
HAL Id: inserm-00148353
https://inserm.hal.science/inserm-00148353

Submitted on 15 Oct 2007

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Mitochondrial toxicity of indinavir, stavudine and
zidovudine involves multiple cellular targets in white

and brown adipocytes.
Say Viengchareun, Martine Caron, Martine Auclair, Min-Ji Kim, Paule

Frachon, Jacqueline Capeau, Marc Lombès, Anne Lombès

To cite this version:
Say Viengchareun, Martine Caron, Martine Auclair, Min-Ji Kim, Paule Frachon, et al.. Mitochondrial
toxicity of indinavir, stavudine and zidovudine involves multiple cellular targets in white and brown
adipocytes.: Adipocyte mitochondrial toxicity of antiHIV drugs. Antiviral Therapy, 2007, 12 (6),
pp.919-29. �inserm-00148353�

https://inserm.hal.science/inserm-00148353
https://hal.archives-ouvertes.fr


����� ���	��
�����������	�������	�	������������� �!�"�#� 
$�!%&�	�'���)(&* +,�	��-".0/ �1��.��32

465�798	:<;=8	>'?=@A5!B�C�798�DE5!:"5�7�FG8�HI5!>�?�5!>�BKJ'5L@�M�NO79BKJ'P�?�5!>�QRB >=?TSU5!?�8KJ'P�?=5L>�QR5!>VJ'8�CWJ'Q"N1X$PYC�795LZ0C!QR:<QUCLCLP=CLBV@

79B	@A[	Q�79N15L>G\];�5�79QRB	>�?_^�@A8K\`>$B	?�5!Z�8	:aF�79Q"N

b�c�d3e3fLg"h�i�j"kEc�l9gam'h0n!o p9q�rscAl�tuf�h	gRv�c�l9w	h�xyo z9q�rscAl{tuf�h	gR|Rm'jU}~cUf�lyx�o z�qErsf�h3��f	�3fL�`xyo zyo �yq

� cam'}�g���l9c"j"kEw�h zyo ��o �9q���c"j"�Km'g"}!f�h�gRv�c���g"c�m�xyo z9qEr�c�l9j���w	�3�'�E��n!o p9q	|Rh	h	g���w��3�'�K��zyo ��o ���

n"�yh��9g�l9�`q��`�	�	�	q��c"j�m0})t��R�	g�r��"�	g"j"f�h�g � c�l9f{����b�m'�	qE��g��&l�gU�`}Lf�h����RfLj��atul9gRv�g"�	ga��qE����� 	¡�¢	�	qE��l�c�h	j"g�£
p ��h	f~¤ � cAlOf�����b�m'�	qV¥Rl��9c�dEq���y�§¦� �¨V© q���l9c�h�j"g�£
x �yh��9g�l9�`q��`�Vª ¨	q��c"j�m0})t��R�	g�r��"�	g"j"f�h�g3b�cUf�h�t���|«h�t�w�f�h�g"q � c�lyf!��qE�=�y¢V© ¨§¦�¡�qE�Yl9c�h	j�gK£
z ��h	f~¤'gAl��9f)t�� � fLg�l�l9gRgat0r�c�lyfLgRv¬m�lOf~g"� � c�l9f���«� � rsv�� � c�l9f!�®�	q � c�lyf���qE���¢V© ¨	¨V© qE��l�c�h	j"g�£
���yh��9g�l9�`q��T©	ª�¡�q	�yh���t�f)t�m	t�	g�r¯dEwV}~w�i�f�g"q � c�l9f!�9q���y¢V© ¨I¦A�	qE�Yl9c�h	j<gE£
� | � �{° � q�±Rlyw�m���g�k	w0�y�	f)t�c"}�fLg�l � f²tyf��<��b�cU}����atul�f���l9g"q � c�l9f��9q���y¢V© ¨§¦A�	q���l9c�hEj"g�£

³ |&�	��l9gK���®w�´j"w	lyl9gK����w�hE��f�h�iµcam	tuk	w	lA¶U·�l§|Rh	h�g���w��]�'���9q	�yhV��g�l9�`qE�]h	f)t��«©	ª�¡0£���hV��t�f)t�m	t¸�	g¹rºdEwV}~w�i	fLg�£

� � r�v»£E±»l�wEm���g�°�w0�y�	f)t�c"}�fLg�l � f²tyf��<��b�cU}¼�0�atul�f���l9g"q	| � ��° � q�¢V© �V©�¦ � c�lyf!�v�g"��g��½¦A�	q���l9c�hEj"g�¾

¿ gU}~g��VkEw�hEg	¶�Ày�	��Á<¦� 	¡I¦A�V© ¢	�V© qE�c��¶�Ày�	��Á<¦� 	¡I¦A�V© ¢	¨	¨V£KÂ¹���`c"f!}�¶�c ¾)}�wV�3��gE�ÄÃº�3dEwV}�w	iVfLg�¾²j"kKm�����¾ Å�m����9fLgam¾)´�l

b	k	w	l{t'tuf)tu}Lg	¶K|&�	f���w�j�d�t�g»�`f)t�w�j�k	w	h	��l9f�c"}	t�wE�EfLjUf²t�d]wV´c�hKtufW°��yeÆ��lum�i0�
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� ^��AQ<:�795~J'Q ¶ ¿ wµga¤�c"})m'cat�g�tukEg��µg"j"k	c"h	f��9� �®wV´§�`f)t�w�j�k�w	h	��l9f�c"}�t�wE��f~jUf²t�dµc����9w�j"fLcat�g"�«Ç3f²tuk

c�h�tyfWl�gatulyw�¤�fWl9c"}�tul9g<catu�`g"hKtÄ¾

46Q�79;�8	?�N ¶�� ¿ �	���� 	 	¡	| Ç3k	f)t�gRc"hE� ¿ �	¢	f��	l9w�Ç3h]c"��f��'wVj�dKt�g��§Ç`gAl9gRga�	��w0�9g<��t{w ��t�ca¤ m'��f�h	gRÀA¦A¨��	rºÁ9q

� f��	w�¤�m'�	f�h�gRÀA¦	�	rºÁc�hE�,f�h	�	f�h�c�¤�fWlÀ�¦A¨
��r Á9qVcA}�w�hEgRw�lIf�h`j<wV�3��f�h�c�tuf�w�h'¾�|&�	fW��wVj�d�t�gK�´ucat¸j"w	hKt�g�h�t

Ç]cK��`g�cK��m�l9g<��Ç]f)tuk`¥«fL}��&g"�`¥ �ut�c�f�h	f�h	i�¾���m'c�hKt�f�´yfLj"catuf�w�h`w�´����µ| }Lg�¤�g"}��c"h	�`w�´�`f)t�wVjAk	w	h	��l9fLcU}

·��,|6j"w	hKt�g�h�t�m��9g"� � v��R����cK�Äg"�«t�g"jAk�h	fL�Km'g���¾"rsf)t�wVjAk	w	h	��l9f�c"}�c"jat�fW¤�f)tyfLg��§Ç]g�l9gRga¤�c"}~m'c�t�g"�«Ç`f)tuk

l9gK���Vf¼l9cat�f�w�hEq�| ¿§� �yd	hKtukEg��9f{�®cUhE�T�y��g"jatul�w��	kEwKtuw	�`gatulyf�j&cK�Ä�9c�d0��¾Ursf)t�w�j�kEw�hE��lOf~cU}'�Tc����§Ç`c��cK���9g����9g"�

�	d&tuk�g»´u}Wm'w�l9g��9j"g�h�t�	lyw���g�rsf)t�w ¿ l9c"j���g�l���g"�0¾

��Q"N�P0C�7ÄN ¶K�yh&��w�tuk`j"g"}�}�t�d ��g��9q�c"}�}�tukEg�tul9g"c�tu�µgUh�t9�If�h	�Km'j�g"�`c«�9g�¤�g�l9gR�	g"´�g"jatw	´c"�	fW��w�i�g"hEgK�9f��Ày}�wEÇ

}!f���fL�,j<w�h�t�g�hKt¸c�hE�,�	g<j�l9g"cK��g"�,�]c�l���g�l��®w�´c"�	f���w�i�g�h	fLj��µcat�m�l9c�tuf�w�hY¶ ��� |��
γ2

q�c � ¡]� m	tc�}��9w3�`v � ¦�f�h

�	l�wEÇ�h`c"�	fW��w�j<d�t�gK��ÁcK�§Ç]g"}�}'c��c"})t�g�l9g<�]�`f)t�w�j�kEw�hE��lOfLc"}0´!m'h	jat�f�w	h`Ày�	g"jAl9g"cK��g"�3l9gK�y��f�l9cat�f�w	h3l9cat�g c�h	�

f�h�j�l9g"c���g"�,�`f)t�w�j�k	w	h	��l9fLc"}V�µc�����Á�¾"·3l�m�iµjAw��3��f�h�cat�f�w	h`��f~�]hEwEti	fW¤�gRc<�	��f)t�f�w	h	c"}	t�wE��f�j"f)tud'¾U� l9w�Ç�h

c"�	fW��w�j<d�t�gK�®c��	��g"c�l9g<�,�`w	l9gRc�´u´yg<jat�g"�«tuk	c�h&Ç3k	f)t�gRc<��f��'wVjad�t�gK�®À�}~wEÇ]g�lIl9gK���	fWl9cat�f�w	h3l9cat�gRcAh	�

�	g"j�l�g"cK�9g<�,| ¿§� �	l�wV�Km'j�tuf�w	h�Á�¾ ¿ k	gR�`g"j"k	c"h	f����_�w	´§�µf)t�w�j�k	w	h	��l9fLc"}�t�wE��f�j"f)tud]��fL´�´�g�lÄg"�«Ç`f)tuk«tukEgR��l�m�i

c�hE��tukEgRj"g"}�}�tud ��g�¾�¥Rh	}�dG��t�ca¤ m'��f�h�gRf�hE�Km�j<g"�T�9g�¤�g�l�g»�`f)t�w�j�k	w	h	��l9fLc"}�·��µ| �	gA�V}Lgat�f�w	h,f�h3��w�tuk`j"gA}�}

t�d ��g���¾�� f)tuk`c"}!}�tuk�g�tul�g"c�tu�]gUh�t9�9q�Ç3k	f²t�gRc"��f¼��wVj�d�t�gK�1�9k�w�Ç`g<�,c �	g"j�l9g<cK�9gRw	´0tuk	gRga�E�	l9gK���9f�wVh]w�´

�Tf²t�wVj�kEw�hE��l9f!c"}�c"h	�`hKm'j"}Lg"c�l§·��T|&�yg�h�j<wV�	g"�3l9g��y�	fWl9c�t�w�l�d]j�k�c"f�hT��m���m'h	f)tÄ�Àyv�¥��«¡µc�hE�,v�¥��« 	Á

Ç�k	g�l9g<cE��	l9w�Ç3h]c"��f���w�j�dKt�g��¬�]cUf�h�t�cUf�h�g"�3hEw�l9�`c"}'g<�E�	l9gK�Ä�9f�wVh`f�h`c"j"j"w	l9�	c�hEj�g�Ç`f)tuk«tukEgUf¼l¬f�h�j�l9g<cK�9gRwV´

tuk	g1tul9c�h��9j�l9fW��t�f�w	h	c"}0´�c"jat�w�l��¸w�´�`f)t�wVjAk	w	h	��l9fLcU}	��f�w	i�g"h�gK�9f������ ��¦ c�h	� � ��v�qE� m	t§hEwEt � ±&v3¦
α
¾

� 8	>=:AC!P�NÄ5!8	> ¶�¥�m�lIl9gK��m'})t9�I�	l�w�¤�f��	gRg�¤�f!�	g"hEj"g»´uw	l�	f!���ÄwVjAf�cat�f�w�h3��gat�Ç`g<g�h`�,f²t�wVj�kEw�hE��l9f!c"}'c"jat�fW¤�f)t�dEq

tul9c�h��9j�l9fW��t�f�w	h`c�hE�,�Tf²t�wVj�kEw�hE��l9f�c"}�·��T|6j"w	hKt�g�h�t§�Ew�f�h�tuf�h�iµw�m�t0tukEgRj�w	�3��}Lg<��f²t�dµw	´§�µf)t�w�j�k	w	h	��l9f�c"}

tuw���f�j"f)tudEqEÇ`k	fLj"k`f��,��c�jat9�¸�«m0}²tyf���}!gRj<gU}L}Wm0}Lc�l§t�c�l�i�g�t9��¾

