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Reviewer #1 (Remarks to the Author):

This manuscript describes the observation that an oxylipin synthesized by A. fumigatus modulates 

the activity of echinocandins toward the fungus. Specifically, it suppresses the tip lysis facet of 

their mode of action. They show that echinocandin treatment induces the gene involved in its 

biosynthesis and that echinocandins induce the production of the oxylipin by isolating the lipid 

from treated and untreated cultures. The transcription factor ZpfA which was known to mediate 

the effects of this oxylipin on cell wall gene expression was also shown to be required for the 

suppression.

The premise of the work was based on the observation that oxylipin and echinocandins have 

shared effects on gene expression and branching phenotypes. So in some ways this is a synthesis 

of previous studies and they use two data sets from previous work to make this point.

Although this is certainly an interesting observation, the impact of the paper would be dramatically 

improved if these observational data were bolstered by mechanism-directed experiments. The 

observation of overlapping DEG sets between caspo and the oxylipin are not followed up. For 

example, what is the transcriptional profile of cells treated with both caspo and the oxylipin? What 

oxylipin induced genes are dependent on Zpfa and are there downstream targets that could 

emerge. Does oxylipin protect against other cell wall active agents? Does it rescue the defects of 

cell wall mutants or the susceptibility of cell wall mutants? Does it alter cell wall composition?

At this point, the data presented provide a very interesting observation that could lead to a very 

interesting and impactful piece of work once more complete and detailed mechanistic information 

are generated.

Additional suggestions

1. A more complete description of the microscopy based lysis assay would help the reader 

understand the data better---ie that it is a time based assay and information on how many cells 

and data points go into the analysis. How many cells are included in the analysis and how are the 

data processed to yeild the survival rates?

2. For the lysis/survival data in the figures, three data points are listed. What do those represent? 

From the methods section, I assume those are lysis rates from independent experiments but it is 

not clear. If that is the case, how many cells were evaluated and are those data normally 

distributed?

3. Similar question for the branching data.

4. In some places one way anova is used and in others two way anova is used. What is the 

rationale for the change.

5. The different strains were treated with different concentrations of echinocandin in Fig. 4; why?

6. There is a significant difference in the amount of lysis observed for the two lab strains. Do they 

secrete different amounts of oxylipin?

Reviewer #2 (Remarks to the Author):

This manuscript extends previous observations from the senior author that documented the ability 

of oxylipins (i.e., 5,8-diHODE) to regulate aspects of hyphal morphogenesis such as branching in 

Aspergillus fumigatus. Based on the striking similarity between this response and that elicited by 

treatment with echinocandins, the authors focus this study on the role of oxylipins in the effects 

caused by treatment with caspofungin and micafungin. The authors first use transcriptome 

analysis to demonstrate significant overlap in the gene expression responses to 5,8-diHODE and 

caspofungin. They then show that caspofungin treatment induces production of 5.8-diHODE (and 

8-HODE) via PpoA. They follow this by showing that co-treatment of 5,8-diHODE with caspofungin 

provides a protective effect in term of limiting tip lysis but not other features of the morphological 

response to caspofungin. The authors demonstrate that this effect is shared with other isolates of 

A. fumigatus as well as other Aspergillus species, and that it also works against micafungin. Lastly, 

the authors provide evidence that the transcription factor ZpfA, which mediates the morphological 



response to 5,8-diHODE, is partially required for the protective effects of oxylipins.

The results presented in this manuscript are truly novel and exciting. The link between oxylipins 

and the response to echinocandins is somewhat unexpected, and has potential clinical implications 

for the treatment of a notable fungal pathogen. At the same time, the manuscript would benefit 

from additional evidence that solidifies the functional and clinical implications of the results. On the 

functional side, the data suggest that caspofungin-mediated cell wall damage somehow activates 

PpoA to trigger 5,8-diHODE production, which then acts via ZpfA to induce expression of genes 

that limit tip lysis. According to this model, the absence of ppoA (perhaps in combination with loss 

of ppoC) should result in hypersensitivity to caspofungin. Also, the model would predict that the 

cell wall integrity response as mediated by MpkA would be needed for expression of PpoA. On the 

clinical side, the authors do not provide any evidence that 5,8-diHODE is protective in an animal 

(or waxmoth larvae) model, or that a ppoA mutant increases the effectiveness of caspofungin in 

such a model.

Other points;

lines 98-99. No data are provided that document the effect of these treatments.

Reviewer #3 (Remarks to the Author):

This is very interesting story of new findings in which treatment of A. fumigatus

with caspofungin or micafungin, but not voriconazole, induces production of 5,8-diHODE by the 

fungal oxygenase PpoA. Treatment with this fungal oxylipin blocks echinocandin mediated lysis of 

hyphal tips, requiring the transcription factor ZfpA for full protection. Actually"this finding is a 

followed-up study in the same lab in 2020,

Niu, M. et al. has reported that “Fungal oxylipins direct programmed developmental switches in 

filamentous fungi. Nat. Commun. 11, 5158 (2020). In this study, they found diverse isolates of A. 

fumigatus and two other 5,8-diHODE producing Aspergillus pathogens could response to 5,8-

diHODE through requiring the transcription factor ZfpA. Importance for this finding may indicate 

further studies into the genes regulated by 5,8-diHODE and ZfpA as potential targets to enhance 

antifungal efficacy by unlocking fungicidal activity of echinocandin antifungals.

Thus, I think findings are important and novel, writing is logic and data are able to support 

conclusions. The methods data analysis are sound.

1. PpoA oxylipins protect Aspergillus against the fungicidal activity of caspofungin

How about inhibitors of PpoA oxylipins could affect activity of caspofungin?

2. How about relationship between ZfpA with PpoA

3. ZfpA is a partial mediator of 5,8-diHODE protection against echinocandin antifungals.

Do the conserved C2H2 site-directed domain mutant of transcription factor ZfpA could also affect 

PpoA expression and then resulted in susceptible to caspofungin

4. Does inhibitors of 5,8-diHODE could be as potential novel-type antifungals?

5. In section of Method: it is not clear how to measure “Percent survival of Aspergillus germlings.

6. A working model should be good to be understood for this story

Minor : Figure 2 (B,C) 5,8-diHODE and 8-HODE per milligram of dry biomass extracted from fungal 

tissue (B) or culture supernatant (C) should be Figure 2 (C,D)

Figure 2B should labeled as WT CEA10
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EQaUQbQ] !* #EQXM]V^ _Z _TQ 6`_TZ]$3 

