
 

127 

Analysis of HSP70-2 gene G1267A polymorphism in 
Helicobacter pylori infected patients 

 
 

Mohammad-Javad Ghorbani1, 

Zivar Salehi
2
, 

Fardad Ejtehadi
3
 

 
1 MSc, Department of Biology, Pardis International, University of Gilan, Rasht, Iran 

2 PhD, MD, Professor, Department of Biology, Faculty of Sciences, University of Gilan, Rasht, Iran 
3 MD, Assistant Professor, Department of Internal Medicine, Faculty of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran 

 
 

(Received July 20, 2014; Accepted March 9, 2014)
 

 
Abstract 
 

Background and purpose: Helicobacter pylorus is a well-recognized cause of chronic active gastritis, 

peptic ulcer disease (PUD) and linked to the development of gastric adenocarcinoma. Heat shock protein (HSP) acts 

as molecular chaperons in the folding of newly synthesized proteins in cells and assist in the refolding of damaged 

proteins.The HSP70-2 gene has a pst1 site due to an A to G transition at the 1267 position and different genotypes of 

the HSP70-2 gene have been shown to be associated with a different level of HSP70 mRNA expression. The aim of 

this study was to investigate the association between polymorphism of the HSP70-2 gene and susceptibility to 

helicobacter pylori infection. 

Materials and methods: The studied population comprised of 100 subjects, attending the Endoscopy Center 

of Hafez Hospital in Shiraz, Iran. All the subjects underwent upper gastroscopy. RFLP (restriction fragment length 

polymorphism) analysis was performed for 1267G/A polymorphism of HSP70-2 gene in all the subjects. 

Results: After gastroscopy, 50 cases with H. pylori infection and 50 cases with normal gastric tissues were 

considered as the controls. In the normal subjects, the HSP70-2 genotype distribution was 20 AA (40%), 26 AG 

(52%), and 4 GG (8%). Meanwhile, the HSP70-2 genotype distribution in patients were 5 AA (10%), 43 AG (86%) 

and 2 GG (4%). 

Conclusion: The analysis showed that the AG genotype increased the risk of peptic ulcer (OR = 6.61,  

95% CI = 2.21-19.76, P = 0.0007). The results of this study suggested that HSP70-2 polymorphism may be involved 

in susceptibility to helicobacter pylori infection. 
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   !"	�#:%�& ) D"���� �%#�(����EHelicobacter pylori��� �%/��� *F�� ( H�I2 'F0F ���%�� ��J�� "� D� 	  � $K�%L� M/�

 .��� ��IF 
�N�� O�%� �( PQ4�F'�R4��� S�E T�� U4"��9 '�R4��� 
��# �4 "� 	�,��,�F 
����V 
���� �(   "� ��K� 0%�� ���4 D�E
'�R4��� ��JF 
�"�/ �4 � H��� �F *+� ���� @��W D�E 
& .���# 2-70HSP   �K�� �9��K� D�"��       �� �K�� �K# �K�� D��KI%F Z"�KF

M;F 
W '��4  ��9�� �E1267   'K��0���4 $� �# D"�N �( \��� "�#]F 
&A   �K(G   �K�9�� "�1267 
& 2-70HSP     ^�_K� �K( `�KQ4"� "�
 
��( a�%bFmRNA 
& 2-70HSP   �K�� ��cdK4 ��"�( 	eE�f� '�� �� Z�E .�"�� ��<�  
& MK��2"�F 2-70HSP     �K( �%K(� ���I%K�� �

��( D"���� �%#�(����E ���g�.  
' �   ��� :�&  D�" �( �h�9 �I,�_F100 9 
�%�"�+�( ��������� eb( �( ����# �I<��F "�+�(    .�K2� 8"�K: ����K� �;� i2�

���+� �+E     *K��j4 .�K�%2� "��Kk ���k�2 �������%�� �j4 �ERFLP )Restriction fragment length polymorphism  �K;< (
��� ��"�(  M��2"�FA/G1267 
& 2-70HSP ���+� �+E "� �2� 8"�: �E.  
!���� :�&  	�������%�� �� �I(50  ���g� �( �%QF �g� � D"���� �%#�(����E50       
��K�� �K( �K# �K���( �KI�QN ��IF �2�( D�"�� �g�


& �L�4��& l���4 .���� �%2� �m� "� �E�� 2-70HSP   �K( �(��( �E�� ��� "�20 )AA (40   	�K:"�26 )AG (52   � �K:"�4 )GG (
8  �( �(��( "�+�( ��� "� � �:"�5 )AA (10  	�:"�43 )AG (86  � �:"�2 )GG (4 ���( �:". 

