
Effect of dietary methionine on selenomethionine
metabolism and utilization for selenoproteins

Item Type text; Thesis-Reproduction (electronic)

Authors Waschulewski, Ingo Herbert, 1962-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 13:56:00

Link to Item http://hdl.handle.net/10150/276933

http://hdl.handle.net/10150/276933


INFORMATION TO USERS 

The most advanced technology has been used to photo
graph and reproduce this manuscript from the microfilm 
master. UMI films the text directly from the original or 
copy submitted. Thus, some thesis and dissertation copies 
are in typewriter face, while others may be from any type 
of computer printer. 

The quality of this reproduction is dependent upon the 
quality of the copy submitted. Broken or indistinct print, 
colored or poor quality illustrations and photographs, 
print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a 
complete manuscript and there are missing pages, these 
will be noted. Also, if unauthorized copyright material 
had to be removed, a note will indicate the deletion. 

Oversize materials (e.g., maps, drawings, charts) are re
produced by sectioning the original, beginning at the 
upper left-hand corner and continuing from left to right in 
equal sections with small overlaps. Each original is also 
photographed in one exposure and is included in reduced 
form at the back of the book. These are also available as 
one exposure on a standard 35mm slide or as a 17" x 23" 
black and white photographic print for an additional 
charge. 

Photographs included in the original manuscript have 
been reproduced xerographically in this copy. Higher 
quality 6" x 9" black and white photographic prints are 
available for any photographs or illustrations appearing 
in this copy for an additional charge. Contact UMI directly 
to order. 

University Microfilms International 
A Bell & Howell Information Company 

300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
313/761-4700 800/521-0600 





Order Number 1335860 

Effect of dietary methionine on selenomethionine metabolism 
and utilization for selenoproteins 

Waschulewski, Ingo Herbert, M.S. 

The University of Arizona, 1988 

U  M I  
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





EFFECT OF DIETARY METHIONINE 

ON SELENOMETHIONINE METABOLISM 

AND UTILIZATION FOR SELENOPROTEINS 

by 

Ingo Herbert Waschulewski 

A Thesis Submitted to the Faculty of the 

COMMITTEE ON NUTRITIONAL SCIENCES (GRADUATE) 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN NUTRITIONAL SCIENCES 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  8  8  



2 

STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgement of source is made. 
Requests for special permission for extended quotation from or 
reproduction of this manuscript in whole or in part may be granted by the 
head of the major department or the Dean of the Graduate College when in 
his or her judgement the proposed use of the material is in the interest 
of scholarship. In all other instances, however, permission must be 
obtained from the author. 

Signed: J 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

Roger A. Sunde Date 
Associate Professor of Nutrition 

and Food Science 



ACKNOWLEDGEMENTS 

3 

I wish to express my sincere gratitude to Dr. Roger A. Sunde for 

serving as my advisor and providing guidance and financial support 

throughout this project. I also would like to thank Dr. Darrel Goll and 

Dr. Bobby Reid for their participation and advice during this endeavour. 

Special thanks are extended to Ms. Jacque Evenson for her 

knowledgeable assistance and advice, my friends and collegues in the lab 

and the Department of Nutrition and Food Science for their friendship and 

support. 

Zu guter Letzt mochte ich vor allem meinen Eltern herzlichst fur Ihre 

Unterstiitzung und Ihr Vertrauen wahrend dieser Zeit danken. 



Die Heimat 
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ABSTRACT 

The effects of dietary methionine (Met) on the utilization of 

selenium (Se) from stored tissue Se and dietary selenomethionine (SeMet) 

for glutathione peroxidase (GSH-Px) synthesis were studied in male rats. 

Plasma, liver and muscle Se significantly increased when rats were fed 0.5 

mg Se/kg diet as SeMet in a Met-deficient diet for 21 d, whereas tissue 

GSH-Px activities decreased 43-50% during the SeMet supplementation 

period, suggesting that Se is deposited as SeMet in general body proteins. 

When these SeMet-loaded rats were switched to a Se deficient diet, tissue 

GSH-Px activity increased significantly with supplemental Met within the 

first 3-7 d. Supplemental Met also increased the utilization of Se from 

dietary SeMet for GSH-Px synthesis. By calculation, a significant lower 

percentage of Se was associated with GSH-Px in Met-deficient as compared 

to Met-supplemented rats. Dietary Met supplementation also increased the 

incorporation of ̂ Se from ̂ SeMet into specific rat selenoproteins (57 kDa 

plasma and 65 kDa heart selenoproteins) in addition to liver GSH-Px (23 

kDa). No distinct ̂ Se selenoproteins were detected in muscle, however 50% 

more ^Se was recovered in muscle in Met-deficient as compared to Met-

supplemented rats. Overall, these results suggest that intact SeMet is 

preferentially incorporated non-specifically into general body proteins 

in Met-deficient rats, whereas with supplemental Met, more SeMet is 

degraded and the released Se used for specific selenoprotein synthesis. 
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The mirco trace element selenium (Se) has been recognized as an 

essential element for animals for over 30 years (1) and as an essential 

component of the mammalian enzyme glutathionine peroxidase (GSH-Px) for 

15 years (2). The bioavailability of different selenocompounds for GSH-Px 

synthesis depends on a number of metabolic processes, including Se 

absorption as well as Se metabolism to its biochemically active forms. 

The optimum chemical forms and levels of Se to be used for human Se 

supplementation, however, have not been determined, partly due to 

controversial reports about Se bioavailability in animal studies. Both 

inorganic forms of Se such as selenite and organic forms, such as 

selenomethionine (SeMet) are readily absorbed from the diet (3). In 

general, selenite and SeMet have been reported to have similar effects on 

the activity of the Se-dependent enzyme GSH-Px in both animals and man 

(4-9). Some experiments, however, have reported higher tissue Se 

deposition from SeMet than from selenite (10,11). SeMet is thought to be 

the common form of Se in foodstuffs of plant origin and is a common form 

of Se used for human Se supplementation. In 1977, Pierce and Tappel 

reported that a single oral dose of 300 ug Se as selenite or SeMet equally 

induced GSH-Px synthesis within 50 h (7). In contrast, Sunde and 

coworkers reported in 1981 that the availability of Se from dietary SeMet 

for GSH-Px synthesis was reduced in rats fed a methionine-deficient diet 

containing less than 0.5 mg/kg diet (12). SeMet is an excellent analog 

for methionine in biochemical reactions (13) and it can substitute for 

methionine during protein synthesis in eukaryotes (14). Therefore, these 
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authors suggested that the reduction in Se bioavailability from SeMet 

occurred, because SeMet had been preferentially incorporated into general 

body proteins when methionine was limiting (13). This deposited tissue 

Se, presumably stored as SeMet, would thus not be used in a functional 

role until these proteins were degraded, but, it could potentially serve 

as a ready source of Se at a later time. 

Consequently this research was undertaken to investigate the effect 

of dietary methionine on SeMet metabolism and utilization for 

selenoprotein synthesis. Chapter I reviews the relevant Se literature, 

focusing on Se metabolism in regard to the bioavailability of 

selenocompounds for GSH-Px synthesis. Chapter II investigates the effect 

of dietary methionine on utilization of tissue Se originating from dietary 

SeMet for GSH-Px. In Chapter III, the effect of dietary methionine on 

tissue Se and GSH-Px activity in rats given SeMet is reported and Chapter 

IV discusses the effect of dietary methionine on ^Se incorporation from 

^SeMet into selenoproteins. These experiments demonstrated that dietary 

methionine modulates the utilization of Se from SeMet for selenoprotein 

synthesis, which is discussed in more detail in the general discussion and 

conclusion chapter V. 



CHAPTER I 

14 

LITERATURE REVIEW 

Selenium 

Chemistry 

In 1817, the Swedish chemist Jons Jacob Berzelius discovered the 

chemical element selenium (Se) (15,16) which has been classified between 

sulfur and tellerium in group Via of the periodic table of elements. 

Selenium is located between the metal arsenic (group Va) and the nonmetal 

bromine (group Vila) in the periodic table and thus selenium is considered 

to be a metalloid, having both metallic and nonmetallic properties (17). 

Selenium is similar to sulfur with regard to its chemistry (15). 

Organic selenium metabolism parallels sulfur metabolism in higher 

aninmals, given that the selenium is bound between carbon in an amino acid 

form (13). Selenium compounds have higher redox potentials when compared 

to their corresponding sulfur compounds and thus inorganic selenium 

metabolism tends to proceed towards reduction in higher animals, whereas, 

in contrast, sulfur metabolism is oxidative (13). 

The most prevalent oxidation states of selenium are -2, 0, +4 and 

+6. In nature, six stable selenium isotopes exist (74Se, 76Se, ^Se, 78Se, 

80Se and 82Se), which have been employed in studies of physiological 

utilization of selenium in foods (18). The radioisotope ^Se has been 

widely employed in biological studies, especially studies of selenium 

metabolism in higher animals (19-23), because of its gamma radiation 

emission and moderately relatively long half life (t1/2 = 120 days). 
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Toxicity 

After Berzelius discovered selenium in the early ninteenth century 

it mainly existed as an unused chemical oddity (24) and its exact chemical 

as well as biochemical function remained unnoticed for many years. In the 

early years of this century, selenium was identified as the active 

compound responsible for "alkali disease" in livestock poisoning in the 

north-central regions of the United States, particularly in South Dakota 

and Wyoming (24,25). In these areas, certain native plants have the 

ability to accumulate high quantities of selenium (up to several thousands 

parts per million) from the seleniferous soils, and thus account for the 

selenium toxicity symptoms in grazing livestocks (25). In addition to 

"alkali disease", another acute selenium toxicity disease, called "blind 

staggers" contributed more or less to the negative image of selenium (25) 

and until 1957 the biological action of selenium was only associated with 

toxicity. 

Nutritional Essentiality 

The identification of selenium as a nutritionally essential element 

began in 1954 when Klaus Schwarz, a physician from Germany, isolated a 

protective factor against liver necrosis present in American Brewers' 

yeast, calling it factor 3 (26). In 1957, selenium was identified to be 

present in this factor (1), but the exact chemical form of selenium has 

never been fully identified. 

In the following years, the nutritional essentiality of selenium 

was further established by demonstrations that small dietary supplements 

of selenium were either curative or preventive of metabolic disorders in 
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animals (24) such as localized myopathy (white muscle disease) in pigs 

(27), sheep (28), cattle (29) and chickens (30), pancreatic atrophy in 

chickens (31), breakage of spermatozoa (32) and occurance of cataracts in 

the eyes of rats (33). In addition to the prevention of metabolic 

disorders in animals, selenium was also reported to be supportive of the 

reproductive system in animals (34) and also improved livestock 

performance. Thus, minute amounts of selenium were administered either 

with the feed (35), as salt mixtures (36) or by intramuscular injection 

to animals (37), especially in areas of selenium deficiency. 

In 1957, Scott et. al. demonstrated the essentiality of selenium 

for growth in chicken (38) and several years later Thompson and Scott 

reported that a selenium-deficient, vitamin E adequate diet resulted in 

the degeneration of the pancreas thus demonstrating the essentiality of 

selenium to prevent degeneration of the pancreas in chickens (39). The 

unique essentiality of selenium for rats was demonstrated in 1969 by McCoy 

and Weswig (40) and Hafeman et al. reported in 1974 that a level of 0.1 

ppm maintained liver glutathione peroxidase activity in rats (4). 

In 1980 a safe and adequate dietary selenium intake of 50-200 

ug/day for adults was recommended by the Food and Nutrition board of the 

U.S. National Research Council (41). This recommendation was based on 

extrapolations from animal experiments, since quantitative human selenium 

requirement studies were not available at that time. 
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Glutathione Peroxidase 

Identification as a Selenoenzyme 

In 1957, Mills discovered the enzyme glutathione peroxidase 

(GSH-Px) (42), which protected erythrocytes against hemolysis and 

hemoglobin oxidation. Although earlier reports demonstrated that vitamin 

E (43) and not selenium protected erytrocytes against hemolysis (44,45), 

Rotruck et al. showed that oxidative damage to rat erythrocytes as 

measured by decreased hemolysis and hemoglobin oxidation in vitro was 

prevented by the dietary selenium status of the animal (2), but only in 

the presence of glucose in the media (46-48). The addition of glucose 

maintained glutathione levels, thus providing the reduced subtrate for the 

enzyme GSH-Px. In contrast, prevention of hemolysis and hemoglobin 

oxidation did not occur in erythrocytes of selenium-deficient rats, 

regardless of the presence of glucose (2). The observation that 

glutathione levels were elevated in selenium-deficient erythrocytes when 

compared to selenium-adequate erythrocytes further suggested that the 

decreased protection against hemolysis and hemoglobin oxidation was not 

due to a defect in the maintainance of glutathione per se but rather in 

glutathione utilization by selenium in protecting erythrocytes from 

hemolysis (2). Furthermore it was shown that GSH-Px peroxidase activities 

were much lower in selenium-deficient rat hemolysates as compared to 

selenium-adequate rat hemolysates, and GSH-Px activity could not be 

restored when selenium-deficient rat hemolysates were incubated with 

sodium selenite for 30 minutes. 

In 1973, Rotruck and coworkers provided evidence for the 

biochemical role and function of selenium when they discovered that 
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selenium was an integral part of the enzyme GSH-Px (2). GSH-Px from 

erythrocytes of selenium-adequate rats which had been injected with ^Se 

as sodium selenite 2 or 4 weeks earlier was purifed using anion exchange 

and gel filtration chromatography. Approximately 60% of the ^Se in the 

initial hemolysate cochromatographed with glutathione peroxidase activity 

on a DEAE sephadex column, thus further suggesting that selenium is an 

integral and necessary part of the enzyme glutathione peroxidase (2). 

Biological Function 

The results from Rotruck et al. could then be integrated to explain 

the connection of glucose with the selenoenzyme GSH-Px (49). GSH-Px 

catalyzes the destruction of hydrogen peroxide to water and lipidhydro-

peroxides to the corresponding alcohol plus water by using the reduced 

form of glutathione (GSH) as a substrate, thus yielding the oxidized form 

of diglutathione (GSSG). Glutathione reductase is responsible for the 

maintenance and re-generation of reduced glutathione by catalyzing the 

hydrogen transfer from NADPH to GSSG, thus yielding NADP+ and 2 GSH. NADP+ 

then can be re-generated via the pentose phosphate shunt, through the 

action of glucose 6-phosphate dehydrogenase. This explains the glucose 

requirement in the media to maintain adequate levels of the substrate 

glutathione for GSH-Px. 

The biological action of selenium as a component of GSH-Px and the 

relationship with vitamin E and sulfur amino acids could then be 

explained. While selenium in the form of GSH-Px catalyzes the destruction 

of hydrogen peroxide and lipidhydroperoxides to the corresponding water 
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and alcohols, vitamin E decreases the formation of peroxides and the 

sulfur amino acids are the precursors for glutathione synthesis (50). 

Selenium and Gluthatione Peroxidase 

The discovery of selenium as an integral part of GSH-Px (2) and its 

role as an antioxidant resulted in a biochemical explanation of some of 

the observed selenium deficiency symptoms in animals. The development of 

selenium deficiency symptoms correlated wall with the substantial decrease 

in tissue GSH-Px in animals, i.e. when weanling rats were fed a 

selenium-deficient diet, liver GSH-Px fell to undetectable levels at a 

time when necrotic degeneration of the liver started to develop (4). 

Several studies investigated the effect of selenium intake on GSH-

Px activity in various animals and tissues. Lawrence et al. demonstrated 

that long term selenium deficiency decreased rat lens GSH- Px activity in 

parents and offspring to around 15% of supplemented control animals (51). 

