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LT R 4eBE AOS (340 4B4) -LOX ) C 3%, Iﬁlifi‘;j-\xfﬁ% JES T ana-LOX &M P &4k A
His™. His®. His®®. Asn® = 116", @i H 4L Rk E Rk, 3573 ana-LOX AR &R LB Kk
JE A 1254 bp. #4364 & A H ARk pET-32a/ana-LOX 451t A BL21 (DE3) 48 £/, &£{ki& 16 CHM T o955 R iA,
F A5 Wy B A BEE AT 6 750 U/mL. & ik F 4y it Ni-NTA £ A2 3474 & 4qt, gL 3] 11.4x10° U/mg
&G, BEDKEH 60.89%. T4 ana-LOX RERMEE 45 C, RIERME pH 6.0, A7 & T LH LT
B, 2BBEF Fe¥. Mg¥. Ca®' iz G B MIEEA, @ Fe He CuP xt iz B 5% 2 g 3 A 4K A .
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Cloning and expression of lipoxygenase gene from Anabaena
sp. PCC 7120 and purification, characterization of the
recombinatant enzyme

Chong Zhang, Xiaowei Zhou, Fengxia L, Xiaomei Bie, Tingting Tao, Qi Ying,
and Zhaoxin Lu

Laboratory of Enzyme Engineering, College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095,
Jiangsu, China

Abstract: We cloned the lipoxygenase gene (ana-LOX) from Anabaena sp. PCC 7120 and expressed it in Escherichia
coli BL21 (DE3) pLysS. We determined the active site of the recombinant ana-LOX through site-directed gene mutagenesis
and obtained the shortest length of the functional gene. Meanwhile, we studied the properties of recombinant ana-LOX after
purification. The C-terminal of the Aos (allene oxide synthase)-LOX fusion gene in Anabaena sp. PCC 7120 genome was
found belonging to LOXs family by bioinformatics analysis. Further results of site-directed gene mutagenesis confirmed
that the active sites of ana-LOX were His'®, His?%?, His®®, Asn*"%and 11e***. The shortest length of functional gene was
identified to be 1 254 bp based on the strategy of shortening the gene length gradually. The highest activity of recombinant
ana-LOX of 6 750 U/mL could be achieved when constructed to pET-32a vector and expressed at low temperature 16 °C.
We purified the enzyme by Ni-NTA chelating affinity chromatography, with 60.89% yield and specific activity of
11.4x10* U/mg. The optimum reaction temperature and pH for ana-LOX were 45 °C and 6.0, respectively. Furthermore, the
obtained ana-LOX was stable at room temperature. The effect of metal ions on ana-LOX was determined also. Fe?", Mg?*,
Ca?* could markedly promote the activity of this enzyme whereas Fe** and Cu?* had a strong inhibitory effect on it. Finally,
the ana-LOX could improve the microscopical structure of dough. The results of this study will provide a basis for future
improvements and food industrial applications of ana-LOX.

Keywords: recombinant lipoxygenase, clone and expression, site directed, purification, characterization

fg Wi %8 & W (Lipoxygenase, LOX) f&—Ff
FAR ML R B A 1, HE A EA I 0-1,4-1% — )6
SR B Z2 TT AN AR DR B SUI 48U R, AnsIz
M2 . HRIR . REWIE &M IZAFTE THEY) . 3)
P2ep | R R 2B, LOX fEE i
Trp BA RS AN A . 78T i Tad & pa]
PR S35 SR TR Y B N 0 1,4 RO i
BRAEAL, TR AT E A AL ie s 5
T A3 48 B o 3R G, DT A 380 44 58 T 737 7 A
FH AT LA/ s A o A5 70 R A 0 1 ok T i
FAEFEFAE 90 AFAHUA USR8 20 A

it RSl U S P i B o SACE7 2 N REd N
VEAEAL A LR B S — A e B AT AT I 2k
BT AL, 1 LOX A LA A 7= KR T Ak
A, AT LA AT TR (o JXUBR 4 5 3 R

JUE TR EIARS] LOX FE& i T
WAERFAME, H LOX 78 HIRF R IZ A7 1E,
TE SR v 3 3R AS AN AR 2R A 1T L i f b v
AT LOX Sh Y BUASAR & 5 il F e & LOX i
MR RTRL, GGk, WIAFER A A% . R
NGy n G, LR R R TR A A B AR
i AR TRz N
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it LOX JER Ry sepe 5k, KRipaal
feid e, FRAGEALER LOX B ok bk n) i
MM Fsems . Casey ZEPURH, FANGNIA S
W BB SIN T AT I R Y . SR, A
ik, ARG A E AL NG A A W RE T,
FHIFER, —JE R A A B N 2 HORE T 5%
W), TESRARLE YD R, X S L P R A
H (AR IE) RIXAFAER A i), 78
B (INEERE) FRIAAFERE R 8, — 2
LOX £t (2 500~3 000 bp), i 2Hl2 4k
TR —NEERNE ., A, AUFFRAEEEE
TR 3 JFA% L Wy 0 IR PCC 7120 24 A LOX
LR LIS RERIE 2UAA A , R I 20 4 o SR s o,
REAS B R R DI RE LN, HEAT T AR AR
5%, ERGAF TS m Rk, I E A R
T Oy ES AL RIPEBTR S, i B e £ i T
IO I BEE T Al

