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FHOOV��0\REODVW�IXVLRQ�HIILFLHQF\�ZDV�QRW�VLJQLILFDQWO\�DIIHFWHG�IROORZLQJ�GHSOHWLRQ�RI�X0$3��RU�131 

P0$3���)LJ���J���,Q�FRQWUDVW��WKH�GHSOHWLRQ�RI�R0$3��FDXVHG�VHYHUH�GHIHFWV�LQ�P\REODVW�HORQJDWLRQ�132 

DQG�IXVLRQ��R0$3��GHSOHWHG�FHOOV�KDG�DQ�DYHUDJH�OHQJWK�RI�������P��ZKLFK�LV�VLJQLILFDQWO\�VKRUWHU�133 

WKDQ�FRQWURO�P\REODVWV��S���������)LJ���H�I���)XUWKHUPRUH��FHOO�FHOO�IXVLRQ�HIILFLHQF\�ZDV�UHGXFHG�134 

PRUH�WKDQ���IROG�IROORZLQJ�GHSOHWLRQ�RI�R0$3���)LJ���J���,PSRUWDQWO\��FR�WUDQVIHFWLRQ�RI�DQ�51$L�135 

UHVLVWDQW�YHUVLRQ�RI�R0$3���)/$*�R0$3�5,3��UHVFXHG�WKH�P\REODVW�HORQJDWLRQ�DQG�IXVLRQ�GHIHFWV�136 

FDXVHG�E\�R0$3��VK51$��)LJ���K�L��)LJXUH���ILJXUH�VXSSOHPHQW�����7KH�RYHUH[SUHVVLRQ�RI�X0$3��137 

ZDV�QRW�DEOH�WR�UHVFXH�R0$3��GHSOHWLRQ�SKHQRW\SHV��)LJ���L���2XU�GDWD�FROOHFWLYHO\�GHPRQVWUDWH�WKDW�138 

R0$3��LV�VSHFLILFDOO\�UHTXLUHG�IRU�PRUSKRJHQHVLV�DQG�FHOO�FHOO�IXVLRQ�GXULQJ�PXVFOH�FHOO�139 

GLIIHUHQWLDWLRQ���140 

�141 
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R0$3��GHSOHWLRQ�OHDGV�WR�GLVRUJDQLVHG�PLFURWXEXOHV�142 

7R�XQGHUVWDQG�ZKLFK�SURFHVVHV�LQ�WKH�P\RJHQLF�SURJUDPPH�GHSHQG�RQ�R0$3���ZH�DQDO\VHG�WKH�143 

WLPLQJ�RI�P\RJHQLF�HYHQWV��:H�ILQG�D�VHYHUH�GHOD\�DQG�UHGXFWLRQ�LQ�WKH�H[SUHVVLRQ�RI�HPEU\RQLF�144 

P\RVLQ��D�VWUXFWXUDO�SURWHLQ�UHTXLUHG�IRU�VDUFRPHUH�IRUPDWLRQ��LQ�R0$3��GHSOHWHG�FHOOV��)LJ���D�F���145 

/LNHZLVH��WKH�UHORFDWLRQ�RI�FHQWURVRPDO�SURWHLQV�WR�WKH�QXFOHDU�VXUIDFH�RI�P\REODVWV��D�FKDUDFWHULVWLF�146 

HYHQW�GXULQJ�P\RJHQHVLV��6UVHQ�HW�DO���������7DVVLQ�HW�DO����������LV�VHYHUHO\�GHOD\HG�LQ�R0$3��147 

GHSOHWHG�FHOOV��)LJ���G�H���7KHVH�UHVXOWV�FRQILUP�WKDW�SURJUHVVLRQ�WKURXJK�WKH�P\RJHQLF�GLIIHUHQWLDWLRQ�148 

SURJUDPPH�GHSHQGV�RQ�R0$3���3UHYLRXV�ZRUN�KDV�VKRZQ�WKDW�LQWHUIHUHQFH�ZLWK�PLFURWXEXOH�VWDELOLW\�149 

DQG�WKH�DFTXLVLWLRQ�RI�SRVWWUDQVODWLRQDO�PRGLILFDWLRQV�RI�WXEXOLQ�UHVXOW�LQ�VLPLODU�P\RJHQHVLV�GHIHFWV�150 

�6SHQFHU�HW�DO���������=KDQJ�HW�DO���������&KDQJ�HW�DO����������'HSOHWLRQ�RI�R0$3��GLG�QRW�UHVXOW�LQ�D�151 

UHGXFWLRQ�RI�WXEXOLQ�DFHW\ODWLRQ��)LJ���I���SHUKDSV�EHFDXVH�RWKHU�PLFURWXEXOH�VWDELOLVHUV�ZHUH�VWLOO�152 

SUHVHQW��1HYHUWKHOHVV��WKH�PLFURWXEXOH�F\WRVNHOHWRQ�DSSHDUHG�GLVRUJDQLVHG�LQ�R0$3��GHSOHWHG�FHOOV�153 

�)LJ���D�E���7R�TXDQWLWDWLYHO\�DVVHVV�PLFURWXEXOH�QHWZRUN�RUJDQL]DWLRQ�DQG�GLVWLQJXLVK�WKLV�IURP�HIIHFWV�154 

GXH�WR�GLIIHUHQW�PRUSKRORJ\�DQG�GLIIHUHQWLDWLRQ�VWDWXV��ZH�VHOHFWHG�PRQR�QXFOHDWHG�HORQJDWHG�155 

P\REODVWV�WUHDWHG�ZLWK�FRQWURO�DQG�R0$3��VK51$�DQG�PDQXDOO\�WUDFHG�*)3�7XEXOLQ�ODEHOOHG�156 

PLFURWXEXOHV�LQ�HTXLYDOHQW�VHFWLRQV�RI�WKHVH�FHOOV��)LJ���J��9LGHRV�������:H�IRXQG�WKDW�WKH�PLFURWXEXOH�157 

QHWZRUN�ZDV�ODUJHO\�SDUDOOHO�LQ�FRQWURO�FHOOV�ZLWK�a����RI�PLFURWXEXOHV�RULHQWHG������RI�WKH�158 

ORQJLWXGLQDO�FHOO�D[LV��7KLV�ZDV�UHGXFHG�WR�a����LQ�R0$3��GHSOHWHG�FHOOV��)LJ���K���0LFURWXEXOH�159 

RULHQWDWLRQ�ZDV�IXOO\�UHVFXHG�E\�H[SUHVVLRQ�RI�DQ�51$L�UHVLVWDQW�R0$3��FRQVWUXFW��)LJXUH���ILJXUH�160 

VXSSOHPHQW�����'HSOHWLRQ�RI�P0$3��LQFUHDVHG�SDUD[LDO�PLFURWXEXOH�DOLJQPHQW�DQG�X0$3��GHSOHWLRQ�161 

VOLJKWO\�UHGXFHG�LW��)LJXUH���ILJXUH�VXSSOHPHQW�����:H�FRQILUPHG�WKH�PLFURWXEXOH�DOLJQPHQW�GHIHFW�162 

FDXVHG�E\�R0$3��GHSOHWLRQ�UHVXOWV�E\�WUDFNLQJ�JURZLQJ�PLFURWXEXOH�HQGV�ODEHOOHG�ZLWK�(%��WG7RPDWR�163 

�)LJ���L��9LGHRV�������:KLOH�PLFURWXEXOH�JURZWK�VSHHG�DQG�GXUDWLRQ�ZHUH�RQO\�VOLJKWO\�DIIHFWHG��WKH�164 

RULHQWDWLRQ�RI�PLFURWXEXOH�JURZWK�GHYLDWHG�PRUH�IURP�WKH�ORQJLWXGLQDO�FHOO�D[LV�ZKHQ�R0$3��ZDV�165 

GHSOHWHG�FRPSDUHG�WR�FRQWURO�FHOOV��)LJ���M�O��)LJXUH���ILJXUH�VXSSOHPHQW�����166 

 167 

R0$3��SUHYHQWV�PRWRU�GULYHQ�PLFURWXEXOH�VOLGLQJ�LQ�FHOOV 168 

:H�K\SRWKHVL]HG�WKDW�D�IDLOXUH�LQ�WKH�JXLGDQFH�RI�PLFURWXEXOH�DVVHPEO\�DORQJ�H[LVWLQJ�ILODPHQWV�FRXOG�169 

EH�WKH�XQGHUO\LQJ�FDXVH�RI�WKH�GLVRUJDQLVHG�PLFURWXEXOH�QHWZRUN��$OWHUQDWLYHO\��PLFURWXEXOH�VOLGLQJ�170 
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DQG�ORRSLQJ�DV�REVHUYHG�LQ�XQGLIIHUHQWLDWHG�FHOOV�FRXOG�GLVRUJDQLVH�WKH�PLFURWXEXOH�QHWZRUN�LQ�171 

