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RNA OD 5601250 1.84~2.10
1
1.1 1.3 c¢DNA
1.1.1 SuperScript [l reverse Invitrogen Superscript [l[ reverse
transcriptase Trizol Invitrogen transcriptase cDNA 20 pl

TaKaRa pMD18-T Vector Kit TaKaRa One-Step RT-PCR
Kit 3" -Full RACE Core Set Ver.2.0 5'-Full RACE Kit

TaKaRa QIAprep
QIAGEN AxyPrep™ DNA

AxyPrep™ Plasmid Extraction Kit

Miniprep Kit
Gel Extraction Kit

Axygen GeneAmp™ 9700  PCR
ABI
1.1.2 Chlorella
protothecoides CS-41 CSIRO
Basal
’ 28°C 30 pmol/ m* s
180 r/min 5d LCYE
RNA 20 /L
90 pmol/ m* s 5h
1.2 RNA
15 mL
Invitrogen Trizol RNA
30 nL 0.1% DEPC -70C
oD
1 LCYE

2 puLL RNA 1 gL 10 mM dNTP Mix 1 pl OligodT
H,0 RNase free 13 pul. 65°C

4 pL. 5 x First-Strand
Buffer 1 L. 0.1 mM DTT 1 pL RNase Inhibitor 0.5 pL
H,O0 RNase free

primers

5 min 2 min

Superscript [l reverse transcriptase

20 pL 50°C 60 min
70°C 1 min 2 min -20%C
1.4

ClustalX GenBank

Chlamydomonas reinhardtic XM001696477 .1
Arabidopsis thaliana NM125085.3

Citrus

unshiu ~ AB238230.1 Gentiana  lutea
ABO017373.1 Daucus carota DQ192192.1
LCYE
EEEWSYIPVGG  WXGFLG A SXLSS
Primer 5.0  Oligo 6.0
3" -RACE
5’ -RACE 1
PCR

Table 1 PCR primers and amplicon size for C. protothecoides LCYE

Primers Primer sequence 5’ —>3’

Product size /bp

Core fragment

LF CARACWGCWTATGGTGTGGA 368
LR AGWSWWGAIGGAAGRAAWCC

LFS GAAGAGGAATGGTCHTAYATHCC

LRS CGGAAGAAWGTRYGRAARAA

5" -RACE

FI CGCGGATCCACAGCCTACTGATGATCAGTCGATG

FO GATGGCTACATGCTGACAGCCTA

LFO1 GCGAGTGATGCTGTACCCCGTAGCA

LFI1 CGCCCACAGGGATGTAGCTCCACTC 939
LFI3 CGATTCCGTATGCTGTTTGTGCC 987
3" -RACE

TI CGCGGATCCTCCACTAGTGATTTCACTATAGG 861
TO TACCGTCGTTCCACTAGTGATTT

LTI CTGACTTCTTCACCACCTTCTTCCG

LTO GGCGCCAGACCTCCTTCCAAGTGTT

Prokaryotic expression

CPL1 CCCggatccATGCTGCAGGGCGATGCGA  BamH 1 1467

CPL2 CCCgaattcCTCCACCTCCCATTGCCGC  EcoR |
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1.5 RACE
1.5.1 3’ -RACE RNA
3’ -RACE c¢DNA

TaKaRa 3’ -Full RACE Core Set Ver.2.0
3’ -RACE cDNA
LTO/TO 3’ -Full RACE Core Set Ver.2.0
PCR PCR
LT1/TI Nested Primer 3’ -Full
RACE Core Set Ver.2.0
PCR PCR 94°C 3 min
94°C 40 s 65C 30 s 72°C 1.5 min 32
72°C 10 min RACE
PCR 200 bp DNA Ladder
1.5.2 5’ -RACE RNA
5" -RACE cDNA
TaKaRa 5’ -Full RACE Kit
5’ -RACE cDNA LFO  FO
5’ -Full RACE Kit PCR
PCR LF1/FI Nested Primer
5" -Full RACE Kit PCR
PCR 94°C 3 min 94°C 40 sec
65°C 30 sec 72C 1.5min 32 72°C
10 min 5" -RACE
5

