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W E: [F %] &iE327) % % 3047 F (Bacillus sonorensis) s262 F7 = iL Bk 8.8 LA &k & W &
% B, (Aflatoxin B,, AFB)# % /. [ 8] &£ XM4FH (Escherichia coli)¥ & & &i427) ;%%Z@#T&‘J
(Bacillus sonorensis) s262 it Ak 208, T &AL HRATF N B FER. [Fik] HTak
2B B katA if 42 3) pET28a(+)$wxcP M3 ¥ 48 & A R 2 pET28a-katA, #:{t £ Escherichia coli
BL21(DE3)& % & smied , B i IPTG RE . FFRE ik F 0T 2 2 T2 6 mAE R A&
1% il Ni-NTA Sefinose ™ Resin 4 & ¢hfbit A L &8, @ 30 2 it 8L S B R E RN IR E E\"mﬁf’
M. & pH & pH BN Fad B B T 21 8E /) 49 %t 3t & LB B 5 M R BEAT AT, 38 i 8] 4% B
RATEMBEIEAT ) ) F M. SRR kAN E AL AL A BT AFB, MR, [ 1] £
48 & 3k Fi ¥ pET28a-katA 2 B+ (BamH 4= Hind 1IN AN - E B A 22 s T . 4hA e T 40BE T & K0
J 55kDa, & E.coli ¥#89RAEREEMHA: IPTG KA 0.8 mmol/L, #-FiR/E 25°C, #-5A1E 10 h,
B AR 50 °C, RiE pH 7.0 B, H3) A FHH Vi #(760.17£19.61) mmol/(min-L), Ky
(63.73+3.87) mmol/L. 0.1 mmol/L Fe**. Zn*"#= Cu*' sl B&A 1R U4 A, BaiE 5 548 5 40%. 8%A=
12%, A23Z R E T K st BaA 37 #VF A, 1285 1% 39%. E 2088t AFB, 49 &M % A 61.44%.
# ] RARZFLEANT BBV EFRFARLEIAEE, HLAILABGG T LA =B 5
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Heterologous expression and enzymatic properties of catalase
from Bacillus sonorensis s262

WU Tiantian, LI Xiaoya, WANG Hongling, GE Wenpei, L1U Na’

School of Biological Engineering, Henan University of Technology, Zhengzhou 450001, Henan, China

Abstract: [Background] The catalase produced by Bacillus sonorensis s262 has the ability to
degrade aflatoxin B; (AFB,). [Objective] To express Bacillus sonorensis s262 peroxidase in
Escherichia coli, optimize the expression conditions, and determine the enzymatic properties.
[Methods] The catalase gene katA was ligated into the pET28a(+) vector to construct the
recombinant expression plasmid pET28a-katA, which was then transformed into E. coli
BL21(DE3) competent cells. Furthermore, including IPTG
concentration, the induction temperature, and the induction time of the recombinant enzyme
were optimized. Ni-NTA Sefinose' resin was used to purify the recombinant enzyme. The
optimal reaction temperature and thermal stability, the optimal pH and pH stability, and the
effects of metal ions on the enzyme activity were determined, and the kinetics of the
recombinant enzyme was analyzed by double-reciprocal plotting. The degradation rate of AFB,
by the recombinant catalase was measured by high performance liquid chromatography.
[Results] The recombinant expression plasmid pET28a-katA proved to be successfully
constructed by double digestion (BamH I and Hind III) and sequencing. The molecular weight of
the purified recombinant enzyme ranged from 55 kDa. The expression conditions in E. coli were
optimized as follows: induction with 0.8 mmol/L IPTG at 25 °C for 10 h. The kinetic parameters
Vimax and Ky, were (760.17+£19.61) mmol/(min-L) and (63.73+3.87) mmol/L, respectively, at the
optimal catalytic temperature of 50 °C and optimal pH 7.0. In addition, 0.1 mmol/L Fe**, Zn™",
and Cu”" increased the enzyme activity by 40%, 8%, and 12%, respectively, while 0.1 mmol/L
K" decreased the enzyme activity by 39%. The degradation rate of AFB; by the recombinant
enzyme was 61.44%. [Conclusion] We successfully expressed and purified the catalase of
B. sonorensis in E. coli, laying a foundation for the industrial production and application of
catalase.