R0$3��GHSOHWHG�FHOOV��7R�GLVWLQJXLVK�EHWZHHQ�WKHVH�SRVVLELOLWLHV�ZH�DQDO\VHG�PLFURWXEXOH�PRWLOLW\�LQ�172 

GLIIHUHQWLDWHG��VK51$�WUHDWHG�FHOOV��DJDLQ�VHOHFWLQJ�HORQJDWHG��PRQR�QXFOHDWHG�FHOOV�WR�H[FOXGH�173 

HIIHFWV�GXH�WR�PRUSKRORJ\�DORQH��$V�GHVFULEHG�DERYH��PLFURWXEXOH�PRWLOLW\�ZDV�VWURQJO\�VXSSUHVVHG�LQ�174 

GLIIHUHQWLDWLQJ�PXVFOH�FHOOV��)LJ���H�K���D���'HSOHWLRQ�RI�R0$3��UHVXOWHG�LQ�D�PRUH�WKDQ���IROG�LQFUHDVH�175 

LQ�WKH�IUHTXHQF\�RI�PLFURWXEXOH�VOLGLQJ�HYHQWV�DQG�WKHVH�ZHUH�VLJQLILFDQWO\�IDVWHU�WKDQ�WKRVH�LQ�FRQWURO�176 

FHOOV��)LJ���D�G���,Q�DGGLWLRQ��WKH�UDUH�VOLGLQJ�HYHQWV�LQ�GLIIHUHQWLDWHG�FRQWURO�FHOOV�ZHUH�XVXDOO\�177 

UHVWULFWHG�WR�PRYHPHQWV�SDUDOOHO�WR�WKH�ORQJ�D[LV�RI�WKH�FHOO��ZKLOH�PLFURWXEXOHV�ZHUH�REVHUYHG�WR�ORRS�178 

LQ�R0$3��GHSOHWHG�FHOOV��VLPLODUO\�WR�XQGLIIHUHQWLDWHG�FHOOV��)LJ���H��9LGHRV�������������7KHVH�179 

REVHUYDWLRQV�VXJJHVW�WKDW�R0$3��DFWV�WR�PDLQWDLQ�WKH�SDUDOOHO�PLFURWXEXOH�QHWZRUN�E\�UHVWULFWLQJ�180 

PLFURWXEXOH�PRYHPHQW��HVSHFLDOO\�WKRVH�WKDW�DUH�RII�D[LV��181 

$V�ZH�GHPRQVWUDWHG�LQ�D�SUHYLRXV�VWXG\�WKDW�X0$3��OLPLWV�IRUFH�JHQHUDWLRQ�E\�G\QHLQ�WR�SUHYHQW�182 

H[FHVVLYH�PRYHPHQW�RI�DVWUDO�PLFURWXEXOHV�DORQJ�WKH�FHOO�FRUWH[��6DPRUD�HW�DO����������ZH�ZRQGHUHG�183 

ZKHWKHU�R0$3��SUHYHQWV�PLFURWXEXOH�VOLGLQJ�E\�LQKLELWLQJ�G\QHLQ�IXQFWLRQ�GLUHFWO\�RU�ZKHWKHU�R0$3��184 

FURVVOLQNV�PLFURWXEXOHV�DQG�DFWV�DV�D�EUDNH�WR�DOO�PRWRU�GULYHQ�VOLGLQJ��,Q�RUGHU�WR�GLVWLQJXLVK�EHWZHHQ�185 

WKHVH�SRVVLELOLWLHV��ZH�FR�GHSOHWHG�G\QHLQ�IURP�R0$3��GHSOHWHG�FHOOV��,I�R0$3��ZRXOG�DFW�H[FOXVLYHO\�186 

WKURXJK�G\QHLQ��ZH�SRVLWHG�WKLV�VKRXOG�UHVFXH�WKH�GHSOHWLRQ�SKHQRW\SHV��'HSOHWLRQ�RI�G\QHLQ�KHDY\�187 

FKDLQ�DORQH�GLG�QRW�VLJQLILFDQWO\�DIIHFW�WKH�DOUHDG\�ORZ�PLFURWXEXOH�VOLGLQJ�IUHTXHQFLHV�LQ�GLIIHUHQWLDWHG�188 

FHOOV��DOWKRXJK�WKH�YHORFLW\�RI�PLFURWXEXOH�VOLGLQJ�ZDV�UHGXFHG��)LJ���E�G���&HOOV�FR�GHSOHWHG�IRU�189 

G\QHLQ�DQG�R0$3��VWLOO�VKRZHG�D�KLJK�IUHTXHQF\�RI�PLFURWXEXOH�VOLGLQJ�HYHQWV��)LJ���E�F���DOWKRXJK�190 

IDVW�VOLGLQJ�HYHQWV�DQG�ORRSLQJ�ZHUH�UHGXFHG��)LJ���G�H���&RQVHTXHQWO\��G\QHLQ�FR�GHSOHWLRQ�VOLJKWO\�191 

DOOHYLDWHG�WKH�PLFURWXEXOH�GLVRUJDQLVDWLRQ�FDXVHG�E\�R0$3��GHSOHWLRQ��EXW�GLG�QRW�IXOO\�UHVFXH�LW�192 

�)LJXUH���ILJXUH�VXSSOHPHQW�����7KHVH�UHVXOWV�VXJJHVW�WKDW�R0$3��SUHYHQWV�PLFURWXEXOH�VOLGLQJ�E\�193 

FURVVOLQNLQJ�PLFURWXEXOHV�UDWKHU�WKDQ�E\�LQKLELWLQJ�G\QHLQ�IRUFH�JHQHUDWLRQ�SHU�VH��,QGHHG��H[SUHVVLRQ�194 

RI�*)3�R0$3��LQ�XQGLIIHUHQWLDWHG�P\REODVWV�UHVXOWHG�LQ�D�VLJQLILFDQW�LQFUHDVH�LQ�VWURQJ�PLFURWXEXOH�195 

EXQGOHV��ZKLOH�H[SUHVVLRQ�RI�*)3�X0$3��KDG�QR�HIIHFW��)LJ���I�J���196 

�197 

R0$3��FURVVOLQNV�DQWLSDUDOOHO�PLFURWXEXOHV�in vitro�198 
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7R�GLUHFWO\�WHVW�WKH�K\SRWKHVLV�WKDW�R0$3��LV�D�FURVVOLQNHU��ZH�UHFRPELQDQWO\�H[SUHVVHG�DQG�SXULILHG�199 

R0$3��DQG�*)3�R0$3��IURP�E. coli��)LJ���D���8VLQJ�in vitro PLFURWXEXOH�FR�VHGLPHQWDWLRQ�DVVD\V��200 

ZH�FRQILUPHG�PLFURWXEXOH�ELQGLQJ�DFWLYLW\�RI�WKH�SXULILHG�SURWHLQV��)LJ���E���:KHQ�7D[RO��RU�*03�201 

