
� �������	��

��� ��������� 
�� ����� � �����	 "!#�� $� ������ %
����&�(')�*�	� � 
+�����
�,
��-�.������/0�	 $�1
2�3�4 %
&!5� 
��%��67���%���98:������6;�	�������

<>=@?BADCFE@GH<I=@?JAK?BLFC�MNC <>OQPR?SE7T�OVUWCF=
XZYQ[]\_^`YaXZYQbdce\fceg]cih�j`kKXZY]klj"mino^pci\fj�Yaq>hRrtsuYQj"vwj"x"y

z XZYuYujp{p^`cej"mt|}q>jp~5h�mtb��$X�q��#�#�
��su\fceh��Qh�v_[���j%^"[��

��^`Yux%^`vwj"mih��"�"�"���"�Q��X�����X��
bemi\���\w\f\fce�I� ^�r`� \fY

� �&XZY]klj`cihRrts���{%cR����ci[
�]��� � � bdc�n�^"\fYI�� @cisa�5vwj$rt¡,�

¢	j�mi^"no^`Yux%^`v_^u�
��^`YQx�^`vwj"mih��`�"���"£%�]�"X�����X��

begp¤�\fc¥��r¦vw\wY]k�� r�j"n

§:¨�©"ª]«u¬D­�ª
�¯®uvw^`cdklj�men3r�^"vfvwhR[
�°YQ±²j"v³klj"mobdgQ®u®Fj�mdci\fYQx�^`Yu´
^`vwy%ce\_r�^"v�^`®u®uvw\_r�^pci\fj�YQb�jp{�h�m�b�cimegFr¥cegQmi^"v�[u^pct^:j`k
v_^`mix"hW�u\fj�n�j"vwhRr¦gQvfh@b�\_bµ[]h@ber�me\w�Fh@[��¶q�suhWcehRmen
z �Q\fj�n·j�vfh@r¦guv_^`mVbdcemigQr¥cigumeh@|°sQ^�bK{N^"me\wj"gFb>r�j"YuYuj"ci^`´
ce\wj"YFbD^`YQ[·[]\f¸�hRmehRY�cDmih�®umihRbeh�Y%ct^pce\wj"YFb��I��YQ±�j�v]meh�´
[]gQr�hRb�cisuhRbeh�mehR®umeh@bdhRY%ci^pci\fj�YQb�\fY%cijax�mi^"®us�bdcemigQr¦´
cegQmeh@b��2¹³^"rts�j"k°cesQhRbehºx�mi^"®usQb·^`mih;cesQh�Y:b�cij"mihR[
^"b�j�Yuh�j"mon�j�meh�{"h@r¥cij"mtb»\wY�^µ[u^pct^`�Q^�bdh��:¼DhRr¥´
cej�mib7h�YQrR^`®Qbeguv_^pcih*b�cimegFr¥cegQmi^"v�klhR^`cegumihRb7j`k�cesQhRbeh
x"mt^`®QsQb���½%cemigQr¥cigumt^`v>¾%guhRme\whRb�vf\w¡"h·bd\wn�\fv_^`mi\fc�ya^"YQ[
begu�QbdcemigQr¥cigumeh°^"meh5cimi^"YQb�klj�men�h@[}\wY%cej�bd®F^pce\_^`vFr¦j"Yu´
bdcemigQr¥ctb�vw\f¡�h7[]\_b�ct^`YQr�h7^`YQ[µr�j"Y%ci^"\fYQn·hRY%c}~�\¿cisu\wY
mih�x"\wj"YFb��¶À�guh�miyÁmihRbeguv¿ctb&^`mihW�F^"behR[Áj�YÂ\wYuh�Ã%´
^"r¦c+no^pcirtsQhRbR� �Ämeh��QYuh�n�hRY�c+n�h@rtsQ^`Yu\_benÅ\wb
begu®u®�j"mecehR[
klj�m;\fYFr¦mihR^"be\wYux2^"rRr¦gumt^"r�yµj`k	cesuh*meh�´
beguv¿ctb��Æ��h@bd\wx"Y�^`YF[+\wn·®QvfhRn·hRY%ci^pci\fj�YÇ\_bibdguh@baj`k
�°YF±�j"v�\fYFr¦vwgQ[]\wYux
birtsuh�no^2bdcemigQr¦cegumih�^"YQ[:®FhRmd´
klj"mino^`YQr�h	meh@bdguvfcib�^"meh	[]\_ber�gQbibdh@[7\wYacesu\_b�®Q^"®FhRmR�
È�É%Ê�Ë}ÌFÍNÎKÏ�ÐÑ�5\fj�n�j"vwhRr¦gQvw^"mWbdcemigQr¥cigumihRbR��¼DhRr¥´
cej�me\wÒR^`ce\wj"Y�j"k»b�cimegFr¥cegQmeh���Ó��I���V�³�I^Ny�h�mihR[�bdci^"m
birtsuh�no^