1 ABET %
1.1 8l

Anabaena sp. PCC 7120 i #kI B H ERFA B
IKAEAEWIIFSET, Escherichia coli DH5a (ALac
U169 (©80 Lac Z AMI5) sifgfs . E. coli
BL21 (DE3) pLysS (F-ompT hsdSB(rB -mB-)
gal dem (DE3) pLysS Camr) k7 52 5 28 {55
Escherichia coli #ik#{&k pET-23a. pET-32a
4 H Novagen /A ), pGS2la Wl H m & 4 Wk
NI

BRI UIES Xho T | Sac T . &' RHEHE.
DNA E i AT iatR) & | i PR 2H 42 HUalR) & . DNA
marker . BifigHE. IPTG WA Fifgd T4 T/

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

287, pfu DNA R4 . T4 DNA % B [ K
BEFAEYAE AR A Sigma 23w 5 HAd X
7 g 1 = oA 2

LB 53R kk: R R 10 g, BERR4E ) 5 9,
NaCl 10 g. JinzK#f# )5, FH 5 mol/L NaOH ¥ pH
JF] 7.0 FZKEZE] 1000 mL, e AR 57
SEmE, #edg 100 mL IAZERERY 1.5 9.

H A ORI AT T ) BB B IR A < L] 209 %
i, 0.075 MPa K 20 min, #RINZE LA LB,
BN 0.2%

12 FHi&*
1.2.1 Anabaena sp. PCC 7120 fgfiE &R
W R

NCBI %#iz % (http://www.nchi.nlm.nih.gov/)
Hhig A “lipoxygenase” X435 72 P i i AE IR 4
{5 B TR E ;. (] Clustalx # R4 7751 LX)
i ffH http://www.ncbi.nlm.nih.gov/blast F
http://pfam.sanger.ac.uk 3l 547 T RE T
1.2.2 ana-LOX EKHKE H R4

iz FH S 4L PCR (over-lap extension PCR,
SOE-PCR) #iARM, #if 24> PCR I LAj7 4 2
B RAERLAR DNA FB, 7519 L-F,
L-R Fl R-F, R-R ¥ 84 &7 588 05 s i b v B
L #F i BE R, B K IR PCR YIRS,
T A BANX S A IR RS B AR T T B
h 5 SRS 3 58 #E 1 15 SRAS R I I o AR K3
TR AR 7 2 3 B S0 S WS PR A,
His™ | His?®, His®® . Asn®™ FiI 11", Jf-ELIt
HLEERE T His®™ . Asn™® Al 116%2° f ik Ho
SUIIAAIE o 3 128 ana-LOX 3 5 5 s 2828 5 1) [

PR T
RAFTT A o
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*1 TERRTHIY
Table 1 Synthetic primers for site-direct mutation

Name Sequence (5-3') Results
Ana-LOX-L-L GGATTCGGAGTGTCTGGTGCCTTAGTTC
Ana-LOX-R-R GGATTCCTAAATGTTGATACTCATCATGAG T
= is a

L1-R ACGGGCTAAGGCAAGTTTCAGCTC
R1-F GAGCTGAAACTTGCCTTAGCCCGT
L2-R ACGGGCTAATAAAAGTTTCAGCTC

His197Lys
R2-F GAGCTGAAACTTTTATTAGCCCGT
L3-R ACGGGCTAACCGAAGTTTCAGCTC

His197Arg
R3-F GAGCTGAAACTTCGGTTAGCCCGT
L4-R CATATTGTTCAATGTTGAAGGCACA

His202 Ala
R4-F TGTGCCTTCAACATTGAACAATATG
L5-R CATATTGTTCAATGTTGAAGAGACA

His202 Lys
R5-F TGTCTCTTCAACATTGAACAATATG
L6-R CATATTGTTCAATGTTGAAACGACA

His202 Arg
R6-F TGTCGTTTCAACATTGAACAATATG
L7-R GTTTAAAGTTAGCCCATGATGCCAG

His369 Ala
R7-F CTGGCATCATGGGCTAACTTTAAAC
L8-R GTTTAAAGTTAGCCCATGATAACAG

His369 Lys
R8-F CTGTTATCATGGGCTAACTTTAAAC
L9-R GTTTAAAGTTAGCCCATGAACGCAG

His369 Arg
R9-F CTGCGTTCATGGGCTAACTTTAAAC
L10-R CATGAGTGCAGGAAACTTGAGGCGTA )

His364 Ala
R10-F TACGCCTCAAGTTTCCTGCACTCATG
L11-R CATGAGTGCAGGAAACTTGACAAGTA

His364 Lys
R11-F TACTTGTCAAGTTTCCTGCACTCATG
L12-R CATGAGTGCAGGAAACTTGACCGGTA

His364 Arg
R12-F TACCGGTCAAGTTTCCTGCACTCATG
L13-R CATCATCATATTGTTTAAAGGCAGC

Asn373Ala
R13-F GCTGCCTTTAAACAATATGATGATG
L14-R CATCATCATATTGTTTAAATTGAGC

Asn373GIn
R14-F GCTCAATTTAAACAATATGATGATG
L15-R CATCATCATATTGTTTAAAGTGAGC .