&33�VWDELOLVHG�PLFURWXEXOHV�ZHUH�LQFXEDWHG�ZLWK���Q0�R0$3���ZH�IUHTXHQWO\�REVHUYHG�PLFURWXEXOH�202 

EXQGOHV�DQG�VWUXFWXUHV�ZLWK�FURVVRYHUV��)LJ���F�I���7KLV�FRQILUPHG�WKDW�R0$3��KDV�PLFURWXEXOH�203 

FURVVOLQNLQJ�DFWLYLW\��:H�QH[W�DVNHG�ZKHWKHU�R0$3��KDV�WKH�DELOLW\�WR�RUJDQLVH�G\QDPLF�PLFURWXEXOHV�204 

LQWR�DQWLSDUDOOHO�EXQGOHV�in vitro��7R�GR�WKLV��ZH�XVHG�WRWDO�LQWHUQDO�UHIOHFWLRQ��7,5)��PLFURVFRS\�WR�205 

YLVXDOLVH�PLFURWXEXOHV�DVVHPEOHG�IURP�ELRWLQ\ODWHG�PLFURWXEXOH�VHHGV�LPPRELOLVHG�RQ�VWUHSWDYLGLQ�206 

FRDWHG�FRYHUVOLSV��,Q�FRQWURO�FKDPEHUV��PLFURWXEXOHV�FRQWLQXHG�JURZLQJ�ZLWKRXW�FKDQJLQJ�GLUHFWLRQ�207 

ZKHQ�WKH\�HQFRXQWHUHG�RWKHU�PLFURWXEXOHV�DQG�PLFURWXEXOHV�RQO\�RYHUODSSHG�ZKHQ�WKH\�KDSSHQHG�WR�208 

JURZ�LQ�WKH�VDPH�GLUHFWLRQ��)LJ���D�E��9LGHR������7KH�DGGLWLRQ�RI�*)3�R0$3��SURPRWHG�]LSSHULQJ�RI�209 

WKRVH�JURZLQJ�PLFURWXEXOHV�WKDW�HQFRXQWHUHG�HDFK�RWKHU�DW�VKDOORZ�DQJOHV��)LJ���D�F��9LGHR������7R�210 

DVVHVV�ZKHWKHU�R0$3��ZDV�VSHFLILF�IRU�WKH�RULHQWDWLRQ�RI�WKH�PLFURWXEXOHV��ZH�GHWHUPLQHG�211 

PLFURWXEXOH�SRODULW\�EDVHG�RQ�WKH�JURZWK�FKDUDFWHULVWLFV�RI�WKH�PLFURWXEXOH�HQGV�REVHUYHG�LQ�WKH�212 

9LGHR��)LJ���F��DQG�GHWHUPLQHG�WKH�UDWH�RI�PLFURWXEXOH�]LSSHULQJ�UHODWLYH�WR�WKH�LQFLGHQW�DQJOH�RI�WKH�213 

WZR�PLFURWXEXOHV��1R�PLFURWXEXOH�]LSSHULQJ�HYHQWV�ZHUH�REVHUYHG�DW�DQJOHV�EHWZHHQ�����DQG�������214 

VXJJHVWLQJ�WKDW�R0$3��FDQ�RQO\�JHQHUDWH�IRUFHV�WR�EHQG�PLFURWXEXOHV�E\�XS�WR������)XUWKHUPRUH��215 

R0$3��VKRZHG�D�VWURQJ�SUHIHUHQFH�IRU�]LSSHULQJ�DQWLSDUDOOHO�RULHQWHG�PLFURWXEXOHV��)LJ���E�F���216 

$QRWKHU�NQRZQ�DQWLSDUDOOHO�PLFURWXEXOH�EXQGOLQJ�SURWHLQ��35&��LV�D�GLPHU�WKDW�DFFXPXODWHV�217 

VSHFLILFDOO\�LQ�DQWLSDUDOOHO�PLFURWXEXOH�RYHUODSV�LQ�WKH�VSLQGOH�PLG]RQH��6XEUDPDQLDQ�HW�DO����������:H�218 

REVHUYHG�WKDW�35&��ZDV�PRUH�SRWHQW�WR�EXQGOH�VWDELOLVHG�PLFURWXEXOHV�IUHH�LQ�VROXWLRQ�WKDQ�R0$3��219 

�)LJ���H�I���+RZHYHU��35&��ZDV�QRW�DEOH�WR�]LSSHU�PLFURWXEXOHV�LQ�RXU�DVVD\V�XVLQJ�G\QDPLF�220 

PLFURWXEXOHV�JURZLQJ�IURP�LPPRELOLVHG�VHHGV��)LJ���E���7KLV�LV�LQ�DJUHHPHQW�ZLWK�WKH�OLWHUDWXUH�WKDW�221 

GHVFULEHG�35&��WR�VSHFLILFDOO\�ELQG�WR�DQWLSDUDOOHO�PLFURWXEXOH�RYHUODSV�WKDW�IRUP�ZKHQ�PLFURWXEXOHV�222 

³RFFDVLRQDOO\�HQFRXQWHUHG�HDFK�RWKHU�LQ�D�SOXV�HQG�WR�SOXV�HQG�FRQILJXUDWLRQ´��%LHOLQJ�HW�DO���������223 

UDWKHU�WKDQ�35&��LWVHOI�FDXVLQJ�WKH�IRUPDWLRQ�RI�WKH�RYHUODSV��:H�GR�QRW�REVHUYH�D�VXEVWDQWLDO�224 

HQULFKPHQW�RI�*)3�R0$3��LQ�DQWLSDUDOOHO�RU�SDUDOOHO�RYHUODSV��)LJ���F���7R�GHWHUPLQH�ZKHWKHU�WKH�ELDV�225 

LQ�]LSSHULQJ�WRZDUGV�DQWLSDUDOOHO�RULHQWHG�PLFURWXEXOHV�FRXOG�EH�GXH�WR�GLIIHUHQFHV�LQ�WKH�OHQJWK�RI�226 

PLFURWXEXOHV�WKDW�HQFRXQWHUHG�HDFK�RWKHU��ZH�PHDVXUHG�WKH�OHQJWK�GHSHQGHQFH�RI�0$3��PHGLDWHG�227 

]LSSHULQJ��:H�IRXQG�VLPLODU�GLVWULEXWLRQV�RI�PLFURWXEXOH�OHQJWKV�IRU�HQFRXQWHUV�WKDW�UHVXOWHG�LQ�228 
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]LSSHULQJ�DQG�WKRVH�HQFRXQWHUV�WKDW�RFFXUUHG�DW�VLPLODUO\�VKDOORZ�LQFLSLHQW�DQJOHV�EXW�QRW�OHG�WR�229 

