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*OXWDPDWH PHGLDWHY WKH PDMRAPLWY BR ® [E\L W BWLRLD WL
DPLQR K\GUR[\ PHWK\O LVR[DJROHSURSLRQRRMWURSI$M:
JOXWDPDWH UHFHSWRUV $03$5 WUDIIVFQDOW L EKWEK I LIQFRNLQ
ORQJ GLVWDQFH WUDQVSRUW FDQ EH RO$HRRWPDE FHD 6 R OJ
6LQFH WKH PDMRULW\ RI $03%$5V DUHKP®GHHW W RHF R B O O HE;
QHXURQV WR FRUUHFWO\ WUDQV SR UWQUSRHISAV R B \H OV RXRIINV AR
VIQDSVH IXQFWLRQ WKH LQWHUSOD\ EHWUZBEQSRRWYJ GHDW
UHPRYDO DQG UHWHQWLRQ QHHGHWR UE K R/Z IKR\GJ\ GIHIW D Q WHH
PHFKDQLVPV FRPPXQLFDWH ZLWK ORFDCOV\Q X&W QR BG 02 H YL
ZRUN KDV VKRZQ D FULWLFDO UROH IRVULWHK H KR ¥ S ISDAVRD VM \ SHH
OHXNRF\WH FRPPRQ DQWLJHQ UHODWHG$GISRWHEXPEHSY DVD
VIQDSVHRZHYHU WKHVH VWXGLHV KDYH QR UL@HQW LS URG HDY
7KHUHIRUH P\ WKHVLV VHWV RXW WR PSBVFW VKRR FBDG $ T\ Q!
WUDIILENLQJ DQG W KHOHKRPRWHERIK MW RHYHUWHEUDWH /$5 3UI

SKRVSKDWDVH $ 373 $ KDV RQ WKLV UHIJXODWRU\ SDWKZD

&KDSWHU LV DQ LQWURGXFWLRQ EBEQENJIW R XX® NRORE QM (

DQG VFLHQWLILF FRQWH[W IRU WKH PDLQ TXHVWLRQV RI P\ W

LL



,Q &KDSWHU ZH LQYHVWLJDW K WEXWIDXRHI\WH. RIGI RH K\R R LG
LPSDFW ORFDO V\QDSWLF JOXWDPDWH UKREB\S/DRWL RY LEFHNQR -
SOD\ DQ LPSRUWDQW UROH LQ JO XW BVAKBHWIA QIHS\HHES WERUN WQURDW |
NQRZQ DERXW W\URVLQH SKRVSKRURWDWURQ \VRR U WX \W R R DWHH
SKRVSKDWDVH /$5 LV NQRZQ WR E HUHFESIBUWRDQWUDD DXL R
FXOWXUH EXW LWV UROH LQ JOXWDRIZWH HHHUAH I W R Q YWHYINQ\
UROH Rl WKHHOROBOW373 KRPRORJXH 373 $ RQ JOXWDPD\
WUDQVSRUW DQG KRZ WKLV DIIHFW W KORRZ D\ ¥WE DS XWL B QGAHO L
GLVSOD\ GHFUHDVHG WUDQVSRUW DV ZHO® DIWH GBHHFFUHFSWRLG
*/5  WR V\QDSVHV 6LQFH 373 $ LV D @PDIAWWUXKEWRQHF\
GRPDLQV DQG SKRVSKDWDVH GRP®HQWUPH QHR X KIOW RBRP DAL
QHFHVVDU\ IRU */5 WUDQVSRUW 'RP DH®G DNXDW VWK HR IS K§SV 8 |
GRPDLQ LV QRW UHTXLUHG IRU */5 WW WD\DELROLWHEXX BV LIVYWU M TQ
6XUSULVLQJO\ WKH ,J OLNH H{(WHUGBOOGRSBEQIV FDWHD V XH V|
WUDQVSRUW ,QWHUHVWLQJO\ /$5 RXWIGWR B (X3 BIRQ & MAHIUHP
ZKHUHDV PXWDQWY ODFNLQJ WKH SKR\GHMIUMHDWHI G5 FORRILIQ WH
PHPRU\ 7KLV FRXOG EH GXH WR D PH/BKDWUDRZERUW HW VUM
WR VXVWDLQ WKH VIQDSWLF UHFHSWRB BRWOYG WU L X W KRAUDA
RI */5 DW V\QDSVHV LV UHTXLUHG OIRNHQWW R PHBRGNIRXR G D

VKRZ D FULWLFDO UROH RI /$5 LQ ORWI BQVSMWDFH VIQDSWLF

&KDSWHU VHHNV WR LGHQWLI\ D UWR{QUMWRE DDNOHR Z$5 UG I %
LQ JOXWDPDWH UHFHSWRU WUDQVSRUWR EH Q\® H/ES DDAHS GFLRIUL

ORFDOL]JH LW WR V\QDS¥%HWOHIMRIM XO/LBU WKHKRPRORJXH 6

LLL



RQO\ EHHQ LGHQWLILHG DV D UH JXID@®AHRSURIVDE NI W HFIRO®\ P £
YHUWHEUDWH OLSULQ . LV NQRZQ W B URRVOHRIFQ\O IV]XIF K LDAK 3BR
*5,3 /$5 DQG *OX$ 6LQFH /$5 DQGDOL SMKIHQV.\GRORADDH |HHLC
WKDW WKLV LQWHUDF V&L RH® RPIDRWHIODSBAG WKDW 6<' PLIJKW
VDPH UHJXODWRU\ SDWKZD\ DV 373 $R WK HRU HIRRMO & HF DXANH G
D GHIHEFW LQ */5 DODRFMLARPWHRIMHVKRZ WKDW ORVV RI 6<' O
a IROG LQFUHDVH LQ */5 WUDQVSRUQVLEXW KDDYWL R D QGH G
*/5 7KLV OHDGV WR DQ LQWHUHVWLDRYLRR GH.O KAK HQIRHW VE 8 DG
FRUUHODWHG ZLWK */5 WUDQVSRUW 6%0VRLRKW KDWD D/XG 1M

VIQDSWLF UROHV RWKHU WKDQ FRUUHFWO\ ORFDOL]LQJ 373

)LQDOO\ &KDSWHU DLPV WR GLVFEXKNYWKIHQPIYDMNM R ILY]
WKHVLV DQG KRZ H[SHULPHQWYV IURP HDRRVEKHKDSMNWHL KRZ S\OKH

KDYH RSHQHG QHZ H[SHULPHQWDO SDWKYV

2YHUDOO WKH ZRUN LQ P\ GLVVHUVBDNWQRROHGIHD RY KRRY
$03$5 WUDQVSRUW DQG V\QDSWLF WUDSIWERLDB $5 W K P DWW
IXUWKHUV RXU NQRZOHGJH RI WKH URGH/$BI LVOK K HS KRDSKLD
H[FLWDWRU\ VIQDSWLF PDLQWHQDQF H KW KDON RHRKND &@/HKEGILHH
VKRZQ WKDW FRUUHODWHY GHFUHDVHG V\QBSWLEFDDNE R YMN
$OWRJHWKHU LW RXWOLQHV WKH JH®HUD KRZP $RIHE D/QFDI QRIS

UHODWHV WR VI\QDSWLF SODVWLFLW\ DQG EHKDYLRU

LY



$&.12:/('*(0(176

, I \RX ORRN XS WKH GHILQLWLRRORIUKRMRKERICOOQ QLY & HD Gall
PH 6L[ \HDUV DJR , WRRN D OHDEQRIVIDRQWKIDOHOY MWR] PROVH
ZKLFK ZDV QR HDV\ WDVN $O0ORQJ WKMV KMDRXPRMHN HDFR BHOVY
KHOSHG PH LQ RQH ZD\ RU DQRWWHDWH+WEXHYWUPH Z\DRQ B/HWRR (

HYHU\RQH ZKR KDV KHOSHG PH LPPHQVHO\

JLUVW , ZRXOG OLNH WR WKDQWDEY ISDWRQ D QG BAKHHY HRMU
ZH KDYH EHHQ WKURXJK XSV DQG GRZQuHEHSKHWHQ JF PRHG
LQWHUSUHWDWLRQV RI ZRUGV 7KDWR HR >0 QR3J \\HHHSSLLQI [P B (RIE
ODE HQYLURQPHQW )UHG , NQHZW KR®Q GV RHQMHRG HD QH W D\DNE
WKLQN , IXOO\ JUDVSHG WKLV FRQBP S¥K D@NWKH \RXJIV QD MXKH
LQ PH , NQRZ , ZDV PRUH VWXEERUQ EVOK DHXQ Y KDIVR QRIXG KRB U
VWXGHQW ZRXOG EH EXW XOWLPDWHQHQRXLPWRO,GBHIE \FR GLORV

FDQQRW WKDQN \RX HQRXJK

O\ DGYLVRU\ FRPPLWWHH &KXFN +HQU\ BHRNRQG 7DR /H

ORQWJIJRPHU\ IRU VXSSRUWLQJ PH DORQJ P\ MRXUQH\

(YHU\RQH LQ WKH &0% SURJUDP , ZEBGW UMR WXKW QR WRXD M
KDYH SURYLGHG IRU PH &DURO \RMW WKVHR XHHQ\DQOQF WHOPBHG
P\ 3K' .DLOHH IRU KHOSLQJ PH FORK K HRIDQ WKHQBD 4 HHHN HQ
IRU DOZD\V LQGXOJLQJ LQ P\ FRITHRUPRWWIERXVQGL OHHW VE L Q¢

DOO



7R DOO P\ IULHQGYV EDFN KRPH MVRKBIW | R W EGN QN RP H BVFK. BH
“RVK IRU EHLQJ P\ FDSWDLQ DQG 5DQHRHUEKDGJ WROH JEXU R VKH

KHOSHG PH PRUH WKDQ \RX NQRZ DEDFNFIORRRW ZDLW WR FF

7R P\ SDUHQWY OLNH DQG 7DPP\ P\ JUDQBPWKAHIYEQBO
EURWKHU LQ ODZ -RVH P\ QLHFHV $GGVVRMWWNQRGD&ICE 9HH. DR

DOzZD\V EHOLHYLQJ LQ PH DQG ZKDW , DP FDSDEOH RI DFKLHY

)LRQDOO\ WKH UHDVRQ WKDW WXRIRN. WX IZ\L \WKIDWSKRIERZ W
DQG GHVWLQ\ LQ KHU H\HV ODFNHQPLKHURXWRGDW KR PUSHDIHWARL
3K' <RX KDYH VXSSRUWHG PH WKH ZKWOPHADR HYRXQY LRY § WURHX

WKH RQO\ VXSSRUW , QHHG DQG WRJHWKHU ZH DUH XQVWRSS

YL
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&+$37(5 ,QWURGXFWLRQ
/HDUQLQJ DQG BHHARHB\MXXK X X X X X X X X X XRKRBLRBLRLRLRLREROZOZ R RRBLRLRLRL
([FLWDWRU\ QH XU KW X XXRMXX/ X/ R IIRZRKRZRKRLRZOUKRKZOKRLRFRKOKRIKRZOKR
& HOHIHXW DO QKKK X X X X X X XOREBKRBLRLRLILRKRORR ORI
6\QDSWLF SXOMKWKW K RIXW X X X X XKLL ROROROFOFOI OO
6KRUW WHUP VIQREXOEXS G R MM REKMX XXX XXX XXXXXXXHXXXXXXX
*OXWDPDWH XPEEADSHKR XK X X X RO IR RO RO AOKOK
$03% UHFHBXHMRIKIK X X X X X X X XA RO IOIOFFROFFIOROROIOK K
/IRQJ WHUP GHS U EWWXXRX XXX X X X X XORROZRRKRBLRLRLRLRLRRORROOROKBKRLRLRK
/IRQJ WHUP SRWHRX\XOOWMKIXRKAXKDCX XXX XXX XXX XXXXXXKXXXXXXX
$03%5 WUDIILFNLQIXDXFEXXKHRBBXERIXKXXXXXXXXXXXXXXXXXXX
/$5 373 IDPLO\ RI SKRX3XDXXDAKEKIK X X XK BKRRROZ RO RORAROKRK
SUHV\QDSWLF UROH RI /$5 373 VHXRKG®X RXISKRXDSHKBIIROKK X X X X
SRVWVI\QDSWLF UROH RI /$5 3 TABD WIEDWR X XX XA XSEXRAKSKKKIX X & X X X X X
TKHVLWXZRYHXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX X X

&+$37(5 $ 'XDO 5ROH IRU /$5 373 QLQGENIKIDDPAHL T 3455
7UDQVSRUW DQG 6\QDSWLF 5HWHQWLRBLOWHQWLBPRIRWU /RQJ

6 XP P DXXXXXXXXXX XX X XRKRARRZRKRLRZRKRLRLRZKRLRLRZ AR RO
, QW U R G XX X X X X X X XK ALRLRLRLRL R RLRLRKRKROE LR RO
SHVXBXKX XXX XXX XXX
7KH ODUJHVW LVRIRUP RI 373 */537 3% WD @REAXODWD W HV
373 $ PRGXODWHY V\QDSWLF QWRBENU RI */5 UHFHS
373 $ LV QHFHVVDU\ IRU ROIDFWERAUN DRWVR BHDVWIOLH) PHP RU\
373 $ LV QHFHVVDU\ IRU ERWKRIHOLY HDW DD IHAMHQWLRQ

'LITHUHQWLDO UROHV RI 378 HUP LVOHDWP GRP O LIQYGLY UHJIXODYV
WUDQVSRUW DQG VIQDSWLF UHWHQWLRQ

"LV FXVAORX XX XXX XXX XXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXX
&HOO VSHFLILF UHIJXODWLRQ WIBYVRB7308%35W3IBOQVSRU
5HIXODWLRQ RI ORFDO V\QDSWLU$5*883730HYHOV E\ 373 $

YLL



$ PRGHO IRU FRRUGLQDWLRQ R\GDS$5.W B D QY FROW ORHG
+RZ $03$5 WUDQVSRUW DQG V\QIDHDUFQUAWBQW LFRHP RUHFW
ODWHULDOV D Q@& XMHWKB R & X X X X BRI ROROR
& HOHFX@WXUH DQG VWUDLQV
& HOHMQNQVJIHQHV
30DVPLGYV DQG FORQLQJ
&RQIRFDO ,PDJLQJ
6KRUW WHUP DQG ORQJ WHUP DVVRFLDWLYH ROIDFWRU\ PHI
,PDJH DQDO\VLV
6WDWLVWLFDO $QDO\VHYV
SXWKRU &R Q WXX EXMMORX X X XK IORIFORROFORRORI R

&+$37(5 7KH UROH RI 6<' LQ SRVWVRQUDSWQE $OBILBSWUP QV §
SODVWLFLW\

BXPPDXXXXXXXXXXX X X R ZRRERLIRLRLRZLRZ R ORI RO R
, QW U R GO EXRKRX X X X X X X RRRRKRRKRLZ KRR RO RO AR RROK R
ODLQ LGNV XXX XXX X RRRRAKRLRZRLRLRZ KRR AR RO RO AR AAROK
/IRVV Rl 6<' FDXVHV GHFUHDVHGHUYDSWLF */5 QXPE
/IRVV Rl 6<' LQFUHDVHV $03%$5 WUDQVSRUW
6<' LV UHTXLUHG IRU V\QDSWIBKN VWDELOL]DWLRQ RI $03
'LVFXVVLRQ DQG I XWXKKXEKXXBKEKW K R RKXKRKRKILRLRZZZRRKRLRLRLRLRLRZZRKRLRLRO
ODWHULDOV D Q@& XOEHWKBER & X X X X BRI ORLRLRLRLRLRZ KRR RO OHK KR
& HOHFXQWXUH D@&XWKMY R KR XM X X X BRI UKRZ KRR RLROZRLRK
& HOHWWD/Q V XEKQBLX X X X X X X X X XA RO RO
&RQIRFDO XPDXIOQIX X X X X X X KRR RLRLRLRLRLRZ KRR RO RARKRKRK
&+3$37(5 2YHUDOO FRQFOXVLRQ DQG IXWXUH GLUHFWLRQV
%LEOLRJUDSK\

YLLL



&+$37(5 ,(QWURGXFWLRQ

/HDUQLQJ DQG & HP®RHWJ L@V

7KLV ILUVW FKDSWHU LV DQ LQWURGXHFGWIR @ HH GHG EW
XQGHUVWDQG WKH IXQGDPHQWDO SURWP IPHD RWPW R/ EHVD @ H[K
UHYLHZ EXW LW VHWV WKH IUDPHZRURIIRQ IRURBWYRY ZIQWVKR
YHUWHE UDDWHQRQ&DE G LWL VHIOGIH DMO/G R1 VW X G\

,Q (ULF .DQGHO DQG FROOHDJXBWRZOH ®VVVKRE LIGFIDY
VWXG\LQJ WKH QHUYRXV V\WVWHPV RI LQWHQWHE ODWRI \X B &L
OHDUQLQJ DQG PHPRU\ HQDEOLQJ WHKHVGQDBSRWLHUS GRD WKL FI
WKH PROPSOXVND FDOBLRRXQGEDWKLY VDPH WLPH 6\GQH\ %UHQQ
QHXUDO GHYHORSPHQWDLHQW K K DEGLIY R HERYVK QRZ KDV
D ZHOO HVWDEOLVKHG DQG ZHOO X& GHQKN IWFRGYQPSVR XPR 8 H
RUJDQLVP WKDW LV VPDOO LQ VL]H a P®D\\K B\ IDWRK BGW CON | +
LV HDV\ DQG LQH[SHQVLYH WR KRXGHWH) WG HUIHXOWHKH U BB
&RXSOHG ZLWK LWV WUDQVSDUHQWDBXWREGAHB WR MW RDBN HWH
SURFHVVHV E\ XVLQJ IOXRUHVFHGWWKRXJE @GVRPSWRHVFERGH O
PDQ\ RI WKH NH\ SURWHLQV LQYROY HG PR U HDUMAHERI@WH) DH G |
HOHJRRIVFK DOORZV IRU WKHVH PROHEFXO DLW FOHF K R QIDVFPY QWRU
VI\VWH® YLYR

& HOHJDEPUQLQJ DQG PHPRU\ FDQ EH GLYLGHG LQ
QRQDVVRFLDWLYH OHDUQLQJ 7KH ILUVIMQIREB RV DB\ GQVER Y
LQ ZKHUH 5DQNLQ DQG FROOHDWKHBW U IVIXG IUHE S\RKHIAW D B: &

IRUP RI QRQDVVRFLDWLYH OHDUQLQBUINZD EBPKNYDRIG ZIQHUH V



WR D PHFKDQLFDO VWLPXOXV JHQHUWWHE @Y WHKSESZRU PWVK I3 HS
WDS VWLPXOXV GHFUHDVHYV WKH DPBBABVYRGWHD G & X1 HW X H QWW
LPSDFWV KRZ IDU WKH ZRUPV FUDZO BEBDUFRNVYOIRGGD QUG \KRZF R/IL
7TKHVH VWXGLHV RI KDELWXDWLRQ ORXQQR@ ROHD QA XQR @V & PR
JXUWKHUPRUH WKHVH VWXGLHV ODY B UVSRHH IREKIDEDRN\FLLRDAQV LR Bl
OHDUQLQJ ZKLFK LV D KLJKHU RUGRWUW\AMRUP RI OHDUQLQJ DQG

$VVRFLDWLYH PHPRU\ ZDV ILUVW PDGH |RZRXV VEKDWDDRQQ3
XQFRQWUROOHG VWLPXOXV 86 WUIHJIJBYYV PQRKQFBEQRWBRQGH
VWLPXOXV &6 FDQ EH SDLUHG ZLWRVWWHEFS WG V¥ KW KQ H KWL
QRZ HOLFLW D FRQGLWLRQ@HGHOHIIRD WV BBVRFLDWLYH Pt
PHFKDQLVP WKDW LV VLPLODU WR ZEDWV3DYWHRPDREDHEOWHHKSD B
OHDUQ DQG UHPHPEHU HQYLURQPHQR® ARIMM® WRR HR RVGK DR
DYHUVLYH VRRUPXQLOO PRYH WRZDUGV YRODWHDWHREUBD ¥ KH E
EDFWHULDO IRRG VRXUFH Rl ZKLFKQRQHVSE& MOHHW \IoK HIFRRLDUAL!
FROOHDJXHV VKRZHG WKDW ZRUPV FRVOOGI GHBY QRW R OD YRLHV
ZLWK DQ DYHUVLSH VRROOXWHRESHULPHQWDO GHV MV @KERXY\HEGG R
LOLIXUH LQ D QDwYH VWDWH ZRUPV ZKBOGQDMAHW\IDORY HEB © &
RGRU 7R EHJLQ WKH H[SHULPHQ@®RDBVWHMWVSIRRLF & B DRI® DQS O D
IRRG EXW D GURS RI GLDFHW\W RIQ\ WRB WRISORD WKH GLGFWYRV\
UHDFK LW IRU RQH KRXU :LWKWR WKLRFKRXMH WWBU EBWL® Q
GLDFHW\MWH\ DUH WKHQ WUDQVIHUUHG WRGDDQFH\SHI DRQDV B R C
, ] WKH\ KDYH OHDUQHG WKH DVVRFLPMOAR® R IRG VINFIHAWNDW MRKH \

DZD\ IURP WKH GLDFHW\O DQG WRZDURBV WKRUMR QYWUR (° RERU



Naive

Conditioned

Worms select

1Hr Starvation preferred odor

J)LIXUH 20IDFWRU\ DVVRFEDWOWROPHW RU\ LQ

7TRS + QDwWYH ZRUPV DUH SODFHGHRQ PQ H[SHULPHQWDO SOI
ZLWK D FKHPRDWWUDFW GLDFHRWWBRY RU FRQWURO %RWWRP
DUH FRQGLWLRQHG IRU RQH KRWUOZRWK QR IRRG DQG GLDFF
WRS RI WKH OLG :RUPV DUH WKIQWBODFHG RQ DQ H[SHULPH
SODWH WR WHVW LI WKH\ KDY HWXYHIHUWQHG WKH DVVRFLDWLR

VWDUYDWLRQ QHJIJDWLYH HIIHFW DQG GLDFHW\O $GDSWHG
%DUJPBI@Q DO

VDPH SURFHGXUH LV IROORZHG H[FHISWMWLROMRBU IRHRQBUKR R C

D QRUPDO SODWH ZLWK IRRG IRU RMHQ KR H/K RYHDAR H PS/HD L
SODWH DQG LI WKH\ KDYH UHPHPEHDMWG& RV W D YWHWRF VIFP\W DROQRR
WKH\ ZLOO WUDYHO WRZDUGV WKH FRQWURO RGRU

7KH HVYWDEOLVKPHQW RI PHPRU\ H[SHQLFB Q@LNVGIDQVHARGE B M
DSSURDFKHV WR HVWDEOLVK D FRUH PHEKD HOHPIRYPZVORFLD)
EH GLVFXVNKIS W@ UNQG PDQ\ RI WKH FULWLFDO SURWHLQ

YHUWHEUDWH OHDUQLQJ DQG PHPRU\ Q@& HH PRIIHDWH® D QG G
PHPRUY\



([FLWDWRU\ QHXURWUDQVPLVVLRQ

*OXWDPDWH PHGLDWHVY WKH PDMRULVRQRIQ DNVK\H H{BDW®O \
DFWLYDWLQJ SRVWV\QDSWLF JOXW D P DRV HV H 7 HBHKRULRWY 7 B © VG
LV NQRZQ WR EH D PDLQ FRPSRQHQW IRVHYHXOUR B HO QMW DWS
OHDUQLQJ DQG PIHPRBWUHV\QDSWLF GHSRODUL]DW LRIO UHDEK
SDFEFNHWV RI WKH QHXURWUDQVP LW WMKHJI @ XWSRADLVE HE D H HWG XK
WR SRVWV\QDSWLF UHFHSWRUV ZKLFK DOOREKIRWIWE H R QYO ¥
DQG &D (DFK QHXURQ KDV WKRXVDQGV Rl V\QDS®M LEFRWKQQH
SRVLWLYH DQG QHJDWLYH LQSXWRI DQG W\WHMH W QI X\ D PAIQD
ZKHWKHU WKH QHXURQ ZLOO GHSRWMDVI]RY DD & RVE RV V8 V\RDCEN
6LQFH JOXWDPDWH UHFHSWRUV DUHKNQRZQ QDR BH BSIMH D WILR
XQGHUOLHVY OHDUQLQJ DQG PHPRU\ DWIHKYHG PO AKYDROAX\W L R

FULWLFDO WR XQGHUVWDQG KRZ QHRWRQWHWEH SXNRDUN @ X\P\EJHDLE W

& HOHIIHXWDO QHWZRUN
& HOHIVQN YHU\ VLPSOH PRGHO RUJDQLVP DRARR\LW ZK\
RQH RI WKH PRVW ZHOO XQGHUVW PRG SDPRIQRXDJ® CF R Q G HOHRID.E
FRXOG EH VSHQW WR GLVFXVVLQJ HPEK , QZH)XOUOR M VI RB WWL Q @ (

QHXURQV WKDW DUH FULWLFDO LQ P\ WKHVLV ZRUN

ORVW Rl WKH JOXWDPDWHUJLF VLIQDOMXHLBRERDRPG L
LQWHUQHXURQV $9% $9% $9' $9( WQRO39IRUZKUEKDRREQEDF
PRYHPHQW 7KH $9$ LQWHUQHXURQV DW K HD ZR MKW U D@ DRR R SR/
WR QR[LRXV VWLPXQLJXDWHRXDN®GL YHKE DEWLYDWLRQ RI WKLV S

GHSHQGHQW RQ JOXWDPDWH UHFHSWRWG PERXIWEREPEBWHUUHF |



,QWHUHVWLQJO\ WKH $9% LOQOWHURMUHRYVRBQURIFORQ@LA
PHPRU\ /70 ,QGHHG GLVUXSWLQJ SUR@VWMD $WE R U OGRDHVID N
JOXWDPDWH UHFHSWRUV LQ $9% LV KK RXJKDW  LOVEKR G QWK W7KOD V
UHFHSWRUV DUH UHTXLUHG IRU /70 DV DHFKD/RION/PWERQ B ULLX

SRVVLEOH WR VWXG\ WKH PROHFXQ®LE S BRWKLZRDYW § ODWL RIFO K (

Command
neurons

% 8
@\ (@

neurons

5 Forward Backward .

movement movement

JLIXUH & HOHJRBXUDO FRQWURO RI IRUZDUG DQG| EDFNZDUG P
&RQQHFWLYLW\ EHWZHHQ FRPPDQG IQBNARWRXUGBXUR®YD JRQF OBV
JLQHV ZLWK WULDQJOHV UHSUHVHQ@W \FEHWIKFBOXWW DBEYEY DIQHUEV H Q
MXQFWLRQV 1HXURQV LQ EOXH DGHPRW\HPRIQW. BEOM KQDW KK URH ZDH X U |
LQ UHG DUH UHVSRQVLEOH LQ EDFNEDDOGRY IQPXKQWQVKH Q®WUYDWH
YHQWUDO ERG\ ZDOO V\QDSVHVHWGD®WHG IURP GH %RQR




6\QDSWLF SODVWLFLW\

2QH Rl WKH PRVW IDVFLQDWLQJ DVGBY¥WVFRW W KHK LEFIKD L
FDSDELOLW)\ IRU D QHXUDO D F WIXYQFN VRR MRGL W KHHXHUED\ CP R IGUL|
EHKDYLRU DQG PPDBWLFE SODVWLFLW\ UHIHUV WIR PRKH PG W L
RI WKH HIILFDF\ Rl VIQDSWLF WUDQVPLNYGRKDD VE ISH® HRE VWLl
DW YLUWXDOO\ DOO V\QDSVHV LQ RUPD®PDPOW KB §RAFHISIM MR ;
SODVWLFLW\ ZDV SLRQHHUHG E\ 'RQIDRX QG EEDIQQR I W HAX W} S
VSHFLILF VWLPXODWLRQ >DW V\QDSVBW®HDIRB® HQ WH RU LIV HG |
VWUXFWXKH LGHD EHKLQG WKLV ILQGLQIFZBPW WKW WIHEH FD
WKH SRVWV\QDSVH WR LQFUHDVH LQ VWKDWRDKRXFVHLWRE
VWUHQJIJWKHQLQJ WKH WUDQVPLVVLRQ EHWZH,F USHDH LIJ G W
SRVWV\QDSWLF VSLQH LV QRW DQ HQKRZHYBYRWKEGK PWFz
VIQDSWLF SODVWLFLW\ LV QRW D DOIR RR RIRDKR S WRWHWWP S
ZKHUH WKH SRVWV\QDSWLF FHOO GIWWUIRIRPHWKH WKHVLQBS|
LV FRLQFLGHQFH RU DQ LQFUHDVH LQ DFWLYLW\

BKRUW WHUP VIQDSWLF SODVWLFLW\

/RQJ ODVWLQJ SODVWLELW\ LV ODUJNRMN P BRW W \R\RFDRSQW LR
RI VKRUW WHUP SODVWLFLW\ LV SUHV\QUNSKWDLYH QRMW SSAURHAY
FRQWURO WKH SUREDELOLW)\ RI Q QRN QD QRGP UKW HAA SIHH @ H D
FDQ HLWKHU GHSUHVV RU HQKDQFH V\QPB\EW LOFV WU DHH/GRI RVM\ZLO
SDWKZD\ +RZHYHU V\QDSWLF WUDQWPLMW/GRQGFIXS EQ BE®LDY
SRVWV\QDSWLF FHOOV FDQ UHOHDVH QHRURPR GREDPRQHM W

LQIOXHQFH WKH FKDUDFWHULVWLFV BFWYX D % DHHWIK® BN DB



,Q PDQ\ FDVHV SUHV\QDSWLF DFWLYDWLFRFQ HDDHQW K H RIPHRGHXE
SUREDELOLW)\ RI QHXURWD DUHWRIHVEWHEERW DQG 5HIJHKU VWDV
SODVWLFLW\ DVVXUHV WKDW FXUUHQW VDERWXLW K k DFRXURMQ [
SUHYLRXV KLVWRU\ RI DFWLYLW\ ZKW KX WK® RHXXDL® AL E X
HQVHPEOH RI QHXURQV WKDW WKH BUDQQ XY WW WIFD B GHREHWH/
WHPSRUDO SDWWHUQV RI DEWLYLW)\ 7RK AHF& BOUWK UG HRKXU
WUDQVODWHY WR D PHFKDQLVP ZKHWH PHK HD SW\IQD\SMHS B HIS HE®!
RQ ZKDW W\SH RI VLJQDO LW KDV U NBHIQGH 6 FFFRHNGLIRXMNO \WR LL
VLIQDOV ,Q WKLV PRGHO VKRUW WRH WA/ $OW YWD 6 LS\H UAIREG BHR
LI ORQJ WHUP UHVWUXFWXULQJ RI @& I RRW QHFDELVRQ VEKHRX D61

DFWLQJ DV D FKHFN SRLQW IRU ORQJ WHUP SODVWLFLW\

*OXWDPDWH UHFHSWRUYV

*OXWDPDWH UHFHSWRUV DUH D FULW\VKDODRRP BRIOG-DPH @\
LQ XQGHUVWDQGLQJ WKH SURFHVV KIJR HMRZLQJI DVKE FEHRRKH
SURSHUWLHYV RI JOXWDPDWH UHFHS®/IRUN W KHILRIS RAUQFENQ W QL Q
EULHIO\ GHVFULEH VRPH RI WKHVH SNR®HU QYR WVUHLYRTHY P\ DK
SK\WLFV Rl UHFHSWRU IXQFWLRQ WRWKLRPWG®H LID XW D R BI\E H D
WKUHH PDLQ FODVVHV RI LRQRWURSLF UWHHIWRBUW HWHKSWIR P
W\SH WKH QRQ 10'$ UHFHSWRU VXEW\SHV RO . DPLQI
LVR[D]JROHSURSLRQLF DFLG $03$% DQGIR®U®YEWHHVWHFY SNGRU
JOXWDPDWH *UHBWOWRBWFHSWRUY DUH FRPSRVHG RI IRXU
H[WUDFHOOXODU DPLQR WHUPLQDO GRBDQQJDRIG E MXGH CH[WC

%' D WUDQVPHPEUDQH GRPDLQ 70 DIQ@G WIQUIPQ QY D O F&RORCE



&7 7KH\ DVVHPEOH DV WHWUDPHULF VXEKQEWY RDQWGX BX®IL\

ZLWKLQ WKH VDPH IXQFWLRQDO UHFHSWRU

A) Basal B) Activation

Glutamate Glutamate

Na+ Ca2+ ‘ \Na+
®© / \ O
2

g

JLIXUH $03$5 DQG 10'$5 DFWLYD\WOQRQGHGROD EIDDIMAR @ FRM GLWLRQ\
JOXWDPDWH ELQGLQJ WR $03$5V DQBWLREY HIBO-RBW ZMDQMRDFHILVORGJIHC
WKXV 10'$5 DFWLYDWLR @ GRHY I RWREGX B QRXJIK $03$5 PHGLDWHG DFW
WR D ODUJH HQRXJK GHSRODORAFNWMLMR QHRRKHHGIDQG D VXEJHTXHQW
LOWUDFH RFF)»

10'$5Vv DUH JOXWDPDWH JDWHG LRQ FKD@ QHHG VWO WBRW \

QHXURWUDQVPLVVLRQ 7KHUH LV HPRIOQWREH R L NH $DWIXY N \R
SODVWLFLW\ ZKLFK , ZLOO QRW EZHR GM WY ISULPD YL QF R @ \$ W/KHE
QH[W WZR SDUDJUDSKYV , ZLOO RXVRO LIQH$FWK B ED WPIHW S E R $H
JOXWDPDWH UHFHSWRUV P*OX5V UHVSEBEWUYHB6\ 7WHDKW DR
KHWHURPHUV ZLWK GLIIHULQJ SK\VLEORKRREDPLQ |DWRRHU MLV WV |
FRPSRQHQWY ZKLFK LQFOXGH D IDVW HU3$6' HF WE WD WD WQ RO G
VORZHU DFWLYDWLRQ LV GXH WR 10'$BW AR/QE\CIRFNHR B\ TR OUH

