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1. Simulated annealing protocols. 

1.1. Protocol for structure refinement!

! !"#$%&$!! %&'(! )*+,*-.)/-*! 012.+&34! &2! )5-4&52! .2'6*! 4,.3*! 78999! :;! <9! ,4! 5-! =999! 4)*,4!

>(&3(*?*-!35+*4!@&-4)AB!

! !"#$%'$!! "&+/6.)*0!.22*.6&2'!&2!)5-4&52!.2'6*!4,.3*!78999!)5!#=!:!&2!<#B=!:!&23-*+*2)4;!>&)(!

9B#!,4!5-!<99!4)*,4;!>(&3(*?*-!35+*4!@&-4);!.)!*?*-1!)*+,*-.)/-*AB!

! !"#$%($!! C-.0&*2)!+&2&+&z.)&52!&2!)5-4&52!.2'6*!4,.3*B!

! !"#$%)$!! E&2.6!'-.0&*2)!+&2&+&z.)&52!&2!F.-)*4&.2!4,.3*B!

G(*!,-5)5356!3.2!H*!/4*0!&2!)>5!+50*4$!*&)(*-!>&)(!.!@&I*0!?.6/*!5@!!"#$$
%&&;!5-!5,)&+&z&2'!Tdiff

app!0/-&2'!)(*!

35/-4*!5@!4&+/6.)*0!.22*.6&2'B!J2!)(*!6.))*-!3.4*!Tdiff
app!&4!5,)&+&z*0!H1!&2)-50/3&2'!)(-**!,4*/05!.)5+4;!K;!

L!.20!M!>&)(!)(*!LKM!.2'6*!0&-*3)61!+.,,*0!52)5! !"#$$
%&&!74**!NOB!P;!+.&2!)*I)AB!G(*!)(-**!,4*/05.)5+4!

5261! &2)*-.3)! >&)(! 52*! .25)(*-! .20;! .4&0*! @-5+!*+,--;! .-*! 35/,6*0! )5! )(*! .)5+4! 5@! )(*! +.3-5+56*3/6*!

)(-5/'(! &2)*-.3)&52! >&)(! )(*! )(*-+.6! H.)(B! K,)&+&z.)&52! 5@! )(*! KL! .20! KM! 5-&*2).)&524! 0/-&2'! )(*!

35/-4*! 5@! 4&+/6.)*0! .22*.6&2'! 6*.04! )5! 5,)&+&z.)&52! 5@! )(*! !di$$
a&&! 4*))&2'! H1!+&2&+&z&2'! )(*! 0&@@/4&52!

,5)*2)&.6!)*-+!*+,--B!

 

