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1,5 N,N'- Disubstituted -2- (Substituted Benzenesulphonyl)- 
Glutamamide Analogues as Anticancer agents – part 3†:

Synthesis, Biological Screening and QSAR Study#
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Abstract
Motivation."T@102.@3"3&@?-03".7"H8@&61-70"10&6,.8-31"-7"/67/02"?01.73&26&0"&%6&"H8@&61-/"6/-?"67?"H8@&61-70"
6768.H@03" 16:" ,0" ?0508.'0?" 63" '.33-,80" 67&-&@1.2" 6H07&3+" UDD.2&3" *020" 16?0" &." 3:7&%03-V0" H8@&6161-?0"
6768.H@03!" 3&2@/&@268" 562-67&3" .D" H8@&61-/" 6/-?" 67?" H8@&61-70!" /.7&6-73" ,.&%" &%0" 61-?." H2.@'3" 6&" K" 67?" W"
'.3-&-.73".D"H8@&61-/"6/-?"67?"?02-56&-503".D",.&%"H8@&61-70"67?"-3.H8@&61-70+""""
Method+" A*07&:" 0-H%&" 70*" K!W$7!7X$?-3@,3&-&@&0?$M$Y3@,3&-&@&0?" ,07V0703@8'%.7:8Z" H8@&6161-?03" *020"
3:7&%03-V0?" -7" /.7&-7@6&-.7" &." .@2" 0628-02" *.2<+" A%030" /.1'.@7?3" *020" 3/20070?" D.2" 67&-&@1.2" 6/&-5-&:" 67?"
[4>R"3&@?:"*63"'02D.210?"&."0J'8.20"&%0"3@,3&-&@&-.768"20\@-20107&3"D.2"&%0"-1'2.50?"67&-/67/02"6/&-5-&:"@3-7H"
'%:3-/./%01-/68"67?"&.'.8.H-/68"'62610&023+""
Results+" [4>R" 3&@?:" 3%.*0?" &%0" -1'.2&67/0" .D" '62&-/@862" 6&.13" 67?" -?07&-D-0?" 6" D@7/&-.768" 20H-.7" .D" &%0"
1.80/@80" *-&%" &%0" '.&07&-68" 63" &%0" '%6216/.'%.20" 2086&0?" *-&%" ?-3'023-50)567" ?02" ]6683" 67?" 080/&2.7-/"
-7&026/&-.7"*-&%"&%0"20/0'&.2Y3Z+"A%0"3&@?:"683."3%.*0?"&%6&"&%0"-7/20630?"1.862"5.8@103".D"&%030"6768.H@03"%650"
6?567&6H0.@3"0DD0/&"&."&%0"67&-&@1.2"6/&-5-&:+"
Conclusions+"A%0"3&@?:"%08'3"&."@7?023&67?"&%0"2086&-.73%-'".D"&%0"/%01-/68"3&2@/&@20".D"&%-3"&:'0".D"/.1'.@7?3"
*-&%"&%0"67&-/67/02"6/&-5-&:"-7"6",0&&02"*6:+"A%0"[4>R"3&@?:"16:",0"%08'D@8"D.2"D@2&%02"3:7&%03-3".D",0&&02"6/&-50"
H8@&6161-?0"6768.H@03"63"67&-&@1.2"6H07&3"-7"D@&@20+"
Keywords+"98@&6161-?0S"67&-&@1.2"6H07&3S"3:7&%03-3S"3/2007-7HS"\@67&-&6&-50"3&2@/&@20$6/&-5-&:"2086&-.73%-'3+"

Abbreviations and notations 
UA4>!"080/&2.&.'.8.H-/68"3&6&0"6&.1" E^R!"1@8&-'80"8-7062"20H2033-.7"
RA4>!"20D26/&.&.'.8.H-/68"3&6&0"6&.1" [4>R!"\@67&-&6&-50"3&2@/&@20_6/&-5-&:"2086&-.73%-'3"

