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Production of curcumin by engineered Escherichia coli

Le Zhang, Ning Ding, Yan Hai, Yaru Yan, Na Li, Sainan Li, Pengfei Tu, Xiao Liu, and
Shepo Shi

Modern Research Center for Traditional Chinese Medicine, Beijing University of Chinese Medicine, Beijing 100029, China

Abstract: Curcumin is exclusively isolated from Zingiberaceae plants with a broad spectrum of bioactivities. In the present
study, we used the diketide-CoA synthase (DCS) and curcumin synthase (CURS) genes to construct a non-natural fusion gene
encoding diketide-CoA synthase::curcumin synthase (DCS::CURS). This fusion protein, together with the acetyl coenzyme A
carboxylase (ACC) and the 4-coumarate coenzyme A ligase (4CL), were introduced into Escherichia coli for the production of
curcumin from ferulic acid. The process is divided into two stages, the growth stage using LB medium and the fermentation
stage using the modified M9 medium. The yield of curcumin reached 386.8 mg/L by optimizing the induction of protein
expression in the growth stage, and optimizing the inoculum volume, medium composition and fermentation time in the
fermentation stage, as well as the addition of macroporous resin AB-8 into the second medium to attenuate the toxicity of the
end product. The exploitation of the non-natural fusion protein DCS::CURS for the production of curcumin provides a new

alternative to further promoting the production of curcumin and the related analogues.
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(4-coumarate coenzyme A ligase, 4CL). S-fiift4t
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Z 4 HE (Curcumin synthase, CURS) & 5 # %
BIEEYI G R, Horf DCS M CURS 243 % 3 3R 1Y
KRR A, Rodrigues 2K LI RE T H Y 4CL
L Py DCS M CURSL 5 A KIFFE, AL
PIBR IR A L E R (70 mg/L)), Zeatnd
— RN R B FRAA INE R B i TE]

BREANEFEZTREZNEZEA, ZHEN™
ik 353 mg/L?, [}, ZIREH I AR
18065 [ 3541 B £ Rhodotorula glutinis /) TAL
PUHEA M 22 % Saccharothrix espanaensis fit) 4-75 5
iR 3-F2 1kl (C3H). %4E E %% Medicago sativa [
W R - A-3-O-HH L5 R il (CCoAOMT) 4l
ARG ®, VBEARNIEY G RZER, H”
RALK 0.2 mg/LM), 5% g DCS Fl CURS
AL E R ZEE R AL, Katsuyama 55 MK AE
Oryza sativa o[ K E T X G (CUS) felg
TR BT AT A A R B HER Y,
HE— AW IR 21 % Rhodotorula rubra H1Y PAL .

485 Lithospermum erythrorhizon H1 ) 4CL 5 CUS
— I ARIGAFEE, AT DA 2R B T B RR 5 22
WO ML, o DI R IR, 2
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FiER N 100 mg/L AP, pesh, WK Cus
HHABEEAY TAL, 4CL, C3H, CoMT —ifz5]
AKBFFEPT, 8% %K% CUS 1E ok ih &
Aspergillus oryzae HRXE LA MEER, H
LW R PRI R,

BB ST e, FRATT Rl DA B 22 v s s o T
— /NHH B RS (ZoCURS), ZoCURS fEf%
P BTERIEAES A IR, SAEF PR
DCS — &M G iz MR . i —PmadExR
SREA ] DCS::ZoCURS & ¥, #itdtryml&
HE AL AEE T DCS Al ZoCURS Wi 45 & il 2 #%
ZIIhEE, 1 H DCS::ZoCURS 7EAKAIMG 5 )i H
s Il B w2 R R R, 2R
Bk A IIRIT h gt 4-F S BEARE A ST
(4CL) FIZMEHGEE A RILEE (ACC) ML HE
FIRFM A B DCS::ZoCURS 51 A K M FF I , 44
(1 TR B AR RR M & ML E R, 456
TE 3G TR PO A K AL B R S5 fay o ke, (22
WRAEFEN TR E (L #Hk) P
A ik F) 386.8 mg/L.

