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Abstract
Elevated maternal plasma concentrations of homocysteine (Hcy) are associated with pregnancy
complications and adverse neonatal outcomes. The postulate that we wish to advance here is that
placental transport of Hcy, by competing with endogenous amino acids for transporter activity,
may account for some of the damaging impacts of Hcy on placental metabolism and function as
well as fetal development. In this article, we provide an overview of some recent studies
characterising the transport mechanisms for Hcy across the microvillous plasma membrane
(MVM) of the syncytiotrophoblast, the transporting epithelium of human placenta. Three Hcy
transport systems have been identified, systems L, A and y+L. This was accomplished using a
strategy of competitive inhibition to investigate the effects of Hcy on the uptake of well-
characterised radiolabelled substrates for each transport system into isolated MVM vesicles. The
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reverse experiments were also performed, examining the effects of model substrates on [35S]L-
Hcy uptake. This article describes the evidence for systems L, A and y+L involvement in placental
Hcy transport and discusses the physiological implications of these findings with respect to
placental function and fetal development.

Homocysteine in pregnancy and placental metabolism
Homocysteine (Hcy), a thiol group-containing amino acid, is a metabolite generated by the
methionine cycle (Selhub 1999: fig. 1). Once formed, there are three potential metabolic
pathways available to Hcy as shown in Fig. 1: (1) remethylation to methionine using 5-
methyltetrahydrofolate as methyl donor catalysed by the action of methionine synthase, (2)
remethylation by betaine to generate methionine and dimethylglycine catalysed by betaine-
homocysteine methyl-transferase (BHMT), or (3) transsulphuration to cysteine catalysed by
cystathionine β-synthase (CβS). The relative expression and activity of these Hcy-
metabolising enzymes in different tissues may be important in determining the scope of the
cellular effects of Hcy (Finkelstein 1998). Interestingly, in human placenta, only one
metabolic pathway seems to be prevalent. We have recently shown that the major metabolic
pathway for Hcy metabolism in this tissue is likely to be the re-methylation of Hcy to
methionine, as evidenced by the very low mRNA expression of CβS in human placenta,
undetectable CβS and cystathionase activities and the absence of BHMT gene expression in
this tissue (Gaull et al. 1972; Solanky et al. 2010).

Implicit in these observations is the concept that metabolism of Hcy in human placenta will
be highly dependent on cellular folate availability, utilised by the vitamin B12-dependent
enzyme methionine synthase as a substrate to catalyse the conversion of Hcy to methionine
(Fig. 1). Maternal plasma Hcy concentration is influenced by maternal folate and vitamin
B12 status (Malinow et al. 1998;Murphy et al. 2004;Refsum 2001), with an inverse
relationship between these variables (Malinow et al. 1998;Molloy et al. 2002;Murphy et al.
2004;Yajnik et al. 2005). Raised maternal plasma concentrations of Hcy, whether arising
from a maternal deficiency of these micronutrients, or perhaps a genetic susceptibility in the
enzymes responsible for Hcy metabolism (Refsum et al. 1998;Selhub 1999), is associated
with various vascular-related complications of pregnancy. These include pre-eclampsia,
placental abruption, recurrent pregnancy loss, fetal growth restriction (FGR) and stillbirth
(de la Calle et al. 2003;Ray and Laskin 1999;Vollset et al. 2000) as well as adverse
outcomes for the baby such as neural tube defects and other congenital malformations (de la
Calle et al. 2003;Vollset et al. 2000). As might be predicted, supplementation with folic acid
and B group vitamins has proved beneficial in lowering maternal Hcy and improving
pregnancy outcome (de la Calle et al. 2003), most notably in reducing the frequency of
neural tube defects (MRC Vitamin Study Research Group 1991).

These phenomena strongly implicate the methionine cycle as a key metabolic locus of
crucial importance for fetal development; a concept endorsed by the early embryonic
lethality in mice mutants homozygous for methionine synthase gene ablation (Swanson et al.
2001) and the importance of methylation events in epigenetic modifications that occur
during embryonic development (Dean et al. 2005). Perturbation of this metabolic pathway in
placenta is consequently likely to have multiple influences, affecting both placental
development and DNA methylation, with significant impacts on embryogenesis and fetal
development (Kim et al. 2009; Pickell et al. 2009; Solanky et al. 2010).

