©
2016 2019

Polyamines accelerate photosynthetic assimilation and contribute to adaptation
for drought stress

Sakata, Tsuyoshi
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Plants contain biogenic polyamines in high concentrations. In order to
verify the possibility that polyamines contribute to photosynthesis by accelerating the capture and
concentration of atmospheric C02, we analyzed the involvement of polyamines in photosynthesis and
examined whether polyamines contributed to photosynthesis under drought stress.

The photosynthetic enzyme fixes CO2 in leaves showed a high rate of CO2 fixation by the polyamines
solution that trapped atmospheric CO2. We also showed that the leaves feeded the polyamines increase
their photosynthetic capacity and C02 diffusion conductance within the leaves. As a result of
evaluating the diurnal response of photosynthesis of the woody plants growing a dry-ridge site on
the Bonin islands, there were a remarkable inter-species variation in diurnal changes of the C02
diffusion conductance within leaves, suggesting that their biogenic polyamines cause the variation
in photosynthetic characteristics among these species.

€02



CO2
Evans et al. 1986

Sakata and Yokoi 2002, Sakata et al. 2015

CO2 CO2
Flexas et al. 2007 CO2
Terashima et al. 2011
CO2
CaCos3 Yasumoto et al.
2014 NMR CcOo2
CO2
Yasumoto et al. 2014
CcO2
PAT Fujita et al.
2012 CO2 PAT
CO2
CO2 C
CO2
CO2 C CO2
CO2
Sakata and Yokoi 2002 CO2 Sakata and
Yokoi 2002 NADH
2mM
100% CO2 0 05 1 5 CO2

RuBP
3-PGA



Li6400

CcOo2 400 p molmol-1 25

CcOo2 CcOo2 CcO2
A-Ci CcOo2 gm
Li6400XT 1 Evans and von
Caemmerer 1996 gm

Cco2
2018 7 8 3
15 PSIlI
CO2 C

2 mM
Negative control
2 mM NaHCO3
Yasumoto et al. 2018
CO2 DW
3 Put 2mM
10 mM NaHCO3
Yasumoto et al. 2018 2018
Cad-CO: [ A [ nonactivated
Put-CO2 ﬂ A Hl  activated
2mM | Spd-CO: [— . A g
SPM-CO: — A E
P2-CO it A
2 MM NaH GO oy~ A §
10 MM NaHCOs ——— q °
Negative control —1— b

0 5 10 15 20 25 30

Rubisco activity [nmol CO, min~' (102 units) "]

2 mM CO2 10,05,1,5
nonactivated RuBP
activated 3-PGA

5% Fisher’s 5%

PLSD n==6 Tukey’s n=3



6{0)
COo2
CO2 CO2
gm
1 mM
gm pH6
pH 8 gm
pH 6 gm
pH 8 HCO3- / CO2
pH 6 100 HCO3-
COo2
CO2
pH HCO3-
Cco2
gm
CO2
gm
agm
gs CO2
80% FUnnwRy gm
o a0% { (Hibiscus g!ﬂbe;) 4714
0%
80% LviXIEF
(Ligustrum nicranthum)
a0% ¥0.178
30“/: P42 AV |
i (Rhaphioiepis wrightiana)
¥0.170
o K
80% NGFII X N
m-i 40% (Doadonaea viscosa) g rL”
N . w E
80% _/?‘f R{ * ‘R g
o | emprn £3
e 0 0.040.080.120.16 0.2 0.240.28 0.32
fAar#o 2 A (pmolm-3sT)
V EHEEABARIL IV EVAD
FEiHfE (n=9) FxT,
2018 7 31 ,8 2 ,8 3
2018 7
l
gs

o) o
=N o
:g E 0.10 F
T2 o
&5 008 f . °
s .
32 o006 } oo
£ 5 °
8 Qo
(=]
o
-§§ 0.04 N
€2 e
g g o002} 2
23
a e 0.00 1 : f : X
0.00 002 004 006 008 010 0.12
Photosynthetc carboxylation efficeiency
in control leaves (mol m? 5‘1)
0.1 mM
Y
0.35
(a) ns
° 0.30 *
Q
c
S 025
o w
3 o
2 020
8¢
5 O
S E 0710
)
= 0.05
0.00
CcOo2
1 mM
pH6 pHS8
CO2 gm
5
gm
gs
gs
gm
@970
p<0.01 p<0.01
0.5
-~ o a0
Gadtee R P L
0.25 05 0 025 05
@) [ORES
o p<0.01 5
Y 0 -igi:'":'_,—,
0
0 0.25 o5 O 0.25 0.5
KEBE g, (mol m2sT)
gs
gm
31 ,8 2 ,8 3
gm p



Evans, J. R., Sharkey, T. D., Berry, J. A. & Farquhar, G. D. (1986) Carbon isotope
discrimination measured concurrently with gas exchange to investigate CO2 diffusion in
leaves of higher plants. Functional Plant Biology, 13, 281-292.

