h?2 hQtB+Biv Q7 LQp2H MiB7mM; H *QK7

JQ/mH 12/ #v 1M/QTH bKB+ 2iB+mHmK@ |

S'Qi2BM .2;" / iBQM U1l .V *QKTQM2Mi

a? 'Bv _ D-E "i?BF E'Bb?M M-. pB/ bF2r- PHBpB2  >:

m 2bHB2M G2bM /- avHp BM _ mHi-li2 w2B/H2 - *?°B
G i;0-2i HX

hQ +Bi2 i?Bb p2 ' bBQM,

a? Bv _ D-E "i?BFE Bb?M M-. pB/ bF2r- PHBpB2 >2HVM+F-S2;;vam
LQp2H MiB7TmM; H*QKTQmM/AbJQ/mH i2/#v 1IM/QTH bKB+ _2iB+mHm
Ul _ .V*QKTQM2MibX MiBKB+ Q#B H ;2Mib M/ *?2KQi?2  Tv- K2 B+
kyRe- ey UjV- TTXR9jJB@RI9INX IRYXRRk3f *XykkjN@R8=X IT bi2m @

> G A/, T bi2m @yR9kd8d9
2iiTbh,ff?2 H@T bi2m X "+?Bp2b@Qmp2 i2bX7 fT bi2
am#KBii2/ QM 8 C M kyRd

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X

Bbi'B#mi2/ mM/2  * 2 iBpRi*BEMOKBRM @ LQM*QKK2 +B H @ a? "2 HB|
AMi2 M iBQM H GB+2Mb?2


https://hal-pasteur.archives-ouvertes.fr/pasteur-01427574
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://hal.archives-ouvertes.fr
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7R[LFLW\ RI D QRYHO DQWLIXQJDO FRF
(58' FRPSRQHQWYV

6KUL\D 5SDMWKLN .UDYKGQDSQ $YNHYLHU +BBIQFBX]DQQH
$XUHVOLHQ 6HOYQDLOGHWD M C=\WM £ GROKHUL VW R SK H- 161 QQ BBXW /D W J p
+pOqQH OXQLHU /BRPP®@ 6DYHDQX

,QVWLWXW 3DV WHHXIL OSCXW P pG DV WHP H QUK I8\ ER ORRIEW H X U 5

3DULV )UDQFH
'HSDUWPHQW R 3DDWKRID\RUKN G LBERN LOFLLYQHDWLMW \SRIQELQQL
86%

,QVWLWXW 3DV WHXU HSWQWWRFOMWRIGWHWHXU BRM[GX  3DUL
YUDQFH

&156 805 ) 3DULV )UDQFH

&HQWUH GI(WXGHVXUWOBHOPBEREBARMSGH 188 POH\G L H
6FLHQFHV 3KDUP D BN WL TRIHAD HBQ LYBN\DHD 1 RUPQOPKELH &
,QVWLWXW 3D\RWHBK UHW @ DW/K BldR)G § DWW HR @ DI XONFRORJLH
UXH GX GRFWHXU 5RX] 3DULV )UDQFH

,15% 86& ) 3DULV )UDQFH

,QVWLWXW 3DVWHWUT 8 LGNV G 8 W plADXFODILRIGIY 0 SDRIMRLP H ¢
*PQRPHV HW *pQpWXH X6KK GRFWHXU 5RDPQFH 3DULV )

&156 805 ) 3DULV )UDQFH
* @ XUUHQW DGGUHVV 6DQGR] 8QWHUDFK $XVWULD
&RUUHVSRQGMAD®SWKRUYDWJH#S BIVRWHNUH UUO HX/ P DIQHGHS Q V
+0/ FRVPLQ VDYHDQX#SDVWHXU IU &6

SXQQLQJ(WGWOEDVPLF WHWIL BXOOW A XHOD WR[LFLW\
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$SEVWUDFW

,Q D VHDUFK IRU QHZ DQWLIXQJDO FRIPSRXKXKG\WP LEB ONFURI
WR[LFLW\ DIJDLQVW W K HA$pxrgllDfumgiddD: @ §0 WEWILHIHG VU
PROHFXOH WKDW LMWMDKH EHLYARO X WR R KIURig&ius VO piggaicusX Q J L
neoformans, Candida albicand) @#&&charomyces cerevisiatE XW ODFNV DFXWH WRJ[LF
PDPPDOLDQ FHOOVLQR ERDULRHLRRGHKRI ZLDWLEEWHRQHG DJDL

S. cerevisilePXWDQWYV IURP R KB N WWRRQ [RVGKHHDEHOWM. PQ & W U
EDUFRGHG KDSORIKGZKEPBKVYWK DB UQQ DOVIHR@HR | 2DMW BRWWBRUEH
LOQWURGXFWLRQ RH B DOAVIWWHY G\REQ@W WHHD X RO FHK H HIR. R Q
&RPSDULVRQV ZLWKKFHEGHFKRRR ON @K E DAOW IGU M K/ BIW WRHKY H
PXWDQWYV FRQIHWJVQJ VHQEWVLWANY LWLIQUFON LOQDURRRZSRQHQW YV
HQGRSODVPLF DVVREDDWWGEGRSU RW$ L\OHEHYI G WIKHV(SRRH P E U D
SURWHLQ FRPYOH[GHIEFLHQW PXWDQWYV ¥R UHJ K\SHQ VWRWK \
S. cerevisiaeD @ Gumigatus LQGLFDWLQJ D FQIQOWHBYHOGRZMAK LQKLELW
EHWZHHQ \HDVW DQG ILODPHQWR XVHIX® UH V$SRQR/RX J&3 SV KLH/ )
WR (5%$' UHIJXODWLRQ VU G AGuRidails IVQE JIFBU P WHD @ B\5V L\DK
QR HQKDQFHG VHRRSRXEGW Y K\HR G/DRR-BR BIW@R PW K LD/QPION V L V
GHPRQVWUDWH WKOW WQWLIXQHODB WIFQOILA WUEWEBLQUIXXDOL'
LQ D PDQQHU W E D MQ WHHTUXYLHUHW L(BQ BHGN| B US IV KWHR/DW R B LGHD O
SURWHLQ TXDOLWSHRQWRHRAOQAYHRKER@MIWOQ RVAXQVKDW PLJK

HISORLWHG IR G DRIWEHKYQHIRSPHQW
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 QWURGXFWLRQ

7KH EXUGHQ R X Q QDWW KLHY KIKFPVD IQR RIS IXTKD VZ L RVGX [D\VQ YHMWUN L

PLOOLRQ DQQXDO GHNWIKWH R QRMEDMEHRO SAKRISKYIR O XW L F
SUR[LPLW\ EHWZHHQ PDPPDOLDQ DQI& IKQ MDKH FIHEHQAVA U IHFDDA
VHOHFWLYH GUXJ QWDW\J HWKVH USHR Q V 1D TRIGYON LIF DD P BEN WL QF W
DQWLIXQJDO DJH @M VX FXHOP®WHRILY LMY ¥ OW PLFMEU RQH & RP HR
WDUJHWLQJ HUJRVRMHOULR DD OO LLFAMHJ UL W\ EO XRXQ BAYWKD Vi
SHUWXUE QXFOHLB D FIOXRUQ QY B WWIR QRH O HR¥KIHG B8 LIPQ WV HG Q
WKHUDSHXWLF RSVEMRQW LPASHIGIHHP HHQUD @ ILIQQNM PW LRI VX SD U\
ZKHQ UHVLVWDQWH KR HP B U XLIQLIV ML D DWHUN VMWQWFLR I PKK H | X
SDWKRJHQ

7KH LGHQWLILFDWLR® KK IQRY MD BUHYH/U BDQVMRODWR A JLHV
IURP WKH LQKLELW HR@Q RV D NHR ZQ YBKERWSFDUM & R WIKH D QD O
PXWDQW VW UD LRI LWFHRR/R. SR XYQ &Y W RPYK HPALFIDIQIMHRA@DO\]H Ol
FROOHFWLRQV RI JHQHWLFDOO\ GH.M QHIGNR XMRD BK\H F WADDOL @\
VIVWHPDWLF PDQQWH VUM QU/RPDWWKSIWRY E G B G.IQG/D WKMWW D U J |
JLYHQ GUXJ DV ZWOSDIVK ZDKHW B HDBIMERDGMR RL EXWMWH U + 7KH
LQWHUSUHWDWLR @ BRH F& WM RRHSIRE LERD QK H RO OHI RW PR Q X\
WKH DQDO\VLV )REVWHQPS RD AGRQBI BRRKRQ PHFKDQLVP L

DOORZWJRKW HIUHRIHWR. E@ X WHGRDBHWRRUPL. QH KRZ D UHG X
WKH OHYHO RI D DRQN SWKG XN VFEQFHWHWRIUHRYHWR XV G HC

VWUDLQV UHWD LQHVIKRH WHR @ OFRIP 3iV®@ VDAVRXW\GPPIPX R FKD Q.
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GUXJ VHQVLWLYLWWUWYDE QR LFKD G HEYWRERBGHOMNWQE KIOFUHDVH \
VHQVLWLYLW)\ RIUWYKXKOWFIUMHBK HRRRIB G R RLW HUUR RIOHX WD QW
DIIHFWHG E\ D JLYHQ FRPSRXQG LV BSRWIGR.® VDIQWGH KO VWHKHHH Ok
VXFFHVVIXOR\GXS OO HIEBGML & B QDAOLE ME DULFITHWWL RQDLQ \HDVW
LQVLJIJKW LQWRDS8BWKZDOX ® WKHDGV E\ DERRIPLISRXK® G\ FB®KY HID RS L C
siico FRPSDULVRQ WRROXOWKDWI|@L @G KHRFRNHORPRLKHD@DWD RI
SXEOLVKHG ODUJHPYFDROHJHHPRUHQRWHUDFWUIRG[DPSBOH YV

