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Expression of heme oxygenase-1 in gene recombinant Escherichia
coli and optimization of its cultivation

MEI Jian-Feng' ZHAO Wen-Yuan YIYu CHEN Jian-Shu
ZHANG Yan-Lu YING Guo-Qing

College of Pharmaceutical Science, Zhejiang University of Technology, Hangzhou, Zhejiang 310014, China

Abstract: [Background] Heme oxygenase-1 (HO-1) has many physiological effects, such as
anti-oxidative stress, anti-apoptosis and anti-fibrosis, and is expected to become a new drug for the
treatment of clinical diseases. [Objective] A gene recombinant Escherichia coli was constructed for
expressing HO-1, and its culture conditions were optimized to achieve the high yield of HO-I.
[Methods] The gene of HO-1 (hol) was cloned from the cell of Synechocystis sp. PCC 6803, and was
recombined with the plasmid of pET-28a. The recombinant plasmid (pET-28a-hol) was transformed
into E. coli BL21(DE3). The single factor experiment was applied to optimize the type of medium,
inducer adding time, cultivation time, inducer concentration and cultivation temperature for the
expression of HO-1. [Results] A gene recombinant E. coli strain, BL21(DE3)/pET-28a-hol, was
successfully constructed for expressing HO-1. When the strain was cultured in glycerol medium (GY),
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and as the cell ODgy was about 0.8, IPTG with the final concentration of 0.1 mmol/L was added, the
highest yield of HO-1 could be obtained after induction cultivation for 6 h at 30 °C. Separation of HO-1
by Ni-NTA column accounted for 10.9% yield of the total cell protein. [Conclusion] A gene
recombinant E. coli strain, and its optimal cultivation conditions were achieved for the expression of
soluble HO-1, which laid a foundation for further study on the enzymatic properties and application of

HO-1 from Synechocystis sp.

Keywords: Heme oxygenase, Prokaryotic expression, Escherichia coli, Optimization of cultivation

ML£T E N4 (Heme oxygenase, EC 1.14.99.3,
HO) 2 H M1 2 48 Akl Sk R Al , f 45 3 Fhe
B HO-1. HO-2 #l HO-3, Hift HO-1 Z¥fif 4l &
SAAL M IRSE 2 B BB R, AR TR T 32
(Hsp32)!'), Jms4Ese, XF HO-1 BSRELI K 5
PRI B G R & PRIRGE . 128, HO-1 20 If
213, e T AL X A B, AR AR
FET Oy, W T4 A AR Hik, HO-1 1/
HEALF=4) Fe®™ . CO MHZL A A AL B e 25 14
PRSI RIE T, o Fer S 45 S IE Uk E
1, R8R FRIE AT R AN P Fe™ MR B, [alimt
HO-1 38 7] LI F RN Fe® Slil, 2Bk
M Fe ZEH, By 1k Fe” I S A AL R 151
T, MHLLZEAE N HO-1 A4, BB S0 i
BRAECH B3, Bk AnRa g 2 Ak, i ELTE RS
21 2 H 54 ABLT 26 o REA R0 i 40 28 3 i 2K 1
Oyt KBRS REM . HO-1 BHAYR . it
FALRNEL . PR . Brerdefb S AP0, A AL
PSR 2 0 TR

IR Sk 3 A o I SRR ek K R
HO-1% 555z | fe e M) b R A A
HO-1, {BffA ¢ T A% R R EMELIER HO-1
AIBFFE4RIE . Migita 2145 H AR L% PCC 6803 H
HO-1 SIZLEY HO-1 1 SRSy Fl A HL e 5 1)
MR R, H5 A HO-1 MU L 67%, [FlAHi
MIAEHIBE HO-1 1 — 204589 5 N HO-1 143 AH1u .
PRIk A B4 HO-1 b HAG sh ¥ ik I 1Y
HO-1 A&, SeREfE M EoRIER HO-1 BERTER
J R i R 2k, HAT SRR RO AR a5
AT T 4 M3 (Synechocystis sp.) PCC 6803 i)