Keywords: catalase; heterologous expression; enzymatic properties

the expression conditions

sl R E el FEMESEERE
PR RN AR, R 2R AR AL
HY, e LB ME S RAA 20 2R, K
HhEEE R Y T A 5 K B, (aflatoxin By, AFB)
HARBOEED . SmrpEP R R A, K
LB E S TR AFB, 15X MW S .
AFB, [\ 255505 15 EBAT WA ARD (g AR

AP AR, 514 Gi 4k 2 ) PRI A o ih 25
R, AWmEa L ARG . BIMER/NSE
P ™ S22 AT 5T A5 H R P VD 2R A
¥ (Bacillus sonorensis) s262 Y AFB, [#fi#%
ALK 89.75%, HERFREUTIEY) i) 1o S Ak A il
HA AR AFB, (RE 1), 1 [R] St 17 76 B4 i ity
PRk, BEETESZE] pH OFIR R SE 2 U7 52

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



R F | RERVEFHITE s262 TEHEENFIRERIEREEEMR 771

M) o AT abg A1) B PR TR R v P S PR TR R
WL B R A A S . AR IR R
AR, 1R R R AL R E A

AR

1.1 &

RIEPLVD B 2E AT 8262 H A 5256 35 i ik
A7 1 pET28a(+) K M #F B 3 ik 3 1k |
BL21(DE3)&Z A0 . DHSoUsksZ 25 M A Y 11
H A TAY) TR ) B A BR A W 5 3 28 kL
HY P& ¥k Escherichia coli BL21 [pET28a(+)]Hi A<
1.2 EFHFE

LB K537 571 NB K5 3= 5635 2 % L 2 60
Be il o
1.3 EERFIFNEE

AFB,; #r#fE S . &5 Marker. DNA Marker .
T4 DNA &2 . Taq PCR THIR K (2x). BmE
Y TR L N 41 DNA PRl $2i% & . SanPrep #1
TR DNA /Nl 300 & 5, A4E TR TR
(W) By A PR 2> Hl 5 QuickCut BamH 1 Al
QuickCut Hind 11T, 5 H EAYHALE)A R
N B S, RHEETT U AR 41k 2 o
BROSF] ;. A e (oM Al A AR B, KT Rl
BRI A R A | AREMEAK, dt
R R AEYEARARIHUEA A &, K
TR Ik A A B A ]

FRCRAE TS, B E] FEE AL,
BUM T HRHE A BRA s 85N LT,
I SERE IR AR A RN W5 Ni-NTA Sefinose™
Resin R Sy, A= A TAR( IR A PR A
1.4 FEASEFENE

SR FH S8 AR S B D R 3 S A S 12 -
100 pL 3 4 {0 S I A 2.9 mL 50 mmol/L

PBS (% 20 mmol/L H,0,)1, i L4608
JEE I RE SV A R AE 240 nm AW FE AR TR,
PUAE 2 TH R A 0 PP EAL 1 pmol H,O, B E
SR T AN TG Jy Bt
U=[AAXV ;5+(exd)x10°]=Vi=T
Kb AAHYIERWOGIE RN 1 min J5 WROGIE Y 2
{H; View FI VAR R BARFI(3x107° L); ¢ K H202
JEE SR Y 28K [43.6 L/(mol-em)]; d Jy H @ M4
(1 cm); Vi AIIAREAALFR(0.1 mL); T it
[E](1 min); 10° A0 R EL(1 mol=10° pmol).
1.5 HEUSHHRIERE
151 HEUSHEERNTE