Ô Õ�Ö ª]«u×�Ø�Ù�­�ªuÚd× Ö
�5\fj�n�j"vwhRr¦gQvfh@b}vw\f¡�hº®Qmej"ceh�\wYQb�^`mih7v_^`mix"hºn�j"vwhRr¦gQvw^"m�bdcemigQr¦´
cegQmeh@b�sQ^N{$\fYux
s$guYQ[]mihR[ubacijWcesuj�gQbe^"YQ[ubaj`k�^pcij"nobahR^"rtsI�
��^pci^"�Q^"behRbVj"k��Q\fj�n·j�vfh@r¦guv_^`m�bdcemigQr¦cegumihRbDsQj"v_[»{p^"vfgQ^"�uvwh�\fY]´
klj"mino^pci\fj�Y�klj�mI^"r¦ce\w{$\¿ci\fh@b�vf\w¡"h³[]megQx°[]hRbe\fx�Y��@guYQ[]hRmibdci^"YQ[]\wYux
j`k�n·h�ci^"�Fj�vf\_ra®umej]r�hRbibdh@b��Dh�cir`�
Û°jp~5h�{"hRmR��begQrts
\fY]klj�meno^`´
ce\wj"Y�\_b�Yuj`c°\wn�n�hR[]\_^pcih�vwy7mih�vwh�{p^`Y%c�klmej�nÜcesQh�[u^pct^uÝ]~�su\_rts
ÞIßdàZá5â¿ãäãäâfå¥æaç�å»èäåZé"ê}ëQâfçfì@å¥í@ç,îZßäß	ï¥ðfð�å¥à³é@ï¥àZç#åBî�çfìRâfã�á5ï¦ç_ßeàZâfï¦ð�â¿ã
ñ àSï¥æpç�ßäòVé`àSå¥óiâfò¦ßäò�çfì@ï¦çFçfì@ß�èäåZé"âfßeãKï¥àBß�æ`å¥çFá5ï¦ò�ß#å¥àDò¥âfãJç_àZâ_ô�í@ç�ßJòIî�å¥àò¥âfàSßäèdç#èäå¥á5á�ßdàSèeâfï¦ð>ï¦ò¥ótï¥æpç�ï ñ ßZõ�çfì@ß7ö%÷]øVùWèäåZé"ê¥àZâ ñ ìRç#æ`å¥ç_âwèJß�ï¦æ`òçfì@ß�ç_â¿ç_ð ß�åBî�çfì@ß�é`ípô�ð âfèäï¥ç_âwå¥æ�ï¥æ`ò�â¿ç_ã�ò�ï¥ç�ß�ïZé¦é@ßJï¦àJõ�ï¥æ`ò�æ`å¦çwâwèäß�â¿ã
ñ â¿ótßdæ�çfì@ï¥ç]èäåZé`ê¥âfæ ñ â¿ã�ô�ê�é@ßdàZá5â¿ãäãäâfå¦æ�åBî�ç¿ìNß�ö"ßdàZê>÷%ï¦à ñ ßIø#ï¥ç�ïKù>ï¥ãZßú�æ`ò¦å¥ëQá�ßeæpç�û�ü`å�èäåZé"ê�å¥çfì@ßeàZëQâfãZßZõ>å¥à5ç�å�àBßSé`ípôdð âfãSì�õ>àSßäýdí@â¿àBßdã5ïVî�ßJßï¥æ`òZþ�å¥à#ã_éRßäèeâfï¥ðpé@ßdàZá5â¿ãäãäâfå¦æ�îäàBå¥á�çfì@ßVú�æ`ò¦å¥ëFá5ßeæpçlû
ÿ����������
	���
������������������
����� �"! #%$&��
��'�����

�����(
#)���+*���
,(.-/����021�
43�(5�76�6�8

�umi\fYQx�b�\fY&^ºYuh�h@[²klj�m�^`YQ^"vfy%ce\_r�^"vK^"®u®uvw\wrR^pci\fj�YQb�jp{"h�m	begQrts
[u^`ci^`�F^"behRbR�
q�suhRmeh�^`mih�no^`Y$y h¦Ã]\_b�ci\fYQx ^"®u®uvw\wrR^pci\fj�YQbWcesQ^`c+®FhRmd´

klj"min bd®�hRr�\¿�Fr}^"r¥ci\f{$\fce\whRb�jp{"h�m�n·j�vfh@r¦guv_^`m�b�cimegQr¦cegumihRbR�:9uj�m
h¦Ãu^"n·®Qvfh��»cisuh0½ � Ó��<; �R�>= �?9V½Q½]�@; � = ^"YQ[ � �Dq�ÛA; ��=
[u^`ci^`�F^"behRb;no^"\fY%ci^"\fYÇb�cimegQr¦cegumih¦´ä�Q^�bdh@[Wr�vw^�bebe\f�Fr�^`ce\wj"YQb7j`k
®umij`cih�\wYÁn�j"vwhRr¦gQvfh@b�����su\wvfh
cesu\_b�~³j�guv_[��FhWgQbeh¦klguv·klj�m
bdcemigQr¥cigumi^"vDbd\wn�\fv_^`mi\¿c�y�behR^"mirtsuh@b���cisuh�mih»\_b	b�ci\fvwv�^ºYuh�h@[²klj�m
^�n�j"mih	x"h�YQh�mt^`v�B�CED>F G�H>I�JÂklj"m�begu®u®�j"mece\wYux�no^`Y$yº^"YQ^`vwy%ce\f´
r�^"vQ¾%guh�mi\whRbV\wY;^	guYu\fklj"minÁkS^"besu\wj"Y��V�°Y;^"YQ^`vwy%ce\_r�^"v]®umej]r�hRbib
no^Ny�meh@¾�gQ\fmih�j`cisuh�m�j"®�h�mt^pci\fj�YQb°vw\w¡"h»r�vfgFb�cih�mi\fYux7�Q^"behR[�j�Y
r¦j�n�n·j�Y�begu�QbdcemigQr¥cigumihRbR�F�FYQ[]\wYux�[]\¿¸,h�mih�Y%c	n}g]ct^pci\fj�YQb�j`k
^�b�cimegQr¦cegumih"�³h¦ctr`��\wY:^"[u[]\fce\wj"Y
cej&bdcemigQr¥cigumi^"v�bd\wn�\fv_^`mi\¿c�y
behR^`mtrtsuh@b��
q�suh�j��]¤�hRr¦ce\w{"h�j`kDj�gum°~5j"mi¡;\wb�cej7[]h@bd\wx"Y�begQrts�^;r¦j�n·´

®ug]ct^pci\fj�YQ^`vu®Qvw^`cdklj"min��"j�m�^`Y7Ó��I���&h�Yux�\fYuh�klj�mDn�j"vwhRr¦gQvw^"m
bdcemigQr¥cigumeh@b��Dq�su\_b�®uv_^pceklj"min \_b�YQ^`n�hR[���YQ±�j"vJ�
q�suh5[]hRbe\fx�Y}x�j�^`v_b�j"kF^°®Qvw^`cdklj"min�n�hR^"Y�c>klj"mDbegu®u®�j"mece\wYux

^`YF^`vwy$be\_b°\_b�[]\f¸,h�mih�Y%c�klmij"nÆcesF^pc	j`k#[u^`ci^`�F^"behRb�cisQ^pc	b�cij"mih
be®Fh@r¦\f�Fr7\wY]klj�meno^pci\fj�Y2vw\f¡�hºbe\fn�\wvw^"me\fc�y&n·h@^"begumihRbR����YQ^`vwy%´
be\wb}sQ^"b�cej�begu®u®�j"mec·behR^"mirtsQhRb�cesF^pc»vwj$j"¡�klj"m}cemih�YQ[ub»jp{"hRm
^�v_^`mix"hµ[u^`ci^"beh¦c@�K9uj"m�\fYFb�ct^`YQr�h"�}r�j"vwvfh@r¥ce\w{"hµ®Qmej�®FhRmdci\fh@b
vw\f¡�h��QYQ[]\wYuxar¦vwgQb�cih�mtb°j"k�n·j�vfh@r¦guvwhRb�be^`ce\_b�kly$\wYux7^omihR¾%gu\wmihR[
®umij"®�h�mec�y}\_b�n�j"mih�\wn·®�j"meci^"Y%c�cesQ^"Y��QYQ[]\wYux�®Qmeh@r¦\_bdh�bdcemigQr¦´
cegQmi^"v�[]\f¸�hRmehRYQr¦h@b;��h¦c�~5h�hRY0^µ®Q^"\fmºj`k�n�j"vwhRr�guvfh@b�� ½]gQrts
¾%guh�mi\whRbDsQ^N{�h�cej}�Fh�bdgu®Q®Fj�mdcihR[�\wY;^`Yo\wY�cih�mt^"r¦ce\w{"h�kS^"besu\wj"Y��
�°YF±�j"v5suh�YFr¦h7\wYQr�j"mi®Fj�mi^`cehRb}bdh@^`mtrtsuhRb��F^"behR[&j"YMLON�PRQ7D
S�F
bdcemigQr¥cigumehono^`cirtsu\wYuxQ�V�uguc}sQ^N{$\fYQx²^²r�^"®Q^`�u\wvw\¿c�y�j`k�\fY%cih�me´
^"r¦ce\w{"h·meh@bd®�j"YFbdh}ce\wn·h@b�^`YQ[*meh��QYuhRn·hRY%c	n�h@rtsQ^`Yu\_ben�b�klj�m
¾%guh�miy;mihRbeguvfcibR�
T USÌ�V2ÌXWBÉ�Y[Z.WSÉ$Ï]\4^KÎ`_baKÉ�UlÍ°ÍpÉ7cKÍNÉ$Ï@É�^d_b\�_�USÌ�^#Ð��&c�y$®]´

