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Globule  Simulation Results
Globule Fit: ln(R

0
)=1.17, ν=0.31

EV   Simulation Results
EV Fit (N≥50): ln(R

0
)=0.89, ν=0.62
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Tyr: p-Cresol

-6.1 kcal/molMet: Ethyl Methyl Thioether
-1.4 kcal/mol

Phe: Toluene
-0.8 kcal/mol

Peptide Units: trans-N-MethylacetamideN -
-10.1 kcal/mol
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χd = 0.5 and τ d = 0.1  

A B

!

0EKC78( I5IQ"%J8( :9FFE?K( R7A:( @J8( HA<G8?@( 9DD8HHE;<8( GA<C:8( R79D@EA?( (@A( @J8(

HA<G9@EA?( H@9@8( !" 0," R.,'*" #4" %&'" ,.m@'" 8&3+8'!

$

'#

$

'0
$

'

$

'0 $ # "+$" $&3;," .*3,9" ;+%&"

83(('8%+3,$" +,%(31)8'1" 5:" %&'" ,.%)(.*" 53),1$" 37" $

'# "G$''" %'?%H!" 0," R.,'*" L4" %&'"

9','(.*+B'14"$+923+1.*" +,%'(/3*.%+3," +$"$&3;,!"#%"D1nE!DJ".,1")1nE!J4" %&'"8)(@'" +$"@'(:"

$+2+*.("%3"%&'"*+,'.("8.$'")$+,9"%&'"$.2'"53),1$!"A&+7%+,9")1"%3"E!M".,1"E!`4"('$/'8%+@'*:4"

$&+7%$"%&'"2+16/3+,%"37"%&'"%(.,$+%+3,".883(1+,9*:"5)%" *'.@'$"%&'"3@'(.**"8)(@.%)('"*.(9'*:"

),.77'8%'1!"-3,@'($'*:4"@.*)'$"37")1nE!J".,1"D1nE!M"+,8('.$'"8)(@.%)('".,1":+'*1"."23('"

$%'/6*+N'"%(.,$+%+3,!"A''"^<).%+3,"W6Y"73("1'%.+*$!"

S3("%&'"7),8%+3,.*"73(2"+,"^<).%+3,"W6Y4"*+,'.("+,%'(/3*.%+3,"+$"('83@'('1"+,"

%&'" *+2+%"37"D1"!""4";&+8&" +$" %()'" +(('$/'8%+@'"37" %&'"@.*)'" 73(")1!"-3,@'($'*:4"."

$%'/"7),8%+3,".%"/3$+%+3,")1" ('*.%+@'" %3" ".,1" "" +$"35%.+,'1" +," %&'" *+2+%"D<=BC

$

'# <=1>

$

'# 1"

!" E!" b,'" 2+9&%" ',83),%'(" (.('" 8.$'$" ;&'('" $

'# "7.**$" 5'*3;" "3(" '?8''1$"

!" 0,"$)8&"8.$'$4"%&'"$3*@.%+3,"$%.%'" +$"$'%"%3"5'"B'(3"3("),+%:4"('$/'8%+@'*:!"

R.,'*" L" 37" S+9)('" W!W" $&3;$" &3;" D

<=BC

$

'#

<=1>

$

'#

1" .,1" )1" 83,%(3*" %&'" @.(+.%+3," 37" $

'0 ".$" ."

7),8%+3,"37" !"$

'#

! %%#



P&'"8&3+8'"37"/.(%+8)*.("@.*)'$" 73("D1".,1")1"1'7+,'$" %&'" ('$/3,$'"37" %&'"

$:$%'2" %3" ." /&:$+8.*" /'(%)(5.%+3," +,";&+8&";.%'("23*'8)*'$" '+%&'(" ',%'(" 3(" '?+%"

%&'" &:1(.%+3," ',@+(3,2',%" 37" ." $3*@.%'1" $+%'!" O,73(%),.%'*:4" %&'('" .('" ,3"

'?/'(+2',%.*"1.%."%3"&'*/")$"2.N'"%&'"(+9&%"8&3+8'$"73("D1".,1")14"('$/'8%+@'*:!"0,"

%&'".5$',8'"37" $)8&"9)+1.,8'4" +%" $''2$"$.7'" %3" .$$)2'" %&.%" %&'" *+,'.(" *+2+%" +$"

/&:$+8.**:" ('.$3,.5*'" 5.$'1" 3," %&'" 832/.(.5*'" *+,'.(+%:" 73),1" 73(" %&'" 5+,1+,9"

',%&.*/:"37"$3*)%'6;.%'("8*)$%'($".$"."7),8%+3,"37"%&'",)25'("37";.%'("23*'8)*'$"

+," %&'" 8*)$%'($!YW" #11+%+3,.**:4" &:1(.%+3," ,)25'($" .('" N,3;," %3" 5'" *+,'.(*:"

83(('*.%'1";+%&"%&'"2.9,+%)1'"37"%&'"$3*@',%"+,%'(7.8'!))!

:<779)D%'4%(=#%1>5,"

R3*:/'/%+1'" 8&.+,$" .('" 1'832/3$'1" +,%3" $3*@.%+3," 9(3)/$" ;&+8&" .('"

.,.*39$"37"231'*"832/3),1$"G$''"S+9)('"W!M".,1"P.5*'"W!.H!"A+2+*.("%3"^^SM"5)%"

),*+N'"XL".,1"RL"231'*$4"%&'"/3*.(".,1",3,6/3*.("/.(%$"37"%&'"%(.,$7'("/(38'$$"

.('" %('.%'1" $+2)*%.,'3)$*:" )$+,9" ('7'(',8'" 7(''" ','(9+'$" 37" $3*@.%+3," 73(" %&'"

$3*@.%+3,"9(3)/$!"-32/.('1"%3"^^SM4";'")$'"."1+77'(',%";.:"%3"2'.$)('"$3*@',%"

.88'$$+5+*+%+'$";&+8&" .('" 7'1" +,%3" ." 9','(.*+B'14" $%('%8&'1" $+923+1.*" 7),8%+3," %3"

832/)%'" $3*@.%+3," $%.%'$!" S+,.**:4" ;'" 8&33$'" 231'*" 832/3),1$" .$" $3*@.%+3,"

9(3)/$4" ;&+8&" .**3;$" )$" %3" )$'" '?/'(+2',%.*" 1.%." 73(" %&'+(" 7(''" ','(9+'$" 37"

$3*@.%+3,"1+('8%*:!"

#**" 83,%+,))2" 231'*$" 37" $3*@.%+3," &.@'" %3" /(3@+1'" ." <).,%+%.%+@'"

1'$8(+/%+3,"37"/.(%+.**:"$3*@.%'1"$%.%'$!"S3("'?.2/*'4"+,"53%&"XL".,1"RL"231'*$4"

%&'" 1'7+,+%+3," 37" %&'" 1+'*'8%(+8" 53),1.(:" ;+**" +,7*)',8'" %&'" '$%+2.%'" 37" 8&.(9+,9"

! %%$



7(''" ','(9+'$!" 0," RL4" %&+$" '$%+2.%'" ;+**" 5'" /.(%+8)*.(*:" $',$+%+@'" %3" %&'" $)(7.8'"

1'$8(+/%+3,"37"%&'"1+'*'8%(+8"53),1.(:"+,"('9+3,$";+%&"&+9&"8)(@.%)('4YJ6Y\";&'('.$"

+,"XL" %&+$" $',$+%+@+%:" +$"2.,+7'$%" +," %&'"231'*" 8&3$'," %3" 8.*8)*.%'" %&'"'77'8%+@'"

L3(,"(.1++!MW4DJ4Y_6JD"

,,,"-"E"%@)#9(7#$(%'4%:(#)!8%9$6%1!3A#)3!&#%,$(#)98(!'$3%

I'"'2/*3:"%&'"83223,*:")$'1"c',,.(16e3,'$"MDZK6/3%',%+.*"%3"1'$8(+5'"

53%&"$%'(+8"('/)*$+3,$".,1"%&'";'.N"1+$/'($+@'".%%(.8%+@'"+,%'(.8%+3,$Q! ! !

!

%' +

)
$* $*

/0 $* $*

$ * $ $* $*

# 1
- -E

+ ,9 : 9 :F F
1 2$ G <= > = >= > = >1 2? @ ? @3 4

55 ! ,(-*.!

0," ^<).%+3," W6J4" -$*" +$" %&'" 1+$%.,8'" 5'%;''," .%32$" $" .,1" *4" G$*" .('" %&'"

/.+(;+$'"1+$/'($+3,"/.(.2'%'($4".,1"%&'"F$*".('"%&'"/.+(;+$'"$+B'"/.(.2'%'($!"1$*!+$"

),+%:" 73(" /.+($" 37" .%32$" $'/.(.%'1" 5:" .%" *'.$%" 3,'" (3%.%.5*'" 53,1" .,1" B'(3"

3%&'(;+$'!"P&'"G$*".,1"F$*".('"35%.+,'1"7(32"%&'"G$$".,1"F$$"%&(3)9&"9'32'%(+8".,1"

.(+%&2'%+8" 8325+,.%+3," ()*'$4" ('$/'8%+@'*:!" P&'" 8&3+8'$" 73(" %&'" G$$" .,1" F$$" .('"

.1./%.%+3,$" 7(32" R.)*+,9" Z" F3/7+,9'(i$" @.*)'$" ;&+8&" ;'('" /.(.2'%'(+B'1" %3"

('/(31)8'"/&:$+8.*"/(3/'(%+'$"37"$2.**"23*'8)*'"8(:$%.*$!JW"P&'"8&3+8'$"73("%&'"F$$"

1+77'(" 83,$+1'(.5*:" 7(32"@.*)'$")$'1" +,"8*.$$+8.*" 73(8'" 7+'*1$!"P&'$'"1+77'(',8'$"

.('"23%+@.%'1"5.$'1"3,"%&'"73**3;+,9"83,$+1'(.%+3,$E!

0,"23$%"8*.$$+8.*" 73(8'" 7+'*1$4"/&:$+8.*"1.%." 73(",'.%" *+<)+1$4"23$%",3%.5*:"

1',$+%+'$".,1"&'.%$"37" @./3(+B.%+3,4".('")$'1" %3" 7+%" ce"/.(.2'%'($" 73(" %&'".%32"

%:/'$" 388)((+,9" +," %&'" $2.**" 23*'8)*'$" 832/(+$+,9" %&'" 8.*+5(.%+3," $'%!JY4JJ" L:"

,'8'$$+%:4"&3;'@'(4"%&'$'"/.(.2'%'($";+**"5'"8361'/',1',%"3,"%&'"$'%"37"/.(%+.*"

! %%"



8&.(9'$"'2/*3:'14";&+8&"+22'1+.%'*:"<)'$%+3,$"%&'+("%(.,$7'(.5+*+%:4"+,"/.(%+8)*.("

%3"."83,%+,))2"$3*@.%+3,"231'*!J4ME"

P&'" %(.,$7'(.5+*+%:" 8.," 5'" <)'$%+3,'1" +," %'(2$" 37" %&'" $+B'" /.(.2'%'($"

$+,8'" %&'" 83,8.%',.%+3," 37" $2.**" 23*'8)*'$" +,%3" /3*:2'($" 9','(.%'$" ,';"

%3($+3,.*"1'9(''$"37"7(''132"73(";&+8&"%&'"(3%.%+3,.*"5.((+'($";+**")$).**:"&.@'"%3"

5'" 83(('8%'1" 5:" .//*:+,9" '*.53(.%'" %3($+3,.*" /3%',%+.*$!" I'" 13" ,3%" &.@'" %3"

'2/*3:" %&'$'" 83(('8%+3," %'(2$" $+,8'" %&'" $+B'" /.(.2'%'($" ;'" '2/*3:" .('"

$)5$%.,%+.**:"$2.**'(" %&.," %&3$'" +,"$%.,1.(1" 73(8'" 7+'*1$!"I'"&.@'"$&3;,"%&.%"."

@.(+.,%"37"3)("ce"/.(.2'%'($"9+@'$".,".88)(.%'".883),%"37" *38.*"$%'(+8"'77'8%$" +,"

/3*:/'/%+1'"8&.+,$!JK"=3('3@'(4"%&'"%(.,$7'(.5+*+%:"8.,"5'"<)'$%+3,'1"+,"%'(2$"37"

%&'" +,%'(.8%+3,$" $%(',9%&$" 5'8.)$'" %&'" &:1(3/&35+8+%:" ;+%&" ('$/'8%" %3" ." 9+@',"

;.%'("231'*";+**",3%"&.@'"5'',"8.*+5(.%'1"/(3/'(*:!"P&'".//(3/(+.%'"%'$%" 73(" %&'"

*.%%'(" +$" %3" 832/)%.%+3,.**:"1'%'(2+,'" %&'" %(.,$7'(" 7(''"','(9+'$" 73(" %&'$'" $2.**"

23*'8)*'$"7(32"@.8))2"+,%3";.%'(!"A)8&"$%)1+'$J\6KE"&.@'")$).**:"('@'.*'1"$32'"

$:$%'2.%+8" 7*.;$" +," %&'" %(.1+%+3,.*" 73(8'" 7+'*1$" .,1" &.@'" /(+2.(+*:" 5''," )$'1" %3"

+2/(3@'" %&'" 8&.(9'" $'%$" '2/*3:'1!KM4KD" 0,%'('$%+,9*:4" +%" &.$" 5''," ,3%'1" %&.%" +%"

2+9&%" 5'" +2/3$$+5*'" %3" ),+7:" 53%&" $'%$" 37" 8.*+5(.%+3," 1.%.4% !"#"4" 53%&" ,'.%" *+<)+1"

1.%." .$" ;'**" .$" %(.,$7'(" 7(''" ','(9+'$4" ;+%&" ." $+,9*'" $'%" 37" 7+?'168&.(9'"

/.(.2'%'($!JY4J`4KE4KD"F3;'@'(4" %&'" $%'(+8" .,1"1+$/'($+@'" /.(.2'%'($" .('" )$).**:"

'?8*)1'1" 7(32" %&'$'" +2/(3@'2',%$!" F',8'4" ;'" )$'" ce" /.(.2'%'($" ;&+8&" .('"

8&'2+8.**:".88)(.%'"(.%&'("%&.,"%&'"('$)*%"37"."7+%%+,9"/(38'1)('"%&.%"('<)+('$")$"%3"

('*:"3,"%&'".$$)2/%+3,"37"%(.,$7'(.5+*+%:!"P&':".('"$)22.(+B'1"+,"P.5*'"W!5Q"

! %'&



#@A:(%OF8( &Q9:F<8( F##(E?(U( G##(E?(MD9<S:A<( +9<8?DO(

#*+/&.%+8"3(".(32.%+8"V"G$/DH" #2+1'"V" D!\E" E!MJE" W"

#*+/&.%+8"V"G$/WH" #2+,'"V" D!\E" E!MJE" Y"

V3,6/(3%3,.%'14".(32.%+8"V"

G$/DH"
02+1.B3*'"V" W!DE" E!MJE" D"

R(3*+,'"V"G$/DH" R(3*+,'"V" D!\E" E!MJE" W"

b"G$/H" -.(53,:*"b" D!\E" E!DEE" M"

b"G$/DH" #*83&3*"b" W!EE" E!MJE" D"

#*+/&.%+8"-"G$/WH" ='%&:*"-" W!WE" E!MEE" Y"

#(32.%+8"3(".*+/&.%+8"-"G$/DH" R&',:*"-" W!EE" E!MEE" W"

V3,6/3*.("F" ='%&:*"F" D!EE" E!EDJ" M"

R3*.("F" #*83&3*"F" D!EE" E!EDJ" M"

V.h A31+)2"03," W!WW" E!EEW" E"

-*6 -&*3(+1'"03," Y!YD" E!MM_" E"

%9;<8(I5;Q"1C::97O(AR(,8??97BLVA?8H(F979:8@87H!"P&'$'"/.(.2'%'($";'('")$'1"73("

23$%" 37" %&'" ('$)*%$" /('$',%'1" +," %&+$" .,1" $)5$'<)',%" 8&./%'($!" P&'" 7+($%" 83*)2," *+$%$"

.%32" %:/'$";+%&"&:5(+1+B.%+3,"$%.%'$4" %&'"$'83,1"83*)2,"/(3@+1'$"."8&'2+8.*"'?.2/*'"

73("'@'(:".%32"%:/'4"%&'"%&+(1".,1"73)(%&"83*)2,$"*+$%"%&'".8%).*"ce"/.(.2'%'($"F!!".,1"G!!4"

.,1" %&'" 7+7%&" 83*)2,"9+@'$" %&'" @.*',8:" 37" '.8&".%32" %:/'!" 03," /.(.2'%'($" .('" *33$'*:"

5.$'1"3,"%&'"o<@+$%"/.(.2'%'($"+,"%&'"bRcA6##"73(8'"7+'*1!(

,,,"-"F"%@)#9(7#$(%'4%G';9)%,$(#)98(!'$3%

R3*.(" +,%'(.8%+3,$" .('" %:/+8.**:" @+';'1" .$" %&'" /(+2.(:" 1'%'(2+,.,%" 37"

$/'8+7+8+%:"+,"5+323*'8)*.("+,%'(.8%+3,$!"0,".*23$%".**"8*.$$+8.*"73(8'"7+'*1$"+,%',1'1"

! %'%



%3";3(N";+%&"'?/*+8+%";.%'("231'*$"%&':".('"%('.%'1"5:".//*:+,9"-3)*325i$"*.;"%3"

%&'"+,%'(.8%+3,$"37"."$'%"37"8.('7)**:"1'%'(2+,'14"7+?'1"/3+,%"8&.(9'$!"

:=')(?)9$2#%#;#8()'3(9(!83%!$%(=#%A'!$(?8=9)2#%9AA)'H!79(!'$"

#"2.T3(+%:"37" 7),8%+3,.*"9(3)/$" +,"/3*:/'/%+1'$".('"/3*.(".,1",'%6,')%(.*!"

>+/3*'" 232',%$" 37" %&'$'" 7),8%+3,.*" 9(3)/$" .('" 231'*'1" )$+,9" /3+,%" 8&.(9'$!"

P&'('73('4"."2.T3(+%:"37"'*'8%(3$%.%+8"+,%'(.8%+3,$"+,@3*@'"9(3)/$"37"/3+,%"8&.(9'$"

%&.%" .('" ,'%6,')%(.*4" .,1" +,%'(.8%+3,$" $&3)*1" 3,*:" 5'" '@.*).%'1" 5'%;''," %&3$'"

8&.(9'"9(3)/$!"a+3*.%+3,"37"%&+$"()*'"*'.1$"%3"%&'"832/)%.%+3,"37"$/)(+3)$"8&.(9'6

1+/3*'" .,1" 8&.(9'68&.(9'" +,%'(.8%+3,$" .*%&3)9&" %&'" 8&.(9'$" ;+**" 5'" 7(.8%+3,.*!"

P&+$" +$$)'" .(+$'$" 73(" .%32$" ;&+8&" .('" 8*3$'" 1)'" %3" 8&.+," 83,,'8%+@+%:" $+,8'"

53,1'1" +,%'(.8%+3,$" G$'/.(.%'1" 5:" 3,'" GM6DH" 3(" %;3" 53,1$" GM6WHH" .('" '?8*)1'1"

7(32" %&'" ,3,653,1'1"','(9:" 8.*8)*.%+3,!"-*.$$+8.*" 73(8'" 7+'*1" 1'@'*3/2',%" &.$"

.11('$$'1"%&+$"/(35*'2"%&(3)9&"%&'")$'"37"%3($+3,.*"/3%',%+.*$".$";'**".$"96%='8"

7.8%3($"%3"$8.*'"+,%'(.8%+3,$"5'%;'',".%32$"$'/.(.%'1"5:"%&(''"53,1$"GM6YH!"

#" ('8',%" $%)1:"&.$" $&3;," %&.%" %&'"2.,+/)*.%+3,"37" %&'$'"96%='8" 7.8%3($"

8.,"+2/.8%"%&'"/('1+8%+3,$"2.1'"5:"73(8'"7+'*1$"'@',"+,"$+2)*.%+3,$")$+,9"'?/*+8+%"

$3*@',%!_" 0,"2.,:" +2/*+8+%" $3*@',%"8.*8)*.%+3,$4"&3;'@'(4" %&'"/('$',8'"37"2.,:6

531:" %'(2$" ;+**" 3@'('2/&.$+B'" %&'" '77'8%$" 37" +**6('/('$',%'1" $&3(%6(.,9'"

+,%'(.8%+3,$!"P3"8+(8)2@',%"%&+$"/(35*'24";'"('673(2)*.%'"%&'"'*'8%(3$%.%+8"231'*!"

I'"3,*:"+,8*)1'"+,%'(.8%+3,$"5'%;'',",'%6,')%(.*"9(3)/$"37"/3+,%"8&.(9'$4"),*'$$"

%&'"7),8%+3,.*"9(3)/"&.$".",'%"8&.(9'!"P&'$'"9(3)/$";+**"83**'8%+@'*:"5'"('7'(('1"

%3".$"8&.(9'"9(3)/$!"-3,$'<)',%*:4"%&'"'*'8%(3$%.%+8"+,%'(.8%+3,$".('";(+%%',".$Q" "

! %''



!
F; F;

72

% % % % 0)

*$
&% & % $ *

' +
$* '+

$ ' * $ + '+

2 2
" 1

-$ $ $ % $

$
;G55 5 5 3 ! ,(-+.!

0,"^<).%+3,"W6K4"%F;"+$"%&'",)25'("37"8&.(9'"9(3)/$"+,"%&'"$:$%'24"&$4*5"+$"

%&'" ,)25'(" 37" /3+,%" 8&.(9'$" +," 8&.(9'" 9(3)/" $I*J4" .,1" %&'" !.,1" !.('" %&'"

8&.(9'$" 3," %&'" '

$

'2
*

+2

%&" .,1" +%&" .%32" +," 8&.(9'" 9(3)/$" $" .,1" *4" ('$/'8%+@'*:!" -'+" +$"

1+$%.,8'" 5'%;''," .%32$" '%.,1" +%.,1" 3'+" 1',3%'$" %&'" ,'%" $8('',+,9" 7.8%3(" G$''"

5'*3;H!"G&"+$"%&'"@.8))2"/'(2+%%+@+%:4".,1"1$*"+$"."7.8%3(";&+8&".$$)2'$"."@.*)'"37"

B'(3"+7"8&.(9'"9(3)/$"$".,1"*"/3$$'$$".,:"/.+("37".%32$"'".,1"+"%&.%".('"GM6DH6"3("

GM6WH653,1'1" %3" 3,'" .,3%&'(!" b%&'(;+$'4" 1$*" .$$)2'$" ." @.*)'" 37" ),+%:!" P&'"

7),8%+3,.*" 73(2" +2/*+'$" %&.%" %&'('" 8.," ,'@'(" 5'" .,:" /3*.(" +,%'(.8%+3,$";+%&+," ."

8&.(9'" 9(3)/!" #11+%+3,.**:4" +,%'(.8%+,9" 8&.(9'" 9(3)/$" 8.,,3%" &.@'" .,:" /.+(" 37"

.%32$"$'/.(.%'1"5:" *'$$" %&.,"."$+,9*'"(3%.%.5*'"53,1!"P&+$"231+7+8.%+3,"&.$",3"

2.T3("83,$'<)',8'$"3," %&'"2.T3(+%:"37" %&'"/3*.(" +,%'(.8%+3,$"5'8.)$'" %&':".('"

*.(9'*:",3,6*38.*!"

S3(" ." 9+@'," /3*:/'/%+1'4" %&'" ,)25'(" .,1" 832/3$+%+3," 37" %&'" 8&.(9'"

9(3)/$";+**" 1'/',1"3," %&'"8&.(9'"$'%4" !"#"4" %&'"23*'8)*.("2'8&.,+8$" 73(8'" 7+'*1"

7(32";&+8&";'"35%.+,"%&'"8&.(9'$!"b)("231'*"+$"5'$%6$)+%'1"73("8&.(9'"$'%$"$)8&"

.$" bRcA6##JJ" 3(" X[b=bAJY" +," ;&+8&" 8&.(9'" 9(3)/$" .('" %:/+8.**:" $2.**" .,1"

*38.*+B'1!" -3,@'($'*:4" 8&.(9'" $'%$" $)8&" .$" #=L^[KW" 3(" -F#[==KY" ;+%&"

$+9,+7+8.,%"/('6/3*.(+B.%+3,"+,"%&'"7+?'1"8&.(9'$"$''2"*'$$";'**6$)+%'1!"P&+$"+$"1)'"

%3" %&'+(" *.(9'" 8&.(9'" 9(3)/$4";&+8&";3)*1" ('$)*%" +," %&'" 832/*'%'" '*+2+,.%+3," 37"

*38.*"/3*.("+,%'(.8%+3,$!"I'";+**"/('$',%"('$)*%$"7(32"%'$%$"3,"1+77'(',%"8&.(9'"$'%$!"

