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Abstract
Methylmercury (MeHg) is a potent neurotoxin. The mechanism(s) that governs MeHg transport
across the blood-brain barrier (BBB) and other biological membranes remains unclear. This study
addressed the role of the L-type large neutral amino acid transporter, LAT1, in MeHg transport.
Studies were carried out in CHO-k1 cells. Overxpression of LAT1 in these cells was associated
with enhanced uptake of [14C]-MeHg when treated with L-cysteine, but not with the D-cysteine
conjugate. In the presence of excess L-methionine, a substrate for LAT1, L-cysteine-conjugated
[14C]-MeHg uptake was significantly attenuated. Treatment of LAT-1 overexpressing CHO-k1
cells with L-cysteine-conjugated MeHg was also associated with increased leakage of lactate
dehydrogenase (LDH) into the media as well as reduced cell viability measured by the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay. In contrast, knock-
down of LAT1 decreased the uptake of L-cysteine-conjugated MeHg and attenuated the effects of
MeHg on LDH leakage and CHO-k1 cell viability. These results indicate that the MeHg-L-
cysteine conjugate is a substrate for the neutral amino acid transporter, LAT1, which actively
transports MeHg across membranes.
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Introduction
Methylmercury (MeHg) is a neurotoxin that continues to pose appreciable risk to human
health as evidenced by the tragic poisoning epidemics in Japan and Iraq (Takeuchi 1972;
Bakir et al. 1973; Ninomiya et al., 1995; Ekino et al., 2007), as well as in the more subtle
cases of exposure in the Seychelles and Faroe Islands (Davidson et al., 2008; Grandjean,
2007). All sources of environmental mercury represent a potential risk for poisoning in
humans given the methylation of inorganic mercury to MeHg in waterways, resulting in
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MeHg accumulation in the seafood chain. The toxic effects of MeHg are most damaging
during brain development; thus, prenatal exposure is of greatest concern. Prenatal exposure
to high MeHg levels from maternal consumption of a diet high in fish is associated with
developmental disorders, characterized by microcephaly and cerebral palsy (Takeuchi, 1972;
Bakir et al., 1973; Ninomiya et al., 1995). Lower exposures to MeHg are associated with
more subtle motor, attention and verbal deficits (Myers et al., 1998; Debes et al., 2006;
Onishchenko et al., 2007; Davidson et al., 2008).

The mechanisms by which MeHg enters the brain and its cytotoxicity have yet to be fully
characterized. The ability of MeHg to distribute throughout the body is often attributed to its
presumed lipid solubility. This explanation is untenable, however, given the
physicochemical properties of MeHg (Clarkson, 1972). As a consequence of its high affinity
for –SH groups, most of the MeHg in tissues is normally conjugated with water-soluble
sulfhydryl-containing molecules, primarily L-cysteine, glutathione (GSH), hemoglobin,
albumin and other thiol-containing polypeptides (Carty and Malone, 1979; Hughes, 1957).
MeHg-L-cysteine conjugates are structurally similar to the amino acid L-methionine
(Aschner and Clarkson 1988; Mokrzan et al., 1995; Simmons-Willis et al., 2002). L-
methionine is an endogenous substrate of L-type large neutral amino acid transporter 1
(LAT1), possessing a high-affinity constant for the carrier (Aschner and Clarkson, 1988;
Aschner et al., 1990; Kajiwara et al., 1996; Kerper et al., 1992; Mokrzan et al., 1995;
Simmons-Willis et al., 2002).