GXULQJ VWHDG\ VWDWH 2SHQLQJ RI HRRXSWFRAHSRGOGD XL UHVI



UHOLHYH VEIORRPN DQG DOORZ IRUIDYUIDISKWRYBRWLRQ RI 10'$"
LV UHVSRQVLEOH IRU WKH ODUJH DPRXQW HM VIHQWULDOH DQ YOF
VIQDSWLF SO®YRQ AIOW$5 DFWLYDWLRQ PDQ\ GRZQVWWHDP VL
DFWLYDWHG ZKLFK LQFOXGH WKH PHWDHERMSVRBUF FRDKB \R |

P*OX5V DUH * SURWHLQ FRXSOHG JOXW DRD W[HW UBFHO O R
1 WHUPLQDO GRPDLQ WHUPHG WKH 9MBXMQI ONWDQSPGRED D
VSDQQLQJ GRPDLQV DQG DQ LQWWKBIFEHHODXID MK & HAHIUPRIQXW F
ZLWK JURXS , RIWHQ ORFDOL]HG WRRWVO®DSW L\W R OFCH OBDQ G HI®
8SRQ JOXWDPDWH ELQGLQJ WKH * SB&WHEDRVFR)GHHO DG DGH/F |
FDOFLXP PRELOL]DWLRQ DQG DFWLFK MVWIQRIMOKI RMZRWRISIOHS B B I
SURWHLQ NLQDVH & 3.& DQG FRPSR QWG ¥ UR WHLHD ANLLVQRIHHQ
7KHVH SDWKZD\V KDYH EHHQ KHDYLOQG PHPIRADWHEG LIPQ B AN F
VWXGLHV Rl P*OX5 VKRZ UHGXFHG LRGXFRALRE RO KA VIEQ! \P L
SKHQRW\SH LV UHJLRQ VSHFLILF KRZHWAKH BW WPHDMN6 OGH | DFIL

GHILFLWV LQ /7" GXH WR UHJUHVVHXKQRQWHUHEHOODU 3XUNL

$03%$ UHFHSWRUV
7KH ODVW PDMRU FODVV RI JOXWDPDWH WHDREKSMRUW X B K QH
*OX$ DQG DUH DVVHPEOHG DV GLPHUV RHWUBDHWHWLB Q (
UHFHSWRKN IRXU VXEXQLWY DUH KLJKO\ KRPRIGRIBXWQWLWK Z
FRQVHUYHG H[WUDFHOOXODU DQG YHFBIGWHRHPEDDQH GRIRPE QM
HQGRSODVPLF UHWLFXOXP (5 ZKHUH FRWWOWHNRW MVXEXWYHS DV
*OX$ VXEXQLW KDV WKH PRVW LPSDHW \R@ FHH RBOR $BIVF DO FHU

*OX$ DUHSXHHNUPHDEOH $03%5V WKDW FRQWDLQPSHXBP HHDLHD B D



! RZLQJ WR D XQLTXH DUJLQLQH R® DWWKIL\WQR\DELG ISQ W\
D JOXWDPLQH 4 RIWHQ ODEHOKGVDXQ4A BXHGLOWMWPDPLQH LV O
SRUH ORRS RI WKH VXEXQLW D QG DHGE N IQIHEK DQX WD RLIQH QAHRX
FKDUJHG DUJLQLQH ZKLFK RSSRVHVDWKHG V&I & QL WSLRML @R \
RQO\ FRQWUROV FKDQQHO FRQG XFWIOH E5 DEXAWH 6 O L B DHGWWH
UDSLGO\ WUDIILFV WKURXJK WKH {(5UDI@/® IHEBH.GV HG WaOHS (3 V+RR
HGLWHG *OX$ LV DVVHPEOHG ZLWWKORC$IKLWKWUBIILFV UDSL

$03$5V DUH ODUJHO\ ORFDWHG LQ H[FIDMWDWRHK \SRNXW/RQ S
VLWH 6LQFH $03$5V PHGLDWH D ODUJHFPWMRB Q VWL \RV LH G L % IO D\
LQ WKH QXPEHU RI UHFHSWRUV DW DHJWKIK WNQBBFH RAD®
WUDQVPLVVLRQ 5HFHSWRUV DUH QRW O W B WRIFWHIG/ KD YRL QX
DQG GHSHQGLQJ RQ WKH SDWWHUQLRIOQWUKX\WYDG DHWRY RW)
VIQDSVH ZKLFK FDQ OHDG WR ORQJ ®BAUW IQQ8RIQD HA KW DD WA
ELQGLQJ WKH UHFHSWRU XQGHUJRHR DHEORQWRKUHP B RIULIR @I \DK
LQIOX[ RLRI@V ZKLFK LQ WXUQ FDQ GHSRODUL]BWVRKKL@RVWV
GHSRODUL]DWLRQ OHDGV WR PXOWLRS 08 FG V¥ DXC\HWH % KICDW FIRIC
WKH DOOHYLDWLR@QRRNVRKHVEH 10'$ UHFHSWRU ZKIXfKRDOORZ"
&D LQ WKH SRVWV\QDSWLF, GRPISDVM® H QW IFDKAIGXIQURP &D J K
IUHTXHQF\ VWLPXODWLRQ FDXVHV D FDVFOGBWUIRGR¥ADWU
GHSHQGHQW RQ WKH RRRX@WFRIHIDHFW LV FRQWUROOLQJ WK
VIQDSWLF $63%$5V

$OWKRXJK YHUWHEUDWH PRGHOV KRYF DBWRRQ GIQCWIK I3 G51a §

ILHOG WKH ODFN RI LQH[SHQVLYHGIJHQWW LW KW HFKRID M HW ¥



YHUWHEUDWH QHUYRXV VIVWHP KDV OHGLWRE P/®D\QX LRI H \LICP B
PRGHO VX& KHIDWHZKQ¥K RQO\ SRVVHVYV QHXURQV LQ DQ DG.
WKHVH REVWDFOHV FDQ VRPHZKDW EH RYSHIUH\RPAHH G KIRQR B UF
JOXWDPDWH UHFHSWRUMGOH SDKEHMAHH GQIE@ XGH */5 + */5 PHPE
RI WKH QRQ 10'$ FODVV ZKLFK DUH PRODWWLEHE B 8§WRR % 0BG QR |
10'$ VXEXQLWV 105 DQG 105 ZKLFK@EHOR® NVWRIKLHD LS VD
& HOHJIJIRDPRWURSLF JOXWDPDWH UHFHSWRU VXHXRHQYNHVKF
VLPLODULWLHY WR YHUWHEUDWH BR®RMWQRS DO 1 0 MDPW WH R
KLIKHVW FRQVHUYDWLRQ LQ DUHD VQRIPIHFPERIDQHQFHJI P K DRV B V
UHJLRQ DQG OLJDQG EBQERQXE GWRPADALQDO DPLQR DFLG VHT
UHVSRQVLEOH LQ UHFHSWRU JDWLQHKLI® O\ UHRF\SHUR/E © FEFHDADZL
HOHJDQ® YHUWHEUDWHY 7KHUHIRUH XVIMXFR & UWCSBOHUQRRG |
FRQIHUV EHQHILWY WR VWXG\LQJ UHJXODWRU\ SURSHUWLHYV
&RUUHFWO\ UHJXODWHG $03%$5 V\QDSW LOFWHH[G WPHI\P\KIDRQY. V. MY
DQG DOPRVW DQ\ GHIHFW LQ WKH FRQWWR® QR IFF® UKIHFH Gb
FRQVHTXHQFHV RQ EUDLQ IXQFWLRQ O@®NXYW RE X UIRDH] HGQN BRI
VXFK DV 6FKL]JRSKUHQLD DQG $O0]KHLPHWILR QL KRV AD\Q EMS ¢
WR $03$5 DEQRUPMBHHIEHVQHXURQV WKDW KDYH LQFQHDVHG
GRZQUHJXODWH *OX$ VXEXQLW H[SUHRQMROQQI®IL\$ @EBEY RIHIX
WKH LQFUHDVH LQ LDR@® MWKIMOOKDYH IBPFUHDVHG H[FLWDELOL
7KHUHIRUH LW LV FULWLFEDO W KIDWP B i KXBQQGLH/UP W WD KQBBAWVXKQHG i i,
$03$5 ORFDOL]DWLRQ DV LW SHUWDR®NJWQ HUHDXNLRYR G L /BIO \Dt

/IRQJ WHUP GHSUHVVLRQ /7'



$OWKRXJK D ODVWLQJ LQFUHDVH LQ WRRSIKIW R UDWQ ¥ P D\
ZHDNHQLQJ RI VIQDSVHV LV DOVR DHUPUBHSIUBMBURQQJI7'/RL
SURFHVV WKDW ZHDNHQV V\QDSVHV GBSHQRBILWYK R Y \WWRIS \PR O7
LV HYLGHQFH WKDW D UHGXFWLRDWHK WHKIHH SV RELEQ QQBXRH J
FDQ EH WULJJHUHG E\ FKDQJHV LQ WKRIJSDBW\OBSWHG J\WH VP
IURP SRVWV\QOXSMWVGHSHQGHQW RQ ZHDN 10'$5 DFOMRZ DWLR
LQWUDFHOORGDRDQDEH LQGXFHG E\ SURORQJH &WHAUXARIBW LRIQC
7KLV DOORZV IRU /7' VSHFLILF SURW\AHW®VO\RE BN R Y\M RK L QIG X
UHPRYDO RI VXUIDFHK®WB$EW WKH SXUSRVH WKHQ RI WKLV C
VIQDSWLF SRWHQWLDWLRQ" $0WKBRXIKGW KW LIVQN QR 7 QL W K/IV
UHTXLUHG IRU KLSSRFDPSXV GHSHQGHQWXGH Z K8 UG IWKHG 1P HF
VXEXQLW *OX1 % ZDV VHOHFWLYHO\ DEOWDG AT [DIG/ R HIMXOMD k
GHILFLWV LQ OHDUQLQJ DQGURBWRQYU WBVMSWRWHLQV WKDW C
/7' VXFK DV FDOFLQHXULQ DQG 33 $ DOWRZIKRFBELIUW \MEH VIRELJD
UHFDOO DQG PHQWDOO\ UHH[SHULHQFH VSHMLOLKSD/SLVRGH
,QWHUHVWLQJO\ ZKHQ WKH SKRVOKDRLEWHD MH $VX\E M 8 R WEHLGN W |
SODWIRUP ORUULV ZDWHU PD]H UHJLWHPRFH UO H DGO W RVKEALP)
QHZ SODWIRUP ORFDWLRQ MXVW DEXM IWKIH QWRHN DW WO IV C
DFTXLUH WKH QHZ ORFDWLRQ LYKVMYWUHGVWHBUWRVWEH D X
10'$5 GHSHQGHQW /7' PD\ KDYH D UROHW\QZEHKID WHRHDY WR
DQLPDOYV OHDUQ WR DGDSW WKHLU FPHKDNWVYRU WR WKHLU YDU

7KHUH H[LVWV D VHFRQG IRUP RI /7' WHDB/M QG/H LW XBK L

VWLPXODWHYV D VLPLODU FDVFDGH DV WKHHPY'$MRGHSHQQHQV



W\SH VSHFIKHFDFWLYDWLRQ SDWWHUQV RI P*OXB/H WIIA@OL0"
VLPLODU EXW DUH V\QDSVH VSHELILKPIRR*®XB P30 RADXY MWK B
GHFUHDVH LQ SRVWV\QDSWLF VHQVLW®W WKW \KWRSRFORW ROV Wt
DVVRFLDWHG ZLWK WKLV UHGXFWLRQ
/RQJ WHUP SRWHQWLDWLRQ /73

7KH PRVW ZLGHO\ VWXGLHG IRUP RH IRAWL® DWW G F YRQUGHHX
+HEELDQ SODVWLFLW\ ZKLFK LQFORGRBV O/BVDNQ® J 7! Q//BHDN B |
WUDQVPLVVLRQ HOLFLWHG E\ UHS @ DBWNGWHKGIHFERWW FDLA5 N @/\L B
PHEKDQLVP Rl PHPRU\ VWRUDJH DQG ROW RI ORQPHUWDHOUB LVIRL
SODVWLFHBELDQ SODVWLFLW\ FRPSDUHGYWR XIRPHEYW R WLFRA
VIQDSVHV ZKHUH V\QDSWLF VW UHQJWAK R KICRQIFHH ISW LR)IS/X &/ A/[B\H
LQWURGXFHG E\ %OLVV DQG /RPR LQ WK DA HITHK BUKH H FLRIGAR\O X
RQH JURXS RI VIQDSVHV LQ WKH KLSSIRFDLP®S$®XHIKRMH B | DFY
ZKLFK PD\ KDYH RFFXUUHG VHYHUDO KRXQV HQRXURXWR\ED
SRWHQWLDOO\ XVHIXO IRU ZRLRUWDWQRQDWHRWUWRHWKH FRQFO
ODVWLQJ FKDQJH LQ V\QDSWLF DPMR YDLQV L QKU DR/EHV HQ WHIGH LW
VIQDSWLF WUDQVPLVVLRQ $OWKRRIKWKH V\VOREG RV KHQABRS W G
DQG PHPRU\ LW RXWOLQHG D YHU\QRWL WQ /D Q DTSVHIVAVY. W Q H QUJ \
DQ LQFUHDVH LQ SUH VI\QDSWLF QHXURMNUD QY PALKMH B R VWA B |
UHVSRQVH WR WKH QHXURWUDQVPLWWMR "DQKVAH UXBIW WILIRK) \E |
WKH PDMRU H[FLWDWRU\ QHXURWUDQ® RIMDW B W HU HARRIG/ LER
GLVFRYHUHG XQWLO \HDUV ODWHU WKDAH YHKRZWEH D3 ZRHUG

SUHYHQWHG E\ EORFNLQJ SRVWV\QD WLk KGWHIXKGQEL]DUWH\R@ L



VWLPXODWERREH JOXWDPDWH ZDV GHWHUPLQHG WR EH \
QHXURWUDQVPLWWHU LW ZDV IRRQTO'WK\D\U QGV $SDBYIVG BHRIH F
LQWHUSOD\ RI DFWLYDWLRQ EHWZHHEDYQ\$5RIQ /G 3 AIBGX FIMN/L R
$V RXWODRMWH G03$5 DFWLYDWLRQ FDXVHVY DQ LQFUHDV
1D DQG &KLFK GHSRODUL]JHV WKH SRVWV\QDBW HR 7 KK HGEIS R O
EORFN ZLWKLQ 10'$5V WR EH UHPRYHG DG V®&6EXH WLRQWOHTX
10'$5 DFWLYDWLRQ ZKLFK FDXQHYXDP DODA JIHF KDY O MRHG/X & DQ
GHSHQGHQW SURWHLQ NLQDVH ,, &DDEFWLYSDBLEBQ\ W KM &-B
LQFUHDVH LQ WKH QXPEHU R)LUYXQBSWLF&PWI$SSVLY D YHU\
SURPLVEXRXV SURWHLQ ZKLFK LV ZK\ LWN GLUHFXHVPW RKD Q)
+RZHYHU LWTV NQRZQ WKDW &DO.,, RD®OXKBR ZXK R K \IODFNHH B W k

FKDQQHO FRQGXFWDQFH DQG LV UHRRYMWMH® IR U D/ 7$Q BGMHRBD/NL K



YLIXUH /73 LQGXFWLRQ UHTXLUHV DPWI5Y DYERBRM.), HQRXJK $03$5

DFWLYDWLRQ FDXVHV GHSROD UEHDWLUR E ®R MK H HSFRRMD\D\ QDG & VAEVHT X HQ
DFWLYDWLRQ OHDGLQJ DAQRG L&DFOUH DIVFVBL ¥DWLRQ ZK LB UMHDI/GNG| WR U 1D FH
H[SUHVVLRQ RI $03$5V

LPSRUWDQW SKRVSKRU\ODWLRQ \FIKWIH RI@ ¥ B Y ® HGV E8 HSU R WZHLL
$ 3.$ 6HU SKRVSKRU\ODWLRQ SURPRWHYV Q® X8 QU X WILDF +
UHWHQWLRQ ZKHUHDV 6HU GHSKRVSKRU\ODSL K@ QPDXNVGNVQ
$03$5V

1RW VXUSULVLQJO\ &DO0.,, SKRVSKRU\ODWWRQQRI KDB$5
LPSOLFDWLRQV LQ /73 $03$5V DUH OMWPHPEDUQRFEDISHEG
UHJXODWRU\ SURWHLQV 7$53V ZKLFK KDYHWRELWUPDIQ FINRQ
,QGHHG SKRVSKRU\ODWLRQ RI WKH T#GBSWWRBRQHDIRQ ¥ 613556V
VIQDSWLF WDUJHWLQJ DQG VXUIDFHDHLFWHQYULRD $03$5V LV

SURFHVV LQ /73 LQGXFWLRQ DQG P D L@®WRH QDIQH K5 URK\LHFIKQIW LT



DUH HYROXWLRQDULO\ FRQVHUYHG $O0OIWKRXKD W RRWH[BHMWQ
GHWHUPLQHG LQ ZRUPV WKH SURWHI3@% ORV¥BRQMLW DRIQI RW KI
LPSRUWDQW IRU /73 DUH VLPLODU BHWZHHKRUHHR WHH EB\D W\HL\
VLPSOHU PRGHOOBMMRIWKQGHUVWDQG WKH EDVLFV RI $03%$5 W

XQGHUVWDQGLQJ RI KLJKHU RUGHU S BREMHDAVH/GV XFK DV /73 F

$03%$5 WUDIILFNLQJ DQG WUDQVSRUW

1IHXURQV DUH FRPSOH[ HQWLWLHV WKEFM HPSORY P Y I6MH
WR PRYH UHFHSWRUV WKURXJKRXW WRB NM®IDSWKELWHQRHRARP!
UHFHSWRUV WKURXJK GHQGULWLF (5 IVQGIDRBJR| GWK HX \BLORD
PHPEUDQH DQG ORQJ GLVWDQFH WUDWNG RU YDIBMPY KOG ER
IRUZDUG , ZLOO XVH WKH WHUP 2V5YDSWHRFLQ®DADMWNLYKH
PRYHPHQW RI UHFHSWRUV ZLWKLQ D@E DU RWQBQW B R UWQ 2% |
DQ\ PRYHPHQW RI $03$5V WKDW LV NLQHYHQPRE KA \@HW\Q X H Sl
DQG LQ EHWZHHQ WKHVH WZR SURFH®VHVHBUW RV OR PRW Q L FDLW
WKDW WKH HQG UHVXOW RI UHFHS\8RUYH FOLRFHDPOH FEW QR QPL AR \
WKH FHOO VLJQDOV IRU LQFUHDVHG $03$5RWWDQQERUW H D IQF
SLYRW IURP ORQJ GLVWDQFH NLQHVLROGYQHDRLYWAELWHQ IW.FNQ
GHQGULWLF RU VIQDSWLF VXUIDFH DUH ODUJHO\ XQNQRZQ

$03$5V DW WKH VIQDSVH DUH QRW VWD \®LEFQIE G LIVSH UF\RHX
IURP WKH VXUIDFH WR LQWUDFHOOX®WKHZR PESQUMP\HRQYE 0L
(KOHUV GHPRQVWUDWHG WKDW V8RIROHRH [$0/3% ¥ VD IQQL I QVGFD\FRIFH
DUH UHDGLO\ DYDLODEOH IRU H[RF\WRWDILW LMQJGHYE R WR WK LI

PRELOLJ]HG WR WKH VSLQH7KGXWISRRO7FDQ EH SRSXODWHG |



$03$5V RU QHZO\ VIQWKHVL]KBWJ BPEHSWRHWLIQDOV WKDW F
UHFHSWRUV DUH H[SUHVVHG DW WKH PHPEUD QH\VXWIXZHD \R IU\
SKRVSKRU\ODWLRQ RI WKH & WHUP LQ\D® WIDRQ RIl 60 3RKR3 * ON$R
VKRZQ WR SURPRWH VXUIDFH LQVHUWIRD Y GG YKV SWR B\OBY
6 SURPRWHY UHFHSWRU+RDGRFNWRHWEWSWRUV WKHQ WU
LQWUDFHOOXODU SRROV WR WKH VXUFRBR'LVFOWKRXQK QRE]
SKRVSKRU\ODWLRQ RI *OX$ DW 6 ENGTGHOEWXRLEIDOARGXEODQ.
WKRXJKW WR SURPRWH WUDIILENLQJ \RUIV$E ¥$WR W R A7 K @/DWH
ZRXOG WKHQ UHTXLUH ERWK 6 DQ® 6VUDSKREYV S KRH SODRL
H[WUDV\QDSWLF SRROV WR WKH FHOO VXUIDFH

3KRVSKRU\ODWLRQ RI SRVWV\QDSWLF RSN RMOHLRH/Q WV WX [
LQIOXHQFHYV VI\QDSWLF SODVWLELWD W,ICRXHRG WWHI B ¥ L9Q Y/ XSHOR
10'$5V HQKDQFHV LWV IXQFWLRQ DQGQAX$UPTDA WEESI RAD 333
VXEXQLWY DUH SKRVSKRU\ODWHG XSR@ @ DML YO WS RQ D 8G 6%k
NLQDVH UHJXODWHY EDVDO V\QDSWWKHOXGSU IDEW H5Q B O IL\D WU
IRU WKH FRUUHFW ORFDOL]DWLRQ RI *OX®XBRQWDLQLQJ
SKRVSKRU\ODWLRQ LQFUHDVHV WK LWL EQ B GPLHFIK DHMW P ERIL VKQ
SODVWLFLW\ WKDW UHJXODWHY *O X% Q DSR/HMHD O L |,IMWLHRUH VAV I
SKRVSKRU\ODWLRQ DW *OX$ < LVEXRWLVHIKHGHG IRU KRP/H
VIQDSWLF VFDOLQJ

ORVW QHXURQV KDYH ORQJ GHQGULWLF GHAFWYXVHY WRFQ
RI PLOOLPHWHUVY DQG WKXV DUH |DU 76H F RFUHED WHRWP DV R K DFOHDX

VXSSO\ VIQDSVHV ZLWK WKH FRUUHFW D P ROXXOQUWHRI 1$0Q 3HbNVF HC



SRRO ORFDO WUDQVODWLRQ RI UHPHSIEROU W LY/D S/ \KHIV TXIL\W K |
$03$5V $OWKRXJK WKHUH DUH SRO\ULEBRHP HY DMWODWYDSHNGIW
HVWLPDWHG RQH SHU GHQGULW KD WKIDDWK BRI LLEAR Y R PHHK W X,
VLQJOH P51$ WKLV SODFHV WLPH FIRGHVUWUBLQWY R FW DP Y Q
ORVW $03%$5 P51$ LV ORFDWHG LQ WKHWEKKXUBBD®\ FHNQW KEHR/A
$03$5V QHHG WR EH WUDQVSRUWHG WRUMWXH VUQ PRSUWHF/F O R
UHFHSWRUV WKDW DUH FULWLFD Q@ HQ RDGQ®DWQ D RNHIGDW W/
ZKLOH UHFHSWRUV WKDW DUH QRW UHI BHING ®HG H KGR FH\WE
D QHHG IRU D UHDGLO\ UHSOHQLVHKBW®WRQW VDFFI® &X0ODLF B RR
QHHG WR EH UDSLGO\ UHSODFHG

(DUO\ VWXGLHV K\SRWKHVL]JHG WKDWI ORRV WKBIOF 8 DIOXE/R §
VIQDSVHV ZDV WKH SUHGRPLQDQW IRUM IRLFONR Q@& IOL WWXGFK H
VKRZHG WKDW UHFHSWRUV FRXOG GLIIXRGGW R+ R ZYSNH V/ 713G
LQGXFWLRQ RFFXUV PXFK PRUH UDSWH\DW K®LQ | WKILR/Q \LR/ DOPN
VXSSO\LQJ UHFHSWRUV WR V\QDSVHM QR B DELYRWD G FHHWKHDRIC
7KH PDLQ ORQJ GLVWDQFH PRGH RI WIWKBQRISRRURW ¥ EID G\H XHA
PRWRUV NLQHVLQ DQG G\QHLQ 7KH IASHHW WDIKQI\S RURQ F 5Q \SRE
VIQDSVHV KDV EHHQ NQRZQ+RZWM Y HWBI DIUQNVLIKW LQWR WKH UHJ
WKDW FRXOG SRVVLEO\ FRQWURO WKEWQZWOI QR W DXY/EE WV R
P\ WKHVLV ZDV EXLOGLQJ RQ WKH ZRH®I WXDW WNKG 0DUL FZIL @
QRZ EULHIO\ VXPPDUL]H WKHVH VWXG L R DXHIN DO HE FIH® WHMA
FHOO FXOWXUH VXSSRUWLQJ HYROXMWGERDPBHS5 MRUDVHSYRDUML FD

PHFKDQLVP WR UHJXODWH H[FLWDWRU\ VI\QDSWLF WUDQVPLV'



.Q +RHUQGOL DQG FROOHDJIXHNWRIVWRAHG. QKWL OPBRW R/
RQ ORQJ GLVWDQFH $0%% Y NVRRQ VFSRHMSDW KR XJK WKHUH DU
NQRZQ NLQHVLQ OLKHHRNWIBIQWRPE WD\ IHZ KDYH EHHQ VWXC
DQG RQO\ 81& .,) /3 D NLQHVLIMUOWRHS 8& RWHRQGVBRE&C
.,) DUH NQRZQ WR EH H[SUHVVHG W@ PDKH $DLRU LRIWSHDI$QJ
UHVSRQVLEOH IRU OHDUQLQJ BF® @EPBDWHQGARWYMYQ DSSURDI
DQG LW ZDV IRXQG WKDW RQO\ 81& WV ORNRZ RG G B FWH.RDHBX K
*/5 *OX$ KRPRORJXH WUDQVSRUWQERWVRQQV IRV RQ B @GS
GHFUHDVHG LQ WKHVH PXWDQWYV EXW SWRKHV RO WRH RES\MB Y M
VIQDSVH WR V\QDSVH ZDV GLVUXSWHG KXW SWHRRYDO\ RWK/B\
IURP VI\QDSVHV ZDV GBFUWPXWDRWY 7KLV UHVXOW GHPRQVWI
GULYHQ $03$5 WUDQVSRUW QRW RQO\ $WMHBOHG HEXW EDIO D\D
LQIOXHQFH VIQDSWLF $03$5 UHF\FOLQJ
,Q WKH VDPH JURXS GHPRQVWUD WM G- DADKPHR GIX OH.FQW
GHSHQGHQW NLQDVH ,, &DO0.,, PXWDQWV3FQ WU VEGRQW
PHEKDQLVP 7KH VROH &D&. .HBRPRGRFRGHERZQR WKQHH DQG
LWV UROH LQ $03$5 ORQJ GLVWDQBSRWWHGLEN5RD IR \D @G L DS
ZKHUH WKH\ GLVFRYHUHG WKDW OR&V RHMXQWRWBGRQQ
DFFXPXODWLRQ RI */5 DW RHKMHQBHAODBRGEROOHRBQKFHY IRXQC
PXWDQWYV WKH WUDQVSRUW RI */5 ZIDO/PRNYWHQ R QH BLNRMUHDW |
JDLQ RI IXQFAVIQRPUO\ GRXEOHV WKH */5 WUDQVSRURV FRPS
GHWHUPLQH LI &DO.,, ZDV ZRUNLQJ XSWWBHDP., RUS5GRZQV WL

WUDQVSRUW ZBGFWHMWHG QRFNGRZQ ZLWK DQG ZLWBERXW WK



JIPXWDWLRQ 7KH\ REVHUYHG QR GLWWIHMQEVKDEIGH GLII
PXWDQWY FRPSDUHG WR WKXQGR X EKH. PKK WO QRHV ZAMEK XSV W
RI 81& 1RW RQO\ ZDV 81& DFWWQ®JFRW WKRIOF$HIBG5ERGD Q
DOVR ZDV FUXFLDO IRU WKH GHOLYHDS®BB® UHPRYDO RI */5

7KHVH WZR VWXGLHV ZHUH FULWJLFDG$5QWILRGY 8B UMK B!
FKDQJH VIQDSWLF SURSHUWLHY QDPHO\ WKN QXPEHH B WKL
OHIW XQDQVZHUHG WKH HIITHFWV W® D§W 3\ 5Q W/ §\DH) \DFRULW D WAL R
XQWLO ZKHQ WKH &KRTXHW O E LIQNE B O HGX @M K U HI X THRHA L
PXOWLSOH WUDQVSRUW SDUDGLJPV SVWM LE VK Q FIEF N IQ/IHIDO XONF B
7KH\ GHPRQVWUDWHG WKDW XSRQ FKH®P [ERDFK WP EDGXF WQ B &
/73 E\ DFWLYDWLQJ HQ]\PHV GRZHIMWUHBB3BBERPRQWDLQLQJ Y
DUUHVWHG ZKLFK LV GXH WR LQF@QMOHVHB/ WQ QY UD\F H O B IX@DW H&
LQGXFWLRQ WKH PHDQ VSHHG RI $03$B WVHR® WIKDQL QW KYLIVV O it
WKHLU PRGHO WKDW GXULQJ V\QDSVWUFYBIFNWE® B W IDRUH $ 0/aA$G A
DOORZV WKHP WR VXUYH\ WKHLU HQY DUWRIGP WR&WE M RS KB W
QHDUE\ VI\QDSVHV 7KH LQFUHDVHG W UDKQN §RUMKNQHBI G RV L\
IHHGEDFN WR VXSSO\ V\QDSVHV ZLWK UHWHSWRWQD SVRIVN
VWUHQJIJWKHQXHE ZRUN QRW RQO\ UHLQIRUFHGQZKBWHIRB\WD U
EXW DOVR VKRZHG WKDW NLQHVLQ &5\8HYGBHQ W] YWRIDDXAWLRR]
FRQVHUYHG PROHFXODU PHFKDQLVP IRU YHIJXODWLQJ $03$5V

/$5 373 IDPLO\ Rl SKRVSKDWDVHYV
7KH OHXNRF\WH FRPPRQ DQWLJHQ UH O VBK& VISH DHSDAVRILY

/$5 5373 DOVR FODVVLILHG DV W\SH RQ PFRAGNFXOQHV F\M K DW



LPSRUWDQW LQ WKH GHYHORSLQJ QHUNYRXRUWD @\ PL Q QH FN. @
VIQDSVH PDLQWSI@MWRRKIK WKHUH DUH HLJKW MXEHERIDOLHY R
ZLOO EH IRFXVLQJ RQ WKH W\SHS(DERQ7RRD(BG EBTBVUH UH LQ)
LQ WKH QHUYRXV V\VWHP , ZLOO E WL NMUW XGMAXFULLE HS VR B Hi
YHUWHEUDWHY WKLV IDPLO\ FRQVLVWYV RG 8K HH @G PEMHH V
FKDUDFWHUL]JHG E\ DQ 1 WHUPLQD O G WAKIJAHHO DXFOXDQUR $ @ B B/X.G
,J GRPDLQV WZR WR QLQH ILEURWQUBQVYPHPEGR®BLRP MLAG
LQWUDFHOOXODU GXDO W\URVLQH SKRWXKD VDR IGRRDLQ R
FDWDO\WLF DFWLYLW\ RI /$5 DQG UHDIRQSDUWRQRAKNGWLSOH GR?2

,QWHUHVWLQJO\ /$5 LV NQRZQ W R FEIHF & UFR\WH/R\® K\M LAEHDFDED)
SUR[LPDO SDUW RI WKH H[WUDFHO QXOEX @GLRWP DLAXG LW R ND' D
VXEXQIZWHUH LV D SHQWD DUJLQLQH VHTXH @D W P VQWRXD AL E b
WKH FOHDYDJH VLWH ZKLFK LV EHWQHHQ DVMXG W KH LD XQWM DPW
SRVLWLRQ 7KLV LV D SRVWWUDQVODWLRQD O HIRG\L WRDWK R QW
VXEXQLWYV WR UHFRQVWLWXWH DQ G HMHMWON DEFY\RER & QY6 GE X WHQ
LV NQRZQ WR EH VKHG IURP WKH FH® DWIXRIQDEXW R ® CFROZH. Y HA
WLPH DW D PRUH PHPEUDQH SUR[LPDO6XH\EIGIDQM BP HFRVR ERE®
LV QRW DQ XQFRPPRQ IHDWXUH RI W WDBR\R K PERDRYIHO SUGREV B E ¢
FRQGLWLRQV ,Q IDFW DFWLYDWIDRFQVRU WHKH HHSLBH UPDD KUDR
VKRZQ WR FDXVH VKHGGLQJ RI WKH RQVRE X\ 3D\DXGE B Q V¥ VINUF
WUDQVPHPEUDQH$GWRRIXQK RWKHU &$0V VXFK DV QHXUROLJL
EH FOHDYHG DQG DUH WKRXJKW WR BWKLUWHBURFMNE EV 8K

XQGHUVWRRG



BUHV\QDSWLF UROH RI /$5 373VHBPLO\ Rl SKRVSKDWI

7KHUH H[LVW PXOWLSOH OLQHYV FEIUDYALIS BDQBHYIHRWE HEERUNDKNV |
WKDW VXJJHVW 5373V DUH FULWLFDODWQRQ H\HQBSIQ FI ¥Q6 BV
YHUWHEUDWH 5373V LQFOXGH PHG L DSVWHYA FHOVOL FH®LO | BGKE
UHFUXLWPHQW RI SUHV\QDSWLF YHV LMW @ GG ELR\GL Q\RQW W
SDUWQHHEW ILUVW UHSRUWHG SRVWV\QDBML R HEWQGEGQQJ CBLDD\Y
1%/ ,Q FR FXOWXUHG FHOOV 1*/ LQGXMHLWRQS ZHVYFXDSW
VXSSUHVVHG E\ DGGLWLRQ RI WKH /SRMBSWRERPDIYL B 5BJTDB X
SRVWV\QDSWLF 1*/ FDQ LQGXFH FOXPWRUWQD WI L1Q/F OXKL\F K
RWKHU SRVWV\QDSWLF SURWHLQV VXEK DV 36" $03$5V DQ
2QH Rl WKH GLVWLQFW IHDWXUHYVSRIVWHWV 5B R 3WL IIW WAKKDD
SUHVHQW LQ PDQ\ FHOO DGKHVLRQ PR OGWXDHY 0L$HOVD UHIK R R
GRPDLQJ 7KLV XQXVXDO FRPELQDWLRQ DOORZV 5373V
H[WUDFHOOXODU DGKHVLRQ PHGLDWBEBGLBYHRDWWKIRNO QW U D
NQRZQ OLJDQG RI /$5 LV WKH H[WUDFHOGRIBQ FRWIQH[ (ZRL
VSHFLILFDOO\ ELQGV WR WKH I1HW KO DLFELLLR. @H IM/PLLQ \GRIPDQ\F R S