ORVW RI WKH ODUJHWEX N A RWOe MA@ DEOHH KW LIJDWHG Q
HVVHQWLDO JHQHRIGEH OMWDRQV LQJKRE® VHRSNUIHDVHQWLQJ DE
VL[WKSRder&v3ieeJHQHY DUH PRWXG\L LUQ FKODW R/IRGE@RHW K WWRIQ R ]
VWUDLQV VR DQIDFXWHUW R MW IX¥WHH IR3S B R HDEAHRS $&E B8 HUWXUE
'$P3 VWUDLQV '"$RVDWE DL QV XRU HOMNWWDHEG H. P\ B NMHKIHL 1
XQWUDQVODWHG UGHL R VW RQ DILSHVAHI HEQ/MWVAQVKDW FDQ
K\SRPRUSKLF DOOHOB®¥ORW EXHQ RMAMSIIWRIODO JHAXHYVH VWU
SURYLGHG LPSRURVDHQOWH LIZQEJXMWRQIHYWY IO DIVFWRBY WR V
IRU H[DPSOH

,Q WKLV VWXG\ HEWHBERDWLW® HHALRYOMH F X OH ZR.DMXOI X QJLV
DFWLY L VB cBrdvisia€D/WNWc WKUHH JIH@ HU@J B O K&Rmigausa.Q V
neoformans D Q.@lbicans :H HPSOR\HG D JH @QROFK ALK HF KODBWBBWFWHUL | H
RI DFWLRQ RI VU XVLQJ D VS\tWisiaz @ H B HoW MRHU P Q@GD'WR R C
PXWDQW VHQVLWLYLW\ WR WK kh BitdXFIR FRPELQRIGVZZ MWKKHQW L

GDWDVHWYV IURP S@ROLFVF KHGS FIMHPRIHFHIQQYW A K B FAWLIRBNHE \ (

FR QF O X \4. &eRvigikk D @/GumigatusP XWDQWYV WKDW DUH GHILFLHQW I
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GHJUDGDWLRQ (5%H SIDWKZDD @&/KXWIWRELGIKR\SHNRWHERWYI WKDV
WKH (5 PHPEUDQH BH RYXSHAHQ/ HQVL WIOHFWRYWO\ WRKRRWOWH GDV
LPSOLFDWH (5 SURWRHOL Q VT WIKGILW DB RIDWA RIQVHY ROWR/ LRQDUL
IXQJL DQG VXJIJH\DWD\W KD W Il KB REKROSQBES VKRPW RG/IWDVLV PD\

SURYLGH QRYHO DYHQXHV IRU DQWLIXQJDO GUXJ GHYHORSI

ODWHULDOV DQG OHWKRGYV

6FUHHQLQJ SURFHGXUH RI WKH &(501 FKHPLFDO OLEUDU\

$00 URERWLF VWBSR/QZHB WH FHY NRIBIFHE R & R(P 8 RI:OIDGAVI R Bl U H
WUDQVIHUUHG IURBP PR VAR HEIRWS OVIREBHWE DU\ERIE FXOWXUH  ZHC
*UHLQHU %LR 2Q662 VRORWDRQ FRQWRLG®DFK FRPERXQG ZD
VSLNHG LQWR GUNUZO®DW RV G D XJKMSE R XFUG WM D5FHU SSIDDMH  FR C
DQG VHUYHG DV FRERQWOROV SFLDNEBRBQH WKRYGEHHG WKH
DV JURZWK DQG QWFRWQMWMH. ORGBWIRY DROIKR WHILEGELQ %
—J P/ WR NLOO DOO FHOOV —/ RHYD RILPRRQW IS LR WOV H Q
FRQLGLD P/ LQ 530ZHEHWK DQG YRQMXRHV RIZDMWDBPGHG W
HDFK ZHOO $IWHU W KRRX DW R | fl&Q AMIEW D E QYRU PBIQFKUHPH Q
ZDYHOHQJWK DQG ZD®F O QWK QFHHDH6 BHIDUAK U H B FRQ
PLFURSODWH UHDH BR UPKH G]BI\G DX ¥ HIRIU WX ® DI R ODIRIVE IQQIL W\
VDPSOH YDOXH  DQ/HHIWDDV HY W DFORGEHYRIIESIRY LWLYH FRQWUROV
QHJDWLYH FRQWUROV

)RU DQDO\VLV RP IR FAHQY WR KSR XRQ 6/ Z HFUHHD O G ®MG DV

FRQFHQWUDWLRQ RIIRUVU —DOG WKW RSIOB\DR/IH FODFWDW
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GHK\GURJHQDVH ZDWRHOV, 6% HE® XNGQQAWRPWRLIRKL WW 5RFKF
DFFRUGLQJ WR WKH PDQXIDFWXUHUMWLWHERFPWRGWD WERQ@VW
EDFWHULDO UHY HUMMKPXUWIDRQWRORWUNRY D UDW PHWDEROL]L
SHUIRUPHG E\ &L7R[/$% 6DIHW\ DQG +HDROWKVEHWVHRADQ A KD FXE
PRXVH WR[LFLW\ JURRSWHRZHBKWNOYEKY BRI WHLRJIOH GRJ NJ E)

LS LOQMHFWLR@DWVWOFERRRWWDBGWRU GD\V

<HDVW VWUDLQV JURZWK DQG PHGLD

$00 VWUDLQV XVHGHMF WKLHG VIVOXRER EDBUGS K D SERLSS GHOH)
OLEUDU\ 0$7D FRQWDLQHG GHOHWRABREJILDLWK QPG HVVHQ\
PRGLILFDWLRQV RI HVVHQWLD OSJddévisisleVWUDLQL®& W\SH
ZDV URXWLQHO\ PDRODMDLQMED R Y HIRQW FW G H [SAHBERW H ED
DJDU <3'$

) RSl cerevisiateVHULDO GLOXW LRQ ARSI DH/W DUWRM GEMWDRVHYV ZH
LQRFXODWH RY HY Q8'JKAK HF XQUM\Y LPHRWZAH.QH ZPX/AXW B URQYFH G L (
2" LQ 3%6 DQG VHOXWQRDWQZ HRUIHE FEIIHWDLAH G RDXWHL Q B-/ R
GLOXWLRQ ZDV VSRWWHRQRVDW R L6@EJPWARIMHDEDNVG ZLWK DP
VXOIDWH %' 'LIFRQRIDIFK@WO DEPH[WWRVHIDQ GODEWIFQJ RU
VXSSOHPHQWHG ZLWK —J P/ VU [f&DQWHVRHWK ZRQWVXE
PRQLWRUHG HYHU\GD\K R6SHRUNWIKMMDH M QRQHES 2L X\SKS @VHKM D QD O
ZHUH FRQGXFWHG LQ D VLPLODU IDVKLRQ

7KH VDPH VHULD ® V@) OXWHICR ¥ R/ DRINDHEBVisiad DIV WX I HIGN \

| R albicans D @ Gieoformans ZLWK WKH H[FHBWHRQZ WK W X3 ISID FSROH Q \
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VU EHWZHHQ —J P/ DQG ZHUH LQFXEDWHG DW f&

9HULILFCBWeEBV@iaeP XWDQW VWUDLQV

7KH IROORZLQJ PXDNFIVHVGEYI ZR B VK BMLE Q\HPOH QMAR LR ® @ LE
ZHOO |RYBR28¥CSSH1 YCLO45C EMC1 YDL020C RPN4 YDL226C
GCS1 YERO19C-ASBH2 YERO9OWTRP2 YKL126W YPK1 YKL207W EMC3
YML105C SEC65 '$P3 VWYMRDZZWUBC7 YMR264WCUEL1 YOLO013C
HRD1 YOR008CSLG1 YOR153WPDR5 YPRO60CARO7 YHRO79C IRE1
YFLO31WHAC1 YBR201IWDER1 YLR207WHRD3 YILO30C SSM4DOA10
YDL190C UFD2 YGLO13C PDR1 YNL181W '$P3 VW U DYMMR1250 BGA3
'$P3 VWUDLQ *HQRPWE DFSVHIBY XV LQJ SKHIQRRY F &R URWVKDR®) |
SUHFLSLWDWLRQ IDM® EQ \W&5ZBIRSIOY BLARWRRQ KRAULDDIUG SULI
DQQHDOLQJ WR WK HD.®LQ 0 ;DB ¥ H @/MWWHS B BL ALHFUWH RIDW JR Q X F (

OLVWHG LQ 7DEOH 6

&RPSOHPHQWDW c&keQiseH VWYV LQ

&RPSOHPHQWDWLR @ MCH ¥ WWKZ S O Bl VSPH. 16 FKIIREP %/IKBIF RREB G
<HDVW 25) FROOHFWLRQRABB®O®YB)L GV FDUU\LQJ 25)V FRUUH"
J H QMRY7 CUE1 EMC1 EMC3 HRD1 RPN4SSH1 DQBE7 7DEOH 6 ZHUH
UHFRYHBt@ DWREZQ LQ /% PHGLXP  \WDVWWRRMUDFW 1D&
EDFWR DJDU VXSSOHPHQWHG ZLWK PO®RRUDP SKHQILPFRO -
QJ Rl HDFK SODVPHG ZRQW R/ WXV BRESROHWIL\R B SHOUHQW
WKH OLWKLXP DFHWODRKHHYBBWRFIRDI WUDQ@IRUPDQWY ZHUH

PHGLXP ODFNLQJ X\UOAL® UDKQH IIRFVPERAEW 8§ DAHDH ISXURIQWR 11U
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173
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85$ PHGLXP DQG |P¥W MOFOHAM RRU PHIE O H\GH BA FIROR Y F B&5 X
D JHQH VSHFLILFDEOHP 6 U SBIQUH UD W LUDIQS UR & X FHW/ Z/H. HH)
7KH GHOHWLRQ SDBER®HLGDY VDD ZDRIDRBIOHP AR @MW GROW UD L Q