HO-1 BRT7E R E &L, FHf 7 H &L
HO-1 FEH R IR 55, SEB HO-1 m /" iRk,
Sy itk — IS AR M E R R ) HO-1 A Jl 2= 1 Jo R v
FHBEE T et
1 MREE
1.1 EHRS Rk

£E Jifs 3% (Synechocystis sp.) PCC 6803, Kzt
[#i (Escherichia coli) BL21(DE3)&5Z A4l . DH50
B2 AS AN RN Sk pET-28a AR SEIG 2 (17
12 EFHE

LB #5555 (g/L): [ REZ i # 5.0, B 1 10.0,
NaCl 10.0, pH 7.4, 1x10° Pa K[ 30 min.

HIMGY)RiF=H5(g/L): Hih 20.0, BEEHZH
¥520.0, (NH,4),SO, 5.0, NaCl 5.0, Na,HPO, 15.0,
KH,PO, 3.0, MgS0, 0.5, pH 4R, 1x10° Pa K#
30 min,
1.3 EERFIFLEE

5149 P, 1 Py, Pt DNA HBEER dA 75 & .
T #f& PCR 7=y 5i iR & (& Bkl pUCm-T).
DNA A7 & . Bk DNA /N R BG ] &
AETAEY TRE(EE)ROARAR; PrimeSTAR
Max DNA RAEHF. Sk, PRGN YIEE(Nde 1
i Xho I), FHEADEARAO)ARAE; B-3
REREREK FF, S 2% SRR AEYRHA R A

PCR 1%, Eppendorf 47 BRZ F] 5 8 75 87 40 K
PEHL, T OB 2R AR PR A 5 5 4h-7] W)
OO, JURAT (R ERA RAE  BER
875, Bio-Rad ABRAF; AZERE AL
JENTEE R, _FIEP P AT ER ) A B
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LM RT-PCR (W7 1EZ 0L SCiR[12], &3t 5]
¥ P, (5-GGGAATTCCATATGAGTGTCAACTTA
GC-3")Fl P, (5-CCGCTCGAGCTAGCCTTCGGA
G-3")#" 1% hol 3 A (GenBank : BA000022.2: 317127-
317849).PCR WA Z : b 5 147(100 pmol/L)
£ 2 uL, PrimeSTAR Max DNA &1 25 uL, 4
JfU7% cDNA (%) 100 ng) 1 pL, ddH,O #F% 50 pL.
PCR J % 44 94 °C 4 min; 94 °C 30 s, 60 °C
1 min, 72 °C 1 min, 30 ¥ ; 72 °C 10 min, PCR
P 3NN A JSHEEHE pUCM-T 2k, %4k
E. coli DHSa PRk, $RICEHM: v b Bobr il U136 E
WP %78 .

pUCm-T-hol 5 pET-28a JFi#i 4 Nde F1 Xho I
MEEY) I, H B EE T35 pET-28a 24 T4 DNA %
Bel R, B4R pET-28a-hol # 1k E. coli
BL21(DE3), $&HFHYE selE Bk i) 5k, Ff2il
JPYE IR G, M EAR E coli BL21(DE3)/
pET-28a-hol & RP%E R (Kan)Hi LRy LB #5574k
il A i, 3% AR FR M B RN 2] Kan U1 LB
RigREk, 37 °C K38 2 h, fNHEEN 0.5 mmol/L
() IPTG, 30°C. 100 r/min 35 20 h, B 1 mL 7
W s 0 W % B A, SDS-PAGE 43 #f HO-1,
SDS-PAGE 177752 I 3CHR[13]
1.5 FEHEFRIXE HO-1 IR HMHKL

HAKWITFHET Kan PiER LB B4k,
37 °C, 180 r/min £53% 12 h, $i 3%AFS>H il
& HO-1 £iAHF/0 LB Al GY B33k, 30 °C,
100 r/min #55% ZWEWIEE]—E ODeoo Ji, MA
IPTG 5 2%MFLBEAE T, akEihse—Bnfal, B
1 mL W& OIEERIA, SDS-PAGE 434 HO-1
Fikit,

