
INTRODUCTION

HOMOCYSTEINE is a thiol-containing amino acid derived
from the metabolism of methionine (Fig. 1). Initial inter-

est in homocysteine stemmed from the identification of chil-
dren with cystathionine �-synthase (CBS) deficiency who had
20–30-fold increases in the level of total homocysteine pres-
ent in blood (56). These children had a number of distinct pa-
thologies, including defects in the visual system, circulatory
system, nervous system, and skeletal system, suggesting that
elevated homocysteine could affect a number of different bio-
logical processes (57). Treatments that lower plasma homo-
cysteine reduce the severity of many of these pathologies,
suggesting that homocysteine is the actual pathogenic agent
(58). More recently, there has emerged large amounts of data
suggesting that even moderately elevated homocysteine lev-

els may cause increased risk for various human diseases, such
as stroke, heart attack, peripheral vascular disease, dementia,
and birth defects (63).

How could elevated homocysteine be involved in such a wide
number of apparently unrelated diseases? One idea is that ho-
mocysteine may affect a very basic biological process central
to a variety of diseases. A possible hypothesis has centered on
the relationship between homocysteine and oxidative stress.
Homocysteine itself has been shown to cause increased ox-
idative stress on cells, both through direct effects (e.g., the
production of hydrogen peroxide by oxidation of homocysteine
to homocystine) and indirect effects (e.g., reduction of glu-
tathione peroxidase) (77). In addition, it is estimated that as
much as 50% of the cellular antioxidant glutathione is pro-
duced from homocysteine by conversion through the transsul-
furation pathway (55). A second popular hypothesis suggests
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ABSTRACT

Cystathionine �-synthase (CBS) is the first enzyme in the transsulfuration pathway, catalyzing the conversion
of serine and homocysteine to cystathionine and water. The enzyme contains three functional domains. The
middle domain contains the catalytic core, which is responsible for the pyridoxal phosphate-catalyzed reac-
tion. The C-terminal domain contains a negative regulatory region that is responsible for allosteric activation
of the enzyme by S-adenosylmethionine. The N-terminal domain contains heme, and this domain regulates
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tions that produce hydrogen sulfide, a novel neuromodulator in the brain. Mutations in human CBS result in
homocystinuria, an autosomal recessive disorder characterized by defects in a variety of different organ sys-
tems. The most common CBS allele is 833T>C (I278T), which is associated with pyridoxine-responsive homo-
cystinuria. A complementation system in S. cerevisiae has been developed for analysis of human CBS muta-
tions. Using this system, it has been discovered that deletion of the C-terminal domain of CBS can suppress
the functional defects of many patient-derived mutations. This finding suggests it may be possible to develop
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that elevated homocysteine affects the control of biologically
important methylation reactions by causing a build-up of S-
adenosylhomocysteine (AdoHcy). AdoHcy is a competitive
inhibitor of S-adenosylmethionine (AdoMet) binding for methyl-
transferase enzymes. As methyltransferases are involved in a
variety of important biological processes, inhibition of this
class of enzymes could have extremely diverse effects on the
organism (9).

The subject of this review is the metabolism of homocys-
teine through the transsulfuration pathway with a focus on the
initial enzyme in this pathway, CBS. We will first discuss the
enzymology of CBS and then present information on the con-
sequences of defective CBS.

HOMOCYSTEINE METABOLISM

Homocysteine is formed from the hydrolysis of AdoHcy,
which in turn is formed from AdoMet (Fig. 1). AdoMet is a
methyl group donor in a large number of biochemical reactions.
Therefore, homocysteine production increases as a result of
increased methyl usage in the body. Once homocysteine is
produced, it can have two metabolic fates: either remethylation
to form methionine or transsulfuration to form cysteine. The
remethylation reaction is carried out by two different enzymes,
methionine synthase (MS) and betaine-dependent homocysteine
methyltransferase (BHMT). MS transfers a methyl group from
methylenetetrahydrofolate to homocysteine and uses vitamin
B12 as an essential cofactor (48). MS appears to be expressed
in most tissues, with very high levels found in the human heart,
skeletal muscle and pancreas. In contrast, BHMT expression
is restricted to the liver and kidney (13), where it uses betaine
as the methyl-group donor for the conversion of homocysteine
to methionine (24). The remethylation pathway is favored under
conditions where methionine and AdoMet levels are low, re-
sulting in conservation of these metabolites. When methionine
and AdoMet levels are high, transsulfuration dominates (20).
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The transsulfuration pathway catalyzes the conversion of
homocysteine to cysteine, and is the only de novo pathway for
cysteine production in mammals. The pathway consists of two
steps. In the first step, homocysteine is condensed with serine
to form cystathionine, whereas in the second step, cystathion-
ine is cleaved to form cysteine and �-ketobutyrate. CBS is the
first committed step in the transsulfuration pathway, and plays
a key role in regulating the flux between transsulfuration and
remethylation.