The most dramatic decrease in tissue GSH-Px activity was detected in liver 

and the least affected tissue regarding GSH-Px activity was found to be 

brain. In lambs, dietary selenium supplementation at 0.11 ppm Se as 

sodium selenite resulted in plateauing tissue GSH-Px activities, whereas 

tissue selenium concentrations increased further with additional 

increments of dietary selenium (51). 

Knight and Sunde reported in 1987 that liver GSH-Px activity in 

selenium-deficient rats decreased exponentially to undetectable levels 

within 21 days and GSH-Px protein level, assayed using anti-GSH-Px 

antibodies, also decreased in an exponential manner during this time 
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period (52). Thus, selenium status does not only regulate GSH-Px enzyme 

activity, but also regulates the protein portion of GSH-Px as well. 

Recently, Saedi and coworkers demonstrated that selenium status 

also effected the level of GSH-Px mRNA in rat liver (53). By using a 700 

bp DNA probe for cloned murine GSH-Px and subsequent northern blot 

hybridization techniques, they reported that selenium-deficient liver had 

only 7-17% of the mRNA for GSH-Px in selenium-adequate rat liver (53). 

Bacterial Selenoenzvmes 

Although GSH-Px remains the only well characterized selenoenzyme 

with a distinct function in mammalian organisms, several specific 

bacterial selenoenzymes have been identified over the past years 

(13,54,55). In formate dehydrogenase (L. coli) (56), glycine reductase 

(Clostridia) (57), hydrogenase (Methanococcus vannielli) (58) and the 

W-dependent formate dehydrogenase (Clostridium thermoacticum) (59), 

selenium is present as selenocysteine (55), whereas in nicotinic acid 

hydroxylase (Clostridium barkeri) (60) and xanthine dehydrogenase 

(Clostridia) (61), selenium is present in a yet unidentified form (55). 

These selenoenzymes are "true selenoproteins" since they contain integral 

stochiometric quantities of selenium and their biochemical activity is 

dependent on the presence of selenium at their active, catalytic site. 

In contrast to the above mentioned bacterial selenoenzymes, thio-

lase (Clostridium kluvversil (62) incorporates selenium non-specifically 

in the form of SeMet (62) as a methionine analog and thus cannot be 

regarded as a true selenoprotein since its enzyme activity is not 

dependent on the presence of SeMet. 
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Other Mammalian Selenoproteins 

Much research in this decade concentrated on the identification and 

characterization of additional selenoproteins other than GSH-Px. Earlier 

reports of the involvement of selenium in spermatogenesis were confirmed 

by Calvin and coworkers in 1978 when they reported that ^Se from 

[^Sejselenite was selectively incorporated into a polypeptide of the rat 

sperm tail (64). Later in 1981, selenium was identified to be present in 

a cysteine-rich 17 kDa structural protein in the mitochondrial capsule 

(65). 

In 1982, Burk and Gregory identified a new selenoprotein, named 

seleno-P-protein (^Se-P), found in rat liver and plasma (66). They 

demonstrated that seleno-P-protein had priority for physiological selenium 

over GSH-Px, since [^Sejselenite injected in selenium-deficient rats 

preferentially labeled seleno-P-protein over GSH-Px. Cyclohexamide 

pretreatment of the animals prior to the injection of ^Se completely 

blocked ̂ Se incorporation into the ̂ Se-P, further suggesting that protein 

synthesis was required for selenium incorporation into this protein (66). 

Evenson and Sunde (67) also reported that the 55 kDa ^Se plasma 

protein contained the most ^Se of any ^Se protein species when they 

injected rats with ^Se as sodium selenite to study the pattern and time 

course of ^Se incorporation into selenoproteins by using SDS-PAGE 

electrophoresis. The exact biochemical function of this 55 kDa 

selenoprotein is still unknown, however, it has been suggested to be a 

selenotransport protein which might be important in the flux of selenium 

between tissues (68). 
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In addition to these selenoproteins, Evenson and Sunde (67) further 

reported on a 65 kDa selenoprotein present in the liver cytosolic and 

mitochondrial fraction in selenium-deficient and adequate rats, as well 

as distinct 10 and 45 kDa selenoproteins in kidney cytosol. These 

selenoproteins are considered to be true selenoproteins, since 

cyclohexamide pretreatment of the animals completely eleminated ^Se 

incorporation into any of these proteins, thus demonstrating that protein 

synthesis was required for selenium incorporation into protein (67). 

Although these selenoproteins have been identified and localized, their 

biochemical function is still unknown and await further characterization. 

Selenium Metabolism in Higher Animals 

Because of similarities between selenium and sulfur chemical 

properties, organic selenium metabolism parallels sulfur metabolism in 

higher animals, when the selenium is bound to a carbon in an amino acid 

form (13). 

Organic selenium 

SeMet and selenocysteine are the two major forms of organic 

selenocompounds that might be present in human and animal diets. The 

biochemical interaction of dietary methionine and dietary SeMet can be 

explained via their common metabolic pathways. The similar covalent radii 

of selenium and sulfur allows SeMet to be an excellent analogue for 

methionine in biochemical reactions (13). For instance, SeMet is 

transported by the same intestinal transport system as methionine (3), it 

is readily esterified to tRNAHet (69) and it can substitute for methionine 

during protein synthesis in eukaryotes (14). It is also likely that SeMet 
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follows the methionine catabolic pathways until one of the C-Se bonds is 

broken (13). These common pathways thus can be combined into a diagram 

of selenium metabolism that can be used to illustrate and summarize the 

two fates of SeMet (Fig. 1). After absorption, transport and cellular 

uptake, SeMet can be esterified to tRNAHet (69) and incorporated into 

protein in place of methionine (14) (reaction 1) or it can be degraded by 

one of the two methionine catabolic pathways. The methionine 

transsulfuration pathway would convert SeMet to selenocysteine (reaction 

3) via selenocystathionine. Selenocysteine is then converted to selenide 

via the catalytic action of selenocysteine lyase (reaction 4), the only 

enzyme known to be specific for selenocysteine (70). 

SeMet, however, may also be catabolized by the transamination 

pathway (71) which would release selenide (reaction 5). Selenium from 

SeMet would thus be available for co-translational incorporation into 

GSH-Px and other selenoproteins (reaction 7) as proposed by Sunde and 

Evenson (72). Protein turnover (reaction 2) would also release SeMet from 

body proteins which can be reincorporated into protein or catabolized. 

Inorganic Selenium 

Most of the reductive inorganic selenium metabolic pathway has been 

worked out by Ganther and coworkers (73,74). In the most oxidized state 

(+6), selenate is reduced by a 2 electron transfer to selenite, presumably 

via APSe or PAPSe intermediates (9), similar to the intermediates involved 

in sulfur reduction (75). Selenide is then converted nonenzymatically to 

selenodiglutathione. Glutathione reductase reduces selenodiglutathione 

to the glutathione selenopersulfide derivative GS-SeH, using NADPH. 
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Selenocysteine 

[Se]Met- labeled 
Proteins *= 

(1) 

(2) 
Selenomethionine (4) Selenite 

Selenide 

(7) ([S«]Cyt -1RNA) 

GSH-Px 

Figure 1. Proposed metabolism of selenomethionine (SeMet) and other 
Se compounds. 

Reaction 1, free SeMet incorporation into protein in place of methionine, 
mediated by tRNAHet (14,69); Reaction 2, release of SeMet during protein 
turnover; Reaction 3, transsulfuration pathway, analogus to sulfur 
metabolism; Reaction 4, selenocysteine lyase and subsequent reduction of 
Se to selenide (70); Reaction 5, transamination pathway, analogus to the 
methionine transamination pathway (71); Reaction 6, GSH-dependent Se 
reduction pathway (73); Reaction 7, hypothetical co- translational 
incorporation of Se into glutathione peroxidase and other selenoproteins 
from inorganic Se and serine, as mediated by a selenocysteine-tRNA (72). 
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GS-SeH is then reduced in a second NADPH-dependent step to selenide, the 

central intermediate in selenium metabolism. Selenide could then be used 

for co-translational incorporation of selenium into GSH-Px and other 

selenoproteins as mediated by a selenocysteine tRNA (72). 

When selenium moderately exceeds the physiological amount required 

for maintenance and synthesis of tissue GSH-Px and other selenoproteins, 

selenide is methylated to form the trimethylselenonium ion ( (CH3)3Se+ ) 

via the action of selenium methyl transferase, using S-adenosymethionine 

as the methyl donor and is excreted in the urine (76). Under acute 

selenium toxicity dimethylselenide ( (CH3)2Se ) is the major volatile 

excretory metabolite formed and is expired via the lung (77). 

Co-translational Incorporation of 
Selenium into Glutathione Peroxidase 

For several years, the exact chemical form of selenium in the 

catalytic site of glutathione peroxidase was subject to speculation. This 

question was resolved by Forstrom and coworkers in 1978, who reported that 

selenium is present as the selenium analog of cysteine, i.e. 

selenocysteine at the active site of glutathione peroxidase (78). 

Furthermore, selenocysteine has been demonstrated to be the major form in 

which selenium occurs in several bacterial selenoenzymes as well as other 

major selenium containing proteins with specific functions (79,80). 

Two disinct lines of selenium incorporation into GSH-Px were 

subject of debate over several years. One school of thought proposed that 

selenium could be incorporated post-translationally into GSH-Px peroxidase 

(81,82), whereas the other school of thought defended a translational 

mechanism to be responsible for the incorporation of selenium into GSH-Px 
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(83). The fact that most of the rare amino acids are formed post-

translationally and that all 64 triplet codons have been already assigned 

unambigiously to the 20 common amino acids or termination codons, seemed 

to favor the post-translational theory of selenium incorporation (13). 

The first report in support of a translational incorporation of 

selenium into GSH-Px came in 1979 when Hawkes and coworkers isolated a 

tRNA with bound SeCys. These data suggested that the incorporation of 

selenium into GSH-Px occured during the translation of the protein (84). 

In contrast, Sunde and Hoekstra demonstrated that inorganic forms of 

selenium, such as selenide were more readily incorporated into GSH-Px than 

selenocysteine itself, thus favoring a post-translational mechanism for 

selenium incorporation (81). 

The debate over the mechanism of selenium incorporation into GSH-

Px has been clarified and resolved by Harrison's research group, who 

cloned and sequenced the gene for murine glutathione peroxidase (85). A 

most suprising aspect of the GSH-Px nucleotide sequence analysis was the 

presence of a TGA codon in the middle of the first exon (nucleotide 

176-178), corresponding to selenocysteine in the GSH-Px polypeptide 

backbone (85). During mRNA synthesis, the thymidine is replaced by 

uridine, thus converting the TGA codon to the UGA codon. When the gene 

for Ej. coli formate dehydrogenase was cloned and sequenced by Bock et al. 

(86), it also contained an TGA codon corresponding to the postition of 

selenocysteine. Although the UGA codon is normally a termination codon, 

it apparently also codes for selenocysteine in mouse GSH-Px. Thus the 

Se-cysteine tRNA suppresses the UGA termination function and inserts 

Se-cys into the growing polypeptide chain instead. 
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The question, whether selenocysteine was directly charged to this 

suppressor tRNA species or whether selenium modifies an already attached 

amino acid was partly solved by Sunde and Evenson when they studied the 

synthesis of GSH-Px in the isolated perfused rat liver and reported that 

the carbon skeleton of selenocysteine is derived from serine rather than 

from cysteine (72). Thus, a co-translational mechanism was proposed by 

these workers, suggesting that a serineyl tRNA, which can also read the 

UGA codon would be phosphorylated to a phosphoserine tRNA (87). The 

phosphate of phosphoserine would then be replaced by a selenol (SeH) group 

to produce tRNA bound to selenocysteine (72). This hypothesis was 

recently confirmed by a research group at the Universtiy of Munich, which 

isolated and characterized a gene for a L. coli tRNA species that accepts 

L-serine and co-translationally inserts selenocysteine into bacterial 

selenoproteins (88). This novel co-translational mechanism thus 

integrates and solves the apparent conflicting theories regarding the 

mechanism by which selenium is incorporated into GSH-Px. 

Bioavailability of Selenocompounds for GSH-Px Synthesis 

The metabolism of selenium is an important factor when considering 

the bioavailability of different dietary forms of selenium in human as 

well as animal diets for subsequent selenoprotein synthesis. Both 

inorganic forms of selenium, such as selenite or selenate, as well as 

organic forms, such as selenomethionine are readily absorbed from the diet 

(3,9,89). The retention of the absorbed selenium, however, will depend 

on selenium metabolism as well as absorption, and the conversion of 

selenium to biochemically available selenium species will determine 
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whether or not an adequate concentration of selenium is present in the 

tissue. In general, selenite and SeMet have been reported to have similar 

effects on the activity of the selenium dependent enzyme GSH-Px in both 

animals (5-7,9) and man (8). Some experiments, however, have reported 

higher tissue selenium deposition from SeMet than from selenite (10,11) 

and one report has suggested that these two forms of supplemental selenium 

can have decidedly different metabolic fates (12). 

Studies in Higher Animals 

In 1981, Sunde and coworkers reported that selenium bioavailability 

for glutathione peroxidase synthesis from dietary selenomethionine was 

significantly reduced when supplemented at levels less than 0.5 mg Se/kg 

diet in rats fed a methionine-deficient diet (12). Since SeMet is an 

excellent analog for methionine in biochemical reactions (13) and because 

it can substitute for methionine during protein synthesis (70), these 

authors further postulated that the reduction in selenium bioavailability 

from SeMet occured because SeMet had been preferentially incorporated into 

general body proteins when methionine was limiting (12). Consequently, 

selenium sequestered in proteins as SeMet could not be used in a 

biochemical functional role such as in GSH-Px until these proteins were 

degraded and the released selenium could then be metabolized and 

incorporated as selenocysteine into GSH-Px. SeMet supplementation will 

increase tissue selenium levels substantially (10,11) and this tissue 

selenium has been shown to be present as SeMet when high levels of SeMet 

are administered (23). In addition, dietary SeMet supplementation has 
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been reported to lead to higher tissue selenium levels than dietary 

selenite supplementation in rats (10) and chickens (90). 

In vitro experiments have shown that [^SeJSeMet initially labeled 

a large number of cytosolic proteins in mouse fibroblasts before labeling 

GSH-Px with ̂ Se, whereas [^Se]selenite just labeled GSH-Px (91). In vivo 

experiments have shown that [^SeJSeMet injection into rats predominantly 

labeled hemoglobin whereas [^Se]selenite injection predominantly labeled 

GSH-Px (23). 

In studies examining the effect of selenium supplementation on 

GSH-Px activity, dietary SeMet and selenite supplementation of 

selenium-deficient rats increased tissue GSH-Px to the same extent when 

administered at 2 mg Se/kg to vitamin B6-adequate rats (92). A single oral 

dose of 300 ug Se as selenite or SeMet equally induced GSH-Px activity 

within 50 h (7). In experiments with levels of selenium near the dietary 

requirement, SeMet was reported to have 40% of the ability of selenite to 

provide selenium for GSH-Px synthesis when added at 0.2 mg/kg Se in a 200 

g casein/kg based diet (93). Increasing the dietary selenium level to 2.0 

mg/kg or addition of 2.5 g methionine/kg to the diet resulted in equal 

ability of SeMet and selenide to provide selenium for GSH-Px. 

Studies in Humans 

Biopotency studies in humans, comparing the bioavailability of 

SeMet and sodium selenite for GSH-Px synthesis have shown that GSH-Px 

activities were not significantly different for SeMet and selenite, 

whereas, in contrast, selenium concentrations in whole blood, erythrocytes 
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and plasma were significantly higher with SeMet supplementation as 

comparted to selenite (8). 

