
=8 24 g/L, 4%, 170 mmol/L KH,PO,,
720 mmol/L K,HPO,, pH & 7.25, 10 mmol/L
W R 9% vp £ %5 W (phosphate buffered saline,
PBS) (g/L, pH &y 7.4):NaCl 8,KC1 0.2,Na,HPO,
1.44, KH,PO, 0.28, ZZ Wik A: NaHPO,-
NaH,PO,4 50 mmol/L, pH & 7.0,
1.2 EEMNSHE

Milli-Q HiZlizKiTyE R 4E . Cogent pScale TFF
System, Millipore /A F]; HITACHI-CR21GIII i
MR URELOHL, Har (thE) AFRAF; TGL-16
G R RE DL, WA O A R A
Al G AR R UKAY, AR TAEY TR (B
WA FRZN 5 ; Infinite F50 B#FRIY, TECAN 24
Fl; PCR ¥, Eppendorf /A 7]; NanoVue plus
AR AN G . ImageQuant LAS4000
B T RS, MBS (hE) ARA
Al; AKTA H 4L, GE AF]; $4Mrtit
i, LIS BR A E ;A TR,
il —fER AR A R A E] TR RS,
CERY Y e
1.3 EHRHIBEMIFSRIE

P HFH TS E. coli BL21(DE3)-pET22b-
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katA 7¢ LB [EATARRIZRE 5%, PRBCR I T8
FhF 5 mL & 100 pg/mL ZEHFH RN LB K
R FRHE, 37 °C L 200 r/min 5555 14 h 15 5]
7. KR FILL 2% (VIv) HeBE A
100 pg/mL ZFHEHEZMN TB Kbty X
g, E 37 “C. 200 r/min 00 R B REE
ODsoo 153 0.6-0.8 B, IIAZYEER 0.1 mmol/L
1 IPTG, 7E 16 “C. 200 r/min 5 F 3555 20 h
HATIH R R
1.4 KatA B B4k

W E 4 THEE E. coli BL21(DE3)-pET22b-
katA 55 RIK 5 B K EEWAE 4 °C . 10 000 r/min
B0 10 min WCAE RRANI . 225 SCHk[29] 1Y)
Jri, R & AR &R 1 5% v R 2 BR) Joi 2% 1)
L SefliH 10 5B 0.4 mol/L AE AR
ZZohiE (pH 8.0) HEGEIALHML, B T roKIE
AWHIEE 45 min, Ff)57E 10 000 r/min &L
10 min f5 WA B3 W R 8] 5T 23 6] 2 AR o o
JE 7S (6] 2 R ZEVOK TR B R 784y B )
R IMA TS I LB E RBIREUY 80%, AkskdfrE
VKAKIRA Y b #4845 min J§ T 10 000 r/min
B0 30 min A3 3] 5 KatA BUTIELL Sy . 25
¥ OB AR HZ R A B, KBEHE
JA FEA T 10 000 r/min 254 F &0 30 min, %
I RV il O UTUE S5 A S F R 4lifk KatA . ¥4
CBEDUEE WS JG e i LT DEAE BB+ 2¢#
JERTRE, B 10 AR 2 vl A ST
Vs UBR ARG A AER, ZEHEA
0—1 mol/L NaCl Y2 i A SHEATEAEA0 BE VR -
FEUERE S & A BB KatA M2 5rIicdE
G IR AT BT LA 5BR NaCl, ZJ5 17 & A KatA
FRIARE B A ZE R 25 2 mol/L (NH4),SO4 Y
ZZWPI A, 10 000 r/min 254 F &0 40 min 2%
BRAEEPEDLNE , Z )5 L FE T Phenyl Sepharose™
CL-4B Hi/K)JZ 4, A 1 mol/L (NH4),SO4