Among amino acid transporters, the ubiquitous transport system L acts independently of
sodium, other ions or ATP (Oxender and Christensen, 1963; Prasad et al., 1999). LAT1
preferentially transports the branched and aromatic amino acids, such as leucine, isoleucine,
valine, phenylalanine, tyrosine, tryptophan, histidine and methionine (Kanai et al., 1998;
Yanagida et al., 2001). It is composed of a catalytic multi-transmembrane spanning protein
and requires an additional integral membrane protein, the heavy chain of 4F2 (4F2hc,
slc3A2) antigen (CD98), for functional expression as an amino acid transporter (Kanai et al.,
1998; Nakamura et al., 1999; Verrey, 2003). LAT1 and 4F2hc form a heterodimeric
functional complex via a disulfide bond between Cys109 of human 4F2hc and Cys164 of
human LAT1 (Kanai et al., 1998; Mastroberardino et al., 1998). LAT1 mRNA is abundant
in the human placenta, thymus, testis as well as the brain, and has been found to be highly
expressed in nearly all tested tumor cell lines of various origins (Yanagida et al., 2001).
Human brain astrocytomas, U343MGa (Langlois et al., 2002), highly express LAT1 and
4F2hc mRNAs and proteins, and LAT1 is functionally expressed at the cell surface (Kühne
et al., 2007). The tissue distribution of LAT1 suggests that it is mainly involved in
transporting amino acids into dividing and proliferating cells (Kageyama et al., 2000). LAT1
has been proposed to function as one of the major nutrient transport systems at the blood-
brain barrier (BBB), being highly expressed in the brain capillary endothelial cells (Matsuo
et al., 2000). In agreement with its crucial role in the transport of essential amino acids
during brain development, BBB LAT1 mRNA levels are particularly high during the
prenatal period, followed by down-regulation in the postnatal period (Boado et al., 2004).
The present study was designed to investigate the hypothesis that LAT1 mediates MeHg
transport into cells that it shows specificity to the L-cysteine enantiomorph, and that MeHg
toxicity is attenuated when LAT1 transport is competitively inhibited with excess L-
methionine, a substrate for this transporter.
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Materials and Methods
Cell culture

CHO-k1 cells (ATCC CCL-61) were cultured in Ham's F12 medium (F12k) with 2 mM L-
glutamine and 1.5 g/L sodium bicarbonate supplemented with 10% fetal bovine serum and
1% Penicillin/Streptomycin. Cells were incubated at 37°C in a 5% CO2 95% air atmosphere.

LAT1 overexpression and knock-down
Human LAT1-pcDNA3.1 plasmid, a gift from Dr. A. Richard Whorton (Duke University
Medical Center), was transfected into CHO-k1 with Lipofectamine™ 2000 CD reagent
(Invitrogen, Carlsbad, CA), following the manufacturer's instructions. Selection and
maintenance of LAT1 overexpressing cells were controlled with G418 (1 mg/ml) culture
medium.

Small interfering RNA (siRNA) to LAT1 (Invitrogen stealth™ RNAi) was used to knock
down the overexpression of LAT1. Oligonucleotides containing sense and antisense 25-
nucleotide sequences corresponding to nucleotides 1200-1225 of the LAT1 coding region
were synthesized as follows: siRNA knock-down, 5′-GCC TCT AAC TGA AAT TAC CTC
TCA A-3′ and siRNA control, 5′- GCC CAA TAA GTA TTA CTC CTC TCA A-3′.
Oligofectamine™ reagent (Invitrogen, Carlsbad, CA) was used for transfection of the
siRNA into LAT1 overexpressing CHO-k1 cells following the manufacturer's instructions.

Overexpression and knock-down of LAT1 were confirmed by means of western blot
analysis with an anti-LAT1 antibody (Abcam, Cambridge, MA) and detected with enhanced
chemiluminescence technique (ECL) (Pierce, Rockford, IL). The band densities were
analyzed with AlphaEaseFC Imaging software (Alpha Innotech, San Leandro, CA). Results
were expressed as the percentage of the integrated density value of the control.

Treatments
A stock solution of 1 mM MeHgCl was prepared in HEPES buffer [122 mM NaCl, 3.3 mM
KCl, 0.4 mM MgSO4·7H2O, 1.3 mM CaCl2, 1.2 mM KH2PO4, 10 mM glucose and 25 mM
HEPES (N-2-hydroxy-ethylpiperazine N′-2-ethansulfonic acid) adjusted to pH 7.4 with 10 N
NaOH]. From the stock solution, appropriate working dilutions were made. Cells were
washed once with HEPES buffer and incubated with 10 μM MeHg for 6 hours. Non-
transfected CHO-k1 cells served as blank controls and cells transfected with pcDNA3
served as vector control.