GTU^ XMY`^O]U[_ PQ^O]UNQ^ _TQ ZN^Q]aM_UZY _TM_ MY ZcdWU[UY ^dY_TQ^UeQP Nd 6' R`XUSM_`^ XZP`WM_Q^ _TQ MO_UaU_d ZR 
QOTUYZOMYPUY^ _ZbM]P _TQ R`YS`^' F[QOURUOMWWd% U_ ^`[[]Q^^Q^ _TQ _U[ Wd^U^ RMOQ_ ZR _TQU] XZPQ ZR MO_UZY' GTQd ^TZb _TM_ 
QOTUYZOMYPUY _]QM_XQY_ UYP`OQ^ _TQ SQYQ UYaZWaQP UY U_^ NUZ^dY_TQ^U^ MYP _TM_ QOTUYZOMYPUY^ UYP`OQ _TQ []ZP`O_UZY ZR 
_TQ ZcdWU[UY Nd U^ZWM_UYS _TQ WU[UP R]ZX _]QM_QP MYP `Y_]QM_QP O`W_`]Q^' GTQ _]MY^O]U[_UZY RMO_Z] L[R6 bTUOT bM^ VYZbY 
_Z XQPUM_Q _TQ QRRQO_^ ZR _TU^ ZcdWU[UY ZY OQWW bMWW SQYQ Qc[]Q^^UZY bM^ MW^Z ^TZbY _Z NQ ]Q\`U]QP RZ] _TQ 
^`[[]Q^^UZY'  

GTQ []QXU^Q ZR _TQ bZ]V bM^ NM^QP ZY _TQ ZN^Q]aM_UZY _TM_ ZcdWU[UY MYP QOTUYZOMYPUY^ TMaQ ^TM]QP QRRQO_^ ZY SQYQ 
Qc[]Q^^UZY MYP N]MYOTUYS [TQYZ_d[Q^' FZ UY ^ZXQ bMd^ _TU^ U^ M ^dY_TQ^U^ ZR []QaUZ`^ ^_`PUQ^ MYP _TQd `^Q _bZ PM_M 
^Q_^ R]ZX []QaUZ`^ bZ]V _Z XMVQ _TU^ [ZUY_'  

6W_TZ`ST _TU^ U^ OQ]_MUYWd MY UY_Q]Q^_UYS ZN^Q]aM_UZY% _TQ UX[MO_ ZR _TQ [M[Q] bZ`WP NQ P]MXM_UOMWWd UX[]ZaQP UR _TQ^Q 
ZN^Q]aM_UZYMW PM_M bQ]Q NZW^_Q]QP Nd XQOTMYU^X&PU]QO_QP Qc[Q]UXQY_^' GTQ ZN^Q]aM_UZY ZR ZaQ]WM[[UYS 9:< ^Q_^ 
NQ_bQQY OM^[Z MYP _TQ ZcdWU[UY M]Q YZ_ RZWWZbQP `[' ;Z] QcMX[WQ% bTM_ U^ _TQ _]MY^O]U[_UZYMW []ZRUWQ ZR OQWW^ _]QM_QP 
bU_T NZ_T OM^[Z MYP _TQ ZcdWU[UY5 JTM_ ZcdWU[UY UYP`OQP SQYQ^ M]Q PQ[QYPQY_ ZY L[R6 MYP M]Q _TQ]Q PZbY^_]QMX 
_M]SQ_^ _TM_ OZ`WP QXQ]SQ'  

EQ^[ZY^Q3 GTMYV dZ` RZ] dZ`] ZN^Q]aM_UZY^ MYP ^`SSQ^_UZY^' HW_UXM_QWd% bQ RQW_ _TM_ _TQ ^QOZYPM]d MYMWd^U^ ZR _TQ^Q 
[`NWU^TQP EB6&^Q\ PM_M ^Q_^ PUP YZ_ OZY_]UN`_Q ^USYURUOMY_Wd _Z Z`] ^_`Pd' >Y^_QMP% bQ _TZ`ST_ U_ NQ^_ _Z [Q]RZ]X Z`] 
ZbY EB6&^Q\`QYOUYS Qc[Q]UXQY_ ZR _TQ !B2;# MYP C:33B2;# ^_]MUY^ M^ _TQ ZaQ]Qc[]Q^^UZY LR[6 ^_]MUY [TQYZOZ[UQ^ 
.%1&PU=C9: _]QM_XQY_ UYOW`PUYS U_^ ]Q^U^_MYOQ _Z OM^[ZR`YSUY XQPUM_QP _U[ Wd^U^ #BQb F`[[WQXQY_M]d 9M_M *$' C`] 
MYMWd^U^ ZR 9:<^ ZR _TQ !B2;# MYP C:33B2;# ]QaQMWQP MW_Q]QP ]QS`WM_UZY ZR XMYd OTU_UY XQ_MNZWUO SQYQ^ bTUOT bQ 
[Z^U_QP XMd NQ ]Q^[ZY^UNWQ RZ] .%1&PU=C9: []Z_QO_UZY MSMUY^_ OM^[ZR`YSUY _U[ Wd^U^ PQ^O]UNQP UY #BQb ;US' /6$' JQ 
RZWWZbQP _TU^ bU_T OQWW bMWW OTU_UY MYMWd^U^ Nd 8;J ^_MUYUYS MYP RZ`YP _TM_ _TQ OZ_]QM_XQY_ ZR OM^[ZR`YSUY MYP .%1&
PU=C9: UYP`OQ^ TUSTQ] WQaQW^ ZR OTU_UY UY _TQ R`YS`^ _TMY QU_TQ] MWZYQ% ^`[[Z]_UYS M OQWW bMWW XQOTMYU^X ZR 
]QUYRZ]OQXQY_ #BQb ;US' /7$' GTQ^Q MPPU_UZY^ M]Q PQ^O]UNQP UY WUYQ^ +0.&,)1 ZR _TQ ]Q^`W_^ MYP -+-&-,- ZR _TQ 
PU^O`^^UZY MYP UWW`^_]M_QP UY Z`] XZPQW RUS`]Q #BQb ;US' 0$' 6^ bQ bUWW PU^O`^^ XZ]Q NQWZb% MYMWd^U^ ZR _TQ 9:<^ 
UX[WUOM_QP _TQ A[V6 [M_TbMd bTUOT bQ ^TZb _Z TMaQ [M]_UMW UYaZWaQXQY_ UY []Z_QO_UZY Nd .%1&PU=C9: M^ PQ^O]UNQP UY 
WUYQ^ +2.&,)1 MYP -,.&-.1 #BQb ;US' /8$'  

