
Open Access This file is licensed under a Creative Commons Attribution 4.0 

International License, which permits use, sharing, adaptation, distribution and 

reproduction in any medium or format, as long as you give appropriate credit to 

the original author(s) and the source, provide a link to the Creative Commons license, and indicate if 

changes were made. In the cases where the authors are anonymous, such as is the case for the reports of 

anonymous peer reviewers, author attribution should be to 'Anonymous Referee' followed by a clear 

attribution to the source work.  The images or other third party material in this file are included in the 

article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is 

not included in the article’s Creative Commons license and your intended use is not permitted by statutory 

regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright 

holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 

Peer Review File

Watching the release of a photopharmacological drug from

tubulin using time-resolved serial crystallography



Reviewer #1 (Remarks to the Author): 

This is a very good paper, and I highly recommend publication. It uses upcoming 

capabilities of X-ray free electron lasers to determine a time-resolved series of 

structures of photoactive proteins. What is new, to the best of my knowledge, that this 

is an artificially photoswitchable system, whereas previous examples studied natural 

photoactive proteins (e.g. bacteriorhodopsin). What is also new is the fact that the 

photoswitch is on the surface of the protein, and is not covalently bound, while the 

photoactive chromophore in natural systems is embedded in the protein. While I am not 

an expert in crystallization, I could imagine that this poses problems during 

crystallisation; for example, it is the cis form which binds, which however is 

thermodynamically less stable. The information is given (hidden) in Methods, but I feel 

the authors could advertise the novelty of this work, in comparison to bacteriorhodopsin 

and the like, a bit more. I have always been under the impression that time-resolved 

crystallography is not possible for protein systems of this sort. 

From a science point of view, the paper studies ligand unbinding, which obviously is a 

very important process for all sorts of protein-drug interactions. Time-resolved 

crystallography can do so in unprecedented microscopic detail, both concerning the 

aspect of time as well as structure, and this paper very nicely demonstrates that. 

To make the connection to the “normal” (biochemistry) approach of ligand binding, I 

would like to ask the authors to add a bit of a discussion along the following lines: 

An unbinding time (koff) of 1 ms is pretty fast, and in essence it says that the binding 

affinity in trans is very low. Quite a view examples exist in literature where people 

explored the binding affinity of photoswitchable ligands, and found almost always that 

the change in binding affinity between the two states is relatively modest, i.e., Kd 

changing by factors of 2-10. Here it is said that it is changing by a factor 4300, which is 

exceptionally large, but that number is obtained from computation only (as I understand 

it). There must be experimental data on the binding affinities in solution in literature (in 

Ref. 3?). If not, the authors must measure those numbers, since they set really the 

stage for these experiments. If the binding affinities are known, one can also estimate 

koff, since kon is governed by diffusion and a number that doesn’t vary a lot. Or, 

measure kon/koff in solution, which then can be compared to the 1ms reported here. 

This brings me to the real question: To what extent can ligand unbinding in a crystal be 

compared to that in solution. Many questions occurred to me and there really should be 

a discussion on that: Where does the ligand go? Can it be seen in X-ray, or is it diffuse? 

How much water is there in the crystal, and what is the effective concentration of 

protein in the crystal? I guess very large, so even if the binding affinity in trans is, say, 

Kd>1mM (which would effectively be considered no binding anymore), due to the even 

higher protein concentration in the crystal, it should still bind. Also, these are 

microcrystals. What is the ratio of proteins at the surface of these microcrystals, relative 

to those in the interior? The former would be directly exposed to the solvent, and my 

argument above would not apply anymore. I understand the ligand is added to the 

solution only after crystallisation. Can they diffuse into the crystal? Would all proteins 

have a ligand bound, or only those at the surface? Some of this information might be 

hidden in Method, but to appreciate this paper, it would be good to have it in the main 

paper, as it is more than just a technical detail. 

Overall, I congratulate the authors for this beautiful work. 

Reviewer #2 (Remarks to the Author): 

Dear Editor, 

This work addresses the light-triggered mechanism of release of an azobenzene 



derivative of combretastatin from the colchicine binding site at the intra-dimeric 

interface of a tubulin heterodimer. In opinion of this reviewer, the outcomes of this 

manuscript will be of significance for the design of novel phototherapeutics targeting 

the tubulin protein. 

Concerning MD simulations, the study is solid, thoroughly designed and executed. Also, 

the data is well presented in the paper. Minor comments/questions in this regard were 

raised during the revision process, as detailed below: 

1.Reweighted free energy profiles for the interconversion between cis-trans isomers in 

free/bound states were not provided. This information could be relevant to compare the 

results with the previous findings obtained for cis/trans combretastatin (reference 30). 

2.Information regarding the collective variables used to perform WTM calculations was 

not provided. This information is required for the work to ensure reproducibility. 

3.How many independent WTM simulations were carried out? Did independent 

simulations converge to similar values for the free energy difference between the 

cis/trans isomers in the free and bound states? Do the authors have an estimate of the 

error involved in calculating the Delta-Delta binding free energies between cis/trans 

isomers? 

4.As indicated on page 33, plain MD simulations starting from the trans isomer were 

carried out. Did authors explore beginning with the cis isomer to then conduct WTM 

simulations? 

5.Did the authors check the mobility of the betaT7 loop in ligand-free MD simulations of 

the free energy required to induce the conformational change in the protein such that 

the colchicine site is suitable for ligands’ binding (as a blank system)? 

Other aspects: 

Page 2, line 55. References 3 and 4 appear to be misplaced. 

Page 27, line 729: The ratio of trans/cis isomers of compound 6 is missing. 

Reviewer #3 (Remarks to the Author): 

In conventional structure-based drug design (SBDD), a crystal structure without 

information on protein/enzyme motion has been used as a template to design 

compounds that bind to the protein/enzyme. This is because conventional synchrotron 

radiation crystallography can only obtain a snapshot of the crystal structure of a protein 

molecule in a state of arrested motion. However, the actual interaction process between 

protein and ligand (substrate/product) involves more or less structural changes in the 

ligand binding site of the protein. So, for example, by obtaining snapshots of an enzyme-

substrate analog complex, an enzyme-reaction intermediate analog complex, and an 

enzyme-product complex, in which the reactions do not proceed, it has been attempted 

to imagine and draw a whole picture of the enzyme reaction cycle from those three 

motionless structures. 

Recent developments of time-resolved serial crystallography technology have changed 

this situation. It is now possible to capture snapshots of molecules in motion in crystals 

and visualize the structure of reactions in progress, which had previously been a black 

box. This means that a new era of drug design will be pioneered, focusing on the 

motions of live proteins, which was not possible with the conventional SBDD. 

The present work by Wranik et al. is not only important as a new attempt toward above 

goal, but it is also significant because it provides insights that may lead to a general 



understanding of protein-ligand interactions. The authors accomplished this by 

analyzing the interaction of the chemically synthesized light-regulable molecular tool 

azo-CA4 with tubulin using time-resolved serial crystallography and visualizing 

molecular motions at near atomic resolutions in the nanosecond to millisecond range, 

which is much shorter than the time resolution limit observable with cryo-EM and other 

techniques. It also seemed reasonable that the authors complemented the findings from 

crystallographic data with molecular dynamics simulations, but the details of the 

computational methods are difficult to evaluate from my expertise. 

I would like to request that the authors answer the following questions and comments. 

About ligand concentrations: 

Line 617 describes that the authors evaluated using 0.5 mM cis-azo-CA4 or 5 mM cis-

azo-CA4/trans-azo-CA4, while Line 627 describes that they tested with 1.25 mM cis-azo-

CA4 and Line 735 with 1 mM trans-azo CA4. 

