
.RUHDQ -� &KHP� (QJ�� ������ ������� ������

���

�7R ZKRP FRUUHVSRQGHQFH VKRXOG EH DGGUHVVHG�

(�PDLO� VESDUN#PDLO�NDLVW�DF�NU

(IIHFW� RI� &DOFLQDWLRQ� 7HPSHUDWXUH� DQG� $GGLWLRQ� RI� 6LOLFD�� =LUFRQLD�� $OXPLQD
RQ� WKH� 3KRWRFDWDO\WLF� $FWLYLW\� RI� 7LWDQLD

.\HRQJ <RXO -XQJ DQG 6HXQJ %LQ 3DUN�

'HSDUWPHQW RI &KHPLFDO (QJLQHHULQJ� .RUHD $GYDQFHG ,QVWLWXWH RI 6FLHQFH DQG 7HFKQRORJ\�
������ .XVRQJ�GRQJ <XVRQJ�JX� 'DHMHRQ �������� .RUHD
�5HFHLYHG � 6HSWHPEHU ���� � DFFHSWHG �� 2FWREHU �����

$EVWUDFW−1DQRSKDVH WLWDQLD ZDV SUHSDUHG E\ VRO�JHO PHWKRG DQG VSUD\ S\URO\VLV� :H WULHG WR HOXFLGDWH WKH UHODWLRQ�

VKLS EHWZHHQ WKH SKRWRDFWLYLW\ DQG WKH FU\VWDOOLWH VL]H RI DQDWDVH SKDVH� 7R EHWWHU XQGHUVWDQG WKH FKDQJHV LQ WKH EXON

DQG WKH VXUIDFH RI WLWDQLD DV WKH FDOFLQDWLRQ WHPSHUDWXUH LV FKDQJHG� (35 DQG SKRWROXPLQHVFHQFH DQDO\VLV ZHUH FDUULHG

RXW� 7KH HIIHFW RI WKH VHFRQGDU\ PHWDO R[LGH HPEHGGHG LQWR WLWDQLD PDWUL[ RQ WKH SKRWRDFWLYLW\ ZDV DOVR LQYHVWLJDWHG�

,W ZDV IRXQG WKDW WKH SKRWRDFWLYLW\ RI WLWDQLD KDV D OLQHDU UHODWLRQVKLS WR WKH FU\VWDOOLWH VL]H� )RU WKH DQDO\VLV RI (35

DQG SKRWROXPLQHVFHQFH IRU SXUH WLWDQLD� WKH LQFUHDVH RI SKRWRDFWLYLW\ ZLWK LQFUHDVLQJ WKH FDOFLQDWLRQ WHPSHUDWXUH LV

GXH WR WKH IRUPDWLRQ RI VXUIDFH DFWLYH VLWHV VXFK DV 2− DV ZHOO DV WKH LQFUHDVH RI FU\VWDOOLQLW\ UHVXOWLQJ IURP WKH UHPRYDO

RI EXON GHIHFWV� )RU VLOLFD�WLWDQLD PL[HG R[LGH� LW ZDV IRXQG WKDW WKH LPSURYHPHQW RI WKH WKHUPDO VWDELOLW\ RI DQDWDVH

SKDVH LV LPSRUWDQW WR HQKDQFH WKH SKRWRDFWLYLW\ RI WLWDQLD EHFDXVH WKH SUHSDUHG FDWDO\VW ZDV FDOFLQHG DW D KLJKHU WHP�

SHUDWXUH WKDQ ��� R& ZLWKRXW IRUPLQJ UXWLOH SKDVH� ,W ZDV DOVR FRQFOXGHG WKDW WKH VLPXOWDQHRXV LQFUHDVH RI WKH VXUIDFH

DUHD DQG WKH FU\VWDOOLQLW\ SURPLVHV WR LPSURYH WKH SKRWRDFWLYLW\ DFKLHYHG E\ LQFUHDVLQJ WKH FRQWHQW RI VLOLFD XS WR ����

%\ WKH DQDO\VLV RI (35 DQG SKRWROXPLQHVFHQFH� LW ZDV IRXQG WKDW WKH HPEHGGLQJ RI VLOLFD LQWR WLWDQLD PDWUL[ VXSSUHVVHV

WKH IRUPDWLRQ RI 7L�� DQG SURGXFHV D QHZ DFWLYH VLWH RI 7L�2�6L� ZKLFK HDVLO\ LQWHUDFWV ZLWK WKH R[\JHQ� ,Q WKH LQ�

YHVWLJDWLRQ RI ]LUFRQLD�WLWDQLD DQG DOXPLQD�WLWDQLD PL[HG R[LGH� LW ZDV IRXQG WKDW WKH LQFUHDVH RI WKH VXUIDFH 2+ LV HV�

VHQWLDO WR SRVLWLYHO\ DIIHFW RI WKH LPSURYHG WKHUPDO VWDELOLW\ RQ WKH SKRWRDFWLYLW\�

.H\ ZRUGV� 7LWDQLD� 6RO�*HO 0HWKRG� 0L[HG 2[LGH� (35� 3KRWROXPLQHVFHQFH
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7LWDQLD LV ZHOO NQRZ WR KDYH KLJK SKRWRFDWDO\WLF DFWLYLW\ >3UXGHQ

