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Abstract

Selenium (Se) obtained from dietary sources including cereals, grains and vegetables is an essential
micronutrient for normal function of the body. Plants convert Se into selenomethionine and incorporate it into
proteins in place of methionine, while higher animals synthesize selenoproteins containing selenocysteine.
Excessive Se in the body is methylated stepwise to methylated selenium metabolites from selenide. Both
inorganic and organic forms of selenium can be the nutritional sources in humanS and they are transformed
to selenide and then the amino acid selenocysteine attached to a specific tRNA*"*°_ The selenocysteine (Sec)
is incorporated into selenoprotein sequences by the UGA codon. The decoding of UGA as Sec requires specific
mechanisms because UGA is normally read as a stop codon: cis—acting sequences in the mRNA (the sele-
nocysteine insertion sequence, SECIS, within the 3’untranslated region) and trans-acting factors dedicated
to Sec incorporation are required for incorporation of Sec during translation of selenoprotein mRNAs. Approxi—
mately 25 selenoproteins have been identified in mammals. Several of these, including glutathione peroxidases,
thioredoxin reductases and selenoprotein P, have been purified or cloned, allowing further characterization
of their biological function. The antioxidant properties of selenoproteins help prevent cellular damage from
free radicals which may contribute to the development of chronic disease such as cancer and heart disease.
Other selenoproteins have important roles in regulation of thyroid function and play a role in the immune
system. Daily selenium ifitake was reported to be 42.0116.9 Lg/day in Korean adult women. This review focuses
on the metabolism and biological functions of selenium, and the nutritional status of selenium in the Korean
population.
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Fig. 1. Forms of proteins containing metal.

Selenium is present in proteins in either the selenocysteinyl or
selenomethionyl residue form (direct gene products) while typical
metals such as cadmium or zinc are coordinated to functional
groups on proteins (metalloprotein) (Modified from ref. 8).

2l (selenoprotein)-& SecAH7] & 2= A& 23lvd, Sem
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2F 10 mg 2] &) Seg- Z1 gl Al A el ol 4] Sed- F48
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B2 &gt A& B °.§~"’?—Fﬂ F3 selenate®
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AEAEeFE A Qo) 3E, T 2e HARA=
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S FA3le Zn wigkxzAd wlel Sem, Sec =&
SeMSec & 32 e 2 £]3}0], B4 ol & selenate™ € 2
A" eh(11-15). ;
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2 AA F, AW selenoprotein® £l 2 S5 = = o2
Secot 2EE Se?| poold o] FA| Hrh o]ofA] 7k B-lyase
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Fig. 2. Selenium metabolic pathway.

Selenomethionine (Sem) can be incorporated into proteins in place
of methionine. Semet can be converted to selenocysteine, which
in tumm is degraded to hydrogen selenide (H:Se). The further
metabolism of HzSe involves sequential methylation to methyl-
selenol (CHsSeH), dimethylselenide ((CHs)2Se) and trimethyl-
selenium ion ((CHz)3Se”) (12).
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HEe| =2 Eol7z SecH D t(RNAE seryl-tRNAS A7 A 2
ghed SecH™ tRNA ©hA] a4 selenocysteinyl-
ERNAS* (Sec-tRNA™*) 1= seryl-tRNA*"**"¢] serine
o] Se2] &) A<l selenophosphate 2%-E] Sed A Puto} gt
A3 51 v}(8-10,22). Selenophosphate= selenophosphate syn-
thetaseoll 2]4l selenide 2 #¥ whEo|xIc}(Fig. 3).
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Fig. 3. A model for selenocysteine (Sec) incorporation in
eukaryotes.