:(��)�**#  ���� *K��j4  nKK�4��& �KK# ��KK+� obKK�F �KKEAG   e��0KK2� @QK�61/6 �KKF D"�KK+�( ���KK( "� D�KK(��( ] ���KK007/0  =P	  
76/19-21/2  =CI )Confidence interval (95  � �:"�61/6  =OR )odds ratio�F ��;���� �I,�_F '�� �� *:�9 r��%� .[(   �K# ��#

��� 
& M��2"�F 2-70HSP �F ���( *�/� D"���� �%#�(����E ���g� �( �%(� ���I%�� "� ����4.  
  

�+   :���,- ��&
& 	D"���� �%#�(����E 2 -70HSP��� 	 M��2"�F  

  

!��"� 

    �Kg�F ��K *�K��( $� D"�����%#�(����E  *K�2��tW����F

 ��� �u��"�F ��<� 
�;< ��I+< �� �+�� ���9 ��IF "� �#

 �"��)1( .D"�����%#�(����E    ��K� �%/��K� *F�� $�  ��KJ�� "�

H�I2 'F0F ���%�� 	     �K�� ��KIF 
�N�K� � $K�%L� M/�)2(. 

 T&�K4 D�%#�( '��       � �"�� ��K/ @K_k �KE "� �" D��KI%F D�KE

 �KF 
��� �" �,�I2 T�j4     v�K+�� "� D"�����%#�K(����E .�KE�

     
W "� �K# w�K#�F �,�K��%��� x_K� �( $��0�) ���#�F ��y

pH  �KF �2�� (�"�� ��<� $�&�,��0�2  .��K�     �K( D�%#�K( 'K��

  MK/� 	��KIF �%�W "� z�;%,�     E ��KIF 
�N�K� � ��KIF D�KE  ���K+

 ���)5-3(    '�R4��K� 
�K�( �K# �K�� ��� O"�0 .    T�K� D�KE

    D"�����%#�KK(����E PKK��4 �KK# ��KKIF w�KK#�F "� �KK4"��9 

�F 
��� e��02� 	��� ��� a�I{4  �E�)7 	6(.  

'�R4���   *K|� �() ���%�" P��4 "�( '�,�� �4"��9 T�� D�E  
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 ��Steen 
�"��+E ���� �2�IF ('�R4��� "��|F .�   T�K� D�E

w�%�� �c� "� �4"��9     � �+K� ����+�K� ���KF 	$�&�,��( D�E

H��� "� z�;%,� �F e��02� �E   �K(��( "� H��� �}�g9 "� � �(��

w�%��   ��%�E ��gF)8(.  