W2 DNA P it ) & 42
U R s262 A LA A BIAR, {1 Primer
Premier 5 it 3 katA f4: 14514 katA-F
(5'-ATGACGACAAGCAAAAACAA-3")F katA-R
(5'-TTAAACTTCCTGTGGCACT-3'), PCR "1
A5 katA FE[H B, PCR ik RSB %M AH
AR e M (& 0, PCR S 252 95 °C 5 min;
95°C30s, 62°C30s, 72°C 1 min30s, 30>
HEFR; 72 °C 10 min; 4 °CLR-AT
1.5.2 pET28a-katA E4HFRRIAIE

LA katA ¥4 B Br 4 BamH TF1 Hind TITAL
i), HAEF] pET28a(+)#k A Iy e 8 41 ik
pET28a-katA. =4 Fiki4% k.2 E. coli DH5a!
AT, WA TS A RIREZE (100 pg/mL)HY
LB VAR b, 37 °CHiFid e PRI VR T
20 uL JoEE /K, B 10 pL F 100 °CZ& ¥ 5 min fE
J R AT PCR, PCR WA Z (50 pL):
Taq PCR Mix 25 pL, katA-F (10 pmol/L) 1 pL,
katA-R (10 pmol/L) 1 pL, #42(100 ng/uL) 2 pL,
ddH,0 #ME 50 uL.PCR JZ i 251F: 95 °C 5 min;
95°C305s, 50.3°C30s, 72°C90s, 30 MEH;
72 °C 10 min; 4 °C{RfF. Frfs PCR =#yility
0.8% Iyt I WHU5E e FEL VARSI I o A 000 B 0y 1 B T 7
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Xof b7 R AR TR R A 2R S R IR R (100 pg/mL) 1)
LB Wi fAR: 3530, 37 °C. 180 r/min ¥EIRK; 57
1 05 SR BUTOR R F AR T AR TR () By
A BRA FF
1.5.3 F=HE KatA HiESRIEMK

HI0 e LB Bk % 46 2 E. coli BL21(DE3)
AN, WA TS A - RIREE 3 (100 pg/mL)
) LB AR, 37 °CHEFE 24 ho PREUK H 1A B
%F LB WIAEFEHE 37 °C. 180 r/min 553
24 h & BT, BRI DL 5%k Fh e ik i 2
BRI, 1E ODgoo M 0.6-0.8 M fiIlA IPTG
P, BRL IS 10 000 r/min B0 5 min Y2k
EA, HAEBRECIER 400W, THE2s, 1555,
1% 30 min). AR F 4 °C. 10 000 r/min 2.0
10 min, EiFid 0.45 pum JEREED A LA, +42 08
14 B I BTG o X AS [R) ) e 3k 2 A tE A T4
1k, FEAES ) IPTG #J¥(0.4-1.0 mmol/L). i
SR (15-30 °C)Fis S:1 A (6-12 h),
1.6 =E4A KatA Ry4hi{k

pET28a(+)7E N ¥y H.- 4 His-Tag, HJ £
pET28a(+) 3 ik 1 R 1Y 2 1 A 4 2 R iR % .
Ni-NTA B g gtk i o] A T 4 & b & 2
F 4t , B EE R N3 Ni-NTA Sefinose™
Resin #F |, Z5G & ikt LA4mE N, vEBg b
WAL VR B R . 3R 0 A A S
SDS-PAGE i, - 1 Bradford 77 & &
Y
1.7 EAEFMERNE
1.7.1 RERRFREMMRIEEM

TEAN ) S I BT (il BE Y L 2 3070 °C,
BEEE R 10 °C)IN e = 4 Jiffnc il S g i B, 115
MG o N — o e al Ak S %) 4 A e S I IR
JET ORI, BERG— s B T HORE , I
1.7.2 &iEXK pH #1 pH & E M

Be AR pH 75 20 mmol/L H,O, F 2% ik,

TE Froid I B2 R D E A R S . AR pHL (1Y
Gz PR3 5 NapHPO,-F7 R (pH 7351124 5.0
1 6.0), Tris-HC1 (pH %%k 7.0, 8.0 1 9.0)
F1 Glycine-NaOH (pH 10.0). M 5E pH F& & P #T
Wk A AL S AR pH A ZE sl E 1 (&
H,0,), FUE 1 h Jo e F 4w .
1.7.3 #IHESHBNZE

