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uG"vuG"WV �yiG7�¬Ò*-/<��5bFw&�(�IR,#1RSN�+/-D+3;IK,¤�\iGgp¬E5H*<5H:�5HD�IKSP[+1R5�SR5HD�Ib/<D;IKeG5AiG&�(�CRCÐ¬
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uG"vuG"�~ �8(JIf&�:�5H1­¬E*</-��5|S25HÖ )+5�D+(H5�S�[G1R5HS25HD�IO/<D¤^`*<)+CÐ¬ÒÑ\e+,#C�1R5Hc�/-,#D@5HD+e+&�D+(H5

Ê4Ë�¿WÌrc#5HDG5AIR1K&�DGSR(H12/-[GIR/-,#Dr/<D`&6D_,�1R/-5�D�If&6IR/-,#Dn/<D+3+5H[�5HDG3+5HD�Im:d&�DGD+5H1 k��
uG"vuG"W� �8(JI]!�¬Ò*-/<��5yFw&�(JIK,#1]×wSfØPF�12,#:�³�´�µºD0)G(H*-5H&�1b5Jh0IK1R&�(�Im�+/<D+3nIK,ºIKe+5A,0(J¬
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uG"vuG"vB %P/-,0(fe+5H:�/-(H&�*Ù(fe4&61K&�(JIK5H12/-�H&6IK/<,#DM,�F�Fw&�(�IR,#1�×�SfØ��+/-DG3+/-D+cºIK,�IKe+5@,0(J¬
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!#"$! {|e�=Q*<,#c#5�D+5�IR/-(8IK125H5A,�Fp%'&�(H)G*-,�.0/-1R/<34&�5r"@"?"@"A"?"@"?"@"@"?"@"?"@"@"@"@"@"?" !�U
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!#"vu ��e+5A*-,0(]&�IK/-,�Dn,�FpeG,#:;,�*-,#c#,�)+SP125Hc#/<,#D+S@×EÌ0Ä�SfØ'/<DM�\�R^M�m{|qåc#5�D+,#:�5ð"@"?" V#�
!#"�~ �\�R^M�\{Oq�x8�mY�1R5�[+*-/<(]&6IR/-,#Dd(H,#:�[+*-5ñhò"?"@"A"?"@"?"@"@"?"@"?"@"@"@"@"@"?" V�µ
!#"W� x8�mY�125H[+*</-(H&6IK/<,#Dz/-D`�\�R^M�\{Oqå/-D�.#,�*<.#5�Sbe+,#:�,#*-,#c�,#)+S'125H(H,�:��+/-D+&6IK/<,#D " u#t
VQ"$! xy5H12/<.6&6IR/<.#5�S�,�F�[4óA�m*-)G(A&�D+3_[+Y8ô�[�,#*-*<)+(Õ"@"A"?"@"?"@"@"?"@"?"@"@"@"@"@"?" ��t
uG"$! ~#� �_)+[+S2IR1R5H&�:¾1R5�c#/-,�D_,6F�IRe+5A[�,#*$=0e+5H3+12/-Drc#5�D+5A[+1R,#:�,�IR5H1õ"?"@"@"@"@"@"?" B�~
uG"WV xy5H12/<.6&6IR/<.#5�S�,�F�IKe+5A[4óA�m*<)+( "?"@"?"@"@"?"@"A"?"@"?"@"@"?"@"?"@"@"@"@"@"?" B��
uG"vu xy5H12/<.6&6IR/<.#5�S�,�F�IKe+5A[+Yyô�[�,#*<*-)+(ö"@"?"@"@"?"@"A"?"@"?"@"@"?"@"?"@"@"@"@"@"?" B#B
uG"�~ ��1K&�D+S2/-5�D I'5JhQ[+1R5�SRS2/-,#D_,�Fo[�39i0Ñ8óA�l*-)+(6÷+[�34^_Ñ8óA�m*<)+(�÷0±b/<IRen[4óA�m*-)G(8&�S

(H,�D IR1R,#*�/<D²³�´�µ¤(H5H*<*-S "A"?"@"@"?"@"?"@"@"?"@"A"?"@"?"@"@"?"@"?"@"@"@"@"@"?" B�U
uG"W� ��1K&�D+S2/-5�D IN5JhQ[+125HS2SR/-,�Dz,�FÙ[�39^²^`ó@�l*-)+(6÷Q[�39iG�móA�m*-)G(�÷�±b/<IRe;[4óA�l*-)+(m&�S

(H,�D IR1R,#*�/<D²³�´�µ¤(H5H*<*-S "A"?"@"@"?"@"?"@"@"?"@"A"?"@"?"@"@"?"@"?"@"@"@"@"@"?" B#k
uG"vB .G^`Y\*<)+(@&�D+3r.039i0Ñy*<)+(A/-DGF�5�(�IR/-,#Dn/<DÔ³�´�µ¤(�5H*-*<S	"@"?"@"@"?"@"?"@"@"@"@"@"?" B#µ
uG"WU ��1K&�D+S2/-5�D Il5ñhG[G1R5HS2SR/<,#DM,�FOiG&�(�CRCÐ¬ÐÑye+,#CN1R5�c#/-,#Dn/<Dj³�´�µº(�5H*<*-S "?"@"@"@"@"@"?" UQ!
uG"vk ^`*<)+CÐ¬ÒÑ\e+,#C�1R5Hc�/-,#Dr3+5�1R/<.6&6IR/<.�5HS�(H*<,#D+5�3`/<D_[GY8ô�[�,#*-*<)+(\.#5�(�IR,#1 "@"@"@"@"?" U6~
uG"vµ ��1K&�D+S2/-5�D I\5JhQ[+125HSRS2/-,#DÔ,�FO[9^_ÑyYm[�,�*-*-)G(�÷ª[4^_Ñ8%P[�,#*<*-)+(?&�D+3²[4^_ÑmLP[�,�*$¬

*-)G(8/-Dj³�´�µ¤(H5H*<*-S¤"@"?"@"A"?"@"@"?"@"?"@"@"?"@"A"?"@"?"@"@"?"@"?"@"@"@"@"@"?" U#�
uG"$!�t¥g|*-5�(�IK12,#[+e+,�1R5�IR/-(8:�,#�+/<*-/<IE=�S2e+/<F®Il&�S2SK&]=n±b/<IRer34�yiGgø,#*-/<c#,#D )+(H*<5H,�IR/-3+5T"@"?" k#t
uG"$!#!���1K&�D+S2/-5�D Il5ñhG[G1R5HS2SR/<,#DM,�Fp�yiQgO¬Ò(]&�1212=0/-DGc�[G*a&�S2:;/<3+S`"@"@"?"@"?"@"@"@"@"@"?" k#B
uG"$!�V©��1K&�D+S2/-5�D I\5JhQ[+125HSRS2/-,#DM,�F|[+*-&�SR:�/-3+Sb(H&�1R1�=Q/<D+cº.�&61R/-,�)+S\�\iGg¥5H*<5H:�5HD�IKSl/-D

*-/<5H)n,�F�IKeG5}iQ&�(HC2CÐ¬ÒÑyeG,#CP125Hc#/<,#Dr/-DzIKeG5@[G*a&�S2:;/<3n[4óA�m*-)G(�"@"?"@"@"@"@"@"?" k�U
uG"$!�uÕ��1K&�D+S2/-5�D Il5ñhG[G1R5HS2SR/<,#DM,�F�[+*-&�SR:�/-3+SP(]&�1212=0/-D+c;�y(�I�¬f!A�+/<D+3+/-DGc¤SR/<IR5 "@"@"?" k#k
uG"$!]~õg|*-5�(�IK12,#[+e+,�1R5�IR/-(|:�,#�+/<*-/<IE=lS2e+/<F®I�&�S2SK&]=A±b/<IRe@1R&�3+/<,#*a&���5H*<*-5�38�y(�IH!N,#*</-c#,�D0)0¬

(H*<5H,�IR/-3+5 "@"@"?"@"?"@"A"?"@"@"?"@"?"@"@"?"@"A"?"@"?"@"@"?"@"?"@"@"@"@"@"?" µ#t
uG"$!��¥LP,#:�[�5JIK/$IK/-,�Dd±b/<IRerIR,#[`&�D+3r��,6IRIK,�:¾S2IR1K&�D+3GSl/<D`�8(JI]!@g�^²iQY�"@"@"@"@"?" µG!
uG"$!�B¥g�^²iQY�1R5H&�(�IR/-,#DGSl/<DnIKe+5A[+125HSR5�D+(H5@,�Fp�\&�LP*�"?"@"?"@"@"?"@"?"@"@"@"@"@"?" µ#u
uG"$!�UÕg�^²iQY�1R5H&�(�IR/-,#DGSl/<DnIKe+5A[+125HSR5�D+(H5@,�FOL'&�LP*-ùd"?"@"?"@"@"?"@"?"@"@"@"@"@"?" µ�~

u



ú 
 ½Ù»�¸�û�û 
�ürýnÈ ¼@½
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VQ"WV �y*-/<c#,#D )+(H*<5H,�IR/-3+5�SP(�*-,#D+5�3`/<Dr[+Y8ô�[�,#*-*<)+(�"@"A"?"@"?"@"@"?"@"?"@"@"@"@"@"?" �#V
uG"$! ��1K&�D+S2(H12/-[GIR/-,#DnFw&�(JIK,#1��+/<D+3+/<D+c¤SR/$IK5HSb[+125HS25HD�I\/<DnIKe+5¤³�Å0��CRC����8Ì4Ë	�­C�125Hc#/<,#D U�B
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��1R/<(fe+,#[GIR5H1K&`× µ ØJ"
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Ó412S2IyIRe+5¤D )+(H*<5]&�1\:;5�:��+1K&6D+5�&�DG3²IKe+5�D²IKe+5¤[+*-&�SR:;&;:�5H:}�+1K&�DG5�"8��e+5}IE=0[�5¤SR[�5H(�/-5HS8,6F
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uQ" üz�4Û�Û¶�fb��4����¡��
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~G" Ún�0¡®���cb��4����¡��
d��w����¢ Xb×£{�,#SRS2/-�+*$=GØbxy/<[GIK5�1RDQ¬ÒSR[�5H(�/<Ó4(8�4&6(H)+*<,�.0/<1R)+S25HSH"
�Z=0[�5}iQ[�5H(�/-5HS�XNLP)+*-5�(@DG/-c#12/-[4&�*<[+)+S'D )+(�*-5�,#[�,�*<=0e+5H3G1R,#S2/-S'.0/-12)+S?×ÐLP)+D+/-�\{OqAØñ"

g%hig%hjg kBlUmonqp7r\s4tul�vxw�pqyjnzt%m#{}|Jpq~�y4t;�_s4��~U�fnq�
CED+S25H(JIº*a&�1�.�&65;c#5JI�/<DGF�5H(JIK5H3�±beG5HD�IKeG5�=�/-D+c#5�S2I}�4&�(H)G*-,�.0/-1R)GS},0(H(H*<)+3+5�3���,03+/-5�SH"_CED�IKe+5
:�/-3+c�)GI]÷#IRe+5\,0(H(�*-)+S2/-,#Dº��,Q3+/<5HSN&�1R5l�+12,#��5�Dz3+,�±bDz��=ºe+/-c�ed[4� &�D+3�IKe+5l1R5�*-5]&6SR5H3�.0/-1R/<,#D+S
��5Hc#/<DzIKe+5�/-1'/<DGF�5H(JIK/<,#Dn*-/$F�5\(�=0(�*-58��=n1R5�[+*-/<(]&6IR/-D+c}/-Dn:�/-3+c#)QI'(H5�*-*<SH"OCED_(H,#D�IR1K&�S�I�IK,º�\{Oq\S
[4&�IKe+,#c�5HD+/<(AIR,dxy/<[GIK5�1K&º&�D+3`�l=0:�5HD+,�[GIK5�1K&�±beG5H1R5AIKeG5?/<DGF�5H(JIK/-,�D_/<Sb*-/-:�/<IR5H3dIR,;:�/-3Gc#)GI
(�5H*-*<SH÷�/<D�*<5H[+/<3+,#[GIR5H1R&�D��\{OqyS�÷0IRe+5b/-DGF�5�(�IK/<,#DºSR[+125]&�3GS�F�12,#:�IKeG5l:�/-3Gc#)GIOIR,?,�IRe+5H1|IR/-SRS2)+5HS
IRe+1R,#)Gc#e_IRe+58F�,#1R:;&6IR/-,#Dz,6Fp�+)G3+3+5H3_.0/-1R)GSR5HS?×w%NqAØñ"
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�� ��D� �P� ��� �D��� ���� �T� � ��� ��� � ��� � � � �� � �
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¯ ¯±° ¯ ¯² ° ³ ­ « £ ´¦µ  ¡   §­ ¨ ¶­®   ´¢·

¯ ¯±° ¯ ¯² ° ¯° ¯¸ ° ¹ ¨º £ ¤» ¬£ « ´¨ ¦ ª ¦ ´· ¼¨ §�¡ ¦µ  ¡£ ¤

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½Â ¾ ÃÅÄ Æ ÇTÈÉÊË ÇÉÌ ÍÎ Î É ÆÉ Ï ÇË ÐÑÒ Ó ÔÕ×Ö ØÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ÝÞ ¾ ÃÌ Êß Æ ÇË ÇTàË Ç Ïß Ä Äá È Ï Íß àß Ï¢â ã Í äÊ ß å ÇÊ áË ÔÕ×Ö æèç ØÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½ Þ ¾ Ãá Æß Ì Ê É à ãÉ ÈÉ Ï Ç éß Ê Ä ÇTÈÉ ÐÑÒ Ó Ôê « ë ¬ì � Ü í

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½ Þ ¾ ½ ½¿¾ ½ ½ ½¾ ½ ½Â ¾ ÕÅî ïÖð ïç ñ ï ò ï ó�ô æ ò¢õð ï ÙÚ Û ÔÕ î ò ïÙÚ Û Ü ö

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½ Þ ¾ ½ ½¿¾ ½ ½ ½¾ ½ ½Þ ¾ ÷ ï ó ó õð æ ïø õ ó ó�ùî õ ó ó ï ØÙÚ Û Ô ÷ø ØÙÚ Û Ü ö

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½ Þ ¾ ½ ½¿¾ ½ ½ ½¾ ½ ½ Ý¾ ú ïô ñ æç ó¢û ü æ ï ù û ØÙÚ Û Ô úù ØÙÚ Û Ü ö

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½ Þ ¾ ½ ½¿¾ ½ ½ ½¾ ½ ½ý ¾ þ ç ù ÿ�ù ç � õð ï õ � õ ø ç � ï ØÙÚ Û Ô þ ç õ � ØÙÚ Û Ü ö

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½ Þ ¾ ½ ½¿¾ ½ ½ ½¾ ½ ½À ¾ �ð æTô ñ�ù ç óû ü æ ïî æ ØÙÚ Û Ô �î ØÙÚ Û Ü ö

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½ Ý¾ �ß Î � â � Îß Ê Ç ÑÒ Ó Ô� ø ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ Á ½ ý ¾ �á �á Ê ÉË á à àÊ ÍË Ë ÉÊ ÇÉ Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô� û üû ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½ ý ¾ � ãß Ê ÇË Æß Ä Íá Ê É éá Î Ç é ÍÊ É Ä É ÐÑÒ Ó Ô	 ò ØÙÚ Û Ü

¥¦ º 
  º £ ¨ § ¦ º º ¨ � 
 ª ­ �¨

k



�\[A
 ¹M»È ¸Úrý ·}»
 ¸�¹


­ � ´¨ ¸ ° ¸ �« ¦ º 
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�  ¢¡£ ¤ ¥T¦ §T¨ �  ¡£ ¤ ©�ª ¨«  ¨ ¤

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½À ¾ � ãß Ê ÇË Æß Ä Íá Ê É éá Î Ç é ÍÊ É Ä É �� � Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô	 ò� õ òÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ Á Þ Á ¾ � ãß Ê ÇË Æß Ä Íá Ê É Êß Ë É È ÍÉ Ä É Äá È Ï Íß àß Ï¢â ã Í äÊ ß å ÇÊ áË Ô	 ñð ù ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½Á Â ¾ �á Ï Í � Ä ÇÌ Ê ÇTà É ÏàáË Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô	 ûî æÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ Â ½� ¾ � à ÇTà ã â ÉË àß Ë Æ å Ç Æ ÆÉ Ä É Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô� ç ç ù ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ Â Þ �¿¾ � Í Ï ÇTÈß å ÍÊ à É ÉÊ Î ÇË Ì ÍÊ É Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô� õ ïð ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½ �¾ � Í Ï ÇTÈß å ÍÊ à É � ÍÉË ÇÄÌ Ï Í Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô � � þÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½ �¿¾ � â Î É Ä ÆÊ ÇÉ ä ÇË à ÉÊ ÐÑ Ò Ó Ô� ÿ ØÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½ ½� ¾ ÐÉ Î ÍË ÆÊ É �Ê ÉË Ë ÇTÈÉ Í ÐÑÒ Ó Ô Ø � ØÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ Þ ½� ¾ ÐÉ Î ÍË ÆÊ É Èß Ä �Ì á Ê É ÆÉ Äá È Ï Íß àß Ï¢â ã Í äÊ ß å ÇÊ áË Ô Ø ïô ù ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ Þ Â Þ ¾ Ñ Íß ä ÇTàÊ Çß Ä Ï ÍÈß Ä Æ Ç Ç Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË ÔÙ õ ó õ ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½Á �¾ Ñ Íß ä ÇTàÊ Çß ÄË ÍÊ Æ Ç é ÍÊ ÑÒ Ó ÔÙ õ ü õ ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½Á ½¿¾  Ê Ì â ÇÉ àË Íá äß ÆË áÌ É ÆÉ ÐÑ Ò Ó Ô! ç ØÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½Á Þ ¾ "àß äß à Æ ÍÊ É Í � ÇÌ á É ÐÑÒ Ó Ô þ õ ØÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½Á Ý¾ "àß äß à Æ ÍÊ É éÊ áÌ ÇTà ÍÊ äÉ ÐÑ Ò Ó Ô þ ò ØÙÚ Û Ü

¥¦ º 
  º £ ¨ § ¦ º º ¨ � 
 ª ­ �¨
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�  ¢¡£ ¤ ¥T¦ §T¨ �  ¡£ ¤ ©�ª ¨«  ¨ ¤

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ Ýý �¾ "àß äß à Æ ÍÊ É Ï Ç Æ Æß Ê É Ï ÇË Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô þ ç ó æÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½Á ý ¾ # ã âË É Äß à ÏáË ÇÉß Ê ÇTÈ ãÉ ÏÈ ÍÉ Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô � ñ�ùð ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ ½Á À ¾ #Ê ÇTÈ ãß à ÏáË ÇÉ Ä ÇË ÇÄÌ Ï Í Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô �î þÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Á ¾ Ý� Á ¾ $ ÇË ÍÉ Ä ÉË ÇÌ Ä É ÆÉ Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô% æ ü æÙÚ Û Ü

&î ï ü ü æÖ î õ ÿ Ø õ ø � õð ü æî � ñ õ ÷ õî û ü

½ ½¿¾ ½ ½À ¾ ½¿¾ �Á ¾ ½ Þ ý ¾ Ã Í ä ÍË Ë ß Ï Ï ÇTÈ Ç ÆÉ ÄË Ñ Ò Ó ÔÕ õ üù ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ �Á ¾ Â À �¾ �â à ãÉ Ä ÆÊ ÇÉ Èá Ä ÍÉ Äá È Ï Íß àß Ï¢â ã Í äÊß å ÇÊ áË Ô � 'ô û ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ �Á ¾ ½Á Á ¾  Ê Ì â ÇÉ àË Íá äß ÆË áÌ É ÆÉ " ÑÒ Ó Ô ! ç þÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ �Á ¾ Þ À �¾ Ò É Äß Ï ÇË (É Î Î ÍÉ ÑÒ Ó ÔÚ ï )ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ �Á ¾ Þ �Á ¾ Ò ÍÄ É ÍáË Îß Äß äß Ä ÑÒ Ó ÔÚ õ ø ù ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ �Á ¾ Ýý �¾ "àß äß à Æ ÍÊ É Ï Ç Æ Æß Ê É Ï ÇË ÑÒ Ó Ô þ ç ó æÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ �Á ¾ Ýý �¿¾ "àß äß à Æ ÍÊ É Ï Ç Æá Ê É Ñ Ò Ó Ô þ ç ó �ÙÚ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ �Á ¾ Ý �À ¾ # ÇTàá ÏÉ à É Ïá äß Ë É Ñ Ò Ó Ô � æèç ïÙÚ Û Ü

¯ ¯±° ¯ ¯² ° ¯° ¯* ° ¹ ¨º £ ¤» ¹ ¡ ­ º £ ´¦µ  ¡£ ¤

¥¦ º 
  º £ ¨ § ¦ º º ¨ � 
 ª ­ �¨
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  º £ ¨ § �¡ ¦ ® ª ¡ ¨µ  ¦ £ ¤ ª ­ �¨

�  ¢¡£ ¤ ¥T¦ §T¨ �  ¡£ ¤ ©�ª ¨«  ¨ ¤

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½ ½Â ¾ ÃÊ Æß Ì Í ÇÉ Ê É à É ÍÌ Ê É Äá Ïß å ÇÊ áË ÔÕð ÷ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½ ½Â ¾ ½ ½¿¾ ½ ½ ½¾ ½ ½ �¾ Ò Ç ÍÊ ÇË �Ê ÉË Ë ÇTÈÉ ÍÌ Ê É Äá Ïß å ÇÊ áË ÔÚ � ÷ Û Ü ö

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½Â �¿¾ � ãß Ê ÇË Æß Ä Íá Ê É éá Î Ç é ÍÊ É Ä ÉÌ Ê É Äá ÏÉ å ÇÊ áË Ô	 ñ òû ÷ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½ Þ �¾ �Ê â à Æß à ã Ï Í � ÇÉ Ï Íá Èß ÆÊ Í ÆÉ Ì Ê É Äá ÏÉ å ÇÊ áË Ô	ð ó õ ÷ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½ ½ Þ ¾ �â ä ÇÉ àß Îß Ä Í Ï ÏÉÌ Ê É Äá Ïß å ÇÊ áË Ô ¥�ª ¹ � Ü í

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½À Ý¾ �ÉÊ Ê ÇË ÇÄ É �Ê Ç Ï Ï ÇÉ ÄË Ì Ê É Äá ÏÉ å ÇÊ áË Ô� ï �ð ÷ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½À ý ¾ � Í Ï ÇTÈß å ÍÊ à É ÉÊ Î ÇË Ì ÍÊ ÉÌ Ê É Äá ÏÉ å ÇÊ áË Ô� õ ïð ÷ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½ � �¾ �É Æ ãÊ ß Ä â Î à ãÉ à ãÉË Íß Ï ÇÌ Ê É Äá ÏÉ å ÇÊ áË Ô� ïç ñ ÷ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½ ½ Ý¾ Ò Ïß ä ÇÉ ÇÄ Æ ÍÊ àá Ä È Æ Í Ï ÏÉÌ Ê É Äá Ïß å ÇÊ áË ÔÚ æ ÷ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ Á ½� ¾ Ò Ïá Æ Í Ï ÏÉ �â Ïß Ë Æ Í Ï ÏÉÌ Ê É Äá ÏÉ å ÇÊ áË ÔÚ ó � ' ÷ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ Á Á Ý¾ ÒË Íá äÉ Ï Í Æ ÇÉ á Ä ÇTàá Ä È ÆÉ Ì Ê É Äá ÏÉ å ÇÊ áË ÔÚ üûî ÷ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½ ½ ý ¾ #Ê ÇTÈ ãß à ÏáË ÇÉ Ä ÇÌ Ê É Äá Ïß å ÇÊ áË Ô �î ÷ Û Ü

½ ½¿¾ ½ ½À ¾ ½¿¾ ½Â ¾ ½ ½À ¾ + ÍË Æ ÇÉ È-, Ä ÇÌ Ê á ÎÌ Ê É Äá Ïß å ÇÊ áË Ô. õ ôî ÷ Û Ü

&î ï ü ü æÖ î õ ÿ Ø õ ø � õð ü æî � ñ õ ÷ õî û ü Ù ùî õð õ ç ùð � õ ÿ¾¥¦ º 
  º £ ¨ § ¦ º º ¨ � 
 ª ­ �¨

!�!



�\[A
 ¹M»È ¸Úrý ·}»
 ¸�¹


­ � ´¨ ¸ ° ¸ �« ¦ º 
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� æ ü � ù ò &î ï ü ü æÖ î õ ÿ Û æð û ü õ ü æî � ñ õ / ïø æ ó ' Ù ùî õð õ ç ùð � õ ÿ¾þ æø æ ó ïð æ � '0 æ � ñ ! � ñ õð � ï � ï Ù ùî õð õ ç ùð � õ ÿ¾
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�� ��D� �� E� F � � G � H ���� � �� �T�� �I � J �� � � �� K� � J� � � G � � �L � J� � � � MN NO � J � G P� �T� � P� � �� G� � � � G �� �RQ S� T � � J G� �VU � G P

T� �� � � � � � J H� �� WO X Y Q WZ � � �� X � H WO X Y Y ¾

�  ¢¡£ ¤ ê � � ¡ ¨µ  ­ 
  ¦ º [\ ¶ ¤ ©  ^] ¨ _ �ª ` ê 
 _a ` ê « « ¨ ¤ ¤  ¦ º

Õ û � ùÖð ïç ñ ï ô ï ó æ òùð î æ ô ï ØÙÚ Û Õ ô ØÙÚ Û Á ý ý Á Þ Þcb �� Ý ý � ¾ Þ Ù 	 ½ ½Á À Â Þ

	 ñ�ùð æ ü � ùî õ ûð ï òû ø æ ò¢õð ïî ï ØÙÚ Û 	 ò ØÙÚ Û Á Ýý Á Â � b À ½� Ý� ¾ � Ù 	 ½ ½ Ý � � �

	 ñ�ùð æ ü � ùî õ ûð ï òû ø æ ò¢õð ïî ï � � / ÙÚ Û 	 ò� � /ÙÚ Û Á Ý� Á Þ Á b Á À ½ ý Ý¾ Â Ù 	 ½ ½ ý Á Þ �

ú ïô ñ æèç óû ü æ ï ù û ØÙÚ Û úù ØÙÚ Û Á ÝÀ Á Þ Á b ý Â À À ½¿¾ � Ù 	 ½ ½ ÝÞ Â Þ

� ù ø � ' � ø ùð æ ÙÚ Û � ø ÙÚ Û Á ÝÞ Á Â �b ÝÁ Þ ý � ¾ À Ù 	 ½ ½Á � À Â

� ç æèç ñ ' ï ü ç ù ü �d æ � � ïî ï ÙÚ Û � ç ç ù ÙÚ Û Á Þ À Á Á �b ý � Ý ý � ¾ Þ Ù 	 ½ ½ Þ ½ � Þ

!ð Ö ' æ ï ç ü õ û ÿ�ù � üûÖ ï � ï ØÙÚ Û ! ç ØÙÚ Û Á ý Â Á Þ Á b � � ½ Ý Ý¾ � Ù 	 ½ ½Á � �ý

Õ ÿ�ù �ù ç ñ ' õ ü ñ�ùî ø ï æ ÙÚ Û Õ ÿ ñ�ù ÙÚ Û Á Â ý Á Á Þcb Â Â ½ À Ý¾ Ý Ù 	 ½ ½ ÝÀ � ½

Õ Öð ù � æ ü ü õÖ õ � û ø ØÙÚ Û Õ Ö ü õ ÙÚ Û Á ý Þ Á Ý �b ý Ý Ý ý Ý¾ Þ Ù 	 ½ ½ �� Â Á

	 ñð ' üù ÿ õ æ � æ ü ô ñ ï ó�ô æ � õ ü 	 ñ	 ñÙÚ Û Á ý Á Á Ý� b À Â Â À ½¿¾ � Ù 	 ½ ½ �Á ý Á

� õ ó æ ô ù d õð ç ï ïð ø æÖ õð ï ÙÚ Û Ô ÷ Ý Ü � õ ïð ÙÚ Û Ô ÷ Ý Ü Á Þ ý Á Þ Á b Ý ½ Þ À Á Ù 	 ½ ½Â À ý Ý

� õ ó æ ô ù d õð ç ï ïð ø æÖ õð ï ÙÚ Û Ô	 Á Ü � õ ïð ÙÚ Û Ô	 Á Ü Á Þ Ý Á Þ ½b �À ½ À Á ¾ Á Ù 	 ½ ½ Þ ½� Ý

¥¦ º 
  º £ ¨ § ¦ º º ¨ � 
 ª ­ �¨
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� õ ó æ ô ù d õð ç ï � õ ï þÙÚ Û � � þÙÚ Û Á Þ � Á Þ ½b �À � À ½¿¾ � Ù 	 ½ ½ Þ Þ Ý�

Ø ïø õ ü �ð ï ô ùî eÖ ûð ï � ï ÙÚ Û ÔÕ Ü Ø ïô ù ÙÚ Û ÔÕ Ü Á À � Á ý ýcb ½À ½ ý �¿¾ Þ Ù 	 ½ ½ Þ ý Â �

Ø ïø õ ü �ð ï ô ùî eÖ ûð ï � ï ÙÚ Û Ô� Ü Ø ïô ù ÙÚ Û Ô� Ü Á À � Á ý �b Ý �Â À ½ Ù 	 ½ ½ ÝÁ Á �

� 'ø ïî �ð æ ï ÿ æ üç ïð ØÙÚ Û � ÿ ØÙÚ Û Á À À Á À Á b ½ ÝÀ ÝÂ ¾ ý Ù 	 ½ ½Á � �Þ

þ ç ù ÿ�ù ç � õð ï õ � æÖ û ï ØÙÚ Û þ õ ØÙÚ Û Á Þ � Á Þ ýcb À Á Á ý À ¾ Â Ù 	 ½ ½Â Á À �
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IRe+5z5JhQ[+125HS2SR/-,�DÙ"²��e+5z*<5�.�5H*-S?,�F�5ñhG[G1R5HS2SR/<,#D�F�1R,#:�IRe+5HS25n[+1R,#:�,�IR5H1RS?&�125;.#5�12=¶e+/-c#eÕ×ùø
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�Eæ�úìÛ|èhß�Ù�÷��%Ù�ß&�,ÝÀúìÛ,í�â4ç�ØÀü�Û,ÜÄØ.Ý æ#ç�Ø.â4Ý é¡úôç�Ø�â ÚCÝ('�Ø4Ü;âÄâ ß�èhÝKúôØ.ç�è ßàÞqÜ.Ý í�âÄí Ý Ù�ÙàÜÀÛ,Þqé¡ü�Û,ÜÄÜ.ÚqçDü<Þ
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� ûqæ�Ø4Ý�á�ßàç,ÞãêqæqÜ;â Ø.ÝwÛ,è â ç�â4ÚqÝeæqØ.ç�è�ç,â Ý�Ø�Ý��EÚqß�ûqß�â4Ý é�Ù�çDü�Ý�Ø�Ø4Ý�æsç,Ø.â Ý�ØXÛ,í8â ß�ë!ßIâ%÷�óÄùXÚqÝ
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Û,ÞCé¬"������C©W@EÛ,í8â ßàÞCá§æqØ4ç|â Ý ß�ÞqÜ�ßàÞðÚS÷!æ#Ý Ø Û|í�â ßIë|Û|â ß�ç�Þ?úôØ4ç�è`â ÚCßàÜ�æqØ.ç�è�ç,â Ý�Ø�ßàÜ�Ù�ßàè�ß�â4Ý éªó¢øpÞ
êqÞCéqÝ Ø.Ü.â�Û|ÞqéqßàÞCá¢ç,ú<Ø4Ý�á�êqÙîÛPâ ßàç,Þïç,ú`L��PO���Ý��CæCØ4Ý Ü.Ü4ß�ç�Þðü�ç�êCÙàéðæqØ.çAë!ß�éqÝ�ßàÞCÜ4ßàá,ÚMâ4Ü¡ß�ÞMâ4ç§Úqç�Ü;â��
æ�ÛPâ Úqç�á,Ý Þ¬ßàÞSâ Ý�Ø Û,í8â ßàç,ÞqÜ5�<ü<Úqßàí�Ú¬èhÛD÷ýÛ,ÙàÜ.çðÚ�Ûwë�Ý0ßàè�æqÙàß�íwÛ|â4ßàç�ÞqÜ�ßàÞ ÚMêqèhÛ,Þ æ�Û|â4Úqç�á�Ý�Þqßàí
ë!ßàØ.êqÜ<Ü.÷!Ü.â4Ý è�Ü ó_�Wâ<ü<ßàÙàÙªÛ,ÙàÜ.ç�æ#ç,â4Ý ÞSâ ßàÛ,ÙàÙI÷hÙ�ÝwÛ,é=â4ç�â4ÚqÝ�Ý Ü.â Û,ûqÙ�ßàÜ4ÚCèhÝ�ÞMâ<ç|úKÛ�í Ý�ÙàÙªúôØ4Ý�Ý�á�Ý ÞqÝ
Ý��CæCØ4Ý Ü.Ü4ß�ç�ÞãÜ;÷EÜ;â Ý�èa�Mü<Úqßàí�Ú�ü�ç,êqÙàé'û#ÝpéqÝ8ë�ç�ß�éhç|ú~æqØ.ç�ûqÙ�Ý è�ÜKÜ4êqí�Ú=Û|Ü5Ü.Ý í�Ø4Ý�â4ç�Ø.÷'Ù�çSÛ,é'è�ç�Ü.â
ç,ú�â4Ý Þ�Ý�Þqí ç,êqÞSâ Ý Ø.Ý é'ßàÞ�â ÚqÝ�û�Û,í êCÙàçDë!ßàØ4êCÜ�Ý��EæqØ.Ý Ü.Ü4ßàç,Þ�Ü.÷!Ü.â4Ý è�óÄùXÚqÝXÛ,ß�è ç,úqâ ÚCßàÜ�Ü;â êqéE÷¡ß�ÜÀâ ç
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ü�Û,ÜXÛ,éCéqÝ é�â4ç¡ÝwÛ|í�Ú=éqßàÜ.Ú=Û,Þqé�ß�Þqí êCû�Û|â Ý�é�Û|â�B�L�Ó úôç�Ø�Û|Þqç,â ÚCÝ Ø<B�é�Ûw÷EÜ<Û|Þqéãâ ÚCÝ2è�Ý éqß�êqè
ü�Û,Ü	Ú�Û,Ø.ë,Ý Ü;â Ý é�Û,Ü	Û,û#çAë,Ý,ó

��U%��UW� ß r�\�adk�ÑN\�ZK[DÐð\�r�cNm.cÊà
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� H �
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å¤çCç1ä^çCå¤ç � ·H�qÿÊ���Å�@b¨?
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ùXÚqÝ5ø��6úôØ Û,á,èhÝ�ÞMâ~ü�Û,ÜÀÛ,è�æqÙàßO'�Ý éNêCÜ4ßàÞCá<â4ÚqÝiæqØ4ß�èhÝ�Ø4Ülø>�Wú ñ ?$·�ätåeæ
åeæ¤ç1ç æ¤ä^çCå¤ätçCæ¤ç1ä^ç æ¤ä%è
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å¤çCå
ätæCæ¤ä^ä^ätæCæ¤ätæ1æ1æ � · ò#Û,Þqé�Ó_�WØ ñ ?$·�ätåeæ
åeæ¤çCçCæ¤ä^çCå1ätæ1æ
åeæ1æ¤ç1ç å¤çCå¤çCæCæ1æ¤ätåeæ1çCå¤çCæ1æ1ätå � · ò
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ç1ätçCåeæ
å¤çCå¤ätæ � ·sß�Þtâ4ÚqÝ�äKÜ.â]�	Ü.ß�â4Ý¡ç,úiæqøÊá,æsç,ÙàÙàêCí,ópä8�M®eø2æ#ç�Ù�Ùàêqí�ü�Û|Üeí Ù�ç�ÞqÝ é�ûM÷§Û,è�æqÙàßÜ�
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ÙàÛ,ûsÝ�ÙàÙ�Ý é�ç,Ùàßàá,ç�ÞMêqí Ù�Ý ç,â4ßàéqÝ�æqØ.ç�ûsÝ�Û,ÞqéÂ|�~ 2�ÞMêqí Ù�ÝwÛ,ØeÝ��!â Ø Û|í�âNü�Û,Üeâ Ø4Û,ÞqÜ.úôÝ�Ø4Ø.Ý é§â ç�ÛãúôØ.Ý Ü.Ú
Ü.ÚqÝ Ý8â�ç|ú~äÀÛ,Ø Û#'�Ùàè Û,Þqé'Ý��Eæ#ç�Ü4Ý�é�â4ç � ¥ �
� �$áNç,úsÕ�0 ß�Þ'ÛNÕ�0Nä¥.`4 �6�
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� Õ�0Gí Ø4ç,Ü4ÜiÙàß�Þe�,Ý�Ø ó
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� ó B �Ä¥�£ �EþK� �`?,£ Ö1�WèhÝ�Ø4íwÛ|æCâ ç!Ý�â4Ú�Û,Þqç�Ù¦� �6� £½á�Ù�÷!í Ý�Ø4ç�Ù¦� � ó � ¥
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è�ßàÞMêCâ4Ý Ülû#Ý�úôç�Ø.ÝÄÙàçSÛ|éqßàÞqá�ç�ÞSâ ç	Û �	� £ã�CþK���%æ#ç�ÙI÷SÛ,í�Ø.÷SÛ|èhß�éqÝ ñ ¥�2�b � Û,í Ø;÷EÙàÛ,è�ßàéqÝAb ûqß�Ü Û,í�Ø.÷!ÙîÛ|èhß�éqÝDò
á�Ý�Ù6óeø	ú�â Ý�Ø2â ÚqÝ�Ý�ÙàÝ�í�â Ø.ç�æqÚqç,Ø4Ý Ü.ßàÜ��sâ ÚCÝ�á�Ý Ùdü�Û,Ü2Ý öMêqßàÙ�ßàûqØ.ßîÛ|â4Ý étßàÞ�â4Ø Û,ÞqÜ;úôÝ ØeûCêC�~Ý�Ø ñ ¥�?|è¨¡
ùdØ4ß�Ü5� � 2 � è¦¡ á�ÙI÷!í ßàÞCÝ���¥ � £bèhÝ8â Ú�Û|Þqç�Ù�òsúôç,Ø �	� èhß�ÞMêCâ Ý�Ü ó�ùXÚCÝ�æqØ.ç,â Ý�ßàÞqÜ�ü�Ý�Ø4Ý�â4Ø Û,ÞCÜ.úôÝ Ø.Ø4Ý�é
çDë�Ý�Ø4Þqß�á�ÚSâKÛ|â �
� è�ø�ç�ÞSâ ç2ÛpÞqßIâ Ø4ç!í Ý�ÙàÙ�êqÙàç�Ü.ÝKèhÝ�è�ûqØ4Û,ÞqÝ�Û|âÉ¢AÓGóPùXÚqÝ�èhÝ�è�ûqØ Û|ÞqÝ5ü�Û,Üdâ ÚqÝ�Þ
ü�Û,Ü4ÚCÝ é�úôç,Ø �
� è�ßàÞMêCâ Ý�Üeü<ß�â4Ú§â ÚqØ.Ý Ý'í�Ú�Û,Þqá,Ý Ü�ç,ú5ûqßàÞCéqßàÞqá=ûCêC�~Ý�Ø ñ3�	� è¨¡ ùdØ4ß�Ü ó � .�ÙÄæ �
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ûqØ4Û,ÞqÝtûsç�êCÞqéõæqØ.ç,â Ý�ßàÞ�ü�Û|ÜãéqÝ�Þ�Û|â êCØ4Ý éõßàÞõûCßàÞqéqß�Þqá�ûqêC�sÝ Øhí ç�ÞSâ�Û|ßàÞqß�Þqá � ¡ á�ê�Û|Þqßàéqß�ÞqÝ
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¢AÓõó�øpú�â4Ý ØNâ ÚqÝ�ÚS÷!ûqØ4ß�éqß&G Û|â ß�ç�Þ¢ü�Û,Ü�í ç�è�æqÙ�Ý�â Ý�é1��â ÚqÝ�èhÝ�è�ûqØ4Û,ÞqÝ�ü�Û|Ü�ü�Û,Ü4ÚCÝ é?ü<ß�â4Ú�ß�í Ý
í�ç�Ùàé�ûqß�ÞqéqßàÞCá�ûCêC�~Ý�Ø5��ü<Ø Û,æCæsÝ�é�ß�Þ0æCÙîÛ,Ü;â ßàí�ü<Ø4Û,æ�Û,Þqé�Û,êCâ ç,Ø Û,éqß�ç�á�Ø4Û,æqÚqÝ�é�Û|Ü�éCÝ Ü4í�Ø4ß�ûsÝ�é
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4lßàæ#ç,úôÝ�í�â ß�Þ ñ �%ÞMë!ßIâ Ø4ç,á�Ý Þ1�iÕ´�EøNò�èhÝ�éqßîÛ|â4Ý é0â Ø Û|ÞqÜ.úôÝ�í�â ß�ç�Þðç,ú�|�~32�í Ý Ù�ÙàÜ�ü�Û,Ü�éCç�ÞqÝ=Û,Ü�éqÝ��
Ü.í Ø4ß�ûsÝ�é�Ý Û,Ø4Ù�ßàÝ�Ø ñ �
�×Ç Ø � ¢ � ò8ó7c�ç�Øeâ Ø4Û,ÞqÜ.ßàÝ ÞSâ�Ø4Ý�æsç�Ø;â Ý�Ø�Û|Ü4Ü Ûw÷!Ü5� � ó�?�©Ù¥�èhß�ÙàÙ�ßàç�Þtí Ý Ù�ÙàÜeü�Ý Ø.Ý
Ü.Ý Ý éCÝ é0ßàÞ¢Û � �6ü�Ý�ÙàÙdâ ßàÜ.Ü4êqÝ¡í êqÙIâ êqØ.Ý�æqÙîÛPâ Ý ñ .�ç�Ø4ÞCßàÞqáe�ªÕÊ�Eøeò2Û,Þqé�Û,Ù�ÙàçDü�Ý é§â ç�Û,éqÚqÝ�Ø4Ý�úôç�Ø
� ÚCç�êqØ ópùXÚqÝ�í�ç�èhæCÙàÝ�â4Ý�è�Ý éCßàêqè ü�Û,ÜeØ4Ý�æqÙîÛ|í Ý étü<ß�â ÚÚ¥|è�4?ç|úKßàÞqí�ç�è�æqÙàÝ8â Ý�èhÝ�éqßàêqè ñ ßàÝ
è�Ý éqß�êqè â ÚqÛ|â¡ÙàÛ,íM�MÜ�úôç!Ý�â Û,ÙiûsçDë!ßàÞCÝhÜ.Ý Ø4êCè Û,ÞCé?Û,ÞSâ ß�ûqßàç|â ßàí�Ü�ò)ó�øpú�â4Ý Ø�Û,Þïß�Þqí êqûqÛ|â ß�ç�Þ�ç|ú
¥hÚCç�êqØ4Ü��sâ4ÚqÝ�þNÿpø>�%Ù�ßàæ#ç,úôÝ í8â ßàÞ�è�ßO�!â êCØ4Ý ñ ?AÔªáhç,úiæqÙàÛ,Ü4è�ßàétþNÿpø Û,Þqé ?AÔ14?ç,úiÙàß�æsç,úôÝ�í�â4ßàÞ
Ü.êqÜ4æ#Ý ÞqÜ.ßàç�Þ�òNü�Û,Ü�Û,éqéqÝ�éïßàÞ0Û=â ç,â Û,Ù�ë,ç�Ùàêqè�Ý'ç,ú � è�4�ç,ú�ß�Þqí ç,èhæqÙ�Ý�â4Ý�èhÝ�éqßàêqè�Û,Þqé�â ÚqÝ
í�Ý ÙàÙ�Ü�ü�Ý�Ø4Ý=úôêqØ;â ÚqÝ�Ø�ß�Þqí êCû�Û|â Ý�é�úôç,Ø � © B Úqç�êCØ4Ü óðùXÚCÝ�ß�Þqí ç,èhæqÙ�Ý�â4Ý�èhÝ�éqßàêCè í ç,ÞMâ Û,ßàÞCßàÞqá
æqÙàÛ,Ü4è�ßàé§þNÿpø�Û,ÞCé¢Ùàßàæ#ç,úôÝ�í�â ß�Þtü�Û,Ü�Ø4Ý�èhçDë�Ý�é0Û,Þqé¢â ÚqÝ�í�Ý Ù�ÙàÜpü�Ý Ø.Ý�ü�Û,Ü.ÚqÝ é0á�Ý�ÞMâ4Ù�÷�ç�Þqí Ý
ü<ßIâ Ú�í�ç�èhæCÙàÝ�â4Ý2è�Ý éqß�êqè�óÜÛÊÝ�¡tÿ2ä^0 ßàÞCúôÝ�í�â4ßàç�Þ�ü�Û,Ü�â4ÚqÝ Þ=í Û,Ø4Ø.ßàÝ�é�ç�êCâ�ûM÷ãØ4Ý�æqÙîÛ,í�ßàÞqá�â ÚqÝ
í�ç�èhæCÙàÝ�â4Ý<èhÝ�éqßàêqè ü<ß�â Ú¦ÛÊÝ�¡tÿ2ä^0X. � ë!ßàØ4êCÜ ñÂ�	� ¡ × �;ò8óMùXÚqÝ<â ßàÜ.Ü4êqÝ	í êCÙ�â êCØ4Ý	æqÙîÛ|â4ÝXü�Û,Ü
á�ßIë�Ý�Þ�Û¡á�Ý ÞSâ4ÙàÝeØ.çEíM��Ý�ë,Ý Ø.÷ � ?�è�ßàÞMêCâ Ý�Ü�úôç�Ø�Û,Þ�Úqç�êCØ�â ç�æqØ.Ý�ë,Ý ÞSâXâ ÚqÝ2éqØ.÷!ßàÞCá�ç,úlâ ÚqÝ2í Ý Ù�ÙàÜ
Û,Ü�ü�Ý�ÙàÙ	Û,Ü'â ç�Ü4æqØ.ÝwÛ,éõâ4ÚqÝtë!ß�Ø4êqÜhÝ�ë�Ý�ÞqÙ�÷,ó øpú�â Ý�Ø � Úqç�êqØhç,úeß�ÞCúôÝ í8â ß�ç�Þ1��â4ÚqÝtë!ß�Ø4êqÜ�ü�Û,Ü
Ø.Ý è�çAë,Ý é�Û,Þqéª¥|è�4¢ç,ú�í�ç�è�æqÙàÝ8â Ý2è�Ý éCßàêqè�ü�Û,ÜXÛ,éqéCÝ é�Û,Þqéãâ4ÚqÝNí Ý�ÙàÙ�Ü5ü�Ý Ø.ÝNßàÞqí�êqû�Û|â4Ý é=ßàÞ
¥ Ç Ó úôç�Ø ��� ÚCç�êqØ4Ü�ó
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4lêqí�ß�úôÝ Ø4Û,Ü4Ý5Û,Ü.Ü Ûw÷eü�Û,Ü�éqç�ÞqÝ5Û|â �
� Úqæqß6ódùXÚqÝií Ý�ÙàÙ�Ü~ü�Ý�Ø4Ý5æsÝ�ÙàÙ�Ý�â Ý�é�Û|â � ? ��� Ø4æqèbÛ,ÞqéNü�Û,Ü4ÚqÝ�é
ç�ÞCí Ý<ü<ß�â Ú � ®ÐäiÓ+�sóMùXÚqÝ	í Ý�ÙàÙ�æ#Ý ÙàÙ�Ý�âKü�Û,Ü5Ø4Ý Ü.êqÜ4æ#Ý ÞCéqÝ é=ß�Þ�? �
� Ô¤4�ç,ú � ®ã�<Ý æ#ç�Ø.â4Ý Ø_4ª÷!Ü4ßàÜ
ûqêE�~Ý�Ø ñ äiØ.ç�è�Ý áSÛ��dÕ´�EøNò)ódø	ú�â Ý�Ø�â%ü�ç�í8÷Eí�ÙàÝ�Ü�ç,ú�úôØ4Ý�Ý5G ÝãÛ,Þqé0â Ú�ÛwüK� �	�
� Ô¤4­ç,ú+4lêqí�ß�úôÝ Ø.ßàÞ