�KKKKK��� "�   
& �� �KKKKK{� �KKKKK�70HSP �"�� ��KKKKK<�  

)1-70HSP 	2-70HSP  �Hom-70HSP(   �KKK|_�F "� �KKK#

 �KKK�&MHC )Major histocompatibility complex (

 w�#III    �"�+K� ����KF��# ��K4�# D���( "� 	6    �K�"�� "��Kk

)9( .1-70HSP  �2-70HSP   �KF �K�,�4 �" ���R4���    �K# �K��#

 D�|,� ~��(70HSP �F  .���70HSP �F  �<"� ����� �( ����4

       e�K#�� 	�+K� ����+�K� ���KF 	
f�K�#� ��KQ+# 	y�( 8"��9

���g� � 
f��#� �_��� �F '�� � ��� �|,� �E    8��Kc� a,�KbF ����4

 K� '��#�%��K� �+    �K��( �KE)10(  '�R4��K� .2 -70HSP   H��K� "�  �K(

'�R4��� 
��# �4 "� �,��,�F 
����V 
����    � ��K� 0%�K� ���4 D�E

   '�R4��K� ��KKJF 
��K# �K4     �"�� eK|� ��K�� @�KK�W D�KE)11( . 'KK��

 "� '�R4����F ^�_F �,��,�F i2�jF 
���� �( H���   �K# �K��(   �K(

'�R4��� ���� �( H�A4� 
W z��" � @��W �� 	�E    z�K;%,� �K(��( "� �E

w�%KK�� �     �KKF �KKm2�jF H��KK� �KK_�jF D�KKE  .�KK�#'�R4��KK�  

2 -70HSP  Z�KKKAF �KKK(ATP )Adenosine triphosphate (

   '�R4��K� "�%/�K� �K���4 @<�F       H��K� "� ��K� 0%�K� ���K4 D�KE

�F  .���  �,��K� */�� '�R4��� $� 
���� �( @��� '�R4��� '��

 '�R4��� .��� ^�_F2-70HSP   w�%K�� e��0K2� �� )�   D�KE

�F �_�jF  $� 
���� �( ����4 "� � ��� �2�IF D�k 
&���+��

D"�+�( 0�&�4��  ��� *�/� 
��+���4� D�E)12(.  

 
&2-70HSP   �KKK�& �KKK|_�F "�MHC  w�KKK#III "� 	

F��# ��4�# D���( �"�+� ����6 )3/21p6(  	
& '�� .�"�� "��k

 ��"�( �N ��9��MHC  w�#III   	�2�Kh� �K�9�� $� D��( 	


& '�(      ) "�KF�4 ��K�E� ���K�� *KF�� � 
�K+�L+# D�ETNF   �K�

Tumor necrosis factor   ��KKK��# �KK# 
& .�KK� �KK2�� (  

2-70HSP      H�KN �K( �K��R4��� � �K�� 
��%��� �k�2641   ��K��

�F ��,�4 ���FW �# D�"�� 
& '�� .�2520 �F ��4�R�#�� .���(  

 
&2-70HSP  $�site 1pst   �K�Ik�F "� �# �"��1267 

 
&2-70HSP  �KK�Ik�F "� .�"�� ��KK<�1267
& 2-70HSP 

  'KK��0���4 $KK�A  �KK(G �KKF �"     ��KKJ�� @KK<�F �KK# �KKE�

nKK�4��&   
& 8��KKg%F D�KKE2-70HSP �KKF  .��KK�Pociot � 

n�4��& �# ����� 
��� 
�"��+E  D�E    MK��2"�F �K�� �� *K:�9

 ��9��1267  
&2-70HSP      
�K�( 8��Kg%F ^�_K� �K( `�Q4"� "�

mRNA )Messenger RNA 
& 	(70HSP  �KKKK��)13( .

H�+%9� F� ��" '�� �%2��  
�K��  � ��K�E� 'K�   @K�_F    'K�� �K# �K��(

�KKF �KK�9��  $KK� 
��KK�� �KK( �KK���4Enhancer  .�KK��+� *KK+� �KK��


& '�R4��KKK� ��KKK��# �KKK# �KKK�9�� "� �KKK�"�( �"�KKKF MKKK��2"�F  

2 -70HSP  .�"�� "��KKk �KK�����2 �KK�"�( 	eE�fKK� 'KK�� �� Z�KKE

n�4��&        $K�2"�F �K�� �K�9�� �K( `�K(�F aK�%bF D�E1267  
&  

2 -70HSP n�4��& '�( `�Q4"� ��"�( 0�� �  ��� '�� a�%bF D�E

�F D"�����%#�(����E ���g� �( �%(� �_/ �( M��2"�F .���(  

  