]LSSHULQJ��S �������/LNHZLVH��WKHUH�ZDV�QR�GLIIHUHQFH�EHWZHHQ�SDUDOOHO�DQG�DQWLSDUDOOHO�HQFRXQWHUV�230 

WKDW�ZHUH�]LSSHUHG��S� �������DQG�WKRVH�WKDW�GLG�QRW�UHVXOW�LQ�]LSSHULQJ��S �������)LJXUH���ILJXUH�231 

VXSSOHPHQW�����7KHUHIRUH��RXU�UHVXOWV�GHPRQVWUDWH�WKDW�R0$3��LV�D�PLFURWXEXOH�RUJDQLVLQJ�IDFWRU��232 

ZKLFK�FDQ�DUUDQJH�PLFURWXEXOHV�LQWR�DQWLSDUDOOHO�DQG�ZLWK�OHVVHU�HIILFLHQF\�SDUDOOHO�EXQGOHV��7KLV�233 

IXQFWLRQ�LV�FRQVLVWHQW�ZLWK�WKH�GHSOHWLRQ�SKHQRW\SHV�REVHUYHG�LQ�GLIIHUHQWLDWLQJ�PXVFOH�FHOOV��ZKHUH�234 

R0$3��KHOSV�WR�DUUDQJH�SDUD[LDO�PLFURWXEXOHV�DQG�WKHUHE\�VXSSRUWV�FHOO�GLIIHUHQWLDWLRQ��235 

�236 

R0$3��EXQGOHV�ZLWKVWDQG�PRWRU�IRUFHV�237 

35&���LV�GLPHU�WKDW�IRUPV�KLJKO\�RUGHUHG�FURVVOLQNV�WKDW�GR�QRW�VXEVWDQWLDOO\�OLPLW�PLFURWXEXOH�238 

PLFURWXEXOH�VOLGLQJ�DW�PRGHUDWH�FRQFHQWUDWLRQV��6XEUDPDQLDQ�HW�DO����������$V�ZH�SURSRVHG�WKDW�239 

R0$3��FRQWULEXWHV�WR�PLFURWXEXOH�DOLJQPHQW�E\�SUHYHQWLQJ�PLFURWXEXOH�VOLGLQJ�LQ�GLIIHUHQWLDWLQJ�240 

PXVFOH�FHOOV��ZH�QH[W�DVNHG�KRZ�R0$3��FURVVOLQNV�PLFURWXEXOHV�DQG�ZKHWKHU�WKHVH�FDQ�ZLWKVWDQG�241 

PRWRU�IRUFHV��:H�FRQVLGHUHG�ZKHWKHU�WKH�XQLTXH�SURMHFWLRQ�GRPDLQ�LQ�R0$3��FRQIHUV�PLFURWXEXOH�242 

FURVVOLQNLQJ�DFWLYLW\�E\�GLPHULVDWLRQ��3URWHLQV�RI�WKH�0$3��WDX�IDPLO\�DUH�KLJKO\�HORQJDWHG��VWUXFWXUDOO\�243 

GLVRUGHUHG�PRQRPHUV��'HYUHG�HW�DO���������+HUQDQGH]�HW�DO����������8VLQJ�WKH�*25�VHFRQGDU\�244 

VWUXFWXUH�SUHGLFWLRQ�PHWKRG��ZH�ILQG�WKDW�R0$3���X0$3��DQG�WDX�VKDUH�D�VLPLODU�VWUXFWXUH�RI�RYHU�245 

����UDQGRP�FRLO��DERXW�����KHOLFDO�DQG�����H[WHQGHG�VWUDQG��*DUQLHU�HW�DO����������)XUWKHUPRUH��QR�246 

VLJQLILFDQW�FRLOHG�FRLO�GRPDLQ�ZDV�SUHGLFWHG��7R�FRQILUP�WKLV��ZH�SHUIRUPHG�VHGLPHQWDWLRQ�DQDO\VLV�RI�247 

EDFWHULDOO\�H[SUHVVHG�R0$3��DQG�*)3�R0$3��LQ�FRPSDULVRQ�ZLWK�D�QXPEHU�RI�VWDQGDUG�SURWHLQV�248 

�)LJ���G�H���:H�REWDLQHG�VHGLPHQWDWLRQ�FRQVWDQWV�RI����������6�DQG����������6��UHVSHFWLYHO\��*LYHQ�249 

WKH�PROHFXODU�ZHLJKW�RI�WKH�PRQRPHUV�EHLQJ���N'�DQG����N'��UHVSHFWLYHO\��ZH�FDQ�FDOFXODWH�WKH�250 

IULFWLRQDO�UDWLR�ƒ/ƒPLQ �����VXJJHVWLQJ�WKDW�R0$3��LV�D�KLJKO\�HORQJDWHG�PRQRPHU�ZLWK�D�VKDSH�251 

FRPSDUDEOH�WR�WDX��ƒ/ƒPLQ ������'HYUHG�HW�DO�����������:H�WKHUHIRUH�SUHGLFW�WKDW�R0$3��PRVW�OLNHO\�252 

EXQGOHV�PLFURWXEXOHV�XVLQJ�D�VHFRQG�PLFURWXEXOH�ELQGLQJ�UHJLRQ�LQ�LWV�SURMHFWLRQ�GRPDLQ��253 

6LQJOH�NLQHVLQ���DQG�G\QHLQ�PROHFXOHV�FDQ�JHQHUDWH�IRUFHV�RI�XS�WR��S1��1LVKL\DPD�HW�DO���������254 

7RED�HW�DO����������7R�GHWHUPLQH�ZKHWKHU�R0$3��EXQGOLQJ�FDQ�LQGHHG�ZLWKVWDQG�WKH�IRUFHV�H[HUWHG�E\�255 

VHYHUDO�PRWRUV�WXJJLQJ�WKH�PLFURWXEXOHV�DSDUW��ZH�SHUIRUPHG�JOLGLQJ�DVVD\V�ZLWK�NLQHVLQ����7KH�256 
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LPSRUWDQWO\��ZH�REVHUYHG�WKDW�PRUH�WKDQ�����RI�PLFURWXEXOH�EXQGOHV�ZLWKVWDQG�PRWRU�IRUFHV�IRU�WKH�266 
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DV�H[SHULHQFHG�E\�SUH�IRUPHG�EXQGOHV�LQ�NLQHVLQ�JOLGLQJ�DVVD\V��WKH�VKHDU�IRUFHV�DUH�SUREDEO\�VKDUHG�305 

