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Effect of Desaturase Gene Overexpression on Fatty Acid Synthesis in Escherichia coli

YE Jing, XU Siyuan, ZHANG Qin*, QIAN Cheng, CAO Juanjuan, ZHAO Pei
(College of Biological and Food Engineering, Anhui Polytechnic University, Wuhu 241000, China)

Abstract: In order to obtain efficient engineered strains for oil production, the desaturase gene from Bacillus subtilis
HB1310, an endophytic bacterium isolated from walnut, was expressed in Escherichia coli BL21 (DE3), the single-gene-
expression strains BL21(DE3)/pET-del and BL21(DE3)/pET-de2 and the co-expression strain BL21(DE3)/pET-de were
constructed. The results showed that the desaturase gene was highly expressed in E. col/i BL21(DE3), and the desaturase
activities of the three engineered strains were higher than that of the wild-type strain after induction for up to 60 h, and they
reached their maximum after 24 h, which were enhanced by 1.38, 1.48 and 1.75 times compared with that of the wild-type
strain at the same time point, respectively. The overexpression of exogenous desaturase gene led to changes in oil yield and
fatty acid components in E. coli. The oil yields of the engineered strains were significantly improved compared with that of
the wild-type strain, and reached 0.57, 0.58 and 0.72 g/L after 24 h, respectively. The contents of saturated fatty acids were
increased by 72.26%, 66.93% and 123.21%, respectively, and unsaturated fatty acids by 112.18%, 44.18% and 134.30%,
respectively in the engineered strains compared with the wild-type strain. This study provides a valuable strain source for the
development and application of engineered bacteria for oil production.
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JTRR (AR VAN SR, DT = A A AN R s I %2
ANTLR AR T ER . i 0 R 2 RN Bl A o0 2 AL B SR
iy, 3% FI FINADPEENAD *1E A4 BI A 7, 8t 55 F
HOOMAERD ZE8ERTRAUE, BRTEWAE (E
RNEAZH) , REETFEMBERDS CRTHMA) M
NADH K 40 A (0 K bSIE SR B 8 A IR 7 R & i
B R BEEES 5 IR TR I A B, 0 AR A I T T XL
fr B G B PR R, A AT LUK N A
BRI AR RS, SEA R TR SRR AR, X 4R A P i
IEHGE R Th e B o D iR 25 TR i (4 43 A
o, R EA, WKGFTE (Escherichia
coli) , (EHAAEHIMP. wESAIE FAK, Bk
FOEMW L 5 T AT R SUE SRS, [EHRC RS
W51 32 P BRI R I i = R

HAr, 2 RaT 7T A R e MR IE 51
FEHLE] L, DO TR IS R IE R R 25 v A B AR
AR LR, o5 A0 BEUR BN 2 FORT 2 AT DL AOS AR 3Rk kT
75 R T B A 7= 1 RN BRI . Garba®5 T T ok H
Pseudomonas sp. A3IA9-HE TR L AIEESE [, JETEE.
colih FRINFRIkL, fHEH ARG 7R & & R E . Xue
Zhixiong %5 1 X6 g I REHEAT AU TR s, 19E T
1 ¥RAEF= A 15% T AN AR AR TR (eicosapentaenoic
acid, EPA) WPk, THREEFRER)G H & 4756.6% [\ EPA
FN5% AT ML AIR TR 53 0 9 CANEPA AR 77 B Sk U
B AR AR ] . Yan Fengxin2PI7e i i B EC B £ oh
FRIBAIS BB, WA BRI & #1830.7%, i
LR AT2FNALS 2510 01t 55 R AR 2R 010 B o 5 8 D) ) ik
42.6%. HUILER, FERPRIBIERZILRIK G HE
B, #AE—ERE LIRS RmIES &, SEH
VAN, AN T R e 4L Fs L 181

it ZEHUFF B (Bacillus subtilis) HB131021 ¥k
TR = AL R N A TR, Rl A 12 T R I T R A
e EE ", ARBF O T B L A R
del. de2, SZHUXPFFLNTEE. coli BL21 (DE3) Hiff]
RRIBGIRIE, WAL WML T RIAXTE. coliith g
Fe i LRI 2 ISR, 3RAT 8 7= AR B
DS A = i AR B (0 R R0 S R SRR B R S 4

1 MEEHE

L1 MRS
L1l BERRSFOR

AW FCAE FH B RR A FOR LR 1o o rp = Ak 9 A=
W (B. subtilis HB1310) F T 5ol sL50 fr i H &L A,
E. coli DH5a K pET-28af T/l kit &, E. coli BL21
(DE3) fE 31k B bk AT 0 2 I8 s B2 A 7 b #k
pUCTM-TI H A TAM T (L) BMERAA.