9ZQ^ ZcdWU[UY []Z_QO_ MSMUY^_ Z_TQ] OQWW bMWW MO_UaQ MSQY_^5  

EQ^[ZY^Q3 JQ bQ]Q ^UXUWM]Wd O`]UZ`^ M^ _Z bTQ_TQ] _TU^ ZcdWU[UY bM^ []Z_QO_UaQ MSMUY^_ Z_TQ] OQWW bMWW MO_UaQ MSQY_^' 
GZ MPP]Q^^ _TU^ \`Q^_UZY% bQ M^VQP UR .%1&PU=C9: OZ`WP []Z_QO_ MSMUY^_ OZYSZ ]QP MYP RZ`YP _TM_ U_ OZ`WP YZ_ M^ 
PQ^O]UNQP UY WUYQ^ *21&+), MYP ,0)&,0+ #BQb ;US' ,9$' JQ NQWUQaQ .%1&PU=C9: U^ M ^[QOURUO ]Q^[ZY^Q _Z M 
bQMVQYUYS ZR ;?F MO_UaU_d MYP [Z^^UNWd _TQ UYP`O_UZY U^ M^^ZOUM_QP bU_T ^[QOURUO OQWW bMWW R]MSXQY_^% bTUOT bQ TZ[Q _Z 
_Q^_ UY _TQ R`_`]Q' F`OT MY `YPQ]_MVUYS bUWW _MVQ OZY^UPQ]MNWQ _UXQ MYP QRRZ]_ MYP NQ _TQ NM^U^ RZ] MY QY_U]QWd YQb 
]Q^QM]OT RZO`^ ZR _TQ WMN' 

9ZQ^ U_ ]Q^O`Q _TQ PQRQO_^ ZR OQWW bMWW X`_MY_^ Z] _TQ ^`^OQ[_UNUWU_d ZR OQWW bMWW X`_MY_^5  

EQ^[ZY^Q3 6]Q dZ` M^VUYS UR .%1&PU=C9: ]Q^O`Q^ OQWW bMWW X`_MY_^5 KQ^% U_ PZQ^' ;Z] QcMX[WQ% _TQ B2;# PQWQ_UZY 
^_]MUY U^ M OQWW bMWW X`_MY_ #WU__WQ OTU_UY$ MYP .%1&PU=C9: ]QYPQ]^ _TU^ X`_MY_ XZ]Q ]Q^U^_MY_ _Z OM^[ZR`YSUY% YZb _Q^_QP 
UY _T]QQ #=;1<3577?= ^[[' #BQb ;US' .:&;$' JQ R`]_TQ] M^^Q^^QP _TU^ \`Q^_UZY Nd UYOW`PUYS _TQ !8;6# X`_MY_' JQ 
RZ`YP _TM_ .%1&PU=C9: OZYRQ]]QP ^_M_U^_UOMW []Z_QO_UZY _Z _TQ !8;6# X`_MY_ N`_ U_ ^_UWW ]QXMUYQP TUSTWd ^`^OQ[_UNWQ _Z 
OM^[ZR`YSUY _U[ Wd^U^ #BQb ;US' /8$' JQ MW^Z WZZVQP M_ M !/<B# X`_MY_ bTUOT TM^ NQQY UPQY_URUQP _Z UX[MO_ OQWW bMWW 
OZX[Z^U_UZY bTQ]Q ^Mb []Z_QO_UZY R]ZX .%1&PU=C9: OZX[M]MNWQ _Z _TQ JG ^_]MUY #BQb ;US' /9$' GTQ^Q YQb RUYPUYS^ 
M]Q PQ^O]UNQP UY WUYQ^ +2.&,)1 MYP -,.&-.1' 

9ZQ^ U_ MW_Q] OQWW bMWW OZX[Z^U_UZY5  

EQ^[ZY^Q3 JQ VYZb R]ZX Z`] []UZ] bZ]V _TM_ .%1&PU=C9: UYO]QM^Q^ Td[TMW OTU_UY PQ_QO_MNWQ Nd 8;J ^_MUYUYS #BU` Q_ 
MW' +)+)$% MYP UY _TU^ ^_`Pd bQ TMaQ Qc_QYPQP _TU^ RUYPUYS _Z 1&=C9: M^ bQWW #F`[[WQXQY_M]d ;US' +$' ;`]_TQ]% bQ 
RZ`YP _TM_ _TQ OZXNUYM_UZY ZR .%1&PU=C9: MYP OM^[ZR`YSUY UYO]QM^QP OTU_UY XZ]Q _TMY QMOT MWZYQ M^ PQ^O]UNQP UY 
WUYQ^ +10&+2- MYP -+0&-,- #BQb ;US' /7$ 



6_ _TU^ [ZUY_% _TQ PM_M []Q^QY_QP []ZaUPQ M aQ]d UY_Q]Q^_UYS ZN^Q]aM_UZY _TM_ OZ`WP WQMP _Z M aQ]d UY_Q]Q^_UYS MYP 
UX[MO_R`W [UQOQ ZR bZ]V ZYOQ XZ]Q OZX[WQ_Q MYP PQ_MUWQP XQOTMYU^_UO UYRZ]XM_UZY M]Q SQYQ]M_QP' 

EQ^[ZY^Q3 C`] YQb PM_M UX[WUOM_Q^ OTU_UY M^ _TQ ]QUYRZ]OUYS MSQY_ M^ PQ^O]UNQP UY WUYQ^ +2-&,)1 MYP -+-&-,- #BQb 
;US' /6&7$' 6^ XQY_UZYQP MNZaQ% Z`] PM_M U^ WQMPUYS _Z MY UYaZWaQXQY_ ZR OQWW bMWW R]MSXQY_^ bTUOT bUWW ^`]QWd NQ M 
OTMWWQYSUYS N`_ QcOU_UYS YQb PU]QO_UZY UY Z`] WMN' GTU^ OMYYZ_ NQ ^ZWaQP UY * dQM]' =ZbQaQ]% _Z ^_]QYS_TQY bTd _TU^ bUWW 
NQ M VQd M]QM _Z RZO`^ ZY% bQ TMaQ YZb M^VQP UR _TQ ZcdWU[UY ]Q^[ZY^Q U^ OZY^Q]aQP UY Z_TQ] R`YSU' JQ RZ`YP _TM_ 
OM^[ZR`YSUY UYP`OQ^ ;;:# UY _bZ Z_TQ] #=;1<3577?= ^[["! #" 950?7-9= MYP #" 27-@?=! MYP _TM_ .%1&PU=C9: []Z_QO_^ NZ_T 
^[QOUQ^ R]ZX OM^[ZR`YSUY _U[ Wd^U^ PQ^O]UNQP UY WUYQ^ +*-&++- MYP ,1*&,1/ #BQb ;US' -6&7 MYP ;US' -8&9$' ;`]_TQ]% 
bQ O]QM_QP B2;# PQWQ_UZY MYP ZaQ]Qc[]Q^^UZY X`_MY_^ UY NZ_T ^[QOUQ^ MYP RZ`YP _TM_ LR[6 OZY_]UN`_Q^ _Z OM^[ZR`YSUY 
_ZWQ]MYOQ UY NZ_T PQ^O]UNQP UY WUYQ^ +-1&+/. MYP -**&-+) #BQb ;US' .:&;$' GTU^ ^_]QYS_TQY^ Z`] OZY_QY_UZY _TM_ _TQ 
.%1&PU=C9: ^USYMWUYS [M_TbMd U^ OZY^Q]aQP% M_ WQM^_ MXZYS _TQ M^[Q]SUWWU MYP bQ ^[QO`WM_Q NQdZYP _TU^ SQY`^' >_ U^ 
UY_Q]Q^_UYS _Z OZY^UPQ] _TM_ _TU^ [M_TbMd XMd TMaQ QaZWaQP R]ZX UY_Q]MO_UZY^ ZR ^ZUW R`YSU bU_T YM_UaQ QOTUYZOMYPUY 
[]ZP`OUYS XUO]ZNQ^'  