During pregnancy, the maternal plasma concentration of total Hcy (tHcy), comprising
reduced and oxidised forms of Hcy, is lowered to reach a nadir at about 20 weeks in the
second trimester. This decrease occurs independently of folic acid supplementation (Murphy
et al. 2002, 2004) leading to the suggestion that this is a physiological adaptation to
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pregnancy, perhaps modulated by endocrine factors (Murphy et al. 2002). Others concur
with this view, speculating that this trend may assist in the regulation of haemostasis
(Holmes 2003). Maternal tHcy is higher than fetal plasma tHcy concentration and is a major
determinant of the latter, with a significant, positive correlation between these two variables
(Malinow et al. 1998; Molloy et al. 2002; Murphy et al. 2004). Importantly, the
concentration of maternal tHcy at pre-conception and throughout pregnancy is significantly
correlated with fetal cord blood tHcy concentration measured at birth (Murphy et al. 2004).
The parallelism between maternal and fetal tHcy concentrations could most simplistically be
explained if Hcy was transported across the placental exchange barrier (Fig. 2). Such a
concept is strengthened by the evidence that there is a decreasing concentration gradient of
plasma tHcy from maternal vein to umbilical vein to umbilical artery (Malinow et al. 1998).
Although this could reflect transfer of Hcy across the placenta by diffusion down its
electrochemical gradient through the paracellular pathway (Sibley 2009), carrier-mediated
transport mechanisms may also play an important role, as they do for amino acids. This
premise is founded on the observation that fetal cord tHcy concentrations, whilst
significantly related to maternal tHcy concentrations, are differentially influenced by
maternal folate and vitamin B12 status (Molloy et al. 2002), suggesting the existence of a
route of transplacental transfer for Hcy that is regulated, most plausibly a transcellular
pathway.

In human placenta, maternofetal exchange occurs across two cellular layers separating
maternal and fetal blood: a transporting epithelium, the syncytiotrophobast, and endothelium
lining the fetal capillary (Fig. 2). The latter forms an extensive microvascular bed of
continuous endothelial cells with intercellular spaces that restrict permeability to large
hydrophilic solutes, but is not thought to be restrictive to relatively small solutes such as
amino acids (Firth and Leach 1996). The primary barrier to maternofetal exchange of amino
acids therefore resides in the properties of the maternal-facing microvillous plasma
membrane (MVM) and fetal-facing basal plasma membrane (BM) of the
syncytiotrophoblast (Fig. 2). Different classes of amino acid transporters are distributed to
these syncytiotrophoblast plasma membranes and mediate amino acid transport, providing
amino acids for fetal metabolism and biosynthetic processes as well as fetal protein
accretion (Cleal and Lewis 2008;Jansson 2001).

With this knowledge, and in the light of the maternal-fetal Hcy interrelationships detailed
above, some fundamental questions need to be addressed: when the concentration of tHcy is
elevated in maternal plasma resulting in hyper-homocysteinaemia (HHcy), what is
happening at the placental interface? Is Hcy transported by the placenta? If so, what are the
mechanisms? We have recently been investigating some of these issues (Tsitsiou et al.
2009), and this article presents an overview of our current findings, and their potential
impact is discussed in the context of placental function and fetal development.

Placental transport of homocysteine
Based on the biochemical similarity of L-Hcy to L-methionine, our initial speculation was
that these two amino acids would share common transport mechanisms mediated by amino
acid transporters intrinsic to the syncytiotrophoblast plasma membranes of human placenta.
To elucidate the mechanisms involved, our experimental approach was, therefore, to study
three candidate transport systems which (1) utilise L-methionine as a well-characterised
substrate, (2) whose transport characteristics are well defined, and (3) are known to be
functionally active in human placenta (Cleal and Lewis 2008; Tsitsiou et al. 2009). As
shown in Table 1, the neutral amino acid transporters systems L, A and y+L fulfil these
criteria.
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These three amino acid transporters are localised to both MVM and BM of human placenta
(Cleal and Lewis 2008; Jansson 2001). System A is a monomeric transporter comprising
three highly homologous isoforms of the sodium-coupled neutral amino acid transporter
(SNAT) family (Table 1). In contrast, systems L and y+L form heterodimeric complexes
consisting of a heavy chain, CD98, linked to light chain variants which confer functional
activity and substrate specificity (Table 1). Whilst CD98 is found localised to both MVM
and BM (Ayuk et al. 2000), the distribution of the LAT1 light chain only is well described,
being particularly enriched in MVM (Okamoto et al. 2002). Progress in defining the
distribution of the other light chains in human placenta has really been hampered by poor
antibody specificity to these polytopic membrane proteins.