DQG 2OOLV� ����� +RIIPDQ HW DO�� ����@� :KHQ WLWDQLD LV LOOXPLQDWHG

E\ VXLWDEOH OLJKW HQHUJ\ �KY� KLJKHU WKDQ LWV EDQG JDS� HOHFWURQV LQ

WKH YDOHQFH EDQG DUH H[FLWHG DQG MXPS XS WR WKH FRQGXFWLRQ EDQG

UHVXOWLQJ LQ JHQHUDWLQJ SRVLWLYH KROHV LQ WKH YDOHQFH EDQG� 6RPH

SRUWLRQ RI WKH SKRWR�H[FLWHG HOHFWURQV DQG KROHV DUH GLIIXVHG WR WKH

VXUIDFH RI WLWDQLD DQG WDNH SDUW LQ WKH FKHPLFDO UHDFWLRQ ZLWK WKH DG�

VRUEHG HOHFWURQ DFFHSWRUV RU GRQRUV� UHVSHFWLYHO\� 8QIRUWXQDWHO\�

PRVW RI SKRWR�H[FLWHG HOHFWURQ DQG KROH SDLUV DUH FRQVXPHG E\ WKH

YROXPH UHFRPELQDWLRQ SURFHVV LQ WKH EXON� 6R� LQ RUGHU WR LPSURYH

WKH SKRWRDFWLYLW\� LW LV HVVHQWLDO WR LQFUHDVH WKH SRUWLRQ RI HOHFWURQ

DQG KROH SDLUV WUDQVIHUUHG WR WKH DGVRUEHG UHGR[ VSHFLHV DV ZHOO DV

WR VXSSUHVV WKH UHFRPELQDWLRQ SURFHVVHV�

)RU WKH EXON WLWDQLD SDUWLFOHV� WKH PRVW SKRWR�H[FLWHG HOHFWURQ DQG

KROH SDLUV DUH FRQVXPHG E\ WKH YROXPH UHFRPELQDWLRQ DW EXON GHIHFW

VLWHV� 7KHUHIRUH� LW LV YHU\ LPSRUWDQW WR UHGXFH WKH EXON GHIHFW IRU

KLJK SKRWRDFWLYLW\� 7KH EHVW ZD\ WR UHGXFH WKH YROXPH UHFRPELQD�

WLRQ RI SKRWR�H[FLWHG HOHFWURQ DQG KROH SDLUV LV WR LQFUHDVH WKH FU\V�

WDOOLQLW\ RI WLWDQLD� 7KHUH DUH PDQ\ UHSRUWV UHODWLQJ WR WKH FU\VWDOOLQ�

LW\ HIIHFW RQ WKH SKRWRDFWLYLW\ RI WLWDQLD SDUWLFOHV >1LVKLPRWR HW DO��

����� 2KWDQL HW DO�� ����� 5LYHUD HW DO�� ����� 3RUWHU HW DO�� �����

=KDQJ HW DO�� ����@� +LJKHU FU\VWDOOLQLW\ RI DQDWDVH SKDVH OHDGV WR

KLJKHU SKRWRDFWLYLW\� :KHQ WLWDQLD LV SUHSDUHG E\ D OLTXLG WHFKQLTXH

VXFK DV VRO�JHO V\QWKHVLV� WKH SRVW KHDW WUHDWPHQW WHPSHUDWXUH LV FUX�

FLDO WR WKH SKRWRDFWLYLW\ EHFDXVH LW FKDQJHV WKH FU\VWDOOLQLW\ DV ZHOO

DV WKH FU\VWDO VWUXFWXUH RI WLWDQLD�+LJKHU FU\VWDOOLQLW\ QHHGV KLJKHU FDO�

FLQDWLRQ WHPSHUDWXUH� %XW� WKH LQFUHDVH RI FDOFLQDWLRQ WHPSHUDWXUH

WR LPSURYH WKH FU\VWDOOLQLW\ RI WLWDQLD SUHSDUHG E\ D OLTXLG SKDVH WHFK�

QLTXH LV OLPLWHG EHFDXVH DQDWDVH SKDVH LV WKHUPDOO\ XQVWDEOH DQG

WXUQHG LQWR UXWLOH SKDVH ZKLFK LV OHVV SKRWRDFWLYH� 7KXV WKH PDMRU

JRDO RI WKLV ZRUN LV WR LPSURYH WKH WKHUPDO VWDELOLW\ RI WLWDQLD IRU

WKH SKDVH WUDQVLWLRQ�

7KH XVH RI PL[HG R[LGH RU PXOWLFRPSRQHQW R[LGH DV D SKRWR�

FDWDO\VW LV D QRYHO FODVV LQ UHFHQW \HDUV� 7KH NH\ FRQFHSW IRU WKHPRG�

LILFDWLRQ RI WLWDQLXP R[LGH ZLWK RWKHU R[LGHV VXFK DV )H�2�� 6L2��

=U2�� $O�2�� 1E�2�� :2�� DQG 0R2� LV WR FKDQJH WKH VXUIDFH RU

VWUXFWXUDO SURSHUWLHV DQG WKH SKRWRFKHPLFDO SURSHUW\ WR LPSURYH LWV

SKRWRDFWLYLW\ >1DYLR HW DO�� ����� 1HJLVKL HW DO�� ����� ,QRXH HW DO��

����� $QGHUVRQ DQG %DUG� ����� <DPDVKLWD HW DO�� ����� )X HW DO��

����� &XL HW DO�� ����� 'R HW DO�� ����� 3DSS HW DO�� ����� /HH HW DO��

����@� (VSHFLDOO\� WLWDQLD�VLOLFD PDWHULDOV KDYH EHHQ H[WHQVLYHO\ XVHG

DV FDWDO\VWV DQG VXSSRUWV IRU D ZLGH YDULHW\ RI UHDFWLRQV >7KDQJDUDM

HW DO�� ����� &DXTXL HW DO�� ����� .OHLQ HW DO�� ����@� )LJ� � LOOXV�

WUDWHV WKH UHVHDUFK DUHD RI VLOLFD�WLWDQLD PDWHULDOV� 7KH XQLTXH SK\V�

LFR�FKHPLFDO SURSHUWLHV RI WLWDQLD�VLOLFD PDWHULDOV DV D SKRWRFDWDO\VW

DUH DVVRFLDWHG ZLWK WKH VXSSRUW HIIHFW DQG WKH TXDQWXP�VL]H HIIHFW�

7KH VLOLFD�WLWDQLD PL[HG R[LGHV DV D SKRWRFDWDO\VW DUH FODVVLILHG LQWR

WKUHH FDWHJRULHV LQ WHUPV RI WKH W\SH RI PL[HG VWUXFWXUH DV VKRZQ LQ

)LJ� �� ,Q WKH ILHOG RI SKRWRFDWDO\VWV� WKHUH KDV EHHQ QR DWWHPSW WR XVH

WKH PL[HG R[LGH RI W\SH %� 7KHUH DUH D IHZ UHSRUWV DERXW WKH XVH RI

VLOLFD�WLWDQLD PL[HG R[LGH ZLWK WKH W\SH $ DQG & DV D SKRWRFDWDO\VW
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>$QSR HW DO�� ����� ,QRXH HW DO�� ����� $QGHUVRQ DQG%DUG� ����� )X

HW DO�� ����@� 7KH SKRWRDFWLYLW\ RI HDFK W\SH RI VLOLFD�WLWDQLD PL[HG

R[LGH LV GLIIHUHQW IURP HDFK RWKHU DQG VWURQJO\ DIIHFWHG E\ KRZ LW LV

PDGH DQG ZKDW WKH UHDFWLRQ V\VWHP LV�

9LVZDQDWK DQG 5DPDVDP\ SUHSDUHG D WLWDQLD�VLOLFD QDQRFRPSRV�

LWH E\ D VRO�JHOPHWKRG >9LVZDQDWK DQG5DPDVDP\� ����@� 7KH FRP�

SRVLWH �WLWDQLD�VLOLFD ������ KDV SXUH DQDWDVH SKDVH HYHQ WKRXJK WKH

FDOFLQDWLRQ WHPSHUDWXUH ZDV ��� R&� )URP WKLV UHSRUW� ZH WU\ WR LQ�

FUHDVH WKH WKHUPDO VWDELOLW\ RI WLWDQLD E\ HPEHGGLQJ WKH VHFRQGDU\

PHWDO R[LGH LQWR WLWDQLD PDWUL[ OLNH WKH PL[HG W\SH & LQ )LJ� ��

,Q WKLV ZRUN� QDQRSKDVH WLWDQLD ZDV SUHSDUHG E\ WKH VRO�JHO PHWK�

RG DQG WKH HIIHFW RI WKH FDOFLQDWLRQ WHPSHUDWXUH RQ LWV SKRWRDFWLYLW\

ZDV PRQLWRUHG� ,Q RUGHU WR LPSURYH WKH SKRWRDFWLYLW\� ZH WULHG WR

LPSURYH WKH WKHUPDO VWDELOLW\ RI WLWDQLD E\ HPEHGGLQJ WKH VHFRQG�

DU\ PHWDO R[LGHV VXFK DV VLOLFD� ]LUFRQLD� DQG DOXPLQD�:H DOVR WULHG

WR FODULI\ WKH UHODWLRQVKLS EHWZHHQ WKH SKRWRDFWLYLW\ DQG WKH FU\V�

WDOOLQLW\ RI WLWDQLD� 7R DFKLHYH WKLV REMHFWLYH� LW LV QHFHVVDU\ WR FRQ�

WURO WKH FU\VWDOOLQLW\ DW D IL[HG SDUWLFOH VL]H DQG VXUIDFH DUHD� 6R� WKH

VSUD\ S\URO\VLV WHFKQLTXH ZDV LQWURGXFHG EHFDXVH WKH SURFHVV FDQ

HDVLO\ FRQWURO WKH SDUWLFOH VL]H E\ FKDQJLQJ WKH FRQFHQWUDWLRQ RI SUH�

FXUVRU VROXWLRQ >0HVVLQJ HW DO�� ����� .DQJ HW DO�� ����@� 7R EHWWHU

XQGHUVWDQG WKH FKDQJH LQ WKH EXON DQG WKH VXUIDFH RI WLWDQLD SUH�

SDUHG E\ WKH VRO�JHO PHWKRG� (35 DQDO\VLV DQG SKRWROXPLQHVFHQFH

PHDVXUHPHQW ZHUH FDUULHG RXW�

(;3(5,0(17$/

�� 3UHSDUDWLRQ RI 7LWDQLD DQG 0[2\�7L2� �0[2\ 6L2�� =U2��

DQG $O�2�� 0L[HG 2[LGH E\ 6RO�*HO 0HWKRG

7LWDQLXP HWKR[LGH �7(27� 7L���� $OGULFK�� WHWUDHWK\ORUWKRVLOL�

FDWH �7(26� ���$OGULFK�� ]LUFRQLXP �,9� SURSR[LGH �=73� �� ZW�

$OGULFK�� DQG DOXPLQXP LVRSURSR[LGH �$,3� ���$OGULFK� ZHUH XVHG

DV WKH SUHFXUVRU RI WLWDQLD� VLOLFD� ]LUFRQLD� DQG DOXPLQD� UHVSHFWLYHO\�

7KH K\GURO\VLV RI DONR[LGH SUHFXUVRU ZDV FDUULHG RXW LQ H[FHVV ZDWHU

ZLWK DFLGLF FDWDO\VW� $OO SUHSDUDWLRQ FRQGLWLRQV DUH OLVWHG LQ 7DEOH ��

)RU WKH SUHSDUDWLRQ RI SXUH WLWDQLD SDUWLFOH� WKH SUHFXUVRUZDV DGGHG

LQWR WKH SUHPL[HG VROXWLRQ RI ZDWHU� +&O� DQG WKH FRUUHVSRQGLQJ

DOFRKRO DW WKH URRP WHPSHUDWXUH� 7KLV VROXWLRQ ZDV PL[HG IRU ��

KRXUV DQG KHDWHG DW �� R& IRU � KRXUV WR UHPRYH WKH DGGHG DQG SURG�

XFHG DOFRKRO� 7KH DOFRKRO�UHPRYHG WLWDQLD VRO VROXWLRQ ZDV GULHG

LQ DQ RYHQ DW ��� R&� 7KH REWDLQHG [HURJHO ZDV FDOFLQHG DW ��� WR

��� R&�

,Q WKH SUHSDUDWLRQ RI ;�VLOLFD�WLWDQLD �; PHDQV WKH DWRPLF � RI

WKH VHFRQG PHWDO R[LGH ZLWK UHVSHFW WR WLWDQLD�� ;�]LUFRQLD�WLWDQLD�

DQG ;�DOXPLQD�WLWDQLD PL[HG R[LGHV� WKH RYHUDOO SURFHGXUH LV VDPH

WR WKDW RI SXUH WLWDQLD� 7KH RQO\ GLIIHUHQFH LV WKDW WKH SUHFXUVRU RI

VLOLFD� ]LUFRQLD� DQG DOXPLQD ZDV K\GURO\]HG LQ WKH ILUVW VWHS ZLWK

WKH SUH�PL[HG ZDWHU VROXWLRQ� ZKLFK FRQWDLQV K\GURFKORULF DFLG DQG

HWKDQRO� $IWHU WZR SUHFXUVRUV ZHUH DGGHG LQ WKH SUH�PL[HG VROX�

WLRQ� LW ZDV PDLQWDLQHG IRU �� KRXUV DW WKH URRP WHPSHUDWXUH� 7KH

0[2\�7L2� [HURJHO REWDLQHG DIWHU GU\LQJ ZDV FDOFLQHG DW ��� WR ���
R&� 7KH FRQWHQW RI VLOLFD ZLWK UHVSHFW WR WLWDQLD ZDV YDULHG IURP ��

WR �� DW��� )RU WKH ]LUFRQLD�WLWDQLD PL[HG R[LGHV� WKH ]LUFRQLD FRQ�

WHQW ZDV IL[HG DW ���� 7KH FRQWHQW RI DOXPLQD ZDV DOVR YDULHG IURP

� WR �� DW���

�� 3UHSDUDWLRQ RI 7L2� E\ WKH 6SUD\ 3\URO\VLV

7LWDQLXP HWKR[LGH RI ��PO ZDV GLVVROYHG LQ WKH SXULILHG ZDWHU

���PO FRQWDLQLQJ H[FHVV QLWULF DFLG XQGHU YLJRURXV VWLUULQJ E\ D

PDJQHWLF VWLUUHU IRU � KRXU� 7KHQ DIWHU� D K\GURO\]HG FOHDU WLWDQLXP

SUHFXUVRU VROXWLRQ ZDV REWDLQHG ZLWKRXW DQ\ SUHFLSLWDWHV� WKH FOHDU

VROXWLRQ ZDV DWRPL]HG E\ D QHEXOL]HU �����0+]� WR IRUP GURSOHWV�

7KH SURGXFHG GURSOHWV ZHUH FDUULHG LQWR WKH KRW IXUQDFH ZLWK WKH

OHQJWK RI �� FP E\ WKH FDUULHU JDV �DLU� ZKLFK LV PDLQWDLQHG DW � O�

PLQ� 7KH WHPSHUDWXUH RI IXUQDFHZDV YDULHG IURP ��� WR ��� R&�7KH

SURGXFHG WLWDQLD SDUWLFOHV ZHUH FROOHFWHG ZLWK WKLPEOH ILOWHU ���î���

PP� 7R\R 5RVKL .DLVKD /WG���

�� $QDO\VLV

7KH PDMRU SKDVH RI SUHSDUHG WLWDQLD EDVHG SKRWRFDWDO\VW ZDV DQ�

DO\]HG E\ 5LJDNX '�0$;�,,, �� N:� GLIIUDFWRPHWHU XVLQJ &X .α
�λ ������� UDGLDWLRQ� 7KH FU\VWDOOLWH VL]H ZDV FDOFXODWHG IURP WKH