EHWZHHQ�VHYHUDO�FURVVOLQNLQJ�PROHFXOHV�WKXV�HQDEOLQJ�R0$3��WR�ZLWKVWDQG�FRXQWHUDFWLQJ�PRWRU�IRUFHV�306 

RQ�WKH�EXQGOHG�PLFURWXEXOHV��%XQGOHV�WKDW�FRQWDLQ�RQH�YHU\�ORQJ�PLFURWXEXOH�WKDW�LV�GULYHQ�ODWHUDOO\�RQ�307 
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�� 
 

PLFURWXEXOHV��,QGHHG��G\QHLQ�GHSOHWLRQ�DORQH�UHVXOWV�LQ�UHGXFHG�PLFURWXEXOH�DOLJQPHQW��)LJXUH���316 

ILJXUH�VXSSOHPHQW�����7KLV�LV�FRQVLVWHQW�ZLWK�WKH�ILQGLQJ�WKDW�G\QHLQ�FRQWUROV�PXVFOH�OHQJWK�LQ�317 
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�-DQNRYLFV�DQG�%UXQQHU���������7KXV�WKH�PHFKDQLVPV�ZH�UHYHDO�KHUH�IRU�PRWRU�DQG�0$3�FRRSHUDWLRQ�336 
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SUHVHQFH�RI�PLFURWXEXOH�WXUQRYHU��LW�GRHV�QRW�H[SODLQ�KRZ�WKH�V\PPHWU\�RI�WKH�UDGLDO�PLFURWXEXOH�341 
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GLIIHUHQWLDWLRQ��'LUHFWLRQDOLW\�LV�FRORXU�FRGHG��JUHHQ�DQG�UHG�������WR�ORQJLWXGLQDO�FHOO�D[LV��EOXH�DQG�803 

\HOORZ��SHUSHQGLFXODU�WR�FHOO�D[LV��������&HOO�RXWOLQHV�DUH�LQGLFDWHG�ZLWK�GDVKHG�ZKLWH�OLQH��6FDOH�EDUV�804 

���P���F��&XPPXODWLYH�GLVWULEXWLRQ�RI�07�JURZWK�DQJOHV�IRU�H[DPSOH�FHOOV�VKRZQ�LQ��E���.XLSHU�805 

VWDWLVWLFV��.�6��LV�FDOFXODWHG�DV�D�PHDVXUH�IRU�PLFURWXEXOH�DOLJQPHQW�DV�WKH�VXP�RI�WKH�PD[LPXP�806 

GHYLDWLRQV�G��DQG�G��IURP�D�UDQGRP�GLVWULEXWLRQ��6HH�VXSSOHPHQW���IRU�DQJXODU�KLVWRJUDPV���G��807 

$YHUDJH�07�DV\PPHWU\�RI�GLIIHUHQWLDWLQJ�P\REODVWV��'DWD�VKRZ�PHDQ���6(0�IRU�����FHOOV�ZLWK�!�����808 

PLFURWXEXOH�WUDFNV�SHU�FRQGLWLRQ���H�I��0RWLOLW\�RI�SD*)3�7XEXOLQ�ODEHOOHG�PLFURWXEXOH�VHJPHQWV�LQ�809 

P\REODVWV�SUH�SRVW�LQGXFWLRQ�RI�GLIIHUHQWLDWLRQ�DQG�DIWHU�GHSOHWLRQ�RI�G\QHLQ��VK'+&��DQG�NLQHVLQ���810 

�VK.+&���%DU�VKDSHG�SDWWHUQV�ZHUH�DFWLYDWHG�SHUSHQGLFXODU�WR�WKH�PLFURWXEXOH�RULHQWDWLRQ�XVLQJ�811 

P&KHUU\�7XEXOLQ�DV�PDUNHU��I���$Q�LQGLYLGXDO�EDU�VKDSHG�DFWLYDWLRQ�SDWWHUQ�LV�VKRZQ�LQ��H��IRU�HDFK�812 

FRQGLWLRQ��$UURZV�KLJKOLJKW�PLFURWXEXOH�VOLGLQJ�HYHQWV��6FDOH�EDUV�DUH���P��6HH�VXSSOHPHQWDU\�813 

9LGHRV�������J�K��)UHTXHQF\�DQG�YHORFLW\�RI�PLFURWXEXOH�VOLGLQJ�HYHQWV�REVHUYHG�IROORZLQJ�814 

SKRWRDFWLYDWLRQ�RI�WXEXOLQ�VHJPHQWV��'DWD�VKRZ�PHDQ���6(0��Q� �������DFWLYDWHG�SDWWHUQV��$VWHULVNV�815 

LQGLFDWH�VLJQLILFDQW�GLIIHUHQFH�IURP�XQGLIIHUHQWLDWHG�FRQWURO�FHOOV���S��������S���������S����������816 

�L��,PPXQREORWWLQJ�RI�&�&���FHOO�H[WUDFWV�SUH�SRVW�LQGXFWLRQ�RI�GLIIHUHQWLDWLRQ�IRU�'+&�DQG�.+&��817 

7XEXOLQ�VHUYHV�DV�ORDGLQJ�FRQWURO��818 

�819 

)LJXUH��±ILJXUH�VXSSOHPHQW����0LFURWXEXOH�JURZWK�RULHQWDWLRQ��$QJXODU�GLVWULEXWLRQ�RI�PLFURWXEXOH�820 

JURZWK�GDWD�REWDLQHG�IURP�(%��*)3�WUDFNV�IRU�WKH�FHOOV�VKRZQ�LQ�)LJXUH��E��821 

�822 

)LJXUH��±ILJXUH�VXSSOHPHQW����'LVVLSDWLRQ�RI�SKRWRFRQYHUWHG�PLFURWXEXOH�ODEHOOLQJ��'LVVLSDWLRQ�823 

RI�SKRWRFRQYHUWHG�UHJLRQV�RI�P(RV��7XEXOLQ�LQ�&�&���FHOOV�EHIRUH��XQGLII��DQG����KRXUV�SRVW�824 
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LQGXFWLRQ�RI�GLIIHUHQWLDWLRQ��&HOOV�ZHUH�WUHDWHG�ZLWK�7D[RO�WR�VWRS�GLVVLSDWLRQ�E\�GHSRO\PHULVDWLRQ��RU�825 

