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INTRODUCTION 

 	
   In	
   the	
   U.S.,	
   millions	
   of	
   homes	
   built	
   before	
  
1978	
  have	
  high	
  levels	
  of	
  lead	
  from	
  lead-­‐based	
  
paint	
  deposited	
  in	
  the	
  surrounding	
  soil	
  due	
  to	
  
the	
  paint	
  deteriora>on.	
  	
  
 Children	
   aged	
   below	
   six	
   are	
   more	
   prone	
   to	
  
lead	
  toxicity.	
  
 Phytoremedia>on	
   is	
   an	
   economical	
   and	
  
sustainable	
   plant-­‐based	
   remedia>on	
  
technology.	
  	
  
 Ve>ver	
   is	
   a	
   hyperaccumulator	
   of	
   the	
   lead.	
  
However,	
   no	
   informa>on	
   is	
   available	
   about	
  
molecular	
   mechanisms	
   of	
   hyperaccumula>on	
  
in	
  ve>ver.	
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10 days 3 plants 3 plants 3 plants 3 plants 

20 days 3 plants 3 plants 3 plants 3 plants 

Hydroponic study  Metabolite extraction 
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 Exposure	
   to	
   lead	
   induces	
   various	
   metabolic	
  	
  
changes	
  in	
  ve>ver	
  root	
  and	
  shoot	
  >ssue.	
  
 Significant	
  changes	
  were	
  observed	
  in	
  the	
  levels	
  
of	
   sugars,	
   sugar	
   alcohols,	
   amino	
   acids	
   and	
  
organic	
  acids.	
  
 Comprehensive	
   understanding	
   of	
   these	
  
biochemical	
   changes	
   will	
   provide	
   important	
  
clues	
  to	
  the	
  mechanism	
  of	
  lead	
  stress	
  tolerance	
  
in	
  ve>ver	
  grass.	
  

CONCLUSIONS 

Graphical	
  representa.on	
  of	
  changes	
  in	
  metabolites	
  

Fig	
  1:	
  Hierarchical	
  cluster	
  analysis	
  of	
  rela.ve	
  concentra.ons	
  of	
  metabolites	
  in	
  
ve.ver	
  root	
  subjected	
  to	
  lead	
  stress.	
  	
  

Following	
  metabolites	
  are	
  
significantly	
  increased	
  in	
  
treatments	
  root	
  .ssue	
  

SoAware:	
  MeV	
  v.4.8	
  

Treatment:	
  20	
  
days-­‐1200mg/l	
  	
  
root	
  	
  

Control:	
  20	
  
days-­‐0mg/l	
  	
  root	
  	
  

 Soluble	
   sugars	
   enter	
   the	
   oxida>ve	
   pentose	
  
phosphate	
  pathway	
  to	
  curb	
  the	
  oxida>ve	
  stress,	
  as	
  
indicated	
   by	
   increased	
   levels	
   of	
   glucose,	
   fructose	
  
and	
  sucrose.	
  (1)	
  
 Decreased	
   levels	
   of	
   free	
   L-­‐Asparagine	
   can	
   be	
  
aPributed	
   to	
   complex	
   forma>on	
   with	
   lead	
   (2).	
  
Similarly,	
  large	
  induc>on	
  of	
  malic	
  acid	
  at	
  400	
  mg/L	
  
lead	
   followed	
   by	
   decline	
   at	
   800	
   and	
   1200	
   mg/L	
  
lead	
   treatments	
   indicate	
   possible	
   complex	
  
forma>on.(3)	
  
 Osmoprotectants	
   such	
   as	
   glycerol,	
   mannitol,	
  
sucrose	
   and	
   proline	
   play	
   an	
   important	
   role	
   in	
  
plants	
   under	
   heavy	
   metal	
   stress.(1)	
   While	
  
increased	
   levels	
  of	
   sucrose,	
  glycerol	
  and	
  mannitol	
  
was	
   observed,	
   proline	
   levels	
   did	
   not	
   show	
  
significant	
  change.	
  
 Increased	
   glycine	
   and	
   serine	
   concentra>ons	
  was	
  
observed,	
   which	
   indicates	
   possible	
   induc>on	
   of	
  
phytochela>n	
  biosynthesis	
  (4)	
  

Compound	
  match:93%	
  

Sample	
  chromatogram	
  and	
  spectrum	
  of	
  glucose	
  methoxyamine	
  

Agilent	
  GC/MS	
  5973	
  

 Hydroponically	
   grown	
   plants	
   were	
   treated	
  
with	
  lead	
  as	
  represented	
  in	
  the	
  table.	
  	
  
 Metabolites	
   were	
   extracted	
   with	
   methanol:	
  
chloroform:	
   water	
   (2.5:1:1)	
   as	
   described	
   in	
  
Roessner	
  et	
  al.	
  (2006).	
  	
  	
  
 Samples	
  were	
   analyzed	
  using	
  Agilent	
  GC/MS	
  
5973.	
   Raw	
   GC-­‐MS	
   data	
   was	
   deconvoluted	
   by	
  
Automated	
   Mass	
   Spectral	
   Deconvolu>on	
   and	
  
Iden>fica>on	
  System	
  (AMDIS)	
  and	
  metabolites	
  
were	
   iden>fied	
   using	
   The	
   Golm	
   metabolome	
  
data	
   base	
   Library	
   (hPp://csbdb.mpimp-­‐
golm.mpg.de).	
  
  	
   Metabolic	
   pathway	
   analysis	
   by	
  
Metaboanalyst	
  2.0(hPp://metaboanalyst.ca).	
  

Lead	
  stress	
  affected	
  the	
  following	
  
metabolic	
  pathways	
  in	
  ve.ver	
  root:	
  	
  
 Alanine,	
  aspartate	
  and	
  glutamate	
  metabolism	
  	
  
 Aminoacyl-­‐tRNA	
  biosynthesis	
  
 Photosynthesis	
  
 Cyanoamino	
  acid	
  metabolism	
  	
  
 Galactose	
  metabolism	
  	
  
 Glycine,	
  serine	
  and	
  threonine	
  metabolism	
  	
  
 Glycolysis	
  or	
  Gluconeogenesis,Pyruvate	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
metabolism	
  	
  
 Starch	
  and	
  sucrose	
  metabolism.	
  

METHODS 
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SIGNIFICANT OBSERVATIONS 
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