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�&�]�P�µ�Œ�����î�í�X���Z�€�o�����������o�[���µ�š�}�‰�Z���P�]���������v�•���o���•���o�Ç�u�‰�Z�}���Ç�š���•���d�������ð�����µ�Œ���v�š���o�[�]�v�(�����š�]�}�v���‰���Œ���o�����s�/�,�r�í���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���ô�ì��
�&�]�P�µ�Œ�����î�î�X���Z���o���š�]�}�v�•�����v�š�Œ�������µ�š�}�‰�Z���P�]�������š���s�/�,�������v�•���•���•�������o�o�µ�o���•�����]���o���•���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���ô�ï��
�&�]�P�µ�Œ�����î�ï�X���>�]���v�•�����v�š�Œ�����o�[���µ�š�}�‰�Z���P�]�������š���o�����s�/�,�r�í�������v�•���o���•���o�Ç�u�‰�Z�}���Ç�š���•���d�������ð�X���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���ô�ô��
�&�]�P�µ�Œ�����î�ð�X���D�}�����o�����������o������� �P�Œ�������š�]�}�v���•� �o�����š�]�À�����������d���š���‰���Œ�����µ�š�}�‰�Z���P�]���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���õ�ð��
�&�]�P�µ�Œ�����î�ñ�X���D�}�����o�������[� �š�µ�������í���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���í�í�î��
�&�]�P�µ�Œ�����î�ò�X���D�}�����o�������[� �š�µ�������î���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���í�í�î��
�&�]�P�µ�Œ�����î�ó�X���D�}�����o�����������o�����À�}�]�����������•�]�P�v���o�]�•���š�]�}�v����� ���o���v���Z� �����‰���Œ�����v�À�X���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���í�í�ï��
�&�]�P�µ�Œ�����î�ô�X���W�Œ�]�v���]�‰�����������o������� �š�����š�]�}�v���������o�����W���Z�W�����o�]�À� �����‰���Œ���,�d�Z�&���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���í�í�ð��
�&�]�P�µ�Œ�����î�õ�X���>�����‰�Œ�}�š� �]�v�����W���Z�W�����•�š�����o�]�À� �������‰�Œ���•�����}�v�š�����š�����À���������v�À�� �������X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���í�í�ñ��
�&�]�P�µ�Œ�����ï�ì�X�����v���o�Ç�•�����������o�����‰�Œ�}���µ���š�]�}�v���������Z�K�^���]�v�š�Œ�������o�o�µ�o���]�Œ�����X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���í�í�ò��
�&�]�P�µ�Œ�����ï�í�X����� �š�����š�]�}�v�������•���‰�Œ�}�š� �]�v���•���}�Æ�Ç��� ���•�����v���Œ� �‰�}�v�•�����������v�À�X���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���í�í�ó��
�&�]�P�µ�Œ�����ï�î�X���>�����E�������]�v�Z�]�������o�����u�}�Œ�š�������o�o�µ�o���]�Œ�����]�v���µ�]�š�����‰���Œ�����v�À���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���í�í�ô��
�&�]�P�µ�Œ�����ï�ï�X���W�Œ� �•���v�����������������Œ�š���]�v���•���•�š�Œ�µ���š�µ�Œ���•���v�}�v����� �š���Œ�u�]�v� ���•�������v�•���o���•�����µ�š�}�‰�Z���P�}�•�}�u���•�����v���d���D���X�X�X�X�X�X�X�X�X�X�X���í�í�õ��
�&�]�P�µ�Œ�����ï�ð�X�����}�o�}�����o�]�•���š�]�}�v�•���‰�}�š���v�š�]���o�o���•�����v�š�Œ�����W���y�í�ð�l�W�D�W�ó�ì�����š���>���ï�����v���]�u�u�µ�v�}�(�o�µ�}�Œ���•���v������ ���X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���í�î�ì��
�&�]�P�µ�Œ�����ï�ñ�X���Y�µ���v�š�]�(�]�����š�]�}�v�������•���v�]�À�����µ�Æ�����[���Æ�‰�Œ���•�•�]�}�v���������W�D�W�ó�ì�����š���W���y�í�ð�����‰�Œ���•�����}�v�š�����š�����À���������v�À�� ���X�X�X�X�X�X���í�î�í��
�&�]�P�µ�Œ�����ï�ò�X�����(�(���š�������•���‰�Œ�}�š� �]�v���•���À�]�Œ���o���•���•�µ�Œ���o�–���µ�š�}�‰�Z���P�]�����X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X�X���í�ï�î��
��
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�d�����o�����µ���ï�X�����]�(�(� �Œ���v�š�•���š�Ç�‰���•���������o�[���µ�š�}�‰�Z���P�]�����•� �o�����š�]�À�������v���(�}�v���š�]�}�v�����µ���•�µ���•�š�Œ���š����� �P�Œ����� �����š���Œ� �����‰�š���µ�Œ�~�•�•��
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�í�ñ��
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�/�X�� �>�����s�/�,��
��

���X�� �/�v�(�����š�]�}�v���‰���Œ���o�����s�/�,��
��

�í�X�� �,�]�•�š�}�Œ�]�‹�µ�����l�����o���•�•�]�(�]�����š�]�}�v��
��

�>���� �À�]�Œ�µ�•�� ������ �o�[�]�u�u�µ�v�}��� �(�]���]���v������ �Z�µ�u���]�v���� �~�s�/�,�•�� ���•�š�� �o�[���P���v�š�� � �š�]�}�o�}�P�]�‹�µ���� ���µ�� �^�Ç�v���Œ�}�u���� ������

�o�[�]�u�u�µ�v�}��� �(�]���]���v������ �����‹�µ�]�•���� �~�^�/�����•�X�� ���[���•�š�� �µ�v�� �>���v�š�]�À�]�Œ�µ�•�� ������ �o���� �(���u�]�o�o���� �����•���Z���š�Œ�}�À�]�Œ�]�������� �‹�µ�]��

�]�v�(�����š�����o���•�������o�o�µ�o���•���]�u�u�µ�v�]�š���]�Œ���•�U���u���i�}�Œ�]�š���]�Œ���u���v�š���o���•���o�Ç�u�‰�Z�}���Ç�š���•���d�������ð�����š���o���•���u�����Œ�}�‰�Z���P���•�X��

�>���•���Œ� �š�Œ�}�À�]�Œ�µ�•���•�}�v�š�������•���À�]�Œ�µ�•�����}�v�š���o�����P� �v�}�u�������•�š���µ�v�����Z�E�����š���•�}�v�š�������Œ�����š� �Œ�]�•� �•���‰���Œ���o�����‰�Œ� �•���v������

���–�µ�v�������v�Ì�Ç�u�����~�o�����š�Œ���v�•���Œ�]�‰�š���•�����]�v�À���Œ�•�����}�µ���Œ���À���Œ�•�����š�Œ���v�•���Œ�]�‰�š���•���•���‹�µ�]���‰���Œ�u���š���������š�Œ���v�•���Œ�]�Œ���������š��

���Z�E�� �À�]�Œ���o�� ���v�� �����E�� �‰�Œ�}�À�]�Œ���o�X�� �����š�� �����E�� �‰�Œ�}�À�]�Œ���o�� �‰���µ�š�� ���v�•�µ�]�š���� �•�–�]�v�š� �P�Œ���Œ�� �����v�•�� �o���� �P� �v�}�u���� ������ �o����

�����o�o�µ�o�����Z�€�š���X����

�>�[� �‰�]��� �u�]�����������s�/�,�����•�š����� �����o� �������v���í�õ�ô�í�U���o�}�Œ�•�‹�µ�����o���������������[���š�o���v�š�����~�����v�š���Œ���}�(�����]�•�����•�������}�v�š�Œ�}�o�•��

���v�Œ���P�]�•�š�Œ�����µ�v�������µ�P�u���v�š���š�]�}�v�����µ���v�}�u���Œ���������������•���������‰�v���µ�u�}���Ç�•�š�}�•���•�����š���������•���Œ���}�u�����������<���‰�}�•�]�U��

�‹�µ�]�� ���•�š�� �µ�v���� �(�}�Œ�u���� �Œ���Œ���� ������ �����v�����Œ�� ���(�(�����š���v�š�� �v�}�Œ�u���o���u���v�š�� �o���•�� �•�µ�i���š�•�� �]�u�u�µ�v�}��� �‰�Œ�]�u� �•�X�� �����•��

�‰�Œ���u�]���Œ�•�������•���•�}�v�š�����[�����}�Œ�����]�����v�š�]�(�]� �•�����Z���Ì�������•���i���µ�v���•���Z�}�u�u���•���Z�}�u�}�•���Æ�µ���o�•�U���‰�µ�]�•���š�Œ���•���À�]�š�������µ�•�•�]��

���Z���Ì�������•���š�}�Æ�]���}�u���v���•�U�������•���Z� �u�}�‰�Z�]�o���•�����š�������•���Z� �š� �Œ�}�•���Æ�µ���o�•�X���>�����À�]�Œ�µ�•�����v�������µ�•�������•�š���]�•�}�o� ���‰�}�µ�Œ��

�o�����‰�Œ���u�]���Œ�����(�}�]�•�����v���í�õ�ô�ï�U�����v���&�Œ���v�����������o�[�]�v�•�š�]�š�µ�š���W���•�š���µ�Œ���‰���Œ���&�Œ���v���}�]�•���������Œ�Œ� �r�^�]�v�}�µ�•�•�]�U�����o�}�Œ�•���•�}�µ�•��
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�������o�����‰�Z���•�����^�/�����X���h�v�����(�}�]�•���o�����•�Ç�•�š���u�����]�u�u�µ�v�]�š���]�Œ�������(�(�}�v���Œ� �U���d���š���‰���Œ�š�]���]�‰�������µ�•�•�]�������š�]�À���u���v�š�����µ��
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��� �À���o�}�‰�‰���u���v�š�� ������ �‰���š�Z�}�o�}�P�]���•�� ���•�•�}���]� ���•�� ���µ�� �^�/������ ���}�u�u���� �o���� �•���Œ���}�u���� ������ �<���‰�}�•�]�� �}�µ�� �o���•��

���v��� �‰�Z���o�}�‰���š�Z�]���•�����µ���s�/�,���~��� �u���v�����•���o�]� ���•�����µ���^�/�����•���~�����P���•�Z���À�����v�����^���Á���Ç���U���î�ì�í�ï�V�������Œ���P�]���µ�•�����š��

���o�X�U���î�ì�ì�î�•�X����

�~�ï�• �d���š�����������•���‰�Œ�}�‰�Œ�]� �š� �•���]�u�u�µ�v�}�u�}���µ�o���š�Œ�]�����•��
��

���o�o�����‰���µ�š�����µ�•�•�]���•�������}�u�‰�}�Œ�š���Œ�����}�u�u�����µ�v�������Z�]�u�]�}�l�]�v�����W�����v���•�����(�]�Æ���v�š�������o���µ�Œ�•���Œ� �����‰�š���µ�Œ�•�U�����o�o�������P�]�š��

���}�u�u���� �µ�v���� �u�}�o� ���µ�o���� ���Z�]�u�]�}�r���š�š�Œ�����š���v�š���� �‹�µ�]�� �Œ�����Œ�µ�š���� �����•�� �����o�o�µ�o���•�� �•���]�v���•�� ���µ�� �À�}�]�•�]�v���P���� �����•��

�����o�o�µ�o���•���]�v�(�����š� ���•�����š���(�����]�o�]�š�����o���µ�Œ���]�v�(�����š�]�}�v�X�����o�o�������v�š�Œ�������v�����}�u�‰� �š�]�š�]�}�v�����À�������o���•���o�]�P���v���•���v���š�µ�Œ���o�•��

�����������•���Œ� �����‰�š���µ�Œ�•�����š���������[���]�o�o���µ�Œ�•���µ�v�������(�(�]�v�]�š� ���•�µ�(�(�]�•���v�š�����‰�}�µ�Œ���•�����o�]���Œ���‰�Œ� �(� �Œ���v�š�]���o�o���u���v�š�������o���µ�Œ��

�‰�o���������•�µ�Œ�������Z�î�����š�������Z�ï���~���o���]�v�]�����š�����o�X�U���í�õ�õ�ô�•�X��

�����v�(�]�v�U���d���š���•� ���Œ� �š� �����‰���µ�š���]�v���µ�]�Œ�����o�����•�µ�Œ���Æ�‰�Œ���•�•�]�}�v�������•�����}�Œ� �����‰�š���µ�Œ�•�������Z�ñ�����š�����y���Z�ð�������o�����•�µ�Œ�(��������

�����•�� �����o�o�µ�o���•�� �d�� �����ð�U�� �(���À�}�Œ�]�•���v�š�� ���]�v�•�]�� �µ�v���� �(�}�]�•�� ������ �‰�o�µ�•�� �o�[�]�v�(�����š�]�}�v�� �~�,�µ���v�P�� ���š�� ���o�X�U�� �í�õ�õ�ô�•�X�� ���µ��

���}�v�š�Œ���]�Œ���U�����o�o�������]�u�]�v�µ�����o�������}�v�����v�š�Œ���š�]�}�v�������•���u�}�o� ���µ�o���•�����µ�����D�,�r�/���‰�Œ� �•���v�š���•�������o�����•�µ�Œ�(�������������•��

�����o�o�µ�o���•�� �‰�Œ� �•���v�š���š�Œ�]�����•�� ���[���v�š�]�P���v���� �~���W���•�� ���š�� �‰���Œ�u���š�����]�v�•�]�� ���µ�� �À�]�Œ�µ�•�� ���[� ���Z���‰�‰���Œ�� ���µ�� �•�Ç�•�š���u����

�]�u�u�µ�v�]�š���]�Œ�����~�D���š�•�µ�]�����š�����o�X�U���í�õ�õ�ò�•�X��
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�/�/�X�� �>�[���µ�š�}�‰�Z���P�]����
��

���X�� �,�]�•�š�}�]�Œ�����������o�[���µ�š�}�‰�Z���P�]������

�>�[���µ�š�}�‰�Z���P�]�����~���µ���P�Œ�������r�•�•�‰���”�r�v�x�•�†���W���h���•�����u���v�P���Œ���•�}�]�r�u�!�u�����i�•���~�<�o�]�}�v�•�l�Ç�U���î�ì�ì�ó�•�����•�š���µ�v�����À�}�]����

�u���i���µ�Œ���� ������ ��� �P�Œ�������š�]�}�v�� �o�Ç�•�}�•�}�u���o���� ���š�� ������ �Œ�����Ç���o���P���� �����•�� ���}�v�•�š�]�š�µ���v�š�•�� ���Ç�š�}�‰�o���•�u�]�‹�µ���•�� ���‰�Œ���•��

�•� �‹�µ���•�š�Œ���š�]�}�v�������v�•���µ�v�����À�����µ�}�o�������‰�‰���o� �������µ�š�}�‰�Z���P�}�•�}�u�����~�d���v�]�����U���î�ì�í�í�•�X�����[���•�š�����v���í�õ�ò�ï���‹�µ�����o����

�š���Œ�u�������µ�š�}�‰�Z���P�]�������•�š�����u�‰�o�}�Ç� ���‰�}�µ�Œ���o�����‰�Œ���u�]���Œ�����(�}�]�•���‰���Œ���o�����‰�Œ�}�(���•�•���µ�Œ�����Z�Œ�]�•�š�]���v�����������µ�À�����~�‰�Œ�]�Æ��

�E�}�����o�� ������ �‰�Z�Ç�•�]�}�o�}�P�]���� ���š�� ������ �u� �������]�v���� ���v�� �í�õ�ó�ð�� �‰�}�µ�Œ�� �•���� ��� ���}�µ�À���Œ�š���� �����•�� �o�Ç�•�}�•�}�u���•�� ���š�� �����•��

�‰���Œ�}�Æ�Ç�•�}�u���•�•�X���^������� ���}�µ�À���Œ�š�������•�š���]�•�•�µ�����������•�}�v���]�v�š� �Œ�!�š���‰�}�µ�Œ���o�����u�]���Œ�}�•���}�‰�]����� �o�����š�Œ�}�v�]�‹�µ���U���‹�µ�]���o�µ�]��

�����‰���Œ�u�]�•�����[� �š�µ���]���Œ���o���•���u�}���]�(�]�����š�]�}�v�•���•�š�Œ�µ���š�µ�Œ���o���•���������o���������o�o�µ�o���������v�•�����]�(�(� �Œ���v�š���•�����}�v���]�š�]�}�v�•�X���/�o������

���]�v�•�]���‰�µ���}���•���Œ�À���Œ�������•���À� �•�]���µ�o���•�����}�v�š���v���v�š�������•���u�]�š�}���Z�}�v���Œ�]���•���}�µ�������•���‰�}�Œ�š�]�}�v�•�����������Ç�š�}�‰�o���•�u����

�‹�µ�]���o���]�•�•���]���v�š���‰�Œ� �•���P���Œ���o�[���Æ�]�•�š���v���������[�µ�v���v�}�µ�À�����µ���š�Ç�‰�����������•�š�Œ�µ���š�µ�Œ�����W���o�[���µ�š�}�‰�Z���P�}�•�}�u�����~�&�]�P�µ�Œ����

�í�ì�•���~�����š���Œ�����v�������������µ�À���U���í�õ�ò�ó�•�X�������š�š�����À�}�]�����µ���]�‹�µ�]�š���]�Œ�������š�����}�v�•�š�]�š�µ�š�]�À�������•�š���š�Œ���•�����}�v�•���Œ�À� �������Z���Ì��

�o���•�����µ�����Œ�Ç�}�š���•�����š�����o�o�������•�š���Œ� �P�µ�o� �����‰���Œ�������•���P���v���•�����‰�‰���o� �•�����d�'���~���µ�š�}�‰�Z���P�Ç���Œ���o���š�����•���~�^�µ�Ì�µ�l�]�����š��

���o�X�U���î�ì�ì�ð�•�X����

��

�&�]�P�µ�Œ�����í�ì�X�����µ�š�}�‰�Z���P�]����
�/�u���P�����������u�]���Œ�}�•���}�‰�]����� �o�����š�Œ�}�v�]�‹�µ���������������o�o�µ�o�����d�������ð���‰�Œ�]�u���]�Œ�������‰�Œ���•���]�v���µ���š�]�}�v�����[���µ�š�}�‰�Z���P�]���X��

��

�>���•�������o�o�µ�o���•�����µ�����Œ�Ç�}�š���•���}�v�š�������o���µ�Œ�����]�•�‰�}�•�]�š�]�}�v�������µ�Æ���•�Ç�•�š���u���•����������� �P�Œ�������š�]�}�v�����(�]�v���������u���]�v�š���v�]�Œ��

�o���µ�Œ���Z�}�u� �}�•�š���•�]�����W���o�����•�Ç�•�š���u�����h�W�^���~�h���]�‹�µ�]�š�]�v���‰�Œ�}�š�����•�}�u�����•�Ç�•�š���u�•�����š���o�[���µ�š�}�‰�Z���P�]���X�������•�������µ�Æ��

�u� �����v�]�•�u���•�����]�(�(���Œ���v�š�������v�•���o���µ�Œ���(�}�v���š�]�}�v�����š�������v�•���o�����v���š�µ�Œ���������•���•�µ���•�š�Œ���š�•��������� �P�Œ�������Œ���u���]�•���•�}�v�š��

�(�]�v���o���u���v�š�� �š�Œ���•�� ���}�u�‰�o� �u���v�š���]�Œ���•�X�� �>�[���µ�š�}�‰�Z���P�]���� ���•�š�� ���v�� ���(�(���š�� �����‰�����o���U�� ������ ��� �P�Œ�������Œ�� �����•��

� �o� �u���v�š�•�� ������ �P�Œ���v������ �š���]�o�o���� �š���o�•�� �����•�� �}�Œ�P���v�]�š���•�� �}�µ�� �����•�� ���P�Œ� �P���š�•�U�� ���� ���µ�Œ� ���� ������ �À�]���� �o�}�v�P�µ���X�� �>���•��

�‰�Œ�}���µ�]�š�•�� ������ �����•�� �����µ�Æ�� �š�Ç�‰���•�� ������ ��� �P�Œ�������š�]�}�v�� �•�}�v�š�� �Œ�����Ç���o� �•�� ���š�� �Œ� �µ�š�]�o�]�•� �•�� �����v�•�� �o���� �������Œ���� ������ �o����

�•�Ç�v�š�Z���•�����������v�}�µ�À���o�o���•���u�}�o� ���µ�o���•���}�µ�����}�u�u�����•�}�µ�Œ���������[� �v���Œ�P�]�����‰�}�µ�Œ���o���������o�o�µ�o���U���v�}�š���u�u���v�š�����v��
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�����•�������������Œ���v�����X�������•�����À���v��� ���•���‰�o�µ�•���Œ� �����v�š���•���}�v�š���u�}�v�š�Œ� ���‹�µ�������������}�P�u�����v�[���•�š���‰���•�����}�u�‰�o� �š���u���v�š��

�À�Œ���]���W�� �����•�� �����µ�Æ�� �•�Ç�•�š���u���•�� �(�}�v���š�]�}�v�v���v�š�� ���v�� �(���]�š�� ������ ���}�v�����Œ�š�� ���(�]�v�� ������ �u���]�v�š���v�]�Œ�� �o�[�Z�}�u� �}�•�š���•�]����

�����o�o�µ�o���]�Œ�������š���•�}�v�š�����[���]�o�o���µ�Œ�•���•�}�µ�À���v�š�����}�r�����š�]�À� �•���~�>�]�o�]���v�����µ�u�U���î�ì�í�ï�•�X��

�>�[���µ�š�}�‰�Z���P�]���� ���•�š�� ���µ�•�•�]�� �µ�v�� �‰�Œ�}�����•�•�µ�•�� ���o� �� ������ �o�[�]�u�u�µ�v�]�š� �� �]�v�v� ���� ���š�� �������‰�š���š�]�À���U�� �‰���Œ�u���š�š���v�š�� ������

�o�µ�š�š���Œ�����(�(�]���������u���v�š�����}�v�š�Œ�����o���•�����P���v�š�•���‰���š�Z�}�P���v���•�X�������‰���v�����v�š�U�����µ�����}�µ�Œ�•���������o���µ�Œ��� �À�}�o�µ�š�]�}�v�U��������

�v�}�u���Œ���µ�Æ�����P���v�š�•���‰���š�Z�}�P���v���•���}�v�š�������‹�µ�]�•���o���������‰�����]�š� �����[�]�v�Z�]�����Œ���o�����‰�Œ�}�����•�•�µ�•�����µ�š�}�‰�Z���P�]�‹�µ�������(�]�v��

���[� �À�]�š���Œ�� �o���µ�Œ�� ��� �P�Œ�������š�]�}�v�� �‰���Œ�� �o���•�� �o�Ç�•�}�•�}�u���•�� �}�µ�� ������ ��� �š�}�µ�Œ�v���Œ�� �o���� �u�����Z�]�v���Œ�]���� �����o�o�µ�o���]�Œ���� ���� �o���µ�Œ��

���À���v�š���P�������v���•�����•���Œ�À���v�š�����µ���‰�Œ�}�����•�•�µ�•�����µ�š�}�‰�Z���P�]�‹�µ�����‰�}�µ�Œ���o���µ�Œ���‰�Œ�}�‰�Œ�����Œ� �‰�o�]�����š�]�}�v�X�����µ�r�����o����������

�����š�� ���•�‰�����š�U�� �o�[���µ�š�}�‰�Z���P�]���� ���� ���µ�•�•�]�� � �š� �� �]�u�‰�o�]�‹�µ� ���� �����v�•�� �o���� �‰�Œ�}���µ���š�]�}�v�� ���[�]�v�š���Œ�(� �Œ�}�v�� ������ �š�Ç�‰���� �/�U�� �o����

�‰�Œ� �•���v�š���š�]�}�v�� ���v�š�]�P� �v�]�‹�µ���U�� �o���•�� �‰�Z� �v�}�u���v���•�� ������ �š�}�o� �Œ���v�����U�� �o���� �Œ� �P�µ�o���š�]�}�v�� �v� �P���š�]�À���� ������ �o����

�•�]�P�v���o�]�•���š�]�}�v�����v�����À���o�������•�����Ç�š�}�l�]�v���•�����š���������o�[�]�v�(�o���u�u���š�]�}�v�X�����[���•�š���µ�v�����À�}�]�����������•�]�P�v���o�]�•���š�]�}�v���‹�µ�]�����•�š��

�À�Œ���]�u���v�š�� ���µ�� ���ˆ�µ�Œ�� ������ �o�[�Z�}�u� �}�•�š���•�]���� �����o�o�µ�o���]�Œ���� �����Œ�� �•���� ��� �Œ� �P�µ�o���š�]�}�v�� ���•�š�� �]�u�‰�o�]�‹�µ� ���� �����v�•�� ������

�v�}�u���Œ���µ�•���•���‰���š�Z�}�o�}�P�]���•�����}�u�u�����o���������v�����Œ�U���o���•���v���µ�Œ�}�r��� �P� �v� �Œ���š�]�}�v�•�����š���o���•���u�Ç�}�‰���š�Z�]���•�X����

��

���X�� �>�����‰�Œ�}�����•�•�µ�•�����µ�š�}�‰�Z���P�]�‹�µ����

�í�X�� �>���•�����]�(�(� �Œ���v�š���•���(�}�Œ�u���•�����[���µ�š�}�‰�Z���P�]����

�W�o�µ�•�]���µ�Œ�•�� �À�}�]���•�� ������ �•�]�P�v���o�]�•���š�]�}�v�� ���]���o���v�š�� �o���� �o�Ç�•�}�•�}�u���� ���(�]�v�� ������ �‰���Œ�u���š�š�Œ���� �o���� ��� �P�Œ�������š�]�}�v�� ������

�����Œ�š���]�v�•�� �•�µ���•�š�Œ���š�•���W�� �‰���Œ�u�]�� ���o�o���•�U�� �}�v�� �‰���µ�š�� ���}�u�‰�š���Œ�� �š�Œ�}�]�•�� �š�Ç�‰���•�� ���[���µ�š�}�‰�Z���P�]�����W�� �o����

�u�]���Œ�}���µ�š�}�‰�Z���P�]���U���o�–���µ�š�}�‰�Z���P�]������� �‰���v�����v�š���������•�����Z���‰���Œ�}�v�v���•�����š���o���� �u�����Œ�}���µ�š�}�‰�Z���P�]�����~�&�]�P�µ�Œ����

�í�í�•�X��
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���µ�š�}�‰�Z���P�]�‹�µ�������•�š�����}�v�š�Œ�€�o� �����š�����o�}�‹�µ� �������v�•���o���������o�o�µ�o�������]���o���X�������•���}���•���Œ�À���š�]�}�v�•���•�µ�P�P���Œ���v�š���‹�µ����

�o�[���µ�š�}�‰�Z���P�]�������•�š���µ�v���‰�Œ�}�����•�•�µ�•�����v�š�]�r�s�/�,�����š���‹�µ�����������À�]�Œ�µ�•��������� �À���o�}�‰�‰� �������•���•�š�Œ���š� �P�]���•�����(�]�v��������

���o�}�‹�µ���Œ���o�[���µ�š�}�‰�Z���P�]�����‰�}�µ�Œ���‰���Œ�u���š�š�Œ�����µ�v�����Œ� �‰�o�]�����š�]�}�v�����(�(�]���������X��

�r�� �•�}�]�š�� �o���•�� �����o�o�µ�o���•�� ���]���o���•�� �v���� �•�}�v�š�� �‰���•�� �‰�Œ�}���µ���š�]�À���u���v�š�� �]�v�(�����š� ���•�� �����Œ�� �o���� ���Ç���o���� �À�]�Œ���o�� ���•�š��

�]�v�š���Œ�Œ�}�u�‰�µ�����‰�Œ���•���o�[� �š���‰�������[���v�š�Œ� ���U�����š�������v�•�������������•���o�[���µ�š�}�‰�Z���P�]�����v�[���•�š���‰���•���]�v�Z�]��� �������š�����}�v���µ�]�š��

�����o�����u�}�Œ�š���‰���Œ�����‰�}�‰�š�}�•���������•�������o�o�µ�o���•�����]���o���•�����`�š���•���h���v�}�v���]�v�(�����š� ���•���i�X���� ��

��

�����•�� �}���•���Œ�À���š�]�}�v�•�� �•�}�µ�o���À���v�š�� ���}�v���� �‰�o�µ�•�]���µ�Œ�•�� �P�Œ���v�����•�� �‹�µ���•�š�]�}�v�•�U�� �‰���Œ�u�]�� �o���•�‹�µ���o�o���•���W�� ���}�u�u���v�š��

�o�[���µ�š�}�‰�Z���P�]���� ���•�š�r���o�o���� ���v�š�]�À�]�Œ���o���� �����v�•�� �o���•�� �����o�o�µ�o���•���‰�Œ�}���µ���š�]�À���u���v�š�� �]�v�(�����š� ���•�U�� ���š�� ���}�u�u���v�š��

�o�[���µ�š�}�‰�Z���P�]�������}�v���µ�]�š�����o�o���������o�[���‰�}�‰�š�}�•���������v�•���o���•�������o�o�µ�o���•���d�������ð���v�}�v���]�v�(�����š� ���•�����‰�Œ���•�����}�v�š�����š�����À������

���v�À�X�� ���µ�� ���}�µ�Œ�•�� ������ �u���� �š�Z���•���U�� �i���� �u���� �•�µ�]�•�� ���š�š�����Z� ���� ���� �Œ� �‰�}�v���Œ���� ���� �����•�� �����µ�Æ�� �‹�µ���•�š�]�}�v�•�� ���v��

�u�[�]�v�š� �Œ���•�•���v�š���‰�o�µ�•���‰���Œ�š�]���µ�o�]���Œ���u���v�š�����µ���Œ�€�o�����������o�[���µ�š�}�‰�Z���P�]�����•� �o�����š�]�À���������v�•�������•�������µ�Æ�����}�v�š���Æ�š���•��

���[�]�v�(�����š�]�}�v���~�&�]�P�µ�Œ�����î�ï�•�X��
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�&�]�P�µ�Œ�����î�ï�X���>�]���v�•�����v�š�Œ�����o�[���µ�š�}�‰�Z���P�]�������š���o�����s�/�,�r�í�������v�•���o���•���o�Ç�u�‰�Z�}���Ç�š���•���d�������ð��
���v�����o���µ���•�µ�Œ���o�����•���Z� �u���U���o���•�����]�(�(� �Œ���v�š�•�����}�v�š���Æ�š���•���}�¶���i�����À���]�•���u�[�]�v�š� �Œ���•�•���Œ�����µ���Œ�€�o�����������o�[���µ�š�}�‰�Z���P�]�����•� �o�����š�]�À���X��

��

�����v�•���o�����‰�Œ���u�]���Œ�����‰���Œ�š�]�����������u�����š�Z���•���U���i�[���]���Œ�����Z���Œ���Z� ���o���•���u� �����v�]�•�u���•���‰���Œ���o���•�‹�µ���o�•���o�[���µ�š�}�‰�Z���P�]����

���Æ���Œ�����]�š���•�}�v�����(�(���š�����v�š�]�À�]�Œ���o���o�}�Œ�•���������o�[�]�v�(�����š�]�}�v���‰���Œ���o�����s�/�,�r�í���W�����v�����(�(���š�U���v�}�š�Œ����� �‹�µ�]�‰���������u�}�v�š�Œ� ���‹�µ����

�����v�•�� �o���•�� �����o�o�µ�o���•�� �d�������ð���‰�Œ�}���µ���š�]�À���u���v�š���]�v�(�����š� ���•�U���o���•�� �‰�Œ�}�š� �]�v���•�� ���[���v�À���o�}�‰�‰�������µ���s�/�,�� � �š���]���v�š��

�����‰�����o���•�� ���[�]�v���µ�]�Œ���� �Œ���‰�]�����u���v�š�� �o�[���µ�š�}�‰�Z���P�]���� �o�}�Œ�•�� �����•�� �‰�Œ���u�]���Œ���•�� � �š���‰���•�� ���[�]�v�(�����š�]�}�v�X�� �D���]�•�� ������

�‰�Œ�}�����•�•�µ�•�����•�š���Œ���‰�]�����u���v�š�����o�}�‹�µ� ���‰���Œ���o�����À�]�Œ�µ�•�U���������‹�µ�]���•�µ�P�P���Œ�������]���v���‹�µ�����o�[���µ�š�}�‰�Z���P�]�������Æ���Œ�������µ�v����

�����š�]�À�]�š� �� ���v�š�]�r�s�/�,�X�� �E�}�µ�•�� ���À�}�v�•�� ���]�v�•�]�� �‰�Œ�}�µ�À� �� �‹�µ���� �o�[���µ�š�}�‰�Z���P�]���� ���•�š�� ��� �o� �š���Œ���� �‰�}�µ�Œ�� �o���� �À�]�Œ�µ�•�� ���v��

��� �P�Œ�������v�š�� �•� �o�����š�]�À���u���v�š�� �•�}�v�� �š�Œ���v�•�����š�]�À���š���µ�Œ�� �d���š�U�� ���o�}�Œ�•�� �‹�µ���� ���[���•�š�� �µ�v���� �‰�Œ�}�š� �]�v���� �����•�}�o�µ�u���v�š��

�v� �����•�•���]�Œ���� ���� �o���� �š�Œ���v�•���Œ�]�‰�š�]�}�v�������•�� �P���v���•�� �À�]�Œ���µ�Æ�����š�����}�v���� ���� �o���� �•�Ç�v�š�Z���•���� ������ �v�}�µ�À���o�o���•�� �‰���Œ�š�]���µ�o���•��

�À�]�Œ���o���•�X����

�W���Œ���o�����•�µ�]�š���U���i�����u�����•�µ�]�•���]�v�š� �Œ���•�•� �������µ�Æ�������o�o�µ�o���•���d�������ð���‹�µ�]���v�����•�}�v�š���‰���•���‰�Œ�}���µ���š�]�À���u���v�š���]�v�(�����š� ���•�X��

�E�}�š�Œ���� � �‹�µ�]�‰���� ���� �u�}�v�š�Œ� ���‹�µ���U�������v�•�� ������ �����•�U���o�[���µ�š�}�‰�Z���P�]���� ���•�š�� �v� �����•�•���]�Œ���� ���µ�� ��� ���o���v���Z���u���v�š�� ������

�o�[���‰�}�‰�š�}�•���� �]�v���µ�]�š���� �‰���Œ�� ���v�À�� �����v�•�� �o���•�� �o�Ç�u�‰�Z�}���Ç�š���•�� �d�� �����ð�� �v�}�v�� �]�v�(�����š� �•�U�� �•�µ�P�P� �Œ���v�š�� �‹�µ���� �o����
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��� �P�Œ�������š�]�}�v�����������}�u�‰�}�•� �•�������o�o�µ�o���]�Œ���•���‰���Œ���������‰�Œ�}�����•�•�µ�•���‰�}�µ�Œ�Œ���]�š���!�š�Œ�����Œ���•�‰�}�v�•�����o�����������o�[���‰�}�‰�š�}�•���X��

�>�[�]�v���µ���š�]�}�v�� ������ �o���� �‰�Œ�}���µ���š�]�}�v�� ������ �Z�K�^�� ���v�� �Œ� �‰�}�v�•���� ���� ���v�À�� �v�}�µ�•�� �‰���Œ�u���š�� ���[� �u���š�š�Œ���� �o�[�Z�Ç�‰�}�š�Z���•����

�•���o�}�v���o���‹�µ���o�o�����o�[���µ�š�}�‰�Z���P�]���U���]�v���µ�]�š�����‰���Œ�����v�À�U�����}�v���µ�]�Œ���]�š�������o������� �P�Œ�������š�]�}�v���•� �o�����š�]�À�������[�µ�v���(�����š���µ�Œ��

���v�š�]�}�Æ�Ç�����v�š�U�����v�š�Œ���`�v���v�š���o�[�������µ�u�µ�o���š�]�}�v�����[���•�‰�������•���}�Æ�Ç��� ���•�������v�•���o���•�������o�o�µ�o���•�����]���o���•�����š�����]�v�•�]�U���o���µ�Œ��

�u�}�Œ�š���‰���Œ�����‰�}�‰�š�}�•���X��

�� ��
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�/�X�� ��� �P�Œ�������š�]�}�v���•� �o�����š�]�À�����������d���š���‰���Œ�����µ�š�}�‰�Z���P�]����
��

���X�� �/�v�š�Œ�}���µ���š�]�}�v�����š�����}�v�š���Æ�š����
��

�>���•���u� �����v�]�•�u���•�����v�š�]�À�]�Œ���µ�Æ���������o�[���µ�š�}�‰�Z���P�]�������µ�����}�µ�Œ�•���������o�[�]�v�(�����š�]�}�v���‰���Œ���o�����s�/�,�r�í���}�v�š��� �š� ���š�Œ���•���‰���µ��

� �š�µ���]� �•�����š���o�[�}���i�����š�]�(���������������‰�Œ�}�i���š���������}�v����� �š� ���������o���•���Œ�����Z���Œ���Z���Œ�X���E�}�µ�•�����À�}�v�•�����]�v�•�]���‰�µ���u�}�v�š���Œ���‹�µ������

�o�����s�/�,�r�í�����o�}�‹�µ�����o�[���µ�š�}�‰�Z���P�]���������v�•���o���•�������o�o�µ�o���•���d�������ð���‰�Œ�}���µ���š�]�À���u���v�š���]�v�(�����š� ���•�����(�]�v�����[� �À�]�š���Œ���o����

��� �P�Œ�������š�]�}�v���������•�}�v���š�Œ���v�•�����š�]�À���š���µ�Œ���À�]�Œ���o���d���š�U���À�]�����•�}�v���]�v�š���Œ�����š�]�}�v�����À�������‰�ò�î���~�^���P�v�]���Œ�����š�����o�X�U���î�ì�í�ñ�•�X��

�d���š�����•�š�U�����v�����(�(���š�U���µ�v�����‰�Œ�}�š� �]�v�������µ���s�/�,���‹�µ�]�����•�š�������•�}�o�µ�u���v�š���v� �����•�•���]�Œ�����‰�}�µ�Œ���o�����š�Œ���v�•���Œ�]�‰�š�]�}�v�������•��

�P���v���•���À�]�Œ���µ�Æ�����š�����}�v�����‰�}�µ�Œ���o�����•�Ç�v�š�Z���•�����������v�}�µ�À���o�o���•���‰���Œ�š�]���µ�o���•���À�]�Œ���o���•�X�������š�š������� �P�Œ�������š�]�}�v���������d���š��

���•�š�� �•�‰� ���]�(�]�‹�µ���� �P�Œ�������� ���� �o�[�]�v�š���Œ�À���v�š�]�}�v�� ���µ�� �Œ� �����‰�š���µ�Œ�����µ�š�}�‰�Z���P�]�‹�µ���� �‰�ò�î�U�� �‹�µ�]�� ���•�š�� �µ�v���� �‰�Œ�}�š� �]�v����

���}�v�v�µ���� �‰�}�µ�Œ�� �����Œ���•�•���Œ�� �•�‰� ���]�(�]�‹�µ���u���v�š�� �o���•�� �‰�Œ�}�š� �]�v���•�� ���š�� �o���•�� �}�Œ�P���v���o�o���•�� �µ���]�‹�µ�]�š�]�v� ���•�� ���� �o����

��� �P�Œ�������š�]�}�v���‰���Œ�����µ�š�}�‰�Z���P�]���U���À�]�����•�}�v���]�v�š���Œ�����š�]�}�v�����À�������o���•���‰�Œ�}�š� �]�v���•���������o�����(���u�]�o�o�������d�'�ô�X�������v�•���o����

�����•�� ���µ�� �š�Œ���v�•�����š�]�À���š���µ�Œ�� �d���š�U�� �����š�š���� �]�v�š���Œ�����š�]�}�v�� �v���� ��� �‰���v���� �‰���•�� ������ �•�}�v�� �µ���]�‹�µ�]�š�]�v���š�]�}�v�� �V�� ���o�o���� ���•�š��

���}�v���� �u� ���]� ���� �‰���Œ���µ�v�� �u� �����v�]�•�u���� �v�}�v�� ���}�v�À���v�š�]�}�v�v���o�X�� ���v�� �‰�o�µ�•�� ������ �•�}�v�� �Œ�€�o���� ������ �š�Œ���v�•�����š�]�À���š���µ�Œ��

�À�]�Œ���o�U���o�����‰�Œ�}�š� �]�v�����d���š���������µ�•�•�]���o���������‰�����]�š� �����[�!�š�Œ�����•� ���Œ� �š� �����‰���Œ���o���•�������o�o�µ�o���•���]�v�(�����š� ���•�����š�������‰�š�µ�Œ� ����

�‰���Œ���o���•�������o�o�µ�o���•���À�}�]�•�]�v���•���v�}�v���]�v�(�����š� ���•�U���}�¶�����o�o�����‰���µ�š�����o�}�Œ�•���]�v���µ�]�Œ�����o�����š�Œ���v�•���Œ�]�‰�š�]�}�v�����������]�(�(� �Œ���v�š�•��

�(�����š���µ�Œ�•�������o�o�µ�o���]�Œ���•���}�µ���o���µ�Œ���u�}�Œ�š���‰���Œ�����‰�}�‰�š�}�•���������������•�������o�o�µ�o���•�X���E�}�µ�•�����À�}�v�•���u�}�v�š�Œ� ���‹�µ���������š�š����

�d���š���•� ���Œ� �š� �����‰���µ�š�����µ�•�•�]���!�š�Œ������� �P�Œ����� �����‰���Œ�����µ�š�}�‰�Z���P�]���U��� �o���Œ�P�]�•�•���v�š���o�����Œ�€�o�����������•������� �P�Œ�������š�]�}�v��

�‰���Œ�� ���µ�š�}�‰�Z���P�]���� ���� ���[���µ�š�Œ���•�� �u� �����v�]�•�u���•�� �‰�}�š���v�š�]���o�•�X�� �W�}�µ�Œ�� �Œ� �•�µ�u���Œ�U�� �v�}�µ�•�� �•���À�}�v�•�� �‹�µ����

�o�[���µ�š�}�‰�Z���P�]�������•�š���]�v���µ�]�š���� �‰���Œ�����v�À�����µ�Œ���v�š���o���•���š�}�µ�š���•���‰�Œ���u�]���Œ���•��� �š���‰���•���������o�[�]�v�(�����š�]�}�v���u���]�•���‹�µ����

�����š�š���� ���µ�š�}�‰�Z���P�]���� ���•�š�� �Œ���‰�]�����u���v�š�� ���o�}�‹�µ� ���� ���(�]�v�����[� �À�]�š���Œ���o���� ��� �P�Œ�������š�]�}�v�������� �d���š�� ���š�� �(���À�}�Œ�]�•���Œ���o����
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Autophagy Restricts HIV-1 Infection by Selectively Degrading Tat in
CD41 T Lymphocytes
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ABSTRACT
Autophagy is a ubiquitous mechanism involved in the lysosomal-mediated degradation of cellular components when they are
engulfed in vacuoles called autophagosomes. Autophagy is also recognized as an important regulator of the innate and adaptive
immune responses against numerous pathogens, which have, therefore, developed strategies to block or use the autophagy ma-
chinery to their own bene®t. Upon human immunode®ciency virus type 1 (HIV-1) infection, viral envelope (Env) glycoproteins
induce autophagy-dependent apoptosis of uninfected bystander CD41 T lymphocytes, a mechanism likely contributing to the
loss of CD41 T cells. In contrast, in productively infected CD41 T cells, HIV-1 is able to block Env-induced autophagy in order
to avoid its antiviral effect. To date, nothing is known about how autophagy restricts HIV-1 infection in CD41 T lymphocytes.
Here, we report that autophagy selectively degrades the HIV-1 transactivator Tat, a protein essential for viral transcription and
virion production. We demonstrated that this selective autophagy-mediated degradation of Tat relies on its ubiquitin-indepen-
dent interaction with the p62/SQSTM1 adaptor. Taken together, our results provide evidence that the anti-HIV effect of au-
tophagy is speci®cally due to the degradation of the viral transactivator Tat but that this process is rapidly counteracted by the
virus to favor its replication and spread.

IMPORTANCE
Autophagy is recognized as one of the most ancient and conserved mechanisms of cellular defense against invading pathogens.
Cross talk between HIV-1 and autophagy has been demonstrated depending on the virally challenged cell type, and HIV-1 has
evolved strategies to block this process to replicate ef®ciently. However, the mechanisms by which autophagy restricts HIV-1
infection remain to be elucidated. Here, we report that the HIV-1 transactivator Tat, a protein essential for viral replication, is
speci®cally degraded by autophagy in CD41 T lymphocytes. Both Tat present in infected cells and incoming Tat secreted from
infected cells are targeted for autophagy degradation through a ubiquitin-independent interaction with the autophagy receptor
p62/SQSTM1. This study is the ®rst to demonstrate that selective autophagy can be an antiviral process by degrading a viral
transactivator. In addition, the results could help in the design of new therapies against HIV-1 by speci®cally targeting this
mechanism.

Macroautophagy, herein referred to as autophagy, is a major
cellular catabolic pathway highly regulated in eukaryotes. It

is involved in the degradation of cytoplasmic material after its
sequestration in vacuoles called autophagosomes. The autopha-
gosomes fuse with lysosomes to form autolysosomes in which the
sequestered material is degraded and then recycled (1). Since the
discovery ofthe Atg genes that regulate this process, autophagy
has been found to be involved in a number of important cellular
functions, including cellular homeostasis, development, aging, or
innate and adaptive immune responses (2, 3). Autophagy is be-
lieved tobe one of the most ancient defense processes against
invading pathogens. Its antiviral effect has been described in many
studies through different mechanisms, including a direct degra-
dation of cytoplasmic viral components, as shown, for example
for the Sindbis virus (SIN) capsids that are speci®cally targeted to
autophagy upon interaction with p62 (4, 5). Importantly, patho-
gens haveevolved different means to inhibit or use autophagy to
their own pro®t (6).

At themolecular level, two signaling complexes are involved in
the induction, the elongation, and the closure steps of autophagy,
leading to the formation of autophagosomes. Brie¯y, the class III

phosphatidylinositol 3-kinase (PI3K), associated with p150 and
beclin 1, is responsible for the formation of the phagophore. Two
ubiquitination-related conjugation systems, leading to the forma-
tion of the Atg12-Atg5-Atg16L complex and the Atg8-phosphati-
dylethanolamine (PE) complex, are required for the elongation
and closure of the autophagosome. These two conjugates are
formed upon the action of a unique E1-activating enzyme called
Atg7. ATG8-PE is inserted in the autophagic vacuole membranes
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and is present all along the pathway, a characteristic that makes it
an autophagosomal marker. As autophagy proceeds, ATG8-PE is
®nally degraded in autolysosomes. Six orthologs of ATG8 exist in
mammals, three microtubule-associated protein 1 light chain 3
(LC3) proteins (LC3A, -B, and -C), one gamma-aminobutyrate
receptor-associated protein (GABARAP), and two GABARAP-
like proteins (GABARAPL1 and GATE16/GABARAPL2). All of
these proteins are synthesized as precursors that are rapidly pro-
cessed at their C termini, leading to the exposure of a glycine
residue that can be conjugated to PE (7±9). LC3B is still the most
extensively studiedATG8 protein and will be referred to hereafter
as LC3.

Autophagy can be a very selective process by the action of adap-
tor proteins behaving as autophagy cargo receptors, themselves
degraded by autophagy due to their interaction with LC3 (10).
Autophagy cargoreceptors share at least one domain, the LIR
domain (LC3-interacting region), allowing interaction with ATG8
family members and thus targeting the cargos to autophagosomes
(11). p62/SQSTM1 (sequestosome 1, hereafter called p62) is a typical
autophagy receptorthat interacts with ubiquitinated substrates via its
UBA domain (ubiquitin-associated domain) and that is able to mul-
timerize via its PB1 domain (NH2-terminal Phox and Bem1p do-
main). These two motifs are important for selective autophagic deg-
radation of ubiquitinated substrates (10, 12±14). Of note, p62 has
been involvedin the lysosomal-mediated degradation of incoming
pathogens, a process termed ªxenophagyº (15, 16).

Human immunode®ciencyvirus type 1 (HIV-1) infects im-
mune cells, mainly CD41 T lymphocytes and macrophages. In
most instances, viral entry is mediated by the interaction of the
viral envelope (Env) glycoproteins (gp120 and gp41) with CD4
and a coreceptor, mainly CCR5 or CXCR4, expressed at the sur-
face of the target cells, to initiate a membrane fusion event. The
gp120 protein interacts ®rst with CD4, triggering conformational
changes leading to increased exposure of gp120 regions able to
bind to the coreceptor. This interaction induces a structural rear-
rangement in gp41 and the insertion of its N terminus fusion
peptide into the target cell membrane, leading to the fusion be-
tween viral and cell membranes and thus to viral entry (17). The
RNA viralgenome is then retro-transcribed in DNA by the viral
reverse transcriptase and is transported to the nucleus, where it
integrates the genome of the host cell by the action of the viral
integrase. After the integration step, the viral transactivator Tat
enables the transcription of the viral DNA, leading to the pro-
duction of the viral components necessary to synthesize new
infectious particles that are released from the infected cells.
The HIV-1 replication cycle can thus be divided in two phases: the
early phase, from viral entry to provirus integration, and the late
phase, from transcription of viral genes to the release of new viral
particles (18, 19).

Tat isa small HIV-1 protein of 80 to 103 amino acids, depend-
ing on the viral strain, necessary for the transcription of all the
viral genes after its binding to the TAR RNA loop present in the
HIV-1 long terminal repeat (LTR) promoter (20). In addition to
its rolein infected cells, Tat can be secreted and captured by by-
stander cells, where it can induce apoptosis or modulate the ex-
pression of cellular proteins, in particular, proin¯ammatory cyto-
kines (21±24).

Complex linksexist between HIV-1 and autophagy, depending
on the cell types and on the infectious status of the target cell type,
i.e., if the target cell is productively infected or not (25±27). In

dendritic cells,HIV-1 is able to block autophagy, impeding viral
antigen presentation (28, 29). In CD41 T lymphocytes, we previ-
ously demonstrated that autophagy is induced by the gp41 fuso-
genic function and that this process leads to apoptosis of unin-
fected bystander CD41 T cells, i.e., cells that have been in contact
with infected cells without being productively infected (30, 31). In
contrast, autophagyis blocked in productively infected CD41 T
cells (32).

In macrophagesthat have been challenged by the virus but not
productively infected, autophagy is inhibited via the activation of
Stat3 and Src-Akt by Tat and interleukin-10 (IL-10) (33). HIV-1
Tat alsosuppresses STAT1 activation triggered by gamma inter-
feron (IFN-g) in monocytes and IFN-g-induced autophagy in
primary macrophages, suggesting that inhibition of autophagy
could impair the immune defenses by blocking the antigen pro-
cessing required for the recognition and killing of intracellular
pathogens (34). These results are consistent with the fact that mac-
rophages donot undergo Env-mediated apoptosis and are not
subjected to depletion during HIV-1 infection.

The mechanism by which autophagy exerts its restriction ac-
tivity against HIV-1 infection in CD41 T cells remains to be fully
characterized. We demonstrate here that p62 interacts with Tat
and targets it to lysosomal-mediated degradation via selective au-
tophagy. This interaction is not mediated by a conventional do-
main of p62 since the UBA or the PB1 domain of this protein is not
involved. Interestingly, both neo-synthesized Tat in infected cells
and exogenous Tat internalized by uninfected cells are sensitive to
autophagic degradation, indicating that all the functions of Tat
could be counteracted by autophagy. In conclusion, we propose
that degradation of the viral transactivator Tat by selective au-
tophagy is a potent though unrecognized antiviral cellular mech-
anism against HIV-1 infection of CD41 T lymphocytes.

MATERIALS AND METHODS
Ethics statement.Primary CD41 T cells were puri®ed from blood ob-
tained from the Etablissement Fran ais du Sang (EFS). Procedures using
human cells were approved by the Human Experimentation and Ethics
Committee of the CNRS Institute. The HIV-1 infection experiments were
performed in a biological safety level 3 laboratory. Cell culture was per-
formed in a biological safety level 2 laboratory.

Cell culture. The original HEK.293T cell line, HEK cells expressing
wild-type (WT) CD4 and wild-type CXCR4 (HEK/CD4/CXCR4), and
HEK cells stably expressing Env at the their surface were cultured in Dul-
becco's modi®ed Eagle's medium (DMEM) supplemented with antibiot-
ics and 10% fetal calf serum (FCS). MAGIC5B cells (cell line expressing
CXCR4 and CCR5 andbgalactosidase under the control of the HIV long-
terminal repeat [LTR]) were obtained from T. Masashi (Tokyo, Japan)
and cultured in DMEM supplemented with antibiotics and 10% FCS.
MOLT cells are nonadherent human acute lymphoblastic leukemia cells.
The chronically HIV-1-infected MOLT cells (MOLT-X4) and the unin-
fected parental cell line (MOLT) were provided by J. Blanco (Barcelona,
Spain). The 8.E5 cell line is a CEM-derived T cell line containing a single
integrated copy of HIV-1 and unable to produce infectious virions. T cell
lines were cultured in RPMI 1640 medium supplemented with antibiotics
and 10% FCS. Primary CD41 T cells were isolated from peripheral blood
mononuclear cells and puri®ed by negative selection using the CD41

Rosette separation technique (Stem Cell Technologies). Cells were phe-
notypically analyzed, stimulated with 2mg of phytohemagglutinin (PHA)
for 24 h, and maintained in culture by the addition of 100 U/ml of inter-
leukin 2 (IL-2) (Boehringer Mannheim) every 2 to 3 days.

Reagents and Abs.Torin 1 (To) was purchased from Tocris, and
3-methyladenine (3-MA), PHA, E64d, and pepstatin A (anti-protease
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[AP]) were purchased from Sigma-Aldrich. T20 was obtained from the
NIH AIDS Reagent Program. Anti-LC3 (catalog no. L7543), anti-glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH; catalog no. G9545),
anti-ATG7 (catalog no. A2856), and anti-FLAG-horseradish peroxidase
(HRP) (catalog no. A8592) were obtained from Sigma-Aldrich; anti-Tat
(catalog no. sc65912) and anti-beclin 1 (catalog no. sc11427) were pur-
chased from Santa-Cruz Biotechnologies. The monoclonal anti-p24 anti-
body (Ab) was from the NIH AIDS Reagent program.

Plasmids.The pNL4-3 molecular clone was obtained from the NIH
AIDS Reagent Program. The different p62 constructs, cloned in a pENTR
plasmid, were a kind gift from Terje Johansen (University of Tromsù,
Tromsù, Norway). After an LR Clonase reaction, we cloned the different
p62 cDNAs in pDEST vectors in order to obtain glutathione S-transferase
(GST)-fused proteins, using Gateway cloning technology (Life Technol-
ogies). The LC3B cDNA was ®rst cloned in a pENTR vector and then
cloned in a pDEST vector using Gateway cloning technology (Life Tech-
nologies). The GST-LC3 F52A mutant was obtained by mutagenesis using
a QuickChange kit from Stratagene. The FLAG-tagged Tat (86 residues;
BH10 isolate) was cloned in the pBi-GL expression vector under the con-
trol of a tetracycline response element (TRE) (the FLAG tag is placed at the
C-terminal part of Tat). To express the gene of interest, the plasmid needs
to be cotransfected with a pUHD-neo vector responsible for the expres-
sion of the tTA regulatory proteins needed to transactivate the TRE. A
pBi-Tat K50/51A mutant expressing the FLAG-Tat K50/51A mutant was
generated from pBi-Tat using a QuickChange kit from Stratagene (35).
The FLAG-TatK71R expression vector was a kind gift from Monsef Ben-
kirane (as with pBi-GL-Tat, the FLAG tag is located at the C terminus of
Tat) (36).

The differentconstructs expressing Vif, Nef, and Vpr were cloned in a
pENTR plasmid and transferred in a pCI-neo33 FLAG expression vector
after an LR Clonase reaction using Gateway cloning technology (Life
Technologies). The expression vector coding for GFP-LC3 (where GFP is
green ¯uorescent protein) was kindly provided by T. Yoshimori (Osaka
University, Japan) and R. Willey (NIAID, NIH). The expression vector
coding for Gag was kindly provided by Nathalie Chazal (Centre d'"tudes
d'Agents Pathog#nes et Biotechnologies pour la Sant$ [CPBS], Montpel-
lier, France) (37).

TEM analysis.Cellswere ®xedin situ with 2.5% glutaraldehyde in
cacodylate buffer (pH 7.4) for 60 min at 4&C, post®xed with 2% osmium
tetroxide, and then washed in cacodylate buffer containing 0.5% tannic
acid. After extensive washes in 0.1 M Sorensen phosphate buffer (pH 7.2),
cells were included in a ®brin clot as described by Charret and Faur$-
Fremiet (38). Cells were then post®xed with 2% osmium tetroxide and
0.5% tannicacid, dehydrated, and embedded in Epon (Embed-812; Elec-
tron Microscopy Sciences, Inc.). Sections were counterstained with uranyl
acetate and lead citrate and examined with a Hitachi H7100 transmission
electron microscope (TEM).

HIV-1 infection and production. To produce HIV virions, HEK cells
were transfected with pNL4-3, and supernatants were collected at 2 days
posttransfection. Viral particles were concentrated by ultracentrifugation.
Jurkat cells were then challenged for 24 h with dilutions of the concen-
trated viruses. Flow cytometry analysis of Gag1 cells was performed in
order to quantify the multiplicity of infection (MOI). Quanti®cation of
viral particle production was performed with a p24 enzyme-linked
immunosorbent assay (ELISA) from Innogenetics (Innotest HIV anti-
gen monoclonal Ab [MAb]) according to the manufacturer's instruc-
tions. CD41 T cells were infected with concentrated viruses at an MOI
between 0.1 and 1. Coculture experiments were done with chronically
HIV-infected (MOLT-X4) or uninfected (MOLT) T cells coincubated for
indicated times (see the ®gure legends) with HEK/CD4/CXCR4 or
MAGIC5B cells. Quanti®cation of HIV infection of target cells was mea-
sured by ¯ow cytometry (for HEK cells) orb-galactosidase activity assay
(for MAGIC5B cells).

GST pulldown experiments.Constructs expressing GST proteins
fused to wild-type LC3 (GST-LC3), mutated LC3 (GST-LC3 F52A), wild-

type p62 (GST-p62), or mutated p62 (GST-p62DLIR, GST-p62DUBA,
and GST-p62DPB1, with deletions of the LIR, UBA, and PB1 domains,
respectively) were cotransfected in HEK cells with the pBi-FLAG-Tat and
pUHD vectors. Corresponding empty vectors were used as controls. Anti-
proteases (E64d plus pepstatin A) were added to the transfected cells in
order to optimize the expression of Tat. Cell lysis was performed at 24 h
posttransfection in 150 mM NaCl, 20 mM Tris, pH 7, and 0.5% NP-40 at
4&C. After centrifugation for 20 min at 4&C, the lysates were incubated
with glutathione-conjugated Sepharose beads for 2 h at 4&C. Unbound
proteins were removed by four washes with cold lysis buffer. Bound pro-
teins were then eluted by boiling for 10 min in Laemmli buffer and sepa-
rated by gel electrophoresis, followed by immunoblotting with speci®c
antibodies.

Flow cytometry.The percentage of HIV-1-infected cells was deter-
mined by quantifying the cellular levels of p24Gagby ¯ow cytometry using
an HIV KC57 ¯uorescein isothiocyanate (FITC) kit according to the man-
ufacturer's instructions (Beckman Coulter). Brie¯y, cells were ®xed and
permeabilized, and the anti-p24 antibody was added to the cells. After
staining for 30 min, cells were washed with phosphate-buffered saline
(PBS), and ¯uorescence intensity was measured on a Coulter Epics XL
Flow Cytometer (Beckman Coulter).

b-Galactosidase assay.A chemiluminescent reporter assay system,
Galacto-Starb-Galactosidase Reporter Gene Assay System for Mamma-
lian Cells, from Life Technologies, was used to quantitate û-galactosidase
activity according to the manufacturer's instructions. Brie¯y, 0.53 106

MAGIC5B cells were lysed in 200ml of lysis buffer provided by the man-
ufacturer. Fifty microliters of cell lysate was used in each assay, in dupli-
cates. The results were normalized by quantifying the total protein con-
centrations using a Bradford assay from Sigma-Aldrich.

