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8 ^9�Z^�RGPSIpPS`¯FfH���PS`���^�R5gWRGUWTSe"^6:O^�R_F5F;�W^�HJR=<WR_H��iPSR>	�P?��FfHKLZ`@�/	
��L��SPkIJ^�`¯FGIA	B�WHK`WgWHK`WT�FfL�F;�W^C�iHK`WLZR1TZR_LpL��S^
L�DFEHG]E%XWLSRGHJTSHJ`BPkFGHJ`WT�P1��PSe���PSgW^:L�D5^I�S^�`¯Ffe�F��BPkF�IK^�PSgAFGLJ��^�IJIÂgW^�PkF��LKNM!OQP�RðNTSU�W^�e_^:gWRGUWTSe�PSRG^se>�APkIJI
LZR_T¯PS`WHA�V�\LZIK^���UOIJ^�e�X,WX�WH��&�Y�WHJ`WgZ<WR_^ID ^�R_^�`¯FfHJPSIJI[	¦FfL�TZUBPS`OHJ`W^�e?PS`Og¥X�FGL%P\�iHK`WLZR ^6:pFG^�`¯F�X�FfL%PSgW^�`OHJ`W^�e
K^]pXB_�RðNa`�`æe�<OHKFf^èL�D�F;�O^�HJR�IKL�Wb�\LZIJ^I��UWIJPSRYW
^�HJT��dF�X|F;�O^�eG^ugWR_UWTZe�PSRG^dcdUWH°Ff^èeG^Ic�UO^�`���^9��e_^�IK^���FGHA�S^SX
RG^I��LZTS`WH�e�HJ`WTZ��L�gW^�e

3 ÷ 7
�BPSeG^
<BPSHKRGe1fg��<We;h]IKLZ`WT�KjiOXlk�O�mnR�NoE|RGUOTp�WHJ`OgWHJ`WT\HJeo�Â^�IJHK^I�Z^�g�FGLp<WRGLQ��^�^�g

�/	pD LZR>�APkFGHJLZ`AL�D P4`WLZ`Q�"��L��kPSIK^�`¯FX��L,�Z<WIK^9:LK 7�q Rsr

DNA + drug
KB


 (DNA • drug)noncov

D LZIKIJL�W?^�gt�*	�Pu��L��SPkIJ^�`¯F]IJHK`�vcPSTZ^?r

(DNA • drug)noncov
kr→ (DNA − drug)cov

SU�W^p�\LZIK^���UOIÎPSR�RG^I��LZTZ`OHKFfHKLZ`w<WRGLQ��^�eGe4HJe�eGU�<x<ÂLZe_^�gçFfL��Â^igWRGH[�Z^�`y�/	zf}`WLZ`Q��e�<�^���HA{|�!h�`WLS`��"��LZ`WgW^�g
HJ`¯FG^�RfP?��FfHKLZ`We�PS`Og¶e_^�cdUW^�`x��^9�£e�<�^���HA{|�ie_FfR_U���FGUWRfPkI}D ^�PkFGUWRG^�epf~�iHK`WLZR|TSRGL�Ln�S^�W�HJgOF��²PS`Og¶gW^I<OF;��X"Pk`Wg
HJ`x�W^�R_^�`¯FAe_^�cdUW^�`���^��B^9:pH��OHJIJH°F"	xh2X�RfPkF��W^�R4F��BPS`��/	Õe><Â^I��HA{��
�U�"��LZ`Wg�<BPkF_Ff^�R_`We
KN]�RðN��$L�W?^9�Z^�R�X�F;�O^
�\LZIJ^I��UWIJPSR¥gW^2F¢PSHKIJe1L�D�F;�WHKe=<WRGLQ��^�eGe"PSRG^�`WLSF=	S^�FFD UWIJI[	|UW`OgW^�R_e_FfL�L�g¥XSgWUO^
PkIJeGL�FGL]F��W^��iL�gW^�eÞF"P��kPSHKIÎP��OIJ^
^9:�<�^�R_H��\^�`¯F¢PSI�HJ`xD LZR>�APcFfHJLS`;LZ`t�iHK`WLZR�TSRGL�Ln�S^@�WHJ`WgO^�RGe\K^]nRðN
E|`¯F��WRfP��
	���HJ`zK 7 RBf�l��BPSRÞFJ`�h�HKe%LZ`O^;L�D�F;�O^Y�Z^�R>	wD ^IW LZRGTZPS`WH����iHK`WLZR�TZR_LpL��Z^Y�WHJ`WgO^�RGe
D LZR
WX�WHA�&�
F;�O^@�V��RGP�	;e_FfR_U���FGUWRG^�L�D"F;�W^@��L��kPSIK^�`¯FV��L,�Z<WIJ^6:pW�H°F;�
EHG$E HJe]P!�kPSHJIJP��WIK^JK 7 X 7,7 O 7 _�RðN�SU�WHKe�`BPkFfUORfPSI
PS`¯FfHA�WHJLkFfH��@��^�IKLZ`WTZe]FfL;F;�O^1D}P��\HJIA	;L�D�</	pR_RGLZI�K 7 X^P�RA��^�`�e�LpgWHJP�e�^I<WHJ`O^�e�f~�1���d� e&hmXl�I	dFGLSFfL!:pHJ`WeuK 7 kdX 7�� R
D ^�PcFfUWR_HJ`WTiPZ<�L�W?^�R>D UWI"PS`¯FfH°FfU��\LZRGPSI1P��2FfHA��H°F"	LK 7 mnOxM 7 R�N�E$IJI��
���d� e�e��WPSRG^%PZ��LZ`WgW^�`WeG^�g�F;�WR_^�^�RGHJ`OT
�\LZHJ^2F"	yD ^�PkFGUWRGHK`WTçP²R_HJT,�¯F>���BPS`WgO^�gÏF"W�HKe_F���^�F"W
^�^�` F;�W^�<x�W^�`WLSIsPS`Wg�<*	�R_RGLZI$RGHJ`OTZe�f RG^�e�<�^���FGHA�S^�IA	
E÷PS`Wg¹l HK`¹l��WPSR_FZ`�h2X}WX�OH��&�ïPkIJIJL�W�e¦F��W^��&FGL¶e_`dUWTZIA	�{WF\HJ`¯FfL�F;�O^��\HJ`OLZR¦TZR_LpL��Z^0L�D��C�$E�G$E%N
SU�W^9	
��L��SPkIJ^�`¯FGIA	��WHK`Wg�FGL\F��W^�^9:pL��9	Q��IJHA�%P?�iHK`WL4TZRGLSU�<jL�D
TZUBPS`OHJ`W^:F;�ORGLZUWT���F;�O^
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e��OLnW�HK`WTsPV�iL�gW^�e_F5eG^Ic�UO^�`���^�eG^�IJ^��2FfH[�pH°F"	BD LZR�TZUBPS`OHJ`W^�e"^I�J�Â^�gWgW^�g¦HJ`�Y U�������Y U�eG^�cdUW^�`���^�eVf}`BP?�i^�IA	
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����]��?D LZR�PS`¯F;�WRGP��1	Q��HK`�hBK 7 X�kpX � X 7!q X�M,MdX�M�i�RðN

