
REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The authors show that P. aeruginosa performs chemotaxis to autoinducer 2 and the analysis of 

mutants in chemoreceptor genes indicates that the chemoreceptors PctA and TlpQ are responsible 

for AI-2 chemotaxis. In addition, AI-2 mediated biofilm formation in a PctA and TlpQ dependent 

manner. Microcalorimetric studies then revealed that AI-2 bound to the individual ligand binding 

domains of PctA and TlpQ. Evidence was obtained for there being other dCACHE domains in 

chemoreceptors and other bacterial signal transduction systems that equally bind AI-2. These are 

surprising results since PctA and TlpQ have previously been identified as chemoreceptors that bind 

specifically amino acids or polyamines/histamine. This is an interesting study but this referee has 

major concerns on a series of experimental issues. 

ITC experiments: The authors report KD and n-values derived from microcalorimetric titrations. 

The n-value represents the ligand:protein stoichiometry. In all cases n-values close to 1 were 

reported indicating that one ligand binds to one protein molecule. However, the n-value can be 

estimated from sigmoidal titration curves and corresponds to the molar ratio (lower X-axis) at the 

point of inflection of the binding curve. In all experiments there were enormous differences 

between the visually estimated n-value and the n-value presented by the authors. For example, in 

Figs. 2b and c this referee estimates an n-value of approximately 10, whereas values of 

approximately 1 are presented by the authors. The estimated stoichiometry would thus be 10 

molecules of AI-2 binding to one protein molecule. 

Microcalorimetric data need to be corrected using titrations of buffer with the ligand. However, 

data have not been corrected and no control experiment is shown. This is even more important 

since the ligand injected is not a homogeneous solution of stable ligand but a mixture of different, 

interchangeable forms of DPD/AI-2. It cannot be excluded that upon dilution (injection) the ratio of 

the different interchangeable forms are altered and that the corresponding heat changes are 

registered. 

In the materials and methods section the authors state that 10 micromolar protein were titrated 

with aliquots of a 700 micromolar AI-2. However, there is evidence that a number of different 

protocols have been used and the corresponding experimental detail is not provided. As an 

example this referee cites Fig. 2b and Extended data Fig. 2b, representing the titration of PctA-

LBD and PctC-LBD with AI-2. The authors have shown that deletion of the pctA reduces AI-2 

chemotaxis, whereas deletion of pctC had no effect. 

In the upper panels (titration raw data) the initial peak was of approx. 35 microJ/sec for PctA, 

whereas in the case of PctC the initial peak was of only 0.9 microcal/sec, corresponding to approx. 

3.5 microJ/sec (note: the use of both, J and cal in the titrations is highly confusing). However, 

when these raw data are normalized with the ligand concentration used (lower panel) the initial 

injection peak corresponded to 95 kJ/mol of DPD/AI-2 for PctA, but to 110 kJ/mol of DPD/AI-2 for 

PctC. 

This indicates that PctA-LBD was titrated with a 15 fold higher DPD/AI-2 concentration than PctC-

LBD. This notion is also supported by the molar DPD/AI-2:protein ratio ratio at the end of the 

titration, that was approximately 45 in the case of PctA-LBD and only 3 for PctC-LBD. 

Hence the question: Why were PctA-LBD and TlpQ-LBD titrated with a significantly higher DPD/AI-

2 concentration than PctB-LBD and PctC-LBD? Increasing ligand concentration will favor complex 

formation. Although the authors state that AI-II did not bind to PctC-LBD, they report in Extended 

data Fig. 2 a KD of 35 micromolar. This is an affinity with which many chemoreceptors recognize 

physiologically relevant ligands. 

Almost, no information is presented as to the knowledge available on the PctA, PctB, PctC and 

TlpQ chemoreceptors. Both, PctA and TlpQ LBD had been submitted to high throughput ligand 

screening experiments with commercially available ligand collections that revealed that PctA-LBD 

binds specifically amino acids (McKellar et al. Mol. Micro) and TlpQ-LBD binds specifically histamine 

and polyamines (Corral-Lugo et al. (2018) mBio). Both 3D structures have been determined and 

the molecular basis for ligand specificity has been determined. These data do not mean that both 



receptors may not bind AI-2, but the information needs to be provided to provide the correct 

context of the data presented by the authors. In addition PctA has two paralogs, PctB and PctC, 

that share a high degree of sequence identity and that also bind amino acids. 

Five highly conserved residues were detected in the binding site that corresponded to R126, W128, 

Y144, D146 and D173 and the authors suggest that these residues for a motif specific for AI-2 

binding CACHE domains. However, in a recent publication (Gavira et al. (2020) mBio 11, e03066-

19) the structure of PctA-LBD was reported. If the authors inspect Fig. 6A of this publication, they 

will see that all the five amino acids cited form interactions with the bound amino acid. Based on 

these observations Gavira et al defined a sequence motif that was proposed to identify amino acid 

binding Cache domains. There is extensive experimental evidence that in fact this motif occurs in 

amino acid binding dCACHE domains. The following dCache domains were found to contain this 

motif and experimental evidence was presented that indeed the corresponding receptor binds 

amino acids: CtaA, CtaB and CtaC (P. fluorescens) Oku et al. (2012), Microbes Environ. 27:462-9, 

Oku et al. (2014) Microbes Environ. 29:413-9); PscA and PscB (P. syringae) McKellar et al. (2015) 

Mol Microbiol.96):694-707 and Cerna-Vargas et al. (2019) mBio. 10(5). pii: e01868-19); McpG (P. 

putida) Reyes-Darias et al. (2015) Mol Microbiol. 97:488-501) and McpA (P. putida) Corral-Lugo et 

al. (2016) Environ Microbiol. 18:3355-3372. 

In addition this motif is not conserved in the 3D Structure of TlpQ (pdb ID: 6Fu4, Corral-Lugo et 

al. (2018) mBio 13: e01894-18). Instead the authors of this publication identify in the binding site 

of TlpQ a sequence motif that is present in other dCache domains that bind compounds with amino 

groups. Taken together, there is strong evidence that the five amino acid motif identified is 

characteristic for the dCache subfamily that recognizes amino acids. 

The authors conducted docking experiments with AI-2 to the membrane distal module of PctA-

LBD. Fig. 4D shows the ligand position with the lowest docking score. However, what was the 

docking score and how did it compare to the docking scores of different amino acids to the 

membrane distal module as reported in Gavira et al. (2020) mBio 11, e03066-19? The structure of 

TlpQ-LBD is also available. Did the authors conduct similar experiments with this structure? 

Minor: 

Line 98: “Whereas most of these mutants did not affect the response of P. aeruginosa to AI-2..”, 

to be rephrased 

Line 110: 

Line 110: “HHpred analysis suggests that their structures are highly similar (E-value=4.7e-22111 

).” This sentence is ambiguous. HHpred is a fast server for remote protein homology detection and 

structure prediction. However, high resolution 3D structures of PctA-LBD and TlpQ-LBD have been 

published and the coordinates are available at the protein data bank; there is no structure 

prediction necessary. 

Reviewer #2 (Remarks to the Author): 

Decades ago, the quorum-sensing autoinducer-2 (AI-2) and its synthase LuxS were discovered in 

vibrios. Production of this autoinducer was shown to be widespread in the bacterial domain, 

leading to the idea that AI-2 likely functions as a “universal” interspecies quorum-sensing signal. 

Despite this notion, only two AI-2-binding receptors have been discovered to date, LuxP, found 

exclusively in vibrios, and LsrB from enteric bacteria and limited other families, calling into 

question the “universality” of AI-2 signaling. Numerous bacteria that do not possess homologues 

of the AI-2 receptors have been shown to respond to AI-2 as measured by phenotypic and gene 

expression studies, leading to the hypothesis that other, undiscovered, AI-2 receptors must exist. 

In the current study, Zhang et al. set out to determine how the opportunistic pathogen, 

Pseudomonas aeruginosa, which lacks LuxP and LsrB homologues, senses and responds to AI-2. In 

the process, the authors identify a novel AI-2 binding domain that is widely present in proteins in 



diverse organisms, and moreover, they show that AI-2 binding by these proteins drives changes in 

downstream traits. This discovery provides significant new and convincing evidence that AI-2 is 

indeed a signaling molecule that is used across the bacterial world. 

The authors first show that P. aeruginosa exhibits chemotaxis to AI-2, which has previously been 

demonstrated in other organisms. Given this result, the authors reasoned that one or more of the 

26 chemoreceptors in P. aeruginosa must detect AI-2. Evaluating the chemotactic responses of 

mutants lacking each individual chemoreceptor revealed PctA and TlpQ to be required for AI-2 

chemotaxis. The authors thoroughly demonstrate, using reporter assays and isothermal titration 

calorimetry, that the ligand binding domains (LBD) of both chemoreceptors preferentially bind the 

non-borated form of AI-2 with nanomolar affinity, proving that these proteins are indeed novel AI-

2 receptors. They go on identify residues within the LBD of PctA that are critical for AI-2 binding. 

To explore the conservation of the new AI-2 binding module, the authors conducted a 

bioinformatic search for proteins possessing a domain similar to the PctA LBD. This strategy 

revealed many such proteins from divergent organisms, including other chemoreceptors, kinases, 

and diguanylate cyclases. The authors convincingly demonstrate AI-2 binding to a subset of these 

proteins and they show the enzymatic activities of one histidine kinase and one diguanylate 

cyclase are regulated by AI-2. Finally, the authors identify ~1500 proteins from diverse organisms 

(including archaea) that are potential AI-2 binding receptors. Notably, these proteins, all of which 

have dCACHE_1 domains, are predicted to have a variety of activities that could be regulated by 

AI-2. In a lovely finale, the authors randomly select 19 of these dCACHE_1 proteins and 

demonstrate AI-2 binding to two of them using a reporter assay. 

Overall, this manuscript is thorough and interesting and it provides a significant new discovery. 

The experiments are well controlled, and the manuscript is written in a fairly straightforward 

manner. 

One major problem with the manuscript is that there are numerous instances of plagiarism. 

Hopefully, this is an oversight on the part of the authors. Whole passages, with only insignificant 

changes from several of the foundational AI-2 studies have been lifted and patched together in the 

introduction and the discussion sections. The authors have also included an exact replica of a 

figure panel from the original study that defined the AI-2 biosynthetic pathway without credit. This 

manuscript cannot be considered until these plagiarism issues, and several other points, outlined 

below, are addressed. 

Major concerns 

1. There are multiple incidences of plagiarism. Lines 41-56 of the introduction bear such uncanny 

resemblance to passages from the original AI-2 papers that the line between describing what has 

come before and plagiarism has been crossed. The introduction needs to be rewritten by the 

authors and they need to change more than a word here or there or modestly change the order of 

the words/sentences from the original references. While not as egregious, the same goes for the 

initial parts of the discussion. Phrases like “monitor ligand occupancy” etc. come straight from 

earlier papers. If these authors want to review other scientists’ work, they need to be careful not 

to lift language, but rather, use their own wording. Furthermore, regarding Fig. 1A, they need to 

give a reference for the biosynthesis scheme. That exact figure comes from someone else’s 

published work and it needs to be credited, otherwise it is plagiarism. The authors also need to 

include the original reference (Chen) showing the AI-2 molecule makes the boron adduct. 

Chemotaxis to AI-2 has also previously been demonstrated in other organisms. The authors need 

to credit these ideas/studies earlier in the paper than in the discussion. 

2. It is unclear what the co-culture biofilm results presented in Figure 3B-C contribute to the 

authors’ message. These experiments are complex, challenging to interpret, and the results could 

be indirect. For example, the authors show that while WT S. aureus stimulates P. aeruginosa 
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as WT in the presence of P. aeruginosa? What genes does AI-2 regulate in S. aureus that could 

affect the interaction between the two species? The authors claim that the result shows that P. 

aeruginosa is detecting AI-2 made by S. aureus. That claim is not supported by the data. Either 

the P. aeruginosa senses AI-2 made by S. aureus, or, equally possible is that AI-2 mediated 

changes alter the interactions in biofilms. This figure and companion text should be removed. The 

experiment does not fit well with the other points made, and most importantly, it weakens the 

paper. Unlike the other experiments, which are rigorous, this one is unconvincing. 

3. There are no gel images or indications as to purity levels of proteins. Please provide SDS-PAGE 

gel images in a supplementary figure. 

4. Why are the Kd’s so different in Figs 2 and 4? Also, within that context, the Kd in Fig 2 and in 

Fig 4D is 0.16 µM, but in Fig 4A it is 56 nM with no boron. If there was boron present, the authors 

show that the Kd should be 3 µM. Please reconcile. 

Minor concerns 

1. In Lines 212-220-what is the explanation for the proteins that did not bind AI-2? These are all 

close homologs, so why do the authors think two bind AI-2 and four others do not? This result 

needs some text explanation. 

2. In the images in 3B, the results are difficult to see (particularly the abundance of S. aureus). As 

mentioned in point 2 above, probably this set of experiments should be removed altogether. At 

most, these images could go in the supplement as non-merged, side by side panels that would 

enable the reader to interpret the data. The bar plot in C is sufficient for the main text. But again, 

it weakens the strong message, so better to remove all of these data. 