&B: 010-64807509

G2 IR A TH VEIZHTAE DLBR 5 R 45 6 1 At
M, ZJEFH 0-1 mol/L (NH,),SO, i) 2% i
W A AT, B S A HEAN
HAor U EE A I A A 10 mmol/L PBS 2% thif
HEAT NI A B g AT v 4 . AU 12% 09
SDS-PAGE *I# A s 74 . FIH BCA
O Al BT R A I
1.5 FEHER KatA-THl 2L g8k TE Y
il & F0 FAE
1.5.1 HKILATH &

KatA-Ca3(POy), WK fE: B 5 mL H
10 mmol/L PBS ¥ #i B 0.2 mg/mL [ KatA
4fifif, A 80 pL ¥ A 200 mmol/L ) CaCl,
VW TR I L OSR]I R S, 12 000 r/min
250 10 min WA DIVEIF AT ddHO PR 3 U5,
MEZTBIAET 25 CTHRIEMA; KatA-
Cu3(POy), 4K A4E: B 5 mL FH 10 mmol/L PBS
WIHEFE N 0.2 mg/mL ) KatA 4fifiE, A
234 pL ¥ K 120 mmol/L () JG /K B B 4 15 K
TRA) 5 B N A FIEFE] S, 12 000 r/min 2544
TEL 10 min WAEDTIE I ddH,0 P 3 Ik
G, MEZ TEMAT 25 C T8
KatA-Zn3(PO4), 49K A6 : HU 5 mL F 10 mmol/L
PBS AW R B 0.2 mg/mL A9 KatA 4l , in A
400 pL ¥EEE K 0.05 g/mL B ZIREFAH, 1RA
J BN AR RIS, 12 000 r/min 2544 T 25
O 10 min WAETTTEH A ddH,0 ¥ 3 W,
H 5 TR T 25 C TR 61T
1.52 Ca™iREMKL

B % KatA-Cas(POs), 49K AL, ¥ KatA 4
fiti FH 10 mmol/L PBS ¥ W5 B¢ 4 0.2 mg/mL,
ZJEHL 5 mL #i B 2E RS A 80 pL Vi FE
A 200, 250, 300 mmol/L [ CaClL &, 74
TRAIEHE N 24 h, ZJ5H8 1.5.1 frid ik
LK AL
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1.5.3 &R ER

£ X} KatA-Cas(POL), 49K AL, B KatA 4ii
fi F§ 10 mmol/L PBS & # B4 0.2 mg/mL,
ZJEHC S mL MR JE 4B i A 80 uL ¥RE A
200 mmol/L [ CaCl, I, F/HR2IGE &
N 24, 48, 72 h JFHUREHE 1.5.1 PRk ik o sE
RAL
154 H#FREMRK

B XF KatA-Cas(POy), 49K AL, # KatA 4l
fiti 1 10 mmol/L PBS # W # B~ 0.2 mg/mL,
ZJEH 5 mL MRS 4 A 80 uL ¥k h
300 mmol/L i) CaCl, iR, Fe/riR > G 41 wlfE
4 ‘CHI25 CHRE 48 h, ZJ5H% 1.5.1 frid
T iR AR AE .

1.6 MRS EHTIE

W BE £ B 25 TR KatA-Cas(PO,), 41K AE
M, HSREEEAESEG L, IR HH#ET
M4 AbHS 7 20 KV RSN TR, @it
i B 7 W B (scanning electron microscope,
SEM) X4 HIE 5 I S5 H FEAIE o
1.7 BEEENHINE

I 4366 B vk A S G N i 25 Tt N 499 0K A
FIBETG F1P0, #5 0.1 mL i B i s K AR TS
BAMA 0.9 mL & 10 mmol/L H,0, A 50 mmol/L
Na,HPO,-NaH,PO, Z¢ 11 (pH 7.0), T 37 CJx
% 2 min, JE 240 nm WG R4 IF T
M1 7 o WG T BRI E SO 37 CR By
fi#% 1 umol H,O, T M- A — 1B 1 5407
1.8 555 KatA 1 KatA-Caz(POy); 49K
e HYEE 5 M4 FRFTRAE
1.8.1 =&/ pH 1 pH I2E 1%

