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(a) ATP
(b) Chloramphenicol

(c) Neomycin B

(d) Streptomycin

����� ¨��c¨�ª �tq&~n}��Lu"qP´LrjqPuy�®xzqG{avNs��¤s�rRvNs�xzqGuy�¾¶·��qG~\v��w�Á«RqÀ}�~�qVs��P�*rts���uP¼C�L�wqV«g�®{gvy�L�®����vy�©«R�
s���}�{t¬g����vy��}��RuÀ�G}�{t��vwuy�L�GvyqV«�xz}�vy��~C«Rql�w�Guy��rLvy}�uy��¶nuy��¬��|vP¼P¸T²µql¬���}�{t�&����vy��x�s�{|��� � ½ �¾s�uyq
��s�uy�®s�t��q��®{À�®qG{t¬�vy�c¸ ª �LqC{a�L�l��ql����s��l�®«_©s��wq����Lx¾j}����Is�uyqC«LqP¿©{tql«Às��»~n}����®}V����� � ��s�{|�¾©s��wq��
� ���t�
	L�R}�u��	�t���	&}�u��L¸ ��q��wqVs+uy�P�
vy�tq�¬�ql{t}�xzq"}�~$s�{
}�uy¬�s�{t���wxü~\}�uµs�{|���wqVÐ|�tqG{t�lqCvy�©s�v
¿Lvy�»�®{|vy}�vy�Lq�«LqG�w�Guy��rLvy}�ue�l}�{t�wql{L�w�t��¶÷s�����}V���®{L¬�~n}�ue�w����¬��|vIxz�®�wx�s+vy�P�Lql�N¼P¸ ª �tq�qG´RrjqGuy��xzql{|vNs��
rts�rjqGuy��s��w�w}|�l�®s�vyql«�����vy��vy�tq�s�rRvNs�xzqGuy��s+uyq��L  ª�Ò � � ��
 �t���L�®}�uNs�xzrL�tql{L�®�G}�� � � 
 � � ql}�x¾�R�l��{
� � ����
 �©s�{©«g�|vwuyqlrLvy}�x¾�R�l��{�� ��� � ��� 
 ¸

h©M�i�ORQcb¤XµöµM³KPM�M³ðPkcJaðÄðPkcM±JYòRM�EGJRóRM�Q©í[f
ûTM�E?OañzfgJ|ðGilkcM�KgðGO�Q[M�ORf
ïji�FÁQ\K>FÁQ
��8�9 a _ 8 : ` � 	#a b�óLM�Q[OLf�M�K&FnKÀñ÷ORícE�X$ö�k[F\mÁM�ðPkcM�JYòLM�ElJaóLMzQtícf
ûTM�E_FÁQ 	
� 	 :P� 1&óRM�QcORf�M�K
F\K_ñ÷OLí[EzðGFÁf�M�K
óREGM�JaðPM�E�õ»h©F\Qci+MgðGk[MÄJYòLM�ElJaóRM ��8�9 a _ 8 : ` � 	'a bgóRM�Q[ORf�M*KPF0/�MgF\K�JRmÁf�OtKyð
ðyö�F\i�M�ðPkcJað�Oañ$ðPkcM&JYòRM�EGJRóRM 	
� 	 :P� 1eóLM�Q[OLf�M=� qf�0+�ûgòRM�EGKPícK�qDA +�û��VXaðGk[M�KPM�ðGEPM�Qcb[K
JaEGM�KNF\óRQ[FÁý`i�JaQtð�û`M�i�JRícKNMzîcEPOLûcJaû[F\m\F®ðyï�Jam\ORQ[Mzö�ORí[mnb�î[EGM�bjFniVð�ðGk[M�Q©í[f�û`M�E&Oañ�k[FÁðGK&FÁQ
��8�9 a _ 8 : ` � 	#a b¾óLM�Q[OLf�M�K�ðGO�ûTMÀJRû`OLíjðF8 �Z1 	#a JRKµfgJaQ©ï�fgJ|ðGilkcM�K�JRK
	
� 	 :�� 1·XjQ[ORðD:)3 a
�": � 9c8��±JLK�ö�M�ORû[ðGJaF\Q»õTd"k[F\KÀKPí[óRóLM�KNðGK�JgîcEPM�ñ÷M�EGM�Qci�Mzñ÷ORE¾ORE¾b[F\KGi+EGFÁf�F\QcJ|ðGFÁOLQ³JaótJaF\QcKyð
ðPk[FnK_JaîjðlJaf�M�E�XcF�õ MLõÁX$M�F®ðGk[M�E ��8�9 a _ 8 : ` � 	'a b�FnKÀKNF\óRQ[FÁý`i�JaQtðPm\ï?f�FnKPKPF\Q[ó*ðGk[F\K_KNðPEGíciVðGí[EGMRX
ORE 	
� 	 :P� 1CkcJLK�JgKNF\óRQ[FÁý`i�JaQtðPm\ïgm\JREPóLM_O©i�i+í[EGEGM�Qci�M¾ORñeFÁð�õ

+�OREGM
EGFÁóLOREGORícKPm\ïRX[ðGk[M�+�ORQtðGM6o�JREPm\O?f�M�ðPk[OjbÃbjM�KGi+EGFÁûTM�b°JaûTO|òRM�M�KNðPF\f�JaðPM�K&ðGk[M
M+újî`M�iVðGM�bÅñ÷EGM7jtí[M�Qci+ïÅORñ
M�JLilk�Oañ
ðPk[M bjM�KGi+EGF\îjðPOLEGK?î`M�E�	 +�ûãOañ
í[QcF®ñ÷OLEPf�m\ï�bjF\KNô
ðPEGFÁû[í[ðPM�b?ElJaQcbjOLf!KNM�jtí[M�Qci�MRõjd"k[M +�ORQtðGMro�JREPm\O�EGM�KPí[mÁðGK�JaEGM¾m\FnKyðGM�b?FÁQ�deJRû[m\Mf��JaQcb



�l� �µuy���`s��wqGuy�w}�{`�©Îµ��{�Î"s+uy���"s�{`�ts�{t« ª s�x�s�u��R�N�t�����P�

ðPk[M�M�ú©îTM�i+ðPM�b
Q©í[f�û`M�E�Oañ`fgJaðGilk[M�K�JaEGMµm\F\KNðPM�b
F\QgdeJRû[m\M�K �¾JaQcb&	Rõad"k[FnK�F\Qjñ÷OREGfgJ|ðPF\ORQ
EPM�òRM�JRm\K�KPM�òRM�EGJRm`F\QtðPM�EPM�KyðGFÁQ[ó�ðPEGM�Q`b[K�õ �cORE�KNðPEGM�îjðGORf
ïji�FÁQ»Xjö�kcF\ilk?M+újk[F\û[F®ðlK�J�Qtícf
ûTM�E
OañµfgJaðGilk[M�KzKNF\f�FÁmnJaE_ðGO?ðGk[M*i+OLf�î[íjðPM�b±M�újî`M�iVðPM�bÃQtícf
ûTM�EzOañ�fgJ|ðGilkcM�K�X¤Q[O�KNF\óRQ[FÁñ·ô
F\i�JaQtð�ýcQcb[FÁQ[ótK�ORñ�JRîjðGJRf�M�E�k[FÁðGK�i�JRQ û`MÄi�m\JRFÁf�M�bJ$Ik[O|ö�M�òLM�E�X¤î`O©OLm\K�ñ÷ORE�Q[M�ORf�ï©i�FÁQ
K¾X¤ilk[m\ORElJaf�î[kcM�Q[Fni+OLmºXTJaQcb³ì�d m KPk[O|ö KNF\óRQ[FÁý`i�JaQtðÀbjM�ò©F\JaðPF\ORQcK&ñ÷EPOLf ðPk[M�M+újîTM�iVðGM�b
û`M�kcJYò©FÁOLE2� MRõ ócõ\XTf�ícilk°KPfgJam\mÁM�EÀñ÷ORE¾ðPk[M ��8�9 a _ 8 : ` � 	#a b�óRM�QcORf�M�KÀJaQcb±f
ícilkÃmnJaEGóRM�E
ñ÷ORE�	
� 	 :P� 1�óRM�Q[ORf�M�K�ñ÷OLE�Q[M�ORf
ïji�FÁQ6K �Võtd"k[M�JaElilkcJaM�J&óLM�Q[OLf�M�K�ðGM�Qcb�ðGO�JaóREGM�M"ö�FÁðPk
ðPk[M�M�újî`M�iVðPM�b�Q©í[f
ûTM�E&Oañ�fgJ|ðGilkcM�K�XcM+ú[i�M�îjð�ñ÷OLE&KPM�òRM�EGJRm¤óRM�Q[ORf�M�K�f�JREP]LM�b�F\Q�û`OLm\b
FÁQ�d�Jaû[m\M�	Rõ

� ¥ <���� �©¨ � �LxÀjqGu�}�~C�®{L��vy�Ás����Vs�{©«L�®«Ls�vyqz�wqVÐ|�tqG{t�lql��~n}�uÀvy�Lq�  ª�Ò ¹ t��{©«R�®{L¬gs�rRvNs�xzqGu&��{
�wqG�®qG�GvyqV«�s+uy�P�ts�qVs��e¬�ql{t}�xzql�l¸ ��}��®«�ql{|vwuy��ql��qG´R�L�®L��v��w��¬�{t��¿t�Vs�{|v¾«Lql�a�®s�vy��}�{t�"~\uy}�x%vy�tq¾qG´a¹
rjqG�GvyqV«�{a�LxÀjqGu�}�~»x�s�vy�N�tql�l¸

  ª�Ò
��ql{t}�xzq �R� ?lqz¶ ��©¼ ��t�wqPuy�YqV«��»´Rrjql�Gvyql«
� 6PË�Ì83 � Ë87 � 3�6PËPÈLÇ
	 � ¸ � � �©¨ �
� Ë �� �,6yÌ�����Ì��17/5��87 � ��Ç 9�Ç 5�� ����������� � ¸ � � �c¨ �
� � ��Ì � � � Ê�6PËPÇ 7 � 5 3"!"#%$'& �)( � ¸ � � � ¸ �
� 6PÊ � ��È©Ì � � � Ê�6PËNÇ 7 � Ê � 6PË � Ì �"7aÊ Ì�Ê·Ë�Ì83 � Ç � 7 � 5NÊ·Ë*!"+ � � ¸ � � �©¨�,
� 6PÊ � ��È©Ì � Ì � � 7	5.- ��ÈLÈ��"5 �� Ç\Ç � ¸ � � � ¸ �
� 6PÊ � ��È©Ì83 � Ë87	5 :���È�9	� 6PËNÇ �0/ (�1 � ¸ � � � ¸ �
� 6PÊ � ��È©Ì"5 ��Ë � Ç\È�� � � 6PÊ·Ç É Ì�Ë ��È�52&�3 � � ¸ � � � 4c¨54
� 6PÊ � ��È©Ì"5 ��Ë � Ç\È�� � �76;6PÇ98�Ì;67( � ¸ � � �R¸ �
: � ËwÌ�� � � 7	� 7 � �!6PËwÌ�3 � Ç�� 7 � � ¸ � � � ¸ �
: � ËwÌ � Ì � � 7	5�� � � 5 5yÇ � ¸ � � � ¸ �
: � ËwÌ � Ì � � 7	5��87aËPÇ÷Ì 5�7	5%� ���;��<=��> � ¸ � ? �©¨ ?
: � ËwÌ � Ì � � 7	5 � Ì�ËNÇ :�Ì"5 � ÇnÇ � ¸ � � � ¸ �
�%7 � �lÌ���Ì��17/5 5PÌ�� ����Ê ��ËNÇ � 7	5 �R¸ � � � ¸ �
�%7 � �lÌ���Ì��17/5µÊ Ì;:�Ì 9���Ç\Ç � ¸ � � � ¸ �
@ � 6PË � Ì83�� � 5 � � � � Ç 9YÌ83 � Ç�� 7 � � ¸ � � � ¸ �
@ � 6PË � Ì83�� � 5 � � É Ì � � ��ÈtÇ 7 � � ¸ � � � ¸ �

�BADC ¥ � � �

�E4�
 D5<�B! QF�<� EBP=?J7J � ( OLJ�<�@CBG@��IDE@C=?BGFGH ��@�#" QJ�<�#

ë�M+ú©ð�X[öµMÀñ÷í[EPðPkcM�E"ýcmÁðPM�E�ðPk[MzîTO©ORmnK"Oañ�f�JaðGilk[M�K�ðPOgM�mÁF\f�FÁQcJaðPMzi�JRQcbjFnb[J|ðGMzKNM�jLícM�Qci�M�K
ðPkcJað&fgJYïÄQ[ORð�ñ÷ORmnb³JRK�FÁQtðPM�QcbjM�b¤õ`d"k[FnK&KNðPM�î�EPM�bjíci�M�K�OLí[E�ðGOaðGJRm»îTOtOLmIORñ�i�JaQcb[F\b[JaðPM
KNM�jLícM�Qci�M�K�óLEPM�J|ðGmÁïLXjñ÷EPOLf 	7�B��ðGO<���gf�JaðGilk[M�K�F\Q³ûcJLiVðPM�EPFnJamIóRM�QcORf�M�K¾JaQcb�ñ÷EGORf h��



ª �tq&��}�{t{Lql�Gvy��}�{��eqGv���qlql{Ä�a�R{|vy�tqPvy�®��s�{t« � s+vy�LuNs��`² �  C� ���

� ¥ <���� �c¨ � �LxÀjqGu_}�~���{t��vy�®s��µ�Vs�{t«L�®«ts+vyqg�wqVÐ|�tql{L�lql�z~n}�u
vy�Lq�vy�Luyqlq�s�{|vy��t��}�vy���G¹ t��{t«L��{t¬
s�rLvNs�xzqGuy����{��wql��ql�GvyqV«?©s��PvyqGuy�®s���¬�ql{t}�xzql�l¸N��}��®«�ql{|vwuy��ql��qG´R�t��L��v��w��¬�{t��¿©�Vs�{|vÀ«Rql�a�®s�vy��}�{L�
~Áuy}�x vy�tq�qG´Rrjql�GvyqV«
{R�LxÀjqGu�}�~¤x�s+vy�P�Lql�l¸

