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(). �� ��*+� �"# , 0.1%(w/w) -.� ���� /0"( 123� ���-�� '41 567�

89: ;<���= 5>� MBRT�?@A BC"D). MBRT�� 15E -. FGH- IJK( L�A ;<-M

� 567 N9- O� PQ� BC"D). ���- /0: �� RQSA ET& � 80%(NH4)2SO4 U � -U

"# �VW� 8E ?X"D1 ICP-AESA Y?: �Z� ��� 23[ \�"D� ] , 60.6%� ���- �

VW Z� ^_/� BC"D). ̀ <-a@A �VW� Eb"# BC& L� c= �- de: �VW f��( .

��@A ���� 23! gh). i* 47 kDa �VW� jk 69.5µg Se/g� 23A !l c= /+� mD). -

�VW� PVDF n� electroblotting"# Eb"D1 -� o@A !�ET"# 'pq rstou� PITC[ vw$

x 03y� '4). rsto03yu� HPLCA Eb BC& L� ��tz{|}� .��C \~- �rsto

� 2%A 'p�). -�& ���= �VW� ��-�� ��A ^_"( �- r�1 �8E- ���� 0<yC

��tz{|}@A � Z�� ��� :)1 � � �).

���: ���, �, ��trsto, ��tz{|}

ABSTRACT. Selenized yeast (Se yeast) containing 0.1% (w/w) of selenium was obtained when the yeast was in

at a selenium concentration of 1.14×10−3 M in rich medium. After washing several times, the inorganic selenium on the

wall was confirmed with MBRT. There was no indication of inorganic selenium on the cell wall when the blue color in M

was stayed for 15 minutes. The selenized yeast was sonicated, then the selenium contained protein was obtained 

out by ammonium sulfate at the concentration 80% saturation. The seven protein bands were seperated by SDS-

the selenium concentration in protein was measured by ICP-AES. Analytical data showed that the large expresse

band contained a relatively large amount of selenium. The proteins of the 47kDa was contained the concentrations oµg

Se/g of most many content. The protein (47 kDa) was seperated from PVDF membrane by tank-electroblotting. The

protein was hydrolyzed under acid condition and reacted with PITC. The derivatives of amino acids were analyzed b

and compared with the data obtained from regular yeast. The resulting selenium-yeast was analyzed with the 

ethionine concentration of 2% comparaed with general amino acids. The goal of this study is to analyze the selen

centration in protein bands and measure the degree of biotransformation of selenomethionine in a specific pr
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�� �y� �b��� ��"# ��� 0I"3

� "( s��� *��= |� `8� C�Kp� �

1, |�� 17!I -.� s�� ��(Na, K, Ca, Mg,

Fe, Zn, Se, Cr, Cu)u- �� $� � ¡��C �@

A ¢£� �). i * ���= ¤ ¥¦� \§J ;

<¨W-© Iª.�( �s+- ^_"( s+��A

� «�¨��� ���= ¬�(20µg/g), mb

(0.64µg/g), �(0.64µg/g), �VE(0.62µg/g), ®k(0.57µg/

g), k0(0.48µg/g), es(0.3µg/g) ib1 ̄ �(0.25µg/

g)°� s+ /0Kp �).1

���= 1957± K. Schwarz[ Foltz� �"# \²

³ E� L´$µ ¶�� ·¸K( %j¹� �s+�

���� º#A »¼½ � �Q- ¢£I¾� ¿Q@

A À��AÁ� <Â2- ¢£I< $Ã"D). i �

Rotruck °� �"# ���- �Äª� ÅÆ²{M Ç

�$)rX(GPx)� ª��E3@A !È� ÉÊ�Ë ¡

�À��A C?KË K4). ��� �^��C GPx

� ��	$x yZ �É�?�� ��o�(ROS)� Ã

U� ÌX Í( XO/@AÁ o	¼I ��� Î²Z

( Ïo	<Â(antioxidant function)� "¾� -�&

�?�� \²³ E[ L�& ���= ¾ÐÏy� �

�� Ñq$Ò@A� Ó�� WÔ� »¼"( ÃU4�

!q �@A ¢£� �).

e_ÕI( 10# !I� �b� ��� ��� /0

�VW(Se-containing proteins)- a¨�Ö�� Eb a

?Kp �).5-9 ���= yZ��( A ��t$�

×C� ��tz{|} °� ��trsto ��A ̂

_"© yZ ���� /+= �� ¦& �ØA �Ù:

). �¨= ¤ �Ú� Û�@A8� N�& ����

-U"# ��tz{|}� ���& � �VW� Ü

l"© a¨� jk z{|}� ��� Ý � P@ÞA

�¨� «�¨� ßà� ¦"# yZA 0á: ��t

z{|}� %�� ��t$�×C@A `Ô$x ��

��VW� ���� -U"© âr�( ���= �

bzã ���@A `ÔKp yäA �Ø:).10

�( Cy� ;T"© 50%-.- �W� �VW

� )+� s��, \²³ Bå °- /0Kp �p #

� 0U¨WC �VW, æo, ��, IW, \²³, s�

� °� �çA ÉUKp �). ib1 )G s�¨�

èb �l�I� Ôj� éê ë<� Í( ì<�@A

vw"1 ä8� Àí� ³î"Ë �w"( <Â� !

I1 �< ]ï� ��� �ª� c- -U:).11-13 �

� �& §J�E� È>= 56� �É[ ;·& 5

67� �& ð¾N9� �É�?� ñ
"Ë �·:

56ZA� §J� 0á� ò!I jk� �"# -Æ

pq). 567�( b%óA� Co<, ôõmö<, r

³<, �÷, �Ûo °- §J� N9� ·#"©, ��

�� 56ZA� 0á<Ã= ð¾N9m) J3! ø

bIù ú c= �� ���� È�Ý � �@©, - e

.= û= M3, 63ü 0É¨W, �É ÜTX °� �

"# ÜT� ý(). s�¨ ���� ���� N9�

0á= �I��� þ	[ §J ��-�A� ÃUÝ

� �( �É¨W� E\� �T Àí� ý� � �).14 

ÿ �ª��( ��VW� E�+� éG ���

� E6 � & E�+� �VW� ��"# ��tz{

|}@A þÔK( �� Y?"1� "D).

� � ��

�� � ���-��

ÿ ����( Saccharomyces cerevisiae VH-2(JENICO

Co.) �� E� ýr ÉU"D). - Ó�� �& `

��= YM �I(yeast extract 0.3%, malt extract 0.3%

peptone 0.5%, dextrose 1%(w/v)� ÉU"D1, �+�

o� �"# production �I(Molasses 17.64%, CO(NH2)2

0.616%, H3PO4 0.416%, (NH4)2SO4 0.194%, KCl 0.0554%,

MgSO4 0.0428%, CaSO4 0.0286%, ZnSO4 0.001592%,

thiamine 0.000214%(w/v)� ÉU"D). ����= ÿ

���I� <�@A 0.8-1.14%(w/v)� `���� É

U"# 30oC, 200 rpm�� ÿ ��"D). ���� 	


�= Na2SeO3(Sigma co.)� ÉU"D). ÿ �� �

��<�� Na2SeO3� , 2~3�� Î�p � 1.14�

10−3 M- K3� á"D1 48$% a ��& � �

� 3,000�g, 10E% ��Eb "D). ��: ��

�-�( 0.1 M CoÎ�� ��U � 3� ���A

5�% v� 5>"# �n� 89Kp �( ;<��

�� XO"D).

��� 	
 ��

.<�� 'pq 56�`¨= ���-�Z� ��

� 23 Y?� ÉU"D). 0<¨ �E- ����

��	� ÜT"( �� ¼I"< �"# 56�`¨
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� ��*+ 0.1 g� HNO3 30%, H2O2 20%, 3���

� 50%� ��U (10 mL)� �!"# 98oC�� 10

$% a oET�@A 0<¨� ET15"D). a�

& �?� 2� v�"# 0<¨� ET& � HCl� �

!"# ��¨� UT$µ � - $ç� ICP-AES� 3

á"# ��� 23� Y?"D). �n� 89Kp

�( ;<���� 23( MBRT�� -U"D). �

�: � 0.1 g� 7 ml� Ô�U [0.2 N Co��U 

(pH 5.5)� 1-thioglycerol� 20%(w/v) ��& U ] �

�1 ñ�.��� 3E% 200 rpm@A ��& � I$

,C zã� �Æ U (2%) & ¼ � !p"# � F

GH- ÉêI( $%� Y?/@AÁ �n� $p

�( ;<���� 23� Y?"D).