�$QaF	\]8	@�?�N ¶E�`f)t�w�j�kEw�hE��lOfLc"q	�`f)t�w�j�k	w	h	��l9fLc"}�·��T|&qV�`f�t{wVjAk	w	h	��l9f�c"}���f~w�i�g"h	g��9f��9q��	l�wEÇ�h`´ucat�q

c"�	fW��w�j<d�t�g
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��fW��wV��d0�utulyw	�	k�d`f��§tukEg»�`w0��t�	l9g�¤�c"}�g"hKt�9f��	gRg"´u´yg"j�tIw	´c�hKt�fWl9g�tulyw�¤�fWl9c"}�tul9g"c�tu�`g"hKt¸w�´�k�m0�µc"h

f!�µ�3m0hEwV�	g�´ufLj"f!g"h�j�d3¤�f�l�m��À�°3�ye&ÁIf�h	´yg<jatyf~w�h��Ä¦���¾K|Rh�tyf~��l9gat#lyw�¤�fWl9c"}�tuk�g�l9cA��d]Ày|�� ¿ Ác�i�c"f�hV�ut=°��ye6�`wY�ut

w	´!t�g�h`f�h�¤�wV}W¤�g��Ih�m'jU}Lg"w0�9fL�	gRc"h	c"}�w	i�m'gK�f�h	k�fW��f)t�w	l��w	´Yt#k	g�°��ye l�ga¤�g�lÄ�9g�tul9c�h��9j�l9f���t�cK��gRÀ ��� ¿ �yÁIcAh	�

�	l9wKt�g"c��9g�f�h	k	fW�0f)t�w	l��À � �yÁÄ¾ ¿ kEg�l9g"}�cat�f~¤�gRj"w	hKtulyfW��m	t�f�w	h`w�´g�c"j"k`j"}�c����wV´��l�m�i0�tuw»tukEg���catuk	w	i�g�h	g��9f{�®w�´

}!f���w��Ed��utul9w��	k�d]f{����tuf�}!}	m0hE�	g�l�	f!�9jam���9f~wVh0¾���� ¿ �9q	f�h���c�l�tuf�jam'}Lc�l§tuk	g1t�Ç�w«tuk�d	�TfL�	f�h�gRc�h	c"}�w	i�m�g��

��t�c�¤�m'�	f�h�gRÀ���  ¿ Á¸c�h	� � f��	w�¤�m'�	f�h�gRÀ��I·3e&Á9q�c��	��g"c�l�tuw«��gR�µc�Å�w�lj"w	hKtul�f)��m	t�w	l���tuw3}�f���w���dV�utul9w	�	k�d	q

�`w0��th	w�t�ca��}Wd���g�l9f���k	gAl9c"}V}Lf���w�catul�w��	k�d	�!¡��y�
�Ä¾��§f¼l���ti�g�hEg�l9cat�f�w	h � ���9q0��m'j�k]cK�f�hE��f�h�c�¤�f�lÀ���·�e«Á�qVc�l9g

��m�����g"jat�g"�«t{w���g»f�h�¤�wV}W¤�g"�`f�h]j"g"hKtul9c"}�c"�	fW��w0�9f)t�dEqVf�h0�um0}Lf�h�l9g��9f{�ut�c�h	j<gRcUhE�`�Ed'�9}!f��VfL�	g"�TfLc��! ����
��¾ ¿ kEg

j"w	�3��f�h�c�tyf�w	h`w	´ � �cAh	����� ¿ �If�h	j�l9g<cE��g��§��w�tuk»tukEg»f�hEjUfL�	g"h	j<gRcUhE�T�9g�¤�g�l9f)tud]wV´§}�f���wV��d0�utulyw	�	k�d	��¢	�Oª���¾

¿ k	g���catukEw��	k�d'�9f�wV}�w	iVfLj"c"}��µg"j"k�cUh	f��9�_�w	´§}Lf���w���dV�utul9w��	k�dµc�l�gRga��tul9g"�`g"}�dµj"w	�3�V}Lg��µc"h	�`g"h	j<wV�3��c����

�3m0}²tyf���}!g�l�gU}~cat�g"�3�	lyw�j"gK�Ä�9gK�f�h�j"}Wm'��f�h	iµc"})t�g�l9catuf~w�h`w	´c���fW��w�j�d�t�gR��f�´u´yg�l�gUh�tyf~catyf~w�hEq��`f)t�w�j�k	w	h	��l9fLc"}

tuw���f�j"f)tudEqVc"�	f���wVj�d�t�gRc���w	�Kt{wY��f!�9qV}~wVj"c"}�f�hV´u}LcK�`�µcatyf~w�h`c"hE�,��d0��l9g�i�m'}Lcatyf~w�h`w	´c"�	fW��wVj�d�t�w �	f�hEg��

�	l9w��Km'j�tuf~w�h'¾K| ¤�cAlOfLgatud]w�´j"k	c"h�i�g��IkEc�¤'g���g"g"h`�	w�jam'�TgAhKt�g"�`f�h&tuk	g«��m	��jam	t�c�h�g"w�m��c"�	fW��w0�9g�tuf!�Ä��mYgRw�´

°��ye3�uf�h	´�g"jat�g<�,}�f���wV��d���tul9w	�	k	f�j���catuf�g"h�t9�9q0��m'j�k`c��}�w0���w	´§}�f���f!�`j"w	hKt�gAhKt�q	�	g"j�l�g"cK�9g<�,c<��fW��w�j�d�t�g«�9f � g"q

c���w	�Kt{wKtuf�j»´ug�cat�m�l�gK�c�hE�,�`f)t�w�j�k	w	h	��l9f�c"}'cU}²t�g�l9cat�f�w	hV�f�h�jU}²m'��f�h	iT�`f)t�w�j�kEw�hE��lOfLc"}	�	l9wV}�f�´�g�l9cat�f�w	h`c"h	�

�`w	ly��k	w	}�w�i�f�j�c"}�}�dµc���h	w	l9�`c"}V�µf)t�w�j�k	w	h	��l9fLc��!¡��y�
��¾�r�w�}Lg"jam'}!cAlcU}²t�g�l9catuf�w	h0�w	´���catuf�g"hKt9��0c"�	f���wY��g

tuf!���um'g�k�c<¤�g»f�hEjU}Wm'�	g"�T�Äg�¤�gAl9gR�	g"j�l9g<cK�9gRw	´c"��f���w	i�g�h	fLj�tul9c�h��9j�l9fW��t�f�w	h,´�c"jat�w�lÄ�������A¦A¨
�yq�f�h	j�l9g<cE��g"�

ga�E�	l9gK���9f�wVh]w�´c"�	f���wVj�d�t�w �	f¼h�gK�I�����`c�hE� ¿ �3�
α
��¦A¨	��¦	¦��yq	��l�w	´uwEm�hE�]l�g"�Km'jatuf�w	h`w	´§�Tf²t�wVj�kEw�hE��l9f�c"}

·��,|6Ày�«t�·��T|RÁc�h	�`c"})t�g�l�g"�`ga�	�	l9g����9f�wVh`w	´I�9g�¤�g�l�cU}�´9c"j�tuw	l��If�h�¤�wV}W¤�g"�,f�h`�`f)t�wVj"kEw�hE��lOf~cU}'´!m0hEjatyf~w�h

�!¡���¦�¡��A¦"©��O¾"·`g��y�	f)t�g�tukEg��	l9gK�9gAh	j"gRw	´§�µf)t�wVjAk	w	h	��l9f�c"}V��l9w	}�f�´�g�l9c�tyf�w	h	q	h	w`f�h	j�l9g<cE��gRw�´0tul9cAhV�9jAlOf���tuf�w	h

´�c"jat�w	l��IfWh�¤�wV}W¤�g"�`f�h`�µf)t�wVjAk	w	h	��l9fLcU}	��f�w	i�g"h�gK�9f��§Ç`c��Il�g���w�l�t�g"�«f�h`}!f���w��Ed��utul9w��	k fLjRc"��f¼��wY��g�tuf{�Ä��m'g�¾

����¹¦��Ä¦�¡��yqEÇ�k	f�j"k«m���fL�Km0f)t�w�m��9}Wd3�	l�wV�`w�t�gK�=tukEgRj�w	w	l���f�h	c�t�g"�«t�l9c�h��9j�l9f���tuf�w	h`w	´§�µc"h�d`i�g"h	gK�

f�h�¤�wV}W¤'g"�`f�h`g"h	g�lyi	d��	l9wV�Km'j�tuf�w�h	��¦A�
�yq�Ç`cK�¸l9g��	w�l�t�g"�»t{w«��gRga�E�	l9g����9g<�,c�t§hEw�l��`c"}V}Lg�¤'g"}{�Ç`k	g�l�g"cK�

��� |��
γ
j"w�c"jatuf)¤'cat�w�lR¦

α�
À � ±&v3¦

α
Á9q�Ç�k	f�j"k,f��Ik	f�i�k	}�dµg��E�	l9gK���9g<�,f�h3�	l9w�Ç3h&��m	th	wKtf�h«Ç�k	f)t�gRc"�	f���w0�9g
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tuf!���um'g���¦A¢
�yq�Ç`cK�¸l9g��	w�l�t�g"�»t{w«��gR�	g"j�l�g"cK�9g<� �Ä¦A¨	��¦�¡���¾ � ��v�qVc � ±&v3¦�l�g�}�cat�g"�`j"w�c"j�tufW¤�cat�w�l9qKÇ�k	fLj"k

tul9c�h��9c"j�tuf~¤'c�t�gK������¹¦A�{t�c�lyi�g�ti�g�h	gK��q�kEcK�h	w�t0��g<g�hT��t�m'�	f�g"�«t{wV�y�	c�t�g���¦"ª ��¾���cK��tu}Wd�qVf�h	j�l9g<cE��g"�

ga�E�	l9gK���9f�wVh]w�´�,f²t�wVj�kEw�hE��l9f!c"}�m'h�j"w�m��	}�f�h	i`�	l9wKt�g�f�h ¦ À{�]v � ¦�Á9qVc«����g"j�f�´yfLjR�TcAl���g�lw	´Y�El9w�Ç3h

c"�	fW��w�j<d�t�gK��q�kEcK�I��g"g"h3l�g���w�l�t�g"�	qKÇ�k	fLjUk`f��`�V}LfLj"cat�gK�§�ElÄwEÇ�h`c"�	fW��w�j<d�t�gK�f�h«tukEg»}�f���wV��d���tul9w	�	k�fLj

�	l9w�j"gK�Ä����¦�¡���¦A����¾
 

·]g"j"fW�Vk�gAlOf�h i]tukEg»�]g"j"k�cUh	f��9�_�§m'h	�	g�l9}Wd�f�h	iT}Lf���w���dV�utul9w	�	k�d3k�cK�I��g"g"h`��f�´y´�f!j�m0})t���g"j�cam��9gRw	´0tuk	g

�	f�´u´yfLjam'})tudTf�h`w���t�c"f�h	f�h	i`��catuf�g"hKt�9c"�3��}Lg��9q�tuk	gR��fW¤�g�l��9f)t�d]wV´c�i�g"hKt9�®c�h	�`}!g"h i�tuk`w�´c�h�tyf~��¤�f¼l9c"}

tul9g"c�tu�`g"hKt�qKtukEg�lyw�m�tuf�hEg�m��9gRw	´§j<wV�3��f�h�c�tyf�w	h«tukEg�l9c��	dEqEtukEg�f��`�'c"jatw	´0tuk	g�¤�fWlÄc"}�f�h	´�g�jat�f�w�h`f)t9��g"}�´¸c"h	�

tuk	g�hEg"g"�«tuwµcK����gK���tuk	gR�	f�´u´�g�l9g"hKt�f�c"}0f��`�0c"j�tw�h&Ç3k	f)t�gRcAh	�]�El9w�Ç3h`c<��fW��w�j�d�t�gK��¾ v�gU}�}Wm'}!cAl¬�`w��	g"}��

k	c�¤�g�tuk	g�l9g"´uw	l9g���g<gUh3¤�g�lyd«m��Äg"´!m'}�t�w	w	}!�§t{wTg�})m'j"fL�	cat�g«��w��`gRw	´0tuk	gK��g»�µg"j"kEcUh	f��Ä�_��¾ ¿ kEgR� ¿ �K�&¦ w�l