3. The lettering of figure panels is inconsistent. For example, in Fig 1, the lettering proceeds in the 

standard order (left to right, top to bottom) in Fig 2, a and d are next to each other on the top of 

the figure. While this is a tiny point, it will be a lot easier on the reader if the layouts are made to 

be consistent. 

4. In the discussion, please speculate on the possibility of inter-kingdom signaling via AI-2 given 

the presence of dCACHE_1 domains in archaeal proteins. Furthermore, please remove “tempted to 

speculate”. It is a cliché. Just speculate. It is the discussion, speculating is what a discussion is for, 

and moreover, it is what the authors are doing. 

5. There are many tense and grammatical mistakes. As an example, Line 342, “medium till OD600 

of 0.8,” should be corrected to “medium to an OD600 of 0.8”. “Casted” is not a word…. The 

manuscript needs to be thoroughly edited. 

6. A 2000 page supplement is not a good idea. Perhaps the authors could provide a link to the 

search results and host it in a data repository. 
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>FSQPOSF TP >FVJFWFRS

NW i[eZ fa TWY[` Tk fZS`][`Y fZW fia dWh[WiWde Xad fZW[d hWdk egbbadf[hW S`V

Ua`efdgUf[hW Ua__W`fe& G^WSeW X[`V agd VWfS[^WV dWeba`eWe fa WSUZ aX fZW

Ua__W`fe TW^ai&

>FVJFWFR ") #>FNBRLS TP TIF 3UTIPR$2

KZW SgfZade eZai fZSf G& SWdgY[`aeS bWdXad_e UZW_afSj[e fa Sgfa[`VgUWd *

S`V fZW S`S^ke[e aX _gfS`fe [` UZW_adWUWbfad YW`We [`V[USfWe fZSf fZW

UZW_adWUWbfade GUf8 S`V K^bH SdW dWeba`e[T^W Xad 8@%* UZW_afSj[e& @`

SVV[f[a`$ 8@%* _WV[SfWV T[aX[^_ Xad_Sf[a` [` S GUf8 S`V K^bH VWbW`VW`f

_S``Wd& D[UdaUS^ad[_Wfd[U efgV[We fZW` dWhWS^WV fZSf 8@%* Tag`V fa fZW

[`V[h[VgS^ ^[YS`V T[`V[`Y Va_S[`e aX GUf8 S`V K^bH& <h[VW`UW iSe aTfS[`WV Xad

fZWdW TW[`Y afZWd V:8:?< Va_S[`e [` UZW_adWUWbfade S`V afZWd TSUfWd[S^

e[Y`S^ fdS`eVgUf[a` ekefW_e fZSf WcgS^^k T[`V 8@%*& KZWeW SdW egdbd[e[`Y dWeg^fe

e[`UW GUf8 S`V K^bH ZShW bdWh[age^k TWW` [VW`f[X[WV Se UZW_adWUWbfade fZSf

T[`V ebWU[X[US^^k S_[`a SU[Ve ad ba^kS_[`We'Z[efS_[`W& KZ[e [e S` [`fWdWef[`Y

efgVk Tgf fZ[e dWXWdWW ZSe _S\ad Ua`UWd`e a` S eWd[We aX WjbWd[_W`fS^ [eegWe&

>FSQPOSF2 NW iag^V ^[]W fa fZS`] fZW dWh[WiWd Xad fZW hWdk bae[f[hW Ua__W`fe

a` agd efgVk&

@K: WjbWd[_W`fe2 KZW SgfZade dWbadf B; S`V `%hS^gWe VWd[hWV Xda_

_[UdaUS^ad[_Wfd[U f[fdSf[a`e& KZW `%hS^gW dWbdWeW`fe fZW ^[YS`V2bdafW[`

efa[UZ[a_Wfdk& @` S^^ USeWe `%hS^gWe U^aeW fa ) iWdW dWbadfWV [`V[USf[`Y fZSf a`W

^[YS`V T[`Ve fa a`W bdafW[` _a^WUg^W& ?aiWhWd$ fZW `%hS^gW US` TW Wef[_SfWV

Xda_ e[Y_a[VS^ f[fdSf[a` UgdhWe S`V UaddWeba`Ve fa fZW _a^Sd dSf[a "^aiWd O%Sj[e#

Sf fZW ba[`f aX [`X^WUf[a` aX fZW T[`V[`Y UgdhW& @` S^^ WjbWd[_W`fe fZWdW iWdW

W`ad_age V[XXWdW`UWe TWfiWW` fZW h[egS^^k Wef[_SfWV `%hS^gW S`V fZW `%hS^gW

bdWeW`fWV Tk fZW SgfZade& =ad WjS_b^W$ [` =[Ye& *T S`V U fZ[e dWXWdWW Wef[_SfWe

S` `%hS^gW aX Sbbdaj[_SfW^k )($ iZWdWSe hS^gWe aX Sbbdaj[_SfW^k ) SdW

bdWeW`fWV Tk fZW SgfZade& KZW Wef[_SfWV efa[UZ[a_Wfdk iag^V fZge TW )(

_a^WUg^We aX 8@%* T[`V[`Y fa a`W bdafW[` _a^WUg^W&

D[UdaUS^ad[_Wfd[U VSfS `WWV fa TW UaddWUfWV ge[`Y f[fdSf[a`e aX TgXXWd i[fZ fZW

^[YS`V& ?aiWhWd$ VSfS ZShW `af TWW` UaddWUfWV S`V `a Ua`fda^ WjbWd[_W`f [e

eZai`& KZ[e [e WhW` _adW [_badfS`f e[`UW fZW ^[YS`V [`\WUfWV [e `af S



&

Za_aYW`Wage ea^gf[a` aX efST^W ^[YS`V Tgf S _[jfgdW aX V[XXWdW`f$

[`fWdUZS`YWST^W Xad_e aX ;G;'8@%*& @f US``af TW WjU^gVWV fZSf gba` V[^gf[a`

"[`\WUf[a`# fZW dSf[a aX fZW V[XXWdW`f [`fWdUZS`YWST^W Xad_e SdW S^fWdWV S`V fZSf

fZW UaddWeba`V[`Y ZWSf UZS`YWe SdW dWY[efWdWV&

@` fZW _SfWd[S^e S`V _WfZaVe eWUf[a` fZW SgfZade efSfW fZSf )( _[Uda_a^Sd

bdafW[` iWdW f[fdSfWV i[fZ S^[cgafe aX S /(( _[Uda_a^Sd 8@%*& ?aiWhWd$ fZWdW [e

Wh[VW`UW fZSf S `g_TWd aX V[XXWdW`f bdafaUa^e ZShW TWW` geWV S`V fZW

UaddWeba`V[`Y WjbWd[_W`fS^ VWfS[^ [e `af bdah[VWV& 8e S` WjS_b^W fZ[e dWXWdWW

U[fWe =[Y& *T S`V <jfW`VWV VSfS =[Y& *T$ dWbdWeW`f[`Y fZW f[fdSf[a` aX GUf8%C9;

S`V GUf:%C9; i[fZ 8@%*& KZW SgfZade ZShW eZai` fZSf VW^Wf[a` aX fZW bUf8

dWVgUWe 8@%* UZW_afSj[e$ iZWdWSe VW^Wf[a` aX bUf: ZSV `a WXXWUf&

@` fZW gbbWd bS`W^e "f[fdSf[a` dSi VSfS# fZW [`[f[S^ bWS] iSe aX Sbbdaj& +-

_[UdaA'eWU Xad GUf8$ iZWdWSe [` fZW USeW aX GUf: fZW [`[f[S^ bWS] iSe aX a`^k

(&1 _[UdaUS^'eWU$ UaddWeba`V[`Y fa Sbbdaj& +&- _[UdaA'eWU "`afW2 fZW geW aX

TafZ$ A S`V US^ [` fZW f[fdSf[a`e [e Z[YZ^k Ua`Xge[`Y#& ?aiWhWd$ iZW` fZWeW dSi

VSfS SdW `ad_S^[lWV i[fZ fZW ^[YS`V Ua`UW`fdSf[a` geWV "^aiWd bS`W^# fZW [`[f[S^

[`\WUf[a` bWS] UaddWeba`VWV fa 1- ]A'_a^ aX ;G;'8@%* Xad GUf8$ Tgf fa ))(

]A'_a^ aX ;G;'8@%* Xad GUf:&

KZ[e [`V[USfWe fZSf GUf8%C9; iSe f[fdSfWV i[fZ S )- Xa^V Z[YZWd ;G;'8@%*

Ua`UW`fdSf[a` fZS` GUf:%C9;& KZ[e `af[a` [e S^ea egbbadfWV Tk fZW _a^Sd

;G;'8@%*2bdafW[` dSf[a Sf fZW W`V aX fZW f[fdSf[a`$ fZSf iSe Sbbdaj[_SfW^k ,- [`

fZW USeW aX GUf8%C9; S`V a`^k + Xad GUf:%C9;&

?W`UW fZW cgWef[a`2 NZk iWdW GUf8%C9; S`V K^bH%C9; f[fdSfWV i[fZ S

e[Y`[X[US`f^k Z[YZWd ;G;'8@%* Ua`UW`fdSf[a` fZS` GUf9%C9; S`V GUf:%C9;7

@`UdWSe[`Y ^[YS`V Ua`UW`fdSf[a` i[^^ XShad Ua_b^Wj Xad_Sf[a`& 8^fZagYZ fZW

SgfZade efSfW fZSf 8@%@@ V[V `af T[`V fa GUf:%C9;$ fZWk dWbadf [` <jfW`VWV VSfS

=[Y& * S B; aX +- _[Uda_a^Sd& KZ[e [e S` SXX[`[fk i[fZ iZ[UZ _S`k

UZW_adWUWbfade dWUaY`[lW bZke[a^aY[US^^k dW^WhS`f ^[YS`Ve&

>FSQPOSF2 NW fZS`] fZW dWh[WiWd Xad fZW [`e[YZfXg^ Ua__W`f& @` fZW @K:

WjbWd[_W`fe Xad ;G;'8@%* T[`V[`Y$ ) _^ aX )( |D bdafW[` iWdW f[fdSfWV i[fZ *-(

|^ aX /(( |D ;G;'8@%* "*- [`\WUf[a`e$ )( |^ bWd [`\WUf[a`#& KZW &V S`V T[`V[`Y

efa[UZ[a_Wfdk "4# iWdW US^Ug^SfWV Tk fZW @K: Ig` eaXfiSdW& ?aiWhWd$ iZW`

@K: VSfS iWdW S`S^klWV S`V X[f i[fZ S a`W%e[fW [`VWbW`VW`f T[`V[`Y _aVW^

ge[`Y fZW ES`a8`S^klW eaXfiSdW$ iW V[V `af USdWXg^^k UZWU] fZW bSdS_WfWde$



'

S`V fZW [`UaddWUf [`[f[S^ f[fdSfW ha^g_W aX *-( |^ iSe geWV Xad GUf8%C9;$

GUf9%C9;$ K^bH%C9;$ B[`;%C9; S`V db?B)J%Q).%C9;& =ad GUf:%C9;$ iZW`

@K: VSfS iWdW X[f i[fZ S a`W%e[fW [`VWbW`VW`f T[`V[`Y _aVW^ Tk fZW

ES`a8`S^klW eaXfiSdW$ fZW [`[f[S^ f[fdSfW ha^g_W [e UaddWUf ")((( |^# Tgf T^S`]

"Ua`efS`f# _aVW^ iSe `af eW^WUfWV& KZWeW _[efS]We ^WV fa fZW ST`ad_S^

a`W%e[fW T[`V[`Y UgdhWe& @` fZW dWh[eWV _S`geUd[bf$ iW ZShW bdaaXWV S^^ fZW

bSdS_WfWde S`V UaddWUfWV fZW [`[f[S^ f[fdSfW ha^g_W fa )((( |^ fa YWf fZW a`W%e[fW

