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Problem:

Pollution Heavy Metals

Aluminium

Lead
Caesium

Calcium Yttrium



Accumulation of metals in living 
systems



Biological Effects



Adaptation



Aluminium Stress on biological 
systems



Influence of Aluminum 
concentration on the weight of the 

gelatinous residue



Preconditioned Cell Growth in 
15mM Aluminium



Growth profile in varying 
concentrations of Aluminium.



Insolubilization of Al



Aluminum, Iron, and PE Isolated by 
ultra-centrifugation from multiple-

metal culture



SEM: Deposition of Al



Intracellular accumulation of Al



Al in P.fluorescens



Gelatinous deposit of Al & Fe



Fe deposition in P.fluorescens



Membrane-assisted secretion of 
Metals in P.fluorescens



Metabolomic  Study



Global metabolic network evoked 
by Al stress

Al3+-Citrate Al3+ + CitrateP. fluorescens

Isocitrate
ICL↑

Glyoxylate + Succinate

Oxalate

GLDH↑

ACN↓

α-ketoglutarate

KGDH↓
NAD-ICDH↓

Fumarate

SDH↓

Succinyl-CoAGlutamate

GDH↓

Lipid biosynthesisFumC↑

Malate

Al detoxification

NADP-ICDH↑
ROS

detoxification

SuccinateFumA↓

Complex I, metabolising NADH, has less activity and protein expression

SSADH↑

Succinate semialdehyde

Complex IV has less activity
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