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����������� 	
�������� ��
� �� ��	 ���������� ������ �� ��� �	����	� �� ��
	��	����� �	������	 ��� ��������� ����������� �������	� �� ������	� ������� ���
����	� ��� �������� ����	������ ���� �� �
����
 ����� ������ �������	�
�!	� ����	�����	 ������	� �� �	�����������	� �	�����" ��� ��	# �	�� �� �	 ���
���$�	�	 �� ��� �$�������	 %�� ��	 ���	�� �	�����" �� �	�� �� ��� ���&�������
�� �	����� �	$���	� �� ��	 �������	 ��� ��� ��$$�	�	����# �����������" ���	��
�� ��	 ���	�� ���	�����	 �� �	�	����# '���" ��	 �����&����	 �� � ���	 �	�����	
�����	�	�� �� �����" �$	��&����# �� ���	������� ��� �$���	 �� 	
$	���	����
�	�����" �� �	���	���	�� (��	� ��	 ����������� �� ������ ���) ��� ���� $��$��	�
�� �	��� �� ���� 	Æ��	��# ��� �������#" �
*� ����� �� ������� ����������� ��
�� � �������� ��$������	 

+	�	�� ���	����	 �	�	���� �� ������� �������	 $���	����� �� ��	 ���������� ���
���� ������,� ��� ���	 ����� $����	�� �� ��	 	
�������� �� �������	� 	��
����	� ��� ���������� ���	�������� �	 � -./" -0/" -1/�" ��� �����	� ������	�	��
���	� �� $��$������� ��� ���������� ������� ����������� �	����� � �����	��	 
�� $���������" ��	 ��$������ ���) �� ��	����#��� �	� 	
$	���	���� �	����� ��
���$�����	� �# ��	 ����	 ����	� �� ����	�	��� ���	 �� 	��� ������	 ���� $	��
���� �� �	����� �� �	�	���" ��������� �	�	�	��	� �� $�	����� ���) �� �	�� ��
�	������� �	����� ��� ����	����	� '�	 ���	 ����������� ������ � ���	�����
	�	��" ��� 	
��$�	� ��# �	 $�����	� �� � �	� �	����" �� � $�	������# )����
�	����" �� � ����	����	" 	�� " ���� ��" �� ��!	�	�� ��	������� ����	
�� 2	����	
����	�� �
 �	��	� �� ������	 �	
���� ��� �#������� $���	���" �� �� ��� �	������	
�� ��	 ��	������� ������ �� ����������� 3� � ����	��	��	" 	
������ �	������	�
�	�� �� 	
����� ��� �	����� ��
	� ���� �	� ��	�" �	����� ��	 ���	� ���������
���� ����	�� 4	 	
$	�� ���� � ��	������� ����#��� �� ���������� �	
�� ��� ���
�����$������� ���� �
 ���� $�����	 � �	��� �� ����	�� ���� $����	� 

3� ��	 &��� ��	$ ������� ���� ����" �	 $��$��	� �� -5/ ���������� ������# �	
��
�� �	��� �� ��	������� ���	� ���� � ������� �	����� ����� � ���	�	 ����&	�
���� -6/ �� -7/" �	 ���	 � ����������	 ����#��� �� ��� ���$�	 ������������	�
���� ��� �	�����	� ��� ���� ���	� ��� �	 ��	���&	� �# ������ �� ���� $�$	�"
�	 $�����	 � ���$�	�	����	 ����������	 ��� �����������	 ����#��� �� ��	 $���
�	�� ��� ��	 �	����� �� ���	 ����#��� �83� �� ��	 ������������	� ����" �	�����	
���	 $�	�������# ���) �� ��������� 83 ��� ������� ��� �����	 �����$�������
���� ��� ����	���) ��� �
 

'�	 ������������ �� ��	 $�$	� �� �� ������� 4	 &��� ������� �� ���	 �	����
��	 ����������� ��� 83 �� ������#" ���� �� �
 $	��$	����	 ��� �� ��	 ��	� ��
$�	����� ���) �9	����� 0� 4	 ��	� ��������	 ��� ����	���) 4	 �	�����	 �	��
	��� �������	������� �� ���������� ������	� ��� ��������	 ��� ���������� ���	�	
��� �������	� ���� �9	����� 1� 4	 ��	� ��	� ����� �� ��	 �	������ $���	��

0



�� ����� ���	� ��� �	 ��	���&	� �# � ����� ��������� ��� �	�����	" �����#
����������	�#" ��	 ���� �	����	� �	����	� ��� ��	���&������ �� 	��� ���	 �����
�9	����� 5� '� ��������	 ��	 �	����� �� ��	 ���������� ���)" �	 ���������	 ��	
������������ �� ���	� �� ��	 �������	� ������	� ���� �������# ��� �����������	�#
�9	����� 6� %�����#" �	 ������� ������� ��� �����	 ���) �� ��������� 83 ���
��� ���	������� �� �
 �9	����� 7� 
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4	 ������� �	��� ��	 �������� ����	� �� �����, ������	� �� $���$������� ���
���������� ������� ����������� ��� �	�����	 ��� 83 ��� �	 �$$��	� �� �	�$
���� $���	�� 

%����" �	 ����	 ���� ��	 ����	�� �
 �	������	� �� ��� 	!	����	�# ����� ��
�� ����������� �	��		� ��!	�	�� )���� �� ������� �����������" �������� ��$��
���� �������� ���	���� ��Æ��	�� ��� ���� $��$��	 �� $���������" ���������� �����
��	� ������	 ��	��� ����������� ����� ������� ��	������� ������	� �������&������
�� �	
� �� �	��� �� �����	������� ��� ���	��	����� ������������" ���� �� �	�
�� ��� �	�����: ��	 ������*� ��� ���) �� ���	���# 	��	*� ���)" �� ���������	�
�	��� ����� �������	 �	�	�	� ����	�� �����: �������	 �� ��� 	�$������;

�.� �
�
�� ���� ����
�� ����       �� ������	� �� �,< �	����� �� ����
������ �	��� ��	� � ��
 ���� ��
�
��
� �
�
 ����
�� ���� �� �	���
���	 ����	� �� �,<� ��� �	 �	���	� �# �
+ �	�������     �,�391"
$ .=>?� �

'�	 ��� �	��	��	� ����	 ��	 ���� ���	�$�	�	� �� ��)��� � ���������� ����	�
�	�� @��	�	�" ��	�	 �� � ������� ��!	�	��	 �	��		� ��	 ��� ����	�	��� '�	
&��� ����	�	�� �� ���	� �� $�	����� ���� $�����	� �� ��	 ���	�����	" ��	�	��
��	 �	���� �� ���	� �� ��	 ������*� ��� ���� $�����	� �� ��	 $�	�	�� $�$	� 
3�����������# $�	$���	����� ��	 �	
� �� �	��� �� ��	 ��	������� ������ �� ���
��������� $���� �� ��	 �$$�������� �� �
 ������ �	�$ �� 	
����� �����������
����� �	� �	����� �� ������	� ��� 	
	�$��&	� �� ��	 �	���� ����	�	�� ����	� 

9	����" �� ��� ��	 ���$	 �� �
 �� ������# ��� ����	�# �����	� �� ��������� 3��
�����#" ���	�	�" ��	 ���� ������ �	 ���� �	
��" ���	� ��	�� ���� ����	� �����	�
�� ����������� ��� ��	 ����	����� 	��	 �� ���	�� �	 � ������	 ������� $������

� "��
�	����� ��� ����
� �	 �� ������� �� ����� ����� ��� ���
�� �3 ��� ���� 
���
451$678�� 3������ �	 ����
� !������ ����
��� ��� �������� �� ��� 46���
� ������ !������
����
���8 ��
���� ������ ��� ��� �	 ���� ������
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��� ����	������ ���� �� ,A2�
���	������ %������� �� ���� ������	�" ���	�	�"
�	����	� 	
$������ �	� �
 �	������	� �	����	 ���� ������	� ��	 �������������#
���	 �����	����� ���� ��������� %�� 	
��$�	" ���� �	
�� $�	�	�� ���� ���	
���$�	
��# �� ��	 �	��	��	 ��������	 ��� ���������# �	 � ���	��	� $����	�"
	��	��	� �	��	��	�" �������������� �� �	���" ���$����� 	
$�	������� '�	��
����#��� �	����	� � ���� ���	 ���$�	
 �	� �� $���	��� ��� ���������� ����
����	 ��������	 �� 	
������ �
 �#��	�� B�	 �������� �� ���� $����	� �� �� ��	��
���# ��	 $���� �� ��	 ������	 �	�	���� �� ��	 ����������� �	 ��	 ���	�	��	� ��
�	���	 ���	�$���� � ���	 ���$�	
 ����#��� '��� �� ��	�	 ��	������� ����#���
��� �	�$ %�� 	
��$�	" �� �	 ���� �� 	
����� ����������� ����� �	����� )���� ��
���������� ���	�������� ����� �# ��	 ������" �	 ����� ����� �� ��	 ����	�	���
�	�������� ��	 ������*� ��� 	
$	���	���� �	����� ��� &������ ��� �����	 ���
���	� ����	�	��� �� ��	 �	
� �	 � �� ��	���	� �� $�	����� ���) �� �	�������
�	����� �� ��	 	
$	���	���� 

'����" �	����	 ����	�� �
 �	������	� ��������# �	�# �� ���	� ���	� �� ����
���	 �#������� ��� ���$��������� ����� ��	# �� ��� $�����	 ��	 �	��� ��
	
����� ����������� ����� 	
$	���	���� �	����� �� �� �������	� ����	� @���
	�	�" ��������� �	��� ��� ���������� ���� ���� ����� �	 ��$������ �	����	
	
$	���	���� �	����� ���# ��)	 ���� �	��	 �� ��	�� �	������ �� ���	� �����������
���� �� ��	 	
$	���	���� ���� ��� $���	���	 83 ����� �	�$ �� ����	�� ����
$����	�" �� �	�� �� �� �	�$ ����	���# ��	����# �	����������	 ��� ���$�����
�	�	�	��	� �� ��	 �	
�� �	 � ���
� ��
�	�
: ��� 

%��� ��	�	 $����� �� ��	�" �	 	
$	�� ���� 83 ��� $��# �� 	��	����� ���	 ��
�����, ������ �� ��$���	 �
 

��� ���������
 �� ���������	 �
�	�
�


,�	����� ���) �� ��	������� ����#��� �� ���	���&� ������	� ��� �	 ������&	�
������# ���� ��	 ��������� ���	����	�:

�
��
 ������	� '�	 ����#��� �� ��	 �	
� ��������	 ��� ���������� $��$	���	�
����� �� 	��� �	��	; 	 � -C/" -?/" -=/ 

�	������
 ������	� '�	 ����#��� �� ��������	 �	������� �� � ��	��������� ������
���	 	 � +�	������� 9�������	 '�	��# �+9'� �# -.>/ ��� �� ����#��� ��
�	��� �� ����	$�����#��	&�	� �	������� �	 � <3A9
" 9B�A'�B� ��� ���
'
+,+
'3'�B�� ��� ,	�� ��������	 '�		 2��) �,�'2� �# -../ ��� ��
����#��� �� �	��� �� ��������	 ����	����	� �	 � �����
� ��� ���������� 

�����
����	�
 ���	�� '�	 ����#��� �� ��	 ������ ��	������� ������ �� 	���
�	��	��	 �� ���	� ��������	�� �� ��	 �	
�" �������� ��	 �	
� ���� ���	� ��
� D�� ��������	 	 � 4��) �# -6/ �� �	��� �� ���	� ���� �� B4� ��� ��	
������*� ��� ���) ��� B'@
+ ��� ���	���# 	��	*� ���) 
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4���	 �	 ����	 ���� ��	 ����	 ��� ��	 �������� �� ���� �	��	 ����#��� ���
��������	 ����#���" ��� ���) &�� �	�� ���� ��	 ���� ���	���#" ����	 �	 �����
�� ��	 �#$	 �� ����������� ����� �� ������ �� ��	 ������	 %�� 	
��$�	" �� ���
83" �	�	�	��	 �� $�	����� ���) �� E���)������ �����������* �	����� �� ����
��	��	� �� �� ��$$���	� �� �	���	� �# ��	 ������ ���	� �� ��	 ������	 '���
��!	�	��	" ���	�	���� �� ��� ���)" �� ������	���� �� ��	 ���	� ��� ���	� ��
�$$����� �	 � 9A,,B+' �� 3�'�'@
9�9 �	������� �� +9'� 

�� ��	 3$$	���
" � ���$�	 ������������ �� +9' ����#��� �� $�����	� �� ���$���
���� ���� ��	 ���	 ����#��� �� ��� ����	���) '�	 ������������ ����� ��	 �#$	
�� ����������� ��$������ �� ��� ���) ��� 	
$����� ��# �� �	����	� ��	���������
��������	 �� �		�	� �� ��� ���) �� ��� ���)" $��� �� ��	 ����������� �����
��	 ��������	" 	�$	�����#" ��� ��	 �����	������� �	�	��$�" �� 	
�����	� �� ��	
$���	�� ��� �	��� �� ���	� ��� ������������ �� ����� ���	� �$$	�� �� �	
�� 

��� ��
�
� �� �����	 �� �	�

B�� �$$����� �� $����# ���	� �� ��	 ���) �# -6/ '�	�� ���) �����	� �� �����
����� �	
� ������������� �� ���$��	� ���	��	 ������	� '�	# $��$��	 ����#��
��� ��	 �	
� ���� ��	������� ���	� �� � D�� ��������	 �� �	��� �� �����	�������
��� ���	��	����� ����������� '�	# �!	� � ����� �� �	�	� ���	 �����	� ���������
3�� ���	 ��� �� ��	 $�	�	�� ���)�" 23<F(+BA�� ��	�	��� ���)�������"
B'@
+ ����	� $	�$�	*� ���)�" ��� B4� ���	 ������*� ��� ���) �	�����	�
�� ��	 $�	�	�� $�$	�� -6/ �	$��� ���� ��	�� ���	� ��� �	 �� � ����	 	
�	�� �����
��������# �	�	��	� ����� ��" ��� �	��������	 ��	 ���	 �� ������ �� ��$������
��	 ������# �� �	
� ������������� 

B�� ����	�� ����� �� �� ��	 ���������� ������" ����	 �	 	�	������# ��� �� �
�	�	���������� �� � ����	� ���	���&� ������ �� ��	 	
�	�� ���� ���� �� $������	 
4	 $��$��	 ��� ���	�	 ���� ���� ��������$	��&� ��� �	�	��� $	��$	����	� 
%�� ��	 �����" ��	 ���������� ������ �	�	��	� $��������� ���	����� �� ��� ���
�����" ���	� ��	 $�	����� �		� ��� �����, %�� �����	� �����" ��	 ��������
��� ������ �	��������	� �����	�	��# �� ���$������ ���� 	 � ��	 ������
�� ���$��	� ���	��	" �� �������	� �# ��	 ������	� �	 ���	������	� '��� �	
������	� ���� �� ��)	� �	��	 �� ��)	 ��������	 �� ���� ��������$	��&� �����
���	������� �� �	������� ��� ���	�	 �� ���� �������" �	 ��� �� �����������
�	��		� ��������$	��&� �������	��� ��� �	�	��� ��$���	�	���" �$$������	
���� �� ���	� ������� ��������� ���$��	� ���	��	 
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� ����
 ��!