The cytotoxicity of MeHg in CHO-k1 cells was measured by lactate dehydrogenase (LDH)
release from cells into the culture media and by mitochondrial dehydrogenase activity, a
surrogate of cell viability, using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) reduction assay. Both the LDH and MTT assay kits were purchased from
Sigma Chemical Co. (St. Louis, MO) and the protocols were carried out according to the
manufacturer's instructions. Results were expressed as optic density (OD) per μg protein.
The amount of protein was determined with the BCA assay (Pierce, Rockford, IL).

MeHg accumulation
For LAT1 overexpression or knock-down studies, cell-associated MeHg accumulation was
determined with radiolabeled MeHg. 14C-labeled MeHg (American Radiolabeled Chemical,
Inc., St. Louis, MO) was added to the HEPES buffer for 6 hrs with a trace of radiolabeled
MeHg (82 nCi/μg Hg) at a final concentration of 10 μM MeHg. Where indicated, LAT1
overexpressing CHO-k1 cells were pretreated in the presence or absence of L-methionine
500 μM for 1 h, followed by 10 μM MeHg plus 100 μM L-cysteine or D-cysteine for 1, 30
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and 60 min. The rationale for using a 10 fold excess of cysteine (100 μM) over MeHg (10
μM) was to ensure that all of the MeHg was bound to cysteine thiol groups (1:1
stoichiometry). Given that cysteine itself is a substrate for the ASC (alanine, serine, and
cysteine) transporter, the excess of cysteine in the media should not have competed with the
MeHg-cysteine conjugate for the LAT1 transporter. At the end of the treatments, cells were
washed three times with a cold mannitol buffer [290 mM mannitol, 10 mM Tris nitrate and
0.5 mM calcium nitrate (Ca(NO3)2] and lysed with 1M sodium hydroxide. Cell lysates (750
μl) were combined with 75 μl 10 M HCl, and radioactivity was measured in a liquid
scintillation counter (Tri-Carb 2900TR, Perkin Elmer Life Science). For each well,
radioactivity was corrected for cellular protein.

Statistical Analysis—Differences between various treatment groups were analyzed by
one-way analysis of variance (ANOVA), followed by Bonferroni's multiple comparison test
with statistical significance set at p<0.05. All analyses were carried out with GraphPad
Prism 4.02 for Windows (GraphPad Software, San Diego, CA, USA).

Results
LAT1 overexpression in CHO-k1 cells

CHO-k1 expression levels of LAT1 in the various experimental conditions were determined
by western blot analysis. As shown in Figure 1A, human pCDNA3-LAT1 transfected cells
expressed significantly (p<0.001) higher levels of LAT1 protein compared to controls
without transfection and to vector cells; however, there was no change in LAT1 protein
expression in cells transfected with the vector alone compared to controls (p>0.05, Fig. 1A),
indicating that transfection itself did not affect the expression of LAT1. Knock-down with
siRNA significantly (p<0.001) reduced LAT1 expression vs. LAT1 overexpressing and
siRNA control cells (Fig. 1B). Transfection of siRNA control did not affect LAT1
expression (p>0.05) compared with LAT1 overexpressing control cells (Fig. 1B).

Effects of LAT1 overexpression on [14C]-MeHg uptake in CHO-k1 cells
As shown in Figure 2A, LAT1 overexpression in CHO-k1 cells significantly (p<0.001)
increased the uptake of [14C]-MeHg compared to control cells and vector alone cells.
Transfection with the vector alone was not associated with a change in [14C]-MeHg uptake
(Fig. 2A) compared with controls. To confirm that the enhanced uptake of MeHg was
correlated with LAT1 expression, we studied its uptake in CHO-k1 cells where the
transporter was knocked down by siRNA. As shown in Figure 2B, LAT1 knock-down CHO-
k1 cells exhibited significantly (p<0.001) decreased uptake of [14C]-MeHg compared with
LAT1 overexpressing control and siRNA control cells, respectively. The net uptake of
[14C]-MeHg in siRNA control cells is equal to that in LAT1 overexpressing control,
indicating that transfection itself did not interfere with the uptake of MeHg in CHO-k1 cells.