Table S1!Q5)*2)&.6!)*-+4!/4*0!&2!)(*!4)-/3)/-*!-*@&2*+*2)!,-5)5356B!
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR!
! ! @5-3*!3524).2)!
! RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR!RRR
! ! ! !
Q5)*2)&.6!)*-+4! (&'(!)*+,*-.)/-*! 4&+/6.)*0!.22*.6&2'! @&2.6!+&2&+&z.)&52!
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR!
H5204!!7S3.6B+56T<BUT#A.! <999! <999! <999!
.2'6*4!7S3.6B+56T<B-.0T#A.! V99! V99!=99! !!=99!
&+,-5,*-4!7S3.6B+56T<B-.0T#A.! <99! <99!=99! !!=99!
WKN!7S3.6B+56T<BUT#A! 9B<! #!89! !!!!89!
)5-4&52!.2'6*4!7S3.6B+56T<B-.0T#A! <9! #99! !!#99!
0&@@/4&52!)*245-H! <! <! !!!!!!<!
-*,/64&?*!?0>!7S3.6B+56T<BUTVA! 9B99V! 9B99V!V! !!!!!!V!
)5-4&52!.2'6*!0.).H.4*!,5)*2)&.6! 9B99#! 9B99#!<! !!!!!!<!
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR!
.W5)*!)(.)!0/-&2'!)5-4&52!.2'6*!012.+&34;!)(*!H520;!.2'6*!.20!&+,-5,*-!)*-+4!.-*!5261!.,,6&*0!)5!H5204!>&)(&2!3654*0!
-&2'4!4)-/3)/-*4! 7*B'B!52*!5@! )(*!H5204!5@!.!,-56&2*!-&2'A!5-!3654*0! 655,4!7*B'B!.!0&4/6,(&0*!H-&0'*A! )(.)!.-*!H-5S*2! )5!
,*-+&)!)(*!.,,-5,-&.)*!)-**!)5,565'1!)5!H*!3-*.)*0B!
HG(*!?.6/*4! 4(5>2! -*,-*4*2)! )(*! 43.6*! @.3)5-! .+,--X! )(*! .3)/.6! @5-3*! 3524).2);% /+,--;! @5-! )(*!0&@@/4&52! )*245-! -*4)-.&2)4! &4!
5H).&2*0!H1!+/6)&,61&2'!.+,--!H1!#99I70YZ==A!>(*-*!0%&4!)(*!2/+H*-!5@!.)5+4B!G(&4!+/6)&,6&3.)&?*!@.3)5-!>.4!3.6&H-.)*0!
/4&2'!)(*!C[<!05+.&2!5@!4)-*,)53533.6!,-5)*&2!C!7:/4z*>4S&;!\BX!C-52*2H5-2;!]B!^BX!F65-*;!CB!^B!12%342%56#42%!782!
1999;!&'&;!#88PT#88ZAB!
!
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1.2 Simulated annealing docking protocol using diffusion tensor restraints 

! !tep &$!! %&'()*+,&-+)'!).!/)0+-+)'0!&'(!)1+2'-&-+)'0!).!/1)-2+'0!123&-+42!-)!)'2!&')-5216&!!

! !tep 2$!! 7'+-+&3!1+8+(!9)(:!81&(+2'-!*+'+*+,&-+)'!;+-5!2</21+*2'-&3!120-1&+'-069!

! !tep 3$!! 7'+-+&3!1+8+(!9)(:!81&(+2'-!*+'+*+,&-+)'!;+-5!2</21+*2'-&3!120-1&+'-0!&'(!!

4&'!(21!=&&30!12/>30+)'!-21*69!

o ?)1!@&3@>3&-+)'0!;+-5!&!.+<2(! !"#$$
%&&A!0-2/0!BC#!&12!12/2&-2(!BD!-+*20!.)1!2421:!1>'!).! -52!

/1)-)@)36!E52!0-1>@->12!;+-5! -52! 3);20-!2'218:! +0! -52'!>02(! .)1! 0>902F>2'-! 0-2/0!).! -52!

/1)-)@)36!

o ?)1!@&3@>3&-+)'0!+'!;5+@5!Tdiff
app!+0!)/-+*+,2(A!"-2/0!BC#!&12!12/2&-2(!GD!-+*20!.)1!2421:!1>'!

).!-52!/1)-)@)3A!>0+'8!&!1&'()*!4&3>2!).! !di$$
app!;+-5+'!&!(2.+'2(!1&'826!E52!0-1>@->12!;+-5!

-52!3);20-!2'218:!+0!-52'!>02(!.)1!0>902F>2'-!0-2/0!).!-52!/1)-)@)36!

! !tep 4$!! H)'I)+'2(!1+8+(!9)(:J-)10+)'!&'832!(:'&*+@0!0+*>3&-2(!&''2&3+'8!K.1)*!GDD!-)!BD!L!+'!

BD!L!+'@12*2'-0!;+-5!B!/0!)1!GDD!0-2/0A!;5+@52421!@)*20!.+10-A!&-!2421:!-2*/21&->12!+'!-52!@&02!

).! -52! M7NCB! /1)-2&02! @&3@>3&-+)'0O! &'(! D6G/0! )1! #DD! /0A! ;5+@52421! @)*20! .+10-A! &-! 2421:!