STRUCTURE–FUNCTION OVERVIEW
OF CBS: THREE DOMAINS

The human CBS enzyme is a member of the pyridoxal 5�-
phosphate (PLP) family of enzymes, which utilize PLP to cat-
alyze their reactions. The enzyme exists as a homotetramer of
four 63-kDa monomers (68). The monomer is 551 amino acids
in length and is organized in a three-domain structure (72)
(Fig. 2). The middle part of the enzyme contains the catalytic
core, which binds the substrates and PLP. This part of the en-
zyme is the most conserved evolutionarily. The N-terminal por-
tion of the human enzyme contains the heme-binding domain,
which appears to be an evolutionary add-on. It is not found in
any other PLP family members, nor is it observed in CBS en-
zymes outside of vertebrates (34). Based on studies described
later, it appears that the heme plays a role in enzyme regulation
as opposed to catalysis. The C-terminal domain is responsible
for allosteric regulation of the enzyme by AdoMet. As will be
discussed later, this domain acts as an inhibitor of the catalytic
domain, and AdoMet appears to act by relieving this inhibition.

CBS CATALYTIC CORE

The most conserved portion of the CBS enzyme is the so-
called “catalytic” core, which is located roughly between amino
acids 70 and 400. The sequences of the catalytic core domains
from rat, human, and yeast exhibit significant homology with
the sequences of PLP-dependent enzymes that belong to the
�-family (2) or Fold II (25). Related enzymes in Fold II in-
clude the � subunit of bacterial tryptophan synthase, bacterial
and plant O-acetylserine sulfhydrylase (8), and the catalytic
domain of bacterial threonine deaminase (34).

Recently, the x-ray crystal structure of the catalytic core,
along with the N-terminal domain (amino acids 1–413), has
been determined (51, 73) (Fig. 3). This truncated form of the

FIG. 1. Methionine metabolic pathway. Arrows indicate
enzymatic reactions. Key enzymes are indicated in italics.

FIG. 2. Domain structure of human CBS. The different do-
mains within CBS are indicated by shading. The approximate
amino acid demarcating the differing regions is shown below
the figure. The black shaded areas show the location of the
CBS domains within the C-terminal region.
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enzyme functions as a dimer as opposed to tetramer. It binds
heme and PLP and is enzymatically active, but its activity is
no longer regulated by AdoMet. The PLP moiety is deeply
buried in a cleft within the catalytic core, such that the active
site is accessible only via a narrow channel. Lysine-119 is the
residue that forms a Schiff base with the PLP cofactor (19, 51).
The hydroxyl group of serine-349 forms a hydrogen bond with
the N1 of PLP and is also thought to play a key role in cataly-
sis. The next step in the study of CBS will be the determination
of the entire CBS crystal structure including the C-terminal
regulatory domain. This will allow determination of the exact
AdoMet-binding site and a detailed mechanism for the acti-
vation by AdoMet.