Why was the sufficiently high 5 mM ligand concentration not employed in the time-

resolved experiments, but a lower concentration? 

Figure 1D: 

Although there are only three Figure panels, the time arrow covers from 1ns to 100 ms, 

making it difficult to tell which time point structure is indicated. The explanation that 

the center panel corresponds to 1 ms is particularly confusing because it is misaligned 

with the arrow. It would be better to provide a more detailed explanation or modify the 

drawing to make it easier to understand. 

Figure 3A: 

If possible, dissociation constants (Kd values) should also be listed. 

Supplementary Table 1 and 2: 

Table titles should be written above the Table. 

Supplementary Table 2: 

The authors should comment on why the Rwork and Rfree values of the pump-probed 

datasets are significantly higher (worse) than those of the other datasets. Did the pump 

light exposure itself damage the crystals? 

Line 126

The sentence “here we focus on the biologically most relevant temporal domain starting 

from the nanoseconds.” may need a reference. 

Supplementary Figure 4, Line 648: 

"Positive and negative difference density are displayed in red and green, respectively.” 

Is the description of the color for the density correct? 

Line 731: 

“Sample preparation serial crystallography” --> “Sample preparation for serial 

crystallography” ? 
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§ FPQ[ Q[ I ^MZa OWWL XIXMZ$ IVL = PQOPTa ZMKWUUMVL X]JTQKI\QWV& =\ ][M[ ]XKWUQVO 
KIXIJQTQ\QM[ WN H%ZIa NZMM MTMK\ZWV TI[MZ[ \W LM\MZUQVM I \QUM%ZM[WT^ML [MZQM[ WN 
[\Z]K\]ZM[ WN XPW\WIK\Q^M XZW\MQV[& GPI\ Q[ VM_$ \W \PM JM[\ WN Ua SVW_TMLOM$ \PI\ \PQ[ 
Q[ IV IZ\QNQKQITTa XPW\W[_Q\KPIJTM [a[\MU$ _PMZMI[ XZM^QW][ M`IUXTM[ [\]LQML VI\]ZIT 
XPW\WIK\Q^M XZW\MQV[ "M&O& JIK\MZQWZPWLWX[QV#&  

Ceb dXQ^[c V_b dXU `_cYdYfU UfQ\eQdY_^ Q^T Y^dUbUcd Y^ _eb g_b[' GXU Y^cYWXdVe\ XQfU RUU^ 
Y^dUWbQdUT Qc V_\\_gc d_ VebdXUb Y]`b_fU _eb ]Q^ecSbY`d' 

§ GPI\ Q[ IT[W VM_ Q[ \PM NIK\ \PI\ \PM XPW\W[_Q\KP Q[ WV \PM []ZNIKM WN \PM XZW\MQV$ IVL 

Q[ VW\ KW^ITMV\Ta JW]VL$ _PQTM \PM XPW\WIK\Q^M KPZWUWXPWZM QV VI\]ZIT [a[\MU[ Q[ 
MUJMLLML QV \PM XZW\MQV& GPQTM = IU VW\ IV M`XMZ\ QV KZa[\ITTQbI\QWV$ = KW]TL QUIOQVM 

\PI\ \PQ[ XW[M[ XZWJTMU[ L]ZQVO KZa[\ITTQ[I\QWV3 NWZ M`IUXTM$ Q\ Q[ \PM KQ[ NWZU _PQKP 

JQVL[$ _PQKP PW_M^MZ Q[ \PMZUWLaVIUQKITTa TM[[ [\IJTM& FPM QVNWZUI\QWV Q[ OQ^MV 
"PQLLMV# QV @M\PWL[$ J]\ = NMMT \PM I]\PWZ[ KW]TL IL^MZ\Q[M \PM VW^MT\a WN \PQ[ _WZS$ QV 
KWUXIZQ[WV \W JIK\MZQWZPWLWX[QV IVL \PM TQSM$ I JQ\ UWZM& = PI^M IT_Ia[ JMMV ]VLMZ 
\PM QUXZM[[QWV \PI\ \QUM%ZM[WT^ML KZa[\ITTWOZIXPa Q[ VW\ XW[[QJTM NWZ XZW\MQV [a[\MU[ 
WN \PQ[ [WZ\& 

LUc% dXU bUVUbUU Yc bYWXd% dXU ecU _V Q `X_d_SXU]YSQ\ QVVY^Ydi cgYdSX V_b dY]U&bUc_\fUT 
SbicdQ\\_WbQ`Xi Yc Q ^_fU\ Q``b_QSX Q^T gU cdbUcc Ydc `_dU^dYQ\ dXb_eWX_ed dXU ]QY^ dUhd Q^T 
ce``\U]U^dQbi VYWebUc *&,' 8U`U^TY^W _^ dXU cicdU]% Yd g_e\T RU `_ccYR\U d_ ecU UYdXUb SYc _b 
dbQ^c Red Y^ _eb SQcU _^\i dXU SYc S_]`_e^T Yc RY^TY^W' 5c gU TUcSbYRU Y^ dXU ]UdX_T cUSdY_^% 
gU WU^UbQdUT dXU SYc Yc_]Ub Ri Y\\e]Y^QdY_^ Zecd RUV_bU \_QTY^W dXU Y^ZUSd_b' GXU dXUb]Q\ 
bU\QhQdY_^ _V dXU SYc Yc_]Ub Yc c_ c\_g dXQd Yd T_Uc ^_d Y^dUbVUbU gYdX dXU Uh`UbY]U^d #Q\c_ 
S_]`QbU \YWQ^T SXQbQSdUbYjQdY_^ Y^ Fe``\U]U^dQbi :YWebU ,$' G_ RUddUb XYWX\YWXd dXU _fUbQ\\ 
^_fU\di _V _eb Q``b_QSX d_ QTQ`d \YWQ^Tc TUfU\_`UT V_b `X_d_`XQb]QS_\_Wi V_b dY]U&bUc_\fUT 
SbicdQ\\_WbQ`Xi gU XQfU e`TQdUT dXU S_bbUc`_^TY^W cUSdY_^  

uq Q^T dXU dUSX^_\_Wi Yc ^_g QfQY\QR\U Qd Q Wb_gY^W ^e]RUb _V ci^SXb_db_^c Q^T K&bQi VbUU&
U\USdb_^ \QcUbc #K:9@c$#%!#&' JYdX Y^SbUQcUT QfQY\QRY\Ydi _V RUQ]dY]U Qd dXUcU QTfQ^SUT K&bQi 
c_ebSUc% VedebU SXQ\\U^WUc gY\\ cXYVd d_gQbTc U^QR\Y^W Ti^Q]YS cdeTYUc _^ Q gYTU bQ^WU _V 
bU\UfQ^d RY_\_WYSQ\ dQbWUdc' DX_d_`XQb]QS_\_Wi S_e\T RU Q^ Y]`_bdQ^d `Qbd _V dXU c_\edY_^ Qc 
dXU VYU\T Q\bUQTi TUfU\_`UT Q fQbYUdi _V `X_d_cU^cYdYfU S_]`_e^Tc dXQd SQ^ RU edY\YjUT Qc 
UVVYSYU^d dbYWWUbc d_ QSdYfQdU TYfUbcU c_\eR\U Q^T ]U]RbQ^U `b_dUY^ _V ]UTYSQ\ Y^dUbUcd #V_b 
c_]U UhQ]`\Uc% cUU $/,,)&*&+.%-0 #('/-& !$'v 