e idi S pH I E « 0.1 mL 2l sl 4N
KACVEW 3 BIIMA 0.9 mL % 10 mmol/L H,0,
A E pH (pH 4.0-6.0 Na,HPO,-CsHgO; ;
pH 6.0—8.0 Na,HPO,-NaH,PO,; pH 8.0—9.0 Tris-

http://journals.im.ac.cn/cjben

HCIl; pH 9.0-10.0 Na,CO;-NaHCOs5; pH 10.0-
11.0 NaHCO;-NaOH; pH 11.0-12.0 Na,HPO,-
NaOH) Z Wi H, F 37 ‘CRIY 2 min JI5E i
677, Vi iiE JI{EVE R 100%. pH e
IR = LG B A R AR W 3 I AE pH 4.0~
12.0 ARG il % 30 min J5 78 5 il [ %
P T ARG 7, LA de e Bl & I (EAE ) 100%.
1.8.2 RiBERMEEFEEREMNE

RIS TR I A B 0.1 mL 2l il 5 40
KAETEWIA 0.9 mL % 10 mmol/L H,O0, /) pH
11.0 /) NaHCO;-NaOH Z& i+, 43 5il7E 25 C .
30 ‘C. 35 ‘C., 40 'C, 45 C. 50 C. 55 C.
60 C. 65 C. 70 CFJhi 2 min I B J7,
DL e B 1N 100%., 18 8 e P il i o
W 4l ity s 40 K AL TR A 0 AE 2570 C 5% A4 T
B 30 min, ZJ5HGEKIEEHG T 5ab v 5
P10 B 7, DA e B IS T (EAE S 100%.
1.83 s hEFEHHNE

W 40 Bl 55 KA 43 ) A SR 3 S N AR T
TAFER S AL EURY (2.5, 4. 5. 8. 10,
20, 30, 40, 50, 60, 70, 80 mmol/L) FhufT
Ak S R JF 5 S i W B2, R GraphPad
Prism5.0 & T Michaelis-Menten 5 FEiFEfTdEZR
PEL GBI J1 2B H Ko Vi IR H]
keatr kea/ Ko
1.84 fEGFIREM

W 4l it F 40 oK 4K 4 B AE 50 mmol/L [
Na,HPO,-NaH,PO, Z ¥ (pH 7.0) 1 F 4 C
A o AEAS R EF [] 5O BURE D il % 0, AW i
it 1% JIEAE N 100%.
1.8.5 #®RIEfREM™

1 KatA-Cas(POu), 4K ALTELLHFAT 5 WA
I, BRIV EE ST 6 000 r/min #5005
40K A8, IF ] 10 mmol/L PBS 2% ik (pH 7.0)
WUE—K, R 17 WO E BN S, L)
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LR TS J1EAE N 100%.

2 BREM

21 FEHKatA WiFSRESELSBHEKL
P THEHE E. coli BL21(DE3)-pET22b-katA
HEATRR M5 35 678 16 “CLL 0.1 mmol/L 2 ¥ i
1) IPTG #4715 5 3815 o P2 HUR it 25 [A] 2 R
WG, WRUGE T G EEITTE . DEAE B A0
JZHT . BK)E T 445 B KatA i, K alife
& DR R E A A A SDS-PAGE
e, Z5RE 1 R, il EaifeiEs
54.8 kDa &b W R AHN H #5571, R4tk
P A AL A KatA
2.2 KatA-THlZ L9 KRR HI & K& &5
mik
22,1 HRTEHIHE
A HL-TCHLIL AR AE B T HA 5 S5 R
AL BRAEMIER . HUERTIARC . BS 0 S
H i 76 B [ 2 Ab 6 5k i 0 FH R & )iz, Horp

kba M1 2 3 4 5 6 7 8

66.4
443

+~——54.8 kDa

29.0

20.1
14.3

1 KatA 5B {LH) SDS-PAGE 3 4f

Figure 1 SDS-PAGE analysis of separation and
purification of KatA. M: protein marker; 1-2: E.
coli BL21(DE3)-pET22b-kat4 samples before
induction and after induction, respectively; 3:
samples after arginine extraction; 4: samples after
ethanol precipitation; 5: samples after DEAE-
Sepharose anionic exchange chromatography; 6:
samples after hydrophobic chromatography; 7:
samples after dialysis; 8: samples after
concentration.