CATALYTIC MECHANISM OF CBS

PLP acts as the coenzyme in a number of significant reac-
tions in amino acid metabolism. From the genomic study, we
know that almost 1.5% of all genes code for PLP-dependent
enzymes in many free-living prokaryotes, but in higher eu-
karyotes the percentage is substantially lower, consistent with
these catalysts being involved mainly in basic metabolism (61).
Assigning the function of PLP-dependent enzymes simply on
the basis of sequence criteria is not straightforward because,
as a consequence of their common mechanistic features, these
enzymes have intricate evolutionary relationships (2, 17, 25,
50). The chemical basis explaining the catalytic versatility of
PLP enzymes was proposed initially by Metzler in 1954 (53)
and has been expanded since then (15, 16, 29, 32). Mechanis-
tic investigation of a variety of PLP enzymes has generally
confirmed these early proposals (12, 14, 26, 27, 33, 38, 54).
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Today the detailed and precise mechanisms of several types
of PLP enzymes are known based on crystallographic, spec-
troscopic, and site-directed mutagenesis studies. As mentioned
previously, human CBS is a unique enzyme that binds with
PLP and heme as a cofactor. Until recently, the reaction mech-
anism of human CBS could not be extensively investigated
because the heme largely masks the spectroscopic properties
of the PLP coenzyme intermediates. However, yeast CBS lacks
heme, and thus yeast CBS has proven useful for spectroscopic
studies of reaction mechanism (35). The specific catalytic mech-
anism for CBS was first proposed by Borcsok and Abeles (5)
(Fig. 4). Experimental support for this mechanism has been
observed for both full-length and truncated yeast CBS through
the use of steady-state kinetic analysis (34, 35) and rapid scan-
ning stopped-flow spectroscopic studies (36, 37, 70). First,
the substrate L-serine binds to PLP and undergoes hydrolysis
to form an enzyme-aminoacrylate intermediate (E-AA) in the
absence of L-homocysteine (Fig. 4, Stage I). This E-AA inter-
mediate does not undergo hydrolysis or further reaction in the
absence of an added nucleophile. Thus, the yeast CBS reac-
tion does not proceed by direct displacement of the OH of L-
serine, as first proposed by Braunstein and Goryachenkova
(6). Addition of L-homocysteine to the preformed E-AA in-
termediate forms an external aldimine with cystathionine
(Fig. 4, Stage II). The reaction of CBS with the product, L-
cystathionine, also leads to formation of the E-AA intermedi-
ate. This means that the reaction is reversible (1). Rapid-scanning
spectroscopy studies of the full-length yeast enzyme suggest
the rate-limiting step is the release of cystathionine (70),
whereas studies of the truncated enzyme indicate that the for-
mation of cystathionine from the aminoacrylate is rate-limit-
ing (36). Recent studies on a hemeless version of human CBS

FIG. 3. Structure of amino acids 1–413 of human CBS. The white ribbon shows one monomer, whereas the blue ribbon
shows the second monomer. The PLP molecule is indicated by the yellow stick representation, and the heme is represented by the
purple stick representation. Shown as green and yellow sticks are mutations found in human patients with CBS deficiency. The
green mutations are functionally suppressed in yeast by deletion of the C-terminal 143 amino acids, whereas the red mutations are
not. In general, the nonsuppressible alleles tend to be closer to the active-site PLP than the suppressible alleles.
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also suggest the existence of an aminoacrylate intermediate
(19). The type of reaction mechanisms used by the CBS is known
as a double displacement or ping-pong mechanism (34).

INTERMEDIATES, SUBSTRATE/
PRODUCTION INHIBITION

In many PLP enzymes, high concentrations of substrates can
cause enzyme inhibition. In the CBS reaction, L-serine does not
show inhibition, but L-homocysteine exhibits the substrate in-
hibition (1, 34). This substrate inhibition is usually ascribed
to the binding of one or both of the substrates to the wrong
form of the enzyme, thereby diverting the enzyme from the
productive pathway and altering the distribution of enzyme–
substrate intermediates (65). For example, the binding of the
cosubstrate indole to tryptophanase in the presence of an amino
acid alters the equilibrium distribution of enzyme–substrate
intermediates (40).

As mentioned above, steady-state and rapid-scanning spec-
troscopy studies indicate that the CBS product L-cystathion-
ine can also form an E-AA intermediate (35, 36). This means
that the entire reaction of CBS is reversible (1, 36). Thus, in
theory, the presence of a large amount of L-cystathionine can
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inhibit the overall reaction of CBS. However, in most tissues,
cystathionine levels are quite low so it is unlikely that this re-
verse reaction plays a significant role in vivo.

ROLE OF HEME

Human CBS binds heme as a cofactor in the N-terminal
regulatory domain (Fig. 2). Based on the crystal structure, the
heme iron is coordinated by interactions with His65 and Cys52

(52). CBS heme does not appear to be essential for catalysis
because the deletion of the 70 N-terminal residues resulted in
a heme-free protein retaining 10–20% of wild-type activity
(60, 73). In addition, the CBS enzymes from both S. cerevisiae
and T. cruzi lack heme but catalyze the overall reaction with
similar steady-state kinetic parameters (34, 59).