%�� ��	 �	����� �	�����	� ����	" �	 ���	 ���	 ���	 ����� ����&�������
�� ��	 �������� ���	�	 �� -6/ '�	�	 ��	 ��� ����	$���� �����&������ ��� ��� �
����	� ���) �� ��	 ������*� ��� ���) �������� �� ��	 	
$	���	���� �	����� ��
���� �������" �	 &��� �	�����	 ��	 �	�	��� �������	������� �� ���������� ������	�
��� ��	� ��������	 ��� ���������� ���	�	 �� �	��� �� ���	 �����	� ��� ��	
$�����$�	� �� ���������� 

��� ��
���	 ����������
���
 �� ���	�����	 �����	�


'�	 ���������� �������� �	 ���	������	� ��		 9	����� 1 6 ��� �	������ ���	 � �����
�	����� ������" ���������� �� �� G3�������H ��� ��	 G������������H" G���	�����
��� �	�����H" G+	�����H" ��� G�����������H �	������ ��	��	�����" ��	 ��" ��"
+�" ��� ���	������" �	�$	����	�#� �� ���� �������" �	 ����� �� ��	 ���� ����
�	������" 	
������� ��	 G3�������H �  

'�	 ������	� ���	������	� &� ���� �� 	
$	���	���� ����	���) ��� 	��� �	�����
	
	�$��&	� � �#$���� $���	�� �� �����	������� '�	 ����	 ������	 �� �������	�
�� ���	 ���� $����	��������� ���) ���� �� E��	 ��	���&������ �� ��	 	!	�� ��
��� �	�	���� �� ���	����� )	# �#� ���������* �� E��	 ��	���&������ �� ��	
�	�	$��� ��� �3( ���� 	����� ���$��������� �����	� �� �	�����* '�	 ����
���) �� �����	� ���� �����	� $����	��������� ���)� 

4	 ��� �	�	�����	 �� ������� � ;

� '�	 ���	����� ��������	� ��	 ���� $����	� �� �	 ����	� ��� ������	� ��	
����	�� �� �� ������	 

� '�	 ���	����� ����	� �	������������ �	����� 
� '�	 +��	����� ����	� �����	� $����	��������� ����� �� �	��� �� 	
$	���	����

$���	���	 ��� �	����� ���� ��	�� ���	�$�	������� 
� '�	 ���	����� �#���	���	� ��	 �	����� ��� &������ ��� $�����	� ���������

���I$���$	����	 �	���)� 

��$�������#" ������� ����������� �� $�����	� ������ �	������: ���� � �����	�
$	��$	����	 �� ��	 �� ��� ��	 ���	������" ��� ���� � ���	 �$	��&� $	��$	����	
�� ��	 �� ��� ��	 +��	������ �  '���" �	 ������ ���$�# �����	 � �$	��&�
�	����� ���� ����� �� 	
����� ��	 ����������� �	 �		� 

� 6��� ����
���� ������� ������� ����� ���� ��� 0� ��� ��� 3���
����� �� ��� 
���

���� 	������ "��� �� 	�
�� �� ��� �������� 9���
���� 	������
� :�� ������� �	 ���� ����
����� ��� 	�� ������� ;<= ��� ;>?=�
� 6�� 6�
���� @ 	�� ��� ������
����� �	 ��	�������� �� ����� �	 #�����
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B�� ���	 �����	� ��	 �	����	� �� 	����	 ��� �#��	� �� 	
����� ��	 �#$	 ��
����������� �� ��� ����	�� '�	 ����� �����������	� �� ��� ���	�	 ��	 ��	
��������� 

�.� 8��	 �����	� ��	 �����	� ���� ���		 ����$� �� ��	 �	������ ����� �  '���
�� ��� ����	$���� ������# �� ��	 ���������� ���)" ��� ��� �����	 �	$�	�	��
�������� $��$��	� ��	� �	 ��	 �$$��$����	 �������	 

4	 ������	� ���� ��	 $��$��	� ����$��� �$$��	� ������ ��!	�	�� ���	��
��&� ������� 

�0� 3 &�	������	� B4� ����� �� $��$��	� �� ����������� �	��		� ��!	�	��
��$	��� �� ��	 ������*� ��� ���) 

4	 ������	� ���� � &�	������	� B4� ����� �� � �	�	��� �	�	����#" ���
������ ���� ���� �$��	 �� ��# ������	 �� �	���	� �� �	�������� ��	 ������*�
��� ���) �  '�	 �$	��&� �	� �� ��������	�" ���	�	�" ��# ���# �	$	�����
�� ��	 ������ '�	 ��������	� �	 $��$��	 �� ��� ���	�	 ��	 �	����	�
��� ��	 ���������� ������	� ���	������	�" �	�������� ���) �������	� �� ��
	
$	���	���� ����	���) �� ����	 ������	� �	 ����� ������� �	����$�����
$	�������� �� ��	 ������*� ���) ���� �� �	������������ �	�����" �����	�	
	
$	���	���� �	�����" � �����	� ����	� �� ����	�	��� ����� ��	 ���	�$�	�
������� �� ��	 �	�����" 	�� %��� ��	 �
 $	��$	����	" �� �� ��$������ ��
����������� �	��		� ���� ��!	�	�� )���� �� ����������� 

�1� <�� �<���	������ ��� �%% ���!	�	��	� �����	� ��	 �	&�	� �� ��$���	
����	�	��� ����� ��	 �	������� �	��		� ���� ���I�� &������ $�����	� �#
��	 ������ �� �# ���	���# 	��	 '�	�	 ��	 	
�	������ �� ��	 239�9 ���
<B�'+39' �����	� �� -6/: 239�9 �� ��� ��	 ����	�	��� ����� ���	� ���)
�� � ����� ��� ��	 $�	�	�� ���) ��� <B�'+39' �� ��� ��	 ����	�	���
����������� ��	 ������*� ���) ���� ���	� ���) 

'��� �� � ��������$	��&� �������	�� �� ��	 ������ �� ���$��	� ����
	��	" ����� -.1/ ���	������	�" ��	 ����� �� ���$������ �� �� ������� ��	
�����	 ��� �����&����	 �� ��	 ������*� ���) �	�����	 �� ���) �# ���	�� 
�� ��������" �� ��	 ������ �� ������#" ��	�	 ��	 �	��������# �� ����	�
	��������	�" �	 ���	��	� ���� ��	 ����� �� �� � ���	 �	����� ���$������
�	��		� ��	 ������*� ����I&������ ��� ����	 �# ���	�� 

B�� ���$�	�	 �	� �� ���	 ����$� ��� �����	� �� ����� �� '���	 . 

� ���� �������� �� �� �����
����� 	��� ��� ������� �������� �� ;A= �
� ;@= ������ ���� ABC �	 ��� ����� ������
�� �� ����� 
����� ��� ��������� �� /&1�

C
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'�	 ����������# �� ���������� �� ���	�	���# � �������	����� ����	 B� ��	 ��	
����" �	 �		� �� ���	� ��	 �	���������#��������	� ���	 �����	� �� ���	�	�� ��
$��$��	� ����	 B� ��	 ���	� ����" �	 �		� �� ������ � ���� �	�	� �� ����	��
��� ���������������� ���		�	�� ��� �� ��)	 ��	 ���) ���$�	� �� �	��� �� ��	

?



����	� �� ��	$� �	����	� %�� ��	 ����	� $��$��	 �� 	 � �	��	� ���	���	�" �
&�	� �	�	� �� ���������� ����� �	 �$$��$����	" ��	�	�� ��� ��	 ����	� $��$��	
�� 	 ���$�����# ��� ��������� ���		�	���" � �����	� ���������� ����� �	
�	��	� �  3� � ����	��!" �	 �	���	� �� ��)	 ��	 ��������� �$$����� �  

�� �	�	���" ��	 ��������� $���		�� �	��	��	 �# �	��	��	 �� � �	��	��	 &��
�	���������# ���� � �����	 ���	 �����" �� �� �������	� �� � ���	 �� ���� ����� 
�� �����	�� �	��	��	� &� ���� ��	 ���	 �����" ��	# ��# �	 �������	� 	���	�
���	��	� �� �	$����	�# �� ���� ���	�" 	��� ���$��	�� �	��	��	 ���	� ����
��	 ����	
� �� ��	 ���	 ���	 ����� 

�� ���	 ���	�" � �����	 �	��	��	 �������� �� �����$�	 ��������	��� &����� ����
��!	�	�� ���	� <	����� �#$	� �� ��������	��� ������# ��� �� ���	$	��	�� ���	 
'�	# ��	 �������� �� �����	�" ��� ���$����	� '��� �� �	����	 � ��	������� ����
��� �$$��	���# ����	�$���� �� � $��$�������" ��	 ����	�� �#������� �����	�$���
�� ����� �� � �����	 	  4	 ���� &�� ���� $�������� ��� ��	 ��������� �	����� 
B�� 	����	� $��$���� ��� �� ��	 � �	��	��	 �� � ���� �� ���������� @���
	�	�" �	 ���	��	� ���# ���	� ��	�	 � �����	 �	��	��	 �������� �� ��������	���
�	 � �����	�� $	�������� �� ��!	�	�� ��	������� ������	� �� ���� � ���	" ������
� �����	 ���������� �� ��	 ����	 �	��	��	 ����� �	 � $����	�" �	����	 �� ��
��� ������� �� ��� ��� ��	 ��������� �� ��	����# ��	 E���� ��$������I�	�	����*
���	 ����� ��� ��	 �	��	��	" �� ���	��	� ������ ��� ���������� ���) '���" �
�	��	��	��	�	� ���������� ����� �	���� �� �� ���	����������� ������		�	�� �� 	 
������		�	�� �	��		� �����$�	 $	�$�	 	����	� �� ����������� '�	�	���	 �	
�	���	� �� ��	 �����	��	�	� ���������� 

,��$��������" ���	�	�" ���	 ������	 �#������� ����������" �� ���������	� �� ��	
��������� �	��	��	; E+	������ ��	 ������ �� J �	����	� �� K* �J ��� K ���
�����	 ���$	��&	� ����	�� ������ @	�	 ��	 ����	�� E+	������ ��	 ������ ��
J* 	
$�	��	� �� 	�	�� ����� ��	 ������ ��� 	����	� ��" ��	�	�� K 	
$�	��	�
��	 �	������� ����	 �� 	�	�� '��� ���� �� ��	�	 �	���������# ����	�$��� �� �
$��$�������" �������� ��	# ��	 ���� $����	� ����	�� �� �	��	��	� '�	�	���	
�	 ������	� ���� �� �� �	�	����# �� �$	���# �� �#������� �	��� ��	 ��������	��
�#$	� ����� ������# ��� �� ���	$	��	�� ���	 �� ��� ���	�	 B��	����	 �	 ��#
��������	 ��� ���# �	�	�� �� ����������" �	����� �� ��� ���$�	
 ��� �	����	�
�	����� �	 � �� ��	 ���� $����	 �	�	�� '�	 &��� ���� �� ���� ��������	�� �#$	�
�� $�����	� �� '���	 0 

� :�� �������� ���
������� �� ��� ���� �	 ���������� ���� �� �� ����� 	����������
��� 	�� ������� ;>9= �� 06� ��� ;>>= �� 53�'�
� :�� ��� ���������� ���������� ������� 	��� � ���� ���
��
�� ������
����� ��� ;>@=�
	 &� ����� ���� ���� ���� ;>9= ��� ;>>=�
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4	 ���	��	� ���� ��	 �	��	��	 ��������	 �� ���� �	
�� �� ����	� ���$�����	�" ���
���� ��������	��� ��	 ���	� �	��	� '#$���� ���	� ������ � �	��	��	 ��	 �	�����	
�����	� ��� ���� ����&������ �� ���	� ���	� �����$�	 �	��	��	� �� � ����	
&� ���� � �����	 ���	 ����� #	� ���	 $���� �� �� &� ���� ��!	�	�� ���	 �����	� 
'�	�	���	" �	 ������	� ���� �	��	� ���������� �� �	�	����#" 	�	� ������ ��
���$�����	� ���������� 4	 ����� ��� � 0��	�	� �	����� ���� ���	� ������ 	���
���	 ����$ 

4	 ���� &�� ��	 �		� ��� �����$�	 ���������� �� � �����	 ���� 
�$������ �����
#��� �������	� ���� 	�	� ������ ���	 �����	� ��	 ����	$�����# ������	���$$���"
�� ���������� ���� ��# &� ���� �����$�	 �����	� '��� ��" � ������	 ����������
���� ���� �� � �	��	��	 ��� � �����	 ��# �	�� �	$�	�	�� ���$�	
 ����	$�� 
'��� �� �	����	 ��	�	 �� � �����	$���# �	��		� � �#�������I���$��������� ���
� �	������ ���� '�	 ��������� 	
��$�	 ���������	� ���$�	
 ���	� ����������
�����$�	 ���������� ����� �������	 �	�	�	� ����	�� ������ 

�0� 9������ ��3 )��)� �	�	 ���� ���	��	� �� ��	 ���$�	
	� ����    ��	� �"
����� ���� ���������� ����������	� ���� ��� ������ �L    ��3+7" $ 0>?1�

.>



9	��	��	 �0� ���� $�����	� � �	���� ��� ���$��	� �� ���� ���	� �	����� '���"
��	 �	��	��	 &�� ���� +9� ��	����� ��� <�� �����	������ ���	� ��������	����# 
�� �� � ���	 �� ������	� ���	�" ����� �� ����	$�����# �������� ���� ���	�	����
���# �	��		� ��� ���	� ��� ��	 ���	 �� ���	�	������#" ���# ��	 ����	� ��
	
$	��	�; '�	 ��	����� �� ���� �� ��� ����	� �

<�����	� ���	� ��	 $�	���	�# �$	�)��� ��!	�	�� ���� �	��	� ���	� '�	 ����	�
����	�� ��	 ����������� �� ���	� �� ��	 ���	 �	�	�" ��	�	�� ��	 ����	� ����	��
	��	����� �� ���	� @��	�	�" ����	���# �	 �������	 ������	� ���	� �� �	��	�
���	� ������� �� ��	������ ���$	 <�����	� ���	� ���	�$�	�	� �� ���� �	��	 ��	
��� �	������	 �� ��	 ���	���� �� ���$��	�� ���	� ��� ���� ���	 <�� ��� +9�� 
'��� ��	 ���	 ���������� �� �0� ��# �	 	���	� �� ��	 ���������;

�1� � - - 9������ ��3 )��)� �	�	 ���� ���	��	�       /��� /���
� - - 9������ ��3 )��)� �	�	 ���� ���	��	�       /��� /���

�� �

������
 ����

4	 ��	��	� ��� ��������������� ���� ���� � ����� �� 0> ������	� �������# �	�
�	��	� ���� ����	 $������	� �����	 �	��		� 0>>0 ��� 0>>1 �� ���� ����� �����	
�������� �
�2B; 
���$	�� ���	����� 2�����# B�����������" �3+; ����	��
3��� +	�	����" ,�39; ,���		���� �� �������� 3���	�# �� 9��	��	" ��� M<2;
M������ �� <	�� 2�����#� 

3 �����	 ��������� �� 	 ��	 &��� ������ �� ��	 $�	�	�� $�$	�� ��� 	����	�
�� ��� ��	 ��������������� 3��������� ���) ��� ��	 �	����I�	������ �� ��	
���������� ���	�	 ���	 �		����) �� 	��� ���	� '��� ��" ��	 &��� ������	 ���
�������	� ����� ��	 �������� ���	�	 $��$��	� �# -6/" ��� ���	 ����&�������
�� ��	 ���	�	 �	�	 ���	 ���	� �� ��	 �	����	�	��� ���� ��� �
 $	��$	����	 
'�	� �����	� ������	 ��� �������	� ����� ��	 �	���	� ���	�	 ��� �����	�
	����������� �	�	 ���	" ��� �� ����� 

'��� ��	�����	 �$$����� ���)� ��� �	����	 �� ���������� ���	�	 ������ �	
�	����	� ���� �� � ��	��	����� ��� �� 	�$������ ����� %�� 	
��$�	" ��	�	 �	�	
�	�	��� $��	����� ��#� �� �	&���� ��	 &�	������	� B4� �����	� �� ��	 ���� ��
���������� �	 � �	��	��	" �����	� 3� ��	�� �������� ��� ���# �	 ��	���&	�
���	� �������# ���)��� �� ��	 ������	� �� ��	 ������ ���	� ����# ��� ����� ��	
���������� ���) 3��	� ������ ���)	� �� �	�	��� ������	�" ���	�	�" �	 ���	
�$ ���� � ����	� ��	�� ��	� ����� ��� ���������� ���	�	 

3� ��	 ���	�� �	 ���	�*� ��	� � �	�����	� ���� ��� ��	 ���������� ���) 4	
��������	� ��	 ������	� �� 4��� �����	��� ��� �������	� ��	� �# �������#
���	����� �����I	�� ���� �� J��������� '�	 �������	� &�	� �	�	 ��	� ����
�	��	� ���� �	
� ������ 3��	� � ��	����$ $���	�� �	 � ����	����� �� ����#$	�

..



���	��� ��	 ���� ��� $���	��	� �����	� ��� ����������� ����#��� �� ��	����#" ���
	
��$�	" ��	 ������������ �� ���	� ��� ��	��� �	����	� �	���	� �� ��	 ��	���&�
������ �� ���	� 4	 ���� ��	 �	������� �����	� ��	 83�93�. �����	� 

" #�	� �
����
� �� 
��� ���


'��� �	����� �	�����	� ��	 �	����	 �#$	� ��� ��	 �	������ $���	�� ��	� �# ��	
����� ��������� ��� ��	 ���� �������	������� �� 	��� ���	 ���	� �� ���
���������� ���) ��� ���� 

��� !���
��
 ���� ��� � ��"�
 �

������

%����	 . $�����	� ��	 �	������ ��		 ��	� ��� ���������� �# � ����� %�� ��	
����	�� ���������� �� ��# ��������	�� ��� ���������	� �� '���	 0�" �� �� ��$������
�� ������	� � ����	� ����	
� �� ����� ��	 ��������	�� �$$	��� %�� 	
��$�	"
��	 �	����$���� �� �� 	
������ $����	� ��� �	 �������	� �� ,2� �,����	��
�	������ ���# ��	� ��	 $����	� �� �	�	���� �� ��	 ���������� ��� ��	 ������*�
$�	�	�� ���) B��	����	 �� ������ �	 �������	� �� 2F( ����	�� 

��� #������ ����


'�	 ���� �	��� ����� ��	 ���� �	����	 �#$	� ����� �	 ����� �	�$��� �� ���
���������� ���) '�	 ������������ �� 	��� �	����	 �#$	 ����	� ���� ��	 ���	
����� �� �����	� '�	 �	����	� ��	 ���������	� �����	� �� ��	 ����	��	�� �	������ 

� �	
����; ����� ��� $����	� ���� � �$	��&� �	����� 
	 � . 4	 ������ ��	 �	����� �� ��� 	
$	���	���    
	 � 0    ��"��

 �
�	��� 

� ���� �	��; ��	 �	�� $��#��� ��	 �	����� ���	 �� � �	��	��	I��������	�� ��
��	 ���	 �� �� 	��	��	� �	��	��	" ���� �� ��	 �	�� �� ��	 ���� �����	 

� '	��	 �$���" $�	�	��" ��� $�	�	�� $	��	���
� ����� ��
������	� �	 � $��	�" "����" ��
�
� 9	����� ��" �" +" �� ��� ��	 �������� ������ ��	 �	����� �� � $������$� �	 � 

�	�������" �����	" 	���
� 9	��	��	�&��� �������� ������� ��	 ����	 �	��	��	 �� ��� ���$	�" ���������

�	����������� �� $�	����� �� ������� ���) �# ��	 ������
� +	�	�	��	 �� %����	 �� '���	 �	$�	�	����� ��	 ������*� �	�����
� A��	��#��� ����	�� �� ��	 �	��	��	

	 � %� $	�����	� �� 	
$	���	�� �����     : ��� �"��
� �� & ����	��	� 

.0



Does this constituent or a larger constituent including it 
provide a summary or an excerpt of the paper/work at hand?

NO

Does this constituent refer to a basic element regarding the 
problem-solving and argumentation of the present paper?

YES

Does this constituent refer to the author’s own work
described in the present paper?

Does this constituent refer to 
an experimental procedure 
or the materials used?

NOYES

OTL

NOYES

Does this constituent refer to 
the general background, 
including previous work?

NOYES

Does this constituent refer to a relation between elements?

NOYES

NOYES

Does this constituent refer to
a consistency relation?

N.A.
(to be left

unannotated)

CNN DFFNOYES

Does this constituent refer to an existing problem 
motivating the present work 
or the purpose of the author’s work/experiment?

MTH

ELSIMP

INS

RSL

BKG

PBM N.A.
(to be left unannotated)

NOYES

Does this constituent refer to 
an observed experimental
result?

Does this constituent refer to the 
interpretation of the experimental result(s)
or a finding?

NOYES

NOYES

NOYES

Does this constituent refer to 
an implication of the results, including a conjecture,
or of the present work?

:��� >� 3�
����� ���� 	�� #��� ����������

��� '��	�����(� �
�	�
�
 �� ���� )�
� �	�



2	��� �	 ������� ��� ����#�	 	��� ���	 ����� �� ��� ���	�	 ���� �	�$	�� ��
��	 �	����	� ��	� ��� ��	����#��� ��	 �����" �������� ���� ��	 $�	����������
�	����	 ��	�	 $������	 

����� *���+�, -*��.

B'� $�����	� � ������	 �������	�������� �� � ������# �� ��	 $�	�	�� ���) 
'�	 ���	 �#$�����# �$$	��� 	���	� ������ ��	 	�� �� ��	 ���	����� �� �� ��	
�	������� �� ��	 	����� �� ��	 ���	����� �� ���	� �����" �� �$$	��� �	���	 ��
���	� ��	 ���� ���# �� ��	 $�$	� 

�5� 4	 �	$��� �	�	 ��	 �	����� �� 	
$	���	���       �� ���	�" �	 ���	 ��)	�"
      ���       '� ����	�� ��	 &��� ��	�����" �	 ������	�       4	 �����
      '��	��	�" ��	�	 �	����� ��� ���# ���&�� ����    ��� ���� ����    �
��
�� ��	 ���	������ ��3+." $$ .?1>�.?1.�
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'�	 ����	 	
��$�	 ������ ���� ��	 �	����$���� �� ��	 ���� ����� �� ��	 $��
$	� ���	 &��� �	��	��	� ������	� �# E	
�	�$��* ���� ��	 $�$	� ���	 �	��� 3��
��	 	�	�	��� ��	 	��	��	� �� � �	$������ ����	
� ��� $�����	 �����������)	
����������� 4	 ������	� ���� ��	 ����	 �	��	��	 �� �	��	��	� �	�	��	 �� ���
�	$	��	�� ����� ���� ���� ��	��	����� ��� $�������� $	��$	����	� '���" �	
$��$��	 ����������� ��	 B'� ����� 

'�	 �	������� �� �� B'� ���	 ���	� ����� �	 �� 3�� ���	 	�$��#	� �� ��	
���	�	 �� -6/" ��� ������	� �	����� )���� �� ���������� ��	�;

�6� � ���	
����� 	 � �� ���
 ����� : �� ��� ���
�
� 
���� : ����
� L	��� ��	� ��� ��	 ������*� $�	�	���������I�	$������ $��$��	�

	 � ��	� 
��$ : ��"�

�����: ���
�
� : ������

3� ��� 	
�	�$�� ���� ��	 $�$	�" 	��� 	�	�	�� ���� &�� ���� ���	� ���	� ���
(���$ . �� 0� �� ��� ��� ����� �� ��	 ����	 	
��$�	" ��	 �	���� �	��	��	�
������� ��	 ���� &� �	�$	����	�# ���� ,2�" �'@" +9�" ��� ��9 �� (���$ . 

'�	 �	��	� ��	� �� B'� ��	 �#$�����# ���$�	 $�	�	�� �� �����	 ��� ��	 ���	������"
��� $�	�	�� $	��	�� �� ���$�	 $��� ��� ��	 ���	������ 

����� /��0�1*��! -/0�.

2	��� ��	 ���	 	
��$�	� �� 	�	�	��� &����� ���� � 2F( ���	 

�7� � �� �	���" ��3 �� ������# ��������	� ���� � ����	�# �� $���	��� ���� �	��	
���� �� �������� ��	 ���������� ������������ �� ��	 �	�	��� ���	����
��� �� ���������	 �	������ $���	��	� ��������� �	$��������" �	$���" �	�
�����������" ��� ��������$���� �,�391" $ .=>6�

� ����	����� 	���	��	 �+	� � ����	��� ���� ��	�	 �� � ���) �	��		� ���
������ 	�	��# �	�������� ��� �$$	���	 �������       �� �� �	�� ����
��	��	� �+	� � ���� ����# ���� �#���	��� �� ��$��	��� �����	�"       "
������ ���# ������ 	�	��# ���$���        �,�395" $ .=0.�

� 3���#�	� �� ���� �	�	���	� �� �	�� ������	 �	�	��	� ��	 	
���	��	 ��
   ��� ����	��	� ���� ���	 ���� ��	 �	$��� $�����# ��� �	 ������	�
�� ��	 �	$��� �� ��	�	 �	����� �+	� � �,�391" $ .=>6�

� 3 ���	 ����	�# �� �	��������������&������ �+��� �#��	�� ���	 �		�
������	�	� ��� �������	���	� ��3+1" $ .???�

�� ��	 ���	�����" ��	 �������# �� 2F( 	�	�	��� �$$	�� �� ���� �����)	� �	�
��	��	� ��		 '���	� 6 ��� 7 �� 9	����� 6 ��� ������������ �� ����������� ���������
������ '��� �� ��������	" ���	� ��	 �����������# �����	 �� ���� �	����� 

'�)	� �� ���������" ��	�	 ��	 �� ������ �	����	� ��� 2F( ���	�" 	
�	$� ��� �
�	��	��	�&��� �������� 3� ����� �� ��	 ����	 	
��$�	�" 2F( $�	�	��� ���		
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�	��	 ����������;

� 9��$�	 $�	�	�� ��� � �	�	��� ����	�	�� ����� ���)������ ����������� �����
������� ����� ��� $�	����� ���)�

� 9��$�	 $��� ��� �	����� $�	����� ���)�
� ,�	�	�� $	��	��" �� �	����� $�	����� ���) �	�	���� �� ��	 $�	�	�� ���������

3 ���	 ����	 �� �	��� ��	 ��	� �� ���	� ���� ���������� ��� ���������$�����
����� 9	��	��	�&��� ��������� ������ �� ��	�� ���$	 ��	 ����	 �	��	��	 ����
��� 2F(" ��� ���	���	��	����� ��������� ������ � �����	� ���$	 �	 � ���������
�	�	����� �� � ���	� 	����#� �� ��� 

�� �	������ ���	� ���� ��	 ���	�����" 2F( ���	� ��	 ����	� ���$	��	� '�	#
��� ���	� �	 ��	���&	� �# �����	 �� ���)��� ��	�� ������� ��� ���	� ���	� 

����� �1*/�,2 3,��+�� -�/2 .

