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Strategy I: Morphological and biochemical changes
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Flavins in roots of Beta vulgaris

Flavins in roots of Medicago truncatula

Riboflavin biosynthesis

Summary

Flavins in roots of Fe-
deficient plants

Flavins in roots of Fe-deficient plants

Current knowledge
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Sugar beet (Beta vulgaris L.): a very efficient Strategy I species

Flavins in Fe-deficient 
Beta vulgaris

Susín PhD Thesis, 1994



Fe-deficient sugar beet (Beta vulgaris L.) roots have flavins

pH 7.7
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Sugar beet (Beta vulgaris L.): which flavins?
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3’-sulphate riboflavin
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Sugar beet (Beta vulgaris L.): which flavins?



Sugar beet (Beta vulgaris L.) flavin accumulation in roots
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Sugar beet (Beta vulgaris L.) flavin excretion to the nutrient solution

pH 5.5

Susín et al., Planta 1994
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Localization of flavins in sugar beet (Beta vulgaris L.) roots

Susín, PhD Thesis, 1994

Flavins in Fe-deficient 
Beta vulgaris

pH 7.7



Zaharieva et al., in preparation

Flavins in Fe-deficient 
Beta vulgaris

Localization of flavins in sugar beet (Beta vulgaris L.) roots

pH 7.7

Root protoplasts

Most of the flavins 
are in the vacuole



Flavins in Fe-deficient 
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Localization of flavins in sugar beet (Beta vulgaris L.)
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Fe-deficient Medicago truncatula

Flavins in Fe-deficient 
Medicago truncatula

- Fe, pH 8.0- Fe, pH 5.5+ Fe



Flavins in Fe-deficient 
Medicago truncatula

- Fe, pH 8.0- Fe, pH 5.5+ Fe

- Fe, pH 8.0- Fe, pH 5.5+ Fe

Fe-deficient Medicago truncatula roots have flavins



Flavin compounds in root extracts of Medicago truncatula

Flavins in Fe-deficient 
Medicago truncatula
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Flavin compounds in nutrient solutions of Medicago truncatula
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Time (HPLC)

mass/charge ratio 
MS (ESI/TOF)

the compound can be 
broken further by MS/MS:

molecular structure
unique m/z for each compound:

molecular formula



Flavins in Fe-deficient 
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Identification by HPLC-ESI-MS(TOF)
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Flavins in Fe-deficient 
Medicago truncatula

Chemical Formula: C17H20N4O7
Exact Mass: 392,1332
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Flavins in Fe-deficient 
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Flavins in Fe-deficient 
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Chemical Formula: C17H20N4O7
Exact Mass: 392,1332
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Chemical Formula: C17H22N4O6
Exact Mass: 378,1539

Flavins in Fe-deficient 
Medicago truncatula
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Flavins in Fe-deficient 
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Flavins in Fe-deficient 
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(E)-5-(4,5-dimethyl-2-((3R,4S)-2,3,4,5-
tetrahydroxypentylamino)phenylimino) 

pyrimidine-2,4(3H,5H)-dione
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Flavins in Fe-deficient 
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- Fe, pH 8.0

- Fe, pH 5.5
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Riboflavin 
biosynthesis 

pathways
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Flavins depend on plant species

Flavin excretion and accumulation depends on pH

Current knowledge

Summary
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- Fe, pH 8.0

- Fe, pH 5.5
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Flavin excretion and accumulation depends on pH
Medicago truncatula
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Flavins depend on plant species

Flavin excretion and accumulation depends on pH

Transporters (plasma membrane, vacuole)

Current knowledge

Summary



- Fe, pH 5.5

root

vacuole

root
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- Fe, pH 8.0

Transporters (plasma membrane, vacuole)
Sugar beet

Summary



Cytosolic electron transport bridge

Antimicrobial agent in the rhizosphere

Extracellular electron transport bridge?

Possible roles

2007

Summary
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