WA\SLFDOO\ DVVRFLDWHG LQ H[WUDFMHW®B XMW AFFHWW KR QY WRX

Transmembrane

N @ai) 192 ){g3) [FN1[FN2[FN3[FNA|FNS]FN6[FN7[FNs c

Extracellular Intracellular
YLIXUH '"RPDLQ VWUXFWXUBFRKHPISWIF73BRPDLQ RUJDQL]DWIRQ FRQW
GRPDLQV YDULDEOH )1,, GRPDLQV LI WRDO@® VP KREUD Q B WARPHHOOXODU
GRPDLQ $GDSWHBWURP :RQ




SUHFLVH PHEKDQLVP RI DEFWLRQ RD$5LDQ W HULISRW HQJFRIPVEIO M
ZHOO HVWDEOLVKHG EXW LV WKRXLQN WIR/EH DO S RARWDIGHE W (
ORFDOL]DWLRQ ZLWKLIKQLW KD XNQMHINIDI LV D SRVVLEOH PHFKI
/$5 DV LW LV NQRZQ WKDW WKH ' S KRPVREDPHV HHGRE® LEOR F|
DFWLYH FDWDGQRVEKHIUNMQRZQ OLIJDQG RI /$5SIUNRWKRJIONSDQ |
(&0 PROHFXOH VI\QGHFDQ ZKLFK LV D WEDQ \DFCHVFRE B B GFH0 I8 D R M/
VKHG LQWR WKH H[WUD FHKGOXIMIELEHRLIRQCMELYVWRRBE6 LQ
WR UHJXODWH D[RQRWRSKRIREMYHY WKH DXWKRUV FRXOG QR
LQWHUDFWLRQ ZDV ZKHQ V\QGH FDBHDIV WXW L D PH DRAUWIDI FIKWM & I
$ SDSHU WKDW ZDV SXEOLVKHG D WGWIK K DWD RH M DR R QG HPLRIIDVWQN
VHHQ ZKHQ GLVUXSWLQJ WKH /$5 V\Q GQHF-D@NVL R @/ MKDH W KRI®! H
GRPDLQV DQG WKH SKRVSKDWDVHQHERDL@® GRPW LQRMRWASIS | L
UHLWHUDWHG ZKDW ZDV DOUHDG\ NQW RQWIXER XWO VNGGHRP QLB
EXW VKRZHG WKDW UHJXODWLRQ RI DDPR® V K LIEVOIEH. W\ 1$\6 G K
RQ VIQGHFDQ ELQGLQJ 7KH GXDO0OS@®S HUWH FRH YR D \J IDY B $L W
RI ZD\V WR VWDELOL]H VI\QDSWLF FRQQAKRWMR QW = KLUFHVR/RIGOE
DQG SRVWV\QDSWLFDOO\ DQG KDV GIRIQHEH®Q®H PIF MXGIL WPAR
FRPSOH[LW\ DQG H[SUHVVLRQ SDWWHKHIMW RX @ B¥AVREBRRWG E H
ZHOO XQGHUVWRRG

7KH& HOHJDIQQWOH 5373 373 ZDV RULJLQDOO\ IRXQG
QHXUREODVW PLJUDWLRQ GXULQJ HPEKRRBMEGHVLWKH -LQ
GHPRQVWUDWHG WKHUH ZHUH GLIIKDB QN ILMB HRUWP \HRHBWV RA

IRUPDWLRQ DVLGH IURP QHXSREDPYW RQFROWVRWZRKHDLQ L\



WKDW GLIIHU LQ WKHLU H[WUDFH O3 ¥© DIL\E R PD LOH V3/48U N QF
LVRIRUP 373 $ FRQWDLQV WKUHH BU®RIQHFWGERP IELRPD L QV
WUDQVPHPEUDQH GRPDLQ DQG D GXDOHSKRVB®BWDYHWKRPD
EHLQJ FDWDO\WLFDOO\ LQDFWLYH DQEJDWRRB®W3F QRKBD\DUH C
VLPLODU VWUXFWXUH H[FHSW LW FP@QQFRIAD QAYV, J LYIHN H. BURP
373 LV KLJKO\ H[SUHVVHG LQ WKH QHEZRHPWYWLRQ ® Y& RZNVUK IH.
SUHV\QDSWLF H[SUHVVLRQ ZLWK RYHUODSDRI 6SUHVDQDBSWL
VIQDSWRWDJPLQ ,QW H UHMWIRGIIQME RQWUDNEW %V RVRIRUP LV |
PRWRU D[RQ JXLGDQFH DQG LV H[WUDV\WRIISWIOR V,QVRR & R/RIDA
/$5 LV FULWLFDO LQ SUHV\QDSWLF GHXNGRSFHQIW DQ® RDKLH
VIQGHFDQ KRPRORDHHMERQNUH LV QR LQWHUDFWLRQ ZLWK WKH
373 $ LVRIRUP ZKLFK LWRNRGWOOGLLAQWR HDG RQO\ LQWHUDFW\
% LVRIRURDW GR ZH NQRZ DERXW SRVWV\Q D SWY IF UWRKEYD RV H'
DIHZ VWXGLHV KDYH H[DPLQHG /$5 fWV S K QW W LGOS MWQ. K/ \WQFDGSHV D |

ZKLFK ZLOO EH GLVFXVVHG LQ WKH QH[W VHFWLRQ

3RVWV\QDSWLF UROH RI /$5 373 HVDPLO\ Rl SKRVSKD)

/$5 LV NQRZQ WR FRLPPXQRSUHFLS L WIDQWHVXRKKDYRIBN V\Q
*5 3 DQG *OX$ ZKDW UROH GRHW\QDSKD FHPWKGWWH@D OR MW 7
HYLGHQFH WKDW /$5 GHSKRVSKRU\OWWLR QVRH VEQSNH. @ QG |
DQFKRULQJ RI WKH SUH DQG 3RN VPWRKIDSQLIVP FRHODDAW LRQ R /
IXOO0\ XQGHUVWRRG EXW LV WKRXJKMW MR BHSHA® HRI@D W D) ® |
GHSHQGHQW /LSULQ . LV NQRZQ W RS$E LDQUEG WRI WKIOD W K6 R WIVL DX

ORFDOL]DWLRQ ,W ZDV RULJLQBD®\Y WW KR JXHN WDKIH/G QMRS IDIOX



WR UHDFK WKH V\QDSVH +RZHYHU UHFKMXDW\WUXBWY U DD @
/$5 ZKLOH LWYV DW WKH FHOO V&UQIFFHD X\KHVORLGXVWHUB® ERQ
LQGXFHVY GLPHUL]DWLRQ RI LWV ' BRPDWQRO\WQBE TXEXWE WLLW D
DFWLYLW\ GHSHQGHQW GHJUDGDWLRQRRI$BLBKILEK. FOXRAVY IG
EH FDWDO\WLFDOO\ DEWLYH :KDW FDLDOWH\Q WKWK B E8J WRED QR
DQG FROOHDJXHV GHPRQVWUDWHG WKDDM VEWQYRWHGQ XD\
VIQDSVH GHJUDGHVKOWS OHB .XV WR VWXG\ WKLV SKRVSKDW
DFWLRQ DV LW DSSOLHV WR VI\QDSWLF SODVWLELW\"

$OWKRXJK /$5 KDV QRW EHHQ GLUHPFW® \VUHDDWHGSW R VDV
/$5 DWWUDEWHG XV IRU D IHZ UHDWRQYKH)DUWSWLQW /1$6 RRRZQ
WR JOXWDPDWH UHFHSWRU LQWH U DKWL QB SSOLFEW WIL@ QA5 BV [E(
WUDQVSRUWHG ZLWK $03%$5V DQG SRVVLEO& HRARXOOW M GREFNR
VWXGLHV RI /$5 VKRZ WKDW LW [FLMMDIMWRED & UDQN B L ¥ WIDRL@ LS
E\ UHJXODWLQJ $03%5 QXPEHUYY ®MHB\QIKIMHY$5 LV NQRFNHG
KLSSRFDPSDO QHXURQV WKHUH LV ORWV VBILGHQ GIDLWWW.E\ S B R
WKH VWXGLHV RIVGS5YBEWRRURFOWXUH DQG DOPRVW QRWKLQJ L
LQQ YHYFRWDWRU\ VIQDSVH PDLQWHQDQFH

7KH PHFKDQLVP RI /$5 5373 DFWLYDWRR® QBXYRQW HEU DY
ZHOO HVWDEOLVKHG EXW UHFHQW VUWX\GWL ISR \K\WDLYEHD M W Q UMAK G
10'$ UHFHSWRU PHGLDWHG UHVSRQVHV LEXKKRSRFDP IDY QHR
WR FRQMXUH D WULSOH NQRENRXWSBREDP®SW & UHHX BFBQ538 ZX\H |
VKRZ WKDW V\QDSWLF FRQQHFWLYLW\ ZRWY KIQE KDW HIGGUEX\S RILC

ZHUH GHFUHDYHGSDUDOOHO VWXG\ WKH .DLSPH QDRR MBNRMRVFI



IRXQG WKDW DEODWLRQ RI WKH /$#5S5/37 \H G R HW \ CRNG D/O IHIMA
UHOHDVH#DWKRXJK WKLV LV FRQWUDU\ WR D)HNVEKRWA GRRQ B/ 5 U
WKLYV SKHQRW\SH FRXOG EH FHOGWBREKODIE S RUVWEOWFRWSHQ
WKLV ORVV 7KLV VKRZV WKDW WKH PHFHKOQ LXPGRIUAS\E FER @3V |

7KH UHJXODWLRQ RI 373 $ DFWLY LW\GKIDY TR \E HHRYZ H Mk
WKHUH KDV EHHQ D VWXG\ LGHQ WLV RQJ GGRRAQN.\F O H DAL WHDRM H
1V SKRVSKDWDVH$ DFMEIHU VEN & KULVWRSKHU OLWFKHGO DQG
JHQRPH ZLGH SKRVSKRU\ODWLB®W SOHOHOAL RO PXRWDIQMOW WR 1L
WDUJHWYV RI 373 $OWKRXJK WKHUH WHIGHV L WKNS H QSW R M SAORN
DXWKRUV ZDQWHG WR DQDO\]H LI D QQDRIL®\KRRDIWHHNW H G LEHH \
KXPDQV 7KHUH DUH FXUUHQWO\ QLQH ID@RDO VXE WKIH W IBW G
RUWKRORJV RI IRXU RI WKH QLQH NQRZ65V DEMWAIBW H W KIRTAL Q

D SRVVLEOH HYROXWLRQDULO\ FRQVHUYHG UROH IRU 373

7KHVLV ZRUN

0\ WKHVLY ZRUN ZDV ODUJHO\ DLPHIGHDWR BHWRW DR D G H WY\
$03$5 WUDQVSRUW RQ VL@®DBWEE [SJQ QDWW DR LWHW RXW WR WU\
KRZ GHSKRVSKRU\ODWLRQ LPSDEFWV WILW PRI RNKIRZIOMG JH. @EH
WKH UROH RI SKRVSKDWDVHV LQ $038% VQUDWK B RW W PEXRW W B\
SODVWLFLW\ ILQGLQJ DQ\ SKRVSKDWHORHWWLPEDKWLDH $0 I%A
GLVFRYHU\ 0\ ZRUN KDV VXJJHVWHG WKH YRASRIBWBQE® RI
UHJXODWLQJ QRW RQO\ VIQDSWLF UBWHGL RQ RQ \$BR H5W % K

373 $ ZzDV PDLQO\ NQRZQ WR EH UHV3RQVIEGD QHOHS UWWV\ UR:



HIFLWDWRU\ QHXURQV OHW DORQH KW QRWHEHM QR\QOR XN A

HOHJDQV

0\ ZRUN ZDV PDLQO\ IRFXVHG RQ WK ABR GHL R | UMK M CBIKWR I/
ORQJ GLVWDQFH $03$5 WUDQVSRUW 7KIWXDWEBLWRWRNKRZ I$0G
WUDQVSRUW FDQ DIIHFWQVYQWRMWEP GOV KSREOLWUHYLRXV K\SR
$03$5 WUDQVSRUW LV D FULWLFDO VWHS I®XP EHU X ODKALIOH
HVWDEOLVKLQJ D SRVVLEOH UROH IR D GG 3%H PIRIUHWMSGERUW L Q
, LOYHVWLIJDWH WKH SRVWV\QDSWLF$8R®UDWKBRUNN D BCKON
&KDSWHRQVLVWYV RI XQSXEOLVKHG GDW DR@F MWDV B5W L Q B DAWK
$03$5 WUDQVSRUW DQG GHOLYHU\ DQG $SQ@HKZDW DQYGVIQD UMK
373 $ $OWKRXJIK , GLG QRW HQ® KISOXQH XK N PHFEKOQGHW R K
$ LV FRQWUROOLQJ $03$5 WUDQVSRUW RRRWD® SR LFWE0G § 5 \G
HVWDEOLVKHG D EDVLF XQGH UV WDIRX QWD RIL R\W VI RIR ® HP ROEDH D
WHVW PDQ\ DVSHFWV RI WKH UROH RI WBDE3VSRUW DIQE $H0\IH

SODVWLFLW\ GLVRXXWIVEHIXUWKHU LQ



&+$37(5 $ 'XDO 5ROH IRU /$5 373 QLUQGENIWKIDMAHL QA 345

7TUDQVSRUW DQG 6\QDSWLF 5SHWHQWLRLOWHQWOBPRIRWU /RQJ

27272727272727272772722727227227222272722727

7KLV FKDSWHU LV DQ DUWLFOH LQ UHYLHZ DV FRQWULEXWHCGC
3LHUFH '0 'RVHU 5/ /HQQLQJHU$ DQBGJKWHUQGWHWDN
6XPPDU\

7KH $03$ VXEW\SH RI VIQDSWLF JOXWD P DWH HMVFHSWLROUD/
UROH LQ H[FLWDWRU\ VIQDSWLF WURQV PLRWWRR) W0 KDV IUHF
DUH VIQWKHVL]HG LQ WKH VRPD RI QHXQRKQLQ D QRS WHI@ QIV$ RIH
GHQGULWHV &RRUGLQDWHG WUDQVSRSWROMQANYHHTXDQBGCUW
VIQDSVH IXQFWLRQ DQG PDLQWDLQ HKRFFHR/WWDMWD FP B ME®DQE R
SUREOHP IRU QHXURQV EXW LW LV SHOWKQWID OHRH QW WAXX G
VKRZQ WKDW ORQJ GLVWDQFH V\QDSWXBRQDDQDBWUW. WY ZH,
YHU\ OLWWOH DERXW WKH PHFKDQDQRVGRH OARRIWG L QDWWH B HWUK
ORVV Rl WKH 373 $ LVRIRUP RI WKH WHFHS3VR (& WORVYDQN SK
KRPRORJXH RI YHUWHEUDWH /$5 5373 VEIHIDEG W KR *D5a $0GHF L
WUDQVSRUW WKLV DIIHFWV VIQDSWL¥F GHPHLYWDU\DIRE VD\R@E
DVVRFLDWLYH ROIDFWR W RHPRIDQ YAHYHDQ WKDW 373 $ LV Qt
SRVWV\QDSWLFDOO\ LQ DGXOW QH X3$BQW UIRQ VWK HW H3 M O DY\H
UHPRYDO :KLOH ORVV RI 373 $ OHD®QGVR RFHI6G AW DLSQVWRI BVQ
RI */5 D PXWDWLRQ DIIHFWLQJ DBPDITE/ RX®RV 5K DIWKINQH H

VIQDSWLF F\FOLQJ DQG UHWHQWLRD DQGD® ®AH ZPLYRORZRW 18D



KDYH GLIIHULQJ IXQFWLRQV LQ UHJXODMM Q Q WMUIRIQ RE RWSN D
UHVXOWY VXJJHVW D PRGHO LQ ZKLFK 3UBQV/$SBLW7BY G BRIWGE Iy
$03$5V WR VI\QDSVHV YLD WZR GRPDLQV SSRVVDEW®\L YIHW\H DWVK

HVVHQWLDO IRU ORQJ WHUP DVVRFLDWLYH OHDUQLQJ

,QWURGXFWLRQ

7KH $03$ VXEW\SH RI LRQRWURSLF JOZ2RWINKIRW M HJ R F Hi$ FALRALD
VIQDSWLF WUDQVPLVVLRQ 5HJXODWI\®R WK Hs TXEE@W DW\ \R QDS
LV HVVHQWLDO IRU ERWK V\QDSWLF LQEKWZ&H S HRHSHQ/G H
KRPHRVWDWLF SODVWLFLW\ +RZHYHUSURIGK PH® R Q LMWK HR IF B @~
DQG WKHUHIRUH PXVW EH WUDIILFNHGH[W R XVOKNH WWHES B H R F H
UHJXODWHG RQ PDQ\ OHYHOV ZQMW®&\ WKH XQ@QIWWKBIW R UR DQ R ||
UHFHSWRUV DW WKH VIQDSVHV $0W KRXIKD B OO WRKAHH 8 R VDA HF |
SKDVH RI WKLV SURFHVV LV WKH W ULDQV BRU\R R W03 £ GL VA
DW VIQDSVHV +RZHYHU WKLV LV SURGDFEONWKE $©0B3% VW DB O
1HZ VWXGLHV KDYH VWDUWHG WR URUYWDIOV WHKIDWOW WIHNG FEAQQY
DEWLYLW\ FDOFLXP HQWU\$ DWIGR&DB. PXFK RI WKH PHFKDQLV
SDWKZD\ HIHUWV FRQWURO RYHU WUBQYXSRHUW KB Y\HVL B OHOON
SKRVSKRU\ODWLRQ RI ERWK WKH FDUJRXVD)GWRRWR D @\GD
UHJXODWLRKLY LPSOLHV WKDW PDQ\ SDWKZD\V WWDB\& XRUH
DIIHFW $03$5 VIQDSWLF UHFUXLWPHD®0B$5 KWW D Q V 8 RELHVL QY DG

WR WKHLU UROH LQ ORFDO VI\QDSWRDEGGC HHKD@ELWRPHRBWVWDELC

5HFHQW VWXGLHV KDYH KLJKOLJKWSHK® UN® B WIRRIH RR | $W 3¢

LQ VIQDSWLF DQG KRPHRVWDWLF*SOB\VWLBHWWRRBOMQEKRVSE



RI D VLQJOH W\URVLQH UHVLGXH LQ WKL $08 $B5Q'® XGIR ZADAF RE
KRPHRVW@WLPRG KDV EHHQ VKRZQ WR EH FULWLFRQJRU $0.
/73 ,QWHUHVWLQJO\ W\URVLQH SKRVSKDWDBVERV7VXREKLOM !
3KRVSKDWDVHV 5373V LQ SDUWLFXODU WIHKHD /%5 ODHKHNGR FNDVE
KDYH EHHQ GRFXPHQWHG WR UHFUXLW D QS HWW BKLUQ IQH

GHYHORSPM@EWM H[DFW PHFKDQLVP RI KRZ WKDN$5L83DBKLHYHC
DQG *5,3 FDQ IRUP D FRPSOH[ WRMPDKIHRID @ LOWKS MBKHD GR W H L
OLSULQ . KDYH EHHQ VKRZQ WR ERDQ & HWHD .V RHML\OWH ® WK D W
SKRVSKRU\ODWLRQ RI OLSULQ . UHOHS\DHY WB %347 3U HERK LW
VIQDSVHY +RZHYHU WKHUH LV QR GLUHFW UHFH$BN HYLGH
5373V OLSULQ . RU *5,3 LQ $03$5 MG DIERRH WQ HZV [PSHSQNRIDFE
WR $03$5 WUDQVSRUW PLJKW VKHG ® RWKH QLIPIKRW W Q QIEKIHR U 7U

SKRVSKRU\ODWLRQ LQ $03%$5 WUDQVSRUW GHOLYHU\ DQG UF

7KH PDPPDOLDQ IDPLO\ RI /$5 5373V L@FO®XGCHVZKEFK3DBH
SDUW RI WKH W\SH ,,D FODVV RI UHFHSWWUSW\,UB \bI3@ BIVSBEB M SK
WUDQVPHPEUDQH GRPDLQ SKRVSKDWDVHVWDIDWK OID 30Ul HG R
FRQWDLQLQJ ,J OLNH GRPDLQV\DDVY\WKHDEDH QXSERY @R JHE
,,, UHSHDWAKH LQWUDFHOOXODU GRPDLQ FRWWDH QWRWIIRQW I
FDOOHG ' DQG ' ZLWK RQO\ ' EHLEXWFDWIHLQLEPSRU\WB Q
VXEVWUDWH VSHFLILFLW\ /$5 5373V DUHD@WRBRPDOO\ EQMIRY H
FRYDOHQWO\ OLQNHG VXEXQLWYV WXHWMEWHUDDQNHWXERGLWE
UHSHDWYV DQG WKH LQWUDFHOOXWDDQ@VFNEEQDWHFBRWDILQ LO

WDQGHP SKRVSKDWDVHV 7KH ' GRPMH® IRXB¥G W E KDY ER (



DQG FRORFDOL]H ZLWK $03%$5V LQ FHOQQFXGWEXWHRDQ G/ PON
YDULDWLRQV JLYH ULVH WR PDQ\ GLIWHKDHE W OLYHR IR PH/URIQ/W 51
HITHFWVY $OWRJHWKHU DQ RYHUZKHOHQWJIDQXBHENMWRBEW WK G
/$5 5373V LQ V\QDSWRJHQHVLYVY DQG WIRQOBIH. I HG B AVWILRRFN E
OHDGLQJ WR EHKDYLRWD QW WIKIFFXMKW WKDW GLITHUHQW 5373
HDFK RWKHU DQG RQH LPSRUWDOQW GADFNH BRW DV R LIDEJOKIDW LHISH
NQRFN RXW +RZHYHU WZR UHFHQWDWWXGRHN RXWK WU L$HOH3
GLG QRW OHDG WR GHIHFWV LQ V\QIHFWR RHQH U XW BPRDUN B U
*$%$SHUJIJLF WUDQVPLVVLRQ LQ WKHHKIH SRFOHPGEWY VW XGLHYV
XQGHUVFRUH RXU ODFN RI XQGHUVWDAKGE®J/RI SBKBW BFKDR!

VIQDSWLF IXQFWLRQ

7K. HOHYR®W W\SH ,,D 53WSHEBPRGHY WKUHH LVRIRUPV |

LQ WKH HI[WUDFHO.OXODSU GRPDILQV PRVW VLPLODU WR YHUWH
,J OLNH GRPDLQV DQG ILEURQHBWNLQDOQNWPHPEYDQRIOGREHG
WKH WDQGHP SKRVSKDWDV$3GRPIKID)Y) EHHQ VKRZQ WR KDYH S
UROHV LQ V\QDSWRJEG@WVKDVY QRW EHHQ VWXGLHG LQ UHO

UHFHSWRU WKIJXDDORVLRQ

+HUH ZH UHSRUW D SRVWV\QDSWLF UROELQRLDWW®H IB3
WUDQVSRUW V\QDSWLF GHOLYHU\ DQG VK@DSWDR GJ KOFR 6 0 LV
DVVRFLDWLYH & HPRHWIBRNVOQ YUHDO WLPH DQDO\VLV RI */5
)5$3 SKRWRFRQYHUVLRQ DQG 1 DQG & MAHUPH QVIK® ZF MEKD W Sik
H[WUDFHOOXODU 1 WHUPLQDO GRPDL® WKRPRMIHY BERG\ WIKD Q

LQWUDFHOOXODU & WHUPLQDO SKRVSKIDMAMFELQHEJIXPD DOALDPW WM



PROHFXODU REVHUYDWLRQV ZLWK VSHFROUBFWRHFWRHPRQY\
GHPRQVWUDWLQJ WKDW GLIIHUH®\8WLFHFWQ LR G OA5Y HER D@
WR GLIIHUHQW HIIHFWV RQ PHPRU\RGHH QW ZKQF KH3 38 RS B'OH
GXDO UROH LQ UHJXODWLQJ WUMQVZXREW ID\Q B VWAIQQOWWDRE LR
DVVRFLDWLYH ®@HPRHBUMPDW KDV SURIRXQG LPSOLFDWLRQV

VIQDSWLF SODVWLFLW\ PHFKDQLVPV LQ YHUWHEUDWH V\VWHI

5HVXOWYV
7KH ODUJHVW LVRIRUP RI 373 /SB73VSDERSEKOWWHYV *
,QLWLDO VWXGLHV LQ KLSSRFDP ID 6 RAHO\O FXOWLFU W SGIFE
IRU /$5 373/ DQG 373 1 LQ UHFUXLWLQJ *OX$ HWIRIRAQD S
UHTXLUHPHQW IRU WKH WDQGHP SKR@SBQ® D\HNBRBBWQZWWR
SDUWQHUV QR DGGLWLRQDO PHFKD QIO ZONYWH REEV/I$E6 UHI
UHJXODWH $03$5 VIQDSWLF UHFUXLWPRHQW 2IH U QNIERWWR E\ T
LQ D VLQJOH SDLU RI QHXURQV DW\SWHY LR R VFOU PGWY I B LEHFC
IXQFWLRQ PXWDW L& QWOIHIHRRR OFRRIXH Rl /$5 RMN3 D QIO OH
OHDGV WR D SUHPDWXUH VWRS LQ WRQQRIOWMH RBJ 3D @ GL \DRIR)
)LJ $ DQG 7DEOH VHH DKRXKRBXYWDQW UHVXOWV LQ D S
VWRS FRGRQ DQG WKXV OHDGV WR ORWVRNRI ERWK G 773D BOBIQ G
VHH OHWKRGNKPMX PXWDWLRQ FDXVHV D IUDPHVKLIW DQG SU
ILUVW LQWUDFHOOXODU SKRVSKVEDRHP G RRADAB DI I HFQVA QJ L
7DEOH VHH OHWKRG WX N\ QXOO EDFNJURXQG X
6(3 P&KHUU\ */5 H[SUHVVLRQ LQ WKH $9S$ROFOPP 28 G R BB

SKRWREOHDFKLQJ DQG FRQWLQXRXV RPRENVGIUWRH FN&RBOH\YH



*I5 WUDQVSRUW HYHQWYV DV STHKH VRMYUMD PWVHBRUWAVWEHQ FRQ
N\PRJUDSKV GLVSOD\LQJ ODWHUDO G IQOWG O\OLAPHHP RQWWK® W KOH
LOOXVWUDWLQJ PRYLQJ VLQJOH W WHNVQWISR UWDKGH QRPR BVOGE L
YHVLFOHYV DV YHWWLFHOS OLQWW ORRN DW WKH QXPHRKU RI WU

' VKR ZVRW K IDVDR5X OHDG WR D a GHFUHDVH LQ */5 WUD
6XUSULVLEXO\ PXKMDWLRQ DIIHFWLQJ DOO LVBRIRHARW G2 G QR

WUDQVSRUW 7KHVH UHVXOWYV VXJJHK\DWDMWHD WG RKFBEOHQO B RW W
DIIHFW */5 WUDQVSRUW ,Q DGGLMN FEHWHMHQ/QBXODULW\ R

VXJIJHVW WKDW 373 $ LV WKH PDLQ WERBDRYERBRGEBXODWLQJ */5

7KH ORVV RI WUDQYVSRN WPREAMHIWWGUHY XOWLQJ LQ D 37
UHVFXHG E\ HISUHVVLQJ 373 $ IXOO0 PMHRWWYK RQGHWQWEHKYH WEY
SURPRWHU ' )OS LV VSHFLILFDOO\ H[EQBYVFEHWLDQ B
SRVWV\QDSWLF UHTXLUHPHQW RI 373 $RIRUSOYW KRXKUBQNSRQV
QXPEHUYV DUH DQ LPSRUWDQW GHWHUBDQYBRQWHRH Q ¥80\ G/HKRIZH
WUDQVSRUW G\QDPLFV SOD\ D UROH L ®R®OSVL Q HBDQWHIUW R D\G
VDPH DQDO\VLVY ZH LOOXVWUDWMW WIKQOWS R UL QN\B BEMBICVIOVHHH | |
OHDGV WR D VLIJQLILFDQW GHFUHDVYH LRINVWRSISLQJ 2QRQWUF
WKH FROQWRXOUDWHBRHICGHQRW OHDG WR D VLIQLILFPXOW GHFUHD
r QRU GLG D FHOO VSHFLILF UHVFXH$RIOWKHTIr373 $ LVRI
)LJ (:H DOVR TXDQWLILHG DOQWHURJUNGIK) DO® DHWBRHIDE
QR PDMRU GLIIHUHQFHV LQ RYHUD)QOXUMHVWBPVWRQ HRGHNWIHLAR-
DQDO\VLV SORWWLQJ WKH GLIIHMNQMWQRK O RG-R WIRMW ¢ KIRE Y G WV

FRQWUROV LQ WHUPV RI YHORFXW\ VHHPWUWERXWDRE DZKHGKDB



WUDQVSRUW HYHQWYV ZLWRKLYMORFLWR I\GGLWERQVZH GLG QR
GHIHFWV LQ WRWDO RXWJURZWK WIXBXOHS G$ RINLER RIWDIRW VP L
XVLQJ (%3 )EYXUH (DN GHVFULEHG SWXHYHRXM@J WKDW WKF
WUDQVSRUW GHFUHDVH ZH REVHUY HIGI K FWYR RIUGXKH X W RWAH. IRUXR
7DNHQ WRJHWKHU WKHVH H[SHULPHQWM\DXIWHNRW WK DX\D B MaL
RI */5 WUDQVSRUW LQ GHQGULW WX FEE H/AWL R X @/DRV L\@ B IV EIDQ®

IDFLOLWDWLQJ VWRSV LQ GHQBULRHVHFKBWRUVKW IDYRU Gt

BUHYLRXV ERHEHJIDIW VKRZQ D UROH IRU 373 LQ QHXURC
GHYHORSPHQ@W®R DGGUHVV WKH SRVVLELOLW)\ WKSIRW \8 CPLDW [ETHO
GXH WR GHYHORSPHQWDO UROHV RFL3ZGH EHDXWY R RFNG DEG U
WHPSRUDOO\ H[SUHVVRBI73EBFNQURKBG %ULHI\HWKHIIAMHQ
DQLPDOV FROMBDLGBL@F3ZIBUH KHDW VKRENHG IRU KRXU DW
UHFRYHU IRU KRXU DW URRP WHPSHGDMQX YRHEW GMHYLRXVO
*/5 WUDQVSRUW ZDV WKHQ TXDQWLILHEIDW GKR/EN MEWHHED WP H
QR VLJQLILFDQW HIIHRW LDQRRQW VRO WIQREXMW W KH* BX\W D\
VKRZHG D VWURQJ LQFUHDVH RI */5 MPDIQYSRUW QG WUYDQV.
WKDW ZDV FRPSDUDEOH WR OHYHOWRO *DRLPWOBYVSRUW L
,QWHUHVWLQJO\ D TXLFN DQDO\VHBWR VR PQNG RWWH P WR 6 SD.Q
WKH WUDRVSHQBF 373VKIRZHG QR UHVFXH RI WKH )VUWRSBSLQJ |

+ VXJIJHVWLQJ WKDW WKH VKRUW W IKPWH /RN OFH RH QURKKLIK
HQDEOLQJ VIQDSWLF FKDQJHV 2YHUDIBO $ROWV LDHY RQWR/L'Q¥ JU

LQ PRGXODWLQJ */5 VRPDWLF H[SRQYWS RVW KOQDFPVY.FOHQG UL W
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JLIXUH 373 $ LVRIRUP PRGXODWHVS$ *6BHT XHOMNQADSRUWDJIHY DQG

N\PRJUDSK Rl WKH P&KHUU\ VLIJQDO UURP B(BH*SIR[PRBEBWBRUWLRQ RI W
SURFHVVHV VKRUWO\ DIWHU HQWHU LDKHWKHD YH\Q WKRDV QHE YHP &RH U U\
VLIJQDO SULRU WR V SKRWRE KHDGWIHYP BGGDWH SMFWXBHW VKRZLQJ VL
P&KHUU\ WUDQVSRUW YHVLFOHWJNOW H URIWDAEH RUDREZIKH DJGMV U7 KH N\P|
VKRZV DOO WUDQVSRUW HYHQWWGVYWDHMW IQXP BNUL7QJ RIVWHRRQDUURZK|
FRUUHVSRQGV WR WKH SUHFLVH\GRRULWLIRYHQWE WHREQRLQNVWBH VWD W
DERYW GLDJUDP RI WKH GLIIHUHQW 373 WNRIREPULDDWLBHSD Q[ BD W X
GLIITHUHQW JHQHWLF DOOHOHVWKRE L QWREX DWXEY VDIQBGRADWH SRLQ
& ' S5HSUHVHQWDWLYH N\PRJUDSKV DQ® \RXEW R WOHIQ W 5T X MWD QI § R WW F
FRQWURO Q DRWSGHQOHWHBDVVEDFNJURRQGVOLQF ®XGLQQ
PX Q DQRBN UHVFXHG HLWKHU ZLWK 373 $ HSWBHMARGVKQGU LWV C
RU XQGHIWSVEHRPRWHU Q $00 N\PRJUDSKPR RYUHUNQBWHRIURP WKF
VWUHDPLQJ LPDJLQJ RI */5 P&KHUWAS VPRXMYUURB U\ BNH
DN,V EDFNJURXQG 6 \PRJUDSK TXDQWLILFDWLRQ Rl WKH SHUFHQWTE
WUDQVSRUW HYHQWVY VSHQGV VWRWEREB VRASUWGE DNVR OLIQH WPRIWIX®R G
QXPEHU RI WUDQVSRUW HYHQWY RMUH IRUPKRQ®W URQW®BNQ
UHVFXHG HLWKHU ZLWK 373 $ H[BMWHWRRRWAGHQ LWROSXMHAMAHU WKH

SURPRWHU Q ) S UHSUHVHQWDWLYH N\PRJUD S K VWRWGD DXQXQMEH UFDW L
RI */5 WUDQVSRUW HYHQWYV ZL\WKDDQ & KRN RXW DMP HQ& Rl DGXOW DC
RN EDFNJURXQG DORQH QR KHDW VKRFN Q RUKZISWK XKHINY \$KRF