6PPU_UZYMW ^`SSQ^_UZY^ 
*' 6 XZ]Q OZX[WQ_Q PQ^O]U[_UZY ZR _TQ XUO]Z^OZ[d NM^QP Wd^U^ M^^Md bZ`WP TQW[ _TQ ]QMPQ] `YPQ]^_MYP _TQ PM_M 
NQ__Q]&&&UQ _TM_ U_ U^ M _UXQ NM^QP M^^Md MYP UYRZ]XM_UZY ZY TZb XMYd OQWW^ MYP PM_M [ZUY_^ SZ UY_Z _TQ MYMWd^U^' =Zb 
XMYd OQWW^ M]Q UYOW`PQP UY _TQ MYMWd^U^ MYP TZb M]Q _TQ PM_M []ZOQ^^QP _Z dQUWP _TQ ^`]aUaMW ]M_Q^5 

EQ^[ZY^Q3 GZ TQW[ []ZaUPQ _TQ ]QMPQ] M NQ__Q] `YPQ]^_MYPUYS% bQ QWMNZ]M_QP ZY _TQ PQ_MUW^ ZR _TU^ M^^Md UY _TQ WUYQ^ 
.2+&/). ZR _TQ XQ_TZP^ ^QO_UZY'  

+' ;Z] _TQ Wd^U^(^`]aUaMW PM_M UY _TQ RUS`]Q^% _T]QQ PM_M [ZUY_^ M]Q WU^_QP' JTM_ PZ _TZ^Q ]Q[]Q^QY_5 ;]ZX _TQ XQ_TZP^ 
^QO_UZY% > M^^`XQ _TZ^Q M]Q Wd^U^ ]M_Q^ R]ZX UYPQ[QYPQY_ Qc[Q]UXQY_^ N`_ U_ U^ YZ_ OWQM]' >R _TM_ U^ _TQ OM^Q% TZb XMYd 
OQWW^ bQ]Q QaMW`M_QP MYP M]Q _TZ^Q PM_M YZ]XMWWd PU^_]UN`_QP5 

EQ^[ZY^Q3 >Y MPPU_UZY _Z []ZaUPUYS M XZ]Q PQ_MUWQP PQ^O]U[_UZY ZR _TQ XQ_TZP^ #WUYQ^ .2+&/).$% bQ MPPQP _TQ RZWWZbUYS 
OWM]URUOM_UZY _Z _TQ WQSQYP^ ZR MWW RUS`]Q^ OZY_MUYUYS Wd^U^ Qc[Q]UXQY_^3 j9M_M [ZUY_^ QMOT ]Q[]Q^QY_ [Q]OQY_ ^`]aUaMW ZR 
22 SQ]XWUYS^ M^^Q^^QP UY UYPQ[QYPQY_ bQWW^'k 

,' FUXUWM] \`Q^_UZY RZ] _TQ N]MYOTUYS PM_M' 

EQ^[ZY^Q3 6^ []QaUZ`^Wd [`NWU^TQP Nd Z`] WMN #BU` Q_ MW' +)+) )->?<1 $:88?95/->5:9=$% _TQ PM_M [ZUY_^ ]Q[]Q^QY_ 
QUST_ UYPUaUP`MW Td[TMQ [Q] OZYPU_UZY UY M ^UYSWQ Qc[Q]UXQY_' JQ TMaQ MPPQP _TU^ PQ_MUW _Z _TQ WQSQYP^ ZR 
F`[[WQXQY_M]d ;US' * MYP 0'  

-' >Y ^ZXQ [WMOQ^ ZYQ&bMd MYZaM U^ `^QP MYP UY Z_TQ]^ _bZ bMd MYZaM U^ `^QP' JTM_ U^ _TQ ]M_UZYMWQ RZ] _TQ OTMYSQ' 

EQ^[ZY^Q3 >Y Qc[Q]UXQY_^ bTQ]Q OZYPU_UZY^ bQ]Q PQRUYQP Nd ZYWd ZYQ RMO_Z] #U'Q' _]QM_XQY_ _d[Q$% ZYQ&bMd 6BCI6 
bM^ `^QP' GbZ&bMd 6BCI6 bM^ `^QP UY Qc[Q]UXQY_^ bTQ]Q OZYPU_UZY^ bQ]Q PQRUYQP Nd _bZ RMO_Z]^ #U'Q' _]QM_XQY_ 
MYP SQYZ_d[Q$'  

.' GTQ PURRQ]QY_ ^_]MUY^ bQ]Q _]QM_QP bU_T PURRQ]QY_ OZYOQY_]M_UZY^ ZR QOTUYZOMYPUY UY ;US' -4 bTd5 

EQ^[ZY^Q3 ;Z] OM^[ZR`YSUY% bQ ^QWQO_QP _TQ WZbQ^_ OZYOQY_]M_UZY^ _TM_ dUQWPQP OZY^U^_QY_ ]M_Q^ ZR OM^[ZR`YSUY _U[ 
Wd^U^ UY Z`] TMYP^ RZ] QMOT ^_]MUY _Z MaZUP MYd [M]MPZcUOMW QRRQO_^ ZR TUSTQ] OZYOQY_]M_UZY^' AUOMR`YSUY U^ VYZbY _Z NQ 
QRRQO_UaQ M_ WZbQ] OZYOQY_]M_UZY^ _TMY OM^[ZR`YSUY% ^Z UYU_UMWWd bQ ]QP`OQP []Z[Z]_UZYMWWd _TQ OZYOQY_]M_UZY^ `^QP 
]QWM_UaQ _Z _TZ^Q ZR OM^[ZR`YSUY RZ] QMOT ^_]MUY' =ZbQaQ]% bQ TMaQ ^UYOQ ]Q[QM_QP _TU^ Qc[Q]UXQY_ `^UYS _TQ ^MXQ 
OZYOQY_]M_UZY^ _TM_ bQ]Q `^QP RZ] OM^[ZR`YSUY MYP ]Q[WMOQP ;US' ,7&8 _Z ^TZb _TQ YQb PM_M' 

/' GTQ]Q U^ M ^USYURUOMY_ PURRQ]QYOQ UY _TQ MXZ`Y_ ZR Wd^U^ ZN^Q]aQP RZ] _TQ _bZ WMN ^_]MUY^' 9Z _TQd ^QO]Q_Q PURRQ]QY_ 
MXZ`Y_^ ZR ZcdWU[UY5 