'�	�	 ��	 ��� �#$	� �� ,2� ���	�" �� ���������	� �� ��	 	
��$�	� �	��� 

�C� �    ��� ��� �		� �	��������	�I ����	��	�� 
� '�	�	 ��� �		� �� ����# ��     
� �����	 �� ����	���# )���� �����     
� '�	�	 ��	 �	�# �����	� ���� ����	�����     
	    �	����� ����	�� 

�?� '� �	�� ����� �#$���	���I ��	��	�    �"       
'� 	������	    "       
'� ����	�� ��	 ��	����� ��    "       

'�	 &��� ,2� �#$	 �� �� �C� ����� �$ �� ��	 ���	����� �� ���������� ����*�
���)��� �� $�	����� �	�	���� �	 � )����	��	" ����#" � �	�	���� ��	������ �����
�������	� ��	 ���) �	�����	� �� ��	 $�	�	�� $�$	� L��������# ���� E�	�����	
$������#*" 	
$�	����� �	����� )���� �� �	������ �� �����$�	�	�	��" �$$	����� ��
��	 ���	����� �� ��	 ������	�� �	����	 ��� ��	���&������ �� ���� ���	 �#$	 B��	��
������	 �	��	 ��������� �� 	���	� ���$�	 $�	�	�� �� $�	�	�� $	��	��" �	$	�����
�� ��	 ����	 �� ���	 �� ����� 

'�	 �	���� �#$	 �� ,2� �� �� �?� �� ���	��	� �� ��	 +��	����� ��� �	$�	�	���
��	 ���� �� � �$	��&� 	
$	���	�� 3� ���������	� �� �?�" �� �#$�����# 	
	�$���
&	� �� � ���$����	 �$$	����� �	��	��	���������# �������� ��� �	��	��	�&����#
������������ 

'�	�	 ��� �#$	� �� ,2� �	�����	 ��	 ���� �� ��	 �	�	���� �� ��!	�	�� �	�	��;
'�	 &��� �#$	 ����	��� ��	 ����	 ���) ����	 ��	 �	���� �#$	 ��� ����	� �� 	 
� �$	��&� 	
$	���	��� 
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����� 2,�4*! -2�4.

'�	 ��������� ��	 ���	 	
��$�	� &����� ���� � �'@ ���	 �������� ��	 ����� 

�=� � 4	 ������"��    " �����       
� 4	 �5�	����� ��	 ���	������� ����       �+	� �
� �	
�" �	 ���	�)�� ������	������	�� �������������     ��3+." $ .?16�
�    $�
 
��"�	�)�� 

3� ���������	� ������������# �� '���	 6 �� 9	����� 6" �'@ �� ��	 $�	��������
���	 �� ��	 ���	����� @��	�	�" ���� �� ��	 +��	�����" �'@ $��#� �� ��$���
���� ���	 ���	��	� ���� +9� '�	 ������	�� ������ ��� �'@ �� ��	 �	������
�#$	 �� ��	 ���� �	�� �� � �	��	��	 '�	 ���� �	��� 	
$�	����� 	
$	���	����
$���	���	 ��	 �	�����	�# ���	 ��	��	�� �� ���� ���	 ���� �� ��	 ��	���	 %��
	
��$�	 �� ��	 ���$�	 �� ��� 0> ������	� ��	 ���� �	��� ������"" �5����"�
�"

���
" $�
� ��� "��
��� ���	" �	�$	����	�#" C?N" 75N" C>N" .>>N ��� .>>N
�� ��� ��	�� ������	��	� �� ��	 �'@ ���	 3���" ��	 ���	��#��� ��	������� ����
�	�� �#$	 E�	* �	�$� �� ����������� �'@ ���� +9� ������ ��	 ���	� �����	��
�� 	��� ���	�� �� �����	 �	��	��	� �� ��	 $��� �	��	" �'@ �#$�����# ��)	� ��	
���� �� �� 	�	�� �	����$���� �� ����� �$ 	���	� �� � $�����	 �� �� �����	 ���� 
�� ���� ���	�" ��	 �	������ ����	�� �� E�	* ��� �� ������ '��� �� �� ��$������
��!	�	��	 ���� $�����	 �	��	��	� �� +9� ���	� ���� �� �..�� 

3 $������$� �� ��	 +��	����� ������ ������# ���� � ����������� �� ,2� ���
�'@" �� ���������	� �	��� �
 ;

�.>� -'� �	�� ���� �#$���	���"/��� -�	 $	�����	�     /��	

4	 ���	��	� ���� ��	� � �	��	��	 ��)	� ��	 ����	 ����" ,2� �	��� �� �����
�	���	 �'@ '��� ��� �	 	
$����	� �� �	��� �� ��	 ���������� $�	���	��� ��
E��������#*" ��	 ���� ���� ����	$���� ���I�� ��	 �	�� ����� ���	���� �� 	�	�	���
�� ���	� �	D	��	� �� ���������� 	
$�	������ %�� 	
��$�	" �� �.>�" ��	 ,2�
$������ ����$����	� �� $�	$��	� �� ���		�	�� ���� ��	 ���� ���� ��	 ������
��� ��	 	
$	���	���� ���� �	���	 $	�������� ��	 	
$	���	�� 

���� 1,3��� -13�.

2	��� ��	 ���	 	
��$�	� &����� ���� � +9� ���	 �������� ��	 ����� 

�..� � %����	����	" ��	 ������������ �� ���� ������ $�
 
������ �����&�����#
���# ���� ��	 �	�����	 $	��	��" ��� ������ ��	 ������	 �������� 
��3+." $ .?16�

�
&� ���������� � #��� ���������� 
� � ���� �	 �%���� 
��
���� ������	���� ��� �
���
��� ��� ����������� 	�������� ��� ����
����� ��� #��� 
���� ��
� �� 5'*�
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� �� �����&���� �����	 $�
 
��
 ��     
� 3� ���������	�    " �	��� �	���� �� 9�$.7>$ �����$	� ����� ��"�

������

� ���)	� 	������	�� �� ����    ���        ��3+." $ .?16�

��)	 �'@" +9� �	�����	� 	�	��� �� ��	 $��� �	��	 '�	 ���� �	�� �� �#$�����#
��	 �� ����	 	
$�	����� ��	 ���������;

�.� B��	�������� �	 � ��
��(�" �����
�)� ��� 
��" ������ E�	* �� ��� ���	��#���
����	���

�0� ,�	���	�� �	 � �����
�
�" 
��$ ��� ��"�

�����" ������ �� ��� ����	��
��	 ���	���� ��	��

�1� 2��������� $���	��	� �	 � "�����" ���

	���" �5���

" ������ �� ��� ����	��
� ���������� 	����#" ���	� �� ��	 $�����	 �����

3 ���� �	�� &����� ���� ��	 �� ��	�	 �	������ �����	� �� ��	 ������	�� �	����	
��� ��	 ��	���&������ �� +9� 3� ���� �'@" ���# �#$���� �	�� �	��	� �����
������������# ���	 ��	��	���# �� ���� ���	 ���� �� ���	� ���	� �� ��	 +��	�����"
�'@ ���	 �� ���	� ������	� �# � +9� ���	 �	��� ���������� �� � �	��	��	 ��
�	��	��	�� ������� ��# ����	����	� �� �	��		� '�	 �������# �� ��	�	 ���	�
��� �	 ��	���&	� �# �����	 �� ��	 �����	 �� ��	 �	������ ����� �� ��	 ����
�	�� A���)	 �'@" +9� ��# ���� �	 �����	� �� ��	 $�	�	�� �	��	 �� ��	��	
� ����	
� �� ����� ��	 ������ ���	��	� ��� $�	�	��� ��	 �	����� �� �	�� ���	"
�	�	����� �� %����	� ��� '���	� 

�� ��	 +��	�����" +9� ���	� ������ �'@ ���� �� ��������	 ����	����	� '�	
�������# �� ��	���&	� �# �����	 �� � ����	�	!	�� �	������ �	��		� ��	 ��� 
9$	��&����#" ��	 ���� �	��� ��	� �� ��	�	 ���	� $��# � �������� ���	: ���	 ��
��	� $�	�	�� � ����	� ���$�	�	����# ������������ ��		 ��	 $�	�	���� ����	��
���� ��� ���$������� �� ���	 ���	�" ��������	��� ����� �	���������# &� ����
�'@ ��� +9� ��# �	 ������	� �� � �����	 �	��	��	 �# ��	 $�	�����	 ��
�	���
�
 �� ������� �� ;

�.0� ,�����	� �	�	��	 ��������$���� �	������� ����� ����� +�3 ������	� ����
����	 �	�� ������	 �#���	� �� ���� ������� ��
�	��� �
 ����������������	
������ ��	��� ����� ��� ������ ��3+." $ .?15�

@��	�	�" ��	 ����	 ����	 �	������ � �	���� ��� ��	 �	����� �� ��� ��	��	�� 
1�
�	� �
 �� ���	 �������# ��	� �� �	���	 ���������� 	�	��� �� �� �.1� �	��� 
3���" ��	 	
$����� ��	 �� ��	 ���� ��
�	�-
. �� �������� 

�.1� %����	����	" ���� �� 9�$.7>$ ��
�	��� �
 � �����&���� �����	 �� ���� ��	
��������	 ��� ������������ �	��		� ������	 ��� �	�����	���������	�
���������     ��3+." $ .?1>�

�� ����� 
������������ �������� �� ��� %����	� 	�� ����������� #���� �� ��� �
�����
���
� ���� �� ��� ���� ��� ��%��������� ����� �� ��
�� ?�

.C



'�	�	���	" )	#���� �	����	� ����� ��
�	�-
. �� ��� ���) ��� ��� ��	 $��$��	
�� ��	����#��� 	
$	���	���� �	����� �� ��������" +9� ���	� ��� �	 ��	���&	�
�# ����� �	����	� ���� �� ��	 ���� �	��� ��� ��	 �������� '���" ����������
+9� ���	� �� �������� ��� ��	����#��� ��	 �	������� �� �	�� �� ��	 �	�	�	��	 �� 	 
����	��� �� ���
� ��
�	�
 ��� ��	 ��)	 �$$	����� �� ��	 �	
� 

�.5� ���	�	������#I 9��$�������#I �����	���#I    

�� � +9� ���	" 	�$���	��� 	
$�	������ �� ����	 ��# �	 ��	� �� ���� ��	
�	��	�*� ���	�����" ���	� �	��	��	���������# '�	 ���	����	 �	����� �	 � 
���6�
��
�� ���� ��	� 

����7 +�3+�4� -+�3.

4	 ���	 ��	���&	� ���		 ����� ������� ��� ��	 ��	���&������ �� ��9 '�	 	
�
��$�	� �	��� ���������	 ��	 &��� ��	 ������������ ��� ������� ��	 �����;

�.6� -3� ��� �	 �		� �� %����	 0<" 8 ��� ��� �����&�����# ��!	�	�� ���$��	�
���� ���� �� %����	 03"/��� -�
������
� ����    ��� �� �$$�	�����	 	!	��
��     /
�� ��3+1" $ .?=.�

�.7� -���	�	������#" �	��������� 8K(�= ��� �����&�����# �	���	� �� ����.�+�3��
	���#�� �%�� 0" 2 ��� <�" ��    �	�	�� �   � �� ��	 ����	��	 	
$	���	��"
������ �	�	�� �� ��������� �������� �	�	 ���	��	� �� 	���#��        /���
-���
� ��
�	�
 
����
� ���� �������� �� �	����	� �� ���	���	 �	�������	�
       /
�� �M<20" $ 6=6�

'�	�	 ��	 ����	���������	� ����� ����� ��	 ������� ��	 �� ����	 ��	�� ���	��
$�	������ �� ��	 ���� �� ��	 ���	��	� �	����� ���� �	�$	�� �� ���	 ����������
$���	�� �� ����	�� 3 �	�	���������� �� ��	 $���	�� �� ����;

�.C� J �������	 ���� K �� �������; J" ���������� ���� K �
J; �	�����I	
$	���	���I�����	�" K; ���������� ����	�	�� �� ���	�
L	�� ���������� ����� �� ��� ���$�	;

�
������" 
����
�" ��"�

�����" �����
�
�" ��(��	 

%��� ��� 	�$������ ����#��� �� ��	 ����" �� �		�� ���� ��	�	 $��������� �����
��	 ��	� �� 	
$�	�� � ���	��" ���	����	 ���	�$�	������ �K� �� ��	 ���� �� 	
$	��
��	���� �	����� �J� �� �$$��	� �� ��	 ������*� ���	 ����	����	 ���	�$�	�������
��� ����	����	� ����� �	��	 ���� ��� �����	� ���	���������� �� � �	� 	
$	���
�	���� $������� '�	 �$	���� ������ �� ��	 ����	��	�����	� ����� ��������
�� ��	 ���������� $���	�� �� ����� ��	# �$$	�� <������	���������#" ��	# ��	
���	��	� �� ��	 +��	����� ���	����	�# ��������� � +9� ���	 ��� ��	 ���	 ��
��	 ������� &8 �
������
� 9" ��	 ���	�$�	�����������	�	�� $��� 9 �� ������	�
���� ��	 �	���������	�	�� $��� & ������ ��	 ���	 �	��	��	�" ��	�	�� ��	 ���

.?