1 MREFE

1.1 SRIGwrH

JRZ SN Transl-T1 Wy AL &N 4a kY
BARAMRAF; 24K pRSF-duet-1. pCDF-duet-1
g 1 Novagen 2 . LA Taq DNA -4 . T4 DNA
BE3ERE . NTP mix, BamH I . Hind [II, EcoR I
S FLABBR M N VTG40 H TaKaRa 24wl o ik
PG & PCR 2lifbi & H Axygen 2
Ao IPTG., WX HHER. FIMER. AERXWA
Sigma A, PCR 54 TAY TR& (i)
JBe A A PR Wl A B, JHE A A DG 28 Ak St 1) 449 p 512
B H A

LB #5575 10 g FREE H R, 59 EERHEIRY),
10 g NaCl, JnzZ&iB/K= 1L, 102.9 kPa & 7814
K 15 min,

% : 010-64807509

TB i34k 12 g BEEE FI R, 24 g BRI,
4mL Hil, 17 mmol KH,PO4, 72 mmol K;HPO,,
pH 7.0, INZEM/KEZRZE 1L, 102.9 kPa & 7%
KB 15 min,

M9 537 %E. NaPO,7H,O 12.8 g, KH,PO,
3.0g, NaCl 0.5g, NH,CI 1.0 g, Jfinz£4#sK 200 mL
W%, 102.9 kPa 787K 15 min, FAIA
1 mol/L ) MgSO, 2 mL . 20% 1) 75 & B i 20 mL .
1 mol/L ) CaCl, 0.1 mL, Jin“K & ¥Z&/K % 1 000 mL,

MR M9 REFEEE. M9 BigEdEdhim A FeCls
54 mg/L. ZnCl, 4 mg/L. CoCl; 4 mg/L. Na;MoO,
4 mg/L. CuCl, 2 mg/L. H,BO; 1 mg/L. VB,
340 mg/L. VBs 10.8 mg/L. VB 2.8 mg/L. VB,
0.84 mg/L. M 12.2 mg/L. A4=4¥% 0.12 mg/L.
12 REWAHE
1.21 FEETIRE. BB K& TREHEE

HR G NCBI HR RS T 1 4-7 S IEA T A 14 S
(4CL, GenBank %575 NM_104046.3), ZE4fTE A
FRALMEE (ACC, GenBank %5E%5: AY142630.1) %
RS MR (G178 3R 1), IWILREIT 1T
I o o B R DG JE R A K P 91 1S 3145 1) DNA
KR B AN Y BR S N VIR V) s, O T4
DNA & $2:if 73 5 i Ak 14 pET-28a .pRSF-duet-1 .,
pCDF-duet-1 FI pET-22b v, ¥ 3R45 (0 5 20 Sk
AL B K AT BL21(DE3)H, Hiv4 PCR il %
BE. JERIRALEE T DCS::ZoCURS AL [H 7
B) R JoR AR Ry e 7 DL T 4R 8 29T A ) 1 S
45, BARBITR BL21(DE3) H, TRtk
AR BEESE, A SRR S B W AT R T
PCR, fifik th & A Firfy B ARSE A A BHPE e ke, )
I uE 5 AR A5 TR AR~ . @O pET-28a-4CL+
PET-28a-DCS::Z0CURS; (2 pET-28a-4CL+pET-28a-
DCS::ZoCURS+pET-28a-ACC ; (3 pRSF-duet-1-
ACC+pCDF-duet-1-4CL+pET-22b-DCS::Z0CURS ;
@ pRSF-duet-1-ACC-4CL+ pET-22b-DCS::ZoCURS.,

. cjb@im.ac.cn
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*1 HATFPCR¥y#ERS
Table 1 Primers used for PCR amplification

Gene Primer sequence (5'-3")
AtACC-1F CCGGAATTCATGGACGCTTCTATGATTAC (EcoR 1)
AtACC-1B CCGCTCGAGCTAAACCGTTGCGTTTGTC (Xho 1)
AtACC-2F CGGAATTCGATGGACGCTTCTATGATTACCAATTC (EcoR 1)
AtACC-2B TTGCGGCCGCCTAAACCGTTGCGTTTGTCAGATC (Not 1)
At4CL-1F GGGGTACCATGGCGCCACAAGAACAAGCAGTTTC (Kpn 1)
At4CL-1B CCCTCGAGTCAGTGAAGAACACTTTGTTGATTC (Xho 1)

The underlined sequences are the restriction sites.