1 INTRODUCTION 

A@1.23"%650",007"?03/2-,0?"63"7-&2.H07"&26'"`K!Ma+"Q&"20\@-203"/.7&-7@.@3"3@''8:".D",.&%"03307&-68"
67?" 7.703307&-68" 61-7." 6/-?3" 63" 7-&2.H07" 3.@2/0" D.2" -7/20630?" ,-.3:7&%03-3" .D" 7@/80-/" 6/-?" 67?"
'2.&0-7"$"&%0"&*."1.3&"03307&-68"/.1'.707&3".D"H07.1-/3"67?"'2.&0.1-/3+"98@&61-70"Y1Z"-3"&%0"1.3&"
6,@7?67&"D200"61-7."6/-?"-7"&%0"%@167",.?:"67?!"&%020D.20!"'86:3"6"<0:"2.80"-7"&@1.2"/088"H2.*&%",:"
3@''8:-7H"-&3"61-?0"7-&2.H07"6&.13"-7"&%0",-.3:7&%03-3".D".&%02"61-7."6/-?3!"'@2-70"67?"':2-1-?-70"
,6303" `Pa"5-6"6" D61-8:"/.1'2-30?".D"Kb"61-?.&2673D026303"*-&%"?-5023-D-0?"10/%67-313"`c!Wa+" Q&" -3"
.70" .D" &%0" &*.!" -D" 7.&" &%0" .78:!" 16d.2" 3@,3&26&0" .D" /67/02" `ba+" A%@3!" &@1.23" -7?00?" ,0%650" 63"

"
e"F62&"K"67?"F62&"M"*020"'@,8-3%0?"0628-02"-7"8+**%35&0$95&:;$<5"2002!"6=!"KfcK_"KfWc"67?"!"#$%"$#&'($)#%*"5&,5&0*(5&&&&&
&&1$25"2002!"6!"cff_W#M!"***+,-./%01'2033+/.1+"A%030"620"107&-.70?"-7"&%0"62&-/80"63"20D+"KL"67?"Kg"203'0/&-508:"
h"=0?-/6&0?".7"&%0".//63-.7".D"&%0"bW&%",-2&%?6:"&."=676-8";.7/%05+"
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H8@&61-70" Y1Z" &26'3+"A%0" &@1.2"H2.*&%"/6@303"6"/%67H0" -7"%.3&"H8@&61-70" Y1Z"10&6,.8-31"3." &%6&"
%.3&" 7-&2.H07"10&6,.8-31" -3" 6//.11.?6&0?" &." &%0" &@1.2_07%67/0?" 20\@-20107&3".D"H8@&61-70" Y1Z"
`L_ga+"A.",0"@30?"-7"&%-3"'2./033!"H8@&61-70"Y1Z"1@3&"206/%"-7&."1-&./%.7?2-6".D"&@1.2"/0883"&%2.@H%"
'86316" 101,2670" 67?" -7702" 1-&./%.7?2-68" 101,2670" &2673'.2&023+" 98@&61-70" Y1Z" 683." '86:3" 67"
-1'.2&67&"D@7/&-.7"-7"1@8&-'80"10&6,.8-/"'6&%*6:3"67?"67"-1'.2&67&"/.1'.707&"-7"&%0"/088"/@8&@20"
10?-6" D.2",.&%" /62,.7"67?"7-&2.H07" 3.@2/0" `K#a+">88".D" &%0" &@1.2"/0883" 3&@?-0?" 3." D62"%6?"6"%-H%"
6/&-5-&:".D"'%.3'%6&0_?0'07?07&"H8@&61-7630"`KKa+"A%030"*020"D.@7?"&."@&-8-V0"H8@&61-70"Y1Z"D2.1"
&%0"/@8&@20"10?-@1"?@2-7H"8.7H_&021"/@8&@20+"R6&03".D"/088"H2.*&%!"=T>"67?"'2.&0-7"3:7&%03-3"63"
*088" 63" &%:1-?-70" &2673'.2&" *020" /.22086&0?" *-&%" &%0" H8@&61-70" Y1Z" /.7/07&26&-.7" -7" &%0" /@8&@20"
10?-6" `KKa+" F6&-07&3" .D" /67/02" .D&07" ?0508.'" 1@3/80" H8@&61-70" Y1Z" ?0'80&-.7" ?@0" &." @'&6<0" ,:"
&@1.23" 67?" /%2.7-/"'2.&0-7" /6&6,.8-31" `ba+"G088" H2.*&%" -3" 6" D@7/&-.7".D"H8@&61-70" Y1Z" -7D8@J" 67?"
3@HH03&3"&%6&"H8@&61-70"Y1Z"-3"@30?"&."3@''8:"H8@&616&0"67?"/:3&-70"'02%6'3"D.2"H8@&6&%-.70"3:7&%03-3"
`KMa+"A%0"20'.2&0?"67&6H.7-3&3".D"H8@&61-70"Y1Z"0H+">V6302-70"Y2Z!"b_?-6V6_W_.J._^_7.280@/-7"Y=ITZ"
Y3Z 67?">/-5-/-7"Y4Z!"*%-/%"620"3%.*7"-7"k-H@20"K! 620"'.&07&"-7%-,-&.23".D"H8@&61-70"Y1Z"?0'07?07&"
61-?.&2673D026303" `KPa+" A%030" .,30256&-.73" 3@''.2&" .@2" 26&-.7680" D.2" &%0" 3:7&%03-3" .D" &%0" &-&80"
/.1'.@7?3+"Q7"<00'-7H"688"&%030"'.-7&3"-7"5-0*!"-&"*63"633@10?"&%6&"3&2@/&@268"562-67&3".D"H8@&61-70"
Y1Z"67?"&%0",-.&2673D.216&-.7"'2.?@/&"H8@&61-/"6/-?"1-H%&"'.33033"67&-&@1.2"6/&-5-&:+"
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Figure 1."4&2@/&@20".D"H8@&61-70"Y1Z!"6V6302-70"Y2Z!"=IT"Y3Z"67?"6/-5-/-7"Y4Z"