Sec is incorporated into proteins during translation of the mRNA.
Sec is coded for the UGA codon. A special mechanism is in place
to allow the UGA codon to be read as Sec and not STOP. A
specific cis-acting structure, the SECIS element, in the 3’ —untrans—
lated region of the mRNA, together with trans-acting factors
such as a Sec—specific translation elongation factor (EFSec), the
Sec*“tRNA and SECIS-binding protein (SBP2) allow the UGA
codon to be read to insert Sec during translation (8).

ol Z3a1] 43hel 45282 2 mRNASS] UGA =
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Glutathione peroxidases(GPxs)

Glutathione peroxidases(GPxs)-& 7 2] 2E A Eol 4] &
AEY SecE & AdE FE T 5B 2x3} Sec
= selenoperoxidase?] &4 §) A o] B E&to] Zvztgo
of g}, Al A 7oA skl o) Secxtr] ol AgtE o) 9l
= selenolZ-F(-SeH)- 4 & glutamine®] amido L&}
tryptophan®] iminoZEo] FA4E Foldl3, Secir|E
-Se" 2.2 o} &3}5t}(2830-32). Selenolatet A E ol )
= FAFEEA(ROOH) ) 2] 3l selenenic acid(-SeOH) & AF
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= (Fig. 4)(3D).
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Hodeh wglk Wols ulo]|H A& AAA Q] wl-§-2o)] 7l A
71 A ZFo] Bt o] 2RE GPx1-2 AZ 9 4
shabel o) 3748 ANAlste] 2Hd® wlolE A fA k2 Wo)
£ AAstA WAL A7 A ol FHeste Z8lch34). 2
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Fig. 4. General reaction cycle of glutathione peroxidases.
The selenolate form of the enzyme (GPx-Se ) is oxidized by Hz20:
or alkyl hydroperoxides (ROOH) to a selenenic acid derivative
(GPx-SeOH) that is stepwise reduced by glutathione (GSH).
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Thioredoxin reductase(TR)

FE %52 thioredoxin reductase(TR)E= E3]o]gF A o]
vl ghakA 9] Bx}ek2 56 kdao| v}, TR-2 A 4 ol 4] NADPH
AR A2 gelste kg
thioredoxin- 43} 84498 Z, ribonucleotide reductases
A& 53 DNAS 34, A2 datele] 48 4
slaL, AR &S 2H 3, Ak A A" A4
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Table 1. Selenium intake and cancer: Human trials

Events Selenium  Placebo Relative risk
Total cancer incidence 7 119 0.64
Total cancer mortality 29 57 0.50
Prostate cancer 13 35 0.37
Colorectal cancer 8 19 0.42
Lung cancer 17 31 0.54

1,312 subjects with a history of basal cell carcinomas of the
skin had received 200 Ug of selenium supplied in a 0.5 g high
selenium baker’s yeast tablet or placebo daily for four or more
years (selenium group n=653; placebo group, n=659). The
number of cases of cancer is indicated. Relative risk of cancer
in the selenium supplemented group compared to placebo is
shown. Data are taken from ref. 62.

Seo] dtF s 1 Ba} 5‘
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At vhsolvt B2 Ee]d EAsle SeMSect ‘E‘TE]°']
methylselenol® A 3= v, A3} &2 2Fgste] AAH A
dange] Alxe AxAAAE FE=80H6,10-12,1559,61).

SeMSecell 218+ A EAFE Al E oA AdelA o2 dolyt
o= wurl 9l om] ZA A FRo] Brlxd AHEY
DNA &4-& o2 Az Aol axxd 5 ot =3
methylselenol< %7 $+3}3A] o] 4] ‘:'“’45]% 54 AR
9] demethylation A= &4, o] o} & g 2=k
2] ] o]]/l«] = .]Qr%] 2}4 24/\1— 011 Il Hol H
| 1 eH67-71).
+2) ‘i’z“g o= Sed A&, el =l {341}
B zle) Lxlo]l HHEl=log By
72). Se«] shrato] gk oA oz A
GPx1, 15 kda w9 2)2] &4k3} 2) HW%X-;«]
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Table 2. Anticarcinogenic effects of different selenium
compounds for reduction of 7,12-dimethylbenz(a)anthracene
(DMBA)-induced mammary tumors in rats