\_r�^`vFvw^"mex�h��u\wj"n�j"vwhRr�guvfh�vf\w¡"h°^�®Qmej"ceh�\wY��$r¦j�n·®Qme\_bdh@bDj`k�s$guY]´
[]mihR[ub7cej�cesuj�gQbi^`YQ[ubºj`k}^`cej�n�bR�Â±²j�bdcºj`k�cisuhRbeh&^pcej�nob
^`mih�s%y][]mij]r�^"me��j"YQb7~�\¿cis�r�^`mi��j"Y0^"YQ[0s$y][]mij"x�h�Y+j]r�r�gume´
mi\fYux7n·j%b�c�klmeh@¾%guh�Y%cevwy"��q�suh�mih}no^Ny�^`v_bdj7�Fh»j`cesQh�m	^pcej�nob
vw\f¡�h0Yu\fcemij"x�h�Y���beguv¿klgQm:^"YQ[Ü®usQj�be®usuj"migQb�klj"guYF[ \wY cesQh
n�j"vwhRr�guvfh@b��
��[p¤d^"r¦hRY%c�^`cej�n�b�\wY�^»n�j�vfh@r¦guvwh�^`mih	r�j"YuYQhRr¥cihR[º�$y7r¦j"´

{p^`vwh�Y%c���j"YQ[ubR�VXZY;^"[u[u\¿ci\fj�Y»cij�r¦jp{p^`vwh�Y%c���j"YQ[QbVcesuhRmeh�n�^Ny
��h z YQj"Y]´ä�Fj�YQ[]h@[u|�\fY%cih�mt^"r¥ci\fj�YQb���h¦c�~5h�hRY�^pcij"nob�cisQ^pcKn�^Ny



��h�kS^"m�^N~5^Ny:\wY0cisuhµr¦jp{p^`vwh�Y%cabdcemigQr¦cegumih&x"mt^`®us�� ��j"Y]´
��j"YQ[]h@[ \fY%cehRmi^�r¥ci\fj�YQbµ^`mih�meh@bd®�j"YFbd\w�uvwh
klj�mµklj"v_[]\wYux�cesQh
n�j"vwhRr�guvfha^`YQ[2x"\w{%\wYux²\fco^*rtsQ^"mi^�r¥cehRme\_bdce\_rfe"� b�cimegFr¥cegQmeh��
g�begQ^"vfvwy"�,cisuhfe"�ÜbdcemigQr¥cigumeh·\_b z me\wx"\_[u|7\fY�cesuhobeh�YQbeh»cesQ^`c
\wY�cih�mt^pcij"n�\wra[]\_b�ct^`YQr�hRb»�Fh�c�~³hRh�Y:^`Y$y&c�~5j�^pcij"nob·\fY
cesQh
n�j"vwhRr�guvfhº\wb»cisuhabi^`n�h;mih�x%^`mt[]vwhRbib�j`k�cisuhaj"mi\fhRY�ct^pci\fj�Yµj`k
cesQh�n·j�vfh@r¦guvwh"�
�5\fj�n�j"vwhRr¦gQvw^"m}b�cimegFr¥cegQmeh@b»^"meh7[uhRbir¦mi\f��hR[µgFbd\wYux*no^"Y%y