Be il & 2.5-50.0 mmol/L H,0, FIZ% Mk,
43 SN E WS J1, 7E Origin 2021 Ha2R F XU # /R
P35 3 51 20 3 A S Ko Vinax, TFITE Keaco
1 K. 1 1

Vzvmﬁ—i_v; kcat:Vmax/[Et]
K. VRN EE; SHIKYIWE,; Et Al
R

1.74 €RBEFXEENTI

TEBER P B Mg?t | Fe?'| Ca?*.| Li*,
K" Na" . Mn*". Zn*"Fl Cu> Z#J¥ 5 0.1 mmol/L
1 h S5 E FENE T, LAAS N4 I8 25 - 1 AR N
Xif B
1.8 E:Af§ AFB, FEMRERNZE

¥ 900 pL gifkryFELIEFS 100 pL AFB,
(10 ug/mL)E4A, BT 10mL B.048 ', 37°C,
180 r/min HEEHEFE 48 ho UL 10 mmol Tris-HCI
P Al A i A A SR A g W BREZH . S 45
Jei SR 1R ASOBUAH €835 0 0 5 7% B AFB, VR
FRHBEE 3 AR

AFB, 4R BUR KN 2% Xu 2 )5 9%
AR e FH — G P e B B2 I 45 SRR A
) AFB;,50 °C/KIZE T /5 A 1 mL A ¥,
2% 0.22 pm JEREELTUESS T HPLC &l . A 2%
1 B A R TR i 5 ) A O — B

2 HZRE5OM

2.1 FRANMESEK
PARIEH VP B ZE AT RS N 41 DNA #E
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M iEA T katA ) PCR 4734 . Sl i F koAs )
HI/NG NCBI Bda e b i) katA —2(1 458 bp)
(& 1), 4ifb5, ¥ PCR K150 H i IEH H Bt
i A FRIX AR pET28a(+) 1, 15 F 5 4 T ki
pET28a-katA (&l 2). 3 1k B 1) il 7y 56 1k ik
#R & pET28a-katA (1) B S 2
22 BHEMFTSRERTREZFHRL
IPTG ¥ B X 3o S 1k S0 BTG 1 1 52 ) 45
WE 3A R, 24 IPTG WE X 0.4 mmol/L 5
0.6 mmol/L i, Fi& 220Nk, IPTG ¥JE
0.6 mmol/L J % 0.8 mmol/L B, % 7 @12 T,
IPTG ¥ T+ % 1.0 mmol/L I, % /4 AR
2 IPTG ¥ JE Ky 0.8 mmol/L I EFIEVEfR i, N
540.13 U/mL, Je2ei% v+ 0.8 mmol/L IPTG,
AN [R5 B X B A R A e an 5] 3B
FiEs, SRR T 25 °Ct, BTG BEIA SR
JER A A R, R T 25 CCH i I A
TE15 IR 6-12 h B X T g k47
E, FRE 3C iR, M4 FEEMEF 10 h,
fity 1% BE S BT RI R EE A 10 h, EEYE
B 75 T B 1] B

bp M 1 bp
5000

3000

2000
1500

1 000
750
500

1458

250
100

1 katA £[X PCR ¥ 18 & M:DL5000 DNA
Marker; 1: &L HEA katA

Figure 1 katA gene PCR amplification map. M:
DL5000 DNA Marker; 1: Catalase gene katA.

bp M 1 2 bp

6 827
5369

2 pET28a-katA it E  M: DL10000
DNA Marker; 1: %5fki pET28a(+); 2: )5
% pET28a-katA

Figure 2 Plot of pET28a-katA plasmid constructs.

M: DL10000 DNA Marker; 1: Empty plasmid
pET28a(+); 2: Constructed plasmid pET28a-katA.