&B: 010-64807509

Cu™, Ca> Ml Zn® &R FHEL Z B LA 5, B
PR . BRI . TR S5 22 Fh A ) Il o) A 1
g - TCALA AR R AE T S224 R B4 I B Cu™”
Ca* . Zn® R EHLA Sy, KatA W AH LU, &
R T¥ H AT AU A K AL By AT AT 4
XA R 42 8 B 55 KatA T2 48 K 1E
PEAT RS IR, S5 AE 2 ProR, KatA-
Cay(POy), WKL A Sy BTG 7, ik 13k 3|
5234.8 U/mg, HI7EFE KatA-Cas(PO4), PKAE
PEAT IR SRR T AR
222 Ca™iREMik

X} KatA-Cas(POy), 94K A 1 il & 25 AF AT
ik, HHHE Ca¥ WRENT KatA-Cas(POL), 4
KAEBRTE 152, 43 BIFERTE] Ca® YR (200,
250, 300 mmol/L) T i #& 44 K AL I 45 ) 1 3
J1o SERANE 3 FrR, Ca® #FE N 200 mmol/L
IR 1 20 oK A B B BTG T, PR S 23
F£ 200 mmol/L Ca™ ¥ JE 451 i 45 1 9 K AL 1k
TImf5E s
223 HlEREMLK

it — 20 % 2] 55 I AL X KatA-Cas(POy),
QUK ACTEIE T2, ok SH AL E B KatA 5
200 mmol/L ¥ 1) Ca IR &5, A 5fE 25 C

100 |

e

80

60 -

40F

Relative activity (%)

20

0 L L 1
KatA-Cay(PO,), KatA-Cuy(PO,), KatA-Zny(PO,),

2 FREIERBEBR | FHN KRB
Al

Figure 2  Effect of different metal salt solutions on
the activity of nanoflowers.
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TWEF 24, 48, 72 h I EAKAE, XEAS[R] I [E]
(24. 48, 72 h) FKMFTIE AR AE AT B TG
IR, S5 NE 4 i, #E 48 h BN
KACHA T EfEG )1, R ESE S 72h 1)
YR AETETE IR gy, R BEHE 48 h i
FTANKAE I 25 o
224 HIEFBREMK

WF 55 A 5] 6 25 i B2 XF 7= £ 1) KatA-
Ca3(POL), PIKAEHEIG S IE2 . 43 IAE 4 “CHI

100 [

—1—

80~

[

1

60 -

40

Relative activity (%)

20r

200 250 300
Ca’?" concentration (mmol/L)

B3 Ca’kE 3 KatA-Cay(POy), H KRG E
A

Figure 3  Effect of Ca®" concentration on the
activity of KatA-Ca;(PO,), nanoflowers.
L T
100 I
S 80t
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Figure 4 Effect of incubation time on the activity
of KatA-Ca3(PO,), nanoflowers.
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Figure 6 SEM images of KatA-Cas(PO,), nanoflowers prepared with varying concentration of Ca>" (A)

200 mmol/L. (B) 250 mmol/L. (C) 300 mmol/L.
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Table 1 Kinetic parameters of free enzyme KatA and KatA-Ca;(PO,), nanoflowers

Sample K., (mmol/L) Vmax (pmol/(L-min)) ket 57 keat/ Ky (L/(mmol-s))
Free KatA 8.81+0.42 4 438.00+74.28 115 810.00£1 939.00 13 151.53+£299.19
Nanoflower 32.75+£2.96 29 535.67+697.81 149 034.55+3 521.08 4 550.67£107.51
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