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Abstract. Catalase catalyzes the breakdown of hydrogen peroxide to form water and oxygen. The
main role of this enzyme is to protect cell damage against reactive oxygen species (ROS). Although
it is widely used industrially, it is sensitive to high temperature , which limits its use. In this work,a
thermo-stable heme-catalase (KatX2) was constructed with high catalytic efficiency from Bacillus
pumilus ML413 through site-directed mutagenesis and using PoPMuSiC algorithm to predict and
calculate folding free energy of highly potential residues for mutation. Lys117 was selected and
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genetically engineered to enhance KatX2 thermostability. From the set of mutants,the K117V

recombinant mutant showed significant improvement in thermo-stability with the increase of half-life

at 60 ‘C by 38 minutes compared to the wild-type. Furthermore,the catalytic efficiency of K117V

mutant was increased by 31.7% compared to that of the wild-type. Interestingly,no change of

secondary structure was observed after structural analysis. Therefore, this highly stable KatX2 could

be used as a potential industrial biocatalyst.

Keywords: catalase, site-directed mutagenesis , thermo-stability , catalytic efficiency

1o S A U (O 2R A U LA g ECTL11.1.6)
JZARE T AR TESh Y AT o A
W B B AR O i i A ROS A
143 S AR U UK A4 e ROS 2 T A1 I
A R P AR A A% 38 BT U SR, ek 22 1
ROS 1 A w525 B0An i A A PR 5 4L 2= AE 20,
PRI, 78 S A G JEEAS 1 4 I o 4 Al S0 il 3 A 1k
AL S R S TR Y, AL, i A A
Iz R TR 0T 25 VR PR AG I rh

MR I Redr i, A AL Mg 3 35 &
M LR A F A | o A - S A ) XU RE Tl
AR il B 05 S A S, b BRI RE Y 2o 4
A& B TR A (R T 52 B 2 0 6 . HET,1F
Z W 5E B T 0 1R A [R) Al AR 0 ok U 1Y 3 A AR AL
ity JF AT RIIR B S P 1k LA AN [l i 3o,
BT AR C Bz 0 TR R
il , HL b 5 2 BRI T B A5 B M U T A AR
R R 2R A O VA E I A S ST A A
TSR] B S 10 il o A R S8R I Y B T
P RE 1 S I R PRI (H 2 o 3 4 Ak U i 3 A 4
R T A Y i A AR P

B /NZE R (Bacillus pumilus ) T B AT ZF0
P A B, DT F G 332 ) BT B G T 4R L g
Ty 2B AR, P B. pumilus MLA13 IR A L
AL AT T TEX R . 5 oh, TE ARG R 2 LA
168 Hi T HA R U4F 1953888 J1 M8 2 AE R T
b 2235 1 =2 [R] I s B R A A aok AR Ak SR Y
FRFRIKAITE E o AT R ARG A2 AT I 168
e A A MRk 16 £, FH PoPMuSiC
algorithm X3+ 8 IF #0M T B. pumilus MIA13 IfiL
21 3% i A8 Ak S (KatX 2) 1 36 14 v o0 ¥ 78 98 742 7 13

3T & [ i AE , X% SR B ) & B R AT — R 5
SE A, 278 S R R Tk DX I i K P AT 3 oy o S Al
SR AR E

1 s e

1.1 E#k, Buki st
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Y], gifbfs, #1538 KatX2 1k iy
pMAS FE47 % 42 3K 45 H 41 Ok pMAS-KatX2, B 5
F12 F A1 TR R Spizizen $ 7 19 77 15 7 Ak 2R,
ZETRATEE 168 i DIEL 4 ik pMAS-KatX2 A
M, FHZR 1 FoR 5 Wy kA7 8 & 18 A4E PCR 1Y 5 kit
AT 7 m G AN B 5 708 B PRI IO A i B K FF TR
IM109 H1IEB0IE , I 3% A48 T A9 T /% () e 4 A7
BN R R AT 00 1 00 T 0 114 5 4 OB B A B A
AT 168 h kT ik, LI #E B.subtilis 168/
pMAS—KatX2 1E % i