����*� ���	 ����	����	 ���	�$�	������� ������# �$$	�� �� ��	 ���	����� '���"
�	 ��	 �������	� �� ����������� ��	 &��� �#$	 �� ���	�$�	������ �� ��	 ����
�&����� ���� ��9� ���� ���	� )���� �� ���	�$�	������� �# ��	 ������ �&�����
���� ��, �������	� �	���� 

'�	 �	���� ������ �� � �	��	��	 ���������� ��	 ���� �	�� 
��"I ������ ��
��

���� ;

�.?� �    ��		�I �$$	��� ��    
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<PBM> Although allAlthough all vigilinvigilin proteins studied to date have been reportedproteins studied to date have been reported
to bind nucleic acid, in most cases both the type of nucleic acito bind nucleic acid, in most cases both the type of nucleic acidd
bound, and the functional significance of the interaction, remaibound, and the functional significance of the interaction, remainn

unclear.unclear. </PBM>
<BKG> One notable exception isOne notable exception is XenopusXenopus vigilinvigilin, which was, which was

demonstrated recently not only to bind specifically to a defineddemonstrated recently not only to bind specifically to a defined
sequence in the 3'sequence in the 3' untranslateduntranslated region of the region of the vitellogeninvitellogenin message,message,
but also to inhibit cleavage of that sequence by the mRNA but also to inhibit cleavage of that sequence by the mRNA 
endonucleaseendonuclease polysomalpolysomal ribonucleaseribonuclease 1 (13). In vitro studies have1 (13). In vitro studies have
previously demonstrated that Scp160p can bind directly to previously demonstrated that Scp160p can bind directly to 
ribohomopolymersribohomopolymers, as well as to yeast ribosomal RNA, but not to, as well as to yeast ribosomal RNA, but not to

tRNAtRNA (2).(2). </BKG><PBM> Although both we and othersAlthough both we and others
have hypothesized previously that Scp160p associates with mRNAshave hypothesized previously that Scp160p associates with mRNAs
in vivo (2?5), whether those mRNAs are random or specific, andin vivo (2?5), whether those mRNAs are random or specific, and
whether these associations are biologically significant, has remwhether these associations are biologically significant, has remainedained

unclear.unclear. </PBM>
<OTL> We report here the results of experiments that directly addressWe report here the results of experiments that directly address

both of these questions. In brief, we have asked (i) Do Scp160pboth of these questions. In brief, we have asked (i) Do Scp160p--
associatedassociated mRNPsmRNPs contain random or specific subsets of yeastcontain random or specific subsets of yeast
messages, and, if specific, what are they? and (ii) Is there anymessages, and, if specific, what are they? and (ii) Is there any
detectable impact of scp160 loss on its target messages? detectable impact of scp160 loss on its target messages? <PBM> ToTo
address the first question,address the first question, </PBM> <MTH> we utilized affinitywe utilized affinity
isolation of Scp160pisolation of Scp160p--associatedassociated mRNPsmRNPs, followed by, followed by microarraymicroarray andand
quantitative RT?PCR analyses of the mRNAs released from these quantitative RT?PCR analyses of the mRNAs released from these 
complexes.complexes. </MTH> <RSL> We found not only that yeast mRNAWe found not only that yeast mRNA
sequences are present in these samples, but also that thesequences are present in these samples, but also that the
sequences present are specific, not random.sequences present are specific, not random. </RSL> <PBM> ToTo
address the celladdress the cell lysateslysates as well as from defined sucrose gradientas well as from defined sucrose gradient
fractions representing both wildfractions representing both wild--type and scp160type and scp160--null cells </MTH>null cells </MTH>
<RSL> to demonstrate a significant shift from the membrane fract<RSL> to demonstrate a significant shift from the membrane fractionion
to the soluble fraction for one Scp160pto the soluble fraction for one Scp160p--associated mRNA, and aassociated mRNA, and a
subtle yet significant shift in the polyribosome association prosubtle yet significant shift in the polyribosome association profiles of files of 
at least two Scp160pat least two Scp160p--associated mRNAs relative to a nonassociated mRNAs relative to a non--targettarget
control.control. </RSL> <INS> Together, these results not only confirm that Together, these results not only confirm that 
Scp160p associates with specific mRNAs in yeast, but also thatScp160p associates with specific mRNAs in yeast, but also that

these interactions are biologically meaningful.these interactions are biologically meaningful. </INS> </OTL>

<BKG> The gene SCP160 encodes a 160The gene SCP160 encodes a 160 kDakDa protein (Scp160p)protein (Scp160p)
originally postulated to function in the maintenance oforiginally postulated to function in the maintenance of ploidyploidy in yeastin yeast
(1). More recently, however, a variety of experimental approache(1). More recently, however, a variety of experimental approachess
have all demonstrated that Scp160p associates withhave all demonstrated that Scp160p associates with polyribosomespolyribosomes
as a component of large as a component of large cytoplasmiccytoplasmic complexes, believed to becomplexes, believed to be
mRNPsmRNPs (2?5). In addition to Scp160p, these complexes also contain(2?5). In addition to Scp160p, these complexes also contain
thethe polyApolyA binding protein Pab1p, and Bfr1p (4). As would bebinding protein Pab1p, and Bfr1p (4). As would be
expected of expected of mRNPsmRNPs, these complexes are resistant to EDTA, but , these complexes are resistant to EDTA, but 
sensitive to bothsensitive to both RNaseRNase and high salt (3,4). Together, these dataand high salt (3,4). Together, these data
support the hypothesis that Scp160p functions at some level ofsupport the hypothesis that Scp160p functions at some level of
cytoplasmiccytoplasmic mRNA metabolism, and that the scp160 null phenotype,mRNA metabolism, and that the scp160 null phenotype,
which includes abnormal cell size and shape, increased DNA contewhich includes abnormal cell size and shape, increased DNA content,nt,
andand missegregationmissegregation of genetic markers through meiosis, may reflectof genetic markers through meiosis, may reflect
the indirect result of aberrant target gene regulation, rather tthe indirect result of aberrant target gene regulation, rather than ahan a
direct loss of Scp160p function from many different biologicaldirect loss of Scp160p function from many different biological
processes.processes. SubcellularSubcellular fractionation studies have demonstrated that fractionation studies have demonstrated that 
Scp160p partitions between the soluble and membraneScp160p partitions between the soluble and membrane--boundbound
compartments (2,4,5). Similarly, fluorescence microscopy studiescompartments (2,4,5). Similarly, fluorescence microscopy studies
using both antiusing both anti--Scp160p antibodies and GFPScp160p antibodies and GFP--tagged Scp160p, havetagged Scp160p, have
demonstrated that while some diffuse signal is evident in thedemonstrated that while some diffuse signal is evident in the cytosolcytosol,,
a significant enrichment of signal is seen around the nucleara significant enrichment of signal is seen around the nuclear
envelope (1,4,5), which is the site of the endoplasmic reticulumenvelope (1,4,5), which is the site of the endoplasmic reticulum inin
yeast. Finally, localization of Scp160p to the endoplasmic reticyeast. Finally, localization of Scp160p to the endoplasmic reticulumulum
has been demonstrated to be both RNAhas been demonstrated to be both RNA--dependent (4), and dependent (4), and 
microtubulemicrotubule--dependent (5). Together, these data support the dependent (5). Together, these data support the 
conclusion that Scp160p associates with both soluble and roughconclusion that Scp160p associates with both soluble and rough
endoplasmic reticulumendoplasmic reticulum--boundbound polyribosomespolyribosomes in vivo. <EBKG> in vivo. <EBKG> 
<BKG> Although little is currently known about the structure of <BKG> Although little is currently known about the structure of thethe
Scp160p protein, sequence alignment studies have revealed theScp160p protein, sequence alignment studies have revealed the
presence of 14 tandem copies of the presence of 14 tandem copies of the hnRNPhnRNP K homology (KH)K homology (KH)
domain (2,6), a highly conserved motif found in many RNAdomain (2,6), a highly conserved motif found in many RNA--bindingbinding
proteins (7). Indeed, Scp160p demonstrates significant amino aciproteins (7). Indeed, Scp160p demonstrates significant amino acidd
sequence homology to a large and extended family of multiple KHsequence homology to a large and extended family of multiple KH--

domain proteins, collectively known as domain proteins, collectively known as vigilinsvigilins (3,8?12).(3,8?12). </BKG>
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Yeast strains and culture conditionsYeast strains and culture conditions
<MTH> The yeast strains used in this study included JJ52 (MAT gal7 1The yeast strains used in this study included JJ52 (MAT gal7 10202

ura3ura3--52 trp152 trp1--289 ade1 lys1 leu2289 ade1 lys1 leu2--3,112, a generous gift from Drs Mark3,112, a generous gift from Drs Mark
ParthunParthun and Judithand Judith JaehningJaehning, University of Colorado Health Sciences, University of Colorado Health Sciences
Center) and JFy1511, which was derived from JJ52 by substitutionCenter) and JFy1511, which was derived from JJ52 by substitution of an Nof an N--
terminally FLAGterminally FLAG--tagged allele of SCP160 in place of the wildtagged allele of SCP160 in place of the wild--type allele (3).type allele (3).
All studies comparing wildAll studies comparing wild--type versus scp160type versus scp160--null cells were performednull cells were performed
using diploid strains of W303using diploid strains of W303--derived cells homozygous for a genomicderived cells homozygous for a genomic
scp160 deletion, that either did (JFy4100), or did not, carry ascp160 deletion, that either did (JFy4100), or did not, carry a plasmid borneplasmid borne
copy of wildcopy of wild--type SCP160 (JF3116, URA3), respectively. Due to concernstype SCP160 (JF3116, URA3), respectively. Due to concerns
over potential and progressiveover potential and progressive aneuploidyaneuploidy in the scp160in the scp160--null strains, thesenull strains, these
strains were always generated fresh from JFy4100 just prior to ustrains were always generated fresh from JFy4100 just prior to use byse by
plasmid curing on medium containing 5plasmid curing on medium containing 5--fluororotic acid (5FOA) (14).fluororotic acid (5FOA) (14).
</MTH>

Affinity isolation of Scp160pAffinity isolation of Scp160p--containing complexescontaining complexes

<MTH> Scp160pScp160p--containing complexes were isolated from the yeast straincontaining complexes were isolated from the yeast strain
JFy1511 by virtue of a FLAGJFy1511 by virtue of a FLAG--tag engineered onto the Ntag engineered onto the N--terminus ofterminus of
Scp160p, as described previously (3). In brief, cells were grownScp160p, as described previously (3). In brief, cells were grown to early logto early log
phase (OD600 1) in rich medium, harvested by centrifugation, anphase (OD600 1) in rich medium, harvested by centrifugation, andd lysedlysed inin
T75 buffer (25T75 buffer (25 mMmM TrisTris pH 7.5, 75pH 7.5, 75 mMmM NaClNaCl) containing 30) containing 30 mMmM EDTA toEDTA to
disrupt the disrupt the polyribosomespolyribosomes. After centrifugation, the supernatant was passed. After centrifugation, the supernatant was passed
over an Sover an S--300 gel300 gel--filtration column, and the void material (>1300filtration column, and the void material (>1300 kDakDa) was) was
pooled and loaded onto a 1 ml M2pooled and loaded onto a 1 ml M2 --FLAG column (Sigma Aldrich). Finally,FLAG column (Sigma Aldrich). Finally,
after washing the column with 100 ml of T75 buffer, the FLAGafter washing the column with 100 ml of T75 buffer, the FLAG--Scp160pScp160p--
containing complexes were eluted using 184 mg/ml FLAG peptide (acontaining complexes were eluted using 184 mg/ml FLAG peptide (aspsp--tyrtyr--
lyslys--aspasp--aspasp--aspasp--aspasp--lyslys, purchased from the Emory, purchased from the Emory MicrochemicalMicrochemical Facility)Facility)
in T75 bufferin T75 buffer.. <MTH>

32P32P--labeled firstlabeled first--strandstrand cDNAcDNA synthesissynthesis

<MTH> Total RNA derived from Scp160pTotal RNA derived from Scp160p--containing complexes by the containing complexes by the 
method of Schmitt et al. (15) was used as template in a firstmethod of Schmitt et al. (15) was used as template in a first--strandstrand cDNAcDNA
synthesis reaction usingsynthesis reaction using MaxiscriptTMMaxiscriptTM reverse transcriptase (reverse transcriptase (AmbionAmbion) and) and
[[ --32P]dCTP, as recommended by the manufacturer. After a 10 min32P]dCTP, as recommended by the manufacturer. After a 10 min
incubation at 37incubation at 37�‹�‹C, each reaction was subjected to centrifugation through aC, each reaction was subjected to centrifugation through a
microspinTMmicrospinTM GG--50 column (50 column (AmershamAmersham Pharmacia Biotech) to removePharmacia Biotech) to remove
unincorporated nucleotides. Finally, each sample was mixed withunincorporated nucleotides. Finally, each sample was mixed with loadingloading
buffer (300buffer (300 mMmM NaOHNaOH, 6 , 6 mMmM EDTA, 18%EDTA, 18% FicollFicoll, 0.25%, 0.25% xylenexylene cyanolcyanol,,
0.15%0.15% bromocresolbromocresol green),green), electrophoresedelectrophoresed through a 1.2%through a 1.2% agaroseagarose gelgel
under alkaline denaturing conditions (50under alkaline denaturing conditions (50 mMmM NaOHNaOH, 1 , 1 mMmM EDTA), dried,EDTA), dried,

and visualized by autoradiography.and visualized by autoradiography. </MTH>

MicroarrayMicroarray analysis of Scp160panalysis of Scp160p--associatedassociated RNAsRNAs
<MTH> RNA was prepared as described previously (15) from both affinitRNA was prepared as described previously (15) from both affinityy--

isolated Scp160pisolated Scp160p--containing complexes, and from the corresponding wholecontaining complexes, and from the corresponding whole
cellcell lysateslysates, and used as template for the production of double, and used as template for the production of double--strandedstranded
cDNAcDNA, using the Superscript, using the Superscript ChoiceTMChoiceTM system (system (InvitrogenInvitrogen), as), as
recommended by the manufacturer. Following isolation, thisrecommended by the manufacturer. Following isolation, this cDNAcDNA waswas
used as template for the production of biotinused as template for the production of biotin--labeledlabeled cRNAcRNA, using the RNA, using the RNA
Transcript Labeling kit (ENZO), as recommended by the manufacturTranscript Labeling kit (ENZO), as recommended by the manufacturer.er.
Finally, the labeledFinally, the labeled cRNAcRNA was purified usingwas purified using RNeasyRNeasy spin columns (spin columns (QiagenQiagen),),
fragmented (using 40fragmented (using 40 mMmM Tris?acetateTris?acetate, pH 8.1, 100, pH 8.1, 100 mMmM KOAcKOAc, 30 , 30 mMmM
MgOAcMgOAc), and hybridized with), and hybridized with AffymetrixAffymetrix Yeast Genome S98 chips, as Yeast Genome S98 chips, as 
recommended by the manufacturer. After washing, staining, and screcommended by the manufacturer. After washing, staining, and scanninganning
the probed arrays, database profiles representing the Scp160pthe probed arrays, database profiles representing the Scp160p--associatedassociated
versus corresponding total RNA controls were compared electronicversus corresponding total RNA controls were compared electronically, as ally, as 

recommended by the manufacturer.recommended by the manufacturer. </MTH>
Calculations to determine fold enrichment of specific sequencesCalculations to determine fold enrichment of specific sequences in Scp160pin Scp160p

complexescomplexes

<MTH> The enrichment values for candidate Scp160pThe enrichment values for candidate Scp160p--associated messagesassociated messages
listed in Table 1 were calculated as follows. First, ratios werelisted in Table 1 were calculated as follows. First, ratios were generatedgenerated
using as numerator the data values from using as numerator the data values from microarraysmicroarrays hybridized with probeshybridized with probes
representingrepresenting RNAsRNAs from FLAGfrom FLAG--Scp160p affinity isolated complexes, and asScp160p affinity isolated complexes, and as
denominator the corresponding values fromdenominator the corresponding values from microarraysmicroarrays hybridized withhybridized with
probes representing totalprobes representing total RNAsRNAs from the same whole cellfrom the same whole cell lysateslysates (prior to(prior to
affinity isolation). Next, ratios were generated from data setsaffinity isolation). Next, ratios were generated from data sets representingrepresenting
mock affinity isolated complexes versus total mock affinity isolated complexes versus total RNAsRNAs derived from cellsderived from cells
expressing native rather than FLAGexpressing native rather than FLAG--tagged Scp160p. The values listed in tagged Scp160p. The values listed in 
Table 1 represent the fold enrichment calculated for each candidTable 1 represent the fold enrichment calculated for each candidateate
sequence using the FLAGsequence using the FLAG--tagged cell preparations, corrected for anytagged cell preparations, corrected for any
background detected using the untagged cell preparations.background detected using the untagged cell preparations. </MTH>