AL TR NRRERTR:

Table1  Strains and plasmids used in this study

[l itk iR
B. subtilis HB1310 7k P 2 SRERA
E. coli DH50 R L FRER
E. coli BL21 (DE3) ERFREEH FRE G
BL2I (DE3) /pET-28a-del ~ Kan', &EMARER e, THHE PNt
BL2I (DE3) /pET-28a-de?  Kan', & %:MIMEHHde2, THE K
BL2I (DE3) pET-28a-de  Kan', & MAEHEFdel Ride2, THEH KR

ETANIE (B8

pUCT Any's TR BHHRAT
T-del Amp', EATHIE AR del AHAIE
T-de? Amp, BHTHMS S OREEE R de2 PNy
T-de Amp', BATH A LM del Fde2 AR
PET-28a Kan', FkFiki RERERAE
PET-28a-del Kar', BT 2 AR R de] IRl
PET-28a-de? Kan', BHTOHL & KNG de2 Vbt
PET-28a-de Karl, RS 2 AT R del filde2 KOFAAE

1.1.2  Fryedt

LBR; 7R3 BEAMEI0 gL, BERRKS /L. NaCl 10 g/L,
pH 7.0~7.5, 120 ‘C, 20 min,

BRI AL I ANE2 o/L. BERERYS g/L. AR
10 g/L. NaCl 10 g/L. KH,PO, 0.5 g/L. MgSO, * 7H,0
0.5g/L, pH7.0~75, 110°C, 30 min.
1.1.3 7

HENE. SAE . BEER A LKEREREE. A
AALEN . BUER . BRME. |0, A ER. BB
R FWNE-B-D-TRACEFL MY (isopropylthio-8-D-
galactoside, IPTG) . AMp & & AHRPGANE. T2k
FEBR RN - SR T I I e s H k- (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, SDS-PAGE) ZZ 14
75 Tk vt JRe PO 1) 2 R s A s B R R B
Ezup 204 5 2 I A DN A S #2150 57 & . SanPrep#t: 2
FDNA/N #0575 & . SanPreptE A PCR™= 9 4 {1t ik
F & SanPrept: NDNAJZ WA & 5 X Tris-Hill iR
Rkl AETAEYMTRE (R BRBERAF;
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6 X Loading Buffer. [Ri|PENY)E. T4 DNAEFLET
2 X Premix TaqTM IR EHEAMEARAFRAR; H
mE. &5 bl EZGERMERRARA R IECk
(fikat) | ZDDUZME. BRI AR A Bl
SEMAENRIHA IR AR+ TbeER G, 37 MR TR AR
M MBS R A PR A
L1459

SIVHATAY TR CHE) BhARAE S,
HARFPH W32

#2 SR

Table2  Primer sequences used in this study
Bk FE5 (5°-3") Ay
DEF1 ATGACTGAACAAACCATTGC
DERI1 GTTTTTCTGGTGAATCAGGC
DEF11 ATGAATTCGACTGAACAAACCATTGC EcoR 1
DERI1 CTCGAGGTTTTTCTGGTGAATCAGGC Xho1
DEF2 TTGTCGAATTCTTATTTCCTTA
DER2 TTTGCCTTCTTCATCCCATAG
DEF21 CGGATCCTTGTCGATTTCTTATTTCCTTA BamH 1
DER21 CTCGAGTTTGCCTTCTTCATCCCATAG Xho1
DEIL CGGATCCTTGTCGATTTCTTATTTCCTTA BamH 1
DE2 AATGGTTTGTTCAGTCATTTTGCCTTCTTCATCCCA
DE3 TGGGATGAAGAAGGCAAAATGACTGAACAAACCATT
DE4 CTCGAGGTTTTTCTGGTGAATCAGGC Xho
e RIS S I PR D)L
12 5w