E|I°F;�WLSUWT,����PSRGgOHJLSFGL�:pHA�YK 7 mOXlM?P�RðX¥PS`¯F��WRfP��
	���HJ`�HJe|IJPSRGTS^�IA	;UWeG^�gèPSe|Ff^I��<OIÎPkFG^�HK`�gWR_UWT;gW^�eGHJTS`¥X�Pk`Wg
RG^I��^�`dFGIA	uP�`dU��J��^�R�L�D
HKFfe:gO^�RGH[�kPkFfH[�Z^�eZK^M,]�OxM?m�R��BP!�Z^\e��OLnW�`¶H��Z<WRGL��S^�g¶PS`¯FfHKFGU��\LZRfPSI
P���FGHA��HKF"	yf}HK`
<BPSRÞFfHA��UWIJPSR 8�� ��� 7 i�_�Kji q X�i 7 R�HKeu��UWR_RG^�`¯FGIA	çHK`¹YT�BPSe_^
`
��IKHJ`WHA��PSIQFfRGHJPSIJe4HK`��ÂLSF����o�+PS`Wg�� 8 EBh2N
�
���L� eB�BP!�Z^iPSIKeGL���^�HJ`OT0UOeG^�g²PSeB��L���<�LZ`W^�`dFGe�L�D�P�TZ^�`W^4F¢PSR_TZ^�FGHJ`WT�eÞFfRGPkFf^�T�	�K^i�XFi/M�R�PSHA�iHK`WT�PkF
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gW^�eGHJTS`WHJ`WT��iLZIK^���UWIJ^�e%P��OIJ^iFGL�e�<WPS`��iLZR_^iF��BPS` 7 M���<We4L�DVEHG]E%X"HJ`�LZR_gW^�R�FfLjFfPSRGTZ^2F4P�e><Â^I��HA{��
��Pk`���^�R���R_^�IJPkFf^�g�TZ^�`W^kNTSU�dUWe�X�PS`¯F��WRfP��
	���HJ`;HKe�PJ<WR_LSFfLkF"	�<�^sL�D=�\HJ`OLZR
TSRGL�Ln�S^H�WHK`WgW^�R_e�HJgO^�PSI�FfL¦^�IJU��
��HKgBPkFG^o��LSF;�iF;�W^VD}P���FGLZRGe
P?�Â^���FGHJ`WT
�iLSIJ^���UWIÎPkR RG^���LZTZ`WH°FfHKLZ`APk`Wgp�WHK`WgWHJ`OTWN h�LSRG^�L��S^�R�XWPS`¯F;�WRGP��1	Q��HK`
RG^I<WRG^�eG^�`dFGe%PiTZLpL�g���PS`WgWHKgBPkFf^
D LZR�h�EV���BPSe_^�gèe_FGUWgWHJ^�e�r]F;�W^J�S^�R>	�efP��\^J�&�W^I�iHA��PSI5HJgW^�`¯FfHKF"	�L�D�F;�O^
gWR_UWT;HJ`�F;�W^\�o��RGP!	ZX
��vu³®���}�¢�APS`Og���v¶³®��³S�APSgOgWU���FGe�K 7 Xli�i?R�XÂ^�`We_UWRG^�esF;�W^�RG^�IJ^I�kPS`x��^¦L�D
F;�W^¦R_^�e_UWIKFGe
L,�OFfPSHJ`O^�g�D RGL,��PkFfL��iHKe_FfHA�|e_H��¦UWIJPkFfHKLZ`We�N
�$^�RG^�W
^�UWe_^
�\LZIK^���UOIÎPSR�eGH��%UWIÎPkFGHJLZ`¶FfL�LZIJe%FGLèHJ`/�Z^�e_FfHKT¯PkFG^�F��W^t�WHJ`OgWHJ`WT�L?DsPS`¯F��WRfP��
	���HJ`ÕFfL�F;�O^
EHG]E%N�l?IJPSeGe_H���PSIsh
E+eGH��%UWIÎPkFGHJLZ`Oe�PSRG^
��PSR_RGHJ^�gïLZUOFALZ`¹F"W
Lç`WLZ`�����L��kPSIJ^�`¯Fp��L���<WIK^9:p^�e��Â^2F"W?^�^�`
P 7 Mn���i^�R%LZIKHJTZLS`�Ux��IJ^�LSFfHKgW^\PS`Wg�F��W^��/	pgORGL!:Q	�fs�� 
¡Jh%PS`OgÕPS`��/	�gWRGL�fg¢I£¤¢!h@D LZR��\e%L�D�F��W^;gWR_UWT
f�l��WPSR_F�`�h\HJ` P�cdUW^�LZUWe�e_LZIJUOFGHJLZ`�X�PSIJLS`WT¥W�H°F;�ïF;�O^���L��kPSIJ^�`¯F���L,�Z<WIK^9:ÂN¦SU�W^�LZRG^2FfH���PSI|eÞFfUWgOHJ^�eALZ`
Y��§EV�£LZIJHKTZLZ`dU���IK^�LSFGHJgW^$PSgWgOU���FGeU�BP!�Z^@�Â^�^�`t<�^�R>D LSR��\^�gdK^M?PWXxi�P�O�i,_nR�X�W�HKF;�OLZUOF�HK`���IKUWeGHKLZ`AL�D5^6:x<OIJH���HKF
W?PkFf^�RGe�Pk`WgY��LZUW`¯Ff^�RGHJLS`We�N��]LnW
^I�S^�R�XWPS`AP�����UWRfPkFG^$F��W^�LZR_^�FGH���PkIWFfRG^�PkF;�\^�`¯F
L�D¥e_LZIA�S^�`¯F�^9��^I��FGe�XWPkIJLZ`WT
W�HKF���IJLZ`WT���RfPk`WTZ^sHK`dFG^�RGP���FGHJLZ`We�XWHJe�`O^���^�eGeGPSR>	�D LZRU<ORGL,<�^�R$h�E¨�iL�gW^�IJHJ`OT¦L�D"`�Ux��IJ^�H���P���HJgWe\f eG^�^YKji/knR
PS`Wg�R_^ID ^�RG^�`x��^�e�F;�O^�RG^�HJ`�hmN
`�`�F��W^4`WLZ`Q�"��L��kPSIK^�`¯FB��L���<WIK^9:p^�esF��W^¦gWR_UWT0PSRG^%HJ`WH°FfHÎPkIJIA	Y<ÂLSeGHKFGHJLZ`O^�g�HK`
D RGLS`dF
L�DÂF;�W^$RG^�P?��FfH[�Z^]TZUBPS`OHJ`W^kN�©sUWR�RG^�e_UWIKFGe?e>�WL�W F;�BPkF�F��W^��WHK`WgWHK`WT�L�D¥F;�O^$gWR_UWT%gOLp^�e
`WLkF?HK`WgWU���^
EHG]Ez�Â^�`WgWHJ`OTWN}©s`WI[	1��L��SPkIJ^�`¯FT��LZ`WgOHJ`WTH��PSUWe_^�e eGHKTZ`WH[{|��PS`¯F
gWHJeÞFfLZRÞFfHJLS`We
HK`J�ÂLkF;�¦F;�O^�gWRGUOT�PS`Wg¦F;�O^
LZIKHJTZLZ`dU���IJ^�LSFfHKgW^ufðPcFsP\IJLQ��PSI¥IK^I�S^�IªhmN§«¬�WHJIK^@�*	�gWR_L!:�	/��PS`¯F;�WRGP��1	Q��HK`�e_FfP�	�esHK`�D R_LZ`¯F|L?D
F;�O^%RG^�P���FGHA�S^
eGH°Ff^1D LSR$F;�O^1WX�WLZIK^¦eGHA�¦UWIÎPcFfHJLS`¥X�PS`��/	�gWRGL?��PS`¯F;�WRGP��1	Q��HK`�eGIKHJgW^�e|HJ`OeGHJgO^%F;�W^1�iHK`WLZR]TZRGL�L��Z^%FGLnW?PSR_gWe
PS`WLkF;�W^�R;eGH°Ff^SN­SU�WHJeiHJeY��LZ`We_HJe_FG^�`¯F�W�HKF�� P²eÞF¢P��WHKIJHAe�PkFGHJLZ`ÕL�D:F��W^�`WLZ`Q�"��L��kPSIK^�`¯F�PSgOgWU���FGe��APkHJ`WI[	
gWUW^sFGL��/	pgORGL,<��OL,�WH��:HK`¯Ff^�RGP���FGHJLZ`Oe�N}`�`0PSgWgOHKFfHKLZ`¥X*�/	Q�WRGHKg���h��Sh�h+eGH��%UWIÎPkFGHJLZ`Oe
e_UWTZTZ^�e_F�F;�WPkF�F;�O^
<�LZIÎPSR_H�e�PkFfHKLZ`A^9��^I��Ffe]L�D5F;�W^\EHG]E¨�AP!	p<OIÎP!	�PS`�H��Z<�LZR_FfPS`¯FU��PkFfPSIA	dFGH��sR_LZIJ^:HK`;F;�W^�PSIAv*	�IJPkFfHKLZ`¥N

® =;�¥����� � 	���' ¯ ���53��\'��

°w± ½�ºpºQ²�¾�½ ±u³µ´ º�²�¶¤· ± ½<»�²$¸C¹$º

SU�W^���PSI���UWIÎPkFGHJLZ`Oe
W
^�RG^t�BPkeG^�gÕLZ`�F��W^p�o�£RfP!	�eÞFfR_U���FGUWRG^�L�D�F;�O^�PS`¯F;�WRGP��1	Q��HK`y��L��kPSIJ^�`dFGIA	¶IJHK`�vS^�g
FfLÏF;�W^çLZIKHJTZLS`�Ux��IJ^�LSFfHKgW^èg=f�l�l?E$E]lU�@SUSV�%b?�\hÞg=fðl�l?E|E]lU�BSUSV�¦b��
hºK 7 Rtfg�� �¡B»&�t ��thmNXSU�W^
�/	�gWRGL!:Q	/��PS`¯F;�ORfP��1	Q��HJ`

•
E�G$E¼fg�� �¡

•
�t 
�thsPS`Wg�Pk`��/	pgORGL?��PS`¯F;�WRGP��1	Q��HK`

•
EHG]E½fg¢I£¤¢

•
�t 
�th

`WLZ`Q�"��L��kPSIK^�`¯F§��L,��<OIJ^9:p^�e§�BP!�Z^B��^�^�`�L,�OF¢PkHJ`W^�gp�/	¾r��N¿B��UOF_FfHJ`OT%F;�W^o�ÂLS`Wg��Â^2F"W?^�^�`�F;�O^
C11

L�D1F��W^
gWR_UWT�PS`Wg4F;�W^

N2
L�DÂgW^�L!:Q	�TZUBPS`WHK`W^SX�PS`OgZ�iPS`dUBPSIKIA	\<WUWIKIJHK`WT|LZUpF F;�W^�gWR_UWT�UW`¯FfHKIWgWHJeÞF¢PS`x��^

N2
�
C11W?PSe

∼ 3.5 À\Á ���N¿¦PkgWgWHJ`OT�F��W^ OH
TZRGLSU�<�LS`

C11
HJ`�F��W^
��PSeG^�L�DX�� 
¡

•
�t 
��XWLZR�RG^I�iL���HJ`OTiPk`

i



H
PkFGL,�½D RGL,�

N10
HJ`�F��W^p��PkeG^�L�D1¢�£¤¢

•
�� 
� f}e_^�^0l��BPSRÞF�`�h Á �����N¿�L,<OFGH��\H�e�HK`WTu��vÏ³ct�ª2�B�jF��W^

TZ^�L,�i^2FfR_HJ^�e L?D�F;�O^]gORGUWTZe
PkF F��W^���i,Â*Ã:Y}�"_��$i 7 �¦b@K^i � X�i�m?R�IJ^9�Z^�IBL?DÄ��PkI���UOIÎPkFGHJLZ`WeÅW�HKF;�4F��W^o<ORGLZTZRGP��
�:EX� 8�8 `�E�GÆKÇP q R�NZSFW
LjlU�È�BPSeG^Z<BPSHKRufg�x<�hBW
^�R_^APkgWgW^�g¶PkF�^�P?�&�¶^�`Wg²L�DQF;�O^iLZIKHJTZLS`�Ux��IJ^�LSFfHKgW^�e�X
HJ`jLZRGgW^�R|FfL�eÞF¢P��OHJIJHAe�^�HKFfe]Ff^�R��\HJ`BPSIF<BPSRÞFfe�N\SU�O^JD LZIJIKLnW�HK`WT\RG^ID ^�RG^�`���^�e>	�eÞFf^��\eHW
^�RG^\PSIKeGLp�OUWHJI°F!r��N¿
P 7 Mn���i^�R¦LZIJHKTZLZ`dU���IJ^�LkFfHJgO^iHK`ÕF��W^t�C�"EHG$EÉ��LS`xD LZR��iPkFGHJLZ`�W�H°F;�çe_^�cdUW^�`x��^d��l�l?E|E]lU�BSUSV�\��l
fs�t 
�th2X�WX�OH��&���BPSeU��^�^�`���LS`We_FGRGU��2Ff^�g�W�HKF��;F;�W^�vB�Bª����2v��iL�gWUWIK^|L�D5F;�O^:E:h��§Ê�[¦<BP?�&vkPkTZ^ZKjP 7 R Á
���N¿
�/	pgORGL!:Q	*��PS`¯F;�WRGP��1	Q��HK`yfg�� �¡Jh
PS`Wg�PS`��/	�gWRGL?��PS`¯F;�WRGP��1	Q��HK`¥fg¢I£¨¢�h?HJ`�W?PkFf^�R�N
�� �¡B»&�t 
��X��� 
¡