EQ^[ZY^Q3 KQ^% _TQ _bZ ^_]MUY^ []ZP`OQ PURRQ]QY_ MXZ`Y_^ ZR .%1 bU_T 6R+2, []ZP`OUYS XZ]Q #6WXMWUVU Q_ MW' +)+, ' :2 
%?935$' 6W^Z% _TQ MPPU_UZY ZR )')*" b(a dQM^_ Qc_]MO_ _Z <AA XQPUM UY Qc[Q]UXQY_^ bU_T 6R+2, M^ Qc[WMUYQP UY WUYQ^ 
-00&-1) XMd [M]_UMWWd Qc[WMUY _TQ ZN^Q]aQP PURRQ]QYOQ NQ_bQQY _TQ 6R+2, MYP 8:6*) ^_]MUY^' =ZbQaQ]% bQ PUP YZ_ 
OZYP`O_ MYd Qc[Q]UXQY_^ PU]QO_Wd OZX[M]UYS Wd^U^ NQ_bQQY _TQ _bZ% ^Z bQ OMYYZ_ P]Mb ^_M_U^_UOMW OZYOW`^UZY^ MNZ`_ 



PURRQ]QYOQ^ UY Wd^U^ NQ_bQQY _TQ^Q _bZ U^ZWM_Q^' BZYQ_TQWQ^^% bTQY _TQ Wd^U^ Qc[Q]UXQY_^ bU_T XUOMR`YSUY bQ]Q 
]Q[QM_QP `^UYS _TQ ^MXQ OZYOQY_]M_UZY^ M^ RZ] OM^[ZR`YSUY% bQ ZN^Q]aQP XZ]Q ^UXUWM] ]M_Q^ ZR Wd^U^ UY _TQ _bZ ^_]MUY^ 
#BQb ;US' ,7&8$' GTQ VQd ZN^Q]aM_UZY U^ _TM_ NZ_T ^_]MUY^ M]Q []Z_QO_QP UY MPPU_UZY _Z #" 27-@?= MYP #" 950?7-9="  

EQaUQbQ] !+ #EQXM]V^ _Z _TQ 6`_TZ]$3 

GTU^ XMY`^O]U[_ Qc_QYP^ []QaUZ`^ ZN^Q]aM_UZY^ R]ZX _TQ ^QYUZ] M`_TZ] _TM_ PZO`XQY_QP _TQ MNUWU_d ZR ZcdWU[UY^ #U'Q'% 
.%1&PU=C9:$ _Z ]QS`WM_Q M^[QO_^ ZR Td[TMW XZ][TZSQYQ^U^ ^`OT M^ N]MYOTUYS UY 6^[Q]SUWW`^ R`XUSM_`^' 7M^QP ZY _TQ 
^_]UVUYS ^UXUWM]U_d NQ_bQQY _TU^ ]Q^[ZY^Q MYP _TM_ QWUOU_QP Nd _]QM_XQY_ bU_T QOTUYZOMYPUY^% _TQ M`_TZ]^ RZO`^ _TU^ 
^_`Pd ZY _TQ ]ZWQ ZR ZcdWU[UY^ UY _TQ QRRQO_^ OM`^QP Nd _]QM_XQY_ bU_T OM^[ZR`YSUY MYP XUOMR`YSUY' GTQ M`_TZ]^ RU]^_ 
`^Q _]MY^O]U[_ZXQ MYMWd^U^ _Z PQXZY^_]M_Q ^USYURUOMY_ ZaQ]WM[ UY _TQ SQYQ Qc[]Q^^UZY ]Q^[ZY^Q^ _Z .%1&PU=C9: MYP 
OM^[ZR`YSUY' GTQd _TQY ^TZb _TM_ OM^[ZR`YSUY _]QM_XQY_ UYP`OQ^ []ZP`O_UZY ZR .'1&PU=C9: #MYP 1&=C9:$ aUM D[Z6' 
GTQd RZWWZb _TU^ Nd ^TZbUYS _TM_ OZ&_]QM_XQY_ ZR .%1&PU=C9: bU_T OM^[ZR`YSUY []ZaUPQ^ M []Z_QO_UaQ QRRQO_ UY _Q]X ZR 
WUXU_UYS _U[ Wd^U^ N`_ YZ_ Z_TQ] RQM_`]Q^ ZR _TQ XZ][TZWZSUOMW ]Q^[ZY^Q _Z OM^[ZR`YSUY' GTQ M`_TZ]^ PQXZY^_]M_Q _TM_ 
_TU^ QRRQO_ U^ ^TM]QP bU_T Z_TQ] U^ZWM_Q^ ZR 6' R`XUSM_`^ M^ bQWW M^ Z_TQ] 6^[Q]SUWW`^ ^[QOUQ^% MYP _TM_ U_ MW^Z bZ]V^ 
MSMUY^_ XUOMR`YSUY' @M^_Wd% _TQ M`_TZ]^ []ZaUPQ QaUPQYOQ _TM_ _TQ _]MY^O]U[_UZY RMO_Z] L[R6% bTUOT XQPUM_Q^ _TQ 
XZ][TZWZSUOMW ]Q^[ZY^Q _Z .%1&PU=C9:% U^ [M]_UMWWd ]Q\`U]QP RZ] _TQ []Z_QO_UaQ QRRQO_^ ZR ZcdWU[UY^'  

GTQ ]Q^`W_^ []Q^QY_QP UY _TU^ XMY`^O]U[_ M]Q _]`Wd YZaQW MYP QcOU_UYS' GTQ WUYV NQ_bQQY ZcdWU[UY^ MYP _TQ ]Q^[ZY^Q _Z 
QOTUYZOMYPUY^ U^ ^ZXQbTM_ `YQc[QO_QP% MYP TM^ [Z_QY_UMW OWUYUOMW UX[WUOM_UZY^ RZ] _TQ _]QM_XQY_ ZR M YZ_MNWQ R`YSMW 

[M_TZSQY' 6_ _TQ ^MXQ _UXQ% _TQ XMY`^O]U[_ bZ`WP NQYQRU_ R]ZX MPPU_UZYMW QaUPQYOQ _TM_ ^ZWUPURUQ^ _TQ R`YO_UZYMW MYP 
OWUYUOMW UX[WUOM_UZY^ ZR _TQ ]Q^`W_^' CY _TQ R`YO_UZYMW ^UPQ% _TQ PM_M ^`SSQ^_ _TM_ OM^[ZR`YSUY&XQPUM_QP OQWW bMWW 
PMXMSQ ^ZXQTZb MO_UaM_Q^ D[Z6 _Z _]USSQ] .%1&PU=C9: []ZP`O_UZY% bTUOT _TQY MO_^ aUM L[R6 _Z UYP`OQ Qc[]Q^^UZY ZR 
SQYQ^ _TM_ WUXU_ _U[ Wd^U^' 

EQ^[ZY^Q3 GTMYV dZ` RZ] dZ`] VUYP bZ]P^' 

6OOZ]PUYS _Z _TU^ XZPQW% _TQ MN^QYOQ ZR [[Z6 #[Q]TM[^ UY OZXNUYM_UZY bU_T WZ^^ ZR [[Z8$ ^TZ`WP ]Q^`W_ UY 
Td[Q]^QY^U_UaU_d _Z OM^[ZR`YSUY' 