REE R M. (polymerase chain reaction, PCR)
0. HKAC BEIR AR R RS RS
BRAF AHEON KX dba) &
AT FEA-AT e RS IA R A R
AH]; GC 8860 IEAY  FEE L ICPHIARAH .
13 ik
1.3.1  Jt:Pdel. de2Fdeft)vilE

K Ezup k2 41 5 2 5 41 DN A il 42 458 771 1 42 Bt
B. subtilis HB1310f{)3E K| ZADNAFF-AE AR, K 514
%IDEF1/DER1. DEF2/DER24} 54 Hidel . de23E[H, It
43 3% F 51 9% DEF11/DER11. DEF21/DER21 Ndel %t
K 5| NI A EcoR 1, Xho 1, Jyde2 B[R 51 NBEEYIAT 55
BamH 1. Xho 1,

KA PCRY del . de2 3R ¥e4, Frdn4 Nde.
PLB. subtilis HB13 101 3% X ADNA AR, K 51 #%f
DEI/DE2Y #4715 33 Fldel, L35I NEFYIAL 5 BamH 1,
K 51 4% DE3/DE4AY #4615 B 5 [Klde2, "Fif 5| NEEDIHL
MXho Lo K434 =¥y LAY I (1 & b1 : 1R A EAT B R AL
{41, PCRZA}:: 94 CHiAE1k4 min; 94 “CAEPE30s, 61 C
BK30s, 8 MEFR; 72 CHEMI2 min. KM EEHR LN
BB DNAZEHTH 14, PCRIAR (10 L) : EFIF5I&
0.4 uL, BEHDNA 0.4 pL, 2XPremix Tag™ 5 uL, /K
FMFEE10 pL. PCRZA:: 94 CTiAEPE4 min; 94 “CASE

30s, 61 CiBk30s, 72 CZEMH2 min, 25 NMEHF; 72 °C
FE{H 10 min,
132 ER M TREE bR R

At FCPCRY™ 79, HpUCm-T#MEiEH:,
WZE. coli DHSRZ 400, ZHAREFRPUEMIL, PCR
S0 e K L) R0 I 365 A 7 R 5 4k, SR UIE T R 1 P
Al T RN R I B I L B R T-del . T-de2. T-de.
PRI R e B SR, SR FH R ) 1 N D) Bl A7 WU V), 5
I FE XU EG VI pET-28a kM iE#:, ¥4 1LE. coli DH5 07
UM, PirE (EREIREEN10 pg/mLi)-RABE D i
i, HEATPCRAS I K X B U AT PP 500, 56 UE 1F 1) 5
oL B[ Ay 4 e R h Y ) A% 2R 18 Sl R pET-28a-de ! . pET-28a-
de2. pET-28a-de. HHFaifbFEHF R, HENLE
E. coli BL21 (DE3) 24400, Hitt (10 pg/mLF
) Tk, M, FFHEREURL, AT XY
I P 580, 5610 T A R T AR B DA 2 ) AR B AR BL21
(DE3) /pET-28a-del/ (DE1) . BL21 (DE3) /pET-28a-
de2 (DE2) . BL21 (DE3) /pET-28a-de (DE) .
133  HMEATESRIEMSDS-PAGER I

AV RIS ik, A TREHE RDEL,
DE2. DEZ 3 A 13510 pg/mLR A8 % 3R FILBIR A B;
Febkr, F37 °C. 200 r/minid REEFE,  HUE IR 0 R
JRO.5%F Al B A 15 10 pg/mL RN & K LB 14 5
Fir, 0Dy ,mi&s0.4~0.6, MAC KEMKIPTG (4
WE 1 mmol/L) 4¥4:i556 h, W 3RAS 10 T TS O IS B 1A
M, SR AR BRGNS S Bk, B
SDS-PAGEZS 1 T s I e 58 Pz PR3k ) 28 1 7 S 0T R A B
HEAT HLRASI .
134 2% TRERARA K FNEEE M 0 2

TE AL B AR T AR R TR ARDE1. DE2. DE4)
PR FLBWR AR FR 36 (LR 185 72 5 10 pg/mL
FIEFZFR) #7560 h, &12 hUEFRHAIMOD g0 e LFE
W FEDE1. DE2. DEX1.3.3% ikis S0, HiEA
REESFRIE R 4k B %, RN ANEIPTGRIR AR, HIF
REFR A T HEFRE60 h, 412 hEURERS I 2 0 A i
A THARE. coli BL21 (DE3) NIZEARE AR 2 BILBWAA
Rrge e, [RREIEII60 hi (1) 2 M AN BeS 1 .