�R� ?lq ���t��}�uNs�xzrt�c¸ �avwuyqlrRvy}�x¾�R�l��{ � qG}�x¾�R�l��{��
��ql{L}�xzq ¶ ��j¼ ��L�l¸ �¤´Rr`¸ ��t�l¸;�»´Rrc¸ ��L�l¸ �¤´Lrc¸ �BADC ¨
�LÊ·Ë 6�3©Ê Ì ����� 685 � É 6PË � ÇnÊ·Ç�� Ç 5 � ¸ � � �a¸ � � � ¸ � � � � ¨ ? �
�LÊ·Ë 6�3©Ê Ì ����� 685 � Ì;6 � Ç � Ì���Ì�Ë � ¸ � � � ¸ � � � ¸ � � � ? ¨ � �
� ! � Ì � Ç�� ( 3 � ¸ � , �©¨ � � � ¸ � ��� �V� ¸ � � �
� ! � Ì � Ç���(��
	�� � 	 � ¸ � , �©¨ � � � ¸ � � , � �c¨� ���
� ! � Ì � Ç���(��
	�� � 	 � ����1�� � � ¸ � , �©¨ � � � ¸ � � � � �c¨� � �
� ! � Ì � Ç9&�� @ ��	 � � ¸ � , �©¨ ? � � ¸ � � , � �©¨�� � �
# 6PÇ 5 516PËPÇ � � 6PÈLÇnÈ���Ç\Ê·Ç 9�Ç 5�� &���> � ¸ � � � ¸ � � � ¸ � � � ¸ � �V�
# 6PÇ 5 516PËPÇ � � 6PÈLÇnÈ���Ç\Ê·Ç 9�Ç 5�� 3 ��1�> � ¸ � 4 �`¨�, � � ¸ � � � ¸ � � �
�LÇnÈjÌ�Ë � Ç
6VÌ �GÇ 7 � � 6 � Ç���Ì�Ê·Ç �a¸ � � � ¸ � � � ¸ � � ,[¨ � �
& � � � � � 9�Ç �_Ê·Ë � �� Ì � ��Ê·Ç 5 � ¸ � � �`¨�� � � ¸ � � � ¸ � �

�BADC ¨ � � � � � � � �

� ¥ <������ ¨ ��}�xzrt�RvyqV«�qG´Rrjql�PvyqV«
~ÁuyqVÐ|�tql{L�l��ql��}�~¤vy�tq�«Rql�w�Guy��rLvy}�uy��rjqGu � ���}�~»�L{t��~n}�uyxz���
«R����vwuy�®L�LvyqV«�uNs�{t«L}�x �wqlÐa�Lql{t�Gq�¸

p"qG�w�Guy��rLvy}�u �LuyqVÐ|�tqG{t�G��� � �|vNs�{t«ts�uN« �»uwuy}�u
���L�®}�uNs�xzrL�tql{L�®�G}�� �
� �*� ��� � ��� ����� �
�|vwuyqlrLvy}�x¾�R�l��{ �
� � ��� � � ��� ����� �
� ql}�x&�L�G�®{ � ���®� � � � � ��� ���a�+�
  ª�Ò �
� ��� � � � ��� ����� �

ðPO6AzfgJ|ðlilk[M�KµFÁQ�JaElilkcJRM�JamcóRM�QcORf�M�K�õ��wQ?îcJaEPðPFni+ícm\JRE�XtORQ[m\ï�ORQ[M_i�JRQcbjFnb[J|ðGM¾KPM7jtí[M�Qci+M
EPM�f�JRFÁQ`K�ñ÷ORE"ðPkcM�KyðGEPM�îjðPOLf
ïji+F\Q�JRîjðGJRf�M�E�õ

�E4 3 ' �Q@ BPKN@C<*OLF.8��Q=?J��=#*O�#��.O�#�F�BPO7>AO��Q= <*@�# � = <" �BP=?J � BGMN> ��=�����MN> ��� 8
D5@�  Q@%�QF�@�#

+ÅF®ðGk�ðPkcM�KPFÁóLQ[FÁý`i�JRQLðGmÁï KPf�JRmÁm\M�E�îTOtOLmµORñ�ýcmÁðPM�EGM�b2i�JRQcbjFnb[J|ðGM?KPM7jtí[M�Q`i+M�K�XIö�MÄQcO|ö
î[EPOji�M�M�bÅðPOÂM�ò|Jam\ícJ|ðGM³ðGk[MÃi�JaQcb[F\b[JaðPM�KÄûcJLKNM�bÅORQÍM�Q[M�EPóLM+ðPFni±i�ORQcKPFnbjM�ElJ|ðGFÁOLQcK�õpK�M+ô



�V� �µuy���`s��wqGuy�w}�{`�©Îµ��{�Î"s+uy���"s�{`�ts�{t« ª s�x�s�u��R�N�t�����P�

i�Jaí`KNM�û[FÁOLmÁOLóRFni�JRmeê�ë¾ìÑf�OLmÁM�i+í[m\M�K&ñ÷OREGf7KyðlJaû[m\M�KNðPEGíci+ðPí[EGM�KÀJ|ð_î[k©ïjKNF\ORm\ORóLF\i�Jam»ðGM�f�ô
î`M�EGJaðPí[EGM�K�XµKPî`M�i+FÁý`i³kcM�J|ð�i+í[EGòRM�KÄJaQ`bÅi+ORQ[ñ÷OREGf�JaðPF\ORQcJRm�M�QcM�EGóRïÂm\JRQcb[KGi�JaîTM�KÄkcJYòRM
M+újî`M�iVðGM�b�ilkcJaElJRi+ðPM�EPFnKyðGF\i�K�X©JRK"M�m\JRû`OLEGJaðPM�bÄûTM�m\O|özõ

�eF\ElKyð�X�öµM³i�ORf�î[íjðGM�ðPk[M±f�M�m®ðGFÁQcó�i+í[EGòRM�KgJaQcbÂf�M�mÁðPF\Q[ó ðPM�f�î`M�EGJaðPí[EGM�KgORñ¾ðGk[M
i�JaQ`bjF\bcJ|ðPM�KPM7jtí[M�Q`i+M�KÀJaQ`b±i+OLf�îcJaEGM�ðGk[M�f3ðGOÄðGk[OLKPM�OañCElJaQcb[ORf8î`M�EPf�íjðGJaðPF\ORQcKÀORñ
ðPk[M KNM�jtí[M�Qci�MRõ +ÃM°î[m\Oað�ðPkcMÃf�M�m®ðGFÁQ[ó2ðPM�f�î`M�EGJaðPí[EGM�K?Oañ
OLí[E�i�JaQ`bjF\bcJ|ðPM JaQ`bÅF®ðlK
î`M�EPf�íjðPM�b�îTOtOLm�JaóLJRFÁQ`Kyð�ðGk[M�ñ÷EPM�MÄM�Q[M�EGóRïLõ�ì>î[EGORf�F\KPF\Q[ó°i�JaQcbjFnb[JaðPM?KPk[OLí[m\bøkcJYòRM
bjF\KNðPF\Qci+ð�ilkcJREGJLiVðPM�EPFnKNðPFni�Keñ÷EPOLfÏðGk[M�ElJaQcb[ORfÏîTO©ORm�õB�wQ*i�M�EPðGJaF\Qgi�JLKNM�K�Xaö�M�F\QcbjM�M�b�ýcQcb
ðPk[Mgi�JRQcbjFnb[J|ðGM�KPM7jtí[M�Qci+M�ðPO�ûTMgJaîcJRENð¾ñ÷EPOLf3ðPk[M�û[í[m\]³ORñCðPkcM�ElJaQ`bjORf3KPM7jtí[M�Q`i+M�K7$
�eF\óRícEPM �±KPk[O|ö�K�k[O|öÆðPkcM�KPM7jtí[M�Qci+M?Oañ&F\QtðPM�EPM�Kyð�ñ Jam\m\K�OLíjðGKPF\b[M�JÃi+OLf�îcíjðPM�bG�BC#
i+ORQ[ý`bjM�Q`i+M_M�m\mÁF\îcKPMRõ

0 20 40 60 80 100
Melting Temperature T

m
 (ºC)

-10

-5

0

F
re

e 
E

ne
rg

y 
(k

ca
l/m

ol
)

Randomly Permuted Sequence
Candidate Sequence

Positive T
m
-F Test

����� ¨ � ¨ �R�Vs+vwvyqGu»rt��}�v»}�~©vy�tqexzql��vy��{t¬µvyqGxzrjqGuNs�vy�Ruyql��¶�����¼`}�~©vy�tq��Vs�{t«L�®«ts+vyq��wqVÐ|�tql{L�lq�s�{©«
��vy� � � ����� uNs�{©«L}�xÑrjqPuyxÀ�LvNs+vy��}�{t�C�YqGuy�w�L�Cvy�Lq�~\uyqlq&ql{tqPuy¬��g}�~Ivy�Lql��u"��vwuy�L�Gvy�Luyq�ql{L�wqlxÀL�®qG�l¸
� }�vy���lq�vy�ts�v¤vy�tq��Vs�{t«L�®«ts+vyq��wqVÐ|�tql{L�lq�����ql�I}��Lvy�w�®«Rq�vy�tq � ��� �l}�{L¿©«Lql{L�lq�ql������rt�wq����w�®¬�{t��~\�R��{t¬
s�{�ql�wrjql�G�Ás���������vNs�L�®q���vwuy�L�Gvy�Luyq�¸

h©M�i�ORQcbjm\ïRX�ö�M�JaQcJRmÁïi/�MÄðGk[M³i+OLQjñ÷OREGfgJ|ðPF\ORQ`Jam�M�Q[M�EPóLï�m\JRQcb[KGi�JRî`M�Oañ_M�JLilk2i�JRQjô
bjF\bcJ|ðPM?KNM�jLícM�Qci�MRXeJLK
KPk[O|ö�Q F\Q �eF\óRícEPM��`õed"kcJað
FnK�X�öµMÄî[mÁORð�ðPkcMÄM�QcM�EGóRï±ORñ�M�JRilk
KNí[ûTORî[ðPF\f�JRm�KyðGEPí`iVðPícEPM�òRM�EGKPícK¾ðPk[MgbjFnKNðGJaQ`i+M�OañµðPk[MgKPí[û`OLîjðPF\fgJam�KNðPEGíciVðGí[EGM
ðGO?ðGk[M
f�F\Q[F\f
í[fùM�QcM�EGóRï2KNðPEGíci+ðPí[EGMRõ +ÃM³OLûcKNM�EPòLMÄðGkcJ|ð�KNOLf�M³i�JaQcb[F\b[JaðPM�Kgî`OtKPKPM�KGKgi+OLQjô
ñ÷OREGf�JaðPF\ORQcJRm�M�Q[M�EPóLï�m\JRQcb[KGi�JRî`M�K_ö�F®ðGk f
í[mÁðPF\î[m\MgmÁO|ö�f�FÁQ[F\fgJ[X»ö�kcFÁm\MgOaðGk[M�ElK_kcJYòRM



ª �tq&��}�{t{Lql�Gvy��}�{��eqGv���qlql{Ä�a�R{|vy�tqPvy�®��s�{t« � s+vy�LuNs��`² �  C� � �

òRM�EGïgKyðGM�M�î?KPFÁQ[óLmÁM�ô�f�F\Q[F\f�J
m\JRQcb[KGi�JRî`M�K�õ©ìüKyðlJaû[m\M¾JRîjðGJRf�M�E�KyðGEPíci+ðPí[EGM¾KPk[OLí[m\bÄkcJYòRM
J?KPkcJaEGî»X$bjM�M�î±f�F\Q[FÁf�í[f7JaQ`b±JÄñ÷í[Q[Q[M�m®ô�mÁF\]RM�mnJaQcb[KGi�JRî`MP����F\óRí[EGM �`XTi�FÁEli+m\M�K#�Võ¤d"k[FnK
f�M�JaQcK�ðPkcJað�ñ÷ORE�J_óRF\òRM�QgKPM7jtí[M�Qci+MLX|ðPk[M&f�OLEPM�b[F �$M�EGM�QtðµJÀñ÷OLm\b�m\O©OR]jK�ñ÷EGORf ðGk[M&f�F\Qjô
FÁf�í[f>M�Q[M�EGóRïÄñ÷ORmnb¤X[ðGk[M
kcFÁóLk[M�E�M�Q[M�EGóRï?F®ð¾F\K�õ`ì ElJaQ`bjORf>m\JRQcb[KGi�JaîTMRXcORE&J*KPkcJRmÁm\O|ö
ORQ[MÀö�F®ðGk?f�í[mÁðPF\î[mÁM_f�F\Q[FÁfgJP� JLKµF\Q���F\óRí[EGMf�cXtðPEGF\JRQ[óRm\M�K#��m\F\]RM�m\ïgkcJLKµORðPk[M�E�bjF �$M�EGM�Qtð
JaQcb KNðGJaûcmÁMÄKNðPEGíci+ðPí[EGM�K_ñ÷OLEzðPkcMÄKPJRf�M*KNM�jLícM�Qci�M�ðPkcJað�JaEGMgJam\f�OtKyð�FnKPOtM�Q[M�EGóRM�ðPFni�ðPO
ðPk[M�f�F\Q[F\f
í[f8M�QcM�EGóRï?KNðPEGíci+ðPí[EGMRõcd"kcF\K&FÁQjñ÷OLEPfgJaðPF\ORQ�F\KFjtícJaQtðPFÁýcM�b�FÁQ�ðGk[M
i+OLf�î[íjô
ðGJ|ðGFÁOLQ�Oañ$ðPk[M,-�Jam\mÁM�ï
F\QcbjM+ú¤õ©htðPEGíciVðGí[EGM�K�ö�FÁðPkgí[Q[ñ JYòRORElJaûcmÁM"i+OLQjñ÷OREGfgJ|ðPF\ORQ`JamjM�QcM�EGóRï
m\JRQcb[KGi�JaîTM�K�kcJYòLMÄmnJaEGóRM�E�-�Jam\m\M�ï F\QcbjFni+M�K�õ�d"k[FnK�î[EPO|ò©FnbjM�K
ñ÷OREgJ*jtícJaQtðPFÁðGJaðPF\òRMÄðPM�KNð
Oañ�ðPk[M�M�Q[M�EPóLM+ðGF\i�KNðGJRû[F\mÁFÁðyï?ORñ�ðPk[M�i�JaQ`bjF\bcJ|ðPM�KNM�jLícM�Qci�M�� K�f�FÁQ[F\f
ícf M�Q[M�EGóRï�KyðGEPí`iVô
ðPí[EGMRõtì&KCb[M�KGi+EGFÁûTM�bgJRû`O|òLMRXaM�JRilk*KPM7jtí[M�Q`i+M�FnKCKPktí���M�b]	RX CBC�C¾ðPF\f�M�KCJRQcb�ðPk[M -�Jam\mÁM�ï
FÁQcb[F\i�M�K_Oañ"Jam\m�ðPk[MgKPM7jtí[M�Qci+M�KÀJREPM�î[m\OaðPðPM�bÃJaótJaF\QcKNð¾ðGk[M�F\E_ñ÷EPM�M�M�Q[M�EPóLï �ºKNM�M �eF\óRícEPM
AB�VõTìÏKPM7jtí[M�Qci+MzðGkcJ|ð¾ñ Jam\m\K&ORíjðlKNFnbjMzðGk[M
ûcí[mÁ]�ORñ�ðGk[M
ElJaQ`bjORf KNM�jLícM�Qci�M�K�FnK�îcEPOLûcJ|ô
û[mÁï�KPFÁóLQ[FÁý`i�JRQLðGmÁï�KNðGJaûcmÁMLõ`D&KPF\Q[ó*ðGk[M�JRQcJam\ïjKNM�K&JaûTO|òRMLX[ö�M�M�ò|Jam\ícJaðPM�ðGk[M�i�JaQcb[F\b[JaðPM
KNM�jLícM�Qci�M�K
ðPkcJað�JREPM?f�OtKyð�m\FÁ]LM�m\ï°ðGO°k`JYòRMgðGk[M�î[k©ï©KPFni�Jam�î[EGORîTM�EPðPF\M�K
Oañ&û[F\ORm\ORóLF\i�Jam
f�OLmÁM�i+í[m\M�K�õ%,¾í[EÀðPM�KyðlKzJaEGM�KNðPEGFÁQ[óLM�Qtð_FÁQcb[F\i�J|ðPOLEGKÀORñµKyðlJaû[F\m\F®ðyïLX»JRKÀORQ[m\ï��)��#>Oañ�ðGk[M
i�JaQ`bjF\bcJ|ðPM�KNM�jLícM�Qci�M�K�î`JRKGK�ðPkcM
f�M�mÁðPF\Q[ó*ðGM�f�îTM�ElJ|ðPícEPMzðGM�KNð�XTö�k[F\mÁM�ORQ[m\ï�	7�#!îcJRKGK
ðPk[M -�JRmÁm\M�ï�F\QcbjM�ú�ðPM�Kyð�õCì�Q©ïøKPM7jtí[M�Qci+M�ðGkcJ|ðgîcJLKPKPM�K�ðPkcM -�Jam\mÁM�ï�FÁQ`bjM+ú�ðGM�KNðÄJamnKNO
îcJRKGKNM�K�ðGk[M�f�M�mÁðPF\Q[ó�ðPM�f�îTM�ElJ|ðGí[EPM�ðPM�Kyð�õ �[í[EPðPkcM�EGf�OLEPMLXTðPk[M�ðPM�KyðlK_öµM�EPM�i+OLQcbjíci+ðPM�b
ORQ³KPM�òRM�EGJRm¤]©Q[O|ö�Q�û[FÁOLmÁOLóRFni�JRm»ê�ë&ì¾K�� ALh$X`DfAjXTD@�[XTDfhjXcJaQcb³^Àm\Q�ðGê&ë&ìF�+XTJRQcb�Jam\m
Oañ"ðPk[M�f îcJRKGKNM�bÃðPk[M*ðPM�KNðGK�ö�FÁðPk ðPkcMÄM+ú[i�M�îjðGFÁOLQ Oañ�ORQ[M?KNM�jLícM�Qci�M*ö�k[Fnilk�bjF\b�Q[Oað
îcJRKGK�ðPk[M0-�JRmÁm\M�ïÄFÁQcb[M+úÄðGM�KNð�õ