Asn373His
R15-F GCTCACTTTAAACAATATGATGATG

cjb@im.ac.cn
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gkl
L16-R TGAGGCGTATCGAATTGATGAAAGTACCCAT
R16-F ATGGGTACTTTCATCAATTCGATACGCCTCA Asnd19Ala
L17-R TGATTGGTATCGAATTGATGAAAGTACCCAT
R17-F ATGGGTACTTTCATCAATTCGATACCAATCA Asn419GIn
L18-R TGAGTGGTATCGAATTGATGAAAGTACCCAT .
R18-F ATGGGTACTTTCATCAATTCGATACCACTCA Asn419Hs
R19 GGATTCCTAGTTGATACTCATCATGAGATCCTCTAATG lle455deletion
R20 GGATTCCTAAGCGTTGATACTCATCATGAGATCCTCTAATG Ile455Ala
R21 GGATTCCTAATGGTTGATACTCATCATGAGATCCTCTAATG Ile455His
R22 GGATTCCTAATTGTTGATACTCATCATGAGATCCTCTAATG I1e455Asn
L23-R CAAAAAGTTCGTCAACCTGGGCCGC
R23-F GCGGCCCAGGTTGACGAACTTTTTG lle326Ala
L24-R CAAAAAGTTCGTCAACCTGATGCGC .
R24-F GCGCATCAGGTTGACGAACTTTTTG le320His
L25-R CAAAAAGTTCGTCAACCTGATTCGC
R25-F GCGAATCAGGTTGACGAACTTTTTG lle326Asn

1.2.3 Anabaena sp. PCC 7120 Ef & & BEShE
FPR Y i RE

22 GenBank ' Anabaena sp. PCC 7120 %t
PLF 5 (Accession No. NC_003267), #|
DNAMAN B35 1 H 2 % i 117 4804 6 2 g T
S5

Ana-LOX &A 5 Mp-FistEfis, HA 5
GV A BA T, RO, 3524 N
1 G5 28 FE TR R DR~ Bl JE B ) 5 DR K B 1R o R
FERE K W C 2k W B A I MY ana-LOX S
PR JEBOE N AR RS . R4 U, 2
AN E BRI TR, B R B A IR B Y
200, JTFRMNE 1R, 3% 2 EE ana-LOX &
PRI RERL R 5190
1.2.4 KGITH ana-LOX ZEREHFXBAKE
if=S

HE B MW PCR 7 W LA B 3% 36 21k

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

pET-23a, pET-32a fll pGS2la-ana-LOX 434l H
BamH I BEIACEE, FEorHilEERE Ml eatifk, ] T4
DNA # [ E T 16 CiEdad i G, &bk
JART R DHS5o A2 AL, WA T H A AN 55
F LB e, I, 37 CRiFRidR . PREUAE
7%F 10 mL LB #ffiEFR%E, 37 *C. 200 r/min &
¥ 10 h, /NEEEEUTORL, HRIKEEEA T, %L
AR T A TR BR A w4 F 4 FRA 4k
{& pET-23a-ana-LOX ., pET-32a-ana-LOX .
pGS2la-ana-LOX,

?7 0 ? ? ? ? Yes  Activity
lecycle 792 915 1026 1140 1350 1368 Length

? ?

n c'ycles -
/
\ /

3bp

Bl ZFSHEEERKERRE
Fig. 1 Strategy for shortening the ana-LOX gene.
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%2 Ana-LOX EE4EEHSIY

Table 2 Synthetic primers for shortening ana-LOX gene

Name

Sequence (5'-3')

Restriction

enzyme site
Ana-LOX-R GGATTCCTAAATGTTGATACTCATCATGAG BamH I
1368-F GGATTCGGAGTGTCTGGTGCCTTAGTTC Bam H I
1350-F GGATTCGTTCATTATTTTGGCTCCATTGTTC BamH I
1332-F GGATTCATTGTTCGTGCTGAACGCACTC Bam H I
1314-F GGATTCACTCAGTATTTGTATGGAAGTAAGG BamH I
1296-F GGATTCAGTAAGGATGATTTGCCTGGAAAACCAG BamH |
1278-F GGATTCGGAAAACCAGTTTATTTCCCTCTCCC Bam H I
1260-F GGATTCCCTCTCCCAGTGACTGAAATTCC Bam H I
1254-F GGATTCCCAGTGACTGAAATTCCTTCTAAAAG BamH I
1251-F GGATTCGTGACTGAAATTCCTTCTAAAAG BamH I
1248-F GGATTCACTGAAATTCCTTCTAAAAGATTC BamH I
1245-F GGATTCGAAATTCCTTCTAAAAGATTCCTTTTTC BamH I
1242-F GGATTCATTCCTTCTAAAAGATTCCTTTTTC Bam H I
1239-F GGATTCCCTTCTAAAAGATTCCTTTTTC BamH I
1236-F GGATTCTCTAAAAGATTCCTTTTTCTATTAGAG BamH I
1233-F GGATTCAAAAGATTCCTTTTTCTATTAGAG BamH I
1230-F GGATTCAGATTCCTTTTTCTATTAGAGAAATATAAT Bam H I
1224-F GGATTCCTTTTTCTATTAGAGAAATATAATTTTCTTAC BamH I
1182-F GGATTCGGATCCTACCCTTCAGACGGTGAACACG Bam H I
1140-F GGATTCTCAGCCATGCCTACTACAGCTTTGG BamH |
1026-F GGATTCCGCGGATCCCGCGAATCTTCTGGTCAAGAAGGCTG Bam H I
912-F GGATTCCGCGGATCCGATAAACAAAATGGTGTCAAGCTGCATTCA BamH I
795-F GGATTCCGCGGATCCCAAGAGCTGAAACTTCATTTAGCCC Bam H I