<MTH> The enrichment values for candidate Scp160pThe enrichment values for candidate Scp160p--associated messagesassociated messages
listed in Table 2 were calculated as follows. First, quantitativlisted in Table 2 were calculated as follows. First, quantitative RT?PCRe RT?PCR
reactions were performed using the primers listed above withreactions were performed using the primers listed above with cDNAcDNA
samples representing both affinitysamples representing both affinity--isolated FLAGisolated FLAG--Scp160p complexes, andScp160p complexes, and
totaltotal RNAsRNAs from the same whole cell from the same whole cell lysateslysates. In each case, the appropriate. In each case, the appropriate
total RNA sample was used to generate the standard curve. Next,total RNA sample was used to generate the standard curve. Next, thethe
amount of eachamount of each candidatesequencecandidatesequence detected in a givendetected in a given cDNAcDNA sample wassample was
normalized to the amount of a control sequence, YHR174W (ENO2,normalized to the amount of a control sequence, YHR174W (ENO2,
enolaseenolase), detected in the same sample. Finally, to calculate fold enric), detected in the same sample. Finally, to calculate fold enrichment,hment,

ratios wereratios were………….. </MTH>
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<PBM> To test a subset of these candidates with an independent technoTo test a subset of these candidates with an independent technology,logy,

</PBM> <MTH> we performed quantitative RT?PCR using awe performed quantitative RT?PCR using a
RocheRoche LightCyclerLightCycler with primers designed to amplify small fragments fromwith primers designed to amplify small fragments from
the 3' ends of each of 12 candidate enriched messages, eight ofthe 3' ends of each of 12 candidate enriched messages, eight of which arewhich are
listed in Table 1 (YGR023W, YOR338W, YOL155C, YDR247W, YBR150C,listed in Table 1 (YGR023W, YOR338W, YOL155C, YDR247W, YBR150C,
YHR086W, YDL160C, YOL059W), and four of which (YCL029C, YKL203C,YHR086W, YDL160C, YOL059W), and four of which (YCL029C, YKL203C,
YBL109W, YGR110W) are not listed because they appeared enrichedYBL109W, YGR110W) are not listed because they appeared enriched inin
only one of the twoonly one of the two microarraymicroarray experiments performed. Templates analyzedexperiments performed. Templates analyzed
by quantitative RT?PCR were mRNAs derived from three or moreby quantitative RT?PCR were mRNAs derived from three or more
independent Scp160p complex isolation procedures, each comparedindependent Scp160p complex isolation procedures, each compared
against its corresponding total mRNA control.against its corresponding total mRNA control. </MTH><RSL>
Those five sequences that were confirmed as enriched by quantitaThose five sequences that were confirmed as enriched by quantitativetive
RT?PCR are presented in Table 2.RT?PCR are presented in Table 2. </RSL><PBM> To ensureTo ensure

specificity of these valuesspecificity of these values,, </PBM><MTH> mock enrichmentmock enrichment
procedures also were performed using cells expressing native ratprocedures also were performed using cells expressing native rather thanher than
FLAGFLAG--tagged Scp160p, and apparent fold enrichment of each candidatetagged Scp160p, and apparent fold enrichment of each candidate
message in thosemessage in those ��emockemock��ff samples was calculated and subtracted assamples was calculated and subtracted as
background from the values presented in Table 2.background from the values presented in Table 2.
</MTH><RSL> As indicated by asterisks in Table 1, four of the As indicated by asterisks in Table 1, four of the 
eight messages tested from that group did not confirm as enricheeight messages tested from that group did not confirm as enriched by >2.5d by >2.5--
fold when measured by quantitative RT?PCR. An additional three ofold when measured by quantitative RT?PCR. An additional three of thef the
fourfour ��esingleesingle microarraymicroarray candidatescandidates��ff tested also did not confirm as enrichedtested also did not confirm as enriched

by quantitative RT?PCR.by quantitative RT?PCR. </RSL>
Impact of scp160Impact of scp160--loss on DHH1 and YOR338Wloss on DHH1 and YOR338W
<PBM> To address the question of biological significance of Scp160pTo address the question of biological significance of Scp160p

association with its target messages,association with its target messages, </PBM> <MTH> we firstwe first
checked both message abundance and checked both message abundance and messagedistributionmessagedistribution between thebetween the
soluble and membranesoluble and membrane--associated pools for two target sequences, DHH1associated pools for two target sequences, DHH1
and YOR338W, comparing wildand YOR338W, comparing wild--type versus scp160type versus scp160--null yeast. <EMTH>null yeast. <EMTH>
<RSL> As illustrated in Table 3, although no significant change wasAs illustrated in Table 3, although no significant change was
seen for DHH1, YOR338W demonstrated a significant increase in seen for DHH1, YOR338W demonstrated a significant increase in 
abundance in scp160abundance in scp160--null cells.null cells. Furthermore,theFurthermore,the distribution of that signaldistribution of that signal
was shifted significantly away from the membrane pellets, and towas shifted significantly away from the membrane pellets, and toward theward the
soluble fraction.soluble fraction. </RSL><MTH> Next, we utilized sucroseNext, we utilized sucrose--
gradient fractionation to explore thegradient fractionation to explore the subcellularsubcellular distribution of DHH1 anddistribution of DHH1 and
YOR338W in both wildYOR338W in both wild--type and scp160type and scp160--null yeast.null yeast.
</MTH><RSL> InIn brief,bothbrief,both strains were grown to early logstrains were grown to early log
phase (OD 1),phase (OD 1), lysedlysed as described previously (3,4), and the soluble portionsas described previously (3,4), and the soluble portions
subjected to sucrose gradient fractionation, as described previosubjected to sucrose gradient fractionation, as described previously 3,4).usly 3,4).
</RSL> ……………….. <MTH> Finally, we performed parallel sucroseFinally, we performed parallel sucrose
gradient fractionation experiments on samples derived from the mgradient fractionation experiments on samples derived from the membraneembrane--
associated compartments of both wildassociated compartments of both wild--type versus scp160type versus scp160--null cells.null cells.

</MTH><RSL> No reproducible differences in the distribution ofNo reproducible differences in the distribution of
DHH1 or YOR338W signals were observed in these experiments (dataDHH1 or YOR338W signals were observed in these experiments (data notnot

shown). <shown). < </RSL>

PolyadenylatedPolyadenylated RNA is present in Scp160pRNA is present in Scp160p--containing complexescontaining complexes
<PBM> To address directly the question of whether Scp160pTo address directly the question of whether Scp160p--containingcontaining

complexes include mRNA, complexes include mRNA, </PBM> <MTH> we exploited thewe exploited the
presence of a FLAGpresence of a FLAG epitopeepitope tag engineered onto the Ntag engineered onto the N--terminus ofterminus of
Scp160p (see Materials and Methods) to affinity isolate these coScp160p (see Materials and Methods) to affinity isolate these complexes,mplexes,

essentially as described previously (3).essentially as described previously (3). </MTH> <BKG> FLAG-
Scp160p has been demonstrated previously to function in vivo
indistinguishably from the untagged native protein (3). </BKG>
<MTH> As aAs a control for specificity, cells expressing native, untaggedcontrol for specificity, cells expressing native, untagged
Scp160p also were subjected to the affinity isolation procedure.Scp160p also were subjected to the affinity isolation procedure. Total RNA Total RNA 
was then released from both isolates and subjected to reverse trwas then released from both isolates and subjected to reverse transcriptionanscription
using anusing an oligooligo--dTdT primer in the presence of [primer in the presence of [ --32P]dCTP.32P]dCTP. </MTH>
<RSL> As illustrated in Figure 1, a strong smear, centered atAs illustrated in Figure 1, a strong smear, centered at
approximately 1500 bases in size, was observed in the lane repreapproximately 1500 bases in size, was observed in the lane representingsenting
FLAGFLAG--Scp160p, but not in the control lane, although a larger fractionScp160p, but not in the control lane, although a larger fraction of theof the
control reaction sample was loaded. Parallel reverse transcripticontrol reaction sample was loaded. Parallel reverse transcription reactionson reactions
using total RNA isolated from whole cell solubleusing total RNA isolated from whole cell soluble lysateslysates of both strainsof both strains

resulted in indistinguishable strong smears (data not shown).resulted in indistinguishable strong smears (data not shown). </RSL>
Identification and confirmation of specific mRNA sequences assocIdentification and confirmation of specific mRNA sequences associated withiated with

Scp160pScp160p

<PBM> To address the question of sequence specificity,To address the question of sequence specificity, </PBM>
<MTH> RNARNA samples derived from FLAGsamples derived from FLAG--Scp160pScp160p--containingcontaining
complexes versus total RNA from the same cellcomplexes versus total RNA from the same cell lysateslysates were used as were used as 
templates to generate probes for hybridization totemplates to generate probes for hybridization to AffymetrixAffymetrix YGYG--S98 yeastS98 yeast
gene chips (see Materials and Methods). As a control, correspondgene chips (see Materials and Methods). As a control, corresponding poolsing pools
of RNA derived from cells expressing native, rather than FLAGof RNA derived from cells expressing native, rather than FLAG--taggedtagged

Scp160p, also were prepared.Scp160p, also were prepared. </MTH> <RSL> The results,The results,
determined by comparing the hybridization results of each Scp160determined by comparing the hybridization results of each Scp160pp
complexcomplex--derived sample against its corresponding total RNA control (seederived sample against its corresponding total RNA control (see
Materials and Methods), were striking. First, although many stroMaterials and Methods), were striking. First, although many strongng
hybridization spots were detected in both test and control samplhybridization spots were detected in both test and control samples, thees, the
patterns were different, indicatingpatterns were different, indicating </RSL><INS>that the Scp160pthat the Scp160p
complexcomplex--derived samples did not simply contain a random subset of totalderived samples did not simply contain a random subset of total
cellular mRNAs.cellular mRNAs. </INS><RSL>Furthermore, those sequencesFurthermore, those sequences
most abundant in the mockmost abundant in the mock--isolated samples were completely distinct fromisolated samples were completely distinct from
those most abundant in the FLAGthose most abundant in the FLAG--Scp160p complexScp160p complex--derived samples (dataderived samples (data
not shown), demonstrating specificity of the isolation procedurenot shown), demonstrating specificity of the isolation procedure. In sum, of. In sum, of
the >6000 putative yeast gene sequences interrogated on thethe >6000 putative yeast gene sequences interrogated on the microarraysmicroarrays
in duplicate experiments, only 1% (69 sequences) appeared >2.5in duplicate experiments, only 1% (69 sequences) appeared >2.5--foldfold
enriched in the FLAGenriched in the FLAG--Scp160p complexScp160p complex--derived samples in bothderived samples in both
experiments (Table 1).experiments (Table 1). </RSL>
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<INS> The results reported here demonstrate two main points. First, SThe results reported here demonstrate two main points. First, Scp160pcp160p
associates with specific rather than random mRNAs in yeast. Secoassociates with specific rather than random mRNAs in yeast. Second, lossnd, loss
of Scp160p results in a detectable change in the abundance andof Scp160p results in a detectable change in the abundance and
membrane association of at least one of its target messages (YORmembrane association of at least one of its target messages (YOR338W),338W),
and in the soluble polyribosome association profiles of at leastand in the soluble polyribosome association profiles of at least two of itstwo of its
target messages (DHH1 and YOR338W), relative to a nontarget messages (DHH1 and YOR338W), relative to a non--target controltarget control

(ENO2).(ENO2). </INS><IMP> Each of these findings represents anEach of these findings represents an
important step forward in our effort to understand the biologicaimportant step forward in our effort to understand the biological function ofl function of
Scp160p. <EIMP> The first point, that Scp160p associates with onScp160p. <EIMP> The first point, that Scp160p associates with only 1% ofly 1% of
yeast mRNAs, is important because it rules out the possibility tyeast mRNAs, is important because it rules out the possibility that Scp160phat Scp160p
is a general translation factor in yeast. This point is made eveis a general translation factor in yeast. This point is made even strongern stronger
considering that only 5 of the 12 candidate targets tested conficonsidering that only 5 of the 12 candidate targets tested confirmed byrmed by
quantitative RT?PCR, so that close to half of the other potentiaquantitative RT?PCR, so that close to half of the other potential targetl target
messages currently indicated bymessages currently indicated by microarraymicroarray analysis alone might also fail toanalysis alone might also fail to
confirm. The actual percentage of messages in yeast that associaconfirm. The actual percentage of messages in yeast that associate withte with
Scp160p may therefore be <1%. Furthermore, considering the dispaScp160p may therefore be <1%. Furthermore, considering the disparityrity
between thebetween the microarraymicroarray data obtained and quantitative RT?PCR results, itdata obtained and quantitative RT?PCR results, it
is reasonable to assume that genuine target messages may also hais reasonable to assume that genuine target messages may also have been ve been 

missed by the missed by the microarraymicroarray experiments.experiments. </IMP>
<IMP><CNN> Perhaps more important, although the set of Scp160pPerhaps more important, although the set of Scp160p--

associated messages we have presented may not be comprehensive,associated messages we have presented may not be comprehensive, ourour
data provide a ready list of potential targets for furtherdata provide a ready list of potential targets for further study?targetsstudy?targets thatthat
will likely offer additional insights into the mechanism and impwill likely offer additional insights into the mechanism and impact ofact of

