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Latest Paper:

Sulfur amino acid restriction induces the pi class of glutathione S-transferase expression in primary
rat hepatocytes.
Chia-Wen Tsai, Haw-Wen Chen, Jaw-Ji Yang, Kai-Li Liu, Chong-Kuei Lii

Department of Nutrition, Chung Shan Medical University, Taichung, Taiwan.

The regulation of genes by amino acids is attracting increasing attention. In the present study, we investigated the restriction of

expression of the pi class of glutathione S-transferase (GST Yp) by sulfur amino acids. Hepatocytes isolated from male

Sprague-Dawley rats were cultured with L-15-based medium containing low (LSAA; 0.1 mmol/L L-methionine and 0.1 mmol/L L-

cysteine) or high (HSAA; 0.5 mmol/L L-methionine and 0.2 mmol/L L-cysteine) amounts of sulfur amino acids for up to 6 d.

Cellular protein contents did not differ between LSAA- and HSAA-treated cells over the entire period. In contrast, glutathione

concentrations were suppressed by the LSAA medium and on d 6 were only 20% of those of HSAA-treated cells (P < 0.05). As

shown by immunoblot analysis, GST Yp protein levels were greater in LSAA-treated cells than in HSAA-treated cells (P < 0.05).

The induction of GST Yp by L-methionine and L-cysteine restriction was not affected by insulin and dexamethasone, but the

latter suppressed GST Yp expression (P < 0.05). LSAA increased GST Yp mRNA levels and GST activity toward ethacrynic acid

(P < 0.05). GST Yp induction occurred only in cells with a limited supply of L-methionine; restriction of L-isoleucine, L-leucine, L-

lysine, and L-phenylalanine had no significant effect. In contrast with the induction of GST Yp, the expression of the GST

isoforms Ya and Yb was not changed by amino acid restriction. In conclusion, hepatic GST Yp gene expression is upregulated

by a limited availability of sulfur amino acids.

Most cited papers:

Fluorescent pigment accumulation in retinal pigment epithelium of antioxidant-deficient rats.
M L Katz, W L Stone, E A Dratz

A yellow autofluorescent pigment, generally thought to be indicative of membrane autoxidation, was found to accumulate in the

retinal pigment epithelium (RPE) of rats maintained for 32 weeks on diets producing physiological antioxidant deficiency. The

largest build-up of fluorescent pigment occurred in rats fed a diet high in polyunsaturated fatty acids (PUFAs) and deficient in

alpha-tocopherol (vitamin E), selenium, sulfur-containing amino acids, and chromium. These latter four nutrients have all been

implicated in maintaining the antioxidant status of tissues, whereas PUFAs are pro-oxidants. Dietary supplementation with

methionine and chromium significantly reduced the amount of fluorescent pigment accumulated in the RPE. Supplementation

with all four nutrients further reduced the amount of fluorescent pigment to a very low level. Rats maintained on a normal

laboratory diet, relatively low in PUFAs and presumably adequate in other nutrients, accumulated relatively small amounts of

fluorescent pigment in the RPE. Of all tissues in the retina and choroid, the autofluorescent pigment was found to be almost

entirely restricted to the RPE. The autofluorescence produced in the RPE by antioxidant deficiency was more concentrated than

that produced in the testes, kidney, intestine, and heart. This suggests that the RPE is particularly sensitive to physiological

antioxidant deficiencies. The increased fluorescent pigment build-up in the RPE of antioxidant-deficient rats appears to correlate

with a decreased RPE melanin content. Similar changes in pigmentation have been reported to occur in human RPE with age

and in dominantly inherited retinitis pigmentosa. Thus, with respect to its effect on RPE pigmentation, antioxidant deficiency

appears to mimic aging and possibly some aspects of one type of retinitis pigmentosa.

Effects of antioxidant nutrient deficiency on the retina and retinal pigment epithelium of albino rats: a
light and electron microscopic study.
M L Katz, K R Parker, G J Handelman, T L Bramel, E A Dratz

Blood glutathione synthesis rates in healthy adults receiving a sulfur amino acid-free diet.
J Lyons, A Rauh-Pfeiffer, Y M Yu, X M Lu, D Zurakowski, R G Tompkins, A M Ajami, V R Young, L Castillo

Laboratory of Human Nutrition and Clinical Research Center, Massachusetts Institute of Technology, Cambridge, MA 02142, USA.