LF2/FI Nested Primer 5" -Full RACE Kit

PCR RACE
PCR 200 bp DNA
Ladder
1.6
Axygen AxyPrep™ DNA Gel Extraction Kit
T4 4C
pMDI9-T
LB Amp 100 pg/mL
M13 PCR
LB Amp 100 pg/
ml. 37°C QIAprep Miniprep Kit
DNA
ABI3730x1 96-
capillary DNA analyzer M13
1.7
GenBank  Blastn  Blastp

LCYE
ClustalX PredictProtein
http //www . predictprotein. org/  ScanProsite  http //
www. expasy. ch/tools/scanprosite/ Pfam  http //

pfam . sanger . ac . uk/search
Swiss-Model
http //swissmodel . expasy . org/ workspace/

MEGA4.1

1.8 LCYE
LCYE
CPL1 CPL2 1 BamH [
1 cDNA
D-LCYE D-LCYE
pMD19-T
BamH 1

EcoR

pMD-D-LCYE EcoR
1 pMD-D-LCYE pET28-a
+ T,DNA

BI21 DE3 LB Kan
50 pg/mL 37°C
BamH EcoR 1
pET-LCYE
Kan 50 pg/mL

ODyy 0.4 ~

BL21 DE3
LB 37°C
0.6 IPTG 1 mM
100°C
10 min SDS-PAGE
1.9 LCYE
pET-LCYE pAC-LYC "”
Elisabeth Gantt BL21
DE3 pAC-LYC
3 crtE [ ertl/ crtB
2 LCYE
LCYE
LCYE
LCYE
pET-LCYE BL21 DE3
50 pg/mL Kan 50 pg/mL Cm LB 37°C
0D, 0.4~0.6
1 mmol/L.  TPTG

pET-28a + BL21 DE3



1184

Ting Li et al. /Acta Microbiologica Sinica 2009 49 9

EcoRI

Cm
pl15A 0

PAC-LYC

Hindlll

Safll BamHI

9.48 kb Sac |
EcOR]
BamHI
Bgl 11 BamHI
'z pAC-LYC B
Fig.2 Structure of the plasmid pAC-LYC.
2
2.1 RNA
Trizol RNA
0D,/ 0D, 1.9
2.2 LCYE

C. reinhardtii XM001696477.1 A.
thaliana NM125085.3 €. unshiu AB238230.1 G.

lutea ABO17373.1  D. carota DQ192192.1
Lelyvocye Y14387.1 LCYE
2 LE/
LR LFS/LFR PCR 1 PCR
reverse transcriptase PCR RT-PCR 368 bp
2 GenBank Blastn
XM _ 0016964771
LCYE cDNA 76%
368 bp LCYE
2.3 LCYE PCR
3’ -RACE
5'-RACE 3’ -RACE TO/LTO
TI/LTI 861 bp
5" -RACE FI/FII  FO/FOI
939 bp 5" -RACE
FI/FI3  FO/FO1
987 bp 3

il 1

(1%}
I

'3 LCYE PCR

Fig.3  The electrophoresis of high fidelity PCR products of the LCYE
gene. 1.Core fragment 2.5’ RACE product with primers FI/FI1 + FO/
FOl 3.5’ RACE product with primers FI/FI3 + FO/FOl 4.3" RACE
product with primers TO/LTO + TI/LTI M. 200 bp DNA ladder.