D]LGH�WR�VWRS�GLVVLSDWLRQ�E\�PRWRU�GULYHQ�PRYHPHQW��'DWD�KDYH�EHHQ�FRUUHFWHG�IRU�EOHDFKLQJ�E\�826 

VXEVWUDFWLRQ�RI�GDWD�IURP�FHOOV�WUHDWHG�ZLWK�ERWK�7D[RO�DQG�D]LGH��'DWD�VKRZ�PHDQ���6(0��Q ������827 

FHOOV�IURP���H[SHULPHQWV��+DOI�OLIH�ZDV�GHWHUPLQHG�IURP�H[SRQHQWLDO�GHFD\�FXUYH�ILWWHG�WR�WKH�GDWD��828 

�829 

)LJXUH��±ILJXUH�VXSSOHPHQW����9HULILFDWLRQ�RI�G\QHLQ�DQG�NLQHVLQ�GHSOHWLRQ��,PPXQREORWWLQJ�RI�830 

&�&���FHOO�H[WUDFWV�IURP�*)3�SRVLWLYH�)$&6�VRUWHG�FHOOV�WUHDWHG�ZLWK�LQGLYLGXDO�VK51$V�IRU����KRXUV�831 

SUREHG�ZLWK�DQWLERGLHV�DV�LQGLFDWHG��832 

�833 

)LJXUH����R0$3��LV�UHTXLUHG�IRU�P\REODVW�HORQJDWLRQ�DQG�IXVLRQ���D��'RPDLQ�RUJDQL]DWLRQ�RI�834 

0$3��LVRIRUPV��*UHHQ�DQG�UHG�ER[HV�UHSUHVHQW�LVRIRUP�VSHFLILF�UHJLRQV�LQ�WKH�SURMHFWLRQ�GRPDLQV�RI�835 

P0$3��DQG�R0$3��UHVSHFWLYHO\��1RWH�WKDW�DOO�WKUHH�LVRIRUPV�DUH�H[SUHVVHG�ZLWK������RU���WDX�OLNH�07�836 

ELQGLQJ�UHSHDWV���E��57�3&5�EDVHG�0$3��H[SUHVVLRQ�DQDO\VLV�RI�51$�VDPSOHV�LVRODWHG�IURP������837 

KUV�GLIIHUHQWLDWHG�&�&���FHOOV��*$3'+�ZDV�XVHG�DV�ORDGLQJ�FRQWURO���F�G��,PPXQREORWWLQJ�RI�H[WUDFWV�838 

IURP������KUV�GLIIHUHQWLDWHG�&�&���FHOOV�XVLQJ�DQWLERGLHV�DJDLQVW�WKH�1�WHUPLQXV�RI�R0$3���F��RU�WKH�839 

PXVFOH�VSHFLILF�LQVHUWLRQ�RI�P0$3���G���7XEXOLQ�ZDV�XVHG�DV�D�ORDGLQJ�FRQWURO���H��([DPSOHV�RI�840 

VK51$�WUHDWHG�FHOOV�FR�H[SUHVVLQJ�*)3�7XEXOLQ����KU�DIWHU�LQGXFWLRQ�RI�GLIIHUHQWLDWLRQ��6FDOH�EDU�841 

���P���I��K��'LVWULEXWLRQ�RI�FHOO�OHQJWKV�DIWHU����KU�GLIIHUHQWLDWLRQ�IROORZLQJ�WUHDWPHQW�ZLWK�LQGLFDWHG�842 

VK51$V��������������FHOOV�ZHUH�PHDVXUHG�IURP���LQGHSHQGHQW�H[SHULPHQWV�IRU�HDFK�FRQGLWLRQ��6PDOO�843 

WULDQJOHV�UHSUHVHQW�PHDQ�YDOXHV���J��L��0\REODVW�IXVLRQ�DQDO\VHV�RI�&�&���FHOOV�WUHDWHG�ZLWK�LQGLFDWHG�844 

VK51$V�DIWHU����KU�GLIIHUHQWLDWLRQ�������������FHOOV�ZHUH�DQDO\VHG�IRU�HDFK�FRQGLWLRQ�DQG�RQO\�FHOOV�845 

ZLWK�WKUHH�RU�PRUH�QXFOHL�ZHUH�VFRUHG�DV�IXVHG��'DWD�DUH�FROOHFWHG�IURP���H[SHULPHQWV�IRU�HDFK�846 

FRQGLWLRQ�DQG�DUH�SUHVHQWHG�DV�PHDQ���6�(�0��$VWHULVNV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFH�IURP�VK&RQWURO�847 

WUHDWPHQW�RU�EHWZHHQ�SDLUV�RI�VDPSOHV�DV�LQGLFDWHG���S��������S���������S����������848 

�849 

)LJXUH��±ILJXUH�VXSSOHPHQW����([SUHVVLRQ�RI�PDMRU�0$3��LVRIRUPV��5HODWLYH�WUDQVFULSW�850 

DEXQGDQFHV�RI�0$3��LVRIRUPV�GXULQJ�P\REODVW�GLIIHUHQWLDWLRQ�DV�GHWHUPLQHG�E\�DQDO\VLV�RI�51$�851 

VHTXHQFLQJ�GDWD�IURP�XQGLIIHUHQWLDWHG�DQG���K�GLIIHUHQWLDWHG�&�&���FHOOV��7UDSQHOO�HW�DO����������852 
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&RPSDUDWLYH�H[SUHVVLRQ�OHYHOV�RI�0$3��LVRIRUPV�LQ�VHYHUDO�PRXVH�WLVVXHV�REWDLQHG�E\�DQDO\VLV�RI�853 

