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: JQ693685), , , PCR : ¢cDNA 1 pL, dANTP
BL21(DE3)pLysS , Mixture (2.5 mmol/L) 4 pL, (10 pumol/L)

, 6xHis

Western-blotting , FAD9

1
1.1
, -80
C RNA
BL21(DE3)pLysS
: QuickCut™ BamH 1
QuickCutTM Sac 1 TaKaRa 0 Ty
DNA NEB ; -D-
(IPTG) Promega ; SDS-PAGE
Marker ThermoFisher
1.2 RNA cDNA
, RNAiso Plus
(TaKaRa) RNA,
(Q5000) , 1%
lug RNA , Primscript™
Reverse transcriptase (TaKaRa) ,
cDNA, -20C , PCR
1.3 FADY9
FAD9
pClold-TF DNA (TaKaRa)
Primer Premier 5.0 ,
cDNA , FAD9
OREF, FADO9-F: 5'-AGAGAGCTC
ATGGCTCCGCAAGCC-3', FAD9-R:

5"-ATAGGATCCTTACTTGGCCTTGGTC-3',
FADY9-F FAD9-R Sacl BamH1

( )

(Tiangen) FAD9 ORF

0.5 pL, 10xPCR buffer 2.5 puL, Tag Plus DNA
Polymerase (2.5 U/uL) 0.5 pL,

25uL PCR :94°C 5 min; 94°C
30s,58°C 30s,72°C 1 min, 30
; 72°C 10 min, 4°C 1 %
DNA (Tiangen)
, 1 pL pGEM-T
(Promega) ,
Topl0 (Tiangen)
, 37°C 200 r/min 1h
X-Gal IPTG LB
) 37°C
(12~16 h) ,
LB
4~5 h PCR
) ( )
1.4 pCold-fad9
pGEM-fad9
pCold-TF DNA
LB ,
( )
pGEM-fad9  pCold-TF DNA
pCold-TF DNA  pGEM-fad9

BamH 1
1% )
pCold-TF DNA  fad9

Sac 1 s

T, DNA 16 4 h,

pCold-fad9,

E. coli Topl0 , , 37C

200 r/min 1h
LB ,

37°C ,
PCR )
, 15% ,
-80°C
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1.5

pCold-fad9
BL21(DE3)pLysS

BL21/pCold-fad9,

34 pg/mL

5uL
BL21/pCold-fad9
( 100 pg/mL
), 37°C 200 r/min

100 pg/mL
LB ,

BL21/pCold
2mL LB
34 pg/mL
1:100

50mL LB (
), 37°C 200 r/min ,

ODgoo 0.6~0.8
(BL21/pCold)
,  IPTG
6h

)

BL21/pCold
BL21/pCold-fad9

5 min

fad9
12000 r/min

. IPTG
(BL21/pCold-fad9)
0.5 mmol/L, 25°C

BL21/pCold-

, 1 g5 mL

b

DTT 10 uL PMSF 2 pL Lysozyme

280 r/min

r/min 5 min,

BL21/pCold

pCold-fad9

1.6
1 mL
100 mL

0.6~0.8 ,
, 12

30 min,

1 mL 1 puL
2 uL DNasel,
, 37°C

4°C 15000

BL21/pCold-fad9

, 250 uL
BL21/pCold-fad9

BL21/

10% SDS-PAGE

BL21/pCold-fad9,

LB (
), 37°C 200 r/min

ODgo0
5 mL 12
6 |, 2, 1

20 mL,

6 IPTG 0.1 mmol/L
0.3 mmol/L 0.5 mmol/L 0.8 mmol/L 1.0 mmol/L
1.2 mmol/L, 25°C 12 h,
2 mL, 4°C, 12000 r/min
Smin, 200 pL PBS (137 mmol/L
NaCl, 2.7 mmol/L KCI, 10 mmol/L NayHPOy,
2 mmol/L. KH,POy,) , 3,
12000 r/min 2 min, 30 puL

PBS , 10 % SDS-PAGE
1 mL BL21/ pCold-fad9,
, ODgo0 0.6~0.8
IPTG 0.3 mmol/L, ,
5 mL 8 , 8
4 2 .4 15C
18C 25C 357C 100 r/min
(12 h), 2mL, 4C
12000 r/min 5 min, 200 uLPBS
SDS-PAGE ,
1 mL ,
ODgpy  0.6~0.8 IPTG
0.3 mmol/L, 15C
, 2h 5h 10h 15h 20h
2 mL , SDS-PAGE
1.7 pCold-fad9
2 mL 37C
(200 mL), ODgoo  0.6~0.8,
0.3 mmol/L  IPTG, 15 I15h 4°C
12000 r/min 5 min, PBS
) 10 mL