Dose of selenium for 50%

Compounds inhibition (ppm)
Se-methylselenocysteine 2
Selenobetaine 2
Selenobetaine methyl ester 2~3
Selenite 3
Selenomethionine 4~5
Selenocysteine 4~5

Data was modified from ref. 6. Selenobetaine and selenobetaine
methyl ester are not present in plants.
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AApe] A&e] B o2 HE Sed 53] 754 F
g ofa-9] shlrt = 9lvl(43,65,73). Barrington %(74)2
AlZ271(FAl F= 370 oll)ell = kAo 347}
=& o o]t 23tol| ¥|Ete] - HF Seg e E Hlrks
=yt dAlz719] fake e GPxBA LR <l
Zra® Alxe = DNAE H3sle ks
gy = o2 g gellA] frate] A
Aol EH-’T-‘—?'_L o} o ol A EEeEE Hgle
v BARLE fostAl = FUrHTD).

Sed FA4 9 testosterone?] A mE AAFAQ Azl
3&“&‘_%7]"1] J‘?L:ILQ‘:‘r FAgo] U r29e] FAdA A
7 Sed] Fmo} f-olg Ao AHAAE Bt
(76). =&+ Se@-’”}fﬁ -2 FEAA = wAAAA QA AR
A= 9o} GPxde A3 Az FHY] nEEze]o} A
=2 FRGWAE o] FoL 9\101, GPx49] ZAgh2 A A1e] 1A
At 54l d3E F AHoleH(77,78). Scott?}t MacPher~
son(79)& 4 &o] & FA A 374497k =Y 100 ng?
Seg Foi3t A3 Hal-Fo] FAEHUTS I3t

HAYls

Atshe] mubol] Sedtab2 lostoll ubslo] ZHAgeH0.76
ng/g, 11~154]; 0.55 ng/g, 61~704)). &34 AE:=
AbshA EAF—AbshA] B 2of 23] xnke] Ak}, whuld
o} stnd sl —o] HAE ApGevie] A4S Stk
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of ma}t ado) S5 2 Zo]vh(81,82). =t =3}9}
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W2 skAboll &= 2715 interleukin-29] 8] AE o] sl
d3le Aoz Halvh(66,84,85). W59 7Fsl= HIV/
AIDS ¢} ZH-& wlo]z] 2 Zhd ot b} 2E-E A o] Winlo)
v xl 3ol <3k A $vh(34,35,86).
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AF AASEY, o] 84w GPx19) FA GRS xR 3
Aol @ % %= 90 ug/L)(65,70,73). 3 212] Sed & A
A7} Al o, o] = SedtaFo] W& FE9 97
) F7hebe P =oh(70).
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Table 30] A 3.3= u}s} 7to]

s g el ube} L2Peh@7). LEUY] SedA (A6
2}, 20000 A3t Aol we} geigled, 7 Al
A FA 45~60 ug, A4 40~45 ng e 2 skl A H =
< 250 ugelth(8s).
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1983 AL A+ 457 d 9] Eofo] Sedhake (.03~
024 mg/kg +Fo 2 WH R} kA Go] }1:} =) 3y

ZE ANGAAAT G, 23, 4% QrAodo] Fohon

Table 3. Dietary reference intake of selenium (ng/day) for
Koreans (89)

