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Effect of dietary selenium on
selenoprotein W and glutathione
peroxidase in 28 tissues of the rat

Y. Sun, P-C. Ha,* J.A. Butler, B-R Ou,** J-Y Yeh, and P. Whanger

Department of Agricultural Chemistry, Oregon State University, Corvallis, OR USA

The influence of deficient (0.0Q4g/g), adequate (0.1.g/g), and excessive (40y/g) levels of dietary selenium

(Se) on the selenoprotein W (Se-W) content and glutathione peroxidase (GPX) activity was investigated in 28
tissues of the rat. GPX activity was found in all 28 tissues examined, and dietary selenium resulted in increased
activities in all tissues, except for the spinal cord. Except for the brain, @1Se per g diet resulted in
significantly greater GPX activity in all tissues as compared with rats fed the deficient diet. Whgg &6 per

g diet was fed, however, this resulted in significantly greater activity in the brain as compared with the rats fed
the deficient diet. Se-W was nondetectable in liver, thyroid, pancreas, pituitary, and eyes regardless of the level
of Se fed. Se-W was not detected in heart, lungs, prostate, esophagus, small intestine, tongue, skin, diaphragm,
and skeletal muscle from Se-deficient rats, but was present in these tissues when the two higher levels of Se were
fed. In other tissues such as the kidney and seminal vesicles Se-W was detected only in ratgdesiedp@r g

diet. These results indicate that the distribution of Se-W among rat tissues is more widespread than thought, and
suggest that the regulation of Se-W by Se is markedly different between various tigudtitr. Biochem. 9:

23-27, 1998)© Elsevier Science Inc. 1998
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Introduction zymes. The most recent selenoenzyme identified was thi-
oredoxin reductase, which was isolated from human lung
adenocarcinom@.A few other selenoproteins have been
identified but their biological functions have not yet been
identified. They include selenoprotein P, the main Se
compound in plasnfaand selenoprotein W (Se-W) origi-
nally isolated from muscl&® Se-W is a selenoprotein with

a molecular weight slightly less than 10 kDa.

The results of several tracer experiments indicate that

many other Se-containing compounds exist in addition to
the selenoproteins already identifiedl* After in vivo
labeling of rats with”°Se and separation of the tissue
proteins by SDS-polyacrylamide gel electrophoresis and
This paper was published with the approval of the Oregon State Agricul- autoradiography of the labeled compounds, 13 Se-contain-
tural Experiment Station as Technical Paper No. 11,171. This research wasing proteins were foun® In a subsequent study, the
supported by Public Health Research Grant No. DK 38306 from the gjstrihytion of ">Se was investigated in 27 tissues from
National Institute of Diabetes and Digestive and Kidney Diseases. 15 . .
*Present address: Chinese Academy of Preventive Medicine, Institute of Fats:> In @ number of these tissues Se was found in 10 kDa
Nutrition and Food Hygiene, 29 Nan Wei Road, Beijing 100050, China.  proteins. In a previous study from our laboratory, Se-W was
**Present address: Department of Animal Sciences, Tunghai University, found only in muscle, brain, spleen, and testis of the tissues
Xﬁggiggéotzgsgﬁémggand reprint requests to Dr. P.D. Whanger Depart—exami-ned from raté? Thus, j[he purp(_)se of the- pre_sent
ment of Agricultural Chemistry, Oregon State Uni\}er.sity./, Corvallié, OR experiment was o re-examiné th.e tissue distribution of
97331 USA. Se-W to determine if it is more widespread than we had
Received June 6, 1997; accepted September 30, 1997. initially anticipated. Levels of 0.004, 0.1, andu4) dietary

It has now been established that the essential effects of
selenium (Se) in mammals are the result of several biolog-
ically active Se compounds. They include the family of
glutathione peroxidases (GPX), which are the classical
GPX! a plasma GPX¥,a GPX present predominantly in the
gastrointestinal tract,and the monomeric phospholipid
hydroperoxide GPX.A second important enzymatic func-
tion of Se was identified when types®IJI1,® and Il
iodothyronine deiodinases were identified as selenoen-
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Se per g diet were used. The purpose of these experiment: M H St B Sp T KI P Sk Li Lu
was twofold. One was to investigate the distribution of 4% i TS T RT
Se-W in a wide range of tissues and second to determine the ™™~ — S e e L “g"
influence of deficient, adequate, and excessive levels Of 143 — fao v o BT oo we *  dmies
dietary Se on Se-W in various tissues. For comparative 6.5— 3 I R~
purposes, the activity of GPX was also determined in these S o M :

tissues.