EURDGHQLQJ RI WKH DQDWDVH PDLQ SHDN DW �θ ����R E\ XVLQJ WKH 6FKU�
HUUHU IRUPXOD� 7KH SHUFHQWDJH RI UXWLOH SKDVH ZDV FDOFXODWHG E\ WKH

IROORZLQJ HTXDWLRQ >)X HW DO�� ����@�

ZKHUH $ DQG 5 DUH WKH SHDN DUHD IRU WKH PDMRU DQDWDVH ��θ ����R�
DQG UXWLOH SKDVH ��θ ����R��
7KH DGVRUSWLRQ�GHVRUSWLRQ PHDVXUHPHQW RI QLWURJHQ ZDV SHU�

IRUPHG E\ 0LFURPHWULFV $6$3 ����� 6XUIDFH DUHD ZDV FDOFXODWHG

E\ XVLQJ WKH %(7 HTXDWLRQ DV GHWHUPLQHG E\ WKH DGVRUSWLRQ LVR�

WKHUP� 7KH DYHUDJH SDUWLFOH VL]H RI WLWDQLD SUHSDUHG E\ WKH VSUD\ S\�

URO\VLV ZDV HVWLPDWHG E\ VFDQQLQJ HOHFWURQPLFURVFRS\ �6(0� 3KLOLS

� RI UXWLOH = �

$

5
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(IIHFW RI &DOFLQDWLRQ 7HPSHUDWXUH DQG $GGLWLRQ RI 0HWDO 2[LGHV RQ WKH 3KRWRFDWDO\WLF $FWLYLW\ RI 7LWDQLD ���
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7R PHDVXUH WKH UHODWLYH TXDQWLW\ RI VXUIDFH 2+ JURXSV� )7�,5

VSHFWUD RI DOO SUHSDUHG WLWDQLD EDVHG SKRWRFDWDO\VWV ZHUH REWDLQHG

E\ %RPHQ 0%���� VSHFWURPHWHU� 7KH H[LVWHQFH RI 7L�2�6L ERQG

ZDV DOVR FRQILUPHG E\ )7�,5 DQDO\VLV�

)RU SXUH WLWDQLD DQG VLOLFD�WLWDQLDPL[HG R[LGH� ;�EDQG (35PHDV�

XUHPHQWV �%58.(5� ����� N+]� DW ��. ZHUH FDUULHG RXW WR LQ�

YHVWLJDWH WKH FKDQJH RI SDUDPDJQHWLF VSHFLHV� 7KH J�IDFWRUV ZHUH

FDOLEUDWHG E\ FRPSDULVRQ WR D SRZGHU �� ��GLSKHQ\O���SLFU\OK\GUD�

]\O �'33+� UDGLFDO VDPSOH�

7KH SKRWROXPLQHVFHQFH VSHFWUD RI WLWDQLD SDUWLFOHV SUHSDUHG E\

WKH VRO�JHO PHWKRG ZHUH PHDVXUHG DW ��. XVLQJ D 6KLPDG]X 5)�

���� VSHFWURSKRWRIOXRUHPHWHU� 7LWDQLD VDPSOHVZHUH WKHUPDOO\ WUHDWHG

EHIRUH WKH PHDVXUHPHQW RI SKRWROXPLQHVFHQFH� ,Q WKH ILUVW VWHS� DOO

VDPSOHV� ZKLFK ZHUH ORDGHG LQ D TXDUW] WXEH� ZHUH HYDFXDWHG XS WR

��−� WRUU DW ��� R& WR UHPRYH WKH DWWDFKHG2+ JURXSV RU ZDWHU YDSRU�

7KHVH WKHUPDOO\ WUHDWHG VDPSOHV ZHUH FRROHG WR WKH URRP WHPSHUD�

WXUH DQG UHILOOHGZLWK WKH R[\JHQ RI ��� WRUU� 7KH R[\JHQ�ILOOHG VDP�

SOH WXEH ZDV PDLQWDLQHG DW ��� R& IRU � KRXUV WR R[LGL]H WKH FDU�

ERQ FRPSRXQG UHPDLQLQJ RQ WKH VXUIDFH RI WLWDQLD� )LQDOO\� DOO VDP�

SOH WXEHV ZHUH HYDFXDWHG XS WR ��−� WRUU DW ��� R& DQG XVHG IRU WKH

PHDVXUHPHQW RI SKRWROXPLQHVFHQFH� 7KH TXHQFKLQJ RI SKRWROXPL�

QHVFHQFH ZDV FDUULHG RXW E\ XVLQJ WKH R[\JHQ RI �� WRUU�

7KH SKRWRFDWDO\WLF DFWLYLW\ RI SUHSDUHG WLWDQLD EDVHG SKRWRFDWD�

O\VW ZDV PHDVXUHG E\ WKH GHFRPSRVLWLRQ RI WULFKORURHWK\OHQH �7&(��

$ EDWFK�FLUFXODWLQJ UHDFWRU ZDV XVHG� (DFK SUHSDUHG SKRWRFDWDO\VW

����J�O� ZDV GLVSHUVHG LQWR SXULILHGZDWHU RI ���PO� 7KH LQLWLDO FRQ�

FHQWUDWLRQ RI 7&(ZDV ��SSP� 7KH VROXWLRQ ZDV LUUDGLDWHG E\ XOWUD�

YLROHW OLJKW ZLWK WKH ZDYHOHQJWK UDQJLQJ IURP ��� WR ��� QP� 7KH

FKDQJH LQ WKH FRQFHQWUDWLRQ RI 7&(ZLWK WKH UHDFWLRQ WLPHZDVPRQ�

LWRUHG E\ &O− HOHFWURGH �2ULRQ� PRGHO �����%��

5(68/76 $1' ',6&866,21

�� 3KRWRFDWDO\WLF $FWLYLW\ RI 7LWDQLD

���� (IIHFW RI &DOFLQDWLRQ 7HPSHUDWXUH

7KH SKRWRDFWLYLW\ RI DV�SUHSDUHG WLWDQLD LV VKRZQ LQ )LJ� ��D� DV

D IXQFWLRQ RI FDOFLQDWLRQ WHPSHUDWXUH� 7KH FKDQJHV LQ FU\VWDOOLWH VL]H

DQG VXUIDFH DUHD RI WLWDQLD SDUWLFOHV DUH DOVR SUHVHQWHG LQ )LJ� ��E��

)LJ� �� 7KH SKRWRFDWDO\WLF DFWLYLW\ �D� DQG WKH FKDQJH RI VXUIDFH

DUHD DQG FU\VWDOOLWH VL]H RI DQDWDVH SKDVH �E� DV D IXQFWLRQ
RI FDOFLQDWLRQ WHPSHUDWXUH IRU WLWDQLD SDUWLFOHV SUHSDUHG E\

WKH VRO�JHO PHWKRG�

)LJ� �� 6(0 SKRWRJUDSKV RI WLWDQLD SDUWLFOHV SUHSDUHG E\ WKH VSUD\ S\URO\VLV DW VHYHUDO WHPSHUDWXUHV� �D� ��� R&� �E� ��� R&� �F� ��� R&�
�G� ��� R&� DQG �H� ��� R&�



��� .� <� -XQJ DQG 6� %� 3DUN

1RYHPEHU� ����

7KH SKRWRDFWLYLW\ RI WLWDQLD IRU WKH GHFRPSRVLWLRQ RI 7&( LV LQFUHDVHG

DQG VDWXUDWHG DV WKH FDOFLQDWLRQ WHPSHUDWXUH LQFUHDVHV XS WR ��� R&�

7KH FU\VWDOOLWH VL]H RI DQDWDVH SKDVH PRQRWRQLFDOO\ LQFUHDVHV ZLWK

LQFUHDVLQJ WKH FDOFLQDWLRQ WHPSHUDWXUH� ZKHUHDV WKH VXUIDFH DUHD LV

UHGXFHG GUDPDWLFDOO\� $FFRUGLQJ WR WKH ;5' DQDO\VLV IRU DOO SUH�

SDUHG WLWDQLD SDUWLFOHV� QR UXWLOH SKDVH ZDV REVHUYHG XS WR ��� R&�

+RZHYHU� DW ��� R&� VRPH UXWLOH SKDVH ZDV IRUPHG� 7KHUHIRUH� WKH

VDWXUDWLRQ RI WKH SKRWRDFWLYLW\ ZLWK LQFUHDVLQJ WKH FDOFLQDWLRQ WHP�

SHUDWXUH LV GXH WR WKH IRUPDWLRQ RI UXWLOH SKDVH� *LYHQ WKDW WKH SKR�

WRDFWLYLW\ LV HQKDQFHG ZLWK LQFUHDVLQJ WKH FDOFLQDWLRQ WHPSHUDWXUH

DOWKRXJK WKH VXUIDFH DUHD LV UHGXFHG� LW LV FOHDU WKDW WKH FU\VWDOOLQLW\

RI WLWDQLD LV D PRUH LPSRUWDQW IDFWRU WKDQ WKH VXUIDFH DUHD� $OVR� LW LV

QHFHVVDU\ WR LQFUHDVH WKH FU\VWDOOLQLW\ E\ FDOFLQLQJ WKH DV�SUHSDUHG

WLWDQLD DW DV KLJK D WHPSHUDWXUH DV SRVVLEOH LQ RUGHU WR REWDLQ KLJK

SKRWRDFWLYLW\�

���� 5HODWLRQVKLS %HWZHHQ WKH &U\VWDOOLWH 6L]H RI $QDWDVH 3KDVH DQG

WKH 3KRWRDFWLYLW\

7KH LQFUHDVH RI FU\VWDOOLWH VL]H UHSUHVHQWV WKH LQFUHDVH RI FU\VWDO�

OLQLW\ LQ WKLV ZRUN� 7KLV DUJXPHQW LV DFFHSWDEOH ZKHQ WKH LQFUHDVH

RI FU\VWDOOLQLW\ LV DFKLHYHG E\ WKH SRVW KHDW WUHDWPHQW IRU WLWDQLD SDU�

WLFOHV SUHSDUHG E\ WKH VRO�JHO PHWKRG�:KHQ WKH FU\VWDOOLQLW\ RI WLWDQLD

LV FRQWUROOHG E\ FDOFLQDWLRQ� WKH FKDQJHV LQ WKH SDUWLFOH VL]H DQG WKH

VXUIDFH DUHD DUH LQHYLWDEOH� 6R� LW LV UHTXLUHG WR FRQWURO WKH FU\VWDO�

OLWH VL]H ZLWKRXW WKH FKDQJH RI VXUIDFH DUHD DQG SDUWLFOH VL]H LQ RUGHU

WR SUHFLVHO\ LQYHVWLJDWH WKH HIIHFW RI FU\VWDOOLQLW\� ,Q WKLV ZRUN� WKH

VSUD\ S\URO\VLV LV LQWURGXFHG WR FRQWURO WKH FU\VWDOOLQLW\ RI WLWDQLD DW

D IL[HG SDUWLFOH VL]H DQG VXUIDFH DUHD�

)LJ� � VKRZV 6(0 SKRWRJUDSKV IRU WLWDQLD SDUWLFOHV SUHSDUHG E\

WKH VSUD\ S\URO\VLV� 7KH SUHSDUHG WLWDQLD SDUWLFOHV KDYH D VSKHULFDO

VKDSH� DQG QR VLJQLILFDQW FKDQJH RI WKH SDUWLFOH VL]H LV REVHUYHG�

$OO SK\VLFDO SURSHUWLHV IRU WKH DV�SUHSDUHG WLWDQLD SDUWLFOHV DUH VXP�

PDUL]HG LQ 7DEOH �� 7KH SKRWRFDWDO\WLF DFWLYLW\ RI WLWDQLD SDUWLFOHV

SUHSDUHG E\ WKH VSUD\ S\URO\VLV LV DOVR OLVWHG LQ 7DEOH �� 8S WR ���
R&� WKH IRUPDWLRQ UXWLOH SKDVH LV QRW VLJQLILFDQW OHVV WKDQ ����:KHQ

WKH SUHSDUDWLRQ WHPSHUDWXUH LV ��� R&� ��� UXWLOH SKDVH LV IRUPHG�

7KH FU\VWDOOLWH VL]H LV LQFUHDVHG IURP �� QP WR �� QP DV WKH SUH�

SDUDWLRQ WHPSHUDWXUH LQFUHDVHV� :LWK FKDQJLQJ WKH SUHSDUDWLRQ WHP�

SHUDWXUH� WKH FKDQJH RI VXUIDFH DUHD LV QRW VLJQLILFDQW� 7KHUHIRUH�

WKH FU\VWDOOLWH VL]H RI WLWDQLD ZDV FRQWUROOHG E\ VSUD\ S\URO\VLV DW

WKH IL[HG SDUWLFOH VL]H ����µ HVWLPDWHG IURP 6(0 UHVXOWV� DQG VXU�

IDFH DUHD �������� P��J IURP %(7 DQDO\VLV��

7KH GHSHQGHQF\ RI SKRWRDFWLYLW\ RQ WKH FU\VWDOOLWH VL]H RI DQD�

WDVH SKDVH LV VKRZQ LQ )LJ� ��D� IRU WLWDQLD SDUWLFOHV SUHSDUHG E\ VSUD\

S\URO\VLV� 7KH SKRWRDFWLYLW\ �J�PROHV�PLQ�P�� OLQHDUO\ LQFUHDVHV

ZLWK LQFUHDVLQJ WKH FU\VWDOOLWH VL]H� 7KLV OLQHDU UHODWLRQVKLS EHWZHHQ

WKH SKRWRDFWLYLW\ DQG WKH FU\VWDOOLWH LV DOVR IRXQG LQ WKH UHVXOW RI VRO�

JHO GHULYHG WLWDQLD DV VKRZQ LQ )LJ� ��E�� )URP WKLV UHVXOW� ZH FRQ�

FOXGH WKDW WKH SKRWRDFWLYLW\ RI SXUH WLWDQLD FRXOG EH HQKDQFHG E\

LQFUHDVLQJ WKH FU\VWDOOLWH VL]H RI DQDWDVH SKDVH DV ORQJ DV QR VLJ�

QLILFDQW UXWLOH SKDVH LV IRUPHG�

���� (IIHFW RI &DOFLQDWLRQ 7HPSHUDWXUH RQ WKH %HKDYLRU RI 7L�+ DQG

2− RU 2�

−

)RU EXON WLWDQLD� WKH PRVW FRQVXPSWLRQ RI SKRWR�H[FLWHG HOHFWURQ

DQG KROH SDLUV LV DFKLHYHG E\ YROXPH UHFRPELQDWLRQ DW WKH ORZ FRRU�

GLQDWHG 7L�+ VLWHV� 7KHUHIRUH� WKH VXSSUHVVLRQ RI WKH YROXPH UHFRP�

ELQDWLRQ IRU EXON WLWDQLD RI ODUJH SDUWLFOH VL]H LV FUXFLDO WR DFKLHYH

WKH KLJK SKRWRDFWLYLW\� 7KH YDOLGLW\ RI WKLV DUJXPHQW LV LGHQWLILHG E\

WKH WHVW RI SKRWRDFWLYLW\ IRU WLWDQLD SDUWLFOHV SUHSDUHG E\ WKH VRO�JHO

PHWKRG LQ WKH SUHYLRXV FKDSWHU ���� 7KXV� WKH LPSURYHPHQW RI WKH

SKRWRDFWLYLW\ RI WLWDQLD SUHSDUHG E\ WKH VRO�JHO PHWKRG ZLWK LQFUHDV�

LQJ WKH FDOFLQDWLRQ WHPSHUDWXUH �)LJ� �� UHVXOWV IURP WKH HQKDQFH�

PHQW RI WKH FU\VWDOOLQLW\� ZKLFK PHDQV WKH UHGXFWLRQ RI EXON GHIHFW

VLWHV�

:KHQ FRQVLGHULQJ WKDW WKH SKRWRDFWLYLW\ RI WLWDQLD SUHSDUHG E\

WKH VRO�JHO PHWKRG LQFUHDVHV ZLWK LQFUHDVLQJ WKH FDOFLQDWLRQ WHP�

SHUDWXUH DOWKRXJK WKH VXUIDFH DUHD LV UHGXFHG� LW LV H[SHFWHG WKDW WKH

UHGXFHG VXUIDFH LV WXUQHG WR EH PRUH DGYDQWDJHRXV IRU SKRWRDFWLY�

LW\� 7KHUHIRUH� LQ WKLV ZRUN� WKH FKDQJHV LQ WKH EXON DQG WKH VXUIDFH

RI WLWDQLD SUHSDUHG E\ WKH VRO�JHO PHWKRG DUH PRQLWRUHG E\ (35

VWXG\ LQ RUGHU WR EHWWHU XQGHUVWDQG WKH LPSURYHPHQW RI SKRWRDFWLY�

LW\ DV WKH FDOFLQDWLRQ WHPSHUDWXUH LQFUHDVHV�

)LJ� � VKRZV WKH (35 VSHFWUD PHDVXUHG DW ��. IRU WLWDQLD VDP�

SOHV ZLWK GLIIHUHQW FDOFLQDWLRQ WHPSHUDWXUHV� ,Q JHQHUDO� WKH VLJQDO

DW D J�YDOXH JUHDWHU WKDQ ����� �IUHH HOHFWURQ� LV GXH WR DQLRQ VSHFLHV

VXFK DV 2− � ZKHUHDV D J�YDOXH VPDOOHU WKDQ ������ DVVLJQV WKH FDWLRQ

VSHFLHV VXFK DV 7L��� 7KH JUHDWHVW FKDQJH LQ (35 VSHFWUD LV RE�

VHUYHG DW J ����� DVVLJQHG WR EXON 7L��� 5HIHUULQJ WR WKH OLWHUDWXUH

>+RZH DQG *UDHW]HO� ����� 1DNDRND DQG 1RVDND� ����@� WKLV SHDN

7DEOH �� 3UHSDUDWLRQ SURSHUWLHV DQG SKRWRFDWDO\WLF DFWLYLW\ RI 7L2� SUHSDUHG E\ WKH VSUD\ S\URO\VLV

7HPSHUDWXUH �R&� � RI 5XWLOH &U\VWDOOLWH VL]H �QP� ,QLWLDO UDWH ���−� J�PRO�PLQ� 6XUIDFH DUHD �P��J�
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)LJ� �� 5HODWLRQVKLS EHWZHHQ WKH SKRWRDFWLYLW\ DQG WKH FU\VWDOOLWH

VL]H RI WLWDQLD SUHSDUHG E\ WKH VSUD\ S\URO\VLV �D� DQG WKH
VRO�JHO PHWKRG �E��
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.RUHDQ -� &KHP� (QJ��9RO� ��� 1R� ��

�J ������ LV FRQWULEXWLQJ WR WKH EXON 7L�� GHIHFW� 7KH EXON GHIHFW LV

IRUPHG DQG UHPRYHG ILQDOO\ E\ HOHYDWLQJ WKH WHPSHUDWXUH�2QH VKRXOG

QRWLFH WKDW SXUH UXWLOH SKDVH KDV QR VLJQDO DVVLJQLQJ WKH VXUIDFH 2−

DURXQG J ������

7KH EXON GHIHFW DQG WKH VXUIDFH GHIHFW JLYH GLIIHUHQW (35 VLJ�

QDOV� 7KH SRVLWLRQV RI (35 SHDN IRU HDFK GHIHFW VLWHV DUH LGHQWLILHG

E\ FKDQJLQJ WKH VXUIDFH VWDWH� 7KH VLJQDO SRVLWLRQ DVVLJQHG WR WKH

VXUIDFH GHIHFWV LV JURZQ DIWHU UHPRYLQJ WKH HOHFWURQ DQG KROH VFDY�

HQJHUV ZKLFK DUH DWWDFKHG RQ WKH VXUIDFH RI WLWDQLD� )LJ� � VKRZV WKH

(35 VSHFWUD RI WLWDQLD SDUWLFOHV PHDVXUHG DIWHU KHDW WUHDWPHQW DW ���
R& XQGHU D YDFXXP FRQGLWLRQ� 7KH SHDN DW J ����� DQG WKH VKRXO�

GHU SHDN DW J ����� DOVR LQFUHDVHV DIWHU KHDW WUHDWPHQW DW ��� R&

XQGHU D YDFXXP FRQGLWLRQ� 1R VLJQLILFDQW FKDQJH LQ WKH SHDNV DW

J ����� DQG ����� LV REVHUYHG� )URP WKHVH FKDQJHV� ZH FRQILUPHG

WKDW WKH SHDNV DW J ����� DQG ����� DUH GXH WR WKH VXUIDFH 7L�� GH�

IHFW DQG WKH SHDNV DW J ����� DQG ����� DUH UHVSRQVLEOH IRU WKH EXON

7L�� GHIHFW� )URP WKH(35 VWXG\� LW LV FOHDU WKDW WUDSSLQJ VLWHV RI SKRWR�

H[FLWHG HOHFWURQ�KROH SDLUV DUH VLPXOWDQHRXVO\ IRUPHG RQ WKH VXU�

IDFH DQG LQ WKH EXON RI WLWDQLD SDUWLFOHV GXULQJ WKH FDOFLQDWLRQ SUR�

FHVV� %XW� WKH EXON GHIHFW LV ILQDOO\ UHPRYHG E\ LQFUHDVLQJ WKH FDO�

FLQDWLRQ WHPSHUDWXUH� ZKHUHDV WKH VXUIDFH WUDSSLQJ VLWHV �7L�� RU 2−�

DUH PRUH IRUPHG�

���� 3KRWROXPLQHVFHQFH 6WXG\� WKH (YLGHQFH IRU WKH )RUPDWLRQ RI

6XUIDFH $FWLYH 6LWHV

3KRWROXPLQHVFHQFH VSHFWUD PHDVXUHG DW ��. IRU WLWDQLD SDUWL�

FOHV SUHSDUHG E\ WKH VRO�JHO PHWKRG DQG FDOFLQHG DW ��� R& DUH VKRZQ

LQ )LJ� �� $ VLQJOH SHDN DURXQG ��� QP ZDV REWDLQHG� $FFRUGLQJ

WR $QSR¶V UHSRUW RQ WKH SKRWROXPLQHVFHQFH RI WLWDQLD >$QSR HW DO��

����@� D KLJK LQWHQVH SKRWROXPLQHVFHQFH LV REVHUYHG ZKHQ WLWDQLD

LV KLJKO\ GLVSHUVHG RQ Y\FRU JODVV� 7KH SHDN SRLQW LQ WLWDQLD DQFKRUHG

RQ Y\FRU JODVV ZDV DURXQG ��� QP� $QSR HW DO� DOVR UHSRUWHG WKDW

EXON WLWDQLD VKRZV D SKRWROXPLQHVFHQFH VSHFWUXP DURXQG �������

QP >$QSR HW DO�� ����@� 7KLV UHVXOW LV VLPLODU ZLWK RXU REWDLQHG SKR�

WROXPLQHVFHQFH VSHFWUXP LQ )LJ� �� 7KHUHIRUH� ZH FRQILUP WKDW WKH

REWDLQHG SKRWROXPLQHVFHQFH LV GXH WR WKH EXON DQDWDVH�

7KH SHDN LQWHQVLW\ RI SKRWROXPLQHVFHQFH LV GHSHQGHQW RQ WKH

NLQGV RI VSHFLHV DGVRUEHG RQ WKH VXUIDFH RI WLWDQLD EHFDXVH LW UHVXOWV

IURP WKH UHFRPELQDWLRQ RI SKRWR�H[FLWHG HOHFWURQ DQG KROH SDLUV�

$QSR HW DO� UHSRUWHG WKDW WKH SKRWROXPLQHVFHQFH LV TXHQFKHG E\ WKH

)LJ� �� (35 VSHFWUD PHDVXUHG DW ��. XQGHU DLU HQYLURQPHQW IRU

7L2� SUHSDUHG E\ WKH VRO�JHO PHWKRG�

)LJ� �� (35 VSHFWUD PHDVXUHG DW ��. DIWHU WKH KHDW WUHDWPHQW DW

��� R& XQGHU D YDFXXP FRQGLWLRQ IRU 7L2� SUHSDUHG E\ WKH
VRO�JHO PHWKRG�

)LJ� �� 3KRWROXPLQHVFHQFH VSHFWUD PHDVXUHG DW ��. ZLWKRXW �D�

DQGZLWK �E� �� WRUU RI R[\JHQ IRU 7L2� SUHSDUHG E\ WKH VRO�
JHO PHWKRG�
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DGGLWLRQ RI R[\JHQ RU LPSURYHG E\ WKH ZDWHU >$QSR HW DO�� �����

����@� 7KH\ H[SODLQHG WKLV TXHQFKLQJ IRU HQKDQFLQJ RI SKRWROXPL�

QHVFHQFH ZLWK WKH EDQG EHQGLQJ DV VKRZQ LQ )LJ� �� :KHQ WKH R[\�

JHQ LV DGVRUEHG RQ WKH WLWDQLD VXUIDFH� WKH HGJH SRVLWLRQV RI FRQ�

GXFWLRQ DQG EDODQFH EDQG LQ WKH VSDFH FKDUJH OD\HU DUH EHQW XSZDUG�

$V D UHVXOW� WKH FKDUJH VHSDUDWLRQ RI SKRWR�H[FLWHG HOHFWURQ DQG KROH

SDLUV LV IDFLOLWDWHG DQG UHVXOWV LQ VXSSUHVVLQJ WKHLU UHFRPELQDWLRQ�

2Q WKH FRQWUDU\� WKH DGGLWLRQ RI ZDWHU UHGXFHV WKH EHQG EHQGLQJ RI

FRQGXFWLRQ DQG YDOHQFH EDQGV LQ WKH VSDFH FKDUJH OD\HU DQG DFFHO�

HUDWHV WKH UHFRPELQDWLRQ RI SKRWR�H[FLWHG HOHFWURQ DQG KROH SDLUV�

$V D UHVXOW� PRUH HIILFLHQW SKRWROXPLQHVFHQFH LV DFKLHYHG�

,Q WKLV ZRUN� LW LV WULHG WR HVWLPDWH WKH UHODWLYH TXDQWLW\ RI VXUIDFH

DFWLYH E\ FDOFXODWLQJ WKH GLIIHUHQFH LQ WKH LQWHQVLW\ RI SKRWROXPL�

QHVFHQFH PHDVXUHG EHIRUH DQG DIWHU �� WRUU RI R[\JHQ LV DGGHG DV

VKRZQ LQ )LJ� �� 7KH GLIIHUHQFH LQ WKH LQWHQVLW\ RI SKRWROXPLQHV�

FHQFH ZLWK DQG ZLWKRXW WKH R[\JHQ UHVXOWV IURP WKH LQWHUDFWLRQ EH�

WZHHQ WKH VXUIDFH DFWLYH VLWHV DQG WKH DGGHG R[\JHQ� )RU DOO WLWDQLD

VDPSOHV SUHSDUHG E\ WKH VRO�JHO PHWKRG� SKRWROXPLQHVFHQFH TXHQ�

FKLQJ ZLWK �� WRUU RI R[\JHQ ZDV FDUULHG RXW� 7KH GLIIHUHQFH LQ WKH

LQWHQVLW\ RI SKRWROXPLQHVFHQFH REWDLQHG ZLWK DQG ZLWKRXW WKH R[\�

JHQ LV VKRZQ LQ )LJ� �� 7KH TXHQFKHG LQWHQVLWLHV RI SKRWROXPLQHV�

FHQFH IRU WKH VRO�JHO GHULYHG WLWDQLD SDUWLFOHV LQFUHDVH DV WKH FDOFL�

QDWLRQ WHPSHUDWXUH LQFUHDVHV� 7KLV UHVXOW VD\V WKDWPRUH VXUIDFH DFWLYH

VLWHV DUH SURGXFHG E\ LQFUHDVLQJ WKH FDOFLQDWLRQ WHPSHUDWXUH� 2QH

VKRXOG QRWLFH WKDW WKH SKRWRDFWLYLW\ RI WLWDQLD LV DOVR LQFUHDVHG DV

WKH FDOFLQDWLRQ WHPSHUDWXUH LQFUHDVHV XS WR ��� R& DV VKRZQ LQ )LJ�

�� 7KHUHIRUH� LW LV FOHDU WKDW WKH LQFUHDVH RI SKRWRDFWLYLW\ IRU VRO�JHO

GULYHQ WLWDQLD SDUWLFOHV ZLWK LQFUHDVLQJ WKH FDOFLQDWLRQ WHPSHUDWXUH

LV GXH WR WKH IRUPDWLRQ RI VXUIDFH WUDSSLQJ VLWHV DV ZHOO DV WKH LQ�

FUHDVH RI FU\VWDOOLQLW\�

�� 3KRWRDFWLYLW\ RI 7LWDQLD�%DVHG 0L[HG 2[LGHV

���� ,PSURYHG 7KHUPDO 6WDELOLW\ RI $QDWDVH 3KDVH DQG (QKDQFH�

PHQW RI 3KRWRDFWLYLW\

)LJ� �� VKRZV WKH ;5' UHVXOWV RI ���VLOLFD�WLWDQLD PL[HG R[LGH

SUHSDUHG E\ WKH VRO�JHO PHWKRG� 'LIIHUHQW IURP SXUH WLWDQLD� LQ ZKLFK

WKH UXWLOH SKDVH ZDV IRUPHG DW ��� R&� ���VLOLFD�WLWDQLD PL[HG R[LGH

KDV SXUH DQDWDVH SKDVH DW DOO FDOFLQDWLRQ WHPSHUDWXUHV UDQJLQJ IURP

��� WR ��� R&� 7KLV KLJK WHPSHUDWXUH KHDW WUHDWPHQW PDNHV WKH SUH�

SDUHG VLOLFD�WLWDQLD PL[HG R[LGH RI KLJK FU\VWDOOLQLW\�

7KH SKRWRDFWLYLW\ RI ���VLOLFD�WLWDQLD PL[HG R[LGH LV VKRZQ LQ

)LJ� �� ZLWK SXUH WLWDQLD IRU VHYHUDO FDOFLQDWLRQ WHPSHUDWXUHV� 7KH

SKRWRDFWLYLW\ RI ���VLOLFD�WLWDQLD PL[HG R[LGH FDOFLQHG DW ��� DQG

��� R& LV KLJKHU WKDQ WKDW RI SXUH WLWDQLD FDOFLQHG DW ��� DQG ��� R&�

)RUP WKLV UHVXOW� ZH FRQILUP WKDW KLJKHU WHPSHUDWXUH KHDW WUHDW�

PHQW OHDGV KLJKHU SKRWRDFWLYLW\ DV ORQJ DV QR VLJQLILFDQW UXWLOH SKDVH

)LJ� �� 6FKHPDWLF GLDJUDP IRU WKH EDQG EHQGLQJ LQ WKH VSDFH FKDUJH OD\HU E\ WKH DGVRUEHG VSHFLHV >$QSR HW DO�� ����@�

)LJ� �� 4XHQFKLQJ LQWHQVLW\ RI 7L2� SUHSDUHG E\ WKH VRO�JHO PHWK�

RG IRU VHYHUDO FDOFLQDWLRQ WHPSHUDWXUHV�
)LJ� ��� ;5' UHVXOWV RI 6L2��7L2� PL[HG R[LGHV SUHSDUHG E\ WKH

VRO�JHO PHWKRG IRU VHYHUDO FDOFLQDWLRQ WHPSHUDWXUHV�



(IIHFW RI &DOFLQDWLRQ 7HPSHUDWXUH DQG $GGLWLRQ RI 0HWDO 2[LGHV RQ WKH 3KRWRFDWDO\WLF $FWLYLW\ RI 7LWDQLD ���

.RUHDQ -� &KHP� (QJ��9RO� ��� 1R� ��

LV IRUPHG�

7KH VXUIDFH DUHD LV DOVR LPSRUWDQW IRU WKH LPSURYHPHQW RI SKR�

WRDFWLYLW\� 7KH VXUIDFH DUHD RI ���VLOLFD�WLWDQLD PL[HG R[LGH FDO�

FLQHG DW ��� R& LV ����P��J� ZKHUHDV� SXUH WLWDQLD FDOFLQHG DW ���
R& LV ����P��J� 7KLV KLJKHU VXUIDFH DUHD RI ���VLOLFD�WLWDQLD PL[HG