#$" ;.$" ,3%'1" /('@+3)$*:4" 8&.(9'" $'%$" +," 8*.$$+8.*" 73(8'" 7+'*1$" .('" 836

! %'(



/.(.2'%'(+B'1" .*3,9";+%&" ce" .,1" 3%&'(" /.(.2'%'($4" .*%&3)9&" %&'" '?%',%" 37" 836

/.(.2'%'(+B.%+3," 1'/',1$" 3," %&'" $/'8+7+8" /.(.1+92" .13/%'1" 5:" ." 73(8'" 7+'*1!"

-3,$'<)',%*:4" +%" 2+9&%" $''2" 83),%'(+,%)+%+@'" %3" %('.%" %&'" ce" .,1" 8&.(9'"

/.(.2'%'($" .$" 231)*.(" ',%+%+'$!" I'" 5'*+'@'" %&.%" (+93(3)$" 8361'/',1',8'" 37"

/.(.2'%'($" +$" @.*+1" 3,*:" +," %&'" *+2+%" 37" ,'.%" *+<)+1$" 3(" 1+*)%'" 5+,.(:"2+?%)('$" 37"

$2.**" 23*'8)*'$" +," .<)'3)$" $3*)%+3,!" L':3,1" %&+$" ('9+2'4" ,)2'(3)$"

.//(3?+2.%+3,$" .,1" .$$)2/%+3,$" .('" ('<)+('1" %3" %(.,$7'(" 231'*" 832/3),1"

/.(.2'%'($"73(")$'"+,"$+2)*.%+3,$"37"/3*:/'/%+1'$!"#11+%+3,.**:4"%&'")$'"37"$+2+*.("

/.(.2'%'("$'%$" 73("$+2)*.%+3,$";+%&"'?/*+8+%"@'($)$" +2/*+8+%"$3*@.%+3,"231'*$"&.$"

5'',"<)'$%+3,'1"+,"9','(.*!J4ME"P&'('73('4";'"$''",3"9%A)!')!"('.$3,"%3"2.+,%.+,"

$%(+8%" .1&'(',8'" %3" %&'" 83)/*+,9" /.(.1+92" .13/%'1" 5:" ." $/'8+7+8" 73(8'" 7+'*1!"

0,$%'.14" ;'" 83,@'(9'1" 3," %&'" 231)*.(" .//(3.8&" 37" )$+,9" R.)*+,96$%:*'" ce"

/.(.2'%'($".,1".**3;+,9" 7*'?+5+*+%:" +," %&'"8&3+8'"37"8&.(9'"$'%$!"S3(" %&'";3(N" +,"

%&+$" .,1" %&'" 73**3;+,9" 8&./%'($" ;'" /(+2.(+*:" )$'" %&'" bRcA6##ZcKJ" 8&.(9'" $'%"

5'8.)$'"+%"7+%$";'**";+%&"3)(".//(3.8&"73("231'*+,9"'*'8%(3$%.%+8"+,%'(.8%+3,$"G$''"

^<).%+3,$"W6K".,1"W6`H!""

:';&#$(?7'6<;9(!'$%'4%C'<;'7K!8%!$(#)98(!'$3" "

P&'" ('2.+,+,9" 832/3,',%" 37" %&'" 231'*" +$" %&'" $8('',+,9" 37" -3)*325+8"

+,%'(.8%+3,$"5:"%&'"83,%+,))2"1+'*'8%(+8!" 0,"RLZXL"231'*$4"$8('','1"-3)*325+8"

+,%'(.8%+3,$".('" 83)/*'1" %3" %&'"/3*.(" 832/3,',%" 37" %&'" %(.,$7'("/(38'$$!" 0," %&'"

XL" 73(2.*+$24MW" %&'"/3*.("83,%(+5)%+3," %3" %&'"$3*@.%+3," 7(''"','(9:" +$";(+%%',".$"

73**3;$Q!

! %')



!

D02

%? ;

&@*
'

'

;G

% %
%

'

7>D
)

& &
$ *

$ * $

$*

$* $ *

$ *

2 2
(

1

-
1 -

$ $

9 :
$ < . <= >G? @

+ ,9 :<
$ %" "1 2= >= >" "1 2? @3 4

55
G

! ,(-#.!

F'('4" G?" +$" %&'" 1+'*'8%(+8" 83,$%.,%" 37" ;.%'(4" 2$4*5" 1',3%'$" %&'" 8&.(9'$" 3,"

.%32$" $I*J4"-$*" +$" %&'"1+$%.,8'"5'%;''," %&'" %;3".%32$4".,1" %&'""$".,1""*".('" %&'"

9','(.*+B'1"L3(,"(.1++"73(".%32$"$".,1"*4"('$/'8%+@'*:!"I&+*'"%&'"$)2"8.,"73(2.**:"

5'" 1'832/3$'14" %&'" $8('',+,9" /(38'$$" .,1" %&'" /3*.(" 832/3,',%" 37" %&'">=S0"

('2.+,"83)/*'1"%&(3)9&"%&'"L3(,"(.1++".$"$&3;,"5'*3;Q!

!
'%

D02

% %? ;G ?

% % %
% %

'

& & &
$ * $

$ * $ $ $

2 2 2
(

1

<

$ $ %

9 : 9 :
$ < < < . <= > = >

G G? @ ? @ "5 5 5 ! ,(-$.!

0,"%&'"8(3$$6%'(2"G7+($%"%'(2"3,"%&'"(+9&%6&.,1"$+1'"37"^<).%+3,"W6_H4"%&'"L3(,"(.1++"

1'6$8('',"/3*.("+,%'(.8%+3,$"5'%;'',"5)(+'1"8&.(9'$"$+,8'"%&3$'";+**"&.@'"*.(9'"

@.*)'$"73("%&'""$!!!

0,"#LA0VPF4";'"&.,1*'" %&'" %(.,$7'("/(38'$$"$'/.(.%'*:!"P&'('73('4"3,*:"

%&'"231)*.%+3,"37" $3*)%'6$3*)%'"/3*.(" +,%'(.8%+3,$",''1$" %3"5'"1'.*%";+%&".%" %&+$"

$%.9'!"0,"#LA0VPF4"%&'"$3*@.%+3,"$%.%'$" $

'0 "('/*.8'"%&'"L3(,"(.1++".$"+,1+8.%3($"37"

&3;"5)(+'1"3("$3*@',%6.88'$$+5*'"%&'"8&.(9'$".('4".,1"%&'"%3%.*"-3)*325"','(9:"

+$";(+%%',".$Q"

! %'*



7 8

F; F;

F; F; F; F;

72

% % % % 0

'

% % % % % % % %0 0

?

% %
)

) )

%
%@&

*$

* *$ $

&% & % $ *
$ * ' +

$* ' +

$ ' * $ + '+

& &% & % % & %$ * $ *
$ + $ *' + ' +

$* $* ' * ' +

$ ' * $ + $ ' * $ +'+ '+

2 2
" 1 6 6

-

2 2 2 2
1 1 6 6

- -

6

$ $ $ % $

$ $ $ % $ $ $ $ % $

+ , + ,$ < 0 < 03 4 3 4 ;G

+ ,$ < 0 % 0 < 03 4;G ;G

9 :
$ <= >= >G? @

55 5 5

5555 5555 0

*

! ,(-".! !

P&'" /(31)8%" 37" %&'" %;3" $<).('" 5(.8N'%$" +," %&'" 7+($%" *+,'" 37" ^<).%+3," W6`" +$" %&'"

$8('',+,9"7.8%3(4"3'+4"73("%&+$"+,%'(.8%+3,"G$''"^<).%+3,"W6KH!"V3%'"%&.%"^<).%+3,"W6

`"83(('$/3,1$"%3"%&'"7+($%"%'(2"+,"^<).%+3,"W6_!"0,"^<).%+3,"W6`4"%&'('"+$",3"%'(2"

83(('$/3,1+,9"%3"%&'"$'83,1"3,'"+,"^<).%+3,"W6_"$+,8'"%&'"/3*.("/.(%"37"%&'">=S0"

+$".,"+,%'9(.*"/.(%"37"%&'"7(''"','(9+'$"37"$3*@.%+3,"G^<).%+3,"W6DH!"

P&'" )$'" 37" $3*@.%+3," $%.%'$" G <$' +0 0 H" +," 53%&" %&'" -3)*325+8" $8('',+,9"

G^<).%+3,"W6`H".,1"%&'">=S0"G^<).%+3,"W6DH";3)*1".**3;")$"%3"83)/*'"%&'$'"%;3"

/(38'$$'$!"F3;'@'(4" $)8&"231'*$" &.@'" 3,*:" %;3" .1T)$%.5*'" /.(.2'%'($!" 0,+%+.*"

%),+,9"+,1+8.%'1"%&.%";&',"%&'"%;3"%'(2$".('"83)/*'1"%&'"7(''"','(9:"37"$3*@.%+3,"

%'(2" 132+,.%'$" .,1" %&'('73('" 83,73(2.%+3,$" %&.%" .('" 2.?+2.**:" $3*@.%'1" .('"

9','(.**:" /('7'(('1" G1.%." ,3%" $&3;,H!" P&'('73('4";'"1'7+,'" ." $'83,1" $%('%8&'1"

$+923+1".,.*393)$"%3"%&'"3,'"+,"^<).%+3,"W6Y"%3"1'%'(2+,'"%&'"$3*@.%+3,"$%.%'$4"

".,1" 4" 73(")$'" +,"^<).%+3,"W6`!"S3(" %&'"$'83,1"7),8%+3,4" %&'"/.(.2'%'($")$

'0
*

+0 A"

.,1"D1".('"('/*.8'1";+%&"1+77'(',%"/.(.2'%'($")3".,1"D34"('$/'8%+@'*:!"07")$n)1".,1"

D$nD14"%&',"%&'"@.*)'$"73(" $

'0 "+,"^<).%+3,$"W6D".,1"W6`".('"+1',%+8.*!"P&'"/&:$+8.*"

('.$3," 73(" )$+,9" +,1'/',1',%" /.(.2'%'($" +$" %&'" 1+77'(',%" ,.%)('" 37" %&'" %;3"

/(38'$$'$"1'$8(+5'1!"I'"8.,,3%".$$)2'"%&.%" %&'" 7(''"','(9:"83,%(+5)%+3," 7(32"

! %'+



%&'" >=S0" ('$/3,1$" %3" 8&.,9+,9" ,)25'($" +," ;.%'(" 23*'8)*'$" +," %&'" &:1(.%+3,"

$&'**" +," %&'" $.2'" ;.:" .$" %&'" 1+'*'8%(+8" ('$/3,$'" ;&+8&" *'.1$" %3" $8('',+,9" 37"

/3*.(" +,%'(.8%+3,$!"P&+$"1'83)/*+,9" +$"$+2+*.(" %3" %&'")$'"37"1+77'(',%" +,%'(7.8'$" +,"

RLZXL" 231'*$" 73(" ,3,6/3*.(" @'($)$" /3*.(" 832/3,',%$4" 5'8.)$'" %&'" 1+'*'8%(+8"

53),1.(:" 13'$" ,3%" ,'8'$$.(+*:" 83+,8+1'" ;+%&" %&'" $)(7.8'" 1'7+,+%+3," )$'1" %3"

1'%'(2+,'"%&'",3,6/3*.("83,%(+5)%+3,"%3"%&'"$3*@.%+3,"','(9:!""

P3" $)22.(+B'" %&'" 73('93+,9" 1+$8)$$+3,4" %&'" 8',%(.*" 1+77'(',8'" 5'%;'',"

%&'"#LA0VPF"Z"^^SM"/.(.1+92".,1"%&'"RLZXL"/.(.1+92"*+'$"+,"%&'"%('.%2',%"37"

%&'" $3*@.%+3,"/(38'$$!" 0," %&'" 73(2'(4" %&'">=S0" 832/(+$+,9" 53%&"/3*.(" .,1",3,6

/3*.(" 83,%(+5)%+3,$" +$" 83,$+1'('1" f+," 3,'" $&3%g" 5)%" %&'" $8('',+,9" 37" /3*.("

+,%'(.8%+3,$" 5:" %&'" 83,%+,))2" 1+'*'8%(+8" &.$" %3" 5'" 83,$+1'('1" $'/.(.%'*:!"

-3,@'($'*:4" +," RLZXL" 231'*$4" %&'" /3*.(" /.(%" 37" %&'" >=S0" .,1" %&'" 1+'*'8%(+8"

$8('',+,9" .('" 83)/*'1" .,1" 8./%)('1" f+," 3,'" $&3%g!" F'('4" %&'" ,3,6/3*.("

83,%(+5)%+3,$"%3"%&'"$3*@.%+3,"/(38'$$"&.@'"%3"5'"83,$+1'('1"+,1'/',1',%*:!"

,,,"-"L"%>!38#;;9$#'<3%

M3!$2%3A#8!4!8%(')3!'$9;%A'(#$(!9;3%('%)#3()9!$%A3#<6'?)!2!6%K'$63%

L:"32+%%+,9"%3($+3,.*"/3%',%+.*$4";'"/('$8(+5'"%&.%"%&'"2.T3(+%:"37"(3%.%+3,.*"

5.((+'($" 8.," 5'" 8./%)('1" 5:" '?8*)1'1" @3*)2'" +,%'(.8%+3,$!"F3;'@'(4" %&'('" .('"

8'(%.+,"8.$'$";&'('"'*'8%(3,+8"'77'8%$" *'.1" %3"$%(3,9"(3%.%+3,.*"5.((+'($4".,1";'"

&.,1*'" %&'$'" $'/.(.%'*:!" P&'" .2+1'" 53,1$" .*3,9" %&'" /'/%+1'" 5.8N53,'" .('"

<).$+6(+9+14".,1";'"'2/*3:"%3($+3,.*"/3%',%+.*$"%.N',"1+('8%*:"7(32"%&'"bRcA6##"

73(8'" 7+'*1JJ" %3" N''/" %&'" /'/%+1'" 1+&'1(.*" G(H" /('132+,.,%*:" +," %&'" ()9$36

! %'#



83,7+9)(.%+3,!"0%"&.$"5'',".(9)'1"%&.%"3$8+**.%+3,$"37"%&'!"(6.,9*'"2'1+.%'"8()8+.*"

83(('*.%+3,$" 5'%;''," %&'" $)((3),1+,9" 1+&'1(.*" .,9*'$]KK" %&+$" $)//3(%$" %&'" @+';"

%&.%" 83,$%(.+,+,9" %&'$'" 1'9(''$" 37" 7(''132" 2+9&%" $)//('$$" 83,73(2.%+3,.*"

7*'?+5+*+%:!" A+2+*.(*:4" ;'" .13/%" %3($+3,.*" /3%',%+.*$" 73(" %&'" (3%.%+3," 37" %&'" /3*.("

&:1(39',"+,"%&'"%:(3$+,'"$+1'8&.+,";&+8&"U".9.+,$%"$%'(+8"/('7'(',8'$"6"7.@3($".,"

+,6/*.,'".((.,9'2',%!""

@=#%()#9(7#$(%'4%!'$!8%2)'<A3"

0,"/(+,8+/*'4"%&'"/.(.1+92"3)%*+,'1"$3"7.("2.:"5'".//*+'1"%3"$3*@.%+3,".,1"

8&.(9'" 9(3)/$" 8.((:+,9" ." ,'%" 8&.(9'" .$" ;'**4" $)8&" .$" 235+*'" 83),%'(+3,$" 3("

8&.(9'1"23+'%+'$"+,"/3*:/'/%+1'$!""P&'"$3*@.%+3,"/(3/'(%+'$"37"+3,+8"9(3)/$"/3$'"

),+<)'" 8&.**',9'$" 73(" .**" 83,%+,))2" '*'8%(3$%.%+8" 231'*$!K\" P&'('" .('" $'@'(.*"

('.$3,$" 73(" %&+$" 5)%" +," 9','(.*" 3,'" 8.," .(9)'" %&.%" 1+/3*.(" .,1" +3,+8" $3*@.%+3,"

1+77'(" 7),1.2',%.**:" 7(32" '.8&" 3%&'(4" .$" +$" '@+1',8'1" 5:" %&'" *.(9'" 531:" 37"

%&'3('%+8.*".,1"'?/'(+2',%.*";3(N"1'1+8.%'1"'?8*)$+@'*:"%3"'*'8%(3*:%'"$3*)%+3,$!K_"

#,"35@+3)$".1@.,%.9'"37"%&'"#LA0VPF"/.(.1+92"+$"%&.%"+,3(9.,+8"+3,$".('"

('/('$',%'1" '?/*+8+%*:!" P&+$" 2'.,$" %&.%" 83(('*.%+3,$" 1)'" %3" 7+,+%'" $+B'" .('"

.11('$$'1".)%32.%+8.**:!"0,"%&+$"$',$'4"%&'"231'*" +$"$+2+*.("%3"'?%',$+3,$"37"RL"

%&'3(:4";&+8&".11"'?/*+8+%*:"('/('$',%'1"83),%'(+3,$!K`"P&'"ce".,1"7(''"','(9:"37"

$3*@.%+3,"/.(.2'%'($")$'1"%3"231'*"%&'$'"+3,$"+,"%&'"5)*N".('"*+$%'1"+,"P.5*'$"W!5"

.,1"W!.!"

A/'8+.*"83,$+1'(.%+3," +$"('<)+('1"73(" %('.%+,9" +3,+8"9(3)/$"%&.%".('"/.(%"37"

%&'" /3*:/'/%+1'" 8&.+,!" S(''" ','(9+'$" 37" $3*@.%+3," 73(" 23,3@.*',%4" 3(9.,+8" 3("

! %'$



+,3(9.,+8" +3,$" %:/+8.**:" (.,9'" 7(32" 6JE" %3" 6MEEN8.*Z23*YD4\E" .,1".('".,"3(1'(" 37"

2.9,+%)1'" *.(9'(" %&.," %&'" @.*)'$" 73(" ,')%(.*4" $2.**" 23*'8)*'$!" V3,'%&'*'$$4"

1'$3*@.%+3," 37" 8&.(9'1" 23+'%+'$" +," /3*:/'/%+1'$" 2+9&%" 5'" 7.@3(.5*'" 1)'" %3"

'*'8%(3$%.%+8"+,%'(.8%+3,$"37"'<)+@.*',%"$%(',9%&4"$)8&".$"$.*%"5(+19'$!">)'"%3"%&'"

*.(9'"2.9,+%)1'"37" %&'"','(9+'$4" %&'"5.*.,8'"5'%;'',"%&'$'" %;3"'77'8%$" +$"@'(:"

$',$+%+@'"+7"%&'"$.2'"/.(.1+92"G^<).%+3,$"W6D".,1"W6`H"+$")$'1"73("+3,+8"$3*@.%+3,"

.$" +$" 73(" 1+/3*.(" $3*@.%+3,!" 07" %&'" 5.*.,8'" %+/$" 3@'(" %3" %&'" 1'$3*@.%'1" $+1'4" %&'"

$:$%'2"8.,"5'832'"%(.//'1"+,"1''/4"*38.*"2+,+2.]"'+%&'("5'8.)$'"%&'"2'.,67+'*1"

,.%)('"37"%&'"231'*".,1"%&'"7+,+%'"$.2/*+,9"$)//('$$"%&'",'8'$$.(:"7*)8%).%+3,$"

%3" '$8./'" 7(32" $)8&"2+,+2." 3(" 5'8.)$'" %&':" .('" +," 7.8%" $%.5*'" $%.%'$" 73(" %&'"

/.(%+8)*.("F.2+*%3,+.,!">)'"%3"('8)((+,9"/(35*'2$";+%&"1'$3*@.%'1"8&.(9'$"G1.%."

,3%" $&3;,H4" ;'" *3;'('1" %&'" @.*)'$" )$'1" 73(" %&'" 7(''" ','(9+'$" 37" $3*@.%+3," 37"

8&.(9'1" /'/%+1'" 23+'%+'$" $)5$%.,%+.**:" G$''" P.5*'" W!.H" ;&+*'" 2.+,%.+,+,9" .,"

+1',%+8.*"/.(.1+92"G^<).%+3,$"W6D".,1"W6`H"73(".**"$3*@.%+3,"9(3)/$"+,"%&'"$:$%'2!"

P&'" 3,*:" 3%&'(" 231+7+8.%+3," @+$6p6@+$" '*'8%(3$%.%+8" +,%'(.8%+3,$" 5'%;''," ,')%(.*"

23+'%+'$"+$"%&.%";'"+9,3('"8)%377$"73("9(3)/$"8.((:+,9".",'%"8&.(9'"G+,"('7'(',8'"%3"

^<).%+3,"W6KH!!

C'7A<(9(!'$9;%N44!8!#$8D"

P&'" 231'*" +,8*)1+,9" %&'" >=S0" 5)%" '?8*)1+,9" %&'" $8('',+,9" 37" /3*.("

+,%'(.8%+3,$" +$".$"'77+8+',%".$"9.$"/&.$'"8.*8)*.%+3,$")$+,9" %&'"$.2'"),1'(*:+,9"

,3,653,1'1"/3%',%+.*" 7),8%+3,$!"P&+$" +$"/3$$+5*'"5'8.)$'";'"832/)%'"$3*@.%+3,"

$%.%'$" 37" +,1+@+1).*" .%32$" )$+,9" %&'" $.2'" 1+$%.,8'" +,73(2.%+3," ('<)+('1" %3"

! %'"



832/)%'" $&3(%6(.,9'4" ,3,653,1'1" +,%'(.8%+3,$" 9+@'," 8'(%.+," $+2/*+7:+,9"

.$$)2/%+3,$!"P&'$'".$$)2/%+3,$".('".$"73**3;$Q"

MH"I'"%('.%".**".%32$".$"$/&'('$";+%&".";'**61'7+,'1"(.1+)$!"

DH"A/&'(+8.*"',@'*3/'$"37"83@.*',%*:"53),1".%32$";+**"3@'(*./".,1"&',8'";'")$'"

."/('6832/)%'14"/.+(;+$'"83(('8%+3,"%'(2"%3"('1)8'"%&'"@3*)2'"37"$)8&".%32$"

5:"$)5%(.8%+3,!"

WH"I'" )$'" *+,'.(" .//(3?+2.%+3,$" %3" .$$'$$" .**" $/&'(+8.*" 3@'(*./$!" P&'$'" ;3(N"

('.$3,.5*:";'**"/(3@+1+,9"%&'"(.1++"37"%&'"$/&'('$".('"(3)9&*:"832/.(.5*'!"

YH"b@'(*./$"+,@3*@+,9"%&(''"3("23('"$/&'('$".('".$$)2'1"%3"5'",'9*+9+5*'!D_"

I&+*'"23('" 832/*+8.%'1" '?/('$$+3,$" 83)*1" 5'" )$'14\M" %&'" <).*+%.%+@'" ,.%)('" 37"

%&'"231'*".,1"%&'"93.*"%3"5'".$"'77+8+',%".$"/3$$+5*'"T)$%+7:"%&'"$+2/*'("8&3+8'!"

P&'"$8('',+,9"37"/3*.("+,%'(.8%+3,$"/3$'$"23('"37"."8&.**',9'4".$"'77'8%+@'"

%&(''6531:" +,%'(.8%+3,$"5'832'"/3$$+5*'4" !"#"4" %&'"-3)*325" +,%'(.8%+3,"5'%;'',"

%;3"G/.(%+.*H"8&.(9'$"+$"+,"7.8%"."7),8%+3,"37"%&'"833(1+,.%'$"37"3%&'(",'.(5:".%32$"

1)'"%3"%&'+("'77'8%"3,"%&'"$3*@.%+3,"$%.%'"37"%&'"%;3"8&.(9'$!"S3("=-"$+2)*.%+3,$4"

%&+$"+2/*+'$"%&.%")/3,"."/(3/3$'1"23@'"23('"','(9:"%'(2$",''1"%3"5'"'@.*).%'1"

%&.,"T)$%"%&'"3,'$"+,@3*@+,9".%32$"%&.%"23@'1"('*.%+@'"%3"3,'".,3%&'(!"I'"&.@'"

+2/*'2',%'1" ." 1'%.+*'1" 533NN''/+,9" $8&'2'" %3" %(.8N" %&'" +,%'(.8%+3,$" %&.%"

8&.,9'" ;+%&" 1+77'(',%" =-" 23@'" $'%$!" P&+$" $+9,+7+8.,%*:" ('1)8'$" %&'" 3@'(&'.1"

.$$38+.%'1" ;+%&" %&'" 832/)%.%+3," 37" $8('','1" '*'8%(3$%.%+8" +,%'(.8%+3,$!" I+%&"

%&'$'" .//(3?+2.%+3,$" +," /*.8'4" %&'" 832/)%.%+3,.*" '?/',$'" 73(" $+2)*.%+3,$"

+,8('.$'$"5:"7.8%3($"37"jD!E6J!E";+%&"('$/'8%"%3"9.$6/&.$'"8.*8)*.%+3,$!!