-2*/21&->12!.)1!-52!P7QCMR1!@&3@>3&-+)'0S6@!

! "-2/!G$!! ?+'&3!@)'I)+'2(!1+8+(!9)(:J-)10+)'!&'832!*+'+*+,&-+)'6@!

T!-)-&3!).!GBU!0-1>@->120!;212!@&3@>3&-2(6!
!

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV!

&! ?)1! M7NCB! /1)-2&02! -52! /)0+-+)'! &'(! )1+2'-&-+)'! ).! 02@)'(! 0>9>'+-! ;&0! 1&'()*+,2(! ;+-5+'! &! @>92! #D<#D<#D! W!
&1)>'(!-52!@2'-21!).!81&4+-:!).!-52!.+10-!0>9>'+-O!.)1!-52!P7QCMR%!@)*/32<!-52!/)0+-+)'!&'(!)1+2'-&-+)'!).!P7Q!;&0!
1&'()*+,2(!;+-5+'!&!@>92!XG<XG<XG!W!&1)>'(!-52!@2'-21!).!81&4+-:!).!MR16!

9! ?)1!M7NCB!/1)-2&02A!-52!)'3:!2</21+*2'-&3!120-1&+'-0!>02(!&12!@)*/)'2'-0!).!1)-&-+)'&3!(+..>0+)'!-2'0)1O!.)1!-52!P7QC
MR1!@)*/32<! -52!2</21+*2'-&3! 120-1&+'-0!@)'0+0-!).! -52!@)*/)'2'-0!).! -52! 1)-&-+)'&3!(+..>0+)'! -2'0)1! -)82-521!;+-5!
&*9+8>)>0!(+0-&'@2!120-1&+'-0!(21+42(!.1)*!@52*+@&3!05+.-!/21->19&-+)'!*&//+'8!K022!H3)12A!Y6!Z6O!"@5;+2-210A!H6![6!
*. Am. Chem. !oc.!UDD#A!&25A!U\DUCU\BUS6!

@!! E52! 9&@]9)'20! &12! -12&-2(! &0! 1+8+(! 9)(+20A! ;5+32! -52! 0+(2@5&+'0! &12! 8+42'! -)10+)'&3! (281220! ).! .122()*6! T!
*>3-+(+*2'0+)'&3! -)10+)'!&'832!(&-&9&02!/)-2'-+&3!).!*2&'!.)1@2! +0!>02(! -)!2'0>12! -5&-! -52!0+(2@5&+'! -)10+)'!&'8320!
&()/-!/5:0+@&33:!12&3+0-+@!@)'.)1*&-+)'0!KH3)12A!Y6!Z6O!L>0,2;0]+A!^6!*. Am. Chem. !oc.!UDDUA!&24A!U_``CU_`aS!
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Table S2$!%&'()'*+,!'(-./!0/(1!*)!'2(!/*.0,+'(1!+))(+,*)3!1&45*)3!6-&'&4&,$!

7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!
! ! 8&-4(!4&)/'+)'!
! 7777777777777777777777777777777777777777777777777777777!777
! ! ! !
%&'()'*+,!'(-.! *)*'*+,!.*)*.*9+'*&)! /*.0,+'(1!+))(+,*)3! 8*)+,!.*)*.*9+'*&)!
777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!
1*880/*&)!'()/&-+! :;;! :;;! :;;!
<=>!?54+,$.&,@:$A@BCDE4! ;$F! ;$F!G;! !!G;!
-(60,/*H(!H1I!?54+,$.&,@:$A@#C! ;$;:! ;$;;#!#! !!!!!!#!
2J1-&62&D*4!4&)'+4'!6&'()'*+,! ;! :!K;! !!!!!K;!
Rgyr!6&'()'*+,!?54+,$.&,