Our hypothesis was, therefore, that these three transport mechanisms, systems L, A and y+L,
would support Hcy as a substrate. To test this hypothesis, we focussed on the first plasma
membrane barrier to maternofetal amino acid transfer, MVM of the syncytiotrophoblast
(Fig. 2). This plasma membrane can be isolated in a relatively pure form by magnesium
precipitation and differential centrifugation, and once encouraged to vesiculate, by
application of a shear force to form intact vesicles, provides a useful model of enclosed
plasma membrane vesicles across which transport mechanisms can be characterised. This is
most commonly achieved using radiolabelled tracers placed in the extra-vesicular buffer to
measure influx across the plasma membrane or within the intravesicular space to measure
efflux mechanisms (Glazier et al. 1988;Glazier and Sibley 2006). Hence, we employed
MVM plasma membrane vesicles, isolated from term, human placenta as a model to
investigate whether (1) unlabelled L-Hcy inhibited the uptake of well-characterised
radiolabelled substrates for each transport system and (2) unlabelled model substrates for
each transport system inhibited radiolabelled L-Hcy uptake. The ability of L-Hcy to inhibit
uptake of amino acid substrate into MVM vesicles and vice versa was taken as evidence that
L-Hcy shared a common transport pathway (Tsitsiou et al. 2009).

Placental transport mechanisms for homocysteine
System L

For system L, an amino acid exchanger, [35S]L-methionine was used as a model substrate
for this transporter (Ganapathy et al. 1986; Johnson and Smith 1988). A concentration-
dependent inhibition of substrate uptake by L-Hcy was observed, comparable in magnitude
to the classic system L inhibitor 2-aminobicyclo[2.2.1]heptane-2-carboxylic acid (BCH) as
well as other model substrates (Tsitsiou et al. 2009). In the reciprocal experiment, BCH
significantly inhibited radiolabelled [35S]L-Hcy uptake in a dose-dependent manner,
achieving a maximal inhibition of ~69% with 20 mM BCH (Tsitsiou et al. 2009). Together
these data strongly supported the concept that system L transports L-Hcy across the MVM.
It is not possible to delineate whether such Hcy transport is LAT1- or LAT2-mediated as L-
methionine is a preferred substrate for both LAT1 and LAT2 light chains (Kanai et al. 1998;
Meier et al. 2002; Pineda et al. 1999) and there is evidence of both activities in MVM (Kudo
and Boyd 2001; Lewis et al. 2007). The affinity of these two light chains for the same amino
acid can be dissimilar (Rossier et al. 1999). It is interesting that such a high proportion of
Hcy transport appears to be utilising a system L-mediated mechanism in MVM, as this
transporter also appears to make a major contribution to cellular Hcy uptake in several other
cell types (Büdy et al. 2006; Ewadh et al. 1990; Jiang et al. 2007; Limpach et al. 2000;
Naggar et al. 2003).

As an amino acid exchanger, system L mediates both the uptake of amino acids into the
placenta across MVM as well as efflux of amino acids across BM into the fetal circulation
(Cleal and Lewis 2008). This property of system L at the BM locus therefore has the
capacity to qualitatively alter the composition of fetal plasma by exchanging
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syncytiotrophoblast amino acids for those in fetal plasma (Cleal et al. 2007; Cleal and Lewis
2008). However, mechanisms additional to system L also transport L-leucine across this
plasma membrane (Cleal et al. 2007). The identity of these remain to be fully elucidated, but
it has been postulated that these comprise non-exchange mechanisms; facilitated diffusion
mechanisms governed by the substrate concentration gradient generated within the
syncytiotrophoblast and postulated to be mediated by TAT1 (system T) and/or LAT4 (Cleal
et al. 2007). LAT4 seems a particularly appealing candidate to engage in L-Hcy transport at
the BM locus based on the studies described here, as it supports L-methionine and BCH, in
addition to L-leucine, as substrates (Bodoy et al. 2005; Cleal and Lewis 2008). Thus, the
balance of L-Hcy influx across MVM, syncytiotrophoblast production and metabolism of L-
Hcy, and efflux of L-Hcy across BM will be important determinants in the delivery of L-
Hcy to the fetus.