•
�t ���XX¢I£¤¢

•
�t �� Pk`Wg¨�t �� W
^�RG^ç`O^�UOFGRfPSIKH�e�^�g PSgWgWHK`WT¬M,M¹e_LpgOHJU��

��LSUW`¯Ff^�R$��HKLZ`We�X�PS`Wg�HA���\^�R_eG^�gjHJ`
�ÂL!:p^�e|L�D
58 × 72 × 58 À 3 X

60 × 62 × 66 À 3 X
64 × 59 × 66 À 3 X

56 × 55 × 56 À 3 ��LZ`¯F¢PSHK`WHJ`WT\P���LZUOFV_ q,q,q X�k�k q,q X ��q,q,q X�],] q,q W�PkFG^�RX�\LZIJ^I��UWIK^�e�RG^�e�<�^��2FfHA�S^�I[	ZNCSU�W^
RG^�eGUWI°FfHK`WT4e>	�e_FG^��\eo��LZ`¯F¢PSHK`W^�g

∼
7��,�,q�q X

∼
M�i,m q,q X

∼
M?P �,q,q X

∼
7 k�i q,q PkFGL,�ie?RG^�e><Â^I��FGHA�Z^�IA	SN

G$^�UOFfRGPSI��iLSIJ^���UWIJ^�e��� �¡ PS`Wg�¢�£¤¢§W
^�R_^|eGLSIA�kPkFf^�gZW�H°F;� 7 m q,q PS`WgpM�m q,q W?PkFf^�R��\LZIJ^I��UWIK^�eTW�HKF��WHJ`
��L�:p^�e$L�D

45 × 36 × 35 À 3 Pk`Wg
47 × 47 × 46 À 3 f

∼
],k q,q PS`Wg

∼
m q�q,q PkFfL,�\e�R_^�e�<�^��2FfH[�Z^�I[	xh2N

SU�W^$E:h��§Ê�[¬<BPSR>�Ym,mZKÇP*MpXQP/i?RðX�SU`�Y�iZY¬KÇP,P�RÂPS`Wg;E|P�c/��HJe_F�KÇP*]�R�D LZR���^V{B^�IJg�<BPSRfP?�i^2Ff^�R_e�W
^�R_^|UWe_^�g
D LZR�F;�O^�LZIKHJTZLS`�Ux��IJ^�LSFfHKgW^SX�F;�W^@W?PkFf^�R|PS`Og�F;�O^�e_LpgWHKU��Ë��LZUW`¯Ff^�R|HJLS`We�RG^�e><Â^I��FGHA�Z^�IA	SN§SU�W^%eÞFfR_U���FGUWRfPSI
<BPSRGP��\^�Ff^�RGe4L�D]F;�O^0gORGUWTZe�W
^�R_^�FfP�vS^�`�D R_L,�&F��W^�T¯P?�¨KÇP/_?R�gBPkF¢P?�BPSeG^kX
LSR���LZ`WeÞFfR_U���FG^�g�W�H°F;�çF;�O^
«OtS�m¬AªGtS�1�\LpgOUWIJ^�L�D�F;�O^¶Esh��§Ê�[½<BP��&vcPSTZ^�KjP 7 R�fgS"P�� 8 N 7 hmX�WX�WHKIJ^u[oÊ 8 Y½KÇP*k�R
�&�WPSRGTZ^�e�W
^�R_^
L,�OFfPSHJ`O^�g�UWe_HJ`WT�F;�W^��f�¢©�«ÏUOFGHJIJH°F"	èL�D�E:h
�§Ê�[�X
P?D�Ff^�R1�\HJ`WHA�iHAe�PkFGHJLZ`�L?D�F;�W^;^�IJ^I��FfR_LZ`WHA�Ae_FGRGU��2FfUWR_^
W�HKF��
��EX� 8�8 `�EHGÌKÇP q RðN
Y"^�RGHKLpgWHA���ÂLZUO`WgBPSR�	
��LZ`WgWH°FfHKLZ`We�W?^�RG^�P?<�<WIJHK^�g¥XkPS`Wg�F;�W^
^�IK^���FGRGLZeÞF¢PkFGH���HJ`¯FG^�RfP?��FfHKLZ`We=W?^�RG^���PSIA��UWIJPkFf^�g
W�HKF��uF��W^Z<BPSR_FGH���IJ^9���i^�e��LÊ}W?PSIJg¥�i^2F;�WL�g�fðYQh�ÊCh�KÇP � RðX5UWeGHK`WTjP

12 À ��UpFfL��"X
Pke@D LSR�F��W^u�SPk`¶gW^�R
«²PZPSIJe1HK`¯Ff^�RGP���FGHJLZ`Oe�N=SU�W^C�iHK`WH��¦Ux� gWHKe_FfPS`���^���^�F"W
^�^�`%F;�W^�e_LZIJUOFG^QPS`Wg�HKFGe5HA�APkTZ^�elW?PSe

24 À N}G|YTS
eGHA�¦UWIJPkFfHKLZ`We]PkF

310K
Pk`Wg

1 atm
W?^�RG^�<�^�R�D LZR��\^�g�UOeGHJ`OTAF;�W^1G$LZe>Í9�"�$L�Ln�S^�R�KÇP/mOXÄ] q R5F;�W^�R��\LZe_FfPkF

PS`Wg;F��W^�Y
PkRGRGHK`W^�IKIJL?��[$P?���APk`
K^] 7 Rl<WRG^�eGe_UWRG^6�"��LSU�<WIJHK`WT4e��&�O^��\^SN�EæFfHA�i^$e_FG^�<�L�D
1.5 fs

W?PSe�eG^2FUD LZR
PSIKI�F��W^se_H��¦UWIJPkFfHKLZ`We�N��U�"��LZ`WgAIK^�`WTkF;�WeCW?^�RG^B��LS`We_FGRfPSHK`W^�g;UOeGHJ`OT%F;�W^$IJHK`���e?PSIJTZLSRGHKF����ËK^],M�RðXWPk`WgAF;�O^
FfRGPS`We_IÎPkFGHJLZ`BPkI�PS`Og0R_LSF¢PcFfHJLS`BPSI��iLSFGHJLZ`Oe?L�D�F;�O^B��^�`¯FG^�R]L�DF�APSe_e�L�D�F;�W^:e_LZIJUpFf^HW
^�RG^�R_^��\Ln�S^�g0^I�S^�R>	
M,]\h�E eÞFf^I<We�N�«¶^\<Â^�R>D LZR>�i^�gjP�eGHA�¦UWIÎPcFfHJLS`;L�D

21 ns
D LSRo�� 
¡@»;�t ���X

19 ns
D LZRX�� 
¡

•
�t ��

PS`Wg
¢�£¤¢
•
�t ���X

21 ns
D LZR�F��W^�R_^ID ^�RG^�`x��^%LSIJHJTSLZ`dU���IK^�LSFGHJgW^B�t 
��XBPS`Wg

6 ns
X
10 ns

RG^�e�<�^���FGHA�S^�IA	
D LZRX�� 
¡ PS`Wgt¢�£¤¢cXBUWeGHK`WT4F;�W^
��[U©�h�E]l 8 <BP��&vcPSTZ^ZK^]�iOX�]?P?R�N
EoD�FG^�R:eÞFfRGUx��FfUORfPSI L,<pFfH��\H�e�PkFfHKLZ`yfs] q,q PS`OgºM?P/] q,q e_FG^�<We�L�DQe_FG^�^I<Â^�e_F�gW^�e>��^�`¯F¦PS`WgL��LZ`nÎ_UWT¯PkFG^4TZRfP��
gWHK^�`¯Ffe@<WR_LSFfLQ��LZIKe:RG^�e�<�^���FGHA�S^�IA	xhmX"PkIJI
F��W^�e>	�e_FG^��\e\W
^�R_^iTZRGPSgWUBPkIJIA	
�W^�PkFf^�g¶U�<èFfL

310K
�/	wG]MHS

P



h�E%X�H��Z<�LZeGHK`WT�P
�BPkR��\LZ`WH��U��LZ`WeÞFfRfPkHJ`¯FBf
k Ï 200 kcal/nm

h
FfL�F��W^]eGLZIKUOFf^kN<E|eQIÎPSeÞFQe_Ff^I<p<WR_^���^�gWHJ`OT
F;�O^�^6:pFG^�`We_HA�S^%gx	�`BP��\H���e�X

200 ps
L?DTG|YTS R_UW`WeXW?^�RG^\��PSR_RGHK^�g0LZUOFXW�HKF��jPu<WRGLSTZRG^�eGeGH[�Z^�RG^I�iL��kPSI1L�D

F;�O^\��LZ`WeÞFfRfPkHJ`¯Ffe�N
SU�W^�e_FfR_U���FGUWRfPkIÅ<BPkRfP��\^�FG^�RGe$L�D�EHG]EÐW
^�R_^1��PkI���UOIÎPkFG^�g
W�H°F;�0F;�W^\<WRGLSTZRfP��÷l?UOR>�Z^�e\]pNNM
K^],]nRðNXSU�W^
�\HJ`WLZR
TZRGL�L��Z^BW�HJgpF;�We§W
^�R_^�gO^I{B`W^�g�PSe�F��W^�gWHJeÞF¢PS`x��^�eU��^�F"W
^�^�`�eGUOT¯PSR