[14C]-MeHg uptake with L-cysteine, D-cysteine and L-methionine
After pretreatment with or without L-methionine 500 μM for 1 h, LAT1 overexpressing
CHO-k1 cells were treated with 10 μM [14C]-MeHg along with D-cysteine or L-cysteine for
1, 30 and 60 min. The net uptake of [14C]-MeHg in cells treated with L-cysteine, the
essential cysteine enantiomorph, was significantly (p<0.05) higher compared to cells treated
with D-cysteine (Fig. 3). L-methionine pretreatment significantly decreased the uptake of L-
cysteine-conjugated [14C]-MeHg compared with L-cysteine alone at all time points
(p<0.05). There were no statistical differences in [14C]-MeHg uptake in cells treated with D-
cysteine and those pretreated with L-methionine plus D-cysteine (p>0.05). All experimental
L-cysteine treated groups exhibited higher [14C]-MeHg uptake compared to those treated
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with D-cysteine (p<0.05). [14C]-MeHg accumulation in CHO-k1 cells also showed time-
dependency, with intracellular levels incrementally increasing from 1 to 60 min. (Fig. 3).

Effects of LAT1 overexpression on MeHg cytotoxicity and cell viability
To determine if LAT1 overexpressing CHO-k1 cells were more sensitive to MeHg as a
result of increased intracellular concentrations of this metal, cytotoxicity experiments were
carried out to measure membrane integrity (LDH release) and cell viability (MTT
reduction). Cells overexpressing LAT1 showed significantly higher LDH leakage and lower
MTT reduction when treated with MeHg compared to either the control or vector groups
(p<0.001, Fig. 4A), vector alone cells had equal leakage of LDH and reduction of MTT
compared to control cells. To confirm that this cytotoxicity was associated with LAT1
overexpression and enhanced MeHg uptake, we transfected LAT1 overexpressing CHO-k1
cells with siRNA to knock down LAT1 expression. As shown in Figure 4B, LAT1 knock-
down cells showed significantly (P<0.001) decreased LDH leakage and higher MTT
reduction when compared to LAT1 overexpressing control and siRNA control cells.

Discussion
MeHg is readily transported across biological membranes. However, the molecular
mechanisms of MeHg transport have not yet been fully characterized. The present study, for
the first time, provides direct evidence that the amino acid carrier, LAT1, efficiently
transports MeHg across cell membranes.

The brain is the primary target site where the toxic effects of MeHg are manifested
(ATSDR, 2003; WHO, 2000). MeHg can rapidly distribute to all tissues, achieving a steady-
state distribution within a short time period (Clarkson, 1972) and appearing in the brain
within a few seconds after a common carotid or intravenous injection (Aschner and
Clarkson, 1988; Thomas and Smith, 1982). The ability of MeHg to distribute throughout the
body is often attributed to its presumed lipid solubility. However, most of the MeHg in
tissues is normally complexed with water-soluble, sulfhydryl-containing molecules,
primarily L-cysteine, glutathione (GSH), homocysteine or N-acetylcysteine (NAC)
(Clarkson, 1993). Mercury-sulfur bonds form spontaneously under physiological conditions,
and the formation constants of GSH and cysteine mercaptides with MeHg are exceptionally
high (Carty and Malone, 1979).