Transfections.A total of 0.53 106 HEK or HEK/CD4/CXCR4 cells
were cultured in six-well plates 24 h prior to transfection. Plasmids were
then transfected using TurboFect reagent (Fermentas) according to the
manufacturer's instructions. Smartpool p62 small interfering RNA
(siRNA) and control siRNA (siCT) were from ABgene. Beclin 1 siRNA
and Atg7 siRNA were synthesized and annealed by Eurogentec. The
mRNA sequences to be targeted for beclin 1 and Atg7 siRNAs were 5=-C
AGUUUGGCACAAUCAAUA-3=and 5=-GCAUCAUCUUCGAAGUGA
A-3=, respectively. Transfection of siRNA into HEK/CD4/CXCR4 or
MAGIC5B cells (0.53 106 cells maintained in six-well plates) was per-
formed with LipoRNAiMax reagent (Invitrogen) according tothe
manufacturer's instructions. In the case of siRNA and plasmid
cotransfections, 0.253 106 HEK cells were ®rst transfected with siRNA
using LipoRNAiMax reagent, and, 24 h later, siRNA-transfected cells
were transfected with the plasmid using TurboFect reagent.

Western blotting. Cell lysates were loaded in 12% Prosieve 50 gels
(Lonza) and transferred to polyvinylidene (PVDF) membranes. After a
blocking step for 1 h at room temperature in PBS containing 0.5% casein,
membranes were incubated overnight at 4&C with the primary antibody
(Ab) in the blocking buffer. After three washes with PBS supplemented
with 0.05% Tween, the membranes were incubated for 1 h at room tem-
perature with peroxidase-coupled secondary Ab. Upon extensive washes,
membranes were incubated with Luminata Western HRP Substrate (Mil-
lipore). Proteins were detected by chemiluminescence and imaged with a
G-box camera (Syngene imaging system). The expression level of GAPDH
was used as a loading control in all of the Western blotting experiments
and for quanti®cation. Quanti®cation of protein expression was done
with Genesys software (Syngene).

The form of LC3 conjugated to PE, named LC3-II, presents a higher
electrophoretic mobility in gels and was, therefore, used to quantify au-
tophagy.

Fluorescence analysis of autophagy.HEK/CD4/CXCR4 cells were
cultured in six-well plates and transfected with pEGFP-LC3 using Turbo-
Fect reagent (Fermentas) according to the manufacturer's instructions.
Transfected cells were then left to adhere on coverslips before coculture
with MOLT cells (negative control) or chronically infected cells (MOLT-
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X4) for the indicated times (from 2 h to 48 h) (seeFig. 4A). Human
primary CD41 T cells were transfected with pEGFP-LC3 using a Nucleo-
fector apparatus (Amaxa Biosystems) according to the manufacturer's
instructions. Transfected primary T cells were then cocultured on cover-
slips for 4 h with effector cells either expressing or not expressing the viral
envelope at their surface (HEK.Env or HEK cells, respectively). Coverslips
were washed with PBS, and cells were ®xed in a 3.7% paraformaldehyde-
PBS solution for 10 min at room temperature and analyzed by epi¯uores-
cence using a Leica microscope. Autophagic cells were de®ned as cells
containing at least ®ve GFP-LC3 puncta. More than 100 transfected cells
were analyzed by two different investigators. Results are from at least three
independent experiments.

Statistics.Analysis of the variance of the results was performed after
arc sine transformation of the data when percentages were compared (39).

RESULTS
Induction of autophagy decreases viral production in HIV-1-
infected CD41 T lymphocytes.We, along with others, have pre-
viously shown that autophagy is blocked in productively HIV-1-
infected CD41 T lymphocytes, suggesting that autophagy is an
anti-HIV process counteracted by this virus (32, 40). To examine
this hypothesis,activated primary CD41 T cells were infected by
HIV-1 for 3 days (; 20% infection). Then, autophagy was induced
by adding torin 1, an inhibitor of the mTOR kinase, for 24 h. The
level of viral particle production was measured by quantifying the
viral capsid protein p24 by ELISA. As expected, we detected a
signi®cant decrease of HIV-1 p24 levels in the supernatants of cells
treated with torin 1 (Fig. 1A). The same results were obtained
when torin1 was added to infected Jurkat cells (Fig. 1B) or chron-
ically infectedCD41 T cells (MOLT-X4) (Fig. 1C). Thus, addition
of torin 1 decreases viral production, supporting the anti-HIV role
of autophagy.

Tat interacts with p62 and is speci®cally degraded by torin
1-induced autophagy.We performed a two-hybrid screen to an-
alyze the interactions between several HIV-1 proteins (Tat, Vif,
Vpr, and Nef) and a bank of ATG proteins. Among the viral pro-
teins tested, the transactivator Tat was the only viral protein able
to bind p62 (data not shown), which is highly suggestive of a role
for selective autophagy. This interaction was further con®rmedin
vitrousing a GST pulldown assay in which Tat was found to inter-
act with GST-p62 but not GST alone (Fig. 2A). As p62 is an au-
tophagy receptorinvolved in the speci®c degradation of proteins
or organelles by autophagy, we then analyzed whether induction

of autophagy could affect the expression level of Tat. To this end,
we transfected human embryonic kidney (HEK) cells with a plas-
mid expressing a FLAG-Tat construct, and autophagy was in-
duced upon addition of torin 1 for 3 h. We observed a signi®cant
decrease in Tat levels upon torin 1 treatment (Fig. 2B). Impor-
tantly, thiseffect was reversed in cells pretreated with a cocktail of
anti-proteases ([APs] E64d plus pepstatin A) previously described
to block lysosomal-mediated degradation (Fig. 2B). Furthermore,
inhibition of lysosomal proteases, in the absence of autophagy
induction, led to increased levels of Tat expression in cells, sug-
gesting that the viral transactivator can be degraded by lysosomes
(Fig. 2BandD). The levels of the ectopically expressed viral pro-
teins Gag, Vif, and Nef were not affected by the addition of torin 1
(Fig. 2C). These data strongly suggest that the torin 1-induced
decrease inTat level is selective and relies on an autophagy-
dependent lysosomal-mediated degradation. The results were
con®rmed in a context of viral infection using HIV-1 chronically
infected T cells (MOLT-X4 cells) which constitutively produce the
viral Tat protein. As shown inFig. 2D, Tat levels were also de-
creased inMOLT-X4 cells upon torin 1 treatment for 3 h, and the
autophagy-inducing drug effect could be reversed by AP treat-
ment. Since Tat is essential for the HIV-1 replication cycle, these
results extend further those presented inFig. 1, in which drug-
mediated induction of autophagy strongly decreased viral release.

To con®rm that the autophagic process is responsible for the
lysosomal-mediated degradation of Tat, we downregulated the
expression of the essential autophagy-related protein ATG7 using
siRNA. As shown inFig. 2E, while the control siRNA did not
prevent torin-1-induced Tat degradation, the viral transactivator
expression levels were signi®cantly increased in cells for which
ATG7 expression was reduced. Notably, even if siRNA-mediated
ATG7 decreased expression was only 30%, Tat levels became to-
tally insensitive to torin 1 treatment, con®rming the contribution
of the autophagy pathway in Tat degradation. This result also
indicates that this process is ®nely tuned and relies on a fully
functional autophagy process.

Since we observed that Tat was interacting with p62 (Fig. 2A),
we aimedat analyzing Tat levels when p62 expression was de-
creased. Remarkably, we noted that the siRNA-mediated decrease
of p62 expression correlated with a signi®cant increase in Tat pro-
tein signal compared to levels obtained in lysates from siCT-

FIG 1 Autophagy has an anti-HIV-1 effect in CD41 T lymphocytes. Primary CD41 T cells (A) or Jurkat cells (B) were infected with HIV-1 at an MOI of 1 for
3 days. Cells were then extensively washed to eliminate excess free viruses and cultured for 24 h in the presence of 2mM torin 1 to induce autophagy. HIV Gag-p24
levels were quanti®ed by ELISA in the culture supernatants. (C) Chronically infected MOLT-X4 cells were treated for 24 h with 2mM torin 1, and the HIV
Gag-p24 concentration was quanti®ed in the culture supernatants by ELISA. Data are representative of triplicates from at least three independent experiments.
CT, control.*, P, 0.05; **,P, 0.01; ***,P, 0.001.
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treated cells (Fig. 2F). Overall, these results demonstrated that the
autophagy pathway signi®cantly contributes to Tat degradation
and that the autophagy receptor p62, shown to interact with Tat,
could confer selectivity in this process.

The interaction between Tat and p62 is ubiquitin indepen-
dent. As we demonstrated that Tat interacts with p62 and since
p62 is known to induce the selective autophagic degradation of
substrates by interacting with LC3, we further analyzed whether
Tat could be present in complexes with LC3. We thus performed
GST pulldown experiments after cotransfection of plasmids ex-
pressing GST-LC3 and FLAG-Tat in HEK cells. As shown inFig.
3A, Tat coprecipitates with GST-LC3. To assess whether this in-
teraction wasp62 dependent, we cotransfected cells with con-
structs expressing FLAG-Tat and a GST-tagged mutant of LC3

unable to interact with p62 (GST-LC3 F52A) (36, 41). We ob-
served thatTat did not coprecipitate with LC3 F52A (Fig. 3A),
indicating thatthe interaction between Tat and LC3 was indirect
and seemingly regulated by p62. To con®rm this hypothesis, we
tested the interaction between Tat and a mutated form of p62 that
does not interact with LC3 (GST-p62DLIR). As expected, this mu-
tant still interacted with Tat with an apparently increased ef®cacy,
which could be explained by the lack of targeting to autophagy-
mediated degradation and thus a prolonged protein complex sta-
bility (Fig. 3A, lane 6).

The autophagyreceptor p62 has been reported to selectively
direct ubiquitinated proteins or ubiquitinated organelles to au-
tophagic degradation via speci®c recognition of ubiquitin moi-
eties through its UBA domain, and the PB1 domain contributes to

FIG 2 Tat interaction with p62 leads to its selective degradation by autophagy. (A) HEK cells were cotransfected with the FLAG-Tat vector and the GST or
GST-p62 plasmid. At 24 h posttransfection, cells were lysed, and lysates were subjected to GST pulldown before immunoblotting with anti-FLAG or anti-GST Ab.
A fraction of lysates was preserved and used as an input control and immunoblotted with the anti-FLAG Ab. The result is representative of at least ®ve different
experiments. (B) HEK cells were transfected with plasmids expressing FLAG-Tat. After 24 h, the transfected cells were either left untreated or treated with 2mM
torin 1 in the presence or absence of anti-proteases (APs; E64d plus pepstatin A; 10mg/ml each) for 3 h. The expression level of FLAG-Tat was revealed by Western
blotting using anti-FLAG Ab. Levels of expression were quanti®ed by densitometry and normalized to GAPDH expression levels. Data are representative of at
least eight independent experiments for FLAG-Tat. (C) HEK cells were transfected with plasmids expressing Flag-Tat, FLAG-Nef, Flag-Vif, or Gag. After 24 h, the
transfected cells were either left untreated or treated with 2mM torin for 3 h. The expression level of the FLAG-tagged proteins or Gag was revealed by Western
blotting using anti-FLAG or anti-p24GagAb, respectively. Levels of expression were quanti®ed by densitometry and normalized to GAPDH expression levels.
Data are representative of at least three independent experiments. (D) Chronically infected MOLT-X4 cells were either left untreated or treated for 3 h with 2mM
torin 1 in the presence or absence of AP. Cell lysates were then subjected to immunoblotting with anti-Tat Ab and anti-GAPDH Ab as a loading control. Tat
expression levels were quanti®ed by densitometry and normalized to GAPDH protein levels. Data are representative of at least three independent experiments.
(E) HEK cells, previously transfected with unspeci®c (siCT) or ATG7-speci®c (siAtg7) siRNA, were transfected with the FLAG-Tat vector for 24 h. Cells were then
either left untreated or treated with 2mM torin 1 for 3 h before lysis. Cell lysates were immunoblotted with anti-Atg7 Ab, anti-FLAG Ab, or anti-GAPDH Ab as
a loading control. Expression levels of Atg7 (left panels) and Tat (right panels) were quanti®ed by densitometry and normalized to GAPDH protein levels. Data
are representative of at least three independent experiments. (F) HEK cells were transfected with a p62-speci®c siRNA (sip62) or control siRNA (siCT) and then
transfected with the plasmid expressing FLAG-Tat. The following day, cells were lysed, and p62 and Tat levels were assessed in lysates by Western blotting using
Abs against p62 and FLAG. Sample loading was controlled by immunoblotting with anti-GAPDH Ab. Expression levels of p62 (left panels) and Tat (right panels)
were quanti®ed by densitometry and normalized to GAPDH protein levels. Data are representative of four independent experiments. AU, arbitrary units.*, P,
0.05; ***,P, 0.001.
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this process. We thus analyzed the interaction between Tat and
mutated forms of p62 in which the UBA (GST-p62DUBA) or the
PB1 (GST-p62DPB1) domain was deleted. As shown inFig. 3B
(lanes 3 and 4), Tat still interacted with these two p62 mutants,
indicating thatubiquitination might not in¯uence the interaction
between p62 and Tatin vitro. In accordance with this result, Tat
mutants on known ubiquitinated lysines, previously reported to
regulate Tat activity and stability (K71 and K50/51, respectively)
(36, 42, 43) are still degraded upon induction of autophagy by
torin 1 (Fig. 3C).

Autophagy is induced by HIV-1 envelope glycoproteins
(Env) at the very ®rst steps of HIV-1 infection.To further deci-
pher whether Tat degradation by autophagy could be relevantin
vivo, we analyzed its occurrence in the context of HIV-1 infection.
Indeed, we already demonstrated that autophagy is induced in
uninfected bystander CD41 T lymphocytes after 48 h of coculture
with Env-expressing cells (31). We extended this ®nding with ex-
periments showingthat the fusogenic function of gp41 is respon-
sible for the observed Env-induced autophagy (30). Given that the
gp41-mediated fusionprocess is an early HIV-1 entry event, we
investigated whether autophagy could be induced very rapidly
after contact of Env with its receptors on target cells before pro-
ductive infection. To this aim, HEK cells expressing HIV receptors
(HEK/CD4/CXCR4) and transfected with a plasmid expressing
GFP-LC3 were cocultured with chronically infected T cells

(MOLT-X4) or with uninfected T cells (MOLT) as a negative con-
trol. The level of autophagy and the percentage of infected cells
were analyzed at different time points of coculture. As shown in
Fig. 4A, autophagy was rapidly induced in read-out cells upon
coculture withMOLT-X4, with a peak around 4 h corresponding
to the early phase of HIV-1 infection (19). Autophagy was then
negatively regulatedand ®nally completely inhibited after 24 h of
coculture, a step corresponding to the late phases of HIV-1 infec-
tion. Importantly, induction of autophagy is inversely correlated
with the level of infection. Of note, the same pattern was obtained
when GFP-LC3-transfected cells were challenged with cell-free
HIV-1 (data not shown). We next analyzed whether the viral en-
velope was contributing to this early autophagy induction during
early events of HIV-1 infection of CD41 T cells. Primary CD41 T
cells, expressing GFP-LC3, were cocultured with effector cells sta-
bly expressing Env, or not, at their surface (HEK.Env or HEK cells,
respectively). As shown inFig. 4B, Env alone was able to rapidly
and signi®cantlyinduce autophagy in target cells. To con®rm and
reinforce these data, we took advantage of another autophagy
read-out by analyzing the phenotype of primary CD41 T cells by
transmission electron microscopy upon 4 h of coculture with
HEK cells stably expressing Env or not. We detected the appear-
ance of numerous autophagic vacuoles in the cytoplasm of target
CD41 T cells only in the presence of Env (Fig. 4C). Thus, Env is
able to induce autophagy in target cells upon early contact with

FIG 3 p62-dependent interaction of Tat with LC3. (A) HEK cells were cotransfected with the FLAG-Tat vector and plasmids expressing either GST, GST-LC3,
GST-LC3 F52A, GST-p62, or GST-p62DLIR, a indicated. At 24 h posttransfection, cells were lysed, and lysates subjected to GST pulldown before immunoblot-
ting with anti-FLAG Ab and anti-GST Ab. In each case, a fraction of lysates was preserved and used as an input control and immunoblotted with the anti-FLAG
Ab. (B) HEK cells were cotransfected with plasmids expressing FLAG-Tat and either GST alone, GST-p62, GST-p62DUBA, or GST-p62DPB1 before GST
pulldown. Results are representative of at least three independent experiments. (C) HEK cells transfected with plasmids expressing wild-type FLAG-Tat (Tat WT)
or mutated forms of Tat (Tat K71R or Tat K50/51A) were either left untreated or treated or with 2mM torin 1 for 3 h. Lysates obtained from each condition were
used to analyze the expression levels of Tat and GAPDH as previously described. FLAG-Tat levels were quanti®ed by densitometry upon normalization with
GAPDH expression levels in the corresponding samples. AU, arbitrary units.
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infected cells. It is interesting that, as shown for Env-mediated
autophagy in longer kinetics of coculture (30), this early au-
tophagy inductionwas dependent on the gp41 fusogenic function.
Indeed, the addition of T20 to the coculture, a gp41-mediated
fusion peptide inhibitor, completely abolished the Env-induced
autophagy (Fig. 4D).

We thenanalyzed whether later steps of autophagy could be
induced or blocked when cellular lysosomal proteases were inhib-
ited by AP. As evidenced inFig. 4E, the increased level of LC3-II
obtained upon4 h of contact with Env-expressing HEK cells was
further enhanced in lysates from cells also pretreated with AP,
con®rming that the induced autophagy ¯ux was not blocked dur-
ing the early time points of contact between the viral envelope and
CD41 T cells.

To con®rm that Tat could be a selective target for autophagic
degradation in the context of productive infection, we analyzed its
expression levels upon Env-induced autophagy during HIV-1 in-
fection. For this purpose, we transfected a plasmid expressing
FLAG-Tat in HEK/CD4/CXCR4 cells and cocultured these cells

with MOLT-X4 cells for 4 h, a time previously shown to corre-
spond to the peak of Env-mediated autophagy induction, or 48 h,
a time for which autophagy was seemingly inhibited (Fig. 4A). As
expected, thelevel of LC3-II was increased up to 70% after 4 h of
coculture while being decreased by 40% upon 48 h of coculture
with MOLT-X4 cells, strongly supporting an early induction of
autophagy followed by its blockade during HIV-1 infection. Re-
markably, Tat expression levels were inversely correlated to those
of LC3-II, meaning that Tat is depleted when autophagy is in-
duced, while this effect was not observed under conditions where
autophagy is inhibited by the virus (Fig. 4F).