Luo et al. reported in their study, which investigated the 

bioavailabiltiy of organic and inorganic selenocompounds to residents in 

a low selenium area of China (94) that methionine supplementation (0.5 g 

as DL-methionine/d) had no apparent differential effect on the 

bioavailability of SeMet versus selenite for GSH-Px in human beings given 

50 ug Se/d for 8 weeks. In control subjects not receiving selenium 

supplements, however, erythrocyte glutathione peroxidase activity was 

increased by methionine supplementation, suggesting that additional 

methionine increased the utilization of the selenium in the basal diet for 

6SH-Px synthesis (94). Thus methionine supplementation might increase 

the bioavailability of selenium from low selenium foods, but it might not 

affect SeMet bioavailability at higher selenium supplementation levels. 

Therefore, this research was undertaken to further characterize the 

effect of different levels of dietary methionine supplementation on the 

metabolism and utilization of dietary SeMet and stored tissue SeMet, 

originating from dietary SeMet, for GSH-Px synthesis in male rats. 



Chapter II 

31 

EFFECT OF DIETARY METHIONINE ON UTILIZATION OF TISSUE SELENIUM 
FROM DIETARY SELENOMETHIONINE FOR GLUTATHIONE PEROXIDASE* 

INTRODUCTION 

Selenomethionine (SeMet) is a common form of selenium (Se) found or 

used in Se supplements, and it is presumably the major form of Se in foods 

of plant origin. In 1981 Sunde et al. (12) reported that the availability 

of Se from dietary SeMet for synthesis of glutathione peroxidase (GSH-Px) 

was reduced in rats fed a methionine-deficient diet when Se was 

supplemented at levels less than 0.5 mg/kg. Because SeMet is an excellent 

analog for methionine in biochemical reactions (13) and because it can 

substitute for methionine during protein synthesis (14), these authors 

further postulated that the reduction in Se bioavailability from SeMet 

occurred because SeMet had been preferentially incorporated into general 

body proteins when methionine was limiting. Se sequestered in protein as 

SeMet would thus not be used in a functional role for Se until these 

proteins were degraded, but it potentially might serve as a ready source 

of Se at a later period of time. 

To further study the effect of dietary methionine on the 

bioavailability of SeMet, and to study the utilization of stored Se 

arising from dietary SeMet, rats were loaded with Se as SeMet during a 21 

d SeMet supplementation period, and then were fed different levels of 

dietary methionine during a 28 d Se-deficient diet period to determine the 

effect on tissue Se and GSH-Px activity. 
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MATERIALS AND METHODS 

Animals and Diets 

Male 21-day old weanling rats (Holtzman Co., Madison, WI) weighing 

from 55 to 65 g were housed individually in hanging wire-mesh cages. Diet 

and deionized water were provided ad libitum. The basal diet was that of 

Schwartz (95) as described by Knight and Sunde (52). It was composed of 

30% torula yeast (Rhinelander Paper Co., Rhinelander, WI) 59% sucrose, 5% 

lard, 5% mineral mix (see Table 2), 0.9% vitamin mix (see Table 2), and 

0.1% choline chloride, and was supplemented with all-rac-a-tocopheryl 

acetate at the expense of sucrose to provide 100 IU/kg vitamin E to 

prevent liver necrosis. The basal diet contained 0.17% methionine and 

0.14% cystine (determined as methionine and cysteic acid using high 

pressure liquid chromatography), thus providing 50% of the dietary sulfur 

amino acid requirement of the growing rat (96). The basal diet contained 

less than 0.02 mg Se per kg diet as determined by fluorometric analysis 

(97). 

Experimental Design 

The weanling rats were fed the torula yeast-based diet supplemented 

with 0.5 mg Se per kg diet as D,L-selenomethionine (Sigma Chem. Co., St. 

Louis, MO), and six randomly chosen rats were killed on d 1 to provide 

initial data. After 21 days of SeMet supplementation, the rats were 

randomly allocated by weight into 13 groups, each containing 6 rats. One 

group was killed, and the remaining groups were fed (i) the Se-deficient 

basal diet alone, or the basal diet supplemented (ii) with 0.4% or (iii) 

with 0.9% D,L-methionine (U.S. Biochemical Corp., Cleveland OH). At 3, 
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7, 14 and 28 d after the start of the Se-depletion period, one group 

receiving each dietary methionine treatment was killed. 

Analyses 

Rats were anesthetized with ether, and blood was drawn by cardiac 

puncture using a heparinized syringe. The plasma was separated from the 

erythrocytes by centrifugation (lOOOg x 15 min., Beckman Accuspin, AH-4 

rotor, Beckman Instruments, Palo Alto, CA), and after removal of the white 

cells by gentle aspiration, the erythrocytes were restored to the original 

blood volume with phosphate buffered-saline (pH 7.4). The livers were 

perfused in situ with ice-cold 0.15 M KC1 to remove erythrocytes, weighed 

and stored on ice until analyzed. A 25% (w/v) liver homogenate was 

prepared in deionized water with five strokes of a Potter Elvehjem 

homogenizer. Muscle tissue from the gastrocnemius and thigh muscles 

(biceps femoris and semitendinosus) was removed from both hind legs, 

cleaned of tendon and connective tissue, weighed and stored on ice until 

analyzed. A 10% (w/v) muscle homogenate in deionized water was prepared 

using a Polytron homogenizer (Brinkmann Inst. Co., Westburg, NY, 20 sec 

with PT 1035 head). GSH-Px activity of plasma, erythrocytes, liver and 

muscle was assayed using the coupled assay procedure with H202 (47) on the 

same day the animals were killed. Protein was determined by the method 

described by Lowry et al. (98) on the following day. Plasma and 

erythrocytes were stored on ice, and liver and muscle tissue were kept 

frozen at -85°C for later Se determination. As described previously (97), 

selenium was determined using wet digestion (H2S04, HN03 and HC104) and H202 

treatment to convert all Se to the Se(IV) oxidation state, followed by 
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complexation with 2,3-diaminonapthalene (Aldrich Chem. Co., Milwaukee, WI) 

at pH 2.0. After 45 min incubation at 60°C in the dark, the samples were 

extracted with 6 ml distilled cyclohexane and the fluoresence (365nm 

excitation, 524 nm emission) determined. 

Statistical Analyses 

The data were compared using one-way analysis of variance and 

Duncan's multiple range test to determine the significance of the observed 

differences. The apparent exponential decreases in tissue Se levels and 

GSH-Px activities were compared using exponential transformation and 

linear regression analyses, and the slopes were compared using analyses 

of variance and Student's t-test (99) to determine whether or not the 

half-lives were significantly different. 

RESULTS 

Growth and liver weight 

The rats grew at an average rate of 2.4 g per d during the initial 

21 d period when the rats were fed the methionine-deficient diet 

supplemented with 0.5 mg Se as SeMet per kg diet. When the rats were 

switched to the Se-deficient diet and supplemented with 0, 0.4 or 0.9% 

methionine, they grew at an average rate of 3.7, 7.3 or 6.4 g per d, 

respectively; the final weights of the methionine-supplemented rats were 

significantly higher than the methionine-deficient rats (p<0.05), but the 

final weights of the 0.4 versus 0.9% methionine-supplemented rats were not 

significantly different (Table 1). The liver weights of the 0.4 and 0.9% 

methionine-supplemented rats were also significantly higher (p<0.05) than 

the livers of the methionine-deficient rats 7 d or more after the start 



Table 1. Effect of dietary methionine on rat body weight, liver weight and liver as 
percentage of body weight.1 (Mean values with their standard errors for six 
rats). 

Dav of exo.: 3 7 14 28 
Mean SE Mean SE Mean SE Mean SE 

Treatment2 

% Methionine 
in diet 

0 129a 4.3 143" 5.1 
0.4 143b 4.1 177b 5.4 
0.9 140b 3.7 173b 5.1 

Body-wt 
166a 6.5 220a 7.2 
231b 6.0 320b 9.7 
225b 5.8 294b 9.4 

0 7.38 0.7 8.0a 1.1 
0.4 8.2a 0.5 10.6b 0.4 
0.9 9.6b 0.6 10.0b 0.7 

Liver-wt (g) 
8.9s 

13. lb 

13. 2b 

0 .6  
0 .6  
0.7 

12.4" 
17.2b 

16.0s 

0.5 
0.7 
0.3 

0 
0.4 
0.9 

5.5a 0.2 
5.98b 0.3 
6.7b 0.4 

5.4s 

6.2 a  

6.0 s  

0.4 
0.4 
0 . 2  

5.2a 0.2 5.6a 0.2 
5.6b 0.1 5.4a 0.1 
5.9b 0.1 5.4a 0.1 

1Mean + SEM for six rats; mean in the same colum not sharing a common superscript letter 
are significantly different at the p < 0.05 level. 
Rats were supplemented with 0, 0.4 or 0.9% DL-methionine in the diet for 28 days as 
described under materials and methods. 
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of methionine supplementation, but when the liver weights were expressed 

as a percentage of body weight, the only significant change was an 

increase in liver size at d 3 in the 0.9% methionine supplemented rats as 

compared to both the 0.4% methionine-supplemented and methionine-deficient 

rats (Table 1). 

Plasma, Liver and Muscle Se 

The supplementation of weanling rats with 0.5 mg Se as SeMet per kg 

diet for 21 d resulted in significant increases in plasma, liver and 

muscle Se (Fig. 2). Plasma Se increased 2.6 fold, liver Se increased 2.5 

fold, and muscle Se increased 2.2 fold during this supplementation period 

when the rats were fed a methionine-deficient diet and supplemented with 

five-times the dietary Se requirement for the rat (96). Erythrocyte Se 

also increased 1.5-fold during this period (data not shown). 

When the SeMet-supplemented rats were switched to a Se-deficient 

diet, there was an exponential decline in plasma and liver Se over the 

remaining 28 d of the experiment (Fig. 2). Plasma Se decreased with a 

half-life of 11.4 d for the first 14 d and liver Se with a half-life of 

11.6 d, irrespective of the level of supplemental dietary methionine. 

Muscle Se also decreased exponentially in rats supplemented with 0.4 or 

0.9% dietary methionine (t1/2 = 12.1 d). Rats fed the Se-deficient diet 

without supplemental methionine, however, retained significantly higher 

levels of Se in the muscle at 3, 7, 14 and 21 d than did the rats 

supplemented with 0.4 or 0.9% methionine, and the exponential half-life 

of muscle Se in the methionine deficient rats increased significantly to 

22.5 d (p<0.05). Erythrocyte Se levels were little changed during the 
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Figure 2. Plasma, liver and muscle Se. 

Weanling rats were fed 0.5 mg Se as selenomethionine ( • ) per kg 
methionine-deficient diet for 21 d (-21 to 0 d), and then fed an Se-
deficient diet supplemented with 0% ( o ), 0.4% (A) or 0.9% (•) D,L-
methionine for 28 d. Se concentration (ppm) in plasma, liver and muscle 
is expressed as ug Se/ml plasma or ug/g tissue. Each value is the mean 
value of 6 rats. Error bars represent the SEM. 



first 14 d of the Se-depletion period in rats not supplemented with 

methionine, but erythrocyte Se levels fell significantly by d 7 in rats 

supplemented with methionine during the Se-deficient diet period (data not 

shown). 

Plasma, Liver and Muscle GSH-Px 

In contrast to the increases in plasma, liver and muscle Se during 

the SeMet supplementation period, the GSH-Px activities for these tissues 

decreased during SeMet supplementation (Fig. 3). Plasma GSH-Px activity 

decreased 50%, liver GSH-Px activity decreased 49% and muscle GSH-Px 

activity decreased 43%. In contrast to the other tissues, erythrocyte 

GSH-Px activity increased 1.5-fold during the SeMet supplementation period 

(data not shown). 

During the Se-deficient diet period, plasma GSH-Px activity did not 

change significantly in rats fed the low methionine diet (Fig. 3). Plasma 

GSH-Px activities increased 3.8 and 3.2-fold 3 d after the SeMet-

supplemented rats were switched to the Se-deficient diet and supplemented 

with 0.4 or 0.9% dietary methionine, respectively. The increase in plasma 

GSH-Px observed at d 3 was short-lived, as the GSH-Px activities were 

progressively lower 7, 14 and 28 d later, but rats supplemented with 0.9% 

methionine still had significantly higher plasma GSH-Px levels than the 

rats not supplemented with methionine at the end of the experiment. 

Liver GSH-Px activity increased 1.3, 1.4 and 1.6-fold for the 0, 

0.4 and 0.9% methionine-supplemented groups, respectively, during the 

first 7 days of the Se-deficient period (Fig. 3). The observed increase 

in GSH-Px activity was not significant for the 0% methionine-supplemented 
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Figure 3. Plasma, liver and muscle GSH-Px activity. 

Weanling rats were fed 0.5 mg Se as selenomethionine ( • ) per kg 
methionine-deficinet diet for 21 d (-21 to 0 d), and then fed an 
Se-deficient diet supplemented with 0% ( o ), 0.4% (A) or 0.9% (•) D,L-
methionine for 28 d. GSH-Px activity in plasma, liver and muscle is 
expressed as EU/g protein. Each value is the mean value of 6 rats. Error 
bars represent the SEM. 



40 

rats, but it was significant for the for the 0.4 and 0.9% methionine 

supplemented rats. After d 7, the liver GSH-Px activities declined with 

no significant differences in rate due to different methionine 

supplementation levels. Muscle GSH-Px activity did not change 

significantly for the 0% methionine rats during the Se-deficient diet 

period, but the 1.9-fold increase in muscle GSH-Px observed at d 7 in the 

0.4 and 0.9% methionine groups was significantly different (p<0.05). 

Erythrocyte GSH-Px activity also peaked at 7 d after the start of the 

Se-deficient diet period, and then declined slightly during the remaining 

21 days (data not shown). 

Percentage of Tissue Se Present as GSH-Px 

To further evaluate the change in Se distribution in these tissues 

during the course of the experiment, the percentage of the total tissue 

Se present as Se in GSH-Px was estimated. The enzyme activity of purified 

rat liver GSH-Px (853 EU/mg protein) determined under these enzyme assay 

conditions (68), and the molecular weight of GSH-Px (80,000 mg/mmole) were 

used to calculate a ratio of 4.63 x 10'3 ug Se per EU GSH-Px: 

4,63 x 10"3ug Se = 4 umole Se 1 mg GSH 78.96 ug Se 

1 EU GSH-Px 80 mg GSH-Px 853 mg GSH-Px 1 umole Se 

Using the measured GSH-Px activity (EU/mg protein), Se (ug/g tissue) and 

protein (mg protein/g tissue) for each sample, and using the above 

calculated constant, the data in Figure 2 and 3 were combined to provide 

the data presented in Figure 4. Initially, 4% of plasma Se, 68% of liver 
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Figure 4. Percentage of the total tissue Se present as Se in 
glutathione peroxidase (GSH-Px). 