VFUHHQHG LQ SSDLOIQMD ELGWHOWWRRD\VWUDLQV LQ VSRW

2YHUH[SUHVYV BRE&eWsidey WV LQ

PLFURQLERSOGVPLGYV IURRVIWKRWHYWFSRIMHVVLRQ OLEUD
FRUUHVSRQGLQJ VWD VW JLHR@R/PRI WHKEHRDRRRDREPDRIAN K H 2
DQG D FRQWURO ODMNEGH 6 Q\¥ B BWRWHER V:H WH G XOW XUHV
JURZQ LQ /% PHGLX® XIX8K NDFHDPWH.Q VIRUBHG LYWRELOG
% < DQG WUDQVIRR®DIEW V/ (\BH G B PW/MIQ WWDIHUR SXULILHC
SDVVDJLQJ RQWR | DMMK/6&YHUH[SOHVWLYE W QBIGQE\ 2V H U LI

GLOXWLRQ VSRW DVVD\V RQ 6& PH G LPRQ ¥ X 8S\OHPHIRDNVGRZ L\W

&KHPRJIJHQRPLF SURILOLQJ

&RQFHQWUDWLRQQKUELW :7 WKPRIW KT ELG FXQWXWIH ZHUH
GHWHUPLQHG XVLQJ WKH KD $is3L BuaiWrheELEQ ua3d 0$7D
6LQJOH FRORQLHYV BUORPWIHNH Z K LB ' $ QPROF X ® DDAQHG LIQRW R DW H G

f& IRU K &XOWXUHV ZRUH GD@GWH®RAFRER DG RLRU WR
WKH DGGLWLRQ@R&F HQ MUDDWLRIVFRP N W R —J R+J '062 ZDV
XVHG DV D YHKLRGH H RQW QROREX\WUAQ B0 R ZGALKI W DMQIFEH W Z
QR YHKLFOH DQG 'OS2XWHW DWHRG FK ZB\DPROLGIRW MK B LB\ P
KRXU VWDUWLQJ IURP K XQWLO K )LJ 6 $

3RROHG P/ FXOWRUG \G RO WW HRIQOAADERD U\ ZHHQHUIDUNRL R (
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WKH SUHVHQFH RI VU RUDM2 YHKLF®HASKRQMWHERD$* SURGXFV
IURP WKH SRROHG FXOWXUHV ZHUHFKVE B LRALLF H &DW R DH\M. OSHID
*3/ *(2 DV SUHYWRXW®G\ GHVPDJIHW IR BWBIQMHBG[ZL $/
VFDQQHU ZHUH D Q GRIMBWHBRB\HXXIOTNU * &Y 186 *SU ILOHV
ZHUH QRUPDOL]H® N HSDL@W H01 EDW MR 6 HDMHEGI BRUIJHDFK P X
5DZ DQG QRUPDOL]HGWHDGNDQZWHK H 6(12ISGDBMIEDIM H HAUQ T6H
2Q0\ UHVXOWYV IRM REWHEK GBG/ D ¥ MWERRLUQ 6 Bl S HIHBHQ WDEALH V
IXUWKHU FRQVL®H § HAGR VRIVODRID O\ GRXQW ERWK GBBOEWLRQ DQ
PRGLILHG VWUDLQV VKRZHG FRQVLWWHRDMNKUR B\ R IPHDY X U

FRUUHODWLRQ FRHIWZAR /AW LEHH/WRZ H G RYIVKMB Q@ \RIIR U P

*HQH VHW HQULFKPHQW DQDO\VLYVY DQG FRUUHODWLRQV

2YHU UHSUHVHQWDWLRQ RI *2 WHUPWOWY WEW BB PRIHR
XVLQJ WKH ZHE LQWH B LILFOH DWW RIQWHGSY LG HEL @ R2WHKH *2 7H L
ILQGHU SURJUDP 7KLV SURJUDPEL GHQWX OLIHW LIQQ WLKKH G
ZLWK ZKLFK RQH H [ PWYXW RHUQR R 3@ R HK D  QRIWWW LR Q L
RI JHQHV K\SHUJEXRWHRQ W3 R QVWOMNKGS RPOUH VEDOH GDWE
FRPSXWHG XVLQJ WKH FUBSQRWM B BWRMKRMWFRU WYRV] XVLQJ
pearson’ Répearmari DV FRPSDULVRQ PHWKRGV 7UHDWRGOQWYV RU

ZHUH UDQNHG LQ ®RH FDIOFXIOPWRHGEFRRH QWIYDWLRQ FRHII

A. fumigatus VWUDLQV JURZWK DQG PHGLD

:7 A. fumigatusVWUDLQ NX$ D Q Gd&ANBOAILIRIA 0P YOWIBQ W V

hrdAGderAG ZHUH PDLQWDLQHG FRDQ0 WDIDW VYV DBPWW ¥ KIDGF-HV R WU DL Q
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219

ireA0 D QaGAlderAl ZHUH P DL QupBrgilRQHBLRDPDO PHGLXP 00 ZLWK
DPPRQLXP WD UW UDWV¥RXW MK B QG \RIMREBWALRADIO O\ ¥ WREIEQ W R
* ZDV REWDLQHG | QRSP 6,1QVPIDWSLIRG HIQE B HZ DR UWIKRHS U RIXO O L Q
NDQDP\FLQ DQG FKORUDPSKHQLFRO

&RQLGLRAURBZAIhAG VWUDLQV ZH U HApEIFIRYMHOUHG IURP

0 VRUELWRO VOPIQWKH BI0IUGHY WER IV WK $J) M VIJIDQIQQ D G HO H W L
ZHUH UHFRYHUHG IURP GD\ ROG PHEAW YODW\WYAXQNVHG WR
FRQLGLD P/ DQG VOYMOM®RQVIREGBHGFDPHOQHITORWW SQLRU WR
—/ Rl HDFK GLOXWLRQ RQWR 0236 EXILBUWAIGH5SOHVH@FH RB
RI —J P/ VU 7KH BUMFRSMUDWRG RE VB3R, VROXMALD DQ
ZDV WKHUHIRUH QMW DLQRANXGBGL\RBNBIH U AL QOBEDIRZWK Z

PRQLWRUHG RYHU IRXU GD\V

0,& GHWHUPLQDWLRQ

'HWHUPLQDWLRQ REMMRIUR LFQRLGPFDHID WQMDVIVR @ WA B L QR/UZ D V
FDUULHG RXW E\ WRBIR&VE, PLFERGLOX'WRR@ RPHWKRBLWLRQ R
Aspergillus VWUDLQV ZDV P R QRWRPIHMGU K ¥ LVOH VIWFRIDOV F UK H G& HRDIU
A. fumigatusVWUDLQ WKDW FRQVWLWXWLYHO\ H[STUMHWVHV 'V5HG
GHWHUPLQHG IRGR@RZLQDWURZE\IPHDMXQEBD XMLQRUW %LRW
6\QHUJ\ IOXRUHVF HDEWM WP ZEWKSDOQ W IFEFIMWD RILR Q ZM DIGHH P L V
ILOWHU VHW DW QP 7KH UH O DW HGHDIIDXRWHW FHKGHF A RPGIRY

FRQFHQWUDWLRQV WR GHWHUPLQH 0,&
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OHDVXUHPHQW RI IXQJLVWDWLF RU IXQJLFLGDO DFWLYLW\

JRU \HDVW ITUHVKGXOWRKAIHM ZHUH GLOXMIHG WBRV2DGGHG
DW —J P/ DPSKRWHULFLQ % DW DV-D FHIOLF® HOBRQ@WV |

—/ DOLTXRWV ZHUH UHFRYHUHG IR/MH SOBYWQQRWRQ K3'$ HOX
ZHUH ZDVKHG RQFH L@ /;RAWEHDQBOOM G IZBIXIWMHSO BWHHIO &R OF
ZHUH FRXQWHG IROORZLQJ K DQG QRUPDOL]J]HG WR WKH 2°'

) RAJ fumigatus P/ 530, FXOWXWBVWLYXHAHUO RRQEGUDRRPO[
ZHUH VHWXS LQ WEWHRUFHVRIQFH RB/OLBDWHLQ GXS/ DOLTXRW
UHFRYHUHG IRU ROQORRAUBRWRRQIJRXCALW\R I ) RORYRVZH. QB\FHOLD |
RQH SDLU RI I0ODVQ@E& PHRHD LIDAOONG UW BHED J)KIMR IH WVWHPYHFR QG S

—/ ITJURP WKH GYNIJ2ZWVHDINWHG OOW BGOXR B8 VIHYY SQDELOL

T57 3&5

A.fumigatusFRQLGLD ZHUH kKOO RF)GCQABRWHG LHDRWIBKWRUBRW
DQG LQFXEDWHG RYHUQLJKW DW f&VHG UEWK7WHK H LFHELLPECF
FROQOFHQWUDWLRQNVNRRMKMUHLWRO GEWKROBRIODWHWKHKILFOH FRC

K 7KH P\FHOLD ZHUH KDUYHVWHXIEQ J LAQWAQIDWKILEQQD ¥® RO\
ZDV LVRODWHG X\DLUGHRWKM UHDRAH G Y. M KV ULIDAHH VRR 'UB D QG
UHYHUVH WUDQVFULEHG XVLQJ 0 0X/3HWKYHHU ¥ HWKUD@ ROUWLIE
SULPHU 4XDRpAXLDMGAWRRIB RM[SUHVVLRQ ZDV SHUIRUPHG E\ T!