R[LGH LV RQH UHDVRQ IRU WKH LPSURYHG SKRWRDFWLYLW\� 7KHUHIRUH� LW LV

H[SHFWHG WKDW WKH VLPXOWDQHRXV LQFUHDVH RI WKH FU\VWDOOLQLW\ DQG WKH

VXUIDFH DUHD FRXOG LPSURYH WKH SKRWRDFWLYLW\ IXUWKHU PRUH�

���� 6LPXOWDQHRXV ,QFUHDVH LQ WKH 6XUIDFH$UHD DQG WKH &U\VWDOOLQLW\

,Q WKLV ZRUN� ZH WULHG WR LQFUHDVH ERWK WKH FU\VWDOOLQLW\ DQG WKH

VXUIDFH DUHD LQ RUGHU WR LQFUHDVH WKH SKRWRDFWLYLW\� )URP WKH ;5'

DQDO\VLV� QR UXWLOH SKDVH LV IRXQG LQ DOO VLOLFD�WLWDQLD VDPSOHV FDO�

FLQHG DW ��� R&� )LJ� �� VKRZV WKH VXUIDFH DUHD DQG WKH SKRWRDFWLY�

LW\ RI VLOLFD�WLWDQLD PL[HG R[LGH� 7KH VXUIDFH DUHD RI VLOLFD�WLWDQLD

PL[HG R[LGHV LQFUHDVHV ZLWK LQFUHDVLQJ WKH FRQWHQW RI VLOLFD ZLWK

UHVSHFW WR WLWDQLD� 7KH SKRWRDFWLYLW\ �J�PROH�PLQ�O� RI VLOLFD�WLWDQLD

PL[HG R[LGHV LV DOVR JUHDWO\ LPSURYHGZLWK FRPSDUHG WR WKDW RI SXUH

WLWDQLD� 7KH SKRWRDFWLYLW\ RI VLOLFD�WLWDQLD PL[HG R[LGH VKRZV DPD[L�

PXP DW ��� RI VLOLFD� ZKHUHDV WKH VXUIDFH DUHD LV PRQRWRQLFDOO\

LQFUHDVHG DV WKH VLOLFD FRQWHQW LQFUHDVHV�

,Q JHQHUDO� VLOLFD GRHV QRW KDYH SKRWRFDWDO\WLF DFWLYLW\� 7KH VLOLFD

LQ VLOLFD�WLWDQLD PL[HG R[LGH SOD\V WZR LPSRUWDQW UROHV WR LPSURYH

WKH SKRWRDFWLYLW\� WR HQKDQFH WKH WKHUPDO VWDELOLW\ RI WLWDQLD DQG WR

VXSSO\ DGVRUSWLRQ VLWHV WR WKH HOHFWURQ RU KROH FRQVXPHUV� 7KH IRUPHU

ZDV DOUHDG\ LGHQWLILHG IURP WKH ;5' UHVXOW� 7KH ODWWHU UROH LV QRW

FOHDU LQ WKLV ZRUN� $FFRUGLQJ WR WKH DQDO\VLV RI )7�,5� WKH VXUIDFH

2+ JURXSV DUH SURGXFHG PRUH DQG PRUH DV WKH VLOLFD FRQWHQW LQ�

FUHDVHV� 7KH LQFUHDVH RI VXUIDFH 2+ JURXSV E\ DGGLQJ WKH VLOLFD LV

DQ LQGLUHFW HYLGHQFH WKDW WKH VLOLFD VXSSOLHV WKH DGVRUSWLRQ VLWHV RI

UHDFWLRQ LQWHUPHGLDWHV EHFDXVH LW LV ZHOO NQRZQ WKDW WKH 2+ JURXSV

DUH D SULPDU\ FRQVXPHU RI SKRWR�H[FLWHG KROHV�

$ERYH ��� RI VLOLFD� DOWKRXJK WKH VXUIDFH DUHD LV LQFUHDVHG� WKH

UHGXFWLRQ RI SKRWRDFWLYLW\ LV EHFDXVH WKH LQFUHDVH RI VXUIDFH DUHD

GRHV QRW FRPSHQVDWH WKH UHGXFWLRQ RI WLWDQLXP DWRPV� ZKLFK DUH

DFWLYH VLWHV� 7KH SKRWRDFWLYLW\ SHU WKH XVHG WLWDQLD �J�PROHV�PLQ�

J7L2�� LV VKRZQ LQ )LJ� ��� 7KH SKRWRDFWLYLW\ LV PRQRWRQLFDOO\ LQ�

FUHDVHG ZLWK LQFUHDVLQJ WKH VLOLFD FRQWHQW� 7KH VXUIDFH FRYHUDJH RI

VLOLFD LQ VLOLFD�WLWDQLD PL[HG R[LGH LQFUHDVHV ZLWK LQFUHDVLQJ WKH VLOLFD

FRQWHQW� &RQVLGHULQJ WKDW SKRWRFDWDO\VLV LV WDNLQJ SODFH RQ WKH VXU�

IDFH� DQ LQFUHDVH LQ WKH VXUIDFH FRYHUDJH RI VLOLFD PRUH WKDQ D OLPLW

PD\ EH QRW JRRG IRU WKH LPSURYHPHQW RI SKRWRDFWLYLW\ EHFDXVH RQO\

WLWDQLD FDQ REVHUYH WKH 89 OLJKW XVHG LQ WKLV ZRUN DQG SURGXFH HOHF�

WURQ DQG KROH SDLUV� 7KHUHIRUH� WKHUH LV DQ RSWLPDO FRPSRVLWLRQ RI

VLOLFD ZLWK UHVSHFW WR WLWDQLD�

���� 5HPRYDO RI %XON 7L�� DQG )RUPDWLRQ RI 1HZ 6XUIDFH $FWLYH

6LWHV IRU 6LOLFD�7LWDQLD 0L[HG 2[LGH

7KH REMHFWLYH RI XVLQJ WKH VLOLFD LV WR HQKDQFH WKH WKHUPDO VWDELO�

LW\ RI WLWDQLD� 7KH LQFUHDVHG WKHUPDO VWDELOLW\ PDNHV LW SRVVLEOH WR

LQFUHDVH WKH FU\VWDOOLQLW\ RI SUHSDUHG SKRWRFDWDO\VW E\ KLJK WHPSHU�

DWXUH KHDW WUHDWPHQW ZLWKRXW UXWLOH IRUPDWLRQ� 7KH PDMRU HIIHFW RI

KLJK WHPSHUDWXUH KHDW WUHDWPHQW LV WR UHGXFH EXON GHIHFWV� ,Q RUGHU

WR VHH WKH H[LVWHQFH RI 7L�� LQ VLOLFD�WLWDQLD PL[HG R[LGH� (35PHDV�

XUHPHQW ZDV FDUULHG RXW� )LJ� �� VKRZV (35 VSHFWUD PHDVXUHG DW

��. IRU ���VLOLFD�WLWDQLD PL[HG R[LGH� 1R SHDN DVVLJQLQJ 7L�� LV

)LJ� ��� ,QLWLDO UDWHV IRU WKH GHFRPSRVLWLRQ RI 7&( RI 7L2� DQG

6L2��7L2� SUHSDUHG E\ WKH VRO�JHO PHWKRG� ,Q 7L2� >;@ RU
6L�7L>;@� ; PHDQV WKH FDOFLQDWLRQ WHPSHUDWXUH�

)LJ� ��� 3KRWRDFWLYLW\ DQG%(7 VXUIDFH DUHD RI 7L2� DQG6L2��7L2��
,Q 7L2� >;@ DQG 6L2��7L2� >;@ PHDQV WKH FDOFLQDWLRQ WHP�

SHUDWXUH� 7KH SHUFHQWDJH LQ WKH ERWWRP RI [�D[LV LV WKH FRQ�
WHQW RI VLOLFD ZLWK UHVSHFW WR WLWDQLD�

)LJ� ��� 3KRWRDFWLYLW\ LQ PROHV RI 7&( GHFRPSRVHG SHU XQLW WLPH
DQG XQLW 7L2� XVHG IRU VLOLFD�WLWDQLDPL[HG R[LGHV SUHSDUHG

E\ WKH VRO�JHO DQG FDOFLQHG DW ��� R& DV D IXQFWLRQ RI WKH
VLOLFD FRQWHQW�
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REVHUYHG� ZKHUHDV WKH SHDN IRU 2− DSSHDUV DW ERWK VDPSOHV FDO�

FLQHG DW ��� DQG ��� R&� UHVSHFWLYHO\� 7KH SHDN LQWHQVLW\ RI 2− VSH�

FLHV LV DOVR LQFUHDVHG E\ LQFUHDVLQJ WKH FDOFLQDWLRQ WHPSHUDWXUH IURP

��� WR ��� R&� 7KLV UHVXOW LV WKH VDPH DV WKDW RI SXUH WLWDQLD� WKH LQ�

FUHDVH RI FDOFLQDWLRQ WHPSHUDWXUH SURGXFHV VXUIDFH DFWLYH VLWHV� )URP

WKLV UHVXOW� LW LV IRXQG WKDW WKH DGGLWLRQ RI VLOLFD VXSSUHVVHV WKH IRU�

PDWLRQ RI 7L�� GHIHFW VLWHV� $V D UHVXOW� D JUHDW LPSURYHPHQW RI SKR�

WRDFWLYLW\ ZDV DFKLHYHG�

7KH SKRWROXPLQHVFHQFH VSHFWUD RI ���VLOLFD�WLWDQLD PL[HG R[LGH

DUH VKRZQ LQ )LJ� ��� ,Q WKH GLIIHUHQFH ZLWK SXUH WLWDQLD DV VKRZQ

LQ )LJ� �� WZR QHZ VKRXOGHU SHDNV�ZKLFK DUH GHQRWHG E\ DQFKRUHG

7L LQ )LJ� ��� LQ WKH VSHFWUXP PHDVXUHG ZLWKRXW R[\JHQ DW ��.

