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ABSTRACT. Homocysteine is a key junction metabolite in methionine metabolism. It suffers two major
metabolic fates: transmethylation catalyzed by methionine synthase or betaine homocysteine methyl
transferase and transsulfuration catalyzed by cystathighsythase leading to cystathionine. The latter

is subsequently converted to cysteine, a precursor of glutathione. Studies with purified mammalian
methionine synthase and cystathionfhsynthase have revealed the oxidative sensitivity of both junction
enzymes, suggesting the hypothesis that redox regulation of this pathway may be physiologically significant.
This hypothesis has been tested in a human hepatoma cell line in culture in which the flux of homocysteine
through transsulfuration under normoxic and oxidative conditions has been examined. Addition of 100
uM H20, or tertiary butyl hydroperoxide increased cystathionine production 1.6- and 2.1-fold from 82

+ 7 umol h™1 (L of cells) ™ to 136+ 15 and 172+ 23umol h™ (L of cells) %, respectively. The increase

in homocysteine flux through the transsulfuration pathway exhibited a linear dose dependence on the
concentrations of both oxidants (5@00 uM H,O, and 16-200 uM tertiary butyl hydroperoxide).
Furthermore, our results reveal that approximately half of the intracellular glutathione pool in human
liver cells is derived from homocysteine via the transsulfuration pathway. The redox sensitivity of the
transsulfuration pathway can be rationalized as an autocorrective response that leads to an increased level
of glutathione synthesis in cells challenged by oxidative stress. In summary, this study demonstrates the
importance of the homocysteine-dependent transsulfuration pathway in the maintenance of the intracellular
glutathione pool, and the regulation of this pathway under oxidative stress conditions. Aberrations in this
pathway could compromise the redox buffering capacity of cells, which may in turn be related to the
pathophysiology of the different homocysteine-related diseases.

Homocysteine is a sulfur-containing amino acid that is lized via either transsulfuration or transmethylation reactions.
derived from the hydrolysis ofS-adenosylhomocysteine Its conversion to methionine catalyzed by the-Bependent
(AdoHCy)! the spent form of the major cellular methyl zinc protein, methionine synthase, serves to releasg CH
donor, AdoMet (Figure 1). Elevated levels of homocysteine Hafolate, the circulating form of the vitamin, asJfdlate.
are correlated with several different pathologies, including The latter is then available to support a number of folate-
cardiovascular diseases (reviewed in 68f neural tube dependent one-carbon transfer reactions. Transmethylation
defects 2, 3), and Alzheimer’s diseasél It is estimated catalyzed by the zinc-containing betaine homocysteine me-
that up to 40% of the population at risk for cardiovascular thyltransferase represents an intermediate step in the catabo-
diseases has elevated levels of homocysteine. Despite thesksm of choline, but exhibits restricted tissue distributidh (
significant statistics, the mechanism by which cells regulate Transsulfuration catalyzed by the heme angdBpendent
homocysteine metabolism and the etiology of homocysteine- cystathionings-synthase leads to cystathionine and subse-
related diseases remain poorly understood. Homocysteinequently to cysteine and glutathione biosyntheses in addition
occupies a unique cofactor-studded metabolic junction posi-to providing a catabolic route leading to sulfate. The
tion and performs key physiological functions. It is metabo- transsulfuration reaction thus provides a direct link between

homocysteine and glutathione, the major redox buffer in
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1 Abbreviations: AdoHCy,S-adenosylhomocysteine; AdoMe& oxidative stressf, 7). Recent studies on purified mammalian
adenosylmethionine; G#H folate, 5-methyltetrahydrofolate; fblate, methionine synthase and cystathionifiesynthase have

tetrahydrofolate; FBS, fetal bovine serum; PBS, phosphate-buffered ; iy ; ;
saline; EDTA, ethylenediaminetetraacetic acid; BSA, bovine serum revealed reciprocal sensitivity of the two major homocysteine

albumin; tBUOOH, tertiary butyl hydroperoxide; .8, hydrogen utilizing enzymes to oxidative conditions,(9). Thus, the
peroxide; DTT, dithiothreitol. activity of methionine synthase is reduced under oxidizing
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Protein L-cysteine, Hepes, metaphosphoric acid, iodoacetic acid, 2,3-
dinitrofluorobenzene, phenylmethanesulfonyl fluoride, Non-
idet P-40, disodium EDTA, DTT, leupeptin, pepstatin, and