Q7"&%0"'20307&"3&@?:!"3.10"H8@&6161-?0"6768.H@03!"*%-/%"620"3&2@/&@268"562-67&3".D"H8@&61-70"Y1Z"
63"*088"63"H8@&61-/"6/-?!"*020"3:7&%03-V0?"67?",-.8.H-/688:"0568@6&0?"D.2"&%0-2"67&-&@1.2"6/&-5-&:"63"
6"'62&".D".@2"/.1'.3-&0"'2.H26110".D"26&-.768"?2@H"?03-H7"`Kc_P#a+"[4>R"3&@?:"*63"'02D.210?"&."
D-7?".@&"&%0"3&2@/&@268"20\@-20107&3".D"H8@&6161-?0"6768.H@03"D.2"67&-&@1.2"6/&-5-&:+"

2 MATERIALS AND METHODS 

2.1. Synthesis 

4:7&%03-3" .D" K!W_7>&7?_" ?-3@,3&-&@&0?_M_Y3@,3&-&@&0?" ,07V0703@8'%.7:8Z" H8@&6161-?03" Y10-37Z"*63"
/622-0?".@&"-7"6//.2?67/0"&."4/%010"K+

"

K"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"
"
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Scheme 1 

"

2.1.1. Chemistry 

4:7&%03-3" .D" K!W_7>& 7?_" ?-3@,3&-&@&0?_M_Y3@,3&-&@&0?" ,07V0703@8'%.7:8Z" H8@&6161-?03" Y10-37Z"
Yk-H@20"MZ"*63"/622-0?".@&"6//.2?-7H"&."4/%010"K+"4:7&%03-3"*63"3&62&0?"*-&%"/%8.2.3@8'%.7:86&-.7"
.D"3@,3&-&@&0?",07V0703"Y5Z!"&."H0&"/.2203'.7?-7H"3@8'%.7:8"/%8.2-?03"Y6Z+"A%030"%68-?03"Y6Z"'2.50"&."
,0" 50236&-80" 3:7&%.7" -7" &%0" 3@,30\@07&" 3&0'" D.2" &%0" '20'626&-.7" .D" 3@,3&-&@&0?" ,07V0703@8'%.7:8"
H8@&61-/"6/-?3"Y8Z+"M_Y4@,3&-&@&0?",07V0703@8'%.7:8Z"H8@&61-/"6/-?3"Y8Z"*020"'20'620?",:".70_3&0'"
4/%.&&.7_;6@167" /.7?0736&-.7" 206/&-.7" B" *-&%" ^_H8@&61-/" 6/-?" Y7Z+" Q7" &%-3" 206/&-.7" 68<68-70"
"