! %(&



)))5W5(1E:C<9@EA?(*8@9E<H(

P&+$"$'8%+3,";+**"/(3@+1'"%&'"1'%.+*$"37"%&'"$+2)*.%+3,"$'%)/"73("%&'"1+77'(',%"

%'$%"$:$%'2$!"#**"$+2)*.%+3,$";'('"/'(73(2'1")$+,9"=-"$.2/*+,9"G$''"P.5*'"W!8H"

+,"%&'"8.,3,+8.*"',$'25*'";+%&"."$/&'(+8.*"1(3/*'%"53),1.(:"83,1+%+3,!"P&'"*.%%'("

;.$"9','(.**:"231'*'1")$+,9"."$%+77"&.(23,+8"/3%',%+.*" G$''"^<).%+3,"Y6MH!"P&'"

/'/%+1'$";'('"5)+*%".883(1+,9"%3"%&'"^,9&6F)5'("&+9&6('$3*)%+3,4"8(:$%.**39(./&+8"

9'32'%(+'$4\D" .,1" %&'" $.2/*'1" 1'9(''$" 37" 7(''132" ',832/.$$'1" .**" (3%.%.5*'"

G&4'4)H".,1"$32'"$'2+6(+9+1"1+&'1(.*".,9*'$4"+,"/.(%+8)*.("%&'"/'/%+1'"(6.,9*'".$"

;'**".$" %&'")6.,9*'"1'$8(+5+,9"%&'"(3%.%+3,"37" %&'"/3*.("&:1(39'," +," %:(3$+,'!"#**"

3%&'("$'2+6(+9+1"1+&'1(.*$"$)8&".$"%&3$'"+,".(32.%+8"(+,9$";'('"&'*1"7+?'1!"

" /.'(( $7A@8E?H( 01( %7FXEF( $A<OY(

'EKEB(=ABO(

El"Z"El"Z"Ml"

G`El4"Jo4"

KEqH"

Jl"

G\Jl4"D!Jo4"

DJqH"

MEl"

GJEl4"D!Eo4"

MEqH"

Jl"

GJEl4"D!Eo4"

MEqH"

El"

1EB8DJ9E?(

N)ET)ZP(

El"Z"DJl"Z"

DY!_l"

GD?4"KEl4"

WEqH"

MY!Wl"

GD?4"KEl4"WEqH"

`l""

GD?4"KEl4"

WEqH"

D_!Jl"

GW?4"KEl4"

WEqH"

WEl"

GY?4"KEl4"

WEqH"

$EGA@(

N&T'P(

`El"Z"K\!Jl"Z"

KK!_l"

G\El4"MEqH"

KJ!Dl"

G\El4"MEqH"

J_!Wl"

G\El4"MEqH"

Y\!`l"

G\El4"MEqH"

W\!_l"

G\El4"MEqH"

! %(%



" /.'(( $7A@8E?H( 01( %7FXEF( $A<OY(

-:8K9(

N(P(

MEl"Z"\!Jl"Z"

\!Yl""

G_Jl4"JqH"

MM!Jl"

G_Jl4"JqH"

K!Jl"

G`El4"JqH"

J!Wl"

G`El4"JqH"

Y!Dl"

G`El4"JqH"

!A?D87@8B(

'A@9@EA?H[(

0AC7(N&T'P(

F9E7H(E?(

DA?D87@(

El"Z"El"Z"El" Yl" MK!Dl" MW!Wl" D_l"

%9;<8( I5DQ" -G87GE8\( AR( @J8( B8@9E<H( AR( @J8( :AG8( H8@H( 8:F<AO8B( RA7( E?BEGEBC9<(

HOH@8:H"1+$8)$$'1"+,"%&'"['$)*%$"$'8%+3,!"P&'"7+($%"83*)2,"*+$%$"%&'"1'9(''$"37"7(''132"

$.2/*'1"5:"."/.(%+8)*.("%:/'"37"23@'!"[+9+16531:"23@'$".('".*;.:$"83)/*'1".,1"$.2/*'"

9*35.*" (3%.%+3,.*" .,1" %(.,$*.%+3,.*" 1'9(''$" 37" 7(''132!" P&'$'" 23@'$" .('" '$/'8+.**:"

+2/3(%.,%"73("%&'"$+2)*.%+3,$"37"%&'"%;3"/(3%'+,$4"%&'"SA"/'/%+1'4".,1"f%(/B+/Mg4"5'8.)$'"

%&'" 1(3/*'%" 83,$+$%$" 37" %&'" /3*:/'/%+1'4" ,')%(.*+B+,9" 83),%'(+3,$4" .,1" '?8'$$" $.*%!" P&'"

83,8'(%'1" (3%.%+3,".//(3.8&\W"$.2/*'$" 73)("83,$'8)%+@'"$'%$"37"5.8N53,'!&<!'6.,9*'$!"

P&'" $'83,1" %&(3)9&" 7+7%&" 83*)2,$" 9+@'" %&'" 7('<)',8+'$" G+," /'(8',%H" ;+%&" ;&+8&" %&'"

$/'8+7+8"23@'"%:/'"G(3;"'*'2',%H"+$"/+8N'1"73("'.8&"$:$%'2!"fV=[g"$%.,1$"73("83)/*+,9"

83,$%.,%$4" fR(3%'+,$g" ('7'($" %3" %&'" %&'(2.*" ),73*1+,9" 37" %;3" $2.**" /(3%'+,$4" fSAg" .,1"

fP(/B+/g" +,1+8.%'" %&'" ('@'($+5*'" 73*1+,9" 37" %&'" SA6/'/%+1'" .,1" %(:%3/&.,'" B+//'(4"

('$/'8%+@'*:4".,1"fR3*:Cg"$%.,1$"73("%&'"/3*:2'(+8"/(3/'(%+'$"37"/3*:9*)%.2+,'!"P&'('".('"

%&(''"$'/.(.%'"@.*)'$"*+$%'1"73("%&'"83)/*+,9"83,$%.,%";3(N4";&+8&".('"73(".*.,+,'"G,3")6

.,9*'$H4" ,'%" ,')%(.*" 1+/'/%+1'$4" .,1" ,'%" 8&.(9'1" 1+/'/%+1'$4" ('$/'8%+@'*:!" #11+%+3,.*"

+,73(2.%+3," +$" 9+@'," +," /.(',%&'$'$4" +,1+8.%+,9";&.%" /3(%+3," 37" %&'"23@'$" 37" ." 8'(%.+,"

%:/'" 83,$+$%$" 37" $%'/;+$'" /'(%)(5.%+3,$" 37" %&'" ('$/'8%+@'" 1'9(''G$H" 37" 7(''1324" .*3,9"

! %('



;+%&" %&'" 2.?+2)2" $%'/" $+B'!" P&'" ('2.+,+,9" 7(.8%+3," 83,$+$%'1" 37" 23@'$" 7)**:"

(.,132+B+,9" %&'" ('$/'8%+@'" 1'9(''G$H" 37" 7(''132!" 0," .11+%+3,4" 1)'" %3" %&'+(" *3;"

832/)%.%+3,.*"832/*'?+%:4"$+1'8&.+,"23@'$"83,$+$%"37"2)*%+/*'"+1',%+8.*"8:8*'$"+,1+8.%'1"

5:"%&'"7+($%"',%(:"+,"/.(',%&'$'$!"

I'")$'1"$/&'(+8.*"8)%377$"37"MD!Eo"73("-3)*325"+,%'(.8%+3,$"5'%;'',",'%6

,')%(.*" 8&.(9'" 9(3)/$!" V3" 8)%377$" ;'('" )$'1" 73(" +,%'(.8%+3,$" +,@3*@+,9" +3,+8"

9(3)/$!"-)%377$"73("%&'"$&3(%6(.,9'"+,%'(.8%+3,$";'('"8&3$',"%3"',$)('"2.?+2)2"

.88)(.8:" 73(" %&'" 832/)%.%+3," 37" %&'" $

'# ".,1" (.,9'1" 7(32" `!E6ME!Jo" 73(" %&'"

1+77'(',%"$+2)*.%+3,$!"S3("%&'"('$)*%$"/('$',%'1"&'('4";'")$'1"%&'"@.*)'$"$&3;,"

+,"P.5*'"W!1"73("G?4!7-?4 !HD34H)34HDA4".,1")A4"('$/'8%+@'*:!""

#!(E?(U" D# )# D$ )$ G!

J!E" E!DJ" E!M" E!J" E!`" \_!D"

%9;<8(I5BQ"$979:8@87H(AR(@J8(DA?@E?CC:(HA<G9@EA?(:AB8<4";&+8&".('")$'1"+,".**"

#LA0VPF"8.*8)*.%+3,$"/('$',%'1"+,"%&+$"%&'$+$!"

I'"'?/*3('"1+77'(',%"ce"/.(.2'%'($".,1"8&.(9'"$'%$"+,"3)("$%)1+'$"37"V=["

83)/*+,9" 83,$%.,%$!" S3(" .**" 3%&'(" 8.*8)*.%+3,$" ;'" 8&33$'" %&'" bRcA6##Zc"

8&.(9'$JJ" +," 83,T),8%+3," ;+%&" %&'" ce" /.(.2'%'($" $&3;," +," P.5*'" W!5!" P&'"

$37%;.('")$'1";.$"3)("+,6&3)$'"=-"/.8N.9'"G-#=R#[0H\Y"1'@'*3/'1".*3,9$+1'"

%&'"83,%+,))2"231'*"/('$',%'1"&'('!"

B>O%C'<A;!$2%C'$3(9$(3%

#**"%;',%:",.%)(.**:"388)((+,9".2+,3".8+1$"'?8'/%"9*:8+,'".,1"/(3*+,'";'('"

231'*'1" .$" 1+/'/%+1'$" G#8'%:*6r6V?='%&:*.2+1'H" +," ." 1(3/*'%" 37" MDJ!Eo" (.1+)$"

! %((



.*3,9";+%&".",')%(.*+B+,9"83),%'(+3,"GV.h"3("-*6H";&',".//(3/(+.%'!"P&'"$+2)*.%+3,"

%'2/'(.%)('";.$"D`_d".,1"."%3%.*",)25'("37"DIMEK"=-"23@'$";'('".%%'2/%'14"

;&+*'"$%.%+$%+8$"73("%&'"83)/*+,9"83,$%.,%$";'('".88)2)*.%'1"'@'(:"%',"$%'/$!"S3("

1'%.+*$"37"%&'"23@'"$'%"'2/*3:'14"$''"P.5*'"W!8!"S3(".,"+,1+@+1).*"83,73(2.%+3,4"

%&'"83)/*+,9"83,$%.,%"5'%;'',"%&'"&:1(39',".%32$".%"%&'"V6".,1"%&'"-"6/3$+%+3,"

;.$"8.*8)*.%'1")$+,9"%&'"d.(/*)$"('*.%+3,Q\J"

! 7 8( '

H< !
6 I I 803 J 803 J6 8 9$ . & < . & % ! ,(-%&.!

F'('4" &J! +$" %&'" '77'8%+@'" 1+&'1(.*" .,9*'" 5'%;''," %&'" %;3" &:1(39'," .%32$" 37"

+,%'('$%4" .,1" +$"1+('8%*:"/(3/3(%+3,.*" %3" %&'"5.8N53,'".,9*'"&!"S3(" %&'"'2/+(+8.*"

/.(.2'%'($"64!84".,1"94";'")$'"%&'"$.2'"$%(.%'9:".$"#@5'*T".,1"L.*1;+,"+,"%&'+("

;3(N"3,"%&'"83+*"*+5(.(:4\K"!"#"4";'".@'(.9'1"3@'("73)("+,1'/',1',%*:"35%.+,'1"$'%$"

37"%&'$'"/.(.2'%'($!""

@=#)79;%M$4';6!$2%'4%(*'%:79;;%G)'(#!$3%

P&'" LM" 132.+," 37" /(3%'+," X" GR>L" .88'$$+3," 831'Q" MXLMH" .,1" %&'"

',9(.+*'1" &32'3132.+," GR>L" .88'$$+3," 831'Q" M^VFH" ;'('4" .7%'(" ." 5(+'7"

2+,+2+B.%+3," .,1" ('*.?.%+3," %3" %&'" ^,9&6F)5'(" 9'32'%(:4" )$'1" .$" $%.(%+,9"

$%()8%)('$"73("$+2)*.%+3,$"+,"."1(3/*'%"37"\J!Eo"(.1+)$!"P3"('1)8'"%&'"832/*'?+%:"

37"%&'"8.*8)*.%+3,";&+*'"2.+,%.+,+,9"."$32';&.%"('.*+$%+8"'*'8%(3*:%'"',@+(3,2',%4"

%&'" /(3%'+," ;.$" $+2)*.%'1" +," %&'" /('$',8'" 37" ,')%(.*+B+,9" 83),%'(+3,$" G%&'" ,'%"

8&.(9'$"37"%&'"/(3%'+,$".('"6Y".,1"h\4"('$/'8%+@'*:H".,1"."*3;6$.*%"5.8N9(3),1"37"

! %()



'+%&'(" j`2=" V.-*" GMXLMH" 3(" jMW2=" V.-*" GM^VFH!" P&'" $+2)*.%+3,$" ;'('"

8.((+'1"3)%".%"'@',*:"$/.8'1"%'2/'(.%)('$"7(32"DKEd"%3"YYEd".,1"83,$+$%'1"37"

D!JIME\" =-" $%'/$" %&'" 7+($%" ME\" 37" ;&+8&" ;'('" 1+$8.(1'1" .$" '<)+*+5(.%+3,!" S3("

8.*8)*.%+,9" %&'" [=A>" @.*)'$4" $%()8%)('$" ;'('" $.@'1" '@'(:" MEJ" $%'/$4" ;&+*'"

/3*:2'(+8"<).,%+%+'$";'('".@'(.9'1"'@'(:"MEE"$%'/$!">'%.+*$"37"%&'"23@'"$'%$"73("

.**"$+2)*.%+3,$".('"$)22.(+B'1"+,"P.5*'"W!8!""

O#&#)3!K;#%5';6!$2%P%M$4';6!$2%'4%9%Q#;!89;%G#A(!6#%

P&'" SA6/'/%+1'" G#8'%:*6#JG###[#HW6V?='%&:*.2+1'H" ;.$" $+2)*.%'1" +," ."

1(3/*'%" 37" YJ!Eo" (.1+)$" +," %&'" /('$',8'" 37" ,')%(.*+B+,9" 83),%'(+3,$" G%&'" ,'%"

8&.(9'"37" %&'"/'/%+1'" +$"hWH".$";'**".$"." *3;6$.*%"5.8N9(3),1"37"jMJ2="V.-*!"

P&'" $+2)*.%+3,$";'('" 8.((+'1"3)%" .%" '@',*:" $/.8'1" %'2/'(.%)('$" 7(32"DKEd" %3"

YYEd" .,1" )$'1" '+%&'(" ." /'(7'8%" "6&'*+?" G),73*1+,9" (),$H" 3(" (.,132" '?%',1'1"

83,73(2.%+3,$" G73*1+,9" (),$H" .$" %&'+(" $%.(%+,9" 83,73(2.%+3,$!" S3(" 1'%.+*$" 37" %&'"

23@'"$'%"'2/*3:'14"$''"P.5*'"W!8!"

P&'"1.%.";'('".,.*:B'1".883(1+,9"%3"c+7$3,6[3+9"Gc[H"%&'3(:"73("&'*+?683+*"

%(.,$+%+3,$!\\"P&'""65.$+," +,"&4'6$/.8'";.$"1'7+,'1".$"."(3)9&*:"$/&'(+8.*".('."

.(3),1"%&'"+1'.*""6&'*+?"9'32'%(:";+%&"."(.1+)$"37"jWEq"*.(9'*:"+,".9(''2',%";+%&"

/('@+3)$" ;3(N" 5:" 3%&'($!\_4\`" A%.%+$%+8$" 37" %&'" 5.8N53,'" .,9*'$" &" .,1" '" ;'('"

('83(1'1" '@'(:" %'," $%'/$" .,1" %&'" 1+$%(+5)%+3," 37" $'92',%$" ;+%&" 3,'" 3(" 23('"

83,$'8)%+@'" ('$+1)'$" +,""6&'*+8.*"83,73(2.%+3,";.$"35%.+,'1!"S(32"%&+$4" %&'"c["

,)8*'.%+3," .,1" /(3/.9.%+3," /.(.2'%'($" .('" .88'$$+5*'" %&(3)9&" ." 7+%%+,9"

/(38'1)('Q#$-$&!

! %(*



! 7 8 7
%'

2C

2C

2C

2C

& & % & & %

&

& & %

%

:

3

;&

<
%

.

<
%

=

<

. =

= =

8

J
$
J
J

$
J

$

9 :
= >$ = >
= >
? @

%

%

! ,(-%%.!

F'('4">%:?" .,1">%3?" 1'$8(+5'" %&'" .@'(.9'" ,)25'(" 37" &'*+8.*" &:1(39',"

53,1$" .,1" ,)25'(" 37" &'*+8.*" $'92',%$" 37" .%" *'.$%" %;3" ('$+1)'$" +," *',9%&4"

('$/'8%+@'*:!"<" +$" %&'"/.(%+%+3," 7),8%+3," +," %&'"c[" %&'3(:".,1" +$";(+%%'," +,"2.%(+?"

73(2" )$+,9" %&'" $%.%+$%+8.*" ;'+9&%" 2.%(+?" %!" P&'" *.%%'(" 83,%.+,$" %&'" &'*+?"

/(3/.9.%+3,"/.(.2'%'(".".,1"%&'"&'*+?6,)8*'.%+3,"/.(.2'%'("=4"53%&"37";&+8&".('"

7+%"5:"2.%8&+,9"%&'"'?/'8%'1",)25'("37"&'*+8.*"$'92',%$".,1"&:1(39',"53,1$"%3"

%&'"832/)%.%+3,.*"1.%.")$+,9"$'92',%"$%.%+$%+8$!"P&'"$:253*"=%'"('7'($"%3"="+,"%&'"

7+($%"(3;".,1"$'83,1"83*)2,"37"%4"!"#!4"%&'"/.(%+.*"1'(+@.%+@'"+$";+%&"('$/'8%"%3"%&.%"

'*'2',%".*3,'!!

O#&#)3!K;#%R5';6!$2%P%M$4';6!$2S%'4%9%K?Q9!)A!$%G#A(!6#%

P&'"/'/%+1'"AIPI^XVdIPId?VFD";.$"$+2)*.%'1"+,"."1(3/*'%"37"YJ!Eo"

(.1+)$" +," %&'" /('$',8'" 37" ,')%(.*+B+,9" 83),%'(+3,$" G+," .883(1.,8'" ;+%&"

'?/'(+2',%4_M" %&'"V6%'(2+,)$" +$"231'*'1".$"8&.(9'1"5(+,9+,9" %&'",'%"8&.(9'"37"

%&'"/'/%+1'"%3"hDH".$";'**".$"."*3;6$.*%"5.8N9(3),1"37"jDE2="V.-*!"P&'"$%.(%+,9"

$%()8%)('"73("%&'"),73*1+,9"(),$";.$"%&'"V=["$%()8%)('"G=31'*"M"+,"Mc^EH4";&+8&"

;.$")$'1".7%'("."5(+'7"2+,+2+B.%+3,"%3"83,73(2"+%"%3"%&'"^,9&6F)5'("9'32'%(+'$4"

.,1" 73(" %&'" 73*1+,9" (),$" ;'" '2/*3:'1" (.,132" '?%',1'1" 83,73(2.%+3,$!" P&'"

! %(+



$+2)*.%+3,$";'('"8.((+'1"3)%".%"'@',*:"$/.8'1"%'2/'(.%)('$"7(32"DKEd"%3"YYEd"

.,1"832/(+$'1"37"YIME\"=-"$%'/$";+%&"D!JIME\"$%'/$"37"'<)+*+5(.%+3,!"S3("1'%.+*$"

37"%&'"23@'"$'%"'2/*3:'14"$''"P.5*'"W!8!"

P&'"1.%.";'('".,.*:B'1"5:"832/)%+,9"@.(+3)$"3(1'($"/.(.2'%'($"73("MEY"

$,./$&3%$"73("'.8&"+,1+@+1).*"$+2)*.%+3,!"P&'"[=A>";.$"832/)%'1"73(".**"&'.@:"

5.8N53,'".%32$"'?8*)1+,9"%&'"V6%'(2+,.*"$'(+,'".,1"%&'"-6%'(2+,.*".2+1'"9(3)/!""

P&'" (.1+)$"37" 9:(.%+3,"37" %&'"&:1(3/&35+8" 8*)$%'(";.$" 8.*8)*.%'1"5:" %.N+,9" +,%3"

.883),%"%&'".%32$"37"%&'"73)("%(:/%3/&.,"$+1'8&.+,$!"#,".@'(.9'"$%(.,16%36$%(.,1"

1+$%.,8'" ;.$" 1'7+,'1" 5:" 832/)%+,9" %&'" .@'(.9'" 1+$%.,8'" 5'%;''," &'.@:"

5.8N53,'" .%32$" GV4" -"4" .,1" -H" 3," 3,'" $%(.,1" .,1" %&'+(" /(3/'(*:" .*+9,'1"

83),%'(/.(%$"3," %&'"3%&'("$%(.,1".$$)2+,9"."/'(7'8%*:"$:22'%(+8.*"&.+(/+,!"P&+$"

+,8*)1'$" 73(" '?.2/*'" .%32" /.+($" X*)JQV" Z" c:$_Q-" 3(" P&(WQ-"" Z" P&(MEQ-"!" P&'"

3(1'("/.(.2'%'("c";.$"35%.+,'1" 7(32"A,3;"#(%9;"4_D".,1" ('/('$',%$" %&'"$)2"37"

,.%+@'" &:1(39'," 53,1" 1+$%.,8'$" .$" ;'**" .$" ->D6->D" 1+$%.,8'$" 73(" %(:/%3/&.,"

$+1'8&.+,$"73),1"+,"83,%.8%"+,"%&'"V=["',$'25*'!"S+,.**:4"&:1(39',"53,1$";'('"

83),%'1" +7" %&'"1+$%.,8'"5'%;'',"13,3(",+%(39',".,1".88'/%3("3?:9',".%32$"3,"

3//3$+%'"$%(.,1$";.$"*'$$"%&.,"Y!Eo!!

G';D7#)!8%T#=9&!')%'4%G';D2;<(97!$#%

#8'%:*6GX*,H%6V?='%&:*.2+1'" ;.$" 231'*'1" .,1" $+2)*.%'1" 73(" 8&.+,"

*',9%&$" 37" %nDE4" DY4" D\4" WW4" WK4" YE4" Y\4" !"#"4" 73(" 8&.+," *',9%&$" 23$%*:" +,"

.883(1.,8'" ;+%&" ." ('8',%" 7*)3('$8',8'" 83(('*.%+3," $/'8%(3$83/:" GS-AH" $%)1:!K"

P&'"$+2)*.%+3,"$:$%'2"+,"'.8&"8.$'";.$"."1(3/*'%";+%&"."7+?'1"(.1+)$"37"MWE!Jo4"

! %(#



*.(9'"',3)9&"%3".8832231.%'"7)**:"'?%',1'1"8&.+,$!"P&+$"'*+2+,.%'$".**"/3%',%+.*"

53),1.(:".(%+7.8%$!"P&'"$+2)*.%+3,"%'2/'(.%)('";.$"D`_d".,1"."%3%.*",)25'("37"

G%ZDHIMEK"=-"23@'$";'('".%%'2/%'1" 73("'.8&"37" %&'" 73)(" +,1'/',1',%" ('/*+8.$"

73("'.8&"8&.+," *',9%&"G%H!"P&'"1'%.+*$"37" %&'"23@'"$'%".('"$)22.(+B'1"+,"P.5*'"

W!8!"

)))5]5(!9<E;79@EA?(AR(@J8(#=1)/%"(.AB8<(

0," %&+$" /.(.9(./&4" ;'" $)22.(+B'" ." 7';" 37" %&'" 2.T3(" $%'/$" +,@3*@'1" +,"

.1@.,8+,9"%&'"231'*"%3"+%$"8)((',%"$%.%'!"P&'"5.$+8"/.(.1+92"37"%&'"231'*")$'1"

%3" 1'$8(+5'" %&'" >=S0" 37" %&'" $3*)%'$" ;+%&" %&'" 83,%+,))2" &.$" /(3@+1'1" %&'"

('*.%+@'*:" (+9+1" 7(.2';3(N";+%&+,";&+8&" .**" 7)(%&'(" 1'@'*3/2',%";.$" 8.((+'1" 3)%!"

