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Á� ïá
ÓÚË�XF1 (SRXRF)½þ©Û<Éù�x�>à� (IEF)©l�àZLzXv�

ÄN¥�x^�SFe��{. ^|¤Ä��Ó�ß �òc¹þ®��ÚÉ�x�x>Y¤ü�

^���½þIO, ��SRXRFÿ½v�ÄN¥�x^�c¹þ��O�, Ù�5£8XêR2 3

0—5.1ng Fe��S�0.9897, 3�¢�^�euÑ��0.63ng, é<Éù�x>Y©l��x^�S

c¹þÿ½�£ÂÇ��106%, Té^Eâ�^u)Ô�¬�x�¥�þ���©ÙïÄ, �Ó��

Ñ�x���þ��|¤Ú�>:�&E.

'�c �þ�� «�©Û ÓÚË�XF1 >Y 7á�x

1 Úó

�þ��äk��)ÔÆõU, NS�25%�

�x��7á�x, 7á�x´�þ��)ÔÆõU

�Ì���1ö, ¤±ïÄ)Ô�¬¥7á�x�©

Ùéµd�þ��E�G�!n)Ù)ÔÆ¿Â´

�~��. ïÄ��{��´kò�x�J�¿

©l, ,�ÿ½��x¥��þ��«aÚ¹þ. X

F1©Û (XRF)´�«õ��©Û�{. ^ÓÚË

� (SR)��XRF�-u1�¦Ù�éuÑ���

10ng/g
[2]

, �¬�IA��. TEâ®�¤õ/^uï

Ä�«¾n|�Ú�~|�!$���[�¥�þ�

��ÿ½±
);¾Ån±9�þ���)ÔzÆ1

�
[3—6]

. 3± �ó�¥, ·�^SRXRF��ÿ½


<_[���M�>Y©l�v�ÄN¥��x^�

¤¹�þ����é¹þ
[7—11]

, ¿é½þ�{�
Ð

ÚïÄ
[12, 13]. �ïÄ^ß �òc¹þ®��ÚÉ

�x�x>Y¤ü�^���SRXRFÿ½v�ÄN

¥�x^�c¹þ�½þIO, ÿ½
<Éù�x²

L IEF©l��æ.^�S��þ��¹þ, ïá


�«#�)Ô�¬¥7á�x�/�©Û�{.

2 ¢�Ü©

2.1 ÁJ

<Éù�x, ÚÉ�x�x, Tris(Sigma Co.);

Acrylamide, N, N′- Methylenebis-acrylamide (Biomol

Co.); 1Nü5>)� (pH 5—7)�Bio-Red�¬. Ù

{ÁJþ�©ÛX±þ?O�I�ÁJ. ¤kM��

Ü¦^²Milli-QXÚ (Millipore)2?n��lfY

��.

2.2 ½þIO���

ëìDavis[14]
��{, ��4%�~5àZLzX

>Yß �, S¹5%[h!2.2%�1Nü5>)�,

þ0.5mm. ÚÉ�x�x^~5>Y�¬�À�M),

\�½þ�¬M�u�¬ø, ðØ40V>Y, �x?

\v��10mm�Ê�>Y, ^6%`�!40%¯U�
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½�x10min, YW10min, ^Àæ�CXv�, �ý

�ZHì¥ZH�ð.

^ ICP-MS(Series X7, Thermo Electron Co)ÿ½

ÚÉ�x�xM�±9<Éù�x�¬M�¥�

c¹þ, P¹58Fe�Öê, ^CLARITAS�þ��I

O21(SPEX CerliPrep Inc.)�ó��¦��¬c

¹þ.

2.3 <Éù�x�>à�©l

IEF©l3DYY-036 .�>à�³(�®8�

¤ì�)þ?1. 115×85×0.5mm�4%àZLzXv

�(S¹5%[h, 2.4%�1Nü5>)�pH 5—7,

1%�1Nü5>)�pH 6—9)L��z�, 380V

ðØ^�eý>Y20min. �2µLÉù�x�¬M�

(S¹50%[h, �x¹þ�10mg•mL−1, 10000×gl

%©l10min�ØMÔ)%\��þ, �¬�:�»�

5mm. à�æ�©Ú,Ø�ª: 100V, 15min; 150V,

15min; 200V, 90min. à�(å�, v�3ý�^�e

¯�ZH�ð.

2.4 ÓÚË�XF1©Û

�x^�Sc¹þ�SRXRF©Û3�®�K>

féEÅ (BEPC)�4W1AÓÚË�å�þ�¤. ;

��¥>få6Uþ�2.2GeV, å6rÝ�100mA.