M"
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"



!"#$%"$#&'($)#%*"+)&,*-%".(&*/&0*($)-(.%&1$2+3"&2003!&4!"###$###"
"

10?-@1"*63"16-7&6-70?" &." 201.50" &%0" %:?2./%8.2-/" 6/-?!"*%-/%" -3" D.210?" ?@2-7H" /.7?0736&-.7+"
R06/&-.7" .D" 203@8&-7H" -7&0210?-6&03" Y8Z!" *-&%" &%-.7:8" /%8.2-?0" 6DD.2?0?" &%0" 6/:8" /%8.2-?03!" M_
Y3@,3&-&@&0?" ,07V0703@8'%.7:8Z" H8@&61-/" 6/-?" ?-/%8.2-?03" Y9Z+" T0@/80.'%-88-/" ?-3'86/0107&" .D"
-7&0210?-6&0" *-&%" 61-703" Y61-7._?0%:?2.J:86&-.7Z" 05.850?" &%0" /.2203'.7?-7H" 61-?03" Y10-37Z+"
G.1102/-688:" 656-86,80" 206H07&3" 67?" 3&62&-7H" 16&02-683" *020" .,&6-70?" D2.1" 4-H16!" [@68-H073!"
986J.!"k8@<6!"E02/<!"R67,6J:!"67?"*020"@30?"*-&%"7."6??-&-.768"'@2-D-/6&-.7+"
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Figure 2."9070268"3&2@/&@20".D"H8@&6161-?0"6768.H3"*-&%"62,-&262:"7@1,02-7H".D"/.11.7&6&.13

2.1.2. General Synthetic Procedures 
Method 1. Substituted benzenesulphonyl chlorides (6a-6d)." A." 6" 1-J&@20" .D" 3@,3&-&@&0?"

,07V070" Y#+K" 1.80Z" -7" /%8.2.D.21" YW#" 18Z!" -7" 6" W##" 18" D863<" 0\@-''0?" *-&%" ?2.''-7H" D@7708!"
&%021.10&02!" 20D8@J" /.7?073.2!" /%8.2.3@8'%.7-/" 6/-?" Y#+MW" 1.80Z" *63" 6??0?" ?2.'_*-30" .502" 6"
'02-.?" .D" cW" 1-7" &." b#" 1-7+" A%0" 206/&-.7" 1-J&@20" *63" 16H70&-/688:" 3&-220?" 6&" #!G" -7" 6" ,6&%"
/.7&6-7-7H"D200V-7H"1-J&@20".D"-/0"67?"368&+"G%8.2.3@8'%.7-/"6/-?"*63"6??0?"-7"3@/%"6"26&0"&%6&"&%0"
&01'026&@20" .D" &%0" 206/&-.7" 1-J&@20" ?.03" 7.&" 0J/00?" W!G+" >D&02" &%0" /.1'80&0" 6??-&-.7" .D"
/%8.2.3@8'%.7-/"6/-?!"&%0"206/&-.7"1-J&@20"*63"3&-220?"D.2"67.&%02"cW"1-7"6&"2..1"&01'026&@20"67?"
&%0"1-J&@20"*63"'.@20?".7"&."/2@3%0?"-/0+"A%0"'2.?@/&"*63"0J&26/&0?"*-&%"&%200"W#_18"'.2&-.73".D"
/%8.2.D.21!" ?2-0?" .5027-H%&" .502" 67%:?2.@3" 3.?-@1" 3@8'%6&0+" G%8.2.D.21"*63" ?-3&-880?" .DD+" A%0"
'2.?@/&"Y6a-6dZ"*63"3@DD-/-07&8:"'@20"*%-/%"*63"7.&"6&&01'&0?"D.2"D@2&%02"'@2-D-/6&-.7+"Q&"%63",007"
&6<07"D.2"&%0"70J&"3&0'+"