System A
One accumulative amino acid transporter that plays a key role in mediating the influx of
neutral amino acids into the syncytiotrophoblast, driven by the inward Na+-gradient across
MVM, is system A. To investigate whether system A is implicated in L-Hcy uptake across
MVM we utilised 14C-labelled α-(methylamino)isobutyric acid (MeAIB) as a well-
characterised and paradigm substrate for this transport mechanism (Mackenzie and Erickson
2004). 14C-MeAIB has been extensively used to measure system A activity in placental
MVM vesicles (Desforges et al. 2009; Jansson 2001; Jansson et al. 2002; Johnson and Smith
1988; Mahendran et al. 1993). Uptake of 14C-MeAIB at initial rate was inhibited in a
concentration-dependent manner by L-Hcy, in a manner similar to L-methionine serving as a
positive control (Tsitsiou et al. 2009). At high concentration (20 mM), the magnitude of
inhibition of 14C-MeAIB uptake by L-Hcy was comparable to that of other model substrates
(Tsitsiou et al. 2009). In the reverse experiment, a high concentration of MeAIB (20mM)
inhibited [35S]L-Hcy uptake by ~21% and exhibited Na+-dependency (Tsitsiou et al. 2009).
Collectively, these observations are consistent with the notion that system A is involved in
the uptake of L-Hcy by the placenta.

From these observations, it was not possible to elucidate which SNAT isoform is involved in
the transport of L-Hcy across MVM. Immunolocalisation studies have demonstrated that all
three SNAT isoforms, SNAT1, 2 and 4, are localised to MVM (Desforges et al. 2006),
allowing for the possibility that more than one SNAT isoform contributes. We favour the
involvement of SNAT1 and/or SNAT2 based on their relatively high affinity for L-
methionine and their markedly higher affinity for MeAIB as compared to SNAT4 (Hatanaka
et al. 2000, 2001; Wang et al. 2000). As for other transporter isoforms exhibiting a high
degree of homology, dissection of their relative contribution is difficult due to their
overlapping functional properties. It is of interest that L-Hcy transport across MVM of
human placenta utilises system A as this phenomenon is apparent in other cell types (Büdy
et al. 2006; Hultberg 2004; Naggar et al. 2003), but this trend is not found ubiquitously
(Ewadh et al. 1990; Jiang et al. 2007).

System y+L
Another Na+-dependent amino acid transporter involved in the influx of neutral amino acids
into the syncytiotrophoblast is system y+L. This transport mechanism has a dual mode of
transport, transporting both cationic and neutral amino acids, the latter only showing Na+-
dependency (Table 1). These characteristics of system y+L were exploited to examine
whether L-Hcy inhibited the uptake of [3H]L-arginine into MVM vesicles in a Na+-
dependent manner (Tsitsiou et al. 2009). We found evidence of a Ki shift for neutral amino
acid inhibition when Na+ was removed from the extravesicular buffer and replaced with
K+(Tsitsiou et al. 2009); a feature considered consistent with the positive identification of
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system y+L activity (Devés et al. 1998;Devés and Boyd 1998). The reverse experiment,
using unlabelled L-arginine to inhibit [35S]L-Hcy uptake into MVM vesicles, is confounded
by the presence of the high capacity cationic amino acid transport system y+ in MVM (Ayuk
et al. 2000;Speake et al. 2003), which may reduce the efficacy of L-arginine to inhibit
mediation of [35S]L-Hcy uptake by system y+L (Tsitsiou et al. 2009). Again, functional
delineation of which y+LAT light chain might be involved in L-Hcy transport is not easily
accomplished. Both y+LAT light chains are expressed in human placenta at the mRNA level
(Dye et al. 2004) and share a similar substrate specificity for neutral amino acids such as L-
methionine (Bröer et al. 2000;Pfeiffer et al. 1999), but their distribution remains
undetermined due to a lack of targeting antibodies. Measurements of L-Hcy transport
following knockdown of individual y+LAT chains may go some way to resolving this issue.

Our observation that system y+L mediates L-Hcy transport across MVM of human placenta
is interesting as this also appears to be the case in platelets, where Hcy-inhibits a leucine-
sensitive, arginine-transporting component (Brunini et al. 2003; Leoncini et al. 2003),
suggesting this might be an L-Hcy influx mechanism more broadly. This concept has not
been well explored but has physiological significance, as by limiting L-arginine provision,
the precursor for nitric oxide synthesis, L-Hcy impairs cellular nitric oxide production
(Leoncini et al. 2003; Mutus et al. 2001; Upchurch et al. 1997). This has particular relevance
as regards placental function, as nitric oxide derived from the fetal endothelium induces
vasodilation within the fetoplacental circulation to maintain low vascular resistance (Sladek
et al. 1997). It is therefore worthy of comment that in pregnancy pathologies associated with
maternal HHcy such as pre-eclampsia and FGR, altered nitric oxide synthesis and/or
biological action(s) is associated with abberant blood flow (Escudero and Sobrevia 2008).