�¬£Ä� (TSA200., �®RáÇ1úi)�3O

�Å���Ú?ê�°Äe÷x, y ����þ£Ä±

UC\�1� �, £ÄÚ��0.0025mm. l�¬u

�Ñ�X��dSi(Li)&ÿì (PGT Inc. LS 30143-

DS)&ÿ, &Þ�\�SR��²¡��pR�, å�

¬ì�:20mm, &Ò^PGTõ�©Û¤(MCA4000)

¼�ÑÑ.

^11.5keV�üÚÓÚË�1-u�¬, N!\

�1� (1×3mm) �u^��à, 3300s�Oê�

mS, 1���÷^�þ!�ú£Ä, Oê(å�1

�£�T^�,�à. ÷>Y��z1mm���Ì.

æ^AXIL^�?nêâ, ¿^xÊîÑ�¸éc�

�¸?18�?n±-�å6rÝCzé&Òrf�

)�K�, 8�z�&Ò¸¡È��A ��c¹þ

¤�'. 3�Ó�^�e±Ó���ªÿþ½þIO

Z��þ�x^��F1Ì, ±8�z�c�&Ò¸

¡Èéc¹þ�ã�ó��, âd¦Ñ<Éù�x

IEF©l�>Y��þ�ÿþ:�c¹þ.

3 (J�?Ø

3.1 �x�©l

�;�©lL§¥7á�¿�, �ïÄæ^�C

5� IEFEâ©l�x�, IEF©l3�$�ó�>

Øe (20V/cm)?1, �±;��x�þ;�(Ü (±

�d��r�^å(Ü)�7á3>|�^e�¿�,

ù�Ü©7á  äk�\��)ÔÆõU. IEF

(å�, ý�¯�ZHv�, ;�
Ï~^�5�½

ÁJ¤Úå�7á)l. ã1´<Éù�x�>à�

©l�>YãÌ, Sú�©Ek15�^�. Éù�x

ØÓæ.Ï/ó|¤ØÓ, �>:ØÓ, �ÏL IEF

©l¤ØÓ�^�, ù^SDS-PAGEÚp���ÚÌ

(HPLC)´J±©E�. ± �ó�¥¦^2.4%�1

Nü5>)�pH 5—7, 1%1Nü5>)�pH 6—9,

þÝ1mm���òÉù�x©¤Sú�©E�11�

^�
[13]

, �ïÄæ^2.4%�1Nü5>)�pH 5—7,

0.5mm���©l�x�, Jp
©l©EÇ, ü$


�.&Ò, ù
Ñk|u���SRXRFÿ½.

ã 1 <Éù�x�>à�ãÌ

3.2 ó��9uÑ�

^SRXRF?1½þ©Û�, duIOÚ�¬¤

©��É, Ä��A (áÂ!Or)é©Û(J�K�

´7L\±�Ä�. ± �ó�¥, ·�Q±®�7

á¹þ�ÚÉ�x�x² IEF>Y��SRXRF½þ

IO
[12]

, ÙÄN��¬ÿ½A�����, �ÚÉ�

x�x IEF?n�¥yõ�^�, ÿ½X�IO�ó

��Ñ�¤å, ��
�{�¢SA^; d	, �¦

^þ!�\�½þ7álfÚ�x��àZLzXv

��SRXRFÿ½�½þIO
[13]

, Ù|¤�^u IEF

©l�v�Ä��Ó, ö�'�{B, �v�IO�

þ!5´I�AO5¿�. �ïÄæ^ß �ò®�

7á¹þ��X��xM�>Y¤ü�^� (�ã2),

�¦v�|¤�IEF^���, 3ß �S\\5%[

h!2.2%�1Nü5>)� (ß �STris-HCl�À

�ßÝ�0.2%), ^�°Ý�u1mm, ^1×3mm�1

�v±CX^�°Ý. 1�3Oê�mS÷^��ú

þ!£Ä, ¢y
é^��“CX”, ���ó��

(ã3), 30—5.1ng Fe��SR2�0.9897, �5Ñ�

�U��^�/GØ����k'. ,	, 3�xþ
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�þ��, ö�y�Åìwy, ù
I�?�ÚUõ.

^ß �>Y��½þIO�`³´ö�{B, �±

òõ«7á�x·Ü�¬æÈ¤ü�^�^uõ��

½þ©Û.