� ^ 3  1 B^ 8 a � a ����a 3 	#a b

h©M�m\M�i+ðPM�b i�JaQcb[F\b[JaðPMÄKPM7jtí[M�Qci+M�K�JaEGM*KPk[O|ö�Q FÁQ�d�Jaû[m\M��`XIF\Qci+m\ícbjF\Q[ó�ðGk[M*EGM�KPí[m®ðlK�ORñ
M�Q[M�EPóLM+ðPFni�ðPM�KyðlK�X$ðGk[M*i+OLf�îcíjðPM�b°îcktïjKPF\i�Jam jtícJRQLðGF®ðGFÁM�K�X»JRQcb±ðPk[M�FÁE�m\Oji�JaðPF\ORQcKÀF\Q°ðGk[M
óRM�QcORf�MRõch©OLf�MzOañ�ðPk[M�KPM7jtí[M�Qci+M�K"O©i�i+í[E�F\Q�Q[OLQjô�i�OjbjFÁQcó�EGM�óLFÁOLQcK�Xtö�kcFÁm\MzOaðGk[M�ElK"OjiVô
i+í[EÀFÁQ±óRM�QcM�K�ORñ�]©Q[O|ö�Q±JaQ`b�í[Q[]©Q[O|ö�Q�ñ÷í[Q`iVðPF\ORQ`K�õ�+³JaQ©ï�Oañ�ðGk[M�KPM7jtí[M�Qci+M�K�Oji�i�í[E
f
í[mÁðPF\î[m\M&ðGFÁf�M�K�F\QÄbjF+�TM�EPM�Qtð�óLM�Q[OLf�M�K�XtJaQcb*M�òRM�Q*F\Q*ðPkcM¾KGJaf�M&óLM�Q[OLf�MLõ �cOREµM+ú[Jaf�ô
î[mÁMLXYðPk[M"ðyö�O_i�JaQ`bjF\bcJ|ðPM�Keñ÷EPOLf ðPk[M�ì�d mÃîTO©ORmjîcJLKPK�ûTOaðPk�ðPkcM�f�M�m®ðGFÁQcó¾ðGM�f�îTM�ElJ|ðPícEPM
JaQcb�ðGk[M�-�JRmÁm\M�ï�FÁQ`bjM+ú�ðPM�KyðlK�õTd"k[M�ï�Oji�i+ícE&F\QcKNFnbjMzðGk[M
îcm\JLKNf�Fnb[K�Oañ�� ^ �0: � ^�	 8 a 9c1 � `
FÁQ Q[OLQjô�i�OjbjFÁQcó�EPM�óRF\ORQcK�õ%,¾Q°ðGk[M*ORðPk[M�EzkcJaQcb»X¤ðPk[M?KyðGEPM�îjðPOLf
ïji+F\Q°îTO©ORmCi�JaQcb[F\b[JaðPM
KNM�jLícM�Qci�M�îcJRKGKNM�K�Q[M�FÁðPk[M�ECORñ`ðGk[M�M�Q[M�EPóLM+ðGF\iµðPM�KyðlK�XRïRM+ðCKPk[O|ö�K�òLM�EGï�î`OtKNFÁðPF\òRM�îcktïjKPF\i�Jam
jLí`Jam\F®ðGFÁM�Kr�÷MRõ ócõ\Xjk[F\óRk�f�M�mÁðPF\Q[ó�ðPM�f�îTM�ElJ|ðGí[EGM���JaQcb�FnK�JamnKNO�m\O©i�J|ðGM�b?FÁQ�J�Q[ORQ[ô�i�O©b[FÁQ[ó
EPM�óRF\ORQ»õ�d"k[M�ýcElKyð�ðyö�O°Q[M�ORf�ï©i�FÁQ K!KPM7jtí[M�Qci+M�K�î`JRKGK�ûTOaðGk2M�Q[M�EGóRM�ðPFni*ðGM�KNðGK�ö�FÁðPk
ðPk[M?ýcElKyð
OLQ[MÄF\Q2J³Q[ORQjôwi+OjbjF\Q[ó±KPM7jtí[M�Qci+M?ö�k[F\mÁMÄðPk[M�KNM�i+OLQcb F\K�m\O©i�J|ðGM�b F\Q2J�k©ïtô
î`ORðPk[M�ðPFni�Jam�î[EGOaðGM�F\Q±ö�FÁðPk Jgñ÷í[Q`iVðPF\ORQ°ðPk`J|ð_F\KÀQ[ORðzi�í[EGEPM�QLðGmÁï�í[Q`bjM�ElKyðGO©O©b»õ ��F\QcJam\m\ïRX
ðPk[Mgilk[m\ORElJaf�î[k[M�Q[Fni+ORm�îTOtOLm�KNM�jtí[M�Qci�M�î`JRKGKNM�K¾QcM�FÁðPk[M�EzOañCðGk[M�ðPM�KyðlK�X»JRQcb±bjO©M�K_Q[Oað
M+újk[F\û[F®ðµM�KPî`M�i+FnJam\mÁï�KyðlJaû[m\M�ilkcJREGJLiVðPM�EPFnKNðPFni�K�õaZ�O|ö�M�òRM�E�X|FÁðCFnK�m\Oji�J|ðGM�b�F\Q�ðPk[M � o�KI	7�����
óRM�QcMRXjö�k[Fnilk�M�Qci�O©b[M�K"ñ÷OLE�J
ðGEGJRQcKGi+EGFÁîjðGFÁOLQjô�EPM�îcJaF\E�i�ORí[îcmÁF\Q[ó�ñ JRi+ðPOLE"ðPkcJað�F\K�EGM�KPîTORQjô
KNF\û[m\MÄñ÷OLE�J±f
íjðlJ|ðGFÁOLQ�ñ÷EGM7jtí[M�Q`i+ï�bjM�i+m\FÁQ[MLõ ��ð�FnK�î`OtKPKPF\û[mÁM?ðPk`J|ð�ðPk[FnK�fgJYïÃM�újî[m\JRFÁQ
JaQ[ORðPk[M�E
f�OjbjMÄORñ&JRiVðGFÁOLQ ñ÷ORE�ilk[m\ORElJaf�î[k[M�Q[F\i�ORm�X»QcJRf�M�mÁïÃðGkcJ|ð�F®ð�FÁQci�EPM�JRKPM�K_ðGEGJRQjô
KPi�EPF\îjðPF\ORQ?f
íjðlJ|ðGFÁOLQ*ñ÷EGM7jtí[M�Q`i+ïRõ ��F\QcJam\mÁïLXjûcJRKPM�bÄORQÄðPk[M_b[J|ðlJ
F\Q�deJRû[mÁM�K �
JRQcbe	LXtFÁð
F\K�îTOLKGKNF\û[m\M�ðPO�J|ðPðPEGFÁûcíjðPMÀFÁQ`i+EGM�JRKPM�bÄKNF\óRQ[FÁý`i�JaQci�M�ðPO�i+M�ENðlJaF\Q*fgJ|ðlilk[M�KµûcJRKPM�bÄORQgðGk[M



� � �µuy���`s��wqGuy�w}�{`�©Îµ��{�Î"s+uy���"s�{`�ts�{t« ª s�x�s�u��R�N�t�����P�

0 5 10 15
Distance (# Base Pairs)

-6

-5

-4

-3

-2

-1

0

E
ne

rg
y 

(k
ca

l/m
ol

)

Bad Landscape
Good Landscape

Good and Bad Conformational Energy Landscape

����� ¨ �T¨ ��}�{R~n}�uyx�s�vy��}�{ts���ql{tqPuy¬��Å�®s�{t«L�w�Vs�rjql��}�~�v���}��Vs�{t«L�®«ts+vyqÃ�wqVÐ|�tqG{t�lql�Ä~n}�u�vy�tq
{Lql}�x&�R�l��{ �³s�{|vy��t��}�vy����¸ ª �tq��º¬�}|}a«����Vs�{©«R�Á«Ls�vyq���x�s�uy�Yql«&����vy�z�l��uy�l��ql�l�|qG´R�L�®L��vy�esµ�w�©s�uyrc�
��vyqGqlr_�w��}�rjq������t����q�vy�tq���ts�«��"�Vs�{t«L�®«ts+vyq��Yx�s+uy�YqV«�����vy�Àvwuy�®s�{t¬���ql�l�|���»xz}�uyq�uNs�{t«L}�x�������vy�
x¾�t��vy��rt��q"���w}|ql{LqGuy¬�qGvy���&xz��{t��x�sR¸

KyðlJ|ðPFnKNðPFni�JamCEPM�î[EPM�KNM�QtðGJ|ðGFÁOLQ°ORñµðGk[M*f�OaðGF®ñ"F\Q�J�óRF\òRM�Q óLM�Q[OLf�MLõ �[OLE�M+ú[Jaf�î[m\MRXIF®ð
FnK
M�JRKPF\mÁï_KNM�M�QzðGkcJ|ð 	
� 	 :P� 1¤JLi�i+OLí[QtðGK»ñ÷ORE�J&KPFÁóLQ[F®ýTi�JaQtðGmÁïÀm\JREPóLM�Q©í[f
ûTM�E�Oañ[QcM�ORf�ïji+F\Q�K
f�ORðPFÁñ K�X`i+ORf�îcJREPM�b*ö�FÁðPk�ö�kcJ|ð�FnK"M+újîTM�iVðGM�b¤õ`d"k[M�EGM+ñ÷OLEPMLXLðGk[MzQ[M�ORf
ïji�FÁQPKÅfgJ|ðGilkcM�K
mÁOji�JaðPM�b�F\Q�ðPkcM 	 � 	 :�� 1zóRM�Q[ORf�M�K�fgJYï kcJYòRM�J±kcFÁóLk[M�E�m\FÁ]LM�m\FÁk[O©Ojb ORñ¾M+újFnKyðGFÁQcóG143
57145):|õ

� T°ÙµÖ&ÜJQNÛF[©ÝyÙCÖF[ á�Ö¾Ú é Û�×jÛ&Ø[â���ÝyØ[âeÜT×jÝNÙCÖ@[

d"k[M�f�M�ðPk[Ojb°î[EPM�KNM�QtðPM�b³k[M�EGM
ñ÷OLEÀKPM�JREGilkcFÁQ[ó*ñ÷OREzJaEPðPFÁý`i+FnJam�Jaî[ðGJaf�M�EÀKNðPEGíciVðGí[EGM�K¾FÁQ
ðPk[M�óLM�Q[OLf�M�K�OañÀòYJREPF\ORí`K�OREGóLJaQcF\KPfgK
kcJLK�î[EGO©b[íci+M�b2îcEPOLf�FnKPFÁQ[ó ê�ë¾ì3KNM�jLícM�Qci�M�K
ðPkcJað"fgJYï�ûTM¾ñ÷ícQciVðGFÁOLQcJam\mÁïgF\f�î`OLENðlJaQtð�õi�wQ�EPM�KNîTORQ`KNM&ðPO�ðPk[MzJRKGKPM�EPðPF\ORQ*ORñ m�F\óLJRQ[M�JRí
JaQcbÃhjilk[EGOtM�bjM�E�� �B���X¤F®ðzFnKÀFÁQcb[M�M�b°m\FÁ]LM�m\ï?ðGkcJ|ð�JRîjðGJRf�M�EÀKNðPEGíci+ðPí[EGM�KÀö�F\mÁm�ûTM
ñ÷OLí[Qcb
143�5�145�:aõ

�[í[EPðPk[M�EIö�OREG]&FnK»EGM7jtí[F\EPM�bÀðPO&KPM�JREGilkzJRmÁmLóRM�QcORf�M�Kei+ORf�î[EGM�kcM�QcKPFÁòLM�m\ïRX+F\Q©òRM�KyðGFÁótJ|ðPM
OaðPkcM�EgJaîjðlJaf�M�ElK�X�b[M�òRM�mÁOLî2ö"JYïjK�ðGO EPM�mÁFnJaû[m\ï�bjFnKyðGFÁQcóRí[FnKNkÂû[F\ORm\ORóLF\i�Jam�ê�ë&ì¾K�ñ÷EPOLf
EGJRQcbjORf QcORFnKNM�JaQ`b�KPî[í[EGFÁOLícK�fgJ|ðlilk[M�K�X|JaQcb�f�OLKNð�FÁf�îTOREPðGJaQtðGmÁïLX|òRM�EGFÁñ÷ï_ðPk[M"ýcQ`bjFÁQcóLK
M+újî`M�EPF\f�M�QtðGJRmÁm\ïRõ



ª �tq&��}�{t{Lql�Gvy��}�{��eqGv���qlql{Ä�a�R{|vy�tqPvy�®��s�{t« � s+vy�LuNs��`² �  C� �+�

0 2 4 6
Valley Index

-10

-8

-6

-4

-2

0

Fr
ee

 E
ne

rg
y 

(k
ca

l/m
ol

)