1.25 BWMEFAEXBITESTRIHERRS

A3 0 Pk B AT 4 R Gk Ak pET-23a-
ana-LOX. pET-32a-ana-LOX., pGS2la-ana-LOX
() 2H AV IR E. coli BL-21 (DE3) DA K&
S EARAXT BT A, SR T 100 mo/L &R
HR RN LB H5kr, 37 'C. 180 r/min
K38 14 ho FE2391H 8 mL Fl %] 500 mL =

fAd, A 100 mL ik LB RE i hs 5
JE, 37 °C. 180 r/min 1535 % ODgoo M 0.6 47,
B IPTG % 100 mg/L, 37 °C. 180 r/min i%5 5 h
i Z KR 16 "CiES 15h, 4°C . 10 000xg 5.0
5min, YWHEREIK,
1.2.6 SDS-PAGE 4

SDS-PAGE HiJkZ: 1 Lorenzi 25 M3 1)y
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AT, WA E N 5% , 7 BSICHe S 10%
B 1.0 mm. HUIKSERESS, HUHEERE, [ .
% s i R-250 Yefn, . (A5 WS IR
1.2.7 EARHIE AR

i RIRWE R T, FIBERR 22 vl
(50 mmol/L PBS+0.3 mol/L NaCl+0.5% Triton
X-100) HAREA, A BBIEER (400 W,
75, [A[&K 10 s, 2 15 min), 4 °C .10 000xg
B0 10 min, W FIEWAE LB o

P AbFRAS 2 A B HZ I Ni-NTA His Tag
Kit 8B A3AK H  AS [l e BE ke (50 mmol/L
100 mmol/L, 150 mmol/L. 200 mmol/L) A43EM
WUEME Ni-NTA KE, ISRV , I B 7 48 &
it e
1.2.8 W& SHWE

i W S5 Tl 3 A 43 A D I il R i A A DTS
Yo BERNARP A pH 6.0 MIBEIRZE Mk
2.79 mL, M 10 uL, WihER%EN 200 pL, 1R%)
JEHEA 35 CARME R IFIFIR T, [ 3 min J&
T WP, W B E L AE R AT L
1 min N 3 mL SR RTE 234 nm 5B EER N
0.001 # h— % Ay s fi Ut
1.2.9 EHJRYIEE ST RIDIE

2 N 7 A 1 i S N7 I < O 2
JMlfE 20 'C, 25 'C, 30 C, 35 C, 40 C,
45 C., 50 C. 55 C/K¥&E T 10 min, A
10 pL ARG, 7EARIERE T R0 3 min, 7
234 nm FIE KOG, DAAS NG B3 A EXT 1R
PUIRLEE MR AL AR, G 1 YN BREIR, 1353
Fit 1) Fp 35 R T

20 A 107 S Tl A PR E T - R I

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

(#7F 0.2 mol/L pH 6.0 PBS ZZhifi ) /3 I7E
20 C. 30 C. 40 C. 50 C/KIEHHHE 1 h,
P 10 min BUR—4AEA, B E T oK,
FROR IS SRS 50— EAT RS T, DASARAL 35
WA AT B DL BE A R A b, BRI 7 A
A5 B I BT TS T s R R

FA RGN A A B S pH (E: LU IhEREN
MY, 16 pH 23510 3.0, 3.5, 4.0, 45, 5.0,
55, 6.0, 6.5, 7.0, 7.5, 8.0 WZZ T, i
TG IO I TR, AT E

FA G EABE pH FEEME : KR AUIR
AAHEEA pH EMZ b, 30 CHRIE 1 h,
N 5 ) 3% () S D

L A A T RS R« KA P A
THEHRIES, S HBEZHEAF] 10 mmol/L,
SRIGHE 30 CRIERHE, HILIA ISR BT

B 472 X AL, L oA A T80 0 1 T 0
100% .
2 RS/

2.1 Anabaena sp. PCC 7120 BERi S & B H
B 75153 4

£ NCBI %45 (http://www.ncbi.nlm.nih.
gov/) 1% %] T Anabaena sp. PCC 7120 fii i %A
& M EE R 5 RS R LS R
(AOS-LOX, NC_003267) /775, LOX I
P AL T RERE C i, AOS-LOX 19 C
Ui A w5 LOX & PEAL s Y 455 2 B PR g A
http://www.ncbi.nlm.nih.gov/blast ’3, & Bz
FE 90 e T RE i B A B A o ¥ i% B 455 FHEIR Y
5% A http://pfam.sanger.ac.uk [ , 70 Hri% B
G R IR, R IZBOFIITh & A
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JIg Wi S A Wl PR ST DO BB AR . K% B 51 5 HiAth ok
P LOX HEATEIERRFH A 423 T LOX
T O B LR 1 5 RSP R R R R FE AL A,
éﬁ}’%”ﬂ\] Hile? . HiSZOZ\ His369 . A5n373 %ﬂ ”e455O

2.2 Ana-LOX EEMRIEREEXFTEH
HiFSRIE

27 GenBank ' Anabaena sp. PCC 7120 J&
[ 4H 7 %1 (Accession No. NC_003267), # /]
DNAMAN #3574 34 X RE R C vy 455 2
FEFRFRILIL N 51 (1 368 bp) MI5I14: L5
¥ 5'-CGCGA GCTCGGAGTGTCTGGTGCC-3';
Ti#514): 5-CCGCTCGAGCTAAATGTTGATA
CTCATCAT-3'. PCR ¥ 3" W) By fE e I
VKJE, ATUL 1368 bp Kb R B, DA EERY 4 T
# pET-23a- ana-LOX . pET-32a-ana-LOX |,
pGS2la-ana-LOX #E47 BamH I V)5 Bl bt