SUHYLRXVO\ GHVFULEHG
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SHVXOWYV

,/GHQWLILFDWLRQ RI D QHZ LQKLELWRU RI IXQJDO JURZWK

,Q D VHDUFK IRU QHZ DQWLIXQJDOFKHARLWB YW HIGRWW KWK W F
&(501 FRPSRXQG O LA ubightuDXWILQN WKH YYHWGWBJI\LRXVEO 7KH
&(501 OLEUDU\ LV HS@FAXVOPIWLRIODO EROOMFWLRQ ®RIZBNHPXLO

WR EH XVHG LQ WXHUMQORH Y R U RDLWFHK SYXOEERIFDWHR UL H V
G\QDPLF UDQJH DQG GHJUHH RI VHSDWRWHRFR GWWREBMQ G RW
ZDV HYDOXDWHG E\ FRPSXWLQJ WKH XM ZBPRUH “ 7KH DYHLI
LQGLFDWLQJ D URBEDYW DWQE NODGOEMHMVEY Q@ WREILKJI JUHDWF

IXQJDO JURZWK ER KAHEUAVERQ VWKIEHG IDPWBLHNVKB®G VL
7DEOH 6 &RPSRXQGV ZLWK NQRZQ HIlREWAK REK KKPZH 6 K \
F\IWRWR[LFLW\ I® W +HJ BWB\® B \G H K D/WRIHDBVH K& DRHIDQ/MHW H G
IXUWKHU FRQVLBSRPQGE R/Q 7 KHADRRMA Riigatud DBY® LZOWW H O H F W
IRU IXUWKHU DQDO\VLYV 6LQFH VUR LVRAHULWWHGRRVD PL[W
)L $ DQG RI VU ZH V\QWXE VL$] D® G DF KDIQWR PRHUQ (
LW ZDV RQO\ VU WEKDHV | R D VWKHHWELBNY V. TX®II D0 DFIRP SRXQC
VKRZHG QR P YW ILMQ LR I K H YE-DIFWAMBYX IV DIVQBQQR DFXWH WF
REVHUYHG LQ PLFH DW D GRVH RI PJ NJ

7R JDLQ LQVLJKWUDMWRDWKW MWUVGERAV L I DMIGLD K EDWY K L U W
DQDORJXHV XVLQJIHVQALON K i IG HHULW QW LWYKEHV M. UW WWULHRIDF W L R
FRPSRXQGYV 7DEOHV 6 DQG 6 V\OWRKHNVK \L GKIVEDMIRE |
ZLWK WKHVH FRPSRBI®YCGOHDKRZ WG RV KIBAY W UHNT RLWHIG IRU LW

DQWLIXQJDO SRWHQF\ WKH FKOREXKQH DWW WRWLSR\RIQV L R Q W
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QLWUR JURXS LGBUWHRMDWLRRLWW\WRKMHEOH 6

,Q DGGLWLRQ WKRurhigétis HM LH F W ¥ DRQDH BB VW %
C. neoformansC. albicans )LJ , B(@BGcerevisiae )LJ ' RQ SODWHV DQG LQ C
PHGLXP DW LQKLEWWRQV FFDQFHQW WU RALJ 6WR % -8 UPH
WKDQ RS$. EErewdakiRAU fumigatus FHOOV ZHUH DEOH WR UHVXPH JL
LOQFXEDWLRQ LQ WKH SUHVHQFP/ WIQGHVSHBPWLYHO\ LQGLFD

WKH FRPSRXQG H[HUWYV D IXQJLVWDWLF HIIHFW

(5$"' GHILFLHQW @ XarlspdDW RIK\SHUVHQVLWLYH WR VU

7R JDLQ LQVLJIKWQIQMPREWEKKLFEKRKU JD G FHWKWMXLREOR UX QW K +
HIITHFW RI VU ZIOH/ MWIRZ W IH GU R @Y NKPISIOREIG RHDVW GHOHWLF
WKH VIVWHPLF GRQHWLRQLBBGEMWFMWVDEWY PHDVXUHG RQ
WDJJHG EDUFRGHG '$SRBHVVRRAWDRW IHIQHVRWKOWIBRHK D W H
ODERUDWRU\ HFWEZRIQVRARIH@ H N Q R ANRX AR DQ® L $PA3 PRAOHF X C
EDUFRGHV WR IROLDQ & OD'W B QGAHMWWHDRAMERR Q6 RO HE) BA FFXFMURD U U T

JROORZLQJ WKH VWUDWHJI\ RXWODQHE RO WIKH K\EW K& LQ
VLIJQDO LQ WKH SURNW® FD \R B HIEWVA® FPOWHG ROMUB QHVLY H J
LQ SRROV Rl PXWDRQWRI| PR®DD WUDBED VOID WIKWREZHIGWK WR VU
LQGLFDWHG E\ WKH OHIW WDLOYDOXKN GLVW $LEXKH RQ URWL
VKRZHG WKH PRVW GUDPDWLF LQFUB DBHOHW VRQ RIVW®WLIVE
HQFRGLQJ WKH PDLQ UHJXODWRU Rl BEOWLG DXW WHY Y ¥ WD
DFWLYDWRU IRU [HIM@RELRUWLRA H DIOQDWQW KHYHEWDRYH WR Q

WR[LF FRPSRXQGV ,W LVPORING DO MWK IDRNQL ROV QN WY LRIV
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295
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307

PHGLDWHG WKURXJK WKH SODVPD PHPRMUD@Y $RI WIHYUGIQU F
PDR5 LV D NQRZQ WDUIGVWRKHB GG U P XoW B0 WRDD VGHIDGNH.®R Q
VWUDLQV WKDW ZHUH PRVW DIIHFWHG E\ VU

7R LGHQWLBDAMIKZIN® DRU SURWH L Q HR®$ O\H HA\R XWEW WUDG ¢
HIIHFWV ZH XVHGFBERHQW URAWOHQIUYDRQV WKIWD YWRZWG DQ
LQFUHDVH LQ JHQMW OB VRQ W IURHOHBHVB YH WHR EH LY WU 7K
RYHU UHSUHVHQWHWG DSMHWK ZDV (G DVK@RGHDWIHED WU RWH(5$"
VSHFLILFDOO\ WK H FI2DWHHGP X3 & TDM VAR 1§ L @ HFSIHVY [B RO 1S ISR R F |
*2 ZLWK D S YDOXH FRUUHFWHGE/ WD P RO WSO MHIN S R
L Q FOGUEHWBC7 HRD1 HRD3 UFD2 UBX4 SSM4 DOA10 DSK2 D QBRX2,
HQFRPSDVVLQJ RQHMOIIQIXWKE RU VRK H HRRWK DY) QRRMWPWHG W% 7}
VHFRQG PRVW RYHU UHSUHVHQWHG *RPW8AUE LZFDM G DV RIFVCLW L
SURFHVV"™ *2 + RXYHYHIW F V WQ\DLL Q UMKN'Q BDOWWR H[KLE
PXOWLGUXJ UHVSRQVH VLIQDWXUH LQJWRNVW B HQWWZIBA @ RW K
IXUWKHU

&HOOXODU FRPSRQBQW LHQID ¥ KPHBNWIRR @ H WHL FRIQW KZAK
SURWHLQV VHO HF WHHGH LQL @ K H GV IMURARVKSHO WD IRHU 3 QRWWHDIEQ O O )
ORFDWLRQ 7KH (5 PHPEUDQH SURWHLBUFBRSOHYV HQ& HLGD YU\
WKLV DQDO\VLV ZLWK DQSDGGOWH RQROY:R GHQHFGHEITHDWIHF W L (
EMC3 EMC4 D@MC5 GHOHWLRQV DIIHFWLQJ GXELEBMCY 25)V ZKLFK
YJRO87W D ENBC1 YCLO46W WKDW DUH G LVKH\QH WHRMXW D @ WWHRD OW R
LQ WKLV GDWDVH V& OFHRPFESHUHN/] BIUW KIHHFIXH. QW GS LRROVHILQ IROG|

(5 SRWHQWLDOO® MKBR 3 KR QIRAWMEWPKHN CoE RIOR.E B DO H
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329

2WKHU FRPSRQHQW VORI WKKRZ K55 PHHPUEIURIK P RQ W JH)FHO\WK G L Q
DQQRWDWHG DV LQVRUMKXHESFRRBRQBIQMI Q&2 WZR '$P3
PRGLILHG HV VRIQX\QLKD UB 6 WWYNL]SLE DRGFINV LRQDGGLWLRQ
VHYHUDO JHQHV HQFRGIRH FRPSBQWOIAI Qa53LRQ SPWYHG |
WUDQVODWLRQD@WDQWRNWRB RS SGWREBHHTE P33rpA1F K P Bl

shr3 '$P3sshll DRI 7DNHQ WRJIHWKW WU QW KFHIVW H LV KBRRGHIV H Q V L
LQKLELWRU\ HIIHF\W¥HUEWDUW H GLE\ 53H NAW WHWVIVQUWMK BRQVH DV
E\ DOWHUDWLRQV LQ (5 PHPEUDQH BRPISRW HWQ RQUW K B O/RFID |

IROGLQJ

7KH VU VHQVLWLYLW\ SURILOH VXMMWHWBRQE¥H5; LOQGHSHQGHQW

7KH HITHFWV Rl VU  WR®H OHOLARLGE RSDIZH ® W R HSUUHR FLIRO H V
REWDLQHG IURP L FEDLONH U B QD URHKEHBRD WIH 8 RKBEOHVKKHP RJIH Q
VFUHHQ 7KH FRPSRDNG GV&61%K L JKH VIO b SHRQPPROHFIRBUH Q
FRPSDULVRQ )LJ & U DQG VKBRHG B WRP\W KN WERI\ WL
J)LI ' ORVW RI WKKREZ VQWUDHQVLW LUWYH. WO WR WHIQVLWH YH WR
)L ( VXJIJHVWARR RMRMS/R XKV WOOXOBU WIHPMSRIQN AM  +RZ
&0 % LV D PDFUROLGHSHUYRIQDI@ HF R BPXIQR B B W IQRQV W Q X FW
KRPRORJ\ WR VU