Env-induced autophagytriggers Tat degradation and conse-
quently represses HIV-1 LTR activation.In order to assess the
contribution of Env-mediated autophagy induction in Tat degra-
dation, we transfected a plasmid expressing FLAG-Tat in HEK/
CD4/CXCR4 cells and treated these cells with the autophagy
initiation inhibitor 3-methyladenine (3-MA) before coculture for
4 h with uninfected or chronically HIV-infected T cells. As shown
in Fig. 5A, Tat levels markedly decreased upon coculture with

FIG 4 Autophagy is induced at early steps of HIV-1 infection. (A) HEK/CD4/CXCR4 cells, previously transfected with a plasmid expressing GFP-LC3, were
cocultured with either MOLT cells (CT, negative control) or chronically infected MOLT-X4 cells (HIV) for the indicated times. The number of autophagic
HEK/CD4/CXCR4 cells was counted by three different experimenters, and the result is the mean of three independent experiments. The percentage of autophagic
cells obtained after coculture with MOLT-X4 cells was normalized with the percentage of autophagic cells obtained after coculture with MOLT cells. A
representative pattern of GFP-LC3 puncta in HEK/CD4/CXCR4 cells upon 4 h of coculture with MOLT-X4 cells is presented on the left-hand side and compared
to the ¯uorescence pattern obtained upon 4 h of coculture with control MOLT cells. In parallel, the percentage of HIV-infected cells was quanti®ed by ¯ow
cytometry using the anti-p24 Ab. (B) Human primary CD41 T cells were transfected with a plasmid expressing GFP-LC3 and cocultured with HEK cells (negative
control) or Env-transfected HEK cells for 2 h or 4 h. Quanti®cation was performed as described above, and the results are presented as mean fold value of each
condition from three independent experiments. A representative pattern of GFP-LC3 puncta in primary CD41 T cells upon 4 h of coculture with HEK-Env cells
is presented and compared to the ¯uorescence pattern obtained upon 4 h of coculture with control HEK cells. (C) Human primary CD41 T cells were cocultured
with HEK cells expressing Env, or not, for 4 h, and autophagic vacuoles were observed by transmission electron microscopy. The percentage of autophagic cells
is presented. (D) Human primary CD41 T cells were cocultured with HEK cells expressing Env, or not, for 4 h in the presence or absence of AP. CD41 T cells were
harvested, and lysates were immunoblotted with anti-LC3 Ab and anti-GAPDH Ab as a loading control. LC3-II levels were quanti®ed by densitometry and
normalized with GAPDH expression levels. (E) HEK/CD4/CXCR4 cells were transfected with the FLAG-Tat vector and then cocultured with MOLT cells
(negative control) or with MOLT-X4 cells for 4 h and 48 h. Suspension cells were removed by washing, and autophagy induction was monitored in the lysates of
target cells upon immunoblotting with anti-LC3 Ab (left panel). Tat levels were assessed with the anti-FLAG Ab (right panel), while sample loading was
controlled with the anti-GAPDH Ab for each condition. LC3-II and Tat levels were quanti®ed by densitometry upon normalization with GAPDH expression
levels in the corresponding samples.*, P, 0.05; **,P, 0.01; ***,P, 0.001.
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MOLT-X4 cells, while they were fully rescued in the presence of
3-MA. This result con®rms that Env-mediated autophagy ¯ux
induction is responsible for Tat degradation. We reproduced the
experiments using 8.E5 cells as donor cells. These CD41 T cells are
productively infected, thus expressing Env at the surface, but be-
cause they do not express the reverse transcriptase, they do not
produce infectious viral particles. With this model, the Env-me-
diated autophagy induction was even more pronounced, as evi-
denced by the increased and sustained Tat degradation observed
in target cells (Fig. 5B).

While viralchallenge could rapidly and transiently induce au-
tophagy, productive infection appeared to block this defense
mechanism, thus potentially protecting the viral transactivator
Tat from degradation. Interestingly, Tat can exert multiple effects
on bystander cells when secreted from productively infected cells.
For instance, secreted Tat was reported to transactivate the expres-
sion of genes under the control of the HIV LTR in bystander cells.
To examine whether incoming Tat could be degraded by au-
tophagy, we used HeLa cells expressing CD4 and CXCR4 together
with b-galactosidase under the control of the HIV LTR promoter

(MAGIC5B cells) (44). MAGIC5B cells were cocultured for 4 h
and 8h with MOLT-X4 cells in the presence or absence of 3-MA,
and b-galactosidase activity was measured. Enzymatic activity
could be detected in reporter target cells, supporting the bystander
effect of secreted Tat. Transactivation was signi®cantly increased
in the presence of 3-MA, strongly suggesting that autophagy con-
trols Tat-mediated transactivation of the HIV LTR (Fig. 5C). Be-
cause 3-MAcould have some side effects possibly affecting Tat
secretion from infected cells, we aimed at con®rming these results
by directly downregulating the expression of essential ATG pro-
teins in target cells. Therefore, MAGIC5B cells were transfected
with siRNA directed against beclin 1 or Atg7 or unrelated siRNA
before coculture with MOLT-X4 cells. As expected, the level of
b-galactosidase activity was increased at both time points of co-
culture when beclin 1 or Atg7 expression was silenced (Fig. 5D).
Inversely, autophagyinduction should inhibit HIV LTR transac-
tivation due to Tat degradation (Fig. 2). Indeed, when MAGIC5B
cells werecocultured with MOLT-X4 cells in the presence of torin
1, we observed a signi®cant decrease ofb-galactosidase activity,
inversely correlated with the increased enzymatic activity ob-

FIG 5 Autophagy-mediated Tat degradation inhibits HIV-1 LTR activation and viral replication. (A) HEK/CD4/CXCR4 cells transfected with the FLAG-Tat
vector were cocultured with uninfected (MOLT) or chronically HIV-1-infected cells (MOLT-X4) cells for 4 h in the presence or absence of 10 mM 3-MA. Tat
expression was monitored by Western blotting using the anti-FLAG Ab and quanti®ed upon normalization with GAPDH levels. (B) HEK/CD4/CXCR4 cells,
transfected as above, were cocultured for 4 h with effector control cells (Env negative) or cells expressing HIV-1 envelope (8.E5 cells). Tat detection and
quanti®cation were done as previously described. (C) MAGIC5B cells were cocultured with MOLT-X4 cells for 4 h or 8 h in the presence or absence of 3-MA.
After cell lysis,b-galactosidase activity was quanti®ed by luminescence and normalized to the condition in the absence of 3-MA for each time of coculture. Data
represent the means6 standard errors of at least three independent experiments. (D) MAGIC5B cells were transfected with control (CT) or beclin 1 (Bec1)- or
Atg7-speci®c siRNA for 16 h. Transfected cells were then cocultured with MOLT-X4 cells for 4 h. The cells were washed, harvested, and then lysed. A fraction of
lysates was kept to control beclin 1, ATG7, and GAPDH levels by immunoblotting (left panels) while remaining lysates were used to measureb-galactosidase
activity, normalized to the activity obtained from cells transfected with CT siRNAs for each time point. Data are means6 standard errors of four independent
experiments. (E) MAGIC5B cells cocultured with MOLT-X4 cells were incubated or not with 2mM torin 1 for 16 h in the presence or absence of AP. Fold
induction ofb-galactosidase activity was calculated as the enzymatic activity obtained in treated cells compared to that in untreated cells. Data are representative
of at least three independent experiments. (F) MAGIC5B cells were incubated for 48 h with 200 nM recombinant wild-type Tat (Tat), mutant Tat (W11Y), or
medium alone (Ct) beforeb-galactosidase activity was assayed. (G) MAGIC5B cells, treated as in described for panel D, were incubated for 48 h with 200 nM
recombinant Tat or W11Y. A fraction of lysates was kept to for beclin 1 and GAPDH levels by immunoblotting while remaining lysates were used to measure
b-galactosidase activity. Data are representative of at least ®ve independent experiments. RLU, relative light units.*, P, 0.05; **,P, 0.01; ***,P, 0.001.

Sagnier et al.

622 jvi.asm.org January 2015 Volume 89 Number 1Journal ofVirology

 on D
ecem

ber 17, 2014 by IN
IS

T
-C

N
R

S
 B

iblioV
ie

http://jvi.asm
.org/

D
ow

nloaded from
 



tained upon autophagy ¯ux blockade with AP (Fig. 5E). Hence,
the effect of drug-mediated autophagy induction on transactiva-
tion by Tat appeared to be sustained, as evidenced by the de-
creased transactivation upon 16 h of coculture (Fig. 5E). These
data thusshow that the autophagy pathway can be a major regu-
lator of Tat-mediated transactivation and viral replication. This
conclusion is valid whether Tat is produced intracellularly (i.e., by
infected cells) or delivered from the outside (i.e., endocytosed).

Indeed, to con®rm that the detected viral promoter transacti-
vation was exclusively Tat dependent and controlled by au-
tophagy, we took advantage of a previously described Tat mutant
that lacks its single tryptophan residue (Tat-W11Y). This mutant
retains transactivation activity but is unable to enter bystander
cells (35) (Fig. 5F). MAGIC5B cells were transfected with a beclin
1-speci®c siRNAor a control siRNA and then treated with 200 nM
recombinant wild-type Tat (Tat-WT) or Tat-W11Y, andb-galac-
tosidase activity was measured after 48 h. We observed that, in
contrast to cells treated with Tat-WT, transactivation was not sig-
ni®cant when Tat-W11Y was used (Fig. 5G). These results con-
®rm thattransactivation by incoming Tat is targeted by selective
autophagy.

DISCUSSION
HIV-1, like other viruses, has to deal with cellular defenses in
order to replicate ef®ciently. Although several cellular HIV-1 re-
striction factors have been identi®ed, most of them were shown to
be affected by viral countermeasures (45). We previously demon-
strated thatHIV-1 Env induces autophagy in uninfected CD41 T
lymphocytes via the fusogenic function of gp41, leading to their
apoptotic cell death (30, 31). In this study, we demonstrate that
induction of autophagy is readily detectable early after viral chal-
lenge in an Env-dependent manner, while being compromised at
later times. Autophagic activity is inversely correlated with HIV-1
production. We further provide evidence that autophagy, when
pharmacologically induced in productively infected CD41 T cells,
leads to a signi®cant decrease in viral production, thus identifying
this cellular pathway as an HIV-1 restriction mechanism. This
observation led us to decipher the molecular mechanism of the
autophagy-mediated antiviral effect. A two-hybrid screen re-
vealed a strong and speci®c interaction between p62 (also called
SQSTM1), an autophagy receptor, and the viral transactivator
Tat. We ®rst con®rmed the interaction between the proteins at the
cellular level in pulldown assays and con®rmed that Tat expres-
sion levels were modulated in cells upon autophagy activation or
inhibition. We then demonstrated that Tat expression was signif-
icantly increased in p62-de®cient cells, suggesting that p62 could
be a mediator of Tat degradation by selective autophagy. We
therefore analyzed the domains of p62 possibly involved in the
interaction with Tat. Surprisingly, the interaction between Tat
and p62 did not rely on a functional UBA domain of p62, suggest-
ing that ubiquitination would not regulate p62-mediated Tat deg-
radation, in contrast to the general paradigm reported for other
substrates (46). Consistently, Tat mutations at the level of lysines,
which werepreviously shown to regulate Tat stability and activity,
did not prevent its degradation upon autophagy induction. Al-
though we cannot exclude modi®cation of other residues or the
involvement of unidenti®ed cellular proteins belonging to the
complex Tat/p62, our data represent the ®rst demonstration of
selective autophagic degradation of a viral transactivator. Indeed,
in a context of viral infection, a selective p62-mediated degrada-

tion has been demonstrated only for two structural viral proteins,
the capsid protein of the chikungunya virus (CHIKV) and the
capsid protein of the Sindbis virus (SIN) (4, 47). In the case of
CHIKV, p62binds to ubiquitinated capsid and targets it to au-
tophagic degradation, while in the case of the SIN, and reminis-
cent of our data for Tat, the interaction between p62 and the SIN
capsid does not require the p62 UBA domain, highlighting a po-
tential original mechanism by which p62 recognizes autophagic
substrates. As p62 could frequently interact with viral proteins
(48), it would be interesting to decipher the molecular mechanism
behind this ubiquitin-independent p62-mediated autophagic
degradation, with a particular emphasis on the identi®cation of
other putative cellular partners linking p62 to its substrates. One
potential candidate is the histone deacetylase HDAC6, whose
deacetylase activity was shown to be regulated upon interaction
with p62 (49). Furthermore, HDAC6 was also reported to
deacetylate Tat,leading to a decrease in Tat transactivation activ-
ity (50).

Although cellularfactors are involved in HIV-1 transcription,
Tat is absolutely required for HIV-1 replication since it is needed
for the elongation of viral transcripts (20). Tat is thus a perfect
target toshut down viral production. Interestingly, Tat was shown
to be actively secreted from infected cells and captured by several
cell types (21, 42). Our results suggest that incoming Tat is also a
target forautophagic degradation following internalization by by-
stander cells. The consequences of this degradation on the differ-
ent known effects of Tat and, in particular, on the homeostasis of
target cells warrant further investigation.

We discovered that autophagy is induced by HIV-1 Env at the
very ®rst steps of infection. This Env-induced autophagy is time
regulated and initially triggers the degradation of any incoming
Tat, avoiding the death of the target cells long enough to allow the
virus to initiate its replication. If productive infection of the target
cells proceeds, the virus blocks autophagy, and Tat, thereby pro-
tected from degradation, can ful®ll its transcriptional role, en-
abling robust viral production.

Intracellular Tat concentration is tightly regulated. Indeed, we
demonstrated here that Tat can be degraded by basal constitutive
autophagy and upon Env-induced autophagy. Tat was also re-
ported to inhibit the autophagy process in uninfected cells (33,
34), underlining the complex relationship between autophagy and
this viralprotein. This also seems to be the case for another retro-
viral transactivator, the human T-cell leukemia virus type 1
(HTLV-1) Tax protein. Indeed, it has been demonstrated that Tax
is a substrate for autophagy degradation, but the underlying
mechanism is still unknown (51). They also demonstrated that
Tax isable to block the degradative phases of autophagy, suggest-
ing that this viral protein could control its own stability and turn-
over (51).

Highly activeantiretroviral therapy (HAART) can ef®ciently
block viral replication and reduce the levels of circulating virus
below the detection limit. Despite its ef®cacy, the virus is not erad-
icated due to the establishment of latent but replication-compe-
tent proviruses in reservoir cells probably located in peripheral
blood and tissues. Viral latency is characterized by HIV-1 LTR
transcriptional repression, and, interestingly, a hallmark of this
process is the low level of Tat. Thus, speci®c degradation of Tat by
autophagy could adversely contribute to the establishment of
HIV-1 latency, which should be taken into account in the context
of future antiviral strategies.
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Since Tat is absolutely required for viral transcription, many
therapeutic strategies targeting this viral protein have been con-
sidered, such as Tat antagonists (52), dominant negative Tat (53,
54), Tat-inhibitory peptides (55±58), or siRNAs against Tat (59±
61). However, none of these strategies has been successful to date.
The autophagy-mediateddegradation of Tat presented here could
represent a new way to target this viral protein in infected cells,
blocking viral transcription and thus viral replication. Indeed,
while HAART acts directly on viral enzymatic proteins, the in-
duced degradation of Tat by autophagy could represent a new
strategy based on a cellular response. Interestingly, some siroli-
mus-derived compounds (rapamycin and rapamune), which are
strong inducers of autophagy and already used in therapeutics,
were shown to possess anti-HIV-1 properties (62). Recently,
Campbell andSpector demonstrated that vitamin D3 inhibits HIV
replication through induction of autophagy (63). It would be in-
teresting, therefore,to examine the autophagy-induced degrada-
tion of Tat in these contexts and its possible outcome on inhibi-
tion of HIV replication.

The results obtained in our study provide new evidence of the
antiviral action of autophagy and highlight why the viruses have
evolved strategies to block this process.
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�µ�š�]�o�]�•���Œ�����v���]�u�u�µ�v�}�(�o�µ�}�Œ���•�����v�������}�µ�����v���Á���•�š���Œ�v�����o�}�š���‰�}�µ�Œ���u���Œ�‹�µ���Œ���o���•���‰���Œ�}�Æ�Ç�•�}�u���•�X���:�����u�����•�µ�]�•��

���}�v�������µ�•�•�]���]�v�š� �Œ���•�•� ���������o�����o�}�����o�]�•���š�]�}�v�������•���‰���Œ�}�Æ�Ç�•�}�u���•�����v���u�]���Œ�}�•���}�‰�]���������]�u�u�µ�v�}�(�o�µ�}�Œ���•�����v������

���(�]�v�� ������ �u���š�š�Œ���� ���v�� � �À�]�����v������ �����•�� ���}�o�}�����o�]�•���š�]�}�v�•�� �‰�}�š���v�š�]���o�o���•�� ���v�š�Œ���� ���]�(�(� �Œ���v�š�•�� �u���Œ�‹�µ���µ�Œ�•�� �����•��

�‰���Œ�}�Æ�Ç�•�}�u���•�� ���š�� �>���ï�� �~�&�]�P�µ�Œ���� �ï�ð�•�X�� ���}�u�u���� �o���� �u�}�v�š�Œ���� �o�����(�]�P�µ�Œ���� �ï�ð�U�� �}�v�� �}���•���Œ�À���� �� �‹�µ���o�‹�µ���•��

���}�o�}�����o�]�•���š�]�}�v�•�� �‰�}�š���v�š�]���o�o���•�� ���v�š�Œ���� �W�D�W�ó�ì�� �}�µ�� �W���y�í�ð�� ���š�� �>���ï�X�� �����•�� ���v���o�Ç�•���•�� ���µ�� �u�]���Œ�}�•���}�‰����

���}�v�(�}�����o�����•�}�v�š�������š�µ���o�o���u���v�š�����v�����}�µ�Œ�•���‰�}�µ�Œ�����}�v�(�]�Œ�u���Œ�������•���Œ� �•�µ�o�š���š�•�X��
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�&�]�P�µ�Œ�����ï�ð�X�����}�o�}�����o�]�•���š�]�}�v�•���‰�}�š���v�š�]���o�o���•�����v�š�Œ�����W���y�í�ð�l�W�D�W�ó�ì�����š���>���ï�����v���]�u�u�µ�v�}�(�o�µ�}�Œ���•���v������ ��
�>�������}���µ�o�š�µ�Œ��������� �š� �����(�(�����š�µ� �����•���o�}�v���o�����u�}�����o�����v�£�í���‰���v�����v�š���ð�ô�Z�X���>���•�������o�o�µ�o���•�����]���o���•���}�v�š�����v�•�µ�]�š����� �š� ���Œ� ���µ�‰� �Œ� ���•���‰�µ�]�•��
�]�v���µ��� ���•���•�µ�Œ�������•���o���u���o�o���•���������‰�}�o�Ç�o�Ç�•�]�v�����‰���v�����v�š���í�ñ���u�]�v�������ï�ó�£���X���>�����(�]�Æ���š�]�}�v������� �š� �����(�(�����š�µ� �������v������� �š�}�v���l�u� �š�Z���v�}�o��
�~�]�•�}�À�}�o�µ�u���•���ñ���u�]�v�������r�î�ì�£���X���>���•���u���Œ�‹�µ���P���•�����v�š�]���>���ï�U�����v�š�]���W���y�í�ð�����š�����v�š�]���W�D�W�ó�ì���}�v�š�����v�•�µ�]�š����� �š� ���Œ� ���o�]�•� �•�X���d�}�µ�š���•���o���•��
�����o�o�µ�o���•�� �Œ���‰�Œ� �•���v�š� ���•�� �]���]�� �}�v�š��� �š� �����v�����}�v�š�����š�����À���������v�À�����š�����}�Œ�Œ���•�‰�}�v�����v�š������ �����•�� �•�Ç�v���Ç�š�]���X���>���•���(�o�����Z���•�� �]�v���]�‹�µ���v�š���o���•��
���}�o�}�����o�]�•���š�]�}�v�•���‰�}�š���v�š�]���o�o���•�X��
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�W�}�µ�Œ�����}�v�(�]�Œ�u���Œ�������š�š�����Z�Ç�‰�}�š�Z���•���U���i�[���]���•�µ�]�À�]���o�[���Æ�‰�Œ���•�•�]�}�v���������‰�o�µ�•�]���µ�Œ�•���u���Œ�‹�µ���µ�Œ�•���•�‰� ���]�(�]�‹�µ���•�������•��

�‰���Œ�}�Æ�Ç�•�}�u���•�����v���Œ� �‰�}�v�•�����������v�À�������v�•���o���•���î���u�}�����o���•�����������}���µ�o�š�µ�Œ�����‹�µ�����v�}�µ�•���‰�}�•�•� ���}�v�•�X���:�[���]�����]�v�•�]��

�‰�µ���}���•���Œ�À���Œ���µ�v�������]�u�]�v�µ�š�]�}�v�������•���v�]�À�����µ�Æ�����[���Æ�‰�Œ���•�•�]�}�v�������•���‰�Œ�}�š� �]�v���•���W�D�W�ó�ì�����š���W���y�í�ð�������v�•���o���•��

�����o�o�µ�o���•�� ���]���o���•�U�� ���‰�Œ���•�� ���}�v�š�����š�� ���À������ ���v�À�� �~�ð�ô�Z�� ������ ���}���µ�o�š�µ�Œ���•�U�� �����v�•�� �o���•�� �����µ�Æ�� �����•�X�� ������ �(�����}�v��

�]�v�š� �Œ���•�•���v�š���U���o�[���i�}�µ�š�����������Œ�}�P�µ���•���]�v�Z�]�����v�š���o������� �P�Œ�������š�]�}�v���o�Ç�•�}�•�}�u���o�����}�µ���o�[�µ�š�]�o�]�•���š�]�}�v�����[�µ�v�����Z�E��

�]�v�š���Œ�(� �Œ���v�š�����]�Œ�]�P� �����}�v�š�Œ�����������o�]�v�r�í�U�����u�}�v�š�Œ���v�š���o�����Œ���•�š���µ�Œ���š�]�}�v���������o�[���Æ�‰�Œ���•�•�]�}�v���������W���y�í�ð�����~�&�]�P�µ�Œ����

�ï�ñ�� ���� ���š�� ���•�X�� �>���� ���o�}�����P���� ������ �o�[�]�v���µ���š�]�}�v�� ������ �o�[���µ�š�}�‰�Z���P�]���� �‰���Œ���o�[�µ�š�]�o�]�•���š�]�}�v�� ������ �o�[���D���ï�í�ì�ì�� �•���u���o����
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���À�}�]�Œ�� �o���� �u�!�u���� ���(�(���š�� �•�µ�Œ�� �o���•�� �v�]�À�����µ�Æ�� ���[���Æ�‰�Œ���•�•�]�}�v�� ������ �W���y�í�ð�� �~�&�]�P�µ�Œ���� �ï�ñ�� ���•�X�� ���µ�� ���}�v�š�Œ���]�Œ���U�� ���v��

�‰�Œ� �•���v������ ������ �E������ �~�u�}�o� ���µ�o���� ���v�š�]�r�}�Æ�Ç�����v�š���•�U�� �}�v�� �v�[�}���•���Œ�À���� �‰�o�µ�•�� ������ �W���y�í�ð�� �~�&�]�P�µ�Œ���� �ï�ñ�� ���•�X
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�&�]�P�µ�Œ�����ï�ñ�X���Y�µ���v�š�]�(�]�����š�]�}�v�������•���v�]�À�����µ�Æ�����[���Æ�‰�Œ���•�•�]�}�v���������W�D�W�ó�ì�����š���W���y�í�ð�����‰�Œ���•�����}�v�š�����š�����À���������v�À����
�>���•���(�]�P�µ�Œ���•�����U���������š�������}�v�š��� �š� ���Œ� ���o�]�•� ���•�������v�•���o�����u�}�����o�����v�£�í�����������}���µ�o�š�µ�Œ���U�����š���o�����(�]�P�µ�Œ�������������v�•���o�����u�}�����o�����v�£�î�����v���‰�Œ� �•���v������
���������]�(�(� �Œ���v�š���•�����Œ�}�P�µ���•���~���v�š�]�r�‰�Œ�}�š� ���•���•�U���E�����U�����D���ï�í�ì�ì�•���}�µ���������•�]�Z�E�������]�Œ�]�P� �����}�v�š�Œ�����������o�]�v�r�í�X�X���>���•�������o�o�µ�o���•�����]���o���•���}�v�š��
���v�•�µ�]�š���� � �š� �� �o�Ç�•� ���•�� �����v�•�� ���µ�� �š���u�‰�}�v�� �>�����u�u�o�]�� ���š�� �o���•�� �o�Ç�•���š�•�� �}�v�š�� � �š� �� ���Z���Œ�P� �•�� �•�µ�Œ�� �µ�v�� �P���o�� �^���^�r�W���'���X�� �>���•�� �v�]�À�����µ�Æ��
���[���Æ�‰�Œ���•�•�]�}�v�� ������ �W�D�W�ó�ì�� ���š�� �W���y�í�ð�� �}�v�š�� ���v�•�µ�]�š���� �Œ� �À� �o� �•���‰���Œ�� �t���•�š���Œ�v�� ���o�}�š�� �P�Œ�������� ���� �o���µ�Œ�•�� ���v�š�]���}�Œ�‰�•�� �Œ���•�‰�����š�]�(�•�X�� �>���•��
�v�]�À�����µ�Æ�� ���[���Æ�‰�Œ���•�•�]�}�v�� �}�v�š�� ���v�•�µ�]�š���� � �š� �� �‹�µ���v�š�]�(�]� �•�� �‰���Œ�� �����v�•�]�š�}�u���š�Œ�]���� ���š�� �v�}�Œ�u���o�]�•� �•�� �‰���Œ�� �Œ���‰�‰�}�Œ�š�� ���µ�� �v�]�À�����µ��
���[���Æ�‰�Œ���•�•�]�}�v���������o�����'���W���,�X��
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�>���� �‰���Æ�}�‰�Z���P�]���� ���•�š�� �µ�v�� �u� �����v�]�•�u���� ���}�v�v�µ�� ���[���µ�š�}�‰�Z���P�]���� �•� �o�����š�]�À���X�� ���}�u�u���� �u���v�š�]�}�v�v� �� �����v�•��

�o�[�]�v�š�Œ�}���µ���š�]�}�v�U�����[���•�š���µ�v�����u� �š�Z�}��������������� �P�Œ�������š�]�}�v�������•���‰���Œ�}�Æ�Ç�•�}�u���•���‹�µ�]����� �‰���v�����������‰�o�µ�•�]���µ�Œ�•��

�(�����š���µ�Œ�•�U�������•���À�}�]�Œ���W���~�]�•���µ�v�����‰�Œ�}�š� �]�v�������µ���‰���Œ�}�Æ�Ç�•�}�u�����‹�µ�]���‰���Œ�u���š�������o�[�}�Œ�P���v�]�š�������[�!�š�Œ�������]���o� ���~�‰���Œ��

���Æ���u�‰�o�����W���y�ñ�•�U���~�]�]�•���o�[�����š�]�À���š�]�}�v���������o�����u�����Z�]�v���Œ�]�������µ�š�}�‰�Z���P�]�‹�µ�������š���~�]�]�]�•���o�[�����š�]�}�v���������Œ� �����‰�š���µ�Œ�•��������

�o�[���µ�š�}�‰�Z���P�]�����•� �o�����š�]�À�����•�‰� ���]�(�]�‹�µ���•�������•���‰���Œ�}�Æ�Ç�•�}�u���•�����}�u�u�����E���Z�í�����š���‰�ò�î��

�>�[�}���i�����š�]�(�U�� ���� �š���Œ�u���U�� ���•�š�� ���}�v���� ���[�]�����v�š�]�(�]���Œ�� �o���� �}�µ�� �o���•�� �Œ� �����‰�š���µ�Œ�•�� ������ �o�[���µ�š�}�‰�Z���P�]���� �•� �o�����š�]�À����

�]�u�‰�o�]�‹�µ� �•�������v�•�������š�š������� �P�Œ�������š�]�}�v���]�v���µ�]�š�����‰���Œ�����v�À�X�����v���‰���Œ�š�]���µ�o�]���Œ�U���v�}�µ�•��� �š�µ���]���Œ�}�v�•���o�����Œ�€�o����������

�E���Z�í�����š���‰�ò�î���‹�µ�]���}�v�š����� �i����� �š� ���]�u�‰�o�]�‹�µ� �•�������v�•���o������� �P�Œ�������š�]�}�v�������•���‰���Œ�}�Æ�Ç�•�}�u���•���‰���Œ�����µ�š�}�‰�Z���P�]����

�~�<���š���Œ�Ì�Ç�v���� ���v���� �^�µ�Œ���•�Z�U�� �î�ì�í�ò�•�X�� �E�}�µ�•�� �Œ� ���o�]�•���Œ�}�v�•�� �����•�����Æ�‰� �Œ�]���v�����•�� ������ �•�]�Z�E���� �‰���Œ�u���š�š���v�š��

���[�]�v�Z�]�����Œ���o�[���Æ�‰�Œ���•�•�]�}�v���������‰�ò�î���}�µ���E���Z�í�����š���v�}�µ�•���•�µ�]�À�Œ�}�v�•�U�������v�•�������•�����}�v���]�š�]�}�v�•�U���o�[���Æ�‰�Œ���•�•�]�}�v�������•��

�u���Œ�‹�µ���µ�Œ�•�������•���‰���Œ�}�Æ�Ç�•�}�u���•���~�W���y�í�ð�U���W���y�ñ�U���W�D�W�ó�ì�•�����v���Œ� �‰�}�v�•���������µ�v�����]�v���µ���š�]�}�v�����[���µ�š�}�‰�Z���P�]����

�‰���Œ�����v�À�X�� ���v�� �‰���Œ���o�o���o���U�� �v�}�µ�•�� � �š�µ���]���Œ�}�v�•�� ���µ�•�•�]�� �o���� �u�}�Œ�š�� �����o�o�µ�o���]�Œ���� ���(�]�v�� ���[� �š�����o�]�Œ���µ�v�� �o�]���v�� ���v�š�Œ���� �o����
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�µ���]�‹�µ�]�š�]�v� �����‰���Œ���o�����l�]�v���•�������d�D�����v���Œ� �‰�}�v�•���������µ�v���•�š�Œ���•�•���}�Æ�Ç�����š�]�(�U���������‹�µ�]���o�µ�]���‰���Œ�u���š�����[�]�v�š���Œ���P�]�Œ��
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������ �o���µ�Œ�•�� ���}�u���]�v���•�� �h������ ���š�� �W���í�X�� �/�o�� �(���µ���Œ���� ���µ�•�•�]�� �‰�Œ���v���Œ���� ���v�� ���}�u�‰�š���� �o���� �(���]�š�� �‹�µ���� �����•�� �����µ�Æ��

�Œ� �����‰�š���µ�Œ�•���•�}�v�š�������‰�����o���•���������(�}�Œ�u���Œ�������•���Z� �š� �Œ�}�r���]�u���Œ���•�����š�����}�v�������������}�}�‰� �Œ���Œ�X��

�&�]�v���o���u���v�š�U�� �v�}�µ�•�� � �š�µ���]���Œ�}�v�•�� �o�[�]�u�‰�����š�� ������ �o���� ��� �P�Œ�������š�]�}�v�� �•� �o�����š�]�À���� �����•�� �‰���Œ�}�Æ�Ç�•�}�u���•�� ���‰�Œ���•��

���}�v�š�����š�� ���À������ ���v�À�� ���š�� �o���� �u�}�Œ�š�� �‰���Œ�� ���‰�}�‰�š�}�•���� �����•�� �����o�o�µ�o���•�� �d�������ð�X�� �^�]�� �v�}�š�Œ���� �Z�Ç�‰�}�š�Z���•���� ���•�š�� �i�µ�•�š���U��

�o�[�]�v�Z�]���]�š�]�}�v���������o�[�]�v�š���Œ�����š�]�}�v�����v�š�Œ�����o�����Œ� �����‰�š���µ�Œ�����µ�š�}�‰�Z���P�]�‹�µ�����]�u�‰�o�]�‹�µ� �������v�•���o�����‰���Æ�}�‰�Z���P�]�������š��

�•�����‰�Œ�}�š� �]�v�������]���o���������À�Œ���]�š�����]�u�]�v�µ���Œ���À�}�]�Œ�����]�v�Z�]�����Œ���o�����u�}�Œ�š�������������•�������o�o�µ�o���•�X����

��

�>�[� �š�µ������ ������ �o���� �‰���Æ�}�‰�Z���P�]���� �����v�•�� ������ �u�}�����o���� ���[�]�v�(�����š�]�}�v�� �‰���Œ�u���š�š�Œ���� ���µ�•�•�]�� ���[���À���v�����Œ�� �����v�•�� �o����

���}�u�‰�Œ� �Z���v�•�]�}�v���������u� �����v�]�•�u���•���‰�o�µ�•���(�}�v�����u���v�š���µ�Æ�X�����v�����(�(���š�U�����]���v���‹�µ�����o���•���‰���Œ�}�Æ�Ç�•�}�u���•���•�}�]���v�š��

�����•�� �}�Œ�P���v�]�š���•�� �š�Œ���•�� �]�u�‰�}�Œ�š���v�š�•�� �‰�}�µ�Œ���o�[�Z�}�u� �}�•�š���•�]���� ���š�� �o���� �‰�Z�Ç�•�]�}�o�}�P�]���� �����o�o�µ�o���]�Œ���U���o���� �‰���Æ�}�‰�Z���P�]����

���•�š�����v���}�Œ�����š�Œ���•���‰���µ��� �š�µ���]� �������Z���Ì���o���•���u���u�u�]�(���Œ���•�X���D���o�P�Œ� ���o���•���š�Œ���À���µ�Æ���Œ� �����v�š�•���Œ� ���o�]�•� �•���•�µ�Œ���W���y�ñ��

���š�� �•�}�v�� �µ���]�‹�µ�]�š�]�v���š�]�}�v�� �•�µ�Œ�� �o���� �o�Ç�•�]�v���� �î�ì�õ�� �~�•�Z���v�P�� ���š�� ���o�X�U�� �î�ì�í�ñ�•�U�� �o���•�� �u� �����v�]�•�u���•�� �Œ���•�š���v�š�� ���v���}�Œ����

�(�o�}�µ�•���W�� ���v�� ���(�(���š�U�� �W���y�ñ�� �‰���µ�š�� �•�µ���]�Œ�� �����µ�Æ�� ���µ�š�Œ���•�� �š�Ç�‰���•�� ���[�µ���]�‹�µ�]�š�]�v���š�]�}�v�� �‹�µ�]�� �À�}�v�š�U�� �‹�µ���v�š�� ���� ���o�o���•�U��

�‰���Œ�u���š�š�Œ�����������Œ�����Ç���o���Œ���W���y�ñ���~���‰���v���•���š�•�����š�����o�X�U���î�ì�í�ð�•���}�µ���������o�������]���o���Œ�����µ���‰�Œ�}�š� ���•�}�u�����~�'�Œ�}�µ�����š��

���o�X�U���î�ì�ì�õ�•�X���^�]���W���y�ñ�����•�š�����}�v�����o�����•�µ���•�š�Œ���š���Œ�����}�v�v�µ���‰���Œ���o���•���Œ� �����‰�š���µ�Œ�•���������o�[���µ�š�}�‰�Z���P�]�����•� �o�����š�]�À���U���]�o��

�(���µ���Œ���� ���}�v���� ��� �š���Œ�u�]�v���Œ���‹�µ���o�o���� �µ���]�‹�µ�]�š�]�v���š�]�}�v�����•�š���]�u�‰�}�Œ�š���v�š���� �‰�}�µ�Œ���]�v���µ�]�Œ���� �o���� �‰���Æ�}�‰�Z���P�]���� ���š��

�•���À�}�]�Œ���•�]�����[���µ�š�Œ���•���•�]�P�v���µ�Æ���‹�µ�����o���•���Z�K�^���•�}�v�š�������‰�����o���•���������o�[�]�v���µ�]�Œ���X���&�]�v���o���u���v�š�U���‹�µ���o�‹�µ���•���š�Œ���À���µ�Æ��

�š���v�����v�š�������u�}�v�š�Œ���Œ���‹�µ�����‰�ò�î�����š���E���Z�í���v�����•���Œ���]���v�š���•���v�•�����}�µ�š�����‰���•���o���•���•���µ�o�•���Œ� �����‰�š���µ�Œ�•���]�u�‰�o�]�‹�µ� �•���W��

�W���y�í�ð���‰�}�µ�Œ�Œ���]�š���!�š�Œ�����µ�v���Œ� �����‰�š���µ�Œ���š�Œ���v�•�u���u���Œ���v���]�Œ�������}�u�u�����E�/�y���}�µ�����E�/�W�ï���‰�}�µ�Œ���o�����u�]�š�}�‰�Z���P�]���U��

�•�����Z���v�š���‹�µ�[�]�o���]�v�š���Œ���P�]�š�����]�Œ�����š���u���v�š�����À�������>���ï���~�:�]���v�P�����š�����o�X�U���î�ì�í�ñ�•�X��

���v�(�]�v�U���o�����•� �‹�µ���v���������[� �À� �v���u���v�š�•���]�v���µ�]�š�����‰���Œ�����v�À�U�����}�v���µ�]�•���v�š�������o�[���µ�š�}�‰�Z���P�]�����v�[���•�š���‰���•�����v���}�Œ����

� �o�µ���]��� �������š���]�o���•���Œ���]�š���]�v�š� �Œ���•�•���v�š���������o������� �š���Œ�u�]�v���Œ�����À�������‰�Œ� ���]�•�]�}�v�X�������o�����‰���Œ�u���š�š�Œ���]�š���������‰�Œ�}�P�Œ���•�•���Œ��
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���v���}�Œ�����‰�o�µ�•�������v�•���o�������}�u�‰�Œ� �Z���v�•�]�}�v�������•���À�}�]���•���������•�]�P�v���o�]�•���š�]�}�v�����}�v���µ�]�•���v�š�������o�[� �š�����o�]�•�•���u���v�š��������
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��

�/�/�/�X�� �D���š� �Œ�]���o�����š���u� �š�Z�}�����•��
��

���X�� ���µ�o�š�µ�Œ���������o�o�µ�o���]�Œ����
��

��

�>���•�� �����o�o�µ�o���•�� �����Z� �Œ���v�š���•�� �~�,���<�X�î�õ�ï�d�U�� �,���<�X���v�À�� ���š�� �,���<�X�����ð�X���y���Z�ð�•�� �}�v�š�� � �š� �� ���µ�o�š�]�À� ���•�� ���v�� �u�]�o�]���µ��

���D���D���~���µ�o���������}�[�•���u�}���]�(�]�����������P�o���[�•���u�����]�µ�u�•�U���•�µ�‰�‰�o� �u���v�š� �����À�������í�ì�9���������•� �Œ�µ�u���������À�����µ���(� �š���o��

���š�� �����•�� ���v�š�]���]�}�š�]�‹�µ���•�� �~�í�9�� ������ �‰� �v�]���]�o�o�]�v���r�� �•�š�Œ���‰�š�}�u�Ç���]�v���� ���š�� �����•�� ���v�š�]���]�}�š�]�‹�µ���•�� ������ �•� �o�����š�]�}�v�•�U�� ����

�ï�ó�£���� ���š�� �•�}�µ�•�� ���š�u�}�•�‰�Z���Œ���� ������ ���K�î�� ���� �ñ�9�X�� �>���•�� ���]�(�(� �Œ���v�š���•�� �o�]�P�v� ���•�� ������ �����o�o�µ�o���•�� ���v�� �•�µ�•�‰���v�•�]�}�v��

�~���X�î�ì�í�X�����ð�X�ð�ì�ï�����š���ô���ñ�•���•�}�v�š�����µ�o�š�]�À� ���•�������v�•���o���•���u�!�u���•�����}�v���]�š�]�}�v�•�����v���u�]�o�]���µ���Z�W�D�/�X��

���v���‰���Œ�š�]���µ�o�]���Œ�U�������Œ�š���]�v���•���o�]�P�v� ���•�������������o�o�µ�o���•���v� �����•�•�]�š���v�š���µ�v�����‰�Œ���•�•�]�}�v���������•� �o�����š�]�}�v�X�����[���•�š���o���������•��

�����•�� �����o�o�µ�o���•�� �,���<�X���v�À�U�� �‹�µ�]�� �}�v�š�� � �š� �� ���µ�o�š�]�À� ���•�� ���À������ �u� �š�Z�}�š�Œ���Æ���š���� �~�î�� �R�D�•���V�� �����•�� �����o�o�µ�o���•��

�,���<�X�����ð�X���y���Z�ð�����µ�o�š�]�À� ���•�����v���‰�Œ� �•���v�������������'�ð�í�ô�����š���������Ì� �}���]�v�����~�Œ���•�‰�����š�]�À���u���v�š���í���u�P�l�u�>�����š���î�ñ�ì��

�R�P�l�u�>�•���V�����š�������•�������o�o�µ�o���•�����X�î�ì�í�X�����ð�X�ð�ì�ï�����µ�o�š�]�À� ���•�����v���‰�Œ� �•���v�������������'�ð�í�ô���~�í���u�P�l�u�>�•�X��

�>���•�� �����o�o�µ�o���•�� �d�� �����ð�� �‰�Œ�]�u���]�Œ���•�� �}�v�š�� � �š� �� �]�•�}�o� ���•�� ���� �‰���Œ�š�]�Œ�� �����•�� �����o�o�µ�o���•�� �u�}�v�}�v�µ���o� ���•�� ���µ�� �•���v�P��

�‰� �Œ�]�‰�Z� �Œ�]�‹�µ���� ���š�� �‰�µ�Œ�]�(�]� ���•�� �‰���Œ�� �µ�v���� �•� �o�����š�]�}�v�� �v� �P���š�]�À���� ���� �o�[���]������ ���µ�� �l�]�š�� ���[�]�•�}�o���š�]�}�v�� ������ �����ð��

�~�D�]�o�š���v�Ç�]�•�X��

��

���X�� �d�Œ���v�•�(�����š�]�}�v��
��
�>���•�������o�o�µ�o���•�������Z� �Œ���v�š���•���}�v�š��� �š� ���š�Œ���v�•�(�����š� ���•�����À�������o�[���P���v�š���������š�Œ���v�•�(�����š�]�}�v���d�µ�Œ���}�(�����š�����v���•�µ�]�À���v�š��

�o���•���Œ�����}�u�u���v�����š�]�}�v�•�����µ���(�}�µ�Œ�v�]�•�•���µ�Œ���~�&���Œ�u���v�š���•�•�X����

��

���X�� �Z� �����š�]�(�•�����š�����v�š�]���}�Œ�‰�•��
��

�>�[���µ�š�}�‰�Z���P�]��������� �š� ���]�v���µ�]�š�����‰���Œ���š�Œ���]�š���u���v�š�������•�������o�o�µ�o���•�����À�������������o�����d�}�Œ�]�v�����í���~�d�}���Œ�]�•�•���‰���v�����v�š���ï�Z��

�~�î���R�D�•�X���>���•�����v�š�]�r�‰�Œ�}�š� ���•���•�U���~���ò�ð�����š���‰���‰�•�š���š�]�v�������U���^�]�P�u���•�U���}�v�š��� �š� ���µ�š�]�o�]�•� ���•�������µ�v�������}�v�����v�š�Œ���š�]�}�v��

�������í�ì���…�P�l�u�>���‰���v�����v�š���î�ð�Z���‰�}�µ�Œ�����o�}�‹�µ���Œ���o�����(�o�µ�Æ�����µ�š�}�‰�Z���P�]�‹�µ���X���>���������(�]�o�}�u�Ç���]�v�������í���~�����(���í�•������� �š� ��

�µ�š�]�o�]�•� ���� �‰���v�����v�š�� �ð�ô�Z�� ���� �µ�v���� ���}�v�����v�š�Œ���š�]�}�v�� ������ �í�ì�ì�� �v�D�X�� �>�[���D���ï�í�ì�ì�� �~�^�]�P�u���•�� ���� � �š� �� �µ�š�]�o�]�•� �� ����

�í�R�P�l�u�>�����(�]�v�����[�]�v�Z�]�����Œ���o�����(�µ�•�]�}�v�������•���‰�Œ�}�š� �]�v���•�����[���v�À���o�}�‰�‰���������•���•���Œ� �����‰�š���µ�Œ�•�X���>�����E�������~�E�r����� �š�Ç�o��

�>�����Ç�•�š� �]�v���U���^�]�P�u���•�����•�š���µ�v�����v�š�]�}�Æ�Ç�����v�š�U���‹�µ�����v�}�µ�•�����À�}�v�•���µ�š�]�o�]�•� �������î�ñ���u�D���‰���v�����v�š���ð�ô�Z�X��
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�>���•�����v�š�]���}�Œ�‰�•���•�µ�]�À���v�š�•���}�v�š��� �š� ���µ�š�]�o�]�•� �•���W���o�[���v�š�]���}�Œ�‰�•�����v�š�]�r�'�o�µ�š���š�Z�]�}�v���r�^�r�d�Œ���v�•�(���Œ���•�����~�'�^�d�•���,�Z�W��

�~���ó�ï�ð�ì�U�� �^�]�P�u���•���V�� �o�[���v�š�]���}�Œ�‰�•�� �‰�}�o�Ç���o�}�v���o�� ������ �o���‰�]�v�� ���v�š�]�r�>���ï�� �~�>�ó�ñ�ð�ï�U�� �^�]�P�u���•�� �V�� �o�[���v�š�]���}�Œ�‰�•��

�u�}�v�}���o�}�v���o���������•�}�µ�Œ�]�•�����v�š�]�r�W�D�W�ó�ì���~�^�����ð�î�ì�ì�í�ô�í�U���^�]�P�u���•���V���o�[���v�š�]���}�Œ�‰�•���‰�}�o�Ç���o�}�v���o���������o���‰�]�v�����v�š�]�r

�'���W���,�� �~�•���r�î�ñ�ó�ó�ô�U�� �^���v�š���� ���Œ�µ�Ì�•�� �V�� �o�[���v�š�]���}�Œ�‰�•�� �‰�}�o�Ç���o�}�v���o�� ������ �o���‰�]�v�� ���v�š�]�r�W���y�í�ð�� �~�'�d�y�í�î�õ�î�ï�ì�U��

�'���v���š���Æ�•�X��

��

�>���•�����v�š�]���}�Œ�‰�•���•�����}�v�����]�Œ���•���������•�}�µ�Œ�]�•���}�µ���������o���‰�]�v�����}�µ�‰�o� �•�����µ�Æ���(�o�µ�}�Œ�}���Z�Œ�}�u���•�����o���Æ�����ð�ô�ô�����š���ñ�ñ�ñ��

�}�v�š��� �š� ���µ�š�]�o�]�•� �•�����v���]�u�u�µ�v�}�(�o�µ�}�Œ���•�����v�����X���>���•�����v�š�]���}�Œ�‰�•���]�u�u�µ�v�}�P�o�}���µ�o�]�v���•���������•�}�µ�Œ�]�•�����š���������o���‰�]�v��

���}�µ�‰�o� �•���,�Z�W���}�v�š��� �š� ���µ�š�]�o�]�•� �•�����v�����Z�]�u�]�}�o�µ�u�]�v���•�����v�����������v�•���o���•�����Æ�‰� �Œ�]���v�����•���������t���•�š���Œ�v�����o�}�š�X��
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�}�•�u�]�‹�µ�����í�9�U���‰�µ�]�•�����v�������]�������š���v�]�‹�µ�����ì�U�ñ�9�X���>���•��� ���Z���v�š�]�o�o�}�v�•���•�}�v�š����� �•�Z�Ç���Œ���š� �•���‰�µ�]�•���]�v�(�]�o�š�Œ� ���•�µ�Œ���µ�v��

�����]�v���}�Æ�Ç�������������‰�Œ�}�‰�Ç�o���v���l���‰�}�v�X��

��

�:�X�� �^�š���š�]�•�š�]�‹�µ���•��
��

�>�[���v���o�Ç�•�����������o�����À���Œ�]���v�����������•���Œ� �•�µ�o�š���š�•������� �š� �����(�(�����š�µ� �������‰�Œ���•���µ�v�����š�Œ���v�•�(�}�Œ�u���š�]�}�v�����Œ�����•�]�v�µ�•�������•��

���}�v�v� ���•�� �o�}�Œ�•�‹�µ���� �o���•�� �‰�}�µ�Œ�����v�š���P���•�� �}�v�š�� � �š� �� ���}�u�‰���Œ� �•�X���>���•�� ���]�(�(� �Œ���v�����•�� �•�}�v�š�� ���}�v�•�]��� �Œ� ���•��

�•�]�P�v�]�(�]�����š�]�À���•�������Ž�W�D�ì�X�ì�ñ�U���Ž�Ž�W�D�ì�X�ì�í�����š���Ž�Ž�Ž�W�D�ì�X�ì�ì�í�X��
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�>�����v�}�š�]�}�v���������•� �o�����š�]�À�]�š� �������v�•���o������� �P�Œ�������š�]�}�v�����µ�š�}�‰�Z���P�]�‹�µ�������•�š�����v���‰�o���]�v�����•�•�}�Œ�U���v�}�š���u�u���v�š�������v�•��

�o���•���‰�Œ�}�����•�•�µ�•�����[�]�u�u�µ�v�]�š� �X�����v�����(�(���š�U���o�[���µ�š�}�‰�Z���P�]�������•�š���µ�v���u� �����v�]�•�u������������� �(���v�•���������o�o�µ�o���]�Œ���������‰���Œ�š��

���v�š�]���Œ���U���‹�µ�]���À�������]���o���Œ���•�‰� ���]�(�]�‹�µ���u���v�š���o���•���‰���š�Z�}�P���v���•�����(�]�v���������o���•��� �o�]�u�]�v���Œ�X���>�[� �À�}�o�µ�š�]�}�v�������‰���Œ�u�]�•��

���µ�Æ���‰���š�Z�}�P���v���•�U���À�]�Œ���µ�Æ�����v���‰���Œ�š�]���µ�o�]���Œ�U���������•�[�������‰�š���Œ�������������‰�Œ�}�����•�•�µ�•����������� �(���v�•���X���>���•���]�v�š���Œ�����š�]�}�v�•��

���v�š�Œ�����o�[���µ�š�}�‰�Z���P�]�������š���o�����s�/�,���]�o�o�µ�•�š�Œ���v�š���š�Œ���•�����]���v�������š�š�����v�}�š�]�}�v�����š���•�}�v�š���š�Œ���•�����}�u�‰�o���Æ���•�������Œ�����o�o���•��

��� �‰���v�����v�š�� ���� �o���� �(�}�]�•�� ���µ�� �š�Ç�‰���� �����o�o�µ�o���]�Œ���� ���]���o� �� �‰���Œ�� �o���� �À�]�Œ�µ�•�� ���š�� ���µ�� �•�š���š�µ�š�� �]�v�(�����š�]���µ�Æ�� ������ �o���� �����o�o�µ�o����

�~�]�v�(�����š�]�}�v���‰�Œ�}���µ���š�]�À�����}�µ�������}�Œ�š�]�À���•�X�������v�•���o���•���o�Ç�u�‰�Z�}���Ç�š���•���d�������ð�U���‹�µ�]���•�}�v�š���o�������]���o�����‰�Œ�]�À�]�o� �P�]� �������µ��

�À�]�Œ�µ�•�U���o�[� �‹�µ�]�‰���������v�•���o���‹�µ���o�o�����i�[���]�����(�(�����š�µ� ���u�����š�Z���•���������u�}�v�š�Œ� ���‹�µ�����o�[���µ�š�}�‰�Z���P�]�������•�š���]�v���µ�]�š�����‰���Œ��

���v�À�������v�•���o���•�������o�o�µ�o���•���d�������ð���v�}�v���]�v�(�����š� ���•�X���>�}�Œ�•�‹�µ�����o�[�]�v�(�����š�]�}�v�������À�]���v�š���‰�Œ�}���µ���š�]�À���U���o�[���µ�š�}�‰�Z���P�]����

���•�š�����o�}�Œ�•�����o�}�‹�µ� �����‰���Œ���o�����À�]�Œ�µ�•�X���W���Œ�����}�v�š�Œ���U���o���•���u�����Œ�}�‰�Z���P���•�U�����µ�š�Œ�����‰�}�‰�µ�o���š�]�}�v�������o�o�µ�o���]�Œ�������]���o� ����

�‰���Œ�������� �À�]�Œ�µ�•�U���v���� �‰�Œ� �•���v�š���v�š�����µ���µ�v���•�]�P�v���� ���[���µ�š�}�‰�Z���P�]���� ���v���Œ� �‰�}�v�•���� ���� ���v�À�������v�•�� �o���•�� ���}�v���]�š�]�}�v�•��

� �š�µ���]� ���•�U�����o�}�Œ�•���‹�µ�[���o�o�������•�š���]�v���µ�]�š���������v�•���o���•���u�����Œ�}�‰�Z���P���•���]�v�(�����š� �•�X���>�����À�]�Œ�µ�•�U�������v�•�������•�������o�o�µ�o���•�U��

�µ�š�]�o�]�•���� �o�[���µ�š�}�‰�Z���P�]���� �‰�}�µ�Œ�� �•���� �Œ� �‰�o�]�‹�µ���Œ�� ���š�� � ���Z���‰�‰���� ���� �o���� ��� �P�Œ�������š�]�}�v�� ���v�� ���o�}�‹�µ���v�š�� �o���•�� � �š���‰���•��

��� �P�Œ�������š�]�À���•�� ���µ�� �‰�Œ�}�����•�•�µ�•�X�� �&�]�v���o���u���v�š�U�� �����v�•�� �o���•�� �����o�o�µ�o���•�� �����v���Œ�]�š�]�‹�µ���•�U�� �o�[���µ�š�}�‰�Z���P�]���� ���•�š��

�Œ���‰�]�����u���v�š���]�v�Z�]��� �����‰���Œ�����v�À���‹�µ�]�������š�]�À�����o�����À�}�]�����u�d�K�Z���W�������o�����À�����‰���Œ�u���š�š�Œ�������µ���À�]�Œ�µ�•���������o�]�u�]�š���Œ���o���•��

�Œ� �‰�}�v�•���•�� �]�u�u�µ�v�]�š���]�Œ���•�� �����š�]�À� ���•�� ���� �•�}�v�� ���v���}�v�š�Œ���X�� ������ �u���v�]���Œ���� �]�v�š� �Œ���•�•���v�š���U�� �}�v�� �À�}�]�š�� ���]���v�� �‹�µ����

�‰�o�µ�•�]���µ�Œ�•���‰�Œ�}�š� �]�v���•���À�]�Œ���o���•���•�}�v�š�������‰�����o���•���������u�}���µ�o���Œ���o�[���µ�š�}�‰�Z���P�]���U���‹�µ�����������•�}�]�š���‰�}�µ�Œ���o�[�]�v���µ�]�Œ����

�~���v�À�U�� �E���(�•�U�� �}�µ�� �o�[�]�v�Z�]�����Œ�� �~���v�À�U�� �d���š�U�� �s�]�(�U�� �E���(�•�U�� �•���o�}�v�� �o���� �š�Ç�‰���� �����o�o�µ�o���]�Œ���� �~�&�]�P�µ�Œ���� �ï�ò�•�X�� �>���•�� �Œ���o���š�]�}�v�•��

���v�š�Œ�����o�[���µ�š�}�‰�Z���P�]�������•�š���o�����s�/�,���•�}�v�š�����}�v�������}�u�‰�o���Æ���•�����š����� �‰���v�����v�š�����������Z���‹�µ�����•�]�š�µ���š�]�}�v�X����

�>���•�� �o�]���v�•�� ���v�š�Œ���� ���µ�š�}�‰�Z���P�]���� ���š�� �s�/�,�� �•�[�]�o�o�µ�•�š�Œ���v�š�� ���µ�•�•�]�� ���� �š�Œ���À���Œ�•�� ������ �‹�µ���� �o�[�}�v�� �}���•���Œ�À���� ���Z���Ì�� �o���•��

�‰���š�]���v�š�•�X�� ���v�� ���(�(���š�U���o���•�� �‰���š�]���v�š�•�� �‹�µ�]�� �‰���Œ�À�]���v�v���v�š�� �������}�v�š�Œ�€�o���Œ���o�[�]�v�(�����š�]�}�v�� �u�!�u���� ���v�� �����•���v������ ������

�š�Z� �Œ���‰�]���� �‰�Œ� �•���v�š���v�š�� �����•�� �š���µ�Æ��� �o���À� �•�� ���[���µ�š�}�‰�Z���P�]���� �����v�•�� �o���µ�Œ�•�� �����o�o�µ�o���•�� �u�}�v�}�v�µ���o� ���•�� ���µ�� �•���v�P��

�‰� �Œ�]�‰�Z� �Œ�]�‹�µ�����~�W���D���•���~�E���Œ���������]�����š�����o�X���î�ì�í�ð�•�X���>�[���µ�š�}�‰�Z���P�]�����‰�}�µ�Œ�Œ���]�š�����}�v�������}�v�š�Œ�]���µ���Œ�U�����Z���Ì�������•��

�h�����}�v�š�Œ�€�o���µ�Œ�•���i�U�������o�]�u�]�š���Œ���o�����Œ� �‰�o�]�����š�]�}�v���À�]�Œ���o���X��
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�&�]�P�µ�Œ�����ï�ò�X�����(�(���š�������•���‰�Œ�}�š� �]�v���•���À�]�Œ���o���•���•�µ�Œ���o�–���µ�š�}�‰�Z���P�]����

���v���Œ�}�•���U���o���•���‰�Œ�}�š� �]�v���•���‹�µ�]���]�v���µ�]�•���v�š���o�[���µ�š�}�‰�Z���P�]���U�����v���i���µ�v���������o�o���•���‹�µ�]���o�[�]�v�Z�]�����v�š�X��
�����ð���W���o�Ç�u�‰�Z�}���Ç�š���•���d�������ð���V���D�”���W���u�����Œ�}�‰�Z���P���U���������W�������o�o�µ�o���������v���Œ�]�š�]�‹�µ����

��

��
�>�}�Œ�•���������o�����‰�Œ���u�]���Œ�����‰���Œ�š�]�����������u�����š�Z���•���U���i�[���]���‰�µ���u�}�v�š�Œ���Œ���‹�µ�����o�����‰�Œ�}�š� �]�v�����À�]�Œ���o�����d���š�����•�š���µ�v�������]���o����

�•�‰� ���]�(�]�‹�µ�����������o������� �P�Œ�������š�]�}�v���‰���Œ�����µ�š�}�‰�Z���P�]�����À�]�����•�}�v���]�v�š���Œ�����š�]�}�v�����À�������‰�ò�î�X���>�����s�/�,�����o�}�‹�µ���Œ���]�š��

���}�v���� �o�[���µ�š�}�‰�Z���P�]���� �����v�•�� �o���•�� �o�Ç�u�‰�Z�}���Ç�š���•�� �d�� �����ð�� ���(�]�v�� ���[� �À�]�š���Œ�� �o���� ��� �P�Œ�������š�]�}�v�� ������ �•�}�v�� �µ�v�]�‹�µ����

�š�Œ���v�•�����š�]�À���š���µ�Œ�����š�����[���•�•�µ�Œ���Œ���•�����Œ� �‰�o�]�����š�]�}�v�����š���•�������]�•�•� �u�]�v���š�]�}�v�X���d���š�����•�š�U�����v�����(�(���š�U�������•�}�o�µ�u���v�š��

�v� �����•�•���]�Œ���� �‰�}�µ�Œ�� �o���� �š�Œ���v�•���Œ�]�‰�š�]�}�v�� �����•�� �P���v���•�� �À�]�Œ���µ�Æ�� ���š�� ���}�v���� �‰�}�µ�Œ�� �o���� �•�Ç�v�š�Z���•���� ������ �v�}�µ�À���o�o���•��

�‰���Œ�š�]���µ�o���•���À�]�Œ���o���•�X�������š�š������� �P�Œ�������š�]�}�v���������d���š�����•�š���•�‰� ���]�(�]�‹�µ�����P�Œ�������������o�[�]�v�š���Œ�À���v�š�]�}�v�����µ���Œ� �����‰�š���µ�Œ��

���µ�š�}�‰�Z���P�]�‹�µ�����‰�ò�î�U���‹�µ�]�����•�š���µ�v�����‰�Œ�}�š� �]�v�������}�v�v�µ�����‰�}�µ�Œ�������Œ���•�•���Œ���•�‰� ���]�(�]�‹�µ���u���v�š���o���•���‰�Œ�}�š� �]�v���•��

���š�� �o���•�� �}�Œ�P���v���o�o���•�� �µ���]�‹�µ�]�š�]�v� ���•�� ���� �o���� ��� �P�Œ�������š�]�}�v�� �‰���Œ�� ���µ�š�}�‰�Z���P�]���U�� �À�]���� �•�}�v�� �]�v�š���Œ�����š�]�}�v�� ���À������ �o���•��

�‰�Œ�}�š� �]�v���•���������o�����(���u�]�o�o�������š�P�ô�X���������v�•���o���������•�����µ���š�Œ���v�•�����š�]�À���š���µ�Œ���d���š�U���v�}�µ�•�����À�}�v�•���u�}�v�š�Œ� ���‹�µ���������š�š����

�]�v�š���Œ�����š�]�}�v���v������� �‰���v�����‰���•���������•�}�v���µ���]�‹�µ�]�š�]�v���š�]�}�v���V�����o�o�������•�š�����}�v�����u� ���]� �����‰���Œ���µ�v���u� �����v�]�•�u�����v�}�v��

���}�v�À���v�š�]�}�v�v���o�X�� �/�o�� ���•�š�� �]�u�‰�}�Œ�š���v�š�� ������ �v�}�š���Œ�� �‹�µ���� �o���� �����‰�•�]������ ������ �^�/�E�s�� �v���� �v� �����•�•�]�š���� �‰���•�� �v�}�v�� �‰�o�µ�•��

���[�!�š�Œ�����µ���]�‹�µ�]�š�]�v� �����‰�}�µ�Œ���!�š�Œ�����•�‰� ���]�(�]�‹�µ���u���v�š�����]���o� ���������o������� �P�Œ�������š�]�}�v���‰���Œ�����µ�š�}�‰�Z���P�]���X���/�o���•���Œ���]�š��

���}�v�������Æ�š�Œ�!�u���u���v�š���]�v�š� �Œ���•�•���v�š�����[� �o�µ���]�����Œ���������u� �����v�]�•�u�����������Œ�����}�v�v���]�•�•���v�����������•���•�µ���•�š�Œ���š�•���À�]����

�‰�ò�î�U���‹�µ�]�����•�š���]�v��� �‰���v�����v�š���������o�[�µ���]�‹�µ�]�š�]�v���X��

�>���•���Œ� �•�µ�o�š���š�•���‰�Œ� �o�]�u�]�v���]�Œ���•���}���š���v�µ�•���o�}�Œ�•���������o�����•�����}�v�������‰���Œ�š�]�����������u�����š�Z���•�����u�}�v�š�Œ���v�š���o�����Œ�€�o�����‹�µ����

�o�[���µ�š�}�‰�Z���P�]�����•� �o�����š�]�À�����‰�}�µ�Œ�Œ���]�š���i�}�µ���Œ���•�µ�Œ���o�����‰�Œ�}�����•�•�µ�•���������u�}�Œ�š�������o�o�µ�o���]�Œ�����]�v���µ�]�š�����‰���Œ�����v�À�������v�•��
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�o�����‰�Z�Ç�•�]�}�‰���š�Z�}�o�}�P�]���������������š�š�����]�v�(�����š�]�}�v���‰�}�µ�Œ�Œ�}�v�š���!�š�Œ�����š�Œ���v�•�‰�}�•� �•�������o�[� �š�µ�������������o�[�]�v�š���Œ�����š�]�}�v�����v�š�Œ����

�o�[���µ�š�}�‰�Z���P�]���� ���š�� ���[���µ�š�Œ���•�� �(���u�]�o�o���•�� ������ �À�]�Œ�µ�•�� ���š�� �‰���Œ�u���š�š�Œ���U�� ���� �š���Œ�u���U�� ������ �‰�Œ�}�‰�}�•���Œ�� ������ �v�}�µ�À�����µ�Æ��

�}�µ�š�]�o�•���š�Z� �Œ���‰���µ�š�]�‹�µ���•�X���>�[� �š�µ�������������o�[���µ�š�}�‰�Z���P�]���������v�•���������u�}�����o�������[�]�v�(�����š�]�}�v�����•�š�����[���µ�š���v�š���‰�o�µ�•��

�]�v�š� �Œ���•�•���v�š���U�������Œ�����o�o�����‰���Œ�u���š�����[���À�}�]�Œ���‰�o�µ�•�]���µ�Œ�•�������•���������(�]�P�µ�Œ�����•���o�}�v���o�����š�Ç�‰���������o�o�µ�o���]�Œ�������]���o� �����š���o����

�•�š���š�µ�š�� �]�v�(�����š�]���µ�Æ�� ������ �o���� �����o�o�µ�o���X�� ���]�v�•�]�U�� �i�[���]�� �‰�µ�� � �š�µ���]���Œ�� �o���� �Œ�€�o���� ������ �o�[���µ�š�}�‰�Z���P�]���� �����v�•�� �o���� �u�}�Œ�š��

�����o�o�µ�o���]�Œ���� ���o�}�Œ�•�� �‹�µ���� ������ �‰�Œ�}�����•�•�µ�•�� ���•�š�� �š�Œ�����]�š�]�}�v�v���o�o���u���v�š�� ��� ���Œ�]�š�� ���}�u�u���� ���Ç�š�}�‰�Œ�}�š�����š���µ�Œ�X�� ������

�u�!�u���U���o�[�]�v�(�����š�]�}�v���‰���Œ���o�����s�/�,���‰���Œ�u���š�����[� �š�µ���]���Œ���‰�o�µ�•�]���µ�Œ�•���š�Ç�‰���•�����[���µ�š�}�‰�Z���P�]�����•� �o�����š�]�À���U���‰���Œ�u�]��

�o���•�‹�µ���o�o���•���o�����À�]�Œ�}�‰�Z���P�]�������š���o�����‰���Æ�}�‰�Z���P�]���U���‹�µ�]���•�}�v�š�����v���‰�o���]�v�����•�•�}�Œ�X����

���v�(�]�v�U���o�[� �š�µ�������������o�[���µ�š�}�‰�Z���P�]�����•� �o�����š�]�À�������µ�����}�µ�Œ�•�������•���]�v�(�����š�]�}�v�•���À�]�Œ���o���•���v�[���•�š�����v���}�Œ�����‹�µ�����š�Œ���•��

�‰���µ�� �����Œ�����š� �Œ�]�•� ���X�� �/�o�� �•���Œ���]�š�� �v� ���v�u�}�]�v�•�� �]�v�š� �Œ���•�•���v�š�� ������ �Œ�����Z���Œ���Z���Œ�� �o���•�� �o�]���v�•�� ���v�š�Œ���� ������ �š�Ç�‰����

���[���µ�š�}�‰�Z���P�]���U���o�����•�š�Œ���•�•���}�Æ�Ç�����š�]�(�����š���o�[�]�v�(�����š�]�}�v���‰���Œ���o�����s�/�,�X�����v�����(�(���š�U���}�µ�š�Œ�����o������� �P�Œ�������š�]�}�v���•� �o�����š�]�À����

�������d���š���À�]�����‰�ò�î���~�^���P�v�]���Œ�����š�����o�X�U���î�ì�í�ñ�•�U�������•��� �š�µ�����•���}�v�š���u�}�v�š�Œ� ���‹�µ�����E�Œ�(�î�����š���o�����•�š�Œ���•�•���}�Æ�Ç�����š�]�(���•�}�v�š��

�u�}���µ�o� �•���‰���Œ�������Œ�š���]�v�•���À�]�Œ�µ�•�U���������‹�µ�]���}�(�(�Œ�����µ�v���o�]���v���•�µ�‰�‰�o� �u���v�š���]�Œ�������v�š�Œ�������µ�š�}�‰�Z���P�]�������š���]�v�(�����š�]�}�v�•��
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�À�]�Œ���o���•�U���•�����Z���v�š���‹�µ�����‰�ò�î�����•�š���(�}�Œ�š���u���v�š���]�u�‰�o�]�‹�µ� �������v�•���o�����À�}�]�����E�Œ�(�î�r�<�����‰�í���~�<�}�u���š�•�µ�����š�����o�X���î�ì�í�ì�•�X��

�K�v���•���]�š���‹�µ�����o�����s�/�,���]�v���µ�]�š���µ�v���(�}�Œ�š���•�š�Œ���•�•���}�Æ�Ç�����š�]�(�����Z���Ì���o���•���‰���š�]���v�š�•���]�v�(�����š� �•���~�W���������˜���>�����(���í�õ�õ�ñ�•�X����

�W�o�µ�•���‰���Œ�š�]���µ�o�]���Œ���u���v�š�U���]�o������� �š� ���u�}�v�š�Œ� ���‹�µ�����d���š�U���‹�µ�]�����•�š���o�[�µ�v���������•���‰�Œ�}�š� �]�v���•�������‰�����o�������[�]�v���µ�]�Œ�����µ�v��

�•�š�Œ���•�•���}�Æ�Ç�����š�]�(�U���‰���Œ�u���š�š�Œ���]�š�����µ�•�•�]�����[���µ�P�u���v�š���Œ���o�[���Æ�‰�Œ���•�•�]�}�v�����š���o�[�������µ�u�µ�o���š�]�}�v���������E�Œ�(�î�X�������•�}�v��

�š�}�µ�Œ�U���E�Œ�(�î���À�����]�v���µ�]�Œ�����o�����•�Ç�v�š�Z���•�����������u�}�o� ���µ�o���•�����v�š�]�r�}�Æ�Ç�����v�š���•���‹�µ�]���À�}�v�š�����À�}�]�Œ���µ�v�����(�(���š���v� �P���š�]�(��

�•�µ�Œ���o�����š�Œ���v�•�����š�]�À���š�]�}�v�����µ���>�d�Z�����µ���s�/�,���‰���Œ���d���š���~�•�Z���v�P�����š�����o�X���î�ì�ì�õ�•�X���>�[�]�v���µ���š�]�}�v�������������š�š�����Œ� �‰�}�v�•����

���v�š�]�r�}�Æ�Ç�����v�š���� �v�[���•�š�� �‰���•�� �•�µ�(�(�]�•���v�š���� �‰�}�µ�Œ�� ���}�v�š�Œ���Œ�� �o�����À�]�Œ�µ�•�U�� �v� ���v�u�}�]�v�•�U�� ���o�o���� �}�(�(�Œ���� �����•�� �‰�]�•�š���•��

�š�Z� �Œ���‰���µ�š�]�‹�µ���•���]�v�š� �Œ���•�•���v�š���•���À�]�����o�����u�}���µ�o���š�]�}�v�������������•���u�}�o� ���µ�o���•�����v�š�]�r�}�Æ�Ç�����v�š���•���‹�µ�]���‰���µ�À���v�š��

�]�v�Z�]�����Œ�� �o���� �š�Œ���v�•�����š�]�À���š�]�}�v�� ���µ�� �À�]�Œ�µ�•�X�� �‰�ò�î�U�� ���v�� �•� �‹�µ���•�š�Œ���v�š�� �<�����‰�í�U�� �(���À�}�Œ�]�•���� �����š�š���� �Œ� �‰�}�v�•���� ���v�š�]�r

�}�Æ�Ç�����v�š�����W���o�����u�}���µ�o���š�]�}�v���������o�[���µ�š�}�‰�Z���P�]�����•� �o�����š�]�À�����‰���Œ�u���š�š�Œ���]�š�����}�v���������o�����(�}�]�•���������(���À�}�Œ�]�•���Œ���o����

��� �P�Œ�������š�]�}�v���������d���š�����š�����[���µ�P�u���v�š���Œ���o���•���Œ� �‰�}�v�•���•�����v�š�]�r�}�Æ�Ç�����v�š���•�X��
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�>���� �u�}�����o���� ���µ�� �Œ�€�o���� ������ �o�[���µ�š�}�‰�Z���P�]���U�� ���š�� �‰�o�µ�•�� �•�‰� ���]�(�]�‹�µ���u���v�š�� ������ �o�[���µ�š�}�‰�Z���P�]���� �•� �o�����š�]�À���U�� �����v�•��

�o�[�]�v�(�����š�]�}�v���‰���Œ���o�����s�/�,�r�í�����•�š�����}�v�����š�Œ���•���]�u�‰�}�Œ�š���v�š���‰�µ�]�•�‹�µ�[�]�o���‰�}�µ�Œ�Œ�������]�����Œ�������Œ� �‰�}�v���Œ���������‰�o�µ�•�]���µ�Œ�•��

�‹�µ���•�š�]�}�v�•�� ���}�v�����Œ�v���v�š�� �o���� �Œ�€�o���� ������ �o�[���µ�š�}�‰�Z���P�]���� �����v�•�� �����•�� �u� �����v�]�•�u���•�� �‰�o�µ�•�� �(�}�v�����u���v�š���µ�Æ��

���}�u�u�����o�����u�}�Œ�š�������o�o�µ�o���]�Œ���U���o�����Œ� �‰�o�]�����š�]�}�v���À�]�Œ���o�����}�µ���o�����Œ� �‰�}�v�•�������µ���•�š�Œ���•�•���}�Æ�Ç�����š�]�(�X��

��

��

��

��

��

��

��

��

��

��

��

��



���]�•���µ�•�•�]�}�v���P� �v� �Œ���o����
��

�í�ï�ò��
��

��

��

��

��

��

��

��

��

��



�Z� �(� �Œ���v�����•�����]���o�]�}�P�Œ���‰�Z�]�‹�µ���•��
��

�í�ï�ó��
��

��

��

��

��

��
��

�Z� �(� �Œ���v�����•�����]���o�]�}�P�Œ���‰�Z�]�‹�µ���•��
�� ��



�Z� �(� �Œ���v�����•�����]���o�]�}�P�Œ���‰�Z�]�‹�µ���•��
��

�í�ï�ô��
��

��
�� ��



�Z� �(� �Œ���v�����•�����]���o�]�}�P�Œ���‰�Z�]�‹�µ���•��
��

�í�ï�õ��
��

���o���]�v�]�U�����X�U���&���Œ�Œ�]�v�]�U���^�X�U�������v���o�o�]�U���Z�X�U���^�(�}�Œ�Ì�]�v�]�U���^�X�U���'�]�µ�v���]�µ�P�o�]�}�U�����X�U�����o�µ�]�P�]�U���D�X�'�X�U���W�Œ�}�µ���(�}�}�š�U�����X���X�U�����o�}�µ���v�]�U���^�X�U���t���o�o�•�U���d�X�E�X�U��
�D���Œ�]���v�]�U���'�X�U���Z�����]�v�U���Z�X�>�X�U���&���Œ�����Œ�U���:�X�D�X�U���E�}�}�v���v�U�����X�D�X�U���í�õ�õ�ô�X���,�/�s�r�í���d���š���‰�Œ�}�š���]�v���u�]�u�]���Œ�Ç���}�(�����Z���u�}�l�]�v���•�X���W�Œ�}���X��
�E���š�o�X�����������X���^���]�X���h�X���^�X�����X���õ�ñ�U���í�ï�í�ñ�ï�t�ô�X��

���o���Æ���v�����Œ�U�����X�U���<�]�u�U���:�X�U���t���o�l���Œ�U�����X�>�X�U���î�ì�í�ì�X�����d�D�����v�P���P���•���š�Z�����d�^���î�l�u�d�K�Z���í���•�]�P�v���o�]�v�P���v�}�������š�}���Œ���P�µ�o���š����
���µ�š�}�‰�Z���P�Ç�X�����µ�š�}�‰�Z���P�Ç���ò�U���ò�ó�î�t�ï�X�����}�]�W�í�ì�X�ð�í�ò�í�l���µ�š�}�X�ò�X�ñ�X�í�î�ñ�ì�õ��

���o�]�u�}�v�š�]�U���:�X���X�U�������o�o�U���d�X���X�U���&�}�Á�l���U���<�X�Z�X�U���î�ì�ì�ï�X���D�����Z���v�]�•�u�•���}�(�������ð�=���d���o�Ç�u�‰�Z�}���Ç�š���������o�o���������š�Z���]�v���Z�µ�u���v��
�]�u�u�µ�v�}�����(�]���]���v���Ç���À�]�Œ�µ�•���]�v�(�����š�]�}�v�����v�������/���^�X���:�X���'���v�X���s�]�Œ�}�o�X���ô�ð�U���í�ò�ð�õ�t�ò�í�X�����}�]�W�í�ì�X�í�ì�õ�õ�l�À�]�Œ�X�ì�X�í�õ�í�í�ì�r�ì��

���u���v�}�U�����X�U���E���l���P���Á���U���/�X�U���z�}�•�Z�]�u�}�Œ�]�U���d�X�U���î�ì�ì�ò�X�����µ�š�}�‰�Z���P�Ç���]�v���]�v�v���š�����]�u�u�µ�v�]�š�Ç�����P���]�v�•�š���]�v�š�Œ�������o�o�µ�o���Œ���������š���Œ�]���X���:�X��
���]�}���Z���u�X���í�ð�ì�U���í�ò�í�t�ò�X�����}�]�W�í�ì�X�í�ì�õ�ï�l�i���l�u�À�i�í�ò�î��

���v�����Œ�•�}�v�U���:�X�>�X�U���,�}�‰���U���d�X�:�X�U���î�ì�ì�ï�X���Z�������v�š���/�v�•�]�P�Z�š�•���]�v�š�}���,�/�s�����������•�•�}�Œ�Ç���W�Œ�}�š���]�v�•�X�����µ�Œ�Œ�X���/�v�(�����š�X�����]�•�X���Z���‰�X���ñ�U���ð�ï�õ�t�ð�ñ�ì�X��

���‰���v���•���š�•�U���K�X�U���'�Œ�}�µ�U�����X�W�X�U���s���v���s���o���Z�}�À���v�U���W�X�W�X�U�����Œ�����•�U�����X�U���t���v�P�U�����X�U���E�}�Œ���P�Œ���v�U���D�X�U�����}���š�U���'�X�U�����Ì���À�����}�U���:�X���X�U��
�&�Œ���v�•���v�U���D�X�U���î�ì�í�ð�X���W���y�ñ�U���š�Z�����•�Z�µ�š�š�o�]�v�P���]�u�‰�}�Œ�š���Œ�������‰�š�}�Œ���(�}�Œ���‰���Œ�}�Æ�]�•�}�u���o���u���š�Œ�]�Æ���‰�Œ�}�š���]�v�•�U���]�•�������Œ�����}�Æ�r
�•���v�•�]�š�]�À�����‰�Œ�}�š���]�v�X���d�Œ���(�(�]�����í�ñ�U���õ�ð�t�í�ì�ï�X�����}�]�W�í�ì�X�í�í�í�í�l�š�Œ���X�í�î�í�î�õ��

���Œ�Z���o�U���E�X�U���î�ì�í�ì�X���Z���À�]�•�]�š�]�v�P���,�/�s�r�í���µ�v���}���š�]�v�P�X���Z���š�Œ�}�À�]�Œ�}�o�}�P�Ç���ó�U���õ�ò�X�����}�]�W�í�ì�X�í�í�ô�ò�l�í�ó�ð�î�r�ð�ò�õ�ì�r�ó�r�õ�ò��

���Æ���U�����X�>�X�U���t���o�l���Œ�U���^�X���X�U���D���v�]�(���À���U���D�X�U�����Z���v���Œ���U���W�X�U���Z�}�����Œ�]���l�U���,�X�>�X�U���,�������Œ�u���v�v�U�����X�U���'�Œ�]�(�(�]�š�Z�•�U���'�X�U���<�š�]�•�š���l�]�•�U���E�X�d�X�U��
�î�ì�ì�ô�X�����µ�š�}�‰�Z���P�}�•�}�u�����(�}�Œ�u���š�]�}�v���(�Œ�}�u���u���u���Œ���v�������}�u�‰���Œ�š�u���v�š�•�����v�Œ�]���Z�������]�v���‰�Z�}�•�‰�Z���š�]���Ç�o�]�v�}�•�]�š�}�o���ï�r
�‰�Z�}�•�‰�Z���š�������v�������Ç�v���u�]�����o�o�Ç�����}�v�v�����š�������š�}���š�Z�������v���}�‰�o���•�u�]�����Œ���š�]���µ�o�µ�u�X���:�X�������o�o�����]�}�o�X���í�ô�î�U���ò�ô�ñ�t�ó�ì�í�X��
���}�]�W�í�ì�X�í�ì�ô�ï�l�i�����X�î�ì�ì�ô�ì�ï�í�ï�ó��

�������Z�Œ�����l���U�����X�,�X�U���î�ì�ì�ï�X�����µ�š�}�‰�Z���P�]�����‰�Œ�}�P�Œ���u�u�����������o�o���������š�Z���]�v�����Œ�}�•�}�‰�Z�]�o���X�������o�o���������š�Z�����]�(�(���Œ�X���í�ì�U���õ�ð�ì�t�ñ�X��
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