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Received: December 17, 2016; Accepted: January 24, 2017
Supported by: National Key Research and Development Program of China (No. 2016YFC1200600), National Basic Research Program
of China (973 Program) (No. 2015CB150100), National Natural Science Foundation of China (No. 31570239).
Corresponding author: Wanqiang Qian. Tel: +86-755-23250153; Fax: +86-755-23251430; E-mail: qianwanqiang@caas.cn
(No. 2016YFC1200600) 973 ) (No. 2015CB150100) (No.

31570239)



Kiz# FABARENZEREBERSNSFRAMENHATHE 487

and more serious in our country. Food security is an important guarantee for sustainable development of our national
economy. Photosynthesis is the basis for crop yield. Improving crop photosynthetic efficiency is one of the important
approaches to increase crop yield. In this review, we summarized the recent advances in engineering photosynthetic
performance by synthetic biology from three key aspects including absorption, transduction and conversion of light energy,
light utilization efficiency and carbon assimilation. We also addressed the prospects of its application in increasing
photosynthetic efficiency through synthetic biology principles, which may provide important theoretical support and key

biotechnology to increase grain production.

Keywords: photosynthesis, synthetic biology, light utilization efficiency

ATP  NAD(P)H 2)
1961 2012 40 3)
2050 23 93 RuBisCO CO,
3
3
[1]
1%
[2-4]
ATP  NAD(P)H 3
ATP  NAD(P)H CO,

s | ARAREHEHEAAEA AR
T P

@ 010-64807509 P{ cjb@im.ac.cn



488

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech March 25,

2017 Vol.33 No.3

90% -

Ort

)

(8-9]

[10]

II |

http://journals.im.ac.cn/cjben

100%
[5-6]
2)
Blankenship

NDH
NAD(P)H
1 050 nm
ATP NAD(P)H

Ce
[11]

Ort

700 nm
2
750-1 050 nm
bef

II
750—

[6]

2 AU A B I B R R A

NPQ

(NPQ)

NPQ

NPQ

7.5%-30%!'%

NPQ



Kiz# FABARENZEREBERSNSFRAMENHATHE

489

Kromdijk
NPQ
)
15%
NPQ
NPQ
I
[14-16]
II

® 010-64807509

3 AAEREMFREACRAMLKER

(PsbS
RuBisCO (1,5- / )
[13]
RuBisCO
CO, RuBisCO
[18]
RuBisCO CO,
Griffithsia monilis
RuBisCO CO,
2 RuBisCO C3
25% [19]
RuBisCO
CO, RuBisCO
RuBisCO 20% [201
Leister 2014
RuBisCO RuBisCO 1Y
RuBisCO
[17]
RuBisCO 221
CO,
RuBisCO
(RuBisCO 8 8
)
RuBisCO

K cjb@im.ac.cn



490

ISSN 1000-3061 CN 11-1998/Q ~ Chin J Biotech March 25,2017 Vol.33 No.3
RuBisCO
RuBisCO CO,
RuBisCO RuBisCO «“ ”
CO, RuBisCO CO,
CO, CO,
80% CO,
CO, C3 ATP
C3 NAD(P)H NH;
(CO,-concentrating mechanisms 20%-—50%>"
CCMs) 3
CCM CCM
[23] « »
3 HCO;5™ 4
(SbtA BicA  BCTI) 2  CO, 321 331
(NDH-1MS NDH-1MS’)1?4 B34 3. [35] 4
(Carboxysome) ATP
NAD(P)H CO,
RuBisCO
(Carbonic anhydrase)
HCO;5 -1,5-
HCO;™ CO,
CO, RuBisCO
CO, [32,36]
[25]
CO,
60% B4
HCO;5~ (SbtA  BicA)
C3
28%202%) RuBisCO CO, H,0,
CO,

[29]

http://journals.im.ac.cn/cjben



Kiz# FABARENZEREBERSNSFRAMENHATHE

[37]

4 K2

CO,
[39]

CO;

® 010-64807509

[38]

(51

REFERENCES

(1]

(2]

(3]

(4]

(3]

(6]

[7]

(8]

(9]

Tilman D, Balzer C, Hill J, et al. Global food
demand and the sustainable intensification of
agriculture. Proc Natl Acad Sci USA, 2011,
108(50): 20260-20264.