TSN IR R SR A T B R E AR
X5 AN E] | 75 S 3R a] | 35 S 50 e R AN
PRI B A T

2 HR5406
2.1 FRIX HO-1 MEHKFITFRERE
2.1.1 HO-1 &EEH) PCR ¥ 1%

DIEMIHE S RNA i 615 2] cDNA Rgi
B, #3895 149 Py P 5L Nde I #1 Xho I i1 {3z
&, PCR =Wy H Ik I ILIE 1, BT ULFE 750 bp £
AR —&T, SHMER hol H B/
(723 bp)—EL,
2.1.2  ZE#H{F pUCM-T-hol FUFIE

FH PrimeSTAR Max DNA &MY 18 H i
PCR =¥ A5, PCR =4 35 nbute A J5i%
B pUCm-T 2 /A&, %4k E. coli DHSa Fikk, $2HFH
PETERE R, 4 Nde I Fl Xho I AUEYI 4 5E, HLTK
KL 2, AT DLEE 750 bp AbA71E B B 4545, 4%
R5H MR P — B gE R g, Ui
pUCm-T-hol #4 & 1)
2.1.3 FIEE K pET-28a-hol BUHiE

pUCm-T-hol 5 pET-28a Fiki 4354 Nde 1
Xho I XUfEY], HAYFER hol FIJFHF pET-28a £ T4
DNA W45, ¥4k E. coli BL21(DE3)Eibk, 2
WP o R ok, 45 Nde I 1 Xho 1 RUEEE], Hivk
KIULIE 3, AT ULTE 750 bp AbAF7ER] B4, v 45
F5 H R 81— B (F 25 ), LR IR
K pET-28a-hol FJEERLIN .

bp M 1 2
2000

1 000
750

500

250

100

1 PCR 1 hol B9 kE

Figure 1 Electrophoretogram of hol by PCR
7E: M: Marker; 1. 2: PCR =#).

Note: M: Marker; 1, 2: PCR product.
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Figure 2 Electrophoretogram of the digested cloning
vector from positive clone

#: M: Marker; 1. 2: pUCm-T-hol Sfif# F Nde I il Xho I
XU

Note: M: Marker; 1, 2: Plasmid pUCm-T-hol digested by Nde I
and Xho L.

bp M 1
5000

1000
750

500

B3 PEMREHAFNEEYEEIKE

Figure 3 Electrophoretogram of the digested expression
vector from positive clone

. M: Marker; 1: pET-28a-hol Jfiiffi f§ Nde I Al Xho I

XYL
Note: M: Marker; 1: Plasmid pET-28a-hol digested by Nde I and
Xho L.

2.1.4 FHEFRE HO-1 BN

4] hol 1 E. coli BL21(DE3)EHK(E. coli
BL21(DE3)/pET-28a-hol)ffi 1] LB #5572 34%5% 2 h
(ODgoo 294 0.7), NZUESE N 0.5 mmol/L ) IPTG
SR FF 20 h, SDS-PAGE HLIK /AT ULIE 4. 7] L
IPTG ¥ IR GKIE 2), 7E 26.0 kD 5 33.0 kD
Z A —B B 45, 5T HO-1 &4 T
29 kD HI4F, A EZH hol ¥ 3 M BEA, AR BTG
Ibakas, FIWHZEE H Ry EY1E H HO-1,

4 SDS-PAGE #3#7 HO-1 ifS%&Ri&
Figure 4 SDS-PAGE analysis of expression of HO-1
¥#: M: Marker; 1: BL21(DE3)/pET-28a; 2: BL21(DE3)/pET-
28a-hol.
Note: M: Marker; 1: BL21(DE3)/pET-28a; 2: BL21(DE3)/pET-
28a-hol.
2.2 EHEFEFRIE HO-1 BIEF R
22.1 FSEFEMNEE

252K LB Ml GY B3t mal i ik
HO-1 yFkikiE, EAREHRZ 2h 5, LB ik
435140 0.5 mmol/L 14 IPTG 1 2% ALBHAES: , GY
FEFEHN 0.5 mmol/L By IPTG 355, 4k 22555 20 h,
SDS-PAGE /3 Hr #4435 HO-1 Y ZE R ILKE 5,

