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Creation of new light-dependent enzymes using cyanobacteria with high
transformation efficiency
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Light-dependent protochlorophyllide reductase (LPOR), which requires light
for catalysis, operates in chlorophyll biosynthesis. LPOR belongs to the short chain dehydrogenase

SDR) family and has an intrinsic loop structure that provides the structural basis for the
ight-driven catalytic function in addition to the common structure of the SDR family. In this
stud%, we tried to_re-create a new LPOR from a library constructed using synthetic semi-random DNA
in the cyanobacterial mutant, in which shows a lethal phenotype under high light conditions in
Synechocystis sp. PCC 6803. However, at the moment, a mutant carrying such a new LPOR has not yet
isolated. We consider two main technical hurdles that should be solved in future; 1) semi-random DNA
fragments have length variation (x 2 bases) in current synthetic technology. 2) the parental strain

contains a cell population bearing high-light tolerant revertants, which may be generated by high
mutation rate in the recJ mutant.



DNA DNA
(LPOR)
LPOR
NADPH
Pchlide
C17=C18

07« a

JEkTERY

ZaokozaoR74uR
HTEE (LPOR)
#
\E
2
| ~\
Ele) NADPH
COOCH,
COOH COOH
ZOorZO074UK oO074UK a
(I 71 UVIR) (S4= D% =)

B, TR 7ONMOO7 1) FETER (LPOR) IE. ARIL7 1
UVROHRBIEED—IC17=C18_EL &% KIKTFMITET
T B, PohlideZR#E L, FHICL INADPHM S £ RY REH
EFOVVEENSOTOMEBNFRIN. RGN THT 5.
JAA71Y RaldZ OA71)LaBEEDREEEE 25,

LPOR

SDR

LPOR

LPOR

(2,3]

1. Sytina OA, Heyes DJ, Hunter CN,
Alexander MT, et al. (2008) Nature 456,
1001-1004.

2. Yamazaki S, Nomata J, Fujita Y (2006)
Plant Physiol. 142, 911-922.

3. Kavanagh KL, Jormvall H, Persson B,
Oppermann U (2008) Cell. Mol. Life <i.
65, 3895-3906.

DNA
LPOR
LPOR
LPOR /
SDR LPOR
N C SDR
90
Light
Light
LPOR
LPOR
LPOR LPOR



DNA 3

NNY Y T C
NBB B A
VNN V T
NNYNBBVNN 9 3
5’ NNY 75
DNA
Synechocystis sp.
PCC 6803 LPOR
recl
(1]
AporArecJ
Apor
LPOR
Leptolyngbya boryana
LPOR
L. boryana LPOR Aloop
AporArec]
OD7 1.0
1
3
DNA
AporArecJ
12
Apor
AporArec]

87.5%
57%

DNA
+£2

50%

5
BEHRNLS)HD . 1~3

rsbU
Synechocystis sp. PCC 6803
(2]
AporArecJ
rsbu
rec]
LPOR
+2
Arec]
rsbu

1. Kufryk GI, Sachet M, Schmetterer G,
Vermaas WFJ (2002) FEMS Microbiol.



Lett. 206, 215-219.
2. Tuominen I, Pollari M, Tyystjarvi E, Tyystjarvi
(2006) FEBSLett. 580, 319-323.

8
1. Tomatsu, C., Uesaka, K., Yamakawa, H.,
Tsuchiya, T., Thara, K., and Fujita, Y. (2018)

In-vivo  transposon  tagging in  the
nonheterocystous nitrogen-fixing
cyanobacterium Leptolyngbya boryana. FEBS
Lett., 592, 1634-1642,

https://doi.org/10.1002/1873-3468.13079

2. Tsujimoto, R., Kotani, H., Yokomizo, K.,
Yamakawa, H., Nonaka, A. and Fujita, Y.
(2018) Functional expression of an oxygen
labile  nitrogenase in an  oxygenic
photosynthetic organism. Sci. Rep. 8, 7380,
DOI:10.1038/s41598-018-25396-7

3. Terauchi, K., Sobue, R., Furutani, Y., Aoki, R.,
Fujita, Y. (2017)
cyanobacterial mutants exhibiting growth
defects
transposon mutagenesis of Synechocystis sp.
PCC 6803. J. Gen. Appl. Microbiol., 63,
131-138, DOI: 10.2323/jgam.2016.08.004.

and Isolation of

under microoxic conditions by

4. Nomata, J., Terauchi, K. and Fujita, Y.
(2016) Stoichiometry of ATP hydrolysis
and
dark-operative
oxidoreductase from
capsulatus.  Biochem.
Commun., 470,
DOI:10.1016/j.bbrc.2016.01.070.

formation of
protochlorophyllide
Rhodobacter
Biophys. Res.
704-709,

chlorophyllide

5. Tsujimoto, R., Kotani, H., Nonaka, A.,
Miyahara, Y., Hiraide, Y. and Fujita, Y.
(2015) Transformation of the
cyanobacterium Leptolyngbya boryana by
electroporation. Bio-protocol, 5, 24, e1690.

6. Yamanashi, K., Minamizaki, K. and Fujita,
Y. (2015) Identification of the chlE gene
encoding
Mg-protoporphyrin X monomethyl ester
cyclase in cyanobacteria. Biochem. Biophys.

oxygen-independent

¢y

@

*

Res. Commun. 463, 1328-1333; DOI:
10.1016/j.bbrc.2015.06.124

Fujita, Y., Tsujimoto, R. and Aoki, R.
(2015) Evolutionary aspects and regulation
of tetrapyrrole biosynthesis in
cyanobacteria under aerobic and anaerobic
environments.  Life, 5,  1172-1203;
DOI:10.3390/1ife5021172

Hiraide, Y., Oshima, K., Fujisawa, T,
Uesaka, K., Hirose, Y., Tsujimoto, R.,
Yamamoto, H., Okamoto, S., Nakamura, Y.,
Terauchi, K., Omata, T., Ihara, K., Hattori,
M. and Fujita, Y. (2015) Loss of
cytochrome €y stimulates cyanobacterial
heterotrophic growth in the dark. Plant Cell
Physiol., 56, 334-345,
DOI:10.1093/pep/pcul65.

. Hiraide, Y., Uesaka, K., Thara, K. and Fujita,

Y., Loss of the cytM encoding cytochrome
Cum stimulates dark heterotrophic growth of
cyanobacteria. International Symposium on
Photosynthetic Prokaryotes 2015, August
2-6, 2015, Tiibingen, Germany (Selected as

an oral presentation from posters)

Cm
56
2015
3 16 H~18

2015 3 6

FUJITA, Yuichi

80222264

FUJITA, Yuichi

80222264

TSUJIMOTO, Ryoma
YAMAKAWA, Hisanori



HIRAIDE, Yuto
HASHIMOTO, Kazuki