§ ;ZWU I [KQMVKM XWQV\ WN ^QM_$ \PM XIXMZ [\]LQM[ TQOIVL ]VJQVLQVO$ _PQKP WJ^QW][Ta Q[ I 

^MZa QUXWZ\IV\ XZWKM[[ NWZ ITT [WZ\[ WN XZW\MQV%LZ]O QV\MZIK\QWV[& FQUM%ZM[WT^ML 
KZa[\ITTWOZIXPa KIV LW [W QV ]VXZMKMLMV\ML UQKZW[KWXQK LM\IQT$ JW\P KWVKMZVQVO \PM 
I[XMK\ WN \QUM I[ _MTT I[ [\Z]K\]ZM$ IVL \PQ[ XIXMZ ^MZa VQKMTa LMUWV[\ZI\M[ \PI\& 

JU Ve\\i QWbUU gYdX dXU bUfYUgUb Q^T X_`U dXQd XU(cXU QWbUUc gYdX _eb SX_YSU d_ V_Sec _^ dXU 
RY_\_WYSQ\ Y]`QSd Y^ dXU ]QY^ dUhd% gXY\U Uh`\_bY^W ]UdX_T_\_WYSQ\ Qc`USdc Y^ dXU 
ce``\U]U^dQbi Q^T ]UdX_Tc cUSdY_^' ;U^UbQ\\i% gU cUU R_dX Qc Y]`_bdQ^d Q^T Y^dUbUcdY^W Red 
XQT d_ c`\Yd dXU] V_b RUddUb QSSUccYRY\Ydi _V dXU ]Q^ecSbY`d' 
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§ FW UISM \PM KWVVMK\QWV \W \PM eVWZUITf "JQWKPMUQ[\Za# IXXZWIKP WN TQOIVL JQVLQVO$ = 
_W]TL TQSM \W I[S \PM I]\PWZ[ \W ILL I JQ\ WN I LQ[K][[QWV ITWVO \PM NWTTW_QVO TQVM[2 
6V ]VJQVLQVO \QUM "SWNN# WN ) U[ Q[ XZM\\a NI[\$ IVL QV M[[MVKM Q\ [Ia[ \PI\ \PM JQVLQVO 
INNQVQ\a QV \ZIV[ Q[ ^MZa TW_& C]Q\M I ^QM_ M`IUXTM[ M`Q[\ QV TQ\MZI\]ZM _PMZM XMWXTM 
M`XTWZML \PM JQVLQVO INNQVQ\a WN XPW\W[_Q\KPIJTM TQOIVL[$ IVL NW]VL ITUW[\ IT_Ia[ \PI\ 
\PM KPIVOM QV JQVLQVO INNQVQ\a JM\_MMV \PM \_W [\I\M[ Q[ ZMTI\Q^MTa UWLM[\$ Q&M&$ >L 
KPIVOQVO Ja NIK\WZ[ WN *%)(& <MZM Q\ Q[ [IQL \PI\ Q\ Q[ KPIVOQVO Ja I NIK\WZ ,+(($ _PQKP 
Q[ M`KMX\QWVITTa TIZOM$ J]\ \PI\ V]UJMZ Q[ WJ\IQVML NZWU KWUX]\I\QWV WVTa "I[ = 
]VLMZ[\IVL Q\#& FPMZM U][\ JM M`XMZQUMV\IT LI\I WV \PM JQVLQVO INNQVQ\QM[ QV [WT]\QWV QV 

TQ\MZI\]ZM "QV DMN& +5#& =N VW\$ \PM I]\PWZ[ U][\ UMI[]ZM \PW[M V]UJMZ[$ [QVKM \PMa [M\ 
ZMITTa \PM [\IOM NWZ \PM[M M`XMZQUMV\[& =N \PM JQVLQVO INNQVQ\QM[ IZM SVW_V$ WVM KIV IT[W 
M[\QUI\M SWNN$ [QVKM SWV Q[ OW^MZVML Ja LQNN][QWV IVL I V]UJMZ \PI\ LWM[Vg\ ^IZa I TW\& 
AZ$ UMI[]ZM SWV'SWNN QV [WT]\QWV$ _PQKP \PMV KIV JM KWUXIZML \W \PM ) U[ ZMXWZ\ML 
PMZM& 

Ceb bUce\dc cX_g dXU e^RY^TY^W `b_SUcc d_ dQ[U `\QSU c_]UgXU^ RUdgUU^ * ]c #R_e^T$ Q^T 
*) ]c #`bUT_]Y^Q^d\i e^R_e^T$% gXYSX Y^TUUT Yc cX_bd Q^T Y^TYSQdUc Q \_g QVVY^Ydi _V dbQ^c&
Qj_&75- Qc dXU bUfYUgUb `_Y^dc _ed' =^ dXU \YdUbQdebU% dXU \YWXd&TU`U^TU^d `_dU^Si TYVVUbU^SU 
RUdgUU^ dXU SYc& Q^T dXU dbQ^c&cdQdU Yc TUcSbYRUT d_ RU +.) Y^ SU\\e\Qb QccQic NFXYfQ Ud Q\'% 
9>A7% +)*1% 6_b_gYQ[ Ud Q\'% 7U\\% +)*.O' EQTY_\YWQ^T cSY^dY\\QdY_^ `b_hY]Ydi QccQic XQfU RUU^ 
ecUT d_ ]UQcebU RY^TY^W d_ deRe\Y^ Y^ c_\edY_^ Q^T Y^TYSQdU Q 97.) _V Qb_e^T ,) A V_b 
Y\\e]Y^QdUT Qj_&75- #Y^ S_]`QbYc_^ d_ )'*/ A V_b dXU `QbU^d S_]`_e^T 75-$ Red ^_ 
cYW^YVYSQ^d S_]`UdYdYfU RY^TY^W V_b dXU bU\QhUT dbQ^c&Qj_&75- N6_b_gYQ[ Ud Q\'% 7U\\% +)*.O' GXU 
`_dU^Si TYVVUbU^SU RUdgUU^ dXU \YWXd&_^ Q^T \YWXd&_VV cdQdUc _V Q S_]`_e^T Yc _^U _V dXU ]_cd 
Y]`_bdQ^d `QbQ]UdUbc `X_d_`XQb]QS_\_WYcdc gQ^d d_ _`dY]YjU' =^ _eb ]Q^ecSbY`d% gU ecU Q 
S_]RY^QdY_^ _V cY]e\QdY_^ Q^T dY]U&bUc_\fUT SbicdQ\\_WbQ`Xi d_ bUfUQ\ dXU e^TUb\iY^W 
]USXQ^Yc]c _^ dXYc `b_]Y^U^d UhQ]`\U V_b Q `X_d_SXU]YSQ\ QVVY^Ydi cgYdSX' 5T]YddUT\i% dXU 
TUSbUQcU Y^ dXU QVVY^Ydi _V dbQ^c&Qj_&75- _RdQY^UT Ri dXYc Q^Q\icYc Yc e^eceQ\\i \QbWU Red _fUbQ\\ 
VYdc gU\\ d_ dXU QfQY\QR\U \YWQ^T RY^TY^W TQdQ' G_ RUddUb S\QbYVi dXYc Qc`USd% gU XQfU SXQ^WUT 
QVVY^Ydi d_ dXU S\UQbUb `_dU^Si Y^ :YWebU + Q^T XQfU QTTUT dXU V_\\_gY^W d_ dXU bUfYcUT 
]Q^ecSbY`d'  

uGXYc SQ\Se\QdUT SXQ^WU Yc Y^ W__T QWbUU]U^d gYdX bQTY_\YWQ^T S_]`UdYdY_^ QccQic dXQd 
Y^TYSQdUT Q^ 97$" fQ\eU _V m,) A V_b Y\\e]Y^QdUT Qj_&75- #bU`bUcU^dY^W Q ]YhdebU _V SYc&dbQ^c 
Yc_]Ubc$ Red ^_ cYW^YVYSQ^d S_]`UdYdYfU RY^TY^W _V dXU bU\QhUT dbQ^c&Qj_&75- d_ deRe\Y^ 
k6_b_gYQ[% +)*. !*2)l'v   