The ratio of ug Se per EU of GSH-Px in purified rat liver GSH-Px (see 
text) and the measured tissue GSH-Px activity (Fig. 3) and tissue Se (Fig. 
2) were used to calculate the percentage of the total Se in each sample 
that was present as Se in GSH-Px. Percent Se as GSH-Px is plotted for 
plasma, liver and muscle for rats fed 0.5 mg Se as selenomethionine 
(SeMet) ( • ) per kg methionine-deficient diet for 21 d, and for rats fed 
a Se-deficient diet supplemented with 0% ( o ), 0.4% (A) or 0.9% ( • ) 
D,L-methionine for 28 d. Each value is the mean value for 6 rats. Error 
bars represent the SEM. 



homogenate Se, 10% of muscle Se, and 37% of erythrocyte Se could be 

accounted for by the GSH-Px activity in these tissues. After 21 days of 

0.5 mg Se as SeMet supplementation per kg of a low methionine diet, tissue 

Se increased and tissue GSH-Px decreased such that 1%, 13% and 2% of 

plasma, liver and muscle, respectively, was accounted for by the Se in 

GSH-Px. Unlike the other tissues, the percent erythrocyte Se as GSH-Px 

increased slightly but not significantly during the SeMet supplementation 

period. During the 28 d Se-deficient diet period, the percentage of total 

Se as GSH-Px Se in plasma had increased by 7 d after the start of the 

Se-deficient diet period to a level above that observed initially if the 

Se-deficient diet was supplemented with methionine. Significantly less 

plasma Se was present as GSH-Px in methionine-deficient as compared to 

methionine-supplemented rats 3, 7 and 14 days after the start of the 

dietary treatment. Liver also showed graded responses to the level of 

dietary methionine during the Se-deficient diet period, but the percentage 

of total Se as GSH-Px Se was only significantly higher for the 

methionine-supplemented as compared to unsupplemented rats 7 d after the 

start of the Se-deficient diet period. The percentage of total muscle Se 

as GSH-Px Se was elevated with 0.4 or 0.9% dietary methionine but not with 

the unsupplemented diet throughout the Se-deficient diet period. The 

percentage of erythrocyte Se as GSH-Px increased from 37% to an average 

of 60% 7 days after the start of the Se-deficient diet period (data not 

shown) and then declined to 50% by d 28, and the level of dietary 

methionine did not have a significant effect on these changes. 



43 

DISCUSSION 

In the initial SeMet supplementation phase of this experiment, 0.5 

mg Se as SeMet per kg diet resulted in 2.2 to 2.6-fold increases in tissue 

Se concentration. The diet was low in methionine, however, and the result 

was a 43-50% decrease in tissue GSH-Px activity during the 21 d SeMet 

supplementation period. The drop in GSH-Px activity occured in spite of 

a dietary Se supplementation level that was five times higher than the 

level that has been shown to maintain GSH-Px levels in the growing rat 

(4). Similar increases in tissue Se have been reported in experiments 

when 0.5 mg Se per kg diet was fed to animals (100), but a concurrent, 

substantial drop in GSH-Px activity accompanying an increase in tissue Se 

has not been observed. For example, Oh et al. (101) reported 1.5, 1.9, 

and 1.8-fold increases in plasma, liver and muscle Se, respectively, when 

lambs were fed 0.5 versus 0.1 mg Se as selenite per kg diet for 8 weeks 

in a methionine-supplemented torula yeast-based diet, but in these lambs 

plasma, liver and muscle GSH-Px activities remained the same. 

In other experiments, high levels of SeMet produced significant 

increases in GSH-Px activities in all tissues except testes when Se-

deficient rats were resupplemented with 2 mg Se as SeMet per kg diet for 

17 d (5) and when Se-adequate (commercial rat chow diet) and Se-deficient 

rats were given a single oral dose of 300 ug Se as selenite or SeMet (7). 

These previous experiments used relatively high levels of Se which may 

well have prevented detection of metabolic differences that can be 

detected when levels of Se near the dietary Se requirement are used. For 

instance, when Se-deficient rats were resupplemented with 0.2 mg Se per 

kg of a 20% casein-based diet, SeMet was 40% less able than selenite to 
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provide Se for GSH-Px synthesis (93). This reduced ability of SeMet to 

provide Se for GSH-Px was no longer apparent when 2.0 mg Se per kg diet 

Se was used and it was also eliminated with 0.25% supplemental methionine 

(93). 

Previous results (12) demonstrated that Se from dietary SeMet was 

less available for GSH-Px synthesis in rats fed a low methionine diet as 

compared to a methionine-supplemented diet, and it was suggested that 

SeMet would be incorporated into protein and thus less Se would be 

available for GSH-Px synthesis when the diet was limiting in methionine. 

The present results further substantiate this hypothesis, as shown by 

increased tissue Se but decreased tissue GSH-Px during the dietary 

supplemention of SeMet in a methionine-deficient diet. Higher increases 

in tissue Se content have been reported in muscle of rats supplemented 

with SeMet as compared to selenite (10), in erythrocytes of humans 

supplemented with SeMet versus selenite (8), and in muscle of chickens fed 

SeMet versus selenite (90). White and Hoekstra (91) showed that ^SeMet 

initially labeled a large number of cytosolic proteins in mouse 

fibroblasts, but that it only slowly provided Se for GSH-Px as compared 

to selenite. Beilstein and Whanger (22) also showed that more ^Se from 

SeMet than from selenite was present in the muscle of rats 20 d after 

injection, and that the hemoglobin in ^SeMet-injected rats retained the 

^Se as SeMet throughout the 20 d experiment. Our experiments and the 

experiments described above all strongly suggest that SeMet was the major 

form of Se in the tissues at the end of the SeMet supplementation period. 

This hypothesis, however, was not tested in these studies, and thus it 

awaits direct confirmation. 
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In the second phase of the experiment, the rats were switched to a 

Se-deficient diet supplemented with 0, 0.4 or 0.9% methionine. The switch 

to a Se-deficient diet resulted in increases in GSH-Px activity that 

peaked at 3 d for plasma and at 7 d for liver and muscle if the diet was 

supplemented with methionine. The Se used in the synthesis of the 

additional GSH-Px would appear to have come from the tissue Se, presumably 

SeMet, that was deposited during the SeMet supplementation period. In the 

rats fed the low methionine diet, protein turnover would have released 

this SeMet, but the SeMet would have rapidly been reincorporated back into 

protein because of the lack of methionine, thus resulting in the observed 

longer half-life of muscle Se in rats fed the low methionine diet (Fig. 

2). With dietary methionine supplementation, however, a lesser proportion 

of the tissue SeMet would have been reused, thus increasing the flux of 

SeMet through the catabolic pathways to inorganic Se. The released Se 

could then be used biochemically for important roles such as GSH-Px. Such 

an effect was apparently observed in a recent study with Chinese subjects 

consuming a low Se, self-selected diet (94). Methionine supplementation 

for 8 weeks resulted in a 1.8-fold increase in erythrocyte GSH-Px, 

suggesting that the additional methionine may have increased the 

availability of dietary SeMet or stored SeMet. 

Figure 1, is a diagram of Se metabolism that illustrates the two 

fates of free SeMet. Because the level of dietary methionine regulates 

the catabolism of methionine (102) and thus presumably SeMet (13), free 

SeMet from the diet or from protein turnover (reaction 2) will either be 

reincorporated back into protein or degraded. The relative flux between 

these two fates will be strongly influenced by the level of dietary 
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methionine. Under conditions with adequate levels of methionine, more 

SeMet will be degraded by one of two pathways: transsulfuration to 

selenocysteine (reaction 3) followed by catabolism by selenocysteine lyase 

(reaction 4), or transamination and decarboxylation (reaction 5). The 

released inorganic selenide would thus be available for co-translational 

incorporation into GSH-Px or other selenoproteins (72). 

The increases in body weight and liver weight due to methionine 

supplementation were not the primary cause of the observed changes in 

tissue Se and GSH-Px, and yet the decreases in plasma and liver Se during 

the methionine-supplementation period of the experiment were not 

significantly different (Fig. 2) in spite of differences in growth and 

liver weight. The increases in tissue GSH-Px activity during the 

methionine-supplementation period (Fig. 3) clearly were not caused by a 

dilution of Se or GSH-Px as the increased GSH-Px activity was observed in 

the animals showing the methionine-stimulated growth. The changes in the 

percentage of Se as GSH-Px (Fig. 4) demonstrate that dilution alone was 

not the cause of these differences, and these data further indicate that 

methionine supplementation altered Se metabolism and lead to the observed 

changes in tissue Se and GSH-Px. 

This experiment was conducted using D,L-SeMet because this racemic 

mixture is the form of SeMet used commonly in bioavailability studies 

(5,7,8,12,90,) and because pure L-SeMet is not available commercially 

other than via custom synthesis. Similarly, D,L-methionine was used in 

this experiment because it is the common form used to increase the 

methionine content of experimental diets (103). During the SeMet 

supplementation period of this experiment, 0.5 mg Se per kg diet (5- times 



47 

the Se requirement for the rat) was not able to provide enough Se to 

maintain tissue GSH-Px activity even though 50% of the D,L-SeMet was 

provided as the D isomer. This suggests that D-SeMet is not extensively 

degraded in the rat. D-SeMet has been reported to have equal ability to 

provide Se for GSH-Px synthesis and to provide Se for tissue storage as 

compared to the L isomer (104,105). In the present experiment, tissue Se 

levels increased 2.2 to 2.6-fold during the 21 d D,L-SeMet supplementation 

period. Because this tissue Se is presumably L-SeMet incorporated into 

protein, these results suggest that D-SeMet may be readily converted to 

L-SeMet in the rat. 

The percentage of tissue Se present as Se in GSH-Px was calculated 

from the enzyme activity of purified rat liver GSH-Px. This estimate 

should thus be rather accurate for liver; the calculated values compare 

favorably with those reported previously for rat liver and for other 

species (13,106,107) and the estimated percentage of total Se as GSH-Px 

in muscle is much lower than that in liver, as expected because of the 

relatively low muscle GSH-Px activity. The estimates for plasma ranges 

from 6.5% to 1%; these low percentages, regardless of SeMet feeding, may 

reflect the presence of another major selenoprotein in plasma (62) in 

addition to GSH-Px. These low estimates, however, may also be the result 

of the use of the specific activity of liver GSH-Px for the calculations. 

Human plasma GSH-Px has been reported to have a specific activity 1/10 

that of hyman erythrocyte GSH-Px (110). If rat plasma GSH-Px is similar 

to human plasma GSH-Px, then the calculated percentages would be an order 

of magnitude higher and similar to other published values (106,110). The 

observed relative changes due to the different treatments, however, would 
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still be the same, and thus plasma Se components may vary in a manner 

similar to that of liver. 

The inability of tissue SeMet in this experiment to maintain GSH-

Px levels for more than 14 d in liver or muscle raises a question about 

the ability of stored SeMet to serve as a significant long-term source of 

Se. Direct application of the numeric results of these rat studies, 

however, should be made only with the greatest care. This study used 

weanling rats fed a diet deficient in methionine, supplemented with five 

times the Se requirement and then abruptly switched to an Se-deficient, 

whereas it is unlikely that healthy humans will go through a similar 

dietary cycle under normal free-living conditions. This experiment does 

demonstrate that the level of dietary methionine can dramatically modify 

the availability of Se from dietary SeMet or from stored tissue SeMet for 

synthesis of selenoproteins like GSH-Px. Secondly, stored SeMet, even 

when it has raised tissue Se levels dramatically, does not appear to 

provide prolonged protection against Se deficiency by providing Se for 

synthesis of GSH-Px and presumably other selenoenzymes. Lastly, because 

methionine can be the limiting amino acid in typical human diets, SeMet 

may not be the best form of Se to choose as a Se supplement because the 

conversion of SeMet to biochemically active Se may be impaired by low 

methionine diets. 
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EFFECT OF DIETARY METHIONINE ON TISSUE SELENIUM AND 
GLUTATHIONE PEROXIDASE ACTIVITY IN RATS GIVEN SELENOMETHIONINE 

INTRODUCTION 

In 1981, Sunde et al. reported that Se availability for GSH-Px 

synthesis from dietary SeMet was reducerd when supplemented at less than 

0.5 mg Se/kg in rats fed a methionine deficient diet (6). These workers 

suggested that SeMet had been preferentially incorporated into body 

proteins when methionine was limiting. This hypothesis was further 

supported by the study reported in chapter II, which investigated the 

effect of dietary methionine levels on the utilization of stored tissue 

Se originating from dietary SeMet. When weanling rats were fed 0.5 mg 

Se/kg as SeMet in a methionine-deficient diet for 21 days, tissue GSH- Px 

activity decreased substantially in spite of increased tissue Se levels. 

When the rats were switched to a Se-deficient diet, tissue GSH- Px 

activities increased transiently if the diet was supplemented with 

adequate or high levels of methionine, suggesting that additional 

methionine increased the utilization of the deposited tissue Se for GSH-

Px synthesis. 

To further characterize the effect of dietary methionine on the the 

metabolism of dietary SeMet, weanling rats were fed 0.5 mg Se/kg as SeMet 

with deficient (0%), adequate (0.4%) or high levels (0.9%) of dietary 

methionine for 20 d. 
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MATERIALS AND METHODS 

Animals and diets 

Male 22-d-old weanling rats (Holtzman Co., Madison, WI) weighing 

60-70 g were housed individually in hanging wire-mesh cages. Diet and 

deionized water were provided ad libitum. The basal diet, described 

previously by Knight & Sunde (44), is given in Table 2. The diet was 

supplemented with 100 mg DL-a-tocopheryl acetate/kg (Sigma Chemical Co., 

St Louis, M0) at the expense of sucrose to prevent liver necrosis. Amino 

acid analysis indicated that the basal diet contained 1.7 g methionine and 

1.4 g cysteine/kg, thus providing only 50 % of the dietary sulphur amino 

acid requirement of the growing rat (96). The basal diet contained less 

than 0.02 mg Se/kg as determined by fluorometric analysis 

Experimental design 

The weanling rats, shipped by air express to Arizona, were fed on 

a Se-adequate, methionine-adequate diet (0.2 mg Se as selenite/kg, 4 g 

supplemental DL-methionine/kg) overnight. The rats were then randomly 

divided into thirteen groups, each containing six rats, and one group was 

killed (day 0) to provide initial values. The remaining groups were all 

fed on the basal diet supplemented with 0.5 mg Se as DL-selenomethionine 

(Sigma Chem. Co., St. Louis, M0) per kg diet. The diet was further 

supplemented with (i) 0, (ii) 0.4, or (iii) 0.9% D,L- methionine (U.S. 

Biochemical Corp., Cleveland, OH; 4 groups per methionine level), thus 

providing approximately 50%, 100% or 200%, respectively, of the dietary 

sulfur amino acid requirement of the rat (96). At 3, 6, 13 and 20 d after 
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Table 2. Composition of basal diet (g/kg) 

Torula yeast1 300 
Sucrose 590 
Lard 50 
Mineral mix2 50 
Vitamin premix3 9 
Choline chloride 1 

1Rhinelander Paper Co., Rhinelander, WI, USA. 

Mineral mix (g/kg mix): CaCO, 526.76, MgC03 25.0, MgS04' 7H,0 32.76, NaCl 
69.0, KC1 108.0, KH2P0, 212.0, ferric ammonium citrate-green 20.5, KI 0.08, 
MnS04'H20 3.33, NaF 1.00, A1NH4(S0J2-12H20 0.16, CuS04"5H20 0.90, CrCl3-6H20 
0.51. 

3Vitamin premix (mg/kg diet): glucose monohydrate 8757.45, thiamin 
hydrochloride 4.0, riboflavin 2.5, pyridoxine hydrochloride 2.0, 
calcium-D-pantothenate 20, niacin 100, menadione 1.0, pteroylmonoglutamic 
acid 2.0, d-biotin 1.0, cyanocobalamin (1 mg triturate/g) 10.0, retinyl 
palmitate (138 mg/g water-soluble matrix) 100, ergocalciferol 0.05. 
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the start of SeMet supplementation, one group receiving each dietary 

methionine treatment was killed and the tissues analyzed. 

Analyses 

Rats were anesthetized with ether and blood was drawn by cardiac 

puncture using a heparinized syringe. Plasma was separated from 

erythrocytes by centrifugation (lOOOg x 15 min., Beckman Accuspin, AH-4 

rotor, Beckman Instruments, Palo Alto, CA). After removal of the white 

cells by gentle aspiration, the erythrocytes were restored to the original 

blood volume with phosphate-buffered saline (pH 7.4). The livers were 

perfused in situ with ice cold 0.15 M KC1 to remove contaminating 

erythrocytes, weighed and stored temporarily on ice. A 25% (w/v) liver 

homogenate was prepared in deionized water using five strokes of a Potter 

Elvehjem homogenizer. Muscle tissue from the gastrocnemius and thigh 

muscles (biceps femoris and semitendinosus) was removed from both hind 

legs, cleaned of tendon and connective tissue, and weighed. A 10% (w/v) 

muscle homogenate in deionized water was prepared using a Polytron 

homogenizer (Brinkmann Inst. Co., Westburg, NY; 20 sec with PT 1035 head). 