Methionine Adenosyl

Methionine Transferase aprotinin were purchased from Sigm&g]Methionine (151
H,folate \ Ci/mol) and [U4‘C]serine (1000 Ci/mmol) were from
/ o AdoMet Amersham Bioscience. Gentamycin and trypsin were from
etaine .
CH,-H,folate A?yt:t,};,;,s,ze MZZ;'Z) :;;st;:;e Trgfff:ry;m 1$c|>brr(1:(?A ?’EIE.FBS was from HyClone Co. HepG2 cells were
CH,-H,folate AdoHCy Cell Culturing. Cells were grown in 60 mnx 15 mm
Reductase  CH,-H,folatg* ‘/Ad‘!myl tissue culture dishes in minimal essential medium with 10%
@' Homocysteinase FBS, 2 mML-glutamine, 2.2 g/L sodium bicarbonate, and
K Serine o 50 mg/mL gentamycin until they were 6@0% confluent.
s @——%Cgf?jﬁiz;i’f The culture medium was changed every 4 days and, for the
J . . last time 3 h before the start of the experiment. Cells were
[ Cystathionine preincubated fol h with 2.5 mM propargylglycine, when
/ ,’l:m Lelvei tv—Cystathionase needed. Then, 25200 uM H,0,, 25—200uM tBuOOH, 1
[ pargylglycine . .
i Protein mM y-glutamylcysteine, or 1 mMN-acetyl+-cysteine was
s cysteine< added. In experiments in which incorporation of radioactive
,-',:' Glutamate Sulfates serine into cystathionine was monitored, {{G]serine was
u \icystgg"sf;;%m diluted with cold serine to give a 0.5 M solution with a
‘ specific activity of 27 mCi/mol. Radioactivity (110 nCi) was
;' ¥-Glu-Cys added to the culture medium (4 mL) at the same time as
H,0, Glycine\iclummione tBUOOH. The final concentration of serine in the culture
Synthetase medium was 1 mM. For experiments in which the incorpora-
GSH tion of radioactive methionine into glutathione was moni-
tored, F°S]methionine was diluted with PBS to give a 1.25
Clutaihione )if:‘;ﬁ;";f uM solution with a specific activity of 125 Ci/mmol.
Radioactivity (5uCi) was added to the medium (4 mL) 30
GSSG min prior to tBUOOH addition. The final concentration of

Ficure 1: Intracellular metabolism of homocysteine. The postulated methionine in the medium was 100M. Since the volume
role of peroxides at this junction is indicated by the dashed lines. of the additions did not exceed 5% of that of the culture
GSH and GSSG are glutathione and glutathione disulfide, respec-medium, the change in concentrations of medium compo-

tively. nents was negligible in all cases.

conditions most likely due to the lability of the reactive ~ Sample CollectionCulture dishes were placed on ice in a
cofactor intermediate, cob(l)alami)( whereas the activity ~ dark room, and the medium was removed by aspiration prior

of the heme-containing cystathionifiesynthase is enhanced 0 harvesting. The cells were washed twice with ice-cold
under the same condition8)( PBS and collected by scraping. The cells were divided into

These in vitro studies led us to posit that redox changes WO portions, and the first (50L) was centrifuged (1000
may serve a regulatory role under physiological conditions for 2 min). The supernatant (44.) was discarded, and 90
whereby oxidative stress would increase the flux of ho- #L oOf lysing buffer 20 mM Hepes (pH 7.4) containing 25
mocysteine through the transsulfuration pathway. The im- MM potassium chloride, 1 mM phenylmethanesulfonyl
mediate consequence of this would be an increase influoride, and 0.5% Nonidet P-40] was added. The suspension
cystathionine levels that could lead to an increase in the Was mixed well and placed on ice for 10 min. Following
concentrations of the downstream metabolites, cysteine andcentrifugation (1000@for 5 min), the protein concentration
glutathione. Such a regulatory switch could be rationalized in the supernatant was determined using the Bradford reagent
as representing a self-correcting response to depleted glu{Bio-Rad) with BSA as the standard and represents the
tathione levels in cells faced with an oxidative challenge. concentration of total intracellular protein. N
To test this hypothesis, we have employed a human hepatoma The second aliquot of cells was deproteinized by mixing
cell line, HepG2, to examine whether the sizes of metabolite With an equal amount of fixing solution (16.8 g/L meta-
pools in this pathway change when cells are exposed toPhosphoric acid5 M sodium chloride, and 5 mM disodium
normoxic versus oxidative stress conditions. Our results EDTA). After incubation at room temperature for 10 min,
furnish a quantitative estimate of homocysteine flux through the mixture was centrifuged (1009Gor 3 min), and the
the transsulfuration pathway in human liver cells in culture, Supernatant was used immediately for thiol determination.
and provide evidence for the sensitivity of this pathway to ~ Measurement of Intracellular Thiol Concentratiorihe
oxidative stress that leads to enhanced cystathionine and~oncentration of thiols in deproteinized cell extracts was
glutathione synthesis. Furthermore, they reveal the key rolemeasured as described previously)( Briefly, 50 uL of

