
Nickel and Nickel and MegasitesMegasites

Nickel compounds are major contaminants in many Nickel compounds are major contaminants in many 
superfund sitessuperfund sites
Although Ni ions are required for certain enzymes in Although Ni ions are required for certain enzymes in 
bacteria and plants ( bacteria and plants ( UreasesUreases, , DehydrogenasesDehydrogenases), ), 
No known function in mammals.No known function in mammals.
Certain Ni compounds that deliver Ni ions into cells,  Certain Ni compounds that deliver Ni ions into cells,  
are potently carcinogenic ( nasal, lung cancers etc are potently carcinogenic ( nasal, lung cancers etc 
at site of exposure)at site of exposure)
Additional toxicities include: contact Additional toxicities include: contact dermititisdermititis, , 
depression of lung function,  and cardiovascular depression of lung function,  and cardiovascular 
effects. effects. 



Effect of 24 hr exposure of A549 CellsEffect of 24 hr exposure of A549 Cells
to NiClto NiCl2 2 On Cell Colony FormationOn Cell Colony Formation

 Cell Colony Formation After Ni Treatment
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HIFHIF--1 alpha protein levels at 5 hrs1 alpha protein levels at 5 hrs
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Persistent Stabilization of HIFPersistent Stabilization of HIF--1 alpha1 alpha
by NiClby NiCl22
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Prolyl Hydroxylase Regulates HifProlyl Hydroxylase Regulates Hif--1 stability1 stability

HIFHIF--11

Pro 402Pro 402
Pro 564Pro 564

PHDPHD

FeFe+2,+2, OO2,2,
AscorbateAscorbate
oxoglutarateoxoglutarate

UbiquitinationUbiquitination
And And ProteosomeProteosome
DegradationDegradation

PRO (OH)PRO (OH)

HIFHIF

VHLVHL DegradationDegradation
Of HIFOf HIF--1 1 EE--3 Ubiq3 Ubiq

LigaseLigase



Lack of reversibility of Ni Inhibition of Lack of reversibility of Ni Inhibition of 
HIF hydroxylationHIF hydroxylation
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Requirement for Fe of PH2 (2ug protein) Requirement for Fe of PH2 (2ug protein) 

MBP-PHD2
Activation by FeSO4
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Binding Constants of Metal Ions to Immidazole Binding Constants of Metal Ions to Immidazole 



Periodic TablePeriodic Table



Summary of FindingsSummary of Findings

Transformation of Chinese hamster primary Transformation of Chinese hamster primary 
embryo fibroblast by Nickel Compounds embryo fibroblast by Nickel Compounds 
inactivated tumor suppressor gene by DNA inactivated tumor suppressor gene by DNA 
Methylation (Methylation (Science Science 251251:796:796--799 (1991)799 (1991)
Carcinogenic Nickel compounds InduceCarcinogenic Nickel compounds Induce
trangenetrangene silencing based upon the location silencing based upon the location 
of theof the trangenetrangene nearnear HeterochromatinHeterochromatin ( ( 
mammalian cells) or amammalian cells) or a telomeretelomere silencingsilencing in in 
yeast. (Lee et al MCB 15 2547 1995)yeast. (Lee et al MCB 15 2547 1995)



Structure of Nucleosome

Luger K et al. Nature, 389:251                                           Blue: H3; green: H4; yellow: H2A; red: H2B





Aim1Aim1

Fig.1A. NiFig.1A. Ni decreases decreases histonehistone acetylationacetylation in A549 cells.in A549 cells.

A549A549
24h24h

H3     15H3     15
H2A  14H2A  14
H2B  13H2B  13
H4     11H4     11



Aim1Aim1
Fig.1B. Ni decreases Fig.1B. Ni decreases histonehistone acetylationacetylation in other cell lines.in other cell lines.
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Summary of the Effect of Ni Summary of the Effect of Ni 
compounds on G9a and compounds on G9a and 
H3K9 H3K9 methylationmethylation

Ni ions inhibited G9a activity and decreased its Ni ions inhibited G9a activity and decreased its 
presence in the nucleus ( presence in the nucleus ( see poster by H. Chensee poster by H. Chen))
We have been working on Fe, We have been working on Fe, OxoglutarateOxoglutarate, , 
ascorbic acid dependent H3K9 ascorbic acid dependent H3K9 demethylasedemethylase and 5and 5--
methylctyosinemethylctyosine-- demethylasedemethylase and have found these and have found these 
activities in crude cell extracts.  Ni ions are effective activities in crude cell extracts.  Ni ions are effective 
inhibitors of these enzymes. inhibitors of these enzymes. 
These are new enzymes and further work on their These are new enzymes and further work on their 
identification, purification and characterization is identification, purification and characterization is 
required.required.



Fe in TriadFe in Triad

Ni+2Ni+2

Fe loss Fe loss 
and Ni substitutedand Ni substituted

Inhibition of Fe enzymesInhibition of Fe enzymes
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