One hypothesis to explain the presence of heme in mam-
malian CBS is that heme may act as a redox sensor to regulate
CBS activity. Incubation of purified human CBS with the re-
ductant titanium citrate resulted in a 1.7-fold reduction of CBS
activity, which could be restored by oxidation with potassium
ferricyanide (71). Although the distance between heme and
PLP is ~20 Å, 31P NMR reveals that the oxidation state of heme
does affect the spectrum of PLP (39). It has also been observed

FIG. 4. Catalytic mechanism of CBS. Stage I shows the first half-reaction with L-serine in the absence of a cosubstrate. Note
the loss of water to form enzyme-aminoacrylate (E-AA) intermediate. Stage II is the second half-reaction obtained upon addition
of L-homocysteine to E-AA. Possible quinonoid intermediates between E-Ser and E-AA or between E-Cystathionine and E-AA
are not shown.
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that treatment of a hepatoma-derived cell line with peroxide
causes increased flux of homocysteine to glutathione without
an increase in CBS enzyme level (55). However, it has not
been proved that this increased flux is due to elevated CBS
activity, and it is unclear how the cellular redox state affects
the heme iron in vivo.

ALLOSTERIC REGULATION BY
ADOMET AND THE CBS DOMAIN

AdoMet is a critical molecule in metabolism, being both
the major methyl group donor and a key substrate in poly-
amine metabolism. It has been known for 30 years that AdoMet
controls CBS enzyme activity (21). From a metabolic point of
view, it is logical that CBS activity would be sensitive to
AdoMet levels. When AdoMet levels are high, activation of
the transsulfuration pathway would represent a way to get rid
of excess AdoMet, whereas when levels are low, remethyla-
tion of homocysteine would allow its conservation.

AdoMet stimulates CBS activity by increasing the turnover
rate rather than the binding of substrates to the enzyme (41,
71). This effect seems to occur via interactions of AdoMet
with the C-terminal domain of the enzyme. Deletion of the C-
terminal domain results in an enzyme that is in a superactivated
state and no longer responds to AdoMet (41, 66). Certain point
mutations in the C-terminal domain abolish AdoMet stimula-
tion or increase the Kd for AdoMet (18, 67). AdoMet has been
shown to bind to recombinant CBS with a stoichiometry of
one molecule of AdoMet per subunit of CBS (72). This bind-
ing is abolished in an enzyme lacking the C-terminal 143 amino
acids. These studies have led to a model of CBS activation in
which the C-terminal domain of CBS acts as an inhibitory do-
main and AdoMet binding to this domain reduces this inhibi-
tion (18, 31, 67).

Several of the missense mutations that disrupt AdoMet ac-
tivation of CBS lie within an evolutionarily conserved 53-
amino acid motif known as the “CBS” domain. This motif is
found in proteins in several diverse species ranging from hu-
mans to archaebacteria (4). In human CBS, it is located be-
tween amino acids 415 and 468 within the C-terminal regulatory
region. Other proteins containing the CBS domain include in-
osine 5�-monophosphate dehydrogenase (IMPDH), 5�-AMP-
activated protein kinase (AMPK), voltage-gated chloride
channels (CLC2), ATP-binding cassette transporters, and sev-
eral other proteins of undefined function. In all of these other
cases, the CBS domain is found in multiple copies. Homol-
ogy modeling of the C-terminal 143 amino acids of CBS with
the CBS domain-containing region of IMPDH suggests that
there is a possible second CBS domain between residues 486
and 543 (67).

The structure of the CBS domain has been determined for
IMPDH (79). This enzyme is a triosephosphate isomerase
(TIM) barrel, with two CBS domains inserted in a loop of the
TIM barrel. Recently, it has been proposed that pairs of CBS
domains act as binding domains for adenosine derivatives
(64). Purified proteins containing tandem CBS domains from
AMPK, IMPDH-2, and CLC2 bound adenosine monophos-
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phate and adenosine triphosphate, whereas the CBS domains
of CBS bound AdoMet. It was also shown that missense mu-
tations in CBS domains of AMPK, IMPDH-2, CLC2, and
CBS caused dramatic shifts in ligand-binding ability. This find-
ing suggests that CBS domains act as sensors of cellular energy
status and couple this information with enzyme function. In-
terestingly, yeast CBS is not affected by AdoMet even though
it contains a CBS domain in the region of 371–424 (34).

ALTERNATIVE ENZYME REACTIONS

The reaction versatility of PLP enzyme originates from the
structure of PLP and its capability to act as an “electron sink,”
which can withdraw electrons from the substrate (53). Given
this general property, there are, in fact, many different reac-
tions that can be catalyzed by PLP-containing enzymes. How-
ever, the unique environment provided by the protein part of
each unique PLP enzyme directs the basic catalytic abilities of
the coenzyme so as to provide the reaction specificity with its
own substrate specificity. Because PLP reactions occur as a series
of consecutive steps, the efficacy of each enzyme lies not only
in its ability to accelerate the required reaction at each stage,
but to prevent all the other side reactions. Sometimes a mea-
surable and physiologically significant side reaction can occur
as a result of “mistake.” Like other PLP enzymes, CBS can
catalyze alternative reactions such as �-elimination and �-
replacement reaction with other substrates (6, 54).