played by homocysteine in the maintenance of the cellular the deproteinized cell extract was mixed withu2 of a
glutathione pool. saturated potassium carbonate solution angirdol of

iodoacetic acid. Aftel h in thedark at room temperature,
MATERIALS AND METHODS 57 uL of an alcoholic solution of 2,3-dinitrofluorobenzene

Materials. Minimal essential medium Eagle, .8, (1.5% v/v in absolute ethanol) was added and the reaction
tBUOOH, b,L-propargylglyciney-glutamylcysteineN-acetyl- was allowed to proceed fo4 h in the dark at room
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temperatureN-Dinitrophenyl derivatives of cystathionine,

cysteine, glutathione, and glutathione disulfide were separated
by HPLC on a Phenomenex Bondclone Neblumn (300 800+
mm x 3.9 mm, 10um) at a flow rate of 1 mL/min. Solvent

A was a 4:1 methanol/water mixture, and solvent B was % 1Fropareylglycine
prepared as follows: 272 g of sodium acetate trihydrate, 122 % 600 - H,0,
mL of water, and 378 mL of glacial acetic acid were mixed, &

and 100 mL of the resulting solution was added to 400 mL E

of solvent A. The elution conditions were as follows: from g

0 to 10 min, isocratic 30% solvent B; from 10 to 30 min, X 400

linear gradient from 30 to 100% solvent B. Prior to each g

injection, the column was equilibrated with 30% solvent B 'g

for 10 min. Elution of peaks was monitored by their =

absorbance at 355 nm. The concentration of individual thiols £ 2004

was determined by comparing integrated peak areas with &

previously generated calibration curves for each compound.
To measure the level of incorporation of the radioactive label
into the metabolites of interest, the fractions containing

cystathionine and glutathione were collected, and the radio- 0 2 j 4 ) 6
activity was measured by scintillation counting and normal- ;

. . L Time (h)

ized for the protein concentration in the sample.

To represent the thiol concentrations in units of micro- FiGUrRE 2: Kinetics of intracellular cystathionine accumulation in
. . hepatocytes exposed to 2.5 mM propargylglycine wi#) énd
moles per liter of cells, the amount of protein 1 L of without (O) 100 uM H,0,. Arrows indicate the times of propar-

HepG2 cells was estimated. The cell suspension was dividedgyiglycine 'and HO, addition to the medium. The observed rates
into two fractions. The cells in one fraction were lysed by of cystathionine synthesis were 837 and 136+ 15umol h=1 (L

repeated freezethaw cycles, and the protein concentration ©f cells) ™ in the absence and presence @03 respectively. The

was determined. The second fraction of cells was placed in€Sults represent the means the standard deviation of five
experiments. Asterisks indicate that the means are significantly

a glass capillary fused at one end and centrifuged at@500 gifterent from control values g = 0.005, as determined by the
for 10 min. The ratio of the cell pellet volume to the total ANOVA test (h = 4).