Binding buffer( , 500 mmol/L NaCl,

20 mmol/L , 20 mmol/L Na3POy; pH 7.4)
R 1 mmol/L
PMSF, (400 W
4s 6s, 100 ), 47C 12000
r/min 5 min, , 12000
r/min 5 min , 0.22 pm
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, , ; PCR (D ( 2,
-20°C , PCR 100%,
His pCold-fad9 1000 bp
5
, 5 Binding buffer s
, ( pCold-TF DNA ,
0.5~1 mL/min), 5 Binding ,
buffer , 5 -80C
Elution buffer( , 500 mmol/L
NacCl, 250 mmol/L , 20 mmol/L Na;POy; pH 7.4) P
, , SDS-PAGE 2000—
1000—
1.8 pCold-fad9 Western-blotting
BL21/pCold-fad9
BL21/pCold , SDS-PAGE
, PVDF
, 5% PBST 2 h,
1xPBST 3, 5 min, PVDF 1 pCold-fad9 PCR
anti-6xHis (abcam)PBST ,4°C 1~ pCold-fad9, s M: DNA
. marker DL2000.
, PVDF PBST 3~5 ., 5 min, Fig. 1 Identification of recombinant plasmid pCold-fad9 by PCR
IgG ( 1-5: Positive clones detected by PCR; M: DNA marker
DL2000.
) 2 h, TBST 3 ,
(Odyssey) . - N b
7000
4000
2
2.1 pCold-fad9 1000
RNA,
FAD9-F/FAD9-R
RT-PCR ,
NCBI 9
(Accession Number: JQ693685) ORF ,
1044 bp, 347 , 2 pCold-fad9
40.10 kD 1: pCold-fad9; 2: pCold-fad9 ;

pCold-TF DNA BamH 1  Sac 1

T4

>

DNA ,

M: DNA marker DL10000.
Fig. 2 Electrophoresis analysis of double digestion of
recombinant plasmid pCold-fad9
1: Recombinant plasmid pCold-fad9; 2: Double digestion of

pCold-fad9 by BamH 1  Sac I; M: DNA marker DL10000.



6 A9 1181
2.2 1.0 mmol/L 1.2 mmol/L
BL21/pCold  BL21/ ( 4
pCold-fad9 , IPTG 0.3 mmol/L ,
, pCold-fad9 5
, BL21/pCold , 12 h , 15°C  18°C
BL21/pCold-fad9 , ; 25°C 35C
BL21/pCold-fad9 , )
SDS-PAGE ( 3), 15~18°C
BL21/pCold 15C IPTG 0.3 mmol/L ,
, BL21/pCold-fad9 6h , 2h 5h 10h 15h
, 100 kD ,
BL21/pCold
55 kD ( TF ),
FAD9 40.10 kD, ,

BL21/ pCold-fad9
(95.10 kD) ,

3 pCold-fad9 SDS-PAGE
M: ; 1 IPTG BL21/pCold TF
; 28 BL21/pCold-fad9 ;3 IPTG
BL21/pCold-fad9 ;4 IPTG BL21/pCold-fad9
;S IPTG BL21/pCold-fad9

Fig. 3  Analysis of pCold-fad9 expression in E. coli
BL21(DE3)pLysS by SDS-PAGE
M: Protein molecular weight marker; 1: BL21/pCold TF induced
by IPTG; 2: BL21/pCold-fad9 uninduced by IPTG; 3: BL21/
pCold-fad9 induced by IPTG; 4: Supernate of BL21/pCold- fad9
induced by IPTG; 5: Precipitation of BL21/pCold-fad9

induced by IPTG.
2.3 pCold-fad9
IPTG R 25°C 12h
, IPTG 0.1 mmol/L

2

IPTG 0.3 mmol/L 0.5 mmol/L 0.8 mmol/L

4 IPTG pCold-fad9
1~6: IPTG 0.1 mmol/L 0.3 mmol/L 0.5 mmol/L
0.8 mmol/L 1.0 mmol/L. 1.2 mmol/L; M:

Fig. 4 Effects of expression level of recombinant pCold-fad9
at different IPTG concentration
1-6: Induced by IPTG concentration of 0.1 mmol/L, 0.3 mmol/L,
0.5 mmol/L, 0.8 mmol/L, 1.0 mmol/L, 1.2 mmol/L,
respectively; M: Protein molecular weight marker.

5 pCold-fad9

1:35C ;2:25C ;3:18C

;4:15C

Fig. 5 Effects of expression level of recombinant pCold-fad9
at different induction temperatures

1-4: Expression of recombinant pCold-fad9 at 35°C, 25°C, 18°C,

15°C, respectively; M: Protein molecular weight marker.

; M:
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20 h , pCold-fad9 2.5 pCold-fad9 Western-blotting
, 15h BL21/pCold TF
( 6) BL21/pCold-fad9
Western-blotting ,
kD
gg , PVDF
100 5 5
70 5
. ( 8, BL21(DE3)pLysS
pCold-fad9
40
35 D
2 170
6 pCold-fad9 130
1~5: S5h 10h 15h 20h 2h ; 100
M: .
Fig. 6 Effects of expression level of recombinant pCold-fad9 70
at different induction time
1-5: Expression of recombinant pCold-fad9 after 5 h, 10 h, 15 h,
20 h, and 2 h of induction; M: Protein molecular weight marker.
2.4 pCold-fad9
0.3 mmol/L IPTG 15C
15 h 8 Western-blotting
’ 1: BL21/pCold TF ;3 2: BL21/ pCold-
, His-tag fad9 ;3 ;4 ;
, SDS-PAGE s 7 M: .
100 kD Fig. 8 Western-blotting analysis of recombinant pCold-fad9 protein

kD

170
130

100

7 SDS-PAGE

1 2 6: ;3 5
4: s M: .
Fig. 7 SDS-PAGE analysis of purified recombinant protein
1, 2, and 6: Purified recombinant protein; 3 and 5: Recombinant
protein induced by IPTG; 4: Recombinant protein uninduced by
IPTG; M: Protein molecular weight marker.