On the day of sacrifice, GSH-Px activity in plasma, erythrocytes, liver 

and muscle was assayed using the coupled assay procedure (43) with H202 so 

that only the Se-dependent GSH-Px activity was measured (43). Protein 

concentration was determined as described by Lowry et al. (98) the next 

day. Plasma and erythrocytes were stored on ice, and liver and muscle 

tissue were frozen at -85° C for later Se analysis. Se concentration was 

determined using the wet digestion and fluorometric analysis as described 

previously in chapter II. 
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Statistical Analysis 

The data from rats killed on a given day were compared using 

analysis of variance (2 treatment degrees of freedom, 15 error degrees of 

freedom) to determine if significant differences between groups were 

present. If significant, Duncan's multiple range test (108) was applied 

to determine which treatment means were significantly different using the 

pooled error mean square term to calculate the least significant ranges. 

Kramer's modification of Duncan's multiple range test (108) was used when 

missing values resulted in unequal class sizes. A significance level of 

p<0.05 was used for all tests unless otherwise noted. The rate of 

increase of muscle Se was calculated by linear regression analysis using 

the individual values, and significant differences in the rate (slope) due 

to dietary methionine treatment were tested using analysis of covariance 

(99). 

RESULTS 

Growth and liver weight 

When 22-day old rats were fed 0.5 mg Se/kg as SeMet in a torula 

yeast-based diet and supplemented with 0, 0.4 or 0.9% methionine, the 

methionine-deficient rats were significantly smaller than the methionine-

-supplemented rats 3 d or more after the start of the dietary treatment 

(Table 3). Over the 20 d experimental period, the rats grew at an average 

of 4.1, 7.4 or 7.3 g per day, respectively. The weights of the 0.4 and 

0.9% methionine-supplemented rats were not significantly different 

(p>0.05) during the course of the experiment. The liver weights (Table 

3) of the methionine deficient rats were also significantly smaller than 
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Table 3. Effect of dietary methionine on rat body weight, liver weight 
and liver as a percentage of body-weight.1 (Mean values with 
their standard errors for six rats) 

Dav of exp.: 3 6 13 20 

Mean SE Mean SE Mean SE Mean SE 

Treatment2 

(Methionine g/kg diet) 
Body-wt (g) 

0 71K 1.4 82a 1.4 116a 3.4 148a 5.4 
4 75 1.3 94b 1.4 158b 2.5 209b 5.8 
9 76b 1.5 93b 2.2 158b 3.4 212b 3.2 

Liver' -wt (g) 

0 3.0a 0.3 3.9a 0.2 6.18 0.5 8.6a 0.5 
4 3.4a 0.3 5.0b 0.2 9. lb 0.3 13.5b 0.5 
9 3.8s 0.3 4.6a,b 0.4 10. lb 0.4 13.2b 0.3 

Liver (% body-weight) 

0 4.2a 0.2 4.9a 0.2 5.2a 0.2 5.8a 0.1 
4 4.4a 0.3 5.6a 0.3 5.8b 0.1 6.5b 0.2 
9 4.9s 0.3 5.1a 0.3 6.3° 0.2 6.28,b 0.2 

Means in the same vertical column with unlike superscript letters 
are significantly different: P<0.05. 

2Rats were supplemented with 0, 4, or 9 g DL-methionine/kg diet for 20 d 
as described on p. 57. 
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the 0.4 and 0.9% methionine-supplemented rats 13 and 20 d after the start 

of the experiment. When the liver weights were expressed as a percentage 

of body weight (Table 3), however, the only significant difference was a 

12% increase in this ratio at d 13 and 20 for the 0.4% methionine group 

and a 21% increase only at d 13 for the 0.9% methionine group when 

compared to the methione-deficient animals. Thus feeding the 

methionine-deficient diet resulted in a decrease in the rate of growth, 

showing that the rats were methionine deficient, but methionine deficiency 

did not result in substantial changes in relative liver size in this 

experiment. 

Plasma, Erythrocyte, Liver and Muscle Se 

Supplementation of weanling rats with 0.5 mg Se/kg as SeMet for 20 

d resulted in increases in plasma, erythrocyte, liver and muscle Se (Fig. 

5) for all three dietary methionine groups. The magnitude of increase, 

however, was different for different tissues and was modulated by the 

level of dietary methionine. Plasma Se (Fig. 5a) increased 1.7, 1.7 or 

1.9-fold with 0, 0.4 or 0.9% methionine supplementation, respectively, 

over the 20 d experiment. At d 3 and 6, plasma Se was significantly 

higher in rats supplemented with 9 g methionine/kg compared with 0 g 

methionine/kg, but this difference disappeared by day 20. Erythrocyte Se 

concentration (Fig. 5b) increased 3.0-, 2.3- or 2.1-fold when animals were 

supplemented with 0, 4 or 9 g methionine/kg, respectively. The Se 

concentration was significantly higher in the methionine-deficient group 

compared with the methionine-supplemented groups at days 13 and 20, but 

not at days 3 and 6. Liver Se (Fig. 5c) increased 1.7-, 1.4- or 1.6-fold 
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Figure 5. The effect of selenomethionine (SeMet) and supplementary 
methionine on (a) plasma, (b) erythrocytes, (c) liver and 
(d) muscle selenium. 

Weanling rats were given 0.5 mg Se as SeMet/kg and supplemented with 0 
(•). 4 (A) or 9 (|) g DL-methionine/kg for 20 d. Se concentration is 
expressed as ug/ml plasma or ug/g tissue. Values are means with their 
standard errors represented by vertical bars for 6 rats. 
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with 0, 4 or 9 g methionine/kg supplementation respectively, during the 

20 d experiment. The majority of this increase in liver Se occurred by 

day 6 for all methionine-treatment groups. At day 13, liver Se was 

significantly higher in the methionine-deficient animals than in the 

methionine-supplemented animals, but at day 20 the only significant 

difference was between the methionine-deficient and 4 g methionine/kg 

group. During the 20 d SeMet supplementation period, muscle Se (Fig. 5d) 

increased 8.6-, 3.1- or 2.4-fold with 0, 4 or 9 g methionine/kg 

supplementation respectively. At day 3 and later, significant increases 

in muscle Se were observed in methionine-deficient animals compared with 

methionine-supplemented animals. Muscle Se increased linearly (r 0.979) 

over the 20 d at a rate of 0.0368 ug Se/g tissue per day in the 

methionine-deficient group. With 4 and 9 g methionine/kg supplementation, 

muscle Se also increased linearly (r 0.935 and 0.879 respectively) but at 

reduced rates (0.0099 and 0.0067 ug Se/g tissue per day respectively) 

compared with methionine-deficient rats. 

Plasma, Liver and Muscle GSH-Px 

The level of dietary methionine had a significant effect on plasma, 

liver and muscle GSH-Px activity when 0.5 mg Se/kg as SeMet was fed to 

weanling rats (Fig. 6). Plasma GSH-Px activity (Fig. 6a) decreased 66% 

in the first 3 d after the start of the methionine-deficient diet, and 

then plasma GSH-Px activity remained at this level for the rest of the 

experiment. Supplementation of the SeMet diet with 0.4% methionine 

lessened the magnitude of the d 3 decrease in GSH-Px activity to 45% of 

the initial activity, and then resulted in restoration of plasma GSH-Px 
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Figure 6. The effect of selenomethionine (SeMet) and supplementary 
methionine on (a) plasma, (b) erythrocytes, (c) liver and 
(d) muscle glutathione peroxidase (GSH-Px) activity. 

Weanling rats were given 0.5 mg Se as SeMet/kg and supplemented with 0 
(•)» 4 (A) or 9 (•) g DL-methionine/kg for 20 d. GSH-Px activity is 
expressed as EU/g protein, where 1 EU is 1 umol glutathione oxidized per 
tnin as described by Lawrence et al. (43). Values are means with their 
standard errors represented by vertical bars for 6 rats. 
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activity such that the GSH-Px activity returned to the initial level 13 

d after the start of the SeMet supplementation period. Supplementation 

with 0.9% methionine resulted in only a small insignificant drop (p>0.05) 

in GSH-Px activity at d 3, and it elicited a significant increase in 

GSH-Px activity at d 13 and 20 (p<0.05). Erythrocyte GSH-Px (Fig. 6b) 

increased 1.3, 1.5 and 1.4-fold in the 0, 0.4 and 0.9% methionine treated 

animals, respectively, over the 20 d experiment, and dietary methionine 

did not have a significant effect on GSH-Px synthesis. Liver GSH-Px (Fig. 

6c), however, significantly decreased 53% within the first 6 d when the 

diet contained no supplemental methionine, and then remained at this level 

for the remainder of the experiment. Despite fluctuations in enzyme 

activity, no overall change in liver GSH-Px activity was observed in 

animals supplemented with 0.4 or 0.9% methionine for 20 d. Only the 

GSH-Px activity at d 6 was significantly lower than the initial or final 

liver GSH-Px activities for both 0.4 and 0.9% methionine-supplemented 

rats. Muscle GSH-Px (Fig. 5d) only decreased 12% in rats fed the 

methionine-deficient diet over the 20 d experiment. In contrast to plasma 

and liver, muscle GSH-Px activity did not change significantly during the 

first 13 d when the rats were supplemented with 0.4 or 0.9% methionine, 

but then muscle GSH-Px activity increased significantly during the last 

week. 

Percentage of Tissue Se Associated with GSH-Px 

To further characterize the influence of dietary methionine on the 

change in tissue Se distribution during the course of the experiment, the 

percentage of the total tissue Se associated with GSH-Px was calculated. 
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The enzyme activity of purified rat liver GSH-Px (853 EU/mg protein) (65) 

the molecular weight of GSH-Px (80,000 g/mole) and the Se content of 

GSH-Px (4 g-atom/mole) were used to calculate a ratio of 4.63 x 10'3 ug Se 

per EU GSH-Px when assayed under these conditions. Using this constant 

and the measured values for GSH-Px activity (EU/mg protein), Se (ug/g 

tissue) and protein (mg protein/g tissue) for each sample, the data in 

Figures 5 and 6 were combined to provide the data presented in Figure 7. 

Initially 8% of plasma Se, 55% of liver Se and 14% of muscle Se could be 

accounted for by the GSH-Px activity in these tissues. After feeding 

weanling rats 0.5 mg Se/kg as [Se]Met for 20 d, the percentage of tissue 

Se present as GSH-Px decreased in all tissues except erythrocytes for all 

dietary methionine treatments (Fig. 7). The magnitude of decrease, 

however, was affected by the level of dietary methionine as seen in the 

graded responses to dietary methionine level for the percentage of plasma, 

liver and muscle Se present as GSH-Px. The percentage of plasma Se 

present as GSH-Px (Fig. 7a) decreased to 2.0 % in the first 3 d when 

[Se]Met was supplemented in a methionine- deficient diet and then remained 

at this level during the remainder of the experiment. Supplementation of 

the diet with 4 or 9 g methionine/kg lessened the magnitude of the day 3 

decrease in the percentage of plasma Se present as GSH-Px, such that the 

percentage of plasma Se as GSH-Px Se was significantly higher in 

methionine-supplemented than in methionine- deficient rats for days 3-20. 

The percentage of erythrocyte Se (Fig. 7b) present as GSH-Px decreased in 

the methionine-deficient group, whereas only a small reduction was 

detected in the 4 g methionine/kg group and no difference was found in the 

9 g methionine/kg group. Liver Se present as GSH-Px also showed a graded 



61 

J L 

8 
X 
* 

day* 
13 20 

days 

days days 

Figure 7. Percentage of the total tissue selenium present as Se in 
glutathione peroxidase (GSH-Px) for (a) plasma, (b) 
erythrocytes, (c) liver and (d) muscle. 

The value of 4.63 x 10"3 ug Se/EU GSH-Px for purified rat liver GSH-Px (see 
p. 45), and the measured tissue Se and GSH-Px activity were used to 
calculate the percentage of the total Se in each sample that was present 
as Se in GSH-Px. Weanling rats were given 0.5 mg Se as SeMet/kg and 
supplemented with 0 (#), 4 (A) or 9 (•) g DL- methionine/kg for 20 d. 
Values are means with their standard errors represented by vertical bars 
for 6 rats. 
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response to the level of dietary methionine (Fig. 7c). This percentage 

decreased from 55 % to 19 % within the first 6 d when the [Se]Met was 

added to the methionine-deficient diet, and then remained at this level 

throughout the rest of the experiment. Supplementation of the diet with 

4 or 9 g methionine/kg resulted in a significantly higher percentage of 

liver Se associated with GSH-Px at days 6-20 when compared with that in 

the methionine-deficient group. The percentage of muscle Se present as 

GSH-Px (Fig. 7d) decreased to 2% in the methionine-deficient rats by day 

20 of the experiment, whereas this percentage was 10% in rats supplemented 

with methionine for 20 d. At days 3, 6 and 13 the percentage of muscle 

Se present as GSH-Px was significantly higher in 4 g methionine/kg-

supplemented rats compared with methionine-deficient rats, and this 

percentage for 9 g methionine/kg-supplemented rats was also significantly 

higher than that for 4 g methionine/kg-supplemented rats at days 3, 6 and 

13. Overall, the percentage of tissue Se associated with GSH-Px was 

significantly lower in methionine-deficient rats in all tissues as 

compared to methionine-supplemented rats, indicating that less Se was 

present as GSH-Px in the methionine-deficient rats. 

DISCUSSION 

This experiment investigated the effect of dietary methionine on 

the utilization of Se from dietary SeMet as measured by tissue Se 

concentration, GSH-Px activity and calculation of the percentage of Se 

present as GSH-Px in plasma, erythrocytes, liver and muscle. Tissue Se 

increased with all three dietary methionine treatments. Significantly 

higher tissue Se concentrations were detected in erythrocytes and muscle 
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when the SeMet was provided in a methionine-deficient diet as compared to 

0.4 or 0.9% methionine-supplemented diets, but final plasma and liver Se 

concentrations were not significantly different amongst the different 

dietary methionine treatments. In contrast to these increases in tissue 

Se, GSH-Px activity dramatically decreased in plasma (53%) and liver 

(33%), decreased nonsignificantly in muscle (12%), and increased in 

erythrocytes when animals were supplemented with 0.5 mg Se/kg as SeMet in 

a methionine-deficient diet for 20 d. Methionine supplementation lessened 

or prevented the initial declines in GSH-Px activity in plasma, liver and 

muscle, and resulted in significantly higher GSH-Px activities in plasma, 

liver and muscle at the end of the experiment when compared to 

methionine-deficient rats. 

The basal diet resulted in a growth depression of 58% as compared 

to the methionine-supplemented rats, indicating that the diet was 

deficient in methionine (Table 3). There were also correspondingly 

reduced liver weights, but the relative effect of dietary methionine on 

body weight and liver weight was such that at d 20 the liver weight of the 

0.4% methionine-supplemented rats was only 12% above that of the 

methionine-deficient rats when expressed as a percentage of body weight. 

These changes in body weight and liver weight cannot be the direct cause 

of the observed changes in tissue Se and GSH-Px activity; increased growth 

alone would result in dilution of tissue Se and yet tissue Se levels 

increased in all treatment groups. Similarly, dilution of tissue GSH-Px 

cannot be the cause of the decreased tissue GSH-Px activities because the 

largest decreases were observed in the methionine-deficient rats which had 

the smallest increases in body weight and liver weight. Thus the observed 
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changes in Se concentration and GSH-Px activity were due to the effect of 

dietary methionine on Se metabolism and not directly to altered growth 

rates. 