C4′
PkFfL��ie�XOeGUx�OFfRGP���FG^�g��*	

F"W
L���PSR���LZ`���gx« RGPSgWHJH}K 7 RðN E¨<WRGL�<Â^�IJIJ^�R?F"W�HJeÞF]PS`Wg0Pu�WU��&vdIJ^�PS`WTSIJ^H��^�F"W
^�^�`jF;�W^@</	�RGR_LZI�PS`Wg�F;�O^
<��W^�`WLZI�RGHK`WTZe�L�DWF��W^?gWR_UWToW
^�R_^�PSIKeGL]gW^I{W`W^�g¥XdP?����LSRGgWHK`WT]FGLs[�^ID�N�K 7 R�NÅSU�W^?R_^�IÎPcFfHA�S^
^�`W^�R_TZHJ^�e"L?DB`WLZ`��
��LZ`WgW^�g0HK`¯Ff^�RGP���FGHJLZ`Oe�W
^�RG^:^�e_FGH��iPkFf^�g;UWeGHK`WT¦F;�O^|Ff^�R��\e�HJ`;F��W^sE:h
�§Ê�[�D LZR���^�{B^�IJgLKÇP 7 OQP,i�RðNTSU�W^
�\LZIJ^I��UWIJPSR 8 LZI[�Z^�`dF$EU����^�e_eGH��OIJ^ 8 UWR>D}P?��^�E|RG^�P�f 8 E 8 EHhBKN]�_�R�L�D��kPSR_HJLZUWeX�\LZIJ^I��UWIK^�e§W?PSeV��PSIA��UWIJPkFf^�g
W�HKF�����[§©�h0E]l 8 K^]?P�R�X]UWeGHK`WTçPº<WR_L,��^�RfPSgOHJUWe;L?D 7 N^P À N�SU�W^��kPSR_HÎPkFGHJLZ`ÏHJ`¹F��W^d�/	�gWRGL,<x�WL,�WHA�8 E 8 EzW�PSe�^9�SPkIJUBPkFG^�g�PSe

∆
8 E 8 E

=
8 E 8 E

complex−(
8 E 8 E

DNA +
8 E 8 E

drug)
X,W�H°F;�4F;�W^�FG^�R>�ie HK`

�WRGP��&vS^2FfeQRG^ID ^�RGR_HJ`WTsFGLsF;�W^�HKeGLZIJPkFf^�g4eGU��We�	�e_Ff^I�ie�N�E|IJI���LZ`¯FGRGH��OUOFfHKLZ`We
FGLsF;�W^U�WHK`WgWHK`WT�PSRG^���PSIA��UWIJPkFf^�g
IJHA�iH°Ff^�gWIA	¦FGL¦F;�W^B�x<We§D RGL,�

G7
�
C18

N°N°NKN
G11

�
C14

XdgWHJR_^���FGIA	iHJ`/�ZLSIA�Z^�g�HJ`AF��W^B�WHJ`OgWHJ`WT¦PS`Wgt��L��Z^�RGHK`WT
F;�O^AeGIKHJgWHK`WTt<BPkF��²L�D�Pk`��/	pgORGL?��PS`¯F;�WRGP��1	Q��HK`zf F��W^AHK`¯Ff^�RGP���FGHJLZ`uL�D�F��W^\gWRGUWT
W�HKF;�uF;�W^\RG^�e_F%L�D�F;�O^
LZIKHJTZLZ`dU���IJ^�LSFfHKgW^sP��\LZUW`¯FGe�FfL�IJ^�eGe�F;�BPk`

5%
L�D5F;�W^:FGLSF¢PSIÑh2N

SU�W^:HA�APSTS^�e?e>�WL�W?^�g�HK`AF;�O^H<BP�<�^�R�PkRG^H<WR_LpgOU���^�gtW�H°F;�;F��W^H<WR_LZTZRfP?�ieQM�h�EÌK^],k�R1Pk`Wg�T*©H<Â^�`�h�LZI
K^] � X�]�m�R�N

Ò�³ ÓÅ³µ³ ¾�½ ± ¾l· ± ½<»�²$¸C¹$º

SU�W^Y��h��Zh�h e>�&�W^��\^\gW^I�S^�IJL�<Â^�gº�/	u[]LSF��WIJHKe���^�R_TZ^�R�PS`Og���L�W
LZR�vk^�R_epKj_ q R
PS`WguH��Z<WIJ^I�i^�`¯Ff^�gèHK`
F;�O^Z<ORGLZTZRGP�� l�YQh�EÆK^_ 7 R}W?PSe�UWeG^�g¥XÅ<WPSR_FGHKFfHKLZ`WHK`WT�PSIKI"F;�O^\gORGUWT?�"EHG$E PSgOgWU���FGe�HJ`�F"W?L0RG^�TZHJLS`We�N
©s`W^wf���h�hmX}��L���<WR_HJe_^�gçF;�W^�gORGUWTuPS`WgçF��W^�`dU���IK^�LZe_HJgW^�L�D]F;�O^�RG^�P?��FfH[�Z^�TZUWPS`WHJ`O^

G10
f
56 ÷ 59

PkFGL,�ie;h2X]PS`WgzW?PSe�FfR_^�PkFG^�gúPkF;F��W^LEHÔ�S÷IJ^9�Z^�IJK^_/M�X�_,i�R�X]UWeGHK`WT�F;�O^L�§Â*Ã:YÕKji � Xoi,m?Rs^6:��&�BPS`WTZ^6�
��LSRGRG^�IÎPkFGHJLZ`�D UW`x��FfHKLZ`BPSIðN�SU�W^$TZUBPS`OHJ`W^UW?PSe���UOF�PkF�F��W^

C1′
��PSR>�ÂLZ`�XOPS`OgiF;�O^V�kPSIK^�`���^$L�D�F;�WHKe?PkFGL,�

W?PSe�eGPkFfUORfPkFG^�g¥W�H°F;�èF"W?L
��P�<x<WHJ`WT��/	�gWRGLZTS^�`WeYK^_�P�R�N�SU�W^AR_^��iPSHJ`OHJ`WT�<BPkR_F�L�D?F��W^\e>	�e_FG^�� f�h�h�h
W?PSe�FfRG^�PkFf^�g�UOeGHJ`OT\F��W^�E:h��§Ê�[ÖKÇP 7 O*P/i?R1^9��^I��FfH[�Z^\<ÂLkFf^�`¯FGHÎPSIðN
�sUBPS`¯FfUx� ��PSIA��UWIJPkFfHKLZ`WeYW
^�R_^¥<�^�R�D LZR��\^�g UWe_HJ`WT�<WIJPS`W^dW?P��S^�e�gW^���L,��<�LZe_HKFfHKLZ`ïU�< FfLÏPyvdHJ`W^2FfH��
^�`O^�RGT?	�L?D

70 Ry
XBPSIKLZ`WT�W�HKF���<We_^�UWgOL?�"<�LSFf^�`¯FfHÎPkIJe�L�D<F��W^%hjPSR_FGHJ`We$�"S5RGLZUOHJIJIK^�R_e?F"	Q<Â^�K^_,]�R�N�SU�W^J��h

<BPSRÞF?HKe���LZ`¯F¢PSHK`W^�gZW�HKF��WHJ`AP�RG^I��FfPS`WTZUWIJPSR��ÂL!:iL�D
6000÷ 7000 À 3 XOPk`Wg�W?PSe
FGRG^�PkFf^�g�PSe�Pk`AHJe_LZIÎPcFf^�g

e>	�eÞFf^�� Kj_,_�RðNzSU�W^j^�IJ^I��FfR_LZe_FfPkFfHA��HJ`¯Ff^�RfP��2FfHJLS`Weu�Â^2F"W?^�^�`���h PS`Og h�h PkFfL,�\e�W?^�RG^
��PSIA��UWIJPkFf^�g

]



UWe_HJ`WTiPZ�OHJ^�RGPSR��&�OH���PkI¥e��&�W^I�i^�Kj_ q R5PSe�gW^�e���R_H���^�g�^�IJe_^IWX�W^�RG^YK^_/k�R�N 8 FfPSR_FGHJ`WT�e_FGRGU��2FfUWR_^�eVW?^�RG^�F¢P�vk^�`
D RGL��(F;�W^¦IJPSe_F|h�E�e_`BP�<We>�WLSFGe�X1PS`Og�PS`W`O^�PSIKHJ`WTuW�PkeH<Â^�R>D LZR>�i^�gjHK`jLZR_gW^�R]FfLAR_^�IJP�:0F;�W^�e_FfR_U���FGUWRG^�e
PkF�P0FG^��Z<Â^�RfPkFGUWRG^u��IJLZe_^\FGL

0 K
NiE FGH��\^4e_Ff^I<�L�D

5 au
f
∼ 0.12 fs

hsPk`Wg�P�{|��FGHKFGHJLZUWe�^�IJ^��2FfR_LZ`WH��
�iPSeGe$L�D

600 au
W?^�RG^4UWe_^�g¥N�G]MHS e_H��¦UOIÎPkFGHJLZ`WeUW
^�R_^J��PSR_RGHK^�gjLSUOFH�/	���LZUx<WIJHK`WTiF��W^%e�	peÞFf^I�ie|FGL�P

G$LSe�Í9�"�$L�L��Z^�R�F��W^�R>�iLZeÞF¢PkF\KÇP/mOX�] q RðN
�?L�	�e�LSR��WH°F¢PSIKeZfs�U©J� e&huK^_ � R�W?^�RG^Y��PSI���UWIÎPcFf^�gègWUORGHJ`OT0F��W^���h��Zh�h e_H��¦UWIJPkFfHKLZ`We�X1PS`Wg¥XF�BPSe_^�g¶LZ`
F;�O^�HJRU<�LZe_HKFfHKLZ`¥X*W?^@�BP!�S^�^�e_FGH��iPkFf^�g�F��W^:HJLS`WH���HKF"	iL�D5eG^�IK^��2Ff^�g���LZ`WgWe�NCS5L4F;�WHKe�PSH��0X*D LZIJIKLnW�HK`WT¦[�^ID�N
Kj_,m?RðX,W?^�gW^9{B`W^�gAPB�ÂLZ`Og\HKLZ`WHA��HKF"	�L�D�F;�O^]EX�$�y��LZ`Wg\PSeC��`

