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Metabolic engineering synthesis of neoxanthin, a key precursor of
fucoxanthin
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Abstract: Fucoxanthin is one of the common luteins in marine algae, especially in brown algae, which has antibacterial, anti-
inflammatory, anti-obesity, anti-diabetes, anti-cancer, regulating intestinal flora, anti-organ fibrosis and other physiological activi-
ties. Neoxanthin is a possible precursor of fucoxanthin. In this paper, we constructed a neoxanthin synthesis pathway in Escheri-
chia coli for the first time and the plasmid pTrc99a-crtEBIYZ, which carries five genes (crtE, crtB, crtl, crtY and crtZ) from Pan-
toea ananatis, and codes for proteins (geranylgeranyl pyrophosphate synthase, phytoene synthase, lycopene cyclase and -
carotene hydroxylase). We transferred the plasmid into E. coli, and obtained the zeaxanthin-producing E. coli BL21 pTrc99a-
crtEBIYZ. The yield of zeaxanthin (dry cell mass) was 0.70 mg-g~'. We obtained E. coli pTrc99a-crtEBIYZ pACYCDuet-1-QZEP3
strain by transferring ZEP3 gene from Phaeodactylum tricornutum without signal peptide, and obtained E. coli BL21 NEO suc-
cessfully by transferring the neoxanthin synthase gene NSY into E. coli BL21 pTrc99a-crtEBIYZ pACYCDuet-1-QZEP3. The
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concentrations of neoxanthin, violaxanthin and zeaxanthin were 99.27, 150.30 and 119.77 pg-g~" dry cell mass, respectively.

Keywords: Escherichia coli; Fucoxanthin; Zeaxanthin; Violaxanthin; Neoxanthin; Metabolic engineering
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%52 SRAEARSE: i B BTG SHE Ai 1AHT 2 B A A TR S L 59
SRR O sttt Ao —— = I ST
Glyceraldehyde-3-phosphate J op \KLOH Pyruvic acid Isopentenyl pyrophosphate " )\/\Opgimethyla]lyl pyrophosphate
)'YOKH/OP LB DA -S4 \K
1-deoxy-D-xylose-5-phosphate Bk LI BERR
o Oi—l - PPU/\)\/\)\ Geranyl diphosphate
<
B s con OH S |
2 A op k= A, ks
Acetyl-CoA OHOH 8, PP Z Z\ Farnesyl diphosphate
I 2- UMD PR RE-4- R 9 i
o\ 2-methyl-D-erythritol-4-phosphate k- RO
A Ks-con N ™ PPO’\)\/\)\/\)\/\)\ Geranylgeranyl diphosphate
LB LIS A OH o o { 2
Acetyoacetyl-CoA a, l
2 OHOH OH OH < AT AR
z | ) OHOH | a, 2 4 4 ANANF Z Z\. Phytoene
5 o o 4-(5- BERR I 1) -2- TP HE-D- R S W AT IS
< HO $-CoA  4-(cytidine-5-diphosphate)-2-methyl-D-erythritol o
Iy 3-%%-3-$%}2:@§;M5ﬁ%A oA — £ ¢ A A ek
8 3-hydroxy-3-methylglutaryl-CoA OP o { ] d i e dhd Z Z yeopene
g Y
T‘; I o ‘()H OHOH OH OH E '
= ! :
s HOA MOt (5 B )-2- T DR B B -2-85 £ PPN ";fﬁgf
X gk 4-(cytidine-5-diphosphate)-2-methyl-D-erythritol-2-phosph E \ \ NN
\\,_ Mevalonate ‘ 0
® Qon r;: }
p o You OH Gl M orm
Z HoA ~op HOH ¢ i) NN NN Zeaxanthin
= -5 2L DBV, 4 AT Y ;
Meaval -phospha 2-methyl D-erylhritol-f, 4-cyclopyrophosphate %—1 l
O OH OH
oA ~opp ~opp NI Vii:ajfthin
AR5 AL I3 B 2. TA B
Meavalonate 5-pyrophosphate 4oh - P i H
w butenyl pyrophosphate i
OH
H R
— Opp ————= )\/\opp - ?j;;( Neoxanthi
SRR I 1 AR M\/W o
Isopentenyl pyrophosphate Dimethylallyl pyrophosphate H
K2 s iisi
Fig. 2 Synthetic pathway of neoxanthin
F1 AXETAE
Table 1 Strains in this study
[Eat73 FR A A Trfig P 3
Strain Genotype Function Source
Trelief™sofk 22 BR324 it F~, 980dlacZ A M15, A (lacZYA-argF) U169, deoR, recAl, JFRL TR BRLAEY)
Trelief™50 Chemically competent cell ~ endAl, hsdR17 (1K™, mK"), phoA, supE44, \", thi-1, gyrA96,
relAl
BL21 (DE3) fb2% /a7 25 4t il F~, ompT, hsdSB (rB”, mB~), gal, dem (DE3) Bk R Y
BL21 (DE3) Chemically competent cell
W7 # Pantoea ananatis crtE, crtB, crtl, crtY, crtZ PWcrtE, crtB. r b i
crtl. crtYRlertZBEH PO BE L
E. coli BL21 pTrc99a-crtEBI lacl, Py -crtE-crtB-crtl-T, 5, AmpR e S AR 3
E. coli BL21 pTrc99a-crtEBIY lacl, Py -crtE-crtB-crtl-crtY-T 5, AmpR HEB-HE R R B NS g iafis
E. coli BL21 pTrc99a-crtEBIYZ lacl, Py -crtE-crtB-crtl-crtY-crtZ-T,, 5, AmpR AP ORI AR 3
E. coli BL21 pTrc99a-crtEBIYZ lacl, P, ~crtE-crtB-crtl-crtY-crtZ-T, g, Pr7-QZEP3-Ty, He PR ARSI
pACYCDuet-1-QZEP3 AmpR, CmR
E. coli BL21 NEO lacl, P, .-crtE-crtB-crtl-crtY-crtZ-T, g, Pr-QZEP3-NSY-Ty,, AE7=H 5 ARSI