@:$A@BC4! ;! ;$;K!K;;! !!!K;;!
'&-/*&)!+)3,(!1+'+D+/(!6&'()'*+,! ;$;;B! ;$;;B!:! !!!!!!:!
LB!/J..('-J!?54+,$.&,

@:$A@BC1! :;! :;! !!!!!:;!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!
+M2(!H+,0(/!/2&I)!-(6-(/()'!'2(!/4+,(!8+4'&-!sdiffN!'2(!+4'0+,!8&-4(!4&)/'+)'E!kdiffE!8&-!'2(!1*880/*&)!'()/&-!-(/'-+*)'/!*/!
&D'+*)(1!DJ!.0,'*6,J*)3!sdiff!DJ!B;;O?NPQKKC!I2(-(!N */!'2(!)0.D(-!&8!+'&./$!!
DM2(! <=>! 6&'()'*+,! */! 0/(1! 8&-! '2(! 2*32,J! +.D*30&0/! "?r@GC@:PG! 1*/'+)4(! -(/'-+*)'/! 1(-*H(1! 8-&.! 42(.*4+,! /2*8'!
6(-'0-D+'*&)!.+66*)3!?/((!L,&-(E!R$!S$N!"42I*('(-/E!L$!T$!,. Am. Chem. Soc.!2003E!128E!BU;B@BU:BC$!
4V/(1!&),J!8&-!'2(!>W<@X%-!1&45*)3!4+,40,+'*&)/$!!
1LB!/J..('-J!-(/'-+*)'/!I(-(!only!!0/(1!8&-!'2(!XWY@:!6-&'(+/(!1&45*)3!4+,40,+'*&)/E!+)1!+-(!&),J!-(,(H+)'!'&!
2&.&1*.(-/$!
!

 

2. Experimentally derived diffusion tensors used as target parameters in simulated annealing.  

2.1 Definitions 

The diffusion tensor can be represented by the following terms: 

=H(-+,,!-&'+'*&)+,!4&--(,+'*&)!'*.(Z! #4[!;$K?Dx!\!Dy!\!DzC
@: 

])*/&'-&6JZ! ! ! ! ! A![!BDzP?Dx!\!DyC!

^2&.D*4*'JZ! ! ! ! ! $![!:$K?Dy!@!DxCP_Dz!@!;$K?Dx!\!DyC`!

M2(!(O6-(//*&)/!8&-!A!+)1!$!+//0.(!Dx!!!Dy!!!Dz$!!M2(!4&.6&)()'/!&8!'2(!1*880/*&)!'()/&-/!6-(/()'(1!

D(,&I!*)!.+'-*O!8&-.!+)1!'2(*-!(*3()H+,0(/E!DxE!Dy!+)1!DzE!+-(!*)!0)*'/!&8!_:;
@aP/`$!!

!

b&-!1*880/*&)! '()/&-/!4+,40,+'(1! 8-&.!<S^!-(,+O+'*&)!I(!+,/&! -(6&-'! '2(!H+,0(/!&8! '2(!)&-.+,*9(1!%B!

80)4'*&)!%BPDf!I2(-(!Df!*/!'2(!)0.D(-!&8!1(3-((/!&8!8-((1&.$!!
! ! ""

!

#$%

!

# $ "!
"#$"&! '% !

!!I2(-(!!
!

!"#!+)1!

!!
"#$"!+-(! '2(!(O6(-*.()'+,!+)1!4+,40,+'(1!:K<!R2PR1!-+'*&/E!-(/6(4'*H(,JN!!i!+-(! '2(!(O6(-*.()'+,!(--&-/N!

+)1!*)1(O!i!()0.(-+'(/!+.*)&!+4*1/!*)!'2(!6-&'(*)!/(c0()4($!
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The experimental NMR relaxation rates are taken from Tjandra et al. (Tjandra, N.; Garrett, D. S.; 

Gronenborn, A. M.; Bax, A.; Clore, G. M. !"#$%&'(#%$)#*'+,-.* '((), /, 443-449). 