O$+,9"%&'"f%(.1+%+3,.*g"231'*"U"+,8*)1+,9"GM6YH6$8.*+,9"U"73("%&'"%('.%2',%"37"$&3(%6

(.,9'"'*'8%(3$%.%+8" +,%'(.8%+3,$" %',1'1" %3"9','(.%'"),('.$3,.5*'" ('$)*%$" 73(" %&'"

83,73(2.%+3,.*" /('7'(',8'$" 37" 1+/'/%+1'$4" ;&+8&" 8.)$'1" )$" %3" 1'$+9," %&'"

231+7+'1" 231'*" /('$',%'1" .53@'!" I'" .*$3" 73),1" %&.%" 73(" $3*)%+3,$" 37" $2.**"

23*'8)*'$";'"',83),%'('1"." *.8N"37" 7.@3(.5*'" +,%'(23*'8)*.(" +,%'(.8%+3,$";&',"

)$+,9" ." *+,'.(" 2.//+,9" 7(32" $

'# "%3" $

'0 ";+%&" %&'" $.2'" /.(.2'%'($" '2/*3:'1" 73("

53%&" %&'">=S0".,1"%&'"$8('',+,9"37"-3)*325+8" +,%'(.8%+3,$!"P&'" +,%(31)8%+3,"37"

53%&"%&'"9','(.*+B'1"$+923+1.*"+,%'(/3*.%+3,"7),8%+3,"G$''"^<).%+3,"W6YH".,1"%&'"

1'683)/*+,9"37"%&'"+,%'(/3*.%+3,"/.(.2'%'($")".,1"D"73("%&'"%;3"1+77'(',%".$/'8%$"

37" $3*@.%+3," &'*/'1" '*+2+,.%'" %&+$" 1'7+8+',8:" ;+%&" ('$/'8%" %3" 8.*+5(.%+3," ('$)*%$"

35%.+,'1"+,"'?/*+8+%"$3*@',%!"#%"%&+$"T),8%)('4"$'@'(.*"%'$%"$+2)*.%+3,$"3,"."@.(+'%:"

37" $:$%'2$" +,8*)1+,9" $&3(%" /'/%+1'$4" $3*)%+3,$" 37" $2.**"231'*" 832/3),1$4" .,1"

! %($



%&'" $%.5+*+%+'$" 37" $2.**" /(3%'+,$" +,1+8.%'1" %&.%" %&'" 231'*" ('/(31)8'1" '?/'8%'1"

1.%." ('.$3,.5*:" ;'**" G5.$'1" 3," 832/.(+$3," %3" 1.%." 7(32" .**6.%32" 23*'8)*.("

1:,.2+8$" G=>H" $+2)*.%+3,$" 3(" %3" '?/'8%.%+3," 1'(+@'1" 7(32" '?/'(+2',%.*"

'@+1',8'H!" P&'" ('2.+,1'(" 37" %&'" 1'@'*3/2',%" %&'," 738)$'1" 3," %'$%+,9" @.(+3)$"

/.(.2'%'("$'%$"73("%&'"G$*4!F$*4".,1"/.(%+.*"8&.(9'$".,1"3,"%&'"3/%+2+B.%+3,"37"%&'"

$3*@.%+3,"/.(.2'%'($"D34H)34HDA4".,1")A"!

I3(N"3,"*3,9'("/'/%+1'$4";&+8&"$&3;"('@'($+5*'"73*1+,94"('2.+,'1"*.(9'*:"

),$)88'$$7)*4"),%+*"%&'"8()8+.*"231+7+8.%+3,"37"+,8('.$+,9"%&'"$+B'"37"%&'"$3*@.%+3,"

$&'**"(.1+)$4"-?4" 7(32"%&'"3(+9+,.*"@.*)'"37"D!_o"%3"J!Eo!"0,"('%(3$/'8%4" %&'" *.(9'("

@.*)'" 73(" -?" +$" +," .883(1" ;+%&" *38.%+3,$" 37" 7+($%" &:1(.%+3," $&'**" ;.%'("23*'8)*'$"

.(3),1" 23$%" 37" %&'" $3*@.%+3," 9(3)/$" )$'1" +," %&+$" ;3(N" G8.*+5(.%+3," 1.%." ,3%"

$&3;,H!"P&'('.7%'(4"%&'"%'$%+,9"83,%+,)'1"5:"('6.$$'$$+,9"%&'"8&3+8'$"73(".**"%&'"

/.(.2'%'($4"+,8*)1+,9"8&.(9'"$'%$".,1"ce"/.(.2'%'($4"+,"%&'"83,%'?%"37"('$)*%$"73("

%&'" ('@'($+5*'" 73*1+,9" 37""6&'*+?6" .,1"K6&.+(/+,673(2+,9" /'/%+1'$!" P&'$'" $%)1+'$"

;'('"832/*'2',%'1"5:"83,%+,)+,9";3(N"3,".$$'$$+,9"*38.*"$%'(+8"/('7'(',8'$"73("

/'/%+1'$" G%&(3)9&" <).,%+%.%+@'" 832/.(+$3," 37" V=[" 83)/*+,9" 83,$%.,%$H" .,1"

%&(3)9&";3(N"3,"+,%(+,$+8.**:"1+$3(1'('1"/3*:/'/%+1'$4"$)8&".$"/3*:9*)%.2+,'!"

P&'"/('8'1+,9"$)22.(:",'9*'8%$"2.,:"37"%&'"8&3+8'$"'?/*3('1"1)(+,9"%&'"

1'@'*3/2',%"/&.$'!"I'";+$&" %3" ('2+,1" %&'" ('.1'(" %&.%"U"1)'" %3"832/)%.%+3,.*"

+,7'.$+5+*+%:" U" ;'" 1+1" ,3%" /'(73(2" ." $:$%'2.%+8" $'.(8&" 37" %&'" ',%+('" /.(.2'%'("

$/.8'4"$/'8+7+8.**:"73("8325+,.%+3,$"37"-.4!D34H)34HDA4".,1")A!"#11+%+3,.**:4";'"&.@'"

,3%" 5''," '?&.)$%+@'" +," 8.*+5(.%+,9" %&'" 231'*" 3," ." *.(9'" ,)25'(" 37" $:$%'2$!"

! %("



-3,$'<)',%*:4" %&'" %()'" '77+8.8:" 37" %&'" 231'*" 8.," 3,*:" 5'" .1T)1+8.%'1" )/3,"

73**3;+,9" *.(9'6$8.*'" 8.*+5(.%+3," '?'(8+$'$4" ;&+8&" ;+**" ('<)+('" $+9,+7+8.,%"

+,@'$%2',%"37"832/)%.%+3,.*"('$3)(8'$!"P&+$"+$"/.(%"37"3,93+,9";3(N!"!

)))5^5('8HC<@H(

I'"/('$',%"('$)*%$"3,"$'@'(.*"1+77'(',%"%'$%"$:$%'2$"%3".$$'$$"%&'"@.*+1+%:"

37"%&'"#LA0VPF"231'*!"P&'$'".('".$"73**3;$Q""

MH" V=["83)/*+,9"83,$%.,%$" 73("1+/'/%+1'$".,1"832/.(.%+@'".,.*:$+$"37".*.,+,'"

1+/'/%+1'"

DH" P&'"%&'(2.*"),73*1+,9"37"%;3"$2.**4"$%.5*'"/(3%'+,$"GMXLM".,1"M^VFH"

WH" P&'"('@'($+5*'"73*1+,9"Z"),73*1+,9"37"%&'"SA6/'/%+1'"

YH" P&'"('@'($+5*'"f73*1+,9"Z"),73*1+,9g"37"%&'"%(:/%3/&.,"B+//'("f%(/B+/Mg"

JH" P&'"/3*:2'(+8"5'&.@+3("37"%&'"+,%(+,$+8.**:"1+$3(1'('1"/3*:9*)%.2+,'"/'/%+1'$"

.$"."7),8%+3,"37"8&.+,"*',9%&"

L(+'7*:4";'")$'"V=["83)/*+,9"83,$%.,%$"%3"23%+@.%'"3)("7+,.*"8&3+8'"37"ce"

/.(.2'%'($!"P3"T)$%+7:"3)("1'8+$+3,"%3"+9,3('"%3($+3,.*"/3%',%+.*$"73("."2.T3(+%:"37"

(3%.%.5*'" 53,1$4" ;'" /('$',%" ." 832/.(.%+@'" .,.*:$+$" 37" %&'" 83,73(2.%+3,.*"

'<)+*+5(+."37".*.,+,'"1+/'/%+1'"%3"/)5*+$&'1"$+2)*.%+3,"('$)*%$!"I'")$'"%&'"%&'(2.*"

),73*1+,9"37"%&'"%;3"/(3%'+,$"%3"$&3;"%&.%"7)**:"73*1'1"/(3%'+,$";+%&"1+77'(+,9"73*1$"

.('" $%.5*'" $%.%'$" 73(" %&'" F.2+*%3,+.," /('$',%'1" &'('" .,1" %&.%" %&':" '?&+5+%"

.)%&',%+84" 833/'(.%+@'" ),73*1+,9" +," ('$/3,$'" %3" %&'(2.*" 1',.%)(.%+3,!" I'"

1'23,$%(.%'" %&'" .5+*+%:" %3" $+2)*.%'" ('@'($+5*'" 2'*%+,9" )$+,9" %&'" "6&'*+8.*" SA6

! %)&



/'/%+1'";&+8&"&.$"5'',"."/3/)*.("231'*"$:$%'2"73("832/)%'("$+2)*.%+3,!"S3("%&'"

%(:/%3/&.,"B+//'(4";'"/('$',%"('$)*%$"+,1+8.%+,9"%&.%"%&'"$:$%'2"('@'($+5*:".13/%$"

." ,.%+@'6*+N'" 2'.," %3/3*39:" .%" *3;" %'2/'(.%)('" 5)%" %&.%" %&'" #LA0VPF"

F.2+*%3,+.," 7.+*$" %3" /('1+8%" %&'" $/'8+7+8" V=[61'%'(2+,'1" $%()8%)('" .$" ." $%.5*'"

2+,+2)2!"S+,.**:4";'"$&3;"%&.%"%&'"F.2+*%3,+.,"/(3@+1'$".,".88)(.%'"1'$8(+/%+3,"

37" 83,73(2.%+3,.*" '<)+*+5(+." 73(" +,%(+,$+8.**:" 1+$3(1'('1" /3*:/'/%+1'$" $)8&" .$"

/3*:9*)%.2+,'!" #**" 37" %&'" %'$%" $:$%'2$" .%%'2/%" %3" 2.N'" 1+('8%" 83,%.8%" %3"

'?/'(+2',%.**:" 35%.+,'1" ('$)*%$" .,1" $%(+@'" %3" 1'7+,'" .,.*:%+8" 2'.$)('$" 23$%"

8*3$'*:"('*.%'1"%3"%&'"'?/'(+2',%.*"2'.$)('2',%$!"

S3(" ." F.2+*%3,+.," 1'$+9,'1" %3" $%)1:" 0>R$4" +%" +$" +,$)77+8+',%" %3" /('$',%"

8.*+5(.%+3,"1.%."3,"%&'"$%.5+*+%:"37"73*1'1"/(3%'+,$"3("3,"%&'".88)(.%'*:"('/(31)8'1"

'?/'(+2',%.*",)25'($"73("$32';&.%"),('*.%'1"8.*+5(.%+3,"$:$%'2$"$)8&".$"$2.**"

231'*"832/3),1$!"S3("$+2)*.%+,9"$'*76.$$'25*:4"+%"+$"8()8+.*"%3"1'$8(+5'"53%&"%&'"

9','(+8"/3*:2'("8&.(.8%'("37"%&'$'"2.8(323*'8)*'$".$";'**".$"%&'"$%.5+*+%:"37"%&'"

$%()8%)(.*" /('7'(',8'$" %&':" 2+9&%" '?&+5+%!" 0," %&+$" *+9&%4" +%" $''2$" f$.7'(g" %3"

),1'(/('1+8%"%&'"*.%%'("(.%&'("%&.,"%3"73**3;"%&'".//(3.8&"%.N',"5:"$%.,1.(1"73(8'"

7+'*1$4";&+8&"83223,*:"3@'(/('1+8%"$%()8%)(.*"/('7'(',8'$4".$"%&':".('"1'$+9,'1"

%3" /(+2.(+*:" $+2)*.%'" %&'" 73*1'1" ',$'25*'$" 37" /3*:/'/%+1'$" G$''" 000!DH!" P&+$" +$"

.8&+'@'1" /.(%+.**:" %&(3)9&" ." *38.*" /('63(9.,+B.%+3," 37" %&'" 5.8N53,'" .$" +$"

1'23,$%(.%'1"+,"%&'",'?%"$'8%+3,!!

! %)%



,,,"L".% B>O% C'<A;!$2% C'$3(9$(3% 9$6% C'$4')79(!'$9;% NU<!;!K)!9% 4')% V;9$!$#%

1!A#A(!6#%

a+8+,.*4" WeGF"4FVH4" " /(3%3,6/(3%3," 83)/*+,9" 83,$%.,%$" ('/3(%" /(+2.(+*:" 3,"

%&'"&6.,9*'"37"%&'"/3*:/'/%+1'"5.8N53,'!"P&'"('*.%+3,$&+/"5'%;'',"%&'"2'.$)('1"

83)/*+,9" 83,$%.,%$" .,1" &" +$" '?/('$$'1" @+." %&'" d.(/*)$" '<).%+3,\J" $&3;," +,"

^<).%+3," W6ME!" P&+$" '<).%+3," &.$" 5''," /.(.2'%'(+B'1" ('/'.%'1*:" %3" /(3@+1'"

5'%%'("/('1+8%+@'"/3;'("73("$%()8%)('"1'%'(2+,.%+3,")$+,9"%&'"WeGF"4FVH!"0%"$&3)*1"

5'"/3+,%'1"3)%4"&3;'@'(4"%&.%"%&'+("'?%(.8%+3,"7(32"$+2)*.%+3,"1.%."+$",3,6%(+@+.*4"+,"

/.(%+8)*.("+,"%&'"/('$',8'"37"*.(9'"83,73(2.%+3,.*"7*)8%).%+3,$!_W"P&+$"7),1.2',%.*"

+,.5+*+%:" %3" 83,,'8%" $+2)*.%+3," ('$)*%$" %3" '?/'(+2',%.*" ('.13)%$" /(3@+1'$" ."

/3%',%+.*" '?/*.,.%+3," 73(" $32'"37" %&'"1+$8('/.,8+'$"',83),%'('1"5'*3;!"P&+$" +$"

/.(%+8)*.(*:"%()'"73("%&'"$:$%'2$"$%)1+'1"&'('4"!"#"4"'?%('2'*:"$&3(%"/'/%+1'$";&+8&"

;+**"<)+8N*:"$;+%8&"7(32"3,'"83,73(2.%+3,.*"$%.%'"%3"%&'"3%&'(!"0,"3)(".,.*:$+$4";'"

.$$)2'" %&.%" '.8&" $,./$&3%" +$" .," +,1'/',1',%4" fB'(3623%+3,g" 2'25'(" 37" %&'"

V=["',$'25*'!!

S+9)('"W!Y"$&3;$"('$)*%$")$+,9"%&'"#LA0VPF"231'*"83)/*'1"%3"8&.(9'".,1"

ce" /.(.2'%'($" 7(32" %&(''" 83223," 73(8'" 7+'*1$" ;&+*'" +9,3(+,9" .**" 3%&'(" %'(2$"

+,&'(',%" %3" %&'$'" 73(8'" 7+'*1$4" !"#"4" %3($+3,.*" /3%',%+.*$!" -3)/*+,9" 83,$%.,%$"

35%.+,'1" 7(32" $+2)*.%+3," .('" /*3%%'1" .9.+,$%" %&'" '?/'(+2',%.*" @.*)'$" 73("

1+/'/%+1'$".%"/F"Y!`_Y".*3,9";+%&"@.*)'$"35%.+,'1" %&(3)9&"83+*" *+5(.(:" 7+%$" 73(".**"

83223," .2+,3" .8+1$" ;+%&" %&'" '?8'/%+3," 37" 9*:8+,'" .,1" /(3*+,'!" #$/.(%.%'4"

9*)%.2.%'4" *:$+,'4" .,1" .(9+,+,'" ;'('" 231'*'1" +," %&'+(" 8&.(9'1" $%.%'$4" ;&+*'"

&+$%+1+,'";.$"231'*'1"+,"+%$",')%(.*"$%.%'Q"

! %)'



6 6.5 7 7.5 8

6

6.5

7

7.5

8

8.5

 

 

 

Coil Library
ABSINTH
Perfect Fit
Coil Library Fit
ABSINTH Fit

6 6.5 7 7.5 8

6

6.5

7

7.5

8

8.5

3J(Hα,HN) for Ace-X-Nme in Hz  

3 J
(H

α,
H

N
) 

in
 H

z

  

 

 

Coil Library
ABSINTH
Perfect Fit
Coil Library Fit
ABSINTH Fit

6 6.5 7 7.5 8

6

6.5

7

7.5

8

8.5

 

 

 

 

Coil Library
ABSINTH
Perfect Fit
Coil Library Fit
ABSINTH Fit

6 6.5 7 7.5 8

6

6.5

7

7.5

8

8.5

 

 

 

ABSINTH/AMBER
Coil Library
ABSINTH/GROMOS
Perfect Fit
AMBER Fit
Coil Library Fit
GROMOS Fit

A B

C D

ALA

ALA

ALA

ALA

OPLS-AA

AMBER-99

GROMOS53a6

3J(Hα,HN) for Ace-X-Nme in Hz

3J(Hα,HN) for ABSINTH/OPLS in Hz3J(Hα,HN) for Ace-X-Nme in Hz

3 J
(H

α,
H

N
) 

in
 H

z
3 J

(H
α,

H
N
) 

in
 H

z

3 J
(H

α,
H

N
) 

in
 H

z

!

0EKC78( I5WQ" /.'( IVN""/"P( DACF<E?K( DA?H@9?@H( A;@9E?8B( CHE?K( #=1)/%"_H(

DA?@E?CC:( HA<G9@EA?(:AB8<( DACF<8B( @A( H@9?B97B( RA7D8( RE8<B( F979:8@87H!"R.,'*"#"

$&3;$"%&'"83(('*.%+3,"5'%;'',"@.*)'$"2'.$)('1"5:"#@5'*T"#(%9;""%3"%&'"83+*"*+5(.(:".$";'**"

.$" #LA0VPFZbRcA6##Zc!" R.,'*$" L" .,1" -" $&3;" .,.*393)$" /*3%$" 73("

#LA0VPFZX[b=bA" .,1" #LA0VPFZ#=L^[4" ('$/'8%+@'*:!" S+,.**:4" R.,'*" >" $&3;$" ."

832/.(+$3," 37" %&'" @.*)'$" 35%.+,'1" ;+%&" #LA0VPFZbRcA6##Zc" %3" %&'" 3%&'(" %;3"

832/)%.%+3,.*"231'*$".$";'**".$" %&'"83+*" *+5(.(:!"#*.,+,'" +$" +,1+8.%'1" +,".**"/*3%$".$" %&'"

23$%"1(.$%+8"3)%*+'(!"

R.,'*" #" 37" S+9)('" Y" $&3;$" %&.%" %&'" @.*)'$" 35%.+,'1" 73(" %&'"bRcA6##Zc"

73(8'" 7+'*1" G8+(8*'$H" .('" +,$',$+%+@'" %3" %&'" %:/'" 37" $+1'8&.+,4" .,1" %&.%" %&':" .('"

9','(.**:" %33" *.(9'";&',"832/.('1" %3" %&'"1+('8%"2'.$)('2',%$!"#*.,+,'" +$" %&'"

23$%"1(.$%+8"3)%*+'(".$"+,1+8.%'1"3,"%&'"/*3%"5)%"%&'".9(''2',%"+$"9','(.**:"/33(!"

! %)(



P&'" @.*)'$" 35%.+,'1" 7(32" %&'" 83+*" *+5(.(:" 7+%$\K" $&3;" 5'%%'(" .9(''2',%" ;+%&"

'?/'(+2',%4" .*%&3)9&" %&'" $*3/'" 37" %&'" 83(('*.%+3," +$" *'$$" %&.," ),+%:" 73(" 53%&"

832/.(+$3,$" +2/*:+,9" *.(9'("$+2+*.(+%:"5'%;'',"$+2)*.%'1"@.*)'$".,1"83+*" *+5(.(:"

7+%$" 832/.('1" %3" $+2)*.%+3," .,1" G1+('8%H" '?/'(+2',%!" P&+$" $)99'$%$" %&.%" %&'"

.//*+8.%+3,"37"%&'"d.(/*)$"'<).%+3,"%3"'?%(.8%"83)/*+,9"83,$%.,%$"+,&'(',%*:"9+@'$"

(+$'" %3" $32'" $+2+*.(+%:" 5)%" 2+9&%" .*;.:$" 1'@+.%'" $32';&.%" 7(32" 1+('8%"

2'.$)('2',%$"37"%&'"WeGF"4FVH!"

P&'" $+%).%+3," 73(" %&'"#=L^[6``" 73(8'" 7+'*1" +$" .*23$%" +1',%+8.*" GR.,'*"-H"

'@',"%&3)9&"%&'"@.*)'$"73(" %&'"83)/*+,9"83,$%.,%$".('"$*+9&%*:" *.(9'(".,1"&',8'"

7)(%&'(" .;.:" 7(32" %&'"2'.$)('1" @.*)'$!" S+,.**:4" %&'"X[b=bAJW.K" 73(8'" 7+'*1"

GR.,'*"LH"+$"),.5*'"%3"9','(.%'"('.$3,.5*'"83)/*+,9"83,$%.,%$"5'8.)$'".*+/&.%+8"

&:1(39'," .%32$" 6" +,8*)1+,9" %&'" /'/%+1'" "6&:1(39'," 6" .('" ,3%" .8%).**:" $%'(+8"

+,%'(.8%+3," $+%'$!" P&+$" ('23@'$" .," +2/3(%.,%" 5.((+'(" 73(" %&'" &6.,9*'4" ,3(2.**:"

$'/.(.%+,9" %&'" K6" .,1" /3*:/(3*+,'" 00" 5.$+,$4" .,1" *'.1$" %3" @.$%*:" 3@'('$%+2.%'1"

83)/*+,9"83,$%.,%$!"#"832/.(+$3,"37"%&'$'"73(8'"7+'*1$"%3"3,'".,3%&'(".,1"%3"%&'"

83+*" *+5(.(:" GR.,'*">H" +**)$%(.%'$" %&'" $2.**" (.,9'"37" 83)/*+,9" 83,$%.,%$" 35%.+,'1"

)$+,9"ce"/.(.2'%'($"73("$%.,1.(1"73(8'"7+'*1$!"P&+$"7+,1+,9"1+$.9(''$"<).*+%.%+@'*:"

;+%&" %&'"/('1+8%+3,$"2.1'"5.$'1"3," 83+*" *+5(.(+'$!"I'" 7+,1"'?8'**',%" .9(''2',%"

5'%;''," 8.*8)*.%+3,$" 5.$'1" 3," /.(.2'%'($" )$+,9" %&'"bRcA6##Zc" .,1" #=L^["

73(8'"7+'*1$4".,1"%&+$"+$",3%';3(%&:"9+@',"%&'"1+77'(',8'$"+,"%&'"/.(.2'%'($!!

^?8*)1'1" @3*)2'" +,%'(.8%+3,$" 5.$'1" 3," $%.,1.(1" 73(8'" 7+'*1" /.(.2'%'($"

GbRcA6##Zc4"#=L^[4".,1"X[b=bAH"*'.1"%3"$'@'('"('$%(+8%+3,$"+,"G&<'H6$/.8'!"

! %))



P&+$" ;.$" +,7'(('1" 7(32" @+$).*" +,$/'8%+3," 37" [.2.8&.,1(.," 2./$" G1.%." ,3%"

$&3;,H" .,1";'" 83,8*)1'1" %&.%" ce" /.(.2'%'($" 7(32" %&'$'" $%.,1.(1" 73(8'" 7+'*1$"

.('",3%";'**"$)+%'1"73(")$'";+%&"%&'"#LA0VPF"231'*!"P&+$"83,8*)$+3,"+$" T)$%+7+'1"

5.$'1" 3," %&'" 35$'(@.%+3,$" %&.%Q" +H" .**" 83)/*+,9" 83,$%.,%$" .('" %33" *.(9'" .,1" ++H"

%&'('"+$"*+%%*'"%3",3"$',$+%+@+%:";+%&"$+1'8&.+,"%:/'!""

6 6.5 7 7.5 8

6

6.5

7

7.5

8

  

 

 

Coil Library
ABSINTH
Perfect Fit
Coil Library Fit
ABSINTH Fit

6 6.5 7 7.5 8

6

6.5

7

7.5

8

  

 

 

 

Coil Library
ABSINTH
Perfect Fit
Coil Library Fit
ABSINTH Fit

6 6.5 7 7.5 8

6

6.5

7

7.5

8

  

 
3 J

(H
α,

H
N
) 

in
 H

z

 

 

 

Coil Library
ABSINTH
Perfect Fit
Coil Library Fit
ABSINTH Fit

6 6.5 7 7.5 8

6

6.5

7

7.5

8

  

 

 
ABSINTH/GROMOS
Coil Library
ABSINTH/AMBER
Perfect Fit
GROMOS Fit
Coil Library Fit
AMBER Fit

A B

C D

ASP

ASP

ASP

HIE/D

HIE/D

HIE/D

ALA

ALA

ALA

ALA

THR

ASP

3J(Hα,HN) for Ace-X-Nme in Hz 3J(Hα,HN) for Ace-X-Nme in Hz

3J(Hα,HN) for Ace-X-Nme in Hz 3J(Hα,HN) for ABSINTH/OPLS in Hz

GROMOS53a6

AMBER-99

OPLS-AA

 
3 J

(H
α,

H
N
) 

in
 H

z

 
3 J

(H
α,

H
N
) 

in
 H

z
 

3 J
(H

α,
H

N
) 

in
 H

z

!