§ FPQ[ JZQVO[ UM \W \PM ZMIT Y]M[\QWV2 FW _PI\ M`\MV\ KIV TQOIVL ]VJQVLQVO QV I KZa[\IT 
JM KWUXIZML \W \PI\ QV [WT]\QWV& @IVa Y]M[\QWV[ WKK]ZZML \W UM IVL \PMZM ZMITTa [PW]TL 
JM I LQ[K][[QWV WV \PI\2 GPMZM LWM[ \PM TQOIVL OW5 8IV Q\ JM [MMV QV H%ZIa$ WZ Q[ Q\ 
LQNN][M5 <W_ U]KP _I\MZ Q[ \PMZM QV \PM KZa[\IT$ IVL _PI\ Q[ \PM MNNMK\Q^M KWVKMV\ZI\QWV 

WN XZW\MQV QV \PM KZa[\IT5 = O]M[[ ^MZa TIZOM$ [W M^MV QN \PM JQVLQVO INNQVQ\a QV \ZIV[ Q[$ 
[Ia$ >L4)U@ "_PQKP _W]TL MNNMK\Q^MTa JM KWV[QLMZML VW JQVLQVO IVaUWZM#$ L]M \W \PM 
M^MV PQOPMZ XZW\MQV KWVKMV\ZI\QWV QV \PM KZa[\IT$ Q\ [PW]TL [\QTT JQVL& 6T[W$ \PM[M IZM 
UQKZWKZa[\IT[& GPI\ Q[ \PM ZI\QW WN XZW\MQV[ I\ \PM []ZNIKM WN \PM[M UQKZWKZa[\IT[$ ZMTI\Q^M 
\W \PW[M QV \PM QV\MZQWZ5 FPM NWZUMZ _W]TL JM LQZMK\Ta M`XW[ML \W \PM [WT^MV\$ IVL Ua 

IZO]UMV\ IJW^M _W]TL VW\ IXXTa IVaUWZM& = ]VLMZ[\IVL \PM TQOIVL Q[ ILLML \W \PM 
[WT]\QWV WVTa IN\MZ KZa[\ITTQ[I\QWV& 8IV \PMa LQNN][M QV\W \PM KZa[\IT5 GW]TL ITT XZW\MQV[ 
PI^M I TQOIVL JW]VL$ WZ WVTa \PW[M I\ \PM []ZNIKM5 EWUM WN \PQ[ QVNWZUI\QWV UQOP\ JM 
PQLLMV QV @M\PWL$ J]\ \W IXXZMKQI\M \PQ[ XIXMZ$ Q\ _W]TL JM OWWL \W PI^M Q\ QV \PM UIQV 
XIXMZ$ I[ Q\ Q[ UWZM \PIV R][\ I \MKPVQKIT LM\IQT& 
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=d Yc Q^ _\T _RcdQS\U _V cdbeSdebU RY_\_Wi d_ TUdUb]Y^U d_ gXQd UhdU^d dXU cdbeSdebU Q^T Ve^SdY_^ 
_V Q ̀ b_dUY^ gYdXY^ Q SbicdQ\ S_bbUc`_^Tc d_ dX_cU _V dXU cQ]U `b_dUY^ Y^ Ydc ^QdYfU U^fYb_^]U^d' 
5c cX_g^ Y^ Fe``\U]U^dQbi :YWebU ,8% gU ecUT dY]U&bUc_\fUT HI(IYc c`USdb_cS_`i d_ 
TUdUb]Y^U dXU TYVVUbU^SU Y^ \YWQ^T Yc_]UbYjQdY_^ gXU^ Y^ c_\edY_^ Q^T R_e^T d_ dXU `b_dUY^ e` 
d_ * ^c QVdUb `X_d_QSdYfQdY_^' =^ dXYc dU]`_bQ\ bUWY]U% dXU bUS_bTUT cdbeSdebQ\ c^Q`cX_dc QbU Y^ 
W__T QWbUU]U^d gYdX dXU c`USdb_cS_`YS TQdQ' 8UdQY\c _V dXYc Q^Q\icYc gY\\ RU TYcSeccUT Y^ Q 
cU`QbQdU `eR\YSQdY_^ V_SecY^W _^ dXU e\dbQVQcd Yc_]UbYjQdY_^ Q^T bU\QhQdY_^ _V dXU \YWQ^T'  
:_b \_^WUb dY]U TU\Qic% gU g_e\T \Y[U d_ bUVUb d_ A8 cY]e\QdY_^c TUcSbYRY^W dXU bU\UQcU _V 
dbQ^c&7_]RbUdQcdQdY^ 5- d_ dXU c_\fU^d QVdUb cdbeSdebQ\ TYc`\QSU]U^dc _V dXU RUdQG0&\__` 
N;Qc`QbY Ud Q\'% 7XU]% +)*0O' =^ _eb cdbeSdebQ\ cdeTi% gU _RcUbfUT QTQ`dY_^c _V dXU RUdQG0&
\__` bUcYTeUc _fUb dXU *ec t *]c dY]U bQ^WU dXQd _`U^UT e` Q `_ccYR\U bU\UQcU `QdXgQi Qd 
*]c' GXU \YWQ^T TYVVecUc _ed _V dXU RY^TY^W `_S[Ud RUdgUU^ *]c Q^T *)]c% gXYSX Yc Y^ 
UhSU\\U^d QWbUU]U^d gYdX RY^TY^W cdeTYUc Q^T cY]e\QdY_^c Qc TYcSeccUT QR_fU'  
GXU TYVVecY_^ `b_SUcc YdcU\V SQ^^_d RU V_\\_gUT Ri K&bQi SbicdQ\\_WbQ`Xi Qc dXU ]UdX_T bU\YUc 
_^ _bTUbUT cdQdUc gYdXY^ dXU SbicdQ\ \QddYSU' <_gUfUb% dXU A8 cY]e\QdY_^c cX_g^ Y^ :YWebU ,8 
Y\\ecdbQdU dXU SU^dUbc _V ]QccUc _V dXU \YWQ^T gXU^ TYVVecY^W _ed _V Ydc `b_dUY^ RY^TY^W `_S[Ud 
d_gQbTc dXU c_\fU^d U^fYb_^]U^d' GXU c_\fU^d S_^dU^d _V _eb deRe\Y^(8* SbicdQ\c Yc -.'." Q^T 
b_eWX\i Y^ dXU ]YTT\U _V dXU bQ^WU _V +.&2)" bU`_bdUT V_b `b_dUY^ SbicdQ\c NJUYSXU^RUbWUb Ud 
Q\'% 5Sd' 7bicdQ\\_WbQ`X' 8% +)*.O' GXYc ]Q[Uc Yd fUbi UQci V_b dXU \YWQ^Tc d_ TYVVecU Y^ Q^T _ed 
_V dXU SbicdQ\% Qc Yc S_]]_^ `bQSdYSU Y^ SbicdQ\ c_Q[Y^W Uh`UbY]U^dc V_b cdbeSdebU&WeYTUT TbeW 
TUcYW^ `b_ZUSdc' @YWQ^T RY^TY^W Yc dXUbUV_bU ^_d \Y]YdUT d_ dXU `b_dUY^ ]_\USe\Uc Uh`_cUT d_ 
dXU cebb_e^TY^W c_\fU^d Qd dXU SbicdQ\ cebVQSU' 5d dXU cdQbd _V dXU bUQSdY_^% gU _RcUbfUT Ve\\ 
_SSe`Q^Si gYdXY^ dXU RY^TY^W `_S[Ud% gXYSX Tb_`c \QdUb gXU^ dXU \YWQ^T Yc bU\UQcUT Y^ dXU 
]Y\\YcUS_^Tc dY]U bUWY]U #:YWebU *7$' 8QdQ Q^T bQdY_^Q\U V_b SX__cY^W Qj_&75- S_^SU^dbQdY_^c 
Yc `bUcU^dUT Y^ Fe``\U]U^dQbi :YWebU ,' :_b Q^ UhSU\\U^d bUSU^d bUfYUg _V \YWQ^T TYVVecY_^ 
gYdXY^ SbicdQ\c% gU g_e\T \Y[U d_ bUVUb dXU bUfYUgUb d_ FSX]YTd% 7bicdQ\c% +)+)% gXYSX Yc ^_g 
Q\c_ SYdUT Y^ dXU S_^S\ecY_^ cUSdY_^ _V _eb bUfYcUT ]Q^ecSbY`d'  