2 VRS A 0 2 % e s 5V ST e U e
W20 mL, EOWCERRM, SRR S B SO S
AN R . B R R BGRAR OIN Tris-HCIZZ MK
(pH 8.0) « FAE/rH0.4%4 VB ME W %2 mL, 25 C
B2 h, HIREERL, HUANUZEMEOD g v MKHELLVU A
bR AE 2R THE RIS, B R RS RN
1 pgE SR ANEEEPE AL
1.3.5  BPARKM LAEEKDEL. DE2. DEKE-H

K250 mLIHETE AE R, 100 mL3E iR & .
PRI P V5 R T 5 RIRE R 03 mL LB 3 7% 5
i, 37 °C. 180 t/minid B KEFE, K IAR3 mL i
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F30 mL LBE; 2k, 3535 % 0Dy 90.4~0.6, I
A1 mol/L IPTG, fFIPTGZ¥#E A1 mmol/L, 37 C.
180 r/mini5 56 h, LLI0%IEF &N KRR AT, [H
WM SR IPTGHI R AP 8 2 B A T R A I 0 72 R AN s
IPTGHI-RIBE R , MEIRGEFRFZM FHFR24 h, &5
HE6 K, B, BOWUERMA, H43 E S B 4
HE 2 5 E E TR AT B, R T AR
(BRI L 5 SRt i o S A ZH 73 23 A
1.3.6  ZHTR TG A H A 36 5

S H Ak ZEVI 7, R R AGE IR BN e, DUl
P31 e I o 4 S B IR = B Dk AR PR L, S IR I
SECRA (D)

TR R U % =

1.3.7 R4 AT

FREE AL . 32 B0 40 B v I8 0 N 5 % T 12 - R 16 ¥ R
2 mL¥EA], 90 ‘C/KB2 h, AHJEHMN2 mLIE R
BE, B0 RIEW, WINE ETOKRERE, #HE
5 min, WH EVEW L mL, 40.22 umJEfE, #shn2 pL
100 mg/mLNbx (FF BB W, H T
FFE.

M RE S F: HP-5f %4 (30 m X 0.32 nm,
0.5um) ; FRFEF: 40 CLREF10 min, LA5 C/minFt
HAE120 C, 4 C/minfHREE190 C, 3 C/minHiEE
240 °C, fR#F20 min; #H (N, Jii#1.2 mL/min, JE5#
2.4 kPa, #EFEEL pL, 4MUEL15:1,

JIE s TR R 2t 3 50 S ANV 0 R B R i v i v AR vk
:T:Q (2) ~ (4) ﬁﬁﬂ?

i I o

XIOO 1

Ai
HoyEsm=IMmAEr~EXI 3
. N TREAN GE-WERAS &
BB MR R %= — — X100
MR A =% T (4)

e DRI &7 0/ % A9 e i 2 (14 Ve T
Bl S AR ) A 2% S U A BT A W THT AR 2 R s Al
+ F TR R T A o
1.4 HEabHE 5ot

i sem ¥ iiir3 wWEH, GRUx+sRR.,
FASPSS#AEREAT I 008, P<0.05, EF L%, HH
Origin 20198442 & .