Method 2. 2-(Substituted benzenesulphonyl) glutamic acids (8a-8d)."^_H8@&61-/"6/-?"f"YKc+L"
H("#+K"1.80Z"*63" &6<07" -7"6"MW#"18"/.7-/68" D863<"67?"3.?-@1"%:?2.J-?0"3.8@&-.7"YMTZ"*63"6??0?"
38.*8:" &-88" 688" &%0" H8@&61-/" 6/-?" ?-33.8503" 67?" 1-J&@20" ,0/.103" ?-3&-7/&8:" 68<68-70" &."
'%07.8'%&%680-7+" A%0" 206/&-.7" 1-J&@20" *63" 3&-220?" .7" &%0" 10/%67-/68" 3&-2202" *-&%" &01'026&@20"
16-7&6-70?"6&"gW_K##"!G"@3-7H"%.&"*6&02",6&%+"4@,3&-&@&0?",07V0703@8'%.7:8"/%8.2-?0"Y#+KW"1.803Z"
*63"6??0?"-7"31688"'.2&-.73"*-&%"/.73&67&"3&-22-7H"67?"&-10_&._&-10"6??-&-.7".D"3.?-@1"%:?2.J-?0"
3.8@&-.7" YMTZ" &." <00'" &%0" 206/&-.7" 1-J&@20" 68<68-70+" A%0" 206/&-.7" *63" /.7&-7@0?" @7&-8" 6" /8062"
%.1.H070.@3"3.8@&-.7"203@8&3".2"&%0"&%-7"86:02"/%2.16&.H26'%:"3%.*0?"&%0"206/&-.7"&.",0"/.1'80&0+"
>D&02" &%0" 206/&-.7"*63" .502!" -&"*63" 688.*0?" &." /..8" &." 2..1" &01'026&@20" 67?" D-8&020?" &." 30'626&0"
@7?-33.850?"3.8-?"16&&02"-D"67:+"A%0"D-8&26&0"*63"6/-?-D-0?"*-&%"/.7/07&26&0?"%:?2./%8.2-/"6/-?"67?"
36&@26&0?" *-&%" 3.?-@1" /%8.2-?0+" A%0" '2.?@/&" *63" 0J&26/&0?" *-&%" &%200" W#" 18" '.2&-.73" .D" 0&%:8"
"

P"
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"
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6/0&6&0+" U&%:8" 6/0&6&0" 86:02" *63" *63%0?" *-&%" ,2-70" 3.8@&-.7" YKW" 18Z" 67?" ?2-0?" .5027-H%&" .502"
67%:?2.@3"3.?-@1"3@8'%6&0+"A%0"3.8507&"*63"?-3&-880?".DD" &."H0&" &%0"'2.?@/&+"A%0"'2.?@/&" Yf6_f?Z"
.,&6-70?"*63"7.&"6&&01'&0?"D@2&%02"'@2-D-/6&-.7"3&0'"&."65.-?"@7?03-26,80"?0H26?6&-.7+&

Method 3. 2-(substituted benzenesulphonyl)-glutamic acid dichloride (9a-9d)."M_Y4@,3&-&@&0?"
,07V070"3@8'%.7:8Z"H8@&61-/"6/-?"Yf6_f?Z"Y#+#K"1.80Z"*63"&6<07"-7"K##"18"2.@7?",.&&.10?"D863<!"
D-&&0?"*-&%" 20D8@J"/.7?07302" 67?"/68/-@1"/%8.2-?0"H@62?" &@,0+"A%-.7:8" /%8.2-?0" Y#+#MW"1.80Z"*63"
6??0?"&."-&"67?"20D8@J0?"D.2"K"%".7",.-8-7H"*6&02",6&%"*-&%".//63-.768"3&-22-7H+"A%0"206/&-.7"1-J&@20"
*63"D@2&%02"%06&0?"D.2"6??-&-.768"P#"1-7".2"@7&-8"&%0"05.8@&-.7".D"lG8"H63"/06303+"A%0"/.1'80&-.7".D"
&%0"206/&-.7"*63"&03&0?",:"&%-7"86:02"/%2.16&.H26'%:+">D&02"&%0"206/&-.7"*63"/.1'80&0?!"&%0"206/&-.7"
1-J&@20" *63" /..80?" &." 2..1" &01'026&@20+" >''626&@3" *63" &%07" 2062267H0?" 67?" 0J/033" .D" &%-.7:8"
/%8.2-?0" *63" 201.50?" ,:" ?-3&-886&-.7" *-&%" &%200" K#" 18" '.2&-.73" .D" ?2:" ,07V070" @7?02" 20?@/0?"
'2033@20+" A%0" 203@8&67&" ?-/%8.2-?0" Yg6_g?Z"*63" 3@DD-/-07&8:" '@20" D.2" &%0" 3@,30\@07&" 206/&-.73" 67?"
%07/0"&%0"D@2&%02"'@2-D-/6&-.7"*63"7.&"6&&01'&0?"&."65.-?"@770/03362:"?0/.1'.3-&-.7+""