� ¿ �	�{�� 	 	¡	| �&m�lOf�h�gRj"g"}L}V}Lf�h�g���qEÇ�k	fLjUk�l9g"j"c���f)t�m'}�cat�g��`w0��t¸w	´0tuk	g�Ç�k	f)t�gRc"�	fW��wVj�d�t�gR�	f�´u´�g�l9g"hKt�f�cat�f�w	h

�	l9w	i�l9cA� m0hE�	g�l1�y��g"j"fL´�fLjRjam'})t�m�l9gRj"w	h	�	f)t�f�w	h0�9q	k	c�¤�gR�µwY��tw	´!t�g�h«��g"g"h«m	tyf�}�f��Äg"�0¾�|«})t�k	w�m�i	k`g"c<jUk]��l�m�i

k	c<�,cR�	f�´y´�g�l9g"hKt��c�t!t�g�lyh�w	´§g"´u´yg<jat9�9q ��� ¿ �9q	gK�Ä�9g"hKtuf�c"}L}�d �I·3e w�l��  ¿ q	�	g"j�l9g<cK�9g"�`c"�	fW��w�j�dKt�g

�	f�´u´�g�l9g"hKt�f�cat�f�w	h	q�Ç`g�l�g��	lyw��yc��Ew���tuwKtuf�j"q�g�h	kEcUhEj�g"�`ga�	�	lÄgK�Ä�9f�wVh`c"h	�T��g"j�l9gat�f�w	h`w	´=�u���	q����&¦
β
c�hE�

¿ �]�
α
q�c�h	�`f�h��Km'j<g"�,�`f)t�w�j�k	w	h	��l9fLc"}	�	l9wV}�f�´ygAl9cat�f�w�h]cUh��`�	g���w	}�c�l9f � catuf~w�h��L¡�¨	��¡	¡���¾�b	w��]g � �1�um'j�k`cK�

��·�e6w�lh	g"}�´yf�h�c<¤�f�l§Ç]g�l9g��	l9w	��c��	w	�Kt{wKtuf�jRc"h	�`c"})t�g�l9g"�`c"�	fW��w�j�dKt�gR�	f�´�´�g�l9g"h�tyf�c�tyf�w	h��!¡I¦A�u¡0©���¾"|«}²tuk	w�m�i	k

�	l9f�h	i�f�h iTfL�,��w	l�t�c�hKt�l�gK��m'})t9�9q�j"g"}�})m'}!cAl¬�`w��	g"}��¬kEc�¤�gR´ucUfL}Lg"�«tuwTc<�	��l9gK�����9ga¤�g�l9c"}	��wVf�hKt9��¾ ¿ k	gR�«t�·��,|

�	g���g�hE�Vg"h�tIc<j�tufW¤�f)t�fLgK�À�l9g��y��fWlÄcatuf�w	h	q	| ¿¸� �yd	h�tykEgK�9f��yÁk�ca¤�gRh	w�t0��g<gUh]��fWl�g"jat�}~d]�Tg�cK�um�l9g"�`�	gK���Vf)t�g�tukEg

��w0���9fW��}LgRj"w����0g"hV��cat�w	l�d`g"´u´yg<jat¸w�´0tuk	g wE�'�9g�ly¤�g"�3�	l9w�}�fL´yg�l�catuf�w	h`wV´§�`f)t�w�j�kEw�hE��lOfLc�¾ ¿ k	gRg"´�´�g"jat=w�´

��l�m�i0�IkEcK�h	w�t0��g<g�h`c�����gE�Ä�9g"�`j"w	h	j<wV�`f)t�c"hKt�}~d]w	h`c"�	f��'w�jad�t�gR��f�´u´yg�l�gUh�tyf~catyf~w�h`cAh	�,�µf)t�w�j�k	w	h	��l9f�c"}

´�m0hEjatyf~w�h`�	g��y��f)t�g�tuk	g�tufWi�kKt´!m'h	jat�f�w	h	c"}�}!f�h �3�'gat�Ç`g<g�h«�'wKtuk`j"g"}�}Wm0}Lc�lc��y��g"jat9� �!¡��	��¡�¢
�9¾�¥Rh	}Wd`w	h	g

c�hEcU}�d0�Äf��¬kEcK�I��g"g"h`j<w�hE�Km'jat�g"�3f�h]�El9w�Ç3h`c<��fW��w�j�d�t�gK����¦A�
��¾"·]gK�y�	f)t�g�tukEg�´uc"jat�tuk	c�t ��� ¿ �Ic�hE� � �cAl9g

l9w�m�tufWh�g"}Wdµj"w��]��f�h�g"�`f�h`j"}!f�hVfLj"c"}��	l9c"jatufLj"g<qEtukEgRg�´�´�g"jat9�®w�´0tuk	g��9gR��l�m�i0�IkEc�¤�g�i�g"h	g�l�cU}L}�d3��g�gUh

c�hEcU}�d � g"�T�9gA��c�l9cat�g"}WdEqVg�¤�g"h«tukEwEm�i	k&tuk	gRj"w	�3��f�h�g<�,g"´u´9g"jat9�¸�`c�d3Ç`g"}L}���fL´y´ygAl¬´�l9w	� tuk	w0�9gRg"}�fLj"f)t�g"�«�	d

g"c"j"k`j"}�c��Ä�w�´��l�m�i0�®cU}~wVh	g�¾
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¿ w,c<�	��l9gK���¸�	wKt�g�h�tuf�c"}0�µg"j"k	c"h	f����_�w	´§�`f)t�w�j�k	w	h	��l9fLc"}�t{wE��f~jUf²t�dµw	´c"hKt�fWl9gatul�wE¤�f¼l9c"}���l�m�i0�9q�Ç`g�kEc�¤'g

m�h	�	gAl�t�c ��g�h`c���cAl9c"}�}Lg"}'cUhE�`j"w����	l9g"k	g"h0�9fW¤'gRcUhEc"}�d0�9f���w	´§�`f)t�w�j�k	w	h	��l9fLc"}V´�m0hEjat�f�w�h]c�h	�`c"�	f���wVj�d�t�g

�	f�´u´�g�l9g"hKt�f�cat�f�w	h,f�h«Ç]k	f)t�gR� ¿ �K�Y 	 	¡V|6c"�	fW��w�j<d�t�gK�®cUhE�3f�h ¿ �	¢	f�c"�	f���w�j�d�t�gK�9q�c�h	gaÇ �&m�lOf�h�g��	l9w�Ç�h

c"�	fW��w�j<d�t�gRj"g"}�}�}!f�h�g�tuk	cat�Ç]g�k	ca¤'g�l�g"j"g�h�ty}Wdµ�	g�¤�g"}�w	��g"�µc�h	�`j�k�c�l�c"jat�g�lyf � g<� �L¡0ª �y�	¨
�O¾�� gRj�k	w0�9g

��l�m�i0�§Ç]f)tuk�	h	w�Ç�h`c"��¤�g�l���gRg"´�´�g�jat9�A¶�gAf)tuk	g�l��� ¿ �À��I·3e c�h	�`��  ¿ ÁIw	l � �IÀ���·�e«Á�¾ ¿ k	g��9gR��l�m�i0�

Ç]g�l9g�m��9g<�,c"}�w	h	gRc"hE�,f�h`j"wV�3��f�h�cat�f�w	h	q�catjAw�hEj"g"hKtul9c�tufLw�h`j"}�w0�9g�t{w»tuk	g"fWlv��µc<�Y¾K|&�	f���wVj�d�t�g

�	f�´u´�g�l9g"hKt�f�cat�f�w	h«Ç`c��g�¤�c"}Wm'cat�g"�«�	d`�	g�t�g�l9�,f�h�f�h	i]tukEgRj"g"}�}V}Lf���fL�`j"w�h�t�g�hKt¸c�hE�«tuk	gRga�E�	l9gK���9f~wVh`w	´§�µcyÅ9w�l

´�c"jat�w	l��Iw	´0tuk	gRc"��f¼��w�i�g�h	fLjRj"c���j"c"�	g�¾"rsf)t�w�j�k	w	h	��l9fLc"}�t�wE��f�j"f)tud&ÇµcK�g�¤�c"}Wm'cat�g"�«Ç`f²tuk3l9gK����g"jat0t{w»tuk	g

l9gK���Vf¼l9cat�w	l�d`jAk	c"f�hTc<jatyfW¤�f)tud]À�l9gK���Vf�l9cat�f�w	h	q	| ¿¸� �yd	h�tuk	g��9f��c�hE�,g"h � d��µcat�f�jRc�����c�d0�yÁ�qV�`f)t�wVjAk	w	h	��l9fLcU}

�µc����9q��,f²t�wVj�kEw�hE��l9f!c"}�·��T|6j"w	hKt�g�h�tIcAh	�`ga�	�	l�gE�Ä�9f�wVh`w	´§�`f)t�w�j�kEw�hE��lOfLc"}	��f�w�i�g"hEgatyf~j»´�c"jat�w�l���¾ � g

�	l9w�¤�f��	gRga¤�fL�	g"h�j"g�tuk	c�t=��wKtuk«Ç�k	f)t�gRc�h	�«�El9wEÇ�h`c"�	f���wVj�d�t�gK�cAl9g«�9ga¤'gAl9g"}~d,cU´u´�gKj�t�g"�«�	d«tukEgR��l�m�i0�À � �

c�hE� �� ¿ ��qEm���g"�`cU}~w�hEgRw�lf�h]j"wV�3��f�h�catyf~w�h Á9qEÇ�k	f�j"k`c"}!}�f!�`��c"f�l9g"�`�	f�´�´yg�l�gUh�tyf~catyf~w�h`cAh	�

�Tf²t�wVj�kEw�hE��l9f!c"}�´{m'h	j�tyf�w	h0¾"°]wEÇ]ga¤�gAl9qKtuk	gK��g�t�Ç�w`j"g"}�}�tud	��g��I�	l9w	´uwEm�hE��}Wdµ�	f�´y´ygAl§Ç`f)tuk3l9g��y��g"jat�t{w»tuk	g"fWl

�Tf²t�wVj�kEw�hE��l9f!c"}�c"�	cA��tyfW¤�g�l�gK�y��w	h0�9gK�t�w»tul9g"c�tu�`g"hKtÄ¾ ¿ k	g�l9g���m'})t9�1�ykEwEÇ]g"�«m��§tukEg��«m0}²tyf���}!fLj"f)t�d]wV´

j"g"}�}Wm0}Lc�l§t�c�l�i�g�t9�If�h�¤�wV}W¤�g"�`f�h]cUh�tyf~��l9gatul�wE¤�f¼l9c"}�t�wE��f�j"f)tudµw	h3�`f)t�w�j�k	w	h	��l9fLc"}V´�m0hEjat�f�w�h'¾
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Materials and Methods

�1�"�!�'�"-	����-������	�	�`�	��-".$��������/�-����

� ¿ �K�� 	 	¡	| �	l9g"c"�	f���wVj�d�t�gK�§Ç]g�l9g��	l�wE¤�f~�	g"�]�	d � l�¾U°G¾�±Rl9g"g�h�À��Rw0��t�w	h	q�rº|RÁ�¾ ¿ k	g�d&Ç`g�l�g

�µc"f�h�t�c"f�h�g<�,f�h«·&m0}W�'g"j�j"w {���`w��	f�´�f!g<��Â¹c�i�}Lg ���`g"�	fWm0� À{·�r¯ÂrºÁ§Ç`f)tuk ¦A¨	¨]�u���#�,}	�'g"h	fLjUfL}�}!f�h�q

¦A¨	¨��Vi��u�`}���tul9g���tuw	�3d�j"f�h�q®¦� �¾W©&h	�`wV}��u}	��f�w�tyf�h`c"hE� ¦A¨�� hEgaÇ&��w	lyh`j"c"}�´¬�Äg�lum0� À���h�¤�f)tul9w	i�g�h	q�v�g�lyi	d

� w�h�tuw	f!�9g<qE��l�cUhEj"g�Á�¾ ¿ k	g"fWl�	f�´�´yg�l�gUh�tyf~catyf~w�h«Ç]cK�f�h	�Km'j�g��¬�	d_��Ç`f²t�jUk	f�h	i3t�w ¦A¨�� ´uw�gat�c�}�j"c"}�´¬�ÄgAl�m0�

c�hE�,c<�	��f�h	i½¦A¨	¨3hKr f�h0��m'}!f�h`´uw�l1ª��	c�d���¾ ¿ �	¢	f�j"g"}�}{�Çµg�l9gRjam'})t�m�l9g<�]f�h«·&r¯Âr��L°`|�r
	 ���¦�¡�q