AmpR, CmR

TE: crtE B LSRR A LSESRRER 5 ML R 5 crtB. NEFMLLR G INER 5 crtl, NS MLLRIBUAMER 5 crey. ML R LR IE
W5 crtz. p-1A% N FRALMEER ;. ZEP3. FORBBINEALMEEN s QZEP3. LRI G Gz IR FOR BRI AL MEE R s NSY. Brs g

BESER 5 JEaR IR

Note: crtE. The gene of Geranylgeranyl diphosphate synthase; crtB. The gene of phytoene synthase; crtl. The gene of phytoene desaturase; crtY. The
gene of Lycopene cyclase; crtZ. The gene of B-carotene hydroxylase; ZEP3. The gene of zeaxanthin epoxidase; QZEP3. The gene of zeaxanthin epo-

xidase without chloroplast transport peptide; NSY. The gene of neoxanthin synthase. The same case below.

2xTaq Master Mix (Dye Plus) . 4 v & i 7
ClonExpress Ultra One Step Cloning Kit I 1 Ml #
N BRI A BGRF & E.Z.N.A" Gel Extraction
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2 NH B

Kit [T Omega Bio-Tek A rl. 4HFEZE K ZH DNA £
W) & L PR ok N R &I T RAR A AR
HEAWR. BER
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Table 2 Plasmids in this study
Plasmid Genotype Function Source
pTrc99a lacl, Py T\pnp AmpR ik VNS
pTrc99a-crtEBI lacl, Py, -crtE-crtB-crtl-T,,5, AmpR FEE. coli BL21HP A =R ARLL ARSI
pTrc99a-crtEBIY lacl, Py ~crtE-crtB-crtl-crtY-T, 5 AmpR TEE. coli BL21H AL f=B-#H 88 M AR S YA
pTrc99a-crtEBIYZ lacl, Py -crtE-crtB-crtl-crtY-crtZ-T,,g, AmpR TEE. coli BL21FAE 7= T K 35 i ARSI
pACYCDuet-1 lac, Py;-T1;, CmR ik NS
pACYCDuet-1-ZEP3 lacl, Py;-ZEP3-Ty,, CmR TEE. coli BL21H1 AR P48 35 AR S 1
pACYCDuet-1-QZEP3 lacl, Py;-QZEP3-Ty;, CmR TEE. coli BL21 A = 5 35 i AR SR
pACYCDuet-1-QZEP3-NSY lacl, P1;-QZEP3-NSY-Ty;, CmR TEE. coli BL21 M A =31 5 o AR S 1
BRI TFRIERHLAH . SSCS Solution 37 251l %3 2|ME5
RO T LIHERR A A A AL B2 A AR Table3  Primer sequence
FERR UL 348 B 254610 A 4. PCR 51416 ElL R J¥31 (5—3")
N . Primer Sequence (5'—3'")
il R NV E'ﬂio
W i I%iﬂl* EHE{" A crtE-F CCGGAATTCATGACGGTCTGCGCAAAA
1.1.3 XA R3S KB
N crtE-R TCCCCCGGGTTAACTGACGGCAGCGAG
LB 3 0.5% MERERY, 1% EHR, 1%
» N " crtB-F TCCCCCGGGCAGGAACAGATGAATAATCCGTC
AL (NaCl, [EARREFERPINA 2% SRR, GTTA
115 °C K 30 min, crtB-R CTAGTCTAGACTAGAGCGGGCGCTGCCA