 

Using an axially symmetric model for the diffusion tensor we obtain: 

01'O 1.33     02'O 1.33     03'O 2.0 

!c O 10.6 ns; 4 O 1.54; " O 0; #2/05 O72.8; 05 O 113 

The components of the diffusion tensor in the molecular frame of the 1EZA structure that were used as 

target parameters for simulated annealing refinement are: 
 YYYYYYYYYYYYYYYYYYYYYYYYYYYYYY 
  1' 2' 3'
' YYYYYYYYYYYYYYYYYYYYYYYYYYYYYY 
 1  2.0434 -0.0764 -0.0421 
 2 -0.0764  1.3403  0.0045 
 3 -0.0421  0.0045  1.3346 
 YYYYYYYYYYYYYYYYYYYYYYYYYYYYYY 

  

#2/05' for a fully asymmetric model of the diffusion tensor is 73.9, larger than that for the axially 

symmetric model, thus justifying the use of the latter in the simulated annealing calculations. 

 

#

!"*#+%,-'#./012342#

To derive the components of the rotational diffusion tensor for HIV-1 protease we used the 

experimental data recorded at a spectrometer frequency of 600 MHz from Tjandra et al. (Tjandra, N.; 

Wingfield, P.; Stahl, S.; Bax, A. 6*' +,-7-.*' !89 '((5, :, 273-284).  Because HIV-1 protease is a 

homodimer of identical subunits, only a single set of 91 and 92 data are observed for the dimer. These 

comprised 78 pairs of 91 and 92 data; eliminating data for all residues with low 1H-`15Na heteronuclear 

NOE values, suspected conformational exchange, chemical shift overlap in the spectrum, and weak 

cross-peak intensities, left 64 pairs of 91 and 92 data points for analysis (Tjandra et al.). 
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To mimic a real situation where the true subunit arrangement is unknown, we made use of the 

coordinates of only one subunit to process the relaxation data and obtain the rotational diffusion tensor. 

In the 2NPH crystal structure, the coordinates of the two subunits are not identical. The fitting results 

for the two subunits, however, are virtually identical with a difference in !2 of less than 2C. Since the 

first subunit gave fits with the lower !2, we used the diffusion tensor calculated from these coordinates. 

 

Both axially symmetric and fully anisotropic models of the rotational diffusion tensor were tested and 

yielded !2 values of 1.45 and 1.34, respectively. The difference is not statistically significant as judged 

by the F-test, and therefore does not justify the use of the fully anisotropic model. Thus, for the docking 

calculations, we used the diffusion tensor for the axially symmetric model. 

 

Using an axially symmetric model for the diffusion tensor we obtain: 

Dx F 1.37     Dy F 1.37     Dz F 1.92 

"c F 10.71 ns; A F 1.40; # F 0; !2/Df F1.45; Df F 60 

The components of the diffusion tensor in the molecular frame of the first subunit of the 2NPH crystal 

structure that were used as target parameters for simulated annealing refinement are: 
 PPPPPPPPPPPPPPPPPPPPPPPPPPPPPP 
  x y z 
 PPPPPPPPPPPPPPPPPPPPPPPPPPPPPP 
 x 1.4467 0.0616  0.1744 
 y 0.0616 1.4269  0.1487 
 z 0.1744 0.1487  1.7955 
 PPPPPPPPPPPPPPPPPPPPPPPPPPPPPP 

 

2.4 The EIN-HPr complex 

The experimental 15N relaxation data were recorded as described in the Experimental Methods section 

of the main paper. The diffusion tensor which was extracted from experimental data for both 

components  of the complex using an axially symmetric model for the diffusion tensor, is as follows: 

Dx F 0.87     Dy F 0.87     Dz F 1.19 

    "c F 17.02 ns; A F 1.36; # F 0; !2/Df F32.7; Df F 132 
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The components of the diffusion tensor in the molecular frame of the reference structure that were used 

as target parameters for the simulated annealing docking calculations are: 
999999999999999999999999999999 

  ! # $ 
 999999999999999999999999999999 
 !   1.<21> -<.<797  <.1344 
 # -<.<797  <.91C2 -<.<73< 
 $  <.1344 -<.<73<  <.99C1 
 999999999999999999999999999999 
  