¦A¨�� ´uw�gat�c�}�j"c"}�´¬��g�l�m'�Tq	¡`�3r iV}²m	t�cU�`f�h�g"qI¦A¨	¨3�����#�`}	�0g"h	fLj"f�}L}!f�h�qI¦A¨	¨���i����`}���tul9g���t{w��3d�jUf�hEq

¡�¨3�3r °«Â � ÂRb`Àu�yhK¤�f)tul�w�i�g�hEqVv�g�l�i�d � w�h�tuw	f!�9g"q���l9c"hEjKgAÁc�h	�«Ç]g�l9gR�	f�´u´�g�l9g"hKt�f�cat�g"� �	d

��m��	��}Lg"�Tg"h�t�catuf�w	h«Ç`f)tuk3¡`h�r tulyf�f�w��	wEtuk�d l9w	h	f�h�gRÀ�b	fWiV�GcRv1k	g"�TfLj"c"}���v�¥&q�bKt��w�m�f{��qEr�¥»ÁcAh	�

¡�¨3hKr f�h0��m'}!f�h`À�b�fWi��TcAÁ¬´uw	l¢`�	cad0��¾ � cK�Ä�9c�i�gK�h�m0�3�'g"lR¦A¨»tuw3¡�¨`c�hE�,�Rtuw ¦�¡3Ç`g�l9g�m��9g<�]´uw	l ¿ �	¢�f

c�hE�,� ¿ �K�� 	 	¡�|6j"g"}!}��9q	l9gK����g"jat�f~¤�g"}�d'¾

v�g"}�}��§Ç,g�l9gRga�E��wY��g"�«tuwT��l�m�i0��Km�lyf�h i]tukEg"fWl§Ç3kEwV}�g���g�l9f�w��`w�´�	f�´y´ygAl9g"hKt�f�catuf�w	h	q�cat¸j�w	h	j<gUh�tul9c�tuf�w�h0�

j"}�w0�9g�tuw«tukEgUf¼l¬�`c���fL�]m'� j"w	h	j"g"h�tul9catuf�w	h`Àyv������Á§¤�cU}Wm'g��A¶�¦	�	r � f��	w�¤�m'�	f�h�gRÀ �I·�e3q

±«}�c���w=b��,f²tyk���}!f�h�g"q�rsc�l9}Wd`}Lg ��wVf�q���l9c"h	j<g�Á9qI¦A¨��	r ��tuca¤ m'��f�h�gRÀy��  ¿ q���l�f!��t�w	}�rsg�d�gAl���b��Km0fW�	�

e3fWl�wV}�w	i�dEq � l�f�hEj"gat�w	h	q �,��qE�Gb	|RÁ9q	c�hE� ¦A¨
�	r f�h	�	f�h�c�¤�f�lÀ���·�e�qEr�g�l9j �_b	kEc�ly��� ·]w	k	�`g

��c���w	l9c�tuw	lyf�g��yÁ�¾

���	��� 
0/���/���%�.��A���R�����1���A/�/��L���

¿ wKt�c�}�� �T| Ç`cK�f��9w�}�cat�g"�«m��9f�h�i3tuk	g � �µg"cK�yd �Vf²tIÀ �«fLcUi�gAh	q	e3c"}Lg"h	j"fLc"qVv1|RÁc"h	�T����g"j"f�´�f!j�i�g"hEg

ga�E�	l9gK���9f�wVh&Ç`cK�®�Km'cUh�tyf�´ufLg"�]�	d�l9g"c"}	tuf��µg � v�� j<c�lyl9fLgK��wEm t	w	h`c�h�|����¢	¢	¨	¨_b�g"�Km'g�hEj�g�·`gat�g<j�t{w�l

À�|R�	��}!fLg"�«�Rf~wY�yd'��t�g"�_�9q��wY�ut�g�l�v1f)tud	q�v�|RÁ�¾U� lyf�g"´y}�dEq®¦ �Vi]w�´0tuwKt�cA}����µ| Ç]c��§tul9g"c�t�g"�«Ç�f)tuk«·��TcK��g��

|&�,��}!f�´yfLj�catuf�w	h`±Rl9c"�	g��	l9w�j"g"�Km�l�gRÀ{�yh�¤�f)tul9w	i�g�h�ÁcAh	�3l9ga¤�g�l��9g<�{tul9c�h��9j�l9fW�'g"�«Ç`f)t�k3¡�¨	¨«m�h	f)t9�w	´�l9ga¤�gAla��g

tul9c�h��9j�l9fW��t�c��9g=m��9f�h	i3tuk	g3b�m���g�l���j�l9fW��t���� �y���	f)t¸À���hK¤�f)tul9w�i�gAh�Ác"h	�3l9c�hE�	wV�Æk	g��'c"�µg�l��c<j"j"w	l9��f�h�i3t�w»tuk	g

�µc"hKm'´yc"j�t�m�l9g�l ��Il9g"j<w��`�µg"h	�	cat�f�w	hV��¾
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¦ ��¡�¨����w	´0tuk	g�l9ga¤�g�l���g�tul9c�hV��j�l9f���tyf�w	h3l9g<c"jatuf�w	h«Ç]cK�§m��9g��3´uw	lIl9g"c�}�tuf��µgR�Km'c"hKt�f)t�catufW¤�g � v�� m��9f�h	i3tuk	g

� � v�� � � r�cK��t�g�l9�`fW� � }Wm��´uw	l�bEd �	l � � ±Rl9g"g"h3�9q	¡0¾W©R�3r r i0v�} p q	¡�¨	¨
��r �	g"w��	d	h�m'j"}!g<wY�9f��	g

tulyfW�	kEwY���VkEcat�gK��q®¦�¾ ¡0©R� °�wKt§iEw�}~�V��t�c�l§·��,| ��w	}Wd��TgAl9c��9gRÀ{Âm�lyw	i�g�h�t�g"j"q0b�g�l9c�f�h i�qE��g"}�iVf)m'�`Ác"h	�`�	¨	¨

hKr wV´g"c"j"k3�	l9f��TgAlÀ�}�f{�ut�g"�,f�h_b�m��	��}LgU�µg"hKt�c"} ¿ ca��}LgT¦�Á�¾	bKt�c�hE�	c�l9�V�§Ç]g�l9g��	l�wE¤Ef��Vg<���	dG�9g�l9fLc"}

�	f�}Wm	t�f�w	hV�w	´§}�f�h�g�c�l9f � g"�3��±�Âr ¿ �yg"cK�yd���}!c��9�TfL�`À � l9w��µg�i�c�Á§Ç`f)tuk&tuk	gRc"�3��}!fLj"w	h0�cK�f�h0�9g�l�t9��¾

v�w�l�l9g�}�cat�f�w	h`j"w�g�´u´yfLjUfLg"hKt9� Ç`g�l�g�� ¨0¾²�Vª�c�h	�`g"´u´yfLjUfLg"h	j"fLg��w	´§c�t§}~g"cK��t¸¨0¾²�Vª q�f�h`c"}!}�g��	��gAlOfL�µgUh�t9��¾

��gK��m'})t9�§Ç]g�l9gRg��E�	l9gK����g"�`c��c�l9catuf�w«t{w ¦"ª�b3l ���`| }~g<¤'g"}	��g�lIh iµw�´0tuwKt�cA}����µ| ��g"´uw	l9g�l9ga¤�g�l���g

tul9c�h��9j�l9fW��t�f�w	h`c�hE�]l�gU}Lcat�g<�»tuw«tuk	gRg��	�	l9gK�Ä�9f�wVh`�µg"cK�um�l9g���Ç�f)tuk`j<w�h�tul9w�}�j<gU}�}��9q�c�l���f²tul9c�lyd_�9g�tIc�t ¦A¨	¨ �º¾

� ���	/�-����������'�V��%3�	��� ���	��
������� %L%	�������'�����'���!���

|&�	f���w�j�d�t�gR��f�´u´yg�l�gUh�tyf~catyf~w�h«Ç]cK�g�¤�cU}Wm'cat�g<���	d&tuk	g«�ut�g"c"��dE�O��t�cat�g�}~g<¤�g"}{�®wV´0tuk	gR�	� �T|6gUhEj"w���f�h�i

�µcyÅ9w�l�`c�l ��g�l��w	´c"��f���w	i�g�h	fLj»�µcat�m�l�c�tuf�w	h`Àyc � ¡�q ��� |��
γ
¡�q � ±«v3¦

α
c�h	�«�]v � ¦�Ác"h	�«�	d3tukEgR¥«f�}

��g"��¥ �ut�cUf�h	f�h	i�q�Ç3k	fLj"k3l9ga¤�g�cU}��}�f��VfL�`��l9w	�	}�gat9�f�h«tuk	gRj�d�t�w��	}~cE�9� w�´§´!m'}!}�d]�	f!´u´yg�l�gUh�tyf~cat�g"�`c"�	fW��wVj�d�t�gK�

c�hE��Ç]cK�I��gAlO´uw	l9�`g"�`cK��	g��Äj�l9f~��g"���!¡	 ���¾�b�j�k	g"�`cat�f�j"c"}L}�dEqVc"´!t�g�l´uf~�'c�tyf�w	h`f�h ¦A¨�� ´uw�l9�`c"}Lf�h]cUhE�`w�hEg

Ç]cK�9k`f�h&Ç`cat�gAl9q�j<gU}�}��`wVhEwV}�c�d�g�lÄ�§Ç`gAl9g«��t�c"f�h	g"�«Ç`f²tuk`¨=¾²��� ¥Rf�}��&g"�`¥ ��w�}²m	tyf�w	h`f�h`�	¨��

f��9w	�	l9w	��c�h	w	}�q�c�h	�T�9w�})mV��fL}!f��9g<�,f�h ¦A¨�� �9w��	f)m0� �	w��	g"jad�}���m'}��VkEcat�g�¾ ¿ kEgRc��`w�m�hKt¸w	´§¥&f�}	l�g"��¥ ��t�c"f�h

Ç]cK��`g�cK��m�l9g<���	dµf)t9�®w���tuf�j�cU}��	g"h0�9f)tud]cat©�¡�¨]h	�G¾

��/�/��A/�/������'�V��%3�3�L���	�������	�	��������%	-��������!���

��gK�y��f�l9catuf�w	h«Ç]c��ga¤'c"})mYcat�g"�«�	d3��w�}�c�l9w	i	l9c��	k�d]cat¸�	¢
	�v f�h`cRv�}�c�l���gRg"}Lg"jatul�wV�	g À{°`cAhV�9c�t�g"j�k	q��&�&Á�¾

¦A¨ � j"g�}�}��§ÇµgAl9gRc"�	�	g"�«tuw ¦A¨	¨3�«r �Rrsg��I��° ¢0¾  �qV©R�3r ��wEt�c����9f)m'�Æ�VkEwY���VkEcat�g"qI¦1�3r Â¹± ¿ |&qV�

�3r Â· ¿ |&q®¦��3i��u�µ}V��w�¤�f�h�g«�9g�lum0� c"}W�	m0�µf�h	qI¦��3r |�· � c"h	�T��w�})m���f!}Lf��Äg"�«Ç`f)tuk3¡�¨
�Vi

�	fWiVf²t�w�h	f�h�g�¾���gK�y��fWl9cat�f�w	h«Ç]cK�f�h�f)t�fLcat�g"�«Ç3f²tuk3¡�¨,�«r �ym'j"j"f�hEcat�gRc�hE� ¦A¨
�	r l9wKt�g�hEw�hEgRqUtuk	gAh

��t{w��	��g<��Ç�f)tuk`¨0¾²¢V©&�3r ��wKt�cK�Ä�9f)m0� j�d�c"h	fL�	gRÀ{��v��`Á�¾ ¿ k	g�l9g��y��fWl9cat�f�w	h3l9cat�g�Ç]cK�¸wE� t�c�f�h	g"�3�	d