QR KHDW VKRFN Q ZLWK KHDW WKFRRFFWN VQU HD \E € G\ DI W DQLPDOV VI
LQFUHDVH LQ WUDQVSRUW HYHIQRNVVXVHEG DQ RYGQ QDD VRIQMNZD\ $129%

'XQQHWWIV PXOWLSOH WHVWLQURRHQWFS(DRDYG (DOA W EDON BBISYV UH
— ¥

373 $ PRGXODWHYV VIQDSWLF QXPEHU RI */5 UHFHSWRU\

7R GHWHUPLQH ZKHWKHU WKHVH WUDRQVSRGXWF IGE | M FYD\S \
*/5 ZH TXDQWLILHG VIQDSWLF 6(3 IPARBHOMHYV GV FUQBMIGHD E |

7KH GRXEOH 1 WHUPLQDO WDJ RI *$8%LRZI3\WR XK 8 LQXSHKL FI
S+ VHQVLWLYH *)3 ZKRVH I0OXRUHYVFHQFHGLEHORYZQ AKGG MK I
DOORZV WKH TXDQWLILEDWLRQ R I UMK SWRLYWLG GV YWKID FMR
*/5 UHFHSWRUV DW VDDSHHAWULEHG L$YRVV RI 37BN $
OHG WR D GHFUHDVH LQ VI\QDSWLFrVXU)DFH */@®V BKHDO DV D
GHFUHDVH LQ WKH WRWDO V\QDSW IPD G RRXEWQDPGXAIFQ U HF K

P&KHUU\ r )LJ '"FRPSDUHG WR VDPH GD\ FRQWUROV :H



>

B Cc

anterograde anterograde

L

o

retrograde retrograde
3.0
2.5

20 I
o '
1.0
fﬁ\ /,/ 05

00 - & O o 0+ —\&(—.— P 00 N & : :

R 0o 1 2 3 4 & R o 1 2 3 4 5

Y
N
Anterograde Instantaneous o€ Retrograde Instantaneous
Velocity (um/s) Velocity (um/s)

G

25+ ©WT
20 . ok244
| mu256
15+ ’; \ mu245
10 N

/ \

w B (&)}
o o o
e 1
®
3
283
[
[}

N
o

5
Relative frequency (%)

(]
A

Instantaneous Velocity (um/s)
Instantaneous Velocity (um/s)

Relative frequency (%)

60 - 50 30+

n.s.

n.s
- 40+

40 20

30+

201 104

% Time Stopped

20 4

Polymerization Events

10

Number of transport events

= Microtubule Polymerization

N no HS +HS

O X

& ,th - - [Phsp::PTP-3A]

P ot Control o
ok244

YLIXUH IRVV Rl 373 $ GRHV QRWRDITHFWFROWREQW®J YHVLFOHV
,QVWDQWDQHRXV YHORFLW\ RI */DY F&QYID D@WH U B G DEBIHON EX@A. RQ R
LQVWDQWDQHRXV & HOWRHFWWRBMD GBHGUHVHQWDWLYH N\PRJUDS$SKV RI PL
SRO\PHUL]DWIRQ @WIGLFDWLRQ RI HYHQWYXOQWII(HBWLRA RI WUDQVSR!
ZLWK DQG ZLWKRXW KRXU 2& KHDPRQ WURRINQW IRAD W PHQNE LR7R  $

(UURU EDUV UHSUHVHQW 6(0 DQGWVDO-® VFDOH EDUV UHSUHVHQ

ZKHWKHU WKH ORVV Rl ERWK 273 ZRRQG @HD@WR D PRUH SUI

ORVV Rl VIQDSWLF */5 UHPHSXWRUW RX % GD3VD r

P&KHUU\ r VKRZ WKDW VLPLODU WR ZKDW ZNQRSWGFZ1/W |
OHYHOV DUH QRW PRUH DIIHFWHG £ \DW & H4GERX BVOBHMRNOH R |

LQGLFDWLQJ WKDW ORVV RI 373H$VLODWMWH PP BK® GRMW YSH R4 RV

7KHPX DOOHOH VKRZHG QR HIIHFW RQ WKHSWRRO SPWDILANHQGR\

P&KHUUMXUH P&KHUU\r FRPSDUHG WR IFRQWBERW GLG

DILTHFW WKH QXPEHU RI */5 VXUIDFH WHFH S8 WRMEX FPIVGGW KH 6 (



6(3 r FRPSDUHG WR IFRQWWROLODU WR WUDQVSRUW

373 $ ORVV RQ VI\QDSWLF */5 FRXOG EHI BAYFEH® EHWH[\WHWH
QDWLYH SURPRWHU DV ZHOO DV WKH G9$)EBHOO ¥SHKLM.F SU
VXJIJHVWV WKDW 373 $ LV UHTXLUHG HFRW\WRQ\QDQWE WD E O4/ 5l

WUDIILFENLQJ

,PSDLUHG WUDQVSRUW FDQ KDYHILIPGQIDHUGH GQW\LWO (H G HY\
RI VIQDSWLF UHRHGWWHVPLQH LI WKLV LV WKH FRNH IRU WK
DOOHOH ZH TXDQWLILHG ERWK WKHFSUR[LQRBPEBQGE GtVWDO
,QGHR® VKRZHG D GHFUHDVH LQ ERWK VXVUIQ@PBF 8WLFGUW R WIMDF
6(3 r P&KHUU\r )LJ ( #FRPSDUHG WR FRQWUROV D
VIQDSVHV ZKHUHDV ERWK VXUIDFH DQG LWR®IDWV BB RO\ QIHI)
UHFHSWRUV 6(3 P&KHUU\ r )LJ (+ 7KLV VXJIJHVWV I
SRVVLEOH GHIHFW LQ UHFHSWRU GHWOLYBUD FARKIAPKOWWHR QU H
PHDVXUHG */5 P&KHUU\ DW WKH VRPIDQREBWKHEX$IRXAQGFRR W
GLIITIHUHQFH LQ H[SUHVVLRQ OHYHO V)XCRHY WIRQM DM KHDAW ORIV (

RI */5 )LIXUH & '
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JLIXUH /IRVV RI1 373 $ GRHVY QR®HDNHWW RM\O/BRQHRFDO |LPDJHV
RlI 6(3 */5 DQG P&KHU®W\ 4XIBQWLILFDWLRQ RI & 6(3 IOXRUHVFHQFH
IOXRUHVFHQFH QRUPBGIRBGRWROFRRDMURORI 6(3 */5 DQG|P&KHUU\ */
WKH FHOO ERGLHV Rl WK'H B&EHYHXURQGRUHYGEHQFH TXDQWLILFDWLRQ
AXDQWLILFDWLRQ RI 6(3 SXQFWD BPRRMQUAN SKQRFRAVD PR XQW (UURU
UHSUHVHQW 6(0 DQG DOO VFDOH EDUVY UHSUHVHQW —P

$V PHQWLRQHG SUHYLRXVO\ 373 IXQEM LG RADNVDBNMH O
VIQDSWLF GHYHORSPHQW RI WKH QHENRPXWNX QRO HV X Q F W\

GHYHORSPHQW RI JOXWDPDWHUJLF FEPRQ®@GL Y QXQHNDRZXQR I



TXDQWLILHG WKH GHQVLW\ RI V\QDSVHV PDDMG GV \EAD 8 WU D
HQGRVRPDO SRROV PDUNHG BEMJREKHUUWR/SWHVW IRU HYLGHQ
GHYHORSPHQWDO UROH RI 373 $ LQ PIHRLW DMRREZBI\Y V\Q DSH 16 LGS
REVHUYH VLJQLILFDQW GRNIHD®GFHRQEHWRIHHPXJIJHVWLQJI Wk
QRW RI PDMRU LPSRUWDQFH IRU WKHLENWYBIDRBPWY QW RIKBHO:
FRPPDQG LQWHUQHXURQV %DVHG RQWKKOHV D RVHW RO W V3 Z$H ZR
PRGLI\ HIFLWDWRU\ VIQDSWLF IXQFWLR®QFDQ® HAGK B UW KR H HF EV

VIQDSVHYV HQHJDQV

373 $ LV QHFHVVDU\ IRU ROIDFWR U\W OWDRL@WOLYH P

$ SURSHU FRQWLQJHQW RI */5 UHFHSWRR \DRQP{OG RO WDE
DVVRFLDWLYH PARRAHWHUPLQH LI WKH VIQDSWLF */53 GHIHF\
$ DUH DVVRFLDWHG ZLWK OHDUQLQJ D®G RRHERWHGZ HR OIDH
DWWUDFWLRG DVWDTKDQWLILHG ROIDFWRU\ DWW WDFWIERQ W
DQLPDOV ZLWKRXW WUDLQLQJ LPPHGLDWBOYDWWRQ @ UDE QW
KRXU UHFRYHU\ RQ QRYIRIDO IRRA SOHDWXIOWY VKRZ WKDW OR
RN RU DOO SKRVSKDWHXVH GREBDQRW DIIHFW QDwWYH DWWUL
SUHYHQW OHDUQLQJ WKH QHJDWLWHK B WDRIFYLLODN L R R ZRHI YGIIUD FO-R
$ GLG VLIJQLILFDQWO\ GHFUHDVH UHD/'H QW VR QR RWWHKLYKRNBR
GRPDLQV ZDV PRUH PLWLJIPMWHG %QQMVYRXUHRWFRQGLWLRQL!
KRXU RI UHFRYHU\ UHYHDO HIIHFWV RQ \6KEBOW WRHIUWPWHUR F L
DVVRFLDWLYH PHPRU\ /7$0 FDQ EH DVVD\HGLEWLRSHDMAIQ D
KRXU Rl UHFRYHU\ LQ EHWZHHQ FQWG RAX H QK RX D § WD MIHQJ VIDUWNDY

& +HUH ORVV RI 373 $ DQG 373 SKRAWR IODDWDWYWRIQIX GHWUR Q



PHPRU\ UHWHQWLRQ DJDLQ ZLWKRX\WFMQR B IRIF W P PRIG LDDMEY
DYRLGDQFH DIWHU FRQGLWLRQHBAW R 6HN HUPGE QHS D | WHKR X\ UH
RU SRVWV\QDSWLF H[SUHVVLRQ RI 373P 330 \Z Hi PSWHHS W QD QBV7.BH !
XQGHU WKH 310S SURPRWHU ZKLFKLGUIOHA 3HS HD M[ISQUH WK
SUHYLRXV DSSURDFK ZLWK D QHZ VHW\RRANSQ WAHR DX/D @WQ GL M/G
OHDUQLQJ 67%$0 DQG /7$0 IRU DQLPDO\RQOWK BBED$S M[SUHV\
DQG (([SUHVVLRQ RI 373 $ LQ $9% DORHIHIRDGJQRY H LKVAIM R G
)LJ 'RU /790 ( +RZHYHU LW UHVEXHG ERWK 67%$0 DQG
REVHUYHG LQ DQLPDOV ODENLQJ 373 $ FRBSOFHFHPRUW LR PHP

' DQG (7KHVH GDWD FRQILUP WKH GHIHFWWV RIH3RE VH DQIEG -
VKRZ WKDW SRVWV\QDSWLF H[SUHVVLR®KRNVERI VS DY H DRI

ROIDFWRU\ DVVRFLDWLYH PHPRU\
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J)LIXUH /IRVV RI 373 IXQFWLRG ORRFWMHYVRROWMVPELDWLYH AHPRU\
$ ,OOXVWUDWLRQ RI WKH FKHPRWW RFRBWLRFLDWLREO PREGUWHBRERLQJ RI .
DVVD\HG WRZDUGYV GLDFHW\ORQ$ Z DWW HQR S'$ H IQ@rXYED WRLU KRXU SUHI
[FRQG JRU K PHPRU\ ZRUPV ZHWHRQWOUZIDWKLRQ FRQRU KRXU WKH
SUHVHQWHG ZLWK IRRG DQG QR P¥ IRHUHKW K HQ 7NKHEMNHERMMHG WR WKH FKH!
WHVW VKRUW WeHWZRHRRMXU SUHLQFXEDWLRQ ZLWRLQXW$H WHIYNO 8 HZU MRK
EHWZHHQ WULDOV :RUPV ZHUH DOORDHGKIRRR & XOEMHRWRHG MR|(WKH FKHP
K PHPRU\DQG TLVVXH VSHFLILF UHWKFRXUHWRDQREH WHUP DVVRFLEDWLYH OtF
GHIHFRANLQ@LWRB73 $ $9%@ &KHPRWD[LV LQGH] DRV PW KW 7R W @R QRX\P E H |
RI ZRUPV $00 VWDWVDZHBOHB\GRQHS XMIVOK %RQIHUURQL FRHUWEQLRQ IRU

373 $ LV QHFHVVDU\ IRU ERWK GHB L YIHW \VD@BSVHWHQWLF
2XU UHVXOWYV VR IDU VKRZ WKDW WUDSQVBRHW IDBBWH G [E
WKH ORVV RI WKH 373 $ LVRIRUP ORUH SUMFLM®GDGDOWDL
FRQWLQJHQW RI UHFHSWRUV DV ZHO &HD % URWIRFSD/O GHOSL @ B PAMU
LQGLFDWH WKDW ORVV RI 373 $ FRX GG @HHA W R R B A WMDHMH G
ZKDW LV KDSSHQLQJ DW V\QDSVHV IBIQG W 2P YW\ D W IURI@\D W \3 -
XVHG )5$3 RI 6(3 P&KHUU\ */5 LQ WKHRYIRAH S% RO ZBDFKHJS5
VIQDSWLF IOXRUHVFHQPHJIZDV IXDEHVIEEILHEBHG LQ WKH OHW
SUHYLRXVO\ ZH TXDQWLILHG 6(3 DQ ® PPRALHUNWN O 6 $TBI VEH UR UIH
VHYHUDO WLPH SRLQWYV RYHU DXWRMYX QWY LRQ@XVDNWH W KD\
FRQWUROV ORWRWRNBRZHIG D GLVWLQFW GHFUHDVH LQ P&KHI
ZKLFK ZDV PDWFKHG E\ D VLPLODU GHRUHD%H(2LQ V8 KH LRHFIRFY U
KDQG PKKHDOOHOH VKRZHG QR HIIHFW RQ P&KHUUYHJHERYHU
6(3 UHFRY)YHD\ % (7KH P&KHUU\ )5%$3 LV FRQVLVWHQW ZLWHK
REVHUYHG IRU WKHVHR N O EHWHYRVQ) ZKLFKW KRZHG GHFUHDVH
WUDQVSRUW 7KH 6(3 DQDO\VLV VHKRZW MUKDW[RB\\W B GILW DR
UHWHQWLRQ SOD\ DQ LPSRUWDQWE RR®H SQBXV L BHF\UH[S\OHD L Q

ROIDFWRU\ DVVRFLDWLYHPHPRU\ UHWHQWLRQ



7R GHWHUPLQH ZKHWKHU UHWHQWWRG El OBV \PRJKW3EI$
373 SKRVSKDWDVH GRPDLQV ZH XWZAIOLAK® O/6GRZVHOIGQIDH V
SKRWRFRQYHUVLRQ RI */5 7ORFWHBWRUWH VLQJOH VI\QDSVHYV Z

'HQGUD H[SUHVVLRQ ZHUH SKRWRFR@CHURHG IWEPFNMHABD
DETXLUHG DIWHU DQG  MUUGNWRXNYBYLGHVKHLEGGL
PHWKRGW PXWDQWYVY GLVSOD\HG D TXLFN ORVW RIQ*/5 RUHFH S
UHFHSWRUV ORVW LQ PULQXRWWVFHQFH UHPDLQLQJ FRPSDUHI
LQ FRQWURXL.DQLRPOV PXWDQWY DOVR VKRZHG D ORVV RI */
PXFK VORZIRM WKDQ r DIWHU PBLDXWHEXW QHYHUWKHOHVV
WKDQ FRQWUROV ,QGHHG ZKHQ ZRil TXP@W QLGIG SW R MW RPRRE
UHFHSWRUV VWLOO SUHVHNW DOWKU D@RRKDYV KPOWKVLIQLILF
ORZHU QXPEHU RI UHFHSWRUV UHPDLQRW FIRIREDUHBQWR \FRL
IURP HDFK RWXWBIW  %Q WKLV DVVD\ LPDJHV ZHUH FDSWX!
LPPHGLDWHO\ DIWHU SKRWRFRQYHUVWRW R DUHF DYOHP ROV I RRG
IRU KRXUV EHIRUH LPDJLQJ SKRWRPRGYHUYWRIG/ ¥\ QEBWHIL B
DGGLWLRRN VIGRBHOHDG WR GHFUHDVHG */5 GH®XH BUHDZH W
RI SKRWRFRQYHUWHG */5 'HQGUD GWRNHUBQBEHWENMQ FRC

IRXQG QR VLIJQLILFDOQW GHIITH®HQFHV
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373
JEV WDNH
6(3 */5
LV UHTXLL

IOXRUHVFHI)FGE 4 XDQWLILFDWLRQ RI WKH 5HFRRHUBBWGXRRKHWERE@ F$R LC

DQQ P&KHUU\ IOXRUHVFHQFH 7LPH SRLQWWYIDUH FALE® PLQ &
RN Q PX Q SHFRYHU\ LV FDOFXODWHGIRVU HO X BUW M B HSXH
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89 SKRWRFRQYHUVLRQ GLUHFWO\ DIQWHU oL GXWWR FSRROMM USHKL
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RQWURO
HWHRIE O4HD F
WLRQ RI V
WER[IRALDHD L
RWQRFRQY F
L P MQ PL
%HAHRUH =
s




>
W
(@]
O

] 5 —~ SEP ~ 2500- mCherry
8000 - 2.0 (:; 1500 - g
< ~ g 8 2000 -
. (8] 5]
£ SE 15 g 8
3 2<& g 1000 © $ 1500 -
< Se .0 3 :
23 i = 1000 -
c < w© ©
g £ 500 - g
b { e ==t
ge 2 g 90+
g g
00 £ d £ 0 -
C)OQ ®
Control unc-11 ptp-3(ok244);unc-11
SEP Iy DT
mCherry T e e S
merge | e et " - —
SEP Prox T 254 mCherry
£ * £ .o
‘g 10 4 Do | § =
= o
@ -
: § 15
@ E
[ 5 i 1.0
E 2
[TH Q 0.5 4
i ¢
? ol 0.0 -
&
JLIXUH 373 $ DIIHFWV UHPRYDOLMQRI ORW 4 BEWLRNVFDW

SKRWRFRQYHUWHG DAUMHPDRWEBMFEPWRRQ RI SKRWRFRQY HUWFHG
UHPDLQLQJ DIWHU KRXUV S& ¥ WD QKR WIRFIRQLYRIQY RE R6Q & D\QI® X R
EHWZHHQ SXQFWD WH U P&RQLRMDHUBRQFAMWDRI 6(3 */5 D QG XREH

DQSWS RN YARFXKEOH PXWDQWYV DQG VXEVH)TEHQWOTPERWU
IOXRUHVFHQFH S S UHV(HQRUGEDDQ ® PO VFDOH ED

7DNHQ WRJHWKHU )5$3 DQG TXDQWLAFQWHR

LRQ RI W
FH5  'HQ
UHVFHQFH
KHUU\ */5
ILWFDWLRQ
UV UHSUH

RQVDQDE

ODFNLQJ 373 $ VKRZ GHFUHDVHG V\QDSWQGE HW WKH HWQGRY

VXUIDFH GXH WR D GHIHFW LQ V\QNMSW OB XUWWHHWMARAHHQ' R WR



$ LQ UHIJXODWLQJ UHF\FOLQJ RU */5 PNDYXEW GF L QQHKIRINA
6(3 */5 OHYHOV LRN37BQ&PDOV :H UHDVRQHG WKDW ORVV R
DOQFKRULQJ LQ DQLPDOV ODFNLQJ 37CGHIXRXBQ BNDCGRWWR KK M
LOQWR H[WUD V\QDSWLF VLIRBH 2GUGUBGIRWOWKNMS SRUW WKLV PRG
VKRZ LQFUHDVHG OHYHOV RI */5 EHWZHERUW\QDB3KMHWVHHQGF

UHVXOWYV VXJIJHVW WKDW 373 $ DIIHFWV VIQDSWLF UHF\FOLQ

6LQFH WKHUH LV ERWK HQKDQFHG WHRRYWOL ® @A \8 HFOHDL
RI WKHVH WZR PHFKDQLVPV FRQWULEXVDIW PR U W R XWPHEH G\H
7R EHWWHU XQGHUVWDQG KRZ V\QDSW LR BWRO L$Q JZHVXD H & FD\
JHQHWLE ORVV RI IXQFWLERQHRHWBK®PRORKMH RI D FODWKULC
SURWHLQ $3 QHFHVVDU\ IRU WKH HQRSIRGHWERRNE ORIl P MW D Q'
XQF DQSWS DV ZHOO DXQ¥LQJDEO FRQWDLQLQJ 6(3 */5 P
JLIXUH ( AXDQWLILFDWLRQ RI 6(3 DQGQF&KKMUBYZNGIWEDW LX
ODFN RI HQGRF\WRVLV OHG WR KLJRISD UMHGY MRV FIRIQEYBIRO ¥
(* EXW GLG QRW DIIHFW */5 P&KHUUWKRDWQOERMV KV LQ
FOHDUO\ DIIHFWHG RQO\ VI\QDSWLF VXW DFIHHOWY 80 VH @G RY3
UHWHQWLRQ +HUH ZH FDQ PDNH D VNZRS$ BHG L EWLRRQWO \) DU MV
VIQDSWLF */5 E\ DFWLQJ RQ GHOLYHUN PQ® DIQRYWRWKY WKI
ZRXOG KDYH OHVV VI\QDSWLF 6(QF/5 DRRIID O MARIQEG LI GH(
DQG H[RF\WRVLV GHIHFWV DUH VHFRQGD RXW®HL B WBDDWAG ZU
XQF DRXOG DSSHDU WR KDYH QRUPDO RU UGFXBDAHIGQ&(I3F I
WKOWS $ RN XQKRZOULQFUHDVHG 6(3 */5 FRPSDUMG WR FF

Ol)LIXUH (Q DGGLWLRQ WRWDO OHYHOV RUXLY KDE&KIHU



EHWZHHQ FRQWUROKP&XQF Ol SWS GRXEOHV $OWRJHWKHU

HI[SHULPHQWYV VXJJHVW WKDW 373 $ PDRWIHJIROBDMH V\QDSWL

'LITHUHQWLDO UROHV RI 373 $ QDMOHGREQ DQVDIQI LHWXHWDIPV

WUDQVSRUW DQG VI\QDSWLF UHWHQWLRQ

2XU UHVXOWYV VRRZ DVKDHMO W O E QRWOMIOH OHDGV WR GH
*/5 WUDQVSRUW V\QDSWLF VWDELOLWX QEF @G REH K,IY DRSGD @ L
ORVV Rl ERWK 373 $ DQG % LVRIRKPWRV\WQRIGZIIHH HDOWR QUK DRY
WUDQVSRUW RU V\QDSWLF QXPEHUV 3A3LW\GUI MWHVYPLOD
HEWRGRPDLQ FRQWDLQLQJ WKUHE& GREDNRB VD Q& LIV YWHXJUBYV R
WKHVH GRPDLQV FRXOG SOD\ DQ LPSRU,WD0 @WGU MOSIUIHY * RSX V W
KDV UHSRUWHG WKDW D VKRUW 1 WHS®DRQDD I1X¥QBWHQ QDR V4.
URD® YLORYHUWHEARDWHVW WKLV K\SRWKHVLV ZHW @RIX@HH U H
OHDG WR H[WUDFHOOXODU VHFUHWLRQLRH WP DMARY PRRIVIWT 3L
$9% QHXURQV 9WQG H[SUHVVHG LW LQ DQLPWSOYV PRMFNLQJ 37:
ILUVW TXDQWLILHG */5 WURRKYVSRU®N LZLMRQ WKRIOY WHUPL
FRQVWUYXFWVS$ & QWHUHVWLQJO\ SRVWV\QDSWLF FALSDHV VLR
GRPDLQ DORQH UHVEXHG */5 WUDQVORUW DOEPRVWI AR FRQ)
S 1WHUP 373 @ OQr FRPSDUHG WR FRQWWURO Q
$OWKRXJK UHVEXH RI WKH QXPEHU RI *WUDQVSRUW H YWDV
LPSRUWDQFH IRU */5 GHOLYHU\ RW DU W RIB/GIVQBE DRH BIOV®L
GHOLYHU\HWRVIH® DQGJ 7KHUHIRUH ZH SURFHHGHG WR TX|
*/5 OHYHOV LOQRRRQIVQUBMVH[SUHVVLQJ RXU 1 WHUYPLQDO FER

') $QDO\WLV RI 6(3 DQG P&KHUU\ */59%VV3Q B DN VW KIRZUWM K b \



RI RQO\ WKH WZR PRVW 1 WHUPLQDO RX®&NID GWPDOQV WRH \3F
*/5 OHYHOV DW )YUQDSMHW ZHOO DV WKH QXPEHU RI */5 UHF
VIQDSWLF YXUIDFH2XU SUHYLRXV DQDO\VHV RI */5 V\QDSWL
WUDQVSRUW VKREPMG WRDWOWKHLWK D SUHPDWXUH VWRS I
SKRVSKDWDVH GRPDLQ GLG QRW D/SHFEXWO®GE®G CD WHRW WS R
VXUIDFH UHWHQWLRQ RI UHFHSWRUV L7 KHURRXWDHG BHVEXHBH
SKHQRW\SH E\ VROH H[SUHVVLRQ RI| VGKRP BLWHURMIQD®\SRRPSE
WHWKHU Q@ $9$%:H ILUVW TXDQWLILHQLJ5 W WMEV HRGW

VDZ QR HIIHFW RQ WPX QVERIPWQGRALWROV H[SUHVVLQJ SKRV:
GRPDLQV +RZHYHU H[SUHVVLRQ RI| WDKJHN& DADHOU PULHQVDROX 16 RAPKDH. ¢
RI VIQDSWLF */5 VXUIDPFH UHFHDN\NWARUWRIHWKHU WKHVH UHV:
FHOO VSHFLILE UROH IRU WKH 1 WHHIPLMDVWOL G R PDUQQR/ISRABW $D
UHFUXLWPHQW RI */5 ZKHUHDV WKH $K&\KDKD W PR 16 FOFRDALLX

VIQDSVH VSHFLILF UROH LQ UHWHGWLVRD W EM VXUHBPHESWRU YV
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H[SUHVVLRQ LV ®BXRQMWIHEOR® Q RN 1 WHUP @®X Q
P X & WHUP @ 'LIITHUHQW GD\ WUDQVSRUW RIN HRD@RBTX D QWA H WLRQ F
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2XU SUHYLRXV DQDO\WHV Rl VIQDSWLF */G\QRKPEH WY D¢
DQLPDOV ODFNLQJ 373 $ FRUUHODWHGVZL® K HPREW LWRHYDHQ R
)LJ 7R WHVW ZKHWKHU WKLV KROGVHVSIXHVMLIR @ RH 373/ HYJ
ZH WHVWHG ERWK VKRUW DQG ORQJPRHUR @ VRO DBVQY¥ H RO
RN ZLWK $9$ H[SUHVVLRQ RI WKH 3713] $ ,% ORRIQ\GLRRDHQW ZL
RXU SUHYLRXV DQDO\VHV DQRRDOW[RDEINULBG FEABIHFWYV LQ V
ORQJ WHUP PHPRU\ ZLWKRXW DQ\ GHRHFRAQMWILUR O W DYIBL B IS EIRIF
RI WKH ,J OLNH GRPDLQV FRPSOHW iF&\WHR ¥ RQNMA W& HOVHY B & WH F
RXU GDWD KDYH XQFRYHUHG D QHZ WRQH ORWQJIBBGIVHVDQFUH
WUDQVSRUW DQG V\QDSWLF UHWHQWWRP *WXK D WX Q¥ W.LPRS® U O\R
LPSRUWDQWO\ RXU DQDO\VHV ZNVWHKFIHDMHWHF AIXHORIOHAZ DR G F
UHYHDOHG D FRPSOHWHO\ QHZ UROH3ITRU VKB WHNKOPMWIIA &/
WUDQVSRUW DQG V\QDSWLF GHOLYHWR WKWDY DLSAW L P SIKDW IVQ
DVVRELDWLYH PHPRU\ 2XU UHVXOX V X&) H\KW FIX RRGH DO WHUF
GRPDLQ RI 373 $ UHJXODWHYV */5 WUDQYRIRGMOQXH BN @K HUHI

& WHUPLQDO SKRVSKDWDVH GRPDLQVWIHRIXODWH ORFDO V\QD
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YLIXUH 3RVWV\QDSWLF FHOO VSHBLEL A W[IBWHMYRAGRPDLQ| UHVFXHV
DQG ORQJ WHUP DVVRFL®PWMIXOHQOWHARDWLRQ RI WKH FKHPRWP[LV WRZ
XQFRQGLWLRQHG ZRUPV QDwYH RRWPYLMRQGLWLRWKRXRWIRKG [FRQ
DQLPDOV FRQGLWLRQHG EXW WUDQ¥XIRHBRG\W®&R7 $RR G7 KRIUIR KRR ZLQJ JHC
ZHUH WHVWHG BRGWURDQBWS RNZLWK $9% H[SUHVVLRQ RI WKH 1 WHL
GRPDLQV WULDOV IRU D@®O43BQRMISHYWLRQ RI WKH FKHPRWD[LV WRZ
XQFRQGLWLRQHG ZRUPV QDwYH RRUPYXRPROQZLWEKRQHEG WMKHHXW IRRG
PLQXWHV UHVW EHWZHHQ FRQGLWVRRRAGLWERQIBG EQ® MAULPQV|IHUUHG W
K PHPRU\ /730 7KH IROORZLQJ JG QRR\Q®WIR @ HIVASIY BRBICASW 5
RN ZLWK $9$ H[SUHVVLRQ Rl WKH 1 WHUPLDD QLN ORRDIBPYRW\SHV &
LQGH[ ZRUPV DW '$ + ZRUPV DW (WQPV7RWDO QXPEBU RI ZR | S
S XVLQJ D ZD\ $129$QAL WRU% R © VWHLRLR | R U& PX\G W WK MV MAHDVOW L ¢
PRGHO RI WKH GXDO IXQFWLRQ R5 3MUBQVERUBWXDO®MODPISWLFE UHWHQ
DFWLYLW\ DQG JOXWDPDWH UH O H DVKHPBD\WUHIFG G\CRX 6 DH DOY@PG H. ®W U D F H
373 $ " WKH 1 WHUPLQDO GRPDQRQRRX UG FEHLIVEGRWRZBIFK WKHQ VWLP.
WUDQVSRUW RXW RI WKH QHXUR&MHVRP@DO ' WKIKROSIOXWMGYH GRPDL!
UHPDLQ DW WKH V\QDSWLF VXUIDFHKHUHHWKHQWHSRROSKRE\ODWH X
VXEVWUDWHY OHDGLQJ WR UHWHQWLRQ RI */5 DW V\QDSVHYV

'LVEXVVLRQ

([FLWDWRU\ VIQDSWLF WUDQVPLVVLRQKDW L-RUWW HQWQRGL!
FRIQLWLRQ OHDUQLQJ DQG PHPRUWVERQ LIDE® IS DY WS W LW \WG
WKH FRQWLQXRXV IXQFWLRQ RI KX QAFK@DORI! KD P B DVQ E PLWRY
DQG WKH PDMRULW\ RI ZKLFK DU XURQXF BGQIF® WRR H/ RPFX RR
XSZDUGV RI WKRXVDQGV RI VIQDSVHVKMRRHOMLERE\| DWKD X¥DS U
D SDUWLFXODUO\ IRUPLGDEOH ORJLVWWRD® EWXOUHPHQLW FH®
IDPRXV RSWLPL]DWLRQ SUREOHP PD@OMERWEHP7 FBSH QQQIKEI
WUDYHOLQJ VDOHVPDQ PXVW ILQG W KIHQ VERRBAHHV R/ FIDW K HW F
SUREOHP ZDV ILUVW IRUPXODWHG IHIBG WKHFRP 8 XOWHA WRHQQE
$OWKRXJK WKLV VXSSO\ FKDLQ LVVXHHDSOSOLMVXWRNVDDQVF
UHFHSWRUV SDUWLFXODUO\ WKH LRQRWURBSWH $0/35H FILHFHE
LPSRUWDQW VLQFH WKH\ DUH FU LW DEDROWRRPG\RRILW/ Y WR/ QR D @& GF A
SODVWLFLW\ $OWKRXJK QHXUR QWH¥FHSMMCRIAVX \HL W RHA D (D %R B

RULQ HQGRVRPHV WR UDSLGO\ UHV SR Q @& K\HR/ 1 FSIRIRM W \\DWD IS O



FRQWLQXRXV WDUJHWHG VXS86BYMWRDBHNIKQFWX DWW KDYH QR
DFWLYLW\ UHJXODWHG PROHFXODU P R®5R/ULSHDG QHHR@W WAL R
FRQVHUYHG PHEKDQLVP HVVHQWLDO |RAW IVEQWS\REZF YIKQFWL
DOWKRXJK WKHVH VWXGLHV SUHWHOMNQ YBRG W WL 8 WO PHL W QDI |
JOREDO WUDQVSRUW OHYHOV DUH UMKKO KWHIE &R W HIGUHRIQDL
UHJXODWRU\ PHFKDQLVPV RI $03$5 GHOLYHURQWR L\Q\\Y B S bW

VIQDSWLF GHPDQGVY WR DFKLHYH SURSHU KRPHRVWDWLF EDO

+HUH ZH SUHVHQW HYLGHQ&HHWKIMRBRBD R XWKH YHUWHE

/$5 LV D NH\ VLJQDOLQJ FRPSRQHQ@DWKDWGHQWBOEXYWLRE R
$03$5V %\ FRPSDULQJ ORQJ GLVWDQFHWBDRQYHRURPN DRYG /6 R
ZH FDQ GLVWLQJXLVK 373 /$5 537BfVQ@RRH O® R ED\Q MSMH |
UHWHQWLRQ 2XU GDWD VKRZ WKDMW WZRQWHPHPED\Y B Hz BPD L)
DFKLHYH WKLV FRRUGLQDWLRQ E\ UISE@IWDRQIHGEGWIVHBRH QW
$03$5V WUDQVSRUW 7KH 1 WHUPLQDODWHWUBKHO @QX®EH US