AB =
|
−→
dA| cos θ

|
−−→
dAB|

X/WX�W^�RG^ −→
dA

HJe<F��W^U<ÂLSeGHKFGHJLZ`
�Z^I��FGLZR�L�D"F��W^\�U© PSIKLZ`WT4EX�$�×W�HKF��0R_^�e><Â^I��F�FfL\E%X −−→

dAB

HJe�F��W^@<ÂLSeGHKFGHJLZ`��Z^��2FfLZR]L�D��×W�HKF;��R_^�e�<�^��2F
FfL�E�X�PS`Wg

θ
HJe�F;�O^�Pk`WTZIJ^B��^�F"W
^�^�`�F��W^:F"W?L�<ÂLZe_HKFGHJLZ`Y�S^��2FfLZR_e�N

Ø(����8�92�5�(	���' )C������8������2���

«¶^�HK`WHKFGHÎPSIKIA	�Pk`BPSIA	Qe�^sF;�W^�RG^�eGUWI°FfeUD RGL��È��IJPSeGe_H���PSI�h�E%X|D LQ��UWe_HJ`WT4LS`0F��W^:e_FGRGU��2FfUWRGPSI5PS`Wg�^�`W^�RGTZ^2FfHA�
D ^�PcFfUWR_^�e�L�D1F��W^¦v��cvB{Gª¢�c³ctS�J�2vB�T��L,��<OIJ^9:p^�e�NQl?L,�Z<BPSR_HJeGLS`AHJe?PSIJe_L1�iPSgW^VW�HKF;�AeG^�<WPSRfPkFG^seGHA�¦UWIJPkFfHKLZ`We
L�DQLZ`WI[	jF��W^uEHG$E LSRsF;�W^4gWR_UWTZe:HK`�eGLZIKUOFfHKLZ`¥N\SU�W^4^I�Â^��2F�L?DQF��W^�eGUWR_RGLZUO`WgWHJ`OT�LZ`�F;�W^4^�IJ^��2FfR_LZ`WH��
<WR_L,<Â^�R_FGHJ^�e"L�DBF;�O^�gWRGUOT?��TZUWPS`WLZe_HJ`W^QeGU��Oe>	�e_FG^���HKe
HJ`/�S^�e_FGHJT¯PcFf^�g��/	J��h��Zh�hÈ��PSI���UWIÎPkFGHJLZ`Oe�NFÔ
HJ`WPSIJI[	
F;�O^%gBPkFfP�D RGL��(F;�W^�eGH��%UWIÎPkFGHJLZ`�L�D F��W^0ª¢�c³ctS�J�2vB��ª¢�c¬|«��J�>Ù�PSRG^%PS`BPSI[	Qe�^�g�PS`Wg���L,��<WPSRG^�g�W�HKF���F;�O^
�o�£RfP!	�eÞFfRGUx��FfUORG^SN

Ú ¸�¹UÛc¾l¸=Ü
½ ±$Ý ¹
» ¾¾¸�¶ßÞ ±$ÝlàXÝ º

áBâ~ã�ä�ä�å�æ�ã�â�ç�è

`�`d�� 
¡
•
�t ��!F;�O^%gWR_UWTALZe>��HKIJIÎPcFf^�e]PSR_LZUW`Wg0F;�W^�HJ`WH°FfHJPSIl�WHK`WgWHK`WTie_HKFG^\D LZR�F;�O^\WX�WLSIJ^�eGH��%UWIÎPkFGHJLZ`

FfHA�i^�f}e_^�^�HK`WeG^2F¦HJ`ºÔ
HJTWN 7 hmN�`�`We_FG^�PSgÕHK`�¢I£¨¢
•
�t ���X"P?D�FG^�R

10 ns
X
F;�O^;gWRGUOTd�iL��Z^�e4PSIKLZ`WT�F��W^

�\HJ`WLZR�TZR_LpL��S^SX"FGL�W�PSR_gWe%F��W^Y��^�`¯FfRGPSI�<WPSR_F�L�D�F;�O^YEHG]EÈD RfPkT,�i^�`¯FpfªD RGL,�-e_HKFf^
é
����LZ`x{WTZUWRfPcFfHJLS`
¢I£¨¢

•
�t �� é¥��FfLºê��J��LZ`x{BTSUWRfPkFGHJLZ`�¢I£¨¢

•
�t �� ê���HJ`�Ô
HJTWNzM,h2NzSU�WHKeY�\L��Z^��\^�`¯FY��L��Z^�RGe

P�<�<ORGL!:pH��iPkFf^�IA	4P:gWHKe_FfPS`���^]L�DÂLZ`W^V�BPSe_^V<WPSHJRVf~��<�h e_Ff^I<¥X�eGL�F;�BPkF
C11Ant

eGHKFGe�HJ`4F;�W^U��H���HJ`WH°F"	¦L�D
T9

HJ`0F;�W^
��LZ`�{BTZUWRGPkFfHKLZ`dê¥N�SU�OHJe|e>�WHAD�F$L�D<F��W^%gORGUWT;gO^�Ff^�R��\HJ`W^�e$F��W^%e_UWgWgW^�`uHK`���R_^�PSe_^%L�D<HKFfe|[|h 8 E
HJ`�Ô
HKTWN 7 N

_



SU�W^@EHG]E e_FGRGU��2FfUWR_^�e�RG^�P��&�0F��W^�HKR�P!�Z^�RfPSTS^\��LZ`xD LZR>�APcFfHJLS`We?P�D�Ff^�R
∼ 8 ns

NTG$L4R_^�IK^I�kPS`¯F�e_FGRGU��2FfUWRGPSI
gWH[��^�RG^�`x��^�esPSRG^�L,�We_^�R>�S^�gdW�HKF��jR_^�e�<�^��2FsFfL\F;�W^%HJ`WH°FfHÎPkI�eGLSIA�kPkFf^�g�e_FGRGU��2FfUWR_^�eufgÔ
HJTON 7 h$PS`Og�FfLiF;�BPkF
L�DY�t �� fsÔ"HJTWN­i/h2N¤`�`z<BPkR_FfHA��UWIJPSR�X?`W^�H°F;�W^�RAF;�W^jTZIJL,�WPSIX�W^�IKH���PkI|P�:pHKedfsÔ"HJTWN¤i,h\`WLZRiF;�W^�IKL���PSI
EHG]Eë�WPSeG^!�?�BPSe_^�Pk`Wg
�WPSeG^6�"<BPSHKR&�?�WPSeG^6�"<BPSHKRBfgÔ
HJTWN�P*h�<BPSRGP��i^2Ff^�RGe�e��OLnWæRG^�IJ^I�kPS`¯FU�kPSR_HÎPkFGHJLZ`We
U�<�LZ`
`WLZ`Q�"��L��kPSIK^�`¯FV�WHJ`WgOHJ`WTWN�SU�W^�LZ`WI[	�eGHKTZ`WH[{|��PS`¯F�eÞFfRGUx��FfUORfPSI�gW^9�pHJPkFfHKLZ`�HJe]P�`BPSRGR_L�W�HJ`WT\L�D
F��W^@�iHK`WLZR
TZR_LpL��Z^��BP��&v*��LZ`W^�PkRGLZUW`OgÏF;�O^�IKHJT¯PS`OgÏR_^�TZHKLZ`ÏHK`�¢I£¤¢

•
�� 
� ê¤fðPSIKeGLw��L,�Z<BPSR_^�g FfL¶F��W^jeGP��\^

e>	�eÞFf^��!HK`wé;PS`Wg�FfL��� �¡
•
�t ��¼K^k,]nRðXBeG^�^1Ô
HKTZe�N}iiPS`Og�PBt�hmN

SU�W^�gWR_UWTZe�^9:��WHA�WHKF�P�e_IJHJT��dFsgWHJeÞFfLZRÞFfHJLS`�U�<�LZ`¥�OHJ`WgWHK`WTWX1Pke:e��WL�W�`w�*	�F��W^�P!�Z^�RfPSTZ^��kPSIKUW^�e:L�DQF;�O^
<WR_L,<Â^�IJIK^�R:PS`OguF"W�HKe_F�PS`WTZIK^�e�RG^I<ÂLSR_Ff^�g¶HK`LS
P���N�`¢NuSU�W^\IÎPSR_TZ^J�kPSIJUO^�e�L�DQF;�W^�e_FfPS`WgBPkRGg²gO^I��HÎPkFGHJLZ`
PSR_^%HJ`OgWH���PkFfH[�Z^�L�DQPAgWR_UWTp�B^9:pHA�WHJIKHKF"	ZNoG$^9�Z^�R_F;�O^�IJ^�eGe�XÄW�HKF;�OHJ`�F��W^�e_^4gW^I��HJPkFfHKLZ`We�X�HKF|eG^�^��\e|F;�BPcF|F;�O^
F"W�HJeÞFfHK`WT:HJe Pk`dFGH[����LZR_RG^�IJPkFf^�g1W�HKF��¦F;�W^�gO^�TZR_^�^�L�D��WHK`WgWHJ`OTWX�W�HKF��¦F;�W^�LS`WIA	�^9:���^I<OFfHKLZ`�L�D}¢I£¤¢

•
�� 
�

êzfÞ³®�}w��i��v�­m�_tQh2NtSU�W^Y�OU��&vdIJ^AHK`We_FG^�PSg²gWLp^�e�`OLSFJ�&�BPk`WTZ^Ae_HJTZ`OHA{|��PS`¯FfIA	�D LZR
��LSF��¶F;�O^�D LZR>� L�D�F;�O^
gWR_UWTZe�N
ì�í�îlï�ð>ì�ñ
ò ó"ô}õ;ö,í�÷lø/õ$ó�ù�ôÅúQû `�`èLZRGgO^�RsFfL�cdUBPkIJHKFfPkFfH[�Z^�IA	���L,�Z<BPSR_^%F;�O^Z�OHJ`WgWHK`WTAFGLtEHG$E L�D�F;�O^
F"W
LLD LSR��\e¦L�D�F;�W^�gORGUWTWXTW
^�UWeG^;F��W^�`WLZ`����ÂLS`WgW^�gçFG^�R��\e4L�D�F;�O^�E:h��§Ê�[üD LSR���^p{W^�IJg¬KÇP*MpX�P/inR�X
F;�WPkFsTZH[�Z^4Pk`�P�<�<WR_L!:OHA�APcFf^�^�e_FGH��iPkFf^�L�D F;�O^¦HJ`¯Ff^�RfP��2FfHKLZ`j^�`W^�R_TZHJ^�e�NB`�`d��LSF;�jF��W^¦e�	peÞFf^I�iesF��W^JÂ �
HJ`¯FG^�RfP?��FfHKLZ`We�P��I��LZUW`¯F
D LZR