��m	� tul9c"jatuf~w�h`w	´0tuk	gRjam�lu¤�g«�9}�w	��g�m0hE�	g�l§�]v � ´�l�w�� tukEc<t'm�h	�	g�l1�um'j"j"f�h�c�t�gRc�h	�`ga�E�	l9gK���9g<�,c��

h	c"hEwV�`wV}�g��w��	d i�g"h3��g�l�,f�h�m	t�gRc�hE� ¦A¨ � j"g"}�}���¾
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| ¿§� �	l9w��Km'j�tuf�w�h&Ç`cK��`g�cK�um�l9g"�`f�h���c�l9c"}!}Lg"}�t�w3�	w	}!cAl9w�i	l9c��	k�d&m§�9f�h	i`| ¿§� j�kEg"�Tf!}Wm'�Tf�h�g��9j"g"h�t

cK�Ä�9c�d�q�c"j"j"w	l9��f�h�i3t�w»tukEg»�]cUh�m0´�c"jat�m�l�g�l ��I�	l9wKtuw�jAw�}�À�|&�µg�l��9kEcU�`Á�¾���t=Ç]cK�j<c�}Ljam0}Lcat�g<���	dµ��m���tul�c"jatuf�w	h

w	´YtukEg«�9}�w	��gRw�´�| ¿§� j"w	h	j<g�hKtul9c�tuf�w�h&m�h	��g�l§��v � ´�l9w�� tukEcat�m�h	�	g�l1�um'j"j"f�h�cat�gRc�h	�`g��	�	l�gK����g"�`cE�

h	c"hEwV�`wV}�g��I| ¿§� �u�`f�hµc"h	� ¦A¨��j"g"}�}���¾

b	��g"jatul�w��	kEwKtuw	�`gatulyf~jRcK���9c�d0�®wV´j<d�t�w�j�k�l�w��`gRjRw���f��	c��ÄgRc�hE�,j"f)tul�cat�g«��dEhKtuk	c���g�Ç`g�l�g���g�l9´uw�ly�]g"�,f�h

Ç�k	wV}�gRj<gU}L}VkEwV�`w	i�g�h�cat�gRc"j<j"w�l9��f�h�i3t�w����§¦�����¡���¾

rsf)t�w�j�k	w	h	��l9f�c"}0�µcK�Ä�f�h��	g��3Ç]cK�g�¤�cU}Wm'cat�g<���	d&tuk	g«�ut�c�f�hVf�h	i3Ç`f)tukµ© ¨]h�r rsf)t�w ¿ l�c"j ��g�l���g"�T©	ª ¨

À{r�w�}�g<jam0}Lc�l � l9w���g��9q�Â¬m�i�g�hEg"q�¥»l9gAi	w	h	q��_b	|RÁc�hE� ¦A¨3h i��u�T}�°]wVg"j"k���t¸�	��¡0©	ª&f�h&·«r Â¬r w	´

c"�	fW��w�j<d�t�gK���9g"g"�	g<�,w	h`�	�«Ç]gU}�}��I��}Lcat�gRcK��	gK��j�l9fW��g"���!¡�¨
��¾ ��m'c�hKtuf�´uf!j�catuf~w�h`w�´YtukEg�´�}Wm'w	l9gK��j"g"hKt

�9fWi�h�c"}{�Ç`cK�¸��g�l9´uw�l9�`g"�`w	h`c�´u}~m'w	l9gK��j"g"h	j"g���}Lcat�g�l9g"c<��g�lÀ�b	��g"j�tul9c�´u})m'w	lI�	})m�9q ¿ g"j<c�h	�{�Yl9c"h	j�g"q

¿ l9c��	��gK��qE��l�c�h	j"gAÁcat¸�	�	¨3c�h	�3 ��	¨3h	� ´uw�l§rsf)t�w ¿ l9c"j��	g�lc�hE�«°`w�g"j�k���t�q�l9gK����g"jatufW¤�g"}�d�¾

rsf)t�w�j�k	w	h	��l9f�c"}0�µcK�Ä�§Ç]cE�®ga¤'c"})m�c�t�g"�`cK�=tukEg�l9catuf�w`w	´0t�k	gR´u}~m'w	l9gK��j"g"hKt�9fWi�h	c"}�wV´0rsf)t�w ¿ l�c"j ��g�l��Rg<�»tuw

tuk	c�t�w	´0°`w�g"j�k0�utÄ¾

rsf)t�w�j�k	w	h	��l9f�c"}	·��µ| �Km'cAhKt�f�´�f!j<catyf~w�h«Ç]cK�I��gAlO´uw	l9�`g"�`w	h»t{wKt�c�}�·��µ| g�� tul9c"jat�g"�&´�l9w�� Ç]k	wV}�gRj<gU}L}

k	w��`w�i�gAh	cat�gK�m��9f�h	i_�ut�c�h	�	c�l��]�	l�wVj"g<�Km�l9gK�§��cK�9g"�`w	h_b�·_b����	l�wKt�g�f�h	c���g��Æ�	f�i�gK��t�f�w	h`c"h	�

f��9w	�	l9w	��c�h	w	}	�	l9g"j"fW��f)t�cat�f�w	h0¾"rsf)t�wVjAk	w	h	��l9f�c"}�·��T|6Ày�«t�·��,|RÁ§Ç]cK��Km'c"hKt�f�´�fLg"�3�	d3l�g"c"}�t�f��Tg � v��

m��9f�h�iµv�¥ �&¡`i�g"h	gRw	h«tuk	gR�«t�·��,|6cK�§t�cAlyi�g�ti�g�hEgRc�h��	q�cK�1��t�c�h	�	cAl9�	qY��g�l9f�c"}���fL}Wm	tyf�w	hV�®w�´}!f�h�g"c�l9f � g"�

��±�Â¬r ¿ �yg<cK�yd3��}LcK�9�TfL�«Ç`f)tuk&tuk	gRv�¥ �&¡T´�l�c�iV�µg"hKt¸cK�f�h0�Äg�l�tÄ¾ ��gK�um0})t9�Ç`g�l�gRga�	�	l9g����Äg"�`cK�j<w���d

hKm'�3�'g�lw	´§�«t�·��,| ��g�lI�	iµw	´0tuwKt�c�}�j"g"}�}Wm0}Lc�l§·��T|6c"h��3l9g�}�cat�g<��t{w«¤�c"})mYgK�w��0�9gAl�¤�g"�,f�h`j<w�h�tul9w�}

j"g"}�}��9q�c�l���f)tul9cAl�dG�9gat¸c�t�¦A¨	¨ �º¾

¿ k	g«��t�g<c"�EdE�O�ut�cat�g�}�g�¤�g"}��w	´0tuk	gR��� �T|6g"h	j<wV�	f�h�iT´uc<jat�w�lÄ�IfWh�¤�w�}~¤'g<�,f�h`�,f²t�wVj�kEw�hE��l9f!c"}'c"jat�fW¤�f)t�d

c�hE� �uw	l§��f�w�i�gAh	g��9f��§Ç`c��cAh	c"}�d'�Äg"�«m��9f�h	i`l9g<cU}~�{tyf��µgR�Km'c�h�tyf)t�c�tuf~¤�g � v � w	h3l9ga¤�g�l��9g�tul�c�hV��j�l9f~�'g<��t{wKt�c�}

� �T|6c�h	�`f�h�jU}Wm'�	g"�`v�¥��«¡¶�cR�«t�·��,|&��gUhEj"w��	g"�T��m	�	m�h	f)t¸w	´YtukEg�l9gK���VfWl�cat�w�lud`j�kEc"f�h�q�v�¥ �& ¶�c

hKm'j"}Lg"c�l§·��T|&�yg"hEj"wV�	g<�G�um	��m'h	f)t¸w�´0tukEg�l9gK�y��fWl9c�t�w�l�d]j�kEcUf�h�q ������¦Aq � ±«v3¦
α�
cUhE� � ��v&¶Utul9cAhV�9jAlOf¼��tyf�w	h

´�c"jat�w	l��IfWh�¤�wV}W¤�g"�`f�h`�µf)t�wVjAk	w	h	��l9fLcU}	��f�w	i�g"h�gK�9f���¾
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�'�~�'����/a���!�A���V�	�	��� 
0/���/

��gK��m'})t9�§Ç]g�l9gRg��E�	l9gK����g"�`c��¬�]g"c"h0��� b�Â¬r w	´0tuk	g�f�h	�	fLj"cat�g"�3h�m0�3�'g�lw	´§f�h	�	gA��gUhE�Vg"h�tIg��	��g�l9f��µgUh�t9��¾

b�t�c�tufL��t�f�j"c"}=�9f�i�h	f!´ufLjKc"hEj"g�Ç`c���	gat�g�l9�`f�h�g"�«m��9f�h	i3tukEg�h�w�hE����c�l9c"�`gatul�f�j�rsc"h	h�� � k�f)tuh�g�d«t�g���tÄ¾ ¿ k	g

tuk�l�gK�ykEwV}��`w�´I�9f�i�h	f!´uf!j�c"h	j<g�Ç`cK�®cat ��� ¨V¾²¨V©�¾
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��Q"N�P0C�7ÄN

*��������~���1���������	�	���K�������,�	��� ���	��
����/	�����!���W���&�~�����'�~�&���'�W/����	��-	�<���`�,/���
"���������W%	�"�����!%

�	��� ���".��A����/���/

¿ l9g"c�tu�Tg"h�t=Ç�f)tuk3�u·3e�qV��  ¿ q �I·�e3q w�l�tuk	gRjAw��3��f�h�cat�f�w�h]w�´w	h	g��� ¿ �Ày��  ¿ w	l �I·�e&Á§Ç3f)tuk���·3e

f�h��Km'j"g"�T�9f�iVh	fL´yfLj"c"hKtl9g"�Km'j�tuf�w	h`w	´YtukEgRc"�	fW��wVj�d�t�gR}�f���fL�Tj"w	hKt�g�h�tcK�1��k	w�Ç3h&�	dµ¥«f!} ��g"�`¥ �ut�c�f�h	f�h	iµf�h

tuk	g1t�Ç`w`c"��f¼��wVj�d�t�gRj"g"}�}0}�f�h�g��À��§f�i�¾�¦�|6cUhE� ¦���Á�¾K�yh��	c�l9c"}�}Lg"}�qVg��E�	l9gK���9f�wVh`}�g�¤�gU}��w�´ ��� |��
γ
¡µc"h	�

c � ¡�q	�`c�l���g�lÄ�w�´0tukEgRc"��f¼��wVj�d�t�gR��f�´u´ygAl9g"hKt�f�cat�f�w�hµ��t�cat�g1Ç`g�l�g«�9fWiVh	fL´�fLj�c"hKt�}Wd`�	g"jAl9g"c��9g"�`À{�f�i�¾�¦Av¹Á�¾K�yh

c"�	�	f)t�f�w�hEqE�]v � ¦AqVc�m�h	f��Km'gR�`c�l ��g�lw�´}Lcat�g��	l9w�Ç�h`c"��f���wVj�dKt�gR�	f�´�´�g�l9g"h�tyf�c�tyf�w	h	q�Ç]cK�1�9f��TfL}!cAlO}�d

�	g"j�l�g"cK�9g<�,À��§f�i�¾�¦Av1Á�¾

*��������~���1���������	�	���K�������,�	��� ���	��
����/	�����!���W���&�~�����'�~�&���'�W/����	��-	�<���`���W%	�"������
"������/W�������'���L���`�	�	�

�����A�����	/����`�3�#���	�������	�	�������V�&�	/�/
 

��h	�	g�l§tul9g<c�tu�`g"h�t=Ç]f)tuk3��·�e3q���  ¿ q �I·�e3q	w	l0tuk	gRj"w	�3��f�h�c�tyf�w	h`w	´w�hEg���� ¿ �Ày��  ¿ w	l �I·�e«Á§Ç�f)tuk

��·�e3q0�yf¼iVh	fL´yfLj"c"hKtl9g"�Km'j�tuf�w	h`w�´0tukEgRj"g"}!}Wm0}Lc�lIl�gK�y��fWl9cat�f�w	h3l9cat�gRÀ���fWi�¾�¡	|RÁcUhE�,f�h	jAl9g"c��9gRw	´0tuk	gRj"g"}�}

�Tf²t�wVj�kEw�hE��l9f!c"}��µcK���À{�f�i�¾K¡�� Á§Ç]g�l9g wE�'�9g�l�¤�g"�,f�h3��w�t�k]c"��f���w�j�dKt�gRj<gU}�}�}!f�h�gK�§tuk�m���	g"�`wVh���tul9catuf�h i

tuk	g��	l�gK�9g�hEj"gRwV´�,f²t�wVj�kEw�hE��l9f!c"}�t�w���f�j"f)tud0¾ ¿ k	gRf!�`��c"jatw	´0tuk	gRj"w	�3��f�h�g"�«tul9g"catu�`g"h�tI��f~�]hEwEt