WUDQVSRUW YHVLFOHV FRQWDLQLQWK*5VRWEDWKRWLIUG B M\
GHSHQGHQW RQ WKH SUHVHQFH RI ,J ODRB GRFBNQDWRIIRU3
GHOLYHU\ RI UHFHSWRUV WR V\QDSVHVSRKMW L&R® HRUPITEBD G L3
FRQWDLQLQJ SKRVSKDWDVH GRPDLQV RIHY/%ODMBY5V\EDSWIL
DFWLQJ ORFDOO\ RQ UHFHSWRU GHOLYRMLV V,QUDIBFH. WHRQY A H
WKDW SRVWV\QDSWLF 373 $ IXQFWLRQY VIVRHLQ WENWV RO\ DIA
PHPRU\ ZKLFK LV FULWLFDOO\ GHSHQZE@PWLRQ@ RMKARPORW
LOWHUQH& URQNJDBMBURSRVH D QHZ WKHRUHWLFDO IPRGHO LQ

FRXOG SRWHQWLDOO\ OHDG WR WK PQIKEDYXBEWHRIX HG W 3J7F O3



WKH 1 DQG & WHUPLQDO GRPDLQV HQDWQRQJ RHRWKRBEMHO O
$03%$5 WUDQVSRUW DQG ORFDO UHWHRWILRMWHRIG*NBLQ 38 ¥ $H5N

&

&HOO VSHFLILF UHJXODWLRQ RE\*B8¥3 $P3I$5 BAFBQVSRUW

$03$ UHFHSWRU WUDQVSRUW IURP WKHO®BRURSRROVRE
GHSHQGHQW RQ PLFURWXEXOH G HESHQH®MQ WEPADR R SKEDFVH
VKRZQ WKDW WKLV LV PRVWO\ GHSR®B HDW RQR.LUMHIVH QV U I¥Q
A3 ) DQG LV UHJXODWHG E\ QHXIHRQDHEDBWHYYWXGLHYV
WKDW $03$5 WUDQVSRUW LV UHJXODWH® UBN D\QWDIKRWL M \R B¢
SODVWLAXWWKHU VKRZ WKDW DFWLYLW\ GH S MQUDHQNS RWA XL
HYROXWLRQDULO\ FRQVHUYHG ,Q WKLRIVAWWZG$ DHI VG R 2W\R KD
GHFUHDVH LQ */5 )WUDQVSRD®WVR HVWDEOLVK WKDW WKLV
UHVFXHG E\ FHOO VSHFLILF DQG WHRSREBDO®T8 GL RIQWGH 6 DDAGLXD

373 $ PRGXODWLRQ RI */5 WUDQVSRH®A DWQ G HHAO HG HFRLQ VKA

373 $ LV WKH ORQJHVW L¥&R HOMHIIRDGE MBK HLRORVHVW KRP|
WR /$5 LQ YHUWHBUBWLIHRXYV W KGHHRIDY@ VKRZQ D SUHV\QDSW
IRU 373 $ ZRUNNQG GLSAKLQ . DQG 1LGRJHQ LQ QHXURP>
GHYHORSPHQ@WHVH SUHYLRXV VWXGLHV LOOXVIVRODDRIHE7T D SUt
$ EDVHG RQ LWV FRORFDOL]DWLR@GZR/K\ ©1&DUWNQB B RYHD QI
*$%$& HOHJIORPRORJIXH 81& 2XU GDWD UHHN G WWKIRW RH C
373 $LQ $9% LV VXIILFLHQW WR UHVFREWHD/Q RS RIEW DG M Q
D SRVWV\QDSWLF IXQFWLRQ RI 373 D& GQW LR QU WIH-O/DHWIRIY L, R

LQGLFDWHG D QHXUR GHYHORSPHQWIDWKRPRD RRY BV 3/$ ¥ L5BI7G



LQ YHUWHEUDR/MIY VSHFELILFDOO\ LW ZDV REVHUPHBDWKDW
QHFHVVDU\ IRU D[RQ JXLGDQFH ZKHUHMRZHWKHK 3333 $$ZDIVVQ
LPSRUWDQW IRU UHJXODWLQJ V\QDS\DHQGREPD W ISRIGI VXY DS W |
PDUNHUV 2XU GDWD XVLQJ 6(3 */5 P&KHRZM W[SW VIVHEGH H
VRPH DQLPDOWXLVDIK @HK®H OHDGLQJ WR WKH ORVWRGERWK
GHIDVFLEXODWHG $9% SURFHVVHV LDPaQRW RKBDD® D«RPDYHW
RI 373 $ GLG QRW LQGXFH DQ\ GHDDMFLWX\ODW S RQ F GRHWD GILE \
YJLIXUH DQG )LINKNHWKHUPRUH V\QDSWLF */5 OHYHOV FR
DGXOW H[SUHVVLRQ RI 373 $ LQGLF RV IDQB R \§ X3V L$Y K DURE
WUDQVSRUW UHFUXLWPHQW DQGIVWHWHYWAWREY D@/ R W
YHUWHEUDWH VWXGLHV LQ ZKLFK DFMW RIXSW HRERDGQ W IORDQ/D/O, ||
GLG QRW DIIHFW GHYHORSPHQW RVRHLWK B D SMAVW.IDWRKN @RS S

RI PLFH

,Q FRQWUDVW WR D ODUJH ERG\ RIUBLWWGILSWIXU B RIRF XR
5373V ZKLFK LQFOXGH /$5 373 1 DQG 373Q G VMR RANHDWWH/E
QHXURQDO FXOWXUH VKRZ D SRVWV\QD S UF AHSWHR LR U HWH B:
SDUWLFXODUO\ *OX$ UHWHOQNLR®XGLHY VXJIHVWHG WKD\
SKRVSKDWDVH GRPDLQV ' ' DQG VEZKWIKUOLBIUQIQN\ ZWHR H QW B R
VIQDSWLF $03$5 UHFUXLWPHQW 7KH PHFKDQL®PVR\ ZKEBKD ¥ 5
UHWHQWLRQ RI $03$5V ZDV EDVHG VROHO\IRW /$5\ORKDO
GHSKRVSKRU\ODWLQJ SUR[LPDO SURWHKRRW BHBDWXIRQHQ JED Bl
UROH LQ $03$5 WUDQVSRUW 2XU GDWDQEWGREDWH VU BVTKKDL

SRVWV\QDSWLFDOO\ IRU QRUPDO */5 HOWDRY SRQMI PANG V\Q



DGGLWLRQ WZR VHWYV RI H[SHULPR®V XD H/RWP DA\LIQD R/ V8 K3
VSHFLILFDOO\ LPSRUWDQW IRU QRUPX O B3O HWBIDALW\EKR D WS U)HLR
6723 Rl DOO LVRIRUPV EHIRUH WKH '"QV GKEBVGRIWWDOVWH®R E
WUDQVWERUW 6HFRQG FHOO VSHFLILF H[SUHWOVLNRQGRIPW K@ V1 R/
373 $ UHVFXHG */5 WWDQVBRGWDVVRFLDWLO)YH PHPKRHQ

HISUHVVHG LQ DQLPDOV ZLWK D FRPSOHMON D RAKN JRHIVIN 3V KD W
WHUPLQDO H[WUDFHOOXODU GRPDLELRGI3@3 SID UQMYHWUDWW D WZ

$03%$5 WUDQVSRUW DQG V\QDSWLF GHOLYHU\

2QH SRVVLELOLW\ LV WKDW WKH [W\W PPHOYKGDA) SRR D/IH
6KHGGLQJ RI WKH HIWUDFHOOXOQU>3BRRPHQVRH G$5Q KRB Q BHHK L
FXOWXUH H[SHULPGH@MWWLRQDO H[SHULPHQWVY VKRZ WKDW 3.
SKRUERO HVWHU DQG FDOFLXP LR QR\SKHR b HWQHFGE D QWRO B K HGER
UHFHSWRU UHGLVWUL EXWURQI RQPFRD®WKH HFWRGRPDLQ RI /$!
WKH ILUVW ,J /LNH GRPDLQV RI /$5WDW EHBIQQE R B)XQREH QW K G
UROH DV D KRPRSKLOLF OLJOQMHRIQ/MBW I58A®\ LW LV SRVVLEOF
RI 373 $ FRXOG LQWHUDFEW ZLWK RUWHKEHHS WHRW W R L P H GEDHIW\MW B PX
LQWHUDFWV ZLWK WKH UHFHSWRU 2MKRWY LFHD O LD®K/HV & R @ UM
&$0V Rl WKH ,PPXQRJOREXOLQ VXSHUIDPL@HXXEGLDVQVE H®
QHXUH[LQV KDYH EHHQ IRXQG+RRHEMHBOBDNRHEH IRU VLIQDOLC
HFWRGRPDLQV IRU WK® WH PRXOQHFOXDHNY $OWRJIHWKEB UYLRRU V)
WUDQVSRUW R& *HOHIMAYHDO WKH H[FLWLQJ SRVVLELOLW\

PRGXODWLQJ OHYHOV RI $03$5 WUDQWRRIXWR\FD LRHFKDQQD P L



5HJXODWLRQ RI ORFDO V\QDSWLF5*68730HYHOV E\ 373 $ /
$V PHQWLRQHG DERYH D IHZ VWXG L H\YQKISWHL B FOFRXFFDHIQL WD
DQG UROH IRU /$5 5373V LQ UHJXODWLIKH ¥ 613 ¥ VWX HSW R X VJ H
WKDW /$5 5373 IXQFWLRQ DQG LQWHUDBWRR®@ LW K VORKBIO
UHFUXLWPHQW DQG UHWHQWLRQ RI $03$GR/ZDMKDOW BIYHY L¥
DFWLQJ DW WZR OHYHOV RI WKH $08% UMKRH SWR/W VRQMI IS H N WQ
SURPRWLQJ DQWHURJUDGH WUDQVSRUW RIV$IFFRGE BW GWDE RV
WKH UHJXODWLRQ RI $03$5 V\QDSWLF[8HWLHHHEOMRQ VEK R3Z7 3V K$D \
RI 373 $ QRW RQO\ OHDGV WR D GH® WHDE XKWL @ ONVWIRD DKS (
GHQGULWLF WUDQVSRUW G\QDPLFVWOHIGIREIVWR 5P L @KLKEH
KDYH SUHYLRXVO\ DVVRFLDWHG ZLWK G HFGHHDG/ HIBQ® DOLY\H B |
OHYHOV LQ GLVWINO V\QBPSNBUYV DFEXPXODWLRQ RI */5 |
VIQDSVHV LQGLFDWLYH RI D FKDQIHB L® ®/FV VGRIVM QERKVRIOR X
2XU KHDW VKRFN H[SHULPHQWYV IXUWKHR Q¥ RIIHAW VKD WXUIDS
WR UHVFXH WUDQVSRUW EXW)LIRWHV\GDSWRLFWKHRBE SWEH VH
FRUURERUDWH YHUWHEUDWH ILQGRDIVS$RUID $ORED O WEQRESWRF
,Q DGGLWLRQ ZHPXKRDWBEBWHWRIHB73 OHDGY WR D VSHFLILF |
VIQDSWLF 6(3 */5 VLJQDO LQGLFDRVLIWIBORZKINHG HPRP\W RV
OHDGV WR D SUHPDWXUH VWRS DW DXH GHRR/W L & HO & R/Y LIWL R/
OHDGV WR D FRPSOHWH ORVV RI DOGSBHY L BUSROWHLIQQYDIW. Y.
LV SRVVLEOH WKDW WUXQFDWHG 3UB Q\SRRUMHL® W R UWH QPIDSO/HH |
FRXOG EH LQGLVWLQJXLVKDEOH LQD/QKH. EREYHR XD/ M MWQAGA HAD |
ZHUH GLUHFWHG WR WKH & WHQ2KUQ®DWIH Y KRZ RNICDNE Q8 V

WUDQVSRUW RI */5 LV QRUPDO)LDXWU B GEH QWRWL.DVA F/8 W RX\WP E



DW V\QDHEMHV $ DQG 7%LV GLIIHUV VLIJQLILFDQWO\ IURP WU
OHYHOV RI */ RNLQ@W&H DOOHOHV ZKLFK RQO\ OHG WR ORVYV
$ % )XUWKHUPRUH FHOO VSHFLILF HOSYKRWERDWDI VW KGR & DN
373 LQPXKHDOOHOH ZDV VXIILFLHQW WR UHVFXH VI\QDSWLF
RI */5 7TKHVH GDWD DUH PRBNX FFROG\DIG/VWOHOMMRZE WKHUPLQDOO

IRUP RI 373 ZKLFK LV KRZ ZH KDYHQ QM{HVY SAWDXINHAG RXU GDW

)5$3 RI 6(3 */5 P&KHUU\ DQG 3KRW R FRHQYGWL LRQYRID*D 5
GHIHFW IRU VIQDSWLF VXUIDFH GHOL*Y 5l U\LRQQRX W\I@\8 W IDA B A \
373 $ RU GHOHWLQJ WKH SKRVSKDBWDWH IGRPYL FK HMHD G D W3
FRQVLVWHQW ZLWK D PRGHO LQ ZKLFK BWD Q®KRWS K DYMDIBWHH
PDLQWDLQ D FRQWLQJHQW RI */5 UHBHS$WRWYY BIFKVOH WHR G X
DQ LQGXFLEOH KHDW VKREN DSSURDFHK YIN{ UNRKHU 1RXIS SR VBV
PDLQWHQDQFH RI D FRQWLQJHQW RI| PWE DSRWLGFG* B5H P HIGH. \DRV
GLUHFW GHSKRVSKRU\ODWLRQ RI GRZ @WWHWHIFRV RWDW ZHW FKRE
WKH ' GRPDLQ RI 373 $ VLPLODU WRYHG® DI\ UK B W UBNHHEQU [R\E }
5373V *HQHWLF HYLGHQFH KDV EHHQ SUHMVHQWRHG RS UH
VIQDSWLF 6<' OLSULQ . ORFDOGLMWHRGO<'E\ [R73WRHJIDQV
KRPRORJXH RI OLSULQ . WKLV VSHONY$® R QWX B LFFRUIQ\OH UYQW H
7KXV LW FRXOG EH WKDW LQ PXWIHDNVY QQPANQPB YWALF %$/5D GH
GXH WR SRVWV\QDSWLF 6<' PLVORFHPOL]DWSEDQ ,Q IXGI® WH,EB
IRUP D FRPEXM| D FORVH KRPROR&XH GRH I QR EHHQ UHSR!
DW WKLV SRL®W] DOWBRXERX0OG SRWHQWLDOO\ EH 3'= FRQW

IRXQG SRVWV\Q&H SMQA K DMDQNW. @D\ SOD\ WKDOD®W DEBOGHWLRQ WR O



D UKR UDF JXDQLQH QXFOHRWLGHHRFRKDQ JIHQ WOHF WCRAUW QZDLRAF
GRPDLQ RI /$KE HOHJIJDRRRORJIJXH RI 7ULR BEXW8K&OV QRW EHF

UHSRUWHG WR LQWHUDFW ZLWK 373 VRQDBRVAIFI\DH X Q GADULFPV S

SRWHQWLDO VXEVWUDWHY RI 373  W&U RMLHIMD KIXAERKGRW S K |
KDYH EHHQ LGHQWLILHG 7KHVH LQFOXGHs. 0$BUN%)(5,30$3.
*6.$ &'. 0(7 DQG 3'*)5%,QWHUHVWLQJO\ SUHYLRXV VWXGLH
VIQDSWLF OHYHOV RI */5 [BGNORVAW R D VHGFWQ DQ PXB\E DWWR Q
WKLV VWXG\ VKRZHG WKDW &'. LQWBDBMWBGZLW K MJIKHO B/D)

OHYHOV E\ DFWLQJ RQ */5 HQGRF\WRNQ\GHSHQIGRIQW ROQE
&'.V DUH XVXDOO\ LQDFWLYDWHG E\ SHKRKSKBRROGDWRLRWY k
SKRVSKRU\ODWLRQ RI < DQG DFWLY®QWHRQ RE B:D.WHOQGHKQFRGE
XQNQRZQ HOQHJRQV TV DFWLRQ RQ WKH DFWLQ F\WRDNROBWR C
SURWHLQV KDV EHHQ LPSOLFDWHG LQ7GHQGUG®RRP B LMB\L ®H T3P
$ DUH KLJKO\ FRQVHUYHG ZLWK WKH '' 7&RPDL®RPBLQ$EQ:
YHUWHEUDWH /$5 KDV PDQ\ GRZQVWU QD P WK WV VL & F 8 R UK
WR FR LPPXQRSUHFLSLWDWH ZLWK */X$ OtGX$Q W\URYGE Q45
SKRVSKRU\ODWLRQ LV DVVRFLDWH® ¥$ W KE WK HL WQ WHHRDQL ML ¥
VKRZQ ZKHWKHU *OX$ DQG */5 FDQ HEH/$GHSAGR \$S KFOUNIOQ W H
WRJHWKHU 373 $ FRXOG EH DIIHFRQQWKORKXDR EGWHWHDWEWQ

VFEDIIROGY RU YLD SKRVSKRU\ODWLROOROXBLGRZBVWUHDP W

$OWKRXIK LQWHQVHO\ VWXGLHG LQOWWHR®DRW /$5 \HI73)
DFWLYDWLRQ LV QRW ZHOO XQGHUVYRFRXFRGE D R KKWH BHHIH P

HIWUDFHOOXODU GRPDLQV DFWLQJ DWQWWUVDQEGNUIRWOW UVQLIW \



ZKHWKHU /$5 5373V PHGLDWH WKHLU W IWHFHA UW K U RKR R DE.IQY/G
WKURXJK DFWLYLW\ RI WKH SKRVSKWMRQHKRZGBPWL@LWD |
SKRVSKDWDVH GRPDLQV LV UHJXODDWH® QU QRWOZXHRBG K QG Hl
WKDW GH FOXVWHULQJ RI /$5 5373VVE6 HIFWRERWVKRRIHSKRVIS®
VWUXFWXUDO VWXGLHV VXJJHVW W K DFR X\OLG KIV) KEICEX\WW BEKR @ $
DFWLYLW\ VLQFH ' GRPDLQV FDQ IRUPVW L QKW KK R PRBWHYMWE RR
LV SRVVLEOH WKDW FOHDYDJH RI /$DRKRWOG LOQHDBQ\E R. G FHE K B
' GRPDLQV ,Q WKLV FRQWH[W LKDWV3LQWRWHYNWQRQVR QER
LRQRSKRUHV OHDG WR LQWHRDHDYOHYD WISRDFRVLU/SBWLRQ OHDG)
FOHDYDJH DQG VKHGGLQJ Rl WKH HFWRGRBRRY HAK HRQHD VO I
LQWHUQDOL]DWLRQ ,Q WKLV FRQVLZRXDW LERD IDFKBJ WKIHRFEDI
VLGH DQG WKXV EH DEOH WR LQWHKREDSWRILQBVWOREY WOID WK \D
)LJ & LQFH LW LV NQRZQ WKDW V\QDSWLFFODARWVMLMWQ B.HI
DFWLYLW\QG O\WWRVRPDZLYWKLR®OHDVH Rl PHWDOORSURWHDV
VSHEFXODWH WKDW V\QDSWLF DFWLWKW \H{ WIKMF 96 0 BODR DQHEE
GRPDLQV RI 373 $ )V VKREW WKH YHU\ OHDVW WKLV SURYL:

PRGHO WR WHVW IRU IXWXUH VWXGLHV

$ PRGHO IRU FRRUGLQDWLRQ RIDBIWEF WDDQWHRDWFMHQ G \
%HIRUH ZH KDG WKH DELOLW\ WR WWW FINQ $0 B4R EBIG H\S\W B
WUDIILENLQJ VHYHUDO VLJQDOLQJ AHGKDIXQEWLR QQ & N/ G DRSO
DV DIIHEWLQJ $03$5 SWUDIILENLQJ  EHWDRN H RMXMHG PO RWK REAW \B
EHWZHHQ JOREDO HIIHFWV RQ WUDKQVBSNRIUQY BIQIG FO\RF DB\ \RRD

WUDQVSRUW )5%$3 DQG ISKRIMRPRGIYQIRY IDRE@H WR EHWWHU GH



WHPSRUDO HIIHFWV RI VLIJQDOLQJ D WKKQFDN Y RIXYG VA ¥ E RNV

SXW WKH SRVWV\QDSWLF HIIHFW RIIHFWLOU RDG®S WQ DV HUFM\V
VIQDSVHWHUH ZH VKRZ WKDW GRPDLQV RIIRHEHS$BEORYHVW

HOHJD®A3 $ KDYH GLIIHUHQWLDO HIIHFWWQ RQVWE DO WHRUML B
DELOLW\ WR GLVWLQJXLVK EHWZHHQHWHBP\GV SHRUME DG XOR L
SUHFLVHO\ VSHFLI\ KRZ VLJQDOLQJ SDWXKZ®L\VWARENX WLR F R
SRZHUIXO DSSURDFK LV QRZ EHLQJZRVHIGR WR § HIPWBHEQYD VR G ¥
WKDW $03$5V H[LVW LQ WXQDEOH LPPFRIQWVH \DWQIGQRR E L /K RMU

L@ HOHJDQV

IHYHUWKHOHVYV R2U HDGISMRBFHKOILDEOHG XV WR LGHQWLI\
373 $ ZLWK GLIIHUHQWLDO HIIHFMLW REXB/G | XWQB WILRONERIOG
HOHJDQW PRGHO IRU WKH GLVWU L EXQWAKLF R MO F5VHW R DU\ B
$ SURPRWHVY WUDQVSRUW WKURXJKH®WWH CLQWH U R WEGIAV IDRXQV |
ORFDO OLEHUDWLRQ RI WKH & WHUWPL\Q PRGIKR 8 RKNDW D WHK G R/P|
KDV JOREDO FHOOXODU HIIHFWV RQ *RSW KWW CROVB\R H K L 2 K\M \
HIITHFWV VHHPLQJ WR VSHDN WR ERWXQI HOR-PHHRE/\DIWRHE FK DX
7KH IDFW WKDW 3.& DFWLYDWLRQ KDWHBBHQJVRR IMK W R [ /i D
GRPDLQ RI /$5 DQG LQWHUQD O L]DIKLRR(S KD WADK/H L @ MHIDHDI\O &
FKHODWLRQ E\ LRQRSKRUHV OHDG\ WR72 @QWWKQ B WL VXKW GREQ G
VKRZV WKDW DGGLWLRQDO V\QDSWLF QMURODMKKUE B BBKQFGLE
VKHGGLQJ ZLWK LQWHUQDOL]DWLFSQ5BU3R Q DY H QDVOHQ Q\I IOLLY DRA

LOQWHUHVWLQJ EHFDXVH LW EULGJHV QK PRMR WWDDEMH J\DSRHEFL



UHJXODWLRQ SURYLGLQJ D XQLILHGDFSHFLKD © DDR WWFE LPD\L Q QY €

HIFLWDWRU\ VHW SRLQW

+RZ $03%$5 WUDQVSRUW DQG V\Q DBWILFQU HVQIBEQMHRRUD | | HF

$OWKRXJK LW LV QRZ FOHDU WK DW 0/88 B VODX\W E\H Q@ DINGH VX B
EH GLUHFWO\ DVVRFLDWHG ZLWK V\QDSWQHD SOQIDYW LFQ &
PHPRU\ WKH UROH Rl ORQJ GLVWDQFH WQDQQSRRKP RQ\E
KDV QRW EHHQ YHU\ ZHOO VWXGLHGR TKHN ARWKR 2J WAEKDDW D/R
GHSHQGHQW UHJXODWLRQ RI $03%$5 W U DBWSIRFU \S OIDW VQLHFLHWA
+RZHYHU ZH GR QRW DV \HW XQGH UV WOIMYA RWRZO WKH I UQH Q
PHPRU\ 2EYLRXVO\ PDQ\ VWXGLHV KDYHOFD®WLEDW\HG HIOPDZAN
EHKDYLRUDO OHDUQLEXWQAK PWPIRUXQFOHDU LV KRZ PXFK W
DQG UHPRYDO DUH QHFHVVDU\ RU VXIILLEIRWKXV +RU H B B WKIRY]
ERWK VKRUW DQG ORQJ WHU P & VH/RHF JEXPEIHHG PRI RPLR GLX® D W L
*/5 WUDQVSRUW DQG VI\QDSWLF UHRNWHPQWLRQ, \D\EGH\VEZRQS$ Z
VKRZ WKDW 373 $ LV QHFHVVDU\ SRVW\QQDSHULAF DYYR FR D W
PHPRU\ EXW QRW OHDUQLQJ ,WOWVORYW HRUMHBWV\WL® GWRVQOGRM
FRPSOHWH ORVV RI */5 UHFHSWRUV DGH ¥ UHDSAH V, E O\8 GLONL\|
PX DOOHOH ZKLFK GRHV QRW OHDG WR *REO\WWR Qv SRUMF
VIQDSWLF UHWHQWLRQ DOVR VKRZV GHQHWW YHMX I8 0$ D OHN\GH /
VXJIJHVW WKDW V\QDSWLF UHWHQWLS® RAG /A7 $ A V6NV EHQWLE
DOWKRXJK UHVWRULQJ H[SUHVVLRQ RiI GRP DL QVWENBLE DPQ
UHVEXHV WUDQVSRUW WRJa PRRQ&RQWRIRVIQDSWLF VXUIDFH

FRPSOHWHO\ UHVFXHV p/$0 DR®QTGHO7BONHQ WRIHWKHU WKHYV



VWURQJO\ VXIJIJHVW WKDW WUDQVSRUWNVLDQ® PREUW LIWA BVURF C
WKLV W\SH RI EHKDYLRUDO PHPRU\ ZIUMMRIOHSHRYKDWKHD Q WHU
HIWUDFHOOXODU GRPDLQ RI 373 $ $6WMRXBHOHYBIGRYQJO\
EHKDYLRUDO SDUDGLJP KDV EHHQ XQAHHU WIRWULHRYOH R 10 J P RGIN FLXR
IRU PHPRU\ &Q HHIRWWID@Q& KXPDQV 2YHUDOO RXU VWXG\ UHYHL
373 $ LVRIRUP RI 87HOHDOPRRRORJIJXH RI YHUWHEUDWH /$5 K
IXQFWLRQV LQ UHJXODWLQJ WKH FREWWLRIQQ BW HG3 MWD RWISWR IUR
EHKDYLRUDO DVVRFLDWLYH VKRUW DQWHORDO \WHWHPZ PIKB)R WAL
373 /$5 LQ UHJXODWLQJ $03%$5 WUD QWISROWS RQW WK B WXFALIBC

DQG ORQJ WHUP DVVRFLDWLYH PHPRU\

ODWHULDOV DQG OHWKRGYV

& HOHFX@WXUH DQG VWUDLQV

& HOHJMNWYDLQV ZHUH NHSW RQ FRODQ®LUE@3IWKEW 2& 'RX
DQG WULSOH PXWDQWV ZHUH JHQHULKRIE® E)\RVWD @&DWGRJIH
JHQRW\SLQJ SULPHUV HQ]\PHV DQG SKHRG&WASE VFVWN UTOLEOH
FUHDWHG E\ PLFURL® QHFWIZRQPRIZLWK SODVPLGY FRQWDLQL
UHVFXH RU PLFURLQMHFWLIRIDRISS &0 VHOERHE QHVVLQJ 'V5HG

WKH QXFOHXV RI IRXU HSLWKEKXOODLOHFUBRBRNG WKH WDLO WR

& HOHMWQNMQVIHQHV

DN,V ULJ S 6(3 */5 P&KHUU\ DN,V ULUDS&V¥S$([JOU  'HC
373 S 373 $ +3%$ FVI(] I0OS S 373 $ 1088 &YV 173 $ +$
&VI(] I0OS S 373 $ IWHUP +$ FVI([ $ &WHUPS+$73

FVI([ +VS S 373 $ +$



7DE
*HC | $0OC 0XWD YXQFWLRQDC
J N\ 3UHPDWX 7JUXQFDWHG XQIXQ
SWS RN SUHPDWXUH VWRS /RVV RI 373 $
S\ P X 3UHPDW X /JRVV RI ,VRIRUI
S\ P X 3UHPDW X JRVV RI SKRVSKDWDVH
OLQ Q | WOPHVKLIW PXWDWLRQ 3URWHLQ QXOO

30DVPLGY DQG FORQLQJ

$00 JHQHUDWHG SODVPLGV ZHUH PDGRIQEQW RHWRRG UDBODVRP
ZHUH FUHDWHG E\ 3&5 OLQHDUL]DWLRQ® GRWGLYMNE VWA KXDUF H
FRPSOLPHQWDU\ RYHUKDQJV FUHDWHG BVWKH I3 &EHYLQA PG L} T

7DNDUDTV ,Q )XVLRQ SULPHU GHVLJQ WRRO

7TKEBWS S 3730®VPLG ZDV JHQHURXVO\ GRQDWHG EH'U %U
7DUDND %LRYTV ,Q )XVLRQ 3&5 SULPHU DWMRRDD S\SKHS 3'RU VBKIHR R
VSHFLILF )/3

SURPRWHU 7KLV SODVRHUDWHWBKKSE Q3 KI/HG \

$B1IWHNHAHSLQJ DPLQR DFLGV DQG GHOXWIRXY SUKH HUHW
OHDGLQJ WR D VHFUHWLRQ VHT>XGRPHDH QR/OBDQRE MK HQ D JI6 728 H $
VWUDWHI\ ZDVIX¥YHG IRWB $BERWHUKRLFK ,Q )XVLRQ SULPHUYV
LQUHVXOWY OHG WR WKH UHWHQW I DRQWUHWEKRQRIDFLGD 7KH
UHSODFHPHQW VWUDWHJ\ XVLQJ ,Q )XVISRQSDV ANDKH XK@l GRil

VZDSSLQIJKVSWISHRPRWHU IRU LQGXFLEOH KHDW VKRFN

&RQIRFDO ,PDJLQJ
,PDJLQJ ZDV FRQGXFWHG RQ D VSLQQLQJ OGLFSMXWVRQIRFDO
HTXLSSHG ZLWK

DQG QP HIFLWDWVRQ @RRHUYHWBQGRMDJ

ZHUH FDSWXUHG XVLQJ DQ $QGRU L;RRIJEOMLWXK HAL &' FDPH WU



[ RLO REMHFWLYH 20\PSXV 'HYRMHMNO X HRIW LFAROIW UDRFOTOXH

XVLQJ OHWDORUSK OROHFXODU "HYLFHV

7UDQVSRUW SPMILEODILQJ ZDV SHUIRUPHG RQ ZRUPWWFRQWDL
LQ JOU NQXOEDFNJURXQG :RUPV ZHUH PRXQWHG RQ B—O DJD
RI D PLIWXUH RI SRO\WW\UHQH EHDGV 3RREWIFGH §BDKMAD OIRQ
—0 OXVFLPRO FDWDORJ 03 %LRPHGLF DDR/UP 8VZIQUHD
SRVLWLRQHG VXFK WKDW WKH $9% QHSUWR® DDWDRZHDRU WHC
YLVXDOL]DWLRQ 7KURXJK WKH ; REMOIRMIWHG WR/H QUHW KR C
H[FLWDWLRQ ODVHU WKHQ D FURVVRUHRWEB® QEOXWKWMHSUZ
SKRWREOHDFKHG XVLQJ D QP & RK&RIMKHUM @ W OMLREOV. & DAMH
*HQHVLV 0; 070 VHW WR : RXWSXW \WRGJB VBXO \XV MQLP B BR
,, GLJLWDO PLUURU GHYLFH $QGRU ORIVDLF UD PHWHWU 8 B R WD
FROOHFWHG DW PV H[SRVXUH SHU |UIRH @DWKUWIHD V IQP
SODQH .\PRJUDSKV ZHUH JHQHUDWH ® HEW IVKRU S R RZLUDIS © W RR

OLQH ZLGWK DV GHVFULEHG LQ

)5$3 :RUPV FRQWDLQLQJ DN,V ZHUH PRXDWHG/BRUWMHYPDIEE
VHFWLRQ $ SUR[LPDO UHJLRQ RI $BBWDRQV RG LHOWD O GRI  HKGHH
XVHG DV WKH LPDJLQJ UHJLRQ DQG ZDVDVUBYSRYKWILRD 0PI
IXQFWLRQ $Q LPDJH VWDFN ZDV DFTXLQHFAG MLVDIWLRE O MPH

PV H[SRVXUH WRWDO LPDJHV HYREBHORXPVMRWD \RLDBER Y H-
QHXURQ $URXQG XP WR WKH OHYW D\ G KIRW R ORIDWK HGS ¥ R
VDPH SDUDPHWHUV GHVFULEHG HDU®HPR U\ ORDION L RQL QUKW |

SURFHVV ORFDWLRQ ZDV SKRWREOHDPKHG BRQWKWERMIKLIR FH.G



ObDVHUV ,PDJLQJ ZDV UHSHDWHG DW WHV WLPH SRQQGWYVP

SKRWREOHDFK

3KRWRFRQYHOOLRKRWRFRQYHUVLRQ ZDV SHUIRUPNG/RQ ZRUP
*/5 'HQGUD DUUD\ LQ */5 QXO0O .\ \QDBAMILBXQEWD ZH
FRQYHUWHG XVLQJ DQ 52, VHOHFWLRQPWRIR®RM D P \Q S XODWH R
P: /'& 3RZHU 7THFKQRORJLHV ,QF LQBPIKR\WRARID YIHROOLAR?
LPDJHV ZHUH WDNHQ XVLQJ ERWK  KWPVDWMED UWH[G LW D-WR EQ @
ILQLVKLQJ —P DERYH WKH SURFHV\ZDW UH BM DLVQM/GH DYWD WV P |
DQG PLQXWHVY SRVW FRQYHUVHRWPR 8URRXWVLED JLE)

ZDV SHUIRUPHG EXW DIWHU SLFWXUHVY 3KB W RFRNHG LY PRG LE
DUH WDNHQ RIl WKH PLFURVFRSH :RBP\G ZHUG GHWH Q RV HDQQ
SODWH ZLWK IRRG IRU KRXUV 2QAHP W KZH WH. BB XPHEG SBIVF/N G (

FRYHUVOLS DQG WKH SKRWRFRQYHUWHG V\QDSVHV ZHUH LPD

6KRUW WHUP DQG ORQJ WHUP DVVRFLDWLYH ROIDFWRU\ |
$VVD\V ZHUH FRQGXFWHG DV GHMWREUBLEH G GLUPHONVR2HMH VIQFKUR
WKH HJJ SUHSDUDWLRQ PHOV\KRFRQGLWLRQV WKH FKHHPRWD[LV
WUHDWPHQW ZDV WHVWHG WKH IROORRZAQAMEBHLGDLQ WKHZRHQWI|

FP FKHPRWD[LV SODWHV3&7;+32P6S+ @ PO &DPOO

0J62 DJDU ZLWK —O RI 6RGLXP $]LGUHFHW\QG HLWEHW?2+
(W2+ DORQH RQ HDFK VLGH RI WKIRBP DWHP SHWHW X U P LZQ WK F
DQLPDOV LPPRELOL]JHG DW WKH 'LEOXFWMWLGH IRV WKH VWR W
FRXQWHG 7KH &KHPRWD[LV LQGH[ ZzDV FODORXPDWWHG DV$IRIEO

$QLPDOV (W2+ 7TRWDO QXPEHU RI DQUPDQRW VDGHVFULEHC



&RXQWLQJ Rl DQLPDOV RQ WKH RB DWE RV B\H G RIQH FEKCH.RORANVY R
ZDV FRQGXFWHG LQ WULSOLFDWH IRU RIQG KWIHRQR B (831 WDHSEH |
PLQLPXP RI WLPHV 'DWD IURP DOO FKRPRBWW LIRQ DD/Y® \YH IRR
ZHUH FRPELQHG WR JHQHUDWH WKH DFRQOG 1MW &R B H)R U HJ ROV \

ZRUPV ZHUH FRQGLWLRQHG IRU RRKYVHQMKRXW—I® FGG DR}
WKH WRS Rl WKH OLG RI D FP &KHS&OHMWWK HIQ WAHDOWH BHIURP K/C
FRQG RU OHIW IRU KRXU RQ 1*RDL&VE®3 K POIG RWHNVWRIG /17 $C
WKH KRXU FRQGLWLRQLQJ ZDV UHWHDWBG [ZQWEK \IZH BPQ QPR/Q
VHVVLRQV ZKHUH ZRUPV ZHUH DEOH WR $IRDHU RNX 5 OLHERY
FRQGLWLRQLQJ ZRUPV ZHUH HLWKHW DLRRHRBWU DSAXKMO R @ HYW SIE

ZLWK 23 IRU KRXUV EHIRUH /7$0 ADV WHVWHG K PHPR

,PDJH DQDO\VLV
7TUDQVSRUDMQVSRUW HYHQW TXDQWLILFDWLWRHZDNVQRMU BRHU P
PDQXDOO\ FRXQWHG 7UDQVSRUW YHIORG LEKLRD QZHWDHO \E /1L
WUDQVSRUW HYHQWY DQG VXEVHTXHRSD ODHWO \PHDG HXxVEQ X

1IHXPDQQ HW DO

)5$3 ,PDJH VWDFNV IURP DOO WLPH SRLQW\SURMH FARIQRGINJ WY
OHWDORUSKTV VWDFN DULWKPHWLF IXQFWRLEAQ WLYRHHIDRIIHQ DK
DQDO\]HG XVLQJ WKH UHJLRQ PHDVXBHRXQW MRRO RW LPDDJHD
IOXRUHVFHQFH RI WLPH SRVW S KRWHRERHDHAK RW KVH. AoHYS-RULII

VXEWUDFWHG IURP HDFK WLPHSRLQWYYVY DYHUDJH IOXRUHVFH:

'"HQGUMPDJH VWDFNV IURP DOO WLPHSRLQWVHEWURQNRQY HQY

OHWDORUSKTV VWDFN DULWKPHWLF WRRO IDXXRURKNEGQQHUBWAL



TXDQWLILHG XVLQJ ,PDJH-fV UHJLR Q LRH.EVXW K A HEX) FYRIR O7 E

DUHD PHDVXUHPHQW ZDV XVHG IRU POOHWLPHSRLQWY RI WKH

6WDWLVWLFDO $QDO\VHYV
)RU DOO DQDO\WHV ZLWK OHVV RQ SDXDE® MRUWK 0 B BNHMX\S Q H
ZDV XVHG )RU DOO PLFURVFERS\ GDWDJDRYSVVH[\F S W K 55 UDHC
'HQGUD SKRWRFRQYHUVLRQ DQG GOQWWN GLQKUNTRXDH 2YDD UL
ZLWK 'XQQHWWTV PXOWLSOH WHVWLMHWHBRUQHFWLRXQ |IZPNQF
GHWHUPLQH LI WKH )5%$3 UHFRYHU\ FXUYH UBDIPR Y DI® GAHU H |
VLIQLILFDQWO\ GLIIHUHQW EHWZHHQ JHAHRWISESSDLMEBP WR
H[SRQHQWLDO ILWV Rl WKH GDWD ZHUMHWXWHI® P PR DORINI\
DVVRFLDWLYH PHPRU\ 67$0 DQG /7$0 D ZDFRBURHFWILRR 'R

PXOWLSOH WHVWLQJ ZDV XVHG $O0OWPWIHVUIMMWWDFY ZHUH GRQ!

