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Elucidation of biosynthetic pathway from carlactone to strigolactones
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Plausible biosynthetic precursors of strigolactones (SLs) were applied to

SL-producing plants and conversion of the precursors to SLs was analyzed. The conversion of
carlactone (CL) to carlactonoic acid (CLA) was a common reaction among the plants. Sorghum converted

CL and CLA to 5-deoxystrigol (5-DS) and sorgomol, and 5-DS to sorgomol. Moonseed converted CL and
CLA to strigol but not to 5-DS. The plant did not convert 5-DS to strigol, suggesting that 5-DS is
not a precursor of strigol in moonseed. Coincidently, moonseed converted exogenously applied CL to
an unknown metabolite. Molecular mass of the metabolite was larger than that of CL by 16 and its
major fragment ion smaller than that of CL by 2, suggesting that it is most probably a hydroxylated
product of CL. Similarly, 4-deoxyorobanchol is not a precursor of orobanchol in cowpea. These
results demonstrate that biosynthetic pathway of hydroxyl SLs does not necessarily pass through
their respective deoxy SL as a precursor.



strigolactone, SL

Striga spp.

Orobanche spp.

SL 10

(5DS

5-deoxystrigol

4-deoxyorobanchol 4-DO

6 A
C

D

Strigol  orobanchol sorgomol

5-DS/4-DO A

SL

SL

D27
CCD7

CCD8

SL
B

P-450 MAX1/CYP711

D27  B-carotene

9-cis-B-carotene

SL D

carlactone CL

CL

5-DS
strigol

5-DS

CL C-18
B
5-DS/4-DO

A B

CCD7

9

CCD8

CL

SL D 2
C-11
[6'-°H] 5-DS
SL
5-DS

sorgomol

LC-MS/MS
SL

5-DS/4-DO

SL

CL 5-DS/4-DO strigol
sorgomol orobanchol

(1)-(4)

(1) CL  B-carotene SL
D C-2 C-11
CL
CL

) SL
CL 5-DS/4-DO CL
SL SL
5-DS/4-DO

MAXI1/CYP711
CL

3) SL

4) CL 5-DS/4-DO

strigol  sorgomol orobanchol

CCD7 CCD8 CL
SL carlactonoic
acid CLA methyl carlactonoate
MeCLA

SL CL CLA
5-DS/4-DO
SL  LC-MS/MS

phytoene
fluridone FL
SL

desaturase

SL SL

SL

&)
Alder et al., 2012
CCD7
CCDS8
9-cis-B-carotene CL
9-cis-B-carotene
Dunaliella salina

HPLC CD



218 nm
D C-2 C-11
R
MeCLA
Abe et al., 2014
HPLC CL

4-DO
Nomura et al., 2013

(2) SL

FL
SL LC-MS/MS

CL CLA
SL

D C-2’
CL C-11

(3) Sorgomol
Sorgomol
Sudax

Ashton 1/4 Hoagland

2 3

FL
0.18 uM
1.5 uM  5-DS 0.012 puM
SL
LC-MS/MS
FL SL

5-DS  sorgomol

CLA
sorgomol
sorgomol

CL CLA 5-DS

sorgomol
CLA
CL CLA
5-DS
CLA
CL CLA

vitro CL CLA

FL SL
CL
sorgomol CLA
5-DS sorgomol
sorgomol

5-DS sorgomol

apocarotenoid

CLA 5-DS

(4) Strigol
Strigol
A3)

BS5 50 FL
B5 24
FL
24
SL LC-MS/MS

FL SL CL
CLA 5-DS strigol
CLA 5-DS
strigol 5-DS
strigol
CL CLA 5-DS strigol

5-DS
FL
CL CLA strigol
5-DS CLA
strigol 5-DS
5-DS

strigol 5-DS

FL

strigol
[6'-*H]5-DS
strigol FL

5-DS  strigol
CL CLA 5-DS strigol

CLA
CLA strigol
5-DS

strigol
CL
CL
16

strigol
strigol
A 4

(5) Orobanchol

1/4Hoagland 2
3 1 uM FL
1 uM FL
CL CLA 4-DO
FL SL CL
CLA orobanchol
CLA orobanchol
4-DO
4-DO
orobanchol



CL CLA 4-DO
orobanchol
4-DO orobanchol
4-DO
orobanchol
Orobanchol
strigol CL

CLA

(6) Heliolactone
1/4Hoagrand
2 SL
3 3 FL
FL
CL CLA MeCLA
FL strigol orobanchol
canonical SL heliolactone
CL CLA MeCLA
heliolactone CL
CLA CLA
MeCLA
heliolactone 3
FL
heliolactone
CL CLA heliolactone
CL CLA

CL CLA
MeCLA heliolactone
CL
Ueno et al., 2014
heliolactone

C-11 R

P450
CLA MeCLA

uniconazole-P
heliolactone
P450
heliolactone
CLA
heliolactone

P450
MeCLA  P450
heliolactone
Heliolactone A
lutein zeaxanthin
MeCLA
heliolactone