2 SHRES

2.1 EMANEEIE A A T R
KH1.0%35 IE Wi EE I8 ik SF del . de2. de3: [N K]

PCRY™ 34 =Wy AT R, 25 R 1w . MWHIKEATE

3 AR FPCRY MY = M) AR B2 41 036, 822,

1856 bp, 5T H bR K/MATT, RUIZLERLR B
IR

5000 bp
3000 bp
2000 bp

1 500 bp

1 000 bp
750 bp

500 bp

250 bp

M. DL5000 DNA Marker, E2[F; 1.7%5 A%
2. dely S 3. de2d 847 H; 4. dedy I W)
P11  del. de2. deJEPPCRY™ B4y PrBilibii e i ke 45
Fig.1  Agarose gel electrophoretograms of PCR products of the
del, de2 and de genes

22 EARIAFRS TRER

B HKIL T RIpET-28a-del . pET-28a-de2. pET-28a-de
e atifl, 7R A IR N B EcoR UXho 1. BamH 1/
Xho 1. BamH UXho DRG], BRITEHEEER r Ik 45 3 R0,
FEMARIL PRI 52 Ak (82, Bk
B4 5 FORpET-28a R F B KT — 50, /T Bl
del. de2. deREPRI I H BOKRE—5, H— B FFL:
FAIE 523 AN Jk PR (1 22 4 308 WL S5 A8 S R ) o

1. i kipET-28a-de I EF VI =4 (EcoR UXho 1) 5 2.JiikipET-28a-de2 W 1)
7“4 (BamH UXho 1) 5 3.5 KipET-28a-de XU EE VI 4 (BamH 1/Xho 1)
€12 T4 ORpET-28a-del . pET-28a-de2. pET-28a-deM iyl 1)
SNRRR BRI I PRy 25 3
Fig.2  Agarose gel electrophoretograms of double enzyme digestion products of
recombinant plasmids pET-28a-del, pET-28a-de2, and pET-28a-de

P E A ki AL EBL21 (DE3) 53 LR H FkBL21
(DE3) /pET-del (DE1) , BL21 (DE3) /pET-de2
(DE2) M LH X EBL21 (DE3) /pET-de (DE) , %}
TAZPRBEATPCRAT I . oKL S B V) I UE, 57 1 LU X 45
FAR IR T A T
23 THEHiFKDEL. DE2. DEFMNIEEEERIS ST I
SDS-PAGE/3#T1

% THEE #KDEL. DE2. DE /i fil i 5 K % &
5K (1347 SDS-PAGER I, 45 R WLE3. HE. coli
BL21 (DE3) {145 [1SDS-PAGES: B#EAT X EL /04, KN
TFEREDEL. DE2/¥ EHFHE T i #2940, 32 kDa/k Ay
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[R5 58 MELE. coli BL21 (DE3) BREINE, HFRIR4TIR
HHEHEE (DELFN39.8kDa, DE2(f931.8kDa) . 5%
W, EUWRIEELE N del . de2fEE. coli BL21 (DE3) szil 1
R FRIE LRI

130 kDa
100 kDa
70 kDa

50 kDa

35kDa

25 kDa

15 kDa
10 kDa

M.% FMarker; 1. E. coli BL21 (DE3) ; 2.DEl; 3.DE; 4.DE2.
3  TRPKDEL. DE2. DEZXHANE I'1SDS-PAGESH7
Fig.3  SDS-PAGE analysis of desaturase proteins from engineered
strains DE1, DE2 and DE

24 EMIMEEEEdel . de2 ¥ RIERILFRIERHERA K
Al

% T2 E #DE1. DE2. DE3260 h4 [f]OD il
FTHEI, HAKMZBMEAFTR. RI3 bk TR E IR
24 hy PRI ZE K, JE7E24 hie kB KiIgt, HFAKiE
ThawE. NERTENEKMLE, SHEKRERSE
A BRI AR e, 0 B AR R 2 MR R Kl de ]
de2 LRI AILFRILIIFE S, TR RE4E R G 20 E
Ko SR, 24~60h, TFERE PRI AE K AR T B A2 5
PR, BTRE T MR R R SRR I AR R, A N BT I B 2 3
G AT IR PEAC T, S AR AT P I AR 3 2 )
(155 G FEURU FAH, TS B0 3 0 U S A A B
Ak, Bl TR MR A KR A PR

4.0

35F -
3.0+ 7’:\\3:,‘\ ——e—— o
251

Q% 20k - WT

O 15+ —— DEI1
1.0+ —<— DE2
05 —— DE
00 1 1 1 1 ]