2.4 LCYE cDNA
RACE
2107 bp  ¢cDNA GenBank  ORF Finder
ORF 140
1870
1731 bp G + C 62.62% A + T
37.38% 576 5.84
62.9986 kDa 140 bp
1870 bp 5’
1 ~140 bp 3’ 1871 ~ 2107 bp
TGTAA *°
PolyA 2043 ~ 2048 bp
2107 bp Blastn GenBank
cDNA 274 bp ~ 1551 bp
XM _001696477.1 LCYE
cDNA 599 ~ 1876 bp 67 %
LCYE cDNA
GenBank
FJ752528
2.5 LCYE
LCYE C.
reinhardiii. A . thaliana C. unshiu G. lutea D.
carota LCYE 60% 43% 44% 43%
44 % PredictProtein
LCYE cAMP-
cGMP- cAMP- and c¢cGMP-
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dependent protein kinase phosphorylation site  RRQT marinus ~ LCYE MEGA4 .1
RRAS Protein kinase C LCYE UPGMA 4 1000
phosphate site SSK SLR TLK SLR CK2 4 LCYE
Protein kinase CK2 site SKQD STAD SYLE 3
TEGE SLRE SSVE TLDE SWAE TSFE P . marinus LCYE
Tyrosine kinase phosphorylation site
KVHEEWSY N N-myristoylation LCYE
site. GAGPAG GLALAA GLEHTL GQTAGK GLYDGT LCYE
GLWGTE GITVTK GAAASL GGAMAG GAMAGD
ClustalX LCYE LCYE
21 Prochlorococcus
58 Vitis vinifera (XM 002281128)
Populus trichocarpa (XM 002309173)
Citrus unshiu (AB238230)
Dacus carota subsp (DQ192192)
Gertiana lutea (EF203256)
Coffea canephora (DQ357178)
Spinacia oleracea (AF463497)
Lycopersicaon Solanum esculentum (Y 14387)
52 1001 Sojanum tuberosum (AF321537) Plants
Adonis palaestina (AF321536)
240 —— Lactuca sativa (AF321538)
39 Tugetes erecta (AY099485)
100 E Chrysanthemum x morifolium (AB205046)
100 Arab odopsis thaliana (US0738)
%0 Oryza sativa (NM 001049945)
Physcomitrella patens patens 114731 (XM001753846)
Salicornia ewropaea (AY789516)
100 @ Chorella protothecoides (F1752528)
' Chlamydomonas reinhardtii (XM 001696477) Algas
99 [ Ostreococcus tauri (KOt14g00810)
1000 Otrencoceus hucimarinus (XM 001422453)
Prochlorococcus marinus MIT9303 (CP000554) Out group
I 0.I4 0.I3 O.IZ 0.}1 0.}0
i4 UPGMA LCYE

Fig.4 Phylogenetic tree of LCYE gene based on its nucleotide sequence using UPGMA method. Numbers in parentheses represent the sequences’ accession

number in GenBank. The number at each branch point is the percentage supported by bootstrap. Bar 10% sequence divergence.

2.6 carota DQ192192.1 V. winifera ghAAS48096.1 S.
LCYE oleracea AAL69394 Pfam HMMs
GenBank 21 ClustalX1.83
13 17 LCYE
A. thaliana NM125085.3 C. renhardtii 5 N

XM001696477 .1 C. unshiu AB238230.1 D. DX4GXGXAX4A
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Dinucleotides-biding site P- AS - ST -G- FY -X- ILV - AGSTV -X- FIL -X-
B -a -8 A-P-X-A Motif 1
N GAAAX3HPX2GY ”
NADP NAD ADP  FAD " Cyclase Predicted TM helix
motif 1 " FXYXSX6EXT Predicted TM helix 420 450
WXGFLXSXLSSX2LXFAX3F *
ScanProsite 22 LCYE LCYE
LCYE
E-X-E-X-P- LMV -GN -X- PST - ILP -P-X-
Q-X- AG -X-G- AG - AST -A- AG NS - LM -V-H-
W 100 ul 120 ul 140 * 1E0
C.unshiu H | H ?55
A.thatiaza © 136
C.reinhard : po1s5%
C.protothe : HE-E 1
240
C.unshiu H CZHOM 234
D.carcta H ECZHNT - 235
A.thalla H —LE oD 1 235
C.reinhard : &, IVEDERLIMITEEGRY : 239
C.pretothe : SDASSSATQQAS L2BGRIf : 174
C.unshiu H 1 296
D.carcta : : 257
A.thaliana : : EST
C.reinhard : : 31le
C.protothe : 254
C.unshiu H ———s 373
D.carcta H ———E 3 374
A.thallana : -—--SL{3 374
C.reinhard : G""\I‘GSS-a 389
C.protothe : GLUETEEI 13 334
e & DP3FLY MPG REeF EEZTCL 4
440 *
C.unshiu H HDHERCRALTHEQSHNEN : 453
D.carcta H S5OMHNGMINYGEYTEN. : 454
&A.tnaliana : T 443
C.reinhard : 470
C.protothe : @ 445
C.unshiu H : 529
D.carcola = : 530
&A.tnaliana : : S24
C.reinhard : : 546
C.pretothe : I : 485
FF TFF?LP W GFL 5 L3S GdG Eﬁ S éaP 64 16 hle3DF &
w SBQ " * &0q * G20 * €40
' 5 LCYE
Fig.5 Alignment of LCYE homologies from Chlorella protothecoides and other organisms.
1 Dinucleotide-binding signature 2 Cyclase Motif 1 3 Motif 1 4 Predicted TM helix.
Pfam LCYE 3cgvA RMS 1.60 A
48 ~ 459 Ramachandran o ¢
Lycopene cyclase protein 6 LCYE
pfam05834 N-
Swiss-Model 6 a C- B
LCYE 190
LCYE 46-379 LCYE
geranylgeranyl bacteriochlorophyll
reductase-like FixC homolog 3cgvA
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N-terminal /'

' 6 LCYE

Fig.6 The protein predicted 3D structure of the LCYE of C. protothecoides CS-41.