2400 r
O 30°C
2000 F —
M 16°C
"2 1600 f
2
N
221200-
g
x
S 800
—
400 | .
0

IEHL KA E , A5 RAF 2K 2 1368 bp 1Y Bt , [
AR G H0H Hir—3. WF45HR S GenBank
INTRIFE)—B, UESEE AL TR A ) o

W 34 H 2 R IRBUAFL AL E. coli BL21 (DE3)
pLysS FikfE F 1, it PR 15 M 4 il IPTG
HIESAEA, B35 T ana-LOX MITHMEEL,
il 15 e S5 B 2 iR . Hih pET-32a-
ana-LOX Myif MRk e =, I+ H 16 CALE &M
TSRS B E S T 30 CART R
FIRGER

ot , dEHCT WA A T
pET-32a-ana-LOX MY EE 4 RIX MK HIT T — 2
W5t M IPTG WE N 1 g/L, #FFAfH 16 h,
% S HL ODeoo i 0.8, FESFIRIE N 16 C
MR SRS, EALR WA G T ) Tk
(6 750+40) U/mL.

-i-h

pET-23a-ana-LOX

pGS-21a-ana-LOX

pET-32a-ana-LOX

Recombinant plasmids

2 Ana-LOXE.coli T#2H 7 16 CTH 30 CHEMGTFSRIAEENE
Fig. 2 Production of active recombinant ana-LOX in recombinant E. coli at 16 °C and 30 °C condition.
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2.3 Ana-LOX EEME SR His' . His?®2 His®® . Asn® . 11e%° {7 & 1 i A5
JE RGEE @iﬁﬁumﬁ[ﬁfwﬁﬁﬁ SOE-PCR 177 AR BTN, MFEHLER: His™ ., Asn™®
B, B GREL N 5 AR B B U e ASN¥ {37 15 1 T AT 578 5 DR 4 i 15 IR T
JPIEH ), R A R B A B His™ | His??, His*™®, Asn®", Ile4555/|\’§%
E. coli BL21 (DE3) pLysS, Ff#ifi 455 i3 3. R HRFLA 15l ana-LOX % M O B AR SEAV 45

*3 TERRTERAFUNE
Table 3  Activity of site-directed mutation

Site Direction Activity (U/mL)

His® Ala -
Glu =
Arg =
His?%? Ala -
Glu -
Arg -
His®®® Ala -
Glu =
Arg =
His®® Ala 6 67540
Glu 6 741+40
Arg 6 650+40
Asn®’ Ala -
GlIn =
His =
Asn*'® Ala 6 700+40
Gln 6 75040
His 6 740+40

e Deletion -

lle
Ala =
His =
Asn -
11e%% Ala 6 73040
His 6 680+40

Asn 6 750+40

http://journals.im.ac.cn/cjbcn
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24 Ana-LOX TheeEE K E 23 BRAR B R A, 55 & IR 5 I I A B O 5
RE K B ana-LOX 3P 5 % 3k 2% 1k 5, FISHUTIESETT SDS-PAGE HLJk . 45540
PpET-32a %1%, KB TREIFES LR, HIGL K 3 s, B E AT IR 8 T4

L3 4, 1368~1 254 bp K FE[ ana-LOX J: A M2 s .

Jili G JE A —2, 1 254~1 233 bp K J# 1) ana-LOX 26 U ana-LOX S Bk

SPGB AL TR IR MG, 4 ana-LOX JEPH i eI Ni-NTA His Tag Kit 3815, &% 1
%y 1 230 bp W, EHESEAdESk. ML, S S A e BE BRI (50 mmol/L. 100 mmol/L .

ana-LOX [P it i A BE K o0 1 254 bp, F 4] 150 mmol/L . 200 mmol/L) & ¥E Bt & Bk B
B R AT RO O B2 AL RAE DTSSR SRR, NiNTA fE, Wl DRI, W NS4 A

1254 bp JEATHIIT - P, G5 5 s, XM4Bkmkh 150 mmol/L
25 =EiH ana-LOX EARIEEREE Af, #ad Ni-NTA E8Hr—24ifh, Hibik s

A3 IBGE . pET-32a-ana-LOX T 25 M & 11.4x10% U/mg & 11, ZiAbfEB0A3) 23 1%, MG

x4 FAEEEKEHR ana-LOX F MM E
Table 4 Activity of ana-LOX with different gene length

Length of the LOX activity Protein molecular
fragment (bp) (U/mL) weight (kDa)
1368 6 750140 51.84
1350 6 616+40 51.35
1332 6 750+40 50.66
1314 6 550+40 49.94
1296 6 583+40 49.21
1278 6 500+39 48.56
1260 6 516+37 47.87
*1 254 6 640+£39 47.66
1251 5016+30 47.56
1248 3 260+20 47.46
1245 3233420 47.36
1242 3100+18 47.23
1239 2 800+16 47.12
1236 2 375+14 47.02
1233 1 750+10 46.93
1230 0 46.81

* the optimal length of ana-LOX.
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#z5 Ni-NTABHHAGKEHLHER
Table 5 Purification of recombinant Hisg-ana-LOX

Purification step Protein (mg) Activity (x10* U) Specific activity (x10* U/mg) Yield (%)
Crude extract 134.50 67.0 0.498 100.00
Ni-NTA cloumn 3.57 40.8 11.400 60.89