The availability of cysteine is thought to be the rate limiting factor for synthesis of the tripeptide glutathione (GSH), based on

studies in rodents. GSH status is compromised in various disease states and by certain medications leading to increased

morbidity and poor survival. To determine the possible importance of dietary cyst(e)ine availability for whole blood glutathione

synthesis in humans, we developed a convenient mass spectrometric method for measurement of the isotopic enrichment of
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synthesis in humans, we developed a convenient mass spectrometric method for measurement of the isotopic enrichment of

intact GSH and then applied it in a controlled metabolic study. Seven healthy male subjects received during two separate 10-day

periods an L-amino acid based diet supplying an adequate amino acid intake or a sulfur amino acid (SAA)(methionine and

cysteine) free mixture (SAA-free). On day 10, L-[1-(13)C]cysteine was given as a primed, constant i.v. infusion (3 micromol x

kg(-1) x h(-1)) for 6 h, and incorporation of label into whole blood GSH determined by GC/MS selected ion monitoring. The

fractional synthesis rate (mean +/- SD; day(-1)) of whole blood GSH was 0.65 +/- 0.13 for the adequate diet and 0.49 +/- 0.13

for the SAA-free diet (P < 0.01). Whole blood GSH was 1,142 +/- 243 and 1,216 +/- 162 microM for the adequate and SAA-free

periods (P > 0.05), and the absolute rate of GSH synthesis was 747 +/- 216 and 579 +/- 135 micromol x liter(-1) x day(-1),

respectively (P < 0.05). Thus, a restricted dietary supply of SAA slows the rate of whole blood GSH synthesis and diminishes

turnover, with maintenance of the GSH concentration in healthy subjects.

Roles of selenium and sulfur-containing amino acids in protection against oxygen toxicity.
H J Forman, E I Rotman, A B Fisher

Tolerance and adaptation to hyperoxia have been correlated with increases in antioxidant enzymes. This study evaluated

whether selenium deficiency would prevent an increase in glutathione peroxidase (GSHPX), a selenium-containing enzyme,

during oxygen exposure, and, thus, inhibit adaptation. Because the Torula yeast-based diet, which was used to produce

selenium deficiency, was also deficient in cysteine and methionine, the effects of these deficiencies were also evaluated. When

rats were exposed to 80% oxygen for 1 week, mortality was 80% for rats deficient in both selenium and the sulfur-containing

amino acids, 40% for selenium-deficient rats, 35% for cysteine- and methionine-deficient rats, and 0% for rats fed either a

standard laboratory diet or a selenium, cysteine-, and methionine-supplemented Torula yeast diet. However, only one of the six

surviving rats with low selenium and none of the rats from any other dietary group died during a subsequent 96 hours of 98%

oxygen, indicating adaptation to hyperoxia (LD50 for unadapted rats is 72 hours.) GSHPX activity (per gram of dry weight) was

decreased 85% in lungs from unexposed rats fed the low selenium diets. After oxygen exposure, lung GSHPX activity was

elevated in all dietary groups. Rats fed the high selenium diets had a 47% increase in enzyme activity, whereas rats with high

selenium had a 214% increase. Although hyperoxia caused a relatively high percentage increase in the low Se rats, the resulting

absolute GSHPX activity was only 34 to 70% of that of unexposed high selenium rats. The results indicate that both selenium

and sulfur-containing amino acids contribute to antioxidant defense. However, although the stress of hyperoxic exposure

produces an increase in glutathione peroxidase activity, the absolute lung GSHPX activity is better correlated with tolerance than

with adaptation to hyperoxia.

Nitrogen retention in men fed isolated soybean protein supplemented with L-methionine, D-
methionine, N-acetyl-L-methionine, or inorganic sulfate.
A Y Zezulka, D H Calloway

The ability of various sulfur-containing compounds to replace L-methionine (L-Met) was investigated by metabolic balance

studies in man. N-acetyl-L-Methionine (AcMet), D-methionine (D-Met), and sodium sulfate (Na2SO4) were used to supplement

a diet deficient in sulfur amino acids. The daily diet contained 4.5 g nitrogen (N) from isolated soybean protein (SB) and 4.5 g

from glycine and alanine (9 g total N). SB diet was given alone or supplemented to six adult men for periods of 9 days after a

standardization period with an equal N eggwhite diet, preceded by a 2-day zero N adaptation period. Supplements provided

equivalent amounts of sulfur to that present in 420 ml L-Met, the amount added to SB to bring the total sulfur amino acid content

to 900 mg/day. AcMet was as benfeficial as L-Met in improving N balance but D-Met was not as effective as L-Met. Difference

between balances obtained with L-Met and Na2SO4 was not significant due to large variation in response to Na2SO4. While

addition of D-Met to SB did not result in significantly greater N retention than unsupplemented SB, NA2SO4 addition did cause

increased N retention.