I S FTHL, GY KifRBEkiA 3) R HA M,
£ 0.5 mmol/L ¥ IPTG #5541k HO-1, HEAKW
B0 R BE S 2 i T LB RS 3R B 500 2 Fhis 5 0y
X, LR GY 85 3R 35N A3 -

kD M 1 2 3 4

94.0
66.2

45.0

33.0
26.0

El5 EFEMEIS HO-1 REHFM

Figure 5 Effects of culture medium on the expression of
HO-1

¥ : M: Marker; 1:
IPTG; 4: LB LK.
Note: M: Marker; 1: Control; 2: LB+IPTG; 3: GY+IPTG; 4:
LB+lactose.

XHUEZH; 2. LB S IPTG; 3: GY 1l
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BESFRMAYETE]
KH GY Bigrdk, AW R FE S ODgoo 7353 R
0.2, 0.4, 0.6, 0.8, 1.0 #1 1.2 B, JMA 0.5 mmol/L
1 IPTG, 30°C. 100 r/min 3% 20 h, SDS-PAGE
3t HO-1 ik w45 R ILIE 6.

1 &l 6 T %1, HO-1 &35 HEFf #5175 3 BTV ODgoo
BOBE TN HE & o 2415 FHTBR ODeoo 290 0.8 )5,
HO-1 WRIEmAFREE, relsEn IPTG
U B 18] 375 3 1T BRI ODeoo 294 0.8
223 FSEFAIRTE

T GY H5 37 H L TR FH A TR 2 ODgoo 294 0.8 Hif,
IIALHE N 0.5 mmol/L {1 PTG, 30 °C ., 100 r/min
B2, 4,6, 8,10, 12, 14, 16, 18 F1 20 h,
SDS-PAGE 43 HAH [F] R Ak B F Y HO-1 Rk it 4
RILE 7,

m & 7w, B E M HO-1 BB SFIIMA 2 h
(ki 2)F TR KRER R, BEE 75T IR0 (8] (9
K, MIREFEAEY R HO-1 FiAEAE 6 h (WiE
4)AF IR ; AREERE SR, HO-1 MR IA BT FIE,
LG R AT g R A 55 5 A, B P B K A il 1
W, X HO-1 A BEMEE, PR LA 5=
B4 6 ho

2.2.2

kD

94.0
66.2

45.0

33.0
26.0

20.0

6 IFESFRMETIEX HO-1 FRIEHIF M

Figure 6 Effects of IPTG adding time on the expression of
HO-1

TE: M: Marker; 1: XJHR41; 2-7: ¥I0 IPTG R [A BB
ODgo (0.2, 0.4, 0.6, 0.8, 1.0 Fl 1.2).

Note: M: Marker; 1: Control; 2—7: ODgy of cells before IPTG
adding (0.2, 0.4, 0.6, 0.8, 1.0 and 1.2).
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7 ESHEFREEIRT HO-1 RiIZHIF/T

Figure 7 Effects of cultivation time after induction on the
expression of HO-1

1H: M: Marker; 1: XfBRZH; 2-11: A[RGEFHEFRET Q.
4.6, 8,10, 12, 14, 16, 18 F120 h).

Note: M: Marker; 1: Control; 2-11: Cultivation time after
induction (2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 h).

BEFURMADKE

T GY H5 7L SR FH AL 2 ODgoo 294 0.8 ],
I RIIMALHE R 0, 0.1, 025, 0.5, 0.75. 1.0
#11.25 mmol/L Y IPTG,30 °C. 100 r/min ¥53% 6 h,
SDS-PAGE /3t HO-1 55045 T ILIE 8.

HE 8 AI%1, 7E IPTG ¥JEN 0.1-0.5 mmol/L
Bf, X HO-1 Fk Mg A 82, & F 0.75 mmol/L
&, HO-1 Fikat B W, FrilgEm IPTG i
SR K 0.1-0.5 mmol/L.,

2.2.4

8 B IPTG KEX HO-1 RiXHIFM

Figure 8 Effects of the concentrations of IPTG on the
expression of HO-1

. M: Marker; 1-8: A[E IPTG #EE(O. 0.1, 025, 0.5,
0.75. 1.0, 1.25 1 1.5 mmol/L).