1.2.2 BEFIFBEE=YHIiER

B oA R R R A B AL B AR 10 50 (VIV)
() LR A 2 LA A PTPE ) LB Ri sk iR
W, AL B BRI 10 100 (VIV)  HE I
F9 A 50 pg/mL RHAREE R MY LB Bt CE—k5sk
FEIERIEFRIL) o, 7E 37 CTRFRE R ODeoo fH
4 0.4-0.6 B INA LY E A 0.8 mmol/L /Y IPTG,
TR & 20 CHREARTAEFE 5 h; 4 °C . 4000 r/min
B, R BICER AR E] LB BER3t
(B ZRE I R ek R 9L) (0.5 g BRiIfA/20 mL B
FEHL), JEMA CaCOs (40 g/L). LLZLEE (5 g/L).
FIZRER (3 mmol/L). Z4kZedRi% Ko 48 h, LI
FTLTE 53591 48 2R LT AN P B, A T R B
WEZET A, WEEER, A S H LCMS-IT-TOF
W I FHAY (Shimadzu, Japan) 434125 8 %K i 4=
B i AR5 ik AE Agilent Eclipse
XDB Cyg i34 (250 mmx4.6 mm, 1.D.5pum), i
W 1.0 mL/min, #sH: ZHE-K (7% 0.1%H ).
FREEVERE: —5 min, 5%ZfiE; 5-40 min, 5%-40%
205 ; 40-45 min, 40%-80%Z i . HitE M E
()i, ) VRORH o i ok ST 22 9 B AR U S bR
WS, DU (yv) AUbEPIRE (x) dEfr4k
PEMEIH (y=0.020 1x+3 679.3, R*=0.999 5), #R##
PRERR IR W RS R, ZEEMHIS 54
fb: 50 mL KBRS IR IR, BA R, &
M2 O TRIEI 3 K, AIFRBURIRAZE T, &af@
4L, FIH HRESIMS, *H NMR % #:47
YT o

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

F#% . 'H NMR (DMSO-dg, 500 MHz ): 3.82
(6H, s), 6.03 (2H, s), 6.72 (2H, d, J =16.0 Hz),
6.80 (2H, d, J = 8.0 Hz), 7.12 (2H, brd, J=8.0 Hz),
7.30 (2H, brs), 7.51 (2H, d, J=16.0 Hz) ; HRESIMS
m/z 369.135 7 [M+H]" (calcd for CpyH2 06, 369.133 8).,
123 BHRFH4EE

o3 9 25 25 T K SR B B T R i A TR R
ODgoo 1 (3535 % ODgoo {H 43514 0.4.0.5 1 0.6) .
%S5 IPTG #J¥ (0.4 mmol/L. 0.6 mmol/L #il
1 mmol/L). #FKikEtE] (4h. 5h, 6hFi8h),
REERE SR BRI AR 5L (LB, TB. M9,
MR M), FRFAESLI AR, BARESE
WK 3k, HAURFIEE AR R AR, HAl
R R, HpgiER 1.2.2 #17.