DSSHDU LQ WKH FDVH RI VLOLFD�WLWDQLD PL[HG R[LGH� 7KH SHDN DURXQG

��� WR ��� QP LV IRU WKH EXON WLWDQLD >$QSR HW DO�� ����@� %XW� WKH

VKRXOGHU SHDNV DURXQG ��� WR ��� QP DUH QRW IRU EXON WLWDQLD� 5H�

IHUULQJ WR WKH OLWHUDWXUH >$QSR HW DO�� ����� 0DUFKHVH HW DO�� �����

=KDQJ HW DO�� ����@� WKHVH VKRXOGHU SHDNV DUH DWWWULEXWHG WR WKH DQ�

FKRUHG WLWDQLXP� WKXV 7L�2�6L ERQG� 7KH H[LVWHQFH RI 7L�2�6L ERQG

LV FRQILUPHG E\ )7�,5 VSHFWUD� $ PRUH LQWHUHVWLQJ UHVXOW LV WKDW WKHVH

SHDNV IRU DQFKRUHG WLWDQLD DUH FRPSOHWHO\ TXHQFKHG E\ WKH R[\JHQ

RI �� WRUU� 7KLV UHVXOW PHDQV WKH 7L�2�6L ERQGV H[LVWLQJ RQ WKH VXU�

IDFH RI VLOLFD�WLWDQLD PL[HG R[LGHV DUH YHU\ DFWLYH VLWHV ZKLFK FRXOG

HDVLO\ LQWHUDFW ZLWK R[\JHQ ZKLFK LV D PDMRU HOHFWURQ FRQVXPHU�

���� ,PSRUWDQFH RI 6XUIDFH 2+*URXSV IRU WKH 3RVLWLYH (IIHFW RI WKH

7KHUPDO 6WDELOL]HU RQ WKH 3KRWRDFWLYLW\

7KH NH\ FRQFHSW IRU LPSURYLQJ WKH SKRWRDFWLYLW\ LV WR LQFUHDVH

WKH FU\VWDOOLQLW\ RI DQDWDVH WLWDQLD E\ KLJK WHPSHUDWXUH KHDW WUHDWPHQW

ZLWKRXW WKH DFFRPSDQ\LQJ IRUPDWLRQ RI UXWLOH SKDVH� $V PHQWLRQHG

SUHYLRXVO\� WKH XVH RI VLOLFD DV D WKHUPDO VWDELOL]HU RI WLWDQLD ZDV VXF�

FHVVIXO WR LPSURYH WKH SKRWRDFWLYLW\ E\ HQKDQFLQJ WKH WKHUPDO VWD�

ELOLW\ RI WLWDQLD� ZKLFK VXSSUHVVHV WKH SKDVH WUDQVLWLRQ IURP DQDWDVH

WR UXWLOH HYHQ WKRXJK WKH FDOFLQDWLRQ WHPSHUDWXUH LV RYHU ��� R&�

7KHQ� LW LV H[SHFWHG WKDW WKH SKRWRDFWLYLW\ FRXOG EH LPSURYHG E\

XVLQJ WKH VHFRQGDU\ PHWDO R[LGHV LI WKH\ DFW DV D WKHUPDO VWDELOL]HU

RI WLWDQLD� ,Q WKLV ZRUN� ]LUFRQLD DQG DOXPLQD DUH XVHG DV D WKHUPDO

VWDELOL]HU OLNH VLOLFD�

)LJ� �� VKRZV;5' UHVXOWV DQG WKH SKRWRFDWDO\WLF DFWLYLW\ RI ]LU�

FRQLD�WLWDQLD PL[HG R[LGHV� 7KH FRQWHQW RI ]LUFRQLD ZLWK UHVSHFW WR

WLWDQLD LV �� DW��� 1R UXWLOH SKDVH LV REVHUYHG DW DOO FDOFLQDWLRQ WHP�

SHUDWXUHV� 7KHUHIRUH� WKH ]LUFRQLD DGGHG VXFFHVVIXOO\ LPSURYHV WKH

)LJ� ��� (35 VSHFWUD PHDVXUHG DW ��. IRU ���VLOLFD�WLWDQLD PL[HG
R[LGH�

)LJ� ��� 3KRWROXPLQHVFHQFH VSHFWUD PHDVXUHG DW �� . ZLWKRXW

�D� ZLWK �E� �� WRUU RI R[\JHQ IRU ���VLOLFD�WLWDQLD PL[HG
R[LGH�

)LJ� ��� ;5' �D� DQG SKRWRFDWDO\WLF DFWLYLW\ �E� WLWDQLD DQG ���

]LUFRQLD�WLWDQLD PL[HG R[LGH� ,Q 7L2� >;@ DQG =U�7L >;@�
; PHDQV WKH FDOFLQDWLRQ WHPSHUDWXUH� )RU H[DPSOH� 7L2�

>�@ LV WLWDQLD FDOFLQHG DW ��� R&�

)LJ� ��� ;5' �D� DQG SKRWRFDWDO\WLF DFWLYLW\ �E� RI WLWDQLD DQG DOX�

PLQD�WLWDQLD PL[HG R[LGH FDOFLQHG DW ��� R&�



(IIHFW RI &DOFLQDWLRQ 7HPSHUDWXUH DQG $GGLWLRQ RI 0HWDO 2[LGHV RQ WKH 3KRWRFDWDO\WLF $FWLYLW\ RI 7LWDQLD ���

.RUHDQ -� &KHP� (QJ��9RO� ��� 1R� ��

WKHUPDO VWDELOLW\ RI WLWDQLD� 7KH SKRWRDFWLYLW\ RI ]LUFRQLD�WLWDQLD PL[HG

R[LGHV� KRZHYHU� LV QRW LPSURYHG DV VKRZQ LQ )LJ� ���E�� 7KH VXU�

IDFH DUHD RI ]LUFRQLD�WLWDQLD FDOFLQHG DW ��� R& LV ����P��J� 1HYHU�

WKHOHVV� WKH SKRWRDFWLYLW\ RI ]LUFRQLD�WLWDQLD PL[HG R[LGH LV QRW JUHDWHU

WKDQ WKDW RI SXUH WLWDQLD ZKLFK LV FDOFLQHG DW ��� R& DQG KDV D VXU�

IDFH DUHD RI ���� P��J�

7KH ;5' VSHFWUD RI DOXPLQD�WLWDQLD PL[HG R[LGHV FDOFLQHG DW

��� R& DUH VKRZQ LQ )LJ� ���D� IRU WKH YDULHG FRQWHQW RI DOXPLQD�

:KHQ WKH FRQWHQW RI DOXPLQD ZDV OHVV WKDQ ���� D VLJQLILFDQW UXWLOH

SKDVH ZDV IRUPHG� +RZHYHU� QR UXWLOH SKDVH LV IRUPHG DV WKH FRQ�

WHQW RI DOXPLQD LV YDULHG IURP �� WR �� DW��� $W D IL[HG FRPSRVL�

WLRQ RI ]LUFRQLD WR WLWDQLD� WKH SKRWRDFWLYLW\ ZDV LQFUHDVHG ZLWK LQ�

FUHDVLQJ WKH FDOFLQDWLRQ WHPSHUDWXUH DV ORQJ DV UXWLOH SKDVH ZDV QRW

IRUPHG� )RU DOXPLQD�WLWDQLD PL[HG R[LGHV� WKH PD[LPDO SKRWRDF�

WLYLW\ REWDLQDEOH DW HDFK FRPSRVLWLRQ LV VKRZQ LQ )LJ� ���E�� ,Q WKH

VDPH PDQQHU DV ]LUFRQLD� WKH SKRWRDFWLYLW\ RI DOXPLQD�WLWDQLD PL[HG

R[LGHV LV QRW LPSURYHG FRPSDUHG WR SXUH WLWDQLD� 7KH ORVV RI VXU�

IDFH DUHD DV LQFUHDVLQJ WKH FDOFLQDWLRQ WHPSHUDWXUH LV QRW UHVSRQVL�

EOH IRU WKH ORZ SKRWRDFWLYLW\ RI DOXPLQD�WLWDQLD PL[HG R[LGH EHFDXVH

WKH VXUIDFH DUHD RI ���]LUFRQLD�WLWDQLD PL[HG R[LGH FDOFLQHG DW ���
R& LV ���� P��J�

)URP WKH UHVXOW RI ]LUFRQLD�WLWDQLD DQG DOXPLQD�WLWDQLD PL[HG R[�

LGHV IRU WKH SKRWRDFWLYLW\� LW LV FOHDU WKDW WKH RQO\ HQKDQFHPHQW RI

WKHUPDO VWDELOLW\ E\ HPEHGGLQJ WKH VHFRQGDU\ PHWDO R[LGH LQWR WLWD�

QLD PDWUL[ GRHV QRW LPSURYH WKH SKRWRDFWLYLW\� 7KHQ� LW LV VSHFX�

ODWHG WKDW VRPH RWKHU IDFWRU DV ZHOO DV WKH LQFUHDVH RI WKHUPDO VWD�

ELOLW\ VKRXOG EH VDWLVILHG LQ RUGHU WR DFKLHYH WKH LPSURYHG SKRWRDF�

WLYLW\ ZKHQ WLWDQLD LV PRGLILHG E\ WKH VHFRQG PHWDO R[LGH� )LJ� ��

VKRZ )7�,5 VSHFWUD RI WLWDQLD� ���VLOLFD�WLWDQLDL� ���]LUFRQLD�WLWDQLD�

DQG ���DOXPLQD�WLWDQLD PL[HG R[LGHV� 3XUH WLWDQLD DQG VLOLFD�WLWDQLD

PL[HG R[LGH KDV PDQ\ VXUIDFH 2+ JURXSV� ZKHUHDV� ]LUFRQLD�WLWDQLD

DQG DOXPLQD�WLWDQLDPL[HG R[LGH KDV OLWWOH VXUIDFH 2+ JURXSV� 7KHUH�

IRUH� ZH FRQFOXGH WKDW WKH RWKHU FRQGLWLRQ IRU LPSURYLQJ WKH SKRWR�

DFWLYLW\ RI WLWDQLD E\ XVLQJ WKH VHFRQGPHWDO R[LGH LV WKH LQFUHDVH RI

VXUIDFH 2+ JURXSV�

&21&/86,216

7LWDQLD� VLOLFD�WLWDQLD� ]LUFRQLD�WLWDQLD� DQG DOXPLQD�WLWDQLD PL[HG

R[LGH ZHUH SUHSDUHG E\ WKH VRO�JHO PHWKRG DQG WKHLU SKRWRFDWDO\WLF

DFWLYLW\ ZDV LQYHVWLJDWHG� ,W ZDV UHFRQILUPHG WKDW KLJKHU WHPSHUD�

WXUH KHDW WUHDWPHQW OHDGV WR KLJKHU SKRWRDFWLYLW\� ,W ZDV IRXQG WKDW

WKH SKRWRDFWLYLW\ RI WLWDQLD KDV D OLQHDU UHODWLRQVKLS WR WKH FU\VWDOOLWH

VL]H RI DQDWDVH SKDVH� )URP (35 DQDO\VLV IRU SXUH WLWDQLD� LW ZDV

IRXQG WKDW WKH EXON GHIHFW LV UHPRYHG E\ HOHYDWLQJ WKH FDOFLQDWLRQ

WHPSHUDWXUH DQG WKH VXUIDFH GHIHFW VXFK DV 2− LV IRUPHG IXUWKHU�

PRUH�$FFRUGLQJ WR WKH DQDO\VLV RI SKRWROXPLQHVFHQFH� WKH VXUIDFH RI

WLWDQLD WXUQV RXW WR EH PRUH DFWLYH E\ WKH SRVW KHDW WUHDWPHQW� 7KHUH�

IRUH� ZH FRQFOXGHG WKDW WKH LQFUHDVH RI SKRWRDFWLYLW\ DV WKH FDOFLQD�

WLRQ WHPSHUDWXUH LQFUHDVHV LV GXH WR WKH IRUPDWLRQ RI VXUIDFH DFWLYH

VLWHV VXFK DV 2− DV ZHOO DV WKH LQFUHDVH RI FU\VWDOOLQLW\ UHVXOWLQJ IURP

WKH UHGXFWLRQ RI EXON GHIHFW�

,Q WKH LQYHVWLJDWLRQ RI WKH SKRWRDFWLYLW\ RI VLOLFD�WLWDQLD PL[HG

R[LGH� ZH FRQFOXGHG WKDW WKH LPSURYHPHQW RI WKH WKHUPDO VWDELOLW\

RI DQDWDVH SKDVH PDGH LW SRVVLEOH WR HQKDQFH WKH SKRWRDFWLYLW\ RI

WLWDQLD EHFDXVH WKH SUHSDUHG FDWDO\VW ZDV FDOFLQHG DW D KLJKHU WHP�

SHUDWXUH WKDQ ��� R&ZLWKRXW IRUPLQJ UXWLOH SKDVH� $OVR� WKH SKRWR�

DFWLYLW\ ZDV JUHDWO\ LPSURYHG E\ VLPXOWDQHRXVO\ LQFUHDVLQJ WKH VXU�

IDFH DUHD DQG WKH FU\VWDOOLQLW\ DV WKH FRQWHQW RI VLOLFD LQFUHDVHV XS

WR ����%\ WKH DQDO\VLV RI (35 DQG SKRWROXPLQHVFHQFH� LW ZDV IRXQG

WKDW WKH HPEHGGLQJ RI VLOLFD LQWR WLWDQLD PDWUL[ VXSSUHVVHG WKH IRU�

PDWLRQ RI 7L�� DQG SURGXFHG D QHZ DFWLYH VLWH RI 7L�2�6L� ZKLFK HDV�

LO\ LQWHUDFWV ZLWK WKH R[\JHQ�

)URP WKH LQYHVWLJDWLRQ RI WKH SKRWRDFWLYLW\ RI ]LUFRQLD�WLWDQLD DQG

DOXPLQD�WLWDQLD PL[HG R[LGH� LW ZDV IRXQG WKDW RQO\ DQ LQFUHDVH RI

WKHUPDO VWDELOLW\ RI DQDWDVH SKDVH GRHV QRW OHDG WR WKH HQKDQFHPHQW

RI SKRWRDFWLYLW\� 7R SRVLWLYHO\ DIIHFW WKH LPSURYHG WKHUPDO VWDELOLW\ RQ

WKH SKRWRDFWLYLW\� LW ZDV HVVHQWLDO WR LQFUHDVH WKH VXUIDFH 2+ JURXSV

WRJHWKHU�

$&.12:/('*(0(076

'HSDUWPHQW RI &KHPLFDO (QJLQHHULQJ� .$,67 LV VXSSRUWHG E\

WKH %UDLQ .RUHD �� SURMHFW� 7KLV UHVHDUFK ZDV VXSSRUWHG E\

.26() �5���������������

5()(5(1&(6

$QSR�0��$LNDZD�1��.XERNDZD�<��&KH�0��/RXLV�&� DQG*LDPHOOR�

(�� ³3KRWROXPLQHVFHQFH DQG 3KRWRFDWDO\WLF $FWLYLW\ RI +LJKO\ 'LV�

SHUVHG7LWDQLXP2[LGH$QFKRUHGRQWR 3RURXV9\FRU*ODVV�́ -� 3K\V�

&KHP�� ��� ���� �������

$QSR�0��1DND\D�+��.RGDPD� 6��.XERGDZD�<��'RPHQ�.� DQG2QL�

VKL� 7�� ³3KRWRFDWDO\VLV RYHU %LQDU\ 0HWDO 2[LGHV� (QKDQFHPHQW RI

WKH 3KRWRFDWDO\WLF $FWLYLW\ RI 7L2� LQ 7LWDQLXP�VLOLFRQ 2[LGHV�́ -�

3K\V� &KHP�� ��� ���� �������

$QSR� 0�� <DPDGD� <�� .XERNDZD� <�� &ROXFFLD� 6�� =HFFKLQD� $� DQG

&KH� 0�� ³3KRWROXPLQHVFHQFH 3URSHUWLHV RI0D2 3RZGHUV ZLWK &R�

RUGLQDWLYHO\ 8QVDWXUDWHG 6XUIDFH ,RQV�́ -�&KHP� 6RF� )UDGD\ 7UDQV�

)LJ� ��� )7�,5 VSHFWUD RI 7L2� FDOFLQHG DW ���
R&� 6L2��7L2�� =U2��

7L2�� DQG $O�2��7L2� PL[HG R[LGHV SUHSDUHG E\ WKH VRO�

JHO PHWKRG DQG FDOFLQHG DW ��� R&�
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$QSR�0��7RPRQDUL�0� DQG$QQH)R[�0�� ³,Q6LWX3KRWROXPLQHVFHQFH

RI 7L2� DV D 3UREH RI 3KRWRFDWDO\WLF 5HDFWLRQV�́ -� 3K\V� &KHP�� ���

���� �������

$QGHUVRQ�&� DQG%DUG�$� -�� ³$Q ,PSURYHG3KRWRFDWDO\VW RI 7L2��6L2�

3UHSDUHG E\ D 6RO�JHO 6\QWKHVLV�́ -� 3K\V� &KHP�� ��� ���� �������

$QGHUVRQ� &� DQG %DUG $� -�� ³,PSURYHG 3KRWRFDWDO\WLF $FWLYLW\ DQG

&KDUDFWHUL]DWLRQ RI 0L[HG 7L2��6L2� DQG 7L2��$O�2� 0DWHULDOV�́ -�

3K\V� &KHP� %� ���� ���� �������

&DXTXL�0�$�� &DOYLQR� -� -��*LIUHGR�*�� (VTXLYLDV� /� DQG5RGULTXH]�

,]TXLHUGR� -�0�� ³3UHSDUDWLRQ RI 5KRGLXP &DWDO\VWV 'LVSHUVHG RQ

7L2��6L2�$HURJHOV�́ -� 1RQ�&U\VWDO� 6ROLGV����	���� ��� �������

&XL�+��'ZLJKW�.�� 6ROHG� 6� DQG:ROG�$�� ³6XUIDFH$FLGLW\ DQG3KR�

WRFDWDO\WLF $FWLYLW\ RI 1E�2��7L2� 3KRWRFDWDO\VW�́ -� 6ROLG 6WDWH

&KHP�� ���� ��� �������

'R� <�5�� /HH� :�� 'ZLJKW� .� DQG :ROG� $�� ³7KH (IIHFW RI :2� RQ

WKH 3KRWRDFWLYLW\ RI 7L2��́ -� 6ROLG 6WDWH &KHP������ ��� �������

)X� ;�� &ODUN� /�$�� <DQJ� 4� DQG$QGHUVRQ�0�$�� ³(QKDQFHG 3KRWR�

FDWDO\WLF 3HUIRUPDQFH RI 7LWDQLXP�EDVHG%LQDU\ 0HWDO 2[LGHV� 7L2��

6L2� DQG 7L2��=U2��́ (QYLURQ� 6FL� 7HFKQRO�� ��� ��� �������

+RIIPDQQ�0�5��0DUWLQ� 6� 7�� &KRL�:� DQG%DKQHPDQQ�'�:�� ³(Q�

YLURQPHQWDO $SSOLFDWLRQ RI 6HPLFRQGXFWRU 3KRWRFDWDO\VLV�́ &KHP�

5HY�� ��� �� �������

+RZH� 5� )� DQG*UDHW]HO�0�� ³(356WXG\ RI+\GUDWHG$QDWDVH8QGHU

89 ,UUDGLDWLRQ�́ -� 3K\V� &KHP�� ��� ���� �������

,QRXH�+��0DWVX\DPD�7�� /LX�%��-�� 6DNDWD� 7��0RUL�+� DQG<RQH\DPD�

+�� ³3KRWRFDWDO\WLF $FWLYLWLHV IRU &DUERQ'LR[LGH5HGXFWLRQ RI 7L2�

0LFURFU\VWDO 3UHSDUHG LQ 6L2� 0DWUL[HV 8VLQJ D 6RO�JHO 0HWKRG�́

&KHP� /HWW�� ��� �������

.DQJ� <�&�� 3DUN� 6�%�� /HQJJRUR� ,�:� DQG 2NX\DPD� .�� ³3UHSDUD�
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