��� ��

.<�� 'pq �(15 g/g wet)� 15 mL� ��U

 �(0.1 M Tris-HCl, pH 8.0)� �% $µ � RQS

E&<(Sonicator 250, Branson)� -U"# 70%� power

�� 10E% 56n� E&"D). ��U � 10,000

�g�� 15E% ��Eb "D). ���� /0& �

VW(crude cell-free extract)� �+@A ?X"( ¼�

@A 4.1 M(NH4)2SO4� -U"# U � 6	3! 80%

-. K3� '( ¿b"D). '( ¿b � º(n

(Spectra/por4, Spectrum Co.)� ÉU"# 10 mM Tris-

HCl(pH 8.0)�� ÜM �v� $)"# 20$% a '

� XO"D). .< *+¨� ,a ��& � -20oC

�� m·"# ÉU"3� "D).

���� 6/& �VW(crude cell-free extract)� 10%

SDS-PAGEA� ��� ̀ <-a@A ̀ -"D). Eb

: �VW= PVDF(polyvinylidendifluoride)n� 100 mA

� `�A 2$% a electroblotting"D).16 'H=

Coomassie Brillant Blue(CBB), R-250� ÉU"D1 .

H � PVDFn� ��"# /� �VW� 'pZ4). 

���� ��

.<� PVDFn� 01q �VW * 47 kDa� 2²

-ó� Eb& � 6 N HCl@A !� ET "# rst

ou� '4). �`3 ��$µ rstou�

phenylisothiocyanate(PITC)[ vw$x 03y	 $µ

� HPLC(Phamacia Co.)A pmol� rsto� E("

D)(Table 1). <^ rstou= ð�¨W� retention

time� area� -U"D1 ��trsto E(� �&

ð�¨W= ��t-D, L-z{|}[C5H11NO2Se; M.W

196.1](Sigma Co.)[ PITC� vw $x� 'pq 03

y� -U"D).17-21 E(� �& $ç�\( ����

á"I 4= ����� ?X: 47 kDa� 2²-

ó� ��å(A)@A "D1, .<�� �\: ���-

��� ?X: 47 kDa� 2²-ó( $�å(B)@A

"D).

�� � ��

���-��

�! ;<���� 5�� Àí� ýI 41 ?.

�C �l�a� Ý � �( ���l<ÕI ��$µ

� 1.14�10−3 M� ���� 4� Î�p ��� �

á"D). ���� �y-U�� yZ��� �É

� 5�� �& Àí� 1£& L�-). 1.14�10−3 M

� ���� á"# '= �Z� ���� 23�

ICP-AESA E(& L� g ��*+� �"# 600~1,000µg

Table 1. The conditions of HPLC PICO-TAG system (Hewlett Parkard 1100 series)

HPLC PICO-TAG system

Column Phenomenex luna C-18 column (4.6×250 mm, 5µm)
Colum oven tempt. 46 oC
HPLC pump HP 1100 series, Binary Pump
HPLC injector HP 1100 series, Autosampler
Variable wavelength detector HP 1100 series, 254 nm
Solvent A) 1.4 mM CH3COONa, 0.1% TEA, 6% CH3CN, pH 6.1, B) 60% CH3CN
Elution Linear gradient of solvent B (0-100%)
Flow rate 1.0 ml/min
Run time 40 min
Equil. time 10 min
Injection vol. Standard : 4µl, Sample : 4µl
2003, Vol. 47, No. 4



366 ���������	


tro-
Se/g yeast -.� ���� /0"D). Na2SeO3 �!

+� éG ���-�� �o+= ���� 23! �

?+ �!/� éê �� �o+3 �!"Iù �3

& �� Na2SeO3- º# KD� jk �� �o+-

î�&). �� �o+- î�KIù .��C ��

�� 23( c- �!"Iù -�& L�( 0<��

�� ��A ^_"( �- r�ê ;<��A 567

� 89K# �( jk! �8E-). ���-�n�

N9: ;<��� 23� BC"( �?@A ���-

�� MBRT�� �& FGH� j�$%� BC"

D)(Fig. 1). MBRT�� 1.14�10−3M -.� ����

á"# 'pq ���-�� jk 5E -Z� I$

,� FGH- Éê�@© -( ���- �567

� N9Kp ;<��� ��A ^_"1 �Q� Î²

6). Í& 1.14�10−3 M -Z� ���� á"# '

pq ���-�� jk 15E -. I$,� FGH-

IJK( L�A ;<���- 567� N9Kp �

( �- r�ê ���- �56ZA 0áKp 0<

��� ��A `Ô7� »YÝ � �4). 8, .��

@A 0<���� 23� !9/@AÁ :��@A �

�� á23! gr;� éê 0<���@A� `

ÔK( ��� 23� 'Ë K1 -�& d���� w

U"# 0< ���- �� 23A /0: �� '�

� �).