�9fWi�h	f!´yfLj"c"h�ty}Wd]��fL´y´ygAl¬´�l9w	� tuk	c�tw�´0tukEgR��l�m�i0�§m��9g<�]f�h`f��Äw�}~catyf~w�h'¾

 �����¹�`�	��� ���	�u
���"/����������3���A��/����	/��#����
<�&���µ�~�����	�'�������U�~����
<���������	��-".0/

��h	�	g�lc"}�}�tul�g"catu�`g"hKt9��qKtuk	g�t�Ç�w`c"��fW��w�j�d�t�gRj"g"}�}'}�f�h�g���	f!´u´ygAl9g"�«Ç`f)t�k3l9gK����g"jat0t{w«tuk	g�fWl| ¿§�

�	l9w��Km'j�tuf~w�hEqEÇ�k	fLjUk&Ç`cK��µc"f�hKt�c"f�h�g"�,f�h`� ¿ �K�� 	 	¡�| Ç]k	f)t�gRc"�	f���w�j�d�t�gK�§��m	t¸�	g"jAl9g"cK��g"�,f�h ¿ �	¢�f

�	l�wEÇ�h`c"�	fW��w�j<d�t�gK�®À{�f�i�¾ ��|RÁ�¾"�0m�l�tukEg�l9�`w�l�g"qKm�h	�	g�lg��	��w0��m�l9g�t{w �I·�e�qE�El9wEÇ�h`c"��f¼��wVj�d�t�gK�9q���m	thEwKt

Ç�k	f)t�gRc"�	f���w�j�d�t�gK�9q0�ykEwEÇ]g"�`c«�9fWi�h	f�´�f!j<cUh�t¸�	g"j�l9g"c��9gRw	´YtukEg»�]c<��fL�µcU}	¤'g"}�w�jUf²tyfLgK�w	´v�¥ � cUhE�`v»b

c"jatufW¤�f)t�fLgK�À{�f�i�¾ �K� c�hE�`v¹Á�¾ � k	f²t�gRc"��f���w�j�dKt�g��§t�g�h	�	g<�»tuw`f�hEj�l9g"c��Äg�tuk	gK��gRc"jatufW¤�f)t�f!g��§m�hE�	g�lc"}!}

tul9g"c�tu�`g"hKt9���m	t0tukEg»f�h	jAl9g"cK��g�Ç`c��1�9fWi�h	f!´�f!j<cUh�t¸w�h	}Wd&m0h��	g�l��  ¿�� ��·�e`¾K�yh]j�w	hKtul9c��{t�qKm�hE�	g�l§tuk	g«��c"�`g

��  ¿�� �u·3e tul9g"c�tu�`g"hKt�q��	l�w�Ç3h`c<��fW��w�j�d�t�gK�1�9f�iVh	f�´yfLj"c"h�ty}Wd]�Vg"jAl9g"cK�Äg"�«tukEgUf¼lv�¥��Æc<jatufW¤�f)t�dY¾�¥�¤�gAl9c"}!}Lq

tuk	gAl9g�Ç`c��c«�9fWi�h	f�´�f!j<cUh�t¸��f�´u´yg�l�gUhEj"g���gat�Ç]g"g�h«tukEg�t�Ç`w�c"��f¼��wVj�d�t�gRj"g"}�}�t�d �'gK�1�9f�h�j"g�tuk	g�Ç�k	f)t�g
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c"�	fW��w�j<d�t�gK�Ç`g�l�gRca��}Lg�t�w]�]cUf�h�t�cUf�h«tuk�g"fWlv�¥��Æc"h	�`v&bTc"j�tuf)¤�f)t�f!g��cAh	�«tuk	g"f�lI| ¿¸� �yd	h�tuk�gK�9f���	gK���Vf)t�g

cR�	g"j�l�g"cK�9g<�]l�gK�y��fWl9cat�f�w	h3l9cat�g<q�f�h]j"w�h�tul9cK�ut0tuw»tukEg��	l9w�Ç&h`c"�	f���wVj�d�t�gK��¾

� �#���	�������	�	������������� �"���'�����'�E�	�	�µ���u�1����/Ä/��!��� ���������0��/�/��	�<���'���A�§%������Æ�����A�T���W�����1�	�	��%������ �W���

���A/W�����Ä�'���	�!
$���	�����`���W%	�"�����

T
w]´!m�lutuk	g�lga¤�c"}~m'c�t�g�tuk	g��`g�j"k	c"h	f��9�_�wV´0tuk	gR��l�m�i`f�h��Km'j"g"�	�y�`f)t�w�j�k	w	h	��l9fLc"}	l9gK���Vf�l9cat�w	l�d]j�k	c"f�h

�	g"´ug"jat�q�Ç`gR�Km'cAhKtuf�´�fLg��«tuk	gRc"�`w�m�hKtw	´§�&t�·��`|&qEÇ�k	fLj"k3k�cK�I��g"g"h3l�g���w�l�t�g"�»t{w«��gR�	g"j�l�g"cK�9g<�,f�h

}!f���w��Ed��utul9w��	k	f~jRc"��f¼��wY��g�tuf{�Ä��m'g��!¡��A¦�¡���¦"©���¾�¥Rh	}~d,��  ¿ q	f�h,f���wV}�cat�f�w	h`w�ljAw	�]��f�h�cat�f�w	h	qVf�hE�Km'j"g"�

�9g�¤�g�l9gR�«t�·��`|6�	g���}!g�tyf�w	h`f�h]��wEtuk]j"g�}�}�tud ��gK�§Ç`kEg�l9g"c�� �I·�eÆf�h	�Km'j"g<�,c«�9f�i�h	f!´ufLjKc"h�t=� m	t�,f�}L�

�«t�·��T|6�	g���}!g�tyf�w	h`f�h«Ç`k	f)t�g�� m	t§hEwKt��	l�wEÇ�h`c"�	fW��w�j<d�t�gK�®À{�fWi�¾K �|RÁ�¾ v�w�h��9g"�Km'g�h�ty}Wd�qEtukEg�l9gK�y��fWl9c�t�w�l�d

j�kEcUf�hµ�	g"´yg<jatw��0�9gAl�¤�g"�«Ç`f)tuk`c"}L}�tuk	g�tul9g"c�tu�`g"hKt9�j"w�m�}��`h	wKt���g«��w�}�g"}�d3l9g"}Lcat�g"�«t{w»tuk	gR�	g"jAl9g"cK��gRw�´0tuk	g

j"g"}�}Wm0}Lc�l�«t�·��,|6j"w	hKt�g�h�tÄ¾R�yhKt�g�l�gK��tufWh iV}�d�qVf�h3�	l�wEÇ�h`c"�	fW��w�j<d�t�gK��q��u·3e ga�	��w0��m�l9g�f�hE�Km'j"g"�`c

�9fWi�h	f!´yfLj"c"h�t§f�h�j�l�g"cK�9gRf�h`j�g"}�}Wm'}Lc�l¬�&t�·��T|6j"w	hKt�gAhKtÀ{�f�i�¾� 	|RÁ9qEÇ�k	f�j"k3��c�l�cU}�}Lg"}Lg"�«tuk	gRw��0�9gAl�¤�g"�

f�h�j�l9g"c���gRw�´v�¥ � c"jat�fW¤�f)t�d]ÀO��g"g��f�i�¾ �K��Á�¾

¿ k	g«��t�g<c"�EdE�O�ut�cat�g�}�g�¤�g"}�wV´0tukEg»�«t�·��`|&�yg"h	j"w��	g"�`v�¥ �&¡_��m	��m'h	f)t¸w	´§v�¥�� Ç]cK�c"h	c"}�d0�Äg"�«tuwµcK����gK���

tuk	g1tul9c�h��9j�l9fW��t�f�w	h`w�´0tukEg»�«t�·��T|`¾��yh`� ¿ �K�� 	 	¡	| Ç`k	f�t�gRc<��fW��wVj�d�t�gK��q�f)tl�wEm�i	k	}Wdµ´uwV}�}�w�Ç`g<��tukEg

�«t�·��T|6j"w	hKt�g�h�t�qE��gUf�h iT�`w0��t�	l�w�´uw�m�h	�	}Wdµ�	g"j�l9g<cE��g"�«m�h	�	g�lg��E��wY�um�l9g¹t{wT��  ¿ À{�fWi�¾� �� Á�¾ ¿ k f{�Ç`cK�

h	w�t�tuk	gRj"cK��g»f�h ¿ �	¢	f��El9wEÇ�h`c"�	fW��w�j�dKt�g��9q�Ç3k	fLj"k`�Tc"f�h�t�c�f�h	g<�,w	lga¤�g�hT�9f�iVh	fL´�fLj�c"hKt�}Wd`f�h�j�l9g"c��9g<��tukEg

�«t�·��T|&�yg"h	j<wV�	g"�`v�¥��«¡µ�	� �T| m0hE�	g�lga�	��w0��m�l�g�tuw`��  ¿ À{�fWi�¾K �� Á�¾"��h	�	g�lI��·�e t�l9g<c�tu�µg�h�t�q

�	l�wEÇ�h`c"�	fW��w�j<d�t�gK���9k	w�Ç`g"�T�9fWi�h	f!´�f!j<cUh�tf�hEj�l9g"c���gRw�´0tuk	gRv�¥��«¡µ����µ|&qEÇ�k	fLjUk���c�l9c"}!}Lg"}Lg"�«tuk	g

f�h�j�l9g"c���gRw�´0tuk	gR�«t�·��,|6f)t9�9g"}�´IÀ9�9g"g��f�i�¾� 	|RÁ�¾

� ���	�	/������ � ���!���	��������/¼�����V/��R��%]�������	�������	�	������� ���!�".��A���a/���/1��� %!%	�������µ�����¹���#�����	�	���K�������`�	��� ���	�u
����/��

¿ k	g«��t�g<c"�EdE�O�ut�cat�g�}�g�¤�g"}�wV´0tukEg�hKm'j"}LgKcAl§·��`|&�yg"h	j"w��	g"�`v�¥ �& _��tul�m'j�t�m	l�c�}0��m���m'h	f)t¸w�´v�¥�� Ç]cK�

tuk	gAh`c"h	c"}�d'�9g"�«t�w`cK����gK���§tukEg�hKm'j"}Lg"c�l§tul9c�h��9j�l9fW��t�f�w	h	c"}	lÄg�i�m'}�cat�f�w�h]w�´�,f²t�wVj"k	w	h	��l9f�c"}V��f~w�i�g"h	g��9f{��¾K�ut

��tul�f �Vf�h	i�}�d]��fL´�´�g�l9g<�,f�h«tuk	g�t�Ç]w`j"g"}�}�t�d ��gK��qE�'g"f�h	iµ�	g"j�l9g"c��9g"�«m'h	�	g�lc"}�}�tuk	g�tul9g<catu�`g"hKt9�If�h«Ç]k	f)t�g

c"�	fW��w�j<d�t�gK���m	tI�]cUf�h�t�cUf�h�g"�`cathEw�ly�µcU}�}Lg�¤�g"}��¬f�h3�	l�wEÇ�h`c"�	f���wVj�d�t�gK��¾ ¿ k	f!�Il9gK�um0}²t¬�um�i	i�gK��t�g<�,cAh
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ca����gUh�thKm'j"}�g�c�l�,f²t�wVj�kEw�hE��l9f�c"}V��f�w	i�gUhEgK�9f��§tul9c�h��Äj�l9fW��t�f!w	h	c"}	l9g��y��w	hV�9gRf�h«Ç`k	f)t�gRc<��f���w�j<d�t�gK��qEÇ�k	fLj"k

Ç]cK�j"w	h	´�f�l9�µg"�«�	d3tuk	gRc����9g"h	j"gRw�´§f�h	j�l�g"c��9gRw	´ ����¹¦�w	l � ��v¯t�l9c�h��9j�l9f���t9�9q	�`cyÅ9w	lIl9g�i�m'}�cat�w�l��¸w	´