T[`V[`Y f[fdSf[a` UgdhWe$ S`V fZW &V S`V T[`V[`Y efa[UZ[a_Wfdk "4# iWdW S^ea

US^Ug^SfWV Tk fZW ES`a8`S^klW eaXfiSdW$ fZge W`egd[`Y Ua`e[efW`Uk TWfiWW`

fZW h[egS^^k Wef[_SfWV 4%hS^gW S`V fZW 4%hS^gW bdWeW`fWV Tk ge& 8e egYYWefWV$

[` S^^ @K: WjbWd[_W`fe$ _[UdaUS^ad[_Wfd[U VSfS ZShW TWW` UaddWUfWV ge[`Y

f[fdSf[a`e aX TgXXWd i[fZ fZW ^[YS`Ve "/(( |D ;G;'8@%*$ fZW bdaVgUfe aX fZW

GXe'CgjJ dWSUf[a` [` S TadSfW%VWb^WfWV ekefW_$ ad fZW bdaVgUfe aX fZW GXe'CgjJ

dWSUf[a` [` S TadSfW%VWb^WfWV ekefW_ egbb^W_W`fWV i[fZ )-( |D Tad[U SU[V#

S`V a`W dWbdWeW`fSf[hW aX fZW Ua`fda^ WjbWd[_W`fe [e eZai` "?UQQMFNFOTBRX

7JH' )+#&

KZW T[`V[`Y SXX[`[fk aX GUf9%C9; S`V GUf:%C9; Xad 8@%* [e Sbbdaj[_SfW^k +( |D&

8e egYYWefWV$ iW ZShW dWh[eWV fZW efSfW_W`f x`a T[`V[`Y aX 8@%* fa GUf9%C9;

ad GUf:%C9;y fa x^ai%SXX[`[fk T[`V[`Y aX 8@%* fa GUf9%C9; "*0&(-s*&+1 |D# S`V

GUf:%C9; "+1&1,s+&,, |D#y ":JOF ),,#& 8^fZagYZ fZ[e [e S` SXX[`[fk i[fZ iZ[UZ

_S`k UZW_adWUWbfade dWUaY`[lW bZke[a^aY[US^^k dW^WhS`f ^[YS`Ve egUZ Se

S_[`a SU[Ve$ bdWh[age efgV[We ZShW eZaiWV fZSf [` Ug^fgdW egbWd`SfS`fe bWS]

bdaVgUf[a` aX 8@%* Uag^V dWSUZ ^WhW^e aX a`^k Sbbdaj[_SfW^k *&- |D "Pg .9 +3&

@`XWUf& @__g`& *()+$ 0)2 ,(-+%,(.*#& =gdfZWd_adW$ agd dWeg^fe eZaiWV fZSf

VW^Wf[a` aX 6,9# ad 6,9$ V[V `af SXXWUf fZW dWeba`eW aX '" +.7:02458+ fa 8@%*

"7JH' )E#& KaYWfZWd$ fZWeW dWeg^fe egYYWef fZSf 8@%* [e `af S bZke[a^aY[US^^k

dW^WhS`f ^[YS`V Xad GUf9 S`V GUf:&

8^_aef$ `a [`Xad_Sf[a` [e bdWeW`fWV Se fa fZW ]`ai^WVYW ShS[^ST^W a` fZW GUf8$

GUf9$ GUf: S`V K^bH UZW_adWUWbfade& 9afZ$ GUf8 S`V K^bH C9; ZSV TWW`

egT_[ffWV fa Z[YZ fZdagYZbgf ^[YS`V eUdWW`[`Y WjbWd[_W`fe i[fZ Ua__WdU[S^^k

ShS[^ST^W ^[YS`V Ua^^WUf[a`e fZSf dWhWS^WV fZSf GUf8%C9; T[`Ve ebWU[X[US^^k

S_[`a SU[Ve "DUBW^^Sd Wf S^& Da^& D[Uda# S`V K^bH%C9; T[`Ve ebWU[X[US^^k



(

Z[efS_[`W S`V ba^kS_[`We ":addS^%CgYa Wf S^& "*()0# _9[a#& 9afZ +; efdgUfgdWe

ZShW TWW` VWfWd_[`WV S`V fZW _a^WUg^Sd TSe[e Xad ^[YS`V ebWU[X[U[fk ZSe TWW`

VWfWd_[`WV& KZWeW VSfS Va `af _WS` fZSf TafZ dWUWbfade _Sk `af T[`V 8@%*$

Tgf fZW [`Xad_Sf[a` `WWVe fa TW bdah[VWV fa bdah[VW fZW UaddWUf Ua`fWjf aX fZW

VSfS bdWeW`fWV Tk fZW SgfZade& @` SVV[f[a` GUf8 ZSe fia bSdS^aYe$ GUf9 S`V

GUf:$ fZSf eZSdW S Z[YZ VWYdWW aX eWcgW`UW [VW`f[fk S`V fZSf S^ea T[`V S_[`a

SU[Ve&

>FSQPOSF2 NW fZS`] fZW dWh[WiWd Xad fZ[e hWdk [`e[YZfXg^ ba[`f& 8e egYYWefWV$

fZW [`Xad_Sf[a` fZSf GUf8%C9; ebWU[X[US^^k T[`Ve S_[`a SU[Ve "DUBW^^Sd$ .9 +3"

Da^& D[UdaT[a^& *()-$ 1.2 .1,%/(/# S`V K^bH%C9; ebWU[X[US^^k T[`Ve Z[efS_[`W

S`V ba^kS_[`We ":addS^%CgYa .9 +3" _9[a *()0$ 1$ W()01,%)0# S`V fZW +;

efdgUfgdWe aX GUf8%C9; "G;9 @;2 -CKO# S`V K^bH%C9; "G;9 @;2 .=L,# ZShW

TWW` egbb^W_W`fWV fa bdah[VW fZW UaddWUf Ua`fWjf aX fZW VSfS ":JOFS ))1&)*-#&

8^fZagYZ GUf8$ GUf9 S`V GUf: SdW bSdS^aYage UZW_adWUWbfade$ fZWk T[`V

V[ef[`Uf S_[`a SU[V ^[YS`Ve "I[Ua%A[_o`Wl .9 +3" Da^& D[UdaT[a^& *()+$ 002

)*+(w)*,+3 >Sh[dS .9 +3" _9[a *(*($ ))2 W(+(..%)1#& KZge$ [f [e `af egdbd[e[`Y

fZSf GUf8$ Tgf `af GUf9 ad GUf:$ eZaie Z[YZ SXX[`[fk Xad 8@%*& =gdfZWd_adW$

GUf9%C9; VaWe `af Ua`fS[` fZW Ua`eWdhWV dWe[VgW UaddWeba`V[`Y fa ;),. aX

GUf8 "<),. [` GUf9#$ `ad VaWe GUf:%C9; Ua`fS[` fZW Ua`eWdhWV dWe[VgW

UaddWeba`V[`Y fa P),, aX GUf8 "=),/ [` GUf:# "?UQQMFNFOTBRX 7JH' )*#&

DgfSf[a`e aX fZW `a`Ua`eWdhWV dWe[VgW fa Ua`eWdhWV dWe[VgW i[fZ[` GUf9%C9;

"<),.;# S`V GUf:%C9; "=),/P# [`UdWSeWV fZW[d 8@%* T[`V[`Y SXX[`[fk fa ^WhW^e

"(&*,%(&*0 |D# "?UQQMFNFOTBRX 7JH' +# Ua_bSdST^W fa fZSf aX GUf8%C9; "(&)0

|D# "7JH' *C#$ [`V[USf[`Y fZSf fZW UZS`YWV ]Wk dWe[VgW [` GUf9%C9; "<),.# S`V

GUf:%C9; GUf:%C9; "=),/# [e fZW _S[` USgeW aX fZW[d ^ai SXX[`[fk i[fZ 8@%*&

=[hW Z[YZ^k Ua`eWdhWV dWe[VgWe iWdW VWfWUfWV [` fZW T[`V[`Y e[fW fZSf

UaddWeba`VWV fa I)*.$ N)*0$ P),,$ ;),. S`V ;)/+ S`V fZW SgfZade egYYWef

fZSf fZWeW dWe[VgWe Xad S _af[X ebWU[X[U Xad 8@%* T[`V[`Y :8:?< Va_S[`e&

?aiWhWd$ [` S dWUW`f bgT^[USf[a` ">Sh[dS Wf S^& "*(*(# _9[a ))$ W(+(..%)1# fZW

efdgUfgdW aX GUf8%C9; iSe dWbadfWV& @X fZW SgfZade [`ebWUf =[Y& .8 aX fZ[e

bgT^[USf[a`$ fZWk i[^^ eWW fZSf S^^ fZW X[hW S_[`a SU[Ve U[fWV Xad_ [`fWdSUf[a`e

i[fZ fZW Tag`V S_[`a SU[V& 9SeWV a` fZWeW aTeWdhSf[a`e >Sh[dS Wf S^ VWX[`WV S

eWcgW`UW _af[X fZSf iSe bdabaeWV fa [VW`f[Xk S_[`a SU[V T[`V[`Y :SUZW



)

Va_S[`e& KZWdW [e WjfW`e[hW WjbWd[_W`fS^ Wh[VW`UW fZSf [` XSUf fZ[e _af[X

aUUgde [` S_[`a SU[V T[`V[`Y V:8:?< Va_S[`e& KZW Xa^^ai[`Y V:SUZW

Va_S[`e iWdW Xag`V fa Ua`fS[` fZ[e _af[X S`V WjbWd[_W`fS^ Wh[VW`UW iSe

bdWeW`fWV fZSf [`VWWV fZW UaddWeba`V[`Y dWUWbfad T[`Ve S_[`a SU[Ve2 :fS8$

:fS9 S`V :fS: "G& X^gadWeUW`e# F]g Wf S^& "*()*#$ D[UdaTWe <`h[da`& */2,.*%1$

F]g Wf S^& "*(),# D[UdaTWe <`h[da`& *12,)+%1#3 GeU8 S`V GeU9 "G& ekd[`YSW#

DUBW^^Sd Wf S^& "*()-# Da^ D[UdaT[a^&1.#2.1,%/(/ S`V :Wd`S%MSdYSe Wf S^&

"*()1# _9[a& )("-#& b[[2 W()0.0%)1#3 DUb> "G& bgf[VS# IWkWe%;Sd[Se Wf S^&

"*()-# Da^ D[UdaT[a^& 1/2,00%-()# S`V DUb8 "G& bgf[VS# :addS^%CgYa Wf S^&

"*().# <`h[da` D[UdaT[a^& )02++--%++/*&

>FSQPOSF2 NW fZS`] fZW dWh[WiWd Xad fZ[e [_badfS`f ba[`f& @`VWWV$ iW ZShW

`af[UWV fZSf fZW X[hW Z[YZ^k Ua`eWdhWV dWe[VgWe I)*.$ N)*0$ P),,$ ;),. S`V

;)/+ aX GUf8 Xad_ [`fWdSUf[a`e i[fZ fZW Tag`V S_[`a SU[Ve egUZ Se C%DWf$ C%@^W

S`V C%Kdb ">Sh[dS .9 +3" _9[a *(*($ ))2 W(+(..%)1#& @` XSUf$ fZW efdgUfgdWe aX

fZW fZdWW S_[`a SU[V ^[YS`Ve C%DWf$ C%@^W S`V C%Kdb SdW `afST^k V[XXWdW`f& @`

bSdf[Ug^Sd$ C%Kdb Ua`fS[`e fZW [`Va^W d[`Y iZ[UZ SdW `af bdWeW`f [` C%DWf S`V

C%@^W& @f eWW_e fZSf fZW X[hW Z[YZ^k Ua`eWdhWV dWe[VgWe S^iSke b^Sk S` [_badfS`f

da^W iZW` GUf8%C9; T[`V efdgUfgdS^^k V[XXWdW`f[SfWV ^[YS`Ve$ iZ[UZ [e Ua`e[efW`f

i[fZ agd aTeWdhSf[a`e fZSf fZWeW X[hW Ua`eWdhWV dWe[VgWe dWbdWeW`f S _af[X

ebWU[X[U Xad 8@%* T[`V[`Y& @` fZW dWUW`f bgT^[USf[a` Tk >Sh[dS .9 +3" "_9[a *(*($

))2 W(+(..%)1#$ fZW SgfZade [VW`f[X[WV S Z[YZ^k Ua`eWdhWV dWY[a` "?:I#

UaddWeba`V[`Y fa )*)%)*1 aX GUf8 fZSf [e ebWU[X[U Xad S_[`a SU[Ve "=[Y& / aX fZ[e

bgT^[USf[a`#$ Tgf V[V `af [VW`f[Xk fZW X[hW Z[YZ^k Ua`eWdhWV dWe[VgWe I)*.$

N)*0$ P),,$ ;),. S`V ;)/+ Se S_[`a SU[V T[`V[`Y _af[X& 8e _W`f[a`WV

STahW$ GUf9%C9; VaWe `af Ua`fS[` fZW Ua`eWdhWV dWe[VgW UaddWeba`V[`Y fa

;),. aX GUf8 "<),. [` GUf9#$ iZ[^W GUf:%C9; VaWe `af Ua`fS[` fZW Ua`eWdhWV

dWe[VgW UaddWeba`V[`Y fa P),, aX GUf8 "=),/ [` GUf:# "?UQQMFNFOTBRX 7JH'

)*#& NW S^ea aTeWdhW fZSf fZW S_[`a SU[V%T[`V[`Y UZW_adWUWbfade egUZ Se

:fS9 S`V :fS: "'" /3:57.8,.48#$ GeU8 S`V GeU9 "'" 8<7240+.# S`V DUb8 "'"