We also observed decreased tissue GSH-Px levels in spite of 

increasing tissue Se concentrations in our previous study (chapter II). 

Plasma, liver and muscle GSH-Px decreased 43-50% inspite of 2.6, 2.5 and 

2.2-fold increases in tissue Se, respectively, in that study, but the 

magnitude of Se deposition as well as the percentage decrease in GSH-Px 

activity were different between these two studies. Initial tissue Se 

concentrations in the present study were 1.3 and 1.5-fold higher in plasma 

and liver, respectively, than in the previous study, but initial muscle 

Se in this study was only 33% of that observed in the earlier study. This 

low initial muscle Se concentration was apparently one of the reasons why 

muscle Se increased as much as 8.6-fold in this study when methionine-

deficient rats were supplemented with 0.5 Se mg/kg as SeMet. The cause of 

the differences in initial tissue Se and GSH-Px activity between these 

two studies is not known, but the differences may have been due to 

different levels and forms of Se in the diet and in the tissues of the 

dams of these two sets of weanling rats. 

The initial declines in liver, plasma and muscle GSH-Px activity 

occurred during the period the rats adapted to the different dietary 

methionine levels. Once the animals were adapted to the dietary 

methionine level, which takes 3-4 days (102), GSH-Px activity was restored 

in methionine-supplemented animals over the remainder of the experiment 

whereas GSH-Px activity in methionine-deficient rats remained at reduced 

levels. In contrast to these graded responses in plasma, liver and muscle 



65 

to methionine treatment, erythrocyte GSH-Px activity increased in all 

methionine-treatment groups. The long erythrocyte lifespan (60 days) and 

lack of protein turnover in mature erythrocytes (109) may have been the 

cause of the observed lack of an initial decrease in erythrocyte GSH-Px 

activity as well as the slow increase in erythrocyte GSH-Px activity in 

all methionine treatment groups over the 20 d experiment. 

In rats fed a methionine-deficient diet, methionine would be the 

rate-limiting amino acid for protein synthesis and so [Se]Met would 

preferentially be incorporated into protein in place of methionine. This 

would result in elevated tissue Se levels in methionine-deficient rats 

relative to the methionine-supplemented rats, especially in muscle. This 

hypothesis also suggests that methionine deficiency reduces the rate of 

[Se]Met catabolism such that less Se is available for GSH-Px synthesis. 

Adequate or high dietary levels of methionine, in contrast, would result 

in higher rates of methionine and SeMet catabolism which would release 

more Se for GSH-Px synthesis. These effects on tissue Se and GSH-Px 

activity would thus lead to the alterations in the percentage of tissue 

Se present as GSH-Px that were observed in this experiment. 

The percentage of tissue Se associated with GSH-Px was calculated 

from the enzyme activity of purified rat liver GSH-Px. This resulting 

estimate should thus be rather accurate for liver, and the calculated 

values compare favorably with those reported previously for liver in rats 

and other species (106,110). The estimated initial percentage of total 

Se as GSH-Px in muscle (13%) is much lower than liver (55%), which is as 

expected because of the relatively low muscle GSH-Px activity. The 

calculated percentage of plasma Se present as GSH-Px Se declined from 7% 
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to 2.8% in methionine-deficient animals, whereas in methionine-

supplemented animals it remained at 5%. The true percentage of plasma Se 

present as GSH-Px may be 10-fold higher than that estimated by these 

calculations (based on liver GSH-Px) because the specific activity of 

plasma GSH-Px has been recently reported to be 10% of that of erythrocyte 

GSH-Px (107). The relative effects of methionine on the percent of plasma 

Se present as GSH-Px, however, would remain the same when calculated using 

either specific activity. 

This data is based on experiments with rats using defined diets and 

chemically pure forms of Se. The extrapolation of these results to a 

model of human Se metabolism may or may not be straight-forward. For 

instance, a recent study has shown that methionine (0.5 g/day as D,L-

methionine) had no apparent differential effect on the bioavailability of 

SeMet versus selenite for GSH-Px synthesis in humans given 50 ug Se per 

day for 8 weeks (94). In control subjects not receiving Se supplements, 

however, erythrocyte GSH-Px activity was increased by the methionine 

supplementation, suggesting that additional methionine increased the 

utilization of the Se in the basal diet for GSH-Px synthesis. Thus 

methionine supplementation might increase the bioavailability of Se from 

low Se foods, as suggested by these rat experiments, but it may not affect 

SeMet bioavailability at higher Se supplementation levels. 

In conclusion, this study demonstrates that the level of dietary 

methionine can dramatically modulate the availability of Se from dietary 

SeMet for synthesis of selenoproteins like GSH-Px. Methionine deficiency 

substantially decreased the utilization of Se from dietary SeMet for 

GSH-Px synthesis, and it led to preferential incorporation of Se into 
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tissues in a form other than as GSH-Px. Secondly, supplemental methionine 

significantly increased utilization of Se from dietary SeMet for 

maintainance of tissue GSH-Px levels. Because this study shows that 

metabolism of SeMet to biochemical active forms of Se (such as GSH-Px) is 

impaired in rats when dietary methionine is deficient, and because 

methionine can be a limiting amino acid in typical human diets, this 

experiment further suggests that SeMet may not be the optimum Se compound 

to use for human supplementation. 
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CHAPTER IV 

EFFECT OF DIETARY METHIONINE ON ̂ SE INCORPORATION 
FROM [^SELENOMETHIONINE INTO SELENOPROTEINS 

INTRODUCTION 

The micro trace element selenium (Se) is an integral component of 

several mammalian and microbial proteins and is essential for their 

biochemical activity. Glutathione peroxidase (GSH-Px) was the first 

identified mammalian selenoenzyme with a specific function, converting 

peroxides and hydroperoxides to the corresponding alcohols (2). Since 

then, a number of other mammalian selenoproteins, for example a seleno

protein (66) and a testis selenoprotein (65) have been discovered, but 

their exact biochemical function is still unknown. In addition to these 

selenoproteins, seven distinct bacterial selenoenzymes have been 

characterized over the past years (54,55). Since these selenoproteins all 

contain integral stochiometric quantities of selenium, mostly in the form 

of selenocysteine (SeCys) (55,78), and their biochemical activity is 

dependent on the presence of selenium at their active, catalytic site, 

they are considered to be "true selenoproteins". In contrast, the 

bacterial selenoprotein thiolase is regarded as a "selenium-labeled 

protein", because it contains selenium in form of selenomethionine (SeMet) 

as a methionine analog and its enzyme activity is not dependent on the 

presence of SeMet (63). 

The metabolism of selenium is an important factor in determining 

whether selenium is incorporated specifically in stochiometric quantities 

into true selenoproteins, thus displaying a functional role, or whether 
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selenium is non-specifically incorporated into selenium labeled proteins 

at non-stochiometric levels. The organic form of selenium, SeMet, is an 

excellent analog for methionine in biochemical reactions (13) and it can 

substitute for methionine during protein synthesis (14). SeMet can also 

be catabolized by the transsulfuration and transamination pathway, 

analogous to methionine catabolism, to release the inorganic form of 

selenide (13). Selenide can be specifically incorporated in a 

co-translational manner, as mediated by a SeCys tRNA, into GSH-Px (72,86). 

Previous studies in our laboratory demonstrated that the metabolism of 

SeMet, as modulated by the level of dietary methionine, affected the 

specific incorporation of Se form SeMet into true selenoproteins, i.e. 

GSH-Px (112). When weanling rats were fed 0.5 ug Se as SeMet/g diet and 

supplemented with 0, 0.4 or 0.9% methionine, tissue Se levels increased 

in all methionine groups, but GSH-Px decreased in methionine-deficient 

rats, whereas GSH-Px activity was maintained or increased in rats 

supplemented with methionine. These results indicated that Se was 

incorporated non-specifically as SeMet into general body proteins in 

methionine-deficient animals and thus Se from SeMet was not available for 

specific selenoprotein synthesis. Supplemental methionine, however, 

increased the utilization of Se from SeMet for specific incorporation into 

GSH-Px (112). 

The present study was designed to further characterize the effect 

of dietary methionine on the incorporation of ̂ Se from ̂ SeMet into GSH-Px 

and other true mammalian selenoproteins. Selenium-adequate rats were 

adapted to deficient, adequate or high levels of dietary methionine, 

injected with ^Se as ^SeMet and killed at various time points 
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post-injection to study the nature and time course of ̂ Se incorporation 

into specific selenoproteins, as quantitated by SDS polyacrylamide gel 

electrophoresis. 

MATERIALS AND METHODS 

Animals and Diets 

Male weanling 21-day-old rats (Holtzman Co., Madison, WI) weighing 

from 60 to 70 g, were housed individually in hanging wire mesh cages. 

Diet and deionized water were provided ad libitum. The basal diet, 

described previously by Knight and Sunde (48), was composed of 30% torula 

yeast (Rhinelander Paper Co., Rhinelander, WI), 59% sucrose, 5% lard, 5% 

mineral mix (see Table 2), 0.9% vitamin mix (see Table 2) and 0.1% choline 

chloride. The diet was supplemented with all-rac-a-tocopheryl acetate 

(Sigma Chemical Co., St. Louis, M0) at the expense of sucrose to provide 

100 IU/kg vitamin E for prevention of liver necrosis. During the initial 

phase (4 weeks) of the experiment, the basal diet was further supplemented 

with 0.4% D,L-methionine to meet the dietary sulfur amino acid requirement 

of the growing rat (96) and with 0.2 ug Se/g diet as sodium selenite 

(Sigma Chem. Co., St. Lois, M0) to make the diet adequate in Se. 

Experimental Design 

To investigate the effect of dietary methionine on the 

incorporation of ̂ Se from ^SeMet into selenoproteins, the rats then were 

fed the basal diet, containing 0.2 ug Se/g diet as sodium selenite, which 

was supplemented with either 0, 0.4 or 0.9% Met (U.S. Biochemical Corp., 

Cleveland, OH), (5 rats per group), thus providing 50%, 100% or 200% of 
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the dietary sulfur amino acid requirement of the growing rat, respectively 

(96). After a 1 week adaptation period, the rats were anesthetized with 

ether and injected iv with 50 uCi ^Se as "SeMet (Amersham, Arlington 

Hts., IL) per rat (1.1 Ci/umol) into the right femoral vein, thus 

providing 3.6 ug Se per rat. At 1, 3, 24, 72 and 168 hr post-injection, 

one rat of each dietary group was reanesthetized, blood was drawn via 

heart puncture with a heparinized syringe and the liver was perfused in 

situ with ice-cold 0.15 M KC1 to remove erythrocytes. Plasma was 

separated from erythrocytes by centrifugation (1000 x g, 15 min., Beckman 

Accu spin, AH-4 rotor, Beckman Instruments, Palo Alto, CA) and the packed 

erythrocytes were restored to the original volume with saline phosphate 

buffer, pH 7.4. Heart, testes and muscle tissue from the gastrocnemius 

and thigh muscle (biceps femoris and semitendinosus) were removed and 

placed on ice. Muscle tissue was cleaned of tendon and connective tissue. 

The weight of liver, heart, testis and muscle was recorded and tissues 

were counted using a gamma counter (Packard Auto-Gamma 5650, Packard Inst. 

Co., Downers Grove, IL) with 60% efficiency. A 10% (w/v) liver homogenate 

was prepared in 0.25 M sucrose buffer containing 0.25 mM EDTA, pH 7.4, 

using 4 strokes of a Potter Elvehjem homogenizer. The homogenate was 

centrifuged (8000 x g, 15 min., Model J-21 C, JA-20 rotor, Beckman 

Instruments, Palo Alto, CA) and the supernatant was then recentrifuged at 

14,000 x g for 15 min. and then at 105,000 x g for 60 min. (Model L5-50, 

rotor 50Ti, Beckman Instruments) to obtain the cytosolic fraction. Heart, 

testes and muscle were each homogenized for 30 sec in 9 volumes of 

Tris/SDS buffer (0.61 g Tris base, 5 g SDS, 39 ml mercaptoethanol in 500 

ml water, pH 7.9) using a Polytron homogenizer (Brinkmann Inst. Co., 
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westburg, NY, 20 sec with PT 1035 head) and then centrifuged (105,000 x 

g, 60 min., Model L5-50, rotor 50Ti, Beckman Instruments) to obtain the 

tissue supernatant. 

Analyses 

GSH-Px activity of tissue homogenates and 105,000 x g supernatants 

was determined using the coupled assay procedure with H202 (56). Protein 

was determined using the method described by Lowry et al. (98). Plasma 

and erythrocytes samples, as well as liver, heart, testis and muscle 

supernatants were kept frozen at -21° C for later analysis. To quantitate 

^Se incorporation into selenoproteins, proteins were separated according 

to subunit molecular weight using SDS gradient polyacrylamide slab-gel 

electrophoresis. Tissue samples (1500 ug protein) were mixed with sample 

buffer (50mM Tris, 1% SDS, 2% 2- mercaptoethanol) and heated in a boiling 

water bath for 12 min and then were electrophoresed using 3mm SDS gel (14 

x 16 cm; 0.1% SDS, pH 8.8, 7.5% to 20% acrylamide gradient; with 4.5% 

acrylamide stacking gel, pH 6.8) according to the method of Laemmli (111). 

Myofibrilar proteins from bovine muscle were used as molecular weight 

standards. Gels were fixed and stained with coomassie brilliant blue R 

(Sigma Co., St. Louis, M0) and finally destained as described in detail 

by Evenson and Sunde (67). ^Se incorporation into protein subunits was 

quantitated after destaining by cutting out each sample lane and slicing 

it into 2mm slices which were counted individually for 5 min, as described 

previously by Evenson and Sunde (67). 
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RESULTS 

Growth and Tissue Weights 

During the initial 4-week 0.2 ug Se/g diet and 0.4% methionine 

supplementation period, the rats grew at an average of 7.7 g per day. 

When the rats were sacrificed after being fed the different levels of 

dietary methionine for 7-14 days, the methionine-deficient rats were 

significantly smaller in weight (291 g) as compared to the 0.4% methionine 

rats (326 g), however not significantly different from the 0.9% methionine 

(309 g) supplemented rats (Table 4). The average liver weights of the 0.4 

and 0.9% methionine-supplemented rats were significantly higher (16.7 g 

and 16.6 g, respectively) when compared to methionine-deficient rats (14.2 

g) (Table 4). Methionine supplementation increased average heart weight 

1.13 fold when compared to methionine-deficient rats (Table 4), but this 

increase was not significantly different. When the liver weights were 

expressed as a percentage of body weight, the values were not 

significantly different for the methionine-supplemented rats as compared 

to the methionine-deficient rats (Table 4). 

GSH-Px Activity in Tissues 

At sacrifice, the only significant differences in GSH-Px activity 

was observed in liver and heart tissue. Supplementation of methionine at 

0.4% increased liver GSH-Px activity 1.5 fold when compared to methionine-

deficient animals (Table 5). The observed 1.3 fold increase in liver 

GSH-Px activity in the 0.9% methionine supplemented group, however, was 

not significant different from the methionine-deficient animals. Heart 



Table 4. Effect of dietary methionine on rat body, liver and heart weight and liver as 
percent of body weight in Se-adequate rats injected with 50 uCi ^Se as ^SeMet 
and killed at various time points. The weights of one rat per dietary treatment 
for each time point and the average weight for each diet treatment is listed in 
this table. Superscripts not showing the same letter are significantly different 
at p < 0.05. 