Studies in rats and primary cultures of bovine brain endothelial cells have established a
possible role for cysteine in the transport of MeHg across the BBB (Hirayama, 1980;
Aschner and Clarkson, 1988, 1989). Co-administration of cysteine with MeHg has been
shown to increase the uptake of MeHg into capillary endothelial cells of the BBB. The data
from the experiments led to the hypothesis that the cysteine-S-conjugate of MeHg (CH3Hg-
S-Cys) is a transportable substrate of a neutral amino acid transporter in the capillary
endothelium of the BBB. In vivo studies in rat brains (Aschner and Clarkson, 1988) and in
vitro studies in bovine cerebral capillary endothelial cells (Aschner and Clarkson, 1989)
have also demonstrated that the uptake of MeHg conjugated to cysteine is inhibitable by
neutral amino acid L-methionine, an endogenous substrate of L-type neutral amino acid
transporters, providing additional support for the hypothesis that this conjugate is taken up
by a neutral amino acid transporter. Similar transport mechanisms have also been invoked in
the transport of arsenate and vanadate, both of which can compete with phosphate for
transport and metabolism, thereby disrupting normal cellular functions (Ballatori, 2002).
Similarly, both chromate and molybdate can mimic sulfate in biological systems (Ballatori,
2002).
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Amino acid transporters are integral proteins that play crucial physiological roles by
participation, for example, in cellular nutrition and the regulation of ionic, osmotic and acid–
base homeostasis. They accomplish these important tasks by promoting the cellular or
organellar uptake or efflux of amino acids, nucleotides, sugars, organic and inorganic ions,
water, drugs and metals. Several kinds of transporters have been distinguished according to
their functions, such as systems A, ASC, L and N. System L, a Na+ -independent pathway
preferring bulky and branched-chain substrates typified by leucine (hence ‘L’), is a
ubiquitous membrane amino acid transport system (Christensen, 1990). To date, four
transporters with system L characteristics have been identified at the molecular level. L-type
large neutral amino acid transporters, LAT1 and LAT2 proteins, belong to the solute carrier
family 7 (SLC7) and mediate sodium-independent amino acid exchange and recognize a
wide range of large neutral amino acids substrates, expanding to small neutral amino acids
in the case of LAT2 (Kanai et al., 1998; Mastroberardino et al., 1998; Pineda et al., 1999;
Uchino et al., 2002). These proteins form heteromeric complexes via a disulfide bond with
the heavy chain of 4F2 antigen (4F2hc, SLC3A2), a single transmembrane domain protein
essential for the functional expression of LAT1 and LAT2 (Pineda et al., 1999; Segawa et
al., 1999). LAT3 and LAT4 belong to SLC43, are structurally distinct from the heteromeric
transporters and do not require co-expression with 4F2hc to elicit transport activity at the
plasma membrane. They exhibit narrow substrate selectivity, preferring leucine, isoleucine
and phenylalanine as substrates, and they function as facilitative diffusion transporters, i.e.
moving one substrate following their concentration gradient (Babu et al., 2003; Bodoy et al.,
2005). In contrast, LAT1 and LAT2 are obligatory exchangers, i.e. moving their substrates
in exchange for other substrates (Pineda et al., 1999; Meier et al., 2002).

LAT1 is expressed in many tissues and is the major carrier for large neutral amino acids in
multiple tissues, including the brain (Boado et al., 1999; Duelli et al., 2000; Killian et al.,
2001; Yanagida et al., 2001). Interestingly, in brain capillary endothelial cells, LAT1 is
present in both the luminal and abluminal membranes (Boado et al., 1999; Matsuo et al.,
2000; Duelli et al., 2000), indicating that this protein contributes to the transendothelial
transport of amino acids into the brain parenchyma. In this regard, the developing brain,
which has a high demand of amino acids for protein synthesis and is highly susceptible to
the neurotoxic effects of MeHg (Costa et al., 2004; Manfroi et al., 2004), expresses high
LAT1 mRNA levels that are down-regulated during the postnatal developmental period
(Boado et al., 2004). Since LAT1 is an important protein involved in the uptake of MeHg, it
is reasonable to suggest that the high LAT1 levels observed in the immature brain could be
responsible, at least in part, for the high susceptibility of the developing brain to MeHg-
induced neurotoxicity when compared to adults. In line with this hypothesis, higher mercury
levels have been found in the fetal brain than maternal brain when pregnant mice were
exposed to MeHg (Watanabe et al., 1999). Consistent with this hypothesis are also
observations that the hippocampus (a region of active neurogenesis), but not the cerebellum,
shows reduced neurogenesis upon developmental exposure to MeHg (Falluel-Morel et al.,
2007). This difference may be attributed to the importance of LAT1 in cell proliferation and
the neurotoxic role of MeHg in regions expressing high LAT1 levels.