' �   ��� �&  

 �g�K:�4 �I,�_F '�� "�-   	�K���j4100    �"�KF �Kg�  �K�"�(

      H�KK� ��KF "���;K� �KK4 �K�4 �� �KK# �K�%2� "��Kk1391   eKKb( �K(


�%�"�+�( ��������W      ����K� �;K� �K;�|2 ��;K� � i2�9 D�E

�KKI<��F �KK���+� ���KKh" ]KK/� �� )KK� �  'KK�� "� �KK��E�W �KKF��

  	���KI4 '�� �� .����# �#�� ��|j450      �K��g� �K( �%KQF �Kg�

"�+�( 
���� �( �# ����( D"�����%#�(����E  � ���� �%2� �m� "�

 ���I450      ���K 
��K�� �K( �K# ����( �I�QN ��IF �2�( D�"�� �g�

    D"�����%#�K(����E �K��g� o�bK�4 .���� �%2� �m� "� �E��

   ) �"�� �K�g�4 e��KF�W � �K�# 	D&�,�%��E w��� �(UBT   �K�

Urea breath test   *k��K9 �K# ���F� ���g� .�2� 8"�: (

2 o�b�4 	��( �Q�F 
�F�W .�� ����  

��"�( "�m�F �( �L�4��& D�E 	DNA  ��  �K����( �� *:�9 �2�(

    �K�# �� ���g%K�� �K(Rapid Genomic DNA Isolation Kit 

���� ���b%�� .    ��K�/ �K( 
��K( �� D��(DNA   obK�F �

      �,�KK�,�F D�KE"�# ��KKJ�� D��K( @K���F ��KK�/ "��K|F 
�K�

:�2� 8"�: ��� O�" �� �( �(���"� 	@���F  

1 -  ���b%KKK�� �� )KKK�DNA �KKK�"�( �KKK;< 	DNA 

 �"�W H& �� ��� ���b%��1 .�� ���g%�� �:"� 
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������ 

2 -  �� ���%��Z"����� �#�� �%F�%2���(   (�%F�%2��%�LK��)

 �m�� '��I4 D��(DNA .���� ���g%�� 	��� ���b%�� 

 ��"�( �;<  MK��2"�F ���A/G1267  
& "�2-70HSP 

 ��KK�J�� e�KK#�� O�" �KK( �KK�& �KKI_k $KK� �K�b�  ���KK+��� D�

)PCR  ��Polymerase chain reaction )L� � �� ����4 (

) ����# ���jF 8�I_k H�N M��2"�F ��� $+# �(RFLP   �K�

Restriction fragment length polymorphism =�KK� (

.���� ������� n�4��&  

 �KKI_k $KK� �KKI,�_F 'KK�� "�bp 1117  
& ��2-70HSP  �KK(

  O�" �K( � �:�A%/� �+���� $+#PCR     'K�� .�K��� �K���4

��� P��4 �E�+����  "�02�7Oligo  �b��)56/7  .���K� �9��N (

�f�� �� �/�( � �,��4   
& D��K( ��� �9��N D�E�+���� D�E

2-70HSP  �"�+� H��< "�1 ��� ���;2 .���  

     e�KK#�� D��KK( @KK���F M�0KK�W '%2�KK� �KK;<RFLP �,��KK4 	

 H�KKAjFPCR  "�0KK2� ��KK� "�SequencherTM )7081 build 0/5( 

   �KKKKKK�Ik�F '%2�KKKKKK �KKKKKKm� "� �KKKKKK( � �KKKKKK� �"��SNP   

)Single-nucleotide polymorphism M�0�W 	(1Pst  D��(

 O�KK( �,��KK4 "�KK{9 8"�KK: "� .�KK��� z�KKb%�� Z�KKE 'KK��

1Pst 8�KKI_k 	936  �181     ��KK� 8"�KK: "� � D��KK( �KKg<

 �I_k 	O�( �����< "�{91117 �F ��� �( D��( �g<   .�K�W

   e�KK#�� eJ�KK� D��KK( 
�KK��� "�RFLP H& �"�KK2��%�,� �� 	

 .�� ���g%�� �"�W  

 
�F�W) D"�FW 0�,��W2
χ "��|F 	P  
�F�W �Odds ratio (  

��� P��4  "�02�MedCalc  �b��)0/4/1/128"�: ( .�2�  

  