6:92-+# Va `af Ua`fS[` fZW Ua`eWdhWV dWe[VgW UaddWeba`V[`Y fa ;),. aX GUf8

"?UQQMFNFOTBRX EBTB +#& FTh[age^k$ fZW V:SUZW Va_S[`e [`ha^hWV [` T[`V[`Y

S_[`a SU[Ve Va `af `WUWeeSd[^k Ua`fS[` S^^ fZW X[hW Z[YZ^k Ua`eWdhWV dWe[VgWe

UaddWeba`V[`Y fa I)*.$ N)*0$ P),,$ ;),. S`V ;)/+ aX GUf8& =gdfZWd_adW$

:fS8 "'" /3:57.8,.48# S`V DUb> "'" 6:92-+# Ua`fS[` S^^ fZW X[hW Ua`eWdhWV



*

dWe[VgWe "?UQQMFNFOTBRX EBTB *# S`V agd @K: WjbWd[_W`fe eZaiWV fZSf

:fS8%C9; S`V DUb>%C9; T[`Ve 8@%* i[fZ Z[YZ SXX[`[fk "AOQUCMJSIFE EBTB

SIPWO CFMPW#$ XgdfZWd egbbadf[`Y agd egYYWef[a` fZSf X[hW Z[YZ^k Ua`eWdhWV

dWe[VgWe [` fZW T[`V[`Y e[fW UaddWeba`V[`Y fa I)*.$ N)*0$ P),,$ ;),. S`V

;)/+ aX GUf8 dWbdWeW`f S _af[X Xad 8@%* T[`V[`Y&

39&* SIPWS IJHI BGGJOJTX TP 5TB3&:46 #B$ BOE ;DQ8&:46 #C$

@` SVV[f[a` fZ[e _af[X [e `af Ua`eWdhWV [` fZW +; JfdgUfgdW aX K^bH "bVT @;2 .=g,$

:addS^%CgYa Wf S^& "*()0# _9[a )+2 W()01,%)0#& @`efWSV fZW SgfZade aX fZ[e

bgT^[USf[a` [VW`f[Xk [` fZW T[`V[`Y e[fW aX K^bH S eWcgW`UW _af[X fZSf [e bdWeW`f

[` afZWd V:SUZW Va_S[`e fZSf T[`V Ua_bag`Ve i[fZ S_[`a Ydagbe& KS]W`

faYWfZWd$ fZWdW [e efda`Y Wh[VW`UW fZSf fZW X[hW S_[`a SU[V _af[X [VW`f[X[WV [e

UZSdSUfWd[ef[U Xad fZW V:SUZW egTXS_[^k fZSf dWUaY`[lWe S_[`a SU[Ve&

>FSQPOSF2 8e iW ZShW V[eUgeeWV STahW$ fZW V:SUZW Va_S[`e dWeba`e[T^W Xad

S_[`a SU[V T[`V[`Y Va `af `WUWeeSd[^k Ua`fS[` S^^ fZW X[hW S_[`a SU[V _af[X$

WebWU[S^^k fZW dWe[VgWe UaddWeba`V[`Y fa P),, S`V ;),. aX GUf8 "fZW

Ua`eWdhWV dWe[VgW UaddWeba`V[`Y fa ;),. [` GUf8 [e STeW`f [` GUf9$ :fS9$

:fS:$ GeU8$ GeU9 S`V DUb8$ S`V GUf: VaWe `af Ua`fS[` fZW Ua`eWdhWV

dWe[VgW UaddWeba`V[`Y fa P),, [` GUf8#& @` XSUf$ K^bH%C9; S^ea Ua`fS[`e Xagd

Ua`eWdhWV dWe[VgWe UaddWeba`V[`Y fa N)*0$ P),,$ ;),. S`V ;)/+ aX GUf8

"?UQQMFNFOTBRX 7JH' )*#& KZW VaU][`Y Ua`Xad_Sf[a` aX fZW Tada`%XdWW



+

(%K?D= fa K^bH%C9; "?UQQMFNFOTBRX 7JH' 0B# eZaiWV fZSf )1*N$ P*(0$

;*)( S`V ;*+1$ iZ[UZ UaddWeba`V fa N)*0$ P),,$ ;),. S`V ;)/+ aX GUf8$ ^[W

U^aeWef fa fZW ^[YS`V (%K?D= "4*&/ n#$ S`V _gfSf[a`e aX WSUZ aX fZWeW

dWe[VgWe VdSef[US^^k dWVgUWV fZW T[`V[`Y SXX[`[fk aX K^bH%C9; Xad 8@%*

"?UQQMFNFOTBRX 7JH' 0C#& ?aiWhWd$ fZW dWe[VgW E)1( aX K^bH fZSf

UaddWeba`Ve fa I)*. aX GUf8 ^[We XSd SiSk Xda_ fZW ^[YS`V "-&). n# S`V VaWe

`af eWW_ fa V[dWUf^k [`fWdSUf i[fZ fZW Tag`V ^[YS`V& KZW _gfS`f E)1(8 eZaie

e[_[^Sd 8@%* T[`V[`Y SXX[`[fk Se fZW NK bdafW[` "AOQUCMJSIFE EBTB SIPWO

CFMPW#$ egbbadf[`Y fZW `af[a` fZSf fZWdW [e `a [`fWdSUf[a` TWfiWW` E)1( aX

K^bH S`V 8@%*& KZW efgVk Tk :addS^%CgYa .9 +3" "_9[a *()0$ 12 W()01,%)0# S^ea

eZaiWV fZSf E)1( aX K^bH VaWe `af Xad_ [`fWdSUf[a`e i[fZ fZW Tag`V Z[efS_[`W&

KZge$ fZW baU]Wfe aX GUf8%C9; S`V K^bH%C9; Va `af geW fZW WjSUf eS_W eWf

aX dWe[VgWe fa T[`V 8@%*& =gdfZWd_adW$ iW S^ea Xag`V fZSf fZW 8@%*%T[`V[`Y

C9;e aX B[`; S`V db?B)J%Q). baeeWee `a`W aX fZW X[hW Ua`eWdhWV dWe[VgWe

"?UQQMFNFOTBRX 7JH' )*#& KZge$ S^fZagYZ iW egYYWef fZSf V:SUZWR) Va_S[`e

i[fZ fZW X[hW Ua`eWdhWV S_[`a SU[V _af[X ZSe fZW USbSU[fk fa T[`V 8@%*$ iW S^ea

ba[`f agf fZW Wj[efW`UW aX afZWd$ kWf g`dWUaY`[lWV$ 8@%*%T[`V[`Y _af[Xe ":JOF

*.(&*.+% +)0&+*)#& FhWdS^^$ fZW Z[YZ%SXX[`[fk T[`V[`Y aX 8@%* fa V:8:?<

Va_S[`e egUZ Se GUf8%C9;$ K^bH%C9;$ B[`;%C9; S`V db?B)J%Q).%C9; US`

WSe[^k TW dWbWSfWV$ iZ[^W fZW _a^WUg^Sd TSe[e Xad 8@%* T[`V[`Y dW_S[`e fa TW

W^gU[VSfWV&

39&* SIPWS IJHI BGGJOJTX TP @MQ=&:46<)1(3



,

KZW SgfZade Ua`VgUfWV VaU][`Y WjbWd[_W`fe i[fZ 8@%* fa fZW _W_TdS`W V[efS^

_aVg^W aX GUf8%C9;& =[Y& ,; eZaie fZW ^[YS`V bae[f[a` i[fZ fZW ^aiWef VaU][`Y

eUadW& ?aiWhWd$ iZSf iSe fZW VaU][`Y eUadW S`V Zai V[V [f Ua_bSdW fa fZW

VaU][`Y eUadWe aX V[XXWdW`f S_[`a SU[Ve fa fZW _W_TdS`W V[efS^ _aVg^W Se

dWbadfWV [` >Sh[dS Wf S^& "*(*(# _9[a ))$ W(+(..%)17 KZW efdgUfgdW aX

K^bH%C9; [e S^ea ShS[^ST^W& ;[V fZW SgfZade Ua`VgUf e[_[^Sd WjbWd[_W`fe i[fZ

fZ[e efdgUfgdW7

>FSQPOSF2 NW fZS`] fZW dWh[WiWd Xad dS[e[`Y fZ[e [_badfS`f cgWef[a`& @` adVWd

fa Ua_bSdW fZW VaU][`Y eUadWe aX 8@%* fa fZW _W_TdS`W V[efS^ _aVg^W aX

GUf8%C9; i[fZ fZaeW aX fZW VaU][`Y aX V[XXWdW`f S_[`a SU[Ve fa GUf8%C9;$ iW

Ua`VgUfWV fZW VaU][`Y S`S^ke[e SYS[` ge[`Y fZW WjfdS bdWU[e[a` "OG# VaU][`Y

_aVW aX fZW >^[VW bdaYdS_ [` JUZdpV[`YWd Se VWeUd[TWV Tk >Sh[dS .9 +3" "_9[a

*(*($ ))2 W(+(..%)1#& KZW TWef Ua`Xad_Sf[a` aX (%K?D= ZSe fZW ^aiWef

VaU][`Y eUadW aX %/&0* ]US^ _a^%)$ iZ[UZ [e Z[YZWd fZS` fZaeW "dS`Y[`Y Xda_

%)+&/, fa %))&-+ ]US^ _a^%)# aTfS[`WV Xda_ fZW VaU][`Y aX C%DWf$ C%@^W ad C%Kdb

fa GUf8%C9; Tk >Sh[dS .9 +3" "_9[a *(*($ ))2 W(+(..%)1# Tgf [e TW^ai fZW

^aiWd fZdWeZa^V hS^gW aX %. ]US^ _a^%) Xad e[Y`[X[US`UW bdabaeWV Tk >Sh[dS .9 +3"

"*(*(# ":JOFS )1.&*(0#& NW S^ea dWbWSfWV fZW VaU][`Y aX C%DWf$ C%@^W S`V

C%Kdb fa GUf8%C9; S`V fZW dWeg^f[`Y OG eUadWe "C%DWf$ %)(&),3 C%@^W$ %))&+.3

C%Kdb$ %)+&0,# SdW S^_aef WcgS^ fa fZaeW dWbadfWV Tk >Sh[dS .9 +3" "*(*(#$

[`V[USf[`Y fZW Ua_bSdST[^[fk aX agd dWeg^fe i[fZ fZaeW dWbadfWV Tk >Sh[dS .9 +3"

"*(*(#& ?aiWhWd$ fZW TWef Ua`Xad_Sf[a` aX )%K?D=%TadSfW Tag`V [` fZW SUf[hW

baU]Wf aX GUf8%C9; ZSe fZW ^aiWef VaU][`Y eUadW aX %*&1* ]US^ _a^%)$ iZ[UZ [e

V[efS`f Xda_ fZW fZdWeZa^V Xad e[Y`[X[US`UW S`V fZge egYYWefe S iWS]