cell suspension volume was estimated by determining the
relative heights of the pellet versus that of the total sample. sensitivity of both enzymes3( 9). These observations led
From this analysis, HepG2 cells were estimated to have 53us to hypothesize that changes in the ambient redox potential
g of protein per liter of cells. could result in changes in the flux of homocysteine between
Analysis of Cystathioningg-Synthase and Methionine the two competing pathway®) Thus, under oxidizing
Synthase Leels by Western Analysibor Western analysis,  conditions, increased cystathionifiesynthase activity would
cell cultures were treated with 2QoM tBuOOH for 6 h, be predicted, leading to elevated cystathionine levels, which
after which the medium was removed by aspiration and the could in turn lead to elevated glutathione levels. The outcome
cells were washed with 2 3 mL of ice-cold PBS. Lysis  of such a regulatory switch would be a compensatory
buffer (containing 0.15 M NaCl, 30 mM Tris, 1% Nonidet increase in the glutathione pool diminished in response to
P-40, 0.1% sodium dodecyl sulfate, 1 mM EDTA, 1 mM an oxidative insult. In this study, we have tested this
DTT, 2 mM MgCl, 10ug/mL leupeptin, 2¢9/mL pepstatin,  hypothesis by measuring changes in the concentration of
1.9 ug/mL aprotinin, and 1 mM phenylmethanesulfonyl cystathionine and glutathione in hepatoma cells exposed to
fluoride) was added to cover the cells which were incubated oxidative stress conditions.
on ice for 30 min. Cell membranes were separated by The Leel of Cystathionine Synthesis Is Increased under
centrifugation at 140G for 10 min at 4°C, and the  Oxidative Stress ConditionsSince the intracellular cys-
supernatant was used for Western analysis. Cell extracts (8Gathionine concentration is low, it is difficult to directly
u1g) from control and tBuOOH-treated samples were loaded monitor changes in the cystathionine pool without inhibiting
in each lane and separated on a 7.5% (for methioninethe downstream pathway enzyme;cystathionase, with
synthase) or 10% (for cystathionifiesynthase) polyacryl-  propargylglycine (Figure 1). The latter is a suicide inhibitor
amide gel under denaturing conditions. The proteins were (11) that is highly specific fory-cystathionase at the
transferred to a PVDF membrane by electroblotting and concentrations employed2). Under these conditions, further
detected by Western analysis. Polyclonal antibodies againstmetabolism of cystathionine is averted, permitting evaluation
cystathionings-synthase and methionine synthase, available of (i) the relative flux of homocysteine through cystathionine
in our laboratory, were employed for detection of these B-synthase in the presence and absence of peroxide and (ii)
proteins. The secondary antibody, anti-rabbit IgG/alkaline the quantitative repercussions of thwarting cystathionine entry
phosphatase conjugate (Sigma), was diluted 1:6250, andto the cysteine and thereby glutathione pools.
chemiluminescent detection was performed using the Immun-  Addition of propargylglycine to the culture medium results
Star substrate (Bio-Rad). in a linear time-dependent increase in the concentration of
cystathionine (Figure 2, lower trace), permitting estimation
RESULTS AND DISCUSSION of the steady-state flux of homocysteine through cystathion-
Studies on the isolated mammalian methionine synthaseine g-synthase. Under these conditions, the rate of cys-
and cystathionines-synthase have revealed the redox tathionine production is 82 7 umol h™! (L of cells)™
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. . A 1.5- and 1.45-fold increase in the amount of radioactivity was
Ficure 3: Effect of varying concentrations of 3, (®) and observed after 4 and 7 h, respectively, in the tBuOOH-treated
tBUOOH (©) on hepatic cystathionine levels measured by (A) gamples vs controls. The results represent the meahe standard
integration of peak areas in chromatographic traces and (B) by geviation of four experiments. Asterisks indicate that the means
radioactivity eluting in the cystathionine fraction (see Materials and ¢ significantly different from control values at the= 0.01 level,
Methods). Confluent HepG2 cells were incubated §oh in a as determined by the ANOVA test & 5).
medium containing 2.5 mM propargylglycine, 1 mM féC]serine,
and the indicated concentrations of peroxides. Results are the means
+ the standard deviation of seven experiments. reaction was also monitored by measuring the level of
incorporation of }*C]serine into cystathionine in the presence
H.O; is a well-studied oxidant, whose addition to the cell of propargylglycine. Serine is the second substrate for
culture medium induces oxidative stress response gé&8es ( cystathionings-synthase, and the increase in the level of
In culture, response to oxidative stress has been observedadioactive serine incorporation into cystathionine (Figure
within 30—60 min in cells exposed to 16@200xM peroxide 3B) paralleled the increase in the cystathionine pool estimated
(13, 14). To test the effect of oxidative stress on cystathionine py integration of the peak area in a chromatographic trace
formation, cells treated with propargylglycine were exposed (Figure 3A).
to 100 uM H20,. At this H,O, concentration, the flux of Glutathione Synthesis Is Increased in Response to Oxida-
homocysteine through the transsulfuration pathway increasedtiye Stress ConditionsWVhile the studies described above
1.6-fold compared with that of the untreated control to 136 indicate that oxidative conditions enhance transsulfuration,
+ 15umol h™* (L of cells)™* (Figure 2, upper trace). Thisis  they suffer from having been conducted in the presence of