? Ç



¸lx ©ª� � �
� � �=µ`³¹� Fa` ©X� � �cb ` ³
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MANPORQTS
UWV�XZYL[K\^]`_badcDe�f�g�hji^k�g)hmlonqporsp^t<f�udh5c�povqwxudhjydg)nzr{l^hjrdh5cLg�pok�p^f�hmgj|7}%udh�~5�A� e
f�uLi�f�i�g�h�cLg)hje�hjr�f�nzr�f�udhb�����Te�f�g3i^rLy�i�g�h�e�udp��Ar�nzr���woi^r�i^rLy�f�udhs~K�A� e�f�uLi�f�i�g�h
cLg�hje�hjr�f{nzr�f�uLh������:e�f�g)i^rLy�i�g)hbe�udp��-r�nzr��$g�hmhjr�|�}Audhsc(povzw`udhjyLg)nzr�l^hjrLhWnze�e�udp��Ar
nzr��%hjy��������(e�f�g)i^rLyR�3|A}Audh>�Ahje�f�g)nz��f�nqpor��:rd�mwxk�h�e�nqf�hje$i�g�h�e)udp��Ar�i�_�p��^h�f�udh{~5�A� e
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�xnqhm�7hmg�k{i�c�p^t-f�udhsc(povzw`udhjyLg)nzr�adcRe�f�g�hji^kªg�hmlonqpor�nze�lonq�^hjr�_�hjvqp��«f�uLi�f�e�udp��Ae�f�udh
��p^g�g�hje�c(porDyLnzrdl,rdhm�¬rLi^k{hje%p^t­f�udh�~5�-�­ej|
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p^t:f�uLh��^hj��f�p^g'_Di^�)]H_�pordh,f�p³l^hjrdhmg)i�f�h�f�uLh{��porLe�f�g)aL��f�e{�Pc�yR¨x´$±�¤$vzaL��²(c�yDµW´$±�¤$vzaL��²
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,.-)9	20/5�2143658795/��9:-;7<-=-�F � �4-^���	36587>3��J�[2<7"
B�/
?-;7�1��:/B�@5	�T�:/A/B6<3658/A5	983��1�:/ � �45-�;-^���4-^� =J> 3<-DL8���	1

?5W
0-?5!���4-^9	2</;�21B3A587C367C143<3��D3�
 � 5	�E1��:7�1 � �	5W�F-)���^(G7B�!
�-F/�AH1��4�:78���)�	3 � 1436587B�2/ �4-^9	2</5��1B365:7�(
3���3<3;9/3</�A95	��9Ã�:7<3��;-^
>367JI�K ¿ Q C ò =8> 3<-L-1�!�4/�AË98-F7<-�14���:78���)�43 � 1B3A587M5-�)�^28���N3�
Ë
?-)
<3;�21B-F/�A
�!�O14-)��367W�@-)�F1436587��:78
�6P-��@5	�4-�l�QG,ù�	- � /A3;�)�21B3A587 =�Q ��1B-��:78
 e -)��A+/5�214- � 3B�/�4-^�Z�/�	-g��3B�/���
�/�R1B-^�43;�E1B3��1�:/A/�A$
03 r -)�4-F7�17�[�45/
S143<-T-1�/�	/�A � 3B�!�4-U5!��98-;70-T14���:78���)�43 � 1B3A587 =0> 3<-T/5�214- � 3B�/�4-
5-�)�^28���:�;5878�^28���	-;7�1B/sA . 3V143ªl�QD,ù�4- � /63;�)�21B3A587 . 3<-)�	-1�/�U1�3<- e -)��AW/;�21B- � 3B�!�4-$
<5X-)�T7<5:1
�F5	
Ë
?-;7"�;-�3���1430-Ël�QG,Á��AX7�143<-^�43��T3��L3678�F5	
 � /6-F14- =Z> 30-?/;�21B-g�278
 e -)��AC/5�214-�98-;70-)�N�/�4-
1��4�:78���)�	3;6Y-)
»6<A»� e 3;���:/6/sAZ-F78�;5-
<-^
[,GQD, � 5:/�A-
�-^�4�/�	- =g> 3<- � 5:/�A-3<-)
"�4367�98-F7<-����:/6/��\367
1�3<-$�1��1B-)9:5	��A+5/� e -)��A[/5��1B-�98-;7<-^���:/A58789 . 3V143ª�:7<5:1�3<-)�T3;
 � 5	�E1��:7�1N�	1���28�R1428���:/ � �45:14-;367
-F78�;5-
<367"9ª98-F7<-/(]1�3<->^`_Xa_98-;70- = �b1�3;�g2<78
<-^���E1��:78
8�/6</6-c143B��1?1�3<-)�	-+�	1���28�R1428���:/R98-;70-)�)(
1�3B�21@�@5/��
d143<- � 58/sA-3<-)
8���Z�:78
�143<-�
Ë�21��43sF��	-)� � -^�F1B3 e -F/�A+�[�@5	� � �/���V�/983A789e5/� e 3;��28� � �/�	143s�
�F/6-)�4�T�/�	-f1��4�:7"���)�	3;6Y-)
M3A7�1�3<- e -)��A�/5��1B-R�	14�/98-)�]5/�g367W�@-)�F1436587?3 = - = �!�O1B-^�@l�QG,{�4- � /63��1�21436587 =
,=/A14305	289	3�(g1�3<-9-�F"�/�F1:
?-)��3B�:703;��
h5!�@3<5 . 1�3<- � 58/sA-3<-)
8�	367�98-F7<- � �45	
?5:14-)�N�/� . -F/6/Ç�/�
5:1�3<-)�?/5��1B-_�:78
 e -^��Ai/5�214-d98-;70-)�kj�lU^nmRo>lpm��/�4-J14���:78���)�43�6P-^
q6ÃAa�»�4-;/;�21B3 e -F/�AÐ�	3;
 � /6-!(
e 3;���:/6/sAC-;78�F5W
0-)
�(Ç¾!�f��2868207<3A1e,DQG, � 5:/�A-
�-^�4�/�	-M3;�:2<78�F/6-1�!�)(�1430-$�458/A-q5/�.52143<-^�À���/�F145	���

�&U i
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1�3B�21J
�3�9	3�1��[2<78�R1B365:7Ë�2/658789 . 3V1439143<3�� e 3��4�:/A/�AT-;78�F5W
<-^
M,GQD, � 58/�A-
?-)�4�!�4-R3B�/�Ç6Y-;-;7?143<-
�@5-�)28�.5/�w14303;�0�	1�28
"A =

> 3<-I
Ë�:367 ] 2<-^�	1436587H�/
8
8�	-)���4-)
c367M1�3<3;�0�E1428
WA . �!�)(J`ExE3B��1R�4-)9/2</5�214-)�]1�3<-I3ÃA � -)���/���
143 e �21B3A587J5/��1��4�:78���)�	3 � 1436587K�[�45	
S1�3<- � 58/�A-3<-^
8�43A7 � �45	
?5:1B-^�zy1b = hn5	�D�:78� . -^�4367"9q143<3��)( . -
3B� e -{14�43A-)
U145L-;/�28�;3�
B�21B-|1430-0�458/A-}5/�~1�3<-�¾	�<6�2 � �E14�	-1�/
ê�4-^9836587U367 � 58/�A-3<-^
8�43A7Z98-F7<-]14���:7W�
���)�43 � 1B3A587 = ,=7a* � �$603678
<3A789Z-F/6-^
�-F7�1Z3B�/
ô6Y-;-;7�3�
<-;7�143�Ln-^
E��/A5W�)�21B-^
pð:Å!U	U�2 � �E14�	-1�/

145U143<- � 58/sAW30-)
8�	367 � �45	
?5:1B-^����143B�210�/�F143 e �21B-^�}1��4�:78���)�	3 � 1436587c�[�	5	
d143<- � 58/sA-3<-)
8�	367 � �45!�

?5:1B-^���:78
t��38�/�4�/�R1B-^�43;�F-)
C-1�!�4/63A-)�G�[�45	
�5	28�\/;�/6a� �/�\Å � = ,Á�F5	
 � �4-^3<-;78�	3 e -g�:7B�:/sAW�	3;�\5!�
1�3<-À¾	�<6H2 � �	1��4-)�/
 �	-)983A587K3B�/
Z705 . 6Y-;-F7+�1�!���43A-)
�5	2011(n145q3;
0-;7�1B3s�¡AK�/
8
<3V1B365:7B�:/��	-)9	2</;�V�
145	��AT-;/A-)
?-;7�14�G1�3B�21Ç� �8� -)�/�#145 � /5�1AD3;
 � 5	�	14�:7�1²�	58/6-^�G367T143<-R�/�R1B3 e ��1B365:7T5/�~1��4�:78���)�	3 � 1436587
�[�	5	
%1430- � 58/�A-3<-^
8�43A7 � �45	
?5:14-)� =�� �	36789K�_�43�
 � /A-��	1��4�214-)9/A/(S� � -^�;3�L8�Ë
<-F/6-R1B365:78��367k143<-
¾	�<6�2 � �	14�	-1�/
ê�4-^98365:7 . -^�4-0
Ë�/
<-�1B5��E1428
"AD1430-{- r -)�R1|5/�n143<-T
<-;/A-F14-)
��4-^98365:7e367:�4- � 5	�E1B-)�
98-F7<-�-�F � �4-^���43A587 = ,=7<A�
<-F/6-R1B365:7?1�3B�21T�4-)��2</A1��}3A7c�F5878�43��	14-;7�1��	-)
828�R1B3A587q3A7Ë�	- � 5	�	14-)�J98-;7<-
-�F � �4-)���43A587 . 5	20/;
e3A78
<3;�)�21B-|1438�21G1�3<-@
<-F/6-R1B-)
Z�[���/9	
?-;7�1S
c�1AN3B�/��6P5	�.KR�6lM�á�/�R1B3A789 � 5	�	3A1B3 e -
�	-)9	2</;�21B5/��A�-;/6-^
�-F7�14� = *X3;
Z2</V1��:70-;5	28�	/�A/(X1�3<-�
<-;/A-F14-)
$�[�4�!9	
�-F7�14� . -)�4-��F/65870-)
d2 � �E14�	-1�/

14591�3<-�6B�/���:/ � 58/�A-3<-^
8�43A7 � �45/
�5:14-)� = ,79Ã�:3A7�(03s��143<-��	- ] 2<-;7"�;-T1�3<28�R�;/65:7<-)
_3B�/��6P5/���TKR�6lM�
�/�R1B3A789 � 5	�E1B3 e -_�4-^9	2</5��1B5	��A[-;/A-)
?-;7�14�^(}1�3<-)�	- . 3A/6/T6P-_�;5:78�43��	1B-F7�1q3A78�)�	-1�/�	-c3A7p�4- � 5	�E1B-)�
98-F7<-�-�F � �	-)���	36587 =

l\-;/A-F1436587�5/�\1430- ¿ /;2"�O�b��305	�Z�4-^98365:7 �4-^��2</V1B-)
�367{�1U��@58/;
q�4-^
828�F1436587�367�/�28�;3s�@-)���/�4-
�	- � 5	�	14-)�I98-;70-�-�F � �4-)���43A587 . 3<-F7Ð�;5/
 � �!�4-)
 . 3A1�3k143<-��;587�1��458/ � /;�/��
?3;
k( �n� Q=/;2"�91�3B�21
�)�/���	36-)��143<-=-;7�1B3��4-D¾	�<6$2 � �E14�4-)�/
ù�4-)9:36587+�³hG3�9	28�4- i"= ¾ � = xE3<-;7M1�3<3;�J�4-^98365:7 . �/��
<3 e 3�
<-)

3A7�145D1�38�4-F-D�[���/9	
?-;7�14�T�:78
Ë�;/65:7<-)
Ë2 � �	1��4-)�/
d1B5�143<- � 58/sA-3<-)
8�	367�6B�/���:/ � �45	
?5:14-)�|3679143<-
e -)�F145	� � ,\� � 5:/6/;2"�/(~587</sA>143<-Z�F5878�E14��2"�F11( �P¿ � j@� 5:/6/;2"�:��3<5 . -^
»�	3;98703�LB�)�:7�1�3A78�)�	-1�/�	-U367
1�3<-$�4- � 5/�	1B-^�Z98-F7<->-�F � �	-)���	36587ý��hG3;9	2"�4- iW= ' � =t> 3<- � �	-)�4-F78�;-J5/�f5870/�AC143<-ËLB���E1 Ê U	U/6 �
5/�g1�3<- ¿ /�28�O�b�73<5	���	-)983A587���3A7q1430- � /5�!��
?3;
��;5878�E14��28�F1)( �P¿ �7, � 58/6/�28�&�Ç2 � �	1��4-)�/
�145U143<-

�&U!¾
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� 58/�A-3<-^
8�43A7 � �45	
?5:14-)��
<3�
�7<521Ë�	-)��2</A1?367a���43�987<3�L8�1�:7�19367"�)�4-)�/�4-c367�-�F � �4-)���43A587 . 3<-F7
�F5	
 � �/�4-^
 . 3V143J143<-I�F587�14�45:/ � /5�/��
�3�
�( � ,L� � 58/6/�28���³h#3;9	28�	- i"= ' � =

> 3<-c���F11�g6<3A78
<3A789d�43V1B-�3;
0-;7�1B3sLn-)
q� > �/6</A- i"=þÊ ��367k1430->� j ���[���/9	
?-;7�1�5/�|1430- ¿ /;28�O�
�73<5	���4-)9:36587 = > 3<- � /5�!��
?3;
ó�1�!����AX3A789[143<-����F1)���;587�1��2367<3A789Ð�4-^98365:7ê� �P¿ � j@� 58/6/�28�&�
. �/���/60/6-91B5Z-F783B�:7"�;-q1�3<-q-�F � �4-)���43A587Ð�[�45	
�I�K ¿ Q C ò � 58/sAW30-)
8�	367 � �45	
?5:1B-^�:6ÃAªÅ
IWY
�@58/�
�(��!���;5	
 � �/�	-)
Z145 � ,L� � 58/A/;28� =L� 5 . - e -^�)(g1430-Z
8�4�!�	1B3��Z�4-^
828�R1B365:7H143B�21�3;�=5	68�4-^� e -)

3A7[143<-_�1�!�4->5/� �P¿ �DX � 58/6/�28�>3;�À2<78�;/A-1�/� = *�-)�/����3p�@5	� � 5:1B-F7�1B35�2/}14���:78���)�43 � 1B3A587Ð���/�R1B5	�
3A7H143<3�� ¿ /;2"�O�b��305	�R�4-)9:36587+
03;
k7<5:1���3<5 . �27<A�14���:78���^�43 � 1B3A587����/�R1B5	��603678
<3A789$�	3A1B- . 3A143
3<3�9	3+���;5	�	-)� . 3<-F7»��2868
?3A1	1B-)
H145 > ÆJ*8* =�C 5	���	3;6</sA��	5	
?-ÀA8-R1L1B5$6Y-e3;
0-;7�1B3sLn-)
k-F/6-)
?-;7�1
. 3V143$�D7<-)9	�21B3 e -G�4-)9/2</5�21436587?5/� � 58/sA-3<-)
8�	367 � �45	
?5:14-)�Ç
�3�9	3�1J6P- � �4-^�4-F7�1{3679143<3��T�	-)983A587 =
� 5 . - e -)�^(#1430- � �4-)�	-;78�F-q5/�}5:1�3<-)�L-F/6-)
?-;7�1��D3A7H143<- ¿ /�28�O�b�73<5	�G�4-^9836587�
?3;9	3�1L5 e -)���	3;
<-
1�3<-�36783<3�6<3A1436587Ë�1�/2"�4-)
H6ÃAJ-;/6-^
�-F7�14� � �4-^�4-F7�1=367>1�3<3;�0�	-)983A587 =
Q 5+�:7"
��F58/6/A-1�/9	20-)�I�4- � 5	�E1B-^
Ð�:7»2 � �E14�4-)�/
ü�4- ] 20-;78�F-q1B-^��
?-)
Ð�!��^Y�M1�3B�21:�1�:7+-;7W�

3B�278�;-|-�F � �	-)���4365:7N�[�	5	
{�0
?367<3�
c�2/VX ¿ ò{�OX ¿ ò7
$� � �	5	
?5:1B-^�§�[�45/
{3<28
Ë�:7I�^A�1B5	
?-)9	�:/65 e 3;��28�
�/� . -;/A/¬�/����oB�plp�z^n�X�O�Vj738� � Å/U��:78
>143<-I
?367<3�
c�2/n^P��� � �	5	
?5:1B-^� = > 3<-D-�F � �	-)���4365:7H�F5	2</;

6Y-��[28�	1�3<-)�L-F783B�:78�F-)
�6<Ak1�3<- � �	-)�4-F78�;-�5/�.�Xo��H� Y Ê � =�> 3<-9^Y�c�4-)9:36587t�F5	
 � �43;�	-)�L143"�4-;-
�L,Gh²�J7B�/
?-;/�A/(��L,Gh²¾8(���,Gh�nô�:78
��6m[%���� = > 3<-�
<-F/6-F1436587�5/���6m[%����»�4- ] 2<-F78�;-W5	�M143<-
�L,Gh²¾$�4- ] 2<-;78�F-Ë
0-)�)�	-1�/�	-)
C143<-À�4- � 5	�E1B-)��9:-;7<-e-�F � �4-^���43A587�(¬68201�143<- � �4-)�	-;78�F-�5!�.�6m[%����
98-F7<-��:/A587<-D�;5	2</�
M7<5:1��/�F143 e �214-=1430-IX ¿ ò�
 � �45/
�5:14-)� = > 3<-�1���2<78�)�21B3A587M5/�S�L,Gh�n:�2/;�45

<3�
M7<5:1@
<-)�^�4-)�/�4-\1�3<-7�	- � 5	�	14-)�@9:-;7<-\-�F � �4-^���43A587_��289/98-)�E1B367"9U143B��1]14303;�0�L,Gh�
?3;9	3�1}7<5:1
6Y-�3�
 � 5	�E1��:7�1��@5	�914���:78���^�43 � 1B3A587ô�[�45	
�1�3<-+X ¿ ò�
 � �45	
?5:14-)� =�� 5 . - e -^�)(G�:7ÃAa
<-;/A-��
1436587�367_�L,Gh²¾À�	-)��20/A1B-^
M367�1B5:14�:/­�/6P5:/63;��38
?-;7�1]5!�¬�/�F143 e �21436587Ë�1� � �!6<36/A3A1MA�5/� ^Y�N�4- ] 2<-;78�F-
� Y Ê � = ^Y�d�	- ] 2<-F78�;-$�F5	2</�
��!�F1B3 e �21B-�-�F � �4-)���43A587��[�	5	
}�:/A/#1430-91�38�4-F- � �45	
?5:1B-^���\14-)�	14-)
 =
� 5 . - e -)�^(`143<-�AK
<3;
c7<5:1D�	1�28
"AJ143<-:�458/A-�5/�#^Y�g�4- ] 2<-;78�F-�367K�;587�14-�FX1\5/�G143<- � 5:/�A-3<-)
"�4367
� �	5	
?5:1B-^� . 3<3���3k3;�f3A1��=7B��1428���:/#70-;3;9/3-6Y5	�=367�1�3<-�I�K ¿ Q C ò 98-;7<5/
�- =D> 3<- ¿ /;28�O� ¿ /;2"�

�&U	n
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�	-)983A587p�;5	
 � �43��4-^��5/�f1430-�-F7�143;�	-+�6m[%����+�L,Dhë�/� . -F/6/R�/� � �!�	1B3;�:/��	- ] 2<-;7"�;-)�>5!�I�L,DhS�)(
�L,Gh�nc�:78
t��,Gh�¡	U i"= ,=/A14305	289	3�( Q 5M-F1I�2/#5	6"�4-)� e -^
��$�	-)
82"�F1B3A587H3A7H-�F � �	-)���	36587t�[�	5	

X ¿ ò7
 � �45	
?5:1B-^� . 3<-;7[1�3<-Z�6m[%���� . �/�À
<-;/A-F1B-^
�(#1�3<-c�	-)��2</A1�� � �	-)�4-F7�1B-)
ô30-)�4-c��289	9:-)�	1
1�3B�211(/�21B/A-1�/�E1�3A7T1430-@�1�!�4-{5/� � 58/sAW30-)
8�	367 � �45	
?5:1B-^�)(¢143<-@
<-;/A-F1B3A587U5!�g�6m[%�����
<5X-)��705:1²�)�/28�	-
�:7ÃAd�	3;98703�LB�)�:7�1R
<-)�^�4-1�!�4-U3A7d�4- � 5	�E1B-^�G9:-;7<-�-�F � �	-)���4365:7ô�³h#3;9	28�	- i"= n � =

*�3�
�3A/5�/�	/�A	(w143<-_
<-F/6-R1B365:7i5!�=1�3<-H��,Gh C�>RC �O�L,Gh '	Y/¾<��(�143B�21g�F5	
 � �43��4-)�g��
Ë�\é	5	�
� 5	�	1436587?5/�P143<-7*"�/�^���O�áQG
<-)���	-)983A587�(<
<3�
�7<521@�	-)��20/A1}367��43;9:7<3�LB�)�:7�1J�4-)
"28�F1436587�367��4- � 5	�E1B-)�
98-F7<-\-�F � �4-)���43A587��³hG3�9	28�4- i"= n � =�C�>RC � C �45:14-;3A7 > A-�	5	�43A7<- C 3<5	� � 3B�214�/�4-1�T�[�45	
¤£.¥IQ C ò
3B�!
À6Y-;-;7À
<-)
?5878�E14�4��1B-)
T1B5730-;/ � 367�143<-T��28� e 3 e �:/�5/�<1�3<- e 3���28�?2<78
<-^�G7B��1428���:/<�;5878
03A1B3A5878�
6ÃA�3678�^�4-1�!�4367"9T1430-�Æ Q , ��-F783B�:78�F-)
J/65-�;5/
�5:145	��A��/�F1436587P��367J£\��¥?¦;§F¨?¥q��o��</;�/� e �:-À� ¡Ãn � =

> ÆJ*8*À�4-)�/����30-)� AX36-F/;
<-^
À
Ë�:7ÃA � 5:14-;7�1B3;�:/�14���:78���^�43 � 1B3A587N���!�F1B5/�S6<3A78
<3A789D�	3A14-)�G3A7À6Y5:143
1�3<-:*"�/�)���O�b�73<5	���278
>143<- ¿ /�28�O�b�73<5	�@�	-)983A587 =�� 5 . - e -)�^(Y1 . 5��1�:78
03;
B�214-)�.7B�/
?-;/sA	( � *"Æ
�:7"
c���R1����R��3<5 . -^
c3<3�9	3<-)�²���;5/�4-)� . 3<-F7Ë�F5	
 � �/�4-^
9145�5:143<-^��14���:78���^�43 � 1B3A587Z���/�F145	� 6<3A78
W�
3A789q�	3A14-)� = > 3<- � �	-)�	-;78�F-W5/��-F3A1�3<-)�J5/�T143<-^�4-����!�F1B5/���K2 � �	1��4-)�/
 1B5�143<- � 5:/�A-3<-)
"�4367
� �	5	
?5:1B-^�G�F5	2</�
�-F783B�:78�F-T-�F � �4-^���43A587+6ÃA Ê �O�@58/;
���3A- . 3A14305	201.143<-:�:3�
c5!���:7ÃAJ5:1�3<-)�G2 � �
�E14�4-)�/
ù�4- ] 2<-F78�;-1� = ��7M143<-��)�/�4-�5/� � *"Æ{��3<-)�21���3<5-���q-;/A-)
?-;7�1���(�1�3<- � �	-)�4-F78�;-�5/��-F3A1�3<-)�
�/�E1B3sLB�;3;�:/6/sA��)�	-1�214-)
H��3A-��;5	
À6<367<-^
 � *"Æ²�b/63;�2-]-F/6-)
?-;7�1���5	� �;5/
Z6<3670-)
 � *WÆ�H©5:143<-^�G14���:7W�
���)�43 � 1B3A587Ë���!�F1B5/�@6<3A78
<367"9:�	3A1B-^���@�!� . -;/6/§�/��143<-\-�F"�/�F1 � *"Æ²��/A3;�:-f-;/A-)
?-;7�1 � �4-)�	-;7�1.367?143<-
*"�!�)���O�ª��3<5/���4-)9:36587D5	��143<- � �4-^�4-;7"�;-N5/�B�F/5�/���43��1�:/ � *WÆt�[�	5	
«��oB�plp�z^n�X�O�VjJ3"� � Å/U � �45/
�5:14-)�
�F5	2</;
>3A78
<- � -F78
<-;7�14/�AM-F783B�:7"�;-L-�F � �	-)���4365:7�3A7d�Z�43�
�3A/5�/��
Ë�:7<7<-^�I�³h#3;9	28�	- i"= �	� � = ��7M143<-
�)�/�4-=5/�¬���F1����	(�1�3<-=5/�436-F7�1��2143658795/� 1�3<-G6<3678
036789�-;/A-)
?-;7�1 . �/�J�@5	2<78
?1B5N6P-G2<7<3�
 � 5	�E1��:7�1
�@5	�91430-Z-;7"3B�:78�F-)
?-;7�1 = ���F1��4�H603678
<3A789»�43A14- . 30-;7 � �	-)�4-F7�1>-;3V143<-^��3A7i1�3<-ó`��@5/� . �/��
8b
5	�H`��	- e -)���	-)bk5	�	36-F7�14�21B3A587t�;5/2</;
�-;783B�278�;-?-�F � �	-)���	36587��[�45	
¬1�3<- � 58/sAW30-)
8�	367 � �45/
�5:14-)�
. 3V143[- ] 28�:/}-R­��;36-F78�^A �³h#3;9	28�	- iW= � i � = Æ ¿ *W, . 3V143[58/A3;985:7-2"�;/6-F5:1B3�
<-)���)�/����AX36789H-F3A1�3<-)�
1�3<- � *"Æ®5	�D1�3<-d���R1����Ë�4- ] 20-;78�F-)�g��3<5 . -)
ô� � -^�;3�L8�$�;5	
 � /A-�F�-)� . 3A1�3è#&%�'�7<28�F/6-1�!�T-�F-�

�&U:¡
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1��4�/�R11( � �	5 e 3�
<36789�- e 3;
<-F78�;-�143B��1G���!�F1B5/���0�4-^�4-^
Z6</63A789 � * > hý��30-1�21G��305W���M1��4�:78���)�	3 � 1436587
���/�R1B5	�^(<5	� � *"h?�f3<-1�21���3<5-���c���/�R1B5	�4�@�:78
H���F1����I�/�	- � �4-^�4-F7�1=367�143<-L7<28�F/6-1�!�N-�FX14���/�F1��f5!�
#&%�'��;-F/6/�� =
x�-�3B� e -»�[28�E143<-^�_�1�/���436-^
¯5/201_6<365-��3<-^
�3��1�:/���38�/�4�/�R1B-^�43;�)�21B3A587�5/�D143<-�6<3A78
<367"9i5!�

���F1)�^��/A3;�2-Z3<5	�E1N���!�F1B5/�&���4�D�[�45	
o#&%�'$�;-;/A/;�\145J1�3<-Ë���F1��4�9-;/6-^
�-F7�1 � �4-^�4-;7�1U367H1430- ¿ /;28�O�
�73<5	�R�4-^9836587 = xE30-;7k143<-À6<3678
036789$�	-1�/�R1B3A5878�\5/�@���F1������	- ] 2<-;7"�;-��[�45	
°1430- ¿ /;28�O�ª��3<5/�
�	-)983A587 . �/���1�/���43A-)
i5	201?367�143<- � �	-)�4-F78�;-�5/�\-F3A1�3<-)�g
?587<5 e �:/6-F7�1?5	�g
<3 e �:/6-F7�1g�)�21B3A5878�
��Q7�ÃX]/³(Wh#3;9	28�	- i"= �p¡ (WX��ÃX]/;Ä@hG3;9/28�4- i"= �\Å ( ¿ 9ÃX]/;Ä�h#3;9	28�	- i"= �&Y �278
 ¿ 7BX]/;Ä�h#3;9	28�	- i"= �&' (
�	-)� � -)�R1B3 e -;/sA"�\1�3<-g6<367"
<36789>5!�}1�3<-Ë���R11�^�b/63��:-À���/�R1B5	� . �/�D367"3<3;6<3V1B-^
H367k1430- � �4-^�4-;7"�;-q5!�
n/U!
Ë
 ¿ Q7�ÃX]/³(Pn!
 ¿ X��	X]/;Ä&( ÊW= n!
 ¿ ¿ 9<X]/;Ä1(­nV
 ¿ ¿ 7PX]/�Ä =T> 30-)�4-��@5	�4-!(n143<-N
<3 e �:/A-;7�1
�)�21B3A5878� . -)�4-I�E14�45:789�3A783<3�6<3A145	���}5/�²���R11�^�b/63��:-7���/�R1B5	�0603678
<3A789e1B5�l�QG,å�/�R�;5	
 � �/�	-)
>1B5

?587<5 e �:/6-F7�1R�1�214365878� = xE3<-;7c143<-N6<367"
<36789��	-1�/�R1B3A5878� . -^�4-N�1�/���43A-)
c5	201f367>1430- � �4-)�	-;78�F-
5/��ÆÇl > ,:(T��
<3 e �2/6-;7�1g
?-F14�:/���3<-F/5�2145	�)(�143<-K6<367"
<36789 . �/�?7<5:1?3678303;6<3V1B-)
�- e -;7�367�143<-
� �	-)�	-;78�F-�5/�?�&U	U!
 ¿ ÆÇl > ,ê��hG3;9/28�4- iW=ÈÊ U � =²> 30-)�4-G�4-^��2</V14�Ç��2"9	98-)�E1|143B�21�1�3<-R6<367"
<36789L5!�
1�3<-����F1)�^��/A3;�2-N���/�R1B5	�.1B5�143<-T5W�R1��/
?-)�G�4- ] 20-;78�F-�
05�-^��7<5:17�4- ] 203;�4-À�:7ÃAK
<3 e �:/A-;7�17
?-F14�:/
3A5878�T�@5/��6<367"
<36789 = ÆÇ�/�4/A36-^� . 5	���g�[�45	
±x�-)�	14367>-R1R�:/­��289	9:-)�	14-)
>1438�21{1430-�6<367"
<36789U5/�g143<-
5-�F14�/
�-^��6<367"
<36789+���!�F1B5/���³� > h�²	���F1����\�D145+1�3<-J5W�R1��/
?-)���	- ] 2<-F78�;- . �/�?7<5:1Ë� r -)�R1B-^

. 3<-F7H143<-ZÆ ¿ *W, �4-)�/�F1436587"� . -)�4-��)�/���	36-^
H5	201 . 3A143�
�-R1��:/Ò�M
<- � /6-R1B-)
Ð�³ÆÇl > ,³14�	-1�214-)
P�
� - Q ��7<28�F/6-1�!��-�F�1��4�/�R1�� �1¾<n � = *�3�
�3A/5�/�Z�	-)��2</A1�� . -)�	-+�:/��45+5	601��2367<-^
 . 3<-F7�1430-��4�!
�-
�	-1�/�R1B365:78� . -)�	-��1�/���43A-)
U5/201�3A7T1430- � �	-)�4-F78�;-N5!�¬�	(��1UV� � 30-;7B�:7�1�38�458/A367<-!(/�27U-F­��F36-;7�1�
?-F14�:/
��3<-F/5�2145	�N5/��´`7�( ¿ 7�(­X@2H�:78
Hhn-L36587"�N� �1¾<n � =

���F1)�7Æ ¿ *W,É�4-)�/�F1436587"� . -^�4-G�1�/���436-^
�5/201|367�1430- � �4-)�	-;78�F-�5/� ¿ -R143ÃAX/ µ��4-F-;7���
Ë�\é	5	�
9	�	5�5 e -Z6<367"
<36789c
"A8-1���:78
t
<3��	1��!
ÀA-�;367�,ú��
?367<5/�D9	�	5�5 e -Z6<367"
<36789c
8��289Ã� =�> 3<-��	-)��20/A14�
��3<5 . -^
q143B��1}1�3<-R6<3678
036789 . �!�}3A783<3;603A1B-^
g
c�/��983678�:/6/sA�3679143<- � �4-^�4-F78�;-=5/� �1
 ¿ 5	� Ê 
 ¿

<3��	14�/
ÀA-�;3A7a,:(Ç68201?7<5:1�367�1430- � �	-)�	-;78�F-Z5/� ¿ -F1�3<AX/�µI�	-;-F7î��hG3;9	2"�4- i"=þÊ � � = X@��AW�E1��:/

�&U	Å
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�E14��2"�F142"�4-)�#5/� C � ��¶ �[�	5	
ë���F1���� � �45:14-;3A7:��289	98-^�	14�w143B��1#3V1?6<3678
"�w145f1�3<-T
Ë�\é	5	��9/�45X5 e -}5!�
1�3<-@l�QG,ý� Ê n � =S> 30- C � � 
05	
c�2367�3;�¬�G6<3 � �!�	1B3V1B- 
05	
c�2367I�;587"�43;�E1B3A789=5!�B� C � � �M� � -)�F3�LB�
� C � �=¶ ���:7"
 C � � �M3<5	
?-;5-
<5	
Ë�:3A7t� C � �=·�¸ �T�F587<7<-^�F1B-^
H6ÃA_�U¹<-�F�3;6</A-\/63A78�:-^� =�> 3<-L/A-^�O1
3B�2/��g5/�`143<-D�;5878�	-;78��28�.5W�R1��/
?-)�Ç�	- ] 2<-;7"�;-/(P, > µNX@,7,D, > (03;�J�4-^�;5	9:7<3;�	-)
$6ÃA?143<- C � �=¶ (
. 3<-^�4-)�/��1�3<-G�43;9/3�1Ç38�:/��­6ÃA C � �f·�¸ � Ê n � = X]5	
 � �/�43��458795/�Y143<-Dl�QD,ó603678
<3A789 � �45 � -^�	1B3A-)�
5/� C � �=¶ �:78
 C � �=·�¸ ��289	98-^�	14��143B��1@6Y5:143 C � ��¶ �:78
 C � �f·R¸ 3678
<- � -F78
<-F7�14/�A��4-^9	2</;�21B-
� � -^�;3�L8�;3A1MAÀ�21G5 �8� 5	�43V1B-�-;78
8�G5/�n143<-�l�QD,a�43A14-��³n�� > , > µ X@,D,7, > i �þ�S�:7"
Z6P52143Z
<5/
c�:3A78�
�F587�1��/�R1c1�3<-��;-F7�1��4�:/I6B�!�4-)�ª�OnX� > , > µ:X@, ,7, >Ri �þ� . 3<-)�	-��F5�5/��
<3A7B�21B-t603678
<3A789�5/�D143<-
C � ��¶ 145L143<-0
Ë�\é	5	� 9/�45X5 e -.5 e -)���43;
0-)��143<-N3A7�14�43A78�43���� � -)�F3�LB�F3A1MAU5/� C � �=·�¸ 367e1430-0
�3A7<5	�
9	�	5�5 e -d� �/� � =D¿ 5	�	-;5 e -^�)( 3A7�1�3<-À
?5W
0-;/ � �45 e 3;
0-)
+6ÃA�l\-)�<�:-^�\-F1��:/O(n1430-ZQR�ª1B-^��
?367B�:/g5!�
1�3<- C � �=·�¸ 3�� � 5	�	3A1436587<-^
��21|143<-G
�3A7<5	� 9/�45X5 e -Z� Ê n � = > 3<- C � �=¶ 
<5	
Ë�:36793;�Ç�	-;/5��1B-)
91B5
1�3<-Nl�QD,å6<3A78
<367"9�
05	
c�23678�{5!��º��278
H¾ i ¾g�4- � �4-)���45	���7�278
H¾ i ¾ËX@�45 � �45:14-;3A78�N� Ê n » ¡ÃÅ � =

���F1����93;���d28603 ] 2<3A145	28�	/�A�-�F � �4-^���	-)
W1��4�:78���)�	3 � 1436587+���/�R1B5	�=143B�21I38�/��6P-F-;7»�4- � 5	�E1B-^

�[�	5	
�7-2"�;/6-)�/�G-�FX14�4�!�F14�G5/�P
c�27<A�143;����2<-}1MA � -)�^( . 3<36/A-@�:705:143<-^�S���/�R1B5	�^(Ã���F1�� Ê 3��#/sA-
 � 30583;

� � -^�;3�L8�.1�3B�21Ç6<3A78
8��145N�M9 � � �45	
?5:14-)� �	- ] 2<-;7"�;-)� = ���R1��/
?-)���	- ] 2<-;7"�;-7603678
<3A789 � �	5:1B-F3678�
6Y-;/A58789k1B5 C � � � C 3V1��4�K� �R1��4� � 78���MY8¡	I�143<-K
?-)
Z6Y-)��� . 3<-)�	-�1430-K
05	
c�2367 . �/��L8���	1
3�
<-;7�1B3sLn-)
B�S���/
�3A/�AD5/� � �4521B-;3A78�Ç�:78
��;5:7�14�:367���6<3 � �/�	143A14- C � � 
05	
c�2367e1438�21Ç3B�/�J� C � �
� � -^�;3�L8��
05	
c�2367��:78
�� C � � 3<5/
�-F5W
<5/
c�:3A7a� Ê n � =Ë¿ -^
Z6P-^����5/��143<3������/
�3A/�AK�;5:7�14�:367
1�3<-�3<3�9	3</sAp�;5878�	-)� e -)
 C � � 
<5/
c�:3A7î� n!¾ � = ���R1�����6P-F/658789/�?145�14303;�Ë���!
�3A/�A[5!� C � �
l�QG,G�M603678
<3A789$
<5/
c�:3A7+�;5:7�14�:367036789 � �45:14-;367"��� Ê n � = ��1�3<-)�����/�R1B5	���\143B��1I6P-F/658789M145M143<-
C � � ���/
?36/�Ac5/� � �	5:1B-F3678���!�4-:¼N���R1�� Ê ( C 3A1����	(����F1���¡>-F14� = ��7���oB�plp�z^n�X�O�VjÀ
�5	�E1L5/��143<-
C � � 
<5	
Ë�:367 � �45:14-;367"�I�/�4-�3A7 e 58/ e -)
C367t
0- e -F/65 � 
�-F7�1N�F587�14�45:/R� Ê	Ê » ¡!¾ » Y	' » �&UÃn » � i Y »
�1¾"� » �\n!¾ � = ���F1��������/�R1B5	��38�/
H6Y-;-F7�3�
 � /63;�)�21B-^
q3A7M143<-I�4- � /63��1�21436587q5/�S�/
<-;705 e 3���28� =T> 3<-
C � � 
<5	
Ë�:367 . �/�Z�@5/2<78
�1B5k3A7�14-)���/�F1 . 3V143[1430-M1B-)��
�3A7B�:/ � �4521B-;3A7W�ál�QG, � 58/�A-
?-)���/�4-
�F5	
 � /6-�F =Z> 30- C � �=·�¸ . �/�N�:/��45d�@5	2<7"
C145J367�1B-^�4�/�R1I68201 . 3A1�3C1�3<3;�7�;5	
 � /6-�F§(?6"201L143<-

�&U/Y
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3A7�14-)���/�F1436587 . �/�\/A-)����143B�27H143B�21�367Z1�3<-Z�)�/�4-�5/��1�3<-e-F7�143;�	- C � � 
<5	
Ë�:367 =D> 3<- C � ��¶

<5/
c�:3A7 . �/��7<5:1À�@5	2<78
[145H367�1B-^�4�/�R1 . 3A1�3[143<-c�;5	
 � /6-�F � Ê/i � = ÆÇ�/�4/A36-)�^( � ��1�Ln-F/;
ô�:7"

� -1�/�	36789R3B�/
N��305 . 7D143B��1w1�3<- � �4-^�4-F78�;-}5/�P���F1����Ç6<3A78
<367"9G�	3A14-)��367L1430-T�!
<-;7<5 e 3;��28�J�&U i 6 �
3A7 e -)�E1B-)
H14-)��
�3A7B�:/��4- � -)�21Z��� > ,D� . -)�4-À6P5	2078
�6ÃAH�;-;/A/;2</;�/�{14���:78���)�43 � 1B3A587_���/�F145	�����R1����
�:7"
c�	143;
Z20/5�214-)�Tl�QD,E�4- � /63��1�21436587J�O½c¾p�O¾:�:� nW� � = �b1 . �!���:/��45N��3<5 . 7M1438�21 C � � 
<5	
Ë�:367
�[�	5	
 
<3 r -^�4-F7�1R��286­�;/5�!���4-^�.5/��14�4�278���^�43 � 1B365:7$���/�F145	���0�F5	2</;
d�E1B3�
Z2</5��1B-��!
<-;7<5 e 3;��28�Gl�QD,
�	- � /A3;�1��1B365:7!�O½¿¾p�OÀÁoB�Ð� �1¾ Ê � =ë> �/�:-F7�145	98-R143<-^�)(.143<-^�4-��4-^��2</V14�$��289	98-^�	1>1438�21K���F1����k5	�
1��4�:78���)�	3 � 1436587t���/�R1B5	���:6Y-;/A5878983A789M1B5 C � � 
<5/
c�:3A7��;587�1��2367<3A789 � �45:14-;3A78�N�/�4-9-)���4-F7�1435�:/
�@5	�R�!
<-;7<5 e 3;��28�R�4- � /63��1�21436587 =

j -F36789p�:7ó2"6<3 ] 2<3V1B5	28�	/�Ai-�F � �	-)���4-)
 � �4521B-;3A7�(D���F1��4�t3B�/
ó6Y-;-F7¿3�
 � /63;�)�21B-^
�3A7�143<-
�	-)9	2</;�21B3A587J5/��1��4�:78���)�	3 � 1436587J367��?/;�/��9:-D7<28
À6P-^�=5/� 98-;7<-^� =R> 3<-D3;
 � /63��1�21436587q5/��3B� e 36789
� e �/�43;�/6</A-�/63A78�:-^�06P-R1 . -F-;7c143<- C � ��¶ �278
 C � �=·�¸ � Ê ¾g�	-)�43�
82<-^�f3A7M143<-I�)�/�4-�5/�²���F1����\�
�:/A/65 . ���@5	�N3A7�14-)���/�F14365878�N5!�G5:1�3<-)�����!�F1B5/���N143B��1R6<3678
J1B5�l�QG,ë�:78
����R1��4�D3V14�	-;/��@� ¡ÃÅ � =