ã 2 ÚÉ�x�xß �>YãÌ; l��m

þ�þ�0.0, 0.3, 0.6, 1.2, 2.4, 4.8, 7.5, 12.0,

20.0µLÚÉ�x�xM�(�x¹þ5mg/mL, c

¹þ256ng/mL)

ã 3 SRXRFÿ½v�ÄN¥�x^�Sc¹þ��O�

± NB L « Fe � � µ O ê, K Ù I O   ��

N
1/2
B , uÑ��3N

1/2
B , 3�ïÄ¥�3.61. ±ýé

¹þL«�3N
1/2
B (mt)−1, Ù¥: m�(¯Ý (ü :

counts/s·ng), t�Oê�m (s). âdO��3�¢�

^�e, Fe�ÿ½uÑ��0.63ng.

3.3 <Éù�xIEF©l�^�S7á¹þ�ÿ½

<Éù�x>Y©l�, P¹÷>Y���:

XRFÌ, ���&Ò¸Oê�uÙuÑ� (3N
1/2
B )�,

@�¹kT��, &Ò²Ar¸8���ó��é

ì, ¦ÑT:��¹þ, (JL²µ3�4«NCk

�c¸¹c4.83ng, �U´dÉù�x©)º�Ñ�

c5{�)�; K4«�c¸, �U´�·>�^

(Ü�c3>YL§¥øl�x�½´¤^ÁJ¥�

ilcYÄ�T«�¤�. cH9��K4«�, 

Ø=�uY�éA �, �Ä�3>4«CXk>4

^, ÄN�IO²wØÓ, ÏØU<�¢�¤^I

Oé>4«c¹þ?1î�½þ©Û. d	�uÑ7

�¹c^�,�:>Ú¹cþ�uL1.

L 1 Éù�x�>à�©l�ØÓ^���>:97á¹þ*

pIs 4.8 5.0—5.4 5.5 5.9 6.1 6.2 6.8 7.5 Cathode Recovery (%)

Fe/ng 4.83 2.38 1.40 4.24 <uÑ� 1.46 1.32 2.96 ∼18.8 ∼106.1

*�¬M�c¹þ©O�17.83µg mL−1 þ�þ�2.0µL.

Ï��éK4«��c�î��½þ©Û, �T

«�c�U5u¢�¥Ú\�cÀ/, ¤±LS¤

�£ÂÇ�=äkk��ë�d�. éu��#�©

Û�{ó, î��©Û�þ�y��´Ø�½"�,

du"�·Au>Y©l��x^�S�þ��©Û

�IOë�Ô�, ±9>|�^e�;�(Ü�7á

lfl�x�þ�¿�, î��£Â¢��v{?1,

ù
ÑI�3±��ó�¥\±U?.

�ïÄÐÚïá
SRXRFÿ½v�Ä.¥�x

^�S�þ����{, (Ü IEF©lEâ, |¤�

«�^u)Ô�¬¥7á�xuÿ�O3�é^E

â, §�±Ó��Ñ�x�¹þ!�>:!¤¹7á

«a!êþ�&E, �ÿ½L§Ø»��x��¬,

k|u�âÿ½(Jéa,��x?1?�Ú�)z

ïÄ, ù
éuÙ¦é^EâXHPLC/ICP-MS´'

�(J�. ÏÙõ��©ÛA5, TEâ��^uï

ÄØÓ���m��Ó!�|�)Ô�AïÄ, �{

�ïáÚ�õò�7á�x|ÆïÄJø#�Eâ.
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Quantitative Analysis of Iron in Protein Bands Existing in

Polyacrylamide Gel Matrix with Synchrotron Radiation

X-Ray Fluorescence *
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Abstract A procedure has been proposed for quantification of Fe in protein bands in polyacrylamide gel matrix

with synchrotron radiation X-ray fluorescence(SRXRF)analysis. Human hemoglobin was separated with isoelectric

focusing (IEF), and Fe amounts in protein bands were measured with SRXRF. Calibration standards were prepared by

electrophoresis of bovine serum albumin containing known amounts of Fe with stacking gel. The calibration curves can

be obtained in a range of 0—5.1ng Fe and linear relationship between dosage of metals and fluorescent intensity can

be observed (R2 = 0.9897). The method provides detection limit of 0.63ng Fe, and the recovery of Fe determination is

about 106%. The hyphenated technique of SRXRF and IEF has advantages of quantifying trace elements in proteins

and identifying the proteins simultaneously. It can be employed for speciation analysis of trace elements in biological

samples.

Key words trace element, speciation analysis, synchrotron radiation X-ray fluorescence, electrophoresis, metalloprotein
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