Overview and physiological implications
This article highlights that there are three potential influx mechanisms for L-Hcy in human
placenta, systems L, A and y+L, supporting our starting hypothesis that L-Hcy would utilise
the same transport moieties that support L-methionine as substrate (Tsitsiou et al. 2009). The
use of multiple transport systems to import L-Hcy is not unique to the placenta; other cell
types mirror this trend (Büdy et al. 2006; Hultberg 2004; Jiang et al. 2007; Naggar et al.
2003). The molecular identity of the transport systems involved in cellular L-Hcy uptake,
their relative affinity for L-Hcy and contribution to total L-Hcy uptake appears to be dictated
by cell type, perhaps influencing cellular susceptibility to an environment where HHcy
prevails or serving to confer a functional advantage through L-Hcy/endogenous amino acid
interactions. It is interesting that all three amino acid transporters appear to mediate L-Hcy
influx across MVM, as the activity of systems A and y+L may well influence that of system
L by providing amino acid substrates for system L-mediated exchange (Verrey 2003).

Our evidence is that system L is likely to be the major mechanism to mediate L-Hcy influx
across MVM (Tsitsiou et al. 2009). Further, we have speculated that the kinetic
discrimination of two Na+-independent mechanisms for [35S]L-Hcy uptake into MVM
vesicles with high (~72 µM) and low (9.7 mM) affinity transport components represents
CD98/LAT1- and CD98/LAT2-mediated activity, respectively (Tsitsiou et al. 2009). This
notion would accord with the generally higher substrate affinity of LAT1 and its high
abundance in MVM. Thus, system L activity in MVM would be particularly susceptible to
fluctuations in maternal Hcy status. This is of key importance as system L provides essential
amino acids for both fetal development and placental metabolism. Placental supply of these
only just meets fetal demand for protein synthesis (Chien et al. 1993), so such an interaction
is plausibly likely to impact on fetal growth. The predisposition to FGR and a lower
birthweight in mothers with HHcy (Vollset et al. 2000) is certainly consistent with such a
concept.
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Whilst the studies described here indicate that Hcy is transported across the MVM, is there
corroborative evidence that L-Hcy is taken up by placental tissue/cells? We have addressed
this issue by investigating whether L-Hcy inhibits Na+-dependent [14C]MeAIB uptake into
placental villous fragments, a model whereby the cellular architecture is maintained and the
syncytiotrophoblast remains intact (Greenwood and Sibley 2006). L-Hcy (10 mM) reduced
[14C]MeAIB accumulation by placental villous fragments by ~85% (Tsitsiou et al. 2008)
inferring that L-Hcy must be taken up into the syncytiotrophoblast. Although some tissue
accumulation may reflect uptake of tracer into other cellular compartments, tracer uptake is
likely to be largely reflective of tracer movement across MVM into the syncytiotrophoblast
(Greenwood and Sibley 2006). Previous studies by others, showing that treatment of
cytotrophoblast cells with exogenous Hcy (progenitor cells which differentiate into
syncytiotrophoblast-like structures in culture; Greenwood et al. 1996) results in apoptosis
and an associated reduction in human chorionic gonadotropin secretion (Di Simone et al.
2003), further argues for the existence of uptake mechanisms for Hcy in this cell type.
Attenuation of these effects by folic acid addition (Di Simone et al. 2004) implicates
intracellular folate concentration as a key regulator of Hcy’s action in this cell type.

It has recently been demonstrated that folic acid is taken up by cytotrophoblast cells by three
transporters: folate receptor α, proton-coupled folate transporter and reduced folate carrier
(Keating et al. 2009), agreeing well with our observations in placental tissue implicating
these transporters in placental folate transport and showing that these three folate
transporters are localised to MVM (Solanky et al. 2010), where they exhibit functional
activity (Yasuda et al. 2008). The protection afforded by folic acid to the damaging effects
of Hcy on cytotrophoblast function (Di Simone et al. 2004) is compatible with the concept
of an increased intracellular conversion of Hcy to methionine, thereby reducing the potential
for Hcy-related toxicity. This again serves to emphasise the key role of methionine cycle
activity in placental Hcy metabolism and regulation of placental homeostasis.