Random Permutation of Sequence
Candidate Sequence

Positive V-F Test

����� ¨D4[¨�Ò �®}�v¤}�~Rvy�tq � s�����qG����{©«RqG´�}�~ts��Vs�{t«L�®«ts+vyqe�wqlÐa�Lql{t�Gqe�YqPuy�w�t�T��vy�T~Áuyqlq�qG{tqGuy¬��|�+s��c��ql���
s�� � � ����� uNs�{©«L}�x!rjqGuyxÀ�RvNs�vy��}�{L��}�~�vy�tqz�wqVÐ|�Lql{t�lq�¸ � }�vyqz�t}V�Ívy�tqz�Vs�{©«R�Á«Ls�vyq��wqVÐ|�tqG{t�lq
����ql�C}��Rvy�w�Á«Rq�}�~$vy�Lq � � � �l}�{R¿j«LqG{t�lq"qG�®����rt�wq��©�w�t¬�¬�ql��vy��{L¬�s�{�ql�wrjqG�l�®s���������vNs�L��q���vwuy�t�Gvy�Ruyq�¸

+�OREGM�û[EGOLJRb[mÁïLXaðPkcM&F\QLðGM�óLEGJaðPF\ORQ�Oañ»fgJ|ðGk[M�fgJaðPFni�JamTê�ë&ìãf�OjbjM�m\FÁQcó<� KPícilkÄJLK�û©ï
óRElJaî[k�ðGk[M�OLEPïLX`KPM�M
ì&î[î`M�QcbjFÁú��&JRQcb�M+újîTM�EGFÁf�M�QLðlJamef�M�ðPk[Ojb[K¾kcJLK�ðGk[M
îTOaðGM�QtðPFnJameðPO
óREGM�J|ðGmÁïÀM+újîcJRQcb_ORícEI]©Q[O|ö�m\M�bjóLM�Oañ[ê�ë¾ì � KeEGM�îTM�EPðPOLFÁEGM�ðPkcEPOLí[óRk_ðGk[MµbjM�òRM�mÁOLî[f�M�QtðeORñ
Q[M�ö ðGO©ORmnK»ñ÷OLE�JRQcJam\ïi/�F\Q[ó&ê�ë¾ìÂf�ORðPFÁñ K�XYóLM�Q[OLf�M�JaQcJRmÁïjKPF\K�XYJaQcb
FÁf�î[EGO|òRM�f�M�QtðIOañ[ðGk[M
143e57148�9;:�KPM�m\M�iVðGFÁOLQ*ðGM�ilk[Q[OLmÁOLóRïLõtd"k[M�KNM¾ðPO©OLm\K"JaQ`bgðPM�ilk[Q[OLmÁOLóRF\M�Kµö�FÁm\m¤mÁF\]RM�mÁïgûcEPOtJRbjM�Q
ðPk[M³KGi+OLî`M�Oañ_ê�ë&ì�ô�û`JRKPM�b2f�M�ðPk[Ojb[Kgñ÷ORE�û[F\ORf�M�bjFni�JRm�Jaî[îcmÁFni�JaðPF\ORQcK�F\Qci+m\ícbjF\Q[ó KPM+ô
mÁM�iVðPF\ORQ ORñ"i�ORf�î[m\M+ú°KPï©QLðGk[M+ðGF\igê&ë&ì&K
JaQcbÃFnbjM�QtðPFÁý`i�J|ðPF\ORQ ORñ�Qci�ê�ë&ì¾K�JRKGKPO©i�F\JaðPM�b
ö�F®ðGk³ò|JaEGFÁOLícK�î[k©ïjKPFÁOLmÁOLóRFni�Jam»ñ÷í[QciVðGFÁOLQcK�õTD&m®ðGFÁfgJ|ðGM�m\ïRX$FÁð¾FnK&î[EGícbjM�Qtð&ðPO�JRb[b[EPM�KPK"ðGk[M
ilkcJam\mÁM�Q[óRF\Q[ó�îcEPOLû[mÁM�f%Oañei�ORQ[Q[M�iVðGFÁQ[ó�JaQcb*û`M�ðNðPM�E�ilkcJaElJRi+ðPM�EGF /�F\Q[ó_ðPk[MÀEGM�mnJ|ðPF\ORQ`KNk[F\îcK
û`M�ðyöµM�M�Qe�	� JRQcb �/� ê�ë¾ìüñ÷ORmnb[K�õ

çÅÜ���Ö�Ù X QyâeÚ RCß�âIÖµ×-[

+°M�ðGkcJaQc] +³JREGi�Ozì�òRM�mÁmnJaQcM�b[JcX	�&F\QcKPkcJYö\m�J|ðPM�mºXaê�M�Q��M�M&hjilk[EGO©M�bjM�E�XaJRQcb�+�F\]RM + J|ô
ðPM�EGfgJaQzñ÷OLE�i�ORQcKNðPEGíci+ðPF\òRMCbjFnKGi+ícKGKNF\ORQ`KIJaQ`bzfgJaQ©ïzKNí[óLóRM�KyðGFÁOLQcK»EGM�mnJ|ðGM�bÀðPO&ðPk[FnK�öµOLEP]$õ
+°M�ðPk`JaQ[]
deORf +±JRil]RM�JaQcb �wòROÀZ�ORñ JRil]RM�EIñ÷OLE�ðPM�ilkcQ[F\i�JamjJRKGKPF\KNðGJRQci+M�ö�F®ðGk�ê&ë&ì,+³Oaô
ðPFÁñ�JRQcbgðGk[M0-&F\M�Q[Q`J�ê&ë&ì îcJRil]|JRóRMRX©EGM�KPî`M�iVðGFÁòLM�m\ïRXjJaQcb��CJaQ[m\FJ+ JaQ[ó�ñ÷ORE"î[EGM�î`JaEGFÁQ[ó
�eF\óRícEPM�	Lõ�+ÃM�JRm\KPOgðPk`JaQ[]C�¾JYòLM�hji�F\i�ilk[F®ðlJaQ[O*ñ÷ORE¾KPí[î[îTOREPðPF\Q[ógðGk[FnK¾KNðPícb[ïÄðGk[EPOLí[óRk
ðPk[M �¾M�îcJRENðGf�M�Qtð�OañJKµF\ORm\ORóLïRõ|D&H?ðGkcJaQ[]jK�ðGk[M�M�QtðPF\EGM�h[ilk[mÁFnil]
HeJaû�ñ÷ORE�fgJaQ©ï�k[M�mÁî[ñ÷í[m



� � �µuy���`s��wqGuy�w}�{`�©Îµ��{�Î"s+uy���"s�{`�ts�{t« ª s�x�s�u��R�N�t�����P�

bjF\KGi+í`KPKPFÁOLQcK�JaQ`b*ñ÷OLE�k[M�m\î[F\Q[ógKNOLENð"ðGk[EPOLí[óRk�J�f
ï©EGF\JLbÄORñIðGM�ilk[Q[Fni�JRm»î[EGORû[m\M�fgK�X[JaQcb
ðPk[MzZ�O|ö"JaElb*Z&í[óRk[M�K +�M�bjFni�JRmJ�wQcKNðPFÁðPíjðGM¾ñ÷OLE�JaQÄícQcbjM�EGóRElJRb[ícJ|ðGM¾KPí[f�f�M�E�EPM�KNM�JaElilk
ñ÷M�m\mÁO|ö�KPk[F\î?ðGk[EGORí[óLkÄðGk[M�Z�OLQ[ORElK�h©í[f�f�M�E �wQ`KyðGF®ðGíjðPM
Jað�ë �ÀD
õ�+ÃM
JamnKPO�óLEGJaðPM+ñ÷ícmÁm\ï
JRil]©Q[O|ö�m\M�bjóLM�ðPk[MzKPí[î[îTOREPð�ORñ»ðPkcM_ëÀh ��Xjë �yZ�X[JRQcbÄZ&í[fgJaQ �[EGORQtðPF\M�E�hji�FÁM�Qci+MDm�EGOaô
óRElJaf%ñ÷ORE¾KNí[îcî`OLENðGFÁQ[ó�ðGk[F\K�EPM�KNM�JaElilk»õ

� ¥ <���� �T¨ �RqG�®qG�GvyqV«��Vs�{©«L�®«Ls�vyq&�wqVÐ|�tql{L�lql��~\uy}�x vy�Lq&�ls�{©«R�®«ts�vyq�rj}|}��®�µ~n}�uµ��vwuyqlrRvy}�x¾�R�l��{c�
�N�t��}�uNs�xzrt�Lql{t���l}��·�j{tql}�x¾�R�l��{��µ�js�{©«*  ª�Ò ¶÷s�~ÁvyqGu�¿t��vyqGuy��{t¬�|����}|}��a��{t¬�s�vµrLuyqV«R���GvyqV« � p
��vwuy�L�Gvy�LuyqG�N¼P¸t�º{t�l���©«RqV«
s�uyq"vy�tq��l}�xzrL�LvyqV«�ql{tqPuy¬�qGvy����«ts+vNsR�Rvyql��v�uyql�w�t��vy�l�L��}|�Vs�vy��}�{L��}�~$vy�tq
��vNs+uwv��w��vyql��}�~"vy�Lq��wqVÐ|�tql{L�lql�l�es�{t« ��ql{C��s�{L�±s�{t{L}�vNs+vy�®}�{t�l¸ ª �tq��G}�uwuyql�wrj}�{©«L��{L¬�² �  
�wqlÐa�Lql{t�Gql���©sV�Yq � uyqlrL�®s��lqV«�a���j¸
�RqlÐa�Lql{t�Gq � ��� ���µ¹�� ��¹��
��qG{t}�xzq �`}|�ls�vy��}�{ ��ql{tq ¶·�Y�Vs��	�+xz}��Á¼*¶�
V��¼ ª ql��v�� ª ql��v

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

� ����Ì � � � Ê�6PËNÇ 7 � �wr`¸
� ²C� � rL�Ás��wxz�®«

r � ²C� �����
� ����� � {L}�{R¹º�G}a«L��{t¬ � � � � � � � � � � � � � � � �

� ����Ì � � � Ê�6PËNÇ 7 � �wr`¸
� ²C� � rL�Ás��wxz�®«

r � ²C� �V���
� ����� � {L}�{R¹º�G}a«L��{t¬

������� � ��!#"�$&%('*)
����� � � � 	 	�	 � ��� 	 � � ��	 	 	 �+� 	 	 � � � 	�� � 	 	�� � ����� � � 	�	 � � � 	 � 	 � � � ��	 � � � � 	
� ! � É 6PË � ÇnÊ·Ç�� Ç 5 �*� � � ��� � {L}�{R¹º�G}a«L��{t¬ � � �
� � � ������� � � �
� � � �

, �-!#"�$&%('*)/.
�����0� � 	 � ��� 	 ��� � 	�� � �+�+� � 	 �
� ! � Ì�� Ç � �+� � � Î ��»p � � ���

����� � � � � {L}�{R¹º�G}a«L��{t¬ � � � �R� �R� � � � � �®�V�1�

�����0�+� ��� ��	�� � � � � 	 � � ��� � � �+�2�+�+� ��	 �+�+� �
� ! � Ì�� Ç�� � ª � �*� � � � � ��� � �Rx_~ � �V�
� � � � � � � � � � � � �

����� � � � 	 � � � � � � � 	 � � � � � � �+�2� � �+� � � ��� �
� ! � Ì�� Ç43 �+� � � � � � � � �R�l�	5 � �����V� � � � � � ��� � � �
� ! � Ì�� Ç � �+� � � Î � � �Y��� ��� � ����� � � � �
� ! � Ì�� Ç � �+� � � Î ��»p � � ���

��� ��� � � � 6`��� � �
� ! � Ì�� Ç�� � ª � �*� �+� � � �a� � �R�l�	5

798;:<!#�(=#">�-8;� )#'	%(!#:
�����0� 	�� ��� � 	 � ��� � � ��� 	 � � ��	 	 	 	 ��� � � � 	�� � 	 � � � � ��� 	 � � �
� ! � Ì�� Ç � �+� � � Î � �+� � �a�l�Y� ����� � � � � � �V�
� � � � ��� � � ��� � � �
� ! � Ì�� Ç � �+� � � Î ��»p � � ���

� �R� � ���R� ��~n«



ª �tq&��}�{t{Lql�Gvy��}�{��eqGv���qlql{Ä�a�R{|vy�tqPvy�®��s�{t« � s+vy�LuNs��`² �  C� � �

çBà&àzâIÖ¾Ú&Ý OzÞ��k[tâüÙ�ä��ÅØ[á�àFS��*S�âIÙ�Ø Y!×jÙ�á�Ö&áZQ Y��¤âüåBæ ç L �
èµ×jØcÛ&ÜT×[Û&Ø[âãá�Ö¾Ú é Û&Ö¾ÜT×jÝNÙCÖ

��� 8 K @��QM >AO7F/# =���� K�BP= : H9<*HQ@�M�B,�

d"k[F\K"JRENðGF\i�mÁM¾ñ÷Oji+ícKPM�bÄORQ*ícKPF\Q[ó�ê&ë&ì f�OaðPFÁñ Kµñ÷EPOLf 143e5�148 9;:�KPM�m\M�iVðGFÁOLQÄM�ú©îTM�EGF\f�M�QtðGK
ðPO&bjFnKGi+O|òRM�E$Q[O|òRM�m|ñ÷í[Qci+ðPF\ORQcJRmLê�ë¾ì f�ORm\M�i+ícmÁM�K¤FÁQzóLM�Q[OLf�M�K�õ�ì�Q�JRm®ðGM�EGQcJ|ðGM�Jaî[î[EGOLJLilk
ðPO_ê�ë&ìÂóRM�Q[ORf�Fni�K�bjM�òRM�m\ORîTM�b�FÁQ�ORí[E�óREGORícî
FnKIðGk[M�ícKNM"ORñcóRElJaî[k�ðPk[M�OREGï¾ñ÷OLE�i+ORícEGKPM+ô
óRElJaF\Q[M�b�KPM�i+OLQcb[JREPïÄKNðPEGíci+ðPí[EGMzf�O©b[M�m\FÁQ[ó�� KPM�MRXcñ÷ORE�F\QcKNðGJRQci+MLX �0	I�[X 	B	aX ���jX���A� �Võ��wQjô
bjM�M�b¤X¤ðPkcM*íjðPF\m\F®ðyï°Oañ�ðPk[M*óLEGJRî[k°ðPk[M�OREGï±Jaî[îcEPOtJRilk³ðGO³ê�ë&ì KNM�i+ORQ`b[JaEGï³KyðGEPí`iVðPícEPM
kcJRK�ûTM�M�Q�]©Q[O|ö�Q�JRK�M�JaEGmÁïÄJLK"ðPkcM�	7���BC?� K"ö�FÁðPk�ö�OREG]ÄbjORQcM�ORQ�ðPEGM�MzM�bjFÁð¾bjFnKyðlJaQci�M�K
� �����Xµê�ë&ì3KNðPEGíciVðGí[EGM�i�ORf�îcJREPFnKNOLQ � A©X
�B���XµJaQcbÂê�ë&ì3KNðPEGíci+ðPí[EGM�KyðlJ|ðPFnKNðPFni�K]�0	����õ
^ÀEGJRî[k ðPk[M�OREGï°JRQcJam\ïjKNFnKzOañ�óLM�Q[OLf�M�KzFnK
î[EGORf�FnKNF\Q[ó�ûTM�i�JaícKPMÄJam\mCê�ë¾ì KNðPEGíciVðGí[EGM�K
i�JaQ ûTM?KGilk[M�fgJaðPFni�Jam\m\ï³EPM�î[EGM�KPM�QtðPM�bÃJLK_ðyö�OaôwbjFÁf�M�QcKNF\ORQ`Jam�óRElJaîckcKzJaQcbÃðGk©ícK�Q[O|òLM�m
óRElJaî[k�ðGORîTORm\ORóLFÁM�K�ñ÷EGORf3óRElJaîck[F\i�JameM�Q©í[f�M�ElJ|ðGFÁOLQ±i�JRQ±ûTM�ícKPM�b³ðPO�bjEGFÁòLM�bjFnKPi�O|òRM�EPï
Oañ"Q[O|òRM�m�ê�ë&ì%f�OaðGF®ñ K�FÁQ óLM�Q[OLf�M�KÀòtFnJ�f�M+ðGk[Ojb[K�JaQ`bÃJRQcJam\ïjKNM�K_KNF\f�FÁmnJaE_ðGO�ðPk[OtKNM
bjM�KGi+EGFÁûTM�bÄk[M�EGMRõ K�M�m\O|özXtöµMÀORíjðGmÁF\Q[MÀðPkcM¾M�KPKPM�QtðPFnJamnK"JaQcb?JRbjò|JRQLðlJaóLM�K�ORñIóRElJaîck*ðPkcM+ô
OREGï³ñ÷ORE�bjM�KGi+EGF\û[FÁQcócXIi�J|ðGJRmÁOLóRí[F\Q[ó`XIJaQcb îcEPM�bjF\i+ðPF\Q[ó±ê�ë¾ì KNðPEGíciVðGí[EGM�KzF\Q ðPkcMÄk[OLî`M
ðPkcJað�ðPk[FnK�ö�F\mÁmIKNðPF\f
ícm\JaðPM_fgJ|ðPkcM�fgJ|ðGF\i�F\JRQcK�ðPOgö�OREG]gFÁQ�ðGk[F\K&JaEGM�J[õ