HR oost-in.iection: 1 3 24 72 168 Mean + SEM 

Treatment 
% Methionine 
in diet Body-wt (g) 
0 303 311 282 290 270 290 + 7" 
0.4 309 340 331 330 319 326 + 5b 

0.9 303 310 326 318 290 309 + 6a,b 

Liver-wt (g) 
0 14.5 16.0 13.5 13.2 13.8 14.2 + 0.5" 
0.4 14.8 16.5 18.2 17.7 16.5 16.7 + 0.6b 

0.9 15.1 14.2 17.9 16.3 19.6 16.6 ± 1.0b 

Heart-wt (9) 
0 1.1 1.2 1.1 1.0 0. 1.1 + 0.05" 
0.4 1.1 1.2 1.2 1.2 1.3 1.2 + 0.03s 

0.9 1.0 1.2 1.2 1.2 1.4 1.2 + 0.06a 

Liver {% body-wt) 
0 4.8 5.1 4.8 4.6 5.1 4.9 + 0.1a 

0.4 4.8 4.9 5.5 5.4 5.2 5.2 + 0.1" 
0.9 5.0 4.6 5.5 5.1 6.8 5.2 + 0.4a 



Table 5. Glutathione peroxidase (GSH-Px) activity in tissue extracts in rats fed three 
different levels of dietary methionine and injected with 50 uCi 75Se as "SeMet. 

HR post-injection: 
Treatment 
% Methionine 
in diet 

0 
0.4 
0.9 

19 
17 
22 

24 72 

plasma GSH-Px (EU/g protein) 
21 12 19 
27 42 32 
28 18 16 

168 

33 
32 
22 

0 
0.4 
0.9 

655 
786 

1043 

liver GSH-Px (EU/g protein) 
693 632 586 
1164 839 1120 
602 723 918 

604 
838 
766 

0 
0.4 
0.9 

256 
273 
280 

erythrocyte GSH-Px (EU/g protein) 
275 209 283 
325 227 225 
292 217 270 

275 
287 
270 

0 
0.4 
0.9 

233 
220 
215 

heart GSH-Px (EU/g protein) 
218 237 277 
201 187 204 
163 180 200 

256 
241 
216 

0 
0.4 
0.9 

24 
4 

testis GSH-Px (EU/g protein) 
18 30 27 
38 29 24 

39 31 

24 
25 
26 

0 
0.4 
0.9 

17 
19 
19 

muscle GSH-Px (EU/g protein) 
27 11 

18 16 42 
14 33 26 

22 
30 
28 

-4 UI 

/ 
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GSH-Px activity significantly increased 1.2 fold in methionine-deficient 

rats as compared to methionine-supplemented rats. 

Tissue Distribution of ̂ Se 

When Se-adequate rats were adapted to 0, 0.4 or 0.9% methionine for 

1 week, and then injected iv with a tracer dose of ^SeMet, dietary 

methionine at 0.4 and 0.9% increased the total tissue recovery of ^Se 

(calculated percentage of the administered ̂ Se dose recovered in all the 

examined tissues) 1.12 and 1.26 fold, respectively, within the first 3 h 

post-injection (Fig. 8 and Table 6). The slopes of ̂ Se tissue recovery 

at 1 and 3 h were significantly different from the slopes at 24 and 72 h. 

At 24 and 72 hr post-injection, supplemental dietary methionine had no 

effect on ^Se recovery. In contrast, an apparent decrease in ^Se 

recovery was observed 168 hr post-injection with increaing supplemental 

methionine. The slope of ̂ Se tissue recovery at 168 h was significantly 

different from the slopes calculated at 24 and 72 h. A significantly 

higher incorporation of ̂ Se from injected ^SeMet specifically into liver 

at 1 and 3 h (Figure 9a) and plasma at 3 h (Figure 9b) in 

methionine-supplemented rats accounted for the higher overall ^Se 

incorporation during the first 3 h post-injection. In contrast to plasma 

and liver, a higher incorporation of ^Se from ^SeMet into muscle was 

observed in methionine-deficient as compared to methionine-supplemented 

rats, such that 1.2 to 1.5 fold more ^Se was recovered in methionine-

deficient as compared to methionine- supplemented rats at all times, 

except at 1 h (Fig. 9c). The percent recovery of ̂ Se in muscle did not 

decrease with time, regardless of the level of dietary methionine 
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Figure 8. The effect of dietary methionine on ̂ Se tissue recovery at 
different times after ̂ SeMet administration. 

Selenium and methionine adequate malke rates were adapted to 0, 0.4 or 
0.9% dietary methionine for one week and then injected iv with 50 uCi ^Se 
per rat as SeMet. At 1, 3, 24, 72 or 168 hr post-injection, one rat per 
group was killed and blood, liver heart, testis and muscle tissue removed. 
The percent radioactivity recovered in these tissues in relation to the 
initial amount injected is plotted for each dietary methionine treatment 
at various time points. 



Table 6. Tissue Distribution of ̂ Se8'" 

1 Hour 3 Hours 24 Hours 72 Hours 168 Hours 
Tissue 0% 0.4% 0.9% 0% 0.4% 0.9% 0% 0.4% 0.9% 0% 0.4% 0.9% 0% 0.4% 0.9% 

Plasma0 3.9 5.3 5.6 11.2 18.9 25.4 7.1 10.2 10.6 2.5 7.0 8.1 5.5 5.8 5.9 

RBCc 0.9 1.0 1.4 1.2 1.7 2.1 1.2 1.6 1.1 0.9 1.2 1.1 1.0 1.4 1.3 

Liver 19.7 21.7 33.9 17.3 23.9 24.9 12.0 15.3 16.4 10.5 16.5 16.9 8.6 12.3 12.4 

Heart 0.4 0.4 0.4 0.5 0.5 0.6 0.5 0.4 0.5 1.0 0.6 0.6 0.4 0.4 0.3 

Testis 0.6 0.5 0.6 0.6 0.9 0.9 1.1 1.2 1.1 1.6 1.4 2.0 2.1 2.1 2.3 

Muscled24.4 27.3 24.6 28.3 18.5 19.4 27.2 22.8 22.5 26.9 23.7 23.2 28.8 21.8 19.6 

Total 49.9 56.7 66.5 59.1 64.4 73.3 49.1 51.5 52.5 47.4 50.4 51.9 46.4 43.8 41.8 

"Calculated percentage of administered dose (50 uCi/rat) recovered in each tissue. 
bSe adequate rats, supplemented with 0, 0.4 or 0.9% methionine were injected with 50 uCi 75SeMet and 
killed 1, 3, 24, 72 or 168 hr post-injection. 

Calculation based on a total whole blood weight of 8% of body weight; calculation of RBC and plasma 
hematocrit used to calculate ml RBC/plasma. 

Calculation based on a total muscle weight of 40% of body weight. 

00 



79 
30 

PLASMA 

3 h 25 -

2 0  - •  

5 - -

0 
0 0.4 0.B 

40 
UVER 

35 

25- « 3 h  

a. 20 -• 
^ 72 h 

24 h 
•0 168 h 

5. .  

0 
0 0.4 0.9 

30 
MUSCLE 

25 

16B h 
3 h 

0 0.4 0.9 
X DIETARY METHIONINE 

Figure 9. The effect of dietary methionine on ^Se recovery in liver 
(a), plasma (b) and muscle (c) at different times after 
SeMet administration. 

Selenium and methionine adequate malke rates were adapted to 0, 0.4 or 
0.9% dietary methionine for one week and then injected iv with 50 uCi ^Se 
per rat as SeMet. At 1, 3, 24, 72 or 168 hr post-injection, one rat per 
group was killed and blood, liver heart, testis and muscle tissue removed. 
The percent radioactivity recovered in these tissues in relation to the 
initial amount injected is plotted for each dietary methionine treatment 
at various time points. 
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supplementation, whereas in liver and plasma, ^Se recovery was 

substantially lower with progressing time. At 24 h and later, muscle 

tissue was the tissue with the highest ̂ Se recovery among all the examined 

tissues. Therefore the 1.4 fold higher incorporation of ̂ Se into muscle 

in methionine-deficient as compared to methionine- supplemented animals 

at 168 h apparently accounted for the decrease in ''tissue recovery with 

supplemental methionine at this time point. 

^Se Labeling of Protein Subunits 

When a tracer dose of ̂ Se in the form of ̂ SeMet was injected into 

Se-adequate, methionine-deficient rats, a stepwise increase in ^Se 

incorporation into the 23 kDa liver GSH-Px subunit was observed over time 

(Fig. 10). Supplementation with 0.4% methionine resulted in an increased 

incorporation of ̂ Se into the 23 kDa GSH-Px subunit 1 to 72 h, such that 

2.0 fold more ^Se was incorporated into the 23 kDa GSH-Px selenoprotein 

subunit at 72 h post-injection when compared to methionine-deficient rats 

(Fig. 10). A similar increase, but smaller in magnitude when compared to 

0.4% methionine rats was obsereved in the 0.9% methionine supplemented 

rats (Fig. 10). The observed increases in methionine-supplemented 

animals, however, were followed by a decline in ^Se incorporation at 168 

h when compared to 72 h, whereas, ̂ Se incorporation did not decline at 168 

h in methionine-deficient rats. ^Se from ^SeMet was also incorporated 

into a distinct minor 65 kDa selenoprotein, but there was little effect 

of different dietary methionine levels on ^Se incorporation into this 

selenoprotein subunit (Fig. 10). 
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Figure 10. Incorporation of ^Se from ^SeMet into liver cytosolic 
proteins in rats supplemented with 0%, 0.4% or 0.9% Met. 

Se adequate rats, which were adapted to three levels of dietary methionine 
were injected iv with 50 uCi ^SeMet and sacrifized 1, 3, 24, 72 and 168 
hr post-injection. Each profile is from one rat. Liver cytosolic 
fractions (1500 ug protein) were separedted using gradient SDS-PAGE, as 
described under MATERIALS AND METHODS. Sample lanes in each gel were cut 
into 2 mm slices and counted. The cpm for each slice were plotted to show 
"Se incorporation into the various ^Se-protein subunits of different 
molecular weight. Slice 1 contains polypeptides of the highest molecular 
weight. Plots for 3, 24, 72 and 168 hr were staggered and diagonal lines 
were drawn through the major ^Se-proteins to show the change in ^Se 
incorporation in these species with time. 
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Dietary methionine supplementation at 0.4 and 0.9% resulted in 

increased ^Se incorporation into the 57 kDa selenoprotein in plasma when 

compared to methionine-deficient rats (Fig. 11). For instance, 1.8 and 

2.4 fold more ^Se was incorporated into the 57 kDa selenoprotein at 3 h 

post-injection in the 0.4 and 0.9% methionine- supplemented rats, 

respectively, when compared to methionine-deficient rats. After 3 h, the 

incorporation of ^Se substantially decreased in methionine-supplemented 

rats with time. In contrast, ^Se labeling of the 57 kDa selenoprotein 

decreased much slower in methionine-deficient rats (Fig. 11). Thus, 

dietary methionine affected the initial metabolism of ̂ Se and subsequent 

incorporation into the 57 kDa plasma protein. With additional methionine, 

more ^Se from ^SeMet was incorporated into the specific 57 kDa 

selenoprotein within 3 h post-injection, when compared to methionine-

deficient animals. By 168 h post-injection, however, no differences in 

^Se labeling of the 57 kDa selenoprotein were detected among the dietary 

methionine groups, thus indicating that less ̂ Se was re-incorporated back 

during protein turnover into this selenoprotein in methionine-supplemented 

animals. Dietary methionine supplementation also increased the 

incorporation of ^Se into plasma GSH-Px, such that 1.1 to 1.7 fold more 

^Se was incorporated into the 23 kDa GSH-Px subunit 72 h post-injection 

(Fig. 11). 

In heart, supplementation of dietary methionine at 0.4 and 0.9% 

increased ̂ Se incorporation from ̂ SeMet into the 65 kDa selenoprotein 1.4 

and 2.0 fold within 3 h post-injection, respectively (Fig 12). However, 

no differences in ̂ Se incorporation into heart GSH-Px were detected among 

the different dietary methionine groups. 
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Figure 11. Incorporation of ^Se from ^SeMet into plasma proteins in 
rats supplemented with 0%, 0.4% or 0.9% Met. 

Methionine deficient (0%), methionine adequate (0.4%) or high methionine 
rats (0.9%) were injected with ^SeMet and killed 1, 3, 24, 72 or 168 hr 
postinjection. Testes tissue extract were analyzed as described for Fig. 
10. 
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Figure 12. Incorporation of ^Se into heart proteins in rats 
supplemented with 0%, 0.4% or 0.9% methionine. 

Heart tissue extracts from methionine deficient (0%), methionine adequate 
(0.4%) or high methionine (0.9%) rats, injected with ^SeMet, 1, 3, 24, 
72 or 168 hr prior to sacrifice, were analyzed as described for Fig. 10. 
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In testis, the major ^Se selenoprotein was the 17 kDa testis 

protein in addition to a minor 65 kDa ^Se selenoprotein (Fig. 13). 

Dietary methionine supplementation at 0.4 and 0.9% resulted in a 1.1 and 

1.4 fold higher ^Se incorporation into the 17 kDa testis protein 72 hr 

post-injection, respectively, when compared to the methionine-deficient 

rat. 

In contrast to all other tissues examined, no distinct 

selenoproteins were detected in muscle tissue when 50 uCi of ^Se as 

^SeMet was injected into Se-adequate rats (Fig. 14). However, 40% more 

^Se was retained on the gel for methionine-deficient as compared to 

methionine-supplemented muscle samples at 24 and 168 h when the total 

recovery of ̂ Se in all gel slices of muscle tissue was measured (Fig. 15). 

DISCUSSION 

This experiment investigated the effect of dietary methionine on 

the incorporation of ^Se from ^SeMet into specific selenoproteins in 

Se-adequate rats using the technique of SDS-PAGE to quantitate ̂ Se labeled 

selenoproteins as prevously described by Evenson and Sunde (59). Feeding 

a methionine-deficient diet to growing rats for 7-14 days resulted in a 

small (35g) but significant reduction in body weight as compared to 

methionine-supplemented rats. Rats on the methionine- deficient diet 

gained 3.5 g/day, whereas rats fed a 0.4 and 0.9% methionine diet gained 

6.7 and 5.5 g/day, respectively during the first 7 days of methionine 

adaptation. In addition, liver weights were significantly smaller in 

methionine-deficient as compared to methionine-supplemented rats, but when 

the liver weight/body weight ratios were calculated, there were no 
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Figure 13. Incorporation of ^Se from ^SeMet into testes proteins in 
rats supplemented with 0%, 0.4% or 0.9% Met. 

Methionine deficient (0%), methionine adequate (0.4%) or high methionine 
rats (0.9%) were injected with ^SeMet and killed 1, 3, 24, 72 or 168 hr 
postinjection. Testes tissue extracts were analyzed as described for Fig. 
10. 
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Figure 14. Incorporation of ^Se into muscle proteins in rats 
supplemented with 0%, 0.4% or 0.9% methionine. 

Muscle tissue extracts from methionine deficient (0%), methionine adequate 
(0.4%) or high methionine (0.9%) rats, injected with ^SeMet 1, 3, 24, 72 
or 168 hr prior to sacrifice, were analyzed as described for Fig. 10. 
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Figure 15. Effect of dietary methionine on the recovery of ̂ Se (cpm) 
in muscle tissue. 

Muscle supernatant (1500 ug) was separated on a SDS-PAGE system as 
described under MATERIALS AND METHODS. The diagram shows the total amount 
of Se cpm recovered in all gel slices for each dietary methionine 
treatment at various time points. Each bar represents one rat. 
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significant differences found. Differences in GSH-Px enzyme activity due 

to the level of dietary methionine were observed only in liver of the 0.4% 

methionine supplemented rats. The cause of this increase in GSH-Px 

activity with methionine supplementation of selenite-supplemented rats is 

unclear, unless the dietary methionine significantly increased feed 

consumption. 