$II\PHWUL[�H[RQ�DUUD\�GDWD��3RKO�HW�DO����������'DWD�DUH�VKRZQ�DV�PHDQ���6'�IURP���H[SHULPHQWV�IRU�854 

HDFK�WLVVXH��6HH�SUHYLRXVO\�JHQHUDWHG�GDWDVHWV�����LQ�VXSSOHPHQW��855 

�856 

)LJXUH��±ILJXUH�VXSSOHPHQW����&�&���FHOOV�H[SUHVV�WKUHH�PDMRU�0$3��LVRIRUPV�ZLWK�YDULDEOH�857 

QXPEHUV�RI�07�ELQGLQJ�UHSHDWV��57�3&5�IURP�WRWDO�51$�LVRODWHG�IURP�&�&���FHOOV�EHIRUH���KUV��858 

DQG����KRXUV�SRVW�LQGXFWLRQ�RI�GLIIHUHQWLDWLRQ�ZLWK�XSVWUHDP�SULPHUV�VSHFLILF�IRU�SURMHFWLRQ�GRPDLQV�RI�859 

X0$3���P0$3��DQG�R0$3��DQG�GRZQVWUHDP�SULPHU�DW��¶�HQG�RI�WKH�0$3��FRGLQJ�VHTXHQFH�WR�860 

GHWHUPLQH�QXPEHU�RI�PLFURWXEXOH�ELQGLQJ�UHSHDWV��'LJHVWLRQ�RI�3&5�IURP����KRXU�GLIIHUHQWLDWHG�FHOOV�861 

ZLWK�H[RQ�VSHFLILF�UHVWULFWLRQ�QXFOHDVHV�WR�GHWHUPLQH�VSOLFHG�H[RQV�WKDW�JLYH�ULVH�WR�YDULDQWV�ZLWK�862 

GLIIHUHQW�QXPEHUV�RI�PLFURWXEXOH�ELQGLQJ�UHSHDWV��863 

�864 

)LJXUH��±ILJXUH�VXSSOHPHQW����0LFURWXEXODU�ORFDOL]DWLRQ�RI�H*)3�WDJJHG�0$3��LVRIRUPV�LQ�865 

&�&���FHOOV��7XEXOLQ�LV�XVHG�DV�D�PDUNHU�IRU�PLFURWXEXOHV��6FDOH�EDUV�DUH�����P��LQVHWV����P��866 

�867 

)LJXUH��±ILJXUH�VXSSOHPHQW����9HULILFDWLRQ�RI�P0$3��GHSOHWLRQ�E\�LPPXQRIOXRUHVFHQFH��868 

3URWHLQ�GHSOHWLRQ�ZDV�TXDQWLILHG�E\�FRXQWLQJ�FHOOV�WKDW�H[SUHVVHG�P0$3��LQ�*)3�7XEXOLQ�DQG�VK51$�869 

FR�H[SUHVVLQJ�FHOOV��%DUV�DUH�����P��������FHOOV�HDFK�ZHUH�DQDO\VHG�IRU�VK&RQWURO�DQG�VK�P0$3��870 

WUDQVIHFWLRQV��871 

�872 

)LJXUH��±ILJXUH�VXSSOHPHQW����9HULILFDWLRQ�RI�0$3��GHSOHWLRQ�E\�LPPXQREORWWLQJ��873 

,PPXQREORWWLQJ�RI�&�&���FHOO�H[WUDFWV�WUHDWHG�ZLWK�LQGLYLGXDO�VK51$V�DV�LQGLFDWHG�IRU�������KRXUV��874 

7XEXOLQ�VHUYHV�DV�ORDGLQJ�FRQWURO��875 

�876 
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)LJXUH��±ILJXUH�VXSSOHPHQW����9HULILFDWLRQ�RI�R0$3��GHSOHWLRQ�DQG�51$L�SURWHFWHG�UHVFXH�877 

FRQVWUXFW�E\�LPPXQREORWWLQJ��,PPXQREORW�RI�ZKROH�FHOO�H[WUDFWV�RI�+H/D�FHOOV�FR�WUDQVIHFWHG�ZLWK�878 

VK51$V�DQG�FRQWURO�RU�UHVFXH�SODVPLGV��7XEXOLQ�VHUYHV�DV�ORDGLQJ�FRQWURO���879 

�880 

)LJXUH����R0$3��LV�UHTXLUHG�IRU�WKH�SDUDOOHO�DUUDQJHPHQW�RI�PLFURWXEXOHV�LV�GLIIHUHQWLDWLQJ�881 

PXVFOH�FHOOV���D�E��&�&���P\REODVWV����KRXUV�DIWHU�LQGXFWLRQ�RI�GLIIHUHQWLDWLRQ�WUHDWHG�ZLWK�VK51$�882 

DV�LQGLFDWHG�DQG�VWDLQHG�IRU�0\RJHQLQ��D�PDUNHU�IRU�GLIIHUHQWLDWLQJ�P\REODVWV��\HOORZ���3&0����UHG��883 

DQG�'$3,��EOXH���*)3�7XEXOLQ��JUHHQ��LQGLFDWHV�VXFFHVVIXO�WUDQVIHFWLRQ�ZLWK�VK51$��,QVHWV�VKRZ�884 

KLJKHU�PDJQLILFDWLRQ�RI�PLFURWXEXOH�DUUDQJHPHQW��6FDOH�EDUV����P����P�LQ�LQVHWV���F��7LPHFRXUVH�RI�885 

H[SUHVVLRQ�RI�HPEU\RQLF�P\RVLQ��D�PDUNHU�RI�P\RJHQLF�GLIIHUHQWLDWLRQ���G��7LPHFRXUVH�RI�886 

UHORFDOLVDWLRQ�RI�3&0���IURP�D�IRFXV�DURXQG�WKH�FHQWURVRPH�WR�WKH�VXUIDFH�RI�WKH�QXFOHXV��&HOOV�ZLWK�887 

D�FRPSOHWH�QXFOHDU�ULQJ�ZHUH�VFRUHG�DV�SRVLWLYH��'DWD�LQ�F�G�VKRZ�PHDQ���6'��Q� �������FHOOV�IURP���888 

H[SHULPHQWV���H��51$L�UHVFXH�H[SHULPHQW�RI�GHOD\HG�3&0���UHORFDOLVDWLRQ�SKHQRW\SH��'DWD�VKRZ�889 

PHDQ���6(0�RI���H[SHULPHQWV�ZLWK�������FHOOV�HDFK���I��7LPHFRXUVH�RI�DFFXPXODWLRQ�RI�FHOOV�ZLWK�890 

DFHW\ODWHG�WXEXOLQ�GXULQJ�PXVFOH�FHOO�GLIIHUHQWLDWLRQ��'DWD�LQ�VKRZ�PHDQ���6'��Q� �������FHOOV�IURP���891 

H[SHULPHQWV���J��0DQXDO�WUDFLQJ�RI�PLFURWXEXOH�ILODPHQWV��\HOORZ��UHODWLYH�WR�WKH�ORQJLWXGLQDO�FHOO�D[LV�892 

�UHG��LQ�HORQJDWHG�PRQR�QXFOHDWHG�FHOOV�VHOHFWHG�DIWHU���K�GLIIHUHQWLDWLRQ�DQG�VK51$�WUHDWPHQW�DV�893 

LQGLFDWHG��6FDOH�EDUV����P��6HH�VXSSOHPHQWDU\�9LGHRV�������K��0LFURWXEXOH�GLUHFWLRQDOO\�IURP�GDWD�DV�894 

LQ�J�VKRZQ�DV�FXPPXODWLYH�IUHTXHQF\�GLVWULEXWLRQ��'DWD�VKRZ�PHDQ���6'��Q� ���H[SHULPHQWV�������895 

�����07V���L��$XWRPDWLF�WUDFNLQJ�RI�(%��WG7RPDWR�FRPHWV�LQ�HORQJDWHG�PRQR�QXFOHDWHG�FHOOV�896 

VHOHFWHG�DIWHU���K�GLIIHUHQWLDWLRQ�DQG�VK51$�WUHDWPHQW�DV�LQGLFDWHG��'LUHFW�OLQHV�IURP�VWDUW�WR�HQG�RI�897 

WUDFN�DUH�VKRZQ�DQG�FRORXU�FRGHG�IRU�GLUHFWLRQ�UHODWLYH�WR�ORQJLWXGLQDO�D[LV�RI�FHOO�DV�LQGLFDWHG�LQ�898 

OHJHQG��6FDOH�EDUV����P��6HH�VXSSOHPHQWDU\�9LGHRV�������M��'LVWULEXWLRQ�RI�PLFURWXEXOH�JURZWK�899 

DQJOHV�REWDLQHG�IURP�GDWD�DV�LQ�K��'DWD�VKRZ�PHDQ���6'��Q� ���H[SHULPHQWV������������WUDFNV���N�O��900 

0LFURWXEXOH�JURZWK�VSHHG�DQG�GXUDWLRQ�ZDV�GHWHUPLQHG�IURP�(%�WUDFNV�DV�LQ�L��3RROHG�GDWD�VKRZQ�DV�901 

VWDWLVWLFDO�ER[�SORWV�ZLWK�SHUFHQWLOHV�DV�LQGLFDWHG��902 

�903 

)LJXUH��±ILJXUH�VXSSOHPHQW����0LFURWXEXOH�RULHQWDWLRQ�LQ�GHSOHWHG�FHOOV��0DQXDO�VHJPHQWDWLRQ�RI�904 

PLFURWXEXOHV��ZKLWH�EODFN���WKHLU�DQJXODU�GLVWULEXWLRQ�UHODWLYH�WR�PDLQ�FHOO�D[LV��UHG���DQG�FXPXODWLYH�905 
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IUHTXHQF\�RI�PLFURWXEXOH�RULHQWDWLRQ�IROORZLQJ�GHSOHWLRQ�RI�LQGLYLGXDO�0$3��LVRIRUPV�DQG�LQ�R0$3��906 