[]\f¸�hRmehRY%c	rtsQ^"mi^�r¥cih�mi\fÒ@^pce\wj"YFb��h9uj"m�h¦Ãu^"n·®Qvfh���®Qmej"ceh�\wYQb�^`mih
[]h@ber�me\w�Fh@[o^"b³^�bdh@¾%guh�YQr�h°j`kI^"n�\fYuj»^"r¦\_[ub)iSr�^"vfvwhR[·cisuh:BdI�LOj
JfD>I�k»bdcemigQr¦cegumih�l¦�,^�b�^ºno^`®�j`k³bdcemigQr¥cigumt^`vKh�vwh�n�h�Y%cib�vw\f¡�h
m ´JsuhRvf\_r¦h@bI^"YQ[hn�´äbesuhRh¦ciboiSrR^`vwvfh@[�cisuh:p+P�S�H>N�q
D>I�k�bdcemigQr¥cigumih�l¥�^"b�^�beh¦c�j`kVb�cimegQr¦cegumt^`v,n�j`ci\¿kSb5klj�men�h@[7�$y;r¦j�YuYuh@r¥ce\wYux·cesQh
bdcemigQr¥cigumi^"vDh�vwh�n�h�Y%ctbfiSr�^"vfvwhR[�cisuh`FrP+I�FsL'D>I�k�b�cimegQr¦cegumih�l¦�Ij�m
^"b�^obdh�c�j`kte"�Âr¦j$j"mt[]\wYQ^pcihRb�\_[]h�Y%ce\fkly$\fYQxocesuh}®Fj%bd\fce\wj"YQb°j`k
\fcib°^`cej"nob�iBr�^`vwvwhR[7cesuh2u+v�D>FwP�I�NdD>I�k	b�cimegFr¥cegQmehxl¥�
�°YF±�j"v�r�j"Y${"hRmdctb·hR^"rts:j"k�cisuhRbeh²[]\f¸�hRmehRY�c7rtsF^`mt^"r¥cih�me´

\wÒR^pci\fj�YQb»\fY%cej�j"YQh7j"m·n�j"mih7v_^`��h�vwhR[�guYQ[]\wmeh@r¥cihR[µx�mi^"®usQbR�
q�suh;x�mi^"®usQb�^"mehox�h�YuhRmi^`ceh@[�begQrts&cisQ^pc�cisuh�y&^`mih z bdcemigQr¦´
cegQmeh�[]j�n·\wYQ^`cehR[Q|y; � � = ��q�su\_b�n�hR^"YQb5cesQ^`c�cesuh�Y$gun»�FhRm�j`k
v_^`��h�v_b�^"meh»n}gQrts&ben�^"vfvwh�m�cesF^`Y�cesuh·Y$gun}��h�m	j`k5Yuj][]hRb�\wY
cesQh5x�mi^"®us��I��vwbejQ�Ncisuh�Y$gun}��h�mVj`kFhR[]x�hRbV^`mih#n»gQrts»beno^`vwvfhRm
cesF^`Y{z]i|z�} � l�~ � �p~�suh�mih:za\wbVcisuh°Y$gun»�FhRm�j`k,Yuj][]hRbR�Vq�su\wb
n�hR^"YQb5cesQ^`c�cesuhRmeh	\_b°^·vw^"mex�h�[u\f{�h�mtbd\fc�yo\fYacisuh�r¦j�YuYuhRr¦ce\w{%´
\fc�y·bdcemigQr¥cigumih°j`k,cesQh�x"mt^`®QsQbD^`YQ[7^�bdno^`vwvF[u\f{�h�mtbd\fc�y}\wYocesQh
v_^`��h�v_b��
Ó�YQr�h»cisuhox"mt^`®QsQb	^`mih»j��]ci^"\fYuh@[��>��YQ±�j�vVcesuhRY�gFbdh@b�^

r¦j�YQr¦hR®]c·rR^`vwvfh@[ z {�hRr¦cej"mi\wÒR^pci\fj�Y&j`k�bdcemigQr¥cigumeh@|�cij*h�YFr�^`®u´
beguvw^`ceh;bdcemigQr¥cigumt^`vVklhR^`cegumihRb�j`k5cesuh@bdhox�mi^"®usQb�\fY%cij�j"Yuhoj�m
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Covalent bond
on the backbone

Other covalent bond

Carboxyl
Carbon

(a)

N:CA:b        =>  1
CA:CP:b     =>   1
CP:O:o        =>    1
CA:H:o       =>    1
CA:C:o       =>    1
C:H:o          =>     3
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CHo   =>   3
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NCAb COo
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