IR A RAESTAS, X RBER RN B
FHOC A R AR A (B 20 mL 557 05 g.
1.09. 2.0g #1259 FK). EEFHFRE (8 h.
12h, 24h, 36 h, 48h, 60 h) PEf7F4T% 48,
RIORFppE & R B, HA R R e, Ha
SLEERAER 1.2.2,

2 HER54

21 ZBEAXBRENTRERBHERHIEE
H A= F W9 K R R M p-H B A
4 (Diketide-CoA synthase, DCS) MIZEEH XL
fili (Curcumin synthase, CURS) /™Mt 4% &
AL RIVE PSS R . B5E, DCS i Ak Bl 25 okl ity
A 55—y TN BTG A 45GTER B-R LA S A
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ZJ5, CURS Fifiifl p-MBt4TNE A 5 55— 2r+f]
BTG A gia b, ,)im, H DCS
Fl CURS IRSMEEL S MZZ B &R, T L LAMA% B3 5
A I RIME R T ST A BRER MY, R T2
WEMREASWR S A, EHEWIEN, 4-F 50
WEE A HEAZEE (4CL) AT LIRS PRI BIAR B £k R BT AR
MEAHEE A, CBEHIRE A FR1LEE (ACC) W LLIEAR
B R B L AT A B AL TN A A
I, ¥4t 4CL. ACC. DCS. CURS PUA~&4
BB A ST AR (K 1), #n R
H B AT AR 7 A AR A T AR AL TT LA
SEIAE R R AR B M IS & I AR
PREATERT O b R IE KRR A G & A
DCS::ZoCURS REMEAE L BT 2R PR A I A FIPT Tk
Wi A fia e E, 5 DCS, CURS 71
A MZEEMIL, ZHENTRIES 145,
I, AHEFE 2O T AR S A R R AR RS R
DCS::ZoCURS 5| A KWAHFIA, 1 4-7 S 4 A
AR HE (4CL) WIFCRE BRI, b THRE R
AT A N T RS A A RRE T, AT AR
KA T 5 1AL I Ho o [ 119 BB 6% A 1k £ T
Wil A AN B A B O A R
fifi 3K ACC.

R 3L N 12 31| FR IR 44K pET-28a 7,

O O

N e, PR
H,C” “SCoA HO SCoA

=

_OH ~-OH
HO L Lc AS \/lil .
= N 0Me 0N OMe 7

H,0

_ [ X
+ HO\H/\H/\}\ Z~OMe PN
0O 0O

0] O
COASYA\ ~# ~OMe
0]

1 ZEHEZNEVERER
Fig. 1 Biosynthesis pathway of curcumin.
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HHEAF R A TREROMERD, %
WEWMARMNE R, ZREW, #H ACC I
TRMEQE M ZEE RSN (15.74£2.27) mg/L,
AL ACC FEH TR #ED ((3.07£1.14) mg/L)
M) 3 fir. HL, FRATLAFER@XT XS 50z At
11555,
22 BERFHER

TR AR R @F KL KRN, 5T
FUIAE [a] e B R 5 T ik i B KA X 22 8 R G
ISR G5 B8 (K 2A-C), 1A K35 B
4 ODgoo fELFE 0.5 B I A 75571 0.6 mmol/L kL1
FRIESNWFMT, ARTEERNEG M.

FETORXIEE R R AL (RBERE AR AE) A2 itk
11558, SR RMERQ A KSR (0
LB H5755L) MEOLT, SRR, 2
HRIGRGENARE U (& 2D), Hh7E M9 iR
B A G i R i, 183 (70.09+1.02) mg/L.
M2 R, BARE RS MO 855 72 AU UEAE M9
BRI F AT Fe®. zn®, Cut %4 R
BT VBs. VBe. EHRS, HLAEKEEF
BB, TR AR I A A RS B ol v st ) B S e 3
WA TR E R R R A, XATREEERR
7R B R R

0 0
DCS _ HO I\\ sA A e,

MeO

MeO~ - OMe

Y

Curcumin

. cjb@im.ac.cn
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B LRI R AES R A, AU BN T RERNA R, ZEREN S EVET
MR MO BEFRIE S R BRSO, DIEAR@ME &, FIFESUETT, S5 FR 00 B A T AR @AH He S
— X LR W SR Y B A R A R R R SR R AR AT LA NER , B R W RN REURE T
[FXF 22 B0 R A U S A T 5 8, 25 2R (] 2B-F) &, AT RESSSE A R AR AN M A A7 TS, FRATTHE A e
BoRIMARME R 1 9/20 mL, KEERFR 48 hA FE8hJa, MIIGFFRMEHINA T L KN AB-8 KAL
FITHRIGE S P R ER, BRI E RS (B 100 mL INARAE 2 g), 3EFREH 0
150 mg/L LA . 2R IALIR B A WO BRI TR A 3 i — 2P P