Evans, J. R. & Von Caemmerer, S. (1996) Carbon dioxide diffusion inside leaves. Plant
Physiology, 110, 339-346.

Flexas, J., DIAZ- ESPEJO, A., Galmés, J., Kaldenhoff, R., Medrano, H. & RIBAS-
CARBO, M. (2007) Rapid variations of mesophyll conductance in response to changes in
CO2 concentration around leaves. Plant, Cell & Environment, 30, 1284-1298.

Fujita, M., Fujita, Y., luchi, S., Yamada, K., Kobayashi, Y., Urano, K., ... & Shinozaki, K.
(2012). Natural variation in a polyamine transporter determines paraquat tolerance in
Arabidopsis. Proceedings of the National Academy of Sciences, 109(16), 6343-6347.

Sakata, T., and Y. Yokoi. (2002) Analysis of the O2 dependency in leaf- level photosynthesis
of two Reynoutria fjaponica populations growing at different altitudes. Plant, Cell &
Environment 25.1: 65-74.

Sakata, T., Nakano, T., & Kachi, N. (2015) Effects of internal conductance and Rubisco on
the optimum temperature for leaf photosynthesis in Fallopia japonica growing at different
altitudes. Ecological research 30.1: 163-171.

Terashima, 1., Hanba, Y. T, Tholen, D. & Niinemets, U. (2011)Leaf functional anatomy in
relation to photosynthesis. Plant Physiology, 155, 108-116.

Yasumoto, K., Sakata, T., Yasumoto, J., Yasumoto-Hirose, M., Sato, S. I., Mori-Yasumoto,
K., ... & Watabe, S. (2018) Atmospheric CO2 captured by biogenic polyamines is transferred
as a possible substrate to Rubisco for the carboxylation reaction. Scientific reports, 8(1),
1-10.

Yasumoto, K., Yasumoto-Hirose, M., Yasumoto, J., Murata, R., Sato, S. I., Baba, M., ... &
Watabe, S. (2014). Biogenic polyamines capture CO 2 and accelerate extracellular bacterial
CaCoO 3 formation. Marine biotechnology, 16(4), 465-474.



5 5 0 3

Yasumoto Ko Sakata Tsuyoshi Yasumoto Jun Yasumoto-Hirose Mina Sato Shun-ichi Mori-Yasumoto 8
Kanami Jimbo Mitsuru Kusumi Takenori Watabe Shugo
Atmospheric CO2 captured by biogenic polyamines is transferred as a possible substrate to 2018

Rubisco for the carboxylation reaction

Scientific Reports

17724 17733

DOl
10.1038/s41598-018-35641-8

Kono Yuri Ishida Atsushi Saiki Shin-Taro Yoshimura Kenichi Dannoura Masako Yazaki 2
Kenichi Kimura Fuku Yoshimura Jin Aikawa Shin-ichi
Initial hydraulic failure followed by late-stage carbon starvation leads to drought-induced 2019
death in the tree Trema orientalis
Communications Biology 8 16
DOl
10.1038/s42003-018-0256-7
5
€02 2018
14 20
DOl
Tomimatsu Hajime Sakata Tsuyoshi Fukayama Hiroshi Tang Yanhong 39
Short-term effects of high CO2 accelerate photosynthetic induction in Populus koreana x 2018
trichocarpa with always-open stomata regardless of phenotypic changes in high CO2 growth
conditions
Tree Physiology 474 483

DOl
10.1093/treephys/tpy078




Saiki Shin-Taro Ishida Atsushi Yoshimura Kenichi Yazaki Kenichi 7
Physiological mechanisms of drought-induced tree die-off in relation to carbon, hydraulic and 2017
respiratory stress in a drought-tolerant woody plant

Scientific Reports 2995

DOl
10.1038/s41598-017-03162-5

18 0 0
co2
66
2019
66
2019
65

2018




65

2018

2018
9

2018

NMR Co2 C02 Rubisco
9

2018




co2

2018

2017

18

2016

co2

64

2017




Samreong PANUTHAI

Taksin ARTCHAWAKOM

64

2017

64

2017

64

2017

64

2017




Gilang Citra

64

2017

Phellinus noxius

128

2017

128

2017

HG Jones 10

2017

486




http://www.clas._kitasato-u.ac.jp/bio/
HP
http://www.clas._kitasato-u.ac.jp/bio/

HP

(Yasumoto Ko)

(00448200) (32607)
(Ishida Atsushi)
(60343787) (14301)