LHSt A SR 2020 FE 395 % 3




RESEARCH ARTICLE

MUGISHA Samson,et al: Enhanced Thermo-Stability and Catalytic Efficiency of

Catalase by Site-Directed Mutagenesis

®1 5lMFIE

Table 1 Nucleotide sequences of primers

KatX2 F GTGTGGATCCATGACAAATTCAAATCATAAAAATTTGACAACG
KatX2 R GTGTACGCGTTTAGTGGTGGTGGTGGTGTTTCATGCTTCCTTGAAG
K117V F CGTGGTTTCGCTGTCGTTTTTTATACGGAAGAA

K117V R TTCTTCCGTATAAAAAACGACAGCGAAACCACG

K1171 F CGTGGTTTCGCTGTCATTTTTTATACGGAAGAA

K117T R TTCTTCCGTATAAAAAATGACAGCGAAACCACG

K117M F CGTGGTTTCGCTGTCATGTTTTATACGGAAGAA
K117M R TTCTTCCGTATAAAACATGACAGCGAAACCACG

M177P F CCTGAATCCACTCATCCGCTCACATGGCTCTTC

M177P R GAAGAGCCATGTGAGGGCATGAGTGGATTCAGG

TSI G S ARE AT R bt

1.3 EFEH

PEECA B 75T 10 mL & 50 mg/L KR8 K
LB £ 7735 37 °C, 180 v/min K Hi 2 )5, L 10%H)
BRI SR T3 50 me/L RARE R 0 & BB
R (Hih 47 gL, NHCL 15 /L, FK¥ 15 gL,
K,HPO, 2.7 ¢/L.,KH,PO, 2.1 ¢/L.,MgS0,-7H,0 1.9 g/L,
NaCl 5 g/L., EEBE#} 35 o/L,FeSO,+7H,0 0.002 5 g/L,
pH 7.0)H#55% 54 h, 7£ 4 °C'F,10 000 g #L> 20 min,
BOLJE W R, IR 0.22 mm B8RRI RS A
14 SEUSEMEK

kB Ak T 0 A i, 2 AR AE 4 CAR 0 T #ET
98, HAARFI BN 60% 1) £ WEUTTE & e b 1 28
F1%, 10 000 g B0 30 min WK HRDIIE . #5%5,
FH % B2 B0 2% v (20 mmol/L,pH 7.0) &% , 3 H %
e BGENT 12 h IR R 2R 1 Jda I R
mi HH N> SR A% R AT 9 5 % AL AKTA 25 F 40
AEAX (GE Healthcare, USA)#E474li4L , i 0.5 mL/min,
Hibinding buffer(0.02 mol/L. Tris—=HCI buffer, 0.5 mol/L
NaCl, pH 7.4 ) kL% W% B} 2 1mL HisTrap™ HP 4l
feE B, 3 0~0.5 mol/L FY R IS 5 v Jid 15 21 5 41
LS /4, FH Bradford 35052 8 (5 B, H
SDS-PAGE X #5 1 51 (1) & 3k K AL 1% S AT 5017
1.5 EENE

o Sk SR 0 B W E AE 37 C N AT,
100 WL A B O A E] 3 mL 52 (50 mmol/L
2B 2% vP 3 (pH 7.0),10 mmol/L H,0,) 1, 7£ 240 nm
MI7E 60 s PN W Y A A0 BTG 207 . 7E 37 CF
A 1 wmol i AL AT 75 IOl & Sk 1 A Bl