It is notable that regions where neurogenesis occurs in adult brain also possess LAT1-
positive cells, indicating that LAT1 is involved in neuronal cell proliferation (Kageyama et
al., 2000). In this respect, neural stem cells, which possess the ability to self-renew and are
present in the adult brain in different areas with neurogenic potential (Gage, 2000) are also
highly susceptible to the toxicity elicited by MeHg (Tamm et al., 2006).

In the present study, we investigated MeHg uptake and cytotoxicity in LAT1 overexpressing
CHO-k1 cells. Our results show that MeHg uptake is enhanced in LAT1 overexpressing
cells compared to either control cells or cells transfected with the vector alone Fig. 2A). A
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parallel increase in LDH release and decrease in MTT reduction were noted in LAT1
overexpressing CHO-k1 cells (Fig. 4A). In contrast, knock-down of LAT1 decreased the
uptake of L-cysteine-conjugated MeHg (Fig. 2B) and attenuated the effects of MeHg on
LDH leakage and CHO-k1 cell viability (Fig. 4B).

The passage of amino acids across the membrane is presumed to be dependent on their
affinity sites for protein carrier systems within the membranes. These sites are known to be
specific for different amino acids (Oldendorf, 1971), and the transport is dependent upon the
stereo isomer structure of the amino acids. Here, we demonstrate specificity in the uptake of
MeHg by CHO-k1 cells; it is significantly higher when MeHg is added to the medium as the
L-cysteine conjugate compared to D-cysteine (Fig. 3). This is consistent with the essentiality
of neutral amino acid L-enantiomorphs and their higher affinity for the carrier system
compared with their D-enantiomorph analogs (Oldendorf, 1971). Furthermore, MeHg-L-
cysteine uptake is significantly attenuated by L-methionine pretreatment. This is not
surprising, given that the molecular structures of MeHg-L-cysteine and L-methionine are
similar, the latter representing an endogenous substrate for the large neutral amino acid
carrier. These results demonstrate that complexes of MeHg-cysteine are substrates for LAT1
and are consistent with earlier studies in which L-methionine was shown to effectively block
the uptake of L-cysteine-conjugated MeHg in various systems (Aschner and Clarkson, 1988;
Aschner 1989; Aschner et al., 1990; Bridges and Zalups, 2005; Simmons-Willis et al.,
2002). The ability of MeHg to interact with L-cysteine is critical for its ability to gain
intracellular access and disrupt normal biochemical or physiological functions. The transport
mechanism by which MeHg traverses cell membranes and leads to cell injury is clearly
dependent upon its ability to form a complex (with L-cysteine) whose overall structures
mimic those of endogenous molecules (L-methionine). However, the results also suggest
that overexpression of LAT1 (70 × increase) causes approximately 20% increase in MeHg
uptake by CHO-k1 cells (Fig. 1A, 2A). This indicates that other mechanisms for the
transport of MeHg exist. Alternatively, this mismatch in LAT1 expression and MeHg uptake
may be a consequence of the time-point at which uptake was measured (6 hours); since
kinetic data on absorption need to be further characterized on a temporal axis, it is possible
that at the 6-hour time-point the system is in a steady-state of uptake. Finally, it also needs to
be considered that the toxic effects of MeHg (Figures 4A and 4B) contribute to an apparent
decrease in cellular uptake of MeHg.