very similg( to the 1.7-fold incre'ase'in cystathlionﬁ%yn- the inhibitor, propargylglycine, which could in principle have
thase activity observed under in vitro conditior®). (The affected the metabolic response that was being studied. To
dose dependence of cystathionine concentration @y ks address this potential limitation, the effect of tBUOOH was

shown in Figure 3A (lower trace). A linear increase in the examined in the absence of propargylglycine by measuring
rate of cystathionine formation was observed at concentra-the level of incorporation of 3fS]methionine into the
tions of >50 uM H0,. glutathione pool.$S]Methionine enters glutathione synthesis
The effect of another oxidant, tBuOOH, on homocysteine only via homocysteine and the transsulfuration reaction
flux through the transsulfuration pathway was also examined. (Figure 1). This is confirmed by the lack of incorporation
tBUOOH had a similar albeit slightly larger effect on the of radiolabel from $°S]methionine into glutathione in the
size of the cystathionine pool compared tg: (Figure 3A). presence of propargylglycine (data not shown). As reported
Addition of 100 uM tBuOOH increased the flux of ho-  previously (5), ~90% of the radiolabel fron¥}S]methionine
mocysteine through the transsulfuration pathway 2.1-fold to is associated with proteins at any given time, with the
172+ 23umol h™* (L of cells)™. Unlike H,O,, the increased  remainder being present in cytosolic metabolites.~Ah5-
production of cystathionine was linearly dependent on fold increase in the level of incorporation of radioactivity
tBuOOH at all concentrations that were examined. The into the glutathione pool was observed in cells exposed to
throughput of homocysteine through the transsulfuration 200 uM tBuOOH compared to untreated controls (Figure
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facile cleavage of the full-length enzyme by proteases in vitro
(17), and during the lengthy purification of the wild-type
enzyme (8), but has not been observed during purification
of the recombinant human enzyme expressegkicherichia
coli (9).

The results from the Western analysis indicate that redox
regulation of the transsulfuration pathway is not exerted at

Ficure 5. Detection of cystathionind-synthase and methionine (€ Protein expression level of the junction enzymes,
synthase levels in HepG2 cells exposed to tBUOOH and in untreatedCystathionine 5-synthase and methionine synthase. The
cells. Cell extracts were prepared as described in Materials andincreased flux through the transsulfuration pathway could
Methods. To ensure equal loading in the lanes, the level of result instead from changes in enzyme activity. Since the

methylmalonyl-CoA mutase was detected by Western analysis (no?equilibrium midpoint potential of the heme bound to cys-

shown). Representative blots are shown here; the Western analy3|% thioni th h t b det ned. it | i
was performed on eight independent samples and controls for i@thionine f-synthase has not been determined, it is no

cystathionings-synthase and methionine synthase, respectively. (A) known whether the enzyme exists in the ferric or ferrous
Analysis of cystathionings-synthase. Lanes 1 and 2 contained form at the ambient redox potential inside the cell. However,
purified recombinant truncated and full-length forms of cystathion- characterization of the enzyme under in vitro conditions

ine B-synthase; lane 3 contained the control (untreated cells), and; _ ) : : i
lanes 4 and 5 contained extracts from cells treated with 100 ancl|nd|cates that a 1.7-fold increase in the level of cystathionine

2004M tBUOOH, respectively. The full-length recombinant enzyme formation is correlated with oxidation of ferrous to ferric
has an additional 11 amino acids at the N-terminus, and is slightly heme in cystathioning-synthaseq). This is lower than the
larger than the wild-type enzym®)( (B) Detection of methionine  3-fold increase that is observed with 20 tBuOOH in
synthase levels in extracts from untreateq @nd tBUOOH (200 thjs study and indicates that the observed response of the
#M)-treated cells ). transsulfuration reaction to oxidative stress cannot be ac-
counted for simply by potential oxidation state changes of
the heme leading to activation of cystathionfisynthase.
The individual or combined changes in the activities of the
other redox-sensitive enzymes in this pathway such as a
decrease in the level of methionine synthase or an increase
in the level of methionine adenosyl transferase would result
in an increase in homocysteine concentration (Figure 1). This
in turn would increase the extent of conversion of homocys-
teine to cystathionine since cystathionjfiesynthase has a
high Kr,, for homocysteine [5 mM9)] and will be sensitive