0EKC78( I5]Q" /.'( IVN""/"P( DACF<E?K( DA?H@9?@H( A;@9E?8B( CHE?K( #=1)/%"_H(

DA?@E?CC:( HA<G9@EA?( :AB8<( DACF<8B( @A( :ABERE8B( ,V( F979:8@87H( 9?B( H@9?B97B(

F97@E9<(DJ97K8(H8@H!"R.,'*$"#4"L4".,1"-"$&3;"%&'"832/.(+$3,"37"'?/'(+2',%.*"@.*)'$"%3"

%&'" 83+*" *+5(.(:" @.*)'$" .$" ;'**" .$" %&'" $+2)*.%'1" ('$)*%$" 73(" %&'" bRcA6##Zc" G#H4" %&'"

X[b=bA"GLH4".,1"%&'"#=L^["G-H"8&.(9'$4"('$/'8%+@'*:!"R.,'*">"$&3;$"."832/.(+$3,"

5'%;'',"%&'"@.*)'$"35%.+,'1";+%&"bRcA6##Zc"%3"%&'"3%&'("832/)%.%+3,.*".$";'**".$"%&'"

83+*"*+5(.(:"1.%.!">(.$%+8"3)%*+'($".('"+,1+8.%'1"3,"%&'"/*3%$!"

! %)*



S+9)('"W!J" $&3;$" %&.%";'".('".5*'" %3" ('2'1:" %&'"1'@+.%+3,"5'%;''," %&'"

1+77'(',%"/.(.2'%'("$'%$4"+(('$/'8%+@'"37"8&.(9'"$'%")$'14"5:")$+,9"."83,$+$%',%"ce"

/.(.2'%'(" $'%" ;&+8&" +$" 1'%.+*'1" +," P.5*'" W!5!" P&'$'" /.(.2'%'($" .('" 5.$'1" 3,"

.%32+8" (.1++" +," $2.**" 23*'8)*'" 8(:$%.*$JW" .,1" 3," 9','(+8" 8&3+8'$" 73(" %&'"

+,%'(.8%+3," $%(',9%&$4" +,%',1'1" %3" 2+2+8" @.*)'$" )$'1" +," $%.,1.(1" 73(8'"

7+'*1$!JY4JJ4KW"#$"+$".//.(',%4"%&'$'"/.(.2'%'($"83)/*'1"%3".,:"37"%&'"%&(''"8&.(9'"

$'%$"GR.,'*$"#4"L4".,1"-H"/(3@+1'"5'%%'(".9(''2',%".,1"."*.(9'("$',$+%+@+%:";+%&"

('$/'8%" %3" ('$+1)'" %:/'!" R(32+,',%" 3)%*+'($" ;+%&" ('$/'8%" %3" %&'" '?/'(+2',%.*"

@.*)'$".('".*.,+,'4".$/.(%+8".8+14".,1"&+$%+1+,'!"A+2+*.(*:4"3)%*+'($";+%&"('$/'8%"%3"

%&'" 83+*" *+5(.(:".('".*.,+,'4" %&('3,+,'4" .,1" .$/.(%+8" .8+14";&+8&".('" +,1+8.%'1" +,"

R.,'*" >!" R.,'*" >" .*$3" $&3;$" %&.%" ;'" 35$'(@'" '?%('2'*:" 9331" .9(''2',%" 73("

83)/*+,9"83,$%.,%"@.*)'$")$+,9"8&.(9'"$'%$"7(32"+,1'/',1',%"73(8'"7+'*1$!"

I+%&+," %&'" 83,%+,))2" $3*@.%+3," 231'*" .13/%'1" +," #LA0VPF4" $%'(+8"

+,%'(.8%+3,$"132+,.%'"%&'"/('7'(',8'$"73("%&'"&6.,9*'!"P&'('73('4";'".('".5*'"%3"

('2'1:"1'@+.%+3,$"+,"*38.*"$%'(+8"/('7'(',8'$"5:")$+,9"."1+77'(',%4"83,$+$%',%"$'%"

37" ce" /.(.2'%'($" ;+%&" .**" %&(''" 8&.(9'6$'%$" .,1" %&'" &.**2.(N" 37" %&'$'" ce"

/.(.2'%'($".('"%&'"$2.**'("@.*)'$"73("&.(1"$/&'('"(.1++!"P&'"3,*:"83,$+$%',%".,1"

1(.$%+8"3)%*+'(" +$".*.,+,'"73(";&+8&";'"8)((',%*:"&.@'",3"83,@+,8+,9"'?/*.,.%+3,!"

P&'" '?%('2'*:" *3;" 83)/*+,9" 83,$%.,%" $''," '?/'(+2',%.**:" $)99'$%$" 132+,.,%"

/3/)*.%+3,"37" %&'"/3*:/(3*+,'"006".,1""65.$+,$4"2)8&"23('"$3"%&.,"73(".,:"3%&'("

('$+1)'" %:/'!" A)8&" ." $%(3,9" /('7'(',8'" +$" +,83,$+$%',%" ;+%&" %&'" 5(3.1,'$$" 37"

1+$%(+5)%+3,$" +," &L'6$/.8'" ;'" 9','(.**:" 35$'(@'" +," 3)(" $+2)*.%+3,$!" =3$%" 3%&'("

3)%*+'($" +,@3*@'" 8&.(9'1" ('$+1)'$" 73(" ;&+8&" %&'('" %:/+8.**:" +$" 23('" @.(+.%+3," +,"

! %)+



'?/'(+2',%$".$";'**4"$)8&".$"."$+9,+7+8.,%"1'/',1',8'"3,"/F4_Y";&+8&"+$"1+77+8)*%"

%3" ('/('$',%" +,"3)("83,%+,))2"231'*!"I'".*$3"$+2)*.%'1"8.//'1"/',%./'/%+1'$"

;+%&" %&'" $'<)',8'" 83,$%()8%" GX*:HD6r..6GX*:HD" 73(";&+8&" %&'('" .('" '?/'(+2',%.*"

1.%." ),1'(" 1',.%)(+,9" 83,1+%+3,$!_J" -3)/*+,9" 83,$%.,%$" .('" N,3;," %3" 5'"

+,$',$+%+@'" %3" %&'" /('$',8'" 37" 1',.%)(.,%]_J" &',8'" ;'" $+2)*.%'1" %&'$'"

/',%./'/%+1'$" )$+,9" %&'" #LA0VPF" 83,%+,))2" $3*@.%+3," 231'*!" P&'" 8.*8)*.%'1"

83)/*+,9" 83,$%.,%$" 35%.+,'1" 73(" ('$+1)'" r.." +," %&'" 83,%'?%" 37" 7*.,N+,9" 9*:8+,'"

('$+1)'$" .('" $+2+*.(" %3" %&3$'" 35%.+,'1" 73(" 1+/'/%+1'$" G1.%." ,3%" $&3;,H!" P&+$"

83((353(.%'$" 3)(" 83,8*)$+3," %&.%" %&'" ce" /.(.2'%'($" .('" 8()8+.*" 73(" 1'%'(2+,+,9"

$&3(%6(.,9'"$%()8%)(.*"/('7'(',8'$4";&+8&"83,%(+5)%'" %3" %&'"2'.$)('1"@.*)'$" 73("

@+8+,.*"83)/*+,9"83,$%.,%$!"

b,'"83)*1".(9)'" %&.%" %&'".53@'" ('$)*%" +$" 1)'" %3" %&'"9','(.*" .5$',8'"37"

%3($+3,.*"/.(.2'%'($"+,"#LA0VPF4".*%&3)9&"%&'('".('"'?8'/%+3,$".$"1'$8(+5'1"+,"

000!W!K!" P&'$'" /.(.2'%'($" 1'$8(+5'" 5.((+'($" .,1" $%.99'('1" 83,73(2.%+3,$" 73("

(3%.%+3,$".53)%"53,1$";+%&+,"/3*:/'/%+1'$".,1"3,'"2+9&%"<)'$%+3,"%&'"@.*+1+%:"37"

%&'+("32+$$+3,!"0%"&.$"5'',",3%'1"%&.%"+2/(3@'2',%$"+,"%3($+3,.*"/.(.2'%'($".('"

8()8+.*" 73(" <).,%+%.%+@'*:" .88)(.%'" 1'$8(+/%+3,$" 37" 83,73(2.%+3,.*" '<)+*+5(+." 73("

/3*:/'/%+1'$!KJ"P3" %'$%"3)(".//(3.8&4";'"8.*8)*.%'1"83,73(2.%+3,.*"/3/)*.%+3,$"

73(".*.,+,'"1+/'/%+1'".,1"832/.('1"3)(" ('$)*%$" %3" %&3$'"35%.+,'1"5:"F)"#(%9;!_K"

P&'$'" .)%&3($" .,.*:B'1" 83,73(2.%+3,.*" '<)+*+5(+." 73(" 9*:8+,'" .,1" .*.,+,'"

1+/'/%+1'$")$+,9"."&:5(+1"<).,%)2"2'8&.,+8$" Z"23*'8)*.("2'8&.,+8$" GC=Z==H"

.//(3.8&!" P&':" 231'*'1" +,%(.6/'/%+1'" +,%'(.8%+3,$" )$+,9" %&'" $'*7683,$+$%',%"

8&.(9'" 1',$+%:" 7),8%+3,.*" %+9&%" 5+,1+,9" GA--6>SPLH"2'%&314" ;&'('.$" /'/%+1'6

! %)#



$3*@',%".,1"$3*@',%6$3*@',%"+,%'(.8%+3,$";'('"1'$8(+5'1")$+,9"$%.,1.(1"23*'8)*.("

2'8&.,+8$"231'*$!"P&':"832/.('1"%&'+("('$)*%$"%3"%&3$'"35%.+,'1")$+,9"."(.,9'"

37"23*'8)*.("2'8&.,+8$" 73(8'" 7+'*1$";+%&"'?/*+8+%" $3*@',%!"V3,'"37" %&'$'".9(''1"

;+%&" %&'" 83,73(2.%+3,.*" 1+$%(+5)%+3,$" 8.*8)*.%'1" )$+,9" %&'" C=Z==" .//(3.8&!"

P&':" .*$3" ,3%'1" %&.%" 83,73(2.%+3,.*" 1+$%(+5)%+3,$" 8.*8)*.%'1" ;+%&" 1+77'(',%"

23*'8)*.("2'8&.,+8$"73(8'"7+'*1$"1+1",3%".9(''";+%&"'.8&"3%&'(!""

P.5*'" W!'" $&3;$" 83,73(2.%+3,.*" /3/)*.%+3,$" 73(" .*.,+,'" 1+/'/%+1'4"

8.*8)*.%'1")$+,9"#LA0VPF"%&.%".('"832/.('1"%3"%&3$'"35%.+,'1"5:"F)"#(%9;""7(32"

%&'+(" C=Z==" 8.*8)*.%+3,$" .$" ;'**" .$" %&'+(" 23*'8)*.(" 2'8&.,+8$" 8.*8)*.%+3,$"

)$+,9"1+77'(',%"73(8'"7+'*1$Q"

( Y.S..( Y.S..( #.=&'( !"#5( !&*#'( -$,1( #=15(

KH E!Y_" E!Y_" E!MK" E!JE" E!\M" E!K`" E!JE"

R.$$" E!MK" E!MY" E!EE" E!EE" E!EE" E!EK" E!E`"

"6[" E!D\" E!WW" E!_Y" E!JE" E!DD" E!DJ" E!W`"

"6c" E!E\" E!EW" E!EE" E!EE" E!EJ" E!EE" E!EM"

A%.%'"Y" E!EM" E!EM" E!EE" E!EE" E!ED" E!EE" E!EM"

[=A>0 E!EE" E!E_" E!K_" E!D`" E!D`" E!DY" E!MJ"

=.?>0 E!EE" E!EK" E!J\" E!DW" E!DW" E!DM" E!MD"

[=A>00 E!E_" E!EE" E!KD" E!DD" E!D`" E!DY" E!E_"

=.?>00 E!EK" E!EE" E!JM" E!M\" E!DW" E!DM" E!EK"

%9;<8(I58[(!A:F979@EG8(9?9<OHEH(AR(DA?RA7:9@EA?9<(H@9@EH@EDH(RA7(9<9?E?8(BEF8F@EB85(

>.%."73("83,73(2.%+3,.*"$%.%+$%+8$"$&3;,"+,"83*)2,$"D6K".('"%.N',"7(32"P.5*'$"0".,1"00"+,"

%&'";3(N"37"F)"#(%9;!_K"P&':".('"A--6>SPL";+%&"#=L^[4"A--6>SPL";+%&"-F#[=="DD4"

#=L^[4" -F#[==" DD" G-F#!H4" .,1" -^>#[!( a.*)'$" 73(" 83,73(2.%+3,.*" $%.%+$%+8$" 73("

! %)$



bRcA";'('"832/)%'1")$+,9"23*'8)*.("1:,.2+8$"$+2)*.%+3,$!" 0," %&'$'"$+2)*.%+3,$4";'"

)$'1"/.(.2'%'($" 7(32"%&'"bRcA6##Zc" 73(8'" 7+'*1" 73(" %&'"/'/%+1'".,1" %&'"P0RWR"231'*"

73(";.%'("23*'8)*'$!"P&'"$+2)*.%+3,$";'('"8.((+'1"3)%";+%&"."$+,9*'".*.,+,'"1+/'/%+1'"+,"."

8)5+8" 53?"37" $+1'"DJo!"P&'"L'(',1$'," %&'(23$%.%" G@nD`_d]" 83)/*+,9" 83,$%.,%" E!M/$H"

.,1"2.,3$%.%_\" GRnM5.(]"83)/*+,9"83,$%.,%4"M/$H";'('")$'1" %3"$+2)*.%'" %&'"/'/%+1'" +,"

;.%'("+,"%&'"+$3%&'(2.*6+$35.(+8"',$'25*'!"P&'"A^PPc^".*93(+%&2";.$")$'1"%3"83,$%(.+,"

53,1"*',9%&$".,1"53,1".,9*'$"73("%&'";.%'("23*'8)*'$4";&'('.$"%&'"c0V-A"2'%&31";.$"

)$'1"%3"83,$%(.+,".**"53,1"*',9%&$"+,"%&'"/'/%+1'!"#"%+2'"$%'/"37"D!E7$";.$")$'1".,1"%&'"

'<).%+3,$"37"23%+3,";'('" +,%'9(.%'1")$+,9" %&'" *'./7(39"2'%&31".$" +2/*'2',%'1" +," %&'"

X[b=#-A" /.8N.9'!" #" MEo" $/&'(+8.*" 8)%377" ;.$" )$'1" 73(" 53%&" ce" .,1" '*'8%(3$%.%+8"

+,%'(.8%+3,$!"V'+9&53("*+$%$";'('")/1.%'1"3,8'"'@'(:"7+@'"%+2'"$%'/$".,1"."('.8%+3,"7+'*1"

;+%&"."5)*N"1+'*'8%(+8"83,$%.,%"37"_E";.$")$'1".$"."2'%&31"%3"+,%(31)8'"83(('8%+3,$"1)'"

%3" *3,96(.,9'"'*'8%(3$%.%+8" +,%'(.8%+3,$!">.%." $&3;," +," %&'" %.5*'".('".@'(.9'$"3@'(" YE"

+,1'/',1',%"$+2)*.%+3,$4"'.8&"37"*',9%&"WE,$!"a.*)'$"73("83,73(2.%+3,.*"$%.%+$%+8$"73("%&'"

#LA0VPF"231'*";'('"35%.+,'1")$+,9"==-"$+2)*.%+3,$!">'%.+*$"37" %&'"23@'"$'%$")$'1"

.('" $&3;," +," P.5*'" W!8!" [=A>0" +$" %&'" (33%62'.,6$<).('" 1'@+.%+3," 5'%;''," $%.%+$%+8$"

$&3;," +," 83*)2,$" D6_" G73(" %&'" 7+@'" 83,73(2.%+3,.*" $%.%'$H" .,1" %&'" $%.%+$%+8$" $&3;," +,"

83*)2,"D"GA--6>SPL";+%&"#=L^[H!(=.?>0"+$"%&'"),$+9,'1"2.?+2.*"1'@+.%+3,"5'%;'',"

$%.%+$%+8$" $&3;," +," 83*)2,$" D6_" .,1" %&'" $%.%+$%+8$" $&3;," +," 83*)2," D!( -3,@'($'*:4"

[=A>00"+$"%&'"(33%62'.,6$<).('"1'@+.%+3,"5'%;'',"$%.%+$%+8$"$&3;,"+,"83*)2,$"D6_".,1"

%&'" $%.%+$%+8$" $&3;," +," 83*)2," W" GA--6>SPL" ;+%&" -F#[==" DDH" .,1" =.?>00" +$" %&'"

),$+9,'1"2.?+2.*"1'@+.%+3,"5'%;'',"$%.%+$%+8$"$&3;," +,"83*)2,$"D6_".,1"%&'"$%.%+$%+8$"

$&3;,"+,"83*)2,"W!"

F)"#(%9;""('/3(%'1"%;3"$'%$"37"C=Z=="1.%."%&.%";'('"83,$+$%',%";+%&"'.8&"

3%&'(" GA--6>SPL" ;+%&" '+%&'(" #=L^[" 3(" -F#[==" DDH!" P&'" %;3" 8.*8)*.%+3,$"

! %)"



1+77'('1"+,"%&'"8&3+8'"37"ce"/.(.2'%'($")$'1"%3"1'$8(+5'"%&'"/'/%+1'"73("231'*+,9"

/'/%+1'6$3*@',%" +,%'(.8%+3,$!" P&'" C=Z==" 8.*8)*.%+3,$" 1+1" ,3%" +,8*)1'" .,:"

'2/+(+8.*" %3($+3,.*" /3%',%+.*$" 5'8.)$'" .**" +,%(.6/'/%+1'" +,%'(.8%+3,$" ;'('"

1'$8(+5'1")$+,9"<).,%)2"2'8&.,+8$Q"

P&'" ('$)*%$" $&3;," +," P.5*'" W!'" .('" @'(:" ',83)(.9+,9" 73(" 3)(" .//(3.8&!"

I&',";'"832/.('"%&'"$%.%+$%+8$"73("$/'8+7+8"83,73(2.%+3,.*"+,%'(@.*$4"+%"5'832'$"

8*'.(" %&.%" %&'" ('$)*%$" 35%.+,'1" )$+,9" %&'" #LA0VPF" 73(8'" 7+'*1" $&3;" %&'" 5'$%"

.9(''2',%" ;+%&" %&'" C=Z==" 1.%.!" P&+$" /3+,%" +$" .*$3" '2/&.$+B'1" ;&'," ;'"

832/.('" /.+(;+$'" (33%" 2'.," $<).('" 1'@+.%+3,$" 5'%;''," 1.%." 35%.+,'1" )$+,9"

1+77'(',%" 73(8'" 7+'*1$".,1" %&3$'"35%.+,'1")$+,9"C=Z==!" "F)"#(%9;"" .*$3"$&3;'1"

%&.%" %&'+(" C=Z==" 1.%." G.,1" 5:" '?%',$+3," %&'" #LA0VPF" 1.%.H" .('" +," 9331"

.9(''2',%" ;+%&" $%.%+$%+8$" 35%.+,'1" 7(32" %&'" 1+$%(+5)%+3,$" 37" &4'6.,9*'$" +," %&'"

/(3%'+,"1.%."5.,N!__"

P&'" 9331" .9(''2',%" 5'%;''," C=Z==" 1.%." .,1" #LA0VPF" +$" @'(:"

+2/3(%.,%" 5'8.)$'" +%" $)99'$%$" %&.%" %&'" 1'$8(+/%+3," 37" 5.8N53,'" 83,73(2.%+3,.*"

'<)+*+5(+." )$+,9"#LA0VPF" +$" ('.$3,.5*'!" P&'"','(9:" *.,1$8./'"35%.+,'1")$+,9"

C=Z==".,1"#LA0VPF" 73(" .*.,+,'"1+/'/%+1'" +$" +,"9','(.*" 7*.%%'(" %&.,";&.%"3,'"

35%.+,$" ;+%&" %&'" 3%&'(" 73(8'" 7+'*1$!" 0%" .//'.($" %&.%" %&'" 8325+,.%+3," 37" ce"

/.(.2'%'($" .,1" $%+77" %3($+3,.*" /3%',%+.*$" +," 23*'8)*.(" 2'8&.,+8$" 73(8'" 7+'*1$"

2.N'$" %&'2" %33" ('$%(+8%+@'!" P&+$" +," %)(," 2+9&%" /3$'" 8&.**',9'$" 73(" .88)(.%'"

231'*+,9" 37" 83,73(2.%+3,.*" &'%'(39','+%:" +," 0>R$" 5'8.)$'" 37" $+9,+7+8.,%" /('6

3(9.,+B.%+3,".%" %&'" *'@'*"37".," +,1+@+1).*" ('$+1)'!"X+@',"3)(" +,%'('$%" +," 0>R$".$"

3//3$'1" %3"$%()8%)('"/('1+8%+3,4";'"/(3/3$'" %&.%" %&'"#LA0VPF".//(3.8&"2+9&%"

! %*&



5'"."23('"('.$3,.5*'".*%'(,.%+@'"73("$+2)*.%+,9"83,73(2.%+3,.*"&'%'(39','+%:"%&.%"

+$"8&.(.8%'(+$%+8"37"0>R$!"

,,,"L"0"%@=#)79;%M$4';6!$2%'4%(*'%:79;;%G)'(#!$3%

P&'" JK6('$+1)'" LM" 132.+," 37" $%('/%38388.*" /(3%'+," X" +$" $%.5*'" .$" .,"

+$3*.%'1" 83,$%()8%" .,1" 8&.(.8%'(+B'1" 5:" ." ;'**61'7+,'1" "LK673*1" .,1" ),)$).**:"

&+9&" %&'(2.*" $%.5+*+%:!" 0%$" $%()8%)('" &.$" 5''," 1'%'(2+,'1" 5:" V=[_`" .,1" %&'"

2.?+2)2"2'*%+,9"%'2/'(.%)('";.$"73),1"%3"5'"_\K-".%"."/F"37"J!Y!`E"P&'"'?.8%"

2'*%+,9"%'2/'(.%)('"+$"$%(3,9*:"/F6".,1"$.*%61'/',1',%Q"%&'"$%.5+*+%:"+$"'?/'8%'1"

%3"5'"$+9,+7+8.,%*:"('1)8'1".%",')%(.*"/F"5.$'1"3,"."('8',%4"$:$%'2.%+8"$%)1:"3,"

."$%()8%)('6/('$'(@+,9"2)%.,%!`M"P&'"LM"132.+,"&.$"5'',"$%)1+'1"'?%',$+@'*:"5:"

832/)%.%+3,.*"2'%&31$" .$" ;'**!`D6`Y" 0%$""LK673*14" +%$" +,+%+.*" 8&.(.8%'(+B.%+3," .$" ."

/(3%3%:/+8.*"%;36$%.%'"73*1'(4".,1"+%$"3)%$%.,1+,9"$%.5+*+%:"$)99'$%"%&.%"%&+$"132.+,"

+$".")$'7)*"%'$%"8.$'"73("%'$%+,9",';"231'*$!""

01'.**:4"%&'"('@'($+5*'"73*1+,9"37"%&'"LM"132.+,";3)*1"5'"1'23,$%(.%'1"5:"

$+2)*.%+,9"%&'"$:$%'2"7(32"%;3"1+77'(',%"+,+%+.*"83,1+%+3,$"G(.,132+B'1"@$!"73*1'1H"

3@'(".";+1'"(.,9'"37"%'2/'(.%)('$!"F3;'@'(4"%&'"',%+('"132.+,"73*1$"3,"%&'"2$6

%+2'$8.*'4" ;&+8&" +$" ." ('9+2'" %&.%" ('2.+,$" +,.88'$$+5*'" %3" ),5+.$'1" $+2)*.%+3,"

%'8&,+<)'$!"F'('4";'"$&3;"('$)*%$"37"=-"$+2)*.%+3,$"37"%&'"%&'(2.*"),73*1+,9"37"

%&'" LM" 132.+," ;&'," $%.(%+,9" 7(32" %&'" 73*1'1" $%()8%)('" GR>LQ" MXLMH!" #%" *3;"

$+2)*.%+3," %'2/'(.%)('$4" ;'" '?/'8%" %&'" 73*1" %3" ('2.+," $%.5*'4" ;&+*'" .%" &+9&"

%'2/'(.%)('$4";'"'?/'8%"7)**"1',.%)(.%+3,!"P&'"),73*1+,9"%(.,$+%+3,"+$"N,3;,"%3"5'"

833/'(.%+@']" .,3%&'(" 7'.%)('" '?/'8%'1" %3" 5'" /(32+,',%" +," /*3%$" 37" 73*1+,9"

! %*%



2'.$)('$".9.+,$%"%'2/'(.%)('!"#"$%)1:"37"%&'(2.*"),73*1+,9".**3;$")$"%3"%'$%"%;3"

.$/'8%$" 37" 3)(" 231'*Q" 7+($%4" ;'" 8.," .$$'$$" +7" %&'" 73*1'1" $/'8+'$" +$" ." $%.5*'"

2+,+2)2" 73(" ." 9+@'," F.2+*%3,+.,!" A'83,14" ;'" .$$'$$" +7" %&'" /(3%'+," $&3;$" ."