!���� �&  

 ��100    	�KKKI,�_F �"�KKKF "�KKK+�(50   �KKK��g� D�"�� "�KKK+�(

 � ����( D"�����%#�(����E50   '�K( �� .����( ���g� '�� �k�2 ��2

 	�I,�_F �"�F ���2� *#50      �K# �K���( $K�%L� MK/� �( �%QF "�+�(

36 
W �� �g�  � D"�����%#�(����E ���g� �<�� �E14   	�K��� �g�

 '�� �k�2  "�K{9 M�|%�F `�Q4"� D��� @�_F '�� .����( ���g�

 �KF ��IF M/� ��J�� � ��IF "� D"�����4�(����E    '����K�F .�K��(

  D"�����%#�KK(����E �KK��g� �KK( �%KKQF ���KK2� ��KK�96/39  � H�KK�

      �KI�QN ��KIF �K2�( D�"�� ���K2� ��K� '�����F74/34    .��K( H�K�

�f��  �"�+� H��< "� �I,�_F �"�F ���2� D�E2 .��� ��FW  

 ���b%�� �� )�DNA ���+� �� �F��&    �K�"�( D��K( 	�E

DNA    �"�KKW H& �"�KK2��%�,� �� ��KK� ���b%KK��1  �KK:"�

 .�KK� ���g%KK��     �KK# �KK�� 
W ����KK�( ��KK� "��KK�W D�E�KK��(

DNA  e�K#�� ��J�� D��( ��� ���b%�� D�EPCR   @K���F

�F   ���b%K�� .����(DNA    �K��+� �K+E �� �F�K�&    �"�KF D�KE

(    nK�4��& '�K�I4 .�K2� ��J�� ��|2�F �( ��"�A1267G  ��

 
&2 -70HSP  O�" $KKKKK+# �KKKKK(PCR-RFLP  ��KKKKKJ��

   
& �KK���4 �� *KK:�9 �KKI_k .�2��]KK�2 -70HSP   H�KKN �KK(  

bp 1117  �"�W H& D�" �(5/1 .���� "���W �:"�  

        �#"�KKF �KK( ��KK� �KK���4 D�E�KK��( ����KK�� �KK���|F '�KK�u+E  

bp 100   e�K#�� D��K( �%2" "�# �( D�E�+���� �# ��� 
W ������  
  

����  ���	
1 : � ����	���� �����2-70HSP  

 �+����2 -70HSP  

 �,��4 �+����   H�N)��4�R�#��(   D��%jFGC (�:"�) 

Forward Primer CATCGACTTCTACACGTCCA 20 50 

Reverse Primer CAAAGTCCTTGAGTCCCAAC 20 50 

  

 ���	
 ����2����� : � ��!" #��" #��$� ���  

D"�����%#�(����E ���g� �( �%QF ���2�  �I�QN ��IF �2�( D�"�� ���2�  


���F '�  

(�:"�) ���I4  


��� '�  

(�:"�) ���I4  


���F '�  

(�:"�) ���I4  

 
��� '�  

(�:"�) ���I4  

$�%L� M/� �<��  $�%L� M/� 
��(  $�%L� M/� �<��  $�%L� M/� 
��(  
)61/33 (23  )86/35 (27  

)00/53 (18  )66/31 (6  )38/35 (16  )40/39 (10  
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PCR   ���� O�%KK� �" Z�KKE �KK:�A%/� �,��KK4   �KKI_k .�KK��  