��� 8 #�<*B, QF�<� EBP=?J >!M�<�O��$# = ��� K BP= :QHI<*HQ@CM B,�

ê�ë&ì f�OLmÁM�i+í[m\M�K�JaEGM�k[F\M�ElJaElilk[Fni�Jam&FÁQ�Q`J|ðPícEPM±KPF\Qci+M±ðPk[M�FÁE�KNM�i+ORQ`b[JaEGï2KNðPEGíciVðGí[EGM�K
JaEGM�]©Q[O|ö�Q�ðPO?û`M�KyðlJaû[m\M
F\QcbjM�î`M�QcbjM�QtðGmÁï�ORñ�ðPk[M�FÁE¾ðPM�ENðGF\JREPï�KyðGEPíci+ðPí[EGM�K2� A�C��õTd"k©ícK�X
f�JRQ©ï�óLEPOLí[îcKÀJaî[îcEPOtJRilk³ê�ë¾ìÏû©ï�ñ÷Oji+ícKPF\Q[óÄOLQ*�	�%ê�ë¾ìÑKNðPEGíci+ðPí[EGM�K2� 	)h©XJA��cX����[X
h©X���CjX�	�A©X�	��)�õLê�ë¾ìÍKPM�i�ORQcb[JREPï
f�ORðPFÁñ KCk`JYòRM�JzQ[M�ðyöµOLEP]tô�mÁF\]RM�ðPOLî`OLmÁOLóRï�ö�F®ðGkÄKyðGM�fgK
mÁF\Q[]©FÁQcó*mÁO©OLîcK�Xcû[í[m\óRM�K�XcJRQcb2.yí[Qci+ðPF\ORQcK ����FÁóLí[EGM����+õ`h©ícilk³J�ðGORîTORm\ORóLF\i�Jam»ê�ë¾ì EPM�îjô
EPM�KNM�QLðlJ|ðGFÁOLQ³Jam\mÁO|ö�K¾M+újî[m\ORElJ|ðGFÁOLQ�OañCê�ë¾ì ðGORîTORm\ORóRF\M�K¾ícKPFÁQcóÄóRElJaîck�ðPk[M�OREGïRX$JgýcM�m\b
FÁQ fgJ|ðGk[M�fgJaðPFni�K�ö�FnbjM�mÁïÃícKPM�bÃñ÷ORE�JaQcJRmÁïi/�FÁQ[ó�QcM+ðyö�OREG]©KzJRQcb M�Q©í[f�M�EGJaðPF\Q[ó³KyðGEPí`iVô
ðPí[ElJam`î`OtKPKPFÁûcFÁm\F®ðGFÁM�K�XLFÁQ`i+m\ícbjF\Q[ó
k©ïjbjEGO©i�JaEGû`OLQcK�X|óRM�QcM+ðPFni�JRQcb�û[F\O©ilkcM�f�F\i�Jam`Q[M+ðyö�OREG]jK�X
M�i+OLmÁOLóRïLXLðGEGJRQcKPî`OLENðlJ|ðPF\ORQIX©JRQcb?ðPk[Mr�wQtðGM�EGQ[M+ð=� �[XJ	7�[X-���õ

�eF\óRícEPMe�2KNk[O|ö�KgðPk[EGM�M±ê&ë&ì KNM�i+ORQ`b[JaEGï �·ðGEPM�M��*f�ORðPFÁñ KÄEGM�îcEPM�KNM�QLðGM�bBJRK*ðPEGM�M
óRElJaî[kcK*)»ðGk[M�òRM�EPðPFni+M�K&�	���
JaEGM?ê�ë¾ì m\O©ORîcK�Xeûcí[mÁóLM�K�OREF.yí[Qci+ðPF\ORQcK�X�JaQcb ðGk[M�M�bjóLM�K
�÷m\FÁQ[M�K�X@� �³JaEGMøê�ë¾ì KNðPM�f�K �÷î[EGM�i�F\KPMøEGí[m\M�K°JaEGM�bjM+ðlJaF\mÁM�b FÁQ � 	7�)4�+õÀd"k©ícK�X�ðGk[M
KPilk[M�fgJ|ðPFni"ðGEPM�M�óRElJaî[k`K�EPM�î[EPM�KNM�Qtð�ðPk[MÀi+ORQcQ[M�i+ðPF\òtFÁðyï�û`M�ðyöµM�M�Q�ðPkcM&ê�ë&ìãKNM�i+OLQcb[JaEGï
M�m\M�f�M�QtðGK&�÷MLõ ó`õÁXIKNðPM�fgK�XemÁO©ORî`K�X»ûcí[mÁóLM�K�X-.yí[Q`iVðPF\ORQ`K'�+õed"k[MgðGEPM�M*óRElJaîckcK_î[EGO|òtFnbjMgF\Qjô
ðPí[FÁðPF\òRM�EPM�î[EGM�KPM�QtðGJaðPF\ORQcK
Oañ&ê�ë¾ì KNðPEGíci+ðPí[EGM�K�Xeûcíjð�ðGk[M�ï�i�JaQ[QcOað�EGM�îcEPM�KNM�QLð�OaðPkcM�E
FÁf�îTOREPðGJaQtð&ê�ë¾ìüðyï©î`M�K�X`KNícilk�JLK"îcKNM�ícbjOL]tQcOaðGK�õ �[OLE&i+OLf�î[mÁM�ðPM�Q[M�KGK�Xjö�M�bjM�òRM�m\ORîTM�b
JaQ[ORðPk[M�E�i+mnJRKGK"Oañ�ê&ë&ì óLEGJRî[kcK"i�JRmÁm\M�b P��^ � � 9 ^'_ ��b��·ðGk[FÁElb�EGO|ö�Oañ ��FÁóLí[EPMr��$(� 	7�)4�"$
bjícJamcóRElJaî[kcKCi�JaQ�EGM�î[EGM�KPM�Qtð�Jam\mcê�ë¾ìBðPEGM�M�K�JaQ`b�îcKNM�ícbjOL]tQcOaðGK�JRQcb�i�JRQ�ûTM�óLM�Q[M�EGJRm®ô
F0/�M�bgðGO�EPM�î[EPM�KNM�Qtðµí[Q©ícKPícJam¤ê�ë¾ìüKyðGEPíci+ðPí[EGM�Kµö�FÁðPk?ðPEGFÁî[m\MRX-jtícJLbjEGí[î[m\MRX©JaQcb?k[F\óRk[M�ENô
ORElbjM�E�kcM�m\F\i�M�K�� MRõ ócõ\XIOji�i�í[EPEGF\Q[ó�FÁQ�ê&ë&ìÆñ÷ElJaf�M�KNk[FÁñ·ð�KPFÁóLQcJamCOañ�Z � -&ô'	*JRQcb ê�ë&ì¾K
FÁQtðPM�EGJLiVðGFÁQ[ó�ö�FÁðPk�JaQtðGFÁû[F\OaðGF\iÀQ[M�ORf�ï©i�FÁQ � �jXJ	" �Võ
h©FÁQ`i+MÀðPk[M /Gê�ë&ì óLEGJRî[kcK�1
JaEGM_bjF\KGi+EGM+ðGMRX©ðGk[M�ï�Jam\mÁO|ö�í`K�ðPO�M�Q©í[f�M�ElJ|ðGMÀJRmÁm¤îTOLKNô

KNF\û[m\M �	� ê&ë&ì f�OaðGF®ñ K&ícKPFÁQ[ógM�Q©í[f�M�ElJ|ðPF\ORQ�f�M+ðGk[Ojb[K�ORñ�óLEGJRî[k�ðPk[M�OREGïRõ`^ÀElJaîck[F\i�Jam



� � �µuy���`s��wqGuy�w}�{`�©Îµ��{�Î"s+uy���"s�{`�ts�{t« ª s�x�s�u��R�N�t�����P�

M�Q©í[f�M�ElJ|ðGFÁOLQÀORñ©ê&ë&ì ðGORîTORm\ORóRF\M�K¤i�JaQ_ûTM�î`M�ENñ÷OLEPf�M�bÀJRQcJam\ïtðPFni�JRmÁm\ï&OLE»i+ORf�î[í[ðGJ|ðGFÁOLQjô
Jam\mÁï�bjM�î`M�QcbjF\Q[óÀORQ�ðGk[M�i+OLf�îcmÁM�ú©FÁðyï_Oañ[ðGk[M�KyðGEPí`iVðPícEPM�K�õ �[OLE�M�ú[Jaf�î[m\MRX�ñ÷ORE�í[Q[mnJaûTM�m\M�b
ðPEGM�M�K�X©ðPkcMÀQ©í[f�û`M�E�Oañ�î`OtKPKPFÁûcmÁM_óRElJaîckcKCö�FÁðPk �ÑòRM�ENðGF\i�M�K�FnK"ORûjðlJaF\Q[M�b*ñ÷EPOLfÆðPk[Mzi�Oaô
M"l*i+F\M�QtðGK�����JRKGKPO©i�F\JaðPM�b±ö�FÁðPk ðGk[M����"ðGM�EGf;ORñµðGk[M*i+OLí[QtðPF\Q[ó�îTORm\ïtQcORf�F\JRm�bjM�EGF\òRM�b
ûtï?Z&JaElJaEGï*JaQ`bPmCEPF\QcKD� ��C��)

�	��
 � � � � � � ���� W ��� 0 � ��� � �G��� 
 �G�������\	�	������ ��������� �ih����
�k	7CB��� S�� �������

�[ORE"M�újJRf�î[mÁMLXRðGk[M�EGMÀF\K"OLQ[mÁï 	_bjFnKyðGFÁQci+ð�óRElJaî[k*M�JRilkÄñ÷ORE � � 	 �'�!�'�zòRM�ENðGF\i�M�KD� KPF\Qci+M
� S � � W � � 0 � 	��"JaQcb]��bjFnKyðGFÁQci+ð@�aô�òRM�ENðGM+úÄóLEGJRî[kcKr�"� � � �B�+X��gbjFnKyðGFÁQci+ðFAYô�òRM�ENðGM+ú
óRElJaî[kcKD�"� 
 � ���VXcJRQcb�KNO�ORQIõ

RNA single strand 5S rRNA

S1

S2

S3

B0

B1

B2

B3

S3

S2

S1

B3

B2

B1

B0

S1

S2

S3

B1

B2

B3

S1

S2 S3

S4

B2
B1 B3

B4

B0

B1

B2

B3B4

B5

B6

S1

S2

S3S4

S5S6

tRNA

B0

B1

B2

B3

B4

S1
S2

S3

S4

B0

B1
B2

B3

B4

S1
S2 S3

S4

B0
S1

S2
B1

B2

S3
S4S5S6

B3
B6     B5      B4

S1

S2

S3

S6    S5  S4

B6 B3

B1

B2

B5   B4

����� ¨ � ¨ �µuNs�rt�t���Vs��cuyqGrLuyql�wql{|vNs+vy�®}�{t�C}�~¤² �  ��wql�l}�{©«Ls�uw�
��vwuy�t�Gvy�Ruyql��¶nvy}�r©¼�s���vwuyqlq_¶·xz�®«R¹
«R��q+¼�s�{©«�«L�ts��I¶·j}�vwvy}�x
¼I¬�uNs�rL�t�l¸

d"k[M�KPMÄKPM+ðGK�Oañ�bjFnKNðPF\QciVð�óRElJaî[k`KzEPM�î[EGM�KPM�Qtð
m\FÁû[ElJaEGF\M�KzORñ�ðPk[M�OREGM+ðPFni�JRmÁm\ïÃî`OtKPKPFÁûcmÁM
ê�ë&ì�ðPORîTORm\ORóLFÁM�K�XLö�k[FnilkgFÁQci�mÁí`bjM&QcJaðPí[ElJam\m\ï�Oji�i�í[EGEPF\Q[ócXLi�JaQ`bjF\bcJ|ðPMLXLJRQcbgk©ï©î`ORðPk[M�ðNô
F\i�Jam�ê�ë¾ì3f�OaðPFÁñ K�ðPkcM�OREGï �ºKNM�M±hjilk[m\F\il]�mnJaûE� Kgê�ë¾ì�ôwì&KNôw^ÀElJaîckcK]� ê�ì�^r��ö�M�ûÂEGM+ô
KNOLí[EGi�M*J|ð���#&� #$# ������#��&% '  !���$($)!�+*$#�)�,�- �.%$,*JaQcb\�0	B	"4�+õ0/_Q[O|ö�Q ê�ë¾ì&K�FÁQ î[ícû[mÁFni
b[J|ðlJaûcJLKNM�KZ� ë �fKÃJaQcbÀOaðGk[M�ElK#�$i�JaQÀðGktí`K»ûTM�fgJ|ðGilkcM�b¾ðPO"ðGk[M�ðPOLî`OLmÁOLóRF\M�K$ö�M�bjM�KGi+EGF\û`M
� KPM�M��eF\óRícEPM ���+õRh©FÁóLQ[FÁý`i�JRQLðGmÁïLXYû`M�i�Jaí`KNM�öµMµñ÷ORícQcb�ðGkcJ|ð�ðGk[M"]tQcO|ö�Q2�	�Bê�ë¾ìÂf�ORðPFÁñ K
EPM�î[EPM�KNM�QtðÀOLQ[mÁï³J�KPfgJam\m�KPí[ûcKPM+ðzORñ�Jam\m�îTOLKGKNF\û[m\M�ðGORîTORm\ORóLFÁM�K�XTöµM�k©ï©î`ORðPk[M�KNF /�M�ðPk`J|ð