The main CBS reaction catalyzes the �-replacement reac-
tion of L-serine with L-homocysteine to form L-cystathionine
(Fig. 5). One of the potential alternate reactions for CBS in-
volves the condensation of cysteine with homocysteine to
form cystathionine and hydrogen sulfide (H2S) (Fig. 5, Alter-
nate Reaction 1) (7). We have shown that this reaction can be
catalyzed by CBS, with the Km for cysteine being about half
that of serine (Kruger, unpublished observations). This reac-
tion may be physiologically important for two reasons. First,
H2S has been shown to be a neuromodulator in the brain (43).
Second, it represents an alternative way to eliminate homo-
cysteine. Another potential source of H2S production would
be from the breakdown of cysteine (Fig. 5, Alternate Reac-
tions 3 and 4); however, we have not been able to show that
CBS from any source has significant levels of cysteine hydro-
lase activity (Jhee, unpublished observations).

FIG. 5. Alternate enzyme reactions catalyzed by CBS.
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CBS AND REDOX REGULATION

The transsulfuration pathway converts homocysteine to
cysteine. It was reported that ~50% of the cysteine in the glu-
tathione pool in cultured human liver cells is derived from
homocysteine (55). Glutathione plays an important role in main-
taining intracellular redox homeostasis and in cellular defense
against oxidative stress. Therefore, the transsulfuration path-
way is not only important to remove excess homocysteine in
the body, but is also an essential pathway in terms of glu-
tathione biosynthesis, to maintain redox homeostasis. Mice
lacking CBS through homozygous deletion of the CBS gene
have reduced levels of glutathione in the liver and brain (76).
Analysis of CBS activity under a variety of growth conditions
indicates that CBS is coordinately regulated with prolifera-
tion suggesting a redox-sensitive mechanism in both yeast and
human cells (49).

In HepG2 cells, treatment with tumor necrosis factor-�, which
is known to enhance production of reactive oxygen species,
increased CBS activity and glutathione levels. Western blot
data showed that the higher CBS activity originated from the
cleavage of CBS to a truncated form. From those data, a novel
redox regulation mechanism for CBS was proposed that ox-
idative stress targeted proteolysis of CBS to increase transsul-
furation levels (80).

CBS EXPRESSION

CBS enzyme activity is not found in all tissues and cells.
It is absent from heart, lung, testes, adrenal, and spleen in rats
(20). In humans, it has been shown to be absent in heart mus-
cle and primary cultures of human aortic endothelial cells (30).
Examination of CBS protein by western blot suggests this lack
of activity may result from posttranslational proteolysis of
CBS. The lack of CBS in these tissues implies that these tis-
sues are unable to synthesize cysteine and that cysteine must
be supplied extracellularly (11). It also suggests that these tis-
sues might have increased sensitivity to homocysteine toxic-
ity because they cannot catabolize excess homocysteine via
transsulfuration.

Four different CBS RNA isoforms have been described (3,
10). These differ only in their 5�-untranslated regions, and all
of the isoforms would be expected to encode the same CBS
protein. Adult tissues with the highest concentration of CBS
mRNA are the liver, pancreas, and kidney. However, some
CBS mRNA can be detected by northern blot analysis in all
tissues tested. Certain RNA isoforms are expressed only in
specific tissues. For example, isoform 5 is expressed exclu-
sively in the pancreas, whereas the kidney expresses predom-
inantly isoform 1. The significance of these differences is
difficult to assess, as there are no data suggesting that the dif-
ferent mRNA isoforms produce differing levels of CBS protein.

CBS mRNA is also expressed during human fetal develop-
ment. It is expressed at high levels in fetal human liver and
brain (62). In situ hybridization has detected CBS mRNA in
the central nervous system from embryos as young as 3
weeks old. The gene is expressed in all embryonic tissues that
are affected by clinical homocystinuria. Thus, CBS RNA lev-
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els are high in the developing neural and vascular systems,
and somewhat lower in the developing skeletal system.