L-2-oxothiazolidine-4-carboxylate, a cysteine precursor, stimulates growth and normalizes tissue
glutathione concentrations in rats fed a sulfur amino acid-deficient diet.
A Jain, D C Madsen, P A Auld, W W Frayer, M K Schwartz, A Meister, J Mårtensson

Perinatology Center/Department of Pediatrics, Cornell University Medical College, New York, NY 10021, USA.

The efficiency of L-2-oxothiazolidine-4-carboxylate, a cysteine precursor, in stimulating glutathione synthesis and growth was

evaluated in growing rats. Animals were fed a sulfur amino acid-deficient diet (0.25% L-methionine and no cysteine)

supplemented with L-2-oxothiazolidine-4-carboxylate (0.35%) for 3 wk and compared with age-matched animals receiving the

sulfur amino acid-deficient diet alone. Rats fed the sulfur amino acid-deficient diet had lower glutathione concentrations in

bronchoalveolar lining fluid, lung, lymphocytes, and liver than rats fed a sulfur amino acid-deficient diet supplemented with L-2-

oxothiazolidine-4-carboxylate. Rats fed the supplemented diet had normal tissue and bronchoalveolar lining fluid glutathione

levels. Central venous plasma glutathione concentrations, mostly reflecting liver excretion, were less affected by L-2-

oxothiazolidine-4-carboxylate supplementation. Rats fed L-2-oxothiazolidine-4-carboxylate supplementation had normal weight

gain compared with a much lower weight gain in animals fed the sulfur amino acid-deficient diet alone. Thus, L-2-oxothiazolidine-

4-carboxylate increased tissue glutathione concentrations and stimulated growth in rats. The lung glutathione status of the rats

was reflected by glutathione concentrations in lymphocytes and the bronchoalveolar lining fluid, but not by the central venous

plasma glutathione concentrations.
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plasma glutathione concentrations.

Effects of sulfur-amino acid-deficient diets on acetaminophen metabolism and hepatotoxicity in rats.
V F Price, D J Jollow

Department of Pharmacology, Medical University of South Carolina, Charleston 29425.

Cysteine is required for the synthesis of cosubstrates for two pathways of acetaminophen metabolism: 3'-phosphoadenosine-5'-

phosphosulfate (PAPS) for sulfation and glutathione (GSH) for detoxification of the reactive metabolite (N-acetyl-p-

benzoquinoneimine, NAPQI). Dietary deficiency of cysteine may reduce hepatic production of PAPS and GSH and thereby

reduce metabolism of the drug (by sulfation and detoxification of NAPQI) and hence lead to potentiation of acetaminophen liver

injury. Conversely, limitation of sulfur-containing amino acids could result in depression of protein synthesis and hepatic

cytochrome P450 levels, and hence in decreased reactive metabolite formation and decreased liver injury. To determine

whether the potentiating effects exceed the protective effects, rats were fed isocaloric AIN-76 liquid diets containing various

levels of methionine as the sole source of sulfur in the diet for 3 weeks prior to administration of acetaminophen. Sulfur

deficiency was assessed by measuring urinary inorganic sulfate levels. Sulfur-deficient diets retarded growth but did not affect

nitrogen balance. Sulfur-deficient animals had lower basal levels of hepatic GSH. Pharmacokinetic studies revealed that at low

doses of acetaminophen (20 mg/kg), animals fed sulfur-deficient diets metabolized the drug more slowly due to a markedly

reduced sulfation capacity, whereas at the high dose of acetaminophen (400 mg/kg), rats that were fed sulfur-deficient diets had

a higher clearance of the drug than rats that were fed the complete diet. The increase in clearance was due largely to an

enhanced glucuronidation capacity and an enhanced P450-dependent oxidation as indicated by mercapturate formation.

Histologic studies revealed that rats fed sulfur-deficient diets showed increases in both incidence and severity of acetaminophen

hepatic necrosis. Thus, the potentiating effects exceeded the protective effects. These observations raise the possibility that

nutritional inadequacy of sulfur-containing amino acids which could occur during protein malnutrition may similarly enhance

susceptibility to acetaminophen liver injury in humans.

Activation of phosphatidylinositol 3-kinase by oxidative stress leads to the induction of microsomal
epoxide hydrolase in H4IIE cells.
K W Kang, J H Ryu, S G Kim

College of Pharmacy and Research Institute of Pharmaceutical Sciences, Seoul National University, Sillim-dong, Kwanak-gu, 151-742,

Seoul, South Korea.