$XWKRU &RQWULEXWLRQV

3LHUFH '5 DQG +RHUQGOL )- FRQFHLYH®G HQQNV GH ¥ HEWH & HIXDC
DVVRFLDWLYH OHDUQLQJ H[SHULPHQ®® HRSHWK A HFOWX \DFUG S\
GDWD IRU WKH PDQXVFULSW H[FHSVEHRD YLIRW D¥VNVR\E L\DKARFMNH \C
UHVFXH RI ®%\8 $ZDV SHUIRUPHG DQG DQDO\]HG E\ =/JDQG .. !
DQG FUHDWLRQ RI WUDQVJHQLF VWUDL® \UZRPV'RR 8 G X6 WS HE\
$ GHVLJQHG UHFRUGHG DQG DQDWVRFRL DMK H5 WD UIRIUQ D ¢
H[SHULPHQWYV +RHUQGOL )- ZURWH WHWFHAD® X VEWUH B W5/ EVDH\
/HQQLQJHU = JDYH IHHGEDFN DQG IBQVIDAK HRD R KK POQIX \&A UK.

WKH )LIXUH PRGHO LQ )LJXUH &



&+$37(5 7KH UROH RI 6<' LQ SRVWVRQUMSWQE $ODIESWUB QV ¢
SODVWLFLW\

6XPPDU\

&RRUGLQDWHG HIIRUWV IURP VIQWERGLWR IGHG § ¥W¥ DWR W\
UHFHSWRUV DW V\QDSVHV DUH FULWLF DR SVU R FNVRMM DQ \PRLL
+RZHYHU WKLV SRVHV D FKDOOHQJH WW K HU B Q R FHMYFHY QK
EH ZRUNLQJ FRUUHFWO\ RU HOVH LW GF\DRL DWIDREQ WK LGFHKF BB \F!
FRIQLWLYH GHIHFWV DQG LPSDLUPHQ®NDISW &ZHDVIQRD WEQRW F
ORVV RI WKH SKRVSKDWDVH 373 $ FDXWHFHSWREWYV *U® JC
WUDQVSRUW GHOLYH&\HD®GDKMWRRBDQQ Q IDPLO\ RI SURWHL
WR LQWHUDFW ZLWK /$5 5373V LQ YWWK\WREAGUDRVENM EKHWHFDOHL
ORFDOL]DWLRQ RI /$5 DV ZHOO D\QF U+ RZFDIOUL VKIS WWDGIL
QRW GHWHUPLQHG LI WKH HIIHFWV DAHHH @ LRUH BWIH5 GXHBDWR F®
EHFDXVH RI PLVORFDOL]®WQQVBROUS 5K FKRIORIXH RI OLSULQ
NQRZQ WR PRGXODWH SUHV\QDSWLF DRWLHUHDFRQIR B & LEDHWHAHD}

DQG 373 $ DUH QRW ZH& OH)XOH@DEBVWRRGVLYRVVLEOH UROH L.
WUDQVSRUW KDV QRW EHHQ LG HQMMLHVH® WLKH & QWDKK R
XQSXEOLVKHG DQG LV ZRUN WKDW , WIDYWXSH VR RHK® \B BRQ H
373 $ DUH LQ WKH VDPH JHQHWLF $DWWIMD\QW ERWW R G O KH

PD\ KDYH DGGLWLRQDO HIIHFWV RQ VI\QDSWLF */5

,OQWURGXFWLRQ
‘KHQ ZH ILUVW GLVFRYHUHG WKDW 378D SWAEXUE EMN RP IX
UHWHQWLRQ DQG WUDQVSRUW SRLQSWRWMLBZO L N\HQ WX LDVQ KLLF

WLIJKW UHJXODWLRQ 9HUWHEUDWH WOH W IHUHDWLORPBIKD E B VN & JR D\



DFWLYLW\ GHSHQGHQW GHJUDGDWLRXQY/ REMH SRUFHEBDXDO.U, @
RI /$5 ,QGHHG ZKHQ D QRQ GHJUDGDBOHMRHB RQ MUIBULRQVL
LV OLWWOH /$5 SUHVHQW DW VSURGDPWLAGLEDWLRJLWKDIW &K
/$5 WR VSLQIHKLV LGHD LV VRPHZKDW FRQIRXQG HGKHE\ \LDPRIW k
SDSHWZKHUH RYHUH[SUHVVLRQ RI OLSULQ .LIQF BKHBWMH®R @ R URDXF
H[SUHVVLRQ DQG FOXVWHULQJ RI /$5 WHKILD/F\WRRQ GR E HH [ R KHD(
H[SUHVVLRQ LQ QRQ QHXURQDO FHIOWWYHRDXOHWRZBSYHQ .D/QR \
RI OLSULQ . VXJJHVWYV LW FDQ EKQGHW/ 5 5/ LIW WIXAH @ IO
DQG LQKLELW LWV SKRVSKDWDVH IXQFWRRWY ELSOXQW HUL QJ
FRORFDOL]H ZLWK 36' DQG *OX$UHWWHIT ERWAHQGLUNL WY FHYS L

FRXOG KDYH DGGLWLRQDO UROH\ IDXWDWRE MXRVAM EHHU QS
RQ WKH LQWHUDFWLRQ EHWZHHQ GRS U R H DIV I Q X VG IARMWH
UHYHDOHG WKDW ZKHQ WKLV ELQGL3%F ZWDNVULE KWILELWHEY &Ly
DQG WKLV FRXOG EH LQGXFHG E\ IXQW ®RMDMIL R Q RKKE U15Q3.
GLIILFXOW\ LQ DVVHVVLQJ WKLV UHIAX\O WI L¥5W K DWW R B\ GGRKI
ZDV FKDQJHG LQ WKHVH PXWDQWYV @&IFQFRX$5,3 WR WEKRZBOH® RU
VXUIDFH LW LV OLNHO\ WKDW *5FRPB Q HILMGGWKHDOILSUIL\Y W RS
DV ZHOO 7KHUHIRUH LW LV VXJJHWRHG WKDW R D$ULQF\WD
$03$5 ORFDOL]DWLRQ ZKLFK PD\ EH GHBHQBH Q6 RRUWILYGWS
GLIILFXOWLY R MPRXGWUWHEUDWHY VLQFH LW LV7E&RW KIVIKQI\ H
WKH UHODW L& HIOHRIRG\WVE ZKLFK KDV RQH VROH KRPRORJXH
H[SDQG RQ WKLV NQRZOHGJH WR EHWWHU. X$5G HQW\N D Q BWK |

LQYROYHG LQ $0335QWULYIRLFNLQJ



7K. HOHYR@W OLSULQ . KRPRORJXH 6<' SIUWPDLMSOW INQ |
UROH LQ DFWLYH ]JRQH IRUPDWLRQ DXUGRWRDQNPWWORRADBORT
YHVLFOH¥XH SRVWV\QDSWLF LOQWHUDFWLRQ\VENQYNBRRQELIR $ [
HOHJO®W RQO\ WKDW EXW D UROH IRU %\QD 3L 50 RADOIYD S\
DOVR FXUUHQW®\ KONPREBQL ¥ KH HYROXWLRQDU\ FRQVHUYDYV
WZR SURWHLQV D QX DSWKDW VL MURPDXVLEOH WKDW 6<' FRX(

373 $ DFWLYLW\ DQG EH LPSRUWD Q@YW HOBFEMDWRU\ V\QDSYV

ODLQ ILQGLQJV
/IRVV Rl 6<' FDXVHV GHFUHDVHG V\QDSWLF */5

'H VKRZH@KIDBWHWKH LPSRUWDQFH WKDW 373 $ KDV RQ

H[SUHVVLRQ RI */5 ZKLFK LV ODUJHO\R®DH QN RHWK\IS FS\W RN B K]

WKDW WKLV SKHQRW\SH UHOLHV RQVBI3 6% @FH GX'DW. D VIR WV

UHJXODWRU RI 373 $ ORFDOL]DWWRQW MAKW VL RQ B X UIDVO O'Q OX-X

UHJXODWRU RI VIQDSWLF */5
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JLIXUH /IRVV RI 6<' OHDGV WR LGH¥ B HDYXFEE HQUQDBRWUPY H[SUHVYV

6(3 P&KHUU\ */5 JOQ WKWQRFNRXW EDFNJURXQG :LOG W\SH :7 ZRUF
JOU NVH[SUHVVLQJ 6(3 P&KHUU\ */5 ZLWRKQWE R RXQURKHY IPRPONBW R

6(3 */5 DQG P&KHUU% *D®G BXDQWLILFDWLRQ RI % P&KHUP\ IOXRUHYV
6(3 IOXRUHVFHQFH QRUPDOL]HG RW\R FRQWRMRO Q:7 RN RN
Q S S s $00 VWDWLVWLFV XVHG DQ RUGLQ
$129% ZLWK 'XQQHWWYTV PXOWLSOHRWMNVEDLLOW FREUHFMQWRQWO0 DQG DOO
UHSUHVH

7R WHVW WKLV RAH DVHG WK1 6<' ZKLFK FDXVHV D SU}
DQG LV FRQVLGHUHG IRGFWRIREX'QXPMXVHY UHGXFHG DPRXQV
*/5 P&KHUU\ FKDQQHO DQG UHGXFHG VXU IDFH WKHUSWVR LLFP®
SRUWLRQ)RJ $9$8RXEOH PXWDNWMBN ZHUH JHQHUDWHG DQG
VLIQLILFDQWO\ UHGXFHG P&KHUU\ DQGLO@UI OVRR URKNF M RE HO W
PXWDQWRN 7KHQJOH PXWDQW KDV VLJQLILFDQW®RUKNMKHYF P& K

WKDQ ERWK RN HDWOL® ERKEOHRNPXWDQWY 7KHVH UHVXOWV V



373 $ DQG 6<' PD\ DFW LQ WKH VDSBEWKZOMHWALR VYHIKXDO MWH] V

*15 EXW WKDW 6<' PD\ DOVR KDYH WGGLWLRQDO V\QDSWLF

/IRVV Rl 6<' LQFUHDVHV $03%$5 WUDQVSRUW
7KH ILQGLQJ WKDW ORVV RI 6<' GHFXMDWVR W WWND SWUIDH 11
VWHSV WKDW SUHFHGH V\QDSWLF ORFRQL]|®GMNWVRMQRH *¥63$5
WUDQVSRUW I WKH GHFUHDVHG V\QBHSRHEVHUY L BIKHWY RWREB O

LQ 373 $ PXWDQWVYV WKHQ WKLV FRXOGVEHUWGXVHG WQ DSD

2.0 |—*’*_**‘

1.5

1.0 ns

KKK

ok244;0k217 0.5

Transport Events (norm.)

0.0

)LIXUH /RVV RI 6<' OHDGV WR LQFUHDVHG */5% RWUDQVSRUW
UHSUHVHQWDWLYH N\PRJUD S K& TINREWHD ERKDMW RS RIQ@RWDO WUDQVS
QRUPDOL]JHG7W® :7RN Q RN Q RN RN Q S
S S QV QRWO/Q MWDVWFDWOMLFYV XVHG|DQ RUGLQDU\
$129% ZLWK 'XQQHWWYV PXOWLSOHWWEBWY QIHERHYHBWLRQ@V DQ@E RDO
VFDOH EDUV UHSUHVHQW —P

BXUSULVLQJO\ ORVV Rl 6<' FDXVHV DQ$DIBIBRWWDQVERBW
FRPSDUHG WR)ZUOG %W\3WHUHVWLQJO\ WKHUH LV QRQVWDWLYV
RN RNDQG ZLOG W\SH 7KLV LQWHUPHG/LD®W HI I[SFKIHGVR O\ SHL | 11

I[URRN LV WUHQGLQJ WRZDUGV D GRIN UMDY HOBVPYXMH@ WY WK



FRXOG EH GXH WR WKH OLPLWHG QXPHMU QR)ILIIRPR X HVGD O\]F
UHVXOWYV VXJIJHVW WKDW 373 $ DQG 6<'JHRBI\WQR W EW KLZQ \\W¥

UHJXODWHYV */5 WUDQVSRUW

6<' LV UHTXLUHG IRU VIQDSWLN VWDELOL]DWLR

7KH GLIILFXOW\ RI LPDJLQJ V\QDSWHRHDW DVKDQYJOW KRI
LQIRUPDWLRQ IRU WKDW SDUWLF XI® DMK B R/PW® WUIHQ LW LAPHHV \V, W /
VIQDSVH GXH WR OHVV EHLQJ GHOLYHDKIG KRD V@D SVKRW & R i
WHOO \RX 7R DGGUHVV WKLV ERWE GEBHGNUW R GG DHMDFOY P
DFTXLUH D FRPSUHKHQVLYH SLFWXUH 6IMXAH ZAHRAEQIDBEWHE O]
LP\G OXKWDQWVY EXW LQFUHDVHG */5 WUDQVERUW LQ WKFE
ZH K\SRWKHVL]HG WKDW WKH GHFUHDMHGXM\QMRS N QF LQBE UHMD
UHPRYDO RI */5 &KDBIWWBHKHQYH WKH */5 'HQGUD UHPRYDO t
LV RYHU D PLQXWH WULDO WRMH RULKRADONSURWRFRID FRRX
UHTXLUHV DQLPDOV WR EH UHPRYHG |URRDW KIHQ BLRHIHRG/ FRB H (
EHIRUH LPDJLRLU DIJEWUQHIO\ RXWOLQHV WKH 'HQGUD SURWRE
DUH SKRWRFRQYHUWHG E\ 89 OLJKW WKHRPRWKH FRH | WIKE
PLFURVFRSH DQG OHIW RQ D QR U P [ OWVIHW GUKLN SDIDPIAH \WRUWH VKO
DUH LPDJHG IRU UHWHQWLRQ RI WKHVSKRMRARQYBQWHG Ut
TXDQWLILBGWHKH DPRXQW Rl SKRWRFRQYHUWH\GKHHRADOERH V
DIWHU KRXUV LQ ZLOG W\SH LV REK HDQHD G RBAEDKRWKH VLQJ:

PXWDQWYV H[KLELW DOPRVW UHWHQWLRQ DIWHU KRXUV
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JLIXUH ,QFUHDVHG UHPRYDO RVY\G\QDSWLF */5 LQ
PXWDQWY &DUWRRQ LOOXVWUDWLRQ RI WKH GHQGUD
SKRWRFRQYHUVLR® &RORR/MRFROLPDJHV| RI */5
'"HQGUD LQ WKH SUR[LPDO UHJLRIQ RI $9% EHIRUH 89
SKRWRFRQYHUVLRQ GLUHFWO\ DI&HKU&9 SKRWRFRQYHUVLR
SRVW SKRWRFRG@XBQWIRDFDWLRQ RI WKH UHG IOXRUHVFHQFFL
KUV SRVW SKRWRBRQYVDHQWIGRQY FDOFXODWHG E\
IOXRUHVFHQFH RI )OXRUHVFHQFH I UKUV %HIRUH +
SKRWRFRQYHUVLRQ 7 RQ QSXQBW@KFWD
RN RN Q SXQFWD S $00 VWDWLVWLFV XVHG DQ
RUGLQDU\ RQH zZD\ $129% ZLWK 'XQQBpwWWITV PXOWLSOH W]
FRUUHFWLRQV (UURUV EDUV UHSUHVHIQW 6(0

7DNHQ WRIJHWKHU WKHVH UHVXOWV)OHDW WRKIWWUWIEB NHE
6<' PRVW OLNHO\ DFW LQ WKH VDPHWR QHWX 6 DM HQ*D ® L QA (B
OHYHOV 6HFRQG WKDW DOWKRXJK *U% DWHNQ@DISQV ER WK YoHKO V [
373 $ ORVV RI IXQFWLRQ PXWDQWG@HGRWD\RH B D G\RIRW YRR\
GRHV ORVV RI 373 $ 7KLUG ORVV RI ®SWICFHD 6V YWRWORH HD X
RI LPSDLUHG WUDQVSRUW EXW EHFDHQMWLRQ L BSOS WRUIHHGY K/NQ |
UHVXOWY VXJJHVW D SRVVLEOH PRGHO WRHWKHE6¥\Q DRHAD O L |H

$ LV XQDEOH WR EH WUDIILFNHG WHR ROF WQ YWHYX@DIWIHYI GW!



UHPRYDO RI */5 ZRXOG QRW RFFXU V&L FRBXMWDRDRDW +R ZWHF HQ
ZH NQRZ WKH 1 WHUPLQDO GRPDLQRDQ®¥3S R KD (5 UV XEOXD\WLHY (
RI LW EHLQJ DW V\QDSVHV 7KHUHIWUMKH IF3H/GO $£ RG \U H. W DRLRMK

EH DFWLYDWLQJ */5 WUDQVSRUW LQGHSHQGHQW RI 6<'

'LVEFXVVLRQ DQG IXWXUH GLUHFWLRQV

,Q FRQFOXVLRQ WKHVH SUHOLPLQDU\ UMY XLOPV8 R UWKDI Q M\A
UHJXODWRU RI VIQDSWLF */5 7KH GDW\K , DK DRNHQ ER®VQ R BWRI
6<' PD\ LQWHUDFW ZLWK 373 $ WR UBIQEBOMMW FHEH/DQ VW BBRV S

VWHS WRZDUGYV XQGHUVWDQGLQJ WBEHVWRLAFH VR 6<' LQ V\QDS:E

VIG ®PAXWDQWYV KDYH UHGXFHG VI\QDSWLF H5WRZKQFK HIVVE G
*I5 UHPRYD®RQH RI WKH NH\ IXQFWLRQV RI]6<37 3L VSWWRKHRQ Ut
LG OKWDQWYV 373 $ ZRXOG OLNHO\ QRW (E & IDIWK VHQRXW H
WKH FHOO ERG\ 7KLV ZRXOG UHVXOMDQQ\VOGBEBYBIMNNKDW S
PXWDQWYV ZKLFK LV ZKDW ZHRRREWHWY MWK H VLIQLILFDQW GHFU]
*I5 LQQ\G PXWDQWV FRBSIBUHBNWRVDQWY VXIJIHVWY WKDW 6¢<
SRVVHVV DGGLWLRQDO UROHV IRU UHIKP YWO® O \VEMDL YW IOF 37 -

FKDSHURQH

‘H KDYH LGHQWLILHG WKDW WKH SKRWSKIVKB VWD GR FERRD
FRQWUROOLQJ UHWHQWLRQ RI VIQDRWBFKF3/% ORIFBOL]DW LFR®
V\G PXWDQWYV VKRXOG KDYH GHFUHDVHG VHQWAHHQBMA3R G RV V)
DEVHQW IURP WKH V\QDSVH ZKLFKLUV ZKWOW ZUHH WREQW UYWH BRIQQ
WR ZKDW LV REVHUYHG LQ YHUBWH DXDIMWANW DO L\SYL@QVNUHJIXO

VI\QDSWLF WDUJHWLQ3RZH¥ B$5WKH UHVHDUFKHUV GR QRW G



UHJXODWHY WKH GHOLYHU\ RU UHPRY D RHRIHURIFEH SW R H\GWRUV
VIQDSWLF $03$5 H[SUHVVLRQ WKH\ REVHUYEHLGXGILSWR. @Q |
LQFUHDVHG UHPRYDO RI $03$5V ,W LW D OX®RGOPHQEDE @K DA

L& HOHFR®WVYDUHG WR YHUWHEUDWHY VLQFH

&DYHDWV DOWHUQDWLYH LQWHUS U RNV DMMCLIRIHY D D \D)XGP BWWMDRUH R
LQWHUSUHWDWLRQ RI WKHVH UHVXGWALRNOW KDMR6KR Z BLLEEV
WR /$5 +RZHYHU LW FRXOG EH WHKDWZEWK BTRH\S OR\G L g VDHFL
DQ LQGHSHQGHQW SDWKZD\ Rl 373 & WSR WWM JX@® WHJ [ DIZFN MQL
LI 6<' KDV DQ LQWHUDFWLRQ ZLWK 3WBR® [FRVIDRF X\DKRBXUMC
SHUIRUPHG +RZHYHU VLQFH SURW H L QMWKIRX W RGILRJADEQVRCS UEHR
HDFK RWKHU SUHGLFWHG ELQGLQJIKRXWIBVERI BXW DR/® G N8 R $W
LQWHUIHUHV ZLWK FR LPPXQRSUHRLS LAKDIWLKRIQY &< R WKHI 32703
DVVRFLOQWHYRVR WHVW WKHLU FR ORFDOL]DWLRQRXVA7I@I 10 XF
$ RU ERWK OLVORFDOL]MWAR®XWBFHNV$ZIRXOG LQGLFDWH W
OLSULQ . DQG /$5 5373V LQ YHUWHEUDWH\SWl<F O RV DQOHH B VALE
373 $ :KDW LI 6<' LV PLYWRFDROPMVEDIQW V" 7KHQ SHUKDSV 3

DQG 6<' ORFDOL]DWLRQ LV LQWHUGHSHQGHQW

7KHUH DUH D IHZ DOWHUQDWLYH H[%®DFEROXNOLR GYSWRLR X\
REVHUYHG GHFUHDVHG V\QDSWLF */5 SG&R @QRW SN RYRIU VO IV
GHOLYHU\ RI */5 LV LPSDLUHG *LYHQ BKHQRWUIRKYJL*'W5 LVUK®
WKDW GHOLYHU\ RI */5 ZRXOG EH GNHUHEHRPXOG RLY HOWLH QUK H
OHVV */5 WKHQ ZKDW LV\REVEXWEQW® WRHVHVW WKLV )5%$3 |

VKRXOG EH SHUIRUPHG WR EHWWHRMU 6%XQ G KDVWRIX & 5V KW\ @ DISHWK



WDUJHWLQJ )XUWKHU LW LV SRVVLEOVHWK W FUHDWH
WUDQVFULSWLRQ WUDQVODWLRQ RRZQ5H Y I$@MKRK IWKK VW HBLKH L
. FDXVHVY GHFUHDVHG RYHUDOO H[SUHVVIMR@XW $DR XYV FHHD Bt
DQG ZKROH QHXURQ 10XRU BV FBNQVD DRMDWI Z&X QG UHYHDO LI WK

GHFUHDVH RI */5 LQ WKH $9% QHXURQV

6<' LV NQRZQ WR EH LPSRUWDQW LW BQIGVLYDSRXTGGEN
WKH SKHQRW\SH ZH DUH REVHUYLQJ LF OROEX O\LE XH WROLY I5E
LQ SUHV\QDSWLF DFWLYH ]JRQH GHYHQRXB R QW DIQY/® IKMW B WF
YHVLFOHW 6HQWHIRVELW D IRUP KRPHRVWDWLF SORVW IRALW\
6<' GLVUXSWV JOXWDPDWH UHOHDVH R&VRR GR N QYR ZQDISQ\CLEF
IRUP RI KRPHRVWDWLF SODVWLFLW\ DX\®RB P W HW HIOHD Bk H V\
ZKLFK FDXVHV DQ LQFUHDVH LQ $03%$5 H [BHMMV/QR § HRQ WSKRDAW \
VIG O@XWDQWVYV KDYH GHFUHDVHG SRVWV\QDSWKHWUH5LY DW
LQFUHDVH RI JOXWDPDWH UHOHDVH ZK KR® BR X ®/® \§ U H \GRZIE/C
RI */5 ,W LV GLIILFXOW LQ ZRUPV WM RDWHHDNGHDWHV \ B D\
LQGXFLEOH IDFWRUV RU JHQHWLF SPBAKWR\W HAKM WHK RV H RW @
$9% VSHFLILF H[SUHVVLRQ RI 6<' WR GHMWKH BHFR KD WHKGE W \RD

*5 SKHQRW\SH

7KHUH LV HYLGHQFH LQ YHUWHE UDWRHAS 5V& DRH B L [HO/L @K R
SKRVSKDWDVH GRPDLQV DQG LIQAKWVYD WHMFWERQV DUH HY
FRQVHUYHG WKLV ZRXOG VXJJHVW7®% KD WFEELY LAD\Q 1RH HX HO RV
SRVVLELOLW\ D FRQGLWLRQDO MQRWXBRR® FRDEBEH HQIW®H HiL

WKH DX[LQ LQGXFHG GHIJUDGBWRRVHLYYV NDWWHEH WDJJHG ZLW



ZKHQ H[RJHQRXVO\ H[SUHVVHG WKH ) %R XER WHLV)L D, P DFFKQ
WR WKH $," DQG FDXVHV GHJUDGD VIFRIQR IE B W[ LR ONKLY WRXOS
IRU 373 $ WR EH SUHVHQW DW V\QBS'VHWDIOHYSROVHEB B AH R
373 $ DFWLYLW\ FRQGLWLRQDO NQRENRXKWHKH §¥DPHZGMNOHF
VIQDSWLF */5 VWHQOKXWDQWYV %\ FRQGLWLRQDOO\ NQRENL
WHVWLQJ IRU */5 UHWHQWLRQ WK&¥' ZRXOFRQWOR WR XD BA
DFWLYLW\ ORFDOL]DWLRQ ,I FRQGLWILRGDW \ N FOAHYRKXKIW MRIl 6
UHWHQWLRQ LW LV K\SRWKHVL]H®\® K DR WIKGW HIEW HODL\WHH O/

PLVORFDOL]DWLRQ RI 373 $

/RVV RI 6<' LQFUHDVHV */52XWUDHWSRWW G HP ROWGW UDIWH W
PXWDQWY WKHUH LV Da [ LQFUHD¥NDWH /6L WHUDWSRLU WD \
WKDW OLSULQ . FDQ GLUHEFWO\ E[) GGL® RVWH H RIL@HE LFR L CPHRG\
DQG && UHJIJLRAWHUHVWLQJO\ WKH && GRPDL® DY WIQRZID &R
EORFNLQJ LQWHUDFWLRQV ZLWK PLEMRWXKEXDHMWDAG RR QWKUY
'LITHUHQW PXWDWLRQV LQ WKH P %$WFDDOQKL RIYWHIURDE W IHIH RRGRWI
KDYH LQFUHDVHG SUREMVVWYLWSRVVLEOH WKDW OUBRQQ . FD
ZKLFK KDV QR DXWRLQKLELWLRQ H) JHERMF K VKNP EV V8B HQV L E
&& UHJLRQ WR KDOW WUDQVSRUWHSR VRWHE G\ LB W LIF WILW DR M/C
WKHQ WKH && GRPDLQ FDQQRW HHWWKQESEWRHW B QBK MXXWY
LQFUHDVH WUDQVSRUW RI FDUJR $OWKRXIBUIKB \NLIQWYRQV L
ORQJ GLVWDQFH WUDQV SRUW QRH IDE) V VS RYY LDOH 6<' FRXOG
ZLWK WKH .,) DXWRLQKLELWLRRGRPDAKWK\FRWHKHMWHZDXOG

6<' .,) LOQWHUDFWLRQ FRXOG EHKDRH GLSNH QVKH,)PHEKQD QR



GLVWDQFH WUDQVSRUW 7KHUHIRUMKk WKHG Q BPWMDD/GHWE VWARX®V
EH GXH WR DXWRLQKLELWLRQ EHHKQISGRVHXSMWHGV\ ) RUWKHH
LQFUHDVHG WKLV ZRXOG FDXVH PLVOBNVBU LARMWAKR QRXIOWHEH S

ZH REVHUYH GHFUHDVHG V\GD 3XMWDQWV LQ

&DYHDWYVY DOWHUQDWLYH LQWHUSUHW QWLIHRQWH BDUWIBNVIK WK O B
OLSULQ . KDV DOVR EHHQ VKRZQ WR SRVVQE®H V§KDOF WQY L
PXWDQWYV 373 $ LV IXOO\ DFWLYKH EX\0 Q MRKEGALZR DV UHRAXEDLAY H
SRVVLEO\ H[SODLQ ZK\ */5 WUD WS R BWWIQWM UHKDWH G| 137 3
DFFXPXODWLRQ LQ WKH FHOO ERG\W RXH\G RJ R WA 8 WQRMD @
LW ZHUH FKDSHURQHG FRUUHFWO\" 7RI WMHWWHVKEY GRUWIB B3
FRXOG EH PXWDWHG VXFK WKDW WKHHW ZZHRX®D GV EHPQ R KRLVVRI
NHHS WKH UHODWLYH IXQFWLRQ RIFEBWKI BW RWKHILQVEXQBKRQ
FDQQRW ELQG 373 $ DQG WKXV DFFXPX QB VKMYRMK WKIH HFG QWX

WUDQVSRUW ZRXOG\GRMEPXWDRBRMWWU WR
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WUDQVSRUW XQGHU QRUPDO FLUBFWRVIWBQHHWR 6RQDWVWIDWVYERUH LW LV

GHJUDGHG VR 373 $ FDQ EH LQVHUWR® W, RMVRKW KDHE PH © E H ORQ Hp
PD\ DFFXPXODWH DW WKH FHOO ER®AKDQHE) $@D WIREOA R QW B U DWF
EH LQVHUWHG RQ WKH VXUIDF I VRL YDRWHL R 9 OH DR &\ VE R H.DHF DH D V
373 $ DW WKH VIQDSVH WKHUHDI KWV QX DRIEGUHVWYBSWLR Q@RI
RI WKHVH HIITHFWV PD\ UHGXFH VI\QDSWLF IXQFWLRQ