[`fWdSUf[a` TWfiWW` )%K?D=%TadSfW S`V GUf8%C9;& 8e egYYWefWV$ iW S^ea

bWdXad_WV fZW VaU][`Y aX fZW fia 8@%* Xad_e fa K^bH%C9; ":JOFS *(0&*).#& 8^^

T[`V[`Y Ua`Xad_Sf[a`e aX )%K?D=%TadSfW eZaiWV bae[f[hW VaU][`Y eUadWe$

egYYWef[`Y g`XShadST^W T[`V[`Y aX )%K?D=%TadSfW fa K^bH%C9;& @` Ua`fdSef$

fZW TWef Ua`Xad_Sf[a` aX (%K?D= Tag`V [` fZW SUf[hW baU]Wf aX K^bH%C9; ZSe

fZW ^aiWef VaU][`Y eUadW aX %-&/( ]US^ _a^%)$ iZ[UZ [e Ua_bSdST^W fa fZSf

"%.&-0 ]US^ _a^%)# aTfS[`WV Xda_ fZW VaU][`Y aX Z[efS_[`W fa K^bH%C9; Tk ge

"?UQQMFNFOTBRX 7JH' 0B#& =gdfZWd_adW$ _gfSf[a`e [` )1*N$ P*(0$ ;*)( S`V

;*+1$ iZ[UZ ^[W U^aeWef fa fZW ^[YS`V (%K?D=$ VdSef[US^^k dWVgUWV fZW T[`V[`Y



-

SXX[`[fk aX K^bH%C9; Xad 8@%*$ egbbadf[`Y fZW T[`V[`Y aX K^bH%C9; i[fZ (%K?D=

"?UQQMFNFOTBRX 7JH' 0C#&

;JOPR2

C[`W 102 xNZWdWSe _aef aX fZWeW _gfS`fe V[V `af SXXWUf fZW dWeba`eW aX G&

SWdgY[`aeS fa 8@%*&&y$ fa TW dWbZdSeWV

>FSQPOSF2 NW ZShW dWh[eWV fZWeW eW`fW`UWe Se Xa^^ai2 xNZWdWSe _aef aX

fZWeW _gfSf[a`e V[V `af SXXWUf fZW dWeba`eW aX '" +.7:02458+ fa 8@%*&&&y ":JOFS

)(0&)(1#&

C[`W ))(2 x??bdWV S`S^ke[e egYYWefe fZSf fZW[d efdgUfgdWe SdW Z[YZ^k e[_[^Sd

"<%hS^gW5,&/W%**))) #&y KZ[e eW`fW`UW [e S_T[Ygage& ??bdWV [e S XSef eWdhWd

Xad dW_afW bdafW[` Za_a^aYk VWfWUf[a` S`V efdgUfgdW bdWV[Uf[a`& ?aiWhWd$ Z[YZ

dWea^gf[a` +; efdgUfgdWe aX GUf8%C9; S`V K^bH%C9; ZShW TWW` bgT^[eZWV S`V

fZW UaadV[`SfWe SdW ShS[^ST^W Sf fZW bdafW[` VSfS TS`]3 fZWdW [e `a efdgUfgdW

bdWV[Uf[a` `WUWeeSdk&

>FSQPOSF2 NW fZS`] fZW dWh[WiWd Xad fZ[e [_badfS`f ba[`f& 8e egYYWefWV$ iW

ZShW bWdXad_WV S^[Y`_W`f aX fZW +; efdgUfgdWe aX GUf8%C9; "G;9 @;2 -CKO#

">Sh[dS .9 +3" _9[a *(*($ ))2 W(+(..%)1# S`V K^bH%C9; "G;9 @;2 .=L,#

":addS^%CgYa .9 +3& _9[a *()0$ 12 W()01,%)0# ge[`Y KD%S^[Y` eWdhWd$ iZ[UZ

egYYWefe fZSf fZWk SdW [` STagf fZW eS_W Xa^V "KD%eUadW5(&/1$ Jgbb^W_W`fSdk

=[Y& *# ":JOFS )*(&)**#&

>FVJFWFR "* #>FNBRLS TP TIF 3UTIPR$2

;WUSVWe SYa$ fZW cgadg_%eW`e[`Y Sgfa[`VgUWd%* "8@%*# S`V [fe ek`fZSeW CgjJ

iWdW V[eUahWdWV [` h[Td[ae& GdaVgUf[a` aX fZ[e Sgfa[`VgUWd iSe eZai` fa TW

i[VWebdWSV [` fZW TSUfWd[S^ Va_S[`$ ^WSV[`Y fa fZW [VWS fZSf 8@%* ^[]W^k

Xg`Uf[a`e Se S xg`[hWdeS^y [`fWdebWU[We cgadg_%eW`e[`Y e[Y`S^& ;Web[fW fZ[e

`af[a`$ a`^k fia 8@%*%T[`V[`Y dWUWbfade ZShW TWW` V[eUahWdWV fa VSfW$ CgjG$

Xag`V WjU^ge[hW^k [` h[Td[ae$ S`V Ced9 Xda_ W`fWd[U TSUfWd[S S`V ^[_[fWV afZWd

XS_[^[We$ US^^[`Y [`fa cgWef[a` fZW xg`[hWdeS^[fky aX 8@%* e[Y`S^[`Y& Eg_Wdage

TSUfWd[S fZSf Va `af baeeWee Za_a^aYgWe aX fZW 8@%* dWUWbfade ZShW TWW`

eZai` fa dWeba`V fa 8@%* Se _WSegdWV Tk bZW`afkb[U S`V YW`W WjbdWee[a`

efgV[We$ ^WSV[`Y fa fZW ZkbafZWe[e fZSf afZWd$ g`V[eUahWdWV$ 8@%* dWUWbfade



%$

_gef Wj[ef& @` fZW UgddW`f efgVk$ QZS`Y Wf S^& eWf agf fa VWfWd_[`W Zai fZW

abbadfg`[ef[U bSfZaYW`$ GeWgVa_a`Se SWdgY[`aeS$ iZ[UZ ^SU]e CgjG S`V Ced9

Za_a^aYgWe$ eW`eWe S`V dWeba`Ve fa 8@%*& @` fZW bdaUWee$ fZW SgfZade [VW`f[Xk

S `ahW^ 8@%* T[`V[`Y Va_S[` fZSf [e i[VW^k bdWeW`f [` bdafW[`e [` V[hWdeW

adYS`[e_e$ S`V _adWahWd$ fZWk eZai fZSf 8@%* T[`V[`Y Tk fZWeW bdafW[`e Vd[hWe

UZS`YWe [` Vai`efdWS_ fdS[fe& KZ[e V[eUahWdk bdah[VWe e[Y`[X[US`f `Wi S`V

Ua`h[`U[`Y Wh[VW`UW fZSf 8@%* [e [`VWWV S e[Y`S^[`Y _a^WUg^W fZSf [e geWV

SUdaee fZW TSUfWd[S^ iad^V&

KZW SgfZade X[def eZai fZSf G& SWdgY[`aeS WjZ[T[fe UZW_afSj[e fa 8@%*$ iZ[UZ

ZSe bdWh[age^k TWW` VW_a`efdSfWV [` afZWd adYS`[e_e& >[hW` fZ[e dWeg^f$ fZW

SgfZade dWSea`WV fZSf a`W ad _adW aX fZW *. UZW_adWUWbfade [` G& SWdgY[`aeS

_gef VWfWUf 8@%*& <hS^gSf[`Y fZW UZW_afSUf[U dWeba`eWe aX _gfS`fe ^SU][`Y

WSUZ [`V[h[VgS^ UZW_adWUWbfad dWhWS^WV GUf8 S`V K^bH fa TW dWcg[dWV Xad 8@%*

UZW_afSj[e& KZW SgfZade fZadagYZ^k VW_a`efdSfW$ ge[`Y dWbadfWd SeeSke S`V

[eafZWd_S^ f[fdSf[a` US^ad[_Wfdk$ fZSf fZW ^[YS`V T[`V[`Y Va_S[`e "C9;# aX TafZ

UZW_adWUWbfade bdWXWdW`f[S^^k T[`V fZW `a`%TadSfWV Xad_ aX 8@%* i[fZ

`S`a_a^Sd SXX[`[fk$ bdah[`Y fZSf fZWeW bdafW[`e SdW [`VWWV `ahW^ 8@%* dWUWbfade&

KZWk Ya a` [VW`f[Xk dWe[VgWe i[fZ[` fZW C9; aX GUf8 fZSf SdW Ud[f[US^ Xad 8@%*

T[`V[`Y&

Ka Wjb^adW fZW Ua`eWdhSf[a` aX fZW `Wi 8@%* T[`V[`Y _aVg^W$ fZW SgfZade

Ua`VgUfWV S T[a[`Xad_Sf[U eWSdUZ Xad bdafW[`e baeeWee[`Y S Va_S[` e[_[^Sd fa

fZW GUf8 C9;& KZ[e efdSfWYk dWhWS^WV _S`k egUZ bdafW[`e Xda_ V[hWdYW`f

adYS`[e_e$ [`U^gV[`Y afZWd UZW_adWUWbfade$ ][`SeWe$ S`V V[YgS`k^SfW UkU^SeWe&

KZW SgfZade Ua`h[`U[`Y^k VW_a`efdSfW 8@%* T[`V[`Y fa S egTeWf aX fZWeW

bdafW[`e S`V fZWk eZai fZW W`lk_Sf[U SUf[h[f[We aX a`W Z[ef[V[`W ][`SeW S`V a`W

V[YgS`k^SfW UkU^SeW SdW dWYg^SfWV Tk 8@%*& =[`S^^k$ fZW SgfZade [VW`f[Xk m)-((

bdafW[`e Xda_ V[hWdeW adYS`[e_e "[`U^gV[`Y SdUZSWS# fZSf SdW bafW`f[S^ 8@%*

T[`V[`Y dWUWbfade& EafST^k$ fZWeW bdafW[`e$ S^^ aX iZ[UZ ZShW V:8:?<R)

Va_S[`e$ SdW bdWV[UfWV fa ZShW S hSd[Wfk aX SUf[h[f[We fZSf Uag^V TW dWYg^SfWV Tk

8@%*& @` S ^ahW^k X[`S^W$ fZW SgfZade dS`Va_^k eW^WUf )1 aX fZWeW V:8:?<R)

bdafW[`e S`V VW_a`efdSfW 8@%* T[`V[`Y fa fia aX fZW_ ge[`Y S dWbadfWd SeeSk&



%%

FhWdS^^$ fZ[e _S`geUd[bf [e fZadagYZ S`V [`fWdWef[`Y S`V [f bdah[VWe S e[Y`[X[US`f