2.3 EHEMHIAEL

IPTG 75 3R Ja il Ao MM, 282,
SDS-PAGE #illanf& 4 fFran, 4l E AL A
g3 F R R/ME 55 kDa,
24 EHAEFMHRSH
24.1 BRERMEERAREMERN

WK 5A e, FER BRI, Bl IR B Y
FEE, WG I WAEIE N, £E 50 °CHI RS 53]
i, WA Ak ee Tt ey, BTG FFIR TR, 1l
Y vy U e S ) 2 1 45, X AR 2 36 K
HIsZI o 5L RET, A5 T IZ M TE fd i
JE 50 °CF IR (&l 5B), BREBALHL 2 h
Jo T AT BTG Ny 68.58%, DRI % B #ES & Mt
2.4.2 [E§&IE pH X pH 2 E 40

M 6A FIAT, 2 S0 AU ) ik S v pH
Jg 7.0, ¥EEWCE T pH 5.0-10.0 (IFREE T 1 h,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



774 A

A 600
550
500 |
450
400 |
350
300 -
250
200

Enzyme activity (U/mL)

04 05 06 07 08 09 1.0
IPTG concentration (mmol/L)

w

750 1
700
650 |
600
550
500
450 1

400f —

Enzyme activity (U/mL)

350 14 16 18 20 22 24 26 28 30 32

Temperature (°C)

@]

420 r

400

380+

360

340

Enzyme activity (U/mL)

320 ¢ E
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3 ERTENEBERBITETNFRIAEYE
ik A: A IPTG WREXBHE A2 . B: A
() 375 IR B X il 4 PRS2 . C o A ()35 S B R ) i
T8 H 52 )

Figure 3 Optimization of expression conditions
for recombinant catalase in Escherichia coli. A: Effect
of different IPTG concentrations on enzyme activity.
B: Effect of different induction temperatures on

enzyme activity. C: Effect of different induction
time on enzyme activity.

IR R Microbiol. China
kDa M 1 2
97.0
66.2 — —_—
45.0—
27.0—
14.4—

B4 =RIRWEE SDS-PAGE i  M: &
M marker; 1: HIFERK; 2: oA LEE
Figure 4 SDS-PAGE analysis of recombinant

catalase. M: Protein marker; 1: Crude enzyme
solution; 2: Catalase.

A 1601
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140 |
130 }/
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Enzyme activity (U/mg)
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5 BREXMNEABEHMNEM A MRS
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Figure 5 Effect of temperature on the activity of
recombinant enzymes. A: Detection of the optimal

reaction temperature of enzymes. B: Thermal
stability assay for enzymes.
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g AR AF WS G OL, 7E pH 5.0-9.0 Yo [Fl N
T A TIS 2435 5] 40%LA (K 6B).
243 SRBEFMNEHABIFENNEN
ANTR) 4 Ja 5 X S 0 B s 25 SR an il 7

fit7n, 0.1 mmol/L Fe** . Zn*"HI Cu* X i iG A —
SE MR IEVERT, TS 52 03 = 40% . 8%FlI

12%; Na i B & (9 VE AN B &5 1 Mg™ ., Ca™",
Li 1 Min® XcF i35 A 3 4400 1 4 5 KO T 10
PR T Aok, S T % 39%.

700 -
650
600
550
500
450 F ,df’fi/”/’
400 -
350+
300
250+
200 — : : ' :

5.0 6.0 7.0 8.0 9.0 10.0
pH

Enzyme activity (U/mL)

501

45} —

40t "

Residual enzyme activity (%)

a 50 60 7.0 80 90 100

pH

6 pH X EHEENHF M
I pH W7E. B: BiEHY pH £ 7€ 1R &
Figure 6 Effect of pH on recombinant enzyme
activity. A: Determination of the pH of the enzyme’s
optimal reaction. B: Determination of pH stability
of enzymes.