Figure 1 Tissue distribution of selenoprotein W (Se-W) in various
tissues from rats fed 0.1 wg Se per g diet. The Se-W band is the one
located between 6.5 and 14.3 kDa. The symbols for the various tissues
are M, muscle; H, heart; St, stomach; B, brain; Sp, spleen; T, testis; K,
kidney; |, intestine; P, pancreas; Sk, skin; Li, liver; and Lu, lung. Western
blots were conducted as described in the methods and materials
section.

Methods and materials
Animals

Twelve male weanling rats were divided into three groups of four
each and fed either the Se-deficient diet or this diet with either 0.1
or 4.0 g Se as sodium selenate per g for 8 weeks. To evaluate Results

Se-W content and GPX activity in reproductive organs from . .
female rats, four weanling female rats were fed the diet with 0.1 There were no differences in the growth of the rats fed the

g Se per g also for 8 weeks. The basal Se deficient diet was various diets. A$ prected, the final body weights of the

shown by analysis to contain 4 ng Se per g diet. The composition Male rats were significantly greater than the females (280

of this diet is described elsewhéfebut briefly it contained (in 15 vs 180+ 12 g fed the diet with 0.1.g Se per g).

g/kg) 300 torula yeast (Rhinelander, Wi USA), 510 sucrose, 90 A Western blot of tissue preparations from rats fed the

purified cellulose (Solka Floc, Brown Co., Berlin, NH USA) 50 diet with 0.1p.g Se per g is shown as an example-igure

corn oil, 35 AIN-93M mineral mix without Se, 10 AIN-76 vitamin 1. Of the tissues depicted in this figure, bands corresponding

mix,*® 3 DL-methionine and 2 choline citrate. At the end of the to Se-W were found in muscle, brain, spleen, testes, skin,

experiment, all animals were anesthetized with sodium pentobar- and lungs. The bands were the darkest for muscle, brain, and

bital (80 mg/kg, I. P.) and blood was taken via cardiac puncture. testis.

The tissues were removed, frozen immediately in liquid nitrogen  The Se-W content and GPX activities in internal organs

and stored at-80°C. Se-W content and classical GPX activity  from the rats fed the three levels of Se are showifable

were measured. This research with animals was reviewed andy ‘Gpy activity increased with each increase of dietary Se

approved by the animal care committee at Oregon State University. in kidney, thymus and pancreas. However, no further
increase of GPX activity occurred when 4.@ Se per g

Western blot analysis were fed as compared with Ogg Se per g in heart, liver,

. . . ... lung, spleen, and thyroid. No Se-W was detected in liver,
Tissues were homogenized and the protein content measured in th hvroid. or pancreas reqardless of the amount of Se included
supernatants by the dye-binding assay using bovine serum albumin y , Orp 9

; : ; the diet and Se-W was detected only in the kidney from
(Bio-Rad, Richmond, CA) as a standard. Samples (29@rotein) In .
were separated electrophoretically on SDS-polyacrylamide 7.5 to "ats fed the highest amount of Se. Se-W was nondetectable

15% gradient gels as describ¥tProteins were transferred onto  in lungs from Se-deficient rats but was present when Se was
nitrocellulose membranes (Oan, S & S,Keene, NH) in transfer ~ added to the diet. Se-W levels in the lungs from rats fed the
buffer as described by Towbin et @ After transfer, membranes  diet with 4.0ug Se per g was significantly higher than in
were blocked and subsequently incubated with rabbit anti-seleno-this organ from the rats fed the next lowest level of Se. The
protein W polyclonal antibody® After three washes, membranes heart is similar to the lungs in that no Se-W was detected in
were incubated with horseradish peroxidase-conjugated goat anti-this organ from Se-deficient rats, but was present when Se
rabbit 19G antibody (Bio-Rad) and the specific bonding of anti- was added to the deficient diet. However, in contrast to the
Se-W antibody onto membrane detected by ECL detection system|yngs, the Se-W level was not significantly different in this
(Amersham, Arlington, IL USA). The membrane was then ex- grgan from rats fed diets with the two levels of Se. The
posed to Kodak X-OMAT film (Eastman Kodak Co., Rochester, raghonse in thymus and spleen is similar in that Se-W was
NY USA). Developed films were scanned with a Personal Densi- higher in rats fed the diet with 0.kg per g than in these
tometer S| analyzed by the ImageQuaaNT program (Molecular organs from the deficient rats, bﬁt no further increase was
Dynamics, Sunnyvale, CA USA). found with the highest level of Se fed as compared tqu@1