833/'(.%+@'" %(.,$+%+3," 5'%;''," 73*1'1" .,1" ),73*1'1" $%.%'$4" +," .883(1" ;+%&"

'?/'(+2',%.*" 35$'(@.%+3,$" .,1" +(('$/'8%+@'" 37" %&'" 2'.$)('" )$'1" %3" .$$'$$"

83,73(2.%+3,.*" $%.5+*+%:!" P&'" $'83,1" /3+,%" +$" (.('*:" .11('$$'1" +," $+2)*.%+3,"

$%)1+'$" $+,8'" %&'" /(+2.(:" +,%'('$%" 37%'," *+'$" +," %&'" 73*1'1" $/'8+'$!" P3" 1'$8(+5'"

/&',32',."$)8&".$"73*1+,94".$$'25*:4"3("1+$3(1'(4"&3;'@'(4"+%"+$"8()8+.*"%&.%"%&'"

73*1'1"$%.%'"+$",3%"3@'(6$%.5+*+B'1!"!

S+9)('" W!K" $&3;$" %&(''" 1+77'(',%" 73*1+,9"2'.$)('$" 73(" %&'" LM" 132.+," 37"

/(3%'+,"X".$"." 7),8%+3,"37" %'2/'(.%)('4" %&'" 7+($%" %;3"37";&+8&".('"5.$'1"3," %&'"

(33%"2'.,"$<).('"1'@+.%+3,"G[=A>H"7(32"%&'"R>L"$%()8%)('".7%'("$)/'(/3$+%+3,4"

)$+,9"1+77'(',%"$)5$'%$"37"%&'"/(3%'+,!"P&'"%&+(1"+$"%&'"(.1+)$"37"9:(.%+3,"G@AH"37"%&'"

23*'8)*'4" ." <).,%+%:" )$'1" %3" 1'$8(+5'" +%$" 3@'(.**" $+B'4" !"#"4" %3" 23,+%3(" 8&.+,"

83**./$'"Z"$;'**+,9!"L3%&"[=A>"2'.$)('$"/(35'"$'83,1.(:".,1"%'(%+.(:"$%()8%)('"

$+2)*%.,'3)$*:!"P&'"%&'(2.*"$%.5+*+%:"37" %&'"LM"132.+,"&.$"23$%*:"5'',"$%)1+'1"

)$+,9" 1+77'(',%+.*" $8.,,+,9" 8.*3(+2'%(:" .,1" 8+(8)*.(" 1+8&(3+$2" G->H"

2'.$)('2',%$";&+8&"&.@'"5'',"$&3;,"%3".9(''";'**"+,"9','(.*!`E4`M"P&'"3@'(.**"

[=A>"&',8'"$''2$"*+N'"."9331"8.,1+1.%'"%3"),+%'"%&'"*38.*".,1"9*35.*"7'.%)('$"

2'.$)('1" '?/'(+2',%.**:!" -3,@'($'*:4" %&'" @A" 2'.$)('" 8.," 3,*:" /(35'" 3@'(.**"

$+B'".,1"+$"$&3;,"%3"+**)$%(.%'"%&'"/3*:2'(+8"5'&.@+3("73("%&+$"$:$%'2!"

! %*'



250 300 350 400 450
0

5

10

15

20

25

2
?
RA
<B
E?
K
(.
8
9
H
C
78
(E
?
(U
((

%8:F879@C78(E?(`(

 

 

250 300 350 400 450
0.2

0

0.2

0.4

0.6

0.8

1

1.2

/
A
7:
9
<E
X8
B
(2
?
RA
<B
E?
K
(.
8
9
H
C
78

%8:F879@C78(E?(`(

Radius of Gyration

Heavy Atom RMSD Residues 2 to 55

Heavy Atom RMSD Residues 23 to 37
A B

!

0EKC78( I5^Q"2?RA<BE?K(:89HC78H( RA7( @J8(=6(BA:9E?(AR(F7A@8E?(4( 9H( 9( RC?D@EA?(AR(

HE:C<9@EA?( @8:F879@C78!" R.,'*" #" $&3;$" %;3" (.;" @.*)'$" 73(" %&'" [=A>" %3" %&'" R>L"

$%()8%)('Q"+H"73(".**"&'.@:"5.8N53,'".%32$"'?8*)1+,9"%&'"%'(2+,.*"('$+1)'$]".,1"++H"73("T)$%"

%&'"&'.@:"5.8N53,'".%32$"+,"%&'"&'*+8.*"/3(%+3,"37"%&'"/(3%'+,!"0%".*$3"$&3;$"%&'"(.1+)$"

37"9:(.%+3,!"P&'"[=A>"+$"5.$'1"3,"$%()8%)(.*".*+9,2',%$")$+,9"3,*:"%&'"83(('$/3,1+,9"

('$+1)'$".$".*+9,2',%"8(+%'(+.!"R.,'*"L"$&3;$"@.*)'$"73(".**"%&(''"2'.$)('$",3(2.*+B'1"

%3"%&'+("',1"/3+,%$".%"DKEd"GE!E4"7)**:"73*1'1H".$";'**".$"YYEd"GM!E4"7)**:"),73*1'1H!"^((3("

5.($".('"35%.+,'1"%&(3)9&"5*38N".@'(.9+,9")$+,9"."5*38N"$+B'"37"JIMEJ"=-"$%'/$!"

#$"8.,"5'"$'',"+,"S+9)('"W!K4".**"%&(''"2'.$)('$"('/3(%"."833/'(.%+@'".,1"

;'**61'7+,'1" ),73*1+,9" %(.,$+%+3," ;+%&" ;'**61'7+,'1" 5.$'*+,'$" 5'*3;" WDEd" .,1"

.53@'" W_Ed!" 0,%'('$%+,9*:4" ;&'," ,3(2.*+B'1" GR.,'*" LH4" %&'" %;3" [=A>" 8)(@'$"

83+,8+1'".*23$%"/'(7'8%*:"+,1+8.%+,9"%&.%"%&'"3@'(.**""MK673*1"),73*1$"833/'(.%+@'*:"

(.%&'(" %&.," '?&+5+%+,9" 1+$/.(.%'" $%.5+*+%:" 37" %&'" &'*+8.*" .,1"K6$&''%" /.(%$" 37" %&'"

$%()8%)('!"-3,@'($'*:4" %&'"@A6%(.,$+%+3," +$"$&+7%'1" %3"$*+9&%*:"&+9&'(" %'2/'(.%)('$"

+,1+8.%+,9" %&.%" $'83,1.(:" $%()8%)('" 2'*%$" 3)%" /.(%+.**:" ;&+*'" %&'" 8&.+," ('2.+,$"

83**./$'1!" b@'(.**4" &3;'@'(4" $;'**+,9" .,1" ),73*1+,9" .('" (3)9&*:" 83,832+%.,%!"

! %*(



P&+$" 35$'(@.%+3,4" .9(''$";+%&" %&'" .//.(',%" %;36$%.%'" 73*1+,9" 5'&.@+3(" ('/3(%'1"

73(" %&+$"/(3%'+,!_`4`M"=3('" +2/3(%.,%*:4" %&'"2'*%+,9" %'2/'(.%)('" +," %&'"231'*"8.,"

5'" '$%+2.%'1" %3" 5'" .(3),1" WYEd" GKJ6\Eq-H4" ;&+8&" +$" +," 9331" .9(''2',%" ;+%&"

'?/'(+2',%";&',"('.*+B+,9"%&.%"%&'"8+%'1"_\q-`E4`M".('"35%.+,'1"),1'("83,1+%+3,$"

37"2.?+2)2"$%.5+*+%:!"P&'"@.*)'".*$3"83+,8+1'$";'**";+%&"%&'",)25'("9+@',".%"*3;"

$.*%".,1",')%(.*"/F"73("%&'".73('2',%+3,'1"2)%.,%!`M"

P3" 7)(%&'(" 83((353(.%'" %&.%" 73*1'1" /(3%'+,$" .('" $%.5*'"2+,+2." .,1" $&3;"

('.$3,.5*'" %'2/'(.%)('" 1'/',1',8'" ;'" 8&3$'" %3" $%)1:" %&'" ',9(.+*'1"

&32'3132.+,"7(32">(3$3/&+*.";&3$'"$%()8%)('";.$"$3*@'1"%3"D!Mo"('$3*)%+3,"5:"

r6(.:" 8(:$%.**39(./&:" GR>LQ" M^VFH!`J" 0%" +$" ." %&(''6&'*+?" 5),1*'" /(3%'+," ;&+8&"

),1'(93'$" %&'(2.*" 2'*%+,9" ;+%&" ." 2+1/3+,%" 37" .53)%" YJq-" .$" 23,+%3('1" 5:"

->!`J4`K"0%"$'(@'$".$"."93314"832/*'2',%.(:"%'$%"8.$'"73("%&'"73**3;+,9"('.$3,$!"

S+($%4" +%" +$" .23,9" %&'" 7.$%'$%" 73*1'($" N,3;," %3" 1.%'4`\" ;&+8&" &.$" ',.5*'1"

832/)%'("$+2)*.%+3,$" %3"$%)1:" %&'"),73*1+,9"37" %&+$"/(3%'+,"1+('8%*:")$+,9"=>" +,"

'?/*+8+%"$3*@',%"3,"." ('.*+$%+8" %+2'$8.*'!`K4`\"A'83,14" +%"&.$"5'',"1'$8(+5'1".$"."

1+77+8)*%".,1"&',8'"."9331"%'$%"8.$'"73("83,%+,))2"$3*@.%+3,"231'*$!`_"

R.,'*"#"37"S+9)('"W!\"$&3;$"73)("1+77'(',%"),73*1+,9"2'.$)('$";&+8&".('"

.**" 5.$'1" 3," %&'" [=A>" 7(32" %&'" R>L" $%()8%)('!" 07" .**" %&'" /(3%'+,$" &'.@:"

5.8N53,'".%32$".('".*+9,'1".,1"%&'"[=A>"+$"832/)%'14"3,'"35%.+,$"."2'*%+,9"

8)(@'";+%&"."@'(:";'**61'7+,'1")//'("5.$'*+,'"5)%"."('*.%+@'*:"&+9&"[=A>"37".53)%"

W!Jo".%"*3;"%'2/'(.%)('4";&+8&"83,%+,)3)$*:"9(3;$";+%&"+,8('.$+,9"%'2/'(.%)('!"

0,"83,%(.$%4" +7"3,'")$'$"%&'"%&(''"&'*+8'$"+,1'/',1',%*:"%3"13"%&'".*+9,2',%".,1"

[=A>" 832/)%.%+3,4" &'*+8'$" #" .,1" L" :+'*1" &+9&*:" 833/'(.%+@'" .,1";'**61'7+,'1"

! %*)



2'*%+,9" %(.,$+%+3,$";+%&"."2+16/3+,%" 37" .53)%"WWEd4";&+*'"&'*+?"-":+'*1$"."23('"

9(.1).*" %(.,$+%+3," ('$'25*+,9" %&.%" 37" %&'" ;&3*'" /(3%'+," 5)%" $&+7%'1" %3" $*+9&%*:"

&+9&'(" %'2/'(.%)('$!" 0," R.,'*" L" 37" S+9)('" W!\" .**" 73)(" ),73*1+,9"2'.$)('$" .('"

/('$',%'1" +," ,3(2.*+B'1" 7.$&+3," .$$)2+,9" %&'" 5.$'*+,'" .%" *3;" %'2/'(.%)('" +$"

('.$3,.5*:" 7*.%!"#$"8.,"5'"$'',".**"2'.$)('$" %.N'," %39'%&'(" ('/3(%"3,"."5(3.1"

%(.,$+%+3,"('9+3,"37"WEE6WJEd"+,".9(''2',%";+%&"'?/'(+2',%.*"1.%.!"

250 300 350 400 450
0

5

10

15

20

25

U
n

fo
ld

in
g

 
M

ea
su

re
 

in
 

Å

Temperature in K

 

 

250 300 350 400 450
0.4

0.2

0

0.2

0.4

0.6

0.8

1

1.2

N
o

rm
al

iz
ed

 
U

n
fo

ld
in

g
 

M
ea

su
re

Temperature in K

Backbone RMSD
Backbone RMSD for Helix A
Backbone RMSD for Helix B
Backbone RMSD for Helix C

"

0EKC78(I5aQ"2?RA<BE?K(:89HC78H( RA7( @J8(8?K79E<8B(JA:8ABA:9E?(9H(9( RC?D@EA?(AR(

HE:C<9@EA?( @8:F879@C78!" R.,'*" #" $&3;$" 73)(" (.;" @.*)'$" 73(" %&'" [=A>" %3" %&'" R>L"

$%()8%)('";&+8&".('"5.$'1"3,".**"&'.@:"5.8N53,'".%32$"'?8*)1+,9"%'(2+,.*"('$+1)'$".$"

;'**".$"5.$'1"3,"%&'"&'.@:"5.8N53,'".%32$"73("%&'"%&(''"&'*+8'$"+,1+@+1).**:!"O$+,9"%&'"

R>L6,)25'(+,9"GM^VFH4"%&'"&'*+8'$";'('"1'7+,'1".$"('$+1)'$"MM"%3"DJ"G#H4"('$+1)'$"D`"

%3"YM"GLH4".,1".$"('$+1)'$"YW"%3"J\"G-H!"c+N';+$'"%3"S+9)('"W!K4"%&'"[=A>"+$"5.$'1"3,"

$%()8%)(.*".*+9,2',%$")$+,9"3,*:"%&'"83(('$/3,1+,9"('$+1)'$".$".*+9,2',%"8(+%'(+.!"R.,'*"

L"$&3;$"@.*)'$"73("%&'"73)("2'.$)('$",3(2.*+B'1"%3"%&'+("',1"/3+,%$".%"DKEd"GE!E4"7)**:"

73*1'1H" .$" ;'**" .$" YYEd" GM!E4" 7)**:" ),73*1'1H!" ^((3(" 5.($" .('" 35%.+,'1" %&(3)9&" 5*38N"

.@'(.9+,9")$+,9"."5*38N"$+B'"37"JIMEJ"=-"$%'/$!(

! %**



I'"8.,"+,%'(/('%"%&'"1.%.".$"73**3;$!"O,*+N'"73("%&'"LM"132.+,"37"/(3%'+,"X4"

%&'" %'(%+.(:" 83,%.8%$" 73(" %&'" ',9(.+*'1" &32'3132.+," .('" ;'.N" .,1" &.@'"

$)5$%.,%+.*" ('$+1).*" ',%(3/:" '@'," .%" *3;" %'2/'(.%)('$!" 0," 3%&'(" ;3(1$4" %&'"

('*.%+@'" .((.,9'2',%" 37" %&'" %&(''" &'*+8'$" +$" ,3%" @'(:" %+9&%*:" 83,$%(.+,'1!" I+%&"

+,8('.$+,9" %'2/'(.%)('$4" %'(%+.(:" 83,%.8%$" .('" *3$%" 832/*'%'*:" 5)%" .*%'(,.%+@'"

83**./$'1" $%.%'$" ;+%&" +,%.8%" &'*+8'$" .('" @+$+%'1" %(.,$+',%*:!" P&+$" *'.1$" %3"

+,%'(2'1+.%'"@.*)'$" 73(" %&'" %3%.*"[=A>".,1" %3" *.(9'"'((3("5.($" +," %&'" %(.,$+%+3,"

('9+3,!" S+,.**:4" .%" &+9&" %'2/'(.%)('" %&'" 8&.+," '?/.,1$" 7)**:4" .,1" %&'" &'*+8'$"

5'832'" ),$%.5*'" .,1" 2'*%!" P&+$" /+8%)('" 35%.+,'1" 7(32" %&'" $+2)*.%+3,$" +$"

83,$+$%',%";+%&" %&'"83,8*)$+3," 7(32"53%&"'?/'(+2',%$".,1"832/)%.%+3," %&.%" %&'"

73*1+,9" 37" %&'" ',9(.+*'1" &32'3132.+," 8.," 5'" '?/*.+,'1" )$+,9" %&'" 1+77)$+3,6

83**+$+3,"231'*`\4``"+,";&+8&"<).$+6$%.5*'"$'83,1.(:"$%()8%)('"'*'2',%$"f138Ng"%3"

('$)*%" +," %&'" 73*1'1" %'(%+.(:"$%()8%)('!" 0%" +$".*$3"83,$+$%',%";+%&" %&'"@+';" %&.%" %&'"

$:$%'2"$''2$"%3"5'"2)8&"*'$$"37"."%;36$%.%'"$:$%'2"832/.('1"%3"%&'"LM"132.+,"

37" /(3%'+," X" .,1" %&.%" &'*+?6(+8&" +,%'(2'1+.%'$" .('" /3/)*.%'1" .*3,9" %&'"

73*1+,9Z),73*1+,9" /.%&;.:!`\" S+,.**:4" 3)(" ('$)*%$" $32';&.%" 83,%(.1+8%" /('@+3)$"

$+2)*.%+3,";3(N`K"+,"%&.%";'"13",3%"7+,1"%&'"&'*+8'$"%3"5'"$+9,+7+8.,%*:"/3/)*.%'1".%"

&+9&" %'2/'(.%)('$!" 0%" $&3)*1" 5'" ,3%'14" &3;'@'(4" %&.%" %&'" [=A>" 2'.$)('"

'2/*3:'1"&'('" 7.+*$" %3" ('/3(%" 3," $2.**" 5)%" $+9,+7+8.,%" /3/)*.%+3,$"37" %&'"&'*+8.*"

$%.%'";&+8&";'"8'(%.+,*:"35$'(@'"73("&'*+8'$"#".,1"-4"5)%",3%"73("&'*+?"L"G1.%.",3%"

$&3;,H4";&+8&"+$"+,".9(''2',%";+%&"%&'"*+%'(.%)('!`K"

['9.(1+,9" %&'" ('.$3,.5*'" .9(''2',%" 37" @76@.*)'$" ;'" 7+,1" ;+%&" %&'"

'?/'(+2',%.*"*+%'(.%)('4"+%"2)$%"5'"/3+,%'1"3)%"%&.%"+%"+$";'**"N,3;,"%&.%"$+2)*.%+3,"

! %*+



%'2/'(.%)('$" 13" ,3%" 83(('$/3,1" %3" .8%).*" %'2/'(.%)('$4" 5'8.)$'" %&'" /&.$'"

5'&.@+3("37"%&'"$3*@',%"+$",3%"8./%)('1"5:"%&'"83,%+,))2!"0,"7.8%4"%&'"/(3/'(";.:"

%3"('.*+B'"%'2/'(.%)('"1'/',1',8'"+,"#LA0VPF";3)*1"5'"%3"8./%)('"%&'"%&'(2.*"

5'&.@+3("37".**"%&'"),1'(*:+,9"/.(.2'%'($"+,8*)1+,9"%&'"('7'(',8'"7(''"','(9+'$"37"

$3*@.%+3," G1'832/3$'1" +,%3"',%(3/+'$".,1"',%&.*/+'$H4" %&'"83,%+,))2"1+'*'8%(+84"

.,1" 37" 83)($'" .**" .%32+$%+8" /.(.2'%'($!" P&'" /3+,%" &'('" +$" ,3%" %3" /(3@+1'"

<).,%+%.%+@'".9(''2',%"5'%;'',"2'*%+,9"%'2/'(.%)('$"5)%"%3"$&3;"%&.%"%&'"231'*"

13'$",3%"1(.$%+8.**:"3@'(6$%.5+*+B'"%&'"73*1'1"$%.%'!!

,,,"L"-"%O#&#)3!K;#%5';6!$2%P%M$4';6!$2%'4%(=#%"?Q#;!89;%5:?G#A(!6#%

P&'" DM6('$+1)'" SA6/'/%+1'" G#8'%:*6#Js###[#tW6V?='%&:*.2+1'H" +$" ."

2'25'(" 37" ." 8*.$$" 37" '?%('2'*:" $+2/*'" /3*:/'/%+1'" $:$%'2$" ;&+8&" ),1'(93" ."

73*1+,9"%(.,$+%+3,"+,".<)'3)$"$3*)%+3,!"0%$"2'*%+,9"%'2/'(.%)('"+$"'$%+2.%'1"%3"5'"

8.!"WEJd4" !"#"4"%&'"73*1'1"73(2"+$"'?/'8%'1"%3"5'"$)5$%.,%+.**:"/3/)*.%'1".%"(332"

%'2/'(.%)('!MEE6MED"P&'""6&'*+8.*",.%)('"37"%&'$'"/'/%+1'$"+,"%&'"73*1'1"73(2"&.$"

5''," '$%.5*+$&'1" /(+2.(+*:" %&(3)9&"->"2'.$)('2',%$" .,1" 3%&'(" $/'8%(3$83/+8"

%'8&,+<)'$!!

P&'" SA6/'/%+1'" +$" $+2/*'" .,1" .**3;$" )$" %3" $+2)*.%'" ('@'($+5*'" 73*1+,9" Z"

),73*1+,9"%(.,$+%+3,$".$"."7),8%+3,"37" %'2/'(.%)('!"#11+%+3,.**:4" %&'('"&.@'"5'',"

$'@'(.*"832/)%.%+3,.*"$%)1+'$"3," %&'"SA6/'/%+1'!_4\_4\`"P&'$'"$%)1+'$"$&3;" %&.%"

%&'" &'*+8.*" 73(2" +$" 3@'(6$%.5+*+B'1" +," $+2)*.%+3,$";+%&" $%.,1.(1" 73(8'" 7+'*1$4" .,1"

%&.%"96%='8"231+7+8.%+3,$"$)8&".$"%&'"$8.*+,9"37"$&3(%6(.,9'"+,%'(.8%+3,$".,1"%&'"

231)*.%+3,"37"%3($+3,.*"/3%',%+.*$"+2/(3@'".9(''2',%";+%&"'?/'(+2',%.*"1.%.!_4\_"

! %*#



0%" +$";3(%&" ('+%'(.%+,9" %&.%" %&'"#LA0VPF"231'*"13'$",3%"'2/*3:"96%='8" $8.*+,9"

/.(.2'%'($]",3("13'$"+%"+,8*)1'"%3($+3,.*"/3%',%+.*$!""

0,"S+9)('"W!_4";'"/('$',%"%&'"('$)*%$"7(32"DE"+,1'/',1',%"$+2)*.%+3,$!"S3("

'.8&"37"%&'"%',"%'2/'(.%)('"@.*)'$"%&'('"+$"53%&".,"),73*1+,9"$+2)*.%+3,"$%.(%+,9"

7(32" %&'" 8.,3,+8.*" "6&'*+?" .,1" ." 73*1+,9" $+2)*.%+3," $%.(%+,9" 7(32" ." (.,1324"

'?%',1'1"83,73(2.%+3,Q"

250 300 350 400 450
0

0.2

0.4

0.6

0.8

1

T in K

F
ra

ct
io

n
al

 
H

el
ic

al
 

C
o

n
te

n
t

250 300 350 400 450
0

5

10

15

20

T in K 

<
N

h
>

250 300 350 400 450
0

0.5

1

1.5

2

T in K 

<
N

s>

 

 

Folding Simulation

Unfolding Simulation

A B C

"

0EKC78( I5bQ" %8:F879@C78LE?BCD8B( :8<@E?K( AR( @J8( 01LF8F@EB8!" P&'" %'2/'(.%)('6

1'/',1',8'" 37" %&'" 7(.8%+3,.*" &'*+8.*" 83,%',%" GR.,'*" #H4" %&'" 2'.," ,)25'(" 37" &'*+8.*"

&:1(39'," 53,1$" GR.,'*"LH4" .,1" %&'"2'.," ,)25'(" 37" &'*+8.*" $'92',%$" 37" .%" *'.$%" %;3"

('$+1)'$" +," *',9%&" GR.,'*" -H" .('" /*3%%'1!" P&'" 73*1+,9" .,1" ),73*1+,9" $+2)*.%+3,$" .('"

$&3;,".$" $3*+1" .,1"1.$&'1" *+,'$4" ('$/'8%+@'*:!" P&'"13%%'1" *+,'" +,"R.,'*"#" +,1+8.%'$" ."

7(.8%+3,.*"&'*+8+%:"37"JEl4";&+8&"+$")$'1"%3"(3)9&*:"'$%+2.%'"%&'"2'*%+,9"%'2/'(.%)('!"