MUTATIONS IN CBS

Mutations in CBS are the most common cause of homo-
cystinuria, a genetic disorder characterized by extremely ele-
vated levels of total homocysteine (tHcy) in plasma (58). Be-
sides elevated tHcy, CBS-deficient patients also have severe
hypermethionemia. Homocystinuric individuals have a variety
of clinical phenotypes, including mental retardation, ectopia
lentis, skeletal abnormalities, and thrombotic vascular disease.
About half of CBS-deficient patients respond to pharma-
cological doses of pyridoxine (vitamin B6) with significant
lowering of tHcy and a reduction in the severity of disease
phenotypes. Because CBS-deficient siblings are always concor-
dant for pyridoxine responsiveness, it is thought that response
to pyridoxine is associated with specific CBS alleles (57).

Over the past decade, more than 130 CBS mutations have
been characterized from both responsive and nonresponsive
patients (45). About 80% of the CBS alleles are missense mu-
tations, with most of the others representing deletion alleles.
Most alleles are rare alleles only observed in one or two spe-
cific individuals. In addition, there appear to be specific alle-
les favored in specific locations. For example, the 919G>A
(G307S) allele is extremely frequent in Ireland, but rarely ob-
served in Holland (23, 44). Similarly, the 797G>A (R266K)
allele was the most frequent allele observed in a study of Nor-
wegian families, whereas the T191M allele is common on the
Iberian Peninsula (42, 75).

The most frequently observed allele, and an allele that is
panethnic, is the 833T>C (I278T) allele (45). This allele tends
to be associated with a pyridoxine responsiveness, but there
appear to be many exceptions (44). This allele probably arose
from a 68-bp repeat polymorphism within the CBS gene (69).
This repeat is found in ~5% of all CBS alleles and creates a
duplication border of intron 7 and exon 8 with the exception
of a single base-pair change. Because this repeat is normally
ignored by the splicing machinery, it has no effect on CBS
production. However, it is hypothesized that occasionally a
recombination event occurs such that the wild-type allele is
spliced out and all that is left is the imperfect repeat, which
causes the 833T>C allele (42).

YEAST ASSAY FOR HUMAN CBS

Although many mutations in the CBS gene have been iden-
tified, in only a minority of cases have the functional effects
of these mutations been analyzed. One system that has proved
useful in the evaluation of CBS mutants is through functional
expression and complementation in the yeast S. cerevisiae (46).
The basis for this assay is that human CBS can functionally
correct the cysteine auxotrophy associated with deletion of
the endogenous yeast CBS gene CYS4. By expressing various
mutant forms of CBS in yeast, it is possible to determine
whether a particular missense mutation is disease-causing or
whether it is a neutral polymorphism (Fig. 6). Our lab has
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used this method to assess the functional effects of over 20
patient-derived alleles (42, 46, 47). The modeling of mutant
forms of CBS in yeast allows the determination of the func-
tional consequences of specific changes. For example, the
R266K mutation found in several Norwegian patients with
pyridoxine-responsive homocystinuria, was shown to give a
pyridoxine-responsive phenotype in yeast (42).

The yeast system can also be used for mutational analysis
of the enzyme. The observation that the C-terminus of CBS
encoded a regulatory domain that is required for AdoMet reg-
ulation was inferred from a mutation that was originally dis-
covered in the yeast system (66). An important finding from
the yeast system is that deletion of the regulatory domain of
CBS can suppress the functional effects of many missense
mutations located within the catalytic core of CBS (67). This
finding suggests that many missense mutations affect the in-
teraction of the regulatory domain with the catalytic domain,
such that the enzyme is an inactive form. Additional deletion
or mutations within the regulatory domain can restore enzyme
function. These findings suggest it might be possible to dis-
cover small-molecule drugs that bind to the C-terminal domain
and cause activation of CBS activity. Such compounds could
potentially be useful in the treatment of CBS deficiency or other
homocysteine-related disease.
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ABBREVIATIONS

AdoHcy, S-adenosylhomocysteine; AdoMet, S-adenosyl-
methionine; AMPK, 5�-AMP-activated protein kinase; BHMT,
betaine-dependent homocysteine methyltransferase; CBS, cys-
tathionine �-synthase; CLC2, voltage-gated chloride chan-
nels; E-AA, enzyme-aminoacrylate; H2S, hydrogen sulfide;
IMPDH, inosine 5�-monophosphate dehydrogenase; MS, me-
thionine synthase; PLP, pyridoxal 5�-phosphate; tHcy, total
plasma homocysteine; TIM, triosephosphate isomerase.
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