
GREEN-IT Lab at ITQB: 

Proteome Regulation in Plants

Improvement of  photosynthesis  
for  higher yields and sustainable 
plant production
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The Problem

Source: US Census Bureau, FAO, World Bank @ Phosagro report 2012
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The Problem

Source: FAO

Increase in Commodity demand with less available land 



The challenge is to...

é produce more and healthier food and 

biomass 

Åwithout using additional land and with 

limited water resourcesé

Åwhile reducing environmental impact



A solution...

Improving Photosynthesis

Photosynthesis sustains 

life on Earth

Photosynthesis is a RENEWABLE source of energy



Photosynthesis in a nutshell
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Where to improve?
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RuBisCO

As examples:

Å Only 1% of sunlight is 
harnessed by plants in a 
typical agricultural 
system: models predict 
this can be improved to 
10%!

Å free -air CO2 
enrichment studies 
show Calvin -Benson 
cycle efficiency can be 
improved .

Photosynthesis is 
rather inefficient



The C3-photosynthesis: the RuBisCO
problem

Oryza sativa
(rice)

C3



C4-photosynthesis improvements

hCO2 fixation
hWater-use efficiency
hN-use efficiency
hRadiation-use efficiency

C4-plants can create biomass much faster with same resources, 
when compared to C3 -plants

Following nature’s lead...

http://jxb.oxfordjournals.org/content/62/9/2989/F1.large.jpg


Following nature’s lead

[CO2] ~ 1500 µmol/mol[CO2] ~ 100 µmol/mol

Adapted from: Wang YA et al., J. Exp. Botany 65(2014) & Sage RF et al., Annu. Rev. Plant Biol. 63(2012)

The C4-metabolism uses cell specialization to concentrate 
CO2 around RuBisCO

Zea mays
(maize)

C4



“3to4” EU Consortium

Dissect c4 -metabolism to create tools to adapt it 
into c3 plants



Our contribution:

Studying regulation of protein activity by post -translational 

modifications (PTMs) 

e.g. Phosphorylation, Acetilation, Ubiquitination

PTMs can change the properties of proteins

e.g. Activity, Stability, Localization...
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Pyruvate, phosphate dikinase (PPDK)



New PTMs in Phosphoenolpyruvatecarboxylase 
(PEPC) 

Use of Mass Spectrometry to identify new PTMs

Do functional studies to understand how PTMs affect protein function



How can it be applied?

Trait Transfer

Zea mays
(maize)

C4

Oryza sativa
(rice)

C3

e.g. 
Control of 

protein 
regulation...



Important endeavour undertaken by 
EU Scientists

Photosynthesis 2.0

2030

To be launched in 2017é?
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