51$L�UHVFXH�H[SHULPHQW��Q≥���FHOOV��.XLSHU�VWDWLVWLF�UHODWLYH�WR�UDQGRP�GLVWULEXWLRQ�LV�FDOFXODWHG�DV�LQ�907 

)LJ���F��908 

�909 

)LJXUH��±ILJXUH�VXSSOHPHQW����0LFURWXEXOH�JURZWK�RULHQWDWLRQ�LQ�GHSOHWHG�FHOOV��$QJXODU�910 

GLVWULEXWLRQ�RI�PLFURWXEXOH�JURZWK�GDWD�IURP�)LJXUH��M��7R�DLG�YLVXDOLVDWLRQ�RI�GDWD�WDLOV��ELQ�VL]H�911 

LQFUHDVHV�SURJUHVVLYHO\�EHWZHHQ���DQG������DQG�LV�WKHQ�FRQVWDQWO\������912 

�913 

)LJXUH����R0$3��SUHYHQWV�PLFURWXEXOH�VOLGLQJ�LQ�FHOOV���D��0LFURWXEXOH�PRWLOLW\��DUURZV��REVHUYHG�914 

DIWHU�SKRWRFRQYHUVLRQ�RI�P(26��7XEXOLQ�LQ����KRXUV�GLIIHUHQWLDWHG�FHOOV�WUHDWHG�ZLWK�VK51$�DV�915 

LQGLFDWHG��6FDOH�EDUV���P��6HH�VXSSOHPHQWDU\�9LGHRV���������E��)UHTXHQF\�RI�PLFURWXEXOH�PRWLOLW\�916 

HYHQWV�UHODWLYH�WR�DYHUDJH�VOLGLQJ�YHORFLW\�LQ����KRXUV�GLIIHUHQWLDWHG�FHOOV�WUHDWHG�ZLWK�VK51$�DV�917 

LQGLFDWHG��'DWD�SRROHG�IURP���H[SHULPHQWV��Q ������FHOOV���F�G��)UHTXHQF\�RI�PLFURWXEXOH�PRWLOLW\�918 

HYHQWV��DOO�HYHQWV�DUH�VKRZQ�LQ�F��ZKLOH�RQO\�IDVW�VOLGLQJ�HYHQWV�DUH�VKRZQ�LQ�G��7KH�ODWWHU�ZHUH�919 

GHILQHG�DV�PRYHPHQW�IDVWHU�WKDQ����QP�V��'DWD�VKRZ�PHDQ���6'��Q� ���H[SHULPHQWV��������FHOOV���H��920 

'LUHFWLRQDOLW\�RI�PLFURWXEXOH�PRWLOLW\�HYHQWV��3DUD[LDO�PRYHPHQW�LV�GHILQHG�DV�RFFXUULQJ�SDUDOOHO�WR�WKH�921 

ORQJ�FHOO�D[LV�ZLWK�D�GHYLDWLRQ�OHVV�WKDQ������/RRSLQJ�PLFURWXEXOHV�FKDQJHG�GLUHFWLRQ�E\�PRUH�WKDQ�����922 

GXULQJ�WKH�PRYHPHQW�HYHQW��'DWD�VKRZ�PHDQ���6'��Q� ���H[SHULPHQWV��������FHOOV���I�J��([SUHVVLRQ�923 

RI�*)3�R0$3���XSSHU�URZ��RU�*)3�X0$3���ORZHU�URZ��LQ�XQGLIIHUHQWLDWHG�&�&���FHOOV�VWDLQHG�ZLWK�924 

WXEXOLQ�DQWLERGLHV��7KH�QXPEHU�RI�VWURQJ�PLFURWXEXOH�EXQGOHV��DUURZV��RI�DW�OHDVW���P�OHQJWK�DQG�925 

WKUHH�IROG�LQWHQVLW\�RI�DQ�LQGLYLGXDO�PLFURWXEXOH�ZDV�VFRUHG��'DWD�LQ�J�VKRZ�PHDQ���6(0��Q ������926 

FHOOV��R0$3��FDXVHV�VWDWLVWLFDOO\�VLJQLILFDQW�FKDQJH��S �������6FDOH�EDU����P����P�LQ�LQVHWV��927 

�928 

)LJXUH��±ILJXUH�VXSSOHPHQW����0LFURWXEXOH�RULHQWDWLRQ�LQ�GHSOHWHG�FHOOV��([DPSOHV�RI�929 

PLFURWXEXOH�WUDFHV��\HOORZ��LQ�G\QHLQ�GHSOHWHG�DQG�G\QHLQ���R0$3��GHSOHWHG���K�GLIIHUHQWLDWHG�930 

HORQJDWHG�P\REODVWV��VHH�)LJ���J�IRU�H[DPSOHV�IRU�FRQWURO�DQG�R0$3��GHSOHWLRQ��$QJXODU�GLVWULEXWLRQ�931 

DQG�FXPXODWLYH�IUHTXHQF\�RI�PLFURWXEXOH�RULHQWDWLRQ�UHODWLYH�WR�WKH�PDLQ�FHOO�D[LV��UHG��LV�VKRZQ�IRU�932 
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GDWD�SRROHG�IURP���H[SHULPHQWV��.XLSHU�VWDWLVWLF�UHODWLYH�WR�UDQGRP�GLVWULEXWLRQ�LV�FDOFXODWHG�DV�LQ�)LJ��933 

�F��934 

�935 

)LJXUH����R0$3��EXQGOHV�PLFURWXEXOHV�in vitro���D��6'6�3$*(�DQDO\VLV�RI�R0$3��SURWHLQ�936 

SXULILFDWLRQ��1�WHUPLQDOO\��[+LV�WDJJHG�IXOO�OHQJWK�R0$3��ZDV�SXULLILHG�E\�1L���17$�DIILQLW\�937 

FKURPDWRJUDSK\�IROORZHG�E\�LRQ�H[FKDQJH�FKURPDWRJUDSK\���E��0LFURWXEXOH�FR�VHGLPHQWDWLRQ�938 

DQDO\VLV�RI�R0$3��SURWHLQ��3XULILHG�SURWHLQ�IURP��D��ZDV�LQFXEDWHG�ZLWK�7D[RO�VWDELOLVHG�PLFURWXEXOHV�939 
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