A Tl ) O8I

350¢

3007

2501

200}

1507

100}

Enzyme activity (U/mL)

507

0
Control Mg Fe?* Ca

Li** K' Na® Mn? Zn* Cu®
Metal ion

7 ERBFXEHMEFENINIER
Figure 7 The role of metal ions on the activity of
recombinant enzymes.

24.4 EEEHHOFSH

i o RUE B B 3R 3N ) 2 28
Vimax N (760.17£19.61) mmol/(min-L), K, A
(63.73+3.87) mmol/L, ke ~(500.32+£12.91)s™",
2.5 E4HEE AFB, [EEER

o O (8 152 0 5 1) AFB, (35 [ an &l 8
7, Al W T AR A4S T F 2 WX AFB, [ fig
KN 61.44%,

3 WREER

A 2L PCR 4 3G R VAP0 UD I 2E F AT 1
o AL AR, I 5 BURL pET28a(+)i% 4%,
pET28a-katA A E. coli BL21(DE3)/&2 241
furh, 23t SDS-PAGE $eiE ik iy, EALMG
431 K/INTE 55 kDao i 55 41 il % 15 1Y S5 40
it , miEH S FM R IPTG W B
0.8 mmol/L, & 25 °C, Bf[A] 10 h, IPTG ¥
B F 0.8 mmol/L i, P& A WiREAL, nIRER
ONTEAIE R SR R IPTG ¥R A 44 40
AR AR RS I T IR R 25 °C,
X 5 b 5L 5 S RS B A A R R AT R L A

i 5 VR R I Bl 1 R — 3
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8 EHEEMEMR AFB, &3UAEAILE

5.0 7.5 10.0
Time (min)

Figure 8 High performance liquid chromatogram of AFB,; degradation by recombinant enzymes.

Xof 2 gk B SR R W, P o U
50 °C, HA RIFMIFREN: . pH 2%
LISV — P EHEESE, G pH et
JIN, 2, Mtk pH 2%t A B 45 k) i st
xR ERGE pH R 7.0 B
T, EEEAIAF) 622.62 U/mL, 4 pH<7.0 A},
Wi pH 7, BN 2 KB B2 pH>7.0
BF, BEE T 45T B KB & T pH 5.0-10.0 1Y
WFETR 1 hJE, 76 pH 5.0-9.0 B3I 4 s 1435
£ 40%L b, BEHTIZE pH o MR

T Vipax H(760.17+19.61) mmol/(min-L),
Ko SH(63.7343.87) mmol/L , ke (500.32+£12.91) s '
Ve £ S UV R 5 2E AT B (Bacillus subtilis)id
FALE NN Ky h(18.98+1.21) mmol/L. Jia 252
DA L HE BE 43 2 ) g A4 B (Urelbacillus
thermosphaericus) FZSF03 Jif 75 AL A K,
7 101.1 mmol/L. #FE V5T Pseudomonas
stutzer S12 A AL Al K, o~ 100.5 mmol/L,
Keat 4 574.05 571 DRI, Ji5 252 AT X 1% 86 AR TR
1 DL i O A AR R R RR T, SR A

R,

4 & 6 W 52 e i U T LA 5 9 R
SER R g S 4 I B R B SN AR A S
A, AR TR, 0.1 mmol/L Fe*',
Zo® F Cu* A — E AR E T, (R BT
Iy AT 40%. 8%FN 12%; Na X % A4
ARBH S5 T Mg® . Ca™ | LitF1 Mn® i i 15 45 350
S ANEIAE R 5 KX VS A R ik, (E S
TP 39%. RILIE 40 A Fe’'. Zn®"fl Cu®'H]
P = BT

o0 BCTROR T A DN A5 s 4 e AR b S
XF AFB, [EAiRR N 61.44%, [FEAMRCRBHT

ARSCH I 7E R BL21(DE3) il 3%
KRRV TR ZE AT T A A A U, I % L
Tralifb K =# e o . S5 R, EA A
fb A5y T F K/INVE 45.0-66.2 kDa, fri&E s S
Z K. IPTG HJ¥ 0.8 mmol/L, iRJ¥ 25 °C,
IFIE] 10 h, HAHEA B #EE e & pH
Ak, I H AR AFB, (R ST, T — 48
b R AR AE Ty R e A A AR

o

=4
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