ª �tq&��}�{t{Lql�Gvy��}�{��eqGv���qlql{Ä�a�R{|vy�tqPvy�®��s�{t« � s+vy�LuNs��`² �  C� � �
KNOLf�M�Oañ&ðPk[M�f�F\KGKPFÁQ[óÃf�OaðGF®ñ K�fgJYï EGM�î[EGM�KPM�Qtð�ícQcbjFnKPi�O|òRM�EGM�bk3 ^ 8 � 9 ^ ��� � : 	�	 � 9c9c143 �
ê�ë&ì¾K�ö�k[F\mÁMzORðPk[M�EGK"fgJYï*ûTM�bjM�KPF\óRQ[M�b?JRQcb*ðGk[M�Q�KPï©QLðGk[M�KPF /�M�b?F\Q?ðGk[MzmnJaûTORElJ|ðPOLEPïLõ

D5@�  Q@%�QF�@.#�: =?F�@ 	 @CB!#" �#
<*M : MNJLMNK � #*: =?F�@

oµí[EPEGM�Qtð¾ðPk[M�OREGM+ðPFni�JRm
� �����JRQcb�M+újîTM�EGFÁf�M�QLðlJam � AB���Jaî[îcEPOtJRilk[M�K"ðPO�ê�ë&ì�KyðGEPí`iVðPícEPM
M+újî[m\OREGM&ê�ë&ì�� K�KPM7jtí[M�Q`i+M¾KPîcJLi+MRõ ��újîTM�EGFÁf�M�QtðlJam%143 5�148 9':
KPM�m\M�i+ðPF\ORQgðGM�ilk[Q[F jtí[M�KCM+ú©ô
î[mÁOLF®ðzElJaQcb[ORf3KNM�jtí[M�Qci�M�î`O©ORmnK¾ñ÷OREzi+OLf�î[EPM�k[M�Q`KNF\òRM�KNM�JaElilk[M�K&ñ÷ORE_Q[O|òLM�m�ê�ë&ì¾K�õJ�wQ
ðPk[M�KNM�JaElilk�ñ÷ORE_ê�ë&ì�óLM�Q[M�K&F\Q±óLM�Q[OLf�M�K�XTKPi�JaQ[QcFÁQ[ó�Jam\óROLEPFÁðPk[fgK¾EPM�jtí[FÁEGM
KPM7jtí[M�Qci+M
JaQcb�KyðGEPíci+ðPí[ElJamtf�OaðGF®ñ K�JRKeF\Q[î[íjð�õ)�wQ�i+OLQtðPElJRKNð�X�OLí[E�ê�ë&ìBJaQ`Jam\ï©KPFnK¤ñ÷Oji+ícKPM�K�OLQ
KyðGEPí`iVô
ðPí[ElJamTf�OaðPFÁñ K�EGJaðPk[M�E�ðGkcJaQ�KNM�jLícM�Qci�M�K�îTM�E�KPMRõ©ìãi�EPFÁðPFni�JRm`JLbjò|JaQtðGJRóRM�ORñeê�ë&ìãóRElJaîck
JaQcJRmÁïjKPF\K�FnK�ðPkcJað�ðGk[MzKNî`JRi+M_ORñIðPOLî`OLmÁOLóRFni�JRmÁm\ïgbjF\KNðPF\Qci+ð&KyðGEPíci+ðPí[EGM�K�FnK"ò|JRKNðPm\ïÄKNfgJRmÁm\M�E
ðPkcJRQ ðPk[M?Qtí`i+m\M�OaðGF\b[MÄKNM�jtí[M�Qci�MÄKPîcJRi�MRõ(�wQ ñ JLiVð�XIö�M*M�KNðPF\fgJ|ðPMLXIûcJLKNM�b ORQ�Z¾JaElJaEGïLô
m�EGFÁQcK�M�Q©í[f�M�ElJ|ðGFÁOLQ?ñ÷OLEPf�í[mnJ�ñ÷ORE�ðGEPM�M�óRElJaîckcKr� JRû`O|òLM��r� ��CjX 	7���X[ðGkcJ|ð&ðPk[M�Qtícf
ûTM�E
Oañ¾bjFnKNðPF\QciVð*ê�ë¾ì ðGEPM�MÄðGORîTORm\ORóLFÁM�K�i�JaQøûTM�îcJaElJaf�M�ðPM�EGF /�M�bøJRK�q ��� A � ���PW �����+0*ñ÷ORE
�
	 �BC*i�ORf�îcJaEGM�b�ö�FÁðPk�� � ñ÷ORE&ðPk[M�Q©íci+m\M�ORðPFnbjM�KPM7jtí[M�Qci+M
KPîcJLi+M��$d"k[M�f�JREP]LM�bjm\ï
KNfgJam\m\M�Ezê�ë&ìÑðGORîTORm\ORóRï³KPîcJLi+M�FÁf�î[m\FÁM�K_óREGM�Jað¾îTOaðPM�QtðPFnJam�ñ÷OREÀðGk[MgKNM�JaElilk³ñ÷ORE_Q[O|òLM�m
ê�ë&ì�KyðGEPí`iVðPícEPM�K�õ(,¾Qci+M�JÄQcO|òRM�mIðGJREPóLM+ð&ðGORîTORm\ORóLï-E|f�OaðPFÁñ�F\K¾FnbjM�QtðPFÁýcM�b¤X$ðPk[M�i+OLEPEGM+ô
KNîTORQcb[FÁQ[ó³ê&ë&ì!KPM7jtí[M�Qci+M�Kzi�JaQ ûTMgñ÷ORícQcb FÁQÃðyö�O�ö�JYïjK*)Tñ÷ORE�QcJaðPí[ElJam�ê&ë&ì&K�X»ðGk[M
KNM�mÁM�iVðPM�b_f�OaðPFÁñci�JRQ_û`MCñ÷ORí[Qcb_û©ï_KPi�JaQ[QcFÁQ[ó�ðPk[M�óLM�Q[OLf�M�K7$�JaQcb»X+ñ÷ORE�KNï©QtðPkcM+ðPFni�ê�ë¾ì&K�X
ðPk[M�ï�i�JRQ
ûTM�bjM�KPF\óRQ[M�b
ícKPF\Q[ó_f�Ojbjícm\JRE�JRKGKNM�f
û[m\ïzOañTM+újF\KNðPF\Q[ózê�ë¾ìÂñ÷EGJRóRf�M�QtðGK � Fºõ MRõ\X
ícKNF\Q[ó*J�m\FÁû[ElJaEGï*ORñ�KPM7jtí[M�Qci+M)EYf�OaðGF®ñ�û[í[F\m\b[FÁQ[ógûcmÁOjil]jK�JaQcb�JRî[î[m\F\i�J|ðPF\ORQ�ORñZ�/�üñ÷ORmnb©ô
FÁQ[ó�Jam\óROREGFÁðPk[fgK#�VõBK�OaðGkgOañ$ðPkcM�KPM&EGM�KPM�JaElilk�bjFÁEGM�i+ðPF\ORQcKCJaEGM�i+í[EGEPM�QtðPm\ï�ûTM�F\Q[ó�î[ícEGKPí[M�b
FÁQ�ORícE�m\JRû`OLEGJaðPOREGïRõ

�;8 � � ��� 8��8�#� ��BP= : H�#�� @�� �;@�#�M� �BPF�@

,¾í[E�ê&ë&ì>óRElJaî[k[Fni�JRmCEGM�î[EGM�KPM�QtðlJ|ðPF\ORQ`K�î[EGM�KPM�Qtð�JRQ�ORîcî`OLENðGí[Q[FÁðyï°ñ÷OLE�i�J|ðlJam\ORóRícFÁQ[ó
Oañgê�ë&ì5KNðPEGíci+ðPí[EGM�K�ûcJLKNM�b ORQ ðPk[M�FÁE³ðPORîTORm\ORóLF\i�Jam_î[EGORîTM�EPðPF\M�KH� �eF\óRícEPM hB�Võfo�JaðNô
Jam\ORóRícFÁQ[ó�ê&ë&ì � KÄKNðPEGíci+ðPí[ElJam&b[FÁòLM�ElKNFÁðyïRX�F\Qci�mÁícb[FÁQ[ó2k©ïtîTOaðGk[M+ðGF\i�Jam¾f�ORðPFÁñ K�XµF\KÄò©F®ðlJam
ñ÷ORE*FnbjM�QtðGF®ñ÷ï©F\Q[óøQ[O|òLM�m&ê&ë&ì7KNðPEGíciVðGí[EGM�K*JRQcbÂñ÷ORE?î[í[ElKNí[F\Q[ó�ê�ë¾ì7óLM�Q[OLf�Fni�K*FÁQ[FÁô
ðPFnJ|ðPF\òRM�K�õ�,¾í[E"ê�ë¾ì�ôwì&KNôw^ÀElJaî[k`Kf�ºê�ì�^2$&��#&�$#$# ����� #�� % '  ����!( )�� * # ) ,�- �!%i�»öµM�ûÄEGM+ô
KNOLí[EGi�MÄi�JaðGJRmÁOLóRí[M�K�JaQcb�EGJRQ[]jK
Jam\m�f�JaðPk[M�fgJ|ðPFni�JRmÁm\ï î`OtKPKPF\û[mÁM��÷F\Qci+m\ícbjF\Q[óÃM+újF\KNðPF\Q[ó
JaQcbÅi�JaQcbjFnb[JaðPM��*ê�ë&ì;KNM�i+ORQ`b[JaEGï�f�OaðGF®ñ K?ORQÂðPkcM±ûcJLKNFnKgOañzóLEGJRî[k[Fni�Jam&M�Q©í[f�M�ElJ|ô
ðPF\ORQ±EGM�KPí[mÁðGK�õ�+ÃM�JREGilkcFÁòLM
ê�ë&ìÏðPEGM�M�f�OaðPFÁñ K_JRK�/yðGEPM�M�óRElJaî[k`K21*JRQcb�ORðPk[M�EÀê�ë¾ì&K�X
FÁQci�mÁí`bjFÁQcó³îcKPM�ícbjOL]©Q[OaðlK�X�JRKzóLM�Q[M�EGJRm /Pbjí`JamCóLEGJRî[kcK�õ 1�ì&mÁm"ê�ë&ì f�OaðPFÁñ K
JREPM?i�J|ðlJ|ô
mÁOLóRí[M�b�û©ï�óRElJaî[k�òRM�ENðGM+ú�Q©í[f�û`M�E@� J�f�M�JRKPí[EGM�ORñ$KPM7jtí[M�Qci+M�m\M�QcóaðPk���JaQcb�ElJaQc]RM�b�û©ï
ðPORîTORm\ORóLF\i�Jam¤i+OLf�î[mÁM�újF®ðyï��ºKNM�i+OLQcb�KNfgJam\m\M�KNð"M�FÁóLM�Q©ò|Jam\í[M6��� W �"i�OREGEPM�KNîTORQ`bjFÁQcó
ðGO�ðGk[MóRElJaî[k5� K�� ^'_ � ^�	 1 ^ 3�fgJ|ðGEPFÁú��VõRê�ì�^ � K�F\Q©òRM�QLðGOREGï�F\f�f�M�bjF\JaðPM�mÁï�KNícóRóRM�KyðlK�i�JRQcbjFnb[J|ðGM�K
ñ÷ORECQcO|òRM�m`ê�ë&ìÍf�ORðPFÁñ K�XtM�FÁðPkcM�ECQ`J|ðPícEGJRmÁm\ï�Oji�i+í[EGEPF\Q[ózOLECKNï©QtðPkcM+ðPFniaõ©d"k[EGORí[óLkgê�ì�^�X
öµM�k[OLî`M�ðPO�î[ícEGKPí[MgJaQcb±ñ÷í[EPðPk[M�E
KNðPF\f
í[mnJ|ðGM�M��TOLENðlK¾ðPO�î[EGM�bjFniVð�JRQcb°b[M�KPFÁóLQ°Q[O|òLM�m
ê�ë&ìüf�OaðGF®ñ K&JaQcb?ðPkcM�EGM�û©ïÄi+OLQtðPEGFÁû[í[ðPMÀðPOgê�ë¾ì óRM�Q[ORf�Fni�K�FÁQcF®ðGF\JaðPF\òRM�K�õ



��� �µuy���`s��wqGuy�w}�{`�©Îµ��{�Î"s+uy���"s�{`�ts�{t« ª s�x�s�u��R�N�t�����P�

λ 2V

4

5

Tree Graph Secondary Structure

0.5858

1.0000

0.3820

0.5188

1.0000

RNA single strand (PR0021)

tRNA (PR0019)

70S (F) (RR0003)

tRNA (TR0001)

tRNA (TRNA12)

����� ¨',j¨ ² �  �vwuyqlq�xz}�vy��~�����LuNs+uy�®qG�¾~n}�u ��� � � � ¸ �Ñ���¾��qGuwvyqG´Ä{a�txÀjqPu&s�{©«�� � ����vy�tq�wqG�l}�{t«��wx�s�����ql��vCql��¬�ql{a��s����tq�}�~¤vy�tq �`s�rL�Ás��l�®s�{gx�s+vwuy��´[¸

åÂâIäGâIØ[âIÖ&Ü$â [

� ¸�p¾¸ Ò ¸j �uw�asR�L²�¸ �I¸©��}�Ó[qGq�����uV¸��[s�{©«��N¸[���©s+uy��ql�l¸ � qG}�x¾�R�l��{R¹º��{t«L�t�GqV«
�|�RLuy�®«�vwuy��rL�®qP´
~\}�uyx�s+vy�®}�{`¸���! � � 6PË*! & � 6 � ! �jÌ � !�� �V� � � ���V� � �
	 ���V� � � � �����R� ¸
� ¸�p¾¸ Ò ¸� Cuw�asa��²�¸7�I¸a��}�Ó[qlq�����uV¸��P�µ¸ � ���®�����l�as�{©«_ �¸��N¸Y CLuNs�xz}+�a��vy�P�c¸L µxz��{t}�¬����R�l}��w�®«LqP¹
{a�L�l��ql����s��l�®«���{|vyqGuNs��Gvy��}�{t���t²µqGx�s�uy��s�t��qµ��vNs�t����� ?Vs�vy��}�{Ä}�~¤p �  2s�{©«�² �   vwuy��rt��q��tqP¹
�����lql�C|��{tql}�x¾�R�l��{`¸���! � � 6PË7! & � 6 � ! �©Ì � !®� �+� ��� � � ��� 	 � � � � � �����R� ¸�R¸�R¸ Ò ¸ ��s��P�Lql���®qPuy�®q����L¸C��sV��s����®��q��Cs�{©«  �¸�Î��Rvwvyql{t�L}�~\qGuV¸ ª �tq*qG´Rrts�{©«R��{t¬��w{t}�² �  
��}�uy�®«c¸���Ç·Ì �� Ç � Ç 6P� � � � ��� � 	 � � � �����Y� ¸