[Note the reference structure was generated by fitting the H-ray coordinates of free EJN (1LMM) and 

PPr (1PRP) onto the NMR coordinates of the EJN-PPr complex (3ELU).] The small improvement in 

!2/%&  (2C.3) for a fully asymmetric model of the diffusion tensor is not statistically significant as judged 

by the F-test (Snedecor, [. \.; ^ochran, \. [. ()*)i,)i-*. /e)123,; Cth ed.; Jowa State _niversity 

Press: Umes, 19C9). The expected ratio of the normalized!!2 values for the axially symmetric to fully 

asymmetric models at the 5% confidence level is 1.34 compared to an observed value of only 1.15. 

 

 3. Validation of the refined EIN structure with SAXS data. 
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"#$%&'!()*!Results of several runs of EJN refinement with different values of !"#$$
%&&using a value of > for the diffusion 

tensor scale factor ,3i&&  The results are very similar to those shown in `ig. 1 of the main text obtained with a value of 
,3i&& a 1. (U) Total Hplor-NJP energies, averaged over the ten lowest energy structures (errors bars, 1 s.d). (B) !2-fit of 
the calculated structures to the SUHS data. The structures used for fitting the SUHS data are the restrained regularized 
averages over the ten lowest energy structures calculated at each value of !"#$$

%&& . 
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"#$%&'!S2*!$%&'()*s%,!%-!./'.)*&.,0(1!2).d!d%0s4!(,d!5(1561(0.d!2716.!1*,.s4!"89"!')%-*1.s!%70(*,.d!w*0;!0;.!
')%<)(&!$=>"?@A!!

 

Table S3. Best-fit parameters for various EIN structures obtained with CRYSOL version 2.5 (Svergun, D.; 
Barberato, C.; Koch, M. H. J. Appl. Crystallogr. 1995, 28, 768-773). 

 
_____________________________________________________________________________________ 
Structure contrast of the average displaced radius of gyration total displaced !

2!
! ;Bd)(0*%,!s;.11! s%1C.,0!)(d*6s! !!./'.)*&.,0(1!D! s%1C.,0!C%16&.!
! !!!!!!(e/Å3)       (Å)    theoretical        (Å3) 
           (Å)  
_____________________________________________________________________________________ 
NMR (1EZA)a 0.013 1.80 20.90 / 21.62 33714 2.03 
X-ray (1ZYM) 0.022 1.68 20.93 / 21.48 35579 1.38 
refinement without 
  diffusion tensorb 0.018 1.78 20.92 / 21.47 33714 1.58 
refinement with 
   diffusion tensorb 0.015 1.76 20.92 / 21.45 33543 1.37 
_____________________________________________________________________________________  
aResidues 250-259 of 1EZA were deleted since the present construct consisted of residues 1-249 of enzyme I. 
bRestrained regularized average structure derived from the 10 lowest energy structures. 
 
 
 

Original NMR structure (1EZA) X-ray structure (1ZYM)

NMR structure
refined without
 

Scattering vector (1/Å) Scattering vector (1/Å)

rotational diffusion tensor

NMR structure
refined with
 rotational diffusion tensor

χ2 = 2.03 χ2 = 1.38

χ2 = 1.58 χ2 = 1.37
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4. Dependence of various parameters on !"#$$

%&& in the docking calculations. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

"igure S3. Dependence of (A) the average 5plor-NIH energy and (<) the averaged C! atomic rms difference to the 
reference structure on !"#$$

%&&  for the HIB-1 protease docDing calculations starting from the NMR and 5-ray subunit 
coordinates. The values are averaged over the ten lowest energy structures (error bars, 1 s.d.). The blacD symbols 
correspond to the structures obtained using a grid search for Tdiff

app L the red symbols are the results obtained with 
automated optimization of !"#$$

%&& . 
  

A

B

Tdiff  [ K ]
app