u=d Yc VebdXUb]_bU TYVVYSe\d d_ `bUTYSd X_g \YWQ^Tc TYVVecU Y^ Q SbicdQ\% Qc dXYc TU`U^Tc _^ SbicdQ\ 
cXQ`U% cYjU% `QS[Y^W Q^T c_\fU^d S_^dU^d Q]_^W _dXUb UhdUb^Q\ `QbQ]UdUbc kFSX]YTd% +)+) 
!-+0l' FdQbdY^W Q dY]U&bUc_\fUT Uh`UbY]U^d gYdX Q `bUR_e^T \YWQ^T Yc Q^ U\UWQ^d c_\edY_^ d_ 
dXU `b_R\U]% UfU^ dX_eWX Yd g_e\T RU Y^dUbUcdY^W d_ cdeTi d_ gXQd UhdU^d \YWQ^T RY^TY^W Q^T 
e^RY^TY^W V_\\_g dXU cQ]U `bY^SY`\Uc'v 

§ A^MZITT$ = KWVOZI\]TI\M \PM I]\PWZ[ NWZ \PQ[ JMI]\QN]T _WZS& 

5WQY^% ]Q^i dXQ^[c V_b dXU Y^dUbUcdY^W Q^T XU\`Ve\ S_]]U^dc VebdXUb _`U^Y^W dXU ]Q^ecSbY`d 
d_ Q Rb_QTUb QeTYU^SU' 
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§ 9MIZ :LQ\WZ$  
FPQ[ _WZS ILLZM[[M[ \PM TQOP\%\ZQOOMZML UMKPIVQ[U WN ZMTMI[M WN IV IbWJMVbMVM 
LMZQ^I\Q^M WN KWUJZM\I[\I\QV NZWU \PM KWTKPQKQVM JQVLQVO [Q\M I\ \PM QV\ZI%LQUMZQK 
QV\MZNIKM WN I \]J]TQV PM\MZWLQUMZ& =V WXQVQWV WN \PQ[ ZM^QM_MZ$ \PM W]\KWUM[ WN \PQ[ 
UIV][KZQX\ _QTT JM WN [QOVQNQKIVKM NWZ \PM LM[QOV WN VW^MT XPW\W\PMZIXM]\QK[ \IZOM\QVO 
\PM \]J]TQV XZW\MQV&  
8WVKMZVQVO @9 [QU]TI\QWV[$ \PM [\]La Q[ [WTQL$ \PWZW]OPTa LM[QOVML IVL M`MK]\ML& 

6T[W$ \PM LI\I Q[ _MTT XZM[MV\ML QV \PM XIXMZ& @QVWZ KWUUMV\['Y]M[\QWV[ QV \PQ[ ZMOIZL 
_MZM ZIQ[ML L]ZQVO \PM ZM^Q[QWV XZWKM[[$ I[ LM\IQTML JMTW_2  

JU dXQ^[ dXU bUfYUgUb V_b dXU `_cYdYfU QccUcc]U^d Q^T XQfU Y^dUWbQdUT dXU ceWWUcdY_^c Qc 
TUdQY\UT RU\_g' 

§ )&DM_MQOP\ML NZMM MVMZOa XZWNQTM[ NWZ \PM QV\MZKWV^MZ[QWV JM\_MMV KQ[%\ZIV[ Q[WUMZ[ QV 

NZMM'JW]VL [\I\M[ _MZM VW\ XZW^QLML& FPQ[ QVNWZUI\QWV KW]TL JM ZMTM^IV\ \W KWUXIZM 

\PM ZM[]T\[ _Q\P \PM XZM^QW][ NQVLQVO[ WJ\IQVML NWZ KQ['\ZIV[ KWUJZM\I[\I\QV "ZMNMZMVKM 
+(#&  

JU dXQ^[ dXU bUfYUgUb V_b `_Y^dY^W dXYc _ed' :bUU U^UbWi `b_VY\Uc _V dXU Y^dUbS_^fUbcY_^ 
RUdgUU^ dXU dg_ Yc_]Ubc% V_b R_dX dXU VbUU Q^T dXU R_e^T cdQdUc% QbU ^_g bU`_bdUT Y^ 
Fe``\U]U^dQbi :YWebU . _V _eb bUfYcUT ]Q^ecSbY`d' 

§ *&=VNWZUI\QWV ZMOIZLQVO \PM KWTTMK\Q^M ̂ IZQIJTM[ ][ML \W XMZNWZU GF@ KITK]TI\QWV[ _I[ 
VW\ XZW^QLML& FPQ[ QVNWZUI\QWV Q[ ZMY]QZML NWZ \PM _WZS \W MV[]ZM ZMXZWL]KQJQTQ\a& 

JU `UbV_b]UT JGA8 U^XQ^SY^W dXU cQ]`\Y^W _V dXU dg_ TYXUTbQ\ Q^W\Uc *&*Q&*R&*w Q^T /&*&
*Q&*R' GXU RYQc VQSd_b% dXU TU`_cYdY_^ bQdU% dXU Y^YdYQ\ XY\\ XUYWXd% Q^T dXU XY\\ gYTdX gUbU cUd d_ 
-.% )'. `c!*% +'. [>x]_\!* 0-)% Q^T )', bQT% bUc`USdYfU\i' 
GXU JGA8 cY]e\QdY_^ _V dXU e^R_e^T cdQdU gQc `UbV_b]UT gYdX dXU cQ]U `QbQ]UdUbc ecUT 
V_b dXU R_e^T cdQdU' =^ dXYc SQcU% gU cY]e\QdUT Q cY^W\U \YWQ^T ]_\USe\U Y^ Q c_\fQdUT SeRYS 
R_h ecY^W *)n Qc ]Y^Y]e] TYcdQ^SU RUdgUU^ dXU \YWQ^T Q^T dXU R_h UTWUc' GXUcU TQdQ QbU 
^_g bU`_bdUT Y^ dXU AQdUbYQ\c Q^T AUdX_Tc cUSdY_^ _V dXU bUfYcUT ]Q^ecSbY`d'

§ +&<W_ UIVa QVLMXMVLMV\ GF@ [QU]TI\QWV[ _MZM KIZZQML W]\5 9QL QVLMXMVLMV\ 
[QU]TI\QWV[ KWV^MZOM \W [QUQTIZ ^IT]M[ NWZ \PM NZMM MVMZOa LQNNMZMVKM JM\_MMV \PM 