Age groups EAR RI Al UL

Infant 0~5 mon 85 45
6~11 mon 11 60

. 1~2 yr 16 20 85
Children 3 5 vr 18 % 100
6~8 24 30 150

9~11 32 40 200

12~14 41 50 250

15~19 47 60 250

Males 20~29 42 50 300
30~49 42 50 400

50~64 42 50 400

65~74 42 50 400

>75 42 50 400

6~8 24 30 150

9~11 32 40 200

12~14 41 50 250

15~19 47 60 300

Females 20~29 42 50 400
30~49 42 50 400

50~64 42 50 400

65~74 42 50 400

75> 42 50 400

Pregnancy +3 +4 400
Lactation +9 +11 400

EAR (estimated average requirement) represents the daily
intake value to meet the requirement in half of the healthy
population. RI (recommended intake) is the daily intake value
to set two standard deviations above the EAR. It is sufficient
to meet the nutrient requirements of nearly all (97%) healthy
individuals in each age and gender group. Al (adequate intake)
is set when there is insufficient scientific data available to
establish a RDA. UL (upper intake level) is the maximum daily
intake unlikely to result in adverse health effects.
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9] ¥4 SeFEE 19834 Jéﬁ 16 pg/dLZ, 7%%%21%3
(A, QA HE2A9)2 25~31 ug/dLo2 A= P45 A
3] 3191 tH(89). Yang(90)-& 2002~2003d &H=-e 4] 1337 o
gk 248 E3le] Selr== FA 9.05+1.69 ng/100 g, A
¥ 124£252 ug/100 g2 B wslgch Ko 5(91)2 2000
A&Fule] HA Seghard WAl 129 ug/dL, o34 108
ng/dLZ ®.3738F v} 9lt}. Yang(90) ghspolAd o] A8 Ses
Tl AYFo GPxl &Ae] EAAtelo Ao AdA L
AeS Bwslsdch dd5 HAHe GPx FHFAE S8
Sex T 80 ng/dlolA B3 Zloz oedH o (92). 1997
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Table 4. Selenium contents in major Korean foods (mg/kg,
wet basis)

Category Foods Average  References
Rice 0.03 89
Glutinous rice 0.6 94
Cereals Unpolished rice 0.038 95
Wheat flour 0.077 94
Barley 0.03 89
soybean 0.04 89
Chinese cabbage 0.03 89
Vegetables Radish 0.02 39
Garlic 0.02 89
Fruits <0.05 94
Beef 0.002 94
Pork 0.113 94
Meat Chicken 0.269 94
Ham 0.159 94
Egg 0.258 94
. Human milk 0.011 87
Milk Cow milk 0.024 94
Tuna 0.50 89
Dried anchovy 0.880 94
Yellow corvina 0.42 89
Saury pike 0.212 94
Sea foods Ma~cke‘re1 0.409 94
Hairtail 0.195 94
Cutlassfish 0.437 94
Qyster 0.761 94
Shrimp 0.312 94
Tangle 0.047 94
Instant noodle 0.094 94
Processed foods Fish spam 0.19 94
Bean curd 0.044 94

2442 2elshe AN 58 2¥ g AAA

ola AL ZE= wpono] |y Pl U
AEAE Sed#F Ad, Bkl Sedw, pH, v A=
B35 wv 78 F 2AAE ol e} =E FEo] AT

AHg Abgol wE HEFOH89,94-96).

1983+ &=ral9] Sed # w2 3FF 433 ng o2 B =gl
o 2003 XA SedHFE LA THE
(45.7 ug/day) > 7+1 Fe¥(43.8 ng/day) > 214 (41.9 nug/day)
>77) ¢3(36.3 ug/day) =22 HF 42.0216.9 pg/daye]
A th(89,90). <l 2] Sedd &2 34~39 pg/day TELFE
BaEe] el o] A v %3 52 BATHED).
gFqle] AlAEe x|k 301 7 =LA W 3heke] Sedtuko] =

2 FEAAES &u7t o1k hovt, o9 2 Sedd A
L z3A F7}EA] -2 71 0 2 eyl Sed] £ W oy
A A8k Al 89 Apolof 7]ald ¢ 9l& AL R Wolw, A}
sho] W& WAl 9] SeAl e SAE A AR =
+ 70| th(87,90).
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(97-100). gt A stFAFel| A = 3F-F 700~850 ugs ~3k
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U, EEolE Secl 2 49 AyudR =g} (Fig.
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