We have shown that PI3-kinase played an essential role in the ARE-mediated rGSTA2 induction by oxidative stress following

SAAD (Mol. Pharmacol. 58 (2000) 1017). Microsomal epoxide hydrolase (mEH), which detoxifies a variety of epoxide

intermediates produced from various xenobiotics, is inducible by oxidative stress. In the present study, we studied whether sulfur

amino acid deprivation (SAAD) activated phosphatidylinositol 3-kinase (PI3-kinase)/Akt and induced mEH in H4IIE cells. The

role of PI3-kinase activation on the mEH induction by SAAD was also investigated. PI3-kinase was activated from 10 min

through 12 h after SAAD, the activity of which returned to control level at 24 h. The activation of PI3-kinase led to increases in

the activity of Akt at the same time points. Northern and Western blot analyses revealed that the mEH mRNA level was four-fold

increased at 48 h, which accompanied the induction of mEH protein. Wortmannin or LY294002, PI3-kinase inhibitors, completely

inhibited the increases in mEH mRNA and protein by SAAD. These results demonstrated that SAAD activated the PI3-

kinase/Akt pathway at early stages and induced mEH, presumably as an adaptive response, and that the PI3-kinase/Akt

pathway played a crucial role in the induction of mEH.

Induction of microsomal epoxide hydrolase by sulfur amino acid deprivation via the pathway of C-Jun
N-terminal kinase and its extracellular exposure during cell death.
Keon Wook Kang, Raymond F Novak, Chang Ho Lee, Sang Geon Kim

National Research Laboratory (MDT), College of Pharmacy, Seoul National University, Sillim-dong Kwanak-gu, Seoul 151-742, South

Korea.

Microsomal epoxide hydrolase (mEH), an epoxide detoxifying enzyme and putative cell surface autoantigen, is inducible by

xenobiotics and by certain pathophysiological conditions (e.g., tumorigenesis and protein-calorie malnutrition). The present study

was designed to determine mEH expression in H4IIE cells during cell death initiated by sulfur amino acid deprivation (SAAD)

and to identify the signaling pathway for the enzyme induction. SAAD induced cell death at 48-72 h with translocation of Bax to

mitochondria and increased mitochondrial permeability with cytochrome c release, both of which were prevented by SB203580

or by dominant-negative JNK1 [JNK1(-)] stable transfection. Caspase-3 activity was only marginally increased by SAAD. Neither

genomic DNA fragmentation nor poly(ADP-ribose) polymerase cleavage was observed during SAAD-induced cell death. Thus,

SAAD induced cell death independent of caspase activation. This was supported by the observation that benzyloxycarbonyl-Val-

Ala-Asp-fluoromethyl ketone, a general caspase inhibitor, did not prevent cell death. The levels of mEH mRNA and protein were

notably increased in cells under SAAD for 48-72 h. The induction of mEH occurred in parallel with cell death. Whereas SAAD-

induced cell death resulted from both JNK1 and p38 kinase activation, mEH induction was decreased only by JNK1(-)

transfection. Immunocytochemistry revealed that mEH protein was intensely stained in dying cells, cellular fragments and cell

debris. Furthermore, the number of cells positive for surface mEH substantially increased by SAAD, as evidenced by flow

cytometry analysis. These results demonstrated that SAAD induced nonapoptotic cell death with Bax translocation to
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cytometry analysis. These results demonstrated that SAAD induced nonapoptotic cell death with Bax translocation to

mitochondria and mitochondrial cytochrome c release, but not through caspase-3 activation, and that mEH was induced by

SAAD via the pathway of JNK1, but not ERK1/2 or p38 kinase, in parallel with cell death.

Acetylmethionine as a source of methionine for the rat.
R W Boggs, J T Rotruck, R A Damico

A-Acetyl-L-methionine and N-acetyl-D-methionine were compared with L-methionine and D-methionine as sources of

methionine. These derivatives were added to a sulfer amino acid-limited diet containing 10% soybean protein isolate. Weight

gains, food intake, and protein efficiency ratios (PER) were determined in growing rats. N-Acetyl-L-methionine, L-methionine,

and D-methionine produced an equivalent growth response and increase in PER above that of the basal diet. There was no

response to supplementation with N-acetyl-D-methionine. An equivalent maximum growth response of rats fed-L-methionine or

N-acetyl-D-methionine. An equivalent maximum growth response of rats fed L-methionine or N-acetyl-L-methionine was

obtained when the total dietary sulfur amino acids compromised 0.36-0.41% of the diet. The nutritional similarities of methionine

and N-acetyl-L-methionine suggest that the latter may be useful as a supplement to diets containing vegetable proteins that are

deficient in sulfur amino acids.
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