∼
k q � �,q,ý L�D?F��W^�f}`WLZ`Q�"��LZ`WgW^�g�h�^�`W^�R_T�	ZXFWX�WHJIK^�^�IJ^I��FGRGLZeÞF¢PkFGH���e\<WIJP�	�e�P

�\HJ`WLZR�R_LZIJ^�fgS"P��¥NV`�`�hmN�G]LSFf^�F;�WPkF|F��W^JÂ � fðl?LZUWIJL��J��h�HJ`¯Ff^�RfP��2FfHJLS`�HKe$e_IJHJT��dFGIA	�eÞFfR_LZ`WTZ^�R�f~W
^�P?vS^�R;h
HJ`¥¢�£¤¢

•
�t �� F��BPS`¶HJ`y�� 
¡

•
�t ���r¥F��WHJe�HJe�gWUW^AFGL�F;�O^Y<WR_^�eG^�`���^�HK`²F;�O^AIÎPcFGFf^�R
�\LZIK^���UOIJ^�L�D

F;�O^
OH11

TZRGLZUx<¥X1F;�BPkF@<ORG^I�S^�`¯Ffe�F;�W^�gWR_UWT�FfL��Â^\PSeBW
^�IJI=þ$<BP��&vk^�g�ÿZ�/	�F��W^ZEHG$EÌ�BP��&v*��LZ`W^iPSe
HJ`w¢I£¨¢

•
�t ���N�`�`²PSgWgWH°FfHKLZ`¥X1F;�W^\RG^�IÎPkFGHA�S^\gO^���R_^�PSe_^;L�D
F;�W^ 8 E 8 EbK^]�_�RQU�<�LZ`¥D LSR��iPkFfHKLZ`èL�D?F��W^

PSgWgOU���F�HJe|IÎPSR_TZ^�RsHK`L¢�£¤¢
•
�t ��+F;�BPk`uHK`L�� �¡

•
�� 
� fgS"P��¥NJ`>`�`�h2X=�\^�PS`OHJ`WT�P�IJPSRGTZ^�RsRG^�IÎPkFGHA�S^

T¯PSHK`ÕHJ`ÕF;�W^�D RG^�^0^�`O^�RGT?	ÕU�<ÂLS`�D LZR>�APkFGHJLZ`çL?D|F;�O^�PSgWgOU���F�N×SU�dUWe�XX�� 
¡ ^�e_FfP��WIKHJe��O^�eiPw�\LZRG^
D}P!�ZLZRGP��WIK^|`WLZ`Q�"��LZ`WgW^�g;HJ`¯Ff^�RfP��2FfHKLZ`YW�HKF��AF;�O^HEHG]E­D RfP��\^SX*W�HKF��;RG^�e�<�^��2F�FfL%F��W^��/	�gWRGL!:Q	pD LZR>� L�D
F;�O^�gORGUWTWN
SU�W^w�X���ÂLS`Wg�<WPkFGFG^�RG`úP�<x<Â^�PSRGe�FfL���^Lc�UOHKFf^d<�L�LZR�rºD ^9W½�X���ÂLS`WgWe�PSR_^w<ORG^�e_^�`¯F�X:HK`/�ZLZI[�pHK`WT�F;�O^
`WH°FfRGLSTZ^�`We�L�D

G10
X
G11

X
A16

X
PS`Wg
O4′

G11

LZ`¶F��W^ALZIKHJTZLS`�Ux��IJ^�LSFfHKgW^SX
O9
X
O11

Pk`Wg
N10

LZ`uF;�W^
gWR_UWTtf}e_^�^�Ô
HJTWN}]%PS`WgYS
P���N
M@hmN�G$L
W?PkFG^�R§�\LZIJ^I��UWIK^�eQPSR_^�<WR_^�eG^�`¯FU�Â^2F"W?^�^�`�F;�O^|RG^�P���FGHA�S^|TZUBPk`WHJ`W^
G10

PS`Wg F;�O^ugORGUWTZe�Na�$L�W?^9�Z^�R�XsF;�O^w<ORG^�e_^�`���^²L�D�F;�O^
OH11

TSRGLZU�< HK`��� 
¡
•
�t 
� PSIKIJL�W�e

F;�O^u^�`¯FfRfPk`���^uL�D\W�PkFG^�R!f}e&h�HJ` F��W^èRG^�TSHJLZ`¬��^�F"W
^�^�` F;�W^ègWR_UWT¹Pk`WgúF��W^wEHG$E¼�BP?�&vQ��LZ`W^�fgS"P��¥N
M@hmN�`�`¯FG^�RG^�e_FGHJ`WTZI[	ZXQF;�W^��X���ÂLS`WgWeZ�Â^2F"W?^�^�`¹F��W^�eGLZI[�Z^�`¯FAPS`WgÕF;�W^0e>	�eÞFf^��\eZ¢�£¤¢cX��� �¡iX}�� 
�

k



fg��PSI���UWIÎPcFf^�giLZ`WI[	�D LZR
F��W^sPkFGL,�\e?PkF
F;�W^$gWRGUOT?�$EHG]EæHK`dFG^�R�D}P���^!h
PSR_^|LZ`WI[	u<BPSRÞFfHÎPkIJIA	¦RG^�<OIÎP���^�g;HK`iF;�O^
`WLZ`Q�"��L��kPSIK^�`¯FX��L,�Z<WIK^9:p^�e
fgS"P��We�N�`£M Pk`Wg0MBh2N
E|IKI
F;�O^�eG^\RG^�eGUWI°Ffe�eGUOTZTZ^�eÞF�F��BPkF:F��W^ZD LSR��iPkFfHKLZ`�L�DQF;�W^\PSgOgWU���FGe
�WP��S^APk`¶^�`dFGRGL,<OH�����LS`dFGRGHA�WUOFfHKLZ`¥X
PS`Wg�F;�O^�HJR�eÞF¢P��OHJIJHAe�PkFGHJLZ`iHJeU�iPSHJ`OIA	\gWUW^:FfL\`WLZ`Q�"��LZ`WgW^�g0HK`¯Ff^�RGP���FGHJLZ`Oe�N
òZô�������í�ù�ð6÷�ô�õ��¾í!÷��	�lø,ó"ôÐú�
Ñó��|ó"ôFï¾û �]^�RG^@W
^%PS`WPSIA	Qe�^:F��W^�eÞFfR_U���FGUWRfPSI5PS`Og�^�`W^�R_TZ^�FGH���RG^�PkRGRfPk`WTZ^9�
�\^�`¯Ffe�UW`WgO^�RGTSLZ`W^u�/	�F;�W^u¢I£¤¢

•
�t 
�-e�	�e_Ff^I� U�<�LZ`èeGIJHKgWHJ`OT;L�DQF;�W^�gWR_UWTWNJ`�`�êèF��W^�e_FfR_U���FGUWRfPkI

<BPSRGP��\^�Ff^�RGe$L�D F;�W^�LZIJHKTZLZ`dU���IJ^�LkFfHJgO^�PSRG^�eGH��\HJIJPSR�FfLiF;�WLZe_^¦L�DT��PS`WLZ`OH���PkI��C�"EHG$EËfsÔ
HKTWNXP�
2�|ª�Pk`Wg
w|h2XOPS`WgAF��W^��\HJ`OLZR
TSRGL�Ln�S^SXpHJ`Y<WPSR_FGH���UOIÎPSR�HJ`\F;�W^���^�`¯FGRfPSIÂRG^�TSHJLZ`iL�D1F;�W^$LZIJHKTZLZ`dU���IJ^�LkFfHJgO^SX/��^���L��i^�e
`BPSR_RGL�W
^�RufgÔ
HJTWNoP�tQh2N|E$IKF��WLZUWT,��F;�W^¦`dU��1�Â^�R|L�D�gWR_UWT?�"EHG$EÖ�U�"��LZ`WgWe$HJe$RG^�gOU���^�guHK`�TZLZHK`WT�D R_L,�
éAFfLpêyf F"W
L�³�©�F;�WR_^�^%HK`
S"P��¥NX`£MBh2X�F;�W^�L��Z^�RGPSIJI�HK`dFG^�RGP���FGHJLZ`0HJ`���RG^�PSeG^�eH�/	�D ^9W

kcal/mol
X¥PSeV��PS`

��^4eG^�^�`¶HK`LÔ
HJTON1_ON
SU�WHJeB�\HJR_RGLZR_esP���^�FGFG^�R�P��I��L,�Z�\LpgBPcFfHJLS`jL�D�F;�O^\gORGUWT�HK`dFGL;F;�W^ZEHG]EÖ�iHK`WLZR
TZR_LpL��Z^sP?D�Ff^�R
F;�O^seGIKHJgWHK`WTWX�PSe�^9�pHKgW^�`x��^�g0PSIKeGL
�*	iF;�W^|gW^���RG^�PkeG^:L�D�H°Ffe
F"W�HKe_F�PS`WTZIK^�f

29
³�©

22
gW^�T4HJ`

S"P��¥N}`�hmXdPS`Wgu�/	�PS`�HJ`���RG^�PSeG^�L�D
4%

HJ`4F��W^U�/	pgORGL,<��OL,�WH��U��LZ`¯F¢P��2F
PSRG^�Puf
26%

³�©
30%

HK`ZS"P��¥NÅ`�`>`�h2N
©sUWR�gBPkFfP�HK`WgWHA��PkFG^�e<F;�WPkF F;�W^X�&�BPk`WTZ^]L�D�^�`¯FfRGL�<*	\PkeGeGLQ��HJPkFf^�g4FfL:F;�W^�e_IJHJgOHJ`WTB<WR_L���^�e_eQHKeT�Z^�R�	�e��iPSIJIðN
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_/'*%�),+- $#gG;3D8.SJ+-(�@n�f8.@n#&)Z+-(u3"4*#U%D8-+ ),+-(/.@'/ $�^G&#&%$%F34ET4/+.8 #X(*��G98 #60� �3" $#;(*)�+ %�#9@�+ )/#;(�3�UÑ�! T3"4*#X�!3"4*#; $%(G;2/ D@n#&%65