LR DS
1.6 TENSEEZHFEST
1.6.1 THRAABZ A F 54 M pH 7.0.50 mmol/L
PBS 28 th it B 10~90 mmol/L Y i3 %A 1k SR 9 i
WAE 37 C4MF M EBELE . A Lineweaver—Burk
MEECEAE I EAF RN 1S H K, Ve B K o THL
1.6.2 pH A& EstBeed#em  7E37 CF, RAA
] pH (1% 22 wh i v 2 i 1) e i pHL, i pH
JIF B 22 bl T . AP RR BN ZE PP (50 mmol/L,
pH 4~6), PBS ZZ i (50 mmol/L.,pH 6~8), Tris—HCI
2% W (50 mmol/L,pH 8~10) il H & & -NaOH %%
(50 mmol/L,pH 10~13). 7£ 4 CF , ¥ W i2 A
ANTF] pH 28 v #8824 b 0 T A G 15
% B pH FosE TRl 2k . fEdRid pH &/ 1F T 78
10~60 C2Z A1 5 S5 3 S I ik B K 26 A TR i BE R
BTN E], UK ECE 15 min S5 00 56 4% BE NG
Ao HH 2 1 R E M R 42
163 &8 & TP a KEEIIMAEH 1 mmol/L
Kﬁﬁ‘]é‘?ﬁ%% (Nin\MnZ*\ZnZ*, Mg2+\Cu2+\K+\Fe2+
1 Co™) BYBEERZE WP (50 mmol/L, pH 7.0)10 min
Je W Tl AN VS N 4 S - 1 B R 22 LA
XF R
1.7 SZWEE

F| I SWISS -MODEL protein modeling server
(http://swissmodel. expasy.org/), DA% /N 2F 48 FF B
MTCCB6033 it % fk 2/ (PDB id: 4qol. PubMed id:
25663126) A 5 A 7F 47 [A) I 2 4%, K H] Discovery
Studio Client 2.5 1 PyMOL View % {4 3k 15 %] 2¢ 7%
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SEHWRIRR , W T BEAR TR GE A bR 3D 45K
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KatX2 H 4 A~ A A9 FE 4 i, A4 34T 3
A X b A DG B 1 FH 1) S Bk R % B (HisST7 07 1l
ZLR R Asnl130 DL RAE DR SF X Asn130) B,
FIH PoPMuSiC—-2.1 algorithm T EFi | 4% 4~ 5k 5
7R 5 A PR AR I AR AR T Y 25 L FRATT R
TH A A BB R AR 3 A5 A B (K117V K1171 Al
K117M 47 & A H 53 b -2.23, —2.58 kcal/mol
F1-1.84 keal/mol ) A THRAZ  [A] B 2 JEEIA T Mo
B 3T o MR T 119 2 ik 2 A7k R % i 1 A T 2 2 A 3] ¢
SAE I, O HOR N 2R I R A DG T
IEFRATTHE M177 728 OR TN 2R . F 4 ok 4k
ARG IEAR R I AEAG B 2R AT 1R 168 hiff TRk
22 SREUASENEREMAL

il 2F SDS -PAGE 43 #1 & W] ,B. subtilis 168/
pMAS5-KatX2 DL K73 & A KatX2 42K K117V,
K1171, K117M A1 M177P B 5 20 i ¥ Al 2, 4l
65 ,SDS-PAGE 73 #7 & B i 4k 34 R 3 Jo 4= i iR
FIAHT UM SR AR X 20 0T K/l 5.8x 104 (1A
1), BfAEEEAZEAE R K117V, K1171, K117M M177P
() FE S 43 91 R 27 559 .36 297 33 582,29 896 U/mg
#1031 024 U/mg,
23 SREUSHmRETEEZHFEDN

o A Ak U 2 A8 1 ST Y B AR AN 2R 2 TR

M. B (A5 bR i 5 1 97 A 8 0 A0 Ak AU KatX2; 2. K117153.

K117V;4. K117M ;4. M177P,

1 BH4£REASE KatX2 RERTH K117V . K1171,
K117M #n M177P 4t 5% SDS-PAGE 43 #

Fig.1 SDS-PAGE analysis of the purified wild—type
KatX2 and its mutants K117V ,K1171,K117M and
M177P