Long SP, Ainsworth EA, Leakey ADB, et al.
Global food insecurity. Treatment of major food
crops with elevated carbon dioxide or ozone under
large-scale fully open-air conditions suggests
recent models may have overestimated future
yields. Philos Trans R Soc Lond B Biol Sci, 2005,
360(1463): 2011-2020.

Kuang TY. Mechanism and Regulation of Primary
Energy Conversion Process in Photosynthesis.
Nanjing: Jiangsu Science & Technology Press,
2003 (in Chinese).

. : , 2003.
Kuang TY. Photosynthetic Effeciency of Crops
and Its Regulations. Jinan: Shandong Science and
Technology Press, 2004 (in Chinese).

, 2004.
Zhu XG, Long AP, Ort DR. Improving
photosynthetic efficiency for greater yield. Annu
Rev Plant Biol, 2010, 61: 235-261.
Ort DR, Merchant SS, Alric J, et al. Redesigning
photosynthesis to sustainably meet global food
and bioenergy demand. Proc Natl Acad Sci USA,
2015, 112(28): 8529-8536.
Ort DR, Zhu XG, Melis A. Optimizing antenna
size to maximize photosynthetic efficiency. Plant
Physiol, 2011, 155(1): 79-85.
Nakajima Y, Itayama T. Analysis of
photosynthetic productivity of microalgal mass
cultures. J Appl Phycol, 2003, 15(6): 497-505.
Kirst H, Formighieri C, Melis A. Maximizing
photosynthetic efficiency and culture productivity
in  cyanobacteria upon  minimizing the
phycobilisome light-harvesting antenna size.
Biochim Biophys Acta, 2014, 1837(10):

K cjb@im.ac.cn

491




492

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech March 25,2017 Vol.33 No.3

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

1653-1664.

Blankenship RE, Tiede DM, Barber J, et al.
Comparing photosynthetic and photovoltaic
efficiencies and recognizing the potential for
improvement. Science, 2011, 332(6031): 805-809.
Pesaresi P, Scharfenberg M, Weigel M, et al.
Mutants,

Arabidopsis plastocyanin isoforms: revised roles

overexpressors, and interactors of
of plastocyanin in photosynthetic electron flow
and thylakoid redox state. Mol Plant, 2009, 2(2):
236-248.

Zhu XG, Ort DR, Whitmarsh J, et al. The slow
reversibility of photosystem II thermal energy
dissipation on transfer from high to low light may

cause large losses in carbon gain by crop canopies:

a theoretical analysis. J Exp Bot, 2004, 55(400):
1167-1175.

Kromdijk J, Glowacka K, Leonelli L, et al.
Improving photosynthesis and crop productivity
by accelerating recovery from photoprotection.
Science, 2016, 354(6314): 857-861.

Chi W, Ma JF, Zhang LX. Regulatory factors for
the assembly of thylakoid membrane protein
complexes. Phil Trans R Soc Biol, 2012,
367(1608): 3420-3429.

Liu J, Yang HX, Lu QT, et al. PsbP-domain
proteinl, a nuclear-encoded thylakoid lumenal
protein, is essential for photosystem I assembly in
Arabidopsis. Plant Cell, 2012, 24(12): 4992-5006.
Peng LW, Ma JF, Chi W, et al. Low PSII
accumulation  is involved in efficient assembly
of photosystem Il in Arabidopsis thaliana. Plant
Cell, 2006, 18(4): 955-969.
Leister D. How can the light reactions of
photosynthesis be improved in plants?. Front
Plant Sci, 2012, 3: 199.

Savir Y, Noor E, Milo R, et al. Cross-species
analysis traces adaptation of Rubisco toward
optimality in a low-dimensional landscape. Proc
Natl Acad Sci USA, 2010, 107(8): 3475-3480.
Zhu XG, Portis Jr AR, Long SP. Would
transformation of C; crop plants with foreign

http://journals.im.ac.cn/cjben

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Rubisco increase productivity? A computational
analysis extrapolating from kinetic properties to
canopy photosynthesis. Plant Cell Environ, 2004,
27(2): 155-165.