Se per g. The adrenals showed a different pattern in that no
Glutathione peroxidase activity difference was found between deficient rats and those fed

The cellular GPX activity was measured by a coupled enzyme diet with 0.1ug Se per g, but an increase occurred when 4.0

method using hydrogen peroxide as the substtatdth a DU g Se per g was fed. o
Series 64 spectrophotometer (Beckman Instruments, Fullerton, CA GPX activity was found in all of th? TGPFOdUCtIVE tissues
USA). (Table 2. In all of the male reproductive tissues, (. Se

per g resulted in a significant increase of GPX activity as
. . compared with these tissues from the deficient rats with no
Statistical analysis further increase of activity when the highest level of Se was
The multiplet test was used to determine differences between the fed. Se-W was undetectable in prostate and seminal vesicles
dietary groups. A significance level of 5% was adopted for all from deficient animals and in seminal vesicles from rats fed
comparisons. the diet with 0.1ug Se per g, but was detectable in this
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Table 1

gans of rats fed three dietary levels of selenium

Selenoprotein W and glutathione peroxidase in internal or-

Selenoprotein W in rat tissues: Sun et al.

Table 2 Selenoprotein W and glutathione peroxidase in reproductive
organs of rats fed three dietary levels of selenium

Dietary selenium

Dietary selenium

Tissues Deficient 0.1 ng/g 4 n9/9 Tissues Deficient 0.1 no/g 4.0 ng/g
Adrenals Epididimus
GPX 455 + 114—a 1163 = 165—b 1502 = 44—Db GPX 32 *+9—a 168 *£26—b 182 = 10—b
Se-W 585 + 568—a 646 + 265—a 929 + 87—b Se-W 444 + 64—a 798 = 211—ab 1099 + 194—Db
Heart Prostate
GPX 38 *5—a 610 = 49—Db 5338 = 62—b GPX 16 =3—a 149 =33—b 182 = 60—b
Se-W ND 25 + 15—a 66 + 25—a Se-W ND 1489 + 9—a 1509 + 13—a
Kidney Seminal Vesicles
GPX 24 +5—a 869 + 109—b 1146 + 209—c GPX 65 +8—a 123+ 18—b 159 + 37—b
Se-W ND ND 673 + 25 Se-W ND ND 419 + 16
Liver Testis
GPX 8+2—a 992 + 113—b 1224 + 400—b GPX 40+ 1—a 115+ 6—Db 131 £ 19—b
Se-W ND ND ND Se-W 1688 = 99—a 3020 + 307—b 3147 = 184—b
Lung Female
GPX 21 £ 2—a 383 £ 41—Db 295 = 169—b Uterus
Se-W ND 37 £ 25—a 136 £ 62—b GPX 423 + 39
Spleen Se-W 266 + 111
GPX 132 £ 31—a 589 + 198—b 669 = 112—b Ovary
Se-W 320 + 68—a 1410 £ 13—Db 1156 = 191—Db GPX 210 = 45
Thymus Se-W ND
GPX 49 + 7—a 275 + 33—b 371 £ 83—c
- -+ — -+ — -+ —
ThSe W* 148 = 20— 250 =19-b 283 = 40—b Values are means *+ SE of four animals. Values in a horizontal row with
yroid . S ;
GPX 29 98 85 dlﬁerentllgtte.rs—a, b, c—are significantly dlﬁgrent (E < 0.05). .
Se-W ND ND ND GPX a_otlwty is expressed as nm NADPH oxidized/min/mg protein.
Se-W is expressed as scan units.
Pancreas
GPX 17 £ 2—a 55 +2—b 133 = 38—c
Se-W ND ND ND cerebellum or cortex. In other tissues such as brown

adipose, esophagus, stomach, small intestine, tongue, skin,
and skeletal muscle Se-W was undetectable in deficient
animals and the levels were not different in rats fed diets
with 0.1 ng Se versus 4.0.g Se per g. Diaphragm showed

a different pattern in that Se-W was not detectable in
deficient rats, but was present in this tissue at higher levels
in rats fed the diet with 4.Qug Se per g than those fed the
diet with 0.1.g Se per g. The spinal cord showed another
tissue with the highest amount of Se fed. The epididymis pattern in that no difference was found between the defi-
and testis showed similar patterns in that Se-W was signif- cient rats and those fed the diet with @.§ Se per g, but this
icantly higher from rats fed the diet with Oylg Se per g organ from rats fed 4.Q.g Se per g contained significantly
than from the deficient rats, but no further increase occurred higher levels.

with the higher level of Se fed. GPX was present in the
uterus and ovary of the female rats but Se-W was detectable
only in the uterus.