The level of dietary methionine supplementation also affected the 

percentage tissue recovery of ^Se after ^SeMet administration. Within 

the first 3 h post-injection, 1.12 and 1.36 fold more ^Se was recovered 

in 0.4 and 0.9% methionine-supplemented animals as compared to methionine-

deficient animals. Supplemental methionine had no effect on ^Se tissue 

recovery at 24 and 72 h post-injection. Thus, ^Se tissue recovery was 

modulated by supplemental dietary methionine in a time dependent manner. 

In contrast, ^Se tissue recovery decreased with supplemental dietary 

methionine at 168 h, indicating that methionine-deficient rats retained 

more of the incorporated ^Se than methionine-supplemented rats at this 

time point. 

The observed results can be explained because the magnitude of ̂ Se 

recovery was tissue specific and was modulated by the level of dietary 

methionine in a time dependent fashion. In liver, a substantial higher 

incorporation of ̂ Se with supplemental methionine was observed within the 

first 3 h, whereas by 24 h the percent ̂ Se recovery decreased and was not 

affected by dietary methionine. Plasma tissue showed similar results: 

substantially more ^Se was incorporated with supplemental methionine at 

3 h, whereas by 24 h plasma ^Se recovery decreased and the dietary 

methionine status did not affect ^Se recovery. Thus the initial higher 
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^Se incorporation into liver and plasma within the first 3 h can acount 

for the higher overall ^Se tissue incorporation during this time period, 

and these results further show that Se was preferentially retained by 

these tissues at first. The decreased recovery of ^Se at later time 

points in liver and plasma is most likely due to excretion and/or 

distribution to other tissues. 

In contrast to liver and plasma, muscle ̂ Se recovery decreased with 

supplemental methionine at all time points except at 1 h. In contrast to 

the other tissues, however, the magnitude of ̂ Se recovery for each dietary 

methionine treatment did not decrease with time. The decrease in muscle 

^Se recovery with supplemental methionine can explain why dietary 

methionine status did not affect overall ^Se tissue recovery at 24 and 72 

h as the relative small increases in ^Se recovery in liver and plasma at 

24 and 72 h coincide with the decline in ^Se recovery with suplemental 

methionine in muscle at these time points. Because muscle is the 

predominant tissue labeled with ^Se at 168 h, the overall ^Se tissue 

recovery was decreased with supplemental methionine at this time point, 

indicating that methionine-deficient rats retained more of the 

incorporated ^Se than methionine-supplemented rats. 

The ̂ Se tissue recovery data does not reveal any information about 

the nature of ^Se present in the examined tissues, but it does provide 

information about the retention, distribution and possible metabolism of 

the particular selenocompound that was injected. The retention and 

distribution of ^Se from ^SeMet in these experiments are different from 

that observed in Se adequate rats fed a 0.4% methionine diet and injected 

with [^Sejselenite (67). In muscle tissue, 2.7 to 4.3 fold more ̂ Se was 
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incorporated in rats injected with ^SeMet as compared to [^Sejselenite-

injected rats between 1 and 72 h post-injection, indicating that more ̂ Se 

from ^SeMet than from [^Sejselenite was incorporated into muscle. 

Differences in the retention of ^Se from ^SeMet and [^Selselenite 

injected rats were also observed in other tissues. In contrast to muscle, 

between 1.3 and 2.0 fold more ̂ Se was recovered in plasma at 1 h and liver 

at 1 and 3 h in [^Sejselenite injected rats when compared to rats injected 

with ^SeMet. Starting at 3 h for plasma and 24 h for liver, between 1.2 

and 2.2 fold more ̂ Se was recovered in these tissues in rats injected with 

^SeMet when compared to rats injected with [^Sejselenite. Thus more ̂ Se 

was initailly recovered in plasma and liver of [^Sejselenite-injected 

rats, but at later time points changed to a higher ^Se recovery in 

^SeMet-injected rats. 

Dietary methionine supplementation modulated the incorporation of 

^Se from ^SeMet into various protein subunits in liver, plasma and heart 

tissue. Supplementation with 0.4 and 0.9% dietary methionine resulted in 

a 2.0 and 1.9 fold higher ̂ Se incorporation into the 23 kda GSH-Px subunit 

in liver at 72 h, respectively, when compared to methionine-deficient 

rats. Dietary methionine supplementation at 0.4 and 0.9% also resulted 

in 1.8 and 2.4 fold more ^Se incorporation into the 57 kda plasma 

selenoprotein, respectively, when compared to methionine-deficent rats at 

3 h. In heart, supplemental methionine increased the specific 

incorporation of ^Se from ^SeMet into the 65 kDa selenoprotein between 

1.4 and 2.0 fold when compared to methionine- deficient animals. Thus the 

level of dietary methionine supplementation affected the incorporation of 

nSe from ^SeMet into the specific selenoproteins in plasma, liver and 
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heart tissue that we detected using the SDS-PAGE technique, such that a 

higher proportion of ̂ Se was incorporated into these selenoproteins when 

the rats were supplemented with methionine. 

In contrast to all other tissues, no distinct selenoproteins were 

detected in muscle tissue after administration of 50 uCi ^SeMet. The fact 

that ^Se recovery in muscle was 1.2 to 1.5 fold higher in methionine-

deficient rats and that 40% more ^Se was retained in the gel slices in 

methionine-deficient as compared to methionine-supplemented rats suggests 

that, in contrast to the other tissues, ̂ Se from ^SeMet was most likely 

incorporated non-specifically as SeMet into muscle tissue in methionine-

deficient rats. Therefore, the selenoproteins found in muscle tissue are 

most likely Se-labeled proteins that contain non-stochiometric quantities 

of Se in the form of SeMet and that have no distinct biochemical function 

dependent on Se. 

The results of this study can be further explained by the metabolic 

interaction of SeMet and methionine in regard to selenoprotein synthesis. 

Selenomethionine is an excellent analog for methionine in biochemical 

reactions (13), because both compounds share common metabolic pathways. 

SeMet is readily esterified to tRNAMet with a similar km to methionine (km 

= 11 uM versus 7 uM for methionine) (69), and thus SeMet can substitute 

for methionine during protein synthesis in eukaryotes (14). Consequently, 

SeMet can be metabolized by the same enzyme systems that incorporate 

methionine into proteins. Figure 16, is a diagram of Se metabolism and 

illustrates the two distinct fates of ̂ SeMet. ^SeMet can be esterified 

to tRNAMet (69) and incorporated into protein in place of methionine (14) 

(reaction 1) or it can be degraded by one of two possible methionine 
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catabolic pathways; transsulfuration to selenocysteine via selenocyata-

thione (reaction 3) and subsequent release of ̂ selenide via selenocysteine 

lyase (70) (reaction 4) or transamination (reaction 5) by the methionine 

transamination pathway (71) which would also release ̂ selenide. Thus, the 

released ^Se from ^SeMet would be available for co-translational 

incorporation into GSH-Px (72) (reaction 6) and other specific 

selenoproteins. In this experiment, feeding a methionine- deficient diet 

showed a reduced incorporation of ^Se into specific selenoproteins when 

compared to rats fed an adequate to high methionine diet. Assuming that 

SeMet catabolism would increase substantially as dietary methionine is 

raised from deficient to adequate to high levels (103), rats fed a 

methionine-deficient diet would result in decreased SeMet catabolism, 

decreased release of ̂ selenide and thus reduced incorporation of ̂ Se into 

specific selenoproteins. Instead, SeMet was non-specifically incorporated 

into protein in place of methionine in non-stochiometric amounts. In 

contrast, the addition of methionine to the diet resulted in more ^Se 

being catabolically converted via transamination and/or transsulfuration 

to selenide, thus leading to a higher specific incorporation of ^Se in 

stochiometric quantities into true selenoproteins that should have 

distinct biochemical functions dependent on Se. 

The observed results in this experiment are in agreement with the 

results of our previous studies, which investigated the effect of dietary 

methionine on the utilization of Se from stored tissue Se (113) and 

dietary SeMet for GSH-Px synthesis (112). Plasma, liver and muscle Se 

significantly increased when rats were fed a 0.5 ppm Se as SeMet in a 

methionine-deficient diet for 21 days, whereas tissue GSH-Px activities 
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Figure 16. Proposed metabolism of ^Selenomethionine (SeMet) 

Reaction 1: free ̂ SeMet incorporation into protein in place of methionine 
as mediated by tRNAMet (14,69); Reaction 2: release of "SeMet during 
protein turnover; Reaction 3: transsulfuration pathway, analogous to 
sulfur metabolism; Reaction 4: selenocysteine lyase and subsequent 
reduction of Se to selenide (70); Reaction 5: transamination pathway, 
analogous to the methionine transamination pathway (71); Reaction 6: 
hypothetical co-translational incorporation of Se into glutathione 
peroxidase and other selenoproteins from inorganic Se and serine, as 
mediated by a selenocysteine tRNA (72). 



decreased 43-50% during the SeMet supplementation period, suggesting that 

Se is deposited as SeMet in general body proteins (113). Switching these 

SeMet-loaded rats to a Se-deficient diet, tissue GSH-Px activity increased 

significantly with supplemental methionine within the first 3-7 days. 

Supplemental methionine also increased the utilization of Se from dietary 

SeMet for GSH-Px synthesis (112). By calculation, a significant lower 

percentage of Se was associated with GSH-Px in methionine-deficient as 

compared to methionine-supplemented rats. These experiments thus clearly 

demonstrated that the level of dietary methionine modified the utilization 

and subsequent release of Se from SeMet for GSH-Px synthesis. 

Differences in specific incorporation of Se into GSH-Px after 

^SeMet and [^Selselenite injection into rats have also been reported by 

other investigators. In a long term study, Beilstein and Whanger 

demonstrated that more ^Se from ^SeMet than form [^Se]selenite was 

incorporated into muscle of rats 20 days post-injection (22). In 

addition, ^SeMet injection into rats predominantly labeled hemoglobing, 

whereas [^Se]selenite injection predominantly labeled GSH-Px (23). A 

higher Se accumulation in tissues, especially in muscle and liver, was 

also reported when rats were fed between 0.2 and 4.0 mg Se/kg diet as 

SeMet versus selenite for 9 weeks, but there were no marked differences 

in GSH-Px activity elicited by the two dietary selenium compounds (114). 

These results and the results observed in our present study all suggest 

that SeMet is the major form of Se in liver and muscle when SeMet was 

injected into methionine-deficient rats. 

Similar patterns of ̂ Se incorporation into specific selenoproteins 

in non-muscle tissues were observed when Se-adequate rats were injected 
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with 50 uCi of ̂ Se as [^Sejsodium selenite (67), but the magnitude of ''Se 

incorporation into selenoproteins from [^SeJMet and [^Se]sodium selenite 

injected rats was different. When rats were injected with [^Se]selenite, 

the highest ^Se labeled protein peak observed was the 57 kDa plasma 

protein subunit 3 h post-injection (67), but more ^Se was incorporated 

into the 57 kDa plasma protein when ^SeMet was injected into 0.9% 

methionine rats as compared to ^Se from [^Sejsodium selenite. ^Se was 

incorporated into liver cytosolic GSH-Px 1 h after injection of 

[^Sejsodium selenite (67), whereas ̂ Se incorporation into liver cytosolic 

GSH-Px occured 3 hr after injecting ^SeMet, thus suggesting that ^SeMet 

had to be first catabolized to a precursor prior to incorporation into 

GSH-Px. This precursor is thought to be hydrogen selenide, which is 

released from SeMet via the transamination or transsulfuration pathway. 

This experiment clearly demonstrated that the metabolism of SeMet, 

as modulated by the level of dietary methionine, is an important factor 

in determining the rate of specific incorporation of ̂ Se from ̂ SeMet into 

true selenoproteins. Feeding a methionine-deficient diet showed a 

reduced incorporation of ^Se into specific selenoproteins when compared 

to rats fed an adequate to high methionine diet. The ̂ SeMet most likely 

is preferentially incorporated as intact SeMet into general body 

proteins, rather than degraded and subsequently used for specific 

incorporation of ̂ Se into selenoproteins, for instance the 23 kDa GSH-Px 

subunit, the 57 kDa plasma selenoprotein or the 17 kDa testis protein. 

The higher recovery of ^Se in muscle tissue (Fig. 9c) and in gel slices 

(Fig. 15) in methionine-deficient animals as compared to methionine-

supplemented animals and the absence of specific selenoproteins in muscle 
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tissue (Fig. 14) all suggest that ̂ SeMet is the form of ̂ Se incorporated 

in non-stochiometric amounts into Se-labeled proteins in muscle of 

methionine-deficient animals. The bacterial enzyme thiolase is an example 

of this class of selenium-labeled proteins, where Se is incorporated 

non-specifically into proteins with no apparent functional role. Thiolase 

incorporates Se in form of SeMet, but its enzyme activity is not dependent 

on the presence of SeMet (63). 

In conclusion, this experiment clearly demonstrates that the level 

of dietary methionine modulates the retention and distribution of SeMet, 

and that dietary methionine specifically affects the incorporation of Se 

from SeMet into true selenoproteins. These findings further demonstrate 

that suboptimal dietary methionine levels can result in reduced rates of 

SeMet catabolism and Se utilization for selenoprotein synthesis. Thus 

this experiment shows that the bioavailability of dietary SeMet for 

selenoprotein synthesis can be modified by other factors, for example 

dietary methionine level, such that the bioavailability of supplemented 

SeMet cannot be accurately predicted unless the level of dietary 

methionine and protein synthesis/degradation rates are known. 
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CONCLUSIONS AND SUMMARY 

This research was conducted to investigate the effect of different 

levels of dietary methionine supplementation on the metabolism and 

utilization of SeMet for selenoprotein synthesis. The level of dietary 

methionine can dramatically modulate the availability of Se from dietary 

SeMet for synthesis of selenoproteins, like GSH-Px, such that following 

overall conclusions can be drawn from these experiments: 

1. Methionine deficiency substantially decreased the utilization of 

Se from dietary SeMet for GSH-Px synthesis, because SeMet was 

preferentially incorporated non-specifically into general body proteins, 

especially in muscle tissue. 

2. The selenoproteins found in muscle tissue are most likely 

Se-labeled proteins that contain non-stoichiometric quantities of Se in 

the form of SeMet and that have no distinct biochemical function dependent 

on Se, but they might serve as a ready source of Se at a later period of 

time. 

3. Dietary methionine supplementation increased the utilization of 

the stored tissue SeMet for GSH-Px synthesis within 3 to 7 days during a 

Se deficient period. The inability of tissue SeMet, however, to provide 

Se for GSH-Px synthesis for more than 14 days raises the question about 

the ability of stored SeMet to serve as a significant long-term source of 

Se. 

4. Dietary methionine supplementation also affected the utilization 

of Se from dietary SeMet for maintanace of GSH-Px levels. Supplemental 



99 

methionine significantly increased the bioavailability of dietary SeMet 

for GSH-Px synthesis when compared to methionine-deficient rats. 

5. The specific incorporation of ^Se from ^SeMet into specific 

selenoproeins in plasma, liver and heart tissues in addition to GSH-Px was 

also affected by the level of dietary methionine, such that a higher 

proportion of ^Se was incorporated into these selenoproteins when rats 

were supplemented with methionine. 

6. Since the utilization of dietary SeMet for selenoprotein 

synthesis can be drastically modified by the level of dietray methionine, 

the bioavailability of supplemental SeMet thus cannot be accurately 

predicted unless the level of dietary methionine and protein 

synthesis/degradation rates are known. Therefore, SeMet might not be the 

optimum form of Se to use in Se supplementation. 

Further research is necessary to directly confirm the hypothesis 

that SeMet is the major form of Se in tissues at the end of a SeMet 

supplementation period, especially in methionine deficient animals. In 

addition, the identification of the biochemical intermediates of the SeMet 

transamination pathway would further elicit the conversion mechanisms of 

SeMet to selenide and thus how SeMet is utilized for selenoprotein 

synthesis. 
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