Prins A, Orr DJ, Andralojc PJ, et al. Rubisco
catalytic properties of wild and domesticated
relatives provide scope for improving wheat
photosynthesis. J Exp Bot, 2016, 67(6): 1827-1838.
Lin MT, Occhialini A, Andralojc PJ, et al.
B-Carboxysomal proteins assemble into highly
organized structures in Nicotiana chloroplasts.
Plant J, 2014, 79(1): 1-12.

Occhialini A, Lin MT, Andralojc PJ, et al
with
cyanobacterial Rubisco expression but no extra

Transgenic tobacco plants improved
assembly factors grow at near wild-type rates if
provided with elevated CO,. Plant J, 2016, 85(1):
148-160.

Long BM, Rae

Cyanobacterial

BD, Rolland V, et al
CO,-concentrating mechanism
components: function and prospects for plant
metabolic engineering. Curr Opin Plant Biol,
2016, 31: 1-8.

Ogawa T, Kaplan A. Inorganic carbon acquisition
systems in cyanobacteria. Photosynth Res, 2003,
77(2/3): 105-115.

Yeates TO, Kerfeld CA, Heinhorst S, et al.
Protein-based organelles in bacteria: carboxysomes
and related microcompartments. Nat Rev Microbiol,
2008, 6(9): 681-691.

Price GD, Pengelly JIL, Forster B, et al. The
cyanobacterial CCM as a source of genes for
improving photosynthetic CO, fixation in crop
species. J Exp Bot, 2013, 64(3): 753-768.

Axen SD, Kinney JN, et al
Cyanobacterial-based approaches to improving
photosynthesis in plants. J Exp Bot, 2013, 64(3):
787-798.

McGrath JM, Long SP. Can the cyanobacterial
carbon-concentrating mechanism increase photosynthesis

Zarzycki ],

in crop species? A theoretical analysis. Plant
Physiol, 2014, 164(4): 2247-2261.



Kiz# FABARENZEREBERSNSFRAMENHATHE

[29]

(30]

[31]

[32]

[33]

®

Tholen D, Ethier G, Genty B, et al. Variable

mesophyll conductance revisited: theoretical
background and experimental implications. Plant
Cell Environ, 2012, 35(12): 2087-2103.

Field CB, Behrenfeld MJ, Randerson JT, et al.
Primary production of the biosphere: integrating
terrestrial and oceanic components. Science, 1998,
281(5374): 237-240.

Giordano M, Beardall J, Raven JA. CO,
concentrating mechanisms in algae: mechanisms,
environmental modulation, and evolution. Annu
Rev Plant Biol, 2005, 56: 99-131.

Kebeish R, Niessen M, Thiruveedhi K, et al.
Chloroplastic photorespiratory bypass increases
photosynthesis and biomass production in
Arabidopsis thaliana. Nat Biotechnol, 2007, 25(5):
593-599.

de FC Carvalho J, Madgwick PJ, Powers SJ, et al.
An engineered pathway for glyoxylate metabolism
in tobacco plants aimed to avoid the release of
ammonia in photorespiration. BMC Biotechnol,

2011, 11: 111.

Plant Physiol Front Biosci

40

1 973 1

010-64807509

[34]

[35]

[36]

[37]

[38]

[39]

973

Maier A, Fahnenstich H, Von Caemmerer S, et al.
Glycolate oxidation in A. thaliana chloroplasts
improves biomass production. Front Plant Sci,
2012, 3: 38.

Shih PM, Zarzycki J,
Introduction of a

KK, et al.
CO,-fixing

photorespiratory bypass into a cyanobacterium. J

Biol Chem, 2014, 289(14): 9493-9500.

Dalal NB, et al. A

photorespiratory bypass increases plant growth

Niyogi
synthetic

J, Lopez H, Vasani

and seed yield in biofuel crop Camelina sativa.
Biotechnol Biofuels, 2015, 8: 175.

Xin CP, Tholen D, Devloo V, et al. The benefits of
photorespiratory bypasses: how can they work?.
Plant Physiol, 2015, 167(2): 574-585.

Zhang ZS, Peng XX. Multifunctional roles of

photorespiration and its regulation for the balance.
Plant Physiol J, 2016, 52(11): 1692—1702 (in Chinese).

5

, 2016, 52(11): 1692-1702.

Case AE, Atsumi S. Cyanobacterial chemical

production. J Biotechnol, 2016, 231: 106—114.
(R3CTi4 BN I7)

SCI

K cjb@im.ac.cn

493