The eyes and diaphragm are the only organs where thereThese results indicate that the tissue distribution of Se-W in
was a significant increase of GPX activity with each rats is more widespread than we originally thought. Of the
increase of dietary seleniunTgble 3. Se status had no tissues examined previously, Se-W was found only in
effect on the activity of this selenoenzyme in the spinal muscle, brain, spleen, and testfsSe-W was not detected in
cord. In tissues like the cerebellum and cortex (and presum-liver, thyroid, pancreasl@ble 1), eyes or pituitaryTable 3
ably the pituitary) there was no difference in GPX activity regardless of the Se status of the animal. This selenoprotein
between deficient rats and those given Qd.Se per g, but  was found in all of the other tissues examined when Se was
a significant increase when 4y Se per g was included in  included in the dietTables 1-3 Se status had a different
the diet. This is in contrast to all the other tissues (brown effect on Se-W content in the various tissues. In most tissues
adipose, esophagus, stomach, small intestine, tongue, skinwhere Se-W was undetectable in deficient animals, it was
and skeletal muscle) where there was a significant increasepresent when 0.j.g Se per g was present in the diet, but in
of GPX activity with 0.1.g Se per g diet as compared with some tissues like the kidneydble ) and seminal vesicles
the deficient animals, but no further increase with the (Table 2 itwas detected only in rats fed the diet with 4.0
highest level of Se fed. Regardless of the level of Se fed, Se per g. Further research is needed to determine what level
Se-W was not detected in pituitary and eyes, and was of dietary Se is required to reach saturation of Se-W and
undetectable in brown adipose, esophagus, stomach, smalGPX in these tissues because the present results should not
intestine, tongue, skin, skeletal muscle, and diaphragm frombe taken to imply that 4.g Se per g diet is required to
Se-deficient animals. Se status had no effect on Se-W inobtain maximum responses in these tissues.

GPX activity is expressed as nm NADPH ox/min/mg protein; Se-W is
expressed in scan units.

Values are means =+ SE for four rats; ND, not detectable. Values in a
horizontal row with different letters—a, b, c—are significantly different
(P < 0.05).

*Single determination on pooled samples from four rats.

Discussion

J. Nutr. Biochem., 1998, vol. 9, January 25
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Table 3 Selenoprotein W and glutathione peroxidase in brain, diges-
tive tract and other tissues of rats fed three dietary levels of selenium

Dietary selenium

attributable to several factors. The rats used in the labeling
study had been depleted of Se for six generatiGre)d as
shown in Tables 1-3Se-W was undetectable in many
tissues from Se-deficient animals. Second, the turnovers of

Tissues Deficient 0.1 ng/g 4.0 no/g the Se containing proteins are not likely to be similar. Even
. though the rats were killed 6 and 21 days after injection of
Br%W” Adipose . . . radioactive Se, this may have not been sufficient for some of
SPX 26+ 9-a 130 = 8-Db 168 + 43D the Se-containing proteins. If a Se containing protein has a
e-W ND 1215 + 848—a 1525 + 1212—a ; ! . .
Cerebellum very slow turnover rate, then it would be missed using this
GPX 61 +9—a 69 = 16—a 122—b method. This is not to indicate that this method has not been
CSe-W 456 * 143—a 569 + 222—a 685 * 114—a useful in Se research because it has been used to identify
ortex ; ; ; i
s 57 + 13—a 63+ 14—a 83 = 10—b newéselgntcr)]protemts t'SUCh't%S lj’)llpell |odotrt%/{on|ne deiodi
Se-W 428 + 228—a 685 = 127—a 704 + 115—a nase and the prostalic epithelial selenoprotemn.
Pituitary* GPX activity was found in all 28 tissues examined in this
GPX 120 104 361 study (Tables 1-3 This is the first report on the investiga-
c SthV ND ND ND tion of GPX activity in such a wide range of tissues. Liver
sophagus :
GPX o1 + 6—a 333+ 5A—b 277 + 98—b and blood have been the most common tissues used for
Se-W ND 268 + 48—a 286 + 41—a GPX assays. Other workers have determined the GPX
Stomach activity in plasma, liver, and muscf&;heart, liver, testis,
GPX 17 + 6—a 558 + 138—b 624 + 197—b lung, and kidney?* brain?>2° brain, and live?” heart?®
S rfjl'\l’r\{tesﬁne ND 120+ 43—a  145x70—a liver and kidney?%-3° lung 3! thyroid:3233 and pancrea¥’
GPX o8 + 8—a 183 + 42— 269 + 68—b The results_ln the present investigation indicate that GPX
Se-W ND 316 + 35—a 337 + 48—a r(_esp.o.nds (_jlfferently in various tissues. In most tissues a
Spinal Cord significant increase was found with Oulg Se per g diet as
GPX 86 = 16—a 67 - 32—a 83 - 58—a compared with deficient rats with no further increase with
T Se-W 40+ 6-a 5§ +2—a 201 =83-b higher Se intake. However in tissues such as the kidney and
ongue .