0 12 24 36 48 60

35 FRI A /h
el 4 TR GRRAEE L R 00 2 IC i 2k

Fig.4  Growth curves of engineered strains and wild-type strain

2.5 T PR RET AR R AR 1) 23 RN S AR Ak

ZL VY MR R —Fp AR, AT DL R 52
T, JaH BN AR FE N &R 5, i Al LLRAE
Y0 P F RS N TR B PR A T RGO hpy g
A LR 5T~ , TREBE#EDEL. DE2. DERJZ%
PR VS PETE60 hifs i Ry s T BF A Wi #k, JubA24 h
(RS P B, o A R 20 BT AR B AR 1,38 1.48 fi

175 £, R LMWABEFEEF del . de2/E24 hN EPSLHL
TR IRE; 24 G TR HREEIE1E 2 R RS,
Al e AL BT AN R 3t R IE S EE. colih T UK I
TRPREY T R T ST S 3R ) T FE LA R A AR K ik
AR, RMESET TR, B0 s T ks B
A PR R P R M

[393
(=]
1

FHRNGEU
5 G

)
|/

%f

#

«

-

- / e WT
e DEI
St < DE2
0 1 1 1 1 ]
0 12 24 36 48 60

BRI E)/h
PSR G R o £ 2 SRR T AR A il £
Fig. 5 Changes in desaturase activity of engineered strains and

wild-type strain

26  EMMEFHEERdel . de2 Bk FLEE xR E
e B B R 2H. 43 P i

N KR FE HERR AT g BT B IR AR 1 5 E0E8 4 1
PR AN S VR B, A AR S 45 S8 0 4 B AR I
i TR 2E R A W S B 2, AR TR T R
TR AR T T A TR v R T 24 W) B AR 3k A7 A0 B ek g PO $2
T LR B 5 T o

WIE6HT N, 2RI IE IR () 3 0A A 25 58 1T 41 B8 i
JRIAER, S AR, TR R A e A
K R E Y. DE1. DE2. DEMI g & 4 3 ml ik
0.57. 0.58. 0.72 g/L, &84 BRI =83% L b, i
I8 5B B BT AR R 1945 %R = E18.44% L) |, 3 I
A TR 97.78% . 95.17%. 135.09%. MHIRE, £
YRS (Kl de 15 de2 L33 % i R = A0 2 4% e R it adk
VER B Z R T XML A ELIEN, 1X 5 Yan FengxinZ®
TF AR HE HIS BC % R L 3 A A 12F0 A 15 22 b 1 i 356 (R (i 33t g
JRF R R B E RIS

1.0 _
- Ol 0
i 0.8 O i o i 4 a b jg =
¢ b b T R
~ 06
I 120 2
io04F ¢ b b a &
= 420 =
=02} c 110 %

0.0 1 1 1 0

WT DEI DE2 DE
ZHA

AAFEFEARA RN E FREARIR R Z R B3 (P<0.05) . E7F.
6 TRRGTBRFDE A AR A 124 it i ik it
Fig. 6  Oil yields and contents of engineered strains and wild-type

strain after 24 h fermentation

e A2 HA 0 B R HEAT R AL R, A AU i
e RR AN 7 BEAT EPERE B0 Ar . 237 il i R A I
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TRAR XTI R i HEAT 2> B, 0 AR E 5 225 IR 1S
H 2 2H 70 1 Y W TR, SR A e R R IR AR D P A ke I
JU 2 R AT 5 B AT R AR D R A 4 B LT R 4
RS

3 TREGRR AR ARk DR R AL ) B JE T ek 5 B
Table3  Composition and content of fatty acids from engineered

strains and wild-type strain

i s Ji A U %

AR WT DEI DE2 DE
Cyo 1254£0.01  7.2940.04° 1.9940.13¢ 431£0.13°
Cho  3.39£0.00° 3.88+0.04°  3.0740.03° 3.78+0.12"
Cuo  7.0940.02" 5414008 5354023 5.76+0.09"
Cisy  0.89£0.11Y  2.7440.15°  1.62+0.05° 1.9840.06"
Cio  33.5840.19" 3347+027° 3583+1.76"  37.86%1.00"
Cien 4134024°  2.71£0.14°  3.4140.02° 3.34+0.03
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