`Wi V[eUahWdk& KZW WjbWd[_W`fe SdW iW^^ Ua`fda^^WV$ S`V fZW _S`geUd[bf [e

id[ffW` [` S XS[d^k efdS[YZfXadiSdV _S``Wd&

>FSQPOSF2 KZW SgfZade SdW hWdk YdSfWXg^ Xad fZW bae[f[hW XWWVTSU] bdah[VWV Tk

fZW dWh[WiWd&

F`W _S\ad bdaT^W_ i[fZ fZW _S`geUd[bf [e fZSf fZWdW SdW `g_Wdage [`efS`UWe

aX b^SY[Sd[e_& ?abWXg^^k$ fZ[e [e S` ahWde[YZf a` fZW bSdf aX fZW SgfZade& NZa^W

bSeeSYWe$ i[fZ a`^k [`e[Y`[X[US`f UZS`YWe Xda_ eWhWdS^ aX fZW Xag`VSf[a`S^ 8@%*

efgV[We ZShW TWW` ^[XfWV S`V bSfUZWV faYWfZWd [` fZW [`fdaVgUf[a` S`V fZW

V[eUgee[a` eWUf[a`e& KZW SgfZade ZShW S^ea [`U^gVWV S` WjSUf dWb^[US aX S

X[YgdW bS`W^ Xda_ fZW ad[Y[`S^ efgVk fZSf VWX[`WV fZW 8@%* T[aek`fZWf[U bSfZiSk

i[fZagf UdWV[f& KZ[e _S`geUd[bf US``af TW Ua`e[VWdWV g`f[^ fZWeW b^SY[Sd[e_

[eegWe$ S`V eWhWdS^ afZWd ba[`fe$ agf^[`WV TW^ai$ SdW SVVdWeeWV&

>FSQPOSF2 NW fZS`] fZW dWh[WiWd Xad dS[e[`Y fZ[e [_badfS`f cgWef[a`& @` fZW

dWh[eWV _S`geUd[bf$ iW ZShW dWadYS`[lWV fZW ^S`YgSYW aX fZW [`fdaVgUf[a` S`V

V[eUgee[a` eWUf[a`e fa SVVdWee fZW bafW`f[S^ b^SY[Sd[e_ [eegWe& KZW dWXWdW`UWe

Xad =[Y& )S fZSf VWX[`WV fZW 8@%* T[aek`fZWf[U bSfZiSk ZShW TWW` Y[hW`$

[`U^gV[`Y fZW ad[Y[`S^ dWXWdW`UW ":ZW` .9 +3" ESfgdW *((*$ ,)-2 -,-w-,1#

eZai[`Y fZW 8@%* _a^WUg^W fZSf _S]We fZW Tada` SVVgUf$ S`V fZW ad[Y[`S^

dWXWdW`UW "D[^^Wd .9 +3" Da^& :W^^ *((,$ )-2 .//%.0/# eZai[`Y fZW 8@%* _a^WUg^W

i[fZagf Tada`&

;BKPR DPODFROS

)& KZWdW SdW _g^f[b^W [`U[VW`UWe aX b^SY[Sd[e_& C[`We ,)%-. aX fZW [`fdaVgUf[a`

TWSd egUZ g`US``k dWeW_T^S`UW fa bSeeSYWe Xda_ fZW ad[Y[`S^ 8@%* bSbWde fZSf

fZW ^[`W TWfiWW` VWeUd[T[`Y iZSf ZSe Ua_W TWXadW S`V b^SY[Sd[e_ ZSe TWW`

UdaeeWV& KZW [`fdaVgUf[a` `WWVe fa TW dWid[ffW` Tk fZW SgfZade S`V fZWk `WWV

fa UZS`YW _adW fZS` S iadV ZWdW ad fZWdW ad _aVWef^k UZS`YW fZW adVWd aX fZW

iadVe'eW`fW`UWe Xda_ fZW ad[Y[`S^ dWXWdW`UWe& NZ[^W `af Se WYdWY[age$ fZW

eS_W YaWe Xad fZW [`[f[S^ bSdfe aX fZW V[eUgee[a`& GZdSeWe ^[]W x_a`[fad ^[YS`V

aUUgbS`Uky WfU& Ua_W efdS[YZf Xda_ WSd^[Wd bSbWde& @X fZWeW SgfZade iS`f fa

dWh[Wi afZWd eU[W`f[efez iad]$ fZWk `WWV fa TW USdWXg^ `af fa ^[Xf ^S`YgSYW$ Tgf

dSfZWd$ geW fZW[d ai` iadV[`Y& =gdfZWd_adW$ dWYSdV[`Y =[Y& )8$ fZWk `WWV fa



%&

Y[hW S dWXWdW`UW Xad fZW T[aek`fZWe[e eUZW_W& KZSf WjSUf X[YgdW Ua_We Xda_

ea_Wa`W W^eWze bgT^[eZWV iad] S`V [f `WWVe fa TW UdWV[fWV$ afZWdi[eW [f [e

b^SY[Sd[e_& KZW SgfZade S^ea `WWV fa [`U^gVW fZW ad[Y[`S^ dWXWdW`UW ":ZW`#

eZai[`Y fZW 8@%* _a^WUg^W _S]We fZW Tada` SVVgUf& :ZW_afSj[e fa 8@%* ZSe

S^ea bdWh[age^k TWW` VW_a`efdSfWV [` afZWd adYS`[e_e& KZW SgfZade `WWV fa

UdWV[f fZWeW [VWSe'efgV[We WSd^[Wd [` fZW bSbWd fZS` [` fZW V[eUgee[a`&

>FSQPOSF2 NW fZS`] fZW dWh[WiWd Xad dS[e[`Y fZWeW [_badfS`f cgWef[a`e&

8UUadV[`Y fa fZW dWh[WiWdze egYYWef[a`$ iW ZShW dWid[ffW` fZW [`fdaVgUf[a` S`V

V[eUgee[a` eWUf[a`e Tk agd ai` iadV[`Y fa Sha[V b^SY[Sd[e_ ":JOFS ,)&0(%

*.1&+*1#& KZW dWXWdW`UWe Xad fZW T[aek`fZWe[e eUZW_W aX =[Y& )S ZShW TWW`

Y[hW`$ [`U^gV[`Y fZW ad[Y[`S^ dWXWdW`UW ":ZW` .9 +3" ESfgdW *((*$ ,)-2 -,-w-,1#

eZai[`Y fZW Tada`%Ua`fS[`[`Y 8@%* _a^WUg^W$ S`V fZW ad[Y[`S^ dWXWdW`UW "D[^^Wd

.9 +3" Da^& :W^^ *((,$ )-2 .//%.0/# eZai[`Y fZW 8@%* _a^WUg^W i[fZagf Tada`&

GdWh[age efgV[We STagf UZW_afSj[e fa 8@%* "CSYS`W`]S .9 +3" ESf& :a__g`&

*().$ /2 )*10,3 ?WYVW .9 +3" A& 9SUfWd[a^& *())$ )1+2 /.0%//+# ZShW S^ea TWW`

UdWV[fWV WSd^[Wd [` fZW [`fdaVgUf[a` eWUf[a` ":JOFS .0&/(# S`V fZW dWeg^f eWUf[a`

TWXadW fZW UZW_afSj[e SeeSke USdd[WV agf Tk ge ":JOFS 1-&1.#&

*& @f [e g`U^WSd iZSf fZW Ua%Ug^fgdW T[aX[^_ dWeg^fe bdWeW`fWV [` =[YgdW +9%:

Ua`fd[TgfW fa fZW SgfZadez _WeeSYW& KZWeW WjbWd[_W`fe SdW Ua_b^Wj$

UZS^^W`Y[`Y fa [`fWdbdWf$ S`V fZW dWeg^fe Uag^V TW [`V[dWUf& =ad WjS_b^W$ fZW

SgfZade eZai fZSf iZ[^W NK J& SgdWge ef[_g^SfWe G& SWdgY[`aeS T[aX[^_

Xad_Sf[a`$ fZW u^gjJ J& SgdWge VaWe `af& ;aWe fZW J& SgdWge u^gjJ Ydai Sf fZW

eS_W dSfW Se NK [` fZW bdWeW`UW aX G& SWdgY[`aeS7 NZSf YW`We VaWe 8@%*

dWYg^SfW [` J& SgdWge fZSf Uag^V SXXWUf fZW [`fWdSUf[a` TWfiWW` fZW fia ebWU[We7

KZW SgfZade U^S[_ fZSf fZW dWeg^f eZaie fZSf G& SWdgY[`aeS [e VWfWUf[`Y 8@%*

_SVW Tk J& SgdWge& KZSf U^S[_ [e `af egbbadfWV Tk fZW VSfS& <[fZWd fZW G&

SWdgY[`aeS eW`eWe 8@%* _SVW Tk J& SgdWge$ ad$ WcgS^^k baee[T^W [e fZSf 8@%*

_WV[SfWV UZS`YWe S^fWd fZW [`fWdSUf[a`e [` T[aX[^_e& KZ[e X[YgdW S`V Ua_bS`[a`

fWjf eZag^V TW dW_ahWV& KZW WjbWd[_W`f VaWe `af X[f iW^^ i[fZ fZW afZWd ba[`fe

_SVW$ S`V _aef [_badfS`f^k$ [f iWS]W`e fZW bSbWd& L`^[]W fZW afZWd

WjbWd[_W`fe$ iZ[UZ SdW d[Yadage$ fZ[e a`W [e g`Ua`h[`U[`Y&

>FSQPOSF2 NW fZS`] fZW dWh[WiWd Xad fZ[e hWdk [`e[YZfXg^ ba[`f& 8e egYYWefWV$

fZW X[YgdW bdWeW`f[`Y fZW Ua%Ug^fgdW T[aX[^_ dWeg^fe S`V fZW Ua_bS`[a` fWjf
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ZShW TWW` dW_ahWV&

+& KZWdW SdW `a YW^ [_SYWe ad [`V[USf[a`e Se fa bgd[fk ^WhW^e aX bdafW[`e& G^WSeW

bdah[VW J;J%G8>< YW^ [_SYWe [` S egbb^W_W`fSdk X[YgdW&

>FSQPOSF2 8e egYYWefWV$ J;J%G8>< YW^ [_SYWe eZai[`Y bgd[X[WV Xg^^%^W`YfZ

GUf8$ B[`; S`V db?B)J%Q). ZShW TWW` bdah[VWV Se ?UQQMFNFOTBRX GJH' ),&

,& NZk SdW fZW BVze ea V[XXWdW`f [` =[Ye * S`V ,7 8^ea$ i[fZ[` fZSf Ua`fWjf$ fZW

BV [` =[Y * S`V [` =[Y ,; [e (&). tD$ Tgf [` =[Y ,8 [f [e -. `D i[fZ `a Tada`& @X

fZWdW iSe Tada` bdWeW`f$ fZW SgfZade eZai fZSf fZW BV eZag^V TW + tD& G^WSeW

dWUa`U[^W&

>FSQPOSF2 NW fZS`] fZW dWh[WiWd Xad fZ[e [_badfS`f ba[`f& @` XSUf$ [` =[Y *T

S`V [` =[Y ,V$ )( |D bdafW[` iSe f[fdSfWV i[fZ /(( |D ;G;'8@%* "F__

JU[W`f[X[U# g`VWd `ad_S^ Ua`V[f[a`e i[fZagf Tada` dW_ahS^& KZW Tada` Ua`fW`f

aX ;G;'8@%* "F__ JU[W`f[X[U# [e g`]`ai` S`V fZW S_ag`f aX fZ[e bgdUZSeWV

dWSYW`f [e [`egXX[U[W`f Xad Tada` dW_ahS^& @` adVWd fa [`hWef[YSfW fZW da^W aX

Tada` [` fZW T[`V[`Y aX 8@%* fa GUf8%C9;$ %4 ;2975 dWSUf[a`e aX J8? i[fZ GXe S`V

CgjJ bdafW[`e iWdW bWdXad_WV i[fZ b^Sef[UiSdW S`V TadSfW%VWb^WfWV iSfWd fa

aTfS[` TadSfW%VWb^WfWV ;G;'8@%*& KZW bgd[X[WV GUf8%C9; iSe V[S^klWV SYS[`ef

S`V V[^gfWV [` fZW TadSfW%VWb^WfWV Kd[e TgXXWd fa dW_ahW Tada` aX fZW bdafW[`

ea^gf[a` Se _gUZ Se baee[T^W& @` =[Y& ,S$ ) |D bdafW[` fZSf ZSe TWW` V[S^klWV

SYS[`ef S`V V[^gfWV [` fZW TadSfW%VWb^WfWV Kd[e TgXXWd iSe f[fdSfWV i[fZ fZW
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REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

This is a significantly improved manuscript and the inclusion of new data has strengthened the 

conclusions. The very large majority of conclusions are supported by experimental data and this 

manuscript represents a very significant contribution to the field of sensing and signal 

transduction. 

However, a number of issues persist and need to be addressed. 

There is an inconsistency in the present manuscript as to whether the LBDs of PctB and PctC bind 

AI-2 or not. The authors report that PctC-LBD binds AI-2 with a KD of 40 micromolar (Supp. Fig. 

3B). However, in Supp. Fig. 11 the authors state that “The PctC-LBD unable to bind AI-2 was used 

as a negative control”. The same holds for Supp. Fig. 9 where PctC is classified as “unable to retain 

AI-2”. 

However, having remarked these inconsistencies, the authors have shown the dilution controls for 

the injection of DPD/AI-2 (Supp. Fig. 13 A) into buffer. Peaks are broad on its base at the 

beginning and get smaller towards the end. If the authors integrated the peaks the tendency in 

dilution heats would be visible. (As a general comment the integrated peak areas of the dilution 

controls should also be shown, revealing that controls in panels A and C are suboptimal). As for 

panel A this is due to the fact that a mixture of interchangeable ligands is injected and the heats 

measured at the beginning of the dilution may represent heats due to ligand interchange. 

However, due to the nature of the ligand injected (mixtue) the quality of dilution experiments 

cannot be improved. Considering the tendency in heats observed in the dilution experiments this 

referee feels that the heats observed for PctB and PctC titration with AI-2/DPD may not represent 

binding. This could be mentioned saying that although minor heats were observed for the PctBC 

titration with AI-2/DPD, in the context of the suboptimal dilution control (that cannot be changed 

since ligands are a mixture of interchangeable compounds) it is not certain whether these heats do 

indeed reflect binding. 

As mentioned above, the authors should also integrate the dilution heats from Supp. Fig. 13 and 

present both, raw data and integrated normalized values in the lower panel. 

Supp. Fig. 3 and elsewhere: Constants are given with two decimal positions; considering the 

magnitude of the value and errors this “precision” is not justified and it is suggested that values 

are rounded: for example replace 28.05 ± 2.39 micromolar with 28 ± 2 micromolar. 

Supp. Fig. 3: Problems persist with ITC data. Although the authors state in the legend to Supp. 

Fig. 3 that dilution heats were subtracted from titration data and the corrected data were fitted, 

the figures show the opposite. Upper panels are titration raw data showing heat changes that are 

caused by the titration; these heats are the sum of binding and dilution heats. This referee has 

difficulties in understanding the y-axis label of the upper panel “corrected heat rates”. In fact 

shown is what the instrument has recorded. The heat rate has been corrected for what? 

Ligand dilution heats are those observed following protein saturation with ligands, for example the 

last 5 injections in Supp. Fig. 3 C and D. These heats have to be subtracted from all titration data 

in a way that the lower panel only represents binding heats. If this were done as indicated by the 

authors, the last 5 points in the lower panels of Supp. Fog. 3 C and D should be close to zero, 

since protein is saturated and no binding heats are observed. However, in none of the graphs the 

final points in the lower panel are close to zero indicating that in these data the ligand dilution 

heats had not been removed. 

Dilution heats in Supp Fig. 13 C are also sub-optimal which will become visible if the authors 

integrated the peaks. However, this may be caused by sub-optimal design. A complex between AI-

2 and boric acid is injected into buffer and heat changes observed at the beginning may be due to 

borate dissociation from AI-2. In this referees mind a better approach would be to titrate AI-

2/borate into protein containing borate and correct with AI-2/borate into buffer/borate. It is very 



likely that the magnitude of borate dissociation from AI-2 differs in an injection into buffer as 

compared to an injection into a protein that tightly binds AI-2/borate. 

Please specify the injection volumes for the ITC experiments. 

Fig. 4 and Supp. Fig. 7: the authors state that the AI-2 concentration was approximately 15 

micromolar. Was this concentration also used for data analysis? To this referee it seems unlikely 

that injections of only 15 micromolar solution (please provide injection volumes in the 

experimental section) give rise to such large peaks considering that the calculated reaction 

enthalpy is relatively modest (approx.. 30 kJ/mol). 