GPX 26 + 5—a 218 + 3—b 268 + 6—b pancreas¥able J) and eyes and diaphragriigble 3 there
Se-W ND 466 +38—a 732 = 76—D was a significant increase of GPX activity with each
Skin increase of dietary Se. It is interesting that Se status had no
Sem\(/v 14 thD—a 1;8? - 83:2 12?2 - ?;;_ba influence on GPX activity in the spinal cord, but Se affected

Skeletal Muscle - - the Se-W levels in this orgaméble 3. This suggests that
GPX 4+1—a 196 + 52—b 202 + 51—Db the regulation of GPX and Se-W by Se in this organ is
Se-W ND 453 +54—a 712 +21—D markedly different.

Eyes . . . With the limited data obtained so far, it is evident that
SPX 2= 1-a 82=7—D 68 = 10—c there are some species differences in the tissue distribution

e-W ND ND ND , .

Diaphragm of_ Se-W. Se-W is present in the heart pf sr?éepnq
GPX 31 +3-a 509 + 163—b 925 + 60—c primates (Gu et al., Oregon State University, unpublished
Se-W ND 525 £ 83—a 1084 £8—b work) at the same concentration as the muscle whereas in

Values are mean + SE of four animals. Values in a horizontal row with

different letters—a, b,c—are significantly different (P < 0.05).
GPX activity is defined as nm NADPH oxidized/min/mg protein.

Se-W is expressed as scan units.

ND, not detectable.
*Single determination on a pool from four animals.

the rat it is very low even when Se is givénTable .
Se-W responds differently to Se in various tissues. For
example, Se-W in the testis responded very rapidly to low
levels of Se (0.0lug Se/g) but that in the muscle did not
respond until much higher levels of Se were use@on-
sistent with the present data there is no correlation of GPX
activity with Se-W content between the various tisst/e¥:
Like selenoprotein P the metabolic function of Se-W is

Of 27 tissues examined HySe labeling, a 10 kDa band  not known. Consistent with our previous datahe levels
was found in brain, diaphragm, epididymis, eye, kidney, of this selenoprotein respond to Se intake. The cDNA for
lungs, pituitary, prostate, seminal vesicles, skeletal muscle,Se-W has been sequenced and there is a UGA in the open
skin, small intestine, spleen, stomach, testis, thymus, thy-reading frame corresponding to the insertion of selenocys-
roid, and tongué® Se-W was found in all of these tissues teine3® Because many selenoenzymes are involved in
except for pancreas, thyroid, and pituitamaples 1 and B antioxidant functions, it has been suggested that Se-W may
Tissues where no 10 kDa bands were fottrahd no Se-W play such a role. This was strengthened when glutathione
were detected include the eye, liver, and ovdrgt{les 1-3 was demonstrated to be bound té%The wide distribution
However, the tissues where no 10-kDa bands were foundof Se-W among tissues suggest an important metabolic role
but Se-W was detected include the adrenals, brown adiposefor this selenoprotein.
tissue, esophagus, heart, spinal cord, and the uterus. There- In summary, GPX activity was found in all 28 tissues
fore, these results suggest that there are low molecularexamined in the rat. Se-W was not detected in five (liver,
weight Se-containing proteins in mammalian tissues that arethyroid, pancreas, pituitary, and eyes) tissues regardless of
not Se-W. the Se status, but it was detected in all other tissues when

The disagreements between the two methods could beexcess Se was given. This is not to imply that excess Se is

26 J. Nutr. Biochem., 1998, vol. 9, January



required to increase Se-W to the maximal levels in some

tissues, but further research is needed to determine the

dietary levels of this element needed to result in saturation

for this selenoprotein. The distribution of Se-W in tissues
from rats is much wider than once thought.
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