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Chlorophyllide oxidoreductase (COR) is important for the formation of a
bacteriochlorin ring, and is a unique pigment biosynthesis enzyme which shows distinct substrate
recognition and hydrogen addition activities, depending on the host strains. We found factors
essential for making a model photosynthetic bacterium produce bacteriochlorophyll-b which absorbs
near-infrared light. The important factors are the loss of functions of both intrinsic COR and
8-vinyl reductase and the genetic incorporation of the BchYZ catalytic components into the host
strain. We are further analyzing substrate recognition of COR in detail and enzymatic activities of
other pigment biosynthesis enzymes.



BChl
BChl-a
BChl-b BChl-a
BChl-b
C8
COR
BChl-a BChl-b
COR in vitro
2
COR
BChl
1 BChl-a
Rhodobacter sphaeroides
BChl-b COR
BChl-b
BChl-b

COR

BChl-a

BChl-b

COR

in vitro
COR

BchX/BchY/Bchz
capsulatus BChl-a
Blastochlorisviridis BChl-b
BchX/BchY/Bchz

BChl-a  BChl-b
c8

COR
COR

BChl-a BChl-b
COR
BChl-b
invitro
Vvivo BChl-b

COR BchX/BchY/Bchz 3

invitro

BchY/BchZ
BchY/BchZ

BchX
BchY BchzZ

BChl-a/b



COR

COR BchF
BchC

COR
BChl-a
R. sphaeroides BChl-b

BChl-b

850 nm 900 nm

B. viridis BChl-b
1020 nm
B. viridis
BChl-b
COR
BChl

Book Chapter 4

8
. Tamiaki, H., Teramura, M., and Tsukatani, Y.

(2016) Reduction processes in biosynthesis of
chlorophyll molecules: chemical implication
of enzymatically regio- and stereoselective
hydrogenations in the late stages of their
biosynthetic pathway. Bull. Chem. Soc. Jpn.
89, 161-173.

(2016)
26, 192-203.

. Tsukatani, Y., Harada, J., Nomata, .,

Yamamoto, H., Fuyjita, Y., Mizoguchi, T., and
Tamiaki, H. (2015) Rhodobacter sphaeroides
mutants overexpressing chlorophyllide a
oxidoreductase of Blastochloris viridis
elucidate functions of enzymes in late
bacteriochlorophyll biosynthetic pathways.
Sci. Rep. 5, 9741.

. Tsukatani, Y., Hirose, Y., Harada, J., Misawa,

N., Mori, K., Inoue, K., and Tamiaki, H.
(2015) Complete genome sequence of the
bacteriochlorophyll b-producing
photosynthetic bacterium Blastochloris viridis.

Genome Announc. 3, pii: e01006-15.

. Mizoguchi, T., Harada, J., Tsukatani, Y., and

Tamiaki, H. (2015) The 17-propionate
esterifying variants of bacteriochlorophyll-a
and  bacteriopheophytin-a  in  purple
photosynthetic  bacteria. J. Photochem.
Photobiol. B 142, 244-249.

. Harada, J., Teramura, M., Mizoguchi, T.,

Tsukatani, Y., Yamamoto, K., and Tamiaki, H.
(2015)  Stereochemical  conversion  of
C3-vinyl group to 1-hydroxyethyl group in
bacteriochlorophyll ¢ by the hydratases BchF
and BchV: adaptation of green sulfur bacteria
to limited-light environments. Mol. Microbiol.
98, 1184-1198.
, (2015)

87, 234-238.

. Harada, J., Mizoguchi, T., Tsukatani, Y.,

Yokono, M., Tanaka, A., and Tamiaki, H.
(2014) Chlorophyllide a oxidoreductase

works as one of the divinyl reductases



specifically involved in bacteriochlorophyll a
biosynthesis. J. Biol. Chem. 289,
12716—12726.

37

18
2016 8  25-28

2016 5 27-28

2016 3 4-5

. Tsukatani, Y., Harada, J., Nomata, .,
Yamamoto, H., Mizoguchi, T., Fujita, Y., and
Tamiaki, H. Functional versatility and
application of a nitrogenase-like enzyme,
chlorophyllide —a  oxidoreductase, on
bacteriochlorophyll biosynthesis. 15th
International congress on phototrophic
prokaryotes (2015/8/2-6, Tubingen, Germany)
. Yamamoto, H., Mizoguchi, T., Tsukatani, Y.,
Tamiaki, T., Kurisu, G, and Fujita, Y.
Biochemical analysis of two kinds of catalytic
activities of chlorophyllide a oxidoreductase
from  Rhodobacter  capsulatus. 15th
International congress on phototrophic

prokaryotes (2015/8/2-6, Tubingen, Germany)

56
2015 3 16 ~18

2015 3 5

8. Tsukatani, Y. Noji, T., Mizoguchi, T,
Harada, J., Tamiaki, H., Itoh, S., and Masuda,
S. Evolution on photosynthesis toward using
different light source. The 2nd CRL
International Forum (Tokyo Tech - HHU
Diisseldorf Joint Symposium on
Photosynthesis as a New Chemical Resource)
(2015/3/4-5, Tokyo, Japan)

9. “Artificial creation of
oxygenic photosynthesis: Elucidation of
genetic backgrounds for chlorophyll a
biosynthesis” 7.0

2014 11 13-14

10.

2014 2014
17

11. Tsukatani, Y., Yamamoto, H., Harada, J.,
Nomata, J., Mizoguchi, T., Fujita, Y., and
Tamiaki, H. Chlorophyllide a oxidoreductase
catalyzes the formation of an ethylidene
group of bacteriochlorophyll b. 8th
International Conference on Porphyrins and
Phthalocyanines (2014/06/22-28, Istanbul,

Turkey)

2
1. Tsukatani, Y., and Tamiaki, H. (2017)

In-vitro and  in-vivo  synthesis  of
bacteriochlorophylls absorbing near-infrared
light. In: Bioinspired Chemistry (T.S. Balaban
ed.), World Scientific Publishing, Singapore,

in press.

2. , (2016) L In:

/
pp- 22—30. NTS



()

@)
(€)
4)

PCT-JP2015- 54552
2015/02/19

WO02015/125849
2015/8/27

Tsukatani, Yusuke

10421843

HARADA, Jiro
FUJITA, Yuichi

YAMAMOTO, Haruki
JSPS