������ ��

1.14�10−3 M� Na2SeO3� á"# '= �� �

�� 23� ICP-AESA Y?& L� 1,074µg Se/g

yeast(ppm)A 'p�). - �( RQS E&<� -

U"# S& "D1 �� ��*+� �"# , 16.7%

(w/w)� ��� /0 �VW(crude cell-free extract)-

*+K4). - *+¨= 80%� 4.1 M (NH4)2SO4 U �

-U"# '(<º("# 8E ?X: �VW� '4

). '(�� 'pq �VW� ��� /+� ICP-AES

A Y?& L� 651µg Se/g protein(ppm)@A 'p�

). - L�� �Z� ��� 23[ \�"D� ]

, 60.6%� ���- �VW Z� ̂ _/� BC"D). 

?X: �VW� ���- /0K( ?3� �VW

� E�+=A E("D). ̀ <-a@A �VW� 7-

� fA Eb& � >> Eb: �VW�� ��� 2

3� Y?"D)(Fig. 2). Eb: �VW f� ��� 2

3� Y?& L� 55 kDa, 47 kDa, 32 kDa� �VW=

Eb: )G E�+� �VWm) 2� -.� ���

- 6/Kp �( �@A Î²?). Fig. 2�� � �

�@- 55 kDa, 47 kDa, 32 kDa� �VW� �- .�

�@A c- deK4< ]ïC �@A �>:)(Fig.

3). A3 47 kDa �VW(crude proteins)� jk($ç 2)

Fig. 1. (a) The MBRT of the selenium-yeast against a addi-
tion concentrations of inorganic selenium, (b) The concen-
tration of selenium in the selenium-yeast against a addition
concentrations of inorganic seleniuma. (aanalysis by ICP-AES).

Fig. 2. Selenoprotein bands separated by SDS-PAGE elc
phoresis.

Fig. 3. The selenium concentration in protein bands.
Journal of the Korean Chemical Society
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69.5µg Se/g� 23A !l c= /+� mD). -�

& �VW� de= ���� Àí- r�1 ÿ ���

� ÉU& �� A�@A �>&).

47 kDa ��� ������� ��

)Q@A �VW� 8E?X�@A -U& PVDF n

� electroblotting"( �?= � ��� /0 �VW�

s+ B+� CË "D1 electroblotting� �T *+:

s+ �VWA8� rsto� E("< �& $ç�

CË '� � �4). Electroblotting ¼�@A *+:

�VW * !l c= ���� /0"( 47 kDa� E

�+� !q 2²-ó($ç 2)� Eb"# o@A !�

ET & � 'pq rstou� PITC[ vw$x 0

3y	 $µ � HPLC� -U"# E("D). 20#Ó

� rsto� ��t-D,L-z{|}� ð�$ç(Fig. 4)

A "# ÿ $ç�� 'pq E(�ç[ \�"# )Q

Fig. 4. HPLC chromatogram of standard amino acids.

Fig. 5. The HPLC analysis of amino acid of protein (47 kDa) in yeast.
2003, Vol. 47, No. 4
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;

. 

.

es,
� D= L�� '4). �v�C rsto * �EÛ

F 20%, ÅÆ²³o 7.0 %, Åê-Ú 11.0%, ¢ê}

8.2%, d# 6.7%, Æ-Ú 6.6%, -�Æ-Ú 4.5% °�

\~A BCK4@© ��tz{|}= 2.0%A BCK

4)(Fig. 6). Í& ���� á"I 4= �� �

v�C rsto= ���-�[ \G& E6� m

D1 ��tz{|}= 0.0% sù@A Y?K4)

(Fig. 5). �v�C ��3 ��tz{|}- /0K

# �Iù ÿ ���( Y? Ý � P( s+@A *

Y:).22 - ò L�( � rsto(%)� .��C E

63 H-).

Na2SeO3� �� feeding "D� ] 0<���@

A þÔK© �VWZ� ���23( deK( �V

W� �� \I&). �VWZ� ���= �VW� �

�-�� ��A ^_"( �- r�1 �8E- ��

�� 0<yC ��tz{|}@A � Z�� ��

� :)1 � � �).

- �ª( 2002�±3 ����� ���ª\� I

�@A �ªK4Q.
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