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Abstract: Arsenic is a bioactive element. Throughout the world, millions of people are at risk of cancer, heart
disease, and diabetes because of chronic arsenic exposure. The methylation of inorganic arsenic (iAs) attract
abroad attention since it is the main metabolism pathway in mammals and has been commonly considered as a
detoxification mechanism. This dissertation summarizes the recent research advancement of “arsenic (+3)

methyltransferase”, “the mechanism of arsenite methylation” and “the inhibition of arsenite methylation”.
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Fig.1 Global arsenic geocycle schematic
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Table 1 Biomarkers of exposure, effect, and susceptibility of arsenic-induced health hazards
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Category Biomarkers
Exposure Short-term (<1 year) internal dose Arsenic in urine, blood, hair, and nail
Long-term (many years) internal dose Skin hyperpigmentation Palmoplantar hyperkeratosis
Biologically effective dose Monomethylarsonic acid in urine
Effect Early biological effect Reactive oxidants and anti-oxidant capability in blood
Gene expression of inflammatory molecules in lymphocytes
Sister chromatid exchanges in lymphocytes
Micronuclei in lymphocytes
Chromosome aberrations in lymphocytes
Altered structures and functions Carotid atherosclerosis QT prolongation and increased dispersion in EKG
Chromosome loss and gain/Loss of heterozygosity p53 and ras gene mutations
Susceptibility Acquired susceptibility Serum carotene level

Genetic susceptibility

Xenobiotic metabolism enzymes

DNA repair enzymes

Oxidative stress-related enzymes
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Table 2 Regions of the world with naturally elevated levels of arsenic in groundwater

. Affected Potentially exposed Arsenic . .
Country / region . . Environmental conditions
area / km’ population concentration / (ug-L™)
Hollocene alluvial/deltaic sediments; abundance of
Bangladesh 118 849 ~3%x107 < 0.5~2500 organic matter; strongly reducing, neutral pH, high
alkalinity, slow ground water flow rates
India/West Bengal Same as Bangladesh Pleistocene and Holocene
38 865 6x10° <10~3 200
Viet Nam sediments; strongly reducing conditions
Coastal zones, sediments, including black shales;
China/Taiwan 4 000 ~10° 10~1 820 strongly reducing, artesian conditions, some
groundwaters contain humic acids
China/Xinjiang,
38 000 ~500 40~750 Holocene alluvial plain; reducing

Shanxi
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Dredge quarternary alluvium; oxidation of disseminated
Thailand 100 1.5x10* <1~5 000 ) o
arsenopyrite due to mining
M liaT Holocene alluvial and lacustrine sediments; strongly
ongolia/Inner
" £ i 4 300 ~10° <1~2 400 reducing, neutral pH, high alkalinity, some
ongolia
. groundwaters contain humic acids
A i o/Ch Holocene and earlier loess with rhyolitic volcanicash;
rgentin aco-
b . Plai 1x106 2x10° <1~7 550 oxidizing, neutral to high pH, high alkalinity;
ampean Plain
! groundwaters often saline
Northern Chile/ 35000 S10° 100-1000 Quaternary volcanogenic sediments; generally oxidizing,
X ~
Antofagasta arid conditions, high salinity
Bolivia 5x10* Same as Argentina and Northern Chile
Mexico 32 000 4x10° 8~620 Volcanic sediments; oxidizing, neutral to high pH
Germany/Bavaria 2 500 <10~150 Mineralized sandstone
Greece 1.5x10° Mineralization; thermal springs; mining
Spain >5x10* <1~100 Mineralization; alluvial sediments
Hungary, Romania/ 110 000 Ax10° Quaternary alluvial plain; reducing conditions,
X
Danube Basin some high in humic acid
Sulfide mineralization, particularly arsenopyrite;
Ghana <1x10° <1~175
gold mining
Canada/Moira
Lake. Ontari 100 50~3 000 Mine tailing; ore mining
ake, Ontario
Canada/British 50 0.5-580 Sulfide mineralization in volcanic rocks; neutral to
Columbia ' high pH groundwater
USA/Arizona 200 000 <1 300 Alluvial basins, some evaporites; oxidizing, high pH
Holocene and older basin-fill sediments; internally
USA/California 5 000 <1~2 600
drained basin, mixed redox conditions, high salinity
Holocene mixed aeolian, alluvial and lacustrine
USA/Nevada 1300 <2 600 sediments; mainly reducing, some high pH, some with

high salinity due to evaporation
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Fig.2  Arsenic biotransformation and toxicity
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Table 4 Element biomethylation by type of organism*

Periodic group number

9 10 11 12
Co Ni Cu Zn
1-4 1 NR NR

Cd
1(?)
Hg

1

13

Al
NR
Ga
NR
In
NR
TI

1

14 15 16 17
Si P S Cl
NR 1 1-4 2.3
Ge As Se Br
1(?) 1-4 1-4 2.3
Sn Sh Te I
1,2 1,2 1,24 1-3
Pb Bi Po At
1,2(?) 1 1,2 NR

* Methylation and classes of organisms;

biomethylation not reported.

(1) bacteria;

D

(2) fungi/algaelyeast; (4) animals. NR:

(3) plants;

M=metal (Co, Mn, Zn)
i P 4 I 1 KAl 5 hAS3MT B9 AT EAE 55X

Fig.8 Possible interaction modes of transition metal ions/selenite with hAS3MT
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