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In this study, we tried to elucidate how to design artificial polycistronic
operon, especially in terms of gene order in the operon. We used carotenoid and anthocyanin biosynthetic
pathway which don"t exist in Escherichia coli.

As a result, we succeeded in construction of artificial carotenoid operon plasmid that is fully
responsible for carotenoid production starting from glucose. We also succeeded in construction of
artificial anthocyanin operon that is designed using information of optimal ration of responsible 4
enzymes by in vitro experiment. Through these case studies, we propose possible rule for construction of
artificial operon.



0GAB

10

0GAB

50

0GAB

DNA

DNA

(in vivo)

IPP

MRNA

0GAB
MRNA

DNA

MRNA

IPP

Pr



OGAB
9
LDOX, 3-GT
in vitro
0
mRNA

mRNA

mRNA

0
F3H, DFR,

mRNA

mRNA
0GAB
mRNA
axr
axr
mRNA
axs

MRNA

mRNA



IPP

CoA

CoA IPP

2mg/dcw-g

AIRBRA RO +BRAT A0 BER+ELEBTEROS S—H+
AIHOT/AEFROVTSRIF (228RIEF)

KEE -y

invitro

F3H DFR LDOX 3-GT

100
80%
in vitro
0
F3H DFR
LDOX 3-GT
3-GT
3-GT
F3H DFR LDOX
NJTRDPY TUITZY PIRIPZ

I . ~%%  NADPH NADP

Sy~ oY >>% >

| J
I

RELEDA
T ) WETE) - | J7sL7 \,,
a—)L Tl \
ARpy = s

FURLT=ARAY KNIZB(C K Din vivo

P LIP_UERICET

invitro

0GAB

Tsuge, K., Matsui, K., and ltaya, M.
One step assembly of multiple DNA
fragments with a designed order and
orientation in Bacillus subtilis
plasmid. Nucleic Acids Res. 31, el33
(2003)

Nishizaki, T., Tsuge, K., ltaya, M.,
Doi, N., and Yanagawa, H. Metabolic
engineering of carotenoid



biosynthesis in Escherichia coli by
ordered gene assembly in Bacillus
subtilis. Appl. Environ. Microbiol.
73, 1355-1361 (2007)

Miyahisa, 1., Kaneko, M., Funa, N._,
Kawasaki, H., Kojima, H., Ohnishi, Y.,
and Horinouchi, S. Efficient
production of (2 S )-flavanones by
Escherichia coli containing an
artificial biosynthetic gene cluster

Appl. Microb. Biotech., 68, 498-504
(2005)

0GAB
50 DNA

73,
471-475 (2015)
http://www. jba.or.jp/pc/archive/201
5/vol73 _no6_1.html

0GAB DNA
93, 527-529
(2015)

Tsuge, K., Sato, Y., Kobayashi, Y.,
Gondo, M., Hasebe, M., Togashi, T.,
Tomita, M., Itaya, M. Method of
preparing an equimolar DNA mixture for
one-step DNA assembly of over 50
fragments. Scientific Reports, 5,
10655 (2015) doi:
10.1038/srepl0655

Chen, S-K., Chin, W-C., Tsuge, K.,
Huang, C.C., Li, S-Y. Fermentation
approach for enhancing 1-butanol
production using engineered
butanologenic  Escherichia  colli.
Bioresource Technology, 145, 204-209
(2013) doi:
10.1016/j .biortech.2013.01.115

DNA

91, 319-321 2013

Hiroe, A., Tsuge, K., Nomura, C. T.,
Itaya, M., Tsuge, T. Rearrangement of
gene order in the phaCAB operon leads
to effective production of
ultra-high-molecular-weight

poly[(R)-3-hydroxybutyrate] in
genetically engineered Escherichia

coli. Applied and Environmental
Microbiology, 78, 3177-3184 (2012)
doi: 10.1128/AEM.07715-11

90, 280-283 (2012)

" JBA

— 2015 3

" 0GAB

2014 11 26

" Designing of metabolic
pathway by operon strategy” For
Innovative Biorefinery in Beijing
2013 2013 10 21

" Construction of metabolic
pathways that are comprised of
multi-genes by operon strategy” CBI

2013 10 30

85 2012 12
16

2012 11 16

Construction of metabolic
pathway by artificial operon” The 5th
International Conference on
Industrial Bioprocesses (IFIB-2012)
2012 10 9

" Investigation of design
rule for artificial operon toward
whole genome design” 15th
International Biotechnology
Symposium and Exhibition (1BS2012)
2012 9 17



2012 9 20 TSUGE, Kenji

"Genome construction
technology and genome design" 14th
A-IMBN  Annual  Conference: Life @)

Science and Frontiers of Biorefinery ITAYA, Mitsuhiro
Technology 2012 3 1

Chapter 4
Efficient and accurate production of
de novo designed large-size gene
clusters by a novel Bacillus
subtilis-based system. In Microbial
Production, Anazawa, H., and Shimizu,
S. eds. Springer 306
(pp-35-52)(2014)

®
YOSHIZUMI, Takeshi

Chapter 9 Genome
integrity, instability and
construction In Escherichia coli and
Bacillus subtilis; the frontiers of
molecular microbiology revisited,
Sadaie, Y., and Matsumoto, K. eds.
Research Signpost 362
(pp-297-318)(2012)

(pp1-9
227 (pp-1-9) (2012)
14
169
(pp-146-147)(2012)
o) 1
DNA DNA
PCT/JP2014/073579

http://ww.syn-biol .com/research/group0
3.html

€Y