In summary, we have demonstrated that MeHg L-cysteine conjugates are effectively
transported by the amino acid transporter, LAT1. These findings offer an impetus for the
design of novel therapeutic strategies to attenuate or prevent the accumulation of MeHg in
target cells, thus attenuating its neurotoxic effects.
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Abbreviations

BBB blood-brain barrier

GSH glutathione

LAT1 L-type large neutral amino acid transporter 1

LDH lactate dehydrogenase

MeHg methylmercury
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MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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Figure 1. Western blots of LAT1 protein expression in CHO-k1 cells
(A) Transfection of CHO-k1 cells with human pCDNA3-LAT1 plasmid is associated with a
significant increase in LAT1 protein expression level compared with control and vector
alone expressing cells. (B) Knock-down of LAT1 expression by means of siRNA is
associated with a significant decrease in LAT1 protein expression compared with LAT1
overexpressing control and siRNA control cells (p<0.001). Values represent means ± SEM
from four independent experiments. *** p<0.001 compared with control and vector alone
(A); *** p<0.001 compared with overexpressing control and siRNA control (B).

Yin et al. Page 11

J Neurochem. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
A: LAT1 overexpression in CHO-k1 cells increases [14C]-MeHg uptake
Exposure to 10 μM [14C]-MeHg for 6 hrs in LAT1 overexpressing CHO-k1 cells (4.80 ±
0.186 μg MeHg/mg protein) leads to a significant increase in MeHg uptake compared with
control (4.0 ± 0.199 μg MeHg/mg protein) and vector alone expressing cells (4.03 ± 0.152
μg MeHg/mg protein). Values represent percentage of means ± SEM (controls = 100%) of
four independent experiments. Statistical analysis was carried out by one-way ANOVA
followed by Bonferroni's multi-comparison. ***p<0.001 compared with controls.
B: LAT1 knock-down in CHO-k1 cells decreases [14C]-MeHg uptake
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Exposure to 10 μM [14C]-MeHg for 6 hrs in LAT1 knocked-down CHO-k1 cells (3.03 ±
0.07 μg MeHg/mg protein) leads to a significant decrease (***p<0.001) in MeHg uptake
compared with LAT1 overexpressing control (3.86 ± 0.08 μg MeHg/mg protein) and siRNA
control cells (3.91 ± 0.12 μg MeHg/mg protein). Values represent percentage of means ±
SEM (LAT1 overexpressing control = 100%) of four independent experiments.
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Figure 3. Effects of L-cysteine, D-cysteine and L-methionine on [14C]-MeHg uptake in LAT1
overexpressing CHO-k1 cells
LAT1 overexpressing CHO-k1 cells were treated with [14C]-MeHg along with D-cysteine or
L-cysteine for 1, 30 and 60 min. MeHg uptake in cells treated with L-cysteine is
significantly (p<0.05) higher compared with cells treated with D-cysteine. In the presence of
L-methionine, the uptake of L-cysteine-conjugated [14C]-MeHg is significantly decreased
(p<0.05) compared with cells treated with the L-cysteine-conjugated [14C]-MeHg alone
(p<0.05). There is no statistical difference in [14C]-MeHg uptake in cells treated with D-
cysteine and those pretreated with L-methionine along with D-cysteine (p>0.05). Values
represent means ± SEM of three independent experiments, each performed in triplicate. *
p<0.05 compared within each group and each time period.
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Figure 4. MeHg induced toxicity in LAT1 overexpressing CHO-k1 cells
(A) Exposure to MeHg for 6 hrs in LAT1 overexpressing cells leads to a significant increase
in LDH release and a significant decrease in cell viability (measured by the MTT assay)
compared with control and vector alone expressing cells. (B) siRNA knock-down of LAT1
significantly attenuates LDH release and increases intracellular MTT reduction compared
with LAT1 overexpressing control and siRNA control cells. Values represent means ± SEM
of three independent experiments, each performed in triplicate. ***p<0.001 compared with
control and vector alone (A); ***p<0.001 compared with overexpressing control, ΔΔΔ
p<0.001 compared with siRNA control (B).
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