R.,'*" #" +," S+9)('" W!_" $&3;$" %&'" 7(.8%+3,.*" "6&'*+8.*" 83,%',%" 832/)%'1"

.883(1+,9"%3"c["%&'3(:!"#"1+$%+,8%".,1"833/'(.%+@'"%(.,$+%+3,"+$"73),1"73("53%&"$'%$"

37" %'2/'(.%)('61'/',1',%" $+2)*.%+3,$!" I'" 35$'(@'" @+(%).**:" ,3" &:$%'('$+$"

5'%;'',"%&'"),73*1+,9".,1"('73*1+,9".(2$"+,1+8.%+,9"%&.%"$.2/*+,9"+$"'?&.)$%+@'!"

S(32" %&'" %(.,$+%+3," ('9+3,4" %&'"2'*%+,9" %'2/'(.%)('" 8.," 5'" $''," %3" 5'" jWWEd4"

! %*$



;&+8&" +$" &+9&'(" %&.," %&'" @.*)'" 37" jWEJd" 35%.+,'1" 7(32" '?/'(+2',%.*" $%)1+'$!"

F3;'@'(4" .$" P.5*'" W!7" $&3;$4" %&'" 1+$.9(''2',%" +$" $2.**'(" @+$6p6@+$" /('@+3)$"

832/)%.%+3,.*"$%)1+'$")$+,9"@.(+.,%$"37"%&'"#=L^["73(8'"7+'*1";+%&"'+%&'("'?/*+8+%"

$3*@',%"3("."XLZA#"83,%+,))2"$3*@',%"1'$8(+/%+3,!\_"R.,'*$"L".,1"-"$&3;"&3;"

>%:?".,1">%3?"@.(:".$"."7),8%+3,"37"%'2/'(.%)('"G$''"^<).%+3,"W6MMH!"P&'"1.%."

+,1+8.%'" %&.%" %&'" 132+,.,%" $/'8+'$" .%" *3;" %'2/'(.%)('$" +$" ." $+,9*'4" $%(.+9&%""6

&'*+?4".,"35$'(@.%+3,"83,7+(2'1"5:"@+$).*" +,$/'8%+3,"37" %&'"%(.T'8%3(+'$"G1.%.",3%"

$&3;,H!" P&'" 1.%." .(3),1" WEEd" .('" @'(:" $+2+*.(" %3" 35$'(@.%+3,$" 2.1'" 5:"

V:2':'(".,1"X.(8+." G$''"S+9)('$"M".,1"D" +," %&'+(";3(NH\_")$+,9" %&'+("231+7+'1"

@'($+3,"37"#=L^["+,"'+%&'("'?/*+8+%"3("+2/*+8+%"$3*@',%!"

.8@JAB( $%(E?(`( $&N%(E?(`P( %&"

^?/'(+2',%" jWEJ" E!EWK"GD\WH" jM!W"

#=L^[6`Y" W`W"Z"6" E!D\"GWEEH"Z"E!WK"GWEJH" D!MD"Z"M!K\"

#=L^[6XA" WYD"Z"6" E!MW"GWEEH"Z"E!\E"GWEJH" M!K\"Z"W!\E"

#=L^[6`Y"Z"XLZA#" W_E" E!\`"GWEEH" D!DE"

#=L^[6XA"Z"XLZA#" YWM" M!J\"GWEEH" Y!EW"

#=L^[6``" 6" E!EK"GWEJH" E!\E"

#=L^[6``&" 6" E!DK"GWEJH" M!DK"

#=L^[6`Y"6AC" 6" E!D_"GWEJH" M!D_"

#LA0VPF" jWWE" jE!J"GWEEH" jM!`"

%9;<8( I5RQ"!A:F979@EG8( 9?9<OHEH( AR( F979:8@87H( AR( @J8( J8<EQLDAE<( @79?HE@EA?( RA7( @J8(

01LF8F@EB8!" #=L^[6`Y" +$" %&'" 7)**" -3(,'**" #(% 9;"" 73(8'" 7+'*1KW" ;&+*'" #=L^[6XA" +$" %&'"

231+7+8.%+3," +,%(31)8'1"5:"X.(8+.".,1"A.,53,2.%$)!MEW"#=L^[6``MEY" +$"."23('"('8',%"

@'($+3,"N,3;," 73("1+$7.@3(+,9""6&'*+8'$";&+*'"#=L^[6``&" +$" %&'"83(('8%+3," +,%(31)8'1"

! %*"



5:" A3(+," .,1" R.,1'!\`" S+,.**:4" #=L^[6`YUAC" +$" ." 7)(%&'("231+7+8.%+3," +,%(31)8'1" 5:"

A3(+," .,1"R.,1'" $&3;," %3" +**)$%(.%'" %&'+("23('"'?%',$+@'" $%)1:"3," %&'" +2/.8%" 37" ,3,6

83@.*',%" %'(2"$8.*+,9!_"P&'"$'83,1"83*)2,"$&3;$" %&'"2'*%+,9" %'2/'(.%)('$" +,"d'*@+,4"

%&'" %&+(1" .,1" 73)(%&" 83*)2,$" %&'" c[" /.(.2'%'($" .%" WEEd" 3(" WEJd4" ('$/'8%+@'*:!" P;3"

1+77'(',%" 1.%.$'%$" .('" $&3;," 73(" #=L^[6`Y" .,1" #=L^[6XA" ;&+8&" 832'" 7(32"

X.(8+.i$\_".,1""R.,1'i$\`"9(3)/$4"('$/'8%+@'*:!"

S+9)('" `" $&3;$" %&'" c[" ,)8*'.%+3," .,1" /(3/.9.%+3," /.(.2'%'($" .$" ."

7),8%+3,"37"%'2/'(.%)('"+,"R.,'*$"#".,1"L!"P&'$'"<).,%+%+'$"&.@'"5'',"'$%+2.%'1"

@+." ^<).%+3," W6MM" G$''" 000!YH" .,1" 1'$8(+5'" %&'" /(3/',$+%+'$" %3" /3/)*.%'" %&'" "6

&'*+8.*"5.$+,"+,"%&'".5$',8'"37"&:1(39',"53,1"$%.5+*+B.%+3,".,1"%3"'?%',1"'?+$%+,9"

&'*+?",)8*'+"%&(3)9&"&:1(39',"53,16$%.5+*+B'1"9(3;%&!"

250 300 350 400 450
0

0.5

1

1.5

2

2.5

3

T in K 

P
ro

p
ag

at
io

n
 P

ar
am

et
er

 w

250 300 350 400 450
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

T in K 

N
u

cl
ea

ti
o

n
 P

ar
am

et
er

 v
 

 

 

Folding Simulation

Unfolding Simulation

0 0.5 1
0

0.5

1

1.5

2

2.5

3

Nucleation Parameter v

<
N

h
>

/N
r 

o
r 

<
N

s>
 

A B C

!

0EKC78(I5cQ"%J8(@8:F879@C78LB8F8?B8?D8(AR(@J8(,ERHA?L'AEK(N,'P(?CD<89@EA?(GR.,'*"

#H( 9?B( F7AF9K9@EA?( GR.,'*" LH( F979:8@87H" $&3;," .,.*393)$*:" %3" S+9)('" W!_!">3%%'1"

*+,'$" +,1+8.%'" ." %'2/'(.%)('" 37" WEEd!" P&'" %&+8N" 1.$&'1" *+,'" +," R.,'*" #" +$" %&'"

'?/'(+2',%.**:" 1'%'(2+,'1" %'2/'(.%)('" 1'/',1',8'" 37" %&'" /(3/.9.%+3," /.(.2'%'(!"

R.,'*"-" $&3;$"/('1+8%+3,$" 73(" %&'"2'.,4" 7(.8%+3,.*" ,)25'("37" &'*+8.*" &:1(39',"53,1$"

G*3;'("$'%"37"8)(@'$H".,1"73("%&'"2'.,",)25'("37"&'*+8.*"$'92',%$"G)//'("$'%"37"8)(@'$H"

7(32"c["%&'3(:".$"."7),8%+3,"37"%&'",)8*'.%+3,"/.(.2'%'(!"#"7.2+*:"37"8)(@'$"73("@.*)'$"37"

! %+&



.nM!D\4"M!YD4"M!J\4"M!\D4"M!_\4"D!ED4"D!M\"+$"$&3;,"+,"'+%&'("8.$'!"0,8('.$+,9"@.*)'$"37"."

.('" $&3;," .$" *+9&%'(683*3('1" 9(./&$" .,1" 1.$&'1" .,1" $3*+1" *+,'$" .*%'(,.%'" 73(" 5'%%'("

8*.(+%:!"

R.,'*"#"$&3;$"%&.%"." 73**3;$"%&'"%(',1"73(" %&'"3@'(.**"&'*+8+%:4".,1"%&.%" +%"

1'8('.$'$" 7(32" @.*)'$" .(3),1" D!_" %3" @.*)'$" .(3),1" E!YJ" %&(3)9&3)%" %&'"

%'2/'(.%)('"(.,9'"$%)1+'1"&'('!"R.,'*"L"$&3;$"%&.%"="+$"%'2/'(.%)('61'/',1',%"

.$";'**4"1'8('.$+,9"7(32"@.*)'$".(3),1"E!\J"%3"@.*)'$".(3),1"E!MJ!"e)$%".$";'"

35$'(@'1" 73(" %&'" @.(+3)$" 2'.$)('$" 37" &'*+8+%:" +," S+9)('" W!_4" %&'" &:$%'('$+$"

5'%;'',"),73*1+,9".,1"('73*1+,9".(2$" +$"2+,+2.*" +,1+8.%+,9"@'(:";'**683,@'(9'1"

1.%.!"P.5*'"W!7"$&3;$"%&.%"%&'"'$%+2.%'$"35%.+,'1")$+,9"#LA0VPF".('"9','(.**:"

832/.(.5*'"%3"@.*)'$"35%.+,'1";+%&"3%&'("73(8'"7+'*1$!"P&'";3(N"37"V:2':'(".,1"

X.(8+.\_"2.N'$" +%"8*'.(" %&.%"'@',"%&3)9&"=".,1"."2+9&%"$&3;"5'%%'(".9(''2',%"

;+%&" '?/'(+2',%"2'*%+,9" %'2/'(.%)('$"2.:" 5'" 3@'('$%+2.%'1!" S)(%&'(23('4" %&'"

'?/'(+2',%.**:"1'%'(2+,'1"%'2/'(.%)('61'/',1',8'"37".MEJ"+$"8()1'*:"$&3;,".$"

." %&+8N" 1.$&'1" *+,'" +," R.,'*" #" 37" S+9)('" W!`!" b5@+3)$*:4" #LA0VPF" $*+9&%*:"

3@'('$%+2.%'$" %&'" /(3/.9.%+3," /.(.2'%'(" 5)%" +%" 13'$" $''2" %3" /(3@+1'" ."

('.$3,.5*'"('/('$',%.%+3,"37"%&'"$*3/'!"07".,:%&+,94"%&'"*.%%'("$''2$"%3"5'"$*+9&%*:"

3@'('$%+2.%'14" ;&+8&" $%.,1$" +," 83,%(.$%" %3" %&'" #=L^[65.$'1"231'*$" 1''2'1"

23$%" ('.$3,.5*'" 73(";&+8&" %&'" $*3/'" $''2$" %3" 5'" ),1'('$%+2.%'1!\`" P&'"23$%"

('*'@.,%" 832/.(+$3," +," P.5*'" W!7" +$" 5'%;''," %&'" $+2)*.%+3,$" )$+,9" %&'" XLZA#"

231'*".,1"#LA0VPF!"S3("%&+$"$/'8+7+8"$:$%'24"%&'"*.%%'("$&3;$"5'%%'(".9(''2',%"

;+%&" '?/'(+2',%$" %&.," %&'" 73(2'(4" .,1" %&+$" &3*1$" 73(" .**" %&'"2'.$)('$" )$'1" %3"

<).,%+7:"&'*+?683+*"%(.,$+%+3,$".$"$&3;,"+,"P.5*'"W!7!"!

! %+%



P;3".11+%+3,.*"/3+,%$",''1"%3"5'"2.1'!"#$"&.$"5'',",3%'1"+,"%&'"*+%'(.%)('4"

="+$"9','(.**:"3@'('$%+2.%'1"5:"(3)9&*:".,"3(1'("37"2.9,+%)1'"+,"$+2)*.%+3,$!"I'"

$)99'$%" %&.%" %&+$" +$"/.(%*:"1)'" %3" %&'"2'%&31"'2/*3:'1" 73(".,.*:B+,9"$+2)*.%+3,"

1.%.!" 0," '?/'(+2',%$4" =" +$" 35%.+,'1" %&(3)9&" 7+%$" %3" N+,'%+8" 1.%." 3," &'*+?"

,)8*'.%+3,4MEK4ME\" ;&+*'" 832/)%.%+3,.**:" +%" +$" 35%.+,'1" %&(3)9&" 7+%$" %3" %&'"

'<)+*+5(+)2"/3/)*.%+3,"37"&'*+?"$'92',%$!"R.,'*"-"+,"S+9)('"W!`"$&3;$"/('1+8%+3,$"

7(32" c[" %&'3(:" .$" ." 7),8%+3," 37" =!" -*'.(*:4" 73(" *.(9'" ',3)9&" @.*)'$" 37".4" &+9&"

&'*+8+%:" 83)/*'1" %3" .," .@'(.9'" ,)25'(" 37" &'*+8.*" $'92',%$" $+9,+7+8.,%*:" *.(9'("

%&.,"),+%:"G.$"+$")$).**:"35$'(@'1H"+$"3,*:"/3$$+5*'"+7"="+$"$)5$%.,%+.**:"*.(9'("%&.,"

%&'"'?/'(+2',%.**:"1'%'(2+,'1"@.*)'"37"E!EWK!"^@',".%"&+9&"%'2/'(.%)('$4";&',"

',%(3/:"132+,.%'$4"+%"+$"+2/3$$+5*'"%3"35$'(@'"@'(:"*3;"@.*)'$"73("="9+@',"%&'";.:"

;'"832/)%'"%&+$"/.(.2'%'("7(32"$+2)*.%+3,"1.%.!"P&+$"/3+,%";+**"5'".11('$$'1"+,"

1'%.+*"'*$';&'('!"S+,.**:4"P.5*'"W!7".**3;$"3,'"%3"2.N'"832/.(+$3,$"5'%;'',"%&'"

#=L^[".,1"bRcA6##"8&.(9'"$'%$!"0%"$&3)*1"5'",3%'1"%&.%"%&'"*.%%'(";'('")$'1"

73(" %&'" #LA0VPF" 8.*8)*.%+3,$" $&3;," &'('!" X,.,.N.(.," .,1" X.(8+.`" &.@'"

35$'(@'1"$&.(/'("%(.,$+%+3,$"+,"%&'+("$%)1:"37"."('*.%'1"/'/%+1'"#*.DM")$+,9"'?/*+8+%"

$3*@',%".,1"%&'"bRcA6##Zc"73(8'"7+'*1KJ"$)99'$%+,9"%&.%"%&'"*.8N"37"833/'(.%+@+%:"

+,"#=L^["2+9&%"5'"1)'"%3"%&'"8&.(9'"$'%"'2/*3:'1!"

,,,"L"E"%@=#%O#&#)3!K;#%R5';6!$2S%'4%9%K?Q9!)A!$%G#A(!6#%

S3(" /'/%+1'$" ',9+,''('1" %3" 73*1" +,%3" ." K6&.+(/+,4" %&'('" 37%'," +$" ,3" ;'**6

1'7+,'1" %(.,$+%+3," 5'%;''," %&'" 73*1'1" .,1" ),73*1'1" ',$'25*'$!" P&'" %&'(2.*"

1',.%)(.%+3," 37" %&'$'" $:$%'2$" )$).**:" $&3;$" ." 5(3.1" %(.,$+%+3,";+%&" +**61'7+,'1"

! %+'



5.$'*+,'$".,1"*+%%*'"833/'(.%+@+%:!_M4ME_4ME`"I'"8.,"$)22.(+B'"%&'"1+77'(',8'$";+%&"

('$/'8%"%3""6&'*+8.*"/'/%+1'$".$"73**3;$Q"

N" P&'"73*1+,9"37""6&'*+8.*"$:$%'2$"+$"5.8N53,'61(+@',!"P&+$"+$".//.(',%"7(32"%&'"

7.8%"%&.%"*3;6832/*'?+%:"$'<)',8'$"$)8&".$"%&'"SA6/'/%+1'"13"+,"7.8%"73*1".,1"

%&.%" %&'" $+2/*'$%" 8&+(.*" ('$+1)'" G.*.,+,'H" +$" %&'" 3,'" ;+%&" %&'" *.(9'$%" &'*+?"

/(3/',$+%:!MME4MMM" -3,@'($'*:4" %&'" 73*1+,9" 37" K6&.+(/+,$" 3(" %&(''6$%(.,1'1" K6

$&''%$"+$"$+1'8&.+,61(+@',!"P&+$"/3+,%"+$"2.1'"5:"%&'"7.8%"%&.%"1'$+9,".%%'2/%$"

$)88''1" 5:" 738)$+,9" 3," 3/%+2+B+,9" %&'" %)(," $'<)',8'" .,1" %&'" $+1'8&.+,"

('9+$%(:!_M4ME_4MMD4MMW" 0," 3%&'(" ;3(1$4" %&'" 8&+(.*" /'/%+1'" 5.8N53,'" 37" $&3(%"

/'/%+1'$" +," .<)'3)$" $3*)%+3," $&3;$" .," +,%(+,$+8" /(3/',$+%:" %3" /3/)*.%'" "6

&'*+8.*" 5)%" ,3%" K6(+8&" 83,73(2.%+3,$!" P&+$" +$" +**)$%(.%'1" +,1+('8%*:" 5:" %&'"

/('@.*',8'"37"3(1'('14"K6(+8&"$%()8%)('$" +,"',@+(3,2',%$";&+8&"5'832'" *'$$"

.,1" *'$$" .<)'3)$" $)8&" .$" /(3%'+," .99('9.%'$MMY" 3(" 3(9.,+8" $3*@',%"

2+?%)('$!MMJ"

N" P&'" 73*1+,9" 37" "6&'*+8.*" $:$%'2$" +$" ;'**61'$8(+5'1" 5:" $+2/*'" 231'*$" G$''"

.53@'H";&'('.$"%&.%"37"$&3(%"K6$&''%"/'/%+1'$"+$"1+$%+,8%+@'*:"&'%'(39','3)$"

.,1"&+9&*:"$',$+%+@'"%3"%&'"'?/'(+2',%.*"/(35'"'2/*3:'1!ME`"

N" P&'" 73*1'1" ',$'25*'" 73(" "6&'*+8.*" $:$%'2$" +$" 8&.(.8%'(+B'1" 5:" ('$+1).*"

',%(3/:"+,"7(.:+,9"',1$4"5',1+,94".,1"/3$$+5*'"N+,N$"5)%".*;.:$"('2.+,$";'**6

1'$8(+5'1" 5:" *38.*" 5.8N53,'" /(3/',$+%+'$" .,1" %&'" $" %3" $BC" &:1(39'," 53,1"

('9+$%(:!_E" -3,@'($'*:4" %&'" 73*1'1" ',$'25*'" 73(" 23$%" K6$&''%" /'/%+1'$" +$"

.*23$%"'?8*)$+@'*:"83,$%(.+,'1"5:",3,6*38.*"'77'8%$"$)8&".$"%&'".((.,9'2',%"

! %+(



37" $+1'8&.+,$" 832+,9" 7(32" 3//3$+%'" $%(.,1$!" ^?/'(+2',%.**:4" %&+$" %:/'" 37"

3(1'(+,9" ('*.%'$" %3" %&'" 7*)3('$8',8'"37".(32.%+8" ('$+1)'$_M4ME`"3("V=["3(1'("

/.(.2'%'($"$)8&".$"Vb^$!MMD4MMK"

N" P&'"N+,'%+8$"73("&'*+?"73(2.%+3,".('".%"*'.$%".,"3(1'("37"2.9,+%)1'"7.$%'("%&.,"

%&3$'"73("&.+(/+,"73(2.%+3,!MM\"F',8'4"$:$%'2$"37"%&'"*.%%'("%:/'"/3$'"."2)8&"

$%+77'(" 8&.**',9'" 73(" 832/)%.%+3,.*" '773(%$" %(:+,9" %3" 1'23,$%(.%'" ('@'($+5*'"

73*1+,9!"

=3$%" 37" %&'" $+2)*.%+3," $%)1+'$" 8.((+'1" 3)%" 3," K6&.+(/+," /'/%+1'$" &.@'"

738)$'1" 3," ." 7(.92',%" 37" %&'" LM" 132.+," 37" /(3%'+," X4" 23('" /('8+$'*:" %&'" -6

%'(2+,.*" &.+(/+,4" .$" +%" ;.$" $&3;," %3" '?&+5+%" 7'.%)('$" ('$'25*+,9" %&'" f,.%+@'g"

&.+(/+," '?/'(+2',%.**:!MMK" F3;'@'(4" %&'" 3(1'(" /.(.2'%'($" 8&3$'," +," $+2)*.%+3,"

;3(N")$).**:"13",3%"('*.%'"%3"'?/'(+2',%.*"/(35'$"1+('8%*:]"&',8'4"%&'"('*'@.,8'"

37"$)8&"('$)*%$"73("%&'"93.*"37"8.*+5(.%+,9"73(8'"7+'*1$"+$"<)'$%+3,.5*'!"=3('3@'(4"+%"

;.$" ('8',%*:" $&3;," %&.%" %&'"V=[" 1.%." .('" +," 7.8%"2)8&"23('" 83,$+$%',%" ;+%&"

&+9&*:"1+$3(1'('1"$+2)*.%+3,"',$'25*'$"+,@3*@+,9"*.(9'"/3/)*.%+3,$"37",3,6,.%+@'"

*+N'"$%()8%)('$"%&.,";+%&"/('132+,.,%*:"73*1'1"',$'25*'$!MM_"

P&'" /('8'1+,9" 1+$8)$$+3," *'.1$" )$" %3" 8&33$'" %&'" $368.**'1" %(:/%3/&.,"

B+//'($".$"3)("231'*"$:$%'2!"P&'$'".('"@'(:"$&3(%"/'/%+1'$";+%&"%;3"%(:/%3/&.,"

/.+($"3,"'+%&'("$+1'";&+8&"fB+/g"%39'%&'("%3"$%.5+*+B'"%&'"K6&.+(/+,"83,73(2.%+3,!_M"

V=["$%()8%)('$"83)*1"5'"35%.+,'1")$+,9"1+$%.,8'".$";'**".$"1+&'1(.*"('$%(.+,%$!"

S(32" ." $+2)*.%+3," $%.,1/3+,%4" %&'" $:$%'2" &.$" 5''," $%)1+'1" 23$%" '?%',$+@'*:"

)$+,9" 83,%+,))2" $3*@.%+3," 231'*$" 37" %&'" XLZA#" 7*.@3(!_D4ME`4MM`4MDE" ^@'," +," ."

! %+)



83,%+,))2"$3*@',%4"$.2/*+,9"+$"$)(/(+$+,9*:"1+77+8)*%"9+@',"%&'"$2.**"$+B'"37"%&'$'"

/'/%+1'$!" P&'" $:$%'2";.$" $&3;," %3" '?&+5+%" &'%'(39','+%:" 53%&" +," %'(2$" 37" %&'"

N+,'%+8$"37"+%$"%&'(2.*"),73*1+,9"5'&.@+3("+,".<)'3)$"$3*)%+3,ME`".,1"+,"%'(2$"37"+%$"

$+2)*.%'1" 83,73(2.%+3,.*" '<)+*+5(+)2" .%" %'2/'(.%)('$4" 73(" ;&+8&" '?/'(+2',%.*"

1.%.".('"+,%'(/('%'1"%3"+,1+8.%'"132+,.,%"/3/)*.%+3,"37"%&'"73*1'1"5.$+,!MM`"

F'('4";'"$%)1:"f%(/B+/Mg"G/15"831'Q"Mc^EH_M";&+8&"&.$"%&'"*3;'$%"2'*%+,9"

%'2/'(.%)('" .23,9" %&'" MD6('$+1)'" 1'$+9,$" 5)%" $''2$" %3" $&3;" %&'" 8*'.,'$%"

%(.,$+%+3,"5'%;'',"/('132+,.,%*:"73*1'1".,1"/('132+,.,%*:"),73*1'1"',$'25*'$!"