EQ^[ZY^Q3 JQ MW^Z Qc[QO_QP _TQ !;;:# X`_MY_ XUST_ ^TZb UYO]QM^QP ^`^OQ[_UNUWU_d _Z OM^[ZR`YSUY XQPUM_QP _U[ 
Wd^U^' 6W_TZ`ST bQ bQ]Q YZ_ MNWQ _Z PQ_QO_ M PURRQ]QYOQ UY SQ]XWUYS Wd^U^ NQ_bQQY _TQ !;;:# MYP JG ^_]MUY^% bQ PUP 
RUYP _TM_ _TQ C:33;;:# ^_]MUY ^TZbQP ]QP`OQP Wd^U^ OZX[M]QP _Z _TQ bUWP _d[Q ^`[[Z]_UYS _TQ []Z_QO_UaQ ]ZWQ ZR .%1&
PU=C9: UY _TQ QOTUYZOMYPUY ]Q^[ZY^Q' JQ TMaQ MPPQP _TU^ YQb PM_M _Z _TQ ]Q^`W_^ ^QO_UZY UY WUYQ^ *-)&*-/ #BQb 
F`[[WQXQY_M]d ;US' -$' JQ PZ YZ_ O`]]QY_Wd ^`^[QO_ M PQ_QO_MNWQ ]ZWQ RZ] D[Z8 UY []Z_QO_UZY MSMUY^_ OM^[ZR`YSUY 
SUaQY _TM_ _TQ]Q bM^ YZ PQ_QO_MNWQ UYO]QM^Q UY _TQ []ZP`O_UZY ZR U_^ ZcdWU[UY []ZP`O_ *)&=C9: `YPQ] _]QM_XQY_ bU_T 
OM^[ZR`YSUY #BQb F`[[WQXQY_M]d ;US' ,$' 

6W^Z% _TQ XZPQW bZ`WP []QPUO_ _TM_ _TQ OQWW bMWW UY_QS]U_d ]Q^[ZY^Q M^ XQPUM_QP Nd A[V6 bZ`WP NQ YQQPQP RZ] 
Qc[]Q^^UZY ZR D[Z6'  

EQ^[ZY^Q3 JQ _ZZ bQ]Q UY_Q]Q^_QP UY _TQ XQOTMYU^X Nd bTUOT OM^[ZR`YSUY UYP`OQ^ ;;:# Qc[]Q^^UZY' >Y_Q]Q^_UYSWd% 
EB6 ^Q\`QYOUYS ZR _TQ !B2;# MYP C:33B2;# X`_MY_^ ]QaQMWQP _TM_ ;;:# Qc[]Q^^UZY U^ ]QS`WM_QP Nd LR[6 #BQb 
F`[[WQXQY_M]d 9M_M *$' ;`]_TQ]XZ]Q% BZ]_TQ]Y NWZ_ MYMWd^U^ ZR !B2;# X`_MY_^ UY 6R+2, MYP 8:6*) NMOVS]Z`YP^ 
^TZbQP _TM_ LR[6 U^ ]Q\`U]QP RZ] _TQ ]ZN`^_ UYP`O_UZY ZR ;;:# Nd OM^[ZR`YSUY M^ PQ^O]UNQP UY WUYQ^ +,1&+-0 ZR _TQ 
]Q^`W_^ MYP UY WUYQ^ -)+&-*) ZR _TQ PU^O`^^UZY #BQb ;US' .8&9$' >YPQQP% EB6&^Q\`QYOUYS ZR !B2;# MYP C:33B2;# 
X`_MY_^ MW^Z UYPUOM_QP _TQ [Z^^UNWQ UYaZWaQXQY_ ZR A[V6% MYP bQ RZ`YP _TM_ .%1&PU=C9: OZ`WP YZ_ R`WWd []Z_QO_ M 
!8;6# X`_MY_ MSMUY^_ OM^[ZR`YSUY XQPUM_QP _U[ Wd^U^ ^`SSQ^_UYS U_ U^ UYaZWaQP M^ PQ^O]UNQP UY WUYQ^ +2.&,)1 MYP -,.&
-.1 #BQb ;US' /8$' C`] YQb XZPQW [Z^U_^ _TM_ OM^[ZR`YSUY MO_UaM_UZY ZR LR[6 _`]Y^ ZY []ZP`O_UZY ZR .%1&PU=C9: Nd 
D[Z6 bTUOT R`]_TQ] MO_UaM_Q^ LR[6 UY M XMYYQ] ZR [Z^U_UaQ RQQPNMOV UY MPPU_UZY _Z Z_TQ] dQ_ UPQY_URUQP _]MY^O]U[_UZY 
RMO_Z]^ UYaZWaQP UY []Z_QO_UZY MSMUY^_ QOTUYZOMYPUY _U[ Wd^U^' JQ UWW`^_]M_Q _TU^ YQb XZPQW ZR M []Z_QO_UaQ LR[6(D[Z6 
^USYMWUYS ]QWMd UY BQb ;US' 0' 

CY _TQ OWUYUOMW ^UPQ% _TQ M`_TZ]^ PZ YZ_ []ZaUPQ MYd QaUPQYOQ _TM_ .%1&PU=C9: U^ []Z_QO_UaQ UY MY MYUXMW #Z] bMcXZ_T 
WM]aMQ$ XZPQW% Z] _TM_ M [[Z6 X`_MY_ UYO]QM^Q^ _TQ QRRQO_UaQYQ^^ ZR OM^[ZR`YSUY UY ^`OT M XZPQW'  

EQ^[ZY^Q3 JQ M]Q ^UXUWM]Wd UY_Q]Q^_QP UY TZb ZcdWU[UY^ XMd UX[MO_ MY_UR`YSMW ^`^OQ[_UNUWU_d P`]UYS UYRQO_UZY' =ZbQaQ]% 
bQ YZ_Q _TM_ ZcdWU[UY^ ^UXUWM] _Z _TZ^Q []ZP`OQP UY M^[Q]SUWWU MW^Z [WMd R`YO_UZYMW ]ZWQ^ UY MYUXMW [Td^UZWZSd UYOW`PUYS 
UY UXX`YQ ^USYMWUYS' GTQ]QRZ]Q% bQ RQQW _TM_ `YUY_QYPQP QRRQO_^ ZR .%1&PU=C9: ZY TZ^_ [Td^UZWZSd OZ`WP ZNR`^OM_Q U_^ 