EwEANE, YRMNEMENTAH  HREEFET2h, RRKERERAEIET, A 1.2.2
pRSF-duet-1-ACC. pCDF-duet-1-4CL. pET-22b- )5 Bl E £ 8 £ A7 %15 5] 386.8 mg/L (A 3),
DCS::ZoCURS AL HE@TE R ik /a4 i SCiikdiiE i fe i 8 353 mo/L (IR —Tetk, fE

A _ 40 B 25 C 50

=l =1 —

= 30 — B0 ] = % 40

£ — E 5 E

£ 20 — £ g 30

g E 10 £

3 10 5 5 20

= = 5 =

~ 0 “ 0 “ 10

0.4 0.5 0.6 0.4 0.6 1.0 3 4 5 6 7 8 9
0Dy, value IPTG concentration (mmol/L) t(h)

D E F

__80¢ 2007 200

3 % S 150

2 60 I

E = ~ Elm E

£ 40 : 100} — £ 100

5 20} g sof T 2 50

= = =]

% 9 “ © ool

LB M9 TB MM9 05 1.0 20 25 8 16 24 32 40 48 56 64
Weight (g) t(h)

B2 AREZEMNEZEEZREMIFN
Fig. 2 Effects of different factors on curcumin production. (A) Addition of IPTG at different ODgy, value. (B)

Different IPTG concentration. (C) Different induction time of IPTG. (D) Different medium used in the second stage. (E)
Different cell weight transferred. (F) Fermentation time.

Curcumin
20k Extract-280 nm, 4 nm (1.00) 369.135 7 [M+H]
1 400
1200
o i 1 000
=) 800
= £ 600
<~ 1.0F 400
- 2
z % . .
= 05t 200 300 400 500 350.0 375.0
UV (nm) MS (m/z)
0.0 ~ N A J
5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5
¢ (min)

3 IBRXBHEFESHERERR LC-MS EE
Fig. 3 LC-MS chromatogram of the curcumin produced by engineered E. coli.
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BIERIAT RN AL ET, ZHEA =R
70 mg/L). Mk, AT —HHE T EA ACC Fil
ACL A il & 2235 2 1A& pRSF-duet-1-ACC-4CL,
¥ H 5 pET-22b-DCS::ZoCURS —iE 5| A KW
MR E T HHR®@, 78 FRFEREW 0T k7%
WERG SR, A RS R RN, (Hi
M, WHR@OGMEZ BRI RBEA T, i
FEAK . X AT RE 2 th FAy g ml & 2 AR IR T ACC
4CL LA MFRIE . 5 BRI T AR K I
BL21(DE3), Jf HAHFY M % H () 248 %50
JERKRFE K DCS::ZoCURS 5| A KM S
A MEFH R, RAITEA HHE0 HmH%RE
() R e 35 32 M EIR A R B B 5 S5 104k .

TERTARTTE ), Fofi 1% AR KRRl & 2
DCS::ZoCURS MMUREMW %57 LT 4 T A R
JEYIEETH R, WA LIEZ L 4R IEIEN
W A N EEBEE A 4-75 S TR A R,
A RS, 1 4CL tnl DAL A R
BT B A RUPIE L. ik, FRA122i
DL 4-BILIRNIR | 4-F SRONIRY), [FRE AT LG
FIAH D 1) 22 9 R AU A 8, (H T =2 A5G
Xof Be AR A E T 2 I E R DU

3 %%

WIS LB A RIEEE L ACC,
4-75 G EGH A A SEHERGIEE ACL, JERARMA I
DCS::ZoCURS W R HT B , Al S 30 A BT 0 1R
HMEEER, fymRikF] 386.8 mg/L. UEHIE
FARTHEE DCS::ZoCURS #] U FHI A 2
TR LM TR, Mnsdt—
BB A AL . MR G R
SR TR S,
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