7R DFTXLUH LQVIHRIMY FLQW R WW K HY UHY $R® 8 B UMRS \LW V
VHQVLWLYLW)\ S GRUHVK OWRVSKE O L OKRIRKFHRIXBIGHPLFD 7KH SD\
VU VHQVLWLYH G OWDN@MDW WHRY FRRIOGHPL @ B WIDW Q W® ISARP W |

FRPSRXQGV LQ WKLV FRPSDULVRQ )R U3H[DWPBSRG FW K H HD] WF
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352

FRHIILFLHQW ZDRRPSRRQGWKH VFUHHQ 6&*B&B+RZHYHU
WKLV FRUUHODWURQ @\D ¥ LGRDBAHRDWAW IGERIV 2K FK FRQIHU
VHQVLWLYLW\ WR PXOWLSOH VWUHYMHODYLIH Bl I1&H F MR DI YRX\S
3HDUVRQ FRUUHOWMWGRF®UZH O DW R RQBIRIQD SW KD BSISW D UP DV H V \
UDQNV UDWKHU RIK[DL® X¥PDPRHYH @ BPMWDLRIQ Z2D0 WIKQ V D SRUR
LGHQWLI\LQJ WKH FRPBEXQGVFUHHQXV3&B ORVW RI WKH
FRUUHODWLRQ LQ WW UV EFXOW H GF RVIRD SWEHHRY SHBENEHIQ V L W
(5$' PXWDQWV )LJ 6 ' B6LQFH WKLV VHG FDYGKPR R QR X0 X2 ¥
SURWHLQ UHVSRQVH 8235 D\O\IR DWHX DA GRW KBFH ARZBWIKY) WKH S
VU DQG WXQLFDPZRLRQG ZHG®KWON XRMHKG] L8BG XFHU RIRU
UHYLHZ +RZHYHUZR IRXRE DWUIWEHO\ &R RIDWHEWRPSDULVRQ
WKDW ZKLOH PDQLOHQ WDIMALY HW D M BIRD/\G | UGG X FIMWHWN S H V
UHVSRQVHV WR FKHPWRBIOSWRIILGHWRE WDVQWSHRULY ZLWK
VLPLODULW\ WR RQO\ RQH FRPSRXQQGHBXW RI RYHU FKHP
/IDUJH VFDOH FKHPLFDO WR[LFLW\ VIKHWHPB \J HDQHWHRRK P3OV
DQDO\WHV 6*$ LQ DKIWIKRG RRPOEWD BIQGHV RV G Bl MGHWUJ B UGIHX NXHQ F W
LQWHUDFWLRQV EHWZHHQ JHQHV :HRIFRESD WHGV K KHK N HIGHWLX
IURP 6*$ VFUHHQV 7KH FOR\WZHVBA DL WWALDL @ KD SERU |
'$P3 PRGLILFIXWLIROQVRIOMAD O JHQH 6 $ 7KH FRUUHODWLRQ
VU B&G3 SURILOHV ZDV UREXVWAKHF HVLWLD O WRH G XYNB G
FRUUHODWLRQ )LKHBEORZ YHD\OXHWROQWYRHIARFULHBQAMWLR VHYH
VWUDLQV FRQW RIGM. @B UH @HI 8 F\® HB/UEN DBRRHQWUD QG UHSOD|

PGA3 ZLWIKgABK$P3 DOOHOH HQBE®XBV QR FWV EVEH Gbdnd Q HV



353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

ufd20 ssm4d DQG (0& FRPSOH[ IRBSKRQH QWO H)L ®\QHHAG\SWRWHKL
WUDIILENLQJ KDVREHHI® SURSBEDHGLOQUWY KWHKORW VWK SUHVHQ

GDWDVHW LV G XD W R FDS DEQWW((SRRORWHRVWD VLV
7KH JHQH GHOHWLRQGNIKD W HDRW RVE FRAALRIHH @D W L RSQ RLL O |
LQYRCHORGHQFRGLQJ D SKRVSKDWLG\O 1+PHVBKIDWLIED QY IHUL
FKROLQH V\QWK H VCNO2 7UKHHQIBEMHQ \FHD RY/WF R Q OVKGIHSIEQIRK V X
VX JJH\CHOQBRQKDILE X WHYV W R &R QGARA/MRZGOR ZIL WK WK L

GHOHWLRQ VKRZV Q@ BWIBRQYDIWLKQ WK MHRRIVY WHURY RI \HDV

$ VXPPDU\ RI WKHHVYRUHH® MW L R QMH B W ID/QIGY MWK\R ¥ b RG IHQ L Y
IURP SXEOLVKHG FKHPRJHQRPLF VF KHH@XPHW VKRZ D QX)H V
IRU JHQHWLF DQG FH® Y FIHQ RRME WH DB K 6\ UTRPNSIDQD B D W K H
PXWDQWYV LQ HDFKRVFH®H@DIDH DX PH®QLGLUVS® DU DVKKL UH V X ¢
KHDWPDS )LJ $ KIQIKIOWH KRV WIKIK) D WKO®D WLWH WR FXUUHC
SXEOLVKHG VFUHHQV $ VFKHPDW LFWLOXW WQDROLYQH GWLKH VK
SDWKZD\ LV VKRZ® IR SHAVSHOWH Y 5W'RLYRNUNRZQ FRQFHUW
835 WR UHOLHYHV(E QWHBINYW LQYJIHQR ORI H WM KD R/ \KU'S H UZ/D V
IRU (5$' PXWDQWYV EXWLQRWW R VRWHBED&Z&WUDPDEMQ WRJIHWKH
WKHVH GDWD D W HD FRRROG/HLO W 1B QAK IZALKMWY F R X QW\RH UBPLIPMAH G E\ D

(5%' PDFKLQHU\ LQGHIQDGHIIWWKIURXYVK WKH 835 SDWKZD

6SHFLILF (5% GHILFLHQFLHV H QX cefe¥dtheV U WR[LFLW\ LQ

6 HYH GWetéeviQaeP XWDQW VWUDLR VW 2B Ud XRAGDWNWAVRIH BHKH
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FKHPRJHQRPLF VFUBH Y WHOERKNSDIMV IS BOIDGIW Y. FRQ WIK®! FR$' T
SURWHDVRPH SDWKZ®OWK WK NV 0RQ WWOKRHF YR UW KB WBRPDWLF D
ELRVI\QWKHVLY DQG '$FSLBRGD RGAB W DFEGWRIUDLQ ZDV DQDO
LQGLYLGXDOO\ IRELOUW\ XXV BHSORQXEHQWKLEWWRQ\IRU :7 )L.
)LJ 6 $ VWUDIDQUBPDWWHOGPRQYR DRLG FKRZHGVKGNUMDVHG
VU VHQVLWLYLWW HIQW BLWHKR QY HHFSMOWH RR WUKR S LFEXNV D W LR C
UHVSRQVH

$V SUHGLFWHG E\PWK N FKHIHP® J REDRD BX\OMWILG WXKIHWUD QV S
DQG LWV WUDQV FPDRE IWVH BRI XOSBIEW HQNVWEUYH W&RWQW HUVHO\
RYHUH[S UPDRY IDREDAS| E X VWDRRW H Q GHertisGiaeFHOOV WROHUDQW
KLJK FRQFHQWUDWLRQY RIKLY SKHQRWASHMHAD D FARRVYV IXQJID
VSHFLHV VLYRP FWHY LF@&IMBERWLPRQV W KIDRLRWKHH[SUH
R U W K RSOdRrdviRia®DR5 ZHUH DOVR WROHUDQW WR VU )L 6 %

'HOHWLRQV RI JHQHV FRGAMTI1 DREMBAI &D PIGPW K H VF R
WUDQVODW L RS3BICF RVQIBIQ WO RBF DY R HIVRHGUV H Q DIMMWEX LI H VW H (
FKHPRJHQRPLF VFUHHQ SBMZHXKIFKDIRIPMMORQVQ Q WKH 6VK
FRPSOH]J GLG QR3NVVHIQRZ WQ F UKD BPR/QE HQ WW MWL RI& )L J
+\SHUVHQVLWLYLWQWRIFHG |RAD ¥ FFRS R'QFHRPED R WRHAOXGLQ
WKH +UG ( XELTX(WABLDOXID/NID PR EHED W D@IGHWKH (5
PHPEUDQH UHVL&HQW WHFUMLWHU $OBERRKRRSRIQHQW 'HU

ZDV QRW LGHQWLILHG LQ RXU FKBFRJH®RPLF WHIQNHQV LD
REVHUYHG IRU WKLWRRWDQMWH QW] ZEWKQBS$LQQMROY HIITHEW\

VU K\SHUVHQVLWIGDWHN @ DR UD D WRMYIDHOIF RG EQ 1 PJ
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WUDQVFULSWLR QDG MDFRAH D WRKVRIUSRW HD VRIRDFAH GHJUD G D W
ILQDO VWHS LQPWYXHR GGYSRYDRWH LQYWGE\Q@HBEY WKQVLVWHQW
QRWLRQ WKDW VUQ T XD OHFN W BQ®MWRIDEQXWVKR 5 WKHVH ILQ
GHPRQVWUDWH W KCHV( BR PSIRW K 0V VD BRH SQHRFAHFAD WK BW W FH O
WKH WR[LF HIIHBWe&eWiae/UXJIHQWLQJ D PAWKBQLWRIRN LQYR

