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Global annual NPP for the biosphere 

SCIENCE 281, Field et al., 1998 
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The growth limiting factors  

Nutrients :N, P, Fe...   

Temperature  



Nutrient-enrichment  
experiments 

Ecology 80, Downing et al., 1999 



The effect of iron fertilization on diatoms 

Nature 459, Armbrust, 2009 



The growth limiting factors  

Nutrients :N, P, Fe...   

Temperature  

Under stress 

Enzyme 

mRNA 

Molecular  
probe 



Phytoplankton exhibit three major responses 
to stress imposed by nutrient limitation 

1.  Retrenchment or down regulation of physiological rate. 

Ferredoxin         
Fe-S protein) 

Nutrient transporter   

Flavodoxin 

3.  Acquisition, eg: development of more efficient uptake systems. 
2.  Compensation, eg: synthesis of new proteins. 
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Research goal: Develop a suitable molecular 
indicator for nitrogen stress  



 硝酸運輸蛋白 ( nitrate transporter gene ; NRT2 )，而且基
因的表現量會隨著環境中的氮鹽含量而有所變化  
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Result：mRNA levels 

Nrt2 is the first candidate to be a nitrogen 
marker gene in phytoplankton 

Kang et al., 2007. Phycologia 46: 521 



Apply Nrt2 to detect diatom  
nitrogen stress in the ocean 



The specificity of molecular markers 
comes from genetic diversity 



291 fragments  12 groups 



Using Q-RT-PCR to detect diatom Nrt2 mRNA 
abundance in the East China Sea 
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Kang et al., 2011. AEM 77:122 



未來的展望是要測量與其他營養鹽吸收利用
相關的基因，共同決定浮游植物的生理狀態。 
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矽藻的指
標基因 



Life will find its way out ! ? ! 

Source: Bopp et al., 2005 



Thanks for  
   your attention! 



Nature 450, Riebsell et al., 2007 
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