Minor: 

Line 63: converts 

Line 121: suggests that they are in about the same fold, rephrase 

Supp. Fig. 2: To enhance the clarity of this figure, please label the N- and C-termini as well as the 

membrane-proximal and membrane distal modules 

Reviewer #2 (Remarks to the Author): 

The authors addressed most of the concerns raised by my review, however I remain unsatisfied 

with the SDS-PAGE gel images of purified proteins that the authors provided. The new images 

show three membrane extracted full-length proteins used to examine AI-2 mediated regulation of 

enzyme activity (either methylation, phosphorylation, or DGC). As expected from membrane 

preps, the samples are not particularly pure. I am, and readers will be, most interested in 

assessing the purity of samples used for ITC experiments and in vitro AI-2 binding assays as these 

techniques are must be performed with exquisitely pure protein. The authors repeatedly perform 

ITC and binding assays with various receptors (~20) and not a single result has an accompanying 

protein gel. Notably, there is no indication in the methods section that the authors examined the 

purity of their LBD purifications – did this take place? The other reviewer also had major concerns 

with the authors’ ITC results and the lack of protein gels compounds the importance of his/her 

questions. This issue must be resolved before further consideration as it is crucial to underpinning 

the validity of the authors’ claims
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_a\\[^`QP Ne Qd\Q^UYQZ`MX PM`M MZP `TU_ YMZa_O^U\` ^Q\^Q_QZ`_ M bQ^e
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<[cQbQ^$ M ZaYNQ^ [R U__aQ_ \Q^_U_` MZP ZQQP `[ NQ MPP^Q__QP&

6<HFEDH<1 JQ TMbQ ^QbU_QP [a^ YMZa_O^U\` UZ MOO[^PMZOQ cU`T `TQ ^QbUQcQ^m_

O[YYQZ`_&

HTQ^Q U_ MZ UZO[Z_U_`QZOe UZ `TQ \^Q_QZ` YMZa_O^U\` M_ `[ cTQ`TQ^ `TQ @68_ [R

DO`6 MZP DO`7 NUZP 5=%* [^ Z[`& HTQ Ma`T[^_ ^Q\[^` `TM` DO`7%@68 NUZP_ 5=%*

cU`T M ?8 [R ,( YUO^[Y[XM^ "Ga\\& :US& +6#& <[cQbQ^$ UZ Ga\\& :US& )) `TQ

Ma`T[^_ _`M`Q `TM` kHTQ DO`7%@68 aZMNXQ `[ NUZP 5=%* cM_ a_QP M_ M ZQSM`UbQ
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`[ ^Q`MUZ 5=%*l&

6<HFEDH<1 JQ `TMZW `TQ ^QbUQcQ^ R[^ `TU_ UY\[^`MZ` \[UZ`& =Z `TQ ^QbU_QP
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DO`7 MZP 5=%*& HTQ _QZ`QZOQ_ Z[c M^Q2 kHTQ P757<9 P[YMUZ_ cU`T M TUST

5=%* NUZPUZS MO`UbU`e M^Q PQ\UO`QP UZ NXaQ MZP `T[_Q cU`T M X[c 5=%* NUZPUZS

MO`UbU`e M^Q UZ ^QP&l MZP kHTQ DO`7%@68 _T[cUZS X[c NUZPUZS MRRUZU`e R[^ 5=%*

cM_ a_QP M_ M ZQSM`UbQ O[Z`^[X&l UZ `TQ XQSQZP_ [R Ga\\XQYQZ`M^e :US_& 1 MZP

))$ ^Q_\QO`UbQXe&
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=R `TQ Ma`T[^_ UZ`QS^M`QP `TQ \QMW_ `TQ `QZPQZOe UZ PUXa`U[Z TQM`_ c[aXP NQ

bU_UNXQ& "5_ M SQZQ^MX O[YYQZ` `TQ UZ`QS^M`QP \QMW M^QM_ [R `TQ PUXa`U[Z

O[Z`^[X_ _T[aXP MX_[ NQ _T[cZ$ ^QbQMXUZS `TM` O[Z`^[X_ UZ \MZQX_ 5 MZP 7 M^Q

_aN[\`UYMX#& 5_ R[^ \MZQX 5 `TU_ U_ PaQ `[ `TQ RMO` `TM` M YUd`a^Q [R
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N[^M`Q%PQ\XQ`QP @adG \^[PaO`_ "cU`T [^ cU`T[a` MPPQP )-( nA N[^UO MOUP# TMbQ

NQQZ ^[aZPQP `[ `TQ M\\^[\^UM`Q \^QOU_U[Z "3@>H' ,8% 9% ; 8D; 7JFFB<C<DI8GM

3@>H' +8&9% / 8D; 09#&

Ga\\& :US& +2 D^[NXQY_ \Q^_U_` cU`T =H7 PM`M& 5X`T[aST `TQ Ma`T[^_ _`M`Q UZ `TQ

XQSQZP `[ Ga\\& :US& + `TM` PUXa`U[Z TQM`_ cQ^Q _aN`^MO`QP R^[Y `U`^M`U[Z PM`M

MZP `TQ O[^^QO`QP PM`M cQ^Q RU``QP$ `TQ RUSa^Q_ _T[c `TQ [\\[_U`Q& I\\Q^

\MZQX_ M^Q `U`^M`U[Z ^Mc PM`M _T[cUZS TQM` OTMZSQ_ `TM` M^Q OMa_QP Ne `TQ

`U`^M`U[Z3 `TQ_Q TQM`_ M^Q `TQ _aY [R NUZPUZS MZP PUXa`U[Z TQM`_& HTU_ ^QRQ^QQ

TM_ PURRUOaX`UQ_ UZ aZPQ^_`MZPUZS `TQ e%MdU_ XMNQX [R `TQ a\\Q^ \MZQX kO[^^QO`QP

TQM` ^M`Q_l& =Z RMO` _T[cZ U_ cTM` `TQ UZ_`^aYQZ` TM_ ^QO[^PQP& HTQ TQM` ^M`Q

TM_ NQQZ O[^^QO`QP R[^ cTM`4

6<HFEDH<1 JQ `TMZW `TQ ^QbUQcQ^ R[^ `TQ UZ_UST`RaX O[YYQZ`& 5_ \[UZ`QP [a`

Ne `TQ ^QbUQcQ $̂ a\\Q^ \MZQX_ M^Q `U`^M`U[Z ^Mc PM`M _T[cUZS TQM` OTMZSQ_ `TM`

M^Q OMa_QP Ne `TQ `U`^M`U[Z& HTa_$ cQ TMbQ O[^^QO`QP `TQ e%MdU_ XMNQX_ [R `TQ

a\\Q^ MZP X[cQ^ \X[`_ M_ n> _j) MZP W> Y[Xj) [R UZVQO`MZ` $ ^Q_\QO`UbQXe UZ MXX =H7

RUSa^Q_ UZ `TQ ^QbU_QP YMZa_O^U\` "3@>H' *% , 8D; - 8D; 7JFFB<C<DI8GM 3@>H'

+% / 8D; )-#&

@USMZP PUXa`U[Z TQM`_ M^Q `T[_Q [N_Q^bQP R[XX[cUZS \^[`QUZ _M`a^M`U[Z cU`T

XUSMZP_$ R[^ QdMY\XQ `TQ XM_` - UZVQO`U[Z_ UZ Ga\\& :US& + 7 MZP 8& HTQ_Q TQM`_

TMbQ `[ NQ _aN`^MO`QP R^[Y MXX `U`^M`U[Z PM`M UZ M cMe `TM` `TQ X[cQ^ \MZQX [ZXe

^Q\^Q_QZ`_ NUZPUZS TQM`_& =R `TU_ cQ^Q P[ZQ M_ UZPUOM`QP Ne `TQ Ma`T[^_$ `TQ XM_`

- \[UZ`_ UZ `TQ X[cQ^ \MZQX_ [R Ga\\& :[S& + 7 MZP 8 _T[aXP NQ OX[_Q `[ fQ^[$

_UZOQ \^[`QUZ U_ _M`a^M`QP MZP Z[ NUZPUZS TQM`_ M^Q [N_Q^bQP& <[cQbQ $̂ UZ

Z[ZQ [R `TQ S^M\T_ `TQ RUZMX \[UZ`_ UZ `TQ X[cQ^ \MZQX M^Q OX[_Q `[ fQ^[

UZPUOM`UZS `TM` UZ `TQ_Q PM`M `TQ XUSMZP PUXa`U[Z TQM`_ TMP Z[` NQQZ ^QY[bQP&

6<HFEDH<1 JQ `TMZW `TQ ^QbUQcQ^ R[^ ^MU_UZS `TU_ UY\[^`MZ` ]aQ_`U[Z& JQ

R[aZP `TM` QbQZ UR `TQ TQM` [R PUXa`U[Z O[Z`^[X TM_ NQQZ _aN`^MO`QP R^[Y `TQ

`U`^M`U[Z$ `TQ QZ`TMX\e M` _M`a^M`U[Z O[aXP Z[` M\\^[MOT fQ^[ UZ MXX [R [a^ =H7

Qd\Q^UYQZ`_& =Z `TQ _`aPe Ne H[^OM`[ Q` MX& ">& 6U[X& 7TQY& *()1$

*1,2,,-(j,,.+#$ cTQZ 8D8'5=%* M` 0(( nA cM_ UZVQO`QP UZ`[ ))/&, MZP )(0



&

nA @_^6 \^[`QUZ R^[Y #/2453.+.60 4(**-(32)658/.*60 MZP $" *2/. ?%)* A;).--$

^Q_\QO`UbQXe$ `TQ RUZMX \[UZ`_ UZ `TQ X[cQ^ \MZQX M^Q OX[_Q `[ fQ^[ ":US& .5$ 7 UZ

`TQ \M\Q^ Ne H[^OM`[ Q` MX&#& =Z O[Y\M^U_[Z$ UZ [a^ _`aPe 8D8'5=%* M` /(( nA

cM_ UZVQO`QP UZ`[ )( nA \^[`QUZ UZ `TQ =H7 M__Me_$ cTUOT XQP a_ `[ _\QOaXM`Q

`TM` `TQ ^M`U[ [R \^[`QUZ `[ XUSMZP_ YMe Z[` NQ [\`UYMX UZ [a^ =H7 M_Me_& =ZPQQP$

cTQZ 8D8'5=%* M` /(( nA cM_ UZVQO`QP UZ`[ /( nA \^[`QUZ UZ `TQ =H7 M__Me_$

`TQ RUZMX \[UZ`_ UZ `TQ X[cQ^ \MZQX M^Q OX[_Q `[ fQ^[ MR`Q^ `TQ XUSMZP PUXa`U[Z

TQM`_ TMP NQQZ _aN`^MO`QP R^[Y `TQ `U`^M`U[Z "7JFFB<C<DI8GM 3@>' +:% ;#& HTa_$

cQ TMbQ ^Q\QM`QP 5@@ [R [a^ =H7 M_Me_ cU`T 8D8'5=%* M` /(( nA `U`^M`QP UZ`[

/( nA \^[`QUZ UZ `TQ ^QbU_QP YMZa_O^U\` "3@>H' *9&:% ,; 8D; -9&: 8D;

7JFFB<C<DI8GM 3@>H' + 8D; 09#&

8UXa`U[Z TQM`_ UZ Ga\\ :US& )+ 7 M^Q MX_[ _aN%[\`UYMX cTUOT cUXX NQO[YQ bU_UNXQ

UR `TQ Ma`T[^_ UZ`QS^M`QP `TQ \QMW_& <[cQbQ^$ `TU_ YMe NQ OMa_QP Ne

_aN%[\`UYMX PQ_USZ& 5 O[Y\XQd NQ`cQQZ 5=%* MZP N[^UO MOUP U_ UZVQO`QP UZ`[

NaRRQ^ MZP TQM` OTMZSQ_ [N_Q^bQP M` `TQ NQSUZZUZS YMe NQ PaQ `[ N[^M`Q

PU__[OUM`U[Z R^[Y 5=%*& =Z `TU_ ^QRQ^QQ_ YUZP M NQ``Q^ M\\^[MOT c[aXP NQ `[

`U`^M`Q 5=%*'N[^M`Q UZ`[ \^[`QUZ O[Z`MUZUZS N[^M`Q MZP O[^^QO` cU`T 5=%*'N[^M`Q

UZ`[ NaRRQ^'N[^M`Q& =` U_ bQ^e XUWQXe `TM` `TQ YMSZU`aPQ [R N[^M`Q PU__[OUM`U[Z R^[Y

5=%* PURRQ^_ UZ MZ UZVQO`U[Z UZ`[ NaRRQ^ M_ O[Y\M^QP `[ MZ UZVQO`U[Z UZ`[ M \^[`QUZ

`TM` `UST`Xe NUZP_ 5=%*'N[^M`Q&

6<HFEDH<1 JQ `TMZW `TQ ^QbUQcQ^ R[^ `TU_ bQ^e UZ_UST`RaX \[UZ`& 5_ \^QPUO`QP Ne

`TQ ^QbUQcQ $̂ cTQZ `TQ N[^[Z%R^QQ \^[PaO`_ _a\\XQYQZ`QP cU`T N[^M`Q cQ^Q

UZVQO`QP UZ`[ N[^M`Q%PQ\XQ`QP \^[`QUZ NaRRQ^ _a\\XQYQZ`QP cU`T N[^M`Q$ PUXa`U[Z

TQM`_ M^Q Y[^Q [\`UYMX "7JFFB<C<DI8GM 3@>' )-:#& 5_ _aSSQ_`QP$ UZ `TQ =H7

M__Me_ cU`T MPPQP N[^M`Q `TQ \^[PaO`_ [R `TQ DR_'@adG ^QMO`U[Z UZ M

N[^M`Q%PQ\XQ`QP _e_`QY _a\\XQYQZ`QP cU`T )-( nA N[^UO MOUP cQ^Q `U`^M`QP

UZ`[ N[^M`Q%PQ\XQ`QP DO`5%@68 [^ HX\E%@68 _a\\XQYQZ`QP cU`T )-( nA N[^UO

MOUP "3@>' ,9 MZP 7JFFB<C<DI8GM 3@>' /9#$ MZP `TQ YUO^[OMX[^UYQ`^UO PM`M

cQ^Q O[^^QO`QP Ne _aN`^MO`UZS `TQ TQM`_ [R PUXa`U[Z R[^ N[^[Z%R^QQ \^[PaO`_

_a\\XQYQZ`QP cU`T N[^M`Q UZVQO`QP UZ`[ N[^M`Q%PQ\XQ`QP \^[`QUZ NaRRQ^

_a\\XQYQZ`QP cU`T N[^M`Q "7JFFB<C<DI8GM 3@>' )-:#&

DXQM_Q _\QOURe `TQ UZVQO`U[Z b[XaYQ_ R[^ `TQ =H7 Qd\Q^UYQZ`_&
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:US& , MZP Ga\\& :US& /2 `TQ Ma`T[^_ _`M`Q `TM` `TQ 5=%* O[ZOQZ`^M`U[Z cM_