�l+-.�2/ $#��^[o���!(?3$�!2/ o'28 �!3$%o�?U�3"4*#@#98 #gG;3" $��%$3�0�3"+IG@'��!3$#;(�3"+[0?8VMï­=�f8-3$% RVET+-3"4/+-(�3"4*#�ÒV5Æ $#;.�+ �!(�3¾3"4/ $�!2/.�4�3"4*#'28[0�(*#C)/# i*(*#&)�_�S\0�3$�f\@%
N2

3
N10

3
C11

5�c}4*#C'28 �!3$%F $#;'��! "3(MD¡�ÿ ôfñÏô
•
×�Ø�Ù 3<ÑFÿ Ù%Ø�¿

•
×�Ø\Ù R=3"4*#

∆V_�#;3aEÅ#&#;(Z3"4*#§'x�!3$#;(?3"+[0?8�G60?8IG;228[0�3$#&)Öþ£lwuïpJ0�(*)�þ£lwuïp^mf�4udÑ lnmNñ vN¡fr�q;5`W��!3$#�3"4Q0�3��!(28.S1+-(�3"4*#bi* $%$3�%DS�%$3$#9\ MD¡4R
3"4*#�8[0� ".n#&%"3�),+j»�#; $#;(TG&#U+ %¢¨jmFo�¡f¨©l��Aq��u(*#60� �3$�@3"4*#U#98 #gG;3" $�!'/4/+.8-+IG]G60� D_��!(�32ET4/+.8 #U+-(%ÑU+-3�+ %Xsa§+vDq�¡���+-(ÏUÑ $�!(�3��?U3"4*#� $#60fG;3"+.@n#@0?\B+-(*�J.� $�!2/'t�?UF3"4*#H.�2Q0�(*��%"+-(*#�5]c}4*#

N10
Z
C11

0� " $�FEz+-(*),+IG60�3$#&%X3"4*#o'��f8[0� "+.C90�3"+ �!(t�?UÅ3"4*#
_��!(*)�32ET4/+.8 #U3"4*#X0� " $�FE#_x#;3�EÅ#&#;(

N2
0�(*)

C11
+-(*),+IG60�3$#&%C3"4*#U.� �0!),+ #;(�3�+-(

∆V
5

�l+-.�2/ $#��4[����f\B'Q0� "+ %��!(ë_�#;3aEÅ#&#;(%G60?8IG;228[0�3$#&)
0�(*)t# h,'�#; "+.\@#;(�3�0?8°>`ZnU~0fG;3$�! $%�M
Texp ' 40K

R§�?UT3"4*#�;XW(Y
0�(*)J3"4*#§), "2/.*5�W��!3$#�3"4*#§.n����)J0�.� $#&#9\@#;(?3�ET+-3"4u# h,'x#; "+.\@#;(?3°UÑ�! }3"4*#U)*0�3�0"G&�!(TG&#; "(/+-(/.@3"4*#§), "2/.\0�(*)J3"4*#
i* $%"3}%"3" �0�(*)ÖMï_/+-(*),+-(/.@%"3" �0�(*)�Zl $#&)$8-+-(*#ARÅ�?U�3"4*#��f8-+-.n�!(�2TG98 #&�!3"+ )/#�0�3Å3"4*#V_/+-(*),+-(/.H $#;.�+ �!(�5�c}4*#� $#&%"3}�?U�3"4/+ %%"3" �0�(*)J+ %�+-(*%"3$#60!)Ï\o2TG$4¼\@�! $#V\@�f_/+.8 #P3*),2*#�3$�H3"4*#� $#9\@�F@�0?8|3"4*#U%$#gG&�!(*)J), "2/."U� $�f\¦3"4*#��(Z~ �0gS1%"3" "2TG;3"2/ $#�5
Y(8 %$�U3"4*#b>�ZnU~0fG;3$�! $%�Uª�! =3"4*#C(*�!(4Z:_x�!(*)/#&)1%"3" �0�(*)HMï_28-2*#b8-+-(*#AR=0� $#bEÅ#98.8Q $#;'/ $��),2TG&#&)
(*#60� F3"4*#�_/+-(*),+-(/.³C6�!(*#P3#9@n#;(u+jUÄ3"4*#o�°{4Í4_Q0!%$#U4Q0!%�@n#; DS
4/+-.�4
	*2TG;3"2Q0�3"+ �!(*%95

M 7



¿"Ã¯Ð�ÓJÁcÑ

angle(◦)�system �
����������������� • �
��� ����� �����
• �
����������
• �
����� �����

 "!$#% "&(')'*&+! 31 ± 7

(37.1)
26± 8

22 ± 8

(34.4∗)

22 ± 7

29 ± 7
26± 9

,.-�/10�')& 13 ± 6

(17.6)
10± 5

12 ± 6

(8.2∗)

8 ± 4

8 ± 4
9± 5

c¾0?_28 #VB [��� $�!'�#98.8 #; Å3�ET+ %"3T0�(*)�_/2TG�1�8 #��?U�3"4*#C), "2/.n%65£Bs(@'Q0� $#;(?3"4*#&%"+ %�0� $#� $#;'��! "3$#&)10F@!0�+.8[0?_28 #§# h,'x#; "+.\@#;(?3�0?8 $#&%"228-3$%65£;U0�3�0"8[0?_�#98.8 #&)ÉET+-3"4��X $# Uª#; $%�3$�H3"4*#
O11

Z:\@#;3"4�S^8¾#;3"4*#; C�?UÄ3"4*#X), "2/.*5

interaction(kcal/mol)�system �
��� • ����� �����
• �
����������
• �
����� �����"�������

'32
−30± 2

−40± 3

−33± 3
−34± 3

/�#$-�'4#%��,
−12± 3

−11± 3

−8± 3
−20± 4

c¾0?_28 #(B�B [?6�®o0�(*)�G&�!228 �f\]_
+-(?3$#; �0fG;3"+ �!(1#;(*#; ".�+ #&%Å# h�3" �0fG;3$#&)"UÑ $�f\¬3"4*#T(*�!(4Z:_��!(*)/#&)@3$#; D\@%Å�?Ux3"4*#bY(5�>°K�J
Uª�! �G&#ViQ#98 )Á, Q��234Q�z?/g5

����� �
��� 5��6�75�5 ���8�
•
/ �6�75�5 ����� • 5��6�75�5 ��������5��6�75�5

SASA ( 9�: 191± 5 161± 5 764± 17
667± 18 (2)

709± 17 (1)
746± 25 739± 21

∆SASA ( 9�: −288 (30%, 2)

−246 (26%, 1)
−179 (19%)

−216 (26%, IMI)

−186 (20%, ANT)

c¾0?_28 #�B�B�B�[��}0?8IG;228[0�3$#&)J4�S,), $�!'/4*�f_/+IG�=^YX=^Y³Í %65£c}4*#�4�S,), $�!'/4*�f_/+IGU# »�#gG;3}'28[0FS�%T0o $�f8 #�+-(
3"4*#(Uª�! D\\0�3"+ �!(u�?U3"4*#�G&�f\B'28 # h�[F0o(*#;.�0�3"+.@n#�@!0?8-2*#U�?U
∆

=^YX=^Y�2/'x�!(�%$�f8.@�0�3"+ �!(�+-(ÉE�0�3$#; (G&�! " $#&%"'x�!(*)/%�3$�H0�.�0�+-(�+-(J3"4*#VUÑ $#&#
#;(*#; ".PS��?Ul3"4*#U%�S�%"3$#9\u5

M,M



H − bond\system ;=<>; • ?A@+BDC$;=<>; • ?A@+B�E�BF@(G • ?A@+BHBF@+G�IJ?(@(B ?(@(B ;=<>; BF@+G
NHG11...O9Ant