1: BL21/pCold TF induced by IPTG; 2: Recombinant protein unin-
duced; 3: Recombinant protein before purified; 4: Recombinant pro-
tein after purified; M: Protein molecular weight marker.

(saturated

fatty acids) (unsaturated fatty acids,

UFAs) ,
191 FAD -ACP
-CoA -lipid M FAD9
-CoA , ,
[9, 12-13] UFAs ’
FAD9
(Cis0) (Cis0), (Ci6:100)
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(Cis: 100" FAD9Y [16]
, 20 FAD9 , (18C, 15C)
[21]
pCold-TF DNA ,
[22]
A(cspA) , (15 h)
(Escherichia coli) ,
(Trigger Factor, TF) , IPTG 0.3 mmol/L 15°C 20 h
51 pCold-TF DNA Western-bloting
TF , . anti-6xHis ,
, , BL21(DE3)pLysS
BL21(DE3)pLysS ) )
T7 , , FAD9
IPTG [23-26], ’
[16] FAD9 [27-28]
FAD9 pCold-TF DNA , , ,
pCold-fad9, pCold-fad9
95.10 kD, , FAD9
His-tag R s FAD9
[17]
IPTG 0.1 mmol/L, 0.3 mmol/L, o
( S5 30k

0.5 mmol/L, 0.8 mmol/L, 1.0 mmol/L, 1.2 mmol/L)
(35°C, 25°C, 18°%C, 157C)
(2 h,5h, 10 h, 15 h, 20 h) ,

>

, IPTG 0.1 mmol/L

0.3 mmol/L

IPTG
18], 0.3 mmol/L

[19-20]
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Prokaryotic expression of fatty acyl-CoA A9 desaturase in
Eriocheir sinensis

YAO Qinqin, YANG Zhigang, GUO Zihao, CHENG Yongxu, WANG Yao, SHI Qiuyan, LIU Qibin, HE Jie,
YANG Xiaozhen

Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture; Shanghai Ocean University,
Shanghai 201306, China

Abstract: Fatty acyl-CoA A9 desaturase (FAD9) is a membrane-bound enzyme anchored in the endoplasmic re-
ticulum that plays an important role regulating cell membrane fluidity and fatty acid metabolism. The FAD9 se-
quence has two transmembrane domains and three amino acid motifs. Purifying the FAD9 protein can be difficult
because of its membrane structural characteristics. Fish species frequently express FAD9 heterologously. The
Chinese mitten crab, Eriocheir sinensis, is an important aquatic species. We designed primers based on the FAD9
cDNA sequence from E. sinensis (Accession Number: JQ693685) to obtain the opening reading frame (ORF). The
ORF was subcloned into the pCold-TF DNA prokaryotic expression vector to generate the pColdTF-fad9 recom-
binant expression vector, which was transformed into E. col/i BL21(DE3)pLysS, and FAD9 was expressed suc-
cessfully in E. coli BL21(DE3)pLysS using IPTG induction. The sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis results showed that the recombinant protein had an approximate molecular weight of 95.10 kD, which
was consistent with the theoretical molecular weight, and that it was mainly detected in the supernatant. We tested
different IPTG concentrations (0.1 mmol/L, 0.3 mmol/L, 0.5 mmol/L, 0.8 mmol/L, 1.0 mmol/L, and 1.2 mmol/L),
induction temperatures (35°C, 25C, 18°C, and 15C), and induction times (2 h, 5 h, 10 h, 15 h, and 20 h). The
results showed that when the IPTG concentration was 0.1 mmol/L, expression of the recombinant protein was sig-
nificantly lower than that at the other IPTG concentrations. Temperatures of 15-18°C and an induction time of 20 h
were optimal. The highest recombinant protein expression was detected when the IPTG concentration was 0.3 mmol/L,
with a 20-h incubation at 15°C. The fusion protein was identified by purification and western blotting. The protein
contained a 6xHis-tag, so we used His-tag nickel ion affinity chromatography to purify the protein and an
anti-6xHis-tag antibody for western blotting. The results showed that the pColdTF-fad9 recombinant protein was
successfully expressed in E. coli, and western blotting revealed that the pColdTF-fad9 recombinant protein was
specifically recognized by the 6xHis antibody, indicating that the recombinant protein had antigen activity. Our
study provides basic methods to purify and detect the activity of E. sinensis FAD9 and will promote further study
on the functions of FADs.

Key words: Eriocheir sinensis; fatty acyl-CoA A9 desaturase; clone; prokaryotic expression
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