My 60.89% . WA 4 Fios, Xfalifb =4l
fit 17 SDS-PAGE #ailll, 453R 7R afi {35 2R
Bt

L5 R A R 7E SDS-PAGE /R Hy
— % (K 5). kil 1 MEANMEEA
Trx-ana-LOX, H] Bio-Rad Quantity One 4.6.2 #¢
AT A B 4y 29 70 kDa 47, 5
HSEIA B

2.7 =i ana-LOX BYMERIFR
271 EHARRN RS pH

Ktk EABEEARR pH 2504 T 518
RGeS NG J1 . RIA] pH {EXTEE
YRR A A BE T2 Qe 5 iR, EALNR
Uiy 4 Tl B 1) B pH {24 6.0,
2.7.2 AR BGE IR E

¥ 4l Ak 1) F Al S TR A TR AR T SR
YRR J , I 4% 45 N IS ). SRR 2
i) s e RN EE Ry 45 °C (I 6)
273 BEHAMHRREHE

XTEZH ana-LOX my#gae MEikAT 15T . an
K7 B, 7E 20 CAMFNIRE 1 h, BEIGREARE]
XFHRZHIY 83% , 30 CAMAME 25 min, REHFEAL
Xt R 509% , 40 “CHI50 CAF F RGNS
R, PRI 10 min S5 G 43 B AR A 6 R A 1Y)
50% F1 40% .

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

3 SDS-PAGE ¥ EEHEHMFRIEFENX

Fig. 3 SDS-PAGE analysis of the solubility of
expressed protein. 1: the crude extracts from cells
carrying pET-32a (control); 2: the supernatant of the
disrupted cells carrying pET-32a-ana-LOX, recombinant
Trx-ana-LOX is indicated by arrowhead; 3: inclusion
bodies of cells carrying pET-32a-ana-LOX; M: protein
marker.

4 #{fFELH ana-LOX SDS-PAGE H ik
Fig. 4 SDS-PAGE analysis of purified recombinant
ana-LOX.
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274 ZRBEFNEHAMBEERZE W ana-LOX A3k Z4 Ay 41 il /E T, fig 58 & 40 il

SR TS A W E 6. Hirf Fe? ana-LOX T, Mg® il Ca** % E4H ana-LOX H
XTH A ana-LOX HASRE A MEH, 5% g A —EWMIEER; Na“. Zn® fl Mn* 3 & 41
AR, fEdEEF 181.91% , Fe® Fl Cu® Xf & 40 ana-LOX H.A7 — & i il 4 1

100

Relative activity (%)
(=)
S

E 5 pHXEHEERYE DRI
Fig. 5 Effect of pH on recombinant ana-LOX activity.

Relative activity (%)

20 30 40 50
Temperature (°C)

E6 REMNEHEEFNNFN
Fig. 6 Effect of temperature on recombinant ana-LOX activity.
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1N
1N

50

Relative activity (%)

10

N
| P

TTTT—e——o

—e—20°C
—4&—30°C
—e—40°C

—=&—50°C

0N
pavy

7 Ana-LOX #FE2EM
Fig. 7 Thermal stability of recombinant ana-LOX.

*6 TEBFMEHana-LOX FEHEHFIN

co L
(o=l

an £N
Tuv UV

¢ (min)

Table 6 Effect of metal ions (10 mmol/L) on recombinant ana-LOX

Metal ions Relative activity (%)
Control 100.00

Fe?* 181.91+24.00
Mg?* 108.87+14.00
Car™ 105.99+12.00
Na* 97.83+8.00
Zn? 88.66+10.00
Mn?2* 82.20+11.00
Fe®* 0.00

cu** 0.00

2.8 E4H Ana-LOX X H B M 45 4 B9 £ 1d
K8 g3l g g BRTHI AT (A) 4 S TR 45 0
80 U (80 U/g) 4 Ana-LOX #b¥fiE Al (B)
FVEE 5 T AR IR I 50 pg KBrOs (50 pg/g) (C)
Ab B THTATLE 500 fEBORREECT Y SEM s
R . Z5REH, SXTIRA s (A), 2854

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

Ana-LOX Zh B 5 (1) T A1 2544 B9 A8 AL IR &8, v] AR
BT 2t 7 ) /L et 22 AR5 A8 e B ) AR 2544, T
VE R R A7 7E T2 B I THI A I 26 22 1) (B), 5
KBrOs 4b 3 fir 15 25 SR A ML (C) . HA
Ana-LOX 7E 83 i A 2544 Jy T 30 T KA
B, AR,
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S J _____________________________ S0um

8 HHEH SEM BMEHE

Fig.8 SEM results of the dough with no enzyme treatment. (A) Control. (B) With 80 U/g dough ana-LOX treated.

(C) With 50 pg/g dough KBrO; treated.