���F14�/
�-^�D�	- ] 2<-F78�;-^�N38�/
+6Y-;-;7���3<5 . 7H1B5Ë6P-T3;
 � 5/�	1��27�1R�@5	� ��Ê!j 98-F7<-U-�F � �4-)���43A587
3A7ÃÂemR½`�z^Y��l95X5-�^A�1B-^�$�:/A58789 . 3V143 X0X@,7, > 
�521B3��[�g
82"�4367"9�1430-�
<- e -;/A5 � 
?-;7�1M5!���[�45	9
-^
Z68�45&A-�c� n	n � = ò C �p¡"(?� � �45:14-;3A7+-F78�;5-
<-^
ª6ÃA � -^� � -)�À*�3;
 � /6-�F+ò�3;��2"�D3A7�1B-)���/�F1�� . 3A143
���F1����d�2/658789 . 3A1�3ô�+3<5	�E1À���/�R1B5	� � X > ��3<5	�E1��;-F/6/Ç���/�F145	�����[�45	
 � - Q ���;-F/6/;�À�:78
[1�3<3;�
3A7�14-)���/�F1436587[3��e-)���4-F7�1435�:/T�@5	�T1�3<-M14���:78���^�43 � 1B3A587[5/� � *-òÄ�ªm:98-;7<-t� �1¾Ã' � =+� �	36789»���R1����

<-�LB�;3A-;7�1Ë
�5	2"�4-/(�Q=5	9	20-;3;�	5C-F1Ë�:/R��3<5 . -)
�1�3B�2191430- � *-ò%3A7"�@-)�R1B3A587 . �/�Ë�/���4-)�E1B-^
�367
���F1����Ë
<-^LB�F36-F7�1Z�;-;/A/;�^(?�[28�E143<-^�Z�/2"9	
�-F7�1B367"9Z- e 3�
<-;78�F-q1438�21����R1�����3;�N�4- ] 203;�4-^
ª�@5	��143<-
1��4�:78���)�	3 � 1436587J5/�S�áÆè98-F7<-�-�F � �4-^���	36587Ð� �&UÃÅ � =

> 3<- � �45/
�5:14-)���k5/�M,GQD, � 58/�A-
?-)���/�4-ô�����:7"
 �����K3-2"
c�:7ê��
Ë�:/A/U7<28�;/A-1�/�C,GQD,
�[�47n,GQD,�� � �	5	
�521B-)���Ç3B� e -��I�;5/
Ë
?587 � �451F�3;
Ë�:/8�	- ] 2<-F78�;-\-F/6-^
�-F7�17� C *WÆT� = ��7c�/
"
<3A1436587
145 C *"Æ0(�1�3<- � �45	
?5:1B-^���?5/���2/6/0�47<,DQG,÷�;5:7�14�:367q6<367"
<36789»�43V1B-^���@5	�?5-�F1��!
�-^���M603678
<3A789
1��4�:78���)�	3 � 1436587t���/�R1B5	���c�³���F14�4��(S�:78
��[2<78�R1B365:7B�:/ �E1428
<3A-)�N3B� e -?3678
03;�1��1B-)
k1�3B�21�143<- C *"Æ

�&U/'
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�:7"
�5-�F14�/
�-^��-;/A-)
?-;7�14� . 5	���À�;5X5 � -^�4�2143 e -;/�Ad� �&U i � =�¿ 3A1	1��:/<-R1J�:/B3B�/
g��3<5 . 7�1438�21 C � �

<5/
c�:3A7[5/�����F1��4�	(Ç6820197<521�143<-d�	-;/5��1B-)
 � �	5:1B-F367 C 3A1���� C � � 
<5	
Ë�:367k(��1�:7ô���/�F36/63V1��214-
1�3<-Z6<3A78
<367"9q5/�Ç�	7n,DQG, C�Å �³� >Rj@CÉ� �	5:1B-F367W�f�;587�14�:367<3A789��;5	
 � /6-�Fc143B�2176<367"
8��1B5 C *WÆT�
� '	' � =@> 3<-��IX@,G� j �³� j h?���/( j 5	6��\���;5	�/�F143 e �21B5/� � �45:14-;367_�[2<78�R1B3A5878�f367c3;
�
Z2<7<5	9:/65	682-�
/A367�14���:78���^�43 � 1B3A587��:78
 j �M�;-F/6/B
<3 r -^�4-F7�1435�21436587�6ÃAg�@5	��
�3A789I�N�F5	
 � /6-�F . 3A1�3?1�3<-����R1����f5	�
���F1�� Ê 14���:78���)�43 � 1B3A587+���/�R1B5	���I�:78
C143<-�5-�F14�/
�-^�Il�QD,Á�	- ] 2<-;7"�;-t� �\Å » Y	Y » � i/i � = ���R1����
6<3A78
<3A789g�43A14-)� . -)�4-T367<3V1B3;�:/6/sA�3;
<-F7�1B3�L<-)
c367J143<- ��Ê!jÉ� �	5	
?5:1B-^���.367_��3<3����:-;7ô� ¾<Å � =J> 3<-^A
. -)�	-��@5	2078
+145H6Y-g�;587"�4-)� e -^
[367k1430-cnX��2<7�14�4�278�4/;�21B-^
��	-)983A587C5/� �7Ê/j 98-;7<-^�UÂemR½`�z^Y��l
�VjXmR¾p�6l�(P#~ÀÁoB��½XÆ:§��6�pKzmR½nÀÁoB��À���l�^Y�Xo�^Y�Xo	j:ÀÁ��lT�:78
cÇ�l;j:¥�¥qmzKz�X�O½n��l=¥��O�È��j:o��6lÇ�:7<É�143<-=ÊP58Ë	3A1436587
.]Ì Ë�6Y-F1 . -;-F7J1�3<-�X@,D, > 6P51F Ì 7<Éq1�3<- > , > ,î6P51FPÍ Ì 7<Éq1430-^A . -FÎ4-\3A7<3A143 Ì /A/�A�1B-FÎ4Ï?-;É Ì Ë
` �7Ê/j Ë4ÊY-;ÐF3�LnÐ j 51FWb~Ñ ¾<Å ÒRÓ
,.-;Ð;-F7�1B/AÔ:Í ¿ -FË4Ê</ªÕ-;É<- Ì 7<É�Ð;58/A/6- Ì2Ö8× -;Ë|Ø Ì ÉqË4Ø05¢Ù.7�1BØ Ì 1@�\ÐF1EÚzÛfÜ<3670É<Ë�145U5XÐF1 Ì Ï�-FÎEÚb/636Ý2-

Ë	-;Þ × -;70Ð;-;Ë�Ê<Î4-FË4-;7�1=367>1BØ0- × Ê<Ë	14Î4- Ì Ï¤Î4- Ö 36587J5:ß#à�7�1B-;ÎEß@-;Î	587�Úâá Ö -F7<-:Ó|ãNØ<-RÔJË4Ø<5pÙ}-;ÉZ14Ø Ì 1
�\ÐF1EÚzÛfÐ;5 × /6É9Ü<3670É?145TàâäXåUÛ8ÛUÑ�5870-f52ß`1BØ0-fàâäGæ.ÚâákË × Ü01�ÔXÊP-FËzÒ|Ê<Î458Ï?5:14-;Î�ÜY5:1BØc�O½J¾p�O¾:� Ì 70É
�O½c¾p�OÀÁoB� Ì 70É>Î4-;Ê0Î4-;Ë	Ë4-FÉcàâäGæ.Ú�å¯5pç8-;Î	-Rè�Ê<Î	-;Ë4Ë	36587`Ó}ãNØ<3AË]Ï?3 Ö Ø�1}Ø Ì ç8- Ì Î4- Ö:× / Ì 1458Î	Ô9Î	58/6-f367
Ê<Î	-Fç:-;7�1B3A7 Ö 14Ø<-�É<-F14Î436Ï?-;7�1 Ì / -FéP-;ÐR1f5:ßGàâäGæ.Ú�å®5pç:-;Î4-�è�Ê<Î4-FË4Ë43A587�Ñ ê8ë ÒRÓ
ãNØ<-+36Ï?ÊP5:Î	1 Ì 7�1MÎ458/A-H5:ßZ�LÐR1	ÚBÛ+3A7�Î4-;Ê0/636Ð Ì 1B3A587 Ì 70É¿14Î Ì 7<Ë	Ð;Î	36Ê01436587�367 Ö -;7<-FÎ Ì /ÁÍ�367

ç Ì Î	365 × ËUË4ÊY-;Ð;3A-;Ë�Ø Ì ËeÜP-F-;7�Ù}-;/6/]-;Ë	1 Ì Ü</A36Ë4Ø0-;É Ó�,f-FË × /V1BËeÊ0Î4-;Ë	-;7�1B-FÉ�3A7W1BØ<3AËeË	1 × É0ÔWË4Ø<5pÙ
14Ø Ì 1D�\ÐF1;ÛFÚ�/A36Ý:-=ß Ì ÐF1458Î]ß@Î45:ÏíìpîEêeÐ;-F/6/AËNÏ Ì ÔMÜY-L36Ï?ÊY58Î	1 Ì 7�1]ß@58ÎNÎ	- Ö8× / Ì 1B3A7 Ö 14Î Ì 7<Ë	Ð;Î	36Ê01436587
ß@Î	58Ï�14Ø<-TI\K ¿ æ=ï ò«ÊY58/AÔXØ<-FÉ<Î43A7 Ö -;7<-�Ê<Î	58Ï?5:1B-FÎ;Ó
à�7M1BØ036Ë]Ù}58Î4Ý~Í ��ð ÆGÚ�/A36Ý:-=-;/A-;Ï?-;7�1BË]Ù}-;Î	-L36É<-F7�1B3Añ<-;ÉM3A7q1BØ<- ð Ì Ð;à	àªÚb��Ø<58à|Î4- Ö 36587q5:ßg1BØ<-

¾8Ý�Ü × Ê<ËE1BÎ4- Ì Ïd5:ßPÊP5:/AÔXØ<-;É0Î4367�Ê0Î458Ï?5:1B-FÎ;Ó#ãNØ<-=Ê0Î4-;Ë	-;7<ÐF-=52ßP14Ø<-;Ë	-=-F/6-;Ï?-;7�14Ë�-F3A14Ø<-;Î Ì /A587<-
58ÎLÙ.3V1BØC5:1BØ0-;ÎL1BÎ Ì 7<Ë4ÐFÎ43AÊ01B3A587kß Ì ÐF1458ÎLÜ<3670É<367 Ö Ë	3A1B-FË�Ð Ì 7+-;7<Ø Ì 7<Ð;-91BØ0-�-�è0Ê0Î4-;Ë	Ë43A587�ß@Î	58Ï
ÊY58/AÔXØ<-FÉ<Î43A7�Ê<Î458Ï?5:14-;ÎcÑÁä#3 Ö8× Î	- ë0ÓVÛ8Û Ò�Óiå=/6Ë	5<Í�ß Ì ÐF1458Î4Ë9Î4-FË4-FÏeÜ</63A7 Ö Ø<- Ì 1�Ë	Ø<5XÐzÝWß Ì ÐF1458Î4Ë
ß@Î	58ÏíìpîEê�Ð;-F/6/g7 × ÐF/6- Ì Îf-�èX1BÎ Ì ÐF1fØ Ì ç8-DÜP-F-;7cË4Ø<5pÙ.7c1B59Ü<3670ÉJ145 ��ð Æ®Ñ�äG3 Ö8× Î4- ë0ÓVÛpò Ò�Ó

Û8Ûóò
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ãNØ<-=Ø<- Ì 1�Ë	Ø<5�ÐzÝ9Ê<Î	5:1B-F367<Ë�Ù}-;Î	-=ñnÎ	Ë	1}É<-F14-;ÐF14-;É Ì Ë Ì 7<-RÙ©Ê × ­?7 Ö Ê Ì 1414-;Î	7 × ÊY587?Ø<- Ì 1
Ë	Ø<5�ÐzÝZ367���oB�plp�z^n�X�O�Vjc¦;��lpKz�X�O��ÊY58/AÔ�14-;7<-eÐzØ0Î458Ï?58Ë45:Ï�-FË\367�Ûpê:¡0ÛJÑ ë:ò ÒRÓ�ãNØ<-9Ø<- Ì 1LË4Ø05�ÐzÝ
ËE1BÎ4-FË4ËâÚ�3670É × Ð;-FÉ�14Î Ì 7<Ë	Ð;Î	36Ê01436587�Î4-FÞ × 36Î	-;Ë Ì ÐF143Aç Ì 1436587[52ß�Ø<- Ì 1?Ë4Ø<5XÐzÝWß Ì ÐR1B58ÎcÑ �\ð ä�Òe14Ø Ì 1
Ü<3A7<É<Ë.1B591BØ<-�Ø<- Ì 1=Ë4Ø<5XÐzÝJÊ<Î458Ï?5:14-;ÎN-;/A-;Ï?-;7�1UÑ ��ð Æ�ÒTÑ Ûpë0Û Ò�ÍnÐzØ Ì Î Ì ÐF1B-FÎ43��;-;É Ì ËfÏ × /A1436Ê</A-
Ì É\é Ì Ð;-F7�1 Ì 7<É�367�ç8-FÎ4Ë4-=Î4-FÊP- Ì 1BË}5:ß 1BØ0-=Ï?5:1B3VßgöX�÷7~µLå�å=7në0�PÑ ë�Û ÒRÓ ��ð ä Ì /6Ë45DÜ<3A7<É<Ë|1B5U/A587 Ö
Ì Î	Î Ì ÔXË.5:ß#14Ø<36ËNÏ?5:143Aß Ì 7<É>1BØ0-�ß@5X5:14Ê<Î43A7�1{Ë43;�F-�367<ÐFÎ4- Ì Ë4-;ËNÙ.3V1BØ>1BØ<- Ì É0É<3A1436587>5:ß#- Ì ÐzØHö2Ü0Ê
× 703A1#5:ß014Ø<-;Ë	- Ì Î	Î Ì ÔXË;Ó�ãwÎ43AÏ�-FÎ4Ë�5:ß ��ð ä�Ü<3A7<ÉT145�øLæfå Ì 7<ÉT14Ø<-]7 × ÏeÜY-;Îw5:ß ��ð ä�Ë × Ü × 703A1BË
3A7kÉ<36Î	-;ÐF1\Ð;587�1 Ì ÐF1LÙ.3A14ØCøLæ=åù3AË�É<-R1B-FÎ4Ï?367<-FÉ+Ü�Ô�1BØ<-�7 × ÏeÜY-;Î�5:ß�Ð;58Î	Î4-;ÐR1B/VÔHÊY58Ë43V1B365:7<-;É
ö2Ü0ÊiÎ	-;ÐF5 Ö 7<3V1B365:7 × 7<3A14ËcÑ Û8Û)¾ ÒRÓ �\ð Æ�-;/6-FÏ�-F7�1BË9Ø Ì É�ÜY-;-;7iÎ4-FÊP5:Î	1B-FÉ�367�Ø × Ï Ì 7�Ø<Ë4ÊPÅ2ò
Ù.Ø<-FÎ4-�1BØ<-RÔ Ì Î	-LÜP5 × 7<ÉJÜ�Ô ��ð ä Ì 7<É Ì /A587 Ö Ù.3A14Ø�úNú]å�å�ã!ÜY5óè�Ú�Ü<3A7<É<367 Ö ß Ì ÐF1458ÎDÑªú]ã.ä�Ò
Ì 70ÉMÎ4- Ö8× / Ì 1B-=14Ø<- Ì ÐR1B3Vç�3V1�Ô95:ß�Ø<Ë	ÊPÅ:ò Ö -F7<-\-�è0Ê0Î4-;Ë	Ë43A587�Ñ Ûpò8ò ÒRÓJ��ß 14Ø<-�1B521 Ì /~ß@5 × Î �\ð ã.äGË
3A7cØ × Ï Ì 7<ËFÍ �\ð ã.ä#Ë;ÛyI�ë9Ê</ Ì Ô Ì ÊY58Ë	3A1B3Vç8-LÎ	58/6- Ì 70É ��ð ã.ä²¾?Ï�3 Ö Ø�1NÊ</ Ì Ô Ì 7<- Ö�Ì 143Aç8-�Î	58/6-
3A7J14Ø<-�Î4- Ö8× / Ì 1B365:7>5:ßGØ0- Ì 1.Ë	Ø<5�ÐzÝ>3A7<É × ÐF-;É Ö -;70-T-�è0Ê0Î4-;Ë	Ë43A587[Ñ Ûpò/¾ Ò�Ó
ãNØ<-I�L,fäGË|1BØ Ì 1}/63A-N367?1BØ<-D¾8Ý�Ü × Ê<ËE1BÎ	- Ì Ïû5:ß`14Ø<-�ÊY58/VÔ�Ø0-;É<Î	367qÊ0Î458Ï?5:1B-FÎ|-;7<ÐF5�É<-f1BØ<-

ß@58/A/65pÙ.367 Ö Ê<Î4521B-;3A7<Ë�7 Ì Ï?-;/VÔ8ÍS�L,=ä�ö2ò/¾+ÑÁï�Î4521B-;3A7�ã|ÔXÎ458Ë	367<-�ï�Ø<58Ë	Ê<Ø Ì 1 Ì Ë4-ZÑÁï�ã.ï�Ò4Ò�Í]¦;oB�zÚ
Ü Ì Ð × /A5¢çX3AÎ × ËgÎ	-;ÊY- Ì 14-;É:�L,=äCÑ³��,fä�ê8ü!¾�ÒRÍ0KRÀA¨FÚ�ÐF587<5:145:1B5óè�367�Úb/63AÝ:-wÊP-FÊ01B3AÉ<-:Í!�L,=äS¾DÑO�L,=äS¾�ö:ë�Ò�Í
�L,fä�öJÑO�L,=äGë Ê Å8Ò�Í Q Æ|äwÚ Ê ÑO�L,fä�¡8ë8ò8ÒRÍB�L,fä�¡8ò8ëUß@5:/6/65pÙ}-;ÉJÜ�ÔM1BØ0-DÊY58/VÔ�Ø0-;É<Î	367 Ö -;70-:Ó

��ß=14Ø<-;Ë	-+�L,fäGË;Í ð Ì Ð;à4àªÚª�\Ø<5:àTÎ	- Ö 3A587�Ð;587�1 Ì 367<Ëe14Ø<-JÎ4- Ö 36587[14Ø Ì 19-F7<Ð;5XÉ<-;Ë9Ï?58Ë	1952ß
14Ø<-g�L,=äGê8ü/¾MÊ<Î	5:1B-F367�Ñ Ê ë8ëqå=åù5:ß�14Ø<-�ë Ê ü�å�åLÒ.Ù.Ø<36ÐzØC-;70Ð;5XÉ<-;Ë Ì Ê0Î45:14-;367ZÜP-F/6587 Ö 367 Ö
145C14Ø<-cý{,0�¤ß Ì Ï�3A/AÔ�ÑÁä#3 Ö8× Î	- ë0ÓVÛ ÒRÓ[å=/A14Ø<5 ×<Ö Ø�7<5219Ï × ÐzØi36Ë�Ý�7<5pÙ.7 Ì ÜY5 × 1�14Ø<36Ë�Ê0Î452Ú
14-;367Jß@Î45:Ï°I\K ¿ æ�ï òeÍ~Ø<58Ï?58/A5 Ö Ë]ß@Î	58ÏS5:14Ø<-;ÎfÏ�-FÏeÜY-;Î4Ë.Ø Ì ç:-TÜY-;-F7�Ù}-;/6/�ÐzØ Ì Î Ì ÐR1B-;Î	3;�F-;É Ó
£\��¥?¦;§F¨�¥q��o�� ¿ × /V1B3AÊ</6-F7 × Ð;/6-F58ÊY58/AÔXØ<-FÉ<Î458Ë	36ËÇò\3AÎ × ËDÑb£.¥Uþ=ÇeÿYÒ}Ø Ì ËföUÏ?-;ÏUÜP-FÎ4Ë{Î	-;/ Ì 1B-;É
145�I\K ¿ æ�ï ò³¦;oB��7 Ì Ï?-;/AÔÀ�L,fäGË Ê	Ê Í�ü8ò0Í:ü0Û8Í<Ûpë�Û8Í Ì 70É>Ûpë Ê Ñ ë8¡ » ¡8¡ ÒRÓGãNØ0-]1BÎ Ì 7<Ë4ÐFÎ43AÊ01BË�52ß
14Ø<-;Ë	-À�L,fäGËD¦;oB�?j���m}Î4-FË4ÊY-;ÐR1B3Aç:-;/VÔ>Ð;5 × /6É>ÜY-LÉ<-F14-;ÐF14-;É Ì ËN- Ì Î	/AÔ Ì Ë0¾8Ø<Ê03 Ì 7<ÉJÉ<-FÐ;Î4- Ì Ë4-FÉ
Ì ßO14-;Î Ê ¾:Ø<Ê<3ªÓ ¿ 58Î4-F5¢ç:-;ÎFÍ~14Ø<-D-Rè�Ê<Î4-FË4Ë	36587c5:ßG14Ø<-;Ë	-L1BÎ Ì 7<Ë4ÐFÎ436Ê�1BË.Î4-FÞ × 36Î4-FÉ�çX36Î Ì /Pß Ì ÐF1B5:ÎpÑ�ËBÒRÓ
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ãNØ<-q¦;oB���4KRÍw¦;oB�����:Í Ì 7<ÉW¦;oB���4m Ö -F7<-;ËfØ Ì ç8- Ì ú]åfµ�ã - Ì Î4/VÔ�Ú Ö -F7<-�Ë	1 Ì Î	1fÏ�521B3AßâÍXÙ.Ø<36/A-?¦;oB���
j Ì 7<É®¦;oB���E¦?Ø Ì ç:- Ì ã#åfµLã¤Ë4-FÞ × -;7<ÐF-H3670Ë	1B- Ì É�52ß�ú]åfµLã × 7</63AÝ:-H�L,=ä Ê ÑÁI\K ¿ æ=ï ò
¦;oB� Ö -;7<-óÒLÙ.Ø<3AÐzØW3AËDÐF/ Ì Ë	Ë43Vñn-;É Ì Ë Ì / Ì 1B- Ö -F7<-?Ë43670Ð;-?3A1DØ Ì Ë�/ Ì 1B-RÚ Ö -;70-?Ê0Î458Ï?5:1B-FÎ�Ï�5:143Aß
Ñ@å�ã#å=åfµTÒ�ÍXÜ × 1�3A1|36Ë|7<521}Ë	Ø<5pÙ.7q1B5DÜY-f-�è�Ê<Î4-FË4Ë4-FÉ>36791BØ<-f/ Ì 1B-NË	1 Ì:Ö -FË}3A7MI�K ¿ æ�ï òùÑ ¡8¡ ÒRÓ
ãNØ<-f-Rè Ì ÐR1�ß × 7<ÐF1436587?5:ßY1BØ<-FË4-U¦;oz� Ö -F7<-;Ë�36Ë × 70ÝX705¢Ù.7`Ó�´`-;Ï?Ë4Ý:5pç Ì 70É�ÐF58/6/A- Ì:Ö8× -;Ë�Ø Ì É

Î	-;ÊY58Î	14-;ÉZ14Ø Ì 1Lý],0�=Ú�åUÍPý{,fò�ÚEú Ì 7<Éký{,���Ú�ø«Ð;5 × /6ÉHÜY-U3AË458/ Ì 1B-FÉ Ì /A587 Ö Ù.3A14ØHÐ;58Î	-UØ<3AËEÚ
14587<-NÊ<Î	5:1B-F367<Ë�ß@Î	58Ïû£.¥�æ=ï ò�3670ß@-FÐF1B-FÉJ£N¥�æ�Ð;-F/6/6Ë × Ë43A7 ÖDÌ Ø036Ë	14587<-N-�è�14Î Ì ÐR1B3A5879Ê<Î45:145�ÐF58/
Ì 70ÉcÊ0Î458ÊY58Ë4-FÉc14Ø Ì 1fý{,���Úâú Ì 7<É�ý{,0�=Ú�å ÐF5 × /AÉc3A70¹ × -F7<Ð;-�Ø<5:Ë	1føLæ=å®Î	-;Ê</A36Ð Ì 1B3A587 Ì 70É
14Î Ì 7<Ë	Ð;Î	36Ê01436587HÑ Û¢ö8ö ÒRÓ ¿ 58Î4-F5¢ç:-;ÎFÍ<367J£.¥�æ�ï òeÍ�3V1}Ù Ì Ë]Ë	Ø<5pÙ.7M1BØ Ì 1L¦;oB�����=3AË}-FË4Ë4-F7�1B3 Ì /Pß@58Î
çX36Î Ì /wÏ × /A1436Ê</A36Ð Ì 1B3A587J367�£.¥�æ�Ð;-F/6/6Ë�Ñ ¡8¡ ÒRÓ ð 3670Ð;-U14Ø<-U1BÎ Ì 7<Ë	Ð;Î43AÊ01BËL52ß=¦;oz�TØ Ì Ék7<5:1LÜY-;-F7
Ë	Ø<5pÙ.7�1B5D5XÐ;Ð × Î�3A7�I\K ¿ æ=ï ò!3A70ß@-;ÐR1B-;ÉcìpîEêLÐ;-;/A/6Ë�3A7?/ Ì 1B-NËE1 Ì:Ö -;Ë�5:ß`3A70ß@-;ÐR1B3A587 Í�3A1 Ì Ê<ÊP- Ì Î4Ë
ç:-;Î	Ô × 7</A36Ý2-;/AÔ>14Ø Ì 1f1BØ<- Ö -;70-UÊ<Î	5�É × ÐF1\52ßf¦;oB��Ñ Ê ë:ë?å=å«5:ß�14Ø<-eë Ê ü�å=å³Ê<Î	-;Ë	-;7�1L367c1BØ<-
ð Ì Ð;à4àªÚª�\Ø<5:à{Î4- Ö 36587nÒ]Ð Ì 7�3670¹ × -;7<ÐF-T1BØ0-D14Î Ì 7<Ë	Ð;Î	36Ê01436587>ß@Î45:Ï�1BØ<-DÊY58/AÔXØ<-FÉ<Î43A7�Ê<Î	58Ï?5:1B-FÎ;Ó
� -;7<ÐF-:ÍG3V1LÐ Ì 7�ÜY-9Ë Ì ß@-F/AÔkÐF587<Ð;/ × É<-FÉ�1BØ Ì 1L1BØ<-93A7<Ð;Î	- Ì Ë	-�3A7C14Ø<-9-Rè�Ê<Î	-;Ë4Ë	36587+1BØ Ì 1T3AËL58Ü�Ú
Ë	-;Î	ç:-;É�É × -?145c14Ø<-qÊ<Î	-;Ë	-;7<ÐF-q5:ß{14Ø<- ð Ì Ð;à	àªÚb��Ø<58à�Î	- Ö 3A587 × Ê<Ë	14Î4- Ì Ïh1B5J1BØ<-?ÊP5:/AÔXØ<-;É0Î4367
Ê<Î	58Ï?5:1B-FÎ{367M14Ø<-LÎ4-FÊP58ÎE1B-FÎ{1BÎ Ì 7<Ë	ß@-FÐF1B3A587 Ì Ë	Ë Ì ÔXËf3AË{7<5:1.É × -\1B5e14Ø<-�Ê Ì Î	143 Ì /YÊ<Î	5:1B-F367>Ð;5XÉ�Ú
3A7 Ö Î4- Ö 365:7M5:ß}¦;oB�UÑO�L,fä�ê8ü/¾�Ò|Ü × 1NÏ Ì Ô?ÜP-\É × -\1B5U14Ø<-\Ê<Î	-;Ë	-;7<ÐF-D52ß{KR�6l�Ú Ì ÐR1B367 Ö -;/A-;Ï?-;7�1BË
Ê<Î	-;Ë	-;7�1�3A7>1BØ<- ð Ì ÐFà4àªÚª�\Ø<58à}Î4- Ö 36587`Ó
ãNØ<- ¿ / × àªÚb�\Ø058àTÎ	- Ö 3A587�36Ë?ö:¡:ê:Ü<Ê�367�/6-F7 Ö 14Ø Ì 7<É�ÐF587<Ë	36Ë	14Ë95:ß�1�Ù}5Ð�L,fäGË�7 Ì Ï?-;/VÔ

�L,fä²¾³ÑO�L,=äS¾�ö:ë�Ò Ì 7<É �L,fä�ö®ÑO�L,fä�ë Ê Å:Ò�/65XÐ Ì 14-;É�367�58Ê0ÊP58Ë	3A14-�58Î43A-;7�1 Ì 14365870ËiÑÁäG3 Ö Ú
× Î	- ë0ÓVÛ ÒRÓ²�L,=äS¾ Ì 7<Ég�L,fä�ö=-F7<Ð;5XÉ<-{ÊY58/AÔXÊY-;Ê01436É<-FËG5:ß�Ûpö�Û Ì 70É>Ûpò8ê Ì Ï�3A7<5 Ì Ð;36É0Ë�Î4-FË4ÊY-;ÐRÚ
143Aç8-F/AÔ Ì 7<Ék5:ß�1BØ<-FË4-2Í�14Ø<- ¿ / × àªÚb��Ø<58à.Î4- Ö 36587kÐ Ì Î4Î	36-FË\1BØ<-�Ï Ì é	58Î	3A1�Ô�5:ß|1BØ<-9æNÚb1B-FÎ4Ï?367 × Ë
5:ßT�L,fä²¾CÑâÛ1¾�òq5:ß�14Ø<-MÛ¢öXÛeå�åùÎ	-;Ë	36É × -FËzÒ Ì 7<Ék587</VÔ Ì ÜP5 × 1�ö:ò��¤5:ß�14Ø<-�æ.Úª1B-FÎ4Ï?367 × Ë�52ß
�L,fä�öJÑ�¾�ò�5:ßw1BØ<-9Ûpò:ê9å=å®Î4-FË436É × -;ËBÒRÓ
å�ÐzØ Ì Î	Ô Ì�Ì 7<ÉTµL58Ê<3A7 Ì 1BØ Ì 7LØ Ì É�Î4-FÊP5:Î	1B-FÉD14Ø Ì 1 Ì Ê ê8ë2Ü<Ê\ß@Î Ì:Ö Ï�-F7�1g14Ø Ì 1�-F7<Ð;58Ï?Ê Ì Ë	Ë4-FË

Û8Û Ê



r?õ �>spô tÀÍ ô#ô`s&¶?u ç>u���ô Í äëäëçMõ v

14Ø<-;Ë	-��L,=ä#Ë;Í�Ù.Ø<-;7MÊ0Î4-;Ë	-;7�1{3A7+KR�6l�Ü × 1}7<5:1}367cÀÁo	j:½0lRÍXÐ;5 × /AÉ�-F7<Ø Ì 70Ð;-�-�è�Ê<Î4-FË4Ë43A587>Ü�ÔJÛpò�Ú
ß@58/AÉcÙ.Ø0-;7HÐF58Ï�Ê Ì Î4-FÉcÙ.3V1BØ Ì Ï?367<3AÏ Ì /PÊP5:/AÔXØ<-;É0Î4367JÊ<Î	58Ï?5:1B-FÎf3A7C£N¥�æ�ï òeÓ~ã{Ù}5Må\ïGÚzÛ
Ë	3A1B-FË�1BØ Ì 1�Ø Ì É�ÜY-;-F7q36É0-;7�1B3Vñn-;É?367�1BØ036Ë|Î4- Ö 36587�Ù}-;Î	-fß@5 × 7<É�145DÜY-f7<5:1|36Ï?ÊY58Î	1 Ì 7�1�ß@58Î�1BØ<-
-F7<Ø Ì 7<ÐF-;ÎUß × 7<ÐF1436587 ÓJãNØ<-qË Ì Ï?-?ß@Î Ì:Ö Ï?-;7�1óÍwÙ.Ø<-;7WÊ<Î4-FË4-;7�1 × Ê0Ë	1BÎ	- Ì Ïh145Z1BØ<-J£.¥�æ�ï ò
^`_Xa?Ê<Î	58Ï?5:1B-FÎUÐ;5 × /6É�-F7<Ø Ì 7<ÐF-M1BØ<-q/ × ÐF3Aß@-;Î Ì Ë4-qÎ4-;ÊY58ÎE1B-;Î Ö -;7<-q-Rè�Ê<Î4-FË4Ë	36587�Ü�ÔW1�Ù}5kß@58/6É
Ñ Û ÒRÓ � Ë4367 Ö ,=æ Ì Ë4-LÊ<Î	5:1B-FÐF1436587 Ì Ë	Ë Ì ÔXË;Ín1BØ0-FÔ Ì /AË45eË	Ø<5pÙ]-FÉ�14Ø Ì 1NÜY5:1BØ>14Ø<-;Ë	-À�L,fäGË]Ù}-;Î	-
-�è0Ê0Î4-;Ë	Ë4-FÉHÉ × Î	367 Ö 14Ø<-�Ð;5 × Î	Ë4-�5:ßwçX36Î Ì /`367�ß@-;ÐF1436587 Ì ËNÉ<-;/ Ì Ô:-;É�Úb/ Ì 14-\1BÎ Ì 7<Ë4ÐFÎ43AÊ01BËDÑ@ÜP-R1�Ù]-F-;7
ë8¡
I"Å Ê Ø<Ê03OÒRÓ ¿ 58Î	-;5pç8-FÎ;Ín-RèX14Î Ì ÐR1BË]ß@Î	58Ï × 7<3670ß@-FÐF14-;ÉZ£.¥�æ¿Ð;-;/A/6Ë}É<36ÉM705:1]ÔX36-F/6É Ì Ð;58Ï?Ê</6-�è
Ù.3V1BØ Ì Ë	- Ö Ï?-;7�1#5:ß�14Ø<-�-;7<Ø Ì 7<Ð;-FÎ#-F/6-;Ï?-;7�1w367:Æ ¿Hð å Ì 7<ÉDØ<-;70Ð;-}14Ø<-FÔ�Ë ×<Ö8Ö -FË	1w1BØ Ì 1#- Ì Î4/VÔ
58Î}/ Ì 14-fçX3AÎ Ì / Ì ÐF143Aç Ì 1458Î4ËFÍ�Ü × 1{7<5:1]1BØ<-=367<Ë	-;ÐF1{Ð;-;/A/PØ058Ë	1{ß Ì ÐF1B5:Î4Ë;Í�Ï�3 Ö Ø�1 Ì ÐF1{14Ø<Î45 ×<Ö Øq14Ø<36Ë
-F7<Ø Ì 7<ÐF-;ÎD-;/A-;Ï?-;7�1qÑ Û Ò�Ó � 5pÙ]-Rç8-FÎ;ÍG14Ø<-FÔkØ Ì ç:-�705:1DÏ�-F7�14365870-;ÉkÙ.Ø<36ÐzØ+Ë4- Ö Ï?-;7�1U52ß}14Ø<36Ë
-F7<Ø Ì 7<ÐF-;ÎâÚ�/63AÝ:-�-;/6-FÏ�-F7�1UÙ Ì Ë × Ë	-;É[1B5�1B-;ËE1eß@58Î�1BØ<-�Ü<3670É<367 Ö 5:ß.Ø<58ËE1Uß Ì ÐR1B58ÎMÑ Û ÒRÓHänÎ	58Ï
14Ø<-;Ë	-TÎ	-;Ë × /A1BËFÍ<3A1.Ð Ì 7JÜP-�ÐF587<Ð;/ × É<-FÉc14Ø Ì 1N1BØ0-N��,fäGËNÊ<Î	-;Ë	-;7�1�3A7>1BØ<- ¿ / × àªÚb��Ø<58à|Î4- Ö 36587
Ï Ì ÔL7<5:1wÊ</ Ì Ô Ì Î	58/6-|3A7�14Ø<- Ì ÐF143Aç Ì 1436587L5:ß�1BÎ Ì 7<Ë4ÐFÎ43AÊ01B3A587Lß@Î458Ï!14Ø<-|ÊP5:/AÔXØ<-;É0Î4367�Ê<Î	58Ï?5:1B-FÎ;Ó
änÎ458ÏS14Ø<-;Ë	-TÎ	-;Ë × /A14Ë;ÍY3A1fÐ Ì 7cÜY-TÐF587<Ð;/ × É<-FÉZ1BØ Ì 1=ÜY5:14Ø�1BØ0-JKR�6l�Ú Ì ÐF14367 Ö -F/6-;Ï?-;7�14Ë Ì 70É

À�o	j:½0l�Ú Ì ÐR1B367 Ö Ø<58ËE1Gß Ì ÐR1B58Î	Ë Ì Î	-{36Ï?ÊY58Î	1 Ì 7�1wß@5:ÎGÉ<Î	3AçX367 Ö 1BØ0-{ÊP5:/AÔXØ<-;É0Î4367TÊ<Î45:Ï�5:14-;ÎFÓ ¿ 58Î	-RÚ
5pç8-FÎ;Í`14Ø<-�I�K ¿ æ=ï�òù36Ë�Ð Ì Ê Ì Ü0/6-U52ß�-;Ï?Ê</65pÔX367 Ö 1BØ0-U3670Ë4-;ÐR1\ÐF-;/6/wØ<58ËE1\ß Ì ÐR1B58Î	Ë�367�É<Î43VçX367 Ö
14Ø<-�-Rè�Ê<Î4-FË4Ë	36587�5:ßG3V1BËN5pÙ.7 Ö -;7<-FË;Ó
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Û:Ó=ý Ì Ë4-FÉ>587qÉ<-F/6-R1B365:7 Ì 7 Ì /AÔXË43AË;Í�1�Ù]5�Î	- Ö 3A587<Ë�7 Ì Ï?-;/AÔ ð Ì Ð;à	àªÚb�\Ø058à�Î4- Ö 36587 Ì 7<É ¿ / × àªÚ
��Ø<58àYÎ4- Ö 36587\Ù}-;Î	-}3AÉ<-;7�143Añn-FÉ�145.ÜP-�3AÏ�ÊY58Î	1 Ì 7�1`ß@58ÎgÊY58/VÔ�Ø0-;É<Î	367 Ö -F7<-�1BÎ Ì 7<Ë4ÐFÎ436Ê�1B365:7 Ó

Ê Ófà�7 Ì É<É<3A1436587`ÍY14Ø<-;Ë	-91�Ù}5>Î4- Ö 365:7<Ë\Ð;5 × /6Ék-F7<Ø Ì 7<ÐF-e1BÎ Ì 7<Ë4ÐFÎ43AÊ01B3A587ZÙ.Ø<-F7+Ë	-;ÊY-;Î Ì 1B-F/AÔ
ÐF/65870-;É × Ê<ËE1BÎ4- Ì Ï¤5:ßw1BØ<-\^n��� �pÚB�È�~K]Ð Ì Ë	Ë4-R141B-2Ó

ë�Ófå±Î	-;Ð;5:ÏeÜ<367 Ì 7�1DçX3AÎ × Ë�Ñ@ç�ø ð ��/ × ÐóÒ\367CÙ.Ø<36ÐzØ+1BØ<-9-;7�1436Î4- ð Ì ÐFà4àªÚª�\Ø<58à=Î4- Ö 36587CØ Ì É
ÜY-;-F7JÉ<-;/A-F1B-FÉJË4Ø<5pÙ}-;ÉcË43 Ö 7<3AñnÐ Ì 7�1NÎ4-FÉ × ÐR1B365:7>367M/ × Ð;3Vß@-;Î Ì Ë4-\Î	-;ÊY58Î	14-;Î Ö -F7<-L-Rè�Ê<Î	-;ËâÚ
Ë	36587CÙ.Ø<-F7�Ð;58Ï?Ê Ì Î	-;ÉCÙ.3A1BØ Ì 7<5:14Ø<-;Î�çX36Î × ËMÑOç ¿ å�/ × ÐpÒ�367CÙ.Ø<36ÐzØW14Ø<-?-;7�1B3AÎ4-�¾8Ý�Ü
× Ê<Ë	14Î4- Ì Ï¤Ë4-;Þ × -F7<Ð;-U36Ë.Ê<Î4-FË4-F7�1;ÍPÐF5870ñnÎ	Ï�3A7 Ö 1BØ Ì 1N1BØ<3AËfÎ	- Ö 3A587J36Ë.3670É<-;-FÉ�çX3A1 Ì /`ß@58Î
14Î Ì 70Ë4Ð;Î	36Ê01436587Mß@Î	58Ï�14Ø<-�ÊP58/VÔXØ<-;É<Î	367>Ê<Î	58Ï?5:1B-FÎ;Ó

¾0ÓfãwÎ Ì 7<Ë4ÐFÎ436Ê�1B365:7H-;/A-;Ï?-;7�1LË4- Ì Î4ÐzØCËEÔ�ËE1B-FÏ Ñ�ãRÆ ð<ð Ò�Î	-Fç:- Ì /A-;ÉH1BØ0-�Ê<Î4-FË4-;70Ð;-95:ß�1BÎ Ì 7�Ú
Ë	Ð;Î	36Ê01436587�ß Ì ÐR1B58Î�Ü<3A7<É<3A7 Ö Ë43V1B-;Ë�Ù.3V1BØ�Ø<3 Ö ØiË	-;Þ × -F7<Ð;-HË	36Ï?36/ Ì Î4/A3A1�ÔH145+Ø0- Ì 1?Ë4Ø05�ÐzÝ
-F/6-FÏ�-F7�1�Ñ ��ð Æ�Ò Ì 7<Ét�LÐR1óÛe3A7�14Ø<- ð Ì Ð;à4àªÚª�\Ø<5:àNÎ4- Ö 36587 Ì 7<É ¿ / × àªÚb��Ø<58à{Î	- Ö 3A587Z52ß
14Ø<-�ÊP5:/AÔXØ<-;É0Î4367JÊ<Î	58Ï?5:1B-FÎ;Í<Î	-;Ë4ÊY-;ÐR1B3Vç8-;/VÔ8Ó

öXÓ=ï�Î	-;Ë4-F7<Ð;-�5:ßT-;3A14Ø<-;Î ��ð Æ�58ÎK�\ÐF1;Û�-F7<Ø Ì 70Ð;-;ËcÎ4-FÊP5:Î	1B-FÎ Ö -;7<-C-�è0Ê0Î4-;Ë	Ë43A587¯Ù.Ø<-F7
Ê0Î4-;Ë	-;7�1 × Ê0Ë	1BÎ	- Ì Ï¤145�1BØ0-TÊY58/AÔXØ<-FÉ<Î43A7�Ê0Î458Ï?5:1B-FÎ;ÓG�\ÐF1;ÛT-F/6-FÏ�-F7�1=Ð;5 × /6Écß × 7<ÐF1436587
3A7J-;3A14Ø<-;ÎN5:Î436-F7�1 Ì 1436587 Ó

¡�Ó=ä Ì ÐR1B58ÎóÑ�ËBÒ�Î4-;Ë	-;ÏeÜ0/6367 Ö �\ð ã.ä�58ÎN�\ÐF1;Û9ß@Î	58Ï ìpîEêMÜ<3A7<Ék1B5 �\ð Æ Ì 7<É��\ÐF1óÛ9Ü<3A7<É�Ú
3A7 Ö Ë	3A14-;ËDÎ4-;Ë	ÊP-FÐF143Aç8-F/AÔ:Í�Ù.3A1BØ�Ø<3 Ö ØWË4ÊY-;ÐF3AñnÐF3A1�Ô:Í Ì ËT-FçX36É<-F7�1eß@Î458Ïh-F/6-FÐF1BÎ	58Ê<Ø<5:Î4-F1436Ð
Ï?58Ü<3A/63V1�Ô�Ë	Ø<3AßO1 Ì Ë4Ë Ì ÔXË;Ó

ÅXÓ7�\ÐR1óÛFÚb/636Ý2-�ß Ì ÐR1B58ÎDß@Î458Ï ìpîEêZÐF-;/6/AËTÙ Ì Ëeß × ÎE1BØ<-FÎeÐzØ Ì Î Ì ÐF14-;Î43��;-FÉ Ì 7<É�3A1DÙ Ì Ë�É<-F14-;ÎEÚ
Ï?3670-;É>1BØ Ì 1.3A1.367�14-;Î Ì ÐF1BË{Ù.3V1BØ�øLæ=å 14Ø<Î45 ×0Ö Ø>1BØ<-�Ï?367<58Î Ö Î45X5pç8-:Ó
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ü�Ó ð 367 Ö /A-�Ë	14Î Ì 7<É0-;Éô�\ÐR1óÛ?58/63 Ö 587 × Ð;/A-;5:1436É<-TÐ;5 × /6É+Ð;58Ï?ÊP-R1B-�ß@58ÎLÐF58Ï�Ê0/6-RèHß@58Î4Ï Ì 1B3A587
Ù.3V1BØH�\ÐF1;ÛFÚ|/63AÝ:-�ß Ì ÐF1B5:Î;Ó ¿ 58705¢ç Ì /A-;7�1f58Î{É<3Vç Ì /6-F7�1{Ð Ì 1436587<ËN3A7<Ø<3AÜ<3A14-;Éq14Ø<-�Ü<367<É0367 Ö
52ß��\ÐR1óÛFÚb/636Ý2-�ß Ì ÐF1B5:ÎG1B5�øLæfå Ì 7<É�14Ø<-{Ê<Î	-;Ë4-F7<Ð;-.5:ß§Æ|ø\ãwåÃÉ<36É�705:1�Ø<3A7<É<-;ÎGÜ<367<É0367 Ö
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3A7�1B-;Î Ì ÐF1436587iÜY-F1�Ù}-;-;7Ã14Ø<-Jç�3AÎ Ì /NÊ0Î4-;Ð × Î4Ë	58Î91B-;Î	Ï�3A7 Ì /NÊ<Î	5:1B-F367�Ú�øLæ=å¤ÊY58/AÔXÏ?-;Î Ì Ë4-
ÐF58Ï?Ê</6-�è Ì 7<É�1BØ0-CïR³ � Ø<58Ï?-;5XÉ<58Ï Ì 3A7 Óp¬/Êc£�¨�:�Í ± ­�Ñ¥�t�8ÒR¼ ö[��ò0Û"I�ê0Ífæ=5pç®Û¢ö
Ûóê8êt�<Ó �

� �[�t�~L~� C�  �i"!57(*���*G*I LN� .F #HcË�T*57G6"
I AX� LQG@"MT!8�8!5kI Yb� J�G6"!"� #)#G@n%n6I
Ch��LQn G6v�G6(!8
I
0h��CmG9�� !T*���*G6n n%G*I�J��iAj57���*G6n Hc2i(/I* #(*)§S��FYb�iC�  �i57�F(*2�(�Ó

Û8Ûóê
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¹Gè�Ê<Î	-;Ë4Ë	36587J5:ßwØ × Ï Ì 7MÐRÔX1458Ï?- Ö�Ì /A5pç�3AÎ × Ë}36Ï?Ï�-FÉ<3 Ì 1B-.- Ì Î	/AÔ?Ê<Î	5:1B-F367Mà´¹NÛL367q367<Ë	-;ÐF1
ÐF-;/A/6Ë;¼kË	Ê</63AÐ;3A7 Ö 5:ßL,=æfå Ì 7<ÉÃÎ	-;ÐF5 Ö 7<3V1B365:7�Ü�ÔÃú{ø���H¬ã]Ú�Ð;-F/6/fÐ;/A587<-;ËFÓ�£.�ª�pKz�nmR¥
£N�ª�z^n�X§¢l�«.mzl s ��¥�¥��X½nÍ ± ¾6®wÑâÛ¢ÒR¼Â��¡8ê
I{����Í�å ×<Ö ë0Û9Ûpê8ê:ë0Ó Û:Ó¦��ÓVÛ

� �8ö��B½��=CmG6���iG@"
I�A'�wLQ2!ÌRI�`a�=gB2iG@n%G6(*H%IÍLN�=.��Îx3G6"!"!57À�VWG6"
IÏ�� #( )#G6"
.���LN�;xmn%57G&8
I� #(*)p`a�;+m #468�G@57(�Ó ð 58/ × 1436587�Ë	14Î × ÐR1 × Î	->5:ßN1BØ<-MïR³ � Ú�Ë4ÊY-;ÐF3AñnÐ
øLæfåfÚbÜ<367<É0367 Ö É<5:Ï Ì 3A7>5:ßF³LÐR1	ÚBÛ8Ó]þ�j:À��XozmRÍ@­6Ð6?�ÑÁ¡t�W�:ë�ÒR¼÷ü�ö��'I0ö�Í0å=Ê<Îo�:ê>Ûpê8ê8ë�Ó �

� �:¡[�B)#G6nW Ñef�!.���L�"KT*V&I*.��!Ch�!\;"!57G6HcG6(�I� i(*)w���#S��#\^57Hc�*G6"GÓgú]Î	ÔXËE1 Ì /YË	14Î × ÐR1 × Î	-
52ßgÜ Ì Ð × /65pçX36Î × Ë]ï|ë�ö�Î4-Rç8- Ì /6Ë Ì 7<5pç8-F/`Ð;5:70ß@58Î4Ï Ì 1436587 Ì /<ÐzØ Ì 7 Ö -�36791BØ0-�Î4- Ì ÐF143Aç:-�Ë43V1B-
/A5�5:Ê Ì ßO14-;ÎTÐ Ì Ë	Ê Ì Ë4-�Ð;/A- Ì ç Ì:Ö -:Ó�:+£.�ª��� s �nmR¥�ÍF?M©9Ð�ÑÁë�ö:ÒR¼÷ëW�:ê8ë8ë
I�ê0Íwå ×<Ö ë0Ûa�:ò:ò0Û8Ó
Û:Ó ¡0ÓVÛ

� ������ef�o|�"!(*H�8
I�`a��03"� i_M�*G@"!"
IbCD�Ee�G@��(#G6"
Io½��ogB2i"�8!��I�����03"� iHcH� !T*G6"
I
 #(*)ÒO��M+m 98!57(*�FG6"GÓ&Ó Ì Ð × /A5¢çX3AÎ × Ë�Ë × Î	ß Ì Ð;-NÉ<3AË4Ê</ Ì ÔY¼wÐ;5870Ë	1BÎ × ÐF1436587 Ì 7<É�Ë4ÐFÎ4-;-F7<367 Ö
52ß Ì - × Ý Ì ÎEÔ85:1436Ðc-;Ê<3V1B58ÊY-J/636Ü0Î Ì ÎEÔ8ÓÃþ\�nKR�6mR�ªKqI�KR����la«fmzlRÍl?6ÐwÑª�8ÒR¼VÛc��Ûóü	I{�:ë0Í|å=Ê<Î�Û
Ûóê8ê8ü0Ó Û8Ó���Ó ë

� �:ü[�B|��R|b8���57(�I1Yo�EL� i"!4{ZÔe�G@57HcH%I� i(*)Íg3�lÇl�RYRG&�i5ªÓ�ì8^n���X�z^YÀâmRo	j�î�o��8Æ:� ^nmRoÕ��jMìpîbÚâê
ÐF-;/A/6Ëg7 × Ð;/A- Ì Îgß Ì ÐR1B58Î�Ü<3A7<É<Ë 145 Ì Ë4ÊY-;ÐF3AñnÐ�Ë4-FÞ × -;7<Ð}-|587D14Ø<-|Ü Ì Ð × /65pçX36Î × ËgÊP5:/AÔXØ<-;É0Î4367
Ê0Î458Ï?5:1B-FÎ;Ó?ÿg�Oo���lQ«.mzlRÍ@­ ± ÑÁë�Ò�¼ ët�8ë	I0ö:¡0Í9¿ Ì ÎLÛpê:êt�<Ó Û8Ó¦�

� �:ê[��S��6�m�&|;�{ #(*H%I@Ch�6S��6Y1G657H�$lI& #(*)=0h�&\��9`B2i�*"!vb #(#(�Ó0ú]Ø Ì Î Ì ÐF14-;Î43�¢ Ì 1436587�5:ß�1BØ<-
3A7�1B-;Î Ì ÐF1436587qÜP-R1�Ù]-F-;7J1BØ<-LÜ Ì Ð × /A5¢çX3AÎ × Ë}Î4-;Ê0/636Ð Ì 1B3A587�ß Ì ÐF1B5:Î4Ë Q ¹|äwÚzÛ Ì 7<É Q ¹|äwÚ���Ó�:
ÿg�OoB���ÈÍK© ± ÑÖ��ÒR¼÷ë0Û8Û���I�ê0Í�å�Ê<Î�Ûpê8ê���Ó Û:Ó ö

� ë8ò[�B`~5�8�2�HcH� �\\Ó}å�7<-RÙ®Ê × ­?7 Ö Ê Ì 1414-;Î	7�3A7<É × ÐF-;ÉcÜ�Ô>14-;Ï?ÊP-FÎ Ì 1 × Î4-�Ë	Ø<5�ÐzÝ Ì 70É�É<70Ê
3A7H��oB�plp�z^n�X�O�Vj:ÓR¬G¨F^nmRoR�ªmR½nÀ���j:Í ± > ¼ öt��ÛyI0ö��2ë0Í`Ûpê:¡W��Ó �

Ûc�2ò
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� ë0Û��BA'�/\^G6"!(! #(#)#G6H%I
O��FÆ35� !2RI/ #(*)XS����m��YR57H�Ó.ä#367<-�Ë	14Î × ÐR1 × Î	- Ì 7 Ì /AÔXË4-FË�5:ß#1BØ<-
É0Î458Ë	58Ê<Ø<3A/ Ì�Ì 7<É?Ë Ì ÐFÐzØ Ì Î	58ÏUÔXÐ;-FË]Ø<- Ì 1�Ë4Ø<5XÐzÝeß Ì ÐF1458Î¨I�Ø<- Ì 1�Ë	Ø<5�ÐzÝ�-F/6-FÏ�-F7�1�3A7�14-;Î Ì ÐRÚ
14365870Ë;Ó]þ��~KR�6mR�ªK�I�KR����lQ«.mzlRÍ6?6?wÑª�8ÒR¼VÛp¡W�'I{�:ë0Í<� Ì 7-�:ö>Ûóê8êt�<Ó �

� ëW�����qn%G6ÀÁ #(*)#"� }0q #"K��5� �Z]AÏ i"MT*(#5� #�RI�S9 #v�G6H=|���Au #"KT*(*5� #�1I�.F !2in 2p����A
Ç� #(*2i8�8!2RIF�q57H�H� Ï|��FC32�T*v�_K2iTK$6 /I/S9 %P3Z�L��*57(*�,YR57T�I
���*2�vb #H3AX�FAjG6"MZ
"!5�8K8
I1 #(*)�S9G@(*(*57r{G6"XJ��1YR #(*2�57G Ó ð -FÞ × -;7<ÐF- Ì 7 Ì /AÔXË43AË�5:ß|14Ø<- Ö -;7058Ï�-T5:ß|1BØ<-
þDmz���:� ^Yo��ª��½9lpmRo�À�� îómRo 7 × Ð;/A-;58ÊY58/VÔ�Ø0-;É<Î	5¢çD3AÎ × ËFÓ6:kÿ��OoB���ÈÍ%©&>�ÑâÛpë�ÒR¼��:ò8ë:¡	I0ö�Û8Í2� × /��:ò:òt�<Ó
Û:ÓAÛ8ÓVÛ

� ë8ë[�~J��Q03�#2iHc�/I����bS{ i57(�I�gq�oAjT*�i�#G6"!ÀÁG6G#I�JF�;O~ #_K57_�I� #(*)×J��o|��oO~ #Hc(! i57(�Ó
ãNØ0-HØ<58ËE1qß Ì ÐR1B58Î?ÊP5:/AÔXØ<-;É0Î4367�Ê<Î45:Ï�5:14-;Î?Ü<3670É<367 Ö Ê<Î	5:1B-F367®Ñ�ï|ï/Ó]ï}Ò?36Ë?367�ç858/Vç8-FÉ
3A7i14Î Ì 70Ë4Ð;Î	36Ê01436587�ß@Î	58Ï�1BØ<-JÜ Ì Ð × /A5¢çX3AÎ × Ë?ÊP5:/AÔXØ<-;É0Î4367 Ö -F7<-cÊ<Î458Ï?5:14-;Î;Ó§:«ÿ��OoB���ÈÍ
©9?�ÑÁê8ÒR¼��[��üt��IXê8ë0Í ð -;ÊWÛóê8ê8ü0Ó Û8Ó�� Í ��Ó���Ó��

� ët�t�~JKT*)#574Ø03�*2iH���IjAu) +m�* #n%57) .F #"��iG6V&Iu+m #�*2�n%5�g� #(*G6"!À�G6G*I§JK�*5£� +-�
JM #"!57(�IE i(*)ÙJKG{$FG6)X|��lO~ iHc(! #57(�ÓNÓ Ì Ð × /65pçX36Î × Ë Ì ËLÏ Ì Ï�Ï Ì /63 Ì 7cÐ;-;/A/�-Rè�Ê<Î	-;ËâÚ
Ë	36587�ç:-;ÐF1458Î|ß@58Î Ö -;70-.14Ø<-;Î Ì Ê�ÔY¼ Ì 79-;Ï?-;Î Ö 367 Ö ËE1BÎ Ì 1B- Ö Ô8Ó#Ê+���
Ú �nmRo�Í ÐwÑâÛ¢ÒR¼ ö
IYÛ:Û8Í�� × /
�2ò8òW��Ó Û8Ó���Ó¦�

� ë�ö��Bgq�F03n 2i����G6"
Ii`¡`fS&"�ON2�2i46G@H%I#Yb�iOq2i)i��G@H%I* #(#)�0h�i\��#`B2i�*"!vb #(#(�Ó#à�7
çX3V1BÎ45c1BÎ Ì 7<Ë4ÐFÎ43AÊ01B3A587+ß@Î	58ÏhÜ Ì Ð × /65pçX36Î × ËD/ Ì 14- Ö -F7<-qÊ0Î458Ï?5:1B-FÎ4ËF¼ Ì ÐFÐ × Î Ì 1B-�Ïq,fæ=å
3A7<3A143 Ì 1436587�Ü�Ôk7 × Ð;/A- Ì ÎL-�è�14Î Ì ÐR1BËDÊ<Î4-FÊ Ì Î	-;ÉCß@Î458Ïí3670ß@-FÐF1B-FÉ�ì8^n���X�z^YÀâmRo	j�î�o��:Æ:� ^nmRoÕ��j
ÐF-;/A/6Ë;Ól:�ÿg�OoB���ÈÍ@ÐK© Ñª�8ÒR¼÷ëW����Û"I�¡0Ín� × /�Ûpê8ê8ë0Ó Û8Ó÷¡ Í Û8Ó÷¡0Ó��

� ë8¡[�~J��l032�v�5kI1+-�RAÏ iÀÁ57vb /I1 #(*)ÛJ��/Au #G6)� |Ó ð -;Þ × -F7<Ð;- Ì 7 Ì /AÔXË	36Ë�52ß�1BØ<- Ö -;7<5:Ï�-
52ß\£\��¥?¦;§;¨H¥q��o���7 × ÐF/6-F58ÊP5:/AÔXØ<-;É0Î45pçX36Î × Ë;Ó=:u<=mR½«ÿ��OoB���ÈÍ�>&dyÜm��Ý�®MÞ¢¼AÛóëW�:ë	I�ë���Í
¿ Ì ÔCÛóê8ê8ê0Ó �

Ûc�XÛ
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� ëW���BA'�Q032i(#�ß i(*)yYb�^���Q03T! #"!57(*2�Ó�¹Gè0Ê0Î4-;Ë	Ë43A587�5:ß{14Ø<-Më8ê2ÝkÊ<Î458Ï?5:14-;ÎD5:ß.I��X�
À��4Æ:o	jR^n�0jJK4j:�È� îó��o�½n�ªK4j�7 × Ð;/A- Ì Î{ÊY58/VÔ�Ø0-;É<Î	58Ë43AË{ç�3AÎ × Ë]36Ë{3A7<Ð;Î	- Ì Ë	-;ÉJÜ�ÔM1BØ<- Ì ÊP58Ê�1B5:1436Ð
Ë × Ê<Ê<Î	-;Ë	Ë458Î�ï�ë8ö�Ó?ÿ��OoB���6�4Æ:§�Í@?&d r ÑâÛ¢ÒR¼÷ë8ü	I �t�<Í&³\ÐF1DÛpê:êt�<Ó Û8Ó ¡�ÓAÛ

� ë8ü[�~L~�!O��#03"K2iH�H� #(*)ÏJF�!JK�#T*vb #(�Ó ,fæ=å¿öX� Úª1BÎ43AÊ<Ø<58Ë	Ê<Ø Ì 1 Ì Ë4-2Í�7 × Ð;/6-F58Ë43AÉ<-{1BÎ	36Ê<Ø058ËEÚ
Ê0Ø Ì 1 Ì Ë4-:Í Ì 7<É Ö8×<Ì 7�Ô�/VÔX/A1BÎ Ì 7<ËEß@-;Î Ì Ë4- Ì ÐF1B3VçX3A1B3A-;Ëf5:ß�Ü Ì Ð × /A5¢çX3AÎ × Ë Q ¹|äwÚà�qÊ<Î	5:1B-F367 Ó�:
ÿg�OoB���ÈÍK©9?wÑâÛc�8Ò�¼AÛpò:òW�:ò	I�ü�Í<ø\-;Ð9Ûpê:ê8ü0Ó Û8Ó÷¡0Ó¦�

� ë8ê[�BYo�M����03T* #"!57(*2Ò #(*)Îef�@Cm2i(#��Ó&¹Gè0Ê0Î4-;Ë	Ë43A587�52ß Ì 7�-;7<Ø Ì 7<Ð;-FÎEÚbÜ<367<É0367 Ö Ê0Î45:14-;367
3A7�367<Ë	-;ÐR1|Ð;-;/A/6Ë�14Î Ì 7<ËEß@-;ÐR1B-;É�Ù.3V1BØ�1BØ<-fI��XÀ��4Æ:o4jR^n�0j�K4j:�È� îó��oR½n�ªK4j]7 × ÐF/6- Ì Î�ÊP5:/AÔXØ<-;É0Î452Ú
Ë	36ËNçX36Î × Ë.à´¹.Û Ö -F7<-:ÓE:�ÿ��OoB���ÈÍ6Ð6®�Ñ¥�:ÒR¼÷ë8¡W�:¡	IXü8ò0Ín� × /�Ûpê8ê0Û8Ó Û8Ó÷¡0ÓVÛ

� ��ò[�BYo�����B03T* #"!57(*21IBAX�����B032�(*V� #n%G@V&I� #(*)�A'��CD�BJKT*v�v�G6"!H8Ó�ú]58Ï?Ê</6-R1B-
Ë	-;Þ × -F7<Ð;- Ì 70ÉU-;70Ø Ì 7<ÐF-;Î#ß × 7<ÐF1436587D5:ß<14Ø<-}Ø058Ï�5:/65 Ö 5 × ËgÉ<7 Ì Î4- Ö 36587<Ë�5:ß~I���À��4Æ:o	jR^n�0j
K4j:�È� îó��o�½n�ªK4jL7 × Ð;/A- Ì ÎNÊY58/AÔXØ<-FÉ<Î45:Ë436ËNçX36Î × Ë;Ól:�ÿg�OoB���ÈÍ@Ð6dgÍgÛpê:ü8¡0Ó Û8Ó÷¡0ÓAÛ

� �<Û��BYo������03T! i"!57(*2� i(*)�AX��CD��JKT*v�v�G6"!H8ÓÃà�7�1B-;Î	Ë4ÊY-;Î	Ë4-;É©Ø058Ï�5:/65 Ö 5 × Ë9øLæ=å
52ß}I���À��4Æ:o	jR^n�0jZK4j:�È� îó��o�½n�ªK4j�7 × Ð;/6- Ì Î�ÊY58/VÔ�Ø0-;É<Î	58Ë43AË=çX36Î × Ë�-F7<Ø Ì 7<ÐF-;Ë\É0-;/ Ì Ô:-;É�Úb- Ì Î	/AÔ
Ö -;7<-D-Rè�Ê<Î	-;Ë4Ë	36587`Ó^:�ÿg�OoB���ÈÍ@Ð6dg¼���Û¢ö
I��:ë0Í`Ûóê8ü8¡0Ó Û8ÓÂ� Í Û8Ó÷¡0ÓAÛ

� �%���BYo�1���;03T! #"!57(#2RIEg3��Æ3T/I;S��^S957(�Il #(*),ef�1C32�(*�}ÓDå«çX36Î × ËEÚ�-F7<Ð;5XÉ<-FÉ�,fæ=å
ÊY58/VÔ�Ï?-;Î Ì Ë4-]Ê × Î43Vñn-;É�ß@Î	58Ï³Ü Ì Ð × /A5pç�3AÎ × ËâÚ�3A70ß@-;ÐR1B-;É�ÐF-;/A/6Ë;ÓM:[ÿg�OoB���ÈÍ�©9?�ÑEÛpò�Ò�¼¦�2ê8ü�ö
I�ê�Û8Í
³\ÐR1TÛóê8ê8ü0Ó Û8Ó÷¡ Í Û8Ó÷¡0Ó�� Í Û8Ó��

� ��ë[�BYR57(*)� á���N03T! #"!57(*21Iq��2�(*5�Zâ�3(*(}Aj57H�8!"!G&8�8� /I~ #(*)}e�G6(}C32�(*�}ÓXÓ Ì ÐRÚ
× /65pçX36Î × Ë Q ¹�ä�ÚzÛc�U3AË{7<5:1NÎ	-;Þ × 3AÎ4-;É>ß@58Î}ç�3AÎ Ì /PÎ4-FÊ</63AÐ Ì 1436587 Ó
:�ÿg�OoB���ÈÍM©9ÐwÑª�:ë�Ò�¼AÛc�2ò8ëW�
I
�8ë0Í~ø\-;Ð��:ò:òW��Ó Û8Ó ¡�Ó¦�

Ûc�t�
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� ���t�~J��lO~ #_K57_Ï i(*)yJ��R|��1O~ #Hc(* #57(�Ó�å±ë8ü�ÚbÝXÉ Ì Ø<58ËE1Lß Ì ÐF1458Î�3A7�14-;Î Ì ÐF14Ë\Ù.3A1BØ�ß × 7<ÐRÚ
1436587 Ì /6/VÔe36Ï?ÊY58Î	1 Ì 7�1}Ï?5:143Aß@Ë�Ù.3A14Ø<36791BØ<-\I���À��4Æ:o	jR^n�0jMK4j:�È� îó��o�½n�ªK4j.Ï × /A14367 × ÐF/6-;5XÐ Ì Ê�Ú
Ë	36Éi7 × Ð;/A- Ì Î9ÊY58/AÔXØ<-FÉ<Î458Ë	36ËeçX36Î × Ë9Ø<58Ï?58/65 Ö 5 × ËeÎ	- Ö 3A587¿Ñ��XoF_pÒ�øLæ=å¤Ë	-;Þ × -F7<Ð;-2Ó,:
£N�ª��� s �nmR¥�Í6?M© ± ÑÖ��ö8Ò�¼¦�:ü��8ö:ò	I�ü�Í<æ=5pçJü>Ûpê:ê8¡0Ó Û8Ó ¡�ÓAÛ Í Û8Ó¦� Í ë0ÓAÛ Í ë0ÓVÛ

� ��ö��~J��RON #_M57_u #(#)�JF�R|��1O~ #Hc(! i57(�ÓDø\3AéP-;Î	-;7�1B3 Ì / Ì ÐF143AçX3A1�Ôc5:ß|1�Ù}5>7<587�ÚbØ<Î\58Î	3 Ö 3A7<Ë
É × Î43A7 Ö Î4-;Ê0/636Ð Ì 1B3A587M5:ßw1BØ0-DÜ Ì Ð × /A5pç�3AÎ × ËfI��XÀ��4Æ:o4jR^n�0j>K4j:�È� îó��oR½n�ªK4j\7 × ÐF/6- Ì ÎNÊP58/VÔXØ<-RÚ
É0Î458Ë	36ËNçX36Î × Ë Ö -;7<58Ï?-:Ól:�ÿg�OoB���ÈÍM© r ÑâÛ8Û¢Ò�¼ ö�ÛóüW�
I�ê0Í<� × 7D�:ò8ò8ò0Ó Û8Ó ö

� ��¡[�~J��*O~ #_K57_�IFJ��*.F i(*)#G{$lI#Ä���L��! 98�8!G6"!ÀÁ5kI�J��*gBT*"!vb /I#`a�!�3�*vb #)/Ii���iS{ i57(�I
 #(*)pJF�E|��;O~ #Hc(! i57(�ÓmÓ]3Aß × 70ÐF1B3A587 Ì /A3A1�Ô�5:ß]14Ø<-?å�Ð�¿�æ�ïFãSØ<5:Ï�58/A5 Ö 5 × Ë\Î4- Ö 36587
Ë	-;Þ × -F7<Ð;-�Ñ��XoF_pÒ�¼{-;7<Ø Ì 7<Ð;-FÎ Ì 7<ÉZ58Î43�ß × 7<ÐR1B365:7<Ë=Ø Ì ç:-eÉ<3Vé`-FÎ4-;7�1�Ë4-;Þ × -F7<Ð;-9Î	-;Þ × 36Î	-RÚ
Ï?-;7�14Ë;Ó{�\þNI s mR�O�P£.�ª���ÈÍ ± ®�Ñ�ê�ÒR¼��:ëW�
I%�%��Í ð -;Ê+Ûpê8ê8¡0Ó Û8Ó ö Í ë0ÓVÛ

� �%���B`a�K.���O~ #"W�iG{$1I����*S��!`B2i_K57(*H%IK #(#)¸S���`a�@e�G@n%n%H8ÓPà�70É<-;ÊY-;7<É0-;7�1B/VÔ9-Fç85:/AçX367 Ö
ÐzØ036ÐzÝ:-F7 Ø<3AË	1B5:7<- � �2Ü Ö -;70-;Ë;¼i36É0-;7�1B3VñnÐ Ì 1436587�5:ß Ì�× Ü<36Þ × 3V1B5 × Ë � �2Ü�ÚbË4ÊY-;ÐF3AñnÐWö��
-F/6-FÏ�-F7�1;Ó{þ\�nKR�6mR�ªK=I�KR����lQ«fmzlRÍ ± dwÑ¥�2ë�ÒR¼��:ü�ö�Û"I�¡8ë0Í�ø\-;Ð9Û8Û9Ûpê8ü���Ó �

� ��ü[�~J��-O���O~ #"�Pm2i2�)/I�Yb�-YR5kI¸.��ÎJ��-ON21Iw���-+-�-.�"!G6H�8!2i(/IÑ #(*) 0h�-\��
`�2��*"!vb #(*(�Ó~å�Ð�¿�æ�ïFã�/ Ì 14-{-Rè�Ê<Î	-;Ë	Ë4365:79ß Ì ÐF1B5:ÎEÚEöf367�1B-FÎ Ì ÐR1BËGÙ.3V1BØ�3A14Ë4-F/Aß Ì 7<É�ÐF587�Ú
1 Ì 3670Ë Ì ¢;3A7<Ð�Î	36Ü<ÜY587CÉ<58Ï Ì 3A7C14Ø Ì 1T36Ë�Î4-FÞ × 36Î	-;É�ß@5:ÎDÏ Ì è�36Ï Ì /�/ Ì 1B-�14Î Ì 7<Ë	Ð;Î	36Ê01436587
Ì ÐF1B3VçX3A1�Ô Ì 7<ÉU36Ë�Ø<58Ï?58/65 Ö 5 × Ëg1B5=-;/A587 Ö�Ì 1436587Lß Ì ÐR1B58Îwã.äGà	à ð Ó{ÿg�OoB���6�4Æ:§2ÍW?@®&dwÑEÛpÒR¼VÛ8Ûpü	I
ë[�<Í@³\ÐF1�Ûpò>Ûpê8ê:ü0Ó Û:Ó ¡0Ó��

� ��ê[�~J��
|���ON #Hc(! #57(/Ii�h�/S{ #57(�IRJ��FO~ i_M57_�I/J��/03�*2iH���IFÄ��RLQ�* {8�8!G6"!À�5kIF���F`� �Z
vo !���! #(#)#"� #(�I
.���C� #H%I�gq�#x3G6(*�i #5� #�/I
J���.F #(*)iG{$1IFgq��Y15� #(*�lI����i`� i(KZ
À] #(�IK+-�&½~ 98  #"� iÀ] #(�IM #(*)ÑL~�&�h�9�qVW57vTÓ�à�7�ç85:/Aç8-FÏ�-F7�1�5:ß<Ø058Ë	1wß Ì ÐF1458Î4Ëw367�1BÎ Ì 7�Ú
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Ë	Ð;Î	36Ê01436587�ß@Î458Ï®Ü Ì Ð × /A5pç�3AÎ × Ë�ç8-FÎ	ÔD/ Ì 1B-|Ê<Î45:Ï�5:14-;Î	Ë�I Ì Î	-FçX36-RÙ�Ó�<=mR½`mRÍ ± ¾&dwÑEÛpÒR¼VÛ8Ûpë	I
ü�Ínå�Ê<Îo�:ê>Ûpê8ê���Ó Û:Ó¦�

� ö:ò[�~J��E|��1ON #Hc(! #57(/I^gq�l½~ #���! #5kI;½��oÇl�l|��!8!G6Hc�! iv�IE.��;JK"!57)i�! #"
I^�h�1`� i(KZ
À] #(�I�0h�E.��^�1 #n]P� i"
Io i(*)y.��^+-�oS9�* �ÓaÓ}-F1 Ì Ú�Ë × Ü × 7<3V1U5:ß]Ø × Ï Ì 7�ÐzØ<5:Î4365:7<36Ð
Ö 587 Ì É<521BÎ45:Ê<367iØ<58Î	Ï�5870- Ì 7<Éiñ<Î4-F¹0Ô�/ × Ð;3Vß@-;Î Ì Ë4-JË43AÏ × /V1 Ì 7<-F5 × Ë	/AÔ[ËEÔX7�14Ø<-;Ë	3£¢F-;É©367
3A7<Ë4-FÐF1fÐ;-F/6/AË × Ë43A7 ÖqÌ Î	-;Ð;5:ÏeÜ<367 Ì 7�1.Ü Ì Ð × /65pçX36Î × Ë Ì Î4-�É<3AéP-;Î	-;7�1B3 Ì /6/VÔ?-Rè�Ê<Î4-FË4Ë	-;É Ì 70É
14Î Ì 70Ë4ÊY58Î	14-;É Ó{�\þNI s mR�O�`£N�ª���ÈÍ ± ­�ÑÁë�Ò�¼¦���:ö
I�üW��Í&¿ Ì ÎLÛpê8ê[�<Ó Û:Ó¦��ÓVÛ Í Û:Ó¦��ÓVÛ

� ö�Û��BYo�BO~ 98�r{57G6n%)� #(*)}.���ONG& #"!57(*�}Ó�ãNØ<-Zæ�äGà	à4àE²�³�ú]ã]ÚBÛ�Ü<3A7<É<3A7 Ö Ë43A14-�ËE1B3AÏ × Ú
/ Ì 1B-FË Ì É<-;7<5pçX36Î × Ë{øLæfå¯Î	-;Ê</A36Ð Ì 1B3A58793679ç�3Vç85 Ì 7<ÉM3AË|ß × 7<ÐF1436587 Ì /6/AÔUÎ4-FÉ × 7<É Ì 7�1]Ù.3A1BØ
Ì É º4Ì Ð;-F7�1�Ë	-;Þ × -;70Ð;-;ËFÓo:�ÿg�Ooz���ÈÍ@ÐM© Ñ¥�:ÒR¼÷ë8ê8ë0ÛyIXê0Ín� × /�Ûóê8ê8ë0Ó �

� ö����B�3��O~ �$6 #�i %PQ /IÏ`a�h+N21Iw+-�ÎÃN�i #(*21IuJ��-���ÎJKG62�(*�lIÏLN�É032i8!2RIÑ i(*)
J��
Au #G6)� �Ó ð -FÞ × -;7<ÐF- Ì 7 Ì /AÔXË43AË{5:ßw1BØ<-DÂemzlRÀÁ��jcKR��½n�VÆ:o��X¥ Ö Î Ì 7 × /65pçX36Î × Ë Ö -F7<58Ï?-:Ó
ÿg�OoB���6�4Æ:§2Í@?6Ð6?�Ñ¥�8Ò�¼¦�t���
I�êW�XÍ ð -FÊHë8ò>Ûpê8ê:ê0Ó Û:ÓAÛ8ÓVÛ

� ö:ë[�B+3 98!�*n%G@G6(=Yb��ONG6r{r�G@"M2�(Î i(*)ÑYR2�57HB+-��Aj57n%n%G6"GÓP,.-;ÐF587<ËE1BÎ × ÐF1B3A7 Ö 1BØ<-NÎ	-;Ê</A3VÚ
Ð Ì 1B3A587+Ð;58Ï?Ê</6-�èC5:ß{I\KÔ¿�æ�ïFãeÓh¬}�Xoq:k£.�ª�pKz�nmR¥�Í#?6Ð6¾�Ñ¥�[��ÒR¼÷¡W�:ë8ë	I%��ò0Í�ø\-;Ð3�:ò:òW��Ó
Û:Ó ö Í Û:Ó²�

� ö[�t��ef��ONG6"!"
I�`a�����1JM8!T*"!v�I�`a�10h�lLQn%G@"M�FI�Yb��AX�RLQ2�"K�K2�"� #(�IRCh�
g� #n�8!5�Z
vb2�"!G*I!.��6�h��JK�! i"!4*I�O��6���K��(*�F"� #�! iv�I!AX�!0h�@`�2�HcG6(#r�G6n )/I�AX�@\^57(*(#G{$1I
 #(*)§0h�#`�T!�i�iT#(�Ó#ãNØ<-�ï/³ � É<58Ï Ì 367 ¼ Ì / Ì Î Ö -fÐ;5870Ë4-;ÎEç8-FÉ�Î	- Ö 3A587M367�1BØ<-\Ï Ì Ï�Ú
Ï Ì /A3 Ì 79^Y�OÀÁ�E_:Í��pKRÀÁ�E_:Í��pKRÀÁ����Í Ì 7<É s jXmR½`��oB�0j�¦��:�OÀÁ�6lDmR�6mªÆ�j:½0lf�X½`KR�´ä�å Ö -;7<-LÊ0Î45XÉ × ÐF14Ë;Ó
<=mR½`mzlL�UmR¾pÍ6?�ÑEÛc�2å\ÒR¼VÛ¢ö�Ûpë
I�¡0Í<ø\-FÐ�Ûpê8ü8ü�Ó �

� ö8ö��~L~�hON57(*��n%G{$æ #(*)çAX��.�G6"!"W$}Ó � 36ËE1B587<- � �2Ü Ö -;7<-�1BÎ Ì 7<Ë	Ð;Î43AÊ01B3A587®É × Î	367 Ö
è�-F7<58Ê × Ë}- Ì Î	/AÔUÉ<-Fç:-;/65:Ê<Ï�-F7�1}Î	-;Þ × 3AÎ4-;Ë�ß × 70ÐF1B3A587 Ì /0Ð;5X58ÊP-FÎ Ì 1436587�ÜY-F1�Ù}-;-F7MÊ<Î	5:1B-F367<Ë
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ÜY5 × 70ÉH1B5M1BØ0-9úNú]å�å�ã Ì 7<Ék5XÐF1 Ì Ï�-FÎ�Ï?5:1B3Vß@Ë;Ó�Ê���� s mR�O��£.�ª���ÈÍ ± ?�ÑEÛpò�Ò�¼²�t��ò8ò	IYÛ:Û8Í
³\ÐR1TÛóê8êW��Ó �

� ö:¡[�~L~�&ON2�r{vo i(*(�I@xh�MJM #(*)i57�lI�0h�@S9G6(#(*57(*�FH%I6AX�9`�T*)i2in 46��I@.��MJK���*n% ��lI& i(*)
A'�#JM8!"� !T*HcH�Ó@¹�­?Ð;3A-;7�1 Ö -;7<-N1BÎ Ì 7<ËEß@-;Î|367�1B5�Ø × Ï Ì 79Ø<-;Ê Ì 1B5XÐFÔ�1B-FË}Ü�Ô9Ü Ì Ð × /A5¢çX3AÎ × Ë
ç:-;ÐR1B58Î	Ë;ÓNÇ]oB�pKLþLj:ÀÁ�YI�K4jW��ì KR��¤�ì�I�Í@¾6?�Ñ¥���:ÒR¼VÛpò8ò8ê8ê
IYÛpò8ë0Í{³\ÐF1o�[�cÛpê8ê8ö�Ó Û:Ó¦��Ó��

� ö����B`è` S9"ÛON2�2i46G@H- #(*)×0h�^\��;`B2i�#"!vo i(*(�ÓJà�7WçX3A14Î45�14Î Ì 70Ë4Ð;Î	36Ê01436587+5:ßNÜ Ì ÐRÚ
× /65pçX36Î × Ë�36Ï?Ï�-FÉ<3 Ì 14-�- Ì Î4/VÔ Ö -;7<-FË;¼ Ì ÐFÐ × Î Ì 1B->Ï�,=æfåS36703A1B3 Ì 1B3A587+Ü�ÔW7 × Ð;/A- Ì Î�-�èXÚ
14Î Ì ÐR1BËCß@Î458Ï ÜP5:14Ø«3A7<Ë4-FÐF1 Ì 7<É�Ø × Ï Ì 7�Ð;-F/6/AË;Ó Ç}oB�pKWþLj:À��DI\K4jW�¿ì KR�Ñ¤¤ì�I�Í
>6>�ÑEÛóò�ÒR¼Â��ö�Ûpë
I{��Í&¿ Ì ÔCÛpö>Ûóê8ê0Û8Ó Û8Ó÷¡0ÓAÛ

� ö:ü[�B½��^|��EONT*�X #(#)�`a�l\��le�G&  �iG6"GÓ9à�É<-;7�143AßOÔX367 Ö 14Ø<-q,fæ=å±ÊY58/AÔXÏ?-;Î Ì Ë4-FË�14Ø Ì 1
ËEÔX7�14Ø<-;Ë	3£¢F-�Ë4ÊY-;Ð;3VñnÐT14Î Ì 70Ë4Ð;Î	36Ê014Ë�5:ßG1BØ<-UI���À��4Æ:o	jR^n�0jHK4j:�È� îó��o�½n�ªK4j�7 × Ð;/6- Ì ÎfÊP58/VÔXØ<-RÚ
É0Î458Ë	36ËNçX36Î × Ë;Ól:=<=mR½¿ÿ��OoB���ÈÍK© ± Üb��Ý ± Þp¼AÛpê8ö
I{�:ò0Û:Ín� Ì 7CÛpê8ê:ò0Ó Û:Ó ¡0Ó��

� ö:ê[���q(*)#"!G6 #H�ONT#HcG6"u #(*)�LQ�#"!57H�8!5� #(ÍON2�r{vo i(*(�Ó�Ó Ì Ð × /65pçX36Î × Ë=ç:-;ÐR1B58Î	Ë;¼f7<5pç8-;/
Ï Ì Ï?Ï Ì /63 Ì 7ZÐ;-F/6/ Ö -;7<-�Ú�É<-F/63Aç:-;ÎEÔkç8-;Ø036Ð;/A-;Ë Ì 7<ÉC1BØ0-;36Î Ì Ê0Ê</63AÐ Ì 1436587<ËFÓ9I�¥¯:kÇ|�0j:o��
¥?jXKz�4ÆXmR½`��¥��ªKzlRÍ9­�ÑEÛ¢Ò�¼ ö:ë
I�¡8ë0Í9�:ò8ò8ë0Ó Û8Ó���Ó��

� ¡8ò[�����iS{ #57(� #(*)jJF�!|��#O~ #Hc(! i57(�Ógå¯ë8ò�ÚbÝXÉ Ì Ø<58ËE1{Ê<Î	5:1B-F367?Ü<3670É<Ë}145D1�Ù}5Uç8-FÎ	Ô�Ú�/ Ì 1B-
Ü Ì Ð × /A5pç�3AÎ × ËDÊ<Î	58Ï�521B-;Î	Ë;Óh¬}�Xoq:C£.�ª�pKz�nmR¥�Íi?6­6¾wÑª�8ÒR¼÷ë8üt�	I�ê8ò0Í#� × /.Û¢öCÛpê8ê8¡0Ó Û8Ó�� Í
�XÓ¦��Ó��

� ¡0Û���S�������S9G6�#n%G*I�0h�bef��gBn%57HcH� #"!)RI�g3�BL~�QgB2i(*(#57(*�lI�S��BJ��BL�2�"W$1I�|������
ONG6"!(*572�T�I�0h�b\���`�2��*"!vb #(*(/I�Ch�b���b���*G657n%vb #(*(/I�J���AX�o���*57G6v�IQ i(*)
S��;AX�lx3n% #�|ÓD³\7+1BØ<-?Ð;/ Ì Ë4Ë	3AñnÐ Ì 1B3A587 Ì 7<ÉW7<5:Ï�-F7<Ð;/ Ì 1 × Î	-�52ß{Ü Ì Ð × /65pçX36Î × Ë4-FË;¼eå
Ê0Î458ÊY58Ë Ì / ß@58ÎNÎ4-Rç�3AË43A587 Ó�I�oBKz��ÿg�Ooz���ÈÍ@¿ Ì Ô��3�:ò:ò8¡0Ó Û8ÓAÛ Í Û8Ó�� Í Û8ÓVÛ
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� ¡W���B.���+-��S&�! /Iq`a��.F #n6I3gq��½~ #���! #5kI3.��NJK"!57)i�! #"
IN i(*)¡JF�B|���O~ #Hc(! i57(�Ó
ð 36Ï × /V1 Ì 70-;5 × Ë>ËEÔX7�14Ø<-;Ë	36Ëc5:ßT-;79¢RÔ�Ï Ì 1436Ð Ì /6/AÔ Ì ÐR1B3Aç:-k/ × ÐF3Aß@-FÎ Ì Ë	- Ì 7<É¿Ü<3658/A5 Ö 3AÐ Ì /A/AÔ
Ì ÐF1B3Vç8-=ÜP-R1 Ì Ë × Ü × 7<3V1{5:ß Ø × Ï Ì 7�ÐzØ<58Î	36587<3AÐ Ö 587 Ì É<521BÎ45:Ê<367?367�Ð Ì 14-;Î4Ê036/6/ Ì Î4Ë�3A70ß@-;ÐR1B-FÉ
Ù.3V1BØ Ì Î4-;ÐF58ÏeÜ<3A7 Ì 7�1eÜ Ì Ð × /A5pç�3AÎ × ËFÓÎéF¬|£NìÑê�mRÀ�ÀÁÍ/­ ± dwÑ¥�8Ò�¼AÛ���ü	I0ö��XÍ ð -FÊ¸�:ü�Ûpê:êW��Ó
Û:Ó¦��ÓVÛ

� ¡8ë[��S��KS957(/I@ef�MC32�(*�lIM #(*)ÎYb�6�h�K03T! #"!57(*2�Ó<ãNØ<- Q ¹|äwÚà�\Ë × Ü × 7<3V1�5:ß~Ü Ì Ð × /A5¢çX3AÎ × Ë
,fæ=å©ÊY58/VÔ�Ï?-;Î Ì Ë4-}Ø Ì Ë|,fæ=å�öX� Úª1BÎ43AÊ<Ø<58Ë	Ê<Ø Ì 1 Ì Ë4- Ì 7<É�å�ã.ï Ì Ë4- Ì ÐR1B3Vç�3V1B3A-;Ë;Ó@:�ÿ��OoB���ÈÍ
©9?�ÑEÛ��8ÒR¼VÛpò8ò0Û:ÛyI�ê0Í0ø\-;Ð9Ûpê8ê8ü�Ó Û8Ó÷¡0Ó��

� ¡t�t�B`a�N+m #v�_@ #)iT*"
Ia+-�N+N2�57VWT*v�5kIDLN�mJM8!5£�iG6"!H%I�S��q½~ !��n G*IhJ��qS��N.�2�2in G*I
 #(*)yef�^\���Ãq)iG6(�PQ #n%)|Óc,.- Ö8× / Ì 1436587C5:ß.ï/³ � Ö -;7<-FËeÜ�Ô©K4j�lRÀâ��o Ì 70Éi�X�X½`Kz�X�
¦zjXK�ëU-;ËE1 Ì Ü0/636Ë	Ø<-;ËL/ Ì Ô8-;Î	-;É+Ð;58Ï?Ê Ì ÎE1BÏ?-;7�1BËL3A7H1BØ<-9É<Î	58Ë45:Ê<Ø<36/ Ì ú{æ ð Ó-<=mR½`mzle�emR¾pÍ
± ?�Ñ¥�:ÒR¼��[��¡	I�¡:ò0Ín� Ì 7+Û¢öMÛpê8ê:ü0Ó �

� ¡�ö��~JK�*57VWT*2¸0h�6+m #v�5�8  RIK+q2iT*��57���*5*½~ !�� #H� i�# /I!S92�Hc57Gmef��L��*T! RIK��2�"MTÒJ��*5�Z
vo i)� /IU+3 iVWT*G65qAj5�8� /IqAu #H� i�*57�*2¡+N2�_@ �$6 #Hc�#5kI�J�T*HcT*v�TáAÏ iG6)� /IN i(*)
g�"KT*��G�CD�@O~ #v�v�2��K��ÓYåÃÜ Ì Ð × /65pçX36Î × ËEÚb-;7<ÐF5�É<-FÉ9Ê<Î45:14-;3A7e1�Ô�Î	58Ë43A7<-NÊ<Ø<5:Ë4Ê<Ø Ì 1 Ì Ë	-
Ö -;7<-f367<É × Ð;-FË�-F7<Ø Ì 70Ð;-;É�/65XÐ;58Ï?5:1458Î	Ô Ì ÐR1B3AçX3V1�Ôe367 Ì /6-FÊ<36É058Ê01B-FÎ Ì 79Ø<5:Ë	1óÓgÇ}oB�pKNþ�j:À��
I�K4jW��ì KR��¤�ì�I�Í ± d@?�Ñ¥�8Ò�¼¦�8ö2üt��I�ê0Í0än-;ÜCÛ¢öN�:ò8ò�öXÓ �

� ¡8¡[��ef�!+3 i(*�lI!A'�#JKT#VWT*�i5kI!|��#ÇFG@vbH��*2��RI!+-�#Ãq�# #(#2RI! i(*)ÏJ���Au #G6)� �Ó ú]Ø Ì ÎEÚ
Ì ÐF1B-FÎ43�¢ Ì 1436587�5:ßfÜ Ì Ð × /A5¢çX3AÎ × Ë�Î	-;ÊY- Ì 14-;Éi58ÊP-F7�Î4- Ì É<367 Ö ß@Î Ì Ï?-;ËcÑ4¦;oB�;ÒT3A7�£\��¥?¦;§F¨
¥q��o��Y7 × Ð;/A-;58ÊY58/AÔXØ<-FÉ<Î45pçX36Î × Ë;ÓE:�ÿg�Ooz���ÈÍK©9­�ÑEÛ��8ÒR¼VÛpò8ë8ë:ê	I ��ö�Í�ø\-;Ð9Ûpê:ê8ê0Ó �

� ¡W����S��!Ch�K+Un%G6v�v�I!AX�@����`B2iT*n )/I*`a�M��T#"M2�"� /IKef��ONG6"!"
I� #(#)�LN�#Ã��K.F i_M2�Ó
ú]ÎEÔXË	1 Ì /YËE1BÎ × ÐF1 × Î4-f5:ß`14Ø<-o³\ÐF1	ÚBÛfïR³ � É<58Ï Ì 3A7?ÜY5 × 70É?145 Ì 7�5XÐF1 Ì Ï�-FÎ�Ë43V1B-:¼GøLæ=å
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Î	-;ÐF5 Ö 7<3V1B365:7HÙ.3A1BØH14-F14Ø<-;Î	-;É�øLæ=åfÚbÜ<3670É<367 Ö Ï�5XÉ × /A-;ËFÓ s mR�O�ÈÍi©6© ÑEÛpÒR¼���ÛyI�ëW�XÍ å�Ê<Î�ü
Ûóê8êt�<Ó �

� ¡8ü[�B.��RO���+N2��� #(� #(#)X0h�Fef��gBn%57HcH� i"!)�ÓNå«Ü Ì Ð × /A5pç�3AÎ × Ë�ÆR^!åÁìq- Ì Î4/VÔJÊ<Î45:Ï�5:14-;Î
3AË Ì ÐF143Aç Ì 14-;É�Ü�Ô�Ø<58ËE1�1BÎ Ì 7<Ë4ÐFÎ43AÊ01B3A587[ß Ì ÐF1458ÎeÜ<3A7<É<3A7 Ö 1B5�ú]åfúNµLãfµ Ì 7<É�µLå�ã#å
-F/6-FÏ�-F7�14Ë;ÓE:�ÿ��OoB���ÈÍ@Ð6>�Ñ¥�8Ò�¼ ü�Ûpë	I{���XÍ<än-;Ü+Ûpê8êt�0Ó Û8Ó÷¡0ÓVÛ

� ¡8ê[�B+D�b+N2�ÀÁ57vb /I��m��O~ �$6 #�#  PQ /I�J��;�qH� #(#2RIQ i(*)ßO��og� #(*)#2�ÓHã Ì 7<É<-FÏ Î	-;Ê�Ú
-R1B3V1B365:7H5:ß|Ü Ì Ð × /65pçX36Î × ËU�ªm;_eÊ<Î	58Ï?5:1B-FÎ�Î4-FË × /V1BË\3A7 × Ê<Î	- Ö8× / Ì 1436587�5:ß|1BÎ Ì 7<Ë4ÐFÎ436Ê�1B365:7 Ó
I�oBKz��ÿg�OoB���ÈÍ ±�r Ð�Ñ¥�:ÒR¼VÛz��òW�
I~Ûz�<Ín� × /#�:ò8ò0Û8Ó Û8Ó÷¡0ÓVÛ

� �:ò[�BA'�R+N2�2in6I^LN�RO��/�q�*"!G6(#H%I/`a��ef�l032�n%)#_M !�K�/IE0h�R\��/`B2i�*"!vb #(#(�I/ i(*)
S��BAX��x3nW #��Ó�à�É<-F7�143AñnÐ Ì 1B3A587�52ß Ö -;70-;ËM3A7�ç:58/Aç:-;ÉÃ3A7ÃøLæfåíÎ	-;Ê</A36Ð Ì 1B365:7i52ß\1BØ<-
I��XÀ��4Æ:o4jR^n�0jTK4j:�È� îó��o�½n�ªK4j�Ü Ì Ð × /65pçX36Î × Ë;Ó0Ç}oB�pK�þ�j:À��:I\K4jW��ì KR��¤cìUILÍ�¾ ± Ñª�:ë�Ò�¼AÛ8Û���Ûc�
I
¡�Í~æ=5pçJü>Ûpê8êt�0Ó Û8Ó÷¡0ÓVÛ
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O��
�3�*"!G6(*H%I/S!�
A'��xmnW #�1I
 #(*)'0h�/\��
`�2��*"!vb #(*(�Ó{,.-;Ê</A3VÚ
Ð Ì 1B3A587[5:ßfÜ Ì Ð × /A5¢çX3AÎ × ËUøLæ=åUÓÑ:�<=mR½ùÿg�OoB���ÈÍ1©&ÐßÜU��Ý=¾MÞ¢¼���Ûpò8ë
IYÛpü0Í ð -;Ê©Ûpê:ê�ö�Ó
Û:Ó ¡0ÓVÛ

� �����BA'�q+N2i2�n6I�`a��ef�U032in%)i_@ !����IU #(#)¯S��NAX��x3n% #�|Ó�åÄÊ × 1 Ì 1B3Vç8-C7<587XÚ�Ø<Î
5:Î43 Ö 367L5:ß0øLæ=å�Î	-;Ê</A36Ð Ì 1B365:7\367L1BØ0-�Ø0367<É<à	à4àªÚ � ß@Î Ì:Ö Ï?-;7�1�5:ß<I���À��4Æ:o	jR^n�0jDK4j:�È� îó��oR½n�ªK4j
Ï × /A1436Ê</A-Z7 × Ð;/A-;5XÐ Ì Ê0Ë436É©7 × ÐF/6- Ì Î>ÊP5:/AÔXØ<-;É0Î458Ë	36ËMçX36Î × Ë;Ó×:�<=mR½¤ÿg�OoB���ÈÍ�©9®íÜ���Ý
± ?MÞ¢¼÷ë8ët��ö'I0ö���Í0ø\-;Ð9Ûpê8êt�0Ó Û8ÓÂ� Í Û:Ó ö Í Û8Ó ¡�ÓAÛ
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`a��+q2��� !��H%I�S��RL��*2i5kI/Yo�����R03T! i"!57(*2RIF i(*)�AX��CD�/JKT*v�v�G6"!H8Ó�ä × 7<ÐRÚ
1436587 Ì /LÉ<36Ë	Ë4-FÐF1B3A587!52ßU1BØ0-[I��XÀâ�4Æ:o	jR^n�0j¿K4j:�È� îó��o�½n�ªK4jk7 × Ð;/6- Ì ÎcÊP58/VÔXØ<-;É<Î	58Ë43AË>ç�3AÎ × Ë
3AÏ�Ï?-;É03 Ì 14-RÚ�- Ì Î4/VÔZÛ�1BÎ Ì 7<Ë	Ð;Î43AÊ01B3A587 Ì /`Î4- Ö:× / Ì 1458Î	ÔMÊ<Î45:14-;3A7 Óo:Ãÿ��OoB���ÈÍMÐ6Ð�ÑEÛc�8Ò�¼¦���%�:ê	I
ë���Í~ø\-;Ð�Ûpê:êW��Ó Û8Ó ¡�ÓAÛ
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� �[�t�����~+U"!G6v�G6"� #(*)¡CD��+U(*G6_KG6ntZ]Au2�"!Hc)i2i"!rYÓ®ãNØ<-k- Ì Î4/VÔ�Ü Ì Ð × /A5pç�3AÎ × Ëc�nm�å:�
Ê0Î458Ï?5:1B-FÎ;¼�³\7q14Ø<-�Ï?-;ÐzØ Ì 7<36Ë	Ï�52ß 1BÎ Ì 7<Ë4ÐFÎ43AÊ01B3A587 Ì / Ì ÐR1B3Aç Ì 1436587?Ü�Ôqà´¹NÛ8ÓTÿg�OoB���6�4Æ:§2Í
? r ¾�Ñ¥�8Ò�¼ ë:ë8¡	I0ö�Û:Í ð -;Ê�ë8ò>Ûpê8ê:ü0Ó Û:Ó ¡0ÓVÛ

� �8ö��~J��;YR !T*r�H I;���;YRT�I�+-�E�q"!"!G@n%n6Io #(*)y|��ogq�bLQ #"!H�8!G6(*H�Ó>I���À��4Æ:o	jR^n�0j+K4j:�È�
� îó��o�½n�ªK4j�7 × ÐF/6- Ì ÎqÊY58/AÔXØ<-FÉ<Î45:Ë436Ë9çX36Î × Ë?^`_�ì~� Ö -;7<-�Ê<Î45XÉ × ÐR1M3fË Ì øLæfåfÚ�Ü0367<É<3A7 Ö
Ê0Î45:14-;367`Ó?ÿ��OoB���6�4Æ:§�Í@?@?6>�ÑEÛpÒR¼÷ê8ü	IYÛpò:¡0Í<än-;Ü�ë>Ûpê8êW�XÓ Û8Ó ö

� �:¡[�BON57nW #"%$¸A'�M�}YR !T*VW2�(�IiLQ�#"!57H�8!2i46�#G6"=S���Y1T*�K #"M2i8�8!5kI!.bG68�G@"ÎS���+m"!G@n%n6I
î 57n 5R\^G@(*�lIi�3" 8!�*T*"u`~G&8!(! #�i #"� #(/IF #(*)�g� iHc57nhAX���q"!57rYÓ ð -FÞ × -;7<ÐF- Ì 70É
5:Î Ö�Ì 703£¢ Ì 1B365:7M5:ßw1BØ<-eþDmz���:� ^YoR�ª��½��6mzKz��½nÀâmR�Y7 × Ð;/A-;58ÊY58/VÔ�Ø0-;É<Î	5¢çX3AÎ × Ë Ö -F7<58Ï?-:Ól:�ÿg�O�
oB���ÈÍK©9>�ÑEÛpë8ÒR¼��:òW�:ë	IXë�ö�Í0� × /#�:ò8òt�0Ó Û8ÓVÛ8ÓVÛ

� �����BO��=Y1G6G¼ i(*) .��ÑS��Ò+m"!G@n%n<Ó ,.-;3V1B-;Î Ì 1B-FÉSøLæfå ß@Î Ì:Ö Ï?-;7�1BËi367ûÉ<-Rß@-;ÐF143Aç:-
Ö -;7<58Ï?-;Ëc5:ß�I���À��4Æ:o	jR^n�0j�K4j:�È� îó��o�½n�ªK4jC7 × ÐF/6- Ì Î�ÊY58/AÔXØ<-FÉ<Î45:Ë436Ë>çX36Î × Ë Ì Î4-CÐ;5:Ï�ÊY-RÚ
14-;7�1|ß@58Î�å�Ðz¿Zæ�ïFãfÚ�É<-FÊP-F7<É<-;7�1{øLæ=å©Î4-FÊ</63AÐ Ì 1436587`Ófÿ��OoB���6�4Æ:§�Í ?6d@?�ÑEÛpÒR¼Â�<Ûpü	I{�2ê0Í�� × /
Ûóê8êt�<Ó Û8Ó ö

� �:ü[�BCh�lS��RY1G657H�$lIlLN�/`� #Hcv�T*H�HcG6(�IRO��/�m�/+U57v�I/ i(*)Û0h�R\��/`B2i�#"!vo i(*(�Ó\ãNØ<-
I��XÀ��4Æ:o4jR^n�0jÃK4j:�È� îó��o�½n�ªK4jk7 × ÐF/6- Ì Î>ÊP5:/AÔXØ<-;É0Î458Ë	36ËMçX36Î × Ë>Ø<58Ï?58/65 Ö 5 × ËMÎ	- Ö 3A587®Û Ì ¼
3AÉ<-;7�1436Ð Ì / Ë4-FÞ × -;7<ÐF-;Ë Ì Î4-L-;Ë	Ë4-F7�143 Ì / ß@5:ÎNøLæ=å®Î	-;Ê</A36Ð Ì 1B365:7 Ì ÐF143AçX3A1�Ô Ì 7<É>14Î Ì 7<Ë	Ð;Î	36Ê�Ú
1436587 Ì / -;70Ø Ì 7<ÐF-;Î.ß × 7<ÐF1436587`Ó?ÿ��OoB���6�4Æ:§�Í6?&dM>�Ñª�8ÒR¼��[�%�
I�ö���Í0å=Ê<Îo�:ò>Ûpê8ê�öXÓ Û8Ó÷¡0ÓVÛ

� �:ê[�BCh��S���Y1G657H�$1IBLN��`� #Hcv�T*HcHcG@(�I�|���Ã���Ã�PUT#HcT�IQ #(#)}0h�o\���`B2i�*"!vb #(#(�Ó
å±Ï?-;ÐzØ Ì 7<36Ë	Ïíß@58ÎL7<- Ö�Ì 143Aç8- Ö -;7<-9Î4- Ö8× / Ì 1B3A587H367�I��XÀâ�4Æ:o	jR^n�0jHK4j:�È� îó��oR½n�ªK4jeÏ × /A1B3 Ú
7 × ÐF/6-F5�Ð Ì Ê<Ë43AÉW7 × ÐF/6- Ì ÎTÊY58/AÔXØ<-FÉ<Î45:Ë436Ë�çX36Î × Ë;Ó-:!ÿg�Ooz���ÈÍ�© ± Ñª�8ÒR¼ ö:ò8ü:ü	I�êt�<Í#� × /.Ûpê:êW��Ó
Û:Ó ¡0ÓVÛ
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� ü8ò[�BCh�US��3Y1G657H�$¯ #(*)Å0h�3\��m`�2��*"!vb #(*(�Ó�ú]Ø Ì Î Ì ÐF14-;Î43�¢ Ì 1436587¿5:ße14Ø<-+Î4-;Ê0/636Ð Ì Ú
1436587J5:ß#Ê</ Ì Ë4Ï?36É<Ë]Ð;587�1 Ì 367<3A7 Ö Ø<ÎNË4-FÞ × -;7<ÐF-;Ë\3A7cÜ Ì Ð × /A5pç�3AÎ × ËâÚ�3A70ß@-;ÐR1B-;ÉJË	ÊP5XÉ<58Ê014-;Î Ì
ß@Î ×<Ö 3AÊP-FÎ4É Ì Ð;-F/6/AË;Ó?ÿg�Ooz���6�4Æ:§�Í ± ¾6Ð�Ñ¥�8Ò�¼¦���t�
I�ë8ò0Í9³\ÐF1DÛpê8ê8ë�Ó Û8Ó ö

� ü0Û��~0h��YR57Tj i(*)§|��
gq�RLQ #"!H�8!G6(*H�Ó ð 3V1B-RÚbÉ<36Î	-;ÐR1B-;ÉcÏ × 1 Ì:Ö -F7<-;Ë	36Ëf5:ßG14Ø<-Tå=Ð�¿Zæ=ïFã
^`_�ì~� Ö -F7<-:¼�-Ré`-FÐF14Ë}587?Ü Ì Ð × /65pçX36Î × Ë|øLæ=å�Î	-;Ê</A36Ð Ì 1B365:7 Ófÿ��OoB���6�4Æ:§�Í�?@®6­�ÑEÛpÒR¼VÛc�8ö
I�ë:¡0Í
� Ì 7HöMÛpê8ê:ê0Ó Û:Ó ö

� üW���BONT*G65�Z]`�T×Y121I3LQ�*G@(*�#Z�L��*T*(*�°L��*2�T�I~��VW2i(*�#ZÔ·mT! #(×e�T�I3S92�$���G�.�T*5�Z
·mG6Gá·mT#G6(�I= #(*)ï·mTKZ�LQ�! i(ØL��! !2|Ó æ=5pç8-F/qÜ Ì Ð × /A5¢çX3AÎ × Ë+øLæ=å -;/A-;Ï?-;7�1BË
ËE1BÎ	587 Ö /VÔ9Ë	1B3AÏ × / Ì 1B- Ì ÐF1B3VçX3A1B3A-;Ë�5:ß`-Rè�5 Ö -F7<5 × Ë Ì 7<É�-;7<É<5 Ö -;7<5 × Ë]Ê<Î	58Ï?5:1B-FÎ4Ë;Ó#:?£N�ª���
s �nmR¥�Í&?K©6© Ñ¥�:ÒR¼ ö��8ö:¡	IX¡t�<Í<än-FÜ�Û¢öN�:ò:òW��Ó �

� ü8ë[�����NY1Tí #(*)¡|��Ngq�3LQ #"!H�8!G6(#H8Ódæ × Ð;/A-;5:1436É<-ZË4-;Þ × -F7<Ð;-�5:ß Ì�Ö -;7<-C-;Ë	Ë4-F7�143 Ì /
ß@5:Î=çX36Î Ì /GøLæfå«Î	-;Ê</A36Ð Ì 1B365:7�3A7�1BØ0-eÜ Ì Ð × /65pçX36Î × ËLI��XÀâ�4Æ:o	jR^n�0jZK4j:�È� îó��o�½n�ªK4jD7 × Ð;/A- Ì Î
ÊY58/VÔ�Ø0-;É<Î	58Ë43AË.çX3AÎ × ËFÓ?ÿ��OoB���6�4Æ:§�Í ± > ± ÑEÛpÒR¼÷ë8ë8¡	I �W��Í&¿ Ì ÎDÛóê8ê0Û8Ó Û8Ó ö

� üt�t������YRTÒ #(*)Ñ|���gq�#LQ #"!H�8!G6(*H8ÓYà�Ï?Ï?-;É<3 Ì 1B-�Ú�- Ì Î4/AÔDÜ Ì Ð × /A5¢çX3AÎ × Ë Ö -F7<-;Ë|1BÎ Ì 7<Ë Ì ÐF143VÚ
ç Ì 14-D14Ø<-L^`_�ì~� Ö -F7<-DÊ<Î458Ï?5:14-;ÎN5:ß�I���À��4Æ:o	jR^n�0jcK4j:�È� îó��oR½n�ªK4jL7 × Ð;/A- Ì ÎfÊY58/AÔXØ<-FÉ<Î458Ë	36Ë
çX3AÎ × ËFÓqÿg�OoB���6�4Æ:§2Í ± ¾6®�Ñ¥�8Ò�¼¦�XÛpò	I�ü0Í�å ×<Ö Ûpê8ê:ë0Ó Û:Ó ¡0ÓVÛ

� ü�ö�������YRTß #(*)pYb�b+-�bAj57n%n%G6"GÓkà�É<-;7�143AñnÐ Ì 1B3A587�5:ß.1BØ<Î	-;-M/ Ì 1B-q-Rè�Ê<Î4-FË4Ë	36587�ß Ì ÐR1B58Î
Ö -;7<-FË{Ù.3A1BØ0367�14Ø<-\ë:ë0Ó ü¢ÚG145���ë0ÓÂ�2Ú�Ï Ì Ê�Ú × 7<3V1|Î4- Ö 36587M52ßwI���À��4Æ:o	jR^n�0j>K4j:�È� îó��o�½n�ªK4jf7 × Ú
ÐF/6- Ì ÎNÊP5:/AÔXØ<-;É0Î458Ë	36ËNçX36Î × Ë;Ól:�ÿ��OoB���ÈÍ@Ð6>�ÑEÛpò8ÒR¼÷¡W��Ûpò	IXü0Í&³\ÐF1DÛpê:êt�<Ó Û8Ó ¡�Ó¦�

� ü8¡[�����MY1T� #(#)=Yb�@+-�@Aj57n%n G6"GÓ<ãNØ0-NÎ458/A-;ËG52ß~-;3 Ö Ø�14-;-F7?Ü Ì Ð × /A5pç�3AÎ × Ë#/ Ì 14-]-�è0Ê0Î4-;Ë	Ë43A587
ß Ì ÐF1B5:Î Ö -F7<-;Ëe3A7�14Î Ì 7<Ë	Ð;Î	36Ê01436587 Ì 7<É�øLæ=åûÎ4-FÊ</63AÐ Ì 1436587`ÓÉ:®ÿ��OoB���ÈÍ�Ð6¾�Ñ¥�:ÒR¼÷êW�8ö
I�ü���Í
än-FÜ�Ûpê:ê�ö�Ó Û8Ó ö

Ûc�2ê



�es��~��s��Uµ>õU¶U��� v

� üW���Q·D�oY1T�I�Yb�bA'�o�1 #4t  $lI�.��QLN�bYR2���IBS��o���bg�"K2i���1I� #(*)p`a��032iHcGgÓZø\-RÚ
ç:-;/A58Ê<Ï?-;7�1f5:ß Ì Þ ×nÌ 7�1 Ì / Ì Ë	Ë Ì Ô>367JÊ<Î	36Ï Ì Î	Ô?Ë	Ø<Î43AÏ�ÊJÐ;-F/6/PÐ × /V1 × Î	-�ß@5:Î]Ô8-F/6/65pÙ¯Ø<- Ì É
Ü Ì Ð × /A5pç�3AÎ × Ë�Ñ7ðQÓRã�Ò|5:ßGÇ.mR½YjXmR���fË	Ø<Î43AÏ�Ê`Ó�:�ÿg�OoB���6Ê+mRÀ@�n����lRÍ{®6?�ÑEÛFÚ´�8ÒR¼��:ë0ÛyIX¡0Í%¿ Ì Î
Ûóê8ê�ö�Ó Û8Ó÷¡0Ó¦�

� ü8ü[�Q·D�;Y1T*21IQO��;\^T#ÀÁ5�5kI��m��03G6"!Hc8�G@"
I; #(#)y`a��0h�o`�2�G6)#G@"GÓ>å�7<5pç8-F/lÓ³ÐF-;/A/VÚ
É0-;Î43Vç8-FÉ�ÐF5 Ì ÐF143Aç Ì 1458Î{ÊY5:1B-F7�143 Ì 14-;ËN1BØ0- Ì ÐF143Aç Ì 1B3A587M5:ß#36Ï?Ï × 705 Ö /65:Ü × /63A7�Ê0Î458Ï?5:1B-FÎ4Ë
Ü�ÔZ5�ÐR1 Ì Ï?-;ÎâÚ�Ü<3A7<É<367 Ö 1BÎ Ì 7<Ë	Ð;Î43AÊ01B3A587�ß Ì ÐF1B5:Î4Ë;Ó s mR�O�ÈÍ*© ± Ñª�8ÒR¼��:ë0ÛyI%�<Û8Í!³\ÐR1�Ûp¡ZÛpê:êW��Ó
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� ü8ê[�BYo��Au /I�½����1 #vb #"!57(! /IK·-�@ej #(*�lI�����+UT*VW(*G68�H�2��RI�½���.F 98�G@n6IiL~��+UG6(*)!Z
57(*�lI�gq��S��QOqG6"!57(*�lI� #(#)ÙYb�QO���.��*57n%5746H�2i(�ÓÑÓ Ì Ð × /65pçX36Î × ËEÚbÏ�-FÉ<3 Ì 1B-;É Ö -;7<-
14Î Ì 70Ë	ß@-;Î.3A7�1459Ê Ì 7<ÐFÎ4- Ì 1B36Ð�3AË4/6-R1NÐ;-F/6/AË;Ó]����j�¦RmRÀ�mzlRÍ r ¾�ÑEÛc�:ÒR¼VÛpê8ü8¡	IXê0Û8Í<ø\-FÐB�:ò8ò8ò0Ó �

� ê8ò[�~J��#Au #G6)� |Ó#¹Gè�Ê<Î4-FË4Ë	36587>5:ßgß@5:Î4-;3 Ö 7 Ö -;7<-FË{367�367<Ë	-;ÐF14Ë × Ë	367 Ö Ü Ì Ð × /A5pç�3AÎ × Ë�ç8-FÐF1B5:Î4Ë;Ó
I�½n½n�a«.mR¾�¬}½nÀâ��¥q���ÈÍ6­ r ¼÷ë�ö�ÛyI{�t��Í`Ûpê:ü8ê0Ó Û8Ó¦�XÓAÛ

� ê0Û��Bgq�*J���AÏ iH�8!G6"!H%I@Yb��Yo�*JM8!2��*n6I� #(*)ÑCD�@�h�!L�nW �$i8!2i(�Ó6ð�- Ì ËE1|Ï�3V1B5XÐzØ<587<É0Î43 Ì /
,fæ=å!ÊP58/VÔXÏ�-FÎ Ì Ë	-=3AË]Ø<58Ï?58/A5 Ö 5 × Ë�145U1BØ<5:Ë4-\-F7<Ð;5XÉ<-;É>Ü�Ô�Ü Ì ÐR1B-;Î	3658Ê0Ø Ì:Ö -FË]ã.ë Ì 70É
ã;�XÓ s mR�O�ÈÍ&® ± ÑâÛ¢ÒR¼÷ü8ê	I�ê:ê0Í&³\ÐF1=ê>Ûpê8ü���Ó Û:Ó ¡0Ó��

� êW����S��#`a�*Aj��YR ����*n 57(Ñ #(*)�Yb�*+-�*Aj57n%n%G6"GÓgà�É<-;7�1B3VñnÐ Ì 1B365:7 Ì 7<É�ÐzØ Ì Î Ì ÐF14-;Î43�¢ Ì 1436587
52ßL¾p� î��E_:Í Ì Ü Ì Ð × /65pçX36Î × Ë Ö -;7<-�367�ç858/Vç8-FÉ[367Cç8-FÎ	Ô�/ Ì 14- Ö -;7<-�-Rè�Ê<Î4-FË4Ë	36587 Ó�: ÿ��OoB���ÈÍ
Ð6>�ÑEÛ��8ÒR¼����[��¡
I0ö:¡0Í0ø\-;Ð9Ûpê8êt�0Ó Û8Ó÷¡0Ó��

� ê8ë[�B�B�*57_M !T*n�8 AjG6Hc46n�ñG6)#G*IÏAu #"!57G{Z]Y/ !T*"!G¼��Hcn% #(*)/I�½q57�K2�nW #HíLQ�*"!57Hc8�G@r�rKI
\M i�*"!G&8�8!57(Ò.�G&8!G6�1I#S{ #(#57(*GhCm2�n]$lI! #(*)ÏJKG@_@ #Hc8�57G@(Î½~  �� #"!"K2|Ó`ãNØ<-=ï/³ �
14Î Ì 70Ë4Ð;Î	36Ê01436587Jß Ì ÐR1B58Î;³\ÐF1EÚzÛDÎ4-FÊ<Î4-FË4Ë4-FË�çX36Î × ËEÚb367<É × Ð;-;É�367�1B-FÎ	ß@-FÎ4587cå Ö -;7<-D-Rè�Ê<Î	-;ËâÚ
Ë	36587`Ó1Ê���� s mR�O�P£N�ª���ÈÍ6?6®wÑâÛpê�Ò�¼ üW�XÛc�
I�ë0Û:Í&³\ÐF1b�:ò8ò8ö�Ó �
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� êt�t��xh�@J��9Au�����! #57n 2��|Ó � Î4-;Ê0/636Ð Ì 1B3A587L5:ßX1BØ<-|Ü Ì Ð × /A5¢çX3AÎ × Ë Ö -F7<58Ï?-��ÁÓ�Ê����8£.�ª���6�ªÊ+�pl�ë���Í
­M© Ñ¥�:ÒR¼��:ü8ü	I�ê:ê0Í&¿ Ì ÎEÚ�å=Ê<Îo�:ò8ò8ë�Ó Û8Ó ö

� ê�ö���x357�K8�2�"'J��RAj57�i�! i57n%2��, i(*)X03G62�"K��Gw\��/`�2��*"!vb #(*(�Ó�Ó Ì Ð × /65pçX36Î × Ë=Î	-;Ê</A3VÚ
Ð Ì 1B3A587Hß Ì ÐR1B58Î Q ¹|äwÚzÛ�3AË Ì øLæ=ådÊ<Î	36Ï Ì Ë4-2Óq:¯ÿg�OoB���ÈÍ�©9ÐwÑÁö8ÒR¼����:ü��
I�êW��Í�¿ Ì Î��:ò:òW��Ó
Û:Ó ö

� ê8¡[��x357�K8�2�"¸J���Aj57�i�! i57n%2��� #(*)Ï03G@2i"K�FGh\��!`B2i�#"!vo i(*(�Ó!Ó]3A7<É<3A7 Ö 5:ß`14Ø<-=Ü Ì ÐRÚ
× /65pçX36Î × Ë=ç8-FÎ	Ô�/ Ì 14-U-�è0Ê0Î4-;Ë	Ë43A587Hß Ì ÐF1458ÎDÛJÑÖã Q ä�ÚzÛ¢Ò{1B5MÉ03AéP-;Î4-F7�1LøLæ=å³Ë	14Î × ÐR1 × Î	-;Ë;Ó
£1Ê s Ê+���`£.�ª���ÈÍ6­�ÑEÛpÒR¼VÛz�<Í ð -FÊ-�2¡3�2ò8òW��Ó Û8Ó÷¡0Ó¦�

� êW���BYo�l+-�lAu57n n%G6"
I^S��E|��lS&G9PUG@n%n6Il #(*)ÛCD�1g�"K2�PU(#G ÓBÓ Ì Ð × /65pçX36Î × Ë\3670É × ÐF1436587
52ß Ì øLæ=å®ÊY58/AÔXÏ?-;Î Ì Ë4-2Ól:Ãÿg�OoB���ÈÍ r d#ÑâÛ¢ÒR¼÷ë8ò�ö'I�ü0Í&³\ÐR1TÛóê8ü0Û8Ó Û8Ó÷¡0Ó¦�

� ê8ü[�B�B2�(*5�Z��q(*(wAj57H�8!"!G&8�8  Ñ #(*)wY157(*)� w���i03T* #"!57(*2�Ó`ã#Î Ì 7<Ë4ÐFÎ43AÊ01B3A587 Ì / Ì ÐR1B3Vç�3V1�Ô
52ßGÜ Ì Ð × /A5¢çX3AÎ × ËNç8-FÎ	ÔJ/ Ì 1B-\ß Ì ÐR1B58ÎLÛ:Ól:Ãÿg�OoB���ÈÍK©9¾wÑ�ë�ÒR¼VÛpê�ö2ü	I�¡8ò0Í�än-;ÜD�:ò8ò�öXÓ Û8Ó÷¡0Ó��

� ê8ê[��xh��Aj5�8�8  #n6I/A'�F�h�1LQn G& #"%$1IFef��ONG@"!"
I
 #(*)§½���ONG6"!(! i(*)#G6V0Ó]ãNØ<-�³LÐR1	Ú
ÛCï/³ � ÚbË4ÊY-;ÐF3AñnÐkÉ<5:Ï Ì 3A7ÃÐ Ì 7¿ËE1B3AÏ × / Ì 1B-cË4Ï Ì /6/f7 × Ð;/A- Ì ÎJ,fæ=å Ö -;7<-H14Î Ì 7<Ë	Ð;Î	36Ê�Ú
1436587CÜ�ÔkËE1 Ì Ü<3A/63�¢;367 Ö 1BØ<-9Ü Ì Ë Ì /G14Î Ì 70Ë4Ð;Î	36Ê01436587CÐF58Ï�Ê0/6-Rè ð æ=å�ï�Ð:ÓUÊ���� s mR�O�#£.�ª���ÈÍ
± Ð�Ñªö:ÒR¼VÛpê�ö8ö
IX¡�ö�Í&¿ Ì ÔCÛóê8ê8¡0Ó �

� Ûpò8ò[��ef�KCD�@Aj2�"M�� #(/I*0h�K�m�6e�57n%n 5� #v�H%I!`a�M����Aj2�"!57vb2i8!2RI#S!�!03"!G6G@(*G*IK`a�M|��
+m57(#��Hc8�2�(�I; #(*)�`a�E��ÀÁ5� #(�Ó?ã{Ù}5�1BÎ Ì 7<Ë	Ð;Î43AÊ01B3A587 Ì / Ì ÐF143Aç Ì 1458Î4ËFÍGúNú]å=å�ã]Ú�ÜY5óèXÚ
Ü0367<É<3A7 Ö 1BÎ Ì 7<Ë	Ð;Î43AÊ01B3A587©ß Ì ÐF1458Î Ì 70É¯Ø<- Ì 1JË4Ø05�ÐzÝÃ14Î Ì 7<Ë	Ð;Î	36Ê01436587Ãß Ì ÐR1B58ÎFÍ�3A7�14-;Î Ì ÐF1
Ù.3V1BØ Ì Ø × Ï Ì 7MØ<Ë	Ê6�:ò Ö -;7<-=Ê<Î458Ï?5:14-;Î;Ó#Ê���� s mR�O�~£N�ª���ÈÍ&© Ñ�ë�ÒR¼VÛ8Ûc�:ê
I�ë8ü0Í ¿ Ì Î=Ûpê:üW��Ó
�

Ûpë�Û
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� Ûpò0Û��B�3�lCD�RAj2�"!"!57H� #(*)XYb�l+D�1Aj57n%n%G6"GÓ�¿ × 1 Ì 1436587 Ì / Ì 7 Ì /AÔXË	36Ë\5:ß Ì Ü Ì Ð × /A5¢çX3AÎ × Ë
Ï Ìcº 58ÎN/ Ì 1B-LÊ0Î458Ï?5:1B-FÎ;ÓQ<=mR½`mRÍ ±�r dwÑ¥�8Ò�¼AÛ��%�
I0ö:ë�Í&¿ Ì Î;�:ö>Ûóê8êt�<Ó Û8Ó÷¡0Ó¦� Í ë0ÓAÛ

� ÛpòW���Bgq��AjT*���*G6"!À�G6G*I�JF�Qg�T*"!vb /I� #(*)íJ��Q|��QO~ #Hc(! i57(�Ó�ãNØ<-�ë8ò�ÚbÝXÉ Ì Ê0Î45:14-;367
Ü0367<É<3A7 Ö 145U1BØ0-�ò	36703A1B3 Ì 1B5:ÎÔó�5:ßg1BØ0-\Ü Ì Ð × /65pçX36Î × Ë]ÊY58/AÔXØ<-FÉ<Î43A7qÊ<Î	58Ï?5:1B-FÎ Ì /AË45UÜ0367<É<Ë
Ë	ÊP-FÐ;3VñnÐ Ì /A/AÔe145T14Ø<-=ÐF5�É0367 Ö Ë	14Î Ì 7<É`Ó�:�£.�ª��� s �nmR¥�Í ?M©{dwÑÁê�Ò�¼²���8ò�ö
IYÛ8Û:Í ¿ Ì Î}ë?Ûpê:ê�ö�Ó
Û:Ó¦�

� Ûpò8ë[�~J���AjT*"!46��$1IqS���g3��·m2�2�(�IN�m�~03G6"!Hc8�G@"
I� #(#)}`a��0h�B`�2�G6)#G@"GÓÍ³\ÐR1	ÚzÛ
Ì 7<É¸³\ÐF1	Ú´�cÊY5:1B-F7�1B3 Ì 1B-�ß × 7<ÐF1436587 Ì /�3A7�1B-;Î Ì ÐF14365870ËU5:ß Ì 1BÎ Ì 7<Ë4ÐFÎ436Ê�1B365:7�ß Ì ÐR1B58ÎDÙ.3A1BØ
14Ø<-eÊ<Î	5óè03AÏ Ì /gË4-;Þ × -F7<Ð;-9-F/6-;Ï?-;7�1=5:ß|Ë4Ï Ì /A/g7 × Ð;/6- Ì Î\,fæ=å Ö -;70-;Ë;Ó�Ê���� s mR�O� £.�ª���ÈÍ
± ?�Ñ¥�:ÒR¼÷ëW�[�%�
IX¡0Û8Ín� × /�Ûpê8êW��Ó �

� Ûpòt�t���Ø½N #�# i5kIEA �1 #(! #_KG*IR· +3  PQ #VW2iG#IoSÏ��(! #V� %PQ /I;`~�qAj2i"!57v�2i8!2RIE i(*)
+ ½~ !�� 98  �Ó ��ð ä��<Í Ì 7<-FÙ¤Ï?-;ÏUÜP-FÎ�5:ß=14Ø<-JØ × Ï Ì 7�Ø<- Ì 1?Ë4Ø<5XÐzÝ[ß Ì ÐR1B58Îeß Ì Ï�Ú
3A/AÔ�Ù.Ø<36ÐzØi/ Ì ÐzÝ�Ë?Ê<Î45:ÊP-FÎ	1B3A-;Ë�5:ß Ì 1BÎ Ì 7<Ë4ÐFÎ436Ê�1B365:7 Ì / Ì ÐR1B3Vç Ì 1B58ÎFÓÏÊ����ô� s mR�O�ô�{£.�ª���ô�6Í
± © ÑEÛpÒR¼Â��¡8ê	I �8ü0Û8Í`Ûóê8êW��Ó �

� Ûpò�ö��~L~��S��;½NG@T*vb #(*(Û #(#)pJ��^AX�bL�2��*G6(�Ó�Ó]5 × 7<É Ì Î	Ôkß@58Î	Ï Ì 1B365:7+3A7��Loz�plp�z^n�X�O�Vj
Ù.3A7 Ö ¼!æ=5:14ÐzØ Ì ÐF1B3VçX3A1�Ô Ì 1414-;7 ×nÌ 14-;É�Ü�Ô!1BØ0-�ïR³ � Ê<Î	5:1B-F367®7 × Ü<Ü0367 Ó ì KR�ªmR½`KzmRÍ
?6> ± Ñªö:ë��8ö8ÒR¼Â��ò8ê
IYÛpë0Í<� × /�Ûc�MÛpê8ê8ü�Ó �

� Ûpò8¡[�BA'�@J��{½N57HcH�G6(� #(#)D.��9CD��\^"!57G@HcG6(�ÓW¿�5:/6-;Ð × / Ì Î Ì 7 Ì /VÔ�Ë	36Ëg5:ßX1BØ0-|14Î Ì 70Ë4Ð;Î	36Ê01436587 Ì /
Î	- Ö8× / Ì 1458Î	ÔJÎ	- Ö 3A587�52ß Ì 7Z- Ì Î4/VÔJÜ Ì Ð × /65pçX36Î × Ë Ö -F7<-:ÓQ:Ãÿ��OoB���ÈÍKÐ6­wÑª�8ÒR¼Â��ê8ë
I0ö:ò8ë0Í~än-FÜ
Ûóê8ü8ê0Ó Û8Ó÷¡0ÓAÛ

� ÛpòW���BAÏ !T*"!57��572 Yb�=½N2��FT*G657"� /Iuxm57�M8!2�"!5� |��=O��Éej #(*�lI�CmG& #( �R i(!8!57(�I
.b�#57n%n%574p���mJ��! #"!4*IU #(#)��B�#2ivb #H§AX�~+U"!57H�8!57G Ó � -FÎ4ÊY-;ËcË436Ï?Ê</A-Rè�ç�3AÎ × Ë

Ûpë��
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3A70ß@-;ÐR1B3A587<Ë Ì Î4- Ì Î	Î4-FË	1B-FÉ©367§³\ÐR1	ÚzÛRÚ�É<-RñnÐ;3A-;7�1MÐF-;/6/AË;Ó�Ç�þNI\ì~Í ± d ± Ñ�¡�ÒR¼VÛz�%�:ë
IYÛz�%�:ü�Í
�2ò8òt�<Ó �

� Ûpò8ü[�B+3 iVWT*�*57"K2ÒÃq�# #(#2RI@�q)� #v§Yb��xl i(! #"!Hc)� #n n6I9x357�K8!2i"�J��9Aj57�i�! i57n%2��RI& i(*)
03G62i"K�FGU\��&`�2��*"!vb #(*(�Ónú]587<Ë	-;ÎEç8-;É9Ï?58/6-FÐ × / Ì ÎgË	ÔXËE1B-;Ï?ËG52ß<1BØ<-}Ü Ì Ð × /65pçX36Î	36É Ì -2Ó
ÿg�OoB���6�4Æ:§2Í@­ r~r ÑEÛ¢Ò�¼¦�t�
I�üW��Í<� Ì 7Zöq�2ò8ò8¡0Ó Û8ÓVÛ8ÓAÛ Í Û8Ó÷ë Í Û8Ó ö Í Û8Ó ö Í Û8Ó÷¡0Ó��

� Ûpò8ê[�B+3 iVWT*�*57"K2 Ãq�i #(*21I �3)� #v Yo� xE #(! #"!Hc)� in%n6I  #(*) 03G62i"K�FG \��
`�2��*"!vb #(*(�Ó�ú]Ø Ì Î Ì ÐR1B-;Î	3£¢ Ì 1B3A587q5:ß Ì Ü Ì Ð × /65pçX36Î × Ë]/ Ì ÐzÝX3A7 Ö 14Ø<- Ì /AÝ Ì /63A7<-N7 × Ð;/A- Ì Ë	-
Ö -;7<-2Ó^:�ÿg�OoB���ÈÍK©&>�ÑâÛpê�ÒR¼VÛpò8¡8ö:ò	I�¡0Í9³\ÐF1b�:ò8òt�0Ó Û:Ó ö

� Û8Ûpò[�Bgq��0h�FÃq2i5kI/LN�i`� i(*�i57(/I# #(#)ÏYb�i+-�iAu57n n%G6"GÓ#ø\5¢Ù.70Ë	1BÎ	- Ì Ï�Ë4-FÞ × -;7<ÐF-;Ë Ì:×<Ö Ú
Ï?-;7�1e14Î Ì 70Ë4Ð;Î	36Ê01436587�ß@Î458Ïh1BØ0->-;Ë4Ë	-;7�1B3 Ì /{3A7<3A143 Ì 1436587CË43V1B-�5:ß Ì Ü Ì Ð × /65pçX36Î × ËeÊY58/AÔ�Ú
Ø0-;É<Î	367 Ö -;7<-2ÓE:�Ê+���`£.�ª���ÈÍ6? ± dwÑ���Ò�¼¦�t��ÛyI�ë8¡�Í<ø\-;ÐB�:ò>Ûpê:ü8ê0Ó Û8Ó ¡�Ó¦� Í Û8Ó¦�

� Û8Û8Û��BC� %�i57)X`a�^Ã�õ�`~G657n%nÁ$1IlY12i57Hh+D�1Aj57n%n%G6"
IR #(*),x3G@"!(*G����1Y1T*���*2�PZÓU£fjXKR�
�X�6��¾p�Oo���l�¬G¨F^YoBmzlzlR�ª��½ûÿYmzKRÀâ��oBl�öWI¼êgj�¦R��o	j:À���o�§ÎÊkj:½n�<j:�ÈÓ¿x�Ó � Ó{änÎ4-F-;Ï Ì 7 Ì 70É
ú]5:Ï�Ê Ì 7�Ô:Í~æ=-RÙ'ð�58Î4Ý~Í ��ð åUÍgÛpê:êW��Ó ë0ÓAÛ

� Û8Ûc�������*Yb�*.F #HcH� i"!G6n%n%5kIFS���ef�*��2i)i)/Ii #(*)�Yb�*+-�*Aj57n%n%G@"GÓ`å!Ü Ì Ð × /65pçX36Î × Ë Ö -;7<-
3A7�ç858/Vç8-;ÉU367D/ Ì 14- Ö -F7<-�-Rè�Ê<Î4-FË4Ë	36587�Ê<Î	-;É<3AÐF14Ë Ì / Ì Î Ö -|ÊP58/VÔXÊP-FÊ01B3AÉ<-�Ù.3V1BØ Ì ÐF587<Ë4-FÎ	ç:-;É
Ï?5:143Aßw5:ßG,=æfå®ÊP58/VÔXÏ�-FÎ Ì Ë	-;Ë;ÓE:�ÿg�Ooz���ÈÍ@Ð6>�Ñ¥�:ÒR¼Â��¡W�:ë	IXü0Ín� × /�Ûóê8êt�<Ó Û8Ó÷¡0Ó��

� Û8Ûpë[�BA'�b.�G& #"!Hc2�(�I�`a�;gBÀÁ2�"!(*Hc2�(�I�0h�o.bG6 #"!Hc2�(�I� #(*)×0h�;`B2i�*"!vb #(#(�ÓkãNØ<-
I��XÀ��4Æ:o4jR^n�0j�K4j:�È� îó��oR½n�ªK4j�Ü Ì Ð × /65pçX36Î × Ë Ö -;7058Ï�-2¼#-RçX36É<-F7<Ð;-{ß@58Î#Ï × /V1B36Ê0/6-�Î4-;Ê0/636Ð Ì 1B3A587
5:Î43 Ö 367<ËFÓ]ì KR�ªmR½`KzmRÍ6?6®M©gÑÁö:òW�8ö:ÒR¼VÛpë8üW�
I%�<Í ð -;Ê���Ûpê:êW��Ó Û8Ó÷¡0ÓAÛ

Ûpë:ë
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� Û8Ûz�t�~Ã��E.�G6"!57H�57��IlO��RÆ35� !21IE #(*)yS!�1�m�EY157H8Ó ð 1 Ì Ü0/6-eÜ<3A7<É<3A7 Ö 5:ß}É<Î45:Ë458Ê<Ø036/ Ì Ø<- Ì 1
Ë	Ø<5XÐzÝ�ß Ì ÐF1458Î�145�Ø<- Ì É�Úb1452Ú�Ø<- Ì É Ì 7<ÉÃ1 Ì 36/ Úb1452Úb1 Ì 36/{Î	-;ÊY- Ì 14ËM5:ß Ì Ð;5:7<Ë4-FÎ	ç8-FÉ öWÜ0Ê
Î	-;ÐF5 Ö 7<3V1B365:7 × 7<3A1;Ó s mR�O�ÈÍ6®6¾�Ñªö8Ò�¼¦�:ê��
I�ü8ò8¡�Í<ø\-;Ð9Û9Ûpê8ü:ê0Ó �

� Û8Û¢ö��B.��
Yb�
.�nW 98�8�G@_M2�"!VWGÎ i(*)'LN�F���Fg�"K2i2�v�r�57G6n )�ÓR¹�è�Ê<Î	-;Ë	Ë4365:7H5:ß#Ü<3658/A5 Ö 3AÐ Ì /A/AÔ
Ì ÐF1B3Vç8-LØ × Ï Ì 7>Ü × 1�ÔXÎEÔ�/AÐzØ<58/A367<-FË	1B-FÎ Ì Ë	-�367q14Ø<-LÐ Ì Ü0Ü Ì:Ö -L/A5�58ÊY-;Î\ÑcÚ0oR�ªKz�n�z^Y�È��lR��j�½n�VÒRÓ
£N�ª��ÀâmzKz�X½`���~I]^�^Y�`£.�ª�pKz�nmR¥�Í9­ ± Ü���Ým­MÞ¢¼����8ö
I�ê�Ín� × 7D�:ò8ò8ò�Ó Û8Ó���ÓVÛ

� Û8Ûp¡[�B`a��Ch�/.b2�HcHcG@GÎ #(#)XJ��1LN��ON2!P� i"!)�Ó.å�7 Ì /AÔXË43AËf52ß�1BØ<-DÊY58/AÔXØ<-FÉ<Î43A7 Ö -F7<-UÊ0Î452Ú
Ï?5:14-;ÎM5:ß�14Ø<-+I���À��4Æ:o	jR^n�0jÃK4j:�È� îó��o�½n�ªK4jZ7 × ÐF/L- Ì ÎMÊY58/VÔ�Ø0-;É<Î	58Ë43AËMç�3AÎ × ËFÓ±þ��nKR�6mR�ªK
I�KR����lQ«.mzlRÍ ± ®�Ñ¥�[��Ò�¼AÛóòW�:ë8ë	I%��ü0Í<ø\-FÐB�:ë>Ûpê8üW��Ó Û8Ó÷¡0Ó��

� Û8Ûc��������`� #vb !���! #(*)i"� #(�I��h�/S{ #57(�IR.��F�3"M2�"� /I/AX�
CD�
g� #H��K$6 #v�I�Ä��1L��! 98MZ
8�G@"!ÀÁG6G*I�J��q03�*2�Hc��Iqxh�~+-�~.F #"!(! #57�1Im #(*)°J��~|���O~ #H�(! #57(�Óùæf5¢ç:-;/LË	Ê
ß Ì Ï�3A/AÔ�Ú�/A36Ý:-=1BÎ Ì 7<Ë4ÐFÎ436Ê�1B365:7�ß Ì ÐR1B58Î	Ë Ì Î	-TÊ<Î	-;Ë	-;7�1�367 Ì É × /V1�3A7<Ë4-FÐF1�Ð;-;/A/6Ë Ì 7<É Ì Î4-U3A7�Ú
ç:58/Aç:-;ÉH3A7�14Î Ì 7<Ë	Ð;Î	36Ê01436587Jß@Î458Ï�1BØ<-TÊP58/VÔXØ<-;É<Î	367 Ö -;70-U36703A1B3 Ì 1B5:Î{Ê<Î45:Ï�5:14-;ÎFÓb:c£N�ª���
s �nmR¥�Í�?M©&Ð�Ñª�:¡�ÒR¼��:ët�t��ò	I�ê0ÍP� × 7Î�2êa�:ò8ò0Û:Ó Û8Ó�� Í �XÓ¦��Ó�� Í ��Ó²�0ÓAÛ Í ��Ó÷¡0ÓVÛ Í ë0ÓVÛ Í ë0ÓAÛ Í ë0Ó�� Í
ë�Ó ë Í �

� Û8Ûpü[���q"MT#(! Í`� #vb !���! #(*)i"� #(�I/AjT*"� in%5lCæg� iHc�K$6 #v�I/.�"!5�$6 �x357HzPQ #(* {8!�! i(�I
JKT*)#574-03�*2iH���I!J�G6(!8!�*57nN+UT*vb #"�AXI6 i(*)ÑJKG9$�G6)É|XO~ #H�(! #57(�Ó0ãNØ<-NÜY5 × 7�143VÚ
ß × / Ì 7<ÉJÜ Ì[÷ 3A7 Ö Ü Ì Ð × /65pçX36Î × Ë;¼�ãNØ<-�ËE1B58ÎEÔ>5:ßwÊP5:/AÔXØ<-;É0Î4367M14Î Ì 70Ë4Ð;Î	36Ê01436587`Ó s �XoRoBmR½nÀ
ì KR�ªmR½`KzmRÍ&> ± ¼÷ê8ê8ü	I~Ûpò0Ûpò0Í9�:ò8ò0Û:Ó Û8Ó���ÓVÛ

� Û8Ûpê[�~L~�9`� #(*��57(�IMgq�60h�&Ãq2�5kI6 #(*)-Yb�9+D�{Aj57n%n%G6"GÓ�¹�3 Ö Ø�1wÜ Ì Ë	-|Ê Ì 36Î	Ëg-;7<ÐF58Ï?Ê Ì Ë4Ë	367 Ö
14Ø<-Z14Î Ì 7<Ë	Ð;Î	36Ê01436587 Ì /fËE1 Ì ÎE1MÊY58367�1 Ì Î4-�1BØ<-�Ï Ìcº 5:Î�É<-R1B-FÎ4Ï?367 Ì 7�1�ß@58ÎqÜ Ì Ð × /A5¢çX3AÎ × Ë
ÊY58/VÔ�Ø0-;É<Î	367 Ö -;70-D-�è�Ê<Î4-FË4Ë43A587 ÓB<=mR½`mRÍM©{dwÑEÛ¢Ò�¼ ë8ê
I ��ê0Í6³\ÐR1�Û¢öJÛóê8ü8ü0Ó Û8Ó÷¡0Ó¦�

Ûpë[�
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� Ûc�:ò[��S��QLN�;`� i464*IQS��^���^e�57n%Hc2�(�Ib #(*)ÙYo�o+-�;Aj57n%n%G6"GÓ�æf367<-R1B-F-;7[Ü Ì Ð × /A5¢çX3AÎ × Ë
5:ÊP-F7¯Î	- Ì É<3A7 Ö ß@Î Ì Ï�-FË;Íf367<ÐF/ × É<3A7 Ö Q ¹|äwÚzÛc�XÍfË × Ê<ÊY58Î	1c/ Ì 1B- Ö -;7<-C-Rè�Ê<Î	-;Ë	Ë4365:7 Óá:
ÿg�OoB���ÈÍK©9?wÑâÛc�8Ò�¼AÛpò�ÛpêW�
I{�2ò8¡0Í�ø\-;Ð9Ûpê8ê8ü�Ó Û8Ó÷¡0Ó��
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Baculoviruses are a unique group of eukaryotic vi-
ruses that parasitize insects. The prototype member 
of the family Baculoviridae is Autographa californica 
multiple nuclear polyhedrosis virus (AcMNPV). 
Global interest in baculovirus biology stems from 
two important uses of baculoviruses – as biopesti-
cides and as a highly favoured eukaryotic expression 
system for the large-scale production of recombinant 
proteins in the laboratory. Of late, baculoviruses 
have invited renewed interest by virtue of their po-
tential use as a delivery system in gene therapy. Al-
though the baculovirus expression vector system 
(BEVS) is extensively used worldwide, the transcrip-
tional regulation of the hyperactive promoters used 
to drive foreign gene expression still remains 
shrouded in mystery. It is clear, however, that this 
regulation involves an intricate interplay of both 
host and viral factors. This review provides an over-
view of what we do know about the mechanisms of 
transcription of baculoviral genes, with special em-
phasis on the polyhedrin promoter, the workhorse 
promoter of the BEVS, and the insect cell host fac-
tors involved in enhancing transcription from it. 

Baculoviruses: Versatile and effective 
biopesticides 

The natural hosts of baculoviruses are insects belonging 
mainly to the classes Lepidoptera (butterflies and 
moths), Hymenoptera (sawflies) and Coleoptera (bee-
tles). Many of these insects are plant pathogens, infect-
ing agriculturally important crops and forest trees. 
Although chemical pesticides continue to be used to 
tackle this problem, farmers and agricultural scientists 
have of late recognized the importance of developing a 
safer and more eco-friendly alternative to such harsh 
chemical insecticides. Baculoviruses present the perfect 
biological solution to curb insect pest populations while 
simultaneously respecting the environmental balance. 
The viruses can be sprayed as a powder over the crops, 

whereby they are ingested by the feeding insect larvae, 
multiply in the host and ultimately kill the organism, 
releasing fresh virus particles into the environment to 
start the cycle all over again. There are several advan-
tages of using baculoviruses as insecticides – they can 
be specifically targeted to certain pests, are self-
propagating, safe for human handling and do not pollute 
the environment, thus preventing health hazards. 
 However, for a variety of reasons, it has proved more 
difficult than expected to develop effective baculovirus 
insecticide formulations. The reason for this is mainly 
the virus’s low persistence in the environment, espe-
cially when recombinant baculoviruses are used. An-
other major drawback is the slow speed of killing in 
contrast to chemical insecticides which have a much 
more rapid knockdown effect. The widespread use of 
baculoviruses as pesticides is further hindered by their 
narrow host range, instability of insecticide formula-
tions, and problems in registration and patentability. 
However, despite these limitations, the enormous eco-
logical advantages of this approach makes the attempt 
to develop new-age and more efficient baculovirus 
biopesticides on a global scale well worth the effort1. 

The baculovirus expression vector system: A 
biofactory par excellence for the production of 
recombinant proteins 

The second – and far more important – use of baculovi-
ruses is as a vehicle for large-scale protein production. 
Baculoviruses have been very successfully used for the 
past couple of decades, for the expression of high levels 
of recombinant proteins2,3. Hundreds of proteins have 
been expressed to date by constructing recombinant 
baculoviruses. The heterologous gene is expressed usu-
ally under the control of the hypertranscribed polyhed-
rin (polh) or p10 gene promoters that are turned on very 
late following viral infection – after 48 h or so. 
 The polyhedrin protein forms the crystalline matrix of 
viral polyhedral bodies (also called polyhedra), whereas 
the p10 protein forms large arrays of fibrous material, 
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primarily in the nucleus but sometimes in the cytoplasm 
as well. Polyhedra formation is crucial for viral infec-
tion of insects in the wild, since they shield the delicate 
virions from harsh environmental stresses. Further, 
polyhedra act as a useful carrier of the virus particles; 
the crystalline polyhedrin matrix is solubilized in the 
mid-gut of the insect, thus releasing the virus particles 
which infect the mid-gut cells. Polyhedrin is thus an 
extremely important protein for virus survival and 
propagation in its native environment. However, under 
laboratory conditions, where growth parameters are 
tailored to suit the virus, the polyhedrin matrix is no 
longer a prerequisite for virus survival. Thus, the polh 
gene can be replaced with a heterologous gene of 
choice, which would then be efficiently expressed from 
the strong polh promoter. The same logic holds good for 
the p10 gene. The hypertranscribed polh and p10 pro-
moters are thus the workhorse promoters of the bacu-
lovirus expression vector system (BEVS). 
 The BEVS owes its popularity to many more qualities 
other than just the unusual strength of the polh and p10 
promoters. Some of these are described briefly below: 

Eukaryotic environment for protein production 

The BEVS provides the necessary higher eukaryotic 
environment essential for the proper folding, post-
translational modification, disulphide bond formation 
and other modifications required for the functional 
activity of many eukaryotic proteins. Post-translational 
modifications that have been reported to occur in the 
insect BEVS include signal cleavage, proteolytic cleav-
age, N-glycosylation, O-glycosylation, acylation,  
amidation, phosphorylation, prenylation and carboxy-
methylation4. All these modifications occur at sites 
identical to those in the wild type proteins, reinforcing 
the usefulness of the BEVS as one of the most favoured 
systems for expressing functionally active recombinant 
proteins. 

Extremely high levels of expression 

As mentioned earlier, the p10 and polh promoters are 
the most commonly used promoters to drive the expres-
sion of foreign genes. Being unusually strong promot-
ers, they hypertranscribe the gene(s) put under their 
control to the extent that the recombinant protein can 
account for about 25–50% of the total cellular protein. 
The polh promoter is the stronger of the two, and in-
duces higher expression levels, but investigators have 
reported protein yields of up to a gram of recombinant 
protein her litre of insect cell culture, i.e. about 109 
cells, using either promoter. Average protein yields lie 
in the range of 10–100 mg of protein per 109 cells. In 
terms of protein yield alone, the BEVS has been ob-

served to consistently outperform other expression 
systems. The use of homologous enhancer-like se-
quences has been demonstrated to further enhance for-
eign gene expression levels several fold5. In addition, 
live caterpillars have also been used as a host for high 
level expression, to further improve on the economics 
of expression6. 
 However, the expression kinetics differ from protein 
to protein and the promoter used7, with the time of 
expression playing a critical role in proper post-
translational modification and secretion8. Expression 
levels are also known to vary with the cell line used9. 
Another important parameter is the codon usage pattern 
of the recombinant gene: heterologous genes which use 
non-optimal codons of the insect host are observed to be 
poorly expressed10,11. Finally, the translation initiation 
context – as defined by the Ranjan–Hasnain consensus 
sequence11 – was also found to play a major role in 
regulating protein expression levels. Recently, a recom-
binant baculovirus carrying different B and T cell epi-
topes from nine stage-specific antigens of Plasmodium 
falciparum, has been used to express, to very high lev-
els, a recombinant multi-antigenic protein – a strong 
putative vaccine candidate for malaria12,13. 

Capacity for large inserts and simultaneous 
expression 

The baculovirus nucleocapsid is predicted to be capable 
of accommodating inserts as large as 100 kb. Although 
this has not been practically tested (the largest insertion 
till date being only about 15 kb)4, no investigator has 
been hampered by the size of the heterologous gene(s) 
used for insertion. Further, a number of transfer vectors 
have been genetically engineered to simultaneously 
express multiple genes under the control of different 
viral promoters both in cell culture14–16 and in Spodop-
tera larvae17. 

Baculovirus-mediated gene transfer into  
mammalian cells 

The BEVS has so far used only insect cells as a host for 
the expression of heterologous genes carried by recom-
binant baculoviruses. Interestingly, recent reports have 
demonstrated that they could also be used as gene de-
livery systems in mammalian cells. Although baculovi-
ruses infect over 30 species of Lepidopteran insects, 
they are incapable of replicating in other insects or in 
any of over 35 mammalian cell lines studied18,19. How-
ever, the virus does enter mammalian cells and the viral 
DNA is capable of reaching the nucleus. Experimental 
studies have shown that when an exogenous promoter, 
such as that derived from Rous sarcoma virus or cy-
tomegalovirus, is inserted into the baculovirus genome, 



SPECIAL SECTION: SCIENCE IN THE THIRD WORLD 
 

CURRENT SCIENCE, VOL. 81, NO. 8, 25 OCTOBER 2001 1000

the modified virus becomes capable of gene expression 
in non-Lepidopteran cell lines, including various mam-
malian cells20,21. Boyce and coworkers20 showed that 
reporter gene expression from a recombinant baculovi-
rus was significantly higher in the human hepatocellular 
carcinoma cell line, HepG2, than in cell lines derived 
from other tissues like monkey kidney, human kidney, 
cervix and lung, B-cell, T-cell, rat adrenal, and mouse 
embryo fibroblast and muscle. Thus, new generation 
recombinant baculoviruses could well evolve into a 
gene delivery system of the future22. 

Safety and simplicity 

Baculoviruses are relatively simple to use. Constructing 
recombinant viruses is much faster and easier than de-
veloping stable recombinant high-expressing cell lines, 
and the host insect cells can be grown at 27°C either as 
adherent or suspension cultures. Cells can be grown in a 
BOD incubator since CO2 is not required for growth. 
Scale up has also been perfected with time, thus making 
it easy to produce large amounts of host insect cells in 
fermenters for subsequent viral infection and expression 
of recombinant proteins. Further, since baculoviruses 
have no non-arthropod hosts in vivo, they are harmless 
to humans and can be safely handled by investigators 
with no special precautions. However, a recent report 
by Gronowski et al.23, have shown that AcNPV is capa-
ble of provoking an anti-viral response in murine and 
human cell lines by inducing interferons. Although the 
possibility of baculoviruses infecting humans in vivo is 
remote, these findings nevertheless justify the use of 
greater precautionary measures in handling baculovi-
ruses than in the past. 

Gene expression in baculoviruses 

During an NPV infection, more than a hundred viral 
genes are expressed in a cascade that can be broadly 
divided into three stages – early, late and very late. 
Each stage is characterized by the expression of a 
unique set of genes in a well-regulated cascade, with the 
products of one group of genes required for the expres-
sion of the next set24. By definition, early genes are 
expressed prior to viral DNA replication. Most, if not 
all, immediate-early genes encode transcriptional regu-
latory proteins25–29. DNA replication activates the viral 
template in a manner not yet defined and enables the 
late and very late classes of genes to be expressed, 
which encode proteins essential for virion assembly and 
viral occlusion formation. Although one of the most 
intriguing aspects of baculovirus biology concerns the 
control of the viral transcription cascade, we are still a 
long way from deciphering the precise mechanisms 

involved and the host and viral factors which play a role 
in this finely-orchestrated process. 

Early gene expression 

Early viral gene expression spans the time period from 
0–6 h post-infection (hpi) and results in the transcrip-
tion of genes encoding proteins required for viral DNA 
replication and late gene transcription. Most baculovi-
rus early genes have a TATA box located 25 to 30 bp 
upstream of a conserved mRNA transcription initiation 
site that consists of the sequence CAGT30. The CAGT 
element, which is the first true initiator element to be 
discovered in baculoviruses, has been shown to be criti-
cal for the transcription of early genes. Substitution of 
the CAGT sequence resulted in a reduction of both 
reporter activity and in vitro transcripts, although tran-
scripts initiated accurately31. However, not all early 
genes have a CAGT and/or TATA element. A notable 
example is the dnapol gene in both BmNPV and 
AcNPV, which is observed to initiate transcription from 
a GC rich region, with no canonical TATA box or 
CAGT motif present31. Early gene expression is de-
pendent on a α-amanitin sensitive, tagetitoxin-
insensitive host RNA polymerase II (ref. 32) and early 
gene promoters resemble typical eukaryotic class II 
promoters. 
 Four AcNPV early genes, ie-O, ie-1, ie-2 (or ie-N), 
and pe-38, have been shown to be important for transac-
tivating early baculovirus promoters in transient expres-
sion assays. IE-0, IE-2, and PE-38 mRNAs are 
expressed only during the early phase of infection25,33,34. 
In contrast, IE-1 RNA is expressed during both the 
early and late phases of infection28,33. 
 IE-1, a 582-amino acid long multifunctional tran-
scriptional regulatory phosphoprotein, has been shown 
to transactivate a number of delayed-early genes includ-
ing 39K, ie-2 and p35 (refs 26–28) and at least one late 
gene, 39K (ref. 29). The stimulatory effect of IE-1 is 
greatest when the target promoter is cis-linked to 
AcNPV homologous repeat regions (hrs). Hr regions, 
which are present at nine dispersed locations in the 
AcNPV genome, have been shown to act as enhancers 
of transcription25,28,35–37 and also in certain cases as 
origins of viral replication38–40. However, competitive 
PCR methods used to map the activation profiles of 
AcNPV oris, have demonstrated that the ie-1 gene pro-
moter also acts as an ori, and is activated in a temporal 
fashion41. IE1 has been shown to also negatively regu-
late certain promoter regions, e.g. the promoters of the 
AcNPV ie-0 and ie-2 genes, which themselves are regu-
latory genes. Results indicate that IE1 brings about this 
downregulation of transcription by binding directly or 
as part of a complex to IE-1 binding motifs (5′-
ACBYGTAA-3′) near the mRNA start site42. In addi-
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tion, it has been shown that ie-1 can activate the he-65 
gene promoter in insect Trichoplusia ni (T. ni) 368 and 
mammalian BHK21 cells43, demonstrating that the ac-
tivity of this multifaceted protein is not confined to a 
narrow host range, but probably involves a generalized 
mechanism conserved across various species. 
 Several other baculovirus early genes also have im-
portant regulatory functions. IE-0 is a protein identical 
to IE-1 except that it has an additional 54 amino acids at 
the N terminus as a result of a splicing event33. IE-0 
mediated activation has been shown to require an hr 
enhancer44 unlike IE-1, which can regulate transcription 
in the presence or absence of a cis-linked hr sequence.  
A further difference between IE-0 and IE-1 is that the 
former does not appear to downregulate the ie-0 pro-
moter44. 
 ie-2, another early regulatory gene, both augments ie-
1 transactivation25 and brings about transcription activa-
tion independent of ie-1 (refs 26, 45). IE-2 activates the 
ie-1 promoter approximately 2.5-fold in transient ex-
pression assays45,46 and has been demonstrated to block 
cell cycle progression in a variety of cell lines, includ-
ing Sf21 and T. ni46. 
 The pe-38 gene has been shown to transactivate the 
p143 gene promoter36. Other AcNPV genes such as me-
53 and cg-30 are also thought to have some role in 
activating gene expression, based on their sequence 
similarity with transcriptional regulators from other 
systems47,48. 
 The p35 gene, an inhibitor of members of the ICE 
family of cysteine proteases and a major determinant of 
virus host range, is another essential early gene. p35 is 
required to suppress the apoptotic response of S. 
frugiperda cells to AcNPV infection by acting as a 
suicide inhibitor of caspases49,50, as well as an antioxi-
dant51,52, both in Sf 21 and Sf 9 cells and S. frugiperda 
larvae49. The important role played by the p35 gene 
suggests that effective inhibition of apoptosis is re-
quired for both efficient viral DNA replication and gene 
expression53,54. 
 The early p143 gene is another important player 
in viral replication53,55, transcription, shutdown of 
host protein synthesis and viral host range determina-
tion54–56. p143 has helicase-like motifs, a nuclear local-
ization signal and a leucine zipper motif, is synthesized 
in virus-infected cells prior to the initiation of viral 
DNA replication and has been shown to bind non-
specifically to DNA57. In vivo complementation assays58 
revealed that some of the putative helicase motifs are 
not essential for p143 function; however, mutations 
within an ATP-binding motif, a potential helix-turn-
helix region, and certain large amino acid deletions 
inactivated protein function. Recent reports have con-
firmed that p143 is indeed a DNA helicase with ATPase 
activity59,60. LEF-3, a single-stranded DNA-binding 
protein, has been shown to interact with p143 and help 

in localizing p143 to the nucleus61. p143 is also a cru-
cial determinant of viral host range; interspecific re-
placement of a short sequence in the AcNPV p143 gene 
renders the virus capable of infecting Bombyx mori 
larvae59. It has been demonstrated that two key muta-
tions in the AcNPV p143 host specificity domain is 
enough to render the virus replication competent in Bm5 
cells, and kill B. mori larvae. 
 Finally, orf121, another baculovirus early gene has 
been observed to stimulate expression from the late 39K 
gene promoter, an activity which is dependent on ie-1 
as well62. It was later discovered that orf121 enhanced 
ie-1 expression which in turn was responsible for 
upregulating expression of the 39K gene62. 

Late and very late gene expression 

The transition between early and late viral gene expres-
sion is the most distinctive regulatory event in the bacu-
lovirus transcription/infection cascade. Whereas early 
gene expression is dependent on an α-amanitin sensitive 
RNA polymerase present in uninfected cells, late and 
very late gene transcription involves a novel α-amanitin 
and tagetitoxin resistant, virally encoded RNA poly-
merase32,63–66. 
 The baculovirus late and very late gene promoters 
resemble mitochondrial and bacteriophage T7 late pro-
moters in that a short conserved sequence serves both as 
a promoter and an initiator element. The most con-
served sequence element of AcNPV late and very late 
promoters is the transcription initiator (A/T/G)TAAG30. 
The strength of expression from the promoters is criti-
cally dependent on the context of the TAAG sequence, 
with the 18 bp region encompassing the TAAG having 
been shown to be the minimal promoter determinant for 
basal transcription from the late vp39 promoter67. How-
ever, essential promoter determinants for the very late 
polh and p10 genes include not only the 12-bp initiator 
AATAAGTATTTT but also a downstream A + T rich 
region corresponding to the 5′ untranslated leader se-
quence of their mRNAs68,69. This untranslated sequence 
is responsible for the ‘burst’ in transcription observed 
during very late gene expression and is thus termed the 
‘burst’ sequence. It is a defining element for very late 
gene promoters, being absent in late promoters. Muta-
tions within the burst sequence reduce expression dur-
ing the very late phase of infection by 10 to 20-fold and 
lower both the steady-state levels of polh mRNA and 
the rate of transcription initiation from the polh pro-
moter68. In contrast, mutations in sequences upstream of 
the polh promoter TAAG motif have relatively milder 
effects on polh gene expression69. Progressive deletions 
of the p10 promoter also suggest the presence of a burst 
sequence that is essential for strong expression during 
the very late phase69. 
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 The AcNPV very late factor 1 (vlf-1) gene has been 
shown recently to play an important role in very late 
gene expression from the polh and p10 gene promoters. 
vlf-1, a late gene, was originally identified by charac-
terization of an occlusion-defective mutant virus, 
tsB837, which produced extremely low levels of polh 
and p10 transcripts during the very late phase of infec-
tion. In transient expression assays, vlf-1 was shown to 
stimulate expression from very late promoters but not 
from late promoters70, making it probably the only well 
characterized viral factor known to date that regulates 
only very late but not late gene expression. Interest-
ingly, recombinant baculoviruses with altered vlf-1 
expression revealed that the time of vlf-1 expression 
and/or the concentration of VLF-1 in the cell was criti-
cal for switching on the polh and p10 genes71,72. Recent 
studies have revealed that the VLF-1 protein binds 
directly to the untranslated regions of the polh and p10 
promoters and is closely correlated with their transacti-
vation73. Thus, VLF-1 seems to be a crucial player  
in the regulation of baculovirus very late gene expres-
sion. 
 Until recently, eighteen AcNPV genes, called lefs 
(late expression factors), were identified74–77 which are 
necessary to support transient expression of a reporter 
gene under the control of the late vp39 promoter. The 
same set of lefs has also been shown to be involved in 
transient expression of the late basic 6.9-kDa protein 
gene70 and the very late polh68 and p10 genes70. All 
these genes have been shown to affect steady state lev-
els to reporter gene transcripts, implying that their ef-
fect is mainly at the transcriptional and not at the 
translational level54. 
 Nine of the 18 genes (ie-1, ie-2, lef-1, lef-2, lef-3, 
lef7, p143 (also called dnahel), dnapol, and p35) are 
necesary and sufficient for supporting replication of a 
plasmid containing a viral origin of replication54. 
Hence, they may act indirectly, by supporting viral 
DNA replication post-infection, which is also essential 
for late and very late gene expression. 
 The ie-1 and ie-2 genes, as explained above, are im-
portant immediate early genes which regulate the ex-
pression of their own genes and other immediate – and 
delayed early genes in the viral cascade. p143 (dnahel) 
and dnapol encode polypeptides with sequence similar-
ity to DNA helicases and polymerases, respectively, 
suggestive of their role in viral DNA replication. The 
viral late expression factor 3 (lef-3) gene product has 
been shown to have single-stranded DNA binding activ-
ity78. LEF-3 forms a homotrimer in solution79 and helps 
to localize the P143 DNA helicase to the nucleus61. The 
BmNPV LEF-3 protein has been demonstrated to have a 
helix-destabilizing activity, which may act in concert 
with P143 to facilitate strand separation during DNA 
replication. The involvement of p35, a known inhibitor 
of apoptosis, suggests that the apoptotic pathway needs 

to be blocked in order for DNA replication and subse-
quent transcription to occur. 
 The lef-1, lef-2 and lef-7 genes have been shown to be 
essential for DNA replication. The LEF-1 protein has 
primase-like motifs, which when mutated abrogates the 
ability of LEF-1 to support transient DNA replication80. 
Furthermore, two-hybrid screens have demonstrated, 
although the exact mechanism is unclear, that LEF-1 
and LEF-2 interact with each other, and probably func-
tion synergistically in the replication process80. The lef-
2 gene also plays an important role in replication56. 
Merrington and coworkers81 identified a mutant virus, 
VLD1 which was defective in late and very late gene 
expression which was subsequently found to be the 
result of a point mutation in the lef-2 gene. Interest-
ingly, the virus was not defective in DNA replication, 
suggesting that lef-2 may play a dual role, both in DNA 
replication and very late gene expression, with different 
domains of the protein required for different functional 
roles81. The lef-7 gene has been demonstrated not to be 
absolutely essential for DNA replication, but instead 
have a stimulatory effect. lef-7, like lef-3, is dependent 
on the multifunctional trans-regulatory gene, ie-1, for 
its activity in transient expression assays75. 
 The remaining 9 lefs, i.e. lef-4, lef-5, lef-6, lef8, lef-9, 
lef-10, lef-11, 39K and p47 are directly involved in 
regulating late and very late gene expression, and not 
simply as a consequence of supporting DNA replica-
tion. 
 The 39K gene encodes a phosphoprotein, pp31, which 
associates with the virogenic stroma, a virus-induced 
nuclear structure which appears to be the site for nu-
cleocapsid assembly82. 39K, like several other genes, is 
also regulated by the transactivator IE-1. ORF121 and 
IE-2 also upregulate expression of 39K, although this 
was found to be by virtue of their enhancement of IE-1 
expression62. P35 also enhances expression of 39K by a 
mechanism which is thought to be different from that 
adopted by ORF 121, IE2 and IE-1 (ref. 62). 
 Recently, the virus-specific RNA polymerase was 
purified63 and was apparently found to be composed of 
equimolar subunits of 4 lefs: LEF-4, LEF-8, LEF-9, and 
p47. LEF-8 and LEF-9 were earlier described as having 
some, though not extensive, sequence similarity with 
other DNA-dependent RNA polymerases74,77. This po-
lymerase has been suggested to be the simplest DNA-
directed RNA polymerase reported till date from any 
eukaryotic source. The polymerase supported transcrip-
tion from late and very late promoters but was not ac-
tive on early promoters. Interestingly, both late and 
very late promoters were transcribed with equal effi-
cienty, highlighting the fact that the polymerase lacked 
the factors to bring about temporal expression of the 
late and very late genes in the sequential order required 
during the viral cascade of infection. Significantly, this 
complex of 4 equimolar subunits has not been shown to 
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function in in vitro reconstitution experiments but has 
been demonstrated to act only within the insect cell 
environment. The role of other host factor(s) in this 
process, in vivo, has thus not been excluded. 
 The LEF-4 protein was recently shown to have 
guanylyltransferase activity. It could hydrolyse the 
gamma-terminal phosphate of the 3′ end of RNA and 
also ATP and GTP to their respective dinucleotide 
forms83. These activities and the fact that LEF-4 has a 
KXDG motif, and homology with motifs common to 
viral and cellular guanylyltransferases, suggest that it 
may be part of a baculovirus RNA-capping complex. 
The triphosphatase, guanylyltransferse and methyltrans-
ferase components of the capping apparatus are organ-
ized differently in metazoan, viral and fungal systems. 
However, vaccinia virus capping enzyme has been 
shown to combine all three properties in a single multi-
functional protein. LEF-4 combines the first two func-
tions of the capping apparatus and is thus thought to  
be the major player in baculoviral mRNA capping83 
besides being part of the core RNA polymerase com-
plex. 
 Of the remaining constituents of the viral RNA poly-
merase, the LEF-8 and LEF-9 proteins are hypothesized 
to constitute the catalytic core of the RNA polymerase 
since they possess amino acid sequence motifs with 
homology to other polymerases63. However this has not 
been proved experimentally, and the role of the p47 
protein is still unknown. 
 No information is currently available on the functions 
of lef-6, lef-10 and lef-11 and the mechanism by which 
they are involved in late and very late gene expression. 
Although the exact role of lef-5 too has not been deline-
ated, it has been recently reported that the C-terminal 
end of the protein contains a novel domain which is 
homologous to the zinc ribbon domain of RNA poly-
merase elongation factor IIS (TFIIS) from a variety of 
taxa84. The same report also documents the interaction 
of the LEF-5 protein with itself and suggests that LEF-5 
may be involved in transcript elongation. 
 Apart from these 18 lefs, a new factor, lef 12, has 
been identified of late, which is also supposed to be 
essential for late and very late gene transcription85. A 
set of plasmids was constructed in which each of the 18 
lef open reading frames (ORFs) was controlled by the 
Drosophila melanogaster heat shock protein 70 (hsp70) 
promoter and epitope tagged. However, this set  
of plasmids failed to support transient late gene expres-
sion. The inability of the p47 ORF to replace the  
p47-containing plasmid supplied in the lef plasmid 
library led to the identification of a 19th late expression 
factor gene (lef-12) located adjacent to the p47  
gene. The sequence of lef-12 is predicted to encode a 
21 kDa protein with no homology to any previously 
identified protein. The function of lef-12 is yet to be 
elucidated. 

Role of host factors in very late gene expression 

All of the factors with an established role so far in viral 
late and very late gene expression, including the polh 
and p10 genes, are viral proteins. However, many insect 
cell host factors too are critically important for this 
process. Our laboratory has been working on this aspect 
for the past several years and has identified several 
cellular proteins which play a crucial role in very late 
gene expression, using the polh promoter as a model86. 
 Etkin and coworkers87 had earlier identified a 
200 kDa protein present in Sf9 cells which binds to the 
polh promoter and was implicated in negative regula-
tion of the promoter. However, the functional impor-
tance of this putative factor was not elucidated and 
there were no further reports about it thereafter. 
 The first host protein to be clearly identified as hav-
ing an authentic role in polh transformation is the un-
usual 30-kDa transcription factor, the polh promoter 
binding protein (PPBP) identified in our laboratory88,89. 
This phosphoprotein binds with very high affinity 
and specificity to a hexanucleotide sequence motif, 
AATAAA, present within the minimal promoter imme-
diately 5′ to the octanucleotide motif TAAGTATT 
which encompasses the transcription start point90. PPBP 
probably acts as an initiator binding protein (IBP) in-
volved in the recruitment of the transcription machin-
ery. PPBP specifically binds to the coding strand of the 
promoter91 with increased affinity, compared to the 
duplex promoter, thus maintaining the promoter at the 
initiation point in a ‘melted’ state and allowing for 
increased rounds of transcription. Sequestering PPBP 
using its cognate binding motif – the polh promoter B 
domain – resulted in a drastic reduction in transcription 
 
 

 

 

Figure 1. PPBP is required for transcription from the polh pro-
moter. In vitro transcription from Ppolh was carried out using a C-
free template plasmid. Transcription was reduced drastically when 
PPBP was titrated out using its cognate binding motif (compare lanes 
3 and 2) and restored when the reaction was replenished with Sf9 
nuclear extract containing PPBP (lane 4). Lane 1 is a control reaction 
carried out in the absence of template DNA. 
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Figure 2. PPBP also binds to the p10 gene promoter. EMSA show-
ing a PPBP–DNA complex using the p10 B domain promoter se-
quence as probe. The complex (lane 2) could be specifically 
competed out using either the cold p10 or p29 (polh) promoter 
sequences (lanes 3 and 4, respectively) but not by polh promoter 
oligonucleotides carrying mutations in the TAAGTATT (mO) or 
AATAAA (mH) motifs (lanes 5 and 6, respectively). pUC18 DNA, 
used as a non-specific competitor, did not compete for binding either 
(lane 7). Lane 1 represents the free probe. 

in vitro and in vivo90 (Figure 1). Interestingly, PPBP has 
been shown to interact with the transcriptionally impor-
tant AATAAA and TAAGTATT motifs of the p10 pro-
moter also92 (Figure 2), suggesting that it may have a 
role in the regulation of gene expression from very late 
promoters in general (Jain, A., Ph D thesis). 
 The second host factor identified in our laboratory is 
the 38 kDa homologous region-1 (hr1) binding protein 
(hrBP), which binds at multiple sites within the AcNPV 
hr1 enhancer element, with high specificity and affin-
ity37. There are nine homologous region sequences (hrs) 
dispersed throughout the AcNPV genome, viz. hr1, 
hr1a, hr2, hr2a, hr3, hr4a, hr4b, hr4c and hr5 (refs 93, 
94), which act as origins of replication (oris) as well as 
enhancers of transcription for some baculovirus early 
and late genes. Our laboratory has shown that the hr1 
enhancer enhances transcription from the polh promoter 
and also act as a putative ori, with both functions hav-
ing distinct sequence requirements40. The 750 bp hr1 
sequence element contains 5 imperfect palindromes 
with an EcoRI site at the centre of each palindrome. An 
intact palindrome along with the flanking sequence is 
the minimal requirement for the enhancer function of 
hr1 (Figure 3, ref. 40). This is in contrast to its replica-
tion function, where a palindrome alone was found to be 
both necessary and sufficient for the ori function of hr1 
in transfected cells40. Hr1BP requires phosphorylation 

 
 
 
 

 
Figure 3 a. Enhancement of luciferase expression is a function of hr1 modules. Schematic representation of 
plasmid constructs carrying different components of hr1 used for analysis in transient expression assays. 
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Figure 3 b. Enhancement of luciferase expression is a function of 
hr1 modules. Luciferase activity from these constructs represented as 
fold-enhancement over pSHluc (L). The different hr reporter con-
structs are indicated. 
 
 

 
 
Figure 4. Hr1BP is required for the enhancer function of hr1. 
Luciferase expression of hr1-containing constructs (pSHluc-hrU1, 
U1) co-transfected with varying amounts of competitor plasmid (C, 
pSH-hrU1) carrying the hr1 sequence (bars 3–7). Bars, 4, 5, 6, and 7, 
corresponding to 1, 5, 10, and 20 µg of competitor plasmid respec-
tively, show a drop in luciferase expression relative to bar 3, which 
has no competitor. Bars 1 and 2 are controls showing that there is no 
effect on luc expression with (lane 2) or without (lane 1) competitor 
in the case of a reporter plasmid which carries no hr1 sequence (L, 
pSHluc). 

 
for binding and is essential for the enhancer function of 
hr1, as demonstrated by in vivo competition experi-
ments37 (Figure 4). 
 The host factor PPBP, which binds to the polh pro-
moter and probably helps recruit the RNA polymerase90, 
specifically recognizes the transcriptionally important 
AATAAA and TAAGTATT motifs within the polh 
promoter. Promoter vector constructs (Figure 5, ref. 95) 
were made, where the AATAAA was mutated to 
CCCCCC and the mutant promoter used to drive tran-
scription of a downstream luciferase reporter gene. It 

was expected that reporter gene expression would be 
drastically affected, if not reduced to zero. Surprisingly, 
however, the drop in luciferase reporter expression 
(Figure 5, ref. 95) from the mutant promoter construct 
vis-à-vis the wild type promoter was not as sharp as 
expected. On closer analysis, it was apparent that an 
~ 766 bp stretch present upstream of Ppolh could com-
pensate for mutations within the promoter. When a 
control plasmid containing the mutant promoter with no 
upstream regions was analysed, it showed almost no 
luciferase expression, underscoring the importance of 
upstream sequences in the regulation of Ppolh. In a 
separate experiment, Bal31 deletion analyses of a 4 kb 
region upstream of the polh promoter identified two 
transcriptionally important regions, region I and region 
II (containing the 766 bp upstream sequence), spanning 
map units 0 to 1.5 and 2.5 to 3.12 respectively on the 
EcoRI ‘I’ fragment of the viral genome (Ch. Anser 
Azim, unpublished data). The deletion of these  
regions resulted in a significant reduction in polh pro-
moter-driven reporter gene expression. These findings, 
coupled with the ‘promoter-knockout’ analysis results 
described above, promoted a more detailed dissection of 
region II. 

The Sp family of proteins 

A careful analysis of region II revealed a sequence 
motif, which we termed AcSp (for Autographa califor-
nica nuclear polyhedrosis virus Sp-like sequence), 
which carried GC and GT box-like motifs which are 
known to be bound by the Sp family of proteins (Figure 
6). Keeping in mind the functional significance of the 
upstream sequences and the fact that Sp-family proteins 
have so far not been demonstrated in insect cells, it was 
pertinent to explore this region further to determine the 
importance, if any, of the AcSp sequence notif and any 
trans-acting factors that may bind to it. It was observed 
that AcSp and the consensus Sp1 sequence (cSp) spe-
cifically bound factor(s) in HeLa and Spodoptera 
frugiperda (Sf9) insect cell nuclear extracts to generate 
identical binding patterns, indicating the similar nature 
of the factor(s) interacting with these sequences. Re-
combinant plasmid constructs carrying the AcSp and 
cSp oligonucleotides enhanced in vivo expression of a 
polh promoter-driven luciferase gene (Figure 7). In vivo 
mopping of these factor(s) significantly reduced tran-
scription from the polh promoter (Figure 8, ref. 95), and 
recombinant viruses carrying deletions in the upstream 
sequences containing AcSp confirmed the requirement 
of these factor(s) in polh promoter-driven transcription 
in the viral context (Figure 9, ref. 95). Our results thus 
document, for the first time, DNA–protein interactions 
involving novel members of the Sp-family of proteins in 
adult insect cells and their involvement in transcription 
from the polh promoter95. 
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Figure 5. A ~ 766 bp region (containing the ORF603) can compensate for mutations within Ppolh. 
pAJpBS603-luc contains the wild type Ppolh driving expression of a luciferase reporter, with a ~ 766 bp up-
stream region. PAJpBS603mH-luc and pAJmHluc are the corresponding plasmids carrying a mutated pro-
moter, with and without the 766 bp region, respectively. The corresponding luciferase values are shown 
alongside. 

 
 

 
Figure 6. An Sp-like binding sequence (AcSp) is present upstream of Ppolh. The AcSp sequence bears a 
consensus CACCC motif and a loose GC box, depicted in boldface, on the non-coding strand. 

 
 
 One of the most common regulatory elements present 
in eukaryotic promoters, enhancers and locus control 
regions is the GC box (GGGCGG), or the related 
GT(GGGTGG)/CACCC boxes. The first major advance 
in our understanding of how these sequences contribute 
to the control of gene expression was the isolation and 
identification of the GC-box binding protein, Sp1. As it 
turned out, Sp1 is simply the first cloned and identified 
member of a large and still growing family of proteins 

which bind to similar GC/GT box sequences and share a 
highly conserved DNA-binding zinc finger domain96,97. 
The superfamily is referred to as the Sp or XKLF 
(Krüppel-like factor) family, since the zinc finger DNA 
binding domains of all the members share homology 
with those found in the Drosophila melanogaster regu-
lator protein Krüppel97. Currently, the Sp/XKLF family 
comprises at least 16 different mammalian family mem-
bers, and is rapidly expanding. Although some Sp-like
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Figure 7. The AcSp and cSp sequence motifs enhance reporter gene expression when placed upstream to the 
polyhedrin promoter. Luciferase activity in transient expression analyses using pAcSp.pol.luc and 
pcSp.pol.luc, carrying the AcSp and cSp oligonucleotides respectively, upstream of the polh promoter. The 
relative luciferase levels of pcSp.pol.luc and pAcSp.pol.luc were compared with those of pAJpolluc (with no 
upstream sequences) and pKN603luc (carrying ~ 4 kb upstream sequences). 

 
 
 
 

 
Figure 8. Mopping of the insect Sp-family protein(s) in vivo causes a reduction in polh promoter-driven re-
porter gene expression. Luciferase expression levels using 20 µg of pAcSp.pol.luc (lane 7) and pcSp.pol.luc 
(lane 8) plasmids after transfection into Sf9 cells were compared in the presence of specific or non-specific co-
transfected competitor plasmids. Lanes 1 and 4 show luciferase expression using the reporter plasmids 
pAcSp.pol.luc and pcSp.pol.luc respectively, with pUC19 used as a non-specific competitor. Lanes 2 and 3 
depict luciferase expression using pAcSp.pol.luc in the presence of competitor plasmids pAR1 or pAR2 re-
spectively. Likewise, the competition with pAR1 or pAR2 using pcSp.pol.luc as reporter is shown in lanes 5 
and 6 respectively. Lane 9 depicts AcNPV infection carried out in the absence of any transfected plasmid. 
pAR1 and pAR2 plasmids carry the AcSp and cSp oligonucleotides respectively, cloned into pUC19. 

 
 
proteins have been identified in Drosophila embryos 
only during the blastoderm stage, there are no reports of 
such factors being present in adult insect tissue. 

 Our findings show both an enhancement (in the case 
of an intact promoter) and a rescue of transcription (in 
the presence of a mutant promoter) with Ppolh upstream
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Figure 9 a. AcSp is required for enhancement of transcription from the polh promoter in the viral context. 
Schematic representation of the recombinant baculoviruses vMAluc, v∆luc and vAcSpluc carrying the poly-
hedrin promoter-driven luciferase gene, with varying sizes of upstream sequences. 

 

 
Figure 9 b. AcSp is required for enhancement of transcription from 
the polh promoter in the viral context. Luciferase levels recorded in 
Sf 9 cells, or after infection with AcNPV or recombinant viruses, 
assayed 65 hpi. 