4). This is lower than the-3-fold increase in cystathionine
concentration that is elicited by 2Q@vl tBuOOH in the
presence of propargylglycine (Figure 3). This could be
explained by the fact that incorporation of homocysteine into
the glutathione pool requires three additional steps beyond
formation of cystathionine, and the increase in concentration
of the downstream metabolite, glutathione, lags behind the
increase observed for cystathionine. Alternatively, the net
outcome of the increased flux through the transsulfuration

pathway under the observed conditions may simply be an to changes in the concentration of this substrate. The rate-

~1.5-fold mcreasg in the g-lutath|one pdol. , limiting enzyme in glutathione biosynthesisjsglutamyl-

The observed increase in the level of synthesis of glu- ¢ qieine synthetase, which is upregulated at a transcriptional
tathione from methionine under oxidative stress conditions |oye| under oxidative stress conditior&9). Increased flux
in the absence of propargylglycine validates the results y,q,,gh the transsulfuration pathway under these conditions

obtained in the presence of the inhibitor that reveal an ,,q result in an increased availability of cysteine, the
increased level of synthesis of cystathionine under the Samelimiting substrate for this enzyme.

conditions. Together, these data provide strong support for
the hypothesis that redox regulation is important in modulat-
ing the flux of homocysteine through the transsulfuration

pathway.

Levels of Cystathioning-Synthase and Methionine Syn-
thase Do Not Change in Response to tBUOOH Treatment.
Increased homocysteine flux through the transsulfuration
pathway could, in principle, result from an increase in the
levels of methionine adenosyl transferase and/or cystathion-
ine #-synthase or a decrease in methionine synthase activity.
To determine whether the oxidizing conditions used in our
studies affected the expression level of the junction enzymes
methionine synthase and cystathioniisynthase, Western
analysis of cell extracts was performed. As shown in Figure
5, there is no detectable difference in the expression levels
of methionine synthase or cystathionifiesynthase in the
presence of tBUOOH as compared to those of the untreate
controls.

Western analysis using polyclonal antibodies to cys-
tathionineB-synthase routinely revealed the presence of two 3 : —
bands that correspond to the full-length and truncated forms _,. The total concentration of glutathione increased 114 (11)

- L . : . " after 7 hincells treated with 20@M tBuOOH as compared to that in
of the enzyme which exist in the tetrameric and dimeric ynreated controlsn(= 15). The means are significantly different at
states, respectively16). A hypersensitive site results in the thep = 0.001 level, as determined by the one-way ANOVA test.

Homocysteine Plays a Major Role in the Maintenance of
the Intracellular Glutathione Poolln liver cells, there are
two sources of intracellular cysteine that can support glu-
tathione synthesis. The first is through import of the amino
acid present extracellularly, and the second is via the
homocysteine-dependent transsulfuration pathway. To ex-
amine the relative importance of the transsulfuration pathway
for the maintenance of the intracellular glutathione pool, the
concentrations of cysteine and glutathione were determined
in the absence and presence of propargylglyine (Table 1).
Inhibition of y-cystathionase leads to a decrease in the
intracellular cysteine concentration. After incubation with
propargylglycine for 25 h, the cysteine concentration was
65+ 13umol (L of cellsy ! as compared to 16& 20 zmol
(L of cells)™ in untreated controls. Diminution of the

ysteine pool was paralleled by depletion of the glutathione
ool whose concentration decreased from 6.2 to 2.6 mM
(Figure 6). The glutathione to glutathione disulfide ratio,
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Table 1: Concentration of Metabolites in HepG2 Cells with and The importance of the transsulfuration pathway to glu-
without Inhibition of y-Cystathionase tathione biosynthesis was first described 20 years ago by

Reed and co-workerg2(). They observed that treatment of
rat hepatocytes with 1 mM propargylglycine @ h resulted

concentration

t lglycine- . . 4
metabolite uné;e"i.ed pr?rpei;rt%%gﬁéne in 35% depletion of the glutathione pool compared to
oysteine 166 202M 65+ 13,M untreated gontrols. In. addmon, they reported that elt_her
glutathione 6.2t 0.4 MM 2 6+ 0.3 MM homocysteine or methionine could support the synthesis of
glutathione disulfide 123 11uM 76+ 11uM glutathione when added as the sole sulfur source to hepa-
glutathione to glutathione 51 35 tocytes depleted of glutathione with diethyl maleate. Our

disulfide ratio results with human liver cells in culture are very similar with

3 The concentration of metabolites reported here was measured 25respect to the proportion of the glutathione pool that is
h after addition of 2.5 mM propargylglycine. derived from homocysteine