SHUWXUEDWR\RBLRI TXBWLW\ FRQWURO

(5$" SURWHFWYV DJDLQVW. fdroigatus WHR{WFLW\W8BR LQGHSHQGHQW

7KH 835 LV D VWUWYXY UHWBRW VAR BPXQRF RWHE LQIRUPDW
KRPHRVWDVLYV WR WKHKH XDWHKZWD\ LW MWURDIGHGG G ERWHLQV
DFFXPXODWH LQ WKH (5 ZKHQ WKH GROOBQGJIRDS\DHFEWH WR B Q
FHOO HQFRXQWHRDWP BGWBOVHRBG Y WH RQY DM ROIQNGE G ER W K
WUDQVPHPEUDQH KHOQWIRIUHUNM WXKLFDQW KB Y V¥ LIRISMDIFRQ IDF
WUDQVORFDWHQ G X SVUKH XIOCAD H X WBSIHU[BQHY VLIRMGRO F HQ]
RWKHU SURWHI(RVYXWKBWRXSSRUW 6 WPFRHN(\E UK K\SHUVHQYV
VU DQG (5%' FDSDFLODVEBG EHWHKH BRS UANW HEUWHR ILQG W
QHLMACHQREL ZHUH LGHQWLILHG LQ WKH VU FKHPRJHQRPI
LOQGHSHQGHQFH RDW KRWQ WLH\PHEQ B HAXW EQ B NOHBGMLIN \ W
PXWDQWY ZHUH QRWDDNIARW FIGQEN UVDUIW-LR @Y RUIXSE&WR7KHVH
ILQGLQJIV VXJJIHV W RNKD W JGISQRWRIMIWIKWK PHFKDQLVP WKDW
LQGHSHQGHQWSReraM#ad 835 LQ

&RQVLVWHQW ZLWK WBKderevisiad X8G &/ P RVE BVDiGatRSIVWLKD W

ODFN HLWKHU WKRU( S K H QWD VIFHEN 8 R Z4+DF R K\SHUVHQVLYV
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VU )LJ $ $V LhQAHPXWD @QWHZKLFK ODS sevevwsideH RUWKRO
HRD1 VKRZHG LQFUHDVHG Vel LPXIWDRYWWKDW LV GHILFLHQ
FRPSRQHQW RI WKIRSUK[SVUERZAB QR LQFHGDVMMLLYQ WU +RZH®
GRXEOH GHOHWLRQ PXWDQW ODFNLQU ERQ@YLW U¥LINQ GV RUGS
D PXWDQW ODFNLQJ FRIGLSD ONRKH L X QIFEUBN IFQRPES R H [WLKH W K H
UHVSRQVH WR VU RQARXGAH- WKDMW ROYHWPMWKWHRIQRKQFLWLRQ
HYROXWLRQDULO\ FRQVHUYHG WD RJIHWK HQ (6BH VRIPVEDWL QJ W
+UG +UGS$ 1 Qer&vRie R @ Gumigatus

7KH (5% HQULFKHG WLJQDWKYUHVIRHG PMKRW(Y BSRIR\DUMER
TXDOLW\ FROQWUROCHEWBG YEH WHKILO/ FRWVISRKH) 835+ BAHYHUWH QW
R &. cerevisiaeRAUfumigatusVKRZHG QR LQFUHDVWLYQWWU WKMHIHVXOW
WKDW D 835 LQGHSHRIG(H S WD FMWRERKDYLQLPV KB WRIOYHGBHYV SRQV
FRQILUP 835 LQGHSHZ®NQOQFfHHA VR HDOXUIHR PN EZROBANMNEBO NC(
835 WDUJHW JHQHV bipAKB e MK HIIRRWMWHL QigB L¥XOILGH LVRI
HISHFWHG WKH K SUHIQWYWLRQVRY W BRQUIDDWEOBQRWHLGLBAK D V XE
LOQKLELWRU\ FROQERQWUBWWRQ R BIOQRKRDQ DQOXFG®IU RI WKH 8
LI % %\ FRQW WDV HSRUHY FUR QRDM\R RIEYH WYUHH® WP HQ W
LQKLELWRU\ FRQBHQWUDWIL RPQ R,QHDMGIGHDMNWLRIQQWUWZLWK VU
SULRU WR '77 HISRRKN B 3b IDOFMA. WRND®&/QY TG NHDWHYWKDW 7
HISRVXUH WR VU VIR \8 3IDPR WWNV D WRICGVRH XROWO8B35 DFWLY
'77 'H FRQFOXGH WIODRWHWOQU WRLW XWJI HRUSBW W WR[DLG LKIIHF W\
A. fumigatus RSJcerevisiate FRQVLVWHQW ZLW & HVKWH BRY SRGHE N XJJIHYV

FKHPRIJHQRPLF VFUHHQ
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'LVFEFXVVLRQ

,Q WKLV VWXG\ GHGWVYFLAEMLWRPED O DR SROXQGW VX
ZDV DFWLYH DJDLIRXW V)S®IFLE \J HQRIRFDS &R H.SDRBUGIRP L
GHPRQVWUDWHG QWD WHW X HU Y i6\W RRUV St RW H F\EDR QP DUINIH G O\
QDUURZ LQYROYLQKHFEBS RQHGIWYV BKMB RFRPS RQISQRW R W |
PHPEUDQH 7KH IXQF VBIDRVX RD WLKH WR LRD [ R D/OIL\Y\ SIRROMHJ R O
E\ HOLPLQDWLQJ WR[LF XQIROGHG ISH RXWHIDQN GXKD W JPHN WDLR
KLJK VHFUHWRU\ IKHWRY IO LR B ARHHEN@WHIRQPBYIWDY FRQC
7KLV GLVSRVDO PHFKDQLVP FHQWHKM RXQPHPRKOVQHSW R IV\W L ¢
VHOHFWLYHO\ LGHSWRWHIMNFLVORWBEHUBQHXPBG RWPEVSRUV
EDFN LQWR WKH FUWEBBWDRP IRUMKHUISURGWD VBRHA RHKWH
FKHPRJHQRPLF VFUHHQ GHPRQVW U D UMHKS KBRSIReRWD QW V R
A. fumigatus DUH K\SHUVHQVLWLYH WR VU  DIQUKILIXIQN DROQH IV B W
WKLV FRPSRXQG L@®QRRIY (B S BWHUROWMKID OLW\ FRQW U

(5 SURWHLQ TXD OWNWR \DA RROPWHREO EL VMK 83BWB AL\ WB D W F
WKH DFFXPXODWLRQ RI XQIROGHG ISH RIWSILIWVL® QVR H F(5 DES\H
DQG RWKHU SURWRWON. QQRRCYE G ARNOVW KHHMHFROQ B[FHH G\
IROGLQJ FDSDFLW\ RWWXHVRAR B QG BOHNVE R5Q DECHAN 561 G DW K Z
ZDV GHPRQVWUDW B&5 LRX WHDYW/VZ KB Y GHFRMUNYDW Z KHSJHDV |
PXWDQWYV H[KLEI3W KBQNWMDIWLIRIH BO W, RRXGK L(BE'RIQ/ VXIIL
WR HOLPLQDWH P MVKRWGAHRR WULRWRO®Y O UWIWRZ WKULQJIUHT XL
835 IRU RSWLPDO GHJUDGDWLYH FDSBRIWUYHMW/GHU PRI)NGILOV [

DFWLYLW\ LV WKKNVNQWGCQ H. BIRZQ WHWRVONVLRN XBQRBOGHERB S W QGHS
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+RZHYHU XSUHJXOMAWLIRQ VRV E5$W KH 8@ SWIKVH QUHHYGHHOG RA KHQ | R (
SURWHLQV UWDFBE WK UFHWVKROG ARIQWRH MFZMHQ 7W K HRVRHQ § DIW W
HYLGHAJuMidals ZKHUH PXWDQW\K GWKIH FA35QMQ GQ( ERMXIDK) O H V V
WKRVH ODFNLQJ WKH 835 RU (5%' DORQH

,Q YLHZ RI WKH O L%\ DEHGV Z35H G DWKKIZ BAXU SBILYHIGHWR 1L Q
WKDW i@HL @bl ZHUH DPRQJ WKH VWUDLQV PRVW DIIHFWHG
FKHPRJHQRPLF VFUHVHQV\W QDLW K DM BZKVG QR YBEOVHW VML W\ :
WHVWHG LQGLYLGXD @ PSH UQ MBI WIURHY H®XGH @ RWK MU LIJJHU
QRU GLG LW SUHYEEWQW IOHF \EEY DWRIGLD\G'YFHD RWXRIROGHG
SURWHLQV 7KHWH REWWM UWVODW. R/QV W BIR V. GHRWSE FIBX 8 HS UR W
XQIROGLQJ WKDW QY (% \8W BB ® \R D YIWWD7Y7/DIVRE WX RERKDP\FLQ
6SHFELILF (5 VWURMG FIRQ EHDRE®X RER B FSIULFDWVIOQ IDWQRUPD (

WDUJHWHG LQWHIW B DQRHPIEW BRXIWS BO G XFIIDWVWKKEZ BD QR QHD

7KH DELOLW\ Rl VWKH WRZWKLEILIWKDJLFEOWWQBWLKKY WK
SRVVLELOLW\ WQDW Q. WSWB UNLHWSBBRABRPLEXMFBEKHDR LGHQW.L
yni18lw '$P3 DV RQH RI WKH WRS VWUDLG@VYARMWDIIHFWHG E
HQFRGHV DQ HVV QW LDWOR {B HLHP BAUK HL VX DX WILHR@WRI\ 2KQR R R Z
VSHFXODWHG WR LEXFRADD\HH DBF WLLYAKRYOH Z SURWHLQ LV FRQ
DPRQJ IXQJL )LJ $ DRG KRW \YRRCHRNXH WIKH QWM KR0&/ GD\

6LQFH WKHVSWHRQWHLDD L WNKIBIWHUELID BX\OHWLRQ VWUDLQ
SUHYLRXVO\ XVHGWRQ WX GKH®R JINQURPQY LQYHVWLZHUH

HVSHFLDOO\ L QM HUMRNVW R G AKH WIKRDVH &OWeX GLHE B/HKHD XVH R X
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UHYHDOHG WKDWLW KW \VIWURD L Q HV HRQWVRRADW FRRFPSHRX\QGH V H P E
RI VU JLI & 'LQJIILNMGUION 1URPRWKINVFRROMWUWKH KHWE
GHOHWLRYNMSIWRDY BRPRQJ WKW \DW BB WG PER V& 0 % )L $
LQGLFDWL @EN WEDHV RV KOOV L PHVHOIDYW W D @ B V&K %