�Tf²t�wVj�kEw�hE��l9f!c"}	��f�w	i�gUhEg��9f{� ��¦A�	��¦"ª��IÀ{��f¼i�¾K �v1Á�¾ � ±«v3¦
α�
���	�
�yq	c�hEwKtuk	g�lIl�g�i�m�}Lcat�w�lIw	´§�`f)t�w�j�k	w	h	��l9f�c"}

��f�w	i�g"h	g��9f��9q�Ç`cK�¸h	w�tIg��	�	l9gK�Ä�9g"�`cat¸c«��fWiVh	f�´yfLj�c"hKt}�g�¤�g"}0f�h«Ç]k	f)t�gRc"�	f���w�j�d�t�gK�cK�I�	l�ga¤�f�w�m��9}�d�l9g���w	l�t�g"�

��¦A¢
��¾"��hT�ykEc�ly�µj"w	hKtul9cK��t�q�f�h3�	l9w�Ç�h`c"�	fW��wVj�d�t�gK�§tukEg�l9g�Ç]cK�c«�9fWi�h	f!´�f!j<cUh�thKm'j"}Lg"c�l§tul9c�h��9j�l9fW��t�f�w	h	c"}

l9gK����w�h��9gR´uw�lIf�hEj�l9g"c��9g<�,�µc�l���g�lÄ�w�´�`f)t�wVjAk	w	h	��l9fLcU}	��f�w	i�g�hEgK�9f��9q0��m'j"k`cK������¹¦�À�m��«tuw`¡�¨	¨ �

f�h�j�l9g"c���g"�`ga�	�	l9g��Ä�9f�wVh�ÁcAh	� � �RvsÀ{m��3tuwT© ¨	¨�� fWh�jAl9g"c��9g"�`ga�E�	l9g����9f�w�h�ÁÀ{�fWi�¾� �v1Á�¾U°]w�Ç`ga¤�g�l9q	f�h

j"w	hKtul9c��{t'tuw�������¦ c�hE� � ��v�q � ±&v3¦
α
g��	�	l�gK���9f�w�h«Ç`c��1��g�¤�g�l9g"}�d3l9g<�Km'j"g"�`c"h	�«tuk	g�l�gU´uw	l9g���c�l�c�}�}!g"}Lg"�

tuk	gR�	g<j�l9g"cK��gRw�´ ��� |��
γ2

q�Ç3kEwY��gRga�	�	l�gE�Ä�9f�wVh`f�� �	h	w�Ç�h«tuw3��g�l9g�i�m�}Lcat�g<���	d � ±«v3¦
α
��¦A¢
��¾ ¿ kEg

�	f�´u´�g�l9g"h	j�g���g�t�Ç`g"g"h«Ç�k	f)t�gRc"h	�«�El9wEÇ�h`c"�	f���wVj�d�t�gK��`f�t{wVj�kEw�hE��l9f�c"}�c"�VcA��tuf~¤'g�l�gK�y��w	hV��gK�c�l9g

��m'�`�µc�l9f � g"�,f�h ¿ c���}!gT¦�¾
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�w	l=tukEg�´�f�l��ut0tuf��Tg<qEtuk	f��1�ut�m'�Kd3�	l9f�h�i��c"h`f�h�t�g�i	l9cat�g<�3ga¤�c"}Wm'cat�f�w	h`w�´0tukEgRc�hKt�fWl9gatul�wE¤EfWl9c"}0��lum�iTf��`��c"jat

w	h3�`f)t�wVjAk	w	h	��l9fLcU}�´�m0hEjatyf~w�h`f�h3��w�tuk«�	l9w�Ç�h`c�h	�«Ç�k	f)t�g&c"��f¼��wVj�d�t�gK�§�	d]c"h�cU}�d0�9f�h	i3tuk	gR�	fW¤�g�l���g

�`wV}Lg"j�m0}Lc�l}�g�¤'g"}{�®À{·��`|&q����µ| c"hE�]�	l�wKt�g�f�h�Áf�h�¤�wV}W¤�g��0¾�� g�m���g"�3�	l9wKtuwKt�d ��gR��l�m�i0�1�um'j�k`cK�¸��·3e�q

��  ¿ cAh	���I·3e�q�cU}~w�hEgRc�h	�`f�h]j"wV�3��f�h�catyf~w�hEqVcat¸jAw�hEj"g�h�tul9catuf�w	hV�j"}�w0�9g�t�wRtuk	g"fWlv �� � f�h3��c�tyf�g"h�t9�9q�c�h	�

�Km�l9f�h�i3tuk	g�Ç�k	wV}~g��	l9wVj<gK���w	´j"g"}�}���fL´y´ygAl9g"hKtufLcatuf�w	h0¾"·`g����Vf)t�gRf�h	k	g�l�gUh�t}�fL�Tf)t�c�tyf�w	hV�®w�´j"g"}!}Wm'}Lc�l

�`w��	g"}{�®ÀO�9k	w	l�t�Km�l9c�tuf�w	h`w	´Ytul�g"c�tu�]gUh�t�qVg��	��w0��m�l9g1tuw`��l{m�i0�®�Km�lyf�h�iµc"�	f���w	i�g�h	fLjRj"w	h�¤�g�lÄ�9f�wVh	q

f!�µ�`w	l�t�c�}�j"g"}!}�}!f�h�g��yÁ�q	wEm�lI�`c"f�h`´yf�h���f�h i=�cAl9g�tuk	cat{qEÇ�f)tuk`g<c"j"k«t�d �0gRw	´0tul9g"c�tu�`g"hKt�q�Ç3k	f)t�gRcAh	�«�	l9w�Ç�h

c"�	fW��w�j<d�t�gK�Ç`g�l�g«�9f��µf!}Lc�l9}�d]c"h	�T�9g�¤'g�l�gU}Wdµc"´u´yg�jat�g<��Ç�fWtuk3l9gK����g"jat�tuw«tuk	g"fWlc<��fW��w	i�g�h	fLjR�Tc�t�m�l9c�tuf~w�h

c�hE�,�`f)t�w�jUkEw�hE��l9f�c"}0´!m0hEjat�f�w�h'¾K��h`c"�	�	f)tyf~w�hEqVj"w	�3��f�h�catyfLw	h3w	´��l�m�i0��	f��,hEwKtf�hE�Km'j"gRc"�	�	f)t�f�wVh	c"}

tuw���f�j"f)tud'¾

| ��wKt�g�hKtufLc"}	l9wV}~g»´uw	l§�	l9w�Ç�h`c"��fW��w0�9g�tuf����um'g»f�h`}!f���w��Ed'��tul�w��	k�d�k�cK�I��g<gUhµ��m�i	i�g���t�g"�«�	d&tuk	gR�	g"jAl9g"cK��g

w	´ � ±&v3¦
α
��¦A¨	�y�� ��IcAh	�3f�h�j�l9g"cK��gRw�´0�]v � ¦���¦�¡���qY����g"j"f�´�f!jR�`c�l ��g�l��w	´=�El9wEÇ�h`c"�	fW��w�j�dKt�g���¾ ¥�m�l�	c�t�c

m�h	c"�3�'f�i�m'w�m��9}Wd_�9k	w�Ç tukEcat0�El9wEÇ�h`c"�	fW��w�j�dKt�g��c�l9g��µw	l9g»��g�hV�9f)t�fW¤'g�tuk	c"h«Ç�k	f)t�gRc"�	f���wVj�d�t�gK�§t{w

c�h�tyfWl�gatulyw�¤�fWl9c"}���l�m�i��9q0�9fWi�h	f�´yfLjKc"h�tu}~d,�	g"j�l9g"c��9f�h	i3tuk	g"fWlI�µf)t�wVjAk	w	h	��l9fLcU}�| ¿§� �	l9w��Km'j�tuf�w�h]c�h	�`v�¥ �

c�hE�,vRbµc"jatufW¤�f)t�fLgE��¾ ¿ k	g��9gRj"g"}!}��§Ç]g�l9gRc"}��9w`f�h0��tul�m��`g"h�t�cU}�t{wTc"�	��l�gK����tuk	g�l9w	}�gRw	´ � ±&v3¦
α
cK�®c���g<d

��}�c�d�g�l§tukEcat¸j�w	h�hEg"jat9�c"�	fW��w	i�g"h	gK�9f��c"h	�`�`f)t�wVj"kEw�hE��lOfLc"}	��f�w�i�g"hEgK�9f������	�
��¾�� f)tuk`g<c"j"k«tul9g"catu�]gUh�t�q

� ±«v3¦
α
ga�	�	l9g��Ä�9f�wVh`�	g"jAl9g"cK�Äg"�`f�h3��c�l9c"}�}LgU}	t�w3�`c�l���gAla�®w�´c"�	fW��w	i�g�h�gK�9f��À ��� | �

γ
c�h	�`c � ¡	Á9q	f�h

j"w	hKtul9c��{t'tuw3wKtukEg�lI�`f)t�wVjAk	w	h	��l9fLcU}	��f�w	i�g"h�gatufLj»´uc"j�t�w�l��¸À ������¦ c"h	� � ��v¹Á�¾

¿ k	gR�	f�´u´�g�l9g"hKt�f�c"}0g"´u´yg�jat=w�´ � �c�h	���� ¿ �IkEcK�§��g<gUh`�`m'j�k`�	f{��jam���9g<�0¾K|`�I�	l9ga¤�f~wEm�9}Wd`l9g���w	l{t�g<�]f�h

��catuf�g"h�t9�c�h	�`j"g"}L}V�`w��	g"}������	��¦A¨	��¡I¦A�u¡��	��¡0© �y�V©��uq���·3e tul9g<c�tu�`g"h�tI�	g<j�l9g"cK��g"�«tuk	gRga�E�	l9gK�Ä�9f�wVh`w	´

�µc�l���g�lÄ�w�´c"�	f���w�i�gAh	g��9f���¾�� g«�9kEwEÇ ´uw�l�tuk	gR´�fWl��ut0tuf��_g�tuk	c�t���·�e fWh`f��9wV}~catyf~w�h`k	c��cR��f¼l9g"jat¸g"´�´ug�jat

w	h3�`f)t�wVjAk	w	h	��l9fLcU}�´�m0hEjatyf~w�hEqVj"c�m��9f�h	iµc«�9fWi�h	f!´�f!j<cUh�t¸�	g"j�l9g"c��9gRf�h&tuk	g�l9gK���Vf¼l9cat�f�w�h�l9cat�gRc�hE�,cAh

f�h�j�l9g"c���gRw�´0tuk	gR�`f)t�w�j�k	w	h	��l9fLc"}V�µcK���f�h3��w�tuk«Ç3k	f²t�gRc�h	�«�	l�wEÇ�h`c"�	f���wVj�d�t�gK��¾ ¿ k	g�t�Ç�w`j"g�}�}	t�d ��gK�

k	w�Ç]ga¤�g�l�	f�´y´�g�l9g"�«Ç`f)tuk�l9gK�y��g<jat�tuw»tukEgUf¼l¬�`f)t�w�j�k	w	h	��l9f#cU}	��f�w	i�g"h	gK�9f��§tul9cAhV�9jAlOf���t�f�w	h	c"}	l9g��y��w	hV��g"q
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Ç�k	f!j"k«Ç]cK��	g<j�l9g"c��9g<�,f�h«Ç`k	f)t�gRc<��fW��w�j�d�t�gK�c"h	�`f�hEj�l9g�cK��g"�,f�h3�	l9w�Ç�h`c"�	fW��wVj�d�t�gK��¾ � kEgatuk	gAl§tuk	cat

�	f�´u´�g�l9g"hKt�f�c"}0f��`�0c"j�tI�	gA��g�h	�V�w	h3��·�eÆc<j"jam'�«m0}Lcat�f�w	h`f�h&tuk	gR�	f~¤�g�l���gRj"g"}!}	t�d��'gK�Il�gU�µc"f�h0�§tuw3��g

cK�Ä�9g�����g"�0¾K��h`c"�	�	f)tyf~w�h«tukEg»}�f�h �,��gat�Ç]g"g�h3��·�eÆf��`��c"jat¸w�h��«m�l9f�h�gRc<��f���w�j<d�t�gK�®c�h	� � �=t{wE��f�j"f)tudµf�h