bp 1117  
& �( `�(�F2 -70HSP   �K�"�( �"�F ���2� �+E "�

 .���� ����4 ��|2�F �(  �K�9�� ����4 �� �I(G/A 1267  
& "�

2 -70HSP )1061581rs 	(RFLP    8"�K: "� .�K��� ��J��

  �,��K4 "�{9CTGCAG   M�0K�W1Pst    O�K( @K<�FDNA 

�%�" ��  �KF D�   	H& D�" "� � ��K�2   �K��(bp 936  �bp 181 

�F ��J��      nK�4��& Z�KIF 	�K,�9 'K�� .��#GG  �KF   "� .�K��(

  �,��KKK4 "�KKK{9 ��KKK� 8"�KK:CTGCAG  8"�KKK: O�KKK(

�+�  .��� ���( $� �( H&bp 1117 �F ��E��F     
�K�� �K# ��K�

 n�4��& ���E�AA �F   �K��( D��,� =�� �� 	w��� '�� �( .���(

 8�KK����+E nKK�4��& D�"�� D��KK2 �KKu���V .�"�� ��KK<�AA 

 	���( ���( $� �;�4bp 1117 �F ��E��F   �"�� 8"�K: "� .���

 8�KK�����%E nKK�4��& 
��KK(AG  �KK��( �KK�1117 	936  �181 

  �KF 
�K��+� H& D�" D��( �g<      obK� �K� '�K�u+E .���K

  8�KK����+E nKK�4��& D�"��GG   �KK��( �� 	�KK��(936  �181 

�F ��J�� D��( �g< .���  

 ��"���2 "�+�4 �� )�PCR  M�0�W �(1pst	    MK{E H�KAjF

 �"�W H& D�" �( �+�0�W2     D�KE��,� .�K��� "��K�W �:"�

   ���KKA4 "� ��KK��# ���KKjF M�0KK�W O�KK( �� *KK:�9 
��KK��  

 �"�+KKK�1      MKKK��2"�F �KKK�� nKKK�4��& '�KKK�I4 .�KKK�� ��KKKFW  

G/A 1267 
& "�2 -70HSP"� 	 �KKK��+� �KKK+E  �"�KKKF D�KKKE

.�2� 8"�: ��|2�F �( ��"�(  

 ��50  �KKK��g� �KKK( �%KKKQF "�KKK+�( 	D"�����%#�KKK(����E5 �KKKg�  

)10  8�����+E n�4��& D�"�� (�:"�AA 	43 ) �g�86   (�K:"�

  8�KK�����%E nKK�4��& D�"��AG  �2 ) �"�KKF4   D�"�� (�KK:"�

 8�����+E n�4��&GG .����(  

 
��F �� 	�E�� ��� "�50  	M,�� ���+�20 ) �g�40  (�:"�

 8�KK����+E nKK�4��& D�"��AA 	26 ) �KKg�52  D�"�� (�KK:"�

 8������%E n�4��&AG  �4 ) �"�F8   nK�4��& D�"�� (�:"�

 8�����+EGG   �L�4�K�& ������2 8��g4 ��"�( �;< .����(

 
�F�W �� 	�"�F � �E�� ��� �� 
��F2
χ  �K� ���g%��   
�0K�F �

855/13  =2
χ  �K�IF x_� �(  D"��0010/0  =P     .�KFW �K�� �K(

���KKK< 
W �� 	'���(�KKK�(  �KKK#050/0 < P �KKKF  8��KKKg4 	�KKK��(

��IF      MK��2"�F �K�� �L�4�K�& lK���4 "� D"��2 -70HSP   
�K�F

�"�� ��<� �E�� � �"�F ��� �"�+� H��<)  3(.  

 D"�+�( �_/ �( n�4��& �E �c� 
�0�F '��I4 D��( 	�F��� "�

 
�F�W �� 	$�%L� M/�Odds ratio  ��"�( '�� .�� ���g%��

 n�4��& �# ��� 
���AG  e��02� @Q�61/6  ���( "� D�(��(

�KKKF D"�KKK+�( ) ���KKK0007/0  =P 	76/19-21/2  ��KKK:�2 =

 
���+N�95  	�:"�61/6  =OR.(  

  

  
 ���	
 ���%�1:  &'�%("RFLP  � ���)2 -70HSP  *���+ �� ��� �)2  �,�) .�.�#bp 1117 �,�	, �# ���  

1  �2  /0��,� �1,�0)AA �,�) �2 3bp 181 3936  �1117 �,�	, �#  ���3  �4  /0��,� �1,�9,AG �,�) �# �  

bp 936  �181 �,�	, �#  ���5  �6  /0��,� �1,���	,GG �"  ;�#� .�
�)M  �1,�9, �) <�)�"bp 100  

1500 

1 

936 bp 

2 3 4 5 6 

181 bp 

1117 bp 

300 

200 
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500 
400 
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������ 