Overall, our studies suggest that L-Hcy can potentially be transported by, or accumulate
within, the syncytio-trophoblast (Tsitsiou et al. 2008, 2009). This is depicted in Fig. 3
which, based on the collective evidence detailed here, also provides a scheme for the
maternofetal transfer of L-Hcy. This scenario allows for several ensuing possibilities and
Hcy could impact on syncytiotrophoblast function in several ways. By competing with other
endogenous substrates of amino acid transporters, the provision of amino acids to the
developing fetus could be reduced, placental metabolism of Hcy may be perturbed,
especially if folate and vitamin B12 availability is suboptimal, apoptosis may be induced and
functional integrity compromised. Additionally, it should be highlighted that systems L and
A activities in MVM are reduced in pregnancies compromised by FGR (Jansson and Powell
2007; Sibley 2009), so maternal HHcy would serve to further limit amino acid supply.
Indeed, the observation that the human placenta transports Hcy may provide a novel
mechanism that could underscore the link between FGR and the predisposition to
cardiovascular disease later in life (Jansson 2009). This is an exciting postulate that is
certainly worthy of future investigation.

Abbreviations

BCH 2-aminobicyclo[2.2.1]heptane-2-carboxylic acid

BM Basal plasma membrane

FGR Fetal growth restriction

Hcy Homocysteine
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HHcy Hyperhomocysteinemia

MeAIB α-(methylamino)isobutyric acid

MVM Microvillous plasma membrane

SNAT Sodium-coupled neutral amino acid transporter

tHcy Total Hcy
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Fig. 1.
Homocysteine metabolic pathways. Homocysteine can be metabolised by three metabolic
pathways in tissues. (1) Remethylation to methionine using 5-methyltetrahydrofolate (5-
MTHF) as methyl donor, catalysed by the vitamin B12-dependent action of methionine
synthase (MS). THF is then re-cycled to form 5-MTHF, catalysed by 5,10-methylene
tetrahydrofolate reductase (MTHFR). Methionine then acts as the precursor for the ATP-
dependent synthesis of the primary methyl donor S-adenosylmethionine (SAM) which is
involved in various methylation reactions, producing homocysteine and methylated
acceptor(s). (2) Betaine can be utilized as an alternative methyl donor to generate
methionine and dimethylglycine (DMG), catalysed by betaine-homocysteine
methyltransferase (BHMT). (3) Homocysteine can enter the transsulphuration pathway being
converted to cysteine through the action of cystathionine β-synthase (CβS)
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Fig. 2.
The exchange barrier of human placenta. Electron micrograph showing the two cellular
layers involved in transplacental exchange: the transporting epithelium of the
syncytiotrophoblast and fetal capillary endothelium. The syncytiotrophoblast has two
plasma membranes, a maternal-facing microvillous plasma membrane which is in direct
contact with maternal blood in the intervillous space and a basal plasma membrane which
faces the fetal capillary containing fetal blood. Image kindly supplied by Dr Carolyn Jones
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Fig. 3.
Maternofetal transfer of homocysteine. Schematic representation of the involvement of
transport mechanisms systems L, A and y+L in the maternofetal transfer of Hcy across the
human placenta. The scheme includes the possibility that as yet uncharacterised mechanisms
may also be involved, denoted as carrier ‘?’. AA Amino acid
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Table 1

Transport mechanisms for L-methionine distributed to both the microvillous plasma membrane and the basal
plasma membrane of human placenta

Transporter System A System L System y+L

Characteristics
  and mode of
  amino acid
  transport

Na+-dependent co-transporter Na+-independent exchanger Na+-independent (cationic amino acids)
  and Na+-dependent (neutral amino
  acids) exchanger

Amino acid
  preference

Small, short chain neutral amino
  acids

Neutral amino acids with bulky side
  chains

Both neutral and cationic amino acids

Molecular
  components

Monomeric with three isoforms:
  SNAT1 (SLC38A1) SNAT2
  (SLC38A2) SNAT4 (SLC38A4)

Heterodimeric comprising CD98 linked to
  either of two light chain variants: LAT1
  (SLC7A5) or LAT2 (SLC7A8)

Heterodimeric comprising CD98 linked
  to either of two light chain variants:
  y+LAT1 (SLC7A7) or y+LAT2
  (SLC7A6)

Amino acid
  specificity

Alanine, glycine, serine, MeAIB,
  methionine

Leucine, isoleucine, valine, phenylalanine,
  BCH, methionine

Arginine, lysine, leucine, glutamine,
  methionine

J Inherit Metab Dis. Author manuscript; available in PMC 2011 February 1.