UX[MO_ ZY MY_UR`YSMW ^QY^U_UaU_d 59 @5@:' >Y RMO_% bQ TMaQ ]QOQY_Wd [`NWU^TQP _TM_ #=;1<3577?= ZcdWU[UY^ ^TZb [Z_QY_UMW 
MSZYU^_ MYP MY_MSZYU^_ MO_UaU_d ZY _TQ XMXXMWUMY <D8E <+6' #F_QRRMY Q_ MW' +)+, %<:9>51<= 59 &88?9:7:3A$' F_UWW% _TU^ 
U^ ^ZXQ_TUYS _Z OZY^UPQ] PZbY _TQ ]ZMP UR bQ OMY []ZO`]Q QYZ`ST .%1&PU=C9: RZ] MYUXMW _Q^_^' 6WZYS _TQ^Q WUYQ^% 
TZbQaQ]% bQ TMaQ []QaUZ`^Wd ^TZbY _TM_ _TQ ZcdWU[UY ]Q^[ZY^UaQ _]MY^O]U[_UZY RMO_Z] LR[6 OZY_]UN`_Q^ _Z MY_UR`YSMW 
^QY^U_UaU_d UY MY 59 @5@: eQN]MRU^T XZPQW #FOTZQY Q_ MW' +)+, +(*, +->4:319=$' JU_T _TQ O`]]QY_ ^_`Pd% bQ RZO`^QP ZY 
R`YSMW [Td^UZWZSd R]ZX M XZ]Q QOZWZSUOMW [Q]^[QO_UaQ' ;ZWWZbUYS R]ZX _TU^% bQ Qc[MYPQP ZY Z`] UYaQ^_USM_UZY UY_Z _TQ 
OZY^Q]aM_UZY ZR _TU^ []Z_QO_UaQ ZcdWU[UY ^USYMW UY _TQ ]QWM_QP ^[QOUQ^ #" 27-@?= MYP #" 950?7-9=' JQ RZ`YP _TM_ #"27";;:#
MYP #"9";;:# bQ]Q NZ_T UYP`OQP Nd OM^[ZR`YSUY _]QM_XQY_ UY #" 27-@?= MYP #" 950?7-9= ]Q^[QO_UaQWd PQ^O]UNQP UY WUYQ^ 
+*-&+*/ MYP WUYQ^ ,1*&,1+ #YQb ;US' -6&7$' JQ MW^Z OZY^_]`O_QP PQWQ_UZY MYP ZaQ]Qc[]Q^^UZY X`_MY_^ ZR _TQ LR[6 
Z]_TZWZS`Q^ UY QMOT ^[QOUQ^ UY Z]PQ] _Z M^^Q^^ bTQ_TQ] _TQ R`YO_UZY ZR _TU^ _]MY^O]U[_UZY RMO_Z] bM^ OZY^Q]aQP' C`] 
RUYPUYS^ ^`SSQ^_ _TM_ _TQ []Z_QO_UaQ LR[6(D[Z6 ^USYMWUYS ]QWMd U^ OZY^Q]aQP UY #" 27-@?= MYP #" 950?7-9=% N`_ WUVQWd 
[]Z_QO_UZY Nd .%1&PU=C9: MSMUY^_ QOTUYZOMYPUY Wd^U^ UYaZWaQ^ X`W_U[WQ _]MY^O]U[_UZY RMO_Z]^ UY _TQ^Q ^[QOUQ^ M^ 
PQ^O]UNQP UY WUYQ^ +-1&+0, MYP -**&-+, #YQb ;US' .8&;$'  

C_TQ] [ZUY_^4 
WUYQ^ 21&22' BZ PM_M M]Q []ZaUPQP _TM_ PZO`XQY_ _TQ QRRQO_ ZR _TQ^Q _]QM_XQY_^' 

EQ^[ZY^Q3 GTQ^Q [TQYZ_d[Q^ UY ]Q^[ZY^Q _Z .%1&PU=C9: MYP OM^[ZR`YSUY TMaQ NQQY []QaUZ`^Wd [`NWU^TQP #BU` Q_ MW' 
+)+) )->?<1 $:88?95/->5:9=4 AZ]QYZ&IQWf^\`Qe Q_ MW' +)*0 #9>585/<:. #319>= $418:>41<"$% N`_ bQ TMaQ 

]QOM[U_`WM_QP _TQ []UZ] ^_`PUQ^ MYP MPPQP _TQ M[[]Z[]UM_Q PM_M ^TZbUYS _TQ ^MXQ QRRQO_ ZR 1&=C9: #BQb 
F`[[WQXQY_M]d ;US' * MYP +$' 

EQaUQbQ] !, #EQXM]V^ _Z _TQ 6`_TZ]$3 

GTU^ U^ aQ]d UY_Q]Q^_UYS ^_Z]d ZR YQb RUYPUYS^ UY bTUOT _]QM_XQY_ ZR 6' R`XUSM_`^ 
bU_T OM^[ZR`YSUY Z] XUOMR`YSUY% N`_ YZ_ aZ]UOZYMeZWQ% UYP`OQ^ []ZP`O_UZY ZR .%1&PU=C9: Nd _TQ R`YSMW ZcdSQYM^Q 
D[Z6' G]QM_XQY_ bU_T _TU^ R`YSMW ZcdWU[UY NWZOV^ QOTUYZOMYPUY XQPUM_QP Wd^U^ ZR Td[TMW _U[^% ]Q\`U]UYS _TQ _]MY^O]U[_UZY 

RMO_Z] LR[6 RZ] R`WW []Z_QO_UZY' 6O_`MWWd!_TU^ RUYPUYS U^ M RZWWZbQP&`[ ^_`Pd UY _TQ ^MXQ WMN UY +)+)% 

BU`% A' Q_ MW' TM^ ]Q[Z]_QP _TM_ j;`YSMW ZcdWU[UY^ PU]QO_ []ZS]MXXQP PQaQWZ[XQY_MW ^bU_OTQ^ UY RUWMXQY_Z`^ R`YSU' 
BM_' 8ZXX`Y' **% .*.1 #+)+)$' >Y _TU^ ^_`Pd% _TQd RZ`YP PUaQ]^Q U^ZWM_Q^ ZR 6' R`XUSM_`^ MYP _bZ Z_TQ] .%1&PU=C9: 
[]ZP`OUYS 6^[Q]SUWW`^ [M_TZSQY^ OZ`WP ]Q^[ZY^Q _Z .%1&PU=C9: _T]Z`ST ]Q\`U]UYS _TQ _]MY^O]U[_UZY RMO_Z] LR[6' 
>X[Z]_MYOQ RZ] _TU^ RUYPUYS XMd UYPUOM_Q R`]_TQ] ^_`PUQ^ UY_Z _TQ SQYQ^ ]QS`WM_QP Nd .%1&PU=C9: MYP LR[6 M^ [Z_QY_UMW 
_M]SQ_^ _Z QYTMYOQ MY_UR`YSMW QRRUOMOd Nd `YWZOVUYS R`YSUOUPMW MO_UaU_d ZR QOTUYZOMYPUY MY_UR`YSMW^' 
GT`^% > _TUYV RUYPUYS^ M]Q UX[Z]_MY_ MYP YZaQW% b]U_UYS U^ WZSUO MYP PM_M M]Q MNWQ _Z ^`[[Z]_ OZYOW`^UZY^' GTQ XQ_TZP^ 