3 Wit

TR W7 D B Y S IR Rk A 2 H TR
WE5E. AP RAEE . KR . k4L pple12 1]
SRR LOX JERTERIAFF i AT T 5 Ik
WEFE, (PR AR AR, LOX N E A%
AR E B T 2RO T B, SRk
PR R A R R K A K L R R T L K
PRGN T M IR, PRI, -7 B SR R IR

(9 LOX S, X FIF & LOX S A R4 s
FIHAEENE X,

AWFsEiE e NCBI $d )ik, LM
Anabaena sp. PCC 7120 JE K4 &4 LOX FE A,
DI BEREIE 2UAF7E o i3 2 3L R 7 4] L X G
PEAE A I & B LOX 35 1 Hh o g XU BE it )
C i, JE C dind 3 17— B A& i G B
P B (ana-LOX) . MR 5 HAl Sk K
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LOX [AIJEMEARMR (£ 7), AR, fRFIX . —gsh
B 3 DL B = 4k 45 A8 T ) & Y 1 A5 E) Y
ana-LOX L[N JE T LOX Kk, H1T ana-LOX &
PLEAT AR IR BRI BE (1368 bp)  FE HAbOK
RRFER/NFZ, FHik, HASH LOX Mt
IRFRIBHIVE T -

ARAFGREE R, P 1419 ana-LOX 7£ E. coli
AT TiEPER S, BETRAF] 6 750 U/mL.
Ana-LOX KR 7E AN 7] (1 2 78 A SR I AR R
B i, R rHBREE M E 4 ana-LOX
PG PER IR, A Trx T GST., itk
I RE A B o AL R TR IR, 7E 16 CAIETF,
F4 ana-LOX 2RI TIFHEIE A B i 25 s
HRGE . 8 Ni FE— P alifbad R, R T H
PR E AR 1A% 6P LA ana-LOX il it
AT TR . A B RES RS BT T, Fe®
% b 4R E T4 ana-LOX BT | i Cu® il Fe®
58 24k T 20 ana-LOX i 341204 42 )%
B AT i 2 4 ana-LOX Fe JRF1Y)
257 A DT 52 1 380 il

o
He
oy
He

F 7 ana-LOX 5H KR LOX FFHIRIEME
Table 7

KE LOX-1 Wyzs RS54 i pT, 1o
SEAA D Pt AR IR His®™ | His™ | His®™,
Asn®* F1 1% 3 b 31 xR ) 45
L, FRATHIEF] ana-LOX H{R AL K His™
His?%, His*™®, Asn® il 11e*°, LOX By AL 1k
JEiE It Fe N A AR B St B O PR e £
Fe®" f1h) 42 5 192 % 2 43 3 1id His T ) 1) 3 4 52 1
LOX Mtk A T 2 LOX ByiltE, RAHE &S
GEABFAREAT T E [ AT o SR b LR F
Lo 578 b | mbE L R MRS, RS
H AR LN TE E. coli ¥ohTCiE 13RI . Mirela 55
TERFSE Mn BENFE A B R, 8 AR 5 R
RAFFEPNF IR N W AL B ek T, 2
WF5E & S B MG IR B Mn 570 A
I, 3D ana-LOX PRSFA s 1 2828 [ A 38k T
Fe® Jovh e (. It R A8, WA 153
R Em R RAER, B2, RN T
ana-LOX {572 /R AV 1 S5 5 F 1) — 2. Ry
TRHZES I DALE, FRATREHLZERE T HABAL A
Y AH R 2 R A TR A, AR B Rk iy FE 4l

Identity of ana-LOX to other resource of LOX

Resource GenBank Accession No. Name Identity (%) Length (bp) Reference
Soybean EU28320.1 LOX-1 12.02 839 [12]
Soybean EU28322.1 LOX-3 11.54 857 [13]
Rice seeds X64396.1 LOX-2 11.65 865 [11]
FlEE 2FNQA 8R-LOX 14.82 894 [10]
homomalla
Nostoc punctiforme
BCCTa102 YP_00186751.1 NpLOX1 15.66 630 [5]
NESIOE LT D YP_001864265.1 NpLOX2 14.86 547 5]

PCC73102

http://journals.im.ac.cn/cjbcn
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ana-LOX B EAGTE M o A5 1Y TAE AT LATE I Al
b XS PO R B BRI AT R AT, LU
AATTERERL R WAL il

W E B2, DLSGE SRR, T
ana-LOX C ARuiify He &3P LAl g/ b i 2
FEMRER . AL, AT ana-LOX N Fith i i%
FEAE— AL P X8k, Pesg T ana-LOX 3[R i #5cJ
KB At A ana-LOX JEPH /v 26 4 i ik PR
B, B URE B ana-LOX JE K B A e — N ad I IX
B, BPM4IENKEEKT 1254 bp AF, FakpEA
LOX T 4b F ] — 7K ~F-, 20 6 DA< B8 4 Ky
1 254 bp B}, FAIEHE 2L, & 1230 bp Hf,
BEETE G o FRATHT C o) S LR e 45 21
ana-LOX %5 [H] 25 i Fo e Ve R 4 — e VE . 4k
Fi2s [ 25 p ke F 2R R BRI %, TR PEZE ) Ab
TARERS, B TTEIE BTG

XIS R IE G 7 A Gl r T, [E N oh2
H A ARDHGE . Danield 2L ER AL bR 3
B4l LOX, RMHEIE N pH i 6.5, fiid
JRIREE S 40 C; Jin TR RS T
WGP B O SN, pH R 9.0, B s L R
39 C; BRI LOX T TR, &
PR RIS SO pH R 9.0, ZEARIR T (KT 40 C)
PRIFHE R B M o AR 5T Th R IR EE 4 ana-LOX
i W pH iy 6.0, RHEh—Fi B VER ; fid
FRVIRE N 45 °C, T HABRIE R LOX, A H]
FAESEBRAE = i T R v A 1

AW T ana-LOX W& sk ek, s
ana-LOX S5 DA 78 £ it il o] 300 v %) L R S FHVE 77 6
{AJEAEM1E £/ E. coli J& TEURE, &R THRMNE
K, RIS EHEAUMET IR, HFZ™ %0

alifl i & LR L BUR W B A BB T A Tt
T B IMEL AR £ A S im0 R, = AR 4l Ak A
ARWIR BRI . L, BT RE e F
KRG, LIMSMIERE . AL ana-LOX &
A R RIR R G AL AR FRATHE — P WS A E N
Tl

REFERENCES

[1] Lorenzi V, Maury J, Casanova J, et al. Purification,
product characterization and kinetic properties of
lipoxygenase from olive fruit (Olea europaea L.).
Plant Physiol Biochem, 2006, 44(7/9): 450—454.