� ¸� �¸-�I¸���s�uNs���s��w�Is�{t« ��¸���}�{©s�jqVs��c¸&�R�Vs���qG¹÷~\uyqlq_{LqGv���}�uy�a�l¸�� � Ç ! � � 6PË7!®� � ��� � ��� 	 � � �
����� �R¸
� ¸@�¾¸C��ql{LqV«LqPvwvy�Ts�{©«g�j¸©��}�uy}��wqGvwvy�·¸� 2¬�uNs�rt�R¹ vy}�rj}���}�¬����Vs��»s�rtrLuy}�s��N��vy}Àuyql�G}�¬�{L��vy�®}�{g}�~
rts�vwvyqGuy{�s�{©«��w��xz���®s�uy��v�����{g² �  Â�wql�l}�{©«ts+uw����vwuy�L�Gvy�Luyql�l¸���Ç÷Ì��
! & � 6 � !®� � � � � � � 	 � � � �
� ��� � ¸



ª �tq&��}�{t{Lql�Gvy��}�{��eqGv���qlql{Ä�a�R{|vy�tqPvy�®��s�{t« � s+vy�LuNs��`² �  C� �a�

� ¸�p¾¸¤Î¾¸5�e�Luy�Yq��»p¾¸I�µ¸IÎ�}�Ó[x�s�{`�$ &¸E�euy}V��{`�e�?¸»Î�s�{L�wql{`�I �¸ Ò s�uN«R�÷�es�{©«e�I¸ ��}��Á«[¸
² �   s�rLvNs�xzqGuy�¾vy}gvy�Lq
rjqGrLvy�®«R�R�evwuNs�{t��~\qGuNs��wq���{L�t��t��vy}�uÀ�P�L��}�uNs�xzrL�tql{L���l}��·¸ & � 6 � !
��Ç÷Ì��
!®� � � � ��� 	 � � �R� � � � �|¸

�a¸�R¸LÎ&¸L���tql{c�t�[¸|�À¸B�cq��Ls�{t« �L¸ � ¸L��s�� ?lql�·¸ Ò uyql«L���Gvy��}�{�}�~$�G}�xzxz}�{��wql�G}�{©«Ls�uw�
��vwuy�t�P¹
vy�Ruyql�À}�~"² �  C���»sÄ¬�ql{tqPvy�®��s���¬�}�uy��vy�tx3s�rtrLuy}�s��N�`¸ # 7 � �
! � � Ç�9"5 $ 685�!®� � � � ��� � 	 � ��� �
������� ¸

� ¸ 3_¸ �L¸tp"ql�a����{`¸ � ��Ê � 6 � ��Ê·Ç � 5 �$Ê � 6'# 6 � 8�Ì � 9!6PÈ � �!6P¸ Ò ql{t¬��t��{`���`}�{©«L}�{`� � � ��� ¸
� ¸�R¸T �¸cp"}��t«L{©s
s�{t« ª ¸c²�¸T��ql�P�c¸ ª �Lq_�N�tqlxz���Vs��»uyqGrjqGuwvy}���uyq_}�~�{©s+vy�LuNs��¤uy��j}�?P�LxzqG�l¸

# ��Ê�7aË 6P� � � � � ����� 	 ��� � � ������� ¸
�l� ¸� �¸cpÀ¸ �I������{t¬�vy}�{³s�{t« �L¸ �B¸T�/?l}���vNs��j¸z�º{��a��vwuy}��wql��ql�Gvy��}�{�}�~�² �  �xz}���ql�l�L��ql��vy�©s�v
L��{©«��wrjqG�l��¿©������¬Ys�{t«L�l¸B# ��Ê�7aË 6P�?� � � � �a� � 	 �Y��� � � � � � ¸

��� ¸�p¾¸��tqGuNsR� � ¸ 3���x�� � ¸��a�t��Ó[ql�®«Ruy��x�� �L¸ 6 }�uy{c���&¸"�Ts��wqGuy�w}�{c��Î&¸+Î¾¸7�"s�{`��s�{t« ª ¸��a�P�L�®���N�j¸
²µ �� �R² �  C¹º µ��¹��µuNs�rL�t����ql�uyqG�w}��Luy�Gq�¸ � � & ��Ç÷Ì�ÇnÈ*�lÌ�Ë � ��Ê·Ç � 5y� � � ��� � ����� � ¸�V� ¸ �Â¸ �t}�{avNs�{©sa�jpÀ¸j �¸�3�}�{L��{t¬��l� Ò ¸ ��¸c�avNs�«L��qGuV�[s�{©« Ò ¸[�a�P�a�L��vyqGuV¸µ�avNs+vy�®��vy���l��}�~I² �  
�wqG�l}�{t«ts�uw����vwuy�t�Pvy�Luyql�l¸ ��Ç·Ì83RÌ�� � � 6PË�5N������� � � � � 	 � � � � � � � � �R¸� �R¸ �Â¸ �t}�{avNs�{©sa� Ò ¸ ��¸I�avNs�«L��qGuV� ��¸%�¾¸5�e}�uy{ajqGuy¬�¹7��s��tqGuV� ª ¸ �µuy�®qG�wx�s��N�tqGuV�¤�N¸J�»¸¤Î�}�¹
~ns��N�YqGuV�Y�?¸ ª s��N�YqGuV� Ò ¸ ª s+uNs"?l}�{©sa� ��¸�pÀ¸ ��qG�®{ajqGuy¬�qGuV��s�{©« Ò ¸Y�a�P�a�L��vyqGuV¸R² �  ³~\}��®«L��{t¬
s�{©«
�l}�x¾t��{©s+vy}�uw�
�®s�{©«R�w�Vs�rjqG�l¸ : � � 5�! $ 6 É ! � � � ��� ����� � 	 ��� ��� � � ��� �R¸� � ¸�Î&¸jÎ¾¸��"s�{`�`�j¸ Ò s��yÐ|�©s��®�·�`s�{t« ª ¸$�a�P�L���®�N�j¸0�¤´LrL��}�uy��{t¬�vy�tq&uyqlrjqGuwvy}���uyq¾}�~�² �  B�wqG�G¹
}�{©«Ls�uw��xz}�vy��~n�&�t�w��{t¬*¬�uNs�rt��vy�Lql}�uw� �¤��xzrt�����Vs+vy�®}�{t�&~n}�uÀ² �  ü«LqG�w�®¬�{`¸ # 7 � �
! � � Ç�9"5$ 685�!®�C� � � � � � � 	 � � � �a� ����� �R¸

�V� ¸&�µ¸ �"s��wrL��{�s�{©« ��¸ ��ql��vy�L}�~º¸  C{B��{|vyqGuNs��Gvy���Yq�~ÁuNs�xzqG��}�uy��~n}�u�² �  !�wql�l}�{©«ts+uw�
��vwuy�L�Gvy�Luyq&rLuyql«L���Gvy��}�{*����vy�?s
«R�R{ts�xz���Vs��`vwuyqVs�vyxzql{|vµ}�~��l}�{L��vwuNs���{|vy�l¸ ��!��?Ì��
! ��Ç÷Ì��
!��
��� � � � � � 	 � � � � � � � � ¸

� � ¸ �Â¸ �B¸�����tt�l¸ ª �tqµ�t{t�wqGql{�¬�ql{L}�xzq�����qlxz��s�xz}�{L¬&vy�Lq 0��t{L�[¸ � � Ç ! � � 6PË*!®� � � � � � � 	
� �R� ����� �R¸

� �a¸&�j¸7�µuy���_vy�t��¹ ��}�{tql�l�� &¸*��s+vyqlx�s�{c�Y�?¸���s+uy�w�©s����·�| �¸ 3��©s�{t{©sa��s�{©«¾�[¸�²�¸ �e«L«R�|¸a²�~·s�x �
s�{�² �  �~·s�xz������«ts+vNs�©s��wq�¸B# 7 � �
! � � Ç 9 59$ 685*!�� � � � � � � 	 � � � � ����� �R¸� � ¸�R¸��µuy}��w�&s�{t« �R¸c�eql����ql{`¸ 8�Ë �83 � @ � 6wÌ�Ë � ��È�9�ÇnÊ�5 � 3,3 � Ç � ��Ê·Ç÷Ì�È�5N¸À��²C� Ò uyql�w�l� ��}|�Vs²µs�vy}�{`� �J�I� � � ��� ¸

� � ¸ ��¸�Î�s�uNs�uw�|¸ ª �Lq�{a�txÀjqPu¤}�~t�t}�xzqG}�xz}�uyrL�t���Vs��®���&��uwuyqV«L�L�l��t��q�vwuyqlql�»s�{©«&}�vy�tqPu»�wrjql�l��ql�l¸
� � Ê � � ��Ê � !®� �V�a� � � � � 	 � �Y� � � � � � ¸��� ¸ ��¸LÎ"s+uNs�uw�|¸'8�Ë �83 � @ � 6wÌ�Ë � ¸e �«L«L���w}�{R¹ ��ql�w��qG�|�R²µqls�«L��{L¬L�©�� &� � � � � ¸�|� ¸ ª ¸`Î�qPuyx�s�{t{?s�{t«?pÀ¸ �L¸ Ò s�vyql�·¸
 µ«ts�rRvy���YqÀuyql�l}�¬�{L��vy��}�{�|�?{a�L�l��ql����s��l�®«�s�rLvNs�xzqGuy�l¸
� � Ç�6PÈ � 6P� � � � � �Y��� 	 ����� � ������� ¸��� ¸��N¸=�I¸_Î�}�~ns��N�YqGuV���Â¸ �t}�{|vNs�{©sR� Ò ¸ ��¸��avNs�«R��qGuV�=�I¸��[¸ ��}�{t�L}|qGÓ[qGuV���?¸ ª s��P��qGuV�
s�{©« Ò ¸e�R�N�a�t��vyqGuV¸ �©s���v_~\}��®«L��{L¬�s�{t«±�G}�xzr©s+uy���w}�{±}�~µ² �  ü�wql�l}�{t«ts+uw�³��vwuy�t�Gvy�Ruyql�l¸
�ÄÌ�È���Ê�5 � !B& � 6 � !®� �V��� � � � � 	 � � � � � � � � ¸������	��
��������������������������
����� ��!���"�# ���

� �R¸� �¸©Îµ�Lvwvyql{L�t}�~\qGuV� �R¸��euy}��w���t�l�cs�{©« �L¸ Ò ¸ ��s��N�tql����qGuy��q�¸�² � }�xz���l���©��«Lql{|vy��¿©�ls�vy��}�{*s�{©«
~\�t{L�Gvy��}�{Ä}�~��wx�s��®�·�c{t}�{L¹ xzql�w�wql{L¬�qGu"² �  µ�l¸ & 7aËPË*!�� 3©ÇnÈ !9& � 6 � ! ��Ç÷Ì��
!®� � � � � � 	 � � �R�
������� ¸

� � ¸� �¸¤Î��Rvwvyql{t�L}�~\qGuV�»�?¸ 3���qG~\x�s�{t{c�I�[¸¤��ql��qGuw¹ �»��qGuwvV� �L¸��¾½ �euy��ql{`�»Î&¸(�`qG�LuNs��N�`� �L¸ Ò ¸
��s��N�tql����qGuy��q��js�{©« �L¸C�euy}��w���t�l¸»² � }�xz���l���Rs�{�qG´RrjqGuy��xzql{|vNs��[s�rLrLuy}�s��N��vy�©s+v��®«Lql{|vy��¿©ql�
���R� �Vs�{©«R�Á«Ls�vyql��~n}�u�{L}+�Yql�·���wx�s��®�·��{t}�{R¹ xzql�w�wql{t¬�qGu
² �  µ�z��{ xz}��L�wq�¸ � � � � ��!®�
��� � � ��� � 	 � � � �a� �����a� ¸

��� ¸ �»¸ ���®s�{t¬L�& �¸���s 0��Lx�«ts�uV� �B¸�Î��c� ª ¸�R¸�Ys����w�Ruyqlq�� �B¸%$��`�"s�{t«BpÀ¸ �L¸ Ò s�vyql�·¸
�Rs��l�N�©s+uy�®«LqG¹ ² �  øuyqG�l}�¬�{t��vy��}�{*��{*s��G}�xzrt��qG´
~n}�uyxzqV«�jqGvº��qlqG{g{tql}�x¾�R�l��{���s�{t«gs�{
² �  øs�rRvNs�xzqGuV¸ �LÊ·Ë87 � Ê�7aË 6 �`Ì�� 9 � 685�!®��� � �R� � 	 ��� �a� � ��� � ¸

��� ¸ � ¸�3���x�� � ¸©�R�L��Ó[qG�Á«auy��x��tÎ&¸tÎ&¸ �"s�{`�js�{©« ª ¸j�R�N�t�����P�j¸���s�{t«L�®«ts+vyql�µ~\}�uµ{t}+�Yql�c² �  
vy}�rj}���}�¬���ql�l¸ ��! �?Ì��
!���Ç÷Ì��
!®� � � � � ���V� � 	 ��� ��� � ����� � ¸



��� �µuy���`s��wqGuy�w}�{`�©Îµ��{�Î"s+uy���"s�{`�ts�{t« ª s�x�s�u��R�N�t�����P�

� �a¸�R¸�3���vNs�¬Ysl��sR�j�À¸ �t�LvNs�xÀ�RuNsR�ts�{©« 3_¸L��s�x�s�xz}�vy}L¸� C{©s����R�w���µ}�~»vy�tq��l}�{R~n}�uyx�s�vy��}�{ts��
qG{tqGuy¬����®s�{t«L�w�Vs�rjq¾}�~»�a�tx�s�{��w{t² �  �����vy�*s_xzqPvwuy�®��ts��wqV«�}�{�vwuyqlq�uyqlrLuyqG�wql{|vNs�vy��}�{
}�~¤² �  ���vwuy�t�Gvy�Ruyql�l¸B# 7 � �
! � � Ç 9 5%$ 685�!®�C� � � ����� � 	 ���R� �R� ����� � ¸

� � ¸&�j¸L�¾¸��`q��t²&¸ � �L�w�w��{t}+�j�©s�{©« �L¸ � ¸©��s�� ?lqG�÷¸ ª uyqlq�¬�uNs�rt�L�µ}�~¤² �  2�wqG�l}�{t«ts�uw����vwuy�t�P¹
vy�Ruyql��s�{t«�vy�tqG��u��G}�xzr©s+uy���w}�{t�l¸0&IÌ � 3�7aÊ ! ��Ç÷Ì � 6 9 !"$ 685�!®� ��� � � �a� 	 � �*�a� � � � � ¸� � ¸ ª ¸ �L¸t��s��P�Yq��Lp¾¸ �L¸ �I�N�YqGuV�a²�¸a²&¸����Rvyql���÷�RpÀ¸��"s��Lvy�LqGuyqGvV�RpÀ¸R &¸L��s��wq��ts�{©«�²�¸L�Ls�x_¹
rts�vy�c¸`² �  ���}�vy��~��Rs�{�² �   �wqG�l}�{t«ts�uw�_��vwuy�t�Gvy�Ruyq"«LqP¿©{t��vy��}�{
s�{©«z�wqVs�uy�N��s���¬�}�uy��vy�Lx�¸
# 7 � �
! � � Ç 9"59$ 685�!®� � � � � � � � 	 � �*� � � �����R� ¸� � ¸�Î&¸j��s+uy¬Ys��®��vV�?�C¸j &¸©�R�ts�rL��uy}R�j �¸��µ¸ ��rtrjql{L�tql��x��Rs�{©« �L¸ � ¸©��s�� ?lql�·����uV¸�p"qPvyql�Gvy��}�{
}�~j�l}�xzxz}�{Àxz}�vy��~n�»��{_² �  °�wql�G}�{©«Ls�uw�¾��vwuy�t�Gvy�Ruyq�¸"# 7 � �
! � � Ç 9"5 $ 685�!®� � ��� � ��� � 	 � � � � �
� � � � ¸