ZYP-5052 B53E3E . 0.5% BERRKY, 1% &5 A, crtl-F CTAGTCTAGACAGGAACAGATGAAACCAACTA
8.1 gL BMAEHN (Na,HPO,), 6.8 gL Bilia — 040 CoGTA
e crtl-R CCCAAGCTTTCATATCAGATCCTCCAG
(KH,PO,), 3.3 gL' #li2%k [(NH,),SO,], 0.2% [
. . . crtY-F GAGGATCTGATATGAAAGCTTCACAGGAAACA
0.5 mol-L @ﬁ@&% (MgSO4) N 2% E/‘J 50x5052 @ GACCATGCAACCGCATTAT
(50x5052 BF : 25% Hl, 2.5% iz, 10% ) crtY-R GGTCTGTTTCCTGTGTTAACGATGAGTCGT
a-FLBH), 115 °C K& 30 min, crtZ-F CACAGGAAACAGACCATGTTGTGGATTTGG
BNTHRREW: WK, TEREFRsErh ] crtZ-R TCCGCCAAAACAGCCAAGCTTTTACTTCCCGG
P B 100 pg-mL ™' ATGCGG
e e . N ZEP3-F CACCACAGCCAGGATCCTATGAGTGAAGAAAA
RERIEW: BRI, TEssgRkp i m AGTGGA
LR E R 25 ugmL ZEP3-R TGCGGCCGCAAGCTTTTACAGGCCTGCTGC
1.2 Ak NSY-F AGATATACATATGGCAGATCTATGGAAACCCT
12.1 DNA H# % £ PCR 4738 GCTGAAAC
. . NSY-R GGTTTCTTTACCAGACTCGAGTTACAGGCTTTC
FEE| Ak LR EIMAZA B R B, A AATTGC

TARUFREA 7 B RERS IE W IE , ARIIT TR iokL
AR P27 2 A H I R Boi ] in A — Bzt i
4550 55 (RBS), 1 NCBI #4% 1 38 #5Z B creE.
crtB. crtl, crtY. crtZ HEY R BXAY CDS F#50M, %
o103 3, M3z WAL 4 had i PCR 4
BRI T IX 5 MR . ZEP3 FESE B = fiEte e,
NSY HEPUORIE T A, A KI5 A .
122 FAeg#ysd

[l E A Bk . I R DNA R G

fiti PCR ¥4 H W3 v B S ok 5 B, fif8 45
BUEREAL A 15~20 bp [V, A FH 4] vl
WA T EALE S, KB EA =W A E. coli Tre-
lief™50 JE&Z A, AT EXT R HTA R LB [E K5
FrHk o 12 h JE AR RS B K A A T
P75 PCR B E e ORE S E AT . LB #5373k ks
FEI P IR B TR, o DR ok N A7) G
JEk
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AR TR AR B . B pTrc99a-crtEBI,
pTrc99a-crtEBIY Hl pTrc99a-crtEBIYZ ik 735!l 1 H
P I A E. coli BL21 JRAZ 54

XURL TR A EE . #4 E. coli BL21 pTrc99a-
crtEBIYZ T A% 1A il £ SR SZ S A, PR A
# pACYCDuet-1-QZEP3, pACYCDuet-1-QZEP3-
NSY BUkifh A o A28 08 B il ek
ZASWTRTE LB 37 5L h 15 5% 4~5 h (ODgy 15 %
0.6 Z£47), BUAAE 4 000 r-min™', 4 C X4 N E
L 5 min, 3 _FEFMA 10% B EBAAFI 10%
TCH HMGER A, FRELOF B3, HEE R
RSB OF B, A 2% R
SSCS Solution 32 Al A, RIS FIESZ S 4L
124 ITARGREZH

W TARRETE S A X RPTA R A LB ARG 75
ERESR, EERBUREAE S A PIAE R 1) LB B dkrh
BiFE 12h, SRR, 2 2% AR R
A 50 mL ZYP-5052 }i 54k, 20 °C &% 48 h,