Scp160p function in vivo.Scp160p function in vivo. <CNN>For example, among the enrichedFor example, among the enriched
Scp160pScp160p--associated messages we have identified and confirmed are DHH1,associated messages we have identified and confirmed are DHH1,
a putative RNAa putative RNA helicasehelicase with close with close homologshomologs in mammals, including in mammals, including 
human; BIK1, a putative microtubule binding protein required forhuman; BIK1, a putative microtubule binding protein required for
microtubule function in mitosis and mating; and NAM8, an RNAmicrotubule function in mitosis and mating; and NAM8, an RNA--bindingbinding
protein required for the meiosisprotein required for the meiosis--specific splicing of MER2 and MER3. specific splicing of MER2 and MER3. 
Others (YOR338W and YOL155C) remain hypothetical open readingOthers (YOR338W and YOL155C) remain hypothetical open reading
frames (frames (ORFsORFs);); …………The second point, that loss of Scp160p results in aThe second point, that loss of Scp160p results in a
change in abundance and membrane association for at least one tachange in abundance and membrane association for at least one targetrget
message (YOR338W), as well as a subtle but significant change inmessage (YOR338W), as well as a subtle but significant change in thethe
soluble polyribosome association profile of at least two targetsoluble polyribosome association profile of at least two target messagesmessages
(DHH1 and YOR338W) relative to a non(DHH1 and YOR338W) relative to a non--target control (ENO2), is equallytarget control (ENO2), is equally

important,important, </IMP>
<INS> because it demonstrates that the interaction of these messagesbecause it demonstrates that the interaction of these messages withwith

Scp160p is biologically meaningful.Scp160p is biologically meaningful. <CNN> These data are consistentThese data are consistent
with the conclusion that Scp160pwith the conclusion that Scp160p--loss results in a shift of at least some ofloss results in a shift of at least some of
its target messages from membrane associatedits target messages from membrane associated polyribosomespolyribosomes to freeto free
mRNPsmRNPs in the soluble pool. <ECNN><EINS> <IMP> <CNN>At minimum,in the soluble pool. <ECNN><EINS> <IMP> <CNN>At minimum,
these data strengthen the argument that Scp160p functions in somthese data strengthen the argument that Scp160p functions in some aspecte aspect
ofof cytoplasmiccytoplasmic mRNA metabolism, perhaps  including translation.mRNA metabolism, perhaps  including translation.

</CNN> </INS>

<IMP> Whether the observed shift in polyribosome association reflectsWhether the observed shift in polyribosome association reflects alteredaltered
translational efficiency, stability, or some other property of ttranslational efficiency, stability, or some other property of the targethe target
messages, remains to be determined. Furthermore, future studiesmessages, remains to be determined. Furthermore, future studies will be will be 
required to determine whether other target messages (e.g. BIK1,required to determine whether other target messages (e.g. BIK1, NAM8,NAM8,
YOL155C, and others as yet unconfirmed) will demonstrate similarYOL155C, and others as yet unconfirmed) will demonstrate similar oror
distinct responses to the loss of Scp160p. Although the resultsdistinct responses to the loss of Scp160p. Although the results presentedpresented
here represent a significant step forward, much work remains to here represent a significant step forward, much work remains to bebe
completed if we are to understand the biologicalcompleted if we are to understand the biological role(srole(s) of Scp160p in yeast,) of Scp160p in yeast,
and of its counterparts in other species. For example, althoughand of its counterparts in other species. For example, although we havewe have
demonstrated clear association of specific mRNA sequences with Sdemonstrated clear association of specific mRNA sequences with Scp160pcp160p--
containing complexes, we do not yet know whether these interacticontaining complexes, we do not yet know whether these interactions areons are
direct or indirect. Preliminary in vitro RNAdirect or indirect. Preliminary in vitro RNA--binding studies betweenbinding studies between
recombinant Scp160p and recombinant Scp160p and …………It is also possible, if not probable,It is also possible, if not probable,
considering the large size and significant number of nonconsidering the large size and significant number of non--Scp160p proteinsScp160p proteins
apparent in Scp160papparent in Scp160p--containingcontaining mRNPmRNP complexes (3,4), that somecomplexes (3,4), that some
determinants of specificity may derive from other components ofdeterminants of specificity may derive from other components of thesethese
complexes, not only from Scp160p and transcript. What these othecomplexes, not only from Scp160p and transcript. What these otherr
components are, and how they may contribute to the specificity ocomponents are, and how they may contribute to the specificity of messagef message
association, remains to be defined. In addition, we have, to datassociation, remains to be defined. In addition, we have, to date, selectede, selected
target messages for study based only upon their degree of apparetarget messages for study based only upon their degree of apparentnt
enrichment in Scp160penrichment in Scp160p--containing complexes (e.g. 2.5containing complexes (e.g. 2.5--fold); however,fold); however,
these may not be the most biologically important messages impactthese may not be the most biologically important messages impacted byed by
Scp160p. Alternative approaches will be required to define poolsScp160p. Alternative approaches will be required to define pools ofof
messages that not only associate with Scp160p, but that are alsomessages that not only associate with Scp160p, but that are also

specifically impacted in any given way by Scp160pspecifically impacted in any given way by Scp160p--loss.loss. </IMP>
<MTH> Finally, in theFinally, in the microarraymicroarray studies reported here, bystudies reported here, by lysinglysing cellscells
in the presence of EDTA, which disruptsin the presence of EDTA, which disrupts polyribosomespolyribosomes, we have, we have
intentionally mixed the soluble and membraneintentionally mixed the soluble and membrane--associated Scp160p poolsassociated Scp160p pools

prior to Scp160p complex isolation. <IMPprior to Scp160p complex isolation. <IMP </MTH> > This strategy of> This strategy of
isolation was designed to give aisolation was designed to give a ��ewholeewhole cellcell��ff representation of Scp160p,representation of Scp160p,
and to minimize the number ofand to minimize the number of microarraysmicroarrays required to perform therequired to perform the
experiments. However, it is entirely possible that the membraneexperiments. However, it is entirely possible that the membrane--associatedassociated
and soluble populations of Scp160p may interact with different sand soluble populations of Scp160p may interact with different subsets ofubsets of
mRNA. Future experiments will focus on exploring separately the mRNA. Future experiments will focus on exploring separately the mRNAmRNA
and protein components of soluble versus membraneand protein components of soluble versus membrane--associated Scp160passociated Scp160p--
containing complexes, in order to compare and contrast these twocontaining complexes, in order to compare and contrast these two

populations.populations. </IMP>
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�� +9�" ��� 1>N �� ��� ��	 �	��	��	� �� ��	 ���� ������� ���	 ��������	��
����� �� �������	� �� +9� �'@ �� ������ �� ��	��	��" ��� ��	 ����� ����
��	��	�� ���	 �� 2F( '�	 �	������� �	�	� ���	� ��	 ��� ������	����# �	��
��	��	�� ���	 �� ��	� ���	� ���	 ���� .>N �� ����� �� ?N � ..N �� �	��	��	�
�� ��	 ���� 

'���	 6 ���$�	�	��� ��� ���������� �� ��	 $�	����� �	�����" ������������ ��	
�������� ��� ������������ �� ���	� �� ��	 ���� �	������ �� ��	 0> ������	�; ��	 ��"
��" +� ��� ���	������ '�	 &���	� �	�	 ��������	� ���� ��	 ����	� �� �����
�������	� �� �	������� �� 	��� ���	 �� ��	 ���� ���	 ���� �	����	 ��	 ���	�
���	� ��	���$" ��	 $	��	����	 �� ����� �	������� �� 	��� ���	 �� ���	$	��	�� ��
��	 $	��	����	� �� ����� �	������� �� ��	 ���	� ���	� 3�������� �� ��	 ����	"
��	 ���� �����	�	��� �	������ �� �	��� �� ���	� ��	 ���		� ��	 ���	�����
��� ��	 ���	����� =1N �� ��	 ���	����� �	����� �� ��	 �'@ ���	" ����	 ?>N
�� ��	 ���	����� �	����� �� ��	 2F( ���	 '�	 +��	����� ���� ��� ��	 ��	���#
$�	���������� ���	" ���	�# ��	 +9� ���	 �60N� '�	 ���� ���	��	 �	����� ��
�	�� �� ���	� �� ��	 ���	�����" ��	�	 ���� ��!	�	�� ���	 �����	� ���� �$ ����
� ������� ��	��	��#; 2F(" +9�" ��9" ��� ��, ����	���� 05N" 00N" 0>N ���
1.N �� ��	 �	�����" �	�$	����	�#� 

'�	 ���	� ����� ��	 ��	��	�� �� ���	 ���� ���� ��	 �� ��	�	 ���� �	������ ��	
2F(" �'@" ��9" ��� +9� '��� ����� ���� �� ���	� �� ����� �� ��	 +9�
���	� �	
$	���	���� �	������" ��� 	
��$�	" �	 �		� �� ���) �� ��� ���# ��	
+��	����� ��� ���� ���	� �	������ 
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�9" �%% ��� <��" ���	 �� ����� ����
������	 ���	 ���� 6N �� ��# �	����� @��	�	�" ��	�	 ���	� ��	 ��� �	����	�
�� �������&����: ����	 ��	 �$$����	 9$	��&����#" ��	 ����� $	��	����	 �� B'�
��� 
�9 ���	� ��)	� �	��	" ���	� ���� B'� $�����	� �� ������	 �� ��	 $�$	�
��	�	�� 
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'���	 7 $�����	� ���	 �	����	� ����������� ����������� ����� ��	 ��!	�	��
���	� '�	 �	���� ��� ����� ���� ���� ��	 ��	���	 �	���� �� ���	�" �	����	�
�# ��	 ����	� �� �����" ��� �	��	��	 �	�	� ��� ��������	�� �	�	� ����������� 
%�� �	��	��	 �	�	� �����������" ��	 ����	�� ��	���	 ���	 �� �%% �1C ������ ���
��	 �����	�� �� 
�9 �.7 ������ %�� ��������	�� �	�	� ����������� ��	 ����	��
���	 �� <�� �1. ������ ��� ��	 �����	�� ,2� �.5 ������ '�	 ����� ���
������ ���� �� ��	 ����	 ���� ��	 ��	���	 �	���� �� �	��	��	 ����)�" � 	 ���
���)	� �	��	��	� �� ���� �	��	��	 ����������� ��� ���	�" �� �	����	� �# ��	
��� ����	� �� ����� ��� ���� ��	 ����	� �� �	��	��	� �	������� �� 	��� ����) 
'��� ���	� �� ��	� �� ��� ���	 ����������� ��	 �����	�	� ��� ���������	� ��
�	
�� 3� 	
$	��	�" ��	 ����	��	�� B'� ���	 ����� ��	 ����	�� ��	���	 ����)
�	���� �1=0 ����� ��� .5 �	��	��	�� '��� �������� �� ��� ���	������� ����
B'� ���	� ��	 ������# �������	� ��� � �	��	��	 �� �	��	��	� �� � ����	 ��
�	�	���" ��	 ���� ��	��	�� ���	� 2F(" �'@ ��� +9� �	�� �� ����� �� �	���
���	�# ���� ����)� B� ��	 ���		" �'@ ��� ��	 ����	�� ����)� �.67 ����� ���
6 ? �	��	��	� �� ��	���	� '��� �� 	
$����	� �# ��	 ���� ���� ��	 ���	�����
�������� ������ 	
������	�# �� �'@ ���	� �� �	 �	��	 ��	 ���� ����	��	��
���	� ��� �� ������	������" ��	 ���� �����	�	� ���	� ��	 ,2� ��� ��9" �����
�#$�����# ����� �� ��	 ����)� �� 16�1= ����� ��� . 5 �	��	��	� 

%�����#" ��	 ���� ��� �� ��	 ����	 ����� ��	 ��	���	 �	��	��	 �	���� �� 	���
���	 3�������� �� ��	 ����	�" ��	 ���	� ���� ��	 ����	�� �	��	��	� ��	 2F(
��� <�� '�	 ��	���	 �	��	��	 �	���� �� ���� �� 1. ����� '�	 �����	��
�	��	��	� ��� �	 ����� �� ,2� ��� 
�9 �.= ������ '�	 ��	���	 �	��	��	
�	���� �� ��	 ������	� �� �	�	��� �� 0= ����� 
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������	� ��� ��������� 83 ����	� ���� �� ��	 ��	��	��#" ��������" �	����" ����
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�� ���� $�$	�" �	 ���	 �	�����	� ��� ���	 ���������� ���	�	 ��� ��������
��� 	
$	���	���� �	����� �� ���������� �	
�� ��� $�����	� � ����������	 ���
�����������	 ����#��� �� ��	 $���	�� ��� ��	 �	����� �� 83 ���	� �� ��� �����
�������	� ���$�	 �� 0> ������	� '��� �� ��	 &��� ����� ��	$ ������� ���� ��
��� �������	 ����; �� ��	 ��������� 83 ��� ��	 $��$��	 �� �
 ���� ����������
���� 