PM_M MYMWd^U^ M]Q ^Z`YP' 

*' D[Z6 ZcdWU[UY^ []Z_QO_ 6^[Q]SUWW`^ MSMUY^_ _TQ R`YSUOUPMW MO_UaU_d ZR OM^[ZR`YSUY 
=Zb MNZ`_ UYTUNU_Z]^ ZR D[Z6 ZcdWU[UY^ OZ`WP MRRQO_ MO_UaU_d ZR OM^[ZR`YSUY5 

EQ^[ZY^Q3 JQ M]Q YZ_ O`]]QY_Wd MbM]Q ZR MYd D[Z6 ^[QOURUO UYTUNU_Z]^% N`_ _TU^ U^ ^ZXQ_TUYS _TM_ bQ bZ`WP NQ aQ]d 
UY_Q]Q^_QP _Z VYZb Z`]^QWaQ^' 

+' =Zb MNZ`_ _TQ ]QWM_UZY^TU[ NQ_bQQY LR[6 bU_T D[Z6 

EQ^[ZY^Q3 GTU^ U^ M SZZP \`Q^_UZY' 6PPU_UZYMW bZ]V TM^ ]QaQMWQP M [Z^U_UaQ RQQPNMOV ]QWMd NQ_bQQY LR[6 MYP D[Z6 
OZY^Q]aQP UY MWW _T]QQ #=;1<3577?= ^[[' _Q^_QP% M^ PQ^O]UNQP UY WUYQ^ +,1&+0, ZR _TQ ]Q^`W_^ MYP UY WUYQ^ -)+&-+, ZR _TQ 
PU^O`^^UZY #BQb ;US' /7&;$' JQ []Q^QY_ M XZPQW ZR TZb _TU^ ]QWMd WQMP^ _Z []Z_QO_UZY R]ZX Wd^U^ UY YQb XZPQW ;US' 0' 

,' LR[6 U^ M [M]_UMW XQPUM_Z] ZR .%1&PU=C9: []Z_QO_UZY MSMUY^_ QOTUYZOMYPUY MY_UR`YSMW^' 
9Z _TQ OZY^Q]aQP 8+=+ ^U_Q&PU]QO_QP PZXMUY X`_MY_ ZR _]MY^O]U[_UZY RMO_Z] LR[6 OZ`WP MW^Z MRRQO_ D[Z6 Qc[]Q^^UZY 
MYP _TQY ]Q^`W_QP UY ^`^OQ[_UNWQ _Z OM^[ZR`YSUY 

EQ^[ZY^Q3 6W_TZ`ST bQ PUP YZ_ OZY^_]`O_ MYd LR[6 8+=+ ^U_Q PU]QO_QP X`_MY_^% bQ NQWUQaQ Z`] BQb ;US' . PU^O`^^QP 
UY _TQ MNZaQ ]Q^[ZY^Q MY^bQ]^ _TU^ \`Q^_UZY UY _TM_ LR[6 PZQ^ UX[MO_ _TQ Qc[]Q^^UZY ZR D[Z6 MYP U^ YQQPQP RZ] R`WW 
;;:# Qc[]Q^^UZY `[ZY OM^[ZR`YSUY _]QM_XQY_' 

-' 9ZQ^ UYTUNU_Z]^ ZR .%1&PU=C9: OZ`WP NQ M^ [Z_QY_UMW YZaQW&_d[Q MY_UR`YSMW^5  



EQ^[ZY^Q3 JQ TMaQ YZ_ M^ ZR dQ_ UPQY_URUQP MYd .%1&PU=C9: UYTUNU_Z]^' JQ PZ TMaQ _TQ ;;:# PQWQ_UZY X`_MY_ N`_ 
[Z^^UNWd _TQ ]QaUQbQ] U^ bZYPQ]UYS MNZ`_ .%1&PU=C9: MY_MSZYU^_^5 GTU^ bZ`WP NQ MY UY_Q]Q^_UYS MaQY`Q _Z Qc[WZ]Q UY 
_TQ R`_`]Q' 

.' >Y ^QO_UZY ZR AQ_TZP3 U_ U^ YZ_ OWQM] TZb _Z XQM^`]Q jDQ]OQY_ ^`]aUaMW ZR 6^[Q]SUWW`^ SQ]XWUYS^' 

EQ^[ZY^Q3 GZ TQW[ []ZaUPQ _TQ ]QMPQ] M NQ__Q] `YPQ]^_MYPUYS ZR _TU^ M^^Md% bQ QWMNZ]M_QP ZY _TQ PQ_MUW^ ZR _TU^ M^^Md 
UY XQ_TZP^ ^QO_UZY WUYQ^ .2+&/).'  

/' 6 bZ]VUYS XZPQW ^TZ`WP NQ SZZP _Z NQ `YPQ]^_ZZP RZ] _TU^ ^_Z]d 

EQ^[ZY^Q3 JQ M[[]QOUM_Q _TU^ ]QOZXXQYPM_UZY MYP TMaQ MPPQP M RUYMW RUS`]Q bU_T M bZ]VUYS XZPQW #BQb ;US' 0$' 
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Reviewer #1 (Remarks to the Author):

The authors have addressed my suggestions.

Reviewer #2 (Remarks to the Author):

The authors have done a terrific job of responding to my comments and those of the other 

reviewers. The additional data provided in the revised version of this manuscript have substantially 

improved it and support a reasonable mechanistic hypothesis that accounts for the protective 

effects of oxylipins upon echinocandin exposure. Accordingly, I fully support publication.

My only comment refers to Fig. 6B. It would be helpful to provide a supplemental image of the 

Calcofluor stained hyphae in support of the graph. Also, it would potentially reveal whether the 

additional chitin was uniformly distributed or was concentrated at specific sites (e.g., tips, septa).
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Reviewer #1 (Remarks to the Author): 

The authors have addressed my suggestions. 

Response: We thank the reviewer for their remarks.

Reviewer #2 (Remarks to the Author): 

The authors have done a terrific job of responding to my comments and those of the other reviewers. The additional 
data provided in the revised version of this manuscript have substantially improved it and support a reasonable 
mechanistic hypothesis that accounts for the protective effects of oxylipins upon echinocandin exposure. Accordingly, 
I fully support publication. 

Response: We thank the reviewer for their kind remarks.

My only comment refers to Fig. 6B. It would be helpful to provide a supplemental image of the Calcofluor stained 
hyphae in support of the graph. Also, it would potentially reveal whether the additional chitin was uniformly distributed 
or was concentrated at specific sites (e.g., tips, septa). 

Response: We thank the reviewer for their valuable comment. Unfortunately, the differences here are not easily 
discernable by the naked eye between the caspofungin treated and cotreated hyphae. However, we are also very 
interested in how the distribution of chitin in the hyphae may differ between conditions and are working to develop an 
empirical method to quantitatively assess this. Thus, we hesitate to introduce any speculation in this study but hope 
to build a mechanistic understanding of this chitin induction in future work.