KQ['\ZIV[ Q[WUMZ[ QV \PM NZMM IVL JW]VL [\I\M[5 9W \PM I]\PWZ[ PI^M IV M[\QUI\M WN \PM 
MZZWZ QV^WT^ML QV KITK]TI\QVO \PM 9MT\I%9MT\I JQVLQVO NZMM MVMZOQM[ JM\_MMV KQ['\ZIV[ 
Q[WUMZ[5 

5 cY^W\U JGA cY]e\QdY_^ gQc SQbbYUT _ed gYdX Q Secd_] `b_d_S_\ d_ cQ]`\U S_^V_b]QdY_^c 
S_]`QdYR\U d_ dXU K:9@&RQcUT dY]U&bUc_\fUT cdbeSdebUc' FeSX Secd_] `b_d_S_\ S_^cYcdc _V Q 
`_cYdY_^Q\ XQb]_^YS bUcdbQY^d gYdX ? 4 *)) [>(]_\ ̂ ]P+ _^ dXU RQS[R_^U _V dXU ̀ b_dUY^ d_WUdXUb 
gYdX dXU ce`UbfYcY_^ _V dXU XiTb_WU^ R_^T d_ dXU RQS[R_^U SQbR_^i\ _V QGXb*02 #dXU cY]e\QdY_^ 
gQc cd_``UT Q^T bUcdQbdUT gYdX bUWU^UbQdUT fU\_SYdYUc gXU^UfUb dXU <&R_^T gQc Rb_[U^$' 
6\_S[ Q^Q\icYc gYdX R\_S[ cYjU _V .) ^c gQc `UbV_b]UT d_ QccUcc S_^fUbWU^SU' GXU 
bUS_^cdbeSdUT :9F Yc ̂ _g cX_g^ Y^ :YW' F. d_WUdXUb gYdX 2." S_^VYTU^SU Y^dUbfQ\ Ubb_b RQ^Tc'  
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§ ,&6[ QVLQKI\ML WV XIOM ++$ XTIQV @9 [QU]TI\QWV[ [\IZ\QVO NZWU \PM \ZIV[ Q[WUMZ _MZM 
KIZZQML W]\& 9QL I]\PWZ[ M`XTWZM JMOQVVQVO _Q\P \PM KQ[ Q[WUMZ \W \PMV KWVL]K\ GF@ 
[QU]TI\QWV[5 

GXU A8 gQc SQbbYUT _ed gYdX dXU dbQ^c Yc_]Ub Q^T dXU SYc gQc cY]e\QdUT V_b c_]U ^c V_b 
cicdU] UaeY\YRbQdY_^ RUV_bU dXU JGA cdeTYUc' GXU SX_YSU _V ecY^W _^\i dXU dbQ^c Yc_]Ub V_b 
`\QY^ A8 cY]e\QdY_^c gQc TbYfU^ Ri Ydc ]eSX \_gUb QVVY^Ydi d_ dXU RY^TY^W cYdU% Y^ _bTUb d_ 
U^XQ^SU dXU `b_RQRY\Ydi _V _RcUbfY^W dXU e^RY^TY^W UfU^d' 

§ -&9QL \PM I]\PWZ[ KPMKS \PM UWJQTQ\a WN \PM JM\IF/ TWWX QV TQOIVL%NZMM @9 [QU]TI\QWV[ 

WN \PM NZMM MVMZOa ZMY]QZML \W QVL]KM \PM KWVNWZUI\QWVIT KPIVOM QV \PM XZW\MQV []KP 
\PI\ \PM KWTKPQKQVM [Q\M Q[ []Q\IJTM NWZ TQOIVL[g JQVLQVO "I[ I JTIVS [a[\MU#5 

B_% gU XQfU ^_d T_^U \YWQ^T VbUU cY]e\QdY_^c' 7UbdQY^\i% dXYc ]Qi RU Q^ Qc`USd d_ RU VebdXUb 
Y^fUcdYWQdUT Y^ ceRcUaeU^d cdeTYUc gYdX deRe\Y^ Q^T Y^TUUT Y^ Q `bUfY_ec cdeTi gU V_e^T 
Uh`UbY]U^dQ\\i dXQd dXU "&G0 \__` Yc aeYdU V\UhYR\U Y^ dXU Q`_&cdQdU Q^T dXU S_\SXYSY^U R_e^T 
cdQdU Qd b__]&dU]`UbQdebU NJUY^Ubd Ud Q\% BQdebU 7_]]'% +)*0O' FeSX Ti^Q]YSc _V dXU Q`_&
`b_dUY^ gY\\ RU ]_cd bU\UfQ^d gXU^ QT_`dY^W _eb Q``b_QSX d_ TYVVUbU^dYQdU RUdgUU^ Y^TeSUT VYd 
Q^T S_^V_b]QdY_^Q\ cU\USdY_^ ]USXQ^Yc]c Y^ dY]U&bUc_\fUT RY^TY^W Uh`UbY]U^d' 

§ A\PMZ I[XMK\[2 

§ BIOM *$ TQVM --& DMNMZMVKM[ + IVL , IXXMIZ \W JM UQ[XTIKML&  

JU QWbUU dXQd dXU bUVUbU^SUc S_e\T XQfU RUU^ RUddUb `\QSUT' JU XQfU ]_fUT EUV , d_ dXU 
VYbcd `Qbd _V dXU cU^dU^SU Q^T bU`\QSUT EUV - #bUVUbbY^W d_ dXU VYbcd cdbeSdebU cX_gY^W Q \YWQ^T 
Y^ dXU S_\SXYSY^U cYdU$ gYdX Q ^Ug bUVUbU^SU d_ Q cdbeSdebU gYdX S_]RbUdQcdQdY^ 5-' 

GXU bUfYcUT `Qbd ^_g bUQTc u5 `b_]Y^U^d UhQ]`\U Yc Q^ Qj_RU^jU^U TUbYfQdYfU _V 
S_]RbUdQcdQdY^ 5- #Qj_&75-$k6_b_gYQ[% +)*. !*2)l% Q `X_d_`XQb]QS_\_WYSQ\ S_]`_e^T dXQd 
RY^Tc dXU S_\SXYSY^U&cYdU _V dXU #"&deRe\Y^ XUdUb_TY]Ub #XUbUQVdUb SQ\\UT deRe\Y^$k;Qc`QbY% +)*0 
!+++l'v 

§ BIOM */$ TQVM /*12 FPM ZI\QW WN \ZIV['KQ[ Q[WUMZ[ WN KWUXW]VL . Q[ UQ[[QVO&  

@Y^U 0+2 bUVUbc d_ dXU QSdYfQdY_^ \UfU\ _V ++ `UbSU^d' 5d * ^c dXYc S_bbUc`_^Tc d_ ++ `UbSU^d 
dbQ^c cdQdU' 