A���� ��� �������	� ���� �� �������� ���	����" �	 ���	 �	�	���# �����	� ���
����	 �	������ 	
$	���	��� ��� ��������� 83 4	 ���	 ��	� �������� �	
�
$���	����� �	������	� �� ��	�� �$ ��� ����	�� ��	 �������	� ���� ���� ������
���	� J�� ������ ��� �� 	
����� � ����	�# �� ����� �	����	� ��� �	��	��	�
�	 � ������� �� ���� ��)	�� ��� �	������	� �����" ���$��������� ��������
���� ����� ���� �	���" ��� �#������� �	$	��	���	�� 9#������� �	����	� ��	
�	���	� ����� ��	 <��	
�� %�( $���	� -.7/ 
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��	� ��� ��	 $�	$������� �� �������� ���� ��� ���� ���) '�	 &��� ���$��	��"
��	 $�	�$���	����" ����� �� ��	 &���	 �� �	�$������	 ��� �	������ ��# �������	
J�� 	�	�	��� ���� ��	 �������	� �	
�� ��� ��� $�	$����� J�� ��������	� ��
� ���� ���	$����	 �� � $���	� '�	 $���	� ��	���&	� �#����������# ���	�	�����
�	���������$� �� �	��	��	� '�	 �	$���	� ����	��� ������# �	��	��	� �	��	��	�
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�� ����� �� %����	 C '�	 &���	 ����� ��� ��������# 83 ����� �	 ��	� ��
��	 ���	
��� ����	 �� ��������� ��� ���� ������� ������	� �� 	�����	 �	���	��� �#
���	������ '�	 	�����	� ����������� $�����	� �# 83 ����� ��	 ��	������� ����
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����� �� ��	����#��� �������	� �� �	������� ���� �		� ��	 �		�� �� ��	 ���	�����
������ ���I�	� 	
$	���	���� ����	
�; %�� 	
��$�	" ��	����#��� � �	��# �������
	�	� �������� �� � $��������� 	����# ��� �� �0=��� �� ��	�)��� �� �		 ��	��	�
���	��	 ��� �$	�����	� �� ��	 ���$	������ �	��		� �	����� ���������� 	�����	�
��� �� �0=��� 

�0=� �    �� �� ��� )���� �� ��	�	 ������� �����	� ��# ������� ������� �C6��� 
'���" ��� &������ �	����������� ���� �C6��� �� � ������ ��������	�
��� ���# ��� �	������$���� ��� ���� ���       �M<2." $ 676�

� '��� �� ��	 &��� �	$��� �	����������� ���������� ���$	������ �	��		�
� �	��������� 	�������	��	 ��� �� 	
�����	��	   ��3+1" $ .?=1�

'�	 �
 $���	�� ���	�� ������� ��	 ����������� �	��	������� �� �
 ���� �	����
�����# ��	���&������I������&������" ���	�	�	��	 �	�������� �� &�� ��	����# �	�
������� �	��		� �	���" �	&���	 �	����$����� ��� $������� ��� ��	� &����#
	�	�� 	
�������� �� �� ������	� �
 �#��	� ���� ����� �� %����	 7� �	 	�����
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��	 ���� �����	� �� ����������� ���� �����$�	 �����	��� ����� �	 ���	����	�
�� ������ ��	 ���� ���	�# ��� �	�����	 �	����� �� �� $���	 � $��������� �	����
������ ��	 ����	
� �� � D�� �� ���) �# ��	 �	�	���� ��������# 9��� � �#��	�
����� ��)	 ��	 �� ��������� ���� ���) $�$	��" ���	��	� ���� � )����	��	 ��
��� ����	 ��������� ��	 �	�����	� �� �	������ �� ��	 ��	�# 

4	 ��	 ��� $������� �� ��	��	 ���	 ���	 �������	� ���� �� � �#��	����� ��#
�� ���� �� ��� �	 ��	� �� �	�	��$ ������ ������	 �	������ ����� <�����������
�� � ����	� ����	����� �� ���� �	 ���	� �� ��	 ���	�	 �	�����	� �� ���� $�$	� ���
���� �	����	 ���	�� ��� ��������������� ���		�	�� '��� �� ������� �� ���	� ��
���&�� ��� ���������� ����� ��	 ��������# �� ��	 ���	�	 3� � $���������#" �	 ��	
������	���� �� ��	 ��	 �������# �����	�	�� ���� �	�	��$	� �# �� �B$	� B��
�����# %���	" ���$;II�	�	���� ��� �� �$IP�����	�I�	�����	�IBB%I���	
 ���� ���
��	 ��������� $��$��	�: .� �� �	&�	 ���	 �����	� �� �������# �����	� ����	 ���
�������� �� ��	� 	
$	��	� �� �	 � ������� �� ���	� 	����# ����������" �����
�	 ��	 �������� �����" ��� 0� �� ���) �	��		� 	
$�	������ �	�	����� �� �	�����
�	 � ���
� ��
�	�
: ��� ��
�	�
� ��� ��	 ����	�$������ +9� ���	��� $��������
� �����	�	 �	����$���� �� ��	 	
$	���	���� �	������" ����� ��	 ���	�	�	��	 ���� 
3$$��������� ������	 ���� ����� �	$�	�	������� �� �������	� �	
��: � ���$�	 ��
��������	 ��; ���$;II�	�	���� ��� �� �$IP�����	�I$���	���I83�93I���	
 ��� 
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��� $�����	 ��Æ��	�� �� 	!	����	 �	��� ��� �������� ��	 ������� ���� �$���
��������# ���� $	�������� �� 	
$	���	���� �	������ �� ��	 ��$���# ������� &	��
�� ������# 4	 ���	 $��$��	� ����	����� ���� $����	� �# �	��� �� ��	�������
���	 ����#��� 3� ��	 &��� ��	$ ������� ���� ����" �	 ���	 ��������	� �� �����
������ ���	�	 ��� ���������� �	
��" $�����	� ���� �������	� ��������� �� ����
���	�	" ��� ���	� � ���$�	�	����	 ����#��� �� ��	 �������	������� �� ���� ����"
��	��� ��� ���� ��	��	����� ��� $�������� $��$��	� 4	 ���	 ���� �	�����	� ���
$�	�������# �	�	���� �� ��������� 83" ��� �������	� ��� �� ����� �	 ������
$����	� ���� ��� �
 ����	���) 3������� ��� ����	�� ����� �� �� ������#" �	
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<B���( 0>>5 ����	�	��	 4	 ���� ����) 9����	 '	��	� �A���	����# �� <���
�����	� ��� ����)� F���� ����� ��� ����������� ����������� '���)� ���� ��
�� ��	 �	�	���� ��$$��� �� ,��� 3��� %���#��� ����� ��� ��	 $������ &�������
��$$��� ���� ��	 2��,����� ,���	�� $	�����	� ������� 9$	���� <�����������
%���� ��� ,�������� 9��	��	 ��� '	�������# ���� ��	 �������# �� 
��������"
<�����	" 9$����" 9��	��	 ��� '	�������#" ��	 M�$��	�	 (��	���	�� 

4	 ��)����	��	 ��	 $	�������� �# ��	 B
���� A���	����# ,�	�� ���� ����
�# ��	 ������� �� ��	 ���	 �� ��	 �3+. ������	� ��� ��	 ��������� ���� ��	
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4	 �������� ��� ���	 ����#��� ���� +9' ����#��� ����� ��	 ���$�	 $�����	 �	�
��� ��)	� ���� ��	 +��	����� �� � �3+ ������	 ��3+." $ .?15� �'��� ��	 ���
�	��	� ��� ��	 ������������ �� +9' ����#���; ��	 ���	��� ���� �� �����	 ����)	��
���� �� -./ �	�	� �� ��	 �	
� �$�� ���������� �� ��	 �	
� ���" ��� ��$�����	���
��	� ���� �� -.�/ ��	 ��	� �� � ���	� �	�	� ���� ��	 �	�	���� �	
� ������	� �

-./-�
'� ����	�� ��	 ��	����� �� �	��	��	 �$	��&���#"/ -�� +�3 ���$�	� �	�
���	� ���� %�3(�9�$.7>$����������� ���$�	
	� �	���� ����� +�3 ���� ��	
���	 �	�� �#���	� �	�	 ��	� �� �	�$���	�/ -�� �� �	�	���	 $���	� ��� �#��������
���� �� 3!#�	���
 K(�9=? #	��� �	�	 ���$� ��		 ���	����� ��� �	������ /
-0/ -�
3� � �������"/ -�� ����	�$������ $���� �� +�3 �	���	� ���� �	��� 	
�
$�	����� �����	" ����	� ���� %�3(�����	� 9�$.7>$" ���� �	�	 $�	$��	� / -1/
-�
'�	 �	�����"/ -�� �	�	����	� �# ���$����� ��	 �#����������� �	����� �� 	���
9�$.7>$ ���$�	
��	���	� ���$�	 ������� ��� ����	�$������ ����� +�3 ����
���� ��		 ���	����� ��� �	������"/ -�� �	�	 ����)��� / -5/ %����" -�
 ��������
���# ������ �#����������� �$��� �	�	 �	�	��	� �� ���� �	�� ��� �������
���$�	�"/ -�� ��	 $���	��� �	�	 ��!	�	��"/ -�� ���������� ���� ��	 9�$.7>$
���$�	
��	���	� ���$�	� ��� ��� ���$�# ������� � ������ ����	� �� ���
��� �	������ �+�3� / -6/ %����	����	" ����	 �	��	��	� ���� �������� ��
��	 ���)�������	� ���$�	� �	�	 ���$�	�	�# �������� ���� ����	 ���� �����
���� �� ��	 %�3(�9�$.7>$ ���$�	
��	���	� ���$�	� ����� ��� ������" -�

�	����������� �$	��&���# �� ��	 ��������� $���	���	 / -7/ �� ���" �� ��	 7>>>
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Joint
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elaboration
[4]

[4b] –[4c]
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[4a]
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Interpretation

[5] [6]

joint

non-volitional cause

evaluation

[1a] - [2]

Interpretation
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$���	���	 �� 	 �� �����
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$	���	���� �	����� �	�����	�
�# ��	 	�	�	��� -5/ ������� -7/ �� ��������" %����	 = ����� �� ����#��� ����
	�	�	�� -.�/ �	�������� ��	 $��$��	 �� ��	 	
$	���	�� �	�� � E��������������*
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�,-#� -.�/ �.,-#� �#�/� -.�/ -0�/ -0�/ �.#�/� ��+0� -1�/ -1�/
-5�/ -5�/ �.�+0� ��1+� -5�/ �.�1+� ��+0� -6/ -7/ �.�+0�

:��� >J� ,��� �������� �	 ��� ���� ���� �
	� :������ K ��� <�

%����	 .> ���������	� ��	 83 '�	 �	
� �� �����	� ���� ���	� 	�$��#	� �� ���
���	�	" �� �������	� �	�	 �# ��	 ���	��	� �$	����I	����� ���� �� �������	
����� �$	���# ��	 ���	 ��������	� �� �	�� �� ��	 ����	�$������ ���	 ����� %��
	
��$�	" ��	 �$�� �� �	
� -.�/ ������� -0�/ �	��		� ��	 �$	���� ��� ��$2�

��� ��	 	����� ��� �3�$2� �� 	 E+�3 ���$�	� �	���	� ����       ���� �	�	
$�	$��	�*� �� �������	� �� � �'@ ���	 <��$��	� ���� ��	 ��� �	������ ��
+9' ����#��� ���������	� �� %����	� ? ��� =" ��	 83 �	��������	� � ���� ����
$�	� ��������	 ��� #	� ��$���	� ��	 )���� �� ����������� �� ��� ����	�� '���
�� 	
$	��	� �� ���������	 �� � ����	� ����	�� ��� ������� ��������� ���		�	��
��� � �	��	� ��	���&������ �� ��	 ����������� �� ��� �
 �		�� 

+����
 ���	�
 2������ ���	��
�

1�� �	����� 3��� +	�	���� B����	 �A+� ���$;II��� �
������������ ����"
B
���� A���	����# ,�	�� 
1��� 3�� ��" 3 4����� ��� M � %���������F	��" 9�$.7>$ ��������	�

���� �$	��&� �+�3� �� #	���" ��1 1.�C�" 0>>1" $$ .?1>Q.?1C 
1��� � F +�����	���� ��� � � +��" %��������� ���$	������ �	��		�

	
�����	��	� ��� 	�������	��	������� ��� ��	 	�������� �� �	��������� 	��
�#�	�" ��1 1.�C�" 0>>1" $$ .???Q.?=7 

1��" 
 �������" @ �������� ��� + 9$	�����" <���	��	� �	��	��	 	�	�
�	��� ��������	� ���� 	
�� �)�$$���" ��1 1.�C�" 0>>1" $$ .=C5Q.=?1 

1��% � %���)���" @ F�������)�" B ���	)�" ' '	����" � 9�������" ' 
F���#��� ��� 9 K�)�#���" 9��������� ����� �� �	$�������� ������ �	����
������ �# ��	 ���3 $���	��" ��1 1.�?�" 0>>1" $$ 0>CCQ0>?7 

,1�+ ,���		����� �� ��	 �������� 3���	�# �� 9��	��	� B����	
�A+� ���$;II��� $��� ����" '�	 �������� 3���	�# �� 9��	��	� �� ��	
A���	� 9���	� �� 3�	���� 
,1�+� � ( ���)� ��� K 8�� ��� + 9 ���#�" 2����	�����# �������� ��

��3�$���	�� ��������)� �# A��32< ����	��	 ����	��� � $��	����� �	$���
$�����# ��������� ����	����	 	
������ �	$���" ���3 ==�5�" 0>>0" $$ .=>6Q
.=>= 

,1�+" � L F���� ��� ' 9����)���" ' + ���#" ��� � � ���	"
��!	�	����� 	!	��� �� � �	������# ������ ����# ���� �#�����	 ��������� ��
�	�� ��� ��	�	 ���	" ���3 ==�5�" 0>>0" $$ .=0.Q.=06 

,1�+$ � A�� ��� F ��� ��� K ��)�����" ,��#$	$���	 �	�	��	 �� �	��	
��� ���������	 ���$ ������ �# �������	� �����	�	
�����	 ���	������� ��
������������� �	�	��	 �������" ���3 ==�5�" 0>>0" $$ .?.=Q.?05 
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3(- M������ �� <	�� 2�����# B����	 �A+� ���$;II��� ��� ����" '�	 +��)	�
�	��	� A���	����# ,�	�� 
3(-� ' K��������" @ @������ ��� � '��#���" '�	 $C6 �	�	$��� ������

���	� ��	 ������ ���� �#	������������	� ��#��$���	�� �� +��" C�/" .6C�5�"
0>>0" $$ 676Q6C> 

3(-
 
 @����)" F B	�	��" � F��)���" , (����#" 2 @��	�����
��� 3 3 @#���" '�	 )��	������# �������� ���	���# $�����# ��� �	��
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