<' 373 %
WDRQVSRUW
HG */5 WL
*/5 TKH




ODWHULDOV DQG OHWKRGYV

& HOHFX@QWXUH DQG VWUDLQV

$0O HOHMWMWDLQV ZHUH NHSW RQ( 1IFRMMQUD LBYPG2 VK HD W z& D

RXW O L KBS MH U

& HOHWWDQVIHQHYV

DN,V ULJ S 6(3 */5 P&KHUU\ DN,V uLdbs +%$ JOU 'HQ

7DE
*HC | $0C 0XWD )XQFWLRQDC
J N\ 3UHPDWX 7JUXQFDWHG XQIXQ
SWS RN SUHPDWXUH VWRS /RVV RI 373 $
v\ RN YUDPHVKLIW 3URWH

&RQIRFDO ,PDJLQJ
,PDJLQJ ZDV FRQGXFWHG RQ D VSLQQLQIOGEREXNWRQIRFP® PQE

WUDQVSRUW DQG SKRWRFRQYHUVLRQY EPDERBREDIDNWHUIWIFRQGXFW



&+$37(5 2YHUDOO FRQFOXVLRQ DQG IXWXUH GLUHFWLRQYV

, ZDV RQFH WROG WKDW D JRRG 3WRZRRKOI TRSHWQN WKV GL
WKDQ RQO\ JLYH DQVZHUV $0WKRXJRRR\RZER WK B DLYHHI R CDRAY IHROG
GLVWDQFH WUDQVSRUW DQG GHOLYHUN BF308$5W ERSWQH G KA
GRRU WR PDQ\ LPSRUWDQW TXHVWLRR \L.GHQMWMKHV U BHIDW@ REU \
GLVWDQFH $03$5 WUDQVSRUW DQG KRZW®D S VEDFVEKZ DV WR K D\G
IRUWXQDWH HQRXJK WKDW WKH KNI OBDHNGR I D, WIHZH @ W BIK'H & |
SKRVSKDWDVH 373 $ QRW RQO\ KDV DEXROLQLWD\ @ DB L\ WVIMDVE
RI $03$5V DV ZHOO 7KH LGHD WKDW 2M3 U$ JPX0D DEAHL Q @ YSARO/ YAHM
$03$5 H[SUHVVLRQ LV QRW D QRYHO LGHDX @ DQAHVSBDISWY K RiZ
QXPEHUV LQ YHUWHEUDWHY +RZHYHUKDWWRWGEHHQ $(SHR W
YHUWHE ULRWHN QIO WKLY FRQFOXVLRQ FKDSWHU , UHYLHZ
&KDSWHUQYGDQG KRZ WKHVH GDWD ILW LQ W KM UDMUW/JISHRWU B/L F, DX
H[SDQG RQ SRVVLEOH IXWXUH GLUKREWLRKWHRTXHKKN SRQW IF D\G
EHWWHU XQGHUVWDQG WKH PHFKDQLVP HHEWYG RIY 3$08%H\6 P

WUDQVSRUW

/RVV Rl 373 FDXVHV UHGXFHG 2/XQDSHWDFOWY GHPRQVWUDWH
WKH SKRVSKDWDVH 373 $ LQ PRGXODWLY5 WKEAHOXRPIQY RQ V
YLYB373 LQYROYHPHQW LQ H[FLWDWRU\ ZRVWSUHXEWXFOW
GRFXPHQWHG E\ 'XQDK DQG FROOHOS$XHWVVRRZRRQVXIHORRAH® :
LQ GLVVRFLDWHG QHXURQDO FHOO FXODWUWN KRQEWUSFWs
51$L 7KH\ DUJXHG WKDW WKLV FRXOG EW GXSIVW RS B Q VRIYWWH UZDKC

ZRXOG FDXVH OHVV $03%$5V WR EH H[SUHYQHG -RRAHDWWHH WRODI



VIQDSVH GHQVLW\ LV XQFKDQJHG LQ 3TBVHGPXWDSWYPQ6 WK
REVHUYHG LV QRW GXH WR DQ RYHUDURW BIHBXWHD VHQR1 WK
YHUWHEUDWHY LW LV SURSRVHG WK D VEWHKH 166! FALQOH L5\ HRGX WX
LV GXH WR ORVV RI LWV LQWHUDEWS B RWH MKV HY\W D W F B O XUH
VWDELOL]DWLRQ DQG JURZWK RI WKH W S [FPW HE IMX EAKL B R W2
GHSKRVSKRU\ODWHG DFEXPXODWHV/KBUWNKRU B H DG ULW KFS R 8\
WKDW XSRQ D VWURQJ VWLPXOXV DFWLHDMWLRY IR) SRDW)
DFFXPXODWLRQ ZKLFK VWDELOL]HV D®GQBEORKEN UMKBIUWSQQ Hi
QHXURQDO ¥SHQHVIHDNDQQRW UXOH RXW WKH SRVVLEGOLW\ R
LQ VIQDSVH VWUXFWXUH URRBGHOXQIW K RZHYHYW WKDW 37:

LQYROYHG LQ PRUH WKDQ MXVW VWUXFWXUDO RUJDQL]DWLRC

7KH DPRXQW RI VIQDSWLF $03$5V D®HS BIQGHR W LG WYZ RO F
IDFWRUV KRZ PDQ\ DUH GHOLYHUHG D QIGF K RAZK PIQN TDXUDHV B HW |
DPRXQW SUHVHQW DW D JLYHQ WLPKHH &XUF WHHDAKHDGV V \ @ B BMA VAN
LEGWS RNXWDQWV LV IURP GHFUHDVHG GHOLYHUWRQW LQFU
7KH LQWHUSOD\ EHWZHHQ SKRVSKRMWQB®Y LIRQ FUQ & LG-HEK RR/S
ERWK $03$5 VXUIDFH H[SUHVVLRQ DQG HG®BRFAWRWVIKW ¢
SKRVSKRU\ODWLRQ RI $03$5V DUH WKH VWPIDRQ@ WKDPYV RR QKRR
WUDIILFNLQJ WKHUH DUH W\URYVL®O®XS$KRAKDKR D@D WIHR/G R/Q V
UHFHSWRU HQGRBOMRIGLVSKRVSKRU\ODWLRQ RI < IRRIQ *OX§
DFWLYLW\ GHSHQGHQW $COMKRXIBOWN\DWVRQHYV RQ $03$5V KD
UHSRUWHG WR EH VXEVWUDWHYV RI 5373BWLRKHP XWDRWMRI S

RXWOLQHG E\ +D\DVKL DQG +XJD QL U /M[KMEKDWEHH REWRSW Y H PLLC



RN PXWDQWW®W HOHJWRM DPLQR DFLG FRQVHUYDWLRQ EHW
*OX$ LV URXJKO\ WKH VDPH DV,0/§ WROXSXPXWDQWY WKHU
RYHUDOO *OX$ DW V\QDSVHV DQG DWGW & HQ RXW CLLRH HURZ HIY M
IURP GHFUHDVHG LQVHUWLRQ RU L QPRAXHDIWAH & XLIQ WWW QMDIOD WD V
SKRVSKDWDVH GRPDLQ RI 373 $ LV NQYRIDFYHE[BEQ HMQDBQ DR
UHPRYDO RI VIQDSWLF $03$5V 6XSSRUWQRRO378BG $. ® DULHRCR YE
*/5 FRPHV IURP WKH */5 'HQGUD SKRWRDBR QN FSUHWLLAPG DV
VKRZLQJ GHFUHDVHG UHPRYDO LQ PXWDQWR/ ZUWK IHRQUHWE
H[SHULPHQWYVY XVLQJ ORVV RI IXQFVDIGRD® WX Q¥ MWV HRRUWKH F
& HOH3D®QY QHFHVVDU\ IRU FODWKULQ PHGLDMHNGVHERRB\W |
VHW Rl H[SHULPX@MV @XWBQWYV VXJIJHVW WKDW ZKHQ FOI
HQGRF\WRVLV LV EOREFNHG WKHUH WL\ WXXJBGHHBIRIVREG E
LGWS RNPXWDQMWWXUH ,Q WKHVH PXWDQWV LI 373 $ ZDV PI
IRU H[RF\WRVLV Rl UHFHSWRUV RQWR QWK i OPH\CKOJ L\QX B HDGFLHD
HQGRF\WRVLY ZRXOG QRW VKRZ WKH ODDBH HQFWH\DWLR Q. (
,QWHUHVWLQJO\ ZKHQ WKH SKRVSKDWDVHLQ@GRPIOHQ3ZDV F
SKRVSKDWDVEBWHORWRIGNDQWY WKHUH ZDV UHVEXH RI VXUII
*/5 EXW GLG QRW DIIHFW WKH WHRAHB® R QG RVRP R SRB A HM V
WKDW WKH SKRVSKDWDVH GRPDLQ AHSMPRSIRW WWQOMK HR ¥\ Q B %/\Di
VXJIJHVWY WKDW WKH 1 WHUPLQDO $RUWR R QHFMHSEHR UM JW R DM

7KLV H[SDOGV RO NORZOKKGJIJHOHIDEBRWKHUWWHEUDWH OLWHUL

SUHYLRXVO\ GLG ORW GHPROVWUDWH RWRFQI7¥\@GD I8 IPD\$ E3H

QXPEHUYV



&DYHDWYV DOWHUQDWLYH LQWHUSUHWDBLRH 3D G IKKDWX U
FRPSRQHQWY RI D FHOO DGKHVLRQ PRUWIDNXOGRRBDQD QW DVSK
WKHVH WZR GRPDLQV FDQ DFW LQ G M8 HOQHWXDMO V RR ZHIRIK WD
WHUPLQDO VHFWLRQ RI 373 $ FDQ SDUWRWS O\RWMHXWRBWVQD S
LV GLIILEXOW WR LQWHUSUHW VLUE&FW ZGJ GRRK 8 RGH § QR UK RRZAU LW
RI */5 W LV SRVVLEOH WKDW W KWL YDWHLWQRIL D DUH WHRWW B G HL
LQGXFHVY WKH GHOLYHU\ RI */5 DW V\QE®WHHK\SRWKHWLYD WRL
1 WHUPLQDO SRUWLRQ FRQWUROOLQJ UKNRRYBWSER| PX5 VLQF
H[SHULPHQWY WKDW LW LV WKH SKHR Y SIBWDL\ID G RFRULYLRQGF
UHPRYDO 7KHVH UHVXOWYV VXJJHVW KWK EM BRWH YLRPISFOQ FRD \8 |
ZKDW ZDV SUHYLRXVO\ LGHQWLILHIG S FOVKHHWWW E V DMK-DMW X KOHHQ
WHUPLQDO GRPDLQ LV SURWHRO\WVPDM®RF EMW DR ® @ | WHKLH SKH
GRPDLQ IURP WKH VXUIDFH DQG VXEXBR XHQMD G 8 RWD G R &/H RRQ:
SRVVLELOLW\ RYHUH[SUHVVLRQ RISKGWDWWHGRPPLRI ADIQH S
UHVFEXH VXUIDFH H[SUHVVLRQ RI */5 7KIRQVXRMHWKY WXD VD |
PHPEUDQH DQG GHJUDGDWLRQ DUHMRRB W\ IMHPFWIOWRRV WNOW
RYHUH[SUHVVLRQ Rl WKH SKRW S K DRAWDX/\W DERPD VE RO G VKRZ \

UHVFXH RI VXUIDFH */5 ZKLFK VWLOO QHHGV WR EH WHVWHUC

7TKHUH DUH D SOHWKRUD RI H[SHUEPKQEH/ VNI G XED/NNHLAR
RXU VI\QDSWLF */5 WUDIILFNLQJ UHVXQWINP HQWHYHTUX HRWQML R
DULVH IURP WKHVH GDWD LV KRZHUYU\3R8 UH PHSWRDW MPR G \HXDLS
RI WKH ELJIJHVW XQNQRZQV LQ WRHWIOR $5L WRDO | MAFKND Y JF DENCHS

WR EH XQORDGHG IURP PLFURWXEXOH RBVURFBIQ PRRVIRWYV, W R/ H



WKDW WKH 1 WHUPLQDO VHFWLRQ ZNYHRQ W WRIOO GQ Ul IWKIOWV SW
373 $ LV FRQWUROOLQJ WKLV IURP WE&RVWAICHOSY H IR UWR KW HW
ZRXOG EH WR DFXWHO\ LODFWLYDWWV3HAMYV HSHQLY HIHJIUR Y HWK
XVLQJ )5%$3 ,1 373 $ LV FRQWUROOLQJ G/HGIQY HQ D FWRF DWKIHR ¥
OHDG WR GHFUHDVHG GHOLYHUNDWQIGRP WKHVYHBNILKOBWIRPEGI

RI */5 ZRXOG EH XQFKDQJHG IURP ZLOG W\SH

+RZ GRHV */5 WUDQVSRUW DIIHFW XVQIX®\G DP HQWFIL RQ'RZO |
VIQDSWLF SODVWLFLW\ ODUJHO\ FRPHV IURA W®E DGBBWWV
GHSHQGLQJ RQ WKH LQIRUPDWLRQ WYWXFBUWHL RO PMK B MQ LV $P
YHUWHEUDWH PRGHOV RI $03$5 V\QDSWR FSDWJIZDL\FVN L\QXIF K VDY
ORQJ GLVWDQFH $03$5 WUDQVSRUW LFEXD V) RUP DG F X UKXWH QW
VIQDSWLF UHVXOWYV WKDW LQYROYH $08%5KRUZDOIRG B .GLYV & D\
$03$5 WUDQVSRUW LV FKDQJHG 7KLV L V&ZK\OX\LMDWXCF R FDGH O
DWWUDFWLYH RUJDQLVP WR VWXG\ WK D\D\8BWKKID RS KB Q@H
YLYR$OWKRXJIK WKH FRQFHSW WKDW V\REHBUWL F RXHD G FEMY GOCQH
LPSDLUHG ORQJ GLVWDQFH WUDQV S/RWW KU EXHMH®H SR/ W.MOHIA
ORQJ GLVWDQFH $03$5 WUDQVSRUW FDW FUOHP\W OV\ QRS WILHV X
VXJIJHVW WKDW 373 $ LV UHTXLUHG IRB WRDPINS RILRQ J7&XWW D
WR XVH WKLV VHFWLRQ WR LQVW IDWRH[X O WK K RX B XD B AU K (

$03%$5 WUDQVSRUW FDQ DIIHFW VI\QDSWLF IXQFWLRQ

2QH Rl WKH IXQGDPHQWDO SDSHUV RWRDW KMR/H VD RR X QWA
$03%$5 WUDQVSRUW LV FRUUHODWHG ZLVEROWD QDI PWILR @ RN L

SRVWVI\QDSWLF QHXURQ GHFUHDXHWKBRI$5UWVURQWSRSNEOLVK



LQ 'RWMWMWU DO VXJIJHVW WKDW GHFUHDVIOG YQOM CRFOABRUBY |0
WUDQVSROWKRXJK ZH FDQQRW GHILQLW LOYHON O/ND \D UIHL BRADUDIFH
DQ\ RI WKH 373 $ DQG 6<' PXWDQW VW EHUMD QVDWN KB HDW KB W
VLQFH WKHUH LV GHFUHDVHG VXUIDFH M[SXHSARERQ®PRI| */5

DQB\G OHVXOWV VXJIJHVW WKDW */5 WUDQWSRN\DFALRXQRWRG
LQWUDFHOOXKODW BOH WKH LPSOLFDWLRQV RI WHKHNGH HM'V X C
5HFHQWO\ WKH HYROXWLRQDU\ FRQVIQGYWWHRQHRD WD R.Q, PH
LQWUDFHO MOMHOD KD QG $03$5 WUDQVSRUW QXPEHUV ZHUH \
EHWZKRHOOHI®W YHUWHEQDWHY VWXG\ HYHQ PLQXWHV DI
/73 LQ GLVDVVRFELDWHG QHXUGBYHQQ VWWHF MDPXIIDW V&R QR Q
QHXURQV DOWKRXJK WKHUH LV LQFUKHDWHI® $i8 3 $\6KW LPIHFK DR
UHJXODWHY $03$5 WUDQVSRUW PD\ UH®D RAQR LIQIFJULMDH/ H Q@ FLUGM
$03%$5 WUDQVSRUW EXW LV QRW HQWRLYKQW B HG HAKLNQMD RDH &
LV SRVVLEOH WR VSHEXODWH WKDWHW KHKUH KH [FLR/@W URIOI GD G
WUDQVSRUW WKDW DUH VSHFELILF D OX® DU \EDHYDHADH/G WEK DI VWUUHH
DFWLYDWHG LQ WKH DDRWHRYHWRI &D PLJKW EH LQYROYHG

DFWLYDWLRQ RI WKLV SDWKZzZD\ D QG LOXRHUMH QWRMG HY G3HHVW H G Q W

&DYHDWVY DOWHUQDWLYH LQWHUSUHWDAMLBQW RQRBZIXWHMRUH
LPSRUWDQW LQ SUHV\QDSWLF D[RQ JXIR®D&OH CCHIBLMAQD SV
FRQQHFWLRQV WR WKWK BRWVIWUHDSVHY SRVVLEOH WKDW L\
UHWURJUDGH VLJQDOLQJ FRXOG EH D P MFKDIQLSFPU W R 6L B FXC
HFWRGRPDLQ WKDW FRQWDLQV WKH RPRIONELGRPBLPORW I K LFIKX

VKHG LW LV ORJLFDO WKDW LW FRXOIXD SVH DD/YR F BW HY DU



SRVWV\QDSWLF VLJQDOLQJ FDVFDGH WK3®WKRXIKDWHKYV$DS
SRVVLELOLW\ ZH K\SRWKHVL]H WKDRKDMKIMP [RM QRWLR/®EH )
SRVWV\QDSWLEF H[SUHVVLRQ RI 373 $ HD OWRKQHH GLH H/PSIMNEH HHQ W (

RN PXWDQWV ,I SUHV\QDSWLF 373 $ DORQWLEDYOBERDWUF
WUDQVSRUW RU LI LW ZDV DQ MNG®LYDLSWLFE ERWE SAH ZRKG®
REVHUYHG SDUWLDO UHVFXH RI $03$5 WUWISVERVWGLRDRRRY
6XUSULVLQJO\ H[SUHVVLRQ RI RQO\ WK ,$9GLNW \GR PICALGNQ \
UHVFXH WKH GHFUHDVHG $03$5 WEWGVSRNAX VEEOQRW)\S HD LL
GRPDLQV DUH NQRZQ WR EH LQYRONW & ZIDQ W WIKID/O FADURD PR/ EROE
EHWZHHQ QHXR®RROYHU WKHUHTV QR LQGLFDWQLRIQQW KD\ PMKLR
ZLWK $03$5 WUDQVSRUW 7KLV G R IDVWKHRXG KVRK B WHH B WR & DIHUF:
VFUHHQ BWWKHRN 373 $ 1 WHUPLQDO ZRUPV FDQ EH DQDO\]H
WKDW GHFUHDVH */5 WUDQVSRUW 7 RIWUDRNKHO @/ ISIRW VW K &\ 1EV

VHIPHQW LV ELQGLQJ DQG WKXV UHJXODWLQJ WUDQVSRUW

7KH HIITHFW RI $03%$5 WUDQVSRUW RQ @Q@HDBDOGLM) D PR PHE® R U
RUJDQLVP LV D SRZHUIXO WRRO WR VMDX{G L B@RYZXPREG HFEHOKDUY BE
DV OHDUQLQJ DQG PHPRU\ 2XU UHVXOW\G NKUHDWW WKIORW @ R
ORQJ WHUP ROIDFWRU\ RDQVRFEDPMANHRANPBHVXOW LV ZKDW Z|
HISHFW LQ PXWDQWV ZLWK GHIHFWV IORWXWRIDBHAH3*/$ GRHRZIQ
FDXVH D GHIHFW LQ DVVRFLDWLYHHOKDV EHHQ REVRAUBG &Rt
ZLWK D ORVV RI IXQFWLRQ PHPEUDQH DUYYRFLDBMHIG JXODQ\OD
PXWDQWYV WKH FOXVWHULQJ RI */5 WKW GILMFEXSWAHG RNV X053 H

UHJXODWLQJ WUDQVPLVVLRQ LV LP/SDLHRRF\WIRYREN INR NQKRIEZ W\



LV UHODWLYHO\ LQGHSHQGHQW R{SF/G LK FIWA L VHSER ¥V HEOPDE
LQGXFHG IURP DVVRFLDWLYH OHDUQLQQ@RUBDDMSQIIRMNH H[SUFH
PXWDQWYVY ZKLFK FRXOG H[SODLQ ZK\ OHDWQILWY WKW QRWHX
UHFHSWRUV WKDW LV UHTXLUHG WR P DL@QRVPH BRRH ALR/UL FZKD EK
LBGWS RNPXWDQWYV 6LQFH RXU 6<' UHVXOWV VXIUIRIY VRIWKLE
VIQDSWLF */5 GRHV QRW HQWLUHO\ BGRYWHDMIFM HVZLDAKY § R 8 DIl

KRZ WKHQ GRHV */5 WUDQVSRUHW UM BYWS HPYXQHY X D\WE P
VXJIJHVW WKDW HIILFLHQW WU D QWD RN QLV DUXG | IVAKLRHQW WR U
$OWKRXIWSLQPXPXWDQWY WKHUH LV GHFUHDVHG VXUIDFH */
UHPRYDO WKH HQGRVRPDO SRRO RI UHRFASOMR Wi IH Q@RUPIZ®
VXJIJHVW WKDW GXULQJ FRQVROLGDWRRIQQ LDV B HDIGRIOW BN
VXSSO\ RI UHFHSWRUV WR H[SUHVV RQ WKHDVXGID/FH IDIF® F
UHPRYDO RI */5 +RZHYHU WKLV SURFHMFIGRHNV IRRIWPDHE /T
ORQJ WHUP DVVRFLDWLYH PHPRU\ DQUHWHGQGWERQGH QW R @ KD
FRQWUROOHG E\ WKH SKRVSKDWDVH GRIPIHMFQ RKL37 F RXOIG HE
UHWHQWLRQ RI VXUIDFH */5 RU DRVBE®DWDNWHWGHRIPBE®W RI 3V

ZKLFK PLIJKW EH QHHGHG WR UHJRQDWH MM \PSHPRWHEQ V ADG W |

7R P\ NQRZOHGJH WKH UROH WKBWU/@bXIDLN QL& PrHRRAHN B
NQRZQ +RZHYHU WKH UROH RI 373JRXKLWR L¥5KKIKOEKR® RON
LQ OHDUQLQJ DQG PHPRU\ ,Q IDFW RURH G DWW\ I D3 30 HCDUYQ
PHPRU\ ,QWHUHVWLQJO\ WKHVH PLFBDKDYMVOQRIUFPHOGCOE D URC
VSDWLDO WDVN ZKLFK VXJIJHVWYV WKRWNX7RYHADDQRW HHE UL@LYC

FHUWDLQ VSDWAIDQF VBYNW VHHP WR KDYH D UHIJQRWPERDV RC



DFWLRQ LQ GLIIHUHQW QHXURW W RZAWRXW GIHOLFFOW WR G WA |
PD\ EH SDUDOOHOHG LQ YHUWHEUDWWNYSHHFMNG®BY W B ¥HWHK
GHOHWHG LQ PLFH WR VWXG\ WKHLU HNIHR/SW DR WWERDS/WD|
FRQGLWLRQDO NQRFNRXW RI WKH W\GHX\UR @3 7K3NY HQ QKL §i $IRIF
$03$5 PHGLDWHG UHVSRQVHV EXW GHFUHDMMW 18%GW KRIGIKD W
WKLV LV VRPHZKDW GLIITHULQJ &U RIP H JDQW DHX WK R YFD X@/ L R G
WKH\ ZHUH UHVWULFWLQJ WKHLU VWX ®WHNGWR GDS 5. P QUG ULF
DQG QRW RWKHU IRUPV Rl SODVWLFLWNYLQ@BYKDYAHK B O WU HVE K1
PHGLDWHG UHVSRQVHV ZKLFK ZRXOG GHRRO\ BBHXNFHWOHD
7KHUHIRUH DQ LQWHUHVWLQJ DY HREVH RY HV WX 65 BRRGE UBML

GLIITHBW@PXWDIQWVYLYR

)LQDO PREOMW®RIHWKHU P\ ZRUN KDV OHG WR D6 ZRHHGW WRREHH (
ORFDOL]HG DW VIQDSVHV OLNHO\ GXH W RH [6<W D IMR R\U GRIQQWA
8SRQ SRVWV\QDSWLF VWLPXODWLRQ WX@GGHPDNRERBVHOWNXXDBW
UHRUJDQL]DWLRQ WR LQFUHDVH WKHFWIIRIH 2LWHK (303 PNV
GLVUXSWHG ZKLFK FRXOG FDXVH WKH FE®&HY YDRW RESIR WIBIHQ HAFF
SRVVLEO\ DFW DV D OLJDQG IRU D YUD@QBOLQI FONVE Y GR UWIK®
$03$5 WUDQVSRUW 7KLV FRXOG EH D PHFRDQDSWHWRZMXE
$03$5vV 7KH SKRVSKDWDVH GRPDLQ HWWHK HAUH RBVEDAH DRVWW Q
GLVDVVRFLDWHG LQYRNHV D VLIQDOLYRBWHAKW Q\LR/HP WXLD Y F ¥
UHWHQWLRQ RI UHFHSWRUV DW WKH \FPRWQOQHHRWIDRNH VWV WWARHW
7TRIHWKHU 373 $ LV UHVSRQVLEOH IRAH VWA GWMK) JZ KIIHTI-HH SDN

UHWDLQLQJ WKHP DW WKH VXUIDFHFWRRERIYLQWDLQ H[FLWDWR



O\ ZRUN KDV H[SDQGHG RXU NQRZOHGOHIRXWR R DNRID K HRF F
WUDQVSRUW ZKLOH DOVR GHPRQVWUDWXWYD M®PDWHD HH B B SWER
RQ ORFDO V\QDSWLF UHFHSWRU QXPEHWYB37XHXQHWEWRY RDYG
EHHQ LGHQWLILHG LQ GLVHDVHV VXF&HWUV D XOWHFRKPD D Q B WELLFSORAX
LW FRXOG EH WKDW ORVV RI /$5 5373VCFBXVHXLW GMR/DJWW SMWKHHZ,
GLVUXSWHG EHKDYLRUDO RXWFRPHV 7IKRY BRXOGSEH REGXHR I
GHFUHDVHG JOXWDPDWHUJLF VI\QDSWLFLWDORVRDWH. BQVAKWE
RI JOXWDPDWH UHFHSWRUV DQG QRIX\Q@HFEBYVWW\QIDGB\WILIEVERGQ
WKHPVHOYHV 7KXV LW LV RSWLPYWWLEXWR RB®R\RW XO0BXWB PVDK

FDQ EH UHVFXHG WKHQ VR FRXOG WRPRPMN RI WKH EHKBDLRIWD O



rUINvVIT val y':l -
v receptor

E Molecular motor ! SYD-2

YLIXUH "RUNLQJ PRGHO RI 373 $A% UWHURQU®RBW RQG */5 3T BHWHQWLR
$ LV WUDQVSRUWHG WR VIQDSSRQ ULOBI®WER §WLPXODWLRQ 373 $TV 1 \
LV VKHG DQG SRVVLEO\ DFWV DV MHWLUBBRBSWRUD BIRN \SKEFROWS KDWDVH GF
HQGRF\WRVLV Rl UHFHSWRUV WR NHHS WKHP DW WKH VXUIDFH

.| , KDG WR VXPPDUL]H P\ 3K' ZLWKWXBKDPRN)V LWKZWKOIC
7KRPDV (GLVRQ 3, KDYH QRW IDLOBD\V, WKDWXXYRQIRXZR& U N
GLVVHUWDWLRQ GRHV QRW LQFOXGHSLE QBKH KBRXUN &3 WQRX\
VXFFHVVHV WKDW FRXOG QRW EH SR\ VDEBXHD & HWKRXNV RYKAK | C
VLQJOH V\QDSVH PD\ RQO\ EH LPSRU\WD @YW RW 0L W S\HEH. IR PHE

RI DOO WKH VI\QDSVHV WKDW FRQWULEXWH WR D ZRUNLQJ QH



%LEOLRJUDSK\
.DQGHO ( 5 7TDXF / OHFKDQLVPFRIOKW\WWURQ\QQ SMKH J

RI WKH DEGRPLQDO JDQJOLRQ RI\¥YEROVLD GHSLODQV

%YUHQQHU 6 7KH JHQHWLFV RI &DRPWUKWVEGLWLY HOHJD

KLWH - * 6RXWKJDWH ( 7KRBVRERQ7KH16WUUHMMQUH RI
1HUYRXV 6\VWHP RI WKH 1HPDWRGH XHRRUKDBDWVW EV R

% %LRO ©O6Fk

$UGLHO ( [/ 5DQNLQ & + $QQH QB JD@AVPRHRRIJ\/HQ
&DHQRUKDEGLWHYD HOIHIQDOQQG OHPR3ARL OoP

SDQNLQ & + %HFN & ' 2 &KDLEGL VLY HOOHHQRWVK $ QH-:

PRGHO V\VWHP IRU WKH VWXG\ R4AHXHDDU QAUDILDOSGHPHPRU\

&ODUN 5 ( 7KH FODVVLFDO RULILIQWRI3DJIIO\RY RO FRO &

6FL

ORUULVRQ * ( :HQ - < 0 G5XQFLRDQ @&O0IDPPWRUIWU .R
DVVRFLDWLYH OHDUQLQJ LQ &DHQRQKOEG L WLYGHOWQD QV

PXWDQWKDY 1HXURVFL

ODULFT $ 9 3HFNRO ( 'ULVFRO®MHRKDQRNWHIPLRA &

VLIQDOOLQJ LQ & HOHJDQV PHGLDWHH EHBWORWHS JOXW

+

+RHUQGG®IW PDWXURQDO DFWLYLW\ DQG &DO.,, UHIJXODWH N



WUDQVSRUW RI VI\QDSXWLRFQ$03I$5V

.DQRHW DOWPRU\ LQ &DHQRUKDEGLWLY HOHJDQV ,V OHGLD

, RQRWURSLF *OXWDRXWH %H RKDSWRUYV

6WHWDN $ +|UQGOL ) ODULHD $ 9 +DWMQD®H G +HK¥YUR C
VSHFLILF UHJXODWLRQ RI DVVRFLDWEYH IOHRBURO®JDANG F

3/R6 2QH GRL MRXUQDO SRQH

SHOOHJULQL *LDPSLHWUR ' 7KHVAWX%D *OXI3 Wk HIB\ESWMRHV K H

$03% UHFHSWRUV LQ QHXURWRIGNDIHBGURRBIGHUV

6WHLQ * O OXUSK\ & 7 & HFMIDWVDYRREWDWHYRODPHP

PROHFXODUO\ FRQVHUYHG EHKDRERROO/BDURGDHHP

.DXIIPDQ $ / $VKUDI - 0 RUFHMOIGARHUPDQ ®XBSK\
& 7 ,QVXOLQ VLJQDOLQJ DQG GWHWOO\ UG NOXBIQFWHL R & HG [

OHDUQLQJ DQG PHPRRb® 24IMWRKO DJH

OLODGLQRYLF 7 IDVKHG 0 * GODXIKDPDMHHUUYEHZ R

G\WWUHJXODWLRQ LQ FHRQUVWVRPRO FSEXYDKR/ORJLHV
1LFROO 5 $ $ %YULHI +LVWRODWRRAXQRQ@HUP 3RWHQWL

'H %RQR O ODULFT $ 9 1HXURGOD®H[VEEKDUILRVUNVLRI & R

HOHJIDBQWXDO 5HYLHZ RI 1IHXURVFLHQFH

%YURFNLH 3 - ODULFT $ 9 ,RFHBWWRRS/LRHBQXWDP Y WHH Y
DQRG HOHFWURKRKNVBLRERI\ WKH RQOLQH UHYLHZ RI & HOH,

GRL ZRUPERRN



SRVH - . .DXQ . 5 &KHQ 6++*/55DMNLRQ &0'$
*OXWDPDWH 5HFHSWRU +RPRORJ |, VPKRWAIWIQFDO IRU /RQJ 7

&DHQRUKDEGLWL\X HXOMHINDRLV

&LWUL $ ODOHQND 5 & 6\QBSI\RUP\SOIXWYWWHIRQ\V 0B Q &/

PHFKDQLMPMURSV\FKRSKDUPDFRORJ\

$WWQHDYH ) % 0 +HEE 'RQ RIK%HHRKDDIQRYDWL

1IHXURSV\FKRORJI$PD O BYWHRKRO

$SEERWW [ ) SHIHKU : * 6\QDBWKEHHRPSXWDWLRQ

SDROHWWL 3 %HOORQH & MRKEX Q4 WL @G B YHHHURH.SWW R WP S C
UHFHSWRU SURSHUWLHV V\QDSMWDWXYBGIDSHWYILHAW DQG GL\

I1HXURVFLHQFH

3DUN O $03%$ UHFHSWRU WUDIILFNLRW LIBRRQ@GRIVHNNA QRS WL

&HOOXODU 1HXURVFLHQFH

&KDWHU 7 ( *RGD < 7KH UROHSRIVS$WOB\K)DHWHEWRIFK DQ

RlI VIQDSWLF )3JGROEMWWIHUWLQ &HOOXODU 1HXURVFLHQFH

1LVZHQGHU & O &RQQ 3 - OHWMHERS WRIM 3QXWLBPRV

SKDUPDFRORJ\ DOQCQXDMHBNMWLHZ RI SKDUPDFRORJ\ DQG 7

$LEDHY PBWGXFHG KLSSRFDPSDO ORQJ WHUW SBMWHQMA DW

GHILFLW LQ DVVRFLDWLYH OHDU@H®IOLQ P*OX5 PXWDQW

$OEDHW DHOLFLHQW FHUHEHOODU ORQJ WHUP GHSUHVVLR



OHDUQLQJ LQ P*OX5 &PXOWDQW PLFH

/IHYHQHV & 'DQLHO + -DLOOODWESHO &R QQAKRIMSOHWH
UHJUHVVLRQ RI PXOWLSOH FOLPEIH®IODE BN UNIAHWH BWQO R

P*OX5 PXWDQW®PURHHSRUW

+ROOPDQQ 0 +HLQHPDQQ 6 &ORQMREYRXMDPDWH 5H

1HXURVEFL

&ROOLQJIJULGIH * |/ ,VDDF5HFHSWRUYXWUDLILFNLQJ DQG

SODVWDAAXWH 5HYLHZV 1HXURVFLHQFH

*UHJHU , + $NDPLQH 3 .BoDWHMHORSPHQWDOO\ 5HJXOI

&RPELQDWRULDO 51%$ 3URFHVVLQJ ORGXQBWHAMXYRIB 5SHFH.