^@',"73("%&+$"$:$%'24"&3;'@'(4"%&'"'?/'(+2',%.*"1.%.".('"+,%'(/('%'1"%3"+2/*:"%&.%"

%&'" 7(.8%+3,"37" 73*1'1"23*'8)*'$"1'8('.$'$".*23$%" *+,'.(*:" 7(32"E!_" %3"E!M"3@'("

%&'" ;+1'" %'2/'(.%)('" (.,9'" 37" WEE" %3" WKEd!" =3('3@'(4" %&'" 2.?+2)2" 73*1'1"

/3/)*.%+3,"+$",'@'("'?/'8%'1"%3"'?8''1"E!_4"&',8'"+,1+8.%+,9"$)5$%.,%+.*"('$+1).*"

1+$3(1'("'@',"+,"%&'"*3;6%'2/'(.%)('"('9+2'!"S+9)('"W!ME"$&3;$"%&'"%'2/'(.%)('"

1'/',1',8'" 37" @.(+3)$" 3(1'(" /.(.2'%'($" 73(" $+2)*.%+3,$" $%.(%+,9" 7(32" '+%&'("

(.,132"'?%',1'1"83,73(2.%+3,$"G73*1+,9"$+2)*.%+3,H"3(" 7(32"%&'"V=["$%()8%)('4"

23('" /('8+$'*:" %&'" 7+($%" 231'*" G),73*1+,9" $+2)*.%+3,H!" 0," 9','(.*4" 53%&" $'%$" 37"

$+2)*.%+3,$" .9(''" @'(:" ;'**" ;+%&" 3,'" .,3%&'(!" #%" WEEd" 1+$8('/.,8+'$" $%.(%" %3"

.(+$'4" .,1" ;'" 83)*1" ,3%" 9','(.%'" &:$%'('$+$67(''" 1.%." 73(" %'2/'(.%)('$" 5'*3;"

WEEd!"P&+$".9(''$";+%&"/('@+3)$"$%)1+'$";&+8&"&.1"%3")$'"$)5$%.,%+.**:"'*'@.%'1"

%'2/'(.%)('$"%3".8&+'@'"83,@'(9'1"('$)*%$"73("%&+$".,1"$+2+*.("$:$%'2$!MM`4MDM"

R.,'*" #" 37" S+9)('" W!ME" $&3;$" %&'" 2'.," [=A>4" ;&+8&" 1'8('.$'$" ;+%&"

1'8('.$+,9" %'2/'(.%)('4" 5)%" 3,*:" ('.8&'$" ." @.*)'" 37" W!Jo" .%" WEEd!" R.,'*" L"

$&3;$" %&'" @A" 37" %&'" &:1(3/&35+8" 8*)$%'(" 1(+@+,9" &.+(/+," 73(2.%+3,4" !"#"4" %&'"

! %+*



$+1'8&.+,$"37" %&'" 73)(" %(:/%3/&.," ('$+1)'$!"P&+$" +$".,"3(1'("/.(.2'%'(" %:/+8.**:"

)$'1" 73("K6&.+(/+,"$:$%'2$4MDD4MDW"$+,8'" +%".11('$$'$" %&'"1(+@+,9" 73(8'" 73(" 73*1+,9"

1+('8%*:!"S3("%&'"%(:/%3/&.,'"B+//'($4"&3;'@'(4"%&'"V=["$%()8%)('$"13",3%"$&3;"."

%()'"&:1(3/&35+8"8*)$%'(4"5)%" +,$%'.1"$&3;"%&'" +,13*'"(+,9$"%3"5'" +,".,"'19'6%36

7.8'".((.,9'2',%"3,"3,'"7.8'"37"%&'"&.+(/+,";+%&"$)5$%.,%+.*"$3*@',%6.88'$$+5+*+%:"

.,1" ,3" $%.8N+,9" 3(" &:1(39'," 53,1$!" X)@',8&" .,1" L(33N$MDY" .(9)'" %&.%" %&+$"

),)$).*"$%()8%)('".(+$'$"1)'"%3"%&'"'*'8%(3$%.%+8"2)*%+/3*'$"+,"%&'",3,6/3*.("/.(%$"

37" %&'" +,13*'" (+,9$!" P&'"V=["',$'25*'" &.$"." ('$)*%.,%" @.*)'" 73(" %&'"@A!37" %&'"

&:1(3/&35+8" 8*)$%'(" 37" K!Yo4" ;&+8&" +$" .8%).**:" *.(9'(" %&.," ;&.%" ;'" 35$'(@'" .%"

WEEd!""

300 320 340 360 380 400 420 440
3

3.5

4

4.5

5

B
ac

kb
o

n
e 

R
M

S
D

 in
 Å

Temperature in K 
300 320 340 360 380 400 420 440
5

6

7

8

9

R
g
 o

f 
H

yd
ro

p
h

o
b

ic
 C

lu
st

er
 in

 Å
 

Temperature in K

300 320 340 360 380 400 420 440
9

10

11

12

13

14

15

S
tr

an
d

-t
o

-S
tr

an
d

 D
is

ta
n

ce
 in

 Å

Temperature in K

 

 

300 320 340 360 380 400 420 440
50

60

70

80

90

100

O
rd

er
 P

ar
am

et
er

 L
 in

 Å

Temperature in K

Folding Simulation

Unfolding Simulation

A

C

B

D

!

0EKC78( I56dQ" %J8( @8:F879@C78( B8F8?B8?D8( AR( G97EACH( A7B87( F979:8@87H(

DJ979D@87EXE?K(@J8(HE:C<9@8B(8?H8:;<8H(AR(@J8(@7OF@AFJ9?(XEFF87(e@7FXEF6f!"A'%$"37"

! %++



73*1+,9" .,1" ),73*1+,9" $+2)*.%+3,$" .('" $&3;," .$" $3*+1" .,1" 1.$&'1" *+,'$4" ('$/'8%+@'*:!"

R.,'*"#"$&3;$"%&'"&'.@:"5.8N53,'".%32"[=A>"%3"%&'"R>L"$%()8%)('"G=31'*"M"+,"Mc^EH"

'?8*)1+,9"%&'"V6%'(2+,.*"$'(+,'".,1"%&'"-6%'(2+,.*".2+1'"8./!"R.,'*"L"$&3;$"%&'"(.1+)$"

37"9:(.%+3,"37" %&'"$+1'8&.+,$"37" %&'"73)(" %(:/%3/&.,"('$+1)'$!"R.,'*"-"$&3;$"%&'"2'.,"

$%(.,16%36$%(.,1" 1+$%.,8'" 73(" %&'" /'(7'8%" &.+(/+,4" ;&'('.$" %&'" 3(1'(" /.(.2'%'(" c" .$"

1'7+,'1"5:"A,3;"#(%9;"_D"+$"$&3;,"+,"R.,'*">!"

R.,'*"-"37"S+9)('"W!ME"$&3;$"%&'".@'(.9'"$%(.,16%36$%(.,1"1+$%.,8'!"P&'"

5'&.@+3("+$"$+2+*.("%3"%&.%"$'',"73("%&'"5.8N53,'"[=A>"+,"%&.%"%&'"@.*)'"73("%&'"

V=["',$'25*'"GY!_oH"+$".//(3.8&'1";+%&"1'8('.$+,9"%'2/'(.%)('"5)%"%&.%"'@',"

.%" WEEd" %&'" 1'@+.%+3," +$" <)+%'" $)5$%.,%+.*!" A+2+*.(*:4" %&'" 3(1'(" /.(.2'%'(" c" .$"

1'7+,'1" 5:" A,3;" .,1" 836;3(N'($_D" %.N'$" +,%3" .883),%" ,.%+@'" &:1(39'," 53,1"

1+$%.,8'$".$";'**".$"$+1'8&.+,6$+1'8&.+,"1+$%.,8'$"73("%&'"%(:/3/&.,"/.+($"73),1"

+," 83,%.8%" '?/'(+2',%.**:!" R.,'*" >" $&3;$" %&.%" c" 5'&.@'$" $+2+*.(*:" %3" 53%&" %&'"

[=A>".,1"%&'"2'.,"$%(.,16%36$%(.,1"1+$%.,8'";+%&"%&'"V=["',$'25*'":+'*1+,9"

.,".@'(.9'"c"37"D\!`o!"

0," $)22.(:4" %&'$'" ('$)*%$" +,1+8.%'" %&.%" %&'" #LA0VPF" F.2+*%3,+.,"

/('132+,.,%*:" $.2/*'$" 1+$3(1'('1" 83,73(2.%+3,$" ;&+8&" '2/&.$+B'" %&'" 1(+@+,9"

73(8'" 73(" %&'" 83**./$'" 37" %&'" &.+(/+," 5)%" 7.+*" %3" /3/)*.%'" %&'" $/'8+7+8" $%()8%)('"

1'%'(2+,'1" 5:" V=[!" 0," .," .@'(.9'" $',$'4" ." 5(3.1" 5.$+," 37" $%()8%)('$" ;+%&"

,.%+@'6*+N'"7'.%)('$"5'832'$"23('"/3/)*.%'1";+%&"1'8('.$+,9"%'2/'(.%)('4";&+8&"

+$" +," .883(1.,8'";+%&" %&'"'?/'(+2',%.*" 1.%." 3," %&'(2.*"2'*%+,9" 5)%" 83,%(.1+8%$"

%&'" 73*1+,9"'$%+2.%'$"1'1)8'1" 7(32"$)8&"1.%.!_M"u.,9"#(%9;"ME`" &.@'"$&3;," 73("

f%(/B+/Dg"%&.%"5:"@.(+3)$"$/'8%(3$83/+8"/(35'$"2)*%+/*'"2'*%+,9"%(.,$+%+3,$"8.,"5'"

! %+#



+1',%+7+'1",3,'"37";&+8&"8.,"5'" +,%'(/('%'1"%3"),+<)'*:"('/3(%"3,"%&'" *3$$"37" %&'"

$/'8+7+8"V=["$%()8%)('".$"%&'"3(1'("/.(.2'%'($"+,"R.,'*$"#4"-4".,1">"37"S+9)('"

W!ME"13!"

0,"3(1'(" %3"$&3;"%&'"1+77'(',8'$".,1"$+2+*.(+%+'$"5'%;'',"3)(" ('$)*%$".,1"

%&3$'" 37" 3%&'(" $+2)*.%+3," $%)1+'$" ;'" 832/)%'1" %;361+2',$+3,.*" /3%',%+.*$" 37"

2'.," 73(8'" GR=S$H" +," @.(+3)$" 8325+,.%+3,$" 37" 3(1'(" /.(.2'%'($!" S+9)('" W!MM"

$&3;$"/*3%$".,.*393)$" %3"S+9)('"W." +," %&'";3(N"37"A,3;"#(%9;"_D" 73(" %&'" 73*1+,9"

GR.,'*"#H".,1"),73*1+,9"$+2)*.%+3,$"GR.,'*">H".%"WEEd4"('$/'8%+@'*:Q"

20 40 60 80 100 120

2

3

4

5

6

7

L in Å
20 40 60 80 100 120
4

6

8

10

12

14

16

18

20 40 60 80 100 120

2

3

4

5

6

7

B
ac

kb
o

n
e 

R
M

S
D

 in
 Å

20 40 60 80 100 120
4

6

8

10

12

14

16

18

S
tr

an
d

-t
o

-S
tr

an
d

 D
is

ta
n

ce
 in

 Å
 

 

0 2 4 6

6

8

10

12

14

Number of Hydrogen Bonds

 

 

0 2 4 6

6

8

10

12

14

Number of Hydrogen Bonds

R
g
 o

f 
H

yd
ro

p
h

o
b

ic
 C

lu
st

er
 in

 Å

 

 

0

1

2

3

4

5

6

7

0

1

2

3

4

5

6

7

A B C

D E F

L in Å

L in ÅL in Å

B
ac

kb
o

n
e 

R
M

S
D

 in
 Å

S
tr

an
d

-t
o

-S
tr

an
d

 D
is

ta
n

ce
 in

 Å

R
g
 o

f 
H

yd
ro

p
h

o
b

ic
 C

lu
st

er
 in

 Å

!

0EKC78(I566Q"+97EACH(@\ALBE:8?HEA?9<(FA@8?@E9<H(AR(:89?(RA7D8(RA7(DA:;E?9@EA?H(AR(

A7B87( F979:8@87H( RA7( e@7FXEF6f" G$''" 000!Y".,1"S+9)('"W!MEH!"P&'"1.%.".('"35%.+,'1".%"

WEEd" .,1" .('" $&3;," 73(" %&'" 73*1+,9" $+2)*.%+3," +," R.,'*$" #4" L4" .,1" -4" .,1" 73(" %&'"

),73*1+,9"$+2)*.%+3,"+,"R.,'*$">4"^4".,1"S!"

! %+$



0," %&'$'"R=S$"37"3(1'("/.(.2'%'("c"&3!" %&'"5.8N53,'"[=A>4" %&'",.%+@'"

$%.%'";3)*1"5'"*38.%'1"+,"%&'"*3;'("*'7%"83(,'(!"-*'.(*:4"%&'"/('8+$'"V=["$%()8%)('"

+$" ,3%" ." ('*'@.,%" /.(%" 37" %&'" 7(''" ','(9:" *.,1$8./'!" 0,$%'.14" $%()8%)('$" ;+%&"

,.%+@'6*+N'"*3;"c"@.*)'$"3("*3;"5.8N53,'"[=A>$".('"35$'(@'1"+,1'/',1',%*:"37"

3,'" .,3%&'(!" P&+$" 2'.,$" 73(" '?.2/*'" %&.%" 2+$73*1'1" &.+(/+,$" ;+%&" ,3,6,.%+@'"

%(:/%3/&.," .((.,9'2',%$" .('" 35$'(@'1!" 0," R.,'*" L4" ;'" 8.," +1',%+7:" $)8&" ."

2+$73*1'1"&.+(/+,"5.$+,"73("*3;"@.*)'$"37"53%&"%&'"$%(.,16%36$%(.,1"1+$%.,8'".,1"c4"

;&+8&";.$",3%"35$'(@'1"%3"%&'"$.2'"'?%',%"+,"%&'"),73*1+,9"$+2)*.%+3,"GR.,'*"^H!"

R.,'*$" -" .,1" S" $&3;" R=S$" .$" ." 7),8%+3," 37" %&'" ,)25'(" 37" $%(.,16%36$%(.,1"

&:1(39',"53,1$"&3!"@A" 37" %&'"&:1(3/&35+8" 8*)$%'(".,1" +**)$%(.%'" %&+$"/3+,%"23('"

8*'.(*:!" S3(" %&'" 73*1+,9" $+2)*.%+3," ;'" 73),1" ." ;'.N4" 5)%" 1+$%+,8%" 5.$+," 37"

83,73(2.%+3,$" ;+%&" $)5$%.,%+.*" &:1(39'," 53,1+,9!" 0," 53%&" 8.$'$4" &3;'@'(4" %&'"

@.$%"2.T3(+%:"37"83,73(2.%+3,$"&.@'"*+%%*'"%3",3"$%(.,16%36$%(.,1"&:1(39',"53,1$!"

0%" +$"8()8+.*"%3"/3+,%"3)%"%&.%"+,"%&'";3(N"37"A,3;"#(%9;""%&'"R=S$".('"8('.%'1"5:"

.,.*:$+$" 37" ." @.$%" ,)25'(" 37" +,1'/',1',%" $+2)*.%+3,$" $%.(%+,9" 7(32" '?%',1'1"

$%.%'$!"I&+*'"%&':"1+$8.(1"."$)77+8+',%*:"*3,9"'<)+*+5(.%+3,"/&.$'"GMEE,$4";&+8&"+$"

$'@'(.*" %+2'$" %&'" 83**./$'" %+2'H4" %&'" 7(''" ','(9:" $)(7.8'$".('" ,3%" '<)+*+5(.%'14"

.,1"%&'"),73*1'1"$%.%'"+$"3@'(('/('$',%'1!"

P&+$"*'.1$"%3"%&'"73**3;+,9"2.T3("83,8*)$+3,$"73("f%(/B+/MgQ"

N" P&'" ,.%+@'" 5.$+," .$" 1'7+,'1" 5:" ." $/'8+7+8" V=[" $%()8%)('" +$" ,3%" ." $%.5*'"

83,73(2.%+3,"73("%&'"#LA0VPF"F.2+*%3,+.,!"0%" +$",3%';3(%&:"%&.%"A,3;"#(%9;!"

$&3;"%&.%"%&'"bRcA6O#"73(8'"7+'*1"83)/*'1"%3"%&'"XLZA#"83,%+,))2"$3*@',%"+$"

'<).**:" ),.5*'" %3" $%.5+*+B'" %&'" ,.%+@'" 5.$+,4" .,1" %&.%" U" ),*+N'" 83223,"

! %+"



/(.8%+8'"U",3"MY6$8.*+,9";.$"'2/*3:'1" +,".,:"37" %&'+("bRcA6##ZXL"('$)*%$!"

P&+$" +$" .," +2/3(%.,%" 231+7+8.%+3," 37" %&'" 73(8'" 7+'*1" 5'8.)$'" %&'" ),1'(*:+,9"

','(9:" *.,1$8./'" 2.:" 1'/',1" $%(3,9*:" 3," %&+$" 8&3+8'4_" +," /.(%+8)*.(" +," ."

83,%+,))2"$3*@',%".$"1+$8)$$'1"+,"000!W!"

N" #" 5(3.1" 5.$+," 37" $%.%'$" ;+%&" ,.%+@'6*+N'" %3/3*39:" +$" /3/)*.%'1" ('.1+*:" .,1"

+,8('.$+,9*:" $3";+%&" 1'8('.$+,9" %'2/'(.%)('!" P&+$" 7+,1+,9" $)99'$%$" %&.%" %&'"

#LA0VPF"231'*"8.,"5'")$'1"%3"('*+.5*:"+1',%+7:",.%+@'6*+N'"5.$+,$".*5'+%"+,"."

83.($'69(.+,'1"2.,,'(!"

#%"%&+$"/3+,%4";'";+$&"%3"('6'2/&.$+B'"%&.%"#LA0VPF"+$",3%"1'$+9,'1".$"."

$%()8%)('" /('1+8%+3," %33*!" S3(" %&'" .//*+8.%+3,$" 37" +,%'('$%4" +%" .//'.($" 23('"

5','7+8+.*" %3" ),1'(/('1+8%" (.%&'(" %&.," %3" 3@'(/('1+8%" %&'" $/'8+7+8" $%()8%)(.*"

/('7'(',8'$" 37" /3*:/'/%+1'$!" I&+*'" ;'" .('" .8%+@'*:" +,@'$%'1" +," ),1'($%.,1+,9"

;&.%"832/3,',%$"37"3)("231'*" *'.1"%3"%&'"35$'(@'1"1+$8('/.,8+'$"73("f%(/B+/Mg4"

;'".*$3";+$&"%3"/3+,%"3)%"%&.%"%&+$"('$)*%"13'$",3%"+2/*:"."9','(.*"/(35*'2"37"%&'"

231'*"+,"1'.*+,9";+%&"K6$%()8%)('$!"P&+$".$$'(%+3,"+$"$)//3(%'1"5:"3)("('$)*%$"73("

%&'" LM" 132.+," 37" /(3%'+," X4" 73(" ;&+8&" ;'" 35$'(@'" 833/'(.%+@'" ),73*1+,9" +,"

.9(''2',%" ;+%&" '?/'(+2',%.*" 1.%." +,1+8.%+,9" %&.%" ;+%&+," %&'" 83,%'?%" 37" %&'" 7)**6

*',9%&"/(3%'+,"%&'"&.+(/+,"+$",3%"1'$%.5+*+B'1!"P&'('73('";'"13",3%"/)($)'"%),+,9"

37"#LA0VPF"%3"9','(.%'"$%.5*'"&.+(/+,$"9+@',"%&.%"%&'"'?/'(+2',%.*"1.%."$)99'$%"

%&.%"$)8&".,".//(3.8&";3)*1"5'"),T)$%+7+'1".,1"%&.%"%&'"',$'25*'$"73("$)8&"$&3(%"

/'/%+1'$".('"+,1''1"&'%'(39','3)$!MM_"

! %#&



,,,"L"F"%G';D7#)!8%T#=9&!')%'4%G';D2;<(97!$#%

I'" &.@'" $&3;,4" 53%&" '?/'(+2',%.**:K" .,1" 832/)%.%+3,.**:4MDJ4MDK" %&.%"

&323/3*:/'/%+1'$" 832/3$'1" /('132+,.,%*:" 37" 9*)%.2+,'" '?&+5+%" ." $%(3,9"

/('7'(',8'" 73(" 83**./$'1" $%.%'$" +," .<)'3)$" $3*)%+3,!" P&':" .('" +,%(+,$+8.**:"

1+$3(1'('1".,1"&.@'",3"2.(N'1"/('7'(',8'" 73("8.,3,+8.*"$'83,1.(:"$%()8%)('$!"

P&'" *.%%'(" /3+,%" +$" $)//3(%'1" 5:" '?/'(+2',%.*" ('$)*%$" 5.$'1" 3," ->" .,1" V=["

$/'8%(3$83/:MD\6MD`" .$" ;'**" .$" &+9&6('$3*)%+3," 832/)%.%+3,.*" $%)1+'$4" !"#!4"

23*'8)*.("1:,.2+8$"G=>H"$+2)*.%+3,$"+,"'?/*+8+%"$3*@',%!MDK!P&'"83**./$'1",.%)('"

37" %&'" ',$'25*'" 8.," 5'" '$%.5*+$&'1" %&(3)9&" ." /3*:2'(+8" $8.*+,9" *.;4" !"#"4" %&'"

8&.,9'"+,"$+B'"37"%&'"23*'8)*'$";+%&"8&.+,"*',9%&$!"S3("8&.+,$"+,"."/33("$3*@',%4"

!"#"4" ." $3*@',%" +," ;&+8&" 8&.+,68&.+," 83,%.8%$" .('" /('7'(('1" 3@'(" 8&.+,6$3*@',%"

83,%.8%$4"83**./$'1"$%.%'$".('"/('7'(('1".,1"%&'"(.1+)$"37"9:(.%+3,"$&3)*1"$8.*'"

;+%&"8&.+,"*',9%&"%!;+%&"."$8.*+,9"'?/3,',%"37"jE!WW"G$''"00!DHQ!

! 0

%
L !?M797!

(
A@ @ % O$ O $ ! ,(-%'.!

F'('4" P@AQ" +$" %&'" ',$'25*'6.@'(.9'1" (.1+)$" 37" 9:(.%+3," 37" .," +,1+@+1).*"

/3*:/'/%+1'"8&.+,4"%"+$"%&'"8&.+,"*',9%&4"O"+$"%&'".8%).*"$8.*+,9"'?/3,',%4".,1"@0!

+$"."/.(.2'%'("('*.%'1"%3"%&'"23,32'("$+B'!"L:"/*3%%+,9"P@AQ"@'($)$"%"+,"."13)5*'6

*39.(+%&2+8"/*3%4"3,'"8.,"35%.+," %&'"$8.*+,9"'?/3,',%" %&(3)9&" *+,'.(" ('9('$$+3,!"

0,"/('@+3)$" 832/)%.%+3,.*";3(N" +,8*)1+,9" %&.%" /('$',%'1" +,"-&./%'(" 004MDJ4MDK";'"

;'('"),.5*'"%3"1+('8%*:"2'.$)('"%&'"$8.*+,9"'?/3,',%".883(1+,9"%3"^<).%+3,"W6MD"

1)'" %3" %&'" /(3&+5+%+@'" 83$%" 37" $)8&" $+2)*.%+3,$!" 0,$%'.14" ;'" 832/.('1" %&'"

/3*:2'(+8" 5'&.@+3(" 37" CDE" +," ;.%'(" %3" %;3" ('7'(',8'" 231'*$4" .,1" '$%.5*+$&'1"

! %#%



%&(3)9&" .*%'(,.%'" 2'.,$" %&.%" %&'$'" 8&.+,$" 73(2" 83**./$'1" 9*35)*'$" .,1" %&.%"

;.%'("+$"+,1''1"."/33("$3*@',%"'@',"73("$)8&"$&3(%"9*)%.2+,'6(+8&"/'/%+1'$!!

S+9)('" W!MD" $&3;$" %&'" 13)5*'6*39.(+%&2+8" /*3%" 37" P@AQ" @'($)$"%" 35%.+,'1"

)$+,9" #LA0VPF" 832/.('1" %3" %&'" %;3" ('7'(',8'" $%.%'$" '2/*3:'1" +," -&./%'(" 00"

G$''"00!W!M"+,"/.(%+8)*.(HQMDJ"

20 27 33 40 50 75 100 150 250

5

10

15

25

40

60

85

<
R
g

>
 in

 Å
 (

lo
g-

sc
al

e)
 

 

N (log-scale)

 

 

Globule  Simulation Results
Globule Fit: ln(R

0
)=1.17, ν=0.31

EV   Simulation Results
EV Fit (N≥50): ln(R

0
)=0.89, ν=0.62

ABSINTH   Simulation Results
ABSINTH Fit: ln(R

0
)=0.85 ± 0.21, ν=0.39 ± 0.06
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&43&2+)2(+,' ,#*+,' *#)6#"0+2(#)+,' *1+)$%&:' &4*1' +&' !X&1%%2' 6#"0+2(#)' #"'

*#)C%"&(#)' 6"#0' %X1%,(*+,' 6#"0&' 21+2' *+)' 3%' (08,(*+2%5' ()' 8"#0#2()$'

1#0#5(0%"(D+2(#).''

! 33$



P' F%' &1#B:' ()' *#08,%2%' +$"%%0%)2' B(21' %A8%"(0%)2+,' +)5' *#0842+2(#)+,'
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2F1VA: DSSP= 0.69,  fβ= 0.68
1H4GB: DSSP= 0.60,  fβ = 0.59

1BPV: DSSP= 0.40,  fβ = 0.39

1XU1: DSSP= 0.20,  fβ = 0.20

2BI6h: DSSP= 0,  fβ = 0.40
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