 ���	
 ����2 � �# �=0��,� �,����$ :2 -70HSP + �>� �?0" � @0A=� BC* ���	0) �) ��  

A1267G 2 -70HSP 
�E�� ���   

(�:"�) ���I4  

�"�F ���  

(�:"�) ���I4  
OR 

 ��:�2)
���+N� 95(%  P  

AA  )40 (20  )10 (5  )Ref (1   -  

AG  )52 (26  )86 (43  )76/19 -21/2 (61/6  0007/0  

GG  )8 (4  )4 (2  )02/11 -09/0 (00/1  1  

 

.�	  

 n�4��& �# ��� 
��� �I,�_F '�� �� *:�9 r��%�AG   @QK�

 e��0KKKK2�61/6    �KKKK��g� �KKKK( �%KKKK(� ���I%KKKK�� "� D�KKKK(��(

�F D"�����%#�(����E       "� �K%2� 8"�K: eE�fK� �K;�4 .���K

 M��2"�F ��� ���F�G/A1267  
&2-70HSP  P��4 	��IF "�

Tahara      "� $K�%L� MK/� �K( �%KQF 
�"�+�( D�" �( 
�"��+E �

      �K�� �K# ��� 
�K�� eE�fK� 'K�� .�2� 8"�: '��& ��I+<

�F 
& M��2"2-70HSP         �K( �%K(� ���I%K�� �K( M�|%K�F "�KN �K(

  nKK�4��& �KKF� 	�KK��� `�KKQ4"� "� $KK�%L� MKK/� D"�KK+�(GG  �KK(

    Dy�K( ���K2� "� ��K���t� M/� �( �%(� �_/ e��02�60   "� H�K�

 ��� `�Q4"�)11(.  

Shibata      D�" �KK( �" MKK��2"�F �KK�� '�KK+E 
�"�KK�+E �

     
�K�� r��K%� �K# �K���( ���� ��J�� ��IF 
�N�� �( �%QF 
�"�+�(

 nKKKK�4��& ���AA  
& ��2-70HSP  ��KKKK���< "�1267  �KKKK(

    ���K+E �K���& 
�K�� "� ��IF 
�N�� �( �%(� �_/ 
�0�F '��%+#

 ���)14(�I,�_F "� .     MK��2"�F �K�� D�" �K( D�G/A1267  
&

2-70HSP      r��K%� 	)��K4 "� 
�%K�� 
�N�K� �K( �%QF ���2� "� 	

) 8�����+E n�4��& �# ��� 
���GG (
�0�F �_/  D"�K+�( �" 

e��02� �F �E� )15(.  

 M��2"�F ��� '��u+EG/A1267  
&2-70HSP  
���� �(

 T�K� �"�� D��( �_/ *F�� $�     �+�K��� � �K�4�"�# D�KE

  =�K� �K( �%QF 
�"�+�( "� D0�F 2     PK��4 �����K����4W �K(���

Giacconi   *K:�9 r��%� .�2� "��k ��"�( �"�F 
�"��+E �

 n�4��& �# ��� 
��� ��"�( '�� ��AG  �GG   �F MKE �K(  @K<

T�� �"�� �_/ e��02�    "� D0K�F �+�K��� � ��4�"�# D�E

=�� 2 �F ���������4W �( �%QF 
�"�+�( �(���  ����)16( .  

 r��KK%��KK�� �,�KK+%9� eKK|� �KKI,�_F 'KK�� �� *KK:�9  MKK��2"�F

G/A1267  
&2 -70HSP   �K��g� �( �%(� ���I%�� e��02� "� �"

�F 
��� �I,�_F �"�F ��I+< "� D"�����%#�(����E  �KE� \  '��K(

 n�4��& D�"�� ���2� �# ��IFAG   D��K( D�%��( �_/ ��IF "�

�F $�%L� M/� �( �%(�     �KI_k eK|� '�K�I4 �;< 	�V �� .����(

���%� �I,�_F ��� ��y 	M��2"�F ��� '�� ��� 8"�: D�4.  
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