��catuf�g"h�t9�Ik	c��§t{w]��gR��f¼l9g"jat�}Wdµc"�	��l9gK�Ä�9g"�3�	d«tuk�gRj<w��3��cAlOf���w�h`w	´��fW¤'g�lÄ�9g � �¬f�h`f��9w	}Lcatuf�w	h`w�lIf�h

j"w	�3��f�h�c�tyf�w	h«Ç`f²tuk3l9f)t�w�hEca¤�f�l�¾

¥�m�lIf�h�t�g�i	l9cat�g<�,cAh	c"}Wd0�9f��wV´0tuk	gR�	f�´�´�g�l9g"h�t§�]wV}�g�jam'}!cAl¬}Lga¤�gU}��Àu�	l9wKt�g�f�h	q�� �T|6cUhE�«·��`|RÁw�´

�Tf²t�wVj�kEw�hE��l9f!c"}�´{m'h	j�tyf�w	h3kEcE���9k	w�Ç3h«tukEcat¸g"c"j�k`}�g�¤�gU}�f��®c�h`f�h��	gA��gUhE�	g"hKt0t�c�l�i�g�t´uw	l=tuk	g

c�h�tyfWl�gatulyw�¤�fWl9c"}���l�m�i��§t{wE��f�j"f)tud'¾U·]f{����wVj"f�c�tyf�w	h`w	´§�«t�·��`| tul�c�hV��j�l9f���tuf~w�h`c"hE�,�«t�·��T|6j"w	hKt�g�h�t=m�hE�	g�l

�� ¿ �ga�E��wY�um�l9g�k	cK���g�g"h`c"}{��w,l9gA�	w	l{t�g"�&f�h`k�m0�µc"hV�a¶�g"f)tuk	g�lg<c�l9}~d�tul9c�hV��j�l9f���tuf�w�h]cU}²t�g�l9cat�f�w	h«Ç`f)tukEwEm	t

�«t�·��T|6�	g���}!g�tyf�w	h`f�h`c"�	f���w0�9g�tufL����mYgRw	´§j<w�h�tulyw	}0��m��AÅ�g"j�t9������ ��y�	���§w�lIh	w�l��Tc"}��«t�·��T| tul9c�hV��j�l9fW��t9�

�	gK���Vf)t�gR�«t�·��,|6�	g���}Lgat�f�w�h`f�h3��cat�f�g"hKt9�����}�w�w��]�]w�hEwVj�d�t�gK�����	¢
�Ä¾�·�f!����wVj"f�cat�f�w	h«�'gat�Ç]g"g�h`�«t�·��T|

j"w	hKt�g�h�t¸c�h	�3�«t�·��,|&���	g���g"h	��gUh�t¸c"j�tufW¤�f)tud`�µc�dµc"}��9wTw	j<jam�lcK�1��k	w�Ç3h3�	d&tuk	g��	l9gK��g"h	j�gRw�´�hEw�l9�`c"}

v�¥ � c"jatufW¤�f)tud`��gK���Vf)t�gRc«��g�¤�g�l9gR�	g<j�l9g"cK��g»f�h`�«t�·��T| ´uw�}�}~w�Ç`f�h�iµg��	��w0��m�l9g�t{w`��  ¿ f�h«Ç]k	f)t�gRcK�§Ç]g"}�}

cK�§�El9w�Ç3h`c<��fW��w�j�d�t�gK��¾ ¿ kEgK�ÄgR�	cat�c��`c���g»f)t¸�	f�´�´yfLjam'})t�tuw3�	l�w��EwY��gRcRj"g�h�tul9c�}	l9w	}�gR´uw�lI�«t�·��T|

�	g���}�gat�f�w	h,f�h«°��ye��yf�h	´�g"jat�g<�]��c�tuf�g"hKt9� 0}�f���w��Ed'��tul�w��	k�d	�!¡���¦�¡���¦"©��9¾

bVf¼iVh	f�´yfLj"c"hKt¸�`f)t�wVjAk	w	h	��l9f�c"}V�	l�w�}�f!´�g�l9c�tyf�w	h3kEcE��'g"g"h`wE�'�9g�lu¤�g"�`f�h��0catufLg"hKt9��0c"�	fW��w0�9g�tuf!���um'g"qVf�h

cK�Ä�9w�jUf~catyf~w�h«Ç]f)tyk`�«t�·��`| �	gA�V}Lgat�f�w	h`c�h	�`�	g"jAl9g"c��9g"�3�«t�·��T| tul9c�h��9j�l9fW��t�f�w	h����	��¦�¡��A¦"©���¾ � g

w��0�9gAl�¤�g"�«tukEg«�9c"�µg�l9gK�y��w	hV�ÄgRf�h`�`wEm���g�Ç`k	f)t�gRc"�	fW��w�jad�t�g��9q�Ç3k	fLj"k3�	l9gK��g�l�¤'g"�`w	lIga¤�g"h,f�hEj�l9g"c��9g<�

tuk	g"fWlv�¥��Æc"j�tuf~¤�f²t�dµ�	g��y��f)t�g«�9g�¤'g�l9gR�«t�·��,|6�	g���}Lgatuf�w	h`À{m�hE�	g�l��  ¿ Á�qY��ga¤�g�l�gR�	g"j�l9g"c��9gRw	´

tul9c�h��9j�l9fW��t9�®w�´�«t�·��`|&�yg"h	j<wV�	g"�`c�hE�3hKmYjU}Lg"cAl§·��`|&�yg"h	j"w��	g"�T��m	� m0h	f²t��À�m�h	�	g�lc"}�}�tul9g"catu�]gUh�t9�yÁc�hE�

ca����gUhEj"gRw	´Ytul�c�hV��j�l9f���t�f�w	h	c"}	l9gK����w�h0��gRw�´�`f)t�wVjAk	w	h	��l9f�c"}	��f�w�i�g"hEgK�9f��À �����¦Aq � �Rv1Á�¾ ¿ k	gK��g

w��0�9gAl�¤�cat�f�w	h0�1��m�i	i�g���t�tuk	g��	l9g��9g�hEj"gRw�´���w0��t��!t�l9cAhV�9jAlOf��	tuf�w	h	c"}0j<w��3�'g"hV��cat�w�lud`�`g�j"k	c"h	f��9� ��¾

|&})tykEwEm�i	k`�`f)t�w�j�k	w	h	��l9fLc"}	�	l9wV}�f�´ygAl9cat�f�w�h`kEcK�cRj"wV����gUh��Äcat�w�l�d`´!m'h	j�tyf�w	h`f�h`j"w	hKtul9fW��m	t�f�h i3tuw»tukEg

�	l9gK��g�l�¤�catyf~w�h`w	´§�`f)t�w�j"k	w	h	��l9f�c"}'c"jat�f~¤�f²tyfLgK��qVf)t�`c�dµc"}���w3k	c�¤�gR�	gU}Lgat�gAlyf�w�m��j"w	hV�9g<�Km'gUhEj�gK�cK�

w��0�9gAl�¤�g"�`f�h3i0g"hEgatufLj»�`f)t�w�j�k	w	h	��l9fLc"}V�`dEw���catuk	fLg������Vª��9¾
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�yh`j<w�hEjU}²m§�9f�w�h	q�tuk	g��	l9gK��g�hKt�ut�m��Kd]jU}Lg"cAlO}�d_�9k	w�Çµ�§tuk	g��3m'})tyf���}�f!j"f)tudµw	´§�`w�}!g<jam0}Lc�l§t�cAlyi�g�t9�¸´uw�l�tuk	g

�Tf²t�wVj�kEw�hE��l9f!c"}�t�w���f�j"f)tud`f�h��Km'j"g"�]�	d,cUh�tufWl9gatul�wE¤�fWl�cU}���lym�i0��qE��wKtuk � �c�h	���� ¿ ��¾"��t�	g��`w	h0��tul�c�t�gK��tuk	g

h	g<jKg����9f)tud3t�w`cK����gK���tuk	gRg"´�´�g"jat9�®w�h«·��`|&q � �`| c"hE�,�	l9wKt�g�f�hEqVcK�Ç`g"}�}�c��j"w	hV�9fL�	g�l§tuk	g«����g"j"f�´yfLj

g"´�´�g"jat9�®w�´�	f�´u´�g�l9g"hKt¸��l�m�i0�¸w�h]��f�´�´yg�l�gUh�t¸j"g�}�}�tud ��gK�9q�f�hµw	l9�	g�l=tuw«m�hE�	g�l���t�cAh	�«tuk	g�t{wE��f�j"f)tud]cE�Ä�9w�j"f�cat�g"�

Ç`f)tuk]cUh�tufWl9gatul�wE¤�fWl�cU}���lum�i0��¾ ¿ kEcat�m�h	�	g�l��ut�c�h	�	f�h�iµf{��µc"h	�	cat�w	l�d&tuw`��l�w��EwY��g«��t�l�c�t�g�i�f�gK�´uw	l=tukEg

�	l9ga¤�g"hKt�f�w�h]w�l0tul9g"c�tu�`g"hKt¸w	´0tuk	gRc"�K¤�g�l��9gRg"´u´yg<jat9�cK�Ä�9w�jUf~cat�g"�«Ç`f)tuk`�`f)t�w�j�k	w	h	��l9fLc"}�t�wE��f�j"f)tud'¾

� :��0>�8K\`CLQ"?�[VX$Q">079N

¿ k	f{�Ç`w	l��3Ç`c��1��m��	�Ew�l�t�g"�«�	d3i	l�c�hKt9�I´�l�wV�Æ�yhV�ÄgAlO�]q�| ����bµc�h	�_b	��·�|&v ¿ �9¥ �$¾ ¿ k	gRcam	tukEw�lÄ�c�l9g

f�h��	g���t�g"�«tuw«��r bµc�hE��r�g�l9j �$b	k	cAly����·]w�k	�µg"q�Ç�k	f�j�k3�	l�wE¤�f��	g<��m��Ç`f)t�kT��t�ca¤ m'��f�h�gRc�hE�3��·3eµ¾�� g

tuk	cAh��3·3l��µfWi�g"}0v�}!cAl���g»´uw	lIk	f!��`w0��t�m��9g"´!m'}�j"wV�`�µg"h�t9�Iw	h»tukEg»�]cUh�m��Äj�l9fW��tÄ¾
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��Q�HyQ�@"Q<>=:<Q"N

¦�¾ v�c�lylI|&q�v�w	w	��g�l�·3|`¾�|&�K¤'g�l���gRgU´u´�g"jat9�w	´c�hKt�fWl9gatul�wE¤EfWlÄcU}�tukEg�l9c��	d'¾ � �����I�	���"���

¡�¨	¨	¨V£������	Ày��¡��	��ÁA¶�¦� 	¡��	��¦� ��	¨0¾

¡�¾ � c"} ��g�l§�`|&q��Rf~j ��g"}�r�qE�Im	t ��g�e&w	} ���y��g"j �$b	�9q�g�t¸c�}#¾UÂ¤�f���gUhEj"gRw	´§hKm'j"}Lg"w0�9f��	gRc"h	c"}�w	i�m'g

l9ga¤�g�l���g�tul9c�hV��j�l9f���t�cK�9gRf�h	k	f~�'f)t�w	l9�ycK�Ä�9w�j�f�cat�g<�]i�gAh	gat�f�jRc"h	�T��tulum'jat�m	l9cA}��	gU´�g"jat9�®w�´�,f²t�wVj�kEw�hE��l9f!cRf�h

c"�	fW��w0�9g�tuf!���um'gRw�´0°��ye3�yf�h	´�g"jat�g"�3��catuf�g"h�t9��¾	� �R��
	-	���I*9�&�3-���� �µ�W%	�!� ��
'�	�	� ¡�¨	¨�¡0£���	À�¡	ÁA¶{¦	¦A¢ ��¦�¡I¦�¾

�0¾ �Tw	}�c"h«·]qE°]c"�`�`wVh	�«Â¹q���c��µgK�I�9q�rsj��3f�h	h	w�h«Â�q�rscA}�}Lc"}�b�¾�v�w	hKtulyfW� m	tyf�w	h`w	´�hKmYjU}Lg"w0�9f��	g"�

c�hEcU}~w�i�m'g�l9g�¤�g�l��9g�tul�c�hV��j�l9f���t�c��9gRf�h	k	fW�'f)t�w	l=tuk	gAl9c���d&t�w«}!f���w�cat�l�w��	k�d]´�l9wV� tuk	g���w	��m�}�cat�f�w	h«tuw«tukEg

j"g"}�}Wm0}Lc�l}�g�¤'g"}�¾ ���'��� 
"��� � ���A� ¡�¨	¨	�V£��	Ày��ÁA¶)�§¦A¢	����¡��0¾
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