125 FHhim

KIGFFERZEA S b Z 42 H . B 2.0 mL WY
W, 8000 r-min~' B.0> 10 min B AR, A 1 mL
N, 7E 40 °C Z&MFT, ZREERTRAREE 4252 B
F{6, 12000 r-min~' 2.0 2 min B NE FiF. AEHC
WOR FHAWGE AT, IR E MR,
A 200 L NEAE %, 0.22 um JE B JERRE L BRI4 T,
PR B RFR AL
12,6 kA &% (HPLC) A= ik % (MS) /=

PR S &

C30 K 753230, ffi i YMC Carotenoid 25
B NEAHEIER (250%x4.6 mm) MR YA T
o3, dEFEE 20 uL, WHG(E 476 nm, IR 35 C,
P 1.0 mL-min~' o EARBWARK I S50 W4 4,
FZIT R RIbREINZE [y I WEmiER, x O i ik i
(mg-L™")], HFAMAEK: y=52.505x—1.670 7, R*=
0.999; B-THE FZE. y=1312.9x-12.668, R*=0.999;
FOKRET: y=129.92x—-39.204, R’=0.999; 4H{ i :
y=130.76x—33.414, R*=0.999,

IR C30 ARG Ty ik 0 1 43 1 5 S A
BT, FTLAIRATR T 5 —#p C18 il 7%k
REFE HI . C18 A ik . i C18 (250x
4.6 mm, 5 pm) EFEAR, FEEE V(ZHE) ¢
V(LR OER) « VOOK)=74 : 16 = 10, RHFEUE

%4 YMC Carotenoidiii Zh#8 &4
Table 4 YMC Carotenoid mobile phase conditions

f/min FH L] . Gl %fJLTE‘% He Al
Methanol proportion/%  Methyl tertiary butyl ether/%
0 90 10
15 90 10
25 40 60
35 90 10

i, #EFER 20 pL, WOG(E 440 nm, AEE 42 C,
Ui 1.0 mL-min~'c X IR HlbRAEMZE [y R
WA, x ABTEWKE (ng-L7)]. HHF: y=
76.889 x—140.93, R’=0.997; #H&ii: y=357.07x+
2.392, R*=0.991,

PURRAT RATI R BT 45 B IR F i 55
BUR (ESD); ML Ak X ESIY; BAHEIREE N
350 °C; ZAL#EE S0 276 kPa; TS IE N 10
L'min™"; FHERIN m/z 20~1 000
12,7 @mfeF a2k

B2 mL KBS BB, 12 000 r-min™' B0
3min, BT 85 C HLAAHLT 24 h, DUFE 4T T
w2 R YR E ST S, IR R
AL (M, T A) A mgg ! B pgg o

2 R0

21 BRARE. p-PE PEMEXBERTEENEE

Jiki pTrc99a-crtEBI, pTrc99a-crtEBIY #l
pTrc99a-crtEBIYZ i H15% A E. coli BL21 J7, RFIAY
T AW E. coli BL21 pTrc99a-crtEBI. E. coli BL21
pTrc99a-crtEBIY Fl E. coli BL21 pTrc99a-crtEBIYZ A&
WEJo WA & A T BE Ak, YRR Y AT
HPLC 70 #r (181 3), SRR M T &Ll
K. B-AE MERMEKEFT, ARYEERE ML S 4
TR A Yk R, o E. coli BL21
pTrc99a-crtEBI [N AILL 3R 714 3.20 mg-g™'; E.
coli BL21 pTrc99a-crtEBIY A B-5H % N E =il
1.35mg-g '; E. coli BL21 pTrc99a-crtEBIYZ M) £ K
BTSN 0.70 mgeg ',

1E T7 JAsh FRIVEHITS , B crtE. crtB. crtl,
crtY Fl crtZ JIERE, 7 BER Y. #4E HPLC
gt E. coli BL21 pTrc99a-crtEBIY Fil E. coli BL21
pTrc99a-crtEBIYZ 1 IF A LB P R IR ,
A REJR R I HAIK, CRTIL CRTY il CRTZ
KPR TR B2 - ok i AL RE Bk, =
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Fig. 3 Construction of lycopene, B-carotene and zeaxanthin engineered bacteria
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R PR R S5 2T K
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JocTP X B, £ ZEP3 HNK cTP J5 15 3|
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LA BT N Z LR AR5 Ak A KR
FHIG, FEARFVERARDLF P REfAE R, 3
RN AATE PR R, #E—25 47 HPLC
ZiR, ZTREAMN BB - £, E
RE TR T, A RANW =) (PR EHE 6.2
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