B K117 5352878 S i K VR i 5% 5 (Val (Tle F1 Met )
LU 0 40 2 R T 31.7% .21.8% 1 8.48% ,60 CI¥)
g B T 38.23 min A1 9 min, K117V #l
K171 8 ko 53500 319 427 s Fi1 317 185 s, L BF
Az A Jre O v AR AR RO AR R S5 L 43 A AT
117 {52 A 50 S R 28 78 R B K I AR R I, 25 5 92
RN TR TE 8 2 A S B 3 JF B S sk M
93 v 4 Z R A 119 A7 Ji 2 iR St [ 1 — A~ i 7K
MFLIE (& 2(b)). BiKME R FLIE 507 T I 21 % Ff
U LI AL FE L Aspl10 F1 Asn130 A&, 2
TP A 5 i 0 2R I 355 P A5 a5 B 30T P9 K A % i 1)
T A DG B E ™ g K X3 bl F e SR A 1 i
ARESE A B T - A B—3T B &5 4 Sk =[]
IE 2 T 3K — a5 1E S IR W 45 6 AL S I AR A
BRI 117 A3 55 7K P B4 2 R 28 745 Ay it K 1 1

x2 REWEBREHNFSH

Table 2 Kinetic parameters of the purified wild—type catalase (KatX2) and its mutants

e/ (U/mg) K./K,/(x10°(mmol/L)"'s™)
Wild-type (KatX2) 27 559 59.9 £1.2 31.028 5.179
K117V 36 297 48.7+0.9 31.942 6.559
K1171 33 582 54.3+1.5 31.718 5.841
K117M 29 896 56.2+2.7 31.171 5.546
M177pP 31 024 55.4£1.3 31.296 5.649
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K117 #6345+ K117 BHE S5 T (4 3R0R i 2L iR
Y S e N A= AR N I/ o ER R (Y s
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Fig.2 Structural model analysis of the wild—type

KatX2 and its mutants

®3 REAELIENESHEBEHLE
Table 3 Characterization and thermostability of the wild—type catalase (KatX2) and its mutants

Wild-type (KatX2) 220+1.8
K117V 258+1.1
K1171 243+2.4
K117M 229+1.9
M177P 233+£1.5

—a—WT —0—MI177P —A—K117V —y—KI117M ——K1171

100
80
N
gz 60
e
= 40 +
=
20 F
O 1 1 1 1 1 1
0 50 100 150 200 250 300

H5t 6] /min

3 60 CTHARITENSBRERERAREN

Fig.3 Thermo —stability of the wild —type KatX2 and its

mutants at 60 °C.

R 1 i BE/°C

40+0.8 7.0+0.4
40+1.2 7.0+0.7
40+0.6 7.0+0.5
40+0.9 7.0+0.3
40+0.7 7.0+0.4

ZRARR K117V 7E 60 CF B2 R W45 T 38 min,

UeAk, FEEDESE T B A B A9 A8 bR 1 pH Fa
P ERANE 4 FoR  RARHEAE pH 7 AT
BEaE, BeURE 95%M G . 248 MK K117V 7€ pH
12 TR T 67% MBS , 80 Lo By A A B
WY pH AR M, Hoth 28 A #RFE pH 4.0~13.0 19 551
T, pH RE AR E M S B AR RUAHAL, AEH RIFERFR T
& B BT R EEE m, E S TR, &R
B A AL A AR TS M S AR — L, Fe™
1 Mg it 7% A A2 B FH o Co ) il 7% A — 5 1Y 411
HlFEF, Cu® ot ik S Ak S0 A 55 i 4 il A (RS
BT A RUA AR, Cu> 28 A8 Bk K117V 41041 v A
REA
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Fig.5 Effect of metal ions on the activities of wild—type
KatX2 and its mutants

Fig.4 Effect of pH on enzyme stability of the wild—type
KatX2 and its mutants
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