Note: M: Marker; 1-8: Concentrations of IPTG (0, 0.1, 0.25, 0.5,
0.75, 1.0, 1.25 and 1.5 mmol/L).
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225 FEHEANRE

T GY K g 355 77 E AL 55 ODgoo 29°M 0.8 i
TMAZHE 7 0.1 mmol/L B IPTG, 433I7E 25, 30
37 °C T, 100 t/min ¥3% 6 h #1 20 h, SDS-PAGE
4381 HO-1 FRiB 25 R LA 9,

H 9 FIAL, 25, 30, 37 °C FiESH55% 20 h,
HO-1 MR EIETF 6 ho FEMIFITE SRR
T, 30 °C HEFHFFETH HO-1 FxwmREmT
37°C, FrUABAERSRREFRRE R 30 °C.

2.3 EHERIE HO-1 BIEE

K H Ni-NTA #:4r& aifb £k HO-1, &
200 mmol/L WK W (%) % & 2% vh #& (20 mmol/L ,
500 mmol/L NaCl, pH 6.5)%tM%, SDS-PAGE 4#r
Ve HO-1 M2 IRRI, 43215300 HO-1 A4
FIMZEE (R 10), HO-1 HEAWCR S 4 e &A1)
10.9%, FKUMEFEL E BL21(DE3)/pET-28a-
hol, FEZEEFRFAMIALIG, HO-1 Rk .

3 W54
UTEEAESR, XML E A R IIEE L BB
[ ) 5 28 LA B2 AR S 2590 1o T W R0 436 97 #

18.4

9 FHEBEFIREI HO-1 FTIXHIF M

Figure 9  Effects of cultivation temperature on the
expression of HO-1

. M: Marker; 1-3: Ki3RASE] 6 h (25, 30 fi137 °C); 4-6:
FEFEWA] 20 h (25, 30 A1 37 °C).

Note: M: Marker; 1-3: Cultivation time 6 h (25, 30 and 37 °C);
4-6: Cultivation time 20 h (25, 30 and 37 °C).

10 £ Ni-NTA #23E4i1L8) HO-1 SDS-PAGE 731
Figure 10 SDS-PAGE analysis of HO-1 separated by
Ni-NTA column

. M: Marker; 1: XFHRZL; 2. AUAZYMER; 3: 4 Ni-NTA
B HO-1.

Note: M: Marker; 1: Control; 2: Cell disruption; 3: HO-1 separated
by Ni-NTA column.

A KAV FEIRIE , ML21Z 0 2 BHE R 25T & T
SE R KWILIR, g 2040 3 255 1 43 25 5
227N NN L R 32 AR DD R Y N B ||
e sSAE TR B, A RBAL, BRI
PEATEEAWT ST, (BTG VIR IR 25 P T & 1A 75
SR, PR U BT e SR TR T A 4T
G . ABIFF el T 4 L (Synechocystis sp.) PCC
6803 H1y hol, ¥ T BL21(DE3)/pET-28a-hol i
PR, RIXWEHAENA HO-1 XN THRELAN
29 kD, RAHHE R LR T FRIK HO-1 355+
M, A GY Bk, WA ERFRE ODgoo
250 0.8 FIMALMRIE N 0.1 mmol/L AT 7
IPTG, 30 °C 554555 6 h, HO-1 FikmiE . ¥
R Ni-NTA H4 s alifb =4 K Rk
HO-1, Fi& 200 mmol/L K Mk () #5 iR 2% ik
(20 mmol/L, 500 mmol/L NaCl, pH 6.5)J/li, 3K
20 HO-1 M4, HO-1 2 HBCR S 40
SEMAM 109%, KM EA BL21(DE3)/pET-
28a-hol LR A MR, TEL R IR,
RE R HO-1, S50 N it — 0o S i ik
TR HO-1 A= P BRI 2S5 T A
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