5VdUb cUUY^W dXU S_]]U^d% gU bUQ\YjUT Yd ]YWXd RU S_^VecY^W d_ cgYdSX Vb_] dXU SYc(dbQ^c d_ dXU 
9(M ^_]U^S\QdebU Y^ dXU cUSdY_^ TUcSbYRY^W dXU ci^dXUcYc _V Qj_&75-' JU ^_g ecU SYc(dbQ^c 
dXb_eWX_ed Q^T Q\c_ QTTUT Q cU^dU^SU dXQd TQb[ bU\QhQdY_^ \UQTc d_ dXU `ebU dbQ^c S_]`_e^T 
ecUT Y^ _eb Uh`UbY]U^dc' 
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§ =V KWV^MV\QWVIT [\Z]K\]ZM%JI[ML LZ]O LM[QOV "E799#$ I KZa[\IT [\Z]K\]ZM _Q\PW]\ 
QVNWZUI\QWV WV XZW\MQV'MVbaUM UW\QWV PI[ JMMV ][ML I[ I \MUXTI\M \W LM[QOV 
KWUXW]VL[ \PI\ JQVL \W \PM XZW\MQV'MVbaUM& FPQ[ Q[ JMKI][M KWV^MV\QWVIT [aVKPZW\ZWV 
ZILQI\QWV KZa[\ITTWOZIXPa KIV WVTa WJ\IQV I [VIX[PW\ WN \PM KZa[\IT [\Z]K\]ZM WN I XZW\MQV 
UWTMK]TM QV I [\I\M WN IZZM[\ML UW\QWV& <W_M^MZ$ \PM IK\]IT QV\MZIK\QWV XZWKM[[ 
JM\_MMV XZW\MQV IVL TQOIVL "[]J[\ZI\M'XZWL]K\# QV^WT^M[ UWZM WZ TM[[ [\Z]K\]ZIT 
KPIVOM[ QV \PM TQOIVL JQVLQVO [Q\M WN \PM XZW\MQV& EW$ NWZ M`IUXTM$ Ja WJ\IQVQVO 

[VIX[PW\[ WN IV MVbaUM%[]J[\ZI\M IVITWO KWUXTM`$ IV MVbaUM%ZMIK\QWV QV\MZUMLQI\M 
IVITWO KWUXTM`$ IVL IV MVbaUM%XZWL]K\ KWUXTM`$ QV _PQKP \PM ZMIK\QWV[ LW VW\ 
XZWKMML$ Q\ PI[ JMMV I\\MUX\ML \W QUIOQVM IVL LZI_ I _PWTM XQK\]ZM WN \PM MVbaUM 
ZMIK\QWV KaKTM NZWU \PW[M \PZMM UW\QWVTM[[ [\Z]K\]ZM[&  
DMKMV\ LM^MTWXUMV\[ WN \QUM%ZM[WT^ML [MZQIT KZa[\ITTWOZIXPa \MKPVWTWOa PI^M 

KPIVOML \PQ[ [Q\]I\QWV& =\ Q[ VW_ XW[[QJTM \W KIX\]ZM [VIX[PW\[ WN UWTMK]TM[ QV UW\QWV 
QV KZa[\IT[ IVL ^Q[]ITQbM \PM [\Z]K\]ZM WN ZMIK\QWV[ QV XZWOZM[[$ _PQKP PIL XZM^QW][Ta 

JMMV I JTIKS JW`& FPQ[ UMIV[ \PI\ I VM_ MZI WN LZ]O LM[QOV _QTT JM XQWVMMZML$ NWK][QVO 

WV \PM UW\QWV[ WN TQ^M XZW\MQV[$ _PQKP _I[ VW\ XW[[QJTM _Q\P \PM KWV^MV\QWVIT E799& 
FPM XZM[MV\ _WZS Ja GZIVQS M\ IT& Q[ VW\ WVTa QUXWZ\IV\ I[ I VM_ I\\MUX\ \W_IZL IJW^M 
OWIT$ J]\ Q\ Q[ IT[W [QOVQNQKIV\ JMKI][M Q\ XZW^QLM[ QV[QOP\[ \PI\ UIa TMIL \W I OMVMZIT 
]VLMZ[\IVLQVO WN XZW\MQV%TQOIVL QV\MZIK\QWV[& FPM I]\PWZ[ IKKWUXTQ[PML \PQ[ Ja 
IVITabQVO \PM QV\MZIK\QWV WN \PM KPMUQKITTa [aV\PM[QbML TQOP\%ZMO]TIJTM UWTMK]TIZ \WWT 

IbW%86, _Q\P \]J]TQV ][QVO \QUM%ZM[WT^ML [MZQIT KZa[\ITTWOZIXPa IVL ^Q[]ITQbQVO 
UWTMK]TIZ UW\QWV[ I\ VMIZ I\WUQK ZM[WT]\QWV[ QV \PM VIVW[MKWVL \W UQTTQ[MKWVL ZIVOM$ 
_PQKP Q[ U]KP [PWZ\MZ \PIV \PM \QUM ZM[WT]\QWV TQUQ\ WJ[MZ^IJTM _Q\P KZaW%:@ IVL W\PMZ 
\MKPVQY]M[& =\ IT[W [MMUML ZMI[WVIJTM \PI\ \PM I]\PWZ[ KWUXTMUMV\ML \PM NQVLQVO[ 
NZWU KZa[\ITTWOZIXPQK LI\I _Q\P UWTMK]TIZ LaVIUQK[ [QU]TI\QWV[$ J]\ \PM LM\IQT[ WN \PM 

KWUX]\I\QWVIT UM\PWL[ IZM LQNNQK]T\ \W M^IT]I\M NZWU Ua M`XMZ\Q[M& 

JU Ve\\i QWbUU gYdX dXU UfQ\eQdY_^ Q^T dXU bU\UfQ^SU V_b cdbeSdebU&RQcUT TbeW TUcYW^' =d Yc _eb 
X_`U dXQd dXYc gY\\ RU _^\i dXU VYbcd Y^ Q \_^W cUbYUc _V cY]Y\Qb cdeTYUc _^ _dXUb Y^dUbUcdY^W dQbWUdc' 

§ = _W]TL TQSM \W ZMY]M[\ \PI\ \PM I]\PWZ[ IV[_MZ \PM NWTTW_QVO Y]M[\QWV[ IVL KWUUMV\[& 

6JW]\ TQOIVL KWVKMV\ZI\QWV[2 
?QVM .)/ LM[KZQJM[ \PI\ \PM I]\PWZ[ M^IT]I\ML ][QVO (&- U@ KQ[%IbW%86, WZ - U@ KQ[% 
IbW%86,'\ZIV[%IbW%86,$ _PQTM ?QVM .*/ LM[KZQJM[ \PI\ \PMa \M[\ML _Q\P )&*- U@ KQ[% 

IbW%86, IVL ?QVM /+- _Q\P ) U@ \ZIV[%IbW 86,& 
GPa _I[ \PM []NNQKQMV\Ta PQOP - U@ TQOIVL KWVKMV\ZI\QWV VW\ MUXTWaML QV \PM \QUM%
ZM[WT^ML M`XMZQUMV\[$ J]\ I TW_MZ KWVKMV\ZI\QWV5 

=^ _eb dY]U&bUc_\fUT SbicdQ\\_WbQ`XYS Uh`UbY]U^dc% gU ]Y^Y]YjUT dXU Q]_e^d _V VbUU \YWQ^T d_ 
bUTeSU dXU SXQ^SU _V bURY^TY^W UfU^dc Q^T d_ ^_d e^`b_TeSdYfU\i QRc_bR QSdYfQdY^W \QcUb \YWXd' 
GXU `b_SUcc _V dXYc Y^YdYQ\ SXQbQSdUbYjQdY_^ Yc Y\\ecdbQdUT Y^ Fe``\U]U^dQbi :YWebU , V_b Q\\ 
bUQTUbc Y^dUbUcdUT Y^d_ dXU ]UdX_T_\_Wi _b d_ dbQ^cVUb _eb Q``b_QSX d_ _dXUb dQbWUdc' 

§ ;QO]ZM )92 

6T\PW]OP \PMZM IZM WVTa \PZMM ;QO]ZM XIVMT[$ \PM \QUM IZZW_ KW^MZ[ NZWU )V[ \W )(( 

U[$ UISQVO Q\ LQNNQK]T\ \W \MTT _PQKP \QUM XWQV\ [\Z]K\]ZM Q[ QVLQKI\ML& FPM M`XTIVI\QWV 
\PI\ \PM KMV\MZ XIVMT KWZZM[XWVL[ \W ) U[ Q[ XIZ\QK]TIZTa KWVN][QVO JMKI][M Q\ Q[ 