[2] Kuo JM, Hwang A, Yeh DB, et al. Lipoxygenase
from banana leaf: purification and characterization
of an enzyme that catalyzes linoleic acid
oxygenation at the 9-position. J Agric Food Chem,
2006, 54(8): 3151-3156.

[3] Zhang SW, Li D. Improve wheat flour quality by
biological technology. J Chin Cereals Qils Assoc,
2002, 17(1): 16-21.

SRNFSC, AP TR G T R R0 E AT TR o BT
RIPEERIMAST. T EARIR2EHR, 2002, 17(1): 16-21.

[4] Addo K, Burton D, Stuart MR, et al. Soybean flour
lipoxygenase isozyme mutant effects on bread
dough volatiles. J Food Sci, 2006, 3(58): 583-585.

[6] Casey R, West SlI, Hardy D, Robinson DS, et al.
New frontiers in food enzymology: recombinant
lipoxygenases. Trends Food Sci Tech, 1999, 10(9):
297-302.

[6] Koeduka T, Kajiwara T, Matsui K. Cloning of
lipoxygenase genes from a cyanobacterium, Nostoc
punctiforme, and its expression in Eschelichia coli.
Curr Microbiol, 2007, 54(4): 315-319.

[7] Nakamura A, Takakura Y, Kobayashi H, et al. In
vivo directed evolution for thermostabilization of
Escherichia coli hygromycin B phosphotransferase
and the use of the gene as a selection marker in the
host-vector system of Thermus thermophilus. J
Biosci Bioeng, 2005, 100(2): 158-163.

cjb@im.ac.cn

455




456

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech April 25,2012 Vol.28 No.4

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Kaneko T, Nakamura Y, Wolk CP, et al. Complete
genomic sequence of the filamentous nitrogen-
fixing cyanobacterium Anabaena sp. strain PCC
7120. DNA Res, 2001, 8(5): 205-213.

Hou ML, Miao HR, Chen J, et al. Measurement of
peanut seeds lipoxygenase activity. J Anhui Agric
Sci, 2008, 36(32): 14033-14035.

R, WitROR, R, 5. AEZER TR E AL
R HE M E DT, LRI, 2008, 36(32):
14033-14035.

Szymanowska U, Jakubczyk A, Baraniak B, et al.
Characterisation of lipoxygenase from pea seeds
(Pisum sativum var. Telephone L.). Food Chem,
2009, 116(4): 906-910.

Oldham ML, Brash AR, Newcomer ME. Insights
from the X-ray crystal structure of coral
8R-lipoxygenase. J Biol Chem, 2005, 280(47):
39545-39552.

Wang R, Shen WB, Liu LL, et al. A novel
lipoxygenase gene from developing rice seeds
confers dual position specificity and responds to
wounding and insect attack. Plant Mol Bio, 2008,
66(4): 401-414.

Meyer MP, Tomchick DR, Klinman JP. Enzyme
structure and dynamics affect hydrogen tunneling:
The impact of a remote side chain (1553) in
soybean lipoxygenase-1. Proc Natl Acad Sci USA,
2008, 105(4): 1146-1151.

Shin JH, Van K, Kim DH, et al. The lipoxygenase
gene family: a genomic fossil of shared polyploidy
between Glycine max and Medicago truncatula.

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

[15]

[16]

[17]

[18]

[19]

[20]

BMC Plant Biol, 2008, 8(1): 133.

Sellhorn GE, Youn B, Webb B, et al. Biochemical
characterization, Kkinetic analysis and molecular
modeling of recombinant vegetative lipoxygenases
from soybean. Int J Bio, 2011, 3(1): 44-62.

Fang JJ, Ewald D. Expression cloned cDNA for
10-deacetylbaccatin 111-10-O-acetyltransferase in
Escherichia coli: a comparative study of three
fusion systems. Protein Expr Purif, 2004, 35(1):
17-24.

Cristea M, Engstrém A, Su C, et al. Expression of
manganese lipoxygenase in Pichia pastoris and
site-directed mutagenesis of putative metal ligands.
Arch Biochem Biophy, 2005, 434(1): 201-211.
Jacobo-Velazquez DA, Hernandez-Brenes C,
Cisneros-Zevallos L, et al. Partial purification and
enzymatic characterization of avocado (Persea
americana Mill, cv. Hass) lipoxygenase. Food Res
Int, 2010, 43(4): 1079-1085

Jin GF, Zhang JH, Yu X, et al. Crude lipoxygenase
from pig muscle: partial characterization and
interactions of temperature, NaCl and pH on its
activity. Meat Sci, 2011, 87(3): 257—-263.

Chen ST, Kong XZ, Hua YF, et al. Study on
purification and some properties of soybean
lipoxygenase. Sci Technol Food Ind, 2011(5):
176-182.

Mrdits, fLAE, BRCK, S5 KO RIE S 1S
(4 43 s ai A K VE BT FgE . B A Tk B4,
2011(5): 176-182.