� � ¸�R¸��[¸���s+vwvy���P�j¸ � }�{R¹º�G}a«L��{t¬�² �  µ���Pvy�tqes�uy�N�t��vyql�Gvy�T}�~Rql�t��s�uw�Y}�vy���e�G}�xzrt��qG´R��v��|¸ � � � �
$ 6�3"!®� � � � � � 	 ��� � � �����R� ¸

� � ¸�R¸¤�j¸$��s+vwvy���P�Äs�{t«��?¸ �L¸ �"s�¬�qG{`¸ ª �tqÀql�Y}����Rvy�®}�{�}�~��l}�{|vwuy}��®��qV«?xÀ�t��vy��vNs��w��qV«Ä¬�ql{tq
{LqGv���}�uy�a���Rvy�tq�uy}��®q�}�~»�®{|vwuy}�{t��s�{t«�}�vy�LqGuC{t}�{t�l}a«R�®{L¬_² �  µ����{
vy�tq�«LqG�Yql��}�rLxzql{|v�}�~
�G}�xzrt��qG´�}�uy¬Ys�{t���wxz�l¸��ÄÌ��
!���Ç÷Ì��
! � É Ì��
!®� � � � � �R��� 	 � � � � � �����R� ¸�*�R¸� �¸ � s��a�a�·� � ¸j�a�©«ts+uy�ys�{c�[�?¸[�j¸D�»jqGuwvV� $¾¸ 6 }��c��3_¸i�I¸C�euy}V��{`�[s�{©«�²�¸L²&¸��euyqVs���qGuV¸
��qG{tqGvy���g�l}�{avwuy}���|�°s�xzqGvNs�j}�����vyqgt��{©«R�®{L¬�xz² �  &¸ & � 6 � !���Ç·Ì��
!®� � � �V� � � 	 �V� � � �
������� ¸

� � ¸"�¾¸ ����s ?Vs��a�·�¤�?¸ �t�Luy�L{t}R�`qPv&s��·¸� C{©s����R�w����}�~�vy�Lqzxz}��L�wqÀvwuNs�{L�w�Guy��rLvy}�xzqzts��wqV«?}�{
~\�t{L�Gvy��}�{©s��Ts�{t{L}�vNs�vy��}�{�}�~ ��� � ��� � ~\�t����¹ �®qG{t¬�vy���lp �  C�l¸ # ��Ê�7RË 6P� � ��� � ��� �
	 � ���R� �����Y� ¸

� � ¸&�j¸ Ò s��yÐa�ts����·�»Î¾¸TÎ¾¸(�"s�{`�»s�{©« ª ¸I�a�P�L���®�N�j¸?��}a«L�L�Ás+u_² �  üs+uy�P�L��vyql�Gvy�Luyqzuyql��qVs���qV«
|���l}�xzrt�RvNs�vy��}�{ts��`s�{©s����L�w���C}�~»qG´R����vy��{t¬_rL�wql�©«R}��a{t}�vy��s�{t«�uy��j}��w}�x�s��`² �  C�l¸ # 7 � �
!
� � Ç 9"5%$ 685�!®� ������� ¸e��{ Ò uyql�w�l¸� � ¸ � ¸ Ò ��¬Ys�{tqVs��*s�{©«�²&¸t�R�N�Luy}|ql«LqGuV¸� µrRvNs�xzqGu���vwuy�L�Gvy�LuyqG���j 2rRuyql�a��qG�Â��{|vy}Àuyql¬��t�®s�vy}�uw�
rts�vy�|��sl�R� � & � 6 � ! ��Ç÷Ì��
!®� �V� � �V� � 	 �l� � � ����� �a¸

���a¸0��¸�²µ����s��»s�{t«z�[¸�²�¸��I«t«a�|¸L Ã«R�R{ts�xz����rLuy}�¬�uNs�xzxz�®{L¬"s��®¬�}�uy��vy�txÅ~\}�uI² �  °��vwuy�L�Gvy�Luyq
rRuyqV«L���Gvy��}�{���{t�l���©«R��{t¬ÀrL�wql�©«R}��a{t}�vy�l¸ ��!"�?Ì��
! ��Ç÷Ì��
!�� � �Y� � ���Y� �
	 ��� � � � � ��� � ¸

� � ¸0��¸Y²C����s��Is�{©«_�[¸�²&¸��e«L«R�|¸j�Rql�l}�{©«Ls�uw�¾��vwuy�t�Gvy�Ruyq�s���}�{LqC���I¬�ql{LqGuNs������_{L}�ve��vNs�vy����vy���Vs������
�w��¬�{t��¿©�Vs�{|v¾~\}�u&vy�tq�«LqPvyql�Gvy��}�{�}�~C{t}�{L�l}a«L��{L¬�² �  µ�l¸ ��Ç÷Ì�Ç\È7�lÌ�Ë � ��Ê·Ç � 5y� � � � � � �
	 ���Y� �
������� ¸

� � ¸ 3_¸��Ls���ql�L��¹� C�w�|vy�Ás�{t��s�{©« �L¸ �Â¸µ�/?l}���vNs��j¸ �º{��R��vwuy}³ql�Y}����Lvy��}�{��w�t¬�¬�ql��vy��xÀ�t��vy��rt��q
}�uy��¬���{t��~n}�uCvy�Lq��©s�xzxzqGuy�tqVs�«_uy�®j}"?G�Rxzq�¸ # ��Ê�7aË 6P� � � � � ��� 	 � � � �����R� ¸

� � ¸&�?¸��Ls��w�ys�{R~·s�u�s�{t« �L¸ �B¸��/?l}���vNs��j¸2 µ{Ã² �  Ïxz}�vy��~�vy�ts�v
t��{t«L��  ª�Ò ¸ # ��Ê�7aË 6P�
� � � � ����� 	 ��� �R� � � � �a¸

� � ¸ ª ¸$�R�N�t�����N�[¸ �ÄÌ�� 6 � 7	� ��Ë �?Ì 9!6 � ÇnÈ ��� � È��NÈtÊ�6PË$9�Ç 5 � Ç 3�� Ç\È���Ë � 8 7aÇ 9!6P¸��RrRuy��{t¬�qPuw¹ � qGuy�®s�¬R�
� qG� �e}�uy�j� � �À� �����Y� ¸

� � ¸ Ò ¸e�a�P�a�t��vyqPuV� �B¸ �t}�{avNs�{©sa� Ò ¸ ��¸e�|vNs�«L��qGuV�Is�{©«³�P¸%�»¸»Î�}�~ns��N�YqGuV¸ �Luy}�x8�wqVÐ|�tqG{t�lql�
vy}��w�ts�rjql��s�{©«*©s��P��[s��Vs��wq¾��vy�©«a�g��{Ä² �  B�wqG�l}�{t«ts�uw�*��vwuy�L�Gvy�LuyqG�l¸ : Ë�Ì � ! $'! �jÌ � !
�`Ì�È 9 ! � ! ��Ç·Ì��
! � � Ç !®� ����� � � � � 	 � � � � � � � � ¸

� �R¸ �C¸a &¸|�R�©s�rt��uy}�s�{t«�3_¸ 6 ¸ 6 �ts�{L¬L¸`��}�xzrts�uy��{t¬�x¾�t��vy��rt��q�² �  Ã�wql�l}�{©«Ls�uw�z��vwuy�L�Gvy�Luyql�
�L�w��{t¬Àvwuyqlq��l}�xzrts�uy���w}�{L�l¸ &IÌ � 3�7aÊ ! � 3,3 �
! ��Ç÷Ì"5 � Ç !®� � � � � � 	P� � � � � � � � ¸

� � ¸@�¾¸V &¸+�a}��L�R�Lr"s�{©«"²�¸V²&¸��euyqVs��YqGuV¸��I{L¬���{tqlqPuy�®{L¬�rLuyql�l���w��}�{&² �  ?xz}���ql�l�t�®s+u$������vy�P�Lql�l¸
: ËwÌ � ! # ��Ê �
! � � �,9 ! � � Ç !�� � � � � � � � � � � 	�� � � � � � ��� � ¸

� � ¸@�¾¸� &¸��R}��t�a�tr°s�{t«°²�¸�²�¸��euyqVs��YqGuV¸ � �L�l��ql���*s��l�®« xz}���ql�G�t�®s�u
������vy�P�Lql�l¸ @ Ë 6PÈ�9"5
��Ç÷Ì�Ê�6 �� ÈjÌ �
!®� � ��� � � � 	 � � � � � ��� � ¸

� � ¸@�¾¸L �¸L�R}��L�a�tr
s�{t«
²�¸a²&¸��IuyqVs��YqPuV¸» µ����}���vyqGuy����{a�t�G�®qG�®�"s��l�®«��Vs�vNs����R��vy�l¸'& 7aËNË7! � 3tÇnÈ !
�LÊ·Ë87 � Ê ! ��Ç÷Ì��
!®� �l� � � � � 	P� ��� � ������� ¸

� �a¸&�j¸c�RrL��ql¬�ql��x�s�{`¸� C{*s�rLrLuy}Ys��P�gvy}�vy�tq&qG´RrjqGuy��xzql{|vNs��Ts�{©s����L�w����}�~�rRuyql�lql�����t�®s�u"ql�Y}����R¹
vy��}�{`¸��9!"$ 6 É ! ��Ç·Ì83 � � 5�!®� � � �a� � 	 ��� �R� � � � � ¸



ª �tq&��}�{t{Lql�Gvy��}�{��eqGv���qlql{Ä�a�R{|vy�tqPvy�®��s�{t« � s+vy�LuNs��`² �  C� � �

� � ¸@�¾¸©�avy}�u ?�¸� µ{�qG´Rrts�{©«R��{t¬À�L{t���YqGuy�wq�}�~»{t}�{t�l}a«R�®{L¬z² �  µ�l¸ � � Ç 6PÈ � 6P� � � � � �V� ��� 	 �V� � �a�
������� ¸

��� ¸ � ¸ ª qPuyql�w�t�Y}R�"��¸[�R�|uy��rt�a��{`�js�{©«gpÀ¸��R¸ Ò s�vyql�·¸'�»{t�ls�rt�w�L�®s�vy��{t¬
��vwuyqlrLvy}�x¾�R�l��{�����vy�t��{
s¾�wx�s���� � � ¹ xzqGu�² �  �¸ & � 6 � ! ��Ç·Ì��
!®� �V� � � � � 	 � � �a� ����� �a¸

��� ¸��N¸ ª ��{t}|�l}R� ��uV¸Ls�{©«��µ¸C�e�t��vNs�x�s�{|vyq�¸$Îµ}+��² �   ~\}��®«L�l¸���! �ÄÌ��
! ��Ç÷Ì �
!®� � � � � � � � 	 � �R� �
� ��� � ¸

�|� ¸&�µ¸ ª �LqGuy�gs�{©«<�I¸���}��®«[¸_�|�R��vyqlx�s�vy���ÀqG�Y}����Lvy��}�{?}�~�����¬Ys�{t«L��|�gqG´Rrj}�{tql{|vy�®s��¤ql{Ruy���P�R¹
xzqG{av �P² �  �����¬Ys�{©«L�cvy}�©s��PvyqGuy��}�rt�ts�¬�q ª � p �  ?rj}����RxzqGuNs��wq�¸ � � Ç 6PÈ � 6P� � ��� � ����� 	 �|�V� �
� ��� � ¸

��� ¸&�j¸ ª ¸ ��s��®�®s��lq�s�{t« ²&¸C�a�P�Ruy}|qV«LqPuV¸ ��{��a��vwuy}°�wql��ql�Pvy�®}�{Bs�{©« �P�ts�uNs��GvyqGuy� ?Vs�vy��}�{B}�~
��vwuyqGrLvy}�x&�R�l��{L¹ t��{©«R��{t¬�² �  µ����²Cql�l}�¬�{L��vy��}�{B«L���w�Guy��xz��{©s+vy��}�{ÂjqPv���qGql{Âs�{|vy�®L��}�vy���l�l¸
$�# � � � � ���+� 	 �+� �R� � � � � ¸

� �R¸�p¾¸c�[¸ � �®���w}�{�s�{t« �L¸��B¸c�	?l}���vNs��[¸"��{*�a��vwuy}
�wql��ql�Gvy��}�{?}�~�~n�L{t�Gvy��}�{©s��¤{a�L�l��ql���Às��l�®«L�l¸
� ÈLÈ !"$ 6 É ! ��Ç·Ì �� 6 � !®� � � � �R��� 	 � � �|� � ��� � ¸

� � ¸ �Â¸ � ��{L�R��qGuV�� &¸ � s��a�R�·��s�{t«¾²�¸�²�¸G�IuyqVs��YqPuV¸ ª �t�®s�xz�®{Lq�«LqGuy����s�vy���Yql�»L�®{t«¾xzql�w�wqG{t¬�qPu
² �  C��«L��uyql�Pvy���
vy}Àuyql¬��t�®s�vyq�ts��GvyqPuy�Ás��TqG´RrRuyql�w�w��}�{`¸B# ��Ê�7aË 6P� � � � � � ��� 	 � ��� � �����Y� ¸

��� ¸ �Â¸[�µ¸ � �®{L�a�®qPuV�[�[¸j��}��Lql{L¹����©s��®s�xz���w�`�©s�{©«�²&¸t²&¸��euyqVs���qGuV¸� µ{�xz² �  ø��vwuy�L�Gvy�Luyq
vy�ts�v¾�l}�{|vwuy}��®�À¬�ql{Lq�qG´RrLuyqG�w�w�®}�{³a��t��{©«R��{t¬ �»� � ¸ : Ë�Ì � ! # ��Ê �
! � � ��9 ! � � Ç ! � � � �
� � � �+� � � � 	 �V� � � �R� �����Y� ¸

��� ¸&�?¸ 6 �t�YqPuV�apÀ¸RÎ¾¸L��s�vy�LqG���l�ts�{©«�pÀ¸RÎ¾¸ ª �Luy{tqPuV¸» µ��¬�}�uy��vy�txz��s�{©«zvy�tqGuyxz}a«a�L{ts�xz���l�
~\}�u�² �  B�wql�l}�{t«ts+uw����vwuy�t�Pvy�Luyq&rLuyqV«R�®�Pvy�®}�{ �[ BrRuNs��Gvy���Vs��¤¬��L�Á«Rq�¸µ��{ �L¸?��s�uy�l��� ?lqG���w�a�
s�{©« �µ¸ ��¸©�µ¸[���®s�uy�j�LqV«L��vy}�uy�l�"$�# � ��Ç÷Ì �� 6 � Ç 5NÊ·Ë � ��È 9 ��Ç÷Ì�Ê�6 �� ÈjÌ���Ì�� � � �   ª �B "�a��aqGuy��ql�l�Lr©s�¬�ql� ��� 	 � �a¸�3���qG��qGuµ C�Vs�«Rqlxz��� Ò �Lt�����w�tqGuy�l�tp"}�uN«auyql�N�avV� � �I� � � ��� ¸