 

 

Figure 10. Regulation of transcription from the AcNPV polyhedrin 
promoter. The hypertranscribed polh promoter recruits viral as well 
as insect cell host factors to enhance transcription. PPBP, which 
recruits the viral RNA polymerase to the transcription initiation site, 
Sp family-like proteins which bind to a promoter-proximal cis-
sequence, and hr1BP, which interacts with the powerful upstream hr1 
enhancer element play critical roles in this process. 

regions carrying the AcSp or cSp motifs. Sp1 has been 
found to activate transcription from both TATA – and 
Inr – (initiator element) containing promoters. Further, 
in the bovine papillomavirus E2-responsive promoters, 
the TATA box or the initiator can be functionally re-
placed by Sp1 binding sites98. These data provided the 
first suggestion of an interaction between Sp1 and the 
general transcription machinery, particularly TFIID. 
Consistent with this observation, it was subsequently 
demonstrated that the human TBP-associated factor, 
hTAFII130 (ref. 99), and its Drosophila homolog, dTA-
FII110 (ref. 100), interact with the glutamine-rich acti-
vation domains of human Sp1. Thus, Sp1 is thought to 
function by recruiting the RNA polymerase complex to 
promoters via its interaction with TFIID. The most 
obvious explanation of the enhancement of reporter 
gene expression by the insect Sp family-like protein(s) 
is that they interact with the basal transcription machin-
ery directly or indirectly to bring about these effects. 
Electromobility shift assays using the consensus TFIID 
oligonucleotide point to a possible interaction between 
the insect SP-like proteins and TFIID, hinting at a simi-
lar mode of action in Sf 9 cells too (Ramachandran, A., 
unpublished observations). 

Conclusion 

Intensive research has gone into the elucidation of the 
mechanisms underlying baculovirus transcription regu-
lation. However, the ways of the powerful BEVS re-
main as enigmatic as ever. An understanding of all the 
players involved in this process would allow us to re-
create in vitro the conditions and factors governing polh 
or p10 promoters transcription, thus permitting the 
synthesis of foreign proteins to the desired extent while 
by-passing laborious tissue culture or in vivo systems. 
 In this context, host factors have emerged as a crucial 
component involved in regulating transcription from the 
baculovirus very late promoters. In addition to PPBP, 
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and hrBP, our observations on the presence and in-
volvement of Sp family-like host factor(s) in insect 
cells is novel. Their involvement in the regulation of a 
gene so critical for baculovirus survival in the environ-
ment adds an important dimension to the complexity  
of polh promoter-driven transcription. Given that  
the polh promoter is a TATA-less initiator promoter, 
coupled with the known involvement of Sp1 in initiator-
mediated transcription, these results reveal another  
facet of the regulation of polyhedrin-initiator transcrip-
tion. 
 Studies are in progress to further characterize the Sp-
like factor(s) which bind to AcSp and elucidate in 
greater detail the transcription mechanisms by which 
they operate. A model of the major trans-acting fac-
tor(s) influencing transcription from the polh promoter 
(Figure 10) thus involves an interplay of host and viral 
factors. Coupled with structural information and knowl-
edge of the Sp protein(s) and other host factors’ cross-
talk with various cellular or viral partners, we can ex-
pect more pieces of the complex and fascinating jigsaw 
puzzle of baculovirus gene regulation to fall into place 
in the near future. 
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The Autographa californica multinucleocapsid poly-
hedrosis virus homologous region sequence hr1 en-
hances transcription from the viral polyhedrin pro-
moter in Spodoptera frugiperda insect cells and
independently functions as an origin of replication (ori)
sequence. The binding of the host nuclear protein, hr1-
binding protein (hr1-BP), is crucial for the enhancer
activity (Habib, S., Pandey, S., Chatterji, U., Burma, S.,
Ahmad, R., Jain, A., and Hasnain, S. E. (1996) DNA Cell
Biol. 15, 737–747 and Habib, S., and Hasnain, S. E. (1996)
J. Biol. Chem. 271, 28250–28258). We demonstrate that
hr1 can also enhance transcription from non-baculovi-
ral promoters like cytomegalovirus and hsp70 in mam-
malian cells but does not support ori activity in these
cells. Unlike insect cells, hr1 can also function in mam-
malian cells as an enhancer when present in trans. hr1
DNA sequence binds with high affinity and specificity to
nuclear factors in the mammalian cells. The insect hr1-
BP- and the hr1-BP-like proteins from mammalian cells
(mhr1-BP) have different properties with respect to ion
requirements, DNA groove binding, and molecular size.
When mammalian cells are infected with a recombinant
baculovirus containing two promoters, the baculovirus
polyhedrin and Drosophila hsp70 gene promoter, the
hsp70 gene promoter alone is active in these cells, and
this activity is further enhanced by the presence of an
additional hr1 in the recombinant virus. hr1 may thus
also have a role in baculovirus-mediated gene delivery
in mammalian cells.

Enhancers are genetic elements that up-regulate gene ex-
pression by enhancing transcription of genes, even when placed
several thousand nucleotides away in a position or orientation-
independent fashion. The SV40 enhancer, the first enhancer to
be discovered (1, 2) and the most extensively studied, repre-
sents the best example of a prototypical enhancer that func-
tions in a wide variety of cell types from different species. It is
even active in non-mammalian systems like Xenopus laevis

kidney cells or even in the green alga Acetabularia, and, in
some cases, it can confer cell specificity or host-range response
to the promoter (3, 4).

The baculovirus Autographa californica multinucleocapsid
nuclear polyhedrosis virus (AcMNPV)1 genome consists largely
of unique sequences. Interspersed, however, are nine homolo-
gous region (hr) sequences called hr1, hr1a, hr2, hr2a, hr3,
hr4a, hr4b, hr4c, and hr5 (5, 6). The hrs vary in length from 150
to 800 bp and have a modular structure containing two to eight
imperfect, 30-bp palindromes with an EcoRI site at the center
of each palindrome. Homologous region 1 (hr1) has been shown
to be an enhancer for the immediate early gene ie-N and de-
layed early gene 39k (7). We earlier reported that hr1 enhances
transcription from the polyhedrin promoter in a classic enhanc-
er-like manner (8–10). hr1-mediated enhancement is position-
and orientation-independent and can activate transcription to
about 10-fold in a plasmid-based transient expression system
and to more than 90-fold when inserted as an additional copy
within the viral genome (10). Enhancement mediated by hr1
follows the temporal profile of very late gene expression (20–60
h.p.i.) and was a direct function of the number of modules (8).
hr1 is bifunctional, i.e. it is both a transcriptional enhancer and
an ori of replication (8), and these functions of hr1 are inde-
pendent of each other. Although the palindrome alone is suffi-
cient for the ori function, the palindrome plus the flanking
sequence is essential for the enhancer function. A host cell
protein, named hr1-BP (9), which binds very specifically to the
palindrome plus the flanking sequence, is required for the
enhancer function. We also showed that hr1 can stimulate
expression from other homologous promoters like the AcMNPV
late promoter cor (8) and very late promoter p10 and from
heterologous promoters such as Drosophila hsp70 in insect
cells.2

In this study, we describe the ability of the baculovirus hr1 to
function as an enhancer, both when placed in cis as well as
trans, but not as an ori sequence in heterologous mammalian
cells. These cells also contain protein factors that bind to hr1,
but these binding proteins are distinct from hr1-BP present in
insect cells. This enhancement of gene expression can be ex-
ploited for the development of improved vectors for baculovi-
rus-mediated gene delivery in mammalian cells.
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EXPERIMENTAL PROCEDURES

Cells and Virus—Spodoptera frugiperda cells (Sf9) were grown in
TNMFH medium (Invitrogen) containing 10% fetal bovine serum as
described previously (11). All the mammalian cell lines used namely,
Vero (African monkey kidney epithelial cell line), COS-1 (African green
monkey kidney fibroblast-like, SV40-transformed cell line), HepG2 (hu-
man hepatocyte cell line), HeLa (human adenocarcinoma cell line), and
PS-1 (porcine kidney cell line) cell lines were cultured in Dulbecco’s
modified Eagle’s medium containing high glucose. The C6 strain of wild
type AcMNPV was used in infection experiments. Recombinant viruses
vAclacluc and vAclacluc-hr1 were constructed (10, 11) using pBacPAK8
(Clontech, Palo Alto, CA) baculovirus transfer vectors as per standard
procedures. The recombinant viruses were purified and titrated, and
viral infection was carried out at a multiplicity of infection of 10 for each
virus. To ascertain that equal amounts of viral DNA from the different
recombinants had entered the insect cells, equal amounts of the reac-
tion mixtures were dot-blotted onto a nylon membrane after the lucif-
erase assay, followed by probing with the luc cDNA and densitometric
scanning (8).

Plasmid Constructs—Plasmid pBVluc was constructed by cloning a
3.695-kb fragment from pCEP-X2-luc (containing the CMV promoter,
luciferase reporter, and SV40 polyadenylation signal) into the SalI site
within the multiple cloning site of pUC18 to generate a 6.38-kb plasmid.
pBVluc was linearized by partially digesting with SalI and was ligated
to a 750-bp hr1 fragment, released as SalI fragment from pSHhr1 (9), to
construct various plasmids with different positions, orientation and
number of hr1 (Fig. 1A). pBVluc-hr1-U1 (7.13 kb) and pBVluc-hr1-U2

(7.13 kb) have hr1 cloned upstream to the CMV promoter in the same or
opposite orientation, respectively, as present in the viral genome rela-
tive to the polyhedrin promoter. pBVluc-hr1-U1-U1 (7.88 kb) and pBV-
luc-hr1-D1-D1 have two copies of hr1 in the correct orientation upstream
or downstream to the promoter, respectively. pBVluc-hr1-D1 and pBV-
luc-hr1-D2 have a single hr1 placed downstream to the CMV-luc con-
struct in the right or wrong orientation, respectively.

Transient Transfection Assays—Transfection of reporter plasmids
into Sf9 insect cells was carried out using Lipofectin as described
previously (8). Mammalian cell transfections were performed using the
reagent LipofectAMINE Plus (Invitrogen). Equal numbers of cells were
plated onto 6-well plates. Before transfection, the cells were repeatedly
washed with serum-free media to remove all traces of sera. 3 �g of
plasmid was diluted in 100 �l of serum-free medium, 6 �l of Plus
reagent was added to this, and the DNA-Plus mix was incubated for 15
min. This was then added to another tube containing 4 �l of Lipo-
fectAMINE diluted in 100 �l of serum-free medium and incubated
together for another 15 min, and the DNA LipofectAMINE complex was
added to cells and the volume was made up to 1 ml. After 6 h, 1 ml of
20% fetal bovine serum-containing media was added to the cells fol-
lowed by infection with either wild type or recombinant viruses or
transfected with transfer vector plasmid DNAs. Aliquots of infected
and/or transfected cells were harvested at different time points, and
luciferase or �-galactosidase enzyme expression levels were monitored
as described (8, 11). All the experiments, both transfections and viral
infections, were repeated in duplicate, at least three times. To com-
pletely rule out artifacts caused by unequal amounts of transfected
DNA entering the cells, it was ascertained that equal amounts of
plasmid DNA from the different constructs had entered the insect cells.
For this, equal amounts of the reaction mixture, after the respective
reporter enzyme assays, were dot-blotted on a nylon membrane and
probed with the luc DNA or lacZ DNA as described, followed by densi-
tometric scanning of the dot blots.

Electrophoretic Mobility Shift Assay—Nuclear protein extracts were
prepared from Sf9 cells or the mammalian cells using a modified
method (9, 12). Binding reactions with nuclear extracts from both insect
and mammalian cells were carried out by incubating 2 �g of nuclear
extract with end-labeled fragments of hr1. The reaction was carried out
in a buffer containing 250 mM NaCl, 10 mM Tris-Cl, pH 7.5, 1 mM

dithiothreitol, 20% glycerol, and 1 �g (�1000-fold excess) of poly(dI-dC)
at 4 °C for 15 min. The reaction was loaded on a 4.5% polyacrylamide
gel and fractionated at 150 V in TAE buffer (40 mM Tris-acetate and 1
mM EDTA). In competition experiments, a 20- or 40-fold molar excess of
the unlabeled competitor was added to the reaction prior to the addition
of the nuclear extract. For studying the effects of various ions on the
DNA-protein binding, the salt containing the ion was added to the
reaction buffer at the required concentration. To study the inhibition
with minor and major groove-binding drugs, the hr1 probe was incu-
bated for 30 min at room temperature with varying concentrations of

distamycin A or methyl green and then analyzed for binding by incu-
bation with the nuclear extract.

DpnI Sensitivity Assay—Plasmid DNA (2 �g) was transfected into
insect and mammalian cells, followed by infection with wild type AcM-
NPV virus after 24 h or no infection at all as mentioned in the respective
figure legends. The total cell DNA was isolated at different time points
post transfection or infection as described (8) and resuspended in 25 �l
of water. To assay for replication, 5 �l of DNA was digested with
HindIII to linearize the plasmid and with both HindIII and DpnI to
score for DpnI sensitivity (9). The digested DNA was Southern-trans-
ferred and hybridized to 32P-labeled pUC18 probe.

RESULTS

hr1 Enhances Transcription from the CMV Promoter in a
Position- and Orientation-independent Manner in Mammalian
Cells—hr1 is a classic enhancer of transcription from the Ac-
MNPV promoters in Sf9 insect cells. To check if hr1 can en-
hance CMV promoter-driven expression in mammalian cells,
transient transfections were performed. The luciferase expres-
sion from Vero cells, transiently transfected with reporter plas-
mids (Fig. 1A) carrying hr1 sequence, was compared with cells
transfected with pBVluc lacking the hr1 sequence. The pres-
ence of hr1 upstream and in the same orientation relative to
the CMV promoter as in the viral genome (pBVluc-hr1-U1), or
upstream but in opposite orientation or downstream in either
orientation results in �3-fold increase in luciferase expression
over the control plasmid pBVluc (Fig. 1B). Interestingly, con-
structs carrying two copies of the hr1 sequence in an upstream
or downstream position did not generate any additional effect.
Transient transfection experiments with the same constructs
were performed in other mammalian cells. About similar en-
hancement of hr-1-mediated luciferase expression was ob-
served in HepG2 cells and PS-1 cells irrespective of the position
and orientation of hr1 relative to the CMV promoter (results
not shown). When the same CMV promoter-containing plas-
mids were transfected into Sf9 cells, a 2.6-fold enhancement is
observed (data not shown). These results suggest that hr1 can
function as an enhancer of CMV promoter in both mammalian
cells and Sf9 cells in a classic enhancer-like fashion.

hr1 Can Enhance Expression from Other Promoters and Re-
porters in Mammalian Cells—To check if hr1-mediated tran-
scriptional enhancement works with other promoters and re-
porters, the plasmid pBVlacluc-hr1 was used. This plasmid
contains the hsp70 promoter-driven �-galactosidase, and the
baculovirus polyhedrin promoter-driven luciferase along with a
copy of the hr1 sequence element. The expression of the lacZ
reporter from cells transfected with this plasmid was compared
with a plasmid pUlacluc that did not carry the hr1 sequence. In
Vero cells, about 3-fold increase in �-galactosidase expression
in the hr1-containing plasmid over the control plasmid is ob-
served (Fig. 2). The enhancement effected by hr1 is more or less
similar irrespective of the constructs used (data not shown).
COS-1 cells and HepG2 cells also show hr1-mediated increase
in transcription, although to a slightly reduced level compared
with Vero cells (data not shown). hr1 can, therefore, enhance
expression of �-galactosidase from hsp70 promoter in different
heterologous host cells.

hr1 Can Also Function When Present in trans in Mammalian
Cells—Enhancers are basically cis-acting DNA elements. In
the recent years, there have been various reports of enhancers
capable of working also in trans (13, 14). Experiments were
accordingly designed to check if hr1, unlike in insect cells, can
also function in trans in mammalian cells. pBVluc (a vector
lacking hr1 sequence but with the CMV promoter driving lu-
ciferase reporter gene transcription) was co-transfected into
Vero cells with different amounts of pSHhr1 (a plasmid con-
taining only the hr1 element cloned in pUC18). pUC18 in
appropriate concentration was added to the transfection mix to
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ensure identical amount of total transfected DNA. When Vero
cells were transfected with the same amount of pBVluc and
increasing amounts (4, 8, and 16 �g) of pSHhr1, an increase in
luciferase expression is observed as a direct function of pSHhr1
concentration (Fig. 3). These results demonstrate that hr1 se-
quence can act as an enhancer when present in trans. Further-
more, this enhancement is a direct function of the concentra-
tion of the enhancer-carrying plasmid, pSHhr1, in transiently
transfected cells.

hr1-BP-like Factors in the Mammalian Nuclear Extract In-
teract Specifically with hr1—The complete hr1 is a 750-bp
fragment containing five imperfect palindromes (shown as dou-
ble-outward arrows in Fig. 4A) with EcoRI site at the center of
each palindrome. A complete enhancer module carries an
EcoRI palindrome and flanking sequences. Using suitable re-

striction enzyme sites hr1 was digested into smaller fragments
to generate constructs with varying number of palindromes
and flanking sequences (Fig. 4A). The 170-bp single-enhancer
module was used in an electrophoretic mobility shift assay
(EMSA) to detect for the presence of hr1-binding proteins in
mammalian cells. A distinct retardation in the migration of the
labeled 170-bp fragment can be seen when the fragment is
incubated with mammalian Vero cell nuclear extract (Fig. 4B).
The binding of one or more of the Vero cell nuclear factors to
hr1 is specific, and this is evident from the observation that the
complex can be competed with cold 170-bp hr1 but not with
heterologous competitor like pUC18, even when present in high
molar excesses. 20- and 40-fold molar excess of cold 170-bp hr1
competitor abolishes the binding (lanes 3 and 4), whereas sim-
ilar molar excesses of pUC18 (a heterologous competitor) has
no effect (lane 5 and 6), demonstrating the specificity of the
binding. 90-, 330-, and 420-bp fragments could also bind with
high specificity to the mammalian hr1-binding protein (mhr1-
BP) present within the mammalian cell nuclear extract (data
not shown). These results demonstrate that factors present in
mammalian cells interact with high specificity with the hr1
element.

FIG. 1. A, a schematic representation of the plasmids used for trans-
fections. pBVluc carries the CMV promoter driving the luciferase re-
porter. pBVluc-hr1-U1 has hr1 cloned upstream of the CMV promoter in
the same orientation as that in the virus. In pBVluc-hr1-U2, hr1 is
upstream but in the opposite orientation. pBVluc-hr1-U1-U1 has two hr
sequences upstream, pBVluc-hr1-D1 has hr1 downstream in the correct
orientation, and pBVluc-hr1-D2 has hr1 downstream but in the opposite
orientation. pBVluc-hr1-D1-D1 has two hr sequences downstream to the
promoter-reporter cassette. The numbers in the parentheses denote the
sizes (in kb) of the respective plasmids. B, expression from the CMV
promoter in mammalian cells is enhanced by hr1 in transient expres-
sion assays. Vero cells were transfected with control plasmid pBVluc
(without hr1) and plasmids carrying hr1 placed in different positions
and orientation as shown in Fig. 1A. The first bar represents the
luciferase activity of the cells transfected with pBVluc, assayed 36 h
post transfection. The second, third, fourth, fifth, sixth, and seventh bars
show the luciferase activity after transfection with plasmid pBVluc-hr1-
U1, pBVluc-hr1-U2, pBVluc-hr1-U1-U1, pBVluc-hr1-D1, pBVluc-hr1-D2,
and pBVluc-hr1-D1-D1, respectively.

FIG. 2. hr1 can enhance transcription from hsp70 promoter in
mammalian cells. Vero cells were transfected with a control plasmid
pUClacluc, containing hsp70 promoter and �-galactosidase reporter
(filled bar) and pBVlacluc-hr1, which has hr1 cloned downstream of the
promoter-reporter (shaded bar). The levels of �-galactosidase activity in
Vero cells assayed 36 h post transfection are shown.

FIG. 3. hr1 can as well function in trans in mammalian cells.
The luciferase activity in Vero cells were assayed 36 h after transfection
with 2 �g of pBVluc alone (1) or along with 4 �g (2) or 8 �g (3) or 16 �g
of pSHhr1 (4).
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Effect of DNA Binding Drugs on the Enhancer-Nuclear Fac-
tor Interaction—Actinomycin D is a drug that binds to the
minor groove of the DNA, whereas methyl green binds to the
major groove. The 170-bp hr1 probe was incubated alone (Fig.
5, lane 1), or with 0.5 mM actinomycin D (lane 2), or 0.5 mM

methyl green (lane 8), or with the addition of Vero cell nuclear
extract along with different concentrations of actinomycin D
(lanes 4–7) or methyl green (lanes 10–13). Complex formation
was analyzed by gel retardation assay. It could be seen that
increasing concentrations of actinomycin D or methyl green
causes a reduction of the DNA-protein complex (Fig. 5, shown
by an arrow), although this effect was more evident at higher
concentrations of the drugs. As both the major and minor

groove-binding drugs at higher concentrations inhibit the hr1-
host factor interaction, it appears likely that the interaction of
mhr1-BP with the hr1 DNA overlaps both the grooves.

Divalent Cations Destabilize the Binding of hr1 to hr1-BP,
Whereas Monovalent Cations Stabilize the Binding—In an
EMSA where the Vero cell nuclear extract and the 170-bp hr1
probe is incubated with increasing concentration (5–125 mM) of
MgCl2, a gradual decrease in the binding is apparent (Fig. 6
shown by an arrow). At concentrations higher than 50 mM a
total loss of binding is seen (Fig. 6). Incubation with monova-
lent cation KCl generates an opposite pattern. At lower than
125 mM concentration of KCl, binding is very weak, however, at
a concentration of 1000 mM, a very tight binding is observed
(data not shown). These results demonstrate that, although
divalent cations destabilize the hr1-mhr1-BP interactions,
monovalent cations stabilize the same.

The One or More Nuclear Factors That Bind to hr1 in Sf9 and
Mammalian Cells Are Not the Same—The AcMNPV hr1 binds
to the Sf9 insect cell host protein, hr1-BP, and this binding is
crucial for the enhancer function. Having shown that mamma-
lian cells, even though they are not natural hosts to AcMNPV
infection, do contain one or more factors that binds to hr1 we
investigated whether these factor(s) is(are) similar to those
present in Sf9 insect cells. In an EMSA, the 170-bp probe was
incubated with 2 �g of Sf9 nuclear extract and 2 �g of Vero
nuclear extract. The DNA-protein complex in the two cases has
different mobilities (Fig. 7, compare lane 1 with lane 2). When
2 �g of the Vero and Sf9 extracts are incubated together,
independent complexes corresponding to complexes generated
by the individual extracts are seen (Fig. 7, lane 3). Moreover,
when binding reactions were carried out under limiting con-
centrations of probe and 2 �g each of Sf9 and Vero extracts, the
results were similar. This implies that the hr1-binding proteins
in the two nuclear extracts are of different molecular sizes and
perhaps involve different protein-protein interactions, whereas
complexing with hr1 and/or bind to different regions within the
hr1, hence they do not compete out each other. These results
suggest that, although the mammalian cells indeed contain one
or more factors that bind to hr1, these factors are different from
the Sf9 hr1-BP in terms of their molecular sizes and possible
cognate sequence motifs and/or protein partners involved in
such an interaction.

hr1 Cannot Function as a Replication Origin in Mammalian
Cells—In Sf9 cells, hr1 also functions as an origin of replica-
tion. The ori and enhancer activities are independent of each
other and are detected using different transfection regimes (8).
The ori activity is scored by a standard method, which is based
on the sensitivity of the isolated plasmid to DpnI restriction
digestion, which recognizes the target site to be methylated
with Dam methylase (15). Escherichia coli, which is Dam� will
methylate adenine residue within the GATC recognition site
for DpnI, and consequently all its DNA will be digested by the
enzyme. However, plasmid DNA that is replicated in mamma-
lian cells (Dam�) will not be methylated at GATC sequence and
will therefore be resistant to DpnI digestion. Thus, DpnI can
differentiate input plasmid DNA from that which has indeed
replicated in the eukaryotic cell. DNA was isolated from mam-
malian cells transfected with pUC18 and pSHhr1, followed by
AcMNPV viral infection after a 24-h gap to ensure the presence
of viral factors required for ori function. A control where cells
were transfected with pSHhr1 but not infected with virus was
also included to check if the hr1 ori activity can occur even in
the absence of viral infection. Total DNA was isolated after
different time points (6, 12, 24, and 36 h) post-infection or
post-transfection (in case of uninfected cells) and assayed for
DpnI digestibility. In the control Sf9 cells, a high molecular

FIG. 4. A, a schematic map of the 750-bp hr1. The five 28-bp core
palindromes are shown as filled double arrows. There is an EcoRI site
at the center of each palindrome the sequence of which is shown. Using
different restriction enzymes, hr1 can be fragmented to generate differ-
ent combinations of palindrome and inter-palindrome sequences. B, hr1
binds with high affinity to a nuclear factor in mammalian cells. Nuclear
extract (2 �g) from Vero cells was incubated with 1 ng of the 170-bp
radiolabeled hr1 probe in binding reactions for electrophoretic mobility
shift assays. The mobility of free probe is shown in lane 1. A distinct
retardation in the mobility of the probe is seen when it is incubated with
Vero nuclear extract (lane 2). 20- and 40-fold molar excess of cold 170-bp
hr1 competitor abolishes the binding (lane 3 and 4). Similar molar
excesses of pUC18 (a heterologous competitor) did not affect the retar-
dation, showing the specificity of the binding (lane 5 and 6).
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weight DpnI-resistant form is seen in cells transfected with
pSHhr1 followed by viral infection (Fig. 8A, lanes 6, 12, 18, and
24), whereas cells transfected with pSHhr1 but not followed by
viral infection do not show any resistant form but were easily
digested with DpnI (Fig. 8A, lanes 4, 10, 16, and 22) pointing to
their unreplicated status. Cells transfected with pUC18 fol-

lowed by viral infection are also sensitive to DpnI (Fig. 8A,
lanes 2, 8, 14, and 20) reflecting their unreplicated status. In
contrast, a DpnI-resistant band is not detected at any point in
mammalian HepG2 cells, even in cells transfected with pSHhr1
followed by viral infection (Fig. 8B, lanes 6, 12, 18, and 24).
Thus, although in the control Sf9 insect cells, the hr1-contain-
ing plasmid can support replication in the presence of viral
infection hr1 fails to function as an origin of replication in
mammalian cells.

A Recombinant Virus Containing Two Promoters Can Infect
Mammalian Cells, However, Only the hsp70 Promoter Is Func-
tional Not the Polyhedrin Promoter—Baculoviruses do not rep-
licate in mammalian cells but can enter the cells through a
passive endosomal pathway. A recombinant virus containing
two promoters and two reporters, luciferase under the control
of the baculoviral polh promoter and �-galactosidase under the
hsp70 promoter, was used to infect different mammalian cells
and control Sf9 cells. After different time points post infection
luciferase and �-galactosidase assays were performed. In the
control Sf9 cells (Fig. 9A), luciferase activity follows the typical
time profile of polh promoter. Luciferase is detectable at
12 h.p.i., increases steadily from 24 to 36 h.p.i., and is very high
at 48 h.p.i. In mammalian cells, there is no luciferase activity
(data not shown), which is expected given the fact that polh
promoter requires baculovirus encoded factors. The �-galacto-
sidase activity follows a completely different profile. In Sf9 cells
this activity, detectable as early as 6 h.p.i., increases only
marginally from 12 h.p.i. up to 48 h.p.i. (Fig. 9B, filled bars).
The �-galactosidase activity in mammalian cells is very much
lower than in insect cells. In COS-1 cells (Fig. 9B, white bars)
and HepG2 cells (Fig. 9B, shaded bars), the �-galactosidase
activity is detectable at 6 h.p.i., increasing only marginally
from 6 to 48 h.p.i. It is interesting to highlight that the ob-
served overwhelming quantitative differences between Sf9 in-
sect cells vis-à-vis mammalian cells is a combined reflection of
the replication of baculovirus in the insect cells as well as
increased efficiency of the hsp70 promoter. The Drosophila

FIG. 5. Both the major and minor
groove binding drugs have an effect
on the interaction of hr1 to mhr1-BP.
The 170-bp hr1 probe was incubated
alone (lane 1), or with 0.5 mM actinomycin
D (lane 2), or with 0.5 mM methyl green
(lane 8) or with just the nuclear extract
(lanes 3 and 9). The probe was incubated
with different concentrations of actinomy-
cin D as shown (lanes 4–7) or methyl
green (lanes 10–13), and Vero cell nuclear
extract was added subsequently. Complex
formation (shown by an arrow) was ana-
lyzed by gel retardation assay.

FIG. 6. Divalent cations destabilize
the binding of hr1 to mhr1-BP. Bind-
ing reactions were carried out with Vero
nuclear extract and the 170-bp probe at
MgCl2 concentrations ranging from 5 to
125 mM (lanes 3–12). Lane 1, free probe.
Lane 2, probe with nuclear extract with
no additional MgCl2. With increasing
amounts of MgCl2 there is a decrease in
binding (shown by an arrow).

FIG. 7. The Sf9 hr1-BP and mhr1-BP are distinct from each
other. 1 ng of 170-bp hr1 probe was incubated with 2 �g each of Sf9
(lane 1), Vero (lane 2), or both Vero and Sf9 extracts (lane 3). In
competition experiments, 2 �g each of Sf9 and Vero extracts were
incubated with either 0.5 ng (lane 4) or 0.25 ng (lane 5) or 0.1 ng (lane
6) of 170-bp hr1 probe.
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hsp70 promoter is expectedly more active in a homologous
insect cell environment than in a mammalian cell.

Introduction of an Additional hr1 in the Recombinant Virus
Increases the Expression from the hsp70 Promoter in Mamma-
lian Cells—Having shown that the hr1 sequence element can
enhance transcription from hsp70 promoter in transient trans-
fections in mammalian cells, we checked for hr1-mediated en-
hancement when it is present as an additional copy in the
virus. A recombinant virus (vAclacluc-hr1) was constructed by
introducing an additional copy of the hr1 enhancer stably in-
tegrated into the vAclacluc (10, 11). More than 2-fold enhance-
ment of expression of �-galactosidase in mammalian cells from
hsp70 promoter was seen when vAclacluc-hr1 was used as
compared with vAclacluc (Fig. 10). It is important to note that,
unlike Sf9 insect cells, mammalian cells do not support bacu-
lovirus replication and even then hr1 could enhance expression

of a reporter gene driven by a relatively inefficient heterologous
insect promoter.

DISCUSSION

The baculovirus AcMNPV hr1, the enhancer under study, is
bifunctional, in that it can function both as an enhancer of
transcription and an origin of replication. Spodoptera frugi-
perda insect cells (Sf9) are the natural hosts for AcMNPV,
which follows a temporal profile of gene expression and has
been used to express heterologous genes. hr1 can act to en-
hance the expression of genes during all the different phases of
infection; the immediate early gene ie-N (or ie-2), the delayed
early 39k gene (7, 15, 16), the late gene cor and very late polh
(8). A number of reasons such as the dual role of hr1, its ability
to enhance transcription from a wide range of promoters within
the host system by recruiting a host factor hr1-BP (9), the

FIG. 8. A, hr1 does not function as an ori of replication in mammalian cells. The control Sf9 cells were transfected with pUC18 followed by
infection with AcMNPV (lanes 1, 2, 7, 8, 13, 14, 19, and 20), and total DNA was isolated at different time points (6, 12, 24, and 36 h) post infection.
In another experiment, cells were transfected with an hr1-containing plasmid (pSHhr1) without any viral infection (lanes 3, 4, 9, 10, 15, 16, 21,
and 22) or followed by infection (lanes 5, 6, 11, 12, 17, 18, 23, and 24). The total DNA isolated was further digested with HindIII alone to linearize
the plasmid (all odd lanes) or digested with both HindIII and DpnI (all even lanes) and analyzed for DpnI sensitivity. Lanes where cells were
transfected with pSHhr1 followed by infection with virus show the appearance of a DpnI-insensitive band indicating that hr1 works as an ori of
replication in these cells. B, DpnI sensitivity assay to score for hr1 ori activity in HepG2 mammalian cells. HepG2 cells were transfected with
pUC18 (lanes 1, 2, 7, 8, 13, 14, 19, and 20) followed by infection with AcMNPV. The total DNA was isolated at different time points (6, 12, 24, and
36 h) post infection. In parallel experiment, HepG2 cells were transfected with a hr1 containing plasmid (pSHhr1) without any viral infection (lanes
3, 4, 9, 10, 15, 16, 21, and 22) or followed by infection (lanes 5, 6, 11, 12, 17, 18, 23, and 24). The total DNA isolated was further digested with
HindIII alone to linearize the plasmid (all odd lanes) or digested with both HindIII and DpnI (all even lanes) and analyzed for DpnI sensitivity.
Absence of any DpnI-insensitive band implies that hr1 cannot function as an ori in mammalian cells.
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utility of baculovirus-mediated gene transfer into mammalian
cells, etc., tempted us to analyze the role of hr1 in mammalian
cells and the identification of host factors that could interact
with hr1. A search for sequence motifs that interact with
known enhancer binding proteins and transcription factors in
other viral and animal systems revealed that indeed quite a
few of these motifs were present in hr1. The most interesting
were the motifs with high homology to the consensus enhancer
element motif recognized by the C/EBP family of transcription
factors in the long terminal repeat enhancer of the avian leu-
kemia virus (17). This motif was repeated (with 1- or 2-bp
changes) 3� to each palindrome in hr1. This motif is inciden-
tally within the region in the flanking sequences, which exhibit
high levels of homology.

We have demonstrated that hr1 behaves as a classic en-
hancer of transcription from the CMV promoter in mammalian
cells such as kidney cells (Vero and COS-1), liver cells (HepG2),
HeLa and porcine cells (PS-1). Enhancement was also seen
when the Drosophila hsp70 promoter is used. Furthermore,
hr1-mediated action was independent of the reporter gene
used. The maximum enhancement was observed in Vero cells,
where a consistent 3-fold enhancement was observed in hr1-
containing plasmids over control non-hr1 plasmids. In Sf9
cells, the binding of host factor hr1-BP to hr1 is critical for its

enhancer function. Identification of specific nuclear factors
present in mammalian cells (mhr1-BP) that bind with high
affinity and specificity to different regions of hr1 was consistent
with the ability of hr1 to function in non-insect host environ-
ment. mhr1-BP and hr1-BP are distinct from each other in
terms of their molecular sizes, their ion requirements for bind-
ing, and the manner in which they approach the DNA.

Enhancers are usually cis-acting DNA sequences that up-
regulate gene expression, the exact mechanism of which is not
clear though several models have been put forward. We have
demonstrated for the first time that hr1 is capable of enhancing
transcription even in trans, i.e. when it is present on another
plasmid during co-transfections. There are reports that an
enhancer can have effect on another DNA molecule when pres-
ent in trans (13, 14). The long range action of enhancers include
their ability to stimulate transcription across homologues. In
Drosophila, these effects are called transvection. In certain
combinations the cuticle pigmentation gene, called yellow, dis-
play intra-allelic complementation, as a result of the action of
tissue-specific yellow enhancers present on one chromosome
stimulating transcription from the yellow promoter located on
the paired homologue (18). Although hr1 can exert its influence
when present both in “cis” and “trans” in mammalian cells, it
can act only in “cis” in insect cells. This could be due to the
difference in the properties of the enhancer binding proteins in
the two cases (Sf9 hr1-BP and mhr1-BP). mhr1-BP by virtue of
its protein-protein interactions may be able to bring about
enhancement of transcription from promoters present on an-
other plasmid molecule.

hr1-BP has little or no role in the ori function of hr1 (8, 9),
therefore the presence of hr1-BP like factors in mammalian
cells should not be of any consequence as far as the ori function
is concerned. This was indeed the case as was evident from the
inability of the hr1 to support replication in mammalian cells.
This also explains why baculoviruses can though enter and
transiently express foreign genes in mammalian cells, they
cannot replicate in these cells. One could speculate that repli-
cation is a more host-specific phenomenon than transcription
involving hr and non-hr origins of replication (19). Several
recent reports have demonstrated that primary human hepa-
tocytes, cell lines of hepatic origin, and other tumor cell lines
were able to efficiently take up and transiently express foreign
genes under the control of constitutive mammalian promoters

FIG. 10. Presence of an additional copy of hr1 in the virus
enhances the expression of hsp70 promoter-driven �-galactosid-
ase expression in mammalian cells. Mammalian cells were infected
with two recombinant viruses, vAclacluc (filled bars) and vAclacluc-hr1
(shaded bars) and assayed for �-galactosidase activity at different time
points post infection. The virus containing additional hr1 expresses to
higher levels than the virus with only one copy of hr1.

FIG. 9. Differential reporter gene expression in Sf9 and mam-
malian cells. Mammalian cells and control Sf9 cells were infected with
the virus vAclacluc at 10 multiplicity of infection. A, luciferase activity
of Sf9 cells was assayed at different time points post infection 6 h (bar
1), 12 h (bar 2), 24 h (bar 3), 36 h (bar 4), and 48 h (bar 5). B, the
�-galactosidase of activity of mammalian cells (COS-1 cells, white bars;
HepG2 cells, shaded bars) and control Sf9 cells (filled bars) at different
h.p.i. is shown.
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using baculoviruses as delivery vehicles (20–24). High level
reporter gene expression from heterologous promoters (8, 21)
was observed in human and rabbit hepatocytes in vitro,
whereas mouse hepatocytes and some other epithelial cell
types are targeted at lower rates. The efficiency of baculovirus-
mediated entry of foreign genes via an endosomal pathway
considerably exceeds that by lipid transfection (20). Another
report shows that baculovirus promoters in mammalian cells
can be activated by adenovirus functions (25). Baculoviruses,
therefore, offer an interesting alternative for a safe, self-limit-
ing gene delivery system for gene therapy (24, 26). These vi-
ruses provide an added advantage by their ability to package
inserts greater than 10 kb. The dual promoter reporter recom-
binant virus used here provides an ideal tool to study baculo-
virus-mediated gene delivery into mammalian cells. The bacu-
lovirus polyhedrin gene promoter requires insect cell host
factors (27–33) for its activation and therefore cannot function
in a non-insect environment. The transcription ability of the
constitutive hsp70 promoter, however, is relatively uniform in
different cell lines, except that HepG2 cells show higher levels
of reporter activity, consistent with earlier reports that these
cells are able to take up baculoviruses more efficiently than
other cell lines. The presence of an additional copy of hr1
increases the �-galactosidase expression thereby providing a
system for improving the expression of genes delivered via
baculovirus in mammalian cells. hr1 therefore can play a major
role in enhancing expression of foreign gene in these cells.

Baculoviruses have long been used as biopesticides, owing to
their small host range. It is possible now to manipulate the
virus so as to increase its host range. Although the ability of the
hr1 enhancer (10, 34) to activate transcription and support
DNA replication in insect cells can be further exploited (35), the
fact that hr1 can positively regulate non-baculoviral promoters
both in transient transfections and viral infections without
affecting replication makes it an ideal candidate for value
addition in baculovirus-mediated gene delivery in mammalian
cells (22, 36).

Acknowledgment—We thank all members of the Hasnain laboratory
for helpful discussions.

REFERENCES

1. Moreau, P., Hen, R., Wasylyk, B., Everett, R., Gaub, M. P., and Chambon, P.
(1981) Nucleic Acids Res. 9, 6047–6068

2. Banerji, J., Rusconi, S., and Schaffner, W. (1981) Cell 27, 299–308

3. Laimins, L. A., Khoury, G., Gorman, C., Howard, B., and Gruss, P. (1982) Proc.
Natl. Acad. Sci. U. S. A. 79, 6453–6457

4. de Villers, J., Olson, L., Tyndall, C., and Schaffner, W. (1982) Nucleic Acids
Res. 10, 7965–7976

5. Ayers, M. D., Howard, S. C., Kuzio, J., Lopez-Ferber, M., and Possee, R. D.
(1994) Virology 202, 586–605

6. Rasmussen, C., Leisy, D. J., Ho, P. Y., and Rohrmann, G. F. (1996) Virology
224, 235–245

7. Carson, D. D., Summers, M. D., and Guarino, L. A. (1991) J. Virol. 65, 945–951
8. Habib, S., Pandey, S., Chatterji, U., Burma, S., Ahmad, R., Jain, A., and

Hasnain, S. E. (1996)) DNA Cell Biol. 15, 737–747
9. Habib, S., and Hasnain, S. E. (1996) J. Biol. Chem. 271, 28250–28258

10. Hasnain, S. E., Venkaiah, B., and Habib, S. (October 12, 1999) U. S. Patent
5,965,393

11. Chatterji, U., Ahmad, R., Venkaiah, B., and Hasnain, S. E. (1996) Gene (Amst.)
171, 209–213

12. Hasnain, S. E., Habib, S., Jain, A., Burma, S., and Mukherjee, B. (1996)
Methods Enzymol. 274, 20–32

13. Dunaway, M., and Droge, P. (1989) Nature 341, 657–659
14. Chen, J.-L., Huisinga, K. L., Viering, M. M., Ou, S. A., Wu, C.-T., and Geyer,

P. K. (2002) Proc. Natl. Acad. Sci. U. S. A. 99, 3723–3728
15. Guarino, L. A., Gonzalez, M. A., and Summers, M. D. (1986) J. Virol. 60,

224–229
16. Guarino, L. A., and Summers, M. D. (1986) J. Virol. 60, 215–223
17. Bowers, W. J., and Ruddell, A. (1992) J. Virol. 66, 6578–6586
18. Morris, J. R., Chen, J. L., Geyer, P. K., and Wu, C. T. (1998) Proc. Natl. Acad.

Sci. U. S. A. 95, 10740–10745
19. Habib, S., and Hasnain, S. E. (2000) J. Virol. 74, 5182–5189
20. Hofmann, C., Sandig, V., Jennings, G., Rudolph, M., Schlag, P., and Strauss,

M. (1995) Proc. Natl. Acad. Sci. U. S. A. 92, 10099–10103
21. Boyce, F. M., and Bucher, N. L. (1996) Proc. Natl. Acad. Sci. U. S. A. 93,

2348–2352
22. Condreay, J. P., Witherspoon, S. M., Clay, W. C., and Kost, T. A. (1999) Proc.

Natl. Acad. Sci. U. S. A. 96, 127–132
23. Kost, T. A., and Condreay, J. P. (1999) Curr. Opin. Biotechnol. 5, 428–433
24. Ghosh, S., Parvez, M. K., Banerjee, K., Sarin, S. K., and Hasnain, S. E. (2002)

Mol. Ther. 6, 5–11
25. Knebel, D., and Doerfler, W. (1987) Virus Res. 4, 317–326
26. Kost, T. A., and Condreay, J. P. (2002) Trends Biotechnol. 20, 173–180
27. Burma, S., Mukherjee, B., Jain, A., Habib, S., and Hasnain, S. E. (1994)

J. Biol. Chem. 269, 2750–2757
28. Hasnain, S. E., Jain, A., Habib, S., Ghosh, S., Chatterji, U., Ramachandran, A.,

Das, P., Venkaiah, B., Pandey, S., Liang, B., Ranjan, A., Natarajan, K., and
Azim, C. A. (1997) Gene (Amst.) 190, 113–118

29. Jain, A., and Hasnain, S. E. (1996) Eur. J. Biochem. 239, 384–390
30. Mukherjee, B., Burma, S., and Hasnain, S. E. (1995) J. Biol. Chem. 270,

4405–4411
31. Ramachandran, A., Jain, A., Arora, P., Bashyam, M. D., Chatterji, U., Ghosh,

S., Parnaik, V. K., and Hasnain, S. E. (2001) J. Biol. Chem. 276,
23440–23449

32. Ghosh, S., Jain, A., Mukherjee, B., Habib, S., and Hasnain, S. E. (1998)
J. Virol. 72, 7484–7493

33. Ramachandran, A., Bashyam, M. D., Viswanathan, P., Ghosh, S., Senthil
Kumar, M., and Hasnain, S. E. (2001) Curr. Sci. 81, 998–1010

34. Lo, H. R., Chou, C. C., Wu, T. Y., Yuen, J. P., and Chao, Y. C. (2002) J. Biol.
Chem. 277, 5256–5264

35. Jarvis, D. L. (2003) Virology 310, 1–7
36. Huser, A., and Hofmann C. (2003) Am. J. Pharmacogenomics 3, 53–63

AcMNPV Enhancer Functions in Mammalian Cells 52571



PredictRegulon: a web server for the prediction of
the regulatory protein binding sites and operons
in prokaryote genomes
Sailu Yellaboina1, Jayashree Seshadri1, M. Senthil Kumar2 and Akash Ranjan1,*

1Computational & Functional Genomics Group and 2Molecular Oncology Laboratory, Centre for DNA Fingerprinting
and Diagnostics, EMBnet India Node, Hyderabad 500076, India

Received February 15, 2004; Revised and Accepted March 4, 2004

ABSTRACT

An interactive web server is developed for predicting
the potential binding sites and its target operons for a
given regulatory protein in prokaryotic genomes. The
program allows users to submit known or experimen-
tally determined binding sites of a regulatory protein
as ungapped multiple sequence alignments. It ana-
lyses the upstream regions of all genes in a user-
selectedprokaryotegenomeand returns thepotential
bindingsitesalongwith thedownstreamco-regulated
genes (operons). The known binding sites of a regu-
latory protein can also be used to identify its ortholo-
gue binding sites in phylogeneticaly related genomes
where the trans-acting regulator protein and cognate
cis-acting DNA sequences could be conserved.
PredictRegulon can be freely accessed from a link
on our world wide web server: http://www.cdfd.
org.in/predictregulon/.