(7) Sorgomol Synthase
Sorgomol
4 5-DS

Sudax
sorgomol

P450 uniconazole-P

P450

Sorgomol Sudax
+P
-P
SL
LC-MS/MS
-P +P 5-DS
sorgomol
-P +P SL
Total RNA cDNA
PCR
5-DS sorgomol
Abu70
Sudax cDNA
SL D27 CCD7 CCDS8
CYP711 +P -P
2
EST
Abu70
cDNA
Sudax
+P -P
$H-OR 5-DS
sorgomol
$H-SOR
-P
Sudax  c¢cDNA PCR
TA
$H-OR
pCWori+
P450-pCWori+
Triton X-100
SDS-PAGE
50 kDa
CcO
P450 450
nm
P450
450 nm

Sb-SOR



LC-MS/MS
sorgomol
Sb-SOR
5-DS 9 sorgomol
$H-OR
5-DS sorgomol
SL
CL CLA SL
CLA
canonical non-canonical
SL
4-DO orobanchol
4-DO orobanchol
strigol ~ sorgomol  5-DS
5-DS strigol
CL
C-4 BC
SL
SL
BC
Zhang et al. (2014)
CYP711
BC
SL
16 17 13
7 s
S 10
2 8 0, 0.1z R g
T o is 11 0
CL 12—" 13

4-DO

0. _OH

w0

hyd roxyl CLA?)

Motonami, N., Ueno, K., Nakashima
Nomura, S., Mizutani, M., Takikawa, H.,
Sugimoto, Y.: Bioconversion of 5-deoxystrigol
to sorgomol by the sorghum, Sorghum bicolor
(L.) Moench, Phytochemistry, 93, 41-48, 2013

Ueno, K., Furumoto, T., Umeda, S., Mizutani, M.
Takikawa, H., Batchvarova, R., Sugimoto, Y.:
Heliolactone, a non-sesquiterpene lactone
germination stimulant for root parasitic weeds
from sunflower, Phytochemistry, 108, 122-128,
2014

Ueno, K., Ishiwa, S., Nakashima, H., Mizutani,
M., Takikawa, H., Sugimoto, Y.: Regioselective
and stereospecific hydroxylation of GR24 by
Sorghum bicolor and evaluation of germination
inducing activities of hydroxylated GR24
stereoisomers toward seeds of Sriga species,

Bioorganic and Medicinal Chemistry 23,
6100-6110, 2015
Ueno, K., Sugimoto, Y., Zwanenburg, B.: The

genuine structure of alectrol: End of a long

controversy, Phytochemistry Reviews, 14:
835-847, 2015

18

Ueno K., Motonami N., Nakashima H., Nomura
S., Mizutani M., Takikawa H., Sugimoto Y.:
The bioconversion of 5-deoxystrigol to
monohydroxylated strigolactones by plants,
12" World Congress of Parasitic Plants (2013)

Sugimoto Y., Nomura S., Nakashima H.,
Mizutani M., Takikawa H.: Structural
requirements of strigolactones for germination
induction and inhibition of Sriga gesnerioides
seeds, 12™ World Congress of Parasitic Plants
(2013)

=

orobanchol

3 ;

Cowpea
Redclover
0.0
Moonseed 5

. O _0
H
strigol q

4

Arabidopsis™ q
5-DS O
Sorghum
0. _OMe
Sunflower Oy OMe O O 0
N Cosmos SN sorgomol q
—_
OJ._LOTO o O,.((i?o
MeCLA heliolactone *Zhang et al. 2014, *Abe et al., 2014

>



48
2013

48 2013

5-deoxystrigol sorgomol

2014
Ueno, K., Nakashima, H., Mizutani, M.,
Takikawa, H., Sugimoto, Y.: Oxidative
metabolism of 5-deoxystrigol in plants. 1%

International Congress on Strigolactones (2015)

5-deoxystrigol
50 2015

Sorgomol
50
2015

50
2015

orobanchol
RNA-seq
50 2015
Sugimoto, Y., Takikawa, H.: Strigolactones as
germination stimulants for root parasitic
weeds (invited). International Chemical
Congress of Pacific Basin Societies 2015
(2015)

sorgomol
synthase
2016
Mizutani, M., Ishiwa, S., Suzuki, H., Takikawa,
H., Sugimoto, Y.: Identification of sorgomol
synthase, an enzyme catalyzing conversion of
5-deoxystrigol to sorgomol in sorghum, 22"
International Conference on Plant Growth
Substances (2016)

2016
CYP711A
2016
CYP711A
2016

Iseki, M., Mizutani, M., Takikawa, H., Sugimoto,

Y.: Diffenential pathways for conversion of
carlactone to strigolactones. 2™ International
Congress on Strigolactones (2017)

Mori, A., Shida, K., Iseki, M., Mizutani, M.,
Sugimoto, Y.: Functional characterization of
CYP711A family in sorghum and cowpea. 2™
International Congress on Strigolactones (2017)

http://www.edu.kobe-u.ac.jp/ans-phytochem/lab
2013/toplab.html

(0
SUGIMOTO, Yukihiro
@
NAKASHIMA, Hitomi
(€)

MIZUTANI, Masaharu