$ '$P3 PRGLILFDMBIRERY EHHQ SUHYLRXVO\ FRPELQHG ZlI
JHQHWLF VFUHHQ RWQR/ WGKIIW VNQPXNMNOPBILE LWQEWRRY R $
FRPSDULVRQ RI WKW\VSUR I LCHQ ¥ LW KYIULKHJIHIWX\AW W RUHHQ L
VHYHUDO (5%' PXWDQWRWHIGDEL ERWHK R$PMRIPIRIGD QD BAL
WUHDWPHQW ZLW KBCUCUEL LDBRNXG)LQJ % 7KH FRBQHEWLRQ
ZDV SDUWLFXODUO\ UHPDUNDEOH HKHG B XWHWVDDWIVFRLFLDW M\ B
yni18lw '$P3 D@&I PXWDWLRQ ZDV REMHODHGHLQFWU DR RWEKGLH
7KH FRUUHODWLRQ EKNMWDIHHR® <0G VARE W N HQIWG VLY L W\
FKHPRJHQRPLFVHZADR FBQIDWHAY EnlY8OR ZLRBI P KMIVQ U Z DV
K\SHUVHQVLWLYH WR VU )L & RXHD 8 SHF X Q ¥ R/GI YW KDLV <<
WKDW DUH WDUJHWHG E\ VU

,Q FRQFOXVLRQ H&WIHB5RDWRYRHEO-RARE BEBWQIGDY DFWLY LW\
E R 8V éerevisiaeD @ Gumigatus 7KH GDWD DUH FRQVLVWHQW ZLWK D PF
ZKLFK WKH FRPSRXQ&FALXYWHK RV R QW R W/ @ RUKHH S5 FOXIRHQ R U
PHPEUDQH UHVX®WLQKDMW QHFHVX B WQWIHR/Q( SR IHIDW R UQ D W H
DEQRUPDO SURWH LHY ¥L EKX W36 FDHFW QIRDGMURIY X R BWHVFRUH V

LPSRUWDQFH RI (WKRKHRYWOMLK | XIQBUBYB QM RAHMWQWERO

(5 SURFHVVHV W KW RKRXDO B SISHRYWHM) OWLICHVHIRYUHDQOW. RIX Q
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)XQGLQJ LQIRUPDWLRQ

)XQGLQJ ZDV SURYLGH®MigUSIVBOW % $3 L QVWLWXW &D
ODODGLHV ,QIHFWLHXQNWLUWX@QW3 DS/ B60 &K56 I X0QEEH UV KD
QR UROH LQ VWXGOEHRWLRY B5Q & MKMHHG S EHW RWYLWR VRUEP L\

IRU SXEOLFDWLRQ

$FNQRZOHGJPHQWYV

‘H WKDQN 3U OLFKHRX%RXQPRRDUIG HAWSRQIWVHNPLHQ WD C&R P
*03F ($ | RiVViVE KWHR [LF LW\ WHVW Y & 6MLFHO DRBL @+ 89 /D XV
6ZLW]HUODQ GIbicaRIWWKBLQV )UDQoRILYV H QVRAKK W BHVWH XU
A. fumigatusFOLQLFDO LV R MFEWXIVH WD QX § &P LOB-WHUDFEMWLRQ S H V

ODFURPROpPFXODNMWHXUQMNLWXI\SHRIDAL. QD & I PWMK W IPEDIOXVF U L

SHIHUHQFHYV

%URZQ 'HQQLQJ/HYLW] 60 7DFNOLQJ KXPDQ IXQJDO LQI
6FLHQFH

/DL & Q & +XDQJ $RDR 3VXHK 35 &XUUHQW FKDOOHQ
WKH PDQDJHPHQW RI LQYDVLYH IXQUDXIL-QIS® V8 R QK H P,ROWHK

+

3DUN BQQHPXHKOHWVWRE®R¥%HQGHDSISDV&XKLOOHU 70

(VWLPDWLRQ RI WKH FXUUHQW HQR®@ DIOVE X USSARY R IS FHW\S|
OLYLQJ ZLWK %, $RQG (QJ®

2GGV JRURZQ $RZ 1$5 $QWLIXQJDO DIJHQWYV PHFKDQL
7UHQGV OLFURELRO

3HUOLQ '6 &XUUHQW SHUVGRFINLEHY RQMYFKEUREVRXW

.

+RSH ::7DEHUQHWR®QLQJIJ$QGHUVRQ 0- OROHFXODU
PHFKDQLVPV RI SULPDU\ UHVLVW D QFHQW R$IGDW ERWRWR B I$ JHX
&KHPRWKH W

6FKHQROMOMIN:DJQHU &OHPRQV 3$ 7DUJHW LGHQWLILFDV
PHFKDQLVP RI DFWLRQ LQ FKHPLFDO&KHROBILRDQG GUXJ GL\

*LDHYHILYORZ & 7KH <HDVW 'HDR@ L{R ¢ RER®K RF WX QF W L
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*HQRPLFV *HQHWLFV
+LOOHQPH)YMQJI(LOGHQKBLKQUFHFBRQ/BH :3URFWRW 0

2QJH Y3HUV.BROOHIOWPDQD5v%AV 3 LVORZRHYHU * 7KH

FKHPLFDO JHQRPHB\WR UXUBRYH BRL QD O SKHIHRW \GH HRUF H

/JHH $6W 2QJH33BRFWRD®ODFHLOH 8SDJQXROWRVMRYD <
*URQGDX0< .LP 0. &KHXQJ 2GRUUHWSIBDUHDQ 0.6FKOHFKW
8 6XUHVKEB *+HLVOHIXUHQGXM$ UEDQXVHEELDLOVVLQD
( OLUDQG®KADQJI$SDULFLRHIKRXIDK LV RKHUILOR/XWU\ 0
.DLVHU&GXKPPLQV7RLPEOH%BIRZQ 6FKLPPHWH'QNDLWILWVOFSZ
& %DGHU*EDHYHU * 0DSSLQJ WKH FHOOXODU UHVSRQVH WR
FKHPRJHQRPLF ILWQHVV VLIJODWXUHV 6FLHQFH
3DUVROARS#%H]*L YRQLLOOLDPWTT\ &3RUWRKXD *
BRSNRABURVWR/& +DQJ -HWHODUHQQWU L THU DQGH] *(
/JRUHQ] ¥B\QH *6KLKDUKD\B $QGUHZAXIKHV)USH\ %BUDKDP
75 $QGHUVHARRQH & ([SORULQJ WKH PR ®H RURDFWLYH FRP S
FKHPLFDO JHOHMQ@LA GWURDVW &HOO
6SULQJHHLYVPDQLUVFKQHU 0: $ JHQHUDO ODEN RI FRPS|
IRU JHQH GRVDJH LQ \HDVW ORO 6\VW %LRO
+LOOHQPH{HUFO(RDY(LV 3.LVORZRQOHWDHYHU *
6\WWHPDWLF DQDOLGHVIRW QH® R PGDYV D R YQH\MH D M &HU IBQHDIA R Q
DFWLRQ *HQRSPH %LRO
'"HFRXUWDYHDEHRDP +DQWUDUDFKRERKVVHOOH - &
JURPRQW 5DFLRMKDOHU $ /LQNLQJ IXQH/GLRODOWV EUNBQWLWLY
TXDQWLWDWLYH FKDHM ERVHQRGDYBIBREFECHDAMDO $FDG 6FL 8 6 $
+
7RQJ $+4HVDJIHWDGHUIPQJ #X +:LQ <RXQI-HUULWYRVW
5/ & KDQJ&KHQ&KHQJIKXD)LHVHAOGEHUID\QHV -
+XPSKULMN & XVVHLE 6URJDQLL=/HYLQVRIX +DpQDUG 3
OXQ\DQBRBRUVRQSAD® ZRQLNLBOREHUWFLFX $HWDSLBRHLNK
%B6XWHWR®I 6EKDQJ #K X % XUG @XQURGPQGHILQH -
*UHHQE GBIWW % WHW V PKHOQBRWK %3 RZQ $QGUHZZWXMVH\ +
%RRQH & *OREDO PDSSLOHGQHWLEHL DN WOFWHIGRFH O HW ZR U N

+RHSIQHHBOOLZIB0 G GBLOFKKXLHYHWL6 XJqU D F KB WX® OD U
% 30OLNDWUWDKDBOWR UKV WD HULVEZNY LQKRKD QI VWRSSH\
(LFKHQE HUJHEH-U L NADHIQVP D ®RKHQGDRD $S. DVWHO 3

OHOLQUIVFRDNHOHIHWLWMHD® W8HIQG)BFKPLWBWQHGWOHU

) BWXGHD @ODULHR]HELVKPDQ3RRUWHWRYWYD 15 +LJK

UHVROXWLRQ FKHPLFD®HGLN X N B W\BRAMRU FDIIXZ\D WDUQ G JH G

IXQFWLRQV OLFURELRO 5HV
BFKXOGLQROMLGKRBSVRMHDLFWKDPLGLSRQYQD 7

,KPHO$QGUHZ¥R®B QHU& HQE O DHLWV-PHDQURIDQ 1-

([SORUDWLRQ RRQW KRHJ IOQEWMLWR QRED RH FAUKHHV RHD\VS\D WB Z D\ W K L

HSLVWDWLF PLQLDUUDA SURILOH &HOO
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%BHUU\*¥D Q 4RVH+DURRMHEELD+BELVOHIWVORZRHYHU
* *DVFK $3 OXOWLSOH PHDQV WR WKH V DIFKH WHHIGS VW K H \JH Q
UHVLVWDQFH LQ \HBVW 3/R6 *HQHW