INTRODUCTION

With over 100 bacterial genomes sequenced, a key challenge
of post-genomic research is to dissect the complex transcrip-
tion regulatory network which controls the metabolic and
physiological process of a cell. A first step towards this goal
is to identify the genes within a genome that are controlled by a
specific transcription regulatory protein. This paper describes
a web server tool—PredictRegulon—for genome-wide predic-
tion of potential binding sites and target operons of a regu-
latory protein for which few experimentally identified binding
sites are known. This technique could utilize the available
experimental data on binding sites of transcription regulatory
proteins from various bacterial species (1–3) for identification
of regulons in phylogenetically related species.

PREDICTREGULON METHOD

The program, PredictRegulon, first constructs the binding
site recognition profile based on ungapped multiple sequence
alignment of known binding sites. This profile is calculated
using Shannon’s positional relative entropy approach (4).
The positional relative entropy Qi at position i in a binding
site is defined as

Qi =
X

b=A;T;G;C
fb;i log10

fb;i
qb

,

where b refers to each of the possible bases (A, T, G, C), fb,i is
observed frequency of each base at position i and qb is the
frequency of base b in the genome sequence. The contribution
of each base to the positional Shannon relative entropy is
calculated by multiplying each base frequency by positional
relative entropy as follows:

Wb;i = fb;i �Qi,

where Wb,i refers to the weighted Shannon relative entropy of
the base b (A, T, G, C) at position i. Finally, a 4 · L entropy
matrix (L is the length of the binding site) is constructed
representing the binding site recognition profile, where each
matrix element is the weighted positional Shannon relative
entropy of a base.

The profile, encoded as the matrix, is used to scan the
upstreamsequencesofall thegenesof theuser-selectedgenome.
The entropy score of each site is calculated as the sum of the
respective positional nucleotide entropy (Wb,i). A maximally
scoring site is selected from the upstream sequence of each
gene. The score may represent the strength of interaction
between regulatory protein and binding site (5). The lowest
score among the input sites is considered as the cut-off score.
The sites scoring higher than the the cut-off value are reported
as potential binding sites conforming to the consensus profile.
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Co-directionally transcribed genes downstream of the pre-
dicted binding site were selected as potential co-regulated
genes (operons) according to one of the following criteria:
(i) co-directionally transcribed orthologous gene pairs con-
served in at least three genomes (6); (ii) genes belong to the
same cluster of orthologous gene function category and the
intergenic distance is <200 bp (7); (iii) the first three letters in

gene names are identical (the gene names for all the bacterial
species were assigned using the COG annotation); (iv) inter-
genic distance is <90 bp (8).

This method has two specific requirements: a few experi-
mentally determined regulatory protein binding sites should be
available for developing the binding site recognition profile,
and the profile should be applicable to the genome where the
regulator or its homologue is present. In the absence of any
experimental information on the regulatory sites in a given
genome one may look up the known regulatory motifs from
other related species from one of the four online databases
which host the information about known transcription regu-
latory protein binding sites in prokaryote genomes (1–3).

A limitation of this approach is that it may predict a few
false positive sites as candidates. However, this limitation can
be overcome by experimental validations, by either in vitro
binding studies with double strand oligonucleotides contain-
ing the binding sites (designed based on prediction) and
regulatory proteins or real-time PCR analysis of candidate
co-regulated genes.

Table 1. Known LexA binding sites of Bacillus subtilis from the

PRODORIC database

Binding site Gene

AGAACAAGTGTTCG dinC
AGAACTCATGTTCG dinB
CGAACTTTAGTTCG dinA
CGAATATGCGTTCG recA
CGAACGTATGTTTG dinC
CGAACCTATGTTTG dinR
CGAACAAACGTTTC dinR
GGAATGTTTGTTCG dinR

Table 2. Output of PredictRegulon web server (predicted LexA binding sites)

Score Position Site Gene Synonym COG Product

5.37 �8 CGAACGTATGTTCG — Rv3776a — Hypothetical protein Rv3776
5.32 �100 CGAACATGTGTTCG — Rv3073ca COG3189 Uncharacterized conserved protein
5.32 �144 CGAACATGTGTTCG pyrR Rv1379a COG2065 Pyrimidine operon attenuation protein
5.22 �8 CGAACACATGTTCG — Rv3074a — Hypothetical protein Rv3074
5.2 �142 CGAACAATTGTTCG — Rv3371a — Hypothetical protein Rv3371
5.2 �64 CGAACAATTGTTCG dnaE2 Rv3370ca COG0587 DNA polymerase III
5.19 �36 CGAACGATTGTTCG ruvC Rv2594ca COG0817 ruvC
5.14 �32 CGAAAGTATGTTCG — Rv0336a — Hypothetical protein Rv0336
5.14 �32 CGAAAGTATGTTCG — Rv0515a — Hypothetical protein Rv0515
5.14 �105 CGAACACATGTTTG lexA Rv2720a COG1974 SOS-response transcriptional repressors
5.11 �122 CGAACAGGTGTTCG recA Rv2737ca COG1372 recA
5.08 �87 CGAACAATCGTTCG — Rv2595a COG2002 Hypothetical protein Rv2595
5.06 �44 CGAATATGCGTTCG dnaB Rv0058a COG0305 Replicative DNA helicase
5.04 �263 GGAACTTGTGTTGG ubiE Rv3832c COG2226 Methylase involved in ubiquinone biosynthesis
5.04 �23 AGAACGGTTGTTCG splB Rv2578ca COG1533 DNA repair photolyase
5.02 �6 CGAATATGAGTTCG — Rv0071a COG3344 Retron-type reverse transcriptase
5.01 �255 CGAACAAGTGTTGG — Rv1414 COG3616 Predicted amino acid aldolase or racemase
4.99 �181 GGAACGCGTGTTTG — Rv0750 — Hypothetical protein Rv0750
4.98 �105 CGAACAACAGTTCG baeS Rv0600c COG0642 Signal transduction histidine kinase
4.98 �186 CGAAGATGCGTTCG rpsT Rv2412 COG0268 Ribosomal protein S20
4.95 �242 TGAACGCAAGTTCG fbpB Rv1886c COG0627 fbpB
4.95 �192 CGAACGGGAGTTCG — Rv1455 — Hypothetical protein Rv1455
4.94 �270 AGAACCACCGTTCG phd Rv3181c COG4118 Antitoxin of toxin–antitoxin stability system
4.94 �213 CGAACGACGGTTCG pe Rv2099ca — PE
4.92 �118 CGAACAGGTGTTGG — Rv0004 COG5512 Zn-ribbon-containing
4.92 �163 CGAACTTGCGTTCA — Rv1887 — Hypothetical protein Rv1887
4.91 �239 GGAACGCGAGTTCG fadB2 Rv0468 COG1250 3-hydroxyacyl-CoA dehydrogenase
4.91 �7 TGAACGAATGTTCC — Rv0039c — Hypothetical protein Rv0039c
4.9 �237 CGAAGCCTTGTTCG dltE Rv3174 COG0300 Short-chain dehydrogenase
4.89 �225 GGAAGGTGCGTTCG frnE Rv2466c COG2761 Predicted dithiol-disulfide isomerase
4.88 �8 GGAAGCCATGTTCG — Rv0769 COG1028 Hypothetical protein Rv0769
4.88 �186 CGAAGAGGTGTTCG coxS Rv0374c COG2080 Aerobic-type carbon monoxide dehydrogenase
4.88 �186 CGAACCGCAGTTCG leuA Rv3534c COG0119 Isopropyl malate/citramalate synthases
4.85 �195 CGAACGGCTGTTGG — Rv2061c COG3576 Hypothetical protein Rv2061c
4.85 �85 AGAACGGTTGTTGG accA1 Rv2501c COG4770 COG4770
4.84 �151 CGAAATTGTGTTCC nuoB Rv3146 COG0377 NADH:ubiquinone oxidoreductase
4.84 �217 CAAACATGTGTTCG — Rv2719ca — Hypothetical protein Rv2719c
4.84 �5 CGAACATGTATTCG — Rv1702ca — Hypothetical protein Rv1702c
4.84 �199 CGAAATCTTGTTTG — Rv1375 COG1944 Hypothetical protein Rv1375

Score: score of the binding sites, Position: position of the binding site relative to the translation start site, Site: binding site of a regulatory protein, Gene: gene
downstream to the binding site, Synonym: synonymof the gene, COG: Cluster of OrthologousGene code, Product: Gene product. a represents the ORFs known to be
regulated by the regulator. ‘a’ symbols are not part of the orginal output of theweb server. Source ofGenome:NCBI ftp site (ftp://ftp.ncbi.nih.gov/genomes/Bacteria/
Mycobacterium_tuberculosis_H37Rv/), Accession no. NC_000962.
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EXAMPLE: PREDICTION OF LEXA REGULON IN
MYCOBACTERIUM TUBERCULOSIS

To demonstrate a typical usage of PredictRegulon, we
predicted the LexA binding sites and LexA regulon of
M.tuberculosis using the LexA binding sites of Bacillus
subtilis. LexA regulators from B.subtilis and M.tuberculosis
share a high sequence identity (45%) at protein level (data not
shown). Table 1 lists the known LexA binding sites from B.
subtilis given as input to the program (2) and Table 2 shows the
output of predicted LexA binding sites in M.tuberculosis. The
site column in Table 2 represents the predicted binding sites of
LexA inM.tuberculosis. In a typical output the perfect match to
the known binding sites and the downstream genes are high-
lighted with a yellow background, and the rest with score
greater than cut-off is shown with a blue background (colours
notshownin the table).Eighteenof thesegenes (indicatedby‘a’)
belonging to the LexA regulon were also observed in data
obtained by experimental means by others (9–12). The rest
of the matches are potential novel regulatory sites which
could be confirmed experimentaly.

The web output of PredictRegulon also contains the hyper-
linked gene-synonym and COG number. A click on the former
shows the predicted operon context of the regulatory motif
while a click on the latter opens a new page showing a descrip-
tion of this gene in the NCBI Conserved Domain Database,
which is in turn linked to Pubmed for published information on
this gene. These additional links provides users a simple way to
browse and understand the functional/physiological implica-
tion of the genes that are part of predicted regulon.
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Introduction

Familial hypertrophic cardiomyopathy (FHC) is an autoso-
mal dominant disease characterized mainly by left ventricu-
lar hypertrophy. The left ventricular architecture in FHC is
disorganized, with hypertrophic cardiac myocytes having
abnormal shapes and multiple intercellular connections and
being arranged in a chaotic pattern (myocyte disarray).
Myocyte loss and replacement fibrosis are prominent fea-
tures (Davies 1994; Maron et al. 1987), which can result in
arrhythmia and altered myocardial hemodynamics. The
term “hypertrophy” denotes a thickening of tissue due to an
increase in the size of the constituent cells. The term “cardi-
omyopathy” means a disease of heart muscle (cardio, heart;
myo, muscle; pathy, disease). Hypertrophy, in general, is
recognized as a compensatory thickening of the left ven-
tricle wall that occurs as a physiologic response to either
excessive hemodynamic burden (such as pressure or vol-
ume overload due to hypertension and aortic valve disease)
or a pathologic state that compromises function of the heart
muscle (Grossman et al. 1975). FHC however, is a heritable
disorder that occurs in the absence of hemodynamic bur-
den. FHC is the most common cause of sudden death in
otherwise healthy young individuals (Maron et al. 1978,
1986). The frequency of hypertrophic cardiomyopathy is
approximately 0.1%–0.2% in Europe and the United
States. The genetic basis for this disorder has been shown to
be mutations in the cardiac sarcomere protein-coding
genes. However, it is not clear how these mutations actually
induce the hypertrophic response in the heart. Efforts are
underway also to establish a genotype–phenotype correla-
tion for this disorder.

Clinical symptoms

The disease is characterized by extreme clinical and mor-
phological heterogeneity, ranging from benign to severe,
and is further complicated by a variable age of presentation.
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Abstract Familial hypertrophic cardiomyopathy is an auto-
somal dominant disease with a wide range of clinical fea-
tures from benign to severe, and is the most common cause
of sudden death in otherwise healthy individuals. The two
prominent clinical features are left ventricular hypertrophy
and myocyte/myofibrillar disarray. The former is respon-
sible for clinical symptoms such as breathlessness and an-
gina, whereas the latter may lead to sudden cardiac death.
The last decade has seen an enormous improvement in our
understanding of the molecular genetics of this disorder.
The clinical heterogeneity has been linked to genetic het-
erogeneity; mutations in nine genes encoding sarcomere
proteins have been shown to be the molecular basis for the
disorder. However, attempts to establish a genotype–phe-
notype correlation for each of the more than 100 mutations
that have been identified have not been highly successful.
Additional genetic loci, as well as nongenetic factors such as
lifestyle, sex, and age, have also been shown to play a role in
modulating the clinical presentation of the disease. How
each mutation results in hypertrophy and/or myofibrillar
disarray is unclear. The present review discusses the current
status of the molecular genetic characterization of this im-
portant disorder.

Key words Hypertrophy · Cardiomyopathy · Myosin ·
Troponin · Tropomyosin · Actin · Myocyte disarray
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Clinically, the patients may present with some or all of the
following symptoms.

Dyspnea (breathlessness)

Dyspnea is usually linked to physical activity but occa-
sionally may manifest even at rest and may be more pro-
nounced following meals. Shortness of breath results from
an elevation of left ventricular diastolic pressure due to the
thickening of the ventricle wall, and this increased pres-
sure is relayed to the lungs via the pulmonary capillaries,
leading to pulmonary congestion characterized clinically by
dyspnea.

Chest pain

Also called angina, chest pain is a common symptom. It is
usually brought on by exertion and relieved by rest, but may
also occur at rest or during sleep and may persist. The
greatly thickened muscle demands an increased oxygen
supply and chest pain results when this demand cannot be
met.

Syncope (fainting)

Patients may experience light-headedness, dizziness, and,
more seriously, blackouts. Presyncope denotes dizziness,
but the patient does not pass out completely. Episodes
may occur in association with exercise, with palpitations, or
without any apparent association. Fainting episodes may be
due to an irregularity of the heartbeat, or a fall in blood
pressure leading to insufficient blood supply to the brain.

Palpitations

Patients may occasionally feel an extra beat or a skipped
beat, suggesting an irregular heart rhythm. Palpitations may
start suddenly, may appear to be very fast, and may be
associated with sweating or light-headedness.

Arrhythmias

Arrhythmias are irregularities of the heartbeat, which occur
because of disruption of the electrical conduction system of
the heart. Myocyte disarray may be the primary cause for
this disruption. Two types of arrhythmias, namely, ventricu-
lar tachycardia (arising from the ventricles) and atrial fibril-
lation (occurring in the atria) are particularly important and
may require treatment. In atrial fibrillation, the normal
regular rhythm of the heartbeat is lost and is replaced by an
irregular rhythm that may be episodic (paroxysmal atrial
fibrillation) or persistent. The loss of normal atrial contrac-
tion produces a risk of clot formation in the auricle. Some-
times the heart may need to be shocked back into normal
rhythm. Heart block may result if the normal electrical
signal travels down to the ventricles slowly or is completely

blocked. This is uncommon, but if this occurs, a pacemaker
may be required. The importance of FHC stems from the
fact that a large number of patients may have an increased
risk of premature death (due to arrhythmia), which may
occur with little or no warning. Ventricular fibrillations
usually precede sudden death.

Hypertrophy

The characteristic feature of FHC is the hypertrophied
heart. However, there is a high degree of variability in the
location and kind of hypertrophy. It could be concentric
(spread throughout the left ventricle wall), apical (only the
base of the left ventricle), or septal (affecting only the sep-
tum). There is an additional complication associated with
septal hypertrophy. If hypertrophy occurs in the proximal
region of the septum, the inward movement of the hypertro-
phied septum during systole pulls the anterior leaflet of the
mitral valve toward the septum (SAM, systolic anterior
motion), causing obstruction in the left ventricular outflow
tract. Obstruction may also be a result of the septum thick-
ening itself but is accentuated by SAM. SAM can some-
times be diagnosed by listening to a “murmur” sound in the
heartbeat. SAM may also result in flow of blood back into
the left atrium from the left ventricle, which is termed
“mitral regurgitation.”

Diagnosis

Clinically, FHC is diagnosed based on the medical his-
tory, physical examination, and electrocardiographic and
echocardiographic identification of the septal and left ven-
tricular hypertrophy. The electrocardiogram (ECG) usually
shows an abnormal electrical signal due to muscle thicken-
ing and disorganization of the muscle structure. In a minor-
ity of patients (5%–10%), however, the ECG may be
normal or show only minor changes. ECG abnormalities
are not specific to FHC and may be encountered in other
heart conditions as well. An accurate diagnosis of FHC is
therefore based on an ultrasound scan of the heart called an
echocardiogram (Echo). The Echo produces a picture of
the heart in which excessive thickness of the muscle can be
easily measured. Additional equipment called Doppler
ultrasound can produce a color image of blood flow within
the heart and measure the heart’s contraction and filling.
Turbulent flow inside the heart can also be detected by this
method.

Genetic basis of FHC

Myofibrils, which consist of repeating units known as
sarcomeres, make up the contractile elements in muscle. A
sarcomere consists of seven major proteins and several mi-
nor proteins organized into thick and thin filaments. Thick
filaments comprise myosin heavy and light chains and the
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cardiac troponin I (TnI3) (Kimura et al. 1997), α-tropomyo-
sin (Tpm) (Watkins et al. 1995b), titin (TTN) (Satoh et al.
1999), α-cardiac actin (ACTC) (Mogensen et al. 1999),
and the essential and regulatory myosin light chains (Myl3/
Myl2) (Poetter et al. 1996) (Table 1). Because all the
mutations in FHC patients so far identified are present in
the structural proteins of the muscle, the disease has been
termed “a disease of the sarcomere” (Thierfelder et al.
1994).

FHC is inherited as an autosomal dominant trait.
Thus, individuals with FHC must have one affected
parent and frequently have multiple affected relatives.
Sporadic occurrence is relatively rare. The variable clinical
phenotypes of the disease can in part be explained by the
underlying genetic heterogeneity. The genetic heterogene-
ity is accentuated by the fact that mutations in several
exons of the sarcomere genes can cause FHC. To some
extent, it has been possible to correlate different mutations
with different prognoses and variable echocardiographic
findings.

�-Cardiac myosin heavy chain gene

Myosin is the major contractile protein in the heart muscle
and is responsible for force generation as a result of its
pulling action on actin at the expense of ATP. The first
mutation to be identified in FHC was a missense mutation
in the �-cardiac myosin heavy chain gene (MYH7)
(Tanigawa et al. 1990; Geisterfer-Lowrance et al. 1990).
Several distinct missense mutations have since been identi-
fied in this gene that result in the substitution of conserved
amino acids (Watkins et al. 1992; Vikstrom and Leinwand
1996). Because each of the affected amino acids is evolu-
tionarily highly conserved, it has been suggested that these
mutations may compromise normal functioning of the pro-
tein (Watkins et al. 1992). Several mutations are clustered
in the globular head region, and may occur in regions
that form functionally important domains (Table 2). A
significant fraction of mutations detected so far fall in the
tail-helix that lies in the rod region of the protein (Table 2).

Table 1. FHC disease genes and mutation frequencies

Gene Chromosomal No. of
Gene name symbol location mutations

Beta-cardiac myosin heavy chain MYH7 14q12 76
Myosin-binding protein C MyBPC-3 11p11.2 33
Troponin T TnT2 1q32 15
Troponin I TnI3 19q13.4 8
Alpha-tropomyosin Tpm 15q22.1 6
Myosin essential light chain MYl3 3p21.2–3p21.3 8
Myosin regulatory light chain MYl2 12q23–12q24.3 2
Alpha-cardiac actin ACTC 15q11–q14 5
Titin TTN 2q24.3 1

Compiled from the FHC mutation database (http://www.angis.org.au/Databases/Heart/
heartbreak.html)
FHC, Familial hypertrophic cardiomyopathy

myosin-binding protein C. Thin filaments consist predomi-
nantly of actin and of lesser amounts of regulatory proteins,
namely, tropomyosin and troponin. In the resting muscle,
binding of tropomyosin to the active site of actin prevents
cross-bridge formation between actin and myosin, thus pre-
venting muscle contraction. The process of contraction is
initiated by the release of calcium ions from the sarcoplas-
mic reticulum of the heart muscle cells. The calcium ions
bind to troponin, causing the latter to move the tropomyo-
sin molecule away from the cross-bridge binding sites
of actin. Subsequently, adenosine triphosphate (ATP)
molecules bound to myosin are hydrolyzed by adenosine
triphosphatase (ATPase) to produce an energized myosin
molecule and the cross-bridge of the energized myosin mol-
ecule binds to actin to trigger the release of the energy
stored in the myosin head. Energy release corresponds to
the movement of the bound cross-bridge in a rowing mo-
tion, bringing the actin molecules toward the center of the
sarcomere. An ATP molecule binds to the myosin molecule
and releases the cross-bridge attachment; the myosin is now
ready to bind to another actin site, as long as calcium is
present.

Recent advances in biochemistry and molecular genetics
have allowed a better understanding of the molecular basis
for FHC. By using linkage analysis and molecular genetic
studies, nine disease genes for FHC have so far been iden-
tified. These include �-cardiac myosin heavy chain (MYH7)
(Geisterfer-Lowrance et al. 1990; Watkins et al. 1992), car-
diac myosin-binding protein C (MyBPC-3) (Watkins et al.
1995a), cardiac troponin T (TnT2) (Thierfelder et al. 1994),

Table 2. Location of major mutations in the MYH7 gene

Exon No. of mutations Functional domain

9 5 ATPase pocket
16 7 Actin binding
19 6 SH3 helix
20 8 Converter
22 6 Tail helix/rod
23 7 Tail helix/rod
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Recently, two families were shown to harbor mutations in
the light meromyosin domain in the rod region of the pro-
tein (Blair et al. 2002). The MYH7 mutations account for
about 30% of the reported FHC cases (Table 1) (Watkins
et al. 1995c). To date more than 70 different mutations
have been identified in the MYH7 gene (Table 1). Some
are associated with sudden death (p.R403Q), but several
also have a benign phenotype (p.V606M) (Epstein et al.
1992; Fananapazir and Epstein 1994).

Characterization of specific MYH7 mutations
Although a lot of research has gone into the
characterization of several MYH7 gene mutations,
including in vitro studies and animal models, we still know
very little about the link between specific mutations, and
hypertrophy and myocyte disarray. The most well
characterized MYH7 mutation is p.R403Q. This is primarily
because it is associated with sudden death in most cases.
Sweeny and coworkers (1994) demonstrated that the
p.R403Q mutation resulted in an 80% reduction in the
filament sliding speed in vitro, whereas Lankford and
coworkers (1996) showed reduced power output in the
muscle containing the mutated protein.

Rayment and colleagues (1995) analyzed the effect of 29
mutations in MYH7 that are implicated in FHC by using the
crystal structure of the chicken skeletal myosin S1 peptide.
They showed that most of the mutations were clustered
around specific sites, viz, the actin-binding interface, the
nucleotide-binding pocket, or the interface of the heavy
chain with the essential light chain (ELC). Some of the
mutations in the actin-binding interface could either affect
the velocity of filament sliding, as seen in an in vitro motility
assay, or lead to a reduced actin-activated Mg-ATPase ac-
tivity (Cuda et al. 1993). The mutations in the nucleotide-
binding pocket can compromise the catalytic function of the
protein. Other mutations that lie in the binding site for
the ELC show the importance of the interface between the
ELC and the myosin heavy chain because this is required
for coupling ATP hydrolysis with movement. However, as
more and more mutations are being identified and charac-
terized, it is becoming obvious that the mutations are actu-
ally spread throughout the gene.

Sata and Ikebe (1996) expressed and purified mutated
forms of the cardiac myosin heavy chain and analyzed their
motor and enzymatic properties in vitro. They specifically
checked four mutant proteins, all of which showed de-
creased motor function in terms of ATPase activity and
actin translocation. Interestingly, the degree of dysfunction
in vitro correlated with the prognosis of the disease
resulting from the mutation. The survival values for
p.V606M (actin–myosin interface), p.R249Q (ATP pocket),
p.R403Q (actin–myosin interface), and p.R453C (ATP
pocket) were 94%, 79%, 36%, and 34%, respectively. This
correlated with the extent of decrease in myosin motor
activity. However, despite differences in prognosis, all mu-
tations resulted in comparable levels of hypertrophy, indi-
cating that other factors may influence cardiac hypertrophy
resulting from this mutation. Roopnarine and Leinwand

(1998) analyzed the ATPase activities of three mutations
(p.R249Q, p.R403Q, and p.V606M). The mutant proteins
were expressed and purified and then assayed for their
ATPase activities. The p.R249Q mutant (which falls in
the base of the ATPase pocket) exhibited a 1.7-fold
reduction in maximum Velocity (Vmax). A more severe
affect was observed with the p.R403Q mutation (located at
the base of a loop that appears to play an important role
during the stereospecific actin–myosin interaction). The
Vmax decreased 3.5-fold, suggesting that the actin–myosin
interaction is weakened substantially. The Vmax of the
p.V606M (present in the actin-binding domain) was
affected to a lesser degree compared with the wild-type
protein. Therefore, these results correlate with the moder-
ate prognosis of the p.R249Q mutation, the poor pro-
gnosis of the p.R403Q mutation, and the good prognosis
of the p.V606M mutation. A study on a Korean family
revealed that the p.G716R mutation may be associated
with sudden and early death (Tae-Hong et al. 1998). These
results indicate that there may be a somewhat specific
genotype–phenotype correlation for the different MYH7
mutations.

Geisterfer-Lowrance and coworkers (1996) developed a
mouse model for the p.R403Q mutation and showed that
the clinical features in the mice were similar to those
observed in human patients. A transgenic rabbit model
(harboring the p.R403Q mutation in the MYH7 gene) for
human hypertrophic cardiomyopathy has also been devel-
oped (Marian et al. 1999). The symptoms, including prema-
ture death, were similar to those observed in human, thus
showing that the rabbit could be a desirable model for
studying FHC. The mouse model was also used to under-
stand the basis for the highly malignant phenotype of the
p.R403Q mutation (Tyska et al. 2000). The work of Tyska et
al. (2000) revealed that the mutant protein actually exhibits
a 2.3-fold higher actin-activated ATPase activity, a 2.2-fold
greater average force generation, and a 1.6-fold faster
actin filament sliding in the motility assay. Therefore, an
abnormal power output rather than a compensatory
response could lead to hypertrophic response in this mouse
model.

Richard and coworkers (1999) showed the presence of
double heterozygosity in a French Caribbean family suffer-
ing from FHC. They analyzed 15 subjects and reported the
presence of a mutation in the MYH7 gene in exon 15
(p.E483K) in four subjects, a mutation in the MyBPC3
gene in exon 30 (p.E1096 termination codon) in two sub-
jects, and double heterozygosity in two subjects. As ex-
pected, the latter two subjects exhibited a significantly
greater left ventricular hypertrophy than did the other
affected subjects, although the double mutation was not
lethal. Compound heterozygotes for the MYH7 gene result-
ing in FHC have also been described (Nishi et al. 1995;
Jeschke et al. 1998). Most studies on FHC resulting from
mutations in the MYH7 gene indicate that the mutated
protein gets incorporated into the sarcomere and exerts
a dominant negative effect, leading to a compensatory
hypertrophic response.
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Cardiac myosin-binding protein C (MyBPC3) gene

Cardiac myosin-binding protein C (MyBPC3) is the pre-
dominant myosin-binding protein in the heart muscle and,
unlike myosin, is not expressed in other tissues (Gautel
et al. 1995). It is thought to participate in thick filament
assembly by binding myosin and titin, thus probably con-
tributing to sarcomere stability (Schultheiss et al. 1990). The
protein also has regulatory activities (Moos and Feng 1990;
Schlender and Bean 1991). Unlike MYH7, mutations in the
MyBPC3 appear to be in general associated with significant
hypertrophy but with good prognosis. The phenotypic
expression of mutations occurs late in the life of affected
individuals, the reasons for which are not yet clear.

The mutations identified in MyBPC3 are mostly splice
site mutations and, to a lesser extent, exon duplications
(Bonne et al. 1995; Watkins et al. 1995a). In a majority of
the cases, the mutation results in the formation of a trun-
cated protein, which may lose the ability to bind to the
myosin heavy chain (Bonne et al. 1995; Freiburg and Gautel
1996; Okagi et al. 1993). A few missense mutations have
also been identified in this gene, including a study on a
South-African family (Moolman-Smook et al. 1998). Yu
and his colleagues (1998) analyzed two different mutations
in two Australian families. One mutation (generation of a
premature stop codon instead of glutamine at position 969)
resulted in a truncated protein (devoid of the C-terminal 75
amino acids), which was unable to bind to cardiac myosin,
and led to an accumulation of disorganized myofibrils re-
sulting in a compensatory hypertrophic response. The sec-
ond mutation (p.N755K) was a missense mutation located
in a highly conserved region of the protein (linker region
between the phosphorylation site and the myosin/titin bind-
ing region), which resulted in alteration of the function of
the protein, leading to cardiac hypertrophy.

Animal models have been used to determine the devel-
opment and progression of disease resulting from mutations
in the MyBPC3 gene. Transgenic mice expressing mutant
forms of the protein exhibited a decreased shortening veloc-
ity and power output and significant changes in the ultra-
structure of the heart (Yang et al. 1998, 1999). The results
also showed that the mutant protein behaved as a poison
polypeptide (Yang et al. 1999). The mouse model of a
homozygous mutant MyBPC3 gene was shown to result
in dilated cardiomyopathy (McConnell et al. 1999). A
knock-in mouse model of the N-terminal deleted gene was
created recently (Witt et al. 2001). The left ventricular
muscle fibers in the transgenic mice exhibited an increased
sensitivity to Ca2�, whereas overall force production was
not altered (Witt et al. 2001). This provides a clue as to why
the N-terminal mutant proteins lead to a hypercontractile
state of the affected muscle fibers.

Troponin T gene

The function of troponin is to move the tropomyosin away,
resulting in exposure of the myosin-binding sites on actin.
Missense mutations as well as splice site mutations have
been identified in the troponin T gene (TnT2; Thierfelder

et al. 1994; Watkins et al. 1995b). Unlike MYH7 and
MyBPC3, mutations in TnT2 appear to be largely associ-
ated with normal ventricular thickness or mild hypertrophy
but with a significantly greater frequency of sudden death
(Watkins et al. 1995b). A missense mutation (p.R92Q) was
tested by Oberst and colleagues (1998) in a transgenic
mouse model, and the results once again showed that
hypertrophic cardiomyopathy was caused by a dominant-
negative effect exerted by the mutant peptide. Watkins
and coworkers (1996) studied the IVS15G�A splice site
mutation that inactivates a 5� splice donor site, leading
to either skipping of exon 15 or activation of a cryptic splice
site. Both aberrant cDNAs encode a truncated TnT2
peptide lacking the conserved C terminus. The analysis of
Watkins et al. (1996) revealed that the truncated protein
was incorporated into the sarcomere. However, the force
generated was less than the sarcomere containing the wild-
type full-length TnT2 peptide, indicating that the truncated
peptide exerted a dominant-negative effect.

Surprisingly, the study of the p.I91N mutation in rat
TnT2 (Lin et al. 1996) showed that the mutated protein
exhibited a 50% faster thin filament movement rate. This
result is similar to the one obtained by Tyska and coworkers
(2000) for the MYH7 p.R403Q mutation. Another study
involving incorporation of mutant proteins in rabbit cardiac
myofibrils indicated increased contractility of the cardiac
muscle owing either to Ca2� sensitization or potentiation of
the maximum level of ATPase activity (Yanaga et al. 1999).
Sweeney and coworkers (1998) suggested an alternative
mechanism for the disease (distinct from the dominant-
negative mechanism). Their work on two mutations, viz.,
p.I91N and p.R92Q, revealed that these mutations might
lead to an increase in the cost of force production (less force
generated per ATP molecule). However, the total reduc-
tion in the force generation may be minimal, thus explain-
ing the moderate to nil hypertrophy seen in patients having
mutations in TnT2. Thus, even in the absence of hyper-
trophy, increased cardiac output could result in energy
demands that cannot be met, leading to arrhythmias and
sudden death. Montgomery and coworkers (2001) have
shown that the extent of mutation-induced dysfunction de-
pends not only on the nature of the TnT2 mutation, but also
on the concentration of the mutant protein in the sarcom-
ere. A study of the p.S179F mutation in exon 11 revealed
that it results in sudden death in affected individuals when
present in a homozygous state (Ho et al. 2000). Sehnert and
colleagues (2002) made an important observation regarding
the coexpression of different thin-filament constituents. By
using the zebra fish model, they showed that TnT2 null
mutants resulted in a significant reduction in levels of alpha
tropomyosin and troponin I (Sehnert et al. 2002). The
p.R141W TnT2 mutant has been shown to cause dilated
cardiomyopathy (Li et al. 2001). Interestingly, it has been
shown that the altered thin-filament regulation caused by
mutant TnT2, which causes dilated cardiomyopathy, is dif-
ferent from that caused by mutants that result in hyper-
trophic cardiomyopathy (Robinson et al. 2002). Recently,
an interesting observation of coexistence of Friedreich’s
ataxia triplet repeat expansion and cardiac troponin T
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mutation has been reported in a 5-year-old boy (Cuda et al.
2002).

Troponin I (TnI3) gene

The TnI3 is the inhibitory subunit of the troponin complex.
The inhibition is released when calcium binds to the tropo-
nin C subunit. Several mutations leading to FHC have been
identified in this gene, the majority of which are missense
mutations. Three mutations lie in the inhibitory region,
whereas the rest are located in the C-terminal region. Some
of these mutations may result in apical hypertrophy
(Kimura et al. 1997). One of them, viz., p.R145G, was stud-
ied in a mouse model. The results showed cardiomyocyte
disarray, interstitial fibrosis, and premature death (James et
al. 2000). The functional alterations that seemed to be re-
sponsible for the development of cardiac disease included
increased skinned fiber sensitivity to calcium and, at the
whole organ level, hypercontractility with diastolic dysfunc-
tion (James et al. 2000). It has been shown that the p.R145G
and p.R162W mutations of the TnI gene, which have been
associated with FHC, may cause the disease via impaired
relaxation rather than impaired contraction, as seen with
some other classes of mutants (Elliott et al. 2000).

Takahashi-Yanaga and colleagues (2001) studied the ef-
fect of several TnI3 mutations. Their results demonstrated
that most of the FHC-linked cTnI mutations did affect the
regulatory processes involving the TnI3 molecule, and that
at least five mutations (p.R145G, p.R145Q, p.R162W,
K183del, and p.K206Q) increased the Ca2� sensitivity of
cardiac muscle contraction (Takahashi-Yanaga et al. 2001).
The R145G mutation has been shown to result in severe
diastolic dysfunction and somewhat decreased contractility
leading to hypertrophy as a compensatory mechanism
(Lang et al. 2002). The K183del is the most common muta-
tion found in this gene. Kokado and colleagues (2000)
showed in a study of 25 individuals from seven families
that this mutation resulted in variable clinical presentation
(Kokado et al. 2000), once again pointing to the role of
other factors in the prognosis of the disease. Recently, the
lysine 183 deletion was shown to lead to septal wall thinning
and systolic dysfunction (Shimizu et al. 2002). Studies on
this mutation have also shown generation of abnormal Q
waves in patients, which could be an indication for sudden
cardiac death (Shimizu et al. 2002). Burton and coworkers
(2002) have shown that two mutations, viz., p.R145G and
p.G203S, exhibited different effects on motility and ATPase
activity. They set up in vitro assays using recombinant mu-
tant proteins expressed in Escherichia coli that revealed
that the p.G203S mutant exhibited reduced inhibition in the
motility assay. However, the action of p.R145G was indis-
tinguishable from that of the wild-type protein, indicating
that this mutant protein led to hypertrophic cardiomyopa-
thy without affecting its function in force production.

α-Tropomyosin (Tpm) gene

The function of tropomyosin is to cover the myosin-binding
sites on actin. Exon 5 and exon 2 of the gene are involved in

a majority of the missense mutations. A study of about 60
Japanese families revealed that the clinical phenotypes of
different mutants are similar, reflecting a common mecha-
nism by which dysfunctional thin filaments trigger cellular
hypertrophy (Yamauchi-Takihara et al. 1996). Investigators
showed that four different α-tropomyosin mutants resulted
in an inappropriate increased force output at submaximal
levels of calcium. Michele and coworkers (1999) have
shown that the severity of a direct calcium-sensitizing effect
of mutations in α-tropomyosin correlated with the extent of
severity of FHC (Michele et al. 1999). Recently, Prabhakar
and colleagues (2001) studied a mouse model for the
Q180G mutation that exhibited a very severe phenotype
of the disease. A novel deletion mutation in the α-
tropomyosin gene has been identified in a Japanese patient
with hypertrophic cardiomyopathy (Nakajima-Taniguchi et
al. 1995). Some mutant forms of α-tropomyosin may also
result in dilated cardiomyopathy (Olson et al. 2001).

Essential and regulatory myosin light chain
genes (Myl3/Myl2)

Poetter and colleagues (1996) hypothesized that, because
mutations in the ELC-binding region of the myosin heavy
chain have been implicated in FHC, it was possible that
mutations in the ELC itself could also trigger FHC. There-
fore, they amplified the seven exons of the human cardiac/
skeletal ELC gene separately and showed the presence of a
mutation (p.M149V) in 1 of the 383 families screened. They
showed that the rate of actin translocation in myosin iso-
lated from these patients was higher compared with normal.
Similar results were obtained when a mutated myosin heavy
chain (p.R719Q), which lies adjacent to the ELC mutation,
was used in the assay. The cardiac phenotype in these
patients was a rare subtype of FHC, which involved
massive hypertrophy of the cardiac papillary muscles, caus-
ing a midcavity obstruction. They also screened 399 unre-
lated FHC cases for mutations in the adjacent myosin
regulatory light chain (RLC) and found three independent
mutations (p.A3T, p.E22K, p.P94R). The cardiac morphol-
ogy in these patients was strikingly similar to the patients
with mutations in the ELC gene. These studies show that
mutation in those regions of ELC and RLC that may be
involved in binding to the myosin heavy chain may lead to
FHC.

α-Cardiac actin (ACTC) gene

Actin is the major constituent of thin filaments and is di-
rectly involved in force generation. Mogensen and cowork-
ers (1999) have identified α-cardiac actin as a novel disease
gene for FHC. The gene has a p.A295S mutation in exon 5,
which results in impaired myosin binding by the protein,
leading to impaired force generation and, hence, compensa-
tory hypertrophy. Mutations in this gene can also cause
inherited idiopathic dilated cardiomyopathy (IDC) (Takai
et al. 1999). Mogensen and coworkers (1999) have shown in
their study that mutations affecting sarcomere contraction
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led to FHC, whereas mutations affecting force transmission
from the sarcomere to the surrounding syncytium led to
IDC.

Titin

The titin gene is perhaps the second-largest human gene
known to date and is an important component of the car-
diac sarcomere. Satoh and coworkers (1999) identified titin
as a candidate FHC gene based on analysis of 82 FHC
patients who did not harbor mutation in any of the other
known genes. The p.R740L mutation resulted in an increase
in the binding affinity of titin for alpha-actin in the yeast
two-hybrid system. These observations suggest that the titin
mutation may cause hypertrophic cardiomyopathy in this
patient via altered affinity to alpha-actin.

Evidence for involvement of multiple factors

Although FHC is predominantly recognized as a unigene
disorder, the overall clinical symptoms may be modulated
by other factors distinct from the sarcomeric mutations. In
other words, patients with identical mutations may some-
times have different clinical features, indicating factors such
as modifier genes, sex, physical activity, nutrition, ethnic
background, and other environmental factors may affect
the phenotypic expression of FHC. The most obvious factor
is the extent of physical activity in the patient (Maron et al.
1998). In a few cases, the disease has been observed to have
a somewhat sex-specific phenotype, resulting from a varia-
tion in the development of hypertrophy and progression to
heart failure. However, there does not appear to be a con-
trasting difference between the two sexes. Our studies on
one Indian family, which harbors a mutation in the 22nd
exon of the MYH7 gene, revealed clinical heterogeneity
among various affected members of the same family
(M.D. Bashyam et al. 2002, unpublished observations).
Several studies have revealed the involvement of other ge-
netic loci in the prognosis of FHC. The most important
among these appear to be the genes that constitute the
renin-angiotensin system. The angiotensin-converting en-
zyme gene (ACE) has been shown specifically to affect the
prognosis in some cases (Lechin et al. 1995; Marian et al.
1993). This issue has also been addressed by Ortlepp and
coworkers (2002), who showed that penetrance of a myosin-
binding protein C mutation was dependent on a genetic
polymorphism associated with the renin-angiotensin sys-
tem. The DD allele of the ACE I gene has been shown to be
associated with a severe form of hypertrophy and sudden
death in patients with FHC (Marian et al. 1993; Iwai et al.
1994). It is possible that the extent of the contribution of
this allele may be different in different mutations. Tesson
and colleagues (1997) established an association of the Ace
I D allele with the MYH7 p.R403Q mutation, but not with
the MyBPC3 mutations, raising the possibility of a role for
additional genetic modifiers. Recently, Semsarian and co-
workers (2001) used a mouse model to address the question

of other genetic markers that may influence phenotypic
expression of the disease.

Interesting posers

The wide spectrum of genetic heterogeneity makes it
essential to use a high-throughput screening technology for
mutation detection. Recently, microarray technology was
adapted for this purpose with good results (Waldmuller et
al. 2002). As mentioned earlier, the clinical diversity of the
disease can in some cases be explained by the underlying
genetic heterogeneity. However, it is difficult at this time to
state with any degree of certainty that a particular mutation
will result in a specific phenotype. However, some definite
patterns have emerged over the past few years pertaining to
mutations in the MYH7, TnT2, and MyBPC3 genes, prob-
ably because mutations in these genes are more common
and consequently more research has been carried out on
them. For MYH7, the prognosis appears to be different for
different mutations. For example, the p.R403Q mutation is
usually associated with a severe phenotype, leading to sud-
den death in most cases, whereas the p.V606M mutation is
usually more benign. Most mutations in the TnT2 gene are
associated with low penetrance and subclinical hypertrophy
but a very high incidence of sudden death. Mutations in the
MyBPC3 gene are usually associated with a better progno-
sis and a delayed onset of symptoms. Recently, Niimura and
colleagues (2002) showed that hypertrophic cardiomyopa-
thy in the elderly was caused mainly by mutations in the
cardiac myosin-binding protein C, troponin I, or the alpha-
cardiac myosin heavy chain genes, and was not due to genes
such as beta-cardiac myosin heavy chain, troponin T, and
alpha tropomyosin.

There are several interesting aspects of the disease that
are worth investigating. For example, the molecular basis
for the hypertrophic response is not clear. The link between
the mutations and different kinds of hypertrophic response
also remains to be elucidated. Numerous studies indicate
that Ca2� could be a primary signal for cardiac hypertrophy,
not only because the release of calcium is the primary step
in muscle contraction, but also because hypertrophic ago-
nists are known to activate calcium-dependent signaling. It
has been shown that a calcium-regulated transcription
factor, nuclear factor of activated T cells (NFAT) interacts
with the cardiac-specific transcription factor involved
in the hypertrophic response, viz., GATA4. This suggests a
possible link between hypertrophy and regulation of
calcium levels (Reddy 1997). Experimental induction of
cardiac hypertrophy (such as by using mechanical stress)
has been shown to induce intracellular signaling pathways
involving the Ras-dependent mitogen-activated protein
kinase cascade (Sadoshima and Izumo 1993). The role of c-
H-ras and c-myc in the hypertrophic response has also been
studied. c-H-ras expression is normal throughout cardiac
development and after birth (Komuro et al. 1988), whereas
c-myc is expressed only during embryonic stages and is
undetectable after birth (Simpson 1988). Recent studies
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have indicated that c-H-ras expression is up-regulated dur-
ing hypertrophy, and c-myc-positive patients show greater
myocyte hypertrophy than do c-myc-negative patients (Kai
et al. 1998). Therefore, the induction of these two genes
may be an important step leading to hypertrophy. Calcium-
calmodulin activated phosphatase-Calcineurin has been
implicated in playing a major role in cardiac hypertrophy
(Wilkins and Molkentin 2002). Several other growth fac-
tors, such as c-fos, c-jun, atrial and brain natriuretic pep-
tides, and endothelin I, have been shown to be possibly
involved in not only pressure overload hypertrophy but also
in hypertrophy resulting from sarcomere gene mutations
(Kai et al. 1998; Derchi et al. 1992; Hasegawa et al. 1993,
1996). Adult cardiomyocytes in FHC have been shown to
reactivate fetal isoforms and to down-regulate adult forms
of several cardiac genes, including the cardiac myosin heavy
chain gene (Komuro et al. 1988; Chien et al. 1993). How-
ever, the cascade of events leading to this switch is yet to be
determined.

Given the underlying genetic heterogeneity, it is possible
that other disease genes for FHC may be identified in the
future. This may actually further complicate attempts to
establish a genotype–phenotype correlation. Therefore, it
is important to include clinical data for each mutation iden-
tified so far in existing FHC mutation databases to facilitate
such a correlation. A study of FHC in relation to its epide-
miology and nongenetic factors may give a clue as to the
etiology and help in better prognosis and preclinical and
presymptomatic diagnosis.
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