UQ[ITQOVML _Q\P \PM IZZW_& =\ _W]TL JM JM\\MZ \W XZW^QLM I UWZM LM\IQTML M`XTIVI\QWV WZ 
UWLQNa \PM LZI_QVO \W UISM Q\ MI[QMZ \W ]VLMZ[\IVL& 
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JU gQ^dUT d_ cX_g dXU * ]c ]Q` RUSQecU Yd Yc Q^ Y]`_bdQ^d dY]U TU\Qi gXUbU dXU RY^TY^W 
`_S[Ud _`U^c' 6ed iUc% Yd Yc c_]UgXQd S_^VecY^W dXQd Yd gQc ^_d TYbUSd\i QR_fU dXU * ]c ]Qb[ 
_V dXU dY]U Qbb_g Y^ dXU VYWebU' G_ VYh dXU `b_R\U] gU XQfU bU`\QSUT dXU * ]c U\USdb_^ TU^cYdi 
gYdX dXQd _V dXU *)) ec dY]U TU\Qi' =^ QTTYdY_^% gU XQfU QTTUT ]Qb[Ubc Y^TYSQdY^W dXU dY]U 
TU\Qic V_b UQSX _V dXU `Q^U\c _^ dXU dY]U Qbb_g' 9hQ]`\Uc V_b TYVVUbU^SU U\USdb_^ TU^cYdYUc 
_RdQY^UT Qd Q\\ ^Y^U \_WQbYdX]YSQ\\i c`QSUT dY]U TU\Qic QbU cX_g^ Y^ dXU ce``\U]U^dQbi 
Y^V_b]QdY_^' 

§ ;QO]ZM +62 
=N XW[[QJTM$ LQ[[WKQI\QWV KWV[\IV\[ ">L ^IT]M[# [PW]TL IT[W JM TQ[\ML& 

6QcUT _^ Q cY]Y\Qb bUaeUcd Vb_] EUfYUgUb *% gU XQfU QTTUT 97.) fQ\eUc Vb_] bQTY_\YWQ^T 
cSY^dY\\QdY_^ `b_hY]Ydi QccQic d_ dXU ]QY^ dUhd' 

§ E]XXTMUMV\IZa FIJTM ) IVL *2 

FIJTM \Q\TM[ [PW]TL JM _ZQ\\MV IJW^M \PM FIJTM& 

JU XQfU Y]`\U]U^dUT dXU SXQ^WU Qc ceWWUcdUT' 

§ E]XXTMUMV\IZa FIJTM *2 
FPM I]\PWZ[ [PW]TL KWUUMV\ WV _Pa \PM D_WZS IVL DNZMM ^IT]M[ WN \PM X]UX%XZWJML  

LI\I[M\[ IZM [QOVQNQKIV\Ta PQOPMZ "_WZ[M# \PIV \PW[M WN \PM W\PMZ LI\I[M\[& 9QL \PM X]UX  
TQOP\ M`XW[]ZM Q\[MTN LIUIOM \PM KZa[\IT[5 

5c gU TYT ^_d _RcUbfU Q bUTeSdY_^ Y^ XYd bQdU _b bUc_\edY_^ RUdgUU^ TQb[ Q^T \YWXd TQdQ Vb_] 
dXU cQ]U be^c% dXU `e]` \YWXd TYT ^_ TQ]QWU TYVVbQSdY_^ aeQ\Ydi _V dXU SbicdQ\c' GXU bUTeSUT 
Eg_b[ Q^T EVbUU fQ\eUc bQdXUb _bYWY^QdU Vb_] dXU UhdbQ`_\QdY_^ _V TYVVUbU^d cdbeSdebU VQSd_b 
Q]`\YdeTUc ecUT d_ bUVY^U dXU QSdYfU cdQdUc' GXYc `b_SUTebU Yc ^USUccQbi cY^SU Yd _^\i QSdYfQdUc 
Q VbQSdY_^ _V ]_\USe\Uc gYdXY^ Q SbicdQ\ #Y^ _eb SQcU Q^ QfUbQWU _V ++"$' 6ed e^V_bde^QdU\i% Yd 
Yc [^_g^ d_ Y^db_TeSU QTTYdY_^Q\ Ubb_bc dXQd g_bcU^c dXU bUVY^U]U^d cdQdYcdYSc' <_gUfUb% gU 
g_e\T \Y[U d_ cdbUcc dXQd dXU UVVUSd cdQic gU\\ gYdXY^ dXU \Y]Ydc _V gXQd XQc RUU^ _RcUbfUT Y^ 
S_]`QbQR\U dY]U&bUc_\fUT cdeTYUc SYdUT dXb_eWX_ed dXU ]Q^ecSbY`d'  

§ ?QVM )*.

FPM [MV\MVKM ePMZM _M NWK][ WV \PM JQWTWOQKITTa UW[\ ZMTM^IV\ \MUXWZIT LWUIQV 

[\IZ\QVO NZWU \PM VIVW[MKWVL[&f UIa VMML I ZMNMZMVKM& 

=^ bUc`_^cU gU XQfU SXQ^WUT dXU cUSdY_^ d_ uJU XQfU SXQbQSdUbYjUT dXU e\dbQVQcd bUWY]U Q^T 
Y^YdYQ\ `X_d_SXU]YSQ\ bUQSdY_^ ecY^W dbQ^cYU^d QRc_b`dY_^ c`USdb_cS_`i #$/,,)&*&+.%-0 
#('/-& "$3 X_gUfUb% XUbU gU V_Sec _^ dXU dU]`_bQ\ T_]QY^ cdQbdY^W Vb_] dXU ^Q^_cUS_^Tc 
gXUbU dXU RY_SXU]YSQ\\i ]_cd bU\UfQ^d S_^V_b]QdY_^Q\ SXQ^WUc Y^ dXU `b_dUY^ QbU d_ RU 
Uh`USdUT kCbfY\\U% +)+) !,/.l'v 

§ E]XXTMUMV\IZa ;QO]ZM ,$ ?QVM .,02 
!BW[Q\Q^M IVL VMOI\Q^M LQNNMZMVKM LMV[Q\a IZM LQ[XTIaML QV ZML IVL OZMMV$ ZM[XMK\Q^MTa&f 

=[ \PM LM[KZQX\QWV WN \PM KWTWZ NWZ \PM LMV[Q\a KWZZMK\5 

AQ^i dXQ^[c V_b c`_ddY^W dXYc ]YcdQ[U' JU ̂ _g V_\\_g dXU cQ]U TU^cYdi S_\_b S_TU Y^ Q\\ VYWebUc 
Q^T XQfU QTZecdUT dXU VYWebU \UWU^T QSS_bTY^W\i' 
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§ ?QVM /+)2 
eEIUXTM XZMXIZI\QWV [MZQIT KZa[\ITTWOZIXPaf %%4 eEIUXTM XZMXIZI\QWV NWZ [MZQIT 
KZa[\ITTWOZIXPaf 5 

JU XQfU Y^db_TeSUT dXU ceWWUcdY_^ _V dXU bUfYUgUb' 



Reviewer #1 (Remarks to the Author): 

I would have hoped that the authors add a bit more to my last point ("To what extent can ligand 

unbinding in a crystal 

be compared to that in solution."). It is not about the question whether structur is the same in a 

crystal or in solution, but about the fact that ligand binding is a bimolecular process, that is 

concentration dependent, and the very concept of a concentration is difficult in a crystal. But 

again, it is excellent work, it is their decision, and I certainly don't want to hold up publication. 