120 — Relevance to the Pathophysiology of Transsulfuration
Defects These data have potentially important implications
to pathologies in which the transsulfuration pathway is

% disturbed. Functional deficiency of cystathionjfisynthase
is accompanied by pleiotropic clinical and pathological
abnormalities Z1). One of the clinical manifestations is

80+ dislocation of the optic lens. It has been hypothesized that

disruption of protein disulfides by elevated concentrations
of homocysteine may be involved in the etiology of lens
dislocation 22). Our results imply that impaired cystathion-

ine B-synthase may affect this process both by causing

40 4 homocysteine levels to rise, which leads to protein damage,

and by causing glutathione levels to fall, compromising

glutathione-dependent repair of mixed disulfid28)( Char-

20 — acterization of the transsulfuration pathway in the lens and

surrounding tissues would therefore be of interest.

Whereas impaired cystathionirfesynthase leads to el-
- . .
0 5 10 15 20 25 evated homocysteine levels and is expected to perturb
L glutathione synthesig-cystathionase deficiency is predicted
_ T'me_( ) B _ to affect only glutathione synthesis. In contrast to cystathion-
FicURe 6: Effect of y-cystathionase inhibition by propargylglycine ine s-synthase defects;-cystathionase deficiency is likely

on intracellular glutathione concentrations. Confluent HepG2 cells : . :
were exposed to medium lacking) or containing ®) 2.5 mM to be a benign disordeq). The transsulfuration pathway

propargylglycine. The values represent the meartse standard ~ does not exist in all cell types(24). Our results predict
deviation of four independent experiments. that impairedy-cystathionase would affect the glutathione

o o pool in tissues where the transsulfuration pathway operates.
which is an indicator of the redox status of cells, was The susceptibility of these tissues (viz., liver and kidney) to
decreased 1.5-fold in the presence of propargylglycine asqyjgative stress or to xenobiotics that are detoxified via
compared to control cells after 25 h (Table 1). conjugation to glutathione may be enhanced by cystathionine

In principle, the observed decrease in the level of glu- pB-synthase op-cystathionase deficiency.
tathione synthesis could result from inhibition by propar-

gylglycine of y-glutamylcysteine synthetase or glutathione
synthetase (Figure 1). Blockage jatystathionase but not

100

HH
—p—
HH
—p—
P

60

Intracellular Glutathione Concentration
(Percent of Control)

In summary, our studies provide evidence for an additional
and previously unknown level of regulation of the transsul-

at the other two enzymes could be bypassed by provision 0ffuratio.n pathwgy involved in homocystejne metabolism and
glutathionine precursors such Bsacetylcysteine op-glu- establish the importance of this reaction sequelae to the
tamylcysteine. Both compounds lead to restoration of glu- Mainténance of the glutathione pool in human liver cells.
tathione levels to control values in the presence of propar- Our studies predict that glutathione metabolism would be
gylglycine (data not shown). These data rule out the pe(turbed by aberrations in the trgr_lssulfurathn pathway
possibility that the observed depletion of glutathione was Which may lead to compromised resilience to oxidative and
due to a blockage in any of the enzymes downstream of Xenobiotic challenges. The-B-fold enhancement of ho-
y-cystathionase in the pathway. Instead, these data indicatenocysteine flux through transsulfuration in response to
that homocysteine metabolism plays a major and quantita-Oxidative stress, albeit modest, could be physiolgically
tively significant role in the maintenance of the intracellular significant. A housekeeping enzyme such as cystathionine
glutathione pool in human liver cells. Approximately half f-synthase is unlikely to undergo many-fold changes in
of the glutathione is derived via homocysteine metabolism, activity to effect changes in metabolite fluxes. A recent global
whereas the remainder is presumably derived from cysteineanalysis of the gene expression profile of aging revealed that
released during protein turnover or imported from the the magnitude of change for most genes involved in energy
extracellular medium. The concentration of cysteine in the metabolism and biosynthesisig2-fold, thus demonstrating
medium was 10«M and approximates the level found in that subtle changes in enzyme activity may have profound
plasma. consequences physiologicallg5).
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