2.7 LCYE 1 2 3 E) 5 M

LCYE D-LCYE

pET-28a +
pET-LCYE D-LCYE
pET28-LCYE

pET-LCYE BL21 DE3
37°C 0D, 0.5 IPTG

1h 3h 6h
SDS-PAGE 7
53 kDa

LCYE 53 kDa
LCYE

2.8 LCYE

pET-LCYE pAC-LYC
Bi21 DE3 8 1 pET-28a 7 SDS-PAGE E. coli

+ 3 Fig.7 SDS-PAGE profile of recombinant proteins in E. coli. Lane 1
PET-LCYE PG 16 113 1 i Nt i Mo,
2 pET-LCYE
IPTG 0-
LCYE €

E ; s

Fig.8 The enzyme activity assay of the expression product of LCYE gene from C . protothecoides .

1 pAC-LYC + pET-28a +  +IPTG 2 pAC-LYC + pET-LCYE +IPTG 3 pAC-LYC + pET-LCYE -IPTG .
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1731 bp
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RT-PCR
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characterizetion of a carotenoid oxygenase gene from

Cloning and analysis of the gene encoding lycopene epsilon cyclase in Chlorella
protothecoides CS-41

Ting Li Chunlei Shi Zhibing Gan Xianming Shi”
Department of Food Science & Technology and Bor Luh Food Safety Center School of Agriculture and Biology Shanghai Jiaotong
University Shanghai 200240 China

Abstract Objective Lycopene epsilon cyclase LCYE is the key enzyme in the lutein synthesis pathway and catalyses linear
lycopene to form cyclic e-carotene a presucursor of lutein. We aimed to clone the full-length cDNA of LCYE gene from Chlorella
protothecoides CS-41 to predict the functional sites and the three-dimensional structure of LCYE through bioinformatics analysis
and to confirm its activities and functions. Method We used RACE rapid-amplification of cDNA ends essay and RT-PCR for
the cloning of the full-length ¢cDNA of LCYE from C. protothecoides CS-41. The online software such as PredictProtein Pfam
HMMs and Swiss-Model were used in bioinformatics analysis of the amino acid sequence of LCYE protein. We constructed the
expression vector for LCYE gene with pET-28a +  and transformed into Escherichia coli BL21 DE3 . Furthermore the E. coli
strain containing the pAC-LYC plasmid which could accumulate lycopene was used for the functional confirmation of LCYE from
C . protothecoides CS-41. Results A 2107 bp ¢cDNA GenBank Accession No.FJ752528 sequence was cloned with 1731 bp
open reading frame encoding a putative LCYE from C. protothecoides CS-41. Homology studies showed that the deduced amino
acid sequence of LCYE gene had a significant similarity with the corresponding sequences of other green algae and higher plants.
It shared the highest sequence identity up to 67% with the LCYE gene from Chlamydomonas reinhardtii . One typical lycopene
cyclase protein domain Pfam05834 was predicted between the 48™-459™ amino acid. In addition the sequence between 261™
-284™ was one typical conserved lycopene cyclase protein motif. The SDS-PAGE result showed that the LCYE gene was over-
expressed in Escherichia coli BL21 DE3 after the addition of IPTG. The prokaryotically expressed LCYE protein was able to
transfer the color of the E. coli strain containing the pAC-LYC plasmid from pink to yellow. Conclusion The full-length
¢DNA sequence of LCYE gene was successfully cloned with the size of 2107 bp. Several typical motifs were found and the three-
dimensional structure of LCYE was constructed from Bioinformatics analysis. The generated phylogenetic tree showed the closest
relationship between C. protothecoides CS-41 and C. reinhardtii among the listed organisms. Finally the expression product of
the LCYE gene cloned in the study was confirmed to hold the function and activity of lycopene epsilon cyclase.

Keywords Chlorella protothecoides CS-41 Lutein LCYE
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