7KLEDXDW' 7 7KH HQGRSODVPLF UHWLFXOXP DVVRF
SDWKZD\V RI EXG G ISQUL QHDAVDN E&ERHOWGVEHFW %LRO

*LDHYHKX $AL /&RQQHGODRYpURQQHRZX & XFDX
'DQLOPUGHUVRQGUBUNLQEWURPRII BDNNRMDQUKDP 5
%HQLWRBFKOW 6D QDERUSV L\DW DV HXWVFKEDIWUDSQ . °
JODKHUWXB\*DUILQNHIBUVWHRWWHOGHQHHIHPDQQ -+
+HPSHO®HAUPDQDUDPLOGROQ\ 'HOO\ .6WWHWDBRQWBPE
'& /DQ ILDQJ/EDR /4 X /XR &XVVLHOUD® HHQDUGRI 6/
5HYXHOWREHUW\RYHSRVYV 0D F G RETKGIW BEAK &P PD BN D I HU
%6KRHPDNHWRRNKDL 0D KIWRUPGWUDWKBEDQOIRHW 0
9ROFNDHMQV ®DUG 75LOKHOPAMQ]HOHKYD@ <HQ *<RXQJPDQ
( <X . %XVVHHYRHNHQ\GHBKLOLSSDNQV35RKQVWRQ 0
)XQFWLRQDO SURILRRFHR | FMKH BIDVAKEVHH Q(RPH 1D

'"HFRXUWR\HQ GDODEDWD&KRELYSDEPUDSKLHXWUEDFK )
-DFTXLEDYHDQX & /RQJ RSHQ UHDGUQ S WYDRWFIEB @R QVHQ\
PHGLDWHG P51$ GHFD\ LQ ¥YHDVW &HOO 5HS

+R &90ODJWDQRDUNHUUG/VKDPLVKLP XUDWD UDNKQ 3
-/< 3RUWHWD\ &$QGHUVHODIHYHIU VO REQSE UH ZYRIW VWHLQ
*UDKDP JBVKLGBRRQH & $ PROHFXODU EDUFRGHG \HDVW 25
PRGH RI DFWLRQIDFQMDLO\W IRRRSEEXBGYV 1DW %LRWHFKQRO

BFKLHVWIOH®4 5° +LJK HIILFLHOQMLWQORQWRWBPFW \HDV\
XVLQJ VLQJOH VWGEU @&/HD EXFOHHF BKWUU *HQHW

-RQHV BWDONKBPSKUDHBW &R[ BRIJHUXQKDP3UHOLFK
* $ VIVWHPDWLF OLEUDU\ IRU FRP SUIQKHIQY 16D FRADHIR\
FHUHYLVLDH 1DW OHWKRGYV

%R\OHHQJ BROOXEQ %RWVWHIHUU\6WHUORFN *

*2 7HUP)LQGHU RSHQ@QHVIFRXUB AFHR/NLIDL OH R U PDQW RQRDQG IL
VLIQLILFDQWO\ HQRLFWHG PV @ \2 RFIDEHIG @ HW K 9%DL RLQIRUP
(QJO +

S5LFKLH+DUWELPDQLDQGMWHUYXIOHWLOH\ OKLWH 6
OF&DUWKYDWJIp JHOGPHVSKROHWVY&HZ '6 $ UROH IRU WKH
XQIROGHG SURWHLQ YHWSRQYFHH $3FGIHWWELRQWDQ ¥ $VSHUJ
IXPLIDWXV 3/Ri6 3DWKRJ

SHIHUHQFH PHWKRG IRU E BIFSWWK ELL00 YWY LVRIQVIVQ Y 1 ||
$SSURYHG 6WDQGDUG 7KLUG (GLWLRQ D& 6,/GRRXPHRW\0 $
BWDQGDUGY ,QVWLWXWH :D\QH 3%

&ODYDXHRXYDANVUE LOXQLHU /HKPDWIp - 3 7KH
FRPSRVLWLRQ RI WK IOXO\QPXHUM WHELWBEROXWVB RP$VSHUJIL
IXPLIDWXV DQG WKIHY DWWR | X@QIOLEIBBRUY\ RWKHV Y $QWLPLI
$JHQWV &KHPRWKHU

-KLQJUDOQW . %XPDVDND.QREODXJKI B (/$HJDO,ZBNXUD
< /IRZHOO+RPHUPDQLG *RKO 70 7UDFLQJ FRQLGLDO IDWH D
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KRVW FHOO WQWLWXXML® RPPULIFIREWHT\YL® WKH OXQJ &HO(!

+

JHQJ ;ULVKQDBQFKLHSUPDQLDGOD WA DK®BRZHUV
JOHWFKHEKDQJ)XOOHULHUPDQ/X& -/DWJp :RROOHWW /
1HZPDQ UDPHUSKRGHWV&A&HZ '6 +DF$ ,QGHSHQGHQW )XQF\
WKH (5 6WUHVV 6HOVRUZ LWHS \WIQH & MOBRH OB A 885 XORQFH 7
$VSHUJLOOXV IXPLIJDWXV 3/R6 3DWKRJ

+LEHUW 0) )UHQFK (XURSHDQ DFDGHPLF FBRERXQG OLE
'LVFRY 7RGD#

=KDQJ &KXQJ 720GHQEXUJ .5$ 6LPSOH 6WDWLVWLFDO 3|
8VH LQ (YDOXDW RRQRD @ GJ¥D DH.IGXVIIKSXDAG FUPHAPRD $6FUHH

+

3UXQLBDXOM @FHOBWE-BRD5MHQDU'GIGDJUDGUHILBIHU %
&DLJQDUGLW OERDIUGLROD /HPDRAYKE % 1RYHO DQG VHOHFW
SDUWLDO DJRQLVWV RI +7 UHFH®WRWDOXDBIORMXRVLY DQG
SLSHUD]LQRS\ULGRSSLESROURSLQRIS\QWBQBTXLQR[DOLQHV
SLSHUD]LQRS\UQBFSOUQRWORTHEHG & KHP

6PLWK $ALVOHWHOORDSHU7KRPSVR@KHHSRWK )3
*LDHYHILVYORZ & 4XDQWLWDWLYOHGIHKHD RIS RGHYYRPKHQFL(
5HV +

(DVRQ 3RXUPDQ@RQAIJSUDVHWPDQ$LONKRQAMMHORZR 2
'DYLV BWROF 9 &KDUDFWHUL]DWLRQ RI VIQWKMWHF '1$ EDU
FHUHYLVLDH JHQW GHRHWDR®@ $WDOL6GHL 8 6 $

&DQQRQYBPSLQIROPHVI$EPL%DUHWH3IOL\D GRQDEH .
ILLPL*@IIHDXBQN %& (IIOX[ PHGLDWHGEUXQWHNKIQ/MDQFH &
OLFURELRO 5HY 7DEOH RI &RQWHQWYV

OH\HUBRBKDXHWDO]IDJQHU*RIITHDXROLQ - ,QWHUDFWLRQ
WKH \HDVW SOHLRWDRBHFIBQNKY BHV THIGI®'5+ &XUU

"-RQLNDWROOLOWQAF2&K (4XDQ (6FKPLGHLEH]DKQ -
6FKZDSSDBRWHIHBVVPDOFKXOGLQHU BRPSUHKHQVLYH
FKDUDFWHUL]DW URG RR U HSQUHRW U HQRIR DGD YR LIEQUW KH. AHX O X P

+

IDKLU&K®DR 7DYDVVIRQU $.2 8 KRXGKDBRXQJ WRHZHQ
&-53ULQ] :$ $ FRQVHUYHG HQGRSODVPLF UHWHEXOXP PHP
(0& IDFLOLWDWHWYDSKR W EKIR®RIPSWE @5 DV 3 /RIBVMRIERK® Q

+DPSWRQ 5< (5 VWUHVV UHVSRQVH JHWWLQRWHIHQS&35 }
&XUU %LRB &

6FKU|GHU 0 (QGRSODVPLF UMHWISRXOMPV VWIBGI@®D/RO /LIH

.

&RVWD Q%H® 0\VKQLBROD.BP-<6SHDUGBMYLHULRS +RK
/< 7TRXILJKOIRVWDIBYLGEW 2QIJHIDNDGHUBGOXNKAHY\FK 7
9L]HDFRXPPAL)D GHE KW & RV V& 6 Q&R NR OHO/ K SD Q ALH=5
/JLQ =/4{DQJQDUEDFRDIZ 6DQ /XLWRXWHUWRDY $+¥DQ '\N
1 :-DOODFHKIOWQH\HEUDXFK=BRQJ=KX #+RXU\ :%UXGQR 0
S5DJLEL]DGBIESE%0 &8RWK HIBDHY HILYORZUK\D QV N DX 2V H\
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+ %DGHU*EQJUDVORBULV.UP 30.DLVHUORBUV &QGUHZV %-
%RRQH & 7KH JHQHWLF ODQGVFDSHtRI D FHOO 6FLHQFH

<X /| 3HXD &DV\WQO DRQHKK BFKHVIGBRZQ *: $ VXUYH\ RI
HVVHQWLDO JHQH DNOFWHEQ GQYWIKMHRQ@HOROH 0RO %

7KLEDX®RKE.£P : OFSOLVWHWPDEOJL 63HQN 03 J
"7 7KH PHPEUDQHHY BXIHNVY VUGN SIRG® CH @ HFMWTVXROLE UL >
UHSURJUDPPLQJ WMRN\BDRMWHQO WRRUEN ORO &HOO

JLONH3SODWXDQ]QHWIBKBGDBSRSRUMD U PDORPPHU 7

$ VHFRQG WULPHULF FRPSOH[ FRGWRIPGIOH] KR®RW RR ¥ \R
SURWHLQ WUDQVSRBBUDRWHRRN 6WKHUS YLVEDH (0%?2

%L