+ROOPDQQ 0O +DUWOH\ 0&D +BHQRPDEQOBW\ RI .$ $03$
*DWHG *OXWDPDWH 5HFHSWRU &KDQQHAV L WEREGM RQ 6 X

$FLGV 5HV

+XPH 5 , 'LQJOHGLQH 5 ,SH@OMPIRERWGERY RI D VLWH

UHFHSWRU VXEXQLWY WKDW FR@GWIHRIAHFDOFLXP SHUPHD

+HQOH\ - O 'LONLQVRQ . $ 6\QDFRPISRELIE. RGP AHBEWR

GHYHORSPHQW SODVWDAMYWYH QIBYEGHYNDIMHXURVFLHQFH

1LVKLPXG@W B&®) ELQGLQJ WR *OX5 UHJXODWHV VI\QDSWLF

1HXURQ

[*VFKHHWB®OH RI $03% UHFHSWRU F\FOLQJ LQ V\QDSWLF



S O D VW HKUWRQ

"ULJKW $ O9LVVHO % 7KH HWHFQVEWRY UR®H R/IXEOIILW
HGLWLQJ LQ WKH QRUPDQURXGNGHWYNDMHGREOMHFIXDPDU 1HXU

GRL IQPRO

1RZDN / %UHJHVWRYVNL 3 $QSBRHWLBQWHUWEHRWI@HVL)>

JDWHV JOXWDPDWH DFWLYDWHG FKDQQHWOWXUE PRXVH FHC

OD\HU 0 / :HVWEURRN * / *XHWEHBHQ& HQ WO RO WIMDBN E\

RI 10'$ UHVSRQVHV LQ VSLQIDDONKRWMG QHXURQHYV

+D\DVKHW<DJAYLQJ $03% UHFHSWRUV LQWR V\QDSVHV E\ /-

UHTXLUHPHQW IRU *OX5 DQG 3'6FGERRPBHQ LOWHUDFWLRQ

HQQHG\ 0 - (KOHUV 0 ' OHFKDQLWP\GDQWLFXQRWLVRR\
1HXURQ
&KRTXHW ' 7ULOOHU $ 7KMLRROHQRW KH FRHEWRU]BWMILR (

SRVWV\QDSWLF1IPDWMP ESUDYQH HXURVFL

%URFNLH 3 - ODGVHQ ' 0 =KHRULRT GHOOHRIHUHQWL
H[SUHVVLRQ RI JOXWDPDWH UHFHSWRWHWNKERIQLWYV LQ WK
&DHQRUKDEGLWLY HOHJDQV DQG WKGRB DL SOBWHRQ B &

- 1HXURVFL =

+DPSHMW DIOH IXWXUH RI $O]KHLPHUTV GLVHDIRIHMWMH QH

LQ 1IHXURELRORJ\



*URRPVY 6 < 6WDWXV HSLOHSWLHXWSWMRUHIPGHE DQXGWDF
SURWHLQ H[SUHVVLRQ LQ KLSSRFDPSD@D®\ GBMRAD O FHOO

1DWO $FDG 6FL

(QRNL 5 +X < OLQJ +DPLPSVWRIYVLRQLRIHR®I 7THUP 30D
DW ,QGLYLGXDO 6\QDSVHV LQ +LSSRRDRBXNVQ,& 6DDGOG %

SUHV\QDSWLF 2SWLFDOl1HXDRWDO $QDO\VLV

OXONH\ 5 0 ODOHQND 5 & OHFRBREWRWRQPEQ®GEHUO\LQJ |

KRPRVI\QDSWLF ORQJ WHUP GHSUHVVLRXMHBURD &$ RI \

%ULJPDQHW DRWVV RI *OX1 % FRQWDLQLQJ 10' $ UHFHSWRU
KLSSRFDPSXV DQG FRUWH[ LPSDLUV OR 6D ®/HWPLE H/SSULIDHV

GHQVLW\ DQG GLVUXISWVYRWALUQLQJ

=HQJHW PROUHEUDLQ VSHFLILF FDOFLQHXULQ NQRFNRXW \

ELGLUHFWLRQDO V\QDSWLF SODVWLFLWEBQG ZRUNLQJ HES

+XGVRQ - $ OD\KHZ ( 0 < 7K3UDEKHDONRIPHQW RI (SLVR
JRUHVLIKW (PHUJLQJ &RQFHSWIQFRSE DRWKROE 'HYHORSI

%YHKDYLRU

1LFKROONWSD@ODQVJIHQLF OLFH /DFENLQJ 10'$5 'HSHQGHQW

'HILFLWV LQ %Y HKDYLRXNDRQOH[LELOLW\

IHD 6 ( * &KRZ 3 . < /HDYHUQ /, $3 /ORPABIKDYLRUDO



IOH[LELOLW\ $ UHYLHZ D PRGHOVDHIBGUQRPH KDYORUDWRL

&ROOLQJULGJIH * / 3HLQHDX:DRJ+RZDDIRAJI-WHUP

GHSUHVVLRQ LIDWKHHBSHYLHZY 1HXURVFLHQFH

5DPPHVHW BPOWLYDWLRQ RI P*OX UHFHSWRUWLQGXFHV /7
SRVWV\QDSWLF VHQVLWLYLW\ RI &% VOHRRIRQQYDIG® RIDW KL

3K\ WVLRORJ\

S9LWXUHLUD 1 *RGD < 7KH LQWH DRGDK REMMRAHNMWKLHFE\E'

SODVWRKIULWDO RI &HOO %LRORJ\

%OLVV 7 9 3 [iBBRDVIWLRQISRWHQWLDWLRQ RI VIQDSWL
GHQWDWH DUHD RI WKH DQDHVWKGIDM LIR® BRD B\EK.HV SR 0 IRRJA

SDWK3K\VLRO

.HOVR 6 5 *DQRQJ $ + WURY QRO SWHHWHBEKDSSRFDPS

B3URF 1DWO $FDG 6FL 8 6 $

ODOLQRZ 5 OLOOHU - 3 3RVWWR@ BXWLR X FRHIUGLRMOLDRU

UHYHUVLEO\ EORFNV LQGXFWLRQOQDRVNXAWRIQJ WHUP SRWHQWI

&ROOLQJULGJIH * /| .HKO 6[FLWDWRQQDPLGR DFLGV LQ
WUDQVPLVVLRQ LQ WKHKERPRDMWIUDRO ®DWHKZLMDOR| WKH UD

KLSSRFDPSXK\VLRO

/ILVPDQ - <DVXGD 5 SDIJKDYDFKD&DO0.6, DAHWKBQLIV® \OR

WHUP SRWHOWXDMWLRLXYLHZY 1HXURVFLHQFH



SDWWHUVRQ 0 $ ©6]DWPDUL ( UHFHBWRID/ BbUSOBSRF\W
LQ VWLPXODWHG VSLQHV DQG DGMDGEHBNQ G H QW URMHYHIUQ

GXULQJ ORQJ WHUPRPURFW HQWOQDW®HIR® 6FL 8 6 $

'LHULQJ * + +HR 6 +XVVDkERJIOQLU /BX/ UYA[WHQVLYH

SKRVSKRU\ODWLRQ RI $03%$ UBBRBWRIWOL b RIHX URKLV 8 6

(VWHEDXHW B& SKRVSKRU\ODWLRQ RI $03%$ UHFHSWRU VX

VIQDSWLF WUDIILFNLQJ XQ@WHUBXWURVEFODVWLFLW\

&KHQHW PWDUJD]LQ UHIJXODWHYVY VI\QDSWLF WDMWZIRIWLQJ R

GLVWLQFW PHBPRDQLHY PV

*URF / &KRTXHW ' /LQNLQJ JFOYXHNPHRDNWH DWRHEF M SQNDRSLY/ 1R

IXQFWBLFR®IQFH 1HZ <RUN 1 <

/IOHGR 3 0 =KDQJ ; ©6+GKR3I & & 1LHRDHOQMND $ 3RVWV\C

PHPEUDQH IXVLRQ DQG ORQGFWHOQPHSRWHQWLDWLRQ

IX : €AW PEWLYDWLRQ RI VIQDSWLF 10'$ UHFHSWRUV LQG
LQVHUWLRQ RI QHZ $03% UHFHSWRUV PSIB0/QHXQRRXOW XU I

1HXURQ

3DUN 0 3HQLFN ( & (GZDUGV (KOHUWXHU 5H$\FOLQJ

HQGRVRPHV VXSSO\ $03%$ UBFHEWRMKHYV IRU /73

X 'HW BRVWV\QDSWLF VIQDSWRWDJPLQV PHGLDWH $03%

GXULQJ1YDW XUH



(KOHUV 0 ' 'HQGULWLF WUDIIKFNQGJSIRBMIRHEKHPQ DO JUR
6RF 7UDQV

.HQQHG\ 0 - 'DYLVRQ , * S5REUQVRQ &\OWD(KQ

GHILQHV D GRPDLQ IRU DFWLYLW\ GHENQGGA&RBWOH[RF\WRVL

(KOHUV 0 ' 5HLQVHUWLRQ RU GHJV BGDMWHILRRQ @RH GO0B\$ UH

DFWLYLW\ GHSHQGHQWLHRQGRE\WLF VRUWLQJ

6KHSKHUG - +XJDQLU 5 RIAMRFHWOFESRODWRWYL FLW\ {

UHFHSWRU WMQDRIXDEONERYLHZ RI &HOO DQG '"HYHORSPHQWD

<RQJ $ HW+DWRVLQH SKRVSKRU\ODWLRQ RI WKH $03% UH

*OX$ JDWHV KRPHRVWDWLBRBWRED $WWPE S®OED/AV LFAIWNS 6 $

BXWWRQ 0 $ B6FKXPDQ ( 0 'HQ®UNVWEFQBDSRWLHA LID BWQML
DQG OHP&MOO

(VWHEDQ - $ $03%$ UHFHSWRU WVRUIDWVIWWGNSWIF>OBRDW LAFD &

OROHFXODU LQWHUYHQWLRQV

$GHVQLN + 1LFROO 5 $ ( PIFOMDLQYAD WL F0Q RK RWDRALIQY H $C

UHFHSWRUV UHYHDOV WKHIHUXURDRO WLPH WUDIILFNLQJ

&KHQ + ; 2WPDNKRY 1 ILVPDRU-/7TBHOIXE X HWHR @/ \E\

SDLULQJ LQ KLSSRFDPSDO &$1HFXURBKGWDLREHOOV

%URXWPDQ * %DXGU\ 0 ,QYROQYSDPWIQZAND \RIRWKED YHFUH V



UHFHSWRUV LQ 10'$ LQGXFHG SRWHQWHXOWR\WRRL LQ KLSSRF

.LP & + /LVPDQ - ( $ ODELIBS DRIFSIBSQHRUW RGEDWHG
VIQDSWLF WUDQVPLVVLRQ LV GHSHQGHOWGDQ PLFURWXE X

HWK\OPDOHLPLGH VHQWXWRYHUDFWRU

6HWRXJW DOXWDPDWH UHFHSWRU LQWHUDFWURJ SURWHLC

NLQHVLQ WR IG®GMX®&UHL WH V

*UHJHU | + (VWHEDQ - $ $0B¥LWHPFG 6 WRLR BILUFAKHQ J

2SLQLRQ LQ 1HXURELRORJ\

(VWHYHV GDHWOBRYLWLRQLQJ RI $03% 5SHFHSWRU &RQWDL

5HIXODWHY 6\QDSVH&HODFRKBEWS FW X UH

+RHUQGO®IW D@HVLQ UHJXODWHV VIQDSWLF VWUHQJWK

GHOLYHU\ UHPRYDO DQG UHGLVWIHXEXRQ RQ+tRIl $03%$ UHF

6LGGLTXL 6 6 OHWD]RDQ PRWRWMIPRGH AW &L 7MWHMHIP @X St

+RHUQG QW DLA)HVLQ UHJXODWHV VIQDSWLF VWUHQJWK

GHOLYHU\ UHPRYDO DQG UHGLVWIHXEXRVQ RQ+tRIl $03%$ UHF

SRQJIJR & .DSODQ - 0 &DO.,, VIHWWX 8D WHYWWKHO GHRYW D P

VIQDSVHV LOWKYR

+DQJHQ ( &RUGHOLQUHV ) RTIZHWHUVHERXVVHG@K)



1IHXURQDO $FWLYLW\ DQG ,QWUDFHI® OQYW D D RHIOIFALAP U HYUH

RI 1THZO\ 6\QWKHVLEHOHOBHS H

*XWLpUWK] DP $ GULYHV $03$ UHFHSWRU VI\QDSWLF GHOL

SRWHQWLDWLRQ YLD HQG RRMRIPM @ IURMP RGHOLQJ

$FNOH\ % ' 7KH 7ZR ,VRIRUPV RDODWXMHQ&D/HQIARBKDVEIB LWL\
&RPPRQ $QWLIJHQ 5HODWHG 5HFHSWRU 7)XQNWQRBKRV SKI

,QGHSHQGHQWO\ LQ $[RQ *XLGDQFH-DDXE\RMVH JRUPDW

3RW ' $ :RRGIRUG 7 $ S5HPERX&VLNPRQ -+DXQORQLQ.
EDFWHULDO H[SUHVVLRQ SXULILF DKWHLR\QVRSXD® ¥R DR GRW B

RI UDW /$5 D UHFHSWRU OLNH SURWHLRONVWRWRAQH SKRV

6HUUD 3DJHV & 6DLWR + 6D/@BIGV/LVORD3WRSWRWY B DQ
SURFHVVLQJ VXEXQLW DVVRFLDW L RWQ DIY® WKEIGIEQ I B BR

WA\URVLQH SKRV&GKRWD¥YKHP

5XKH - ( 6WUHLW 6 +DUM \oLJQDIMAWYUFBHB GV WR
GRZQUHJXODWLRQ RI 373 /$5 YLD 7%$&( AHHVG/LLEOMIOHGE SURWHF

6LIJQDO GRL M FHOOVLJ

7TDNDKDVKL + &UDLJ $ 0 3UPWHLMHWSBIRN LIV "S KKRMS K

/$5 3UHV\QDSWLF KXEV IRU V\QUDBYGVRIUY D@ XIWDRWIFR.@I QFHV



'RR HW DODQV VI\QDSWLF DGKHVLRQ EHWZHHWKIH/ DQG /

IRUPDWLRQ RI H[FLWDDWMR UNHX\QR\ERAH V

'RQ 6 < .LP O0OLQ + 6WUXFWXU®D®DR®MIWHERU /$5 53

6\QDSWRJH®@HV L&H O O W

%HOWUDQ 3 - %L[E\ - / S5HFSERRIKOWDWHLVQDW \RIRG LI

RI FHOOXODU URXXHIVHRY LQ %LRVFLHQFH

29*UDG\ 3 7KDL 7 & G6DLWRGRJMRHFRPSOBGLQYV D OLJD
VSHFLILF VSOLFH LVRIRUP RI WKH W UDRWPKPEDU A H$SURW

- &HOO %LRO

&RORJQDWR + <XUFKHQFR RBQ' 7RNH PO DRICQLXXR FAAPLL O\ RI

KHWHURWHRNYRBRSPHQWDO '"\QDPLFYV

%LOZHYV $ 0 'HQ +HUWRJ - -+XQMWHWXFWXUBREBEDVLV IR

LQKLELWLRQ RI UHFHSWRU SURWH L® HVU\W RIMMRBXYEHK RV SKD \

JR[ $ 1 =LQQ . 7KH KHSDUDQF VRO OTNEH SWRWWYWRDQ LQ

OLJDQG IRU WKH "URVRSKLOD /$5 UHF&SWR WOWRWRVLQH St

-RKQVRQ HW *DIOH +63*V 6\QGHFDQ DQG GDOO\OLNH ELQG V

SKRVSKDWDVH /$5 DQG H[HUW GLVWLEPM@EMNERY RQ V\Q

+

+DUULQJWRQ 5 - *XWFK 0 -RONQIJDUWQHRKLYKROFR $



7KH & HOHJDQV /$5 OLNH UHFHSWRU WQEWLRH SIORVSKD)
(SK UHFHSWRU W\URVLQH NLQDVH KD¥Y® BRUSBKRIHDEXQE L

'"HYHORSPHQW +

+DUWLQ 6 1 +XGVRQ 0 / ¥LBQJOLDY\@QWKEBRNGHOHWKD
LGHQWLILHV D UROH IRU OLQ JHQWBDR& 2H)MHJIDQV HPEU\

H

ASWD 5 0 6X + SHLFKDUGWHWIZHHQVBRFLDWQRRHP EUD

SURWHLQ WA\URVLQH SKRVSKDWDVH DOH] V&K GDGEHKRHULQ F

;LH HW BWUXFWXUDO EDVLV RI OLSULQ . SURPRWHG /$5 5

PRGXODWLRQ RI SKRVEKWWORPIPXRWLY LW\

+RRIHQUDDBW&LEULQ . 'HIUDGDWLRQ E\ &DOFLXP &DOP
'HSHQGHQW 3URWHLQ .LQDVH ,, 5SHIXQOBDWKRVS$SEDWBMBWR

'LVWULEXWLRQ DQG 'HQGHY W&H MY HORSPHQW

A\VI\QVNIHW PIODNVHUDFWLRQ EHWZHHQ *5,3 DQG OLSULQ . 6

$03% UHFHSWRUIWRURKYPW L @GIR L 6

6FOLS $ 6°GKRI 7 & /$5 UHFHKFIAWRKR S KR B BHKOR/ MAX URVILX (

10'$ UHFHSWRU UKMIRQVHYV

(PSHUDGRU OHOHUR - GH 1RODDFW V.OHOVGMH 8 WaJ X WX U

IXQFWLRQ DIWHU FRPELQHG NQRBNRXW RI SWS/ SWS1 DC

OLWFKHOHQW &QELDVHG LGHQWLILFDWLRQ RI VXEVWUDWHYV



SKRVSKDWDVH SWS OR® &2 GIPRADQV

'RVHU 5 / $PEHUJ * & +RHWIOQYGDR[\YJHQ B8BFLHV ORG?>
$SFWLYLW\ '"HSHQGHQW $03%$ 5SHFHSWRU Z1HRBQRSRUW LQ &

50

+RHUQGOHW D®XURQDO DFWLYLW\ DQG &DO.,, UHIXODWH N

WUDQVSRUW RI V\QDHSXWLRFQ$03$5V

7DQ + [/ &KLX 6 / =KX 4 *54XJDQUIXNOBWHY VI\QDSWLF

SODVWLFLW\ DQG OHDIURRKIIDY® PHPRGW\6FL 86 $

*ODGGLQIMHW DA RVLQH GHSKRVSKRU\ODWLRQ UHJXODWH\

LOQWHUQDOLVDWLRERDQ &H0R5 IHXURVFL

/XD ,VRIDNL . B5RFKH . :6\QLDEWQD WDWBIHWLQJ RI $C
UHFHSWRUV LV UHIJXODWHG E\ D &DOXODVIVWHRIRG WK HOX$ V

B3URF 1DWO $FDG 6FL 86 $

7DQ + [/ &KLX 6 / =KX 4 *54XJDQUYMOBDWHYVY VI\QDSWLF
SODVWLFLW\ DQG OHDIURRKIIDYW® PHPHRW \ 6 FL

GRL SQDV

'XQDK $HW DB® UHFHSWRU SURWHLQ WA\URVLQH SKRVSKDYV

GHYHORSPHQW DQG PDLQWHQDQFHDR/I HFAWDMERU\ V\QDS

6KLQHW BOVRFLDWLRQ RI WKH NLQHVLQ PRBWRDU,) $ ZLWk



SURWHLQ-OPSWRIA) &KHP =+

6HWRXXYW D@XWDPDWH UHFHSWRU LQWHUDFWUgJ SURWHLC(

NLQHVLQ WR IG®GMX®&UHL WH V

OLOOHWHW WHFW REVHUYDWLRQ GHPRQVWUDRWHY WKDW

WUDIILFNLQJ RI VIGQXIWLPEAYRUHL FOHV

&ROHV & + -RQHV ( < SULFIOWRX UK JIXO WURE HRO QWK S
UHFHSWRU SURWHLQ WA\URVLQH SKRYVBKRRVDWMH X F WEKRKCDAD L

DQDO\WVHNFLQDUV LQ &HOO DQG 'HYHORSSPHQWDO %LRORJ\

.RONPDQ OHW DIOFH ODFNLQJ OHXNRF\WH FRPPRQ DQWLJF
SURWHLQ W\URVLQH SKRVSKDWDVH GRPDIQQQ G HPRMMNPUHD
WKH WZR WULDO ZDWHU PD]H D QBEH K IBYHIRDXFMDKDK BV MQ/ P X (

%UDLQ 5HV GRL M EEU

SHWDQL 1 ,PSDLUHG OHDUQLQPRSDLON® RHIJKWY & BIR GS R WIHSRW

373GHOWD GHIL®ILALQW PLFH

$FNOH\ HW DIOH WZR LVRIRUPV Rl WKH &DHQRUKDEGLWLYV
FRPPRQ DQWLJHQ UHODWHG UHFHSWRIX@FWRRIQQH SKRVSH

LOQGHSHQGHQWO\ LQ D[RQ JXLGDQFHIDZGRNXBOD SNV H IRUPD\

&D\ORU 5 & -LQ < $FNOHKD®G LWIKWH HROHHIDRY YROWD.
FDOFLXP FKDQQHO VXEXQLWYV 81& DQGHSIRQ G HQW MLKI}D W

8l& &DO0.,, UHIXODWH QHXURPXVFXODHIXMRBROQFWYRQ PRUS



‘DL KW PO /LSULQ . RUIJDQL]JHV SUHV\QDSWIURRFKRKVLYH ]I

(/.6 1DW 1HXURVF+

+RRJHQUDDBW& &RULQ. 'HIUDGDWLRQ E\ &DOFLXP &DOPR
SURWHLQ .LQDVH ,, 5HIXODWHYV /$5 5WHHSFWRVUWUUEXWQR G

'"HQGULWH "HY HEDOR S&EHHQWV +

.HQQHG\ 0 - 'DYLVRQ , * FREHQVRQ & 6AQWDI[LQ
GHILQHV D GRPDLQ IRU DFWLYLW\ GHENGG@BWOH[RF\WRVL

+

ORUULVRQ * ( YDQ GHU .RRNKH $ RB$WD\WS HRXD XY DPDWH
UHFHSWRU JOU EORFNV ROIDFWRWYBIVORPUDQWQRYH QD QC

&DHQRUKDEGLWANKIDOGHIBIFUYRYV F+

+DG]JLVHOLRMRNY PROUTHWWLQJ LV UHJXODWHG YLD O0XVDVKL

WUDQVODWLRQDO FRQWUREGHRIOWKH+$US FRPSOH]

+RHUQGOL HW B)FRQVHUYHG IXQFWLRQ RI & HOHJDQV &%

LQ DVVRFLDWLYRGOHPH QLQJ

'HQ - RW DOWDWLRQV WKDW SUHYHQW DVVRPFIHKWLYYH OHI

1HXURVFL £

%XUEHD O 'UHLHU / 'LWWRDQ - .BSOMWXQZDMOBGELTXLW
DQG $3 UHIJXODWH WKH DEXQGDQFHHSRVIRUY DWW ZSWDWR B WRH

HOHPHQWYV LQ &HXODRQD QV



<DQJHW DHXNRF\WH DQWLJHQ UHODWHG SURWWR® W\ URV
VPDOO HFWRGRPDLQ LVRIRUP IXQFWQRQIURY MWKHRP QB K UQ

RXWIJURZWHKXURVFL +*

ILQ 6 &RPSXWHU 6ROXWLRQV RI3W R H &HIDYCOH ©O\VQN 6/IHE K V |

- +

8P - R - /$5 5373V 6\QDSW HF OGHKW WLKRINVPRIOD S H

VIQDSVH GHYHORSPGMQWQ &HOO %L RORJ\

+DQ . $ 8P - : R - ,QWQLIFRPCOH)PY ISQYRR\CHMHG LQ
DVVHPEO\ LQ SUHV\QDSGMFQFHYURDSURYHLQ &KHPLVWU\

6WUXFWXUDO %LRORMFDGHPLF 3UHVV

6WUHXOW PPDSUHVVLRQ RI WKH UHFHSWRU OLQRMB SURWH.I
/$5 SURWHRO\WLF FOHDYDJH DQG VKHIEGQROIRU WHKHL R RO

(0%2 - GRL M W E [

6HUUD 3DHW DOH /$5 WUDQVPHPEUDQH SURWHLQ W\URVL

D FRLOHG FRLO /$5 LQWHUDFWLQDSHKHRWIKBR®YFR ORFDOL]H

+

$LFKHU % J/HUFK 0 O O0°0OO0IBOOULFKKEOLHQOXODU UHC
RI SURWHLQ W\URVLQH SKRVSKDWDWHQBURKWBRG\BVI3A E\ L

SURFHVVLEHOO %LRG

7TDNDKDVKW BRVWV\QDSWLF 7UN& DQG SUHV\QDSWLF 3731

ELGLUHFWLRQDO H[FLWDWRU\ VIGIXIWRODF RUIJDQL]LQJ FRP!



LP o+ DWDQDEH + /RPRLRES®OWLRHWHRSRUDO SURFH\

QHXUDO FHOO DGKHVLRQ PROHFXOHV%LIRIDG &ENP6$S&( LQ

:RQ 6 5RFKH . : S5HIXODWIUREHHRIWRNXWERINVWHR LDWDO F

WA\URVLQH SKRVSKDWDVBK\VER® =+

6HUUD 3DJqV & OHGOH\ 4 * 7DMUHXOL+DDUWLSSVLQV D
RI /$5 WUDQVPHPEUDQH SURWHLQ WWRIWMRVMNQD S BRKRNEBQ D W D \

&KHP

I+

(PWDJH / &KDQJ + 7LYHU 5 PFREX®RDWHU$E03$ UHFHS
VIODSWLF ORFDOL]DWLRQ DQG EHKRYSRIUDW HCGHEHVWH G EW\

3/R6 2QH

INNQFK $HW BOHQRPH ZLGH )XQFWLRQDO 6FUHHQ 6KRZV 0%

/| &$0 HSHQGHQW 6WDELOL]JHU RI $SDERBAUNQQFMRIARQYV LQ &

+

'LOORQ - +ROGHQ '\H / 2%¥&KRQ\ERUG N KHDVW @J LGHQ
03= DQG 373 DV FDQGLGDWH VFDWBBRWQR SIUR WO \Y B PR

UHFHSWRUV LQ &DHQRUGEDHGWWEV HIOHKIDROM- L

'"HEDQWA WS DIOH PXOWLGRPDLQ SURWHLQ 7ULR@EHQGV WKH
WA\URVLQH SKRVSKDWDVH FRQWDLQW® B BW R WS$ID QDNLH) D)\DHF
VSHFLILF DQG UKR VSHFLILF JXDQLQHCQRPDGEWRW L GBIWH]F KL

$FDG 6FL 8 6 $=



:LOOLDPWHW DIOLRYV 5KR VSHFLILF *() GRPDLQ LW WKH PLV

LQ & HOMHDREV 'HY +

-XR 3 +DUEDXJK 7 *DUULJD&™ UBIXOQWHVOWKH
DEXQGDQFH RI */5 JOXWDPDWH UHFH S&DRHOR U® DEIGH. W H\D

HOHIJDRY %LRO &HHO

6KDK . SRVVLH 6 7DOH RIWDIGH&ERR G PHPR WHKGILQJ RI W

$FWLQ &\ WRVNHOHWRQ LOHWHRE®BROLQ

.RED\DVKHLW ®IORVSKRU\ODWLRQ Rl &\FOLQ GHSHQGHQW NI
LV LQKLELWHG E\ &GN DFWLY DWRUW FD @& H5 R A W LO/FDW ER

&GN- %LRO &KHP +

+RRJHQUDDG & & OLOVWHLAHYNHPHNKHOO® ,6KHQJ O
*5,3 FRQWUROV GHQGULWH PRUSKRJHAHIWRE) WHDX LW |

1DW 1HXURVEL

+LUEHRAW+PDSLG DQG GLIITHUHQWLDO UHJXODANIHRBQVR U ¥ 0 33

DW KLSSRFDPSDO PRVV\ ILEUH VIQD3IWHVHREQ 3,&. DQG *5,3

&DOOHQGHU - $ I1HZWRQ ®RWEHLERRYGDQWH RQDBOWHKH EU

\HDUV aBWHRQDO 6LJQDO

SDGDPVHHW=PPWLYLW\ '"HSHQGHQW ([RF\WRVLV RI /\VRVRP

6WUXFWXUDO 30ODVWLFLWHXURBQGULWLF 6SLQHYV

&KHQ + B5RWK 5 + /[/RSH] 2UWHIDIDQLIDG + $03$



SHFHSWRUV ([LVW LQ 7XQDEOH ORELOBIFDVQR QN P,RELIOWR6\ C

(QHXUR(1(852

9RON / &KLX 6 / 6KDUPD *OXWIPRQWH 6&QDSVHV LQ +

&RIQLWLYH '"6§QRYGHHY 1HXURMZFL

+XJDQLU 5 / 1LFROO 5 $ $08GBVWIFGEW\QDISKHY DDV W

1HXURQ GRL M QHXURQ

IXNRMHWYMW DEROXWLRQDU\ FRQVHUYHG UROH RHQHXUDO

LQ PHPRUDPQVO 3V\FKLDWU\

OIXNRMHWMWF P@WROH IRU DOSKD DGGXFLQ $" LQ QHPDWR

PHPRYD%2 -

I+

6WLHUQDJOH 7 ODLOQWHQOQRQFWRRN HOHJDQV

GRL ZRUPERRN

%DUJPDQQ & , +DUWZLHJ ( UDRW WIVOJHFWEYBGRIQHV D

QHXURQV PHGLDWH ROIDEWORQ LQ & HOHJDQV

'‘DEURZVNL % 8PHPRUL + 2UFKHQWWIZIWUQJEW WHUWR QIDEH

SKRVSKRU\ODWLRRXVRI)DOERDUWQRRFKHPLVWU\

=KHQ 0 -LQ < 7KH OLSULQ SW R\KH L&L B+ U HWQHA IXEDVD MRHQ

SUHV\QDSWLF WHUPLIDWXQY K HORLIDQV

*UXQZDOG 0 ( OHOOHP - ( 6WUXIODQ ODULRODIWKUL
PHGLDWHG HQGRF\WRVLV LV UHTXLWRHGRIRUYS5RPOGKOYDDPWW!

UHFHSWRUV DIWHU BEWREYLWWBDORFNOGHBFL & 6 $



=KDQJ / :DUG - ' &KHQJ =) 7KWOKXUQ LY QGXFLEOH
GHJUDGDWLRQ $," V\VWHP HQDEOHNLYQHGMDBWH®HRR QG L&

HOHJDKY

6KLQHW BOVRFLDWLRQ RI WKH NLQHVLQ PRBWRDU,) $ ZLWk

SURWHLQ OLSWILRO .&KHP +

+DPPRQG HW DDPPDOLDQ .LQHVLQ PRWRUV DUH GLPHUL

E\ SURFHVVLYH PRWLOLW\ XSRQ3UR® PDLRID RI DXWRLQKLEL

&KLEDHW DLOHDVH DVVRFLDWHG PXWDWLRQV RYSGHUDFWLY
DQWHURJUDGH D[RQDO WUDQVSRUW RURRQDBSWOF ¥AD/G F &

8 6 $

LWWHOPIDW @P®ULQ . 6<' GHWHUPLQHV WKHRV]JHQRI GHQ

SUHV\QDSWLF DFWLYH JRQ&NO®@ BLAR®HIDQV

'XQDK $HW DB® UHFHSWRU SURWHLQ WA\URVLQH SKRVSKDYV

GHYHORSPHQW DQG PDLQWHQDQFHDR/I HFAWDMRU\ VI\QDS

OXUDVH 6 ORVVHU ( 6FKXPDQ (ULOYHNS REDWVH QDY LIR@W

QHXURQDO VSLQHV SURPRWLQJ FKDQXQFWQRAQRSWLF VW

6FKROHW H®3$ 5SHFHSWRU 6LJQDOLQJ WKURXJ® PRIS* DQG

/JRQJ 7THUP 6\QDSWLFIHSWRAYVLRQ

+D\DVKL 7 +XJDQLU 5 / 7\URYVDQI YKRXDORULRO® WIL RV K



$03% UHFHSWRU E\ 6UF IDPLO\ WHXBRNVNG®H NLQDVHV

%URFNLH 3 - ODULFT $ 9 ,RRQHSWRRISLEQ GRPWQRDWBEG

HOHJORXURG6LIJIQDOYW

'RVHU 5 / $PEHUJ * & +RHWIQYGDR[\WHQ SWSIHFLHV PRG

DFWLYLW\ GHSHQGHQW $03% UHFHSWRUHWURWNSRUW LQ &

=LQQ . gIJNDQ ( 1HXUDO LPPRRD®RJOABWHODFWXSEUIBEWZ

&XUUHQW 2SLQLRQ LQ 1HXURELRORJ\

S8HWDQL 1 ,PSDLUHG OHDUQLQRSDLON& RHRIKW € BIR GS R WSHSRW

373GHOWD GHILPL2QW PLFH

5H]YDQL $ + ,QYROYHPHQW RI WRHQD QA WHPRLQ DG D

$QLPDO ORGHOV Rl &RIQLWLYKRRSDLUPHQW FK

ODOKRWHM BIOJK TUHTXHQFLHV RI GH QRYR FQYV LQ ELSRC

VFKL]RSKUHXQURQ =

6FKRUPDHW B®H35' SURWHLQ W\URVLQH SKRVSKDWDVH UH]I

DVVRFLDWHG ZLWK UHVWO/MV VWV IDGRIW Y\QGURPH

<RVKLGDW PO UHFHSWRU DFFHVVRU\ SURWHLQDOLNH DV
UHWDUGDWLRQ DQG DXWLVP PHG LDDAMHNV W QDEBSWIH- RQW B W

ZLWK SURWHLQ W\URVEQHHSKRYEKDWDVH /