M\\^[dUYM`QXe )- YUO^[Y[XM &̂ JM_ `TU_ O[ZOQZ`^M`U[Z MX_[ a_QP R[^ PM`M

MZMXe_U_4 H[ `TU_ ^QRQ^QQ U` _QQY_ aZXUWQXe `TM` UZVQO`U[Z_ [R [ZXe )- YUO^[Y[XM^

_[Xa`U[Z "\XQM_Q \^[bUPQ UZVQO`U[Z b[XaYQ_ UZ `TQ Qd\Q^UYQZ`MX _QO`U[Z# SUbQ

^U_Q `[ _aOT XM^SQ \QMW_ O[Z_UPQ^UZS `TM` `TQ OMXOaXM`QP ^QMO`U[Z QZ`TMX\e U_

^QXM`UbQXe Y[PQ_` "M\\^[d&& +( W>'Y[X#&

6<HFEDH<1 JQ `TMZW `TQ ^QbUQcQ^ R[^ ^MU_UZS `TU_ UY\[^`MZ` ]aQ_`U[Z& =Z `TQ

[^USUZMX YMZa_O^U\`$ 8D8'5=%* O[ZOQZ`^M`U[Z UZ `TQ \^[PaO`_ R^[Y ^QMO`U[Z [R

G5< cU`T DR_ MZP @adG cM_ Q_`UYM`QP Ne YQM_a^UZS 5=%* MO`UbU`e UZ `TQ '"

-(37,8. AA+* NU[XaYUZQ_OQZOQ M__Me a_UZS M _`MZPM^P Oa^bQ [N`MUZQP R^[Y

WZ[cZ O[ZOQZ`^M`U[Z_ [R 8D8'5=%* "CYY GOUQZ`URUO#$ M YQ`T[P cTUOT cM_ MX_[

a_QP Ne La Q` MX& "=ZRQO`& =YYaZ& *()+$ 0)2,(-+j,(.*#& <[cQbQ $̂ UZ `TQ

_`aPUQ_ Ne GOTMaPQ^ Q` MX& "A[X& AUO^[NU[X& *(()$ ,)2,.+j,/.# MZP 7TQZ Q` MX&

"BM`a^Q *((*$ ,)-2-,-j-,1#$ `TQ ^Q_aX`UZS eUQXP [R 8D8'5=%* UZ `TQ .1 7.532

DR_'@adG ^QMO`U[Z cM_ Q_`UYM`QP Ne YQM_a^UZS `TQ MY[aZ` [R T[Y[Oe_`QUZQ

^QXQM_QP a_UZS YM__ _\QO`^MX MZMXe_U_ "&%^UN[_eXT[Y[Oe_`QUZQ U_ O[ZbQ^`QP `[

8D8 MZP T[Y[Oe_`QUZQ Ne @adG MZP `Ta_ `TQ O[ZOQZ`^M`U[Z_ [R T[Y[Oe_`QUZQ

MZP 8D8'5=%* M^Q Q]aMX UZ `TQ ^QMO`U[Z \^[PaO`_#& 7[Z_UPQ^UZS `TM` `TQ YM__

_\QO`^[YQ`^e YQ`T[P U_ Y[^Q MOOa^M`Q$ T[Y[Oe_`QUZQ O[ZOQZ`^M`U[Z UZ `TQ

^QMO`U[Z \^[PaO`_ cQ^Q MZMXefQP Ne @7%AG'AG "5SUXQZ` )*.( XU]aUP

OT^[YM`[S^M\Te$ 56 G7=9K EHF5D .-(( `^U\XQ ]aMP^a\[XQ YM__

_\QO`^[YQ`Q^# MZP U`_ O[ZOQZ`^M`U[Z UZ `TQ ^QMO`U[Z \^[PaO`_ U_ M\\^[dUYM`QXe

)+ nA& HTa_$ 8D8'5=%* O[ZOQZ`^M`U[Z UZ `TQ \^[PaO`_ U_ MX_[ M\\^[dUYM`QXe )+

nA "8D8'5=%* O[ZOQZ`^M`U[Z cM_ Q_`UYM`QP `[ NQ M\\^[dUYM`QXe )- nA Ne '"

-(37,8. AA+* NU[XaYUZQ_OQZOQ M__Me#& JQ MX_[ R[aZP `TM` `TQ QZ`TMX\e M`

_M`a^M`U[Z O[aXP Z[` M\\^[MOT fQ^[ cTQZ `TQ ^QMO`U[Z \^[PaO`_ cQ^Q `U`^M`QP

UZ`[ ) N5 DO`5%@68 [^ HX\E%@68& JQ `Ta_ TMbQ ^Q\QM`QP `TQ =H7 M__Me_ cU`T

`TQ ^QMO`U[Z \^[PaO`_ UZ `TQ \^Q_QZOQ [^ MN_QZOQ [R N[^M`Q `U`^M`QP UZ`[ )'+ N5

\^[`QUZ UZ `TQ \^Q_QZOQ [^ MN_QZOQ [R N[^M`Q MZP `TQ RUZMX \[UZ`_ UZ `TQ X[cQ^

\MZQX M^Q OX[_Q `[ fQ^[ MR`Q^ `TQ XUSMZP PUXa`U[Z TQM`_ TMP NQQZ _aN`^MO`QP R^[Y

`TQ `U`^M`U[Z "3@>' ,8% 9 8D; 7JFFB<C<DI8GM 3@>' /#& JQ MX_[ R[aZP `TM` cTQZ

`TQ \^[`QUZ O[ZOQZ`^M`U[Z UZO^QM_QP R^[Y ) nA `[ )&+ nA UZ `TQ =H7 M__Me_$ `TQ

`U`^M`U[Z \QMW_ NQOMYQ Z[`MNXe _YMXXQ^ "3@>' ,8% 9 8D; 7JFFB<C<DI8GM 3@>' /#&

=Z MPPU`U[Z$ UZVQO`U[Z b[XaYQ_ TMbQ NQQZ \^[bUPQP UZ `TQ Qd\Q^UYQZ`MX _QO`U[Z



(

"4@D<H ,*)% ,./&,.0% ,/(# MOO[^PUZS `[ `TQ ^QbUQcQ^m_ _aSSQ_`U[Z&

5@DEG1

@UZQ .+2 O[ZbQ^`_

6<HFEDH<1 5_ _aSSQ_`QP$ cQ TMbQ ^QbU_QP `TQ _QZ`QZOQ M_ k@adD N[aZP `[

5=%* O[ZbQ^`_ `TQ MO`UbU`e&&&l "4@D< .+#&

@UZQ )*)2 _aSSQ_`_ `TM` `TQe M^Q UZ MN[a` `TQ _MYQ R[XP$ ^Q\T^M_Q

6<HFEDH<1 JQ TMbQ ^QbU_QP `TQ _QZ`QZOQ M_ k_aSSQ_`_ `TM` `TQe M^Q Y[_`Xe UZ

`TQ _MYQ R[XP&&&l "4@D<H )**&)*+#&

Ga\\& :US& *2 H[ QZTMZOQ `TQ OXM^U`e [R `TU_ RUSa^Q$ \XQM_Q XMNQX `TQ B% MZP

7%`Q^YUZU M_ cQXX M_ `TQ YQYN^MZQ%\^[dUYMX MZP YQYN^MZQ PU_`MX Y[PaXQ_

6<HFEDH<1 JQ `TMZW `TQ ^QbUQcQ^ R[^ `TU_ UY\[^`MZ` \[UZ`& 5_ _aSSQ_`QP$ `TQ

B% MZP 7%`Q^YUZU M_ cQXX M_ `TQ YQYN^MZQ%\^[dUYMX MZP YQYN^MZQ%PU_`MX

Y[PaXQ_ [R DO`5%@68 MZP HX\E%@68 M^Q XMNQXQP UZ 7JFFB<C<DI8GM 3@>' *&

6<K@<L<G "* #6<C8GAH IE I?< 2JI?EG$1

HTQ Ma`T[^_ MPP^Q__QP Y[_` [R `TQ O[ZOQ^Z_ ^MU_QP Ne Ye ^QbUQc$ T[cQbQ^ =

^QYMUZ aZ_M`U_RUQP cU`T `TQ G8G%D5;9 SQX UYMSQ_ [R \a^URUQP \^[`QUZ_ `TM` `TQ

Ma`T[^_ \^[bUPQP& HTQ ZQc UYMSQ_ _T[c `T^QQ YQYN^MZQ Qd`^MO`QP RaXX%XQZS`T

\^[`QUZ_ a_QP `[ QdMYUZQ 5=%* YQPUM`QP ^QSaXM`U[Z [R QZfeYQ MO`UbU`e "QU`TQ^

YQ`TeXM`U[Z$ \T[_\T[^eXM`U[Z$ [^ 8;7#& 5_ Qd\QO`QP R^[Y YQYN^MZQ \^Q\_$

`TQ _MY\XQ_ M^Q Z[` \M^`UOaXM^Xe \a^Q& = MY$ MZP ^QMPQ^_ cUXX NQ$ Y[_`

UZ`Q^Q_`QP UZ M__Q__UZS `TQ \a^U`e [R _MY\XQ_ a_QP R[^ =H7 Qd\Q^UYQZ`_ MZP UZ

bU`^[ 5=%* NUZPUZS M__Me_ M_ `TQ_Q `QOTZU]aQ_ M^Q Ya_` NQ \Q^R[^YQP cU`T

Qd]aU_U`QXe \a^Q \^[`QUZ& HTQ Ma`T[^_ ^Q\QM`QPXe \Q^R[^Y =H7 MZP NUZPUZS

M__Me_ cU`T bM^U[a_ ^QOQ\`[^_ "g*(# MZP Z[` M _UZSXQ ^Q_aX` TM_ MZ

MOO[Y\MZeUZS \^[`QUZ SQX& B[`MNXe$ `TQ^Q U_ Z[ UZPUOM`U[Z UZ `TQ YQ`T[P_

_QO`U[Z `TM` `TQ Ma`T[^_ QdMYUZQP `TQ \a^U`e [R `TQU^ @68 \a^URUOM`U[Z_ j PUP `TU_

`MWQ \XMOQ4 HTQ [`TQ^ ^QbUQcQ^ MX_[ TMP YMV[^ O[ZOQ^Z_ cU`T `TQ Ma`T[^_m =H7

^Q_aX`_ MZP `TQ XMOW [R \^[`QUZ SQX_ O[Y\[aZP_ `TQ UY\[^`MZOQ [R TU_'TQ^

]aQ_`U[Z_& HTU_ U__aQ Ya_` NQ ^Q_[XbQP NQR[^Q Ra^`TQ^ O[Z_UPQ^M`U[Z M_ U` U_

O^aOUMX `[ aZPQ^\UZZUZS `TQ bMXUPU`e [R `TQ Ma`T[^_m OXMUY_&



)

6<HFEDH<1 HTQ Ma`T[^_ M^Q bQ^e S^M`QRaX R[^ `TQ \[_U`UbQ RQQPNMOW MZP `TMZW

`TQ ^QbUQcQ^ R[^ ^MU_UZS `TQ UY\[^`MZ` ]aQ_`U[Z MN[a` \^[`QUZ \a^U`e MZMXe_U_&

JQ TMbQ QdMYUZQP `TQ \a^U`e [R `TQ @68 \a^URUOM`U[Z_ NQR[^Q `TQ_Q \^[`QUZ_

cQ^Q a_QP UZ =H7 Qd\Q^UYQZ`_ MZP .1 7.532 5=%* NUZPUZS M__Me_& 5_ _aSSQ_`QP$

G8G%D5;9 SQX UYMSQ_ _T[cUZS \a^URUQP <U_.%`MSSQP @68_ a_QP R[^ .1 7.532

5=%* NUZPUZS M__Me_ TMbQ NQQZ \^[bUPQP M_ 7JFFB<C<DI8GM =@>' )+ MZP

G8G%D5;9 SQX UYMSQ_ _T[cUZS \a^URUQP `MS%R^QQ @68_ a_QP UZ =H7

Qd\Q^UYQZ`_ TMbQ NQQZ \^[bUPQP M_ 7JFFB<C<DI8GM =@>' ),&
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