2.2 ± 0.3 K
58%

− 1.9 ± 0.3 K
73%

2.2 ± 0.3 K
59%

− − −

NHG10...O9Ant − 2.2 ± 0.3 K
60%

− − − − −

NG11...HO9Ant
2.4 ± 0.4 K

50%
− − − − − −

OC15...HO9Ant − − − 1.9 ± 0.2 K
81%

− − −

NA16...HO9Ant − 2.3 ± 0.3 K
39%

− − − − −

NG11...HN10Ant − − 2.7 ± 0.2 K
16%

− − − −

OC15...HN10Ant − − − 2.1 ± 0.2 K
65%

− − −

NHG10...N10Ant
2.4 ± 0.3 K

69%
− − − − − −

O4′

G11
...HO11Ant − − 3.3 ± 0.9 K

14%
− − − −

NA17...HN15Ant − − − 1.9 ± 0.3 K
61%

− − −

HO9Ant...wat s : 75% s : 17%
s : 79%

d : 11%
s : 50% −

s : 36%

d : 42%

t : 14%

s : 22%

d : 61%

t : 12%

HO11Ant...wat − − s : 90%

d : 17%
− − −

s : 17%

d : 62%

t : 19%

HN10Ant...wat − − − − − − s : 37%

N10Ant...wat − − L − − s : 10% −

HN15Ant...wat s : 96% s : 99%
s : 84%

d : 6%
s : 33% − s : 68%

d : 21%

s : 66%

d : 21%

HNG11...wat − s : 74% s : 17% − s : 71% − −

N3G11...wat L s : 69% s : 14% − s : 74%

O4′

G11
...wat L L s : 27% L s : 39% − −

O2C14...wat s : 84% s : 86% s : 87% s : 83% s : 85% − −

HNG10...wat L L s : 17% − s : 71% − −

N3G10...wat − L s : 63% − s : 76% − −

O2C15...wat s : 77% s : 78% s : 8% − s : 83% − −

O2T9...wat s : 95% − s : 91%

d : 14%
s : 91%

s : 70%

d : 14%
− −

N3A16...wat − − − − s : 85% − −

O2T8...wat s : 91% s : 95% s : 85%
s : 70%

d : 13%

s : 85%

d : 6%
− −

N3A17...wat s : 73% − s : 82% s : 19% s : 81% − −

HNG7...wat s : 71% s : 68% s : 72% s : 67% s : 70% − −

N3G7...wat s : 55% s : 65% s : 59% s : 65% s : 64% − −

O2C18...wat
s : 90%

d : 11%
s : 98%

s : 85%

d : 10%
s : 91%

s : 85%

d : 7%
− −

c¾0?_28 #�Ba­"[���Z:_��!(*)/%\0?\@�!(/.t3"4*#�), "2/.T3Å3"4*#��f8-+-.n�!(�2TG98 #&�!3"+ )/#p0�(*)�3"4*#�%$�f8.@n#;(�365êc}4*#u3�0?_28 #�%"4*�FE�%@�!(28.S
_��!(*)/%"UÑ�! D\@#&)L0�3\3"4*#�), "2/.fZa;VWVYÐ+-(�3$#; NU~0fG&#�5ê·t#� $#;'��! "3B4�S,), $�!.n#;(4Zs0fGgG&#;'/3$�! 1),+ %"3�0�(TG&#&%�MÑ�!(28.SëUª�! B3"4*#), "2/.fZa;XW(Y�(*#;3aEÅ�! D1TR}0�(*)�8-+jUÑ#�3"+.\@#&%F3,# h�'/ $#&%�%$#&)10!%Å'�#; �G&#;(�3�0�.n#U�F@n#; }3"4*#�%"+.\V228[0�3"+ �!(�3"+.\@#�5£c}4*#§%DS^\�_��f8 %
s�¸��p0�(*)êuC+-(*),+IG60�3$#H3"4*#³Uª�! D\\0�3"+ �!(t�?UV-P3��10�(*)Áz�_��!(*)/%§ $#&%"'�#gG;3"+.@n#98.S�3¾0�(*)p3"4*#³8[0?_x#98-+-(/.u�?U�3"4*#@0�3$�f\@% $# Uª#; $%T3$���l+-.*5�{,5

M�i



�����
• �����M� ����� • �����N�
����� • �
�����
����������� ����� ����� �����

OQPSRUT 3

3.6± 1.0

2

2.2 ± 0.8

3

4.3± 1.1

4

3.6 ± 0.9
−

6

2.3± 1.1

9

5.4± 1.3

����� 9

8.6± 1.5

8

7.5 ± 1.4

13

8.8± 1.7

8

5.6 ± 1.1

14

11.4± 1.6
− −

c¾0?_28 #³­"[+c¾�!3�0?8Ä(�22\�_�#; U�?UF'�#; $%"+ %"3$#;(�3X�bZ:_x�!(*)/%"M�'/ $#&%$#;(�3XUª�! b\@�! $#�3"4Q0�(
10%

�?UF3"4*#�%"+.\o228[0�3"+ �!(�3"+.\@#AR
Uª�! D\@#&)"_�S�3"4*#T), "2/.V0�(*)H3"4*#`iT@n#°_/'*%

d(G7T8T9G10G11)d(C18A17A16C15C14)
+-(�@n�f8.@n#&)\+-(H3"4*#°_/+-(*),+-(/.*5

Y�@n#; �0�.n#&%§0�(*)p%"3�0�(*)*0� $)p)/#9@�+[0�3"+ �!(*%§�?UF3"4*#V3$�!3�0?8Ä(?22\�_�#; X�?U`��Z:_��!(*)/%U0� $#�0?8 %$�
 $#;'��! "3$#&)�+-(Y3"4*#H%$#gG&�!(*)
 $�FE��?UÄ#60fG�4HG&#98.8~5

VW
V •XY
Z

Z Y
[ •

XY
Z

\$]�^`_bac]edgf PShjilk \$]e^`_Ud R ^7ac]edgf Pmhnilk \$]e^`_Ud R ^$o`dgp�q ksr ^tq hnu�R d
C11−H11 0.66± 0.01 0.68± 0.04 0.66± 0.01 0.68

C11−N10 0.57± 0.01 0.54± 0.01 0.58± 0.01 0.55

C11−N10 0.58± 0.01 0.55± 0.01 0.59± 0.01 0.56

C11−C11a 0.51± 0.01 0.51± 0.01 0.50± 0.01 0.51

N2−H21 0.57± 0.01 0.59± 0.01 0.57± 0.01 0.59

N2−H22 0.59± 0.01 0.58± 0.01 0.57± 0.01 0.58

N2−C2 0.36± 0.04 0.37± 0.04 0.38± 0.06 0.33

N2 lonepair 0.21± 0.05 0.19± 0.05 0.21± 0.07 0.24

C11−H1 0.66± 0.01 0.68± 0.04 0.66± 0.01 0.67

C11−N10 0.57± 0.01 0.57± 0.01 0.58± 0.01 0.57

C11−C11a 0.50± 0.01 0.50± 0.01 0.50± 0.01 0.51

C11−O11 0.63± 0.01 0.62± 0.01 0.62± 0.01 0.62

N2−H21 0.57± 0.01 0.59± 0.01 0.57± 0.01 0.59

N2−H22 0.58± 0.01 0.58± 0.01 0.59± 0.01 0.58

N2−C2 0.37± 0.04 0.38± 0.04 0.38± 0.04 0.33

N2 lonepair 0.20± 0.05 0.15± 0.06 0.15± 0.06 0.24

�� �¡

¢I£¨¢

vxw �
c¾0?_28 #�­VB [¼>}�!(*)u+ �!(/+IG;+-3�Su�?U

X
Z
N2G10

0�(*)
X

Z
C11drug

_��!(*)/%65�6�0!%"3bG&�f8-22\B(� $# UÑ#; $%C3$��G60?8IG;228[0�3"+ �!(*%�lï¤
�|¡�og�4mJ�!(Y3"4*#V), "2/.J�! C3"4*#o.�2Q0�(*��%"+-(*#�5bc�EÅ�1 $�FE�%VET+-3"4�3"4*#o%�0?\@#�8[0?_x#98l+-(*),+IG60�3$#H0@)/�!22_28 #³_x�!(*)�3+ET4/+.8 #
3"4*#³8[0!%"3� $�FE×+-(Y#60fG�4�%DS�%$3$#9\Ð $#;'/ $#&%$#;(?3$%§3"4*#">dB�0!%$%$�^G;+[0�3$#&)Z3$�
3"4*#³8 �!(*#V'Q0�+- U�?UF3"4*#�.�2Q0�(/+-(*#�(/+-3" $�!.n#;(�5
c}4*#Xi*.�2/ $#&%��!(�3"4*#U "+-.�4�3C%$+ )/#X)/#;'/+IG;3�3"4*#¢>�ª³Í %�G&�!(*%"+ )/#; $#&)ÉUÑ�! T3"4*#¢>°BdG60?8IG;228[0�3"+ �!(*%³MÑ%�#&#�5�#;3"4*��)/%�R�5

M?P



�����
• �
��� �
��� • �����\$]�^`_yac]edgf Pmhnilk ∆(lumo/homo− 2) ≈ 1.4 eV ∆(lumo/homo) ≈ 1.2 eV\�]e^`_Ud R ^�o`dgp�q ksr ^ ∆(lumo/homo− 1) ≈ 1.3 eV ∆(lumo + 1/homo) ≈ 2.1 eV\$]�^z_Qd R ^�ac]edgf PShjilk ∆(lumo/homo− 1) ≈ 1.9 eV ∆(lumo + 1/homo) ≈ 3.2 eV

c¾0?_28 #d­XB�B [ABs({	*2*#;(TG&#��?U�3"4*#Å#;(�@?+- $�!(2\@#;(?3F�!(o3"4*#�.�0�'*%�_�#;3aEÅ#&#;(�0��!4/(4Ze=?4Q0?\¬#;(*#; ".PS�8 #9@n#98 %65�c}4*#}�! D_/+-3�0?8 %
G&�!(*%"+ )/#; $#&)Z0� $#X3"4*��%$#�ET+-3"4u3"4*#X\\0|h,+.\V22\Ð'/ $�?Õ�#gG;3"+ �!(Y�!(�3"4*#U $#60fG;3"+.@n#V0�3$�f\@%65

N3G11...O9Ant O2C15...O9Ant O2C15...N10Ant N3G11...N10Ant O2T9...N15Ant O4′
G10

...N15Ant

X− ray

MD

3.9 |
4.0 ± 0.3 |

3.1 |
2.9 ± 0.3 |

3.4 |
2.9± 0.2 |

3.7 |
3.3 ± 0.2 |

2.9 |
5.3± 0.4 |

3.3 |
4.9± 0.9 |

c¾0?_28 #b­VB�B�B�[n���f\B'Q0� "+ %$�!($_�#;3aEÅ#&#;(}�(Z~ �0gS@0�(*)�G60?8IG;228[0�3$#&)10fGgG&#;'/3$�! NZg)/�!(*�! }),+ %$3�0�(TG&#&%=+-(�@n�f8.@�+-(/.H), "2/.�0�(*)
;XW(Y�5
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G7-C18
T8-A17

T9-A16
G10*-C15

G11-C14
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Pr
op
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ANT•DNA
IMI•DNA 2
DNA
IMI•DNA 1
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T8-A17

T9-A16
G10*-C15

G11-C14
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�$���A�>�

-70 -70

-60 -60

-50 -50

-40 -40

-30 -30
Coul+LJ:IMI-GTTGG
Coul+LJ:IMI-solvent

Energy upon sliding

9.4 9.6 9.8 10 10.2 10.4 10.6
Time (ns)

-1140
-1140

-1110
-1110

-1080
-1080

-1050
-1050Coul+LJ:GTTGG-solvent

E 
(K

ca
l/m

ol
)

�$���A���

�$���A�>�

C5’-
G3’ C-G A-T A-T C-G G-C T-A T-A

  

G*-C

G3’-
C5’

ANT
0

50

100

150

200

Å

DNA X-ray
1st strand
2nd strand
ANT
ANT X-ray

B-factors
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