Method 4. 1,5-N,N"-disubstituted 2-(substituted benzenesulphonyl) glutamamides (10-37)."
>"W#_1^"2.@7?_,.&&.10?"D863<"/.7&6-7-7H"M_Y3@,3&-&@&0?",07V0703@8'%.7:8Z_"K!W_?-/62,.J:8-/"6/-?"
?-/%8.2-?0" Y9a-9dZ" YK"0\@-56807&Z" -7"K#"18".D"?2:",07V070"*63" D-&&0?"*-&%" 20D8@J"/.7?07302+">/:8"
/%8.2-?0"*63"6??0?"*-&%"0J/033".D"61-70"YM+W"0\@-56807&Z"67?"20D8@J0?".7"&%0"*6&02",6&%"D.2"P#"1-7"
.2" @7&-8" &%0" 05.8@&-.7" .D" %:?2./%8.2-/" H63" /06303+" ;07V070" 67?" &26/03" .D" @7206/&0?" 61-70" *020"
201.50?",:"%06&-7H"&%0"D863<"-7"*6&02",6&%+"Q&"*63"&%07"D-8&020?"6&"&%0"'@1'"67?"20/2:3&688-V0?"D2.1"
?-8@&0"0&%67.8+"

2.1.3. Characterization
E08&-7H"'.-7&3"*020"1063@20?".7"6"/6'-8862:"108&-7H"'.-7&"6''626&@3"67?"*020"@7/.220/&0?+">88"&%0"
/.1'.@7?3"*020" /%626/&02-V0?"\@68-&6&-508:" 67?"\@67&-&6&-508:",:"'02D.21-7H",.&%"6768:&-/68" 67?"
3'0/&2.'%.&.10&2-/" 6768:3-3+"A%0" -7D2620?" 3'0/&26"*020" 20/.2?0?".7";NGO"EW##"\@-/<" 3/677-7H"
Q7D2620?"3'0/&2.'%.&.10&02"@3-7H"O;2"'0880&3+"R@77-7H" &%0"3'0/&2@1".D"#+#W11"'.8:3&:2070" D-81"
?-?" &%0"D-702"/68-,26&-.7".D" &%0"16/%-70+"A%0"D20\@07/-03"*020"0J'20330?" -7"/1_K+" "F2.&.7"T@/8062"
E6H70&-/" R03.767/0" YKl" TERZ" 3'0/&26" *020" /.880/&0?" 6&" MWmG" -7" &%0" '@830?" k.@2-02"
A2673D.216&-.7"1.?0".7";2@<02"=Rn"W##".2";2@<02"=Rn"P##"ElV"3'0/&2.'%.&.10&023"@3-7H"&%0"
3.8507&3"?03/2-,0?"67?"*63"/.73-3&07&"*-&%"&%0"'2.'.30?"3&2@/&@203+"G%01-/68"3%-D&3"620"20'.2&0?"-7"
#"''1"Y'62&3"'02"1-88-.7Z"2086&-50"&."&0&2610&%:8"3-8670"D.2"?0@&02-.26&0?"?-10&%:83@8D.J-?0"Y=E4I_
?bZ+"4-H7683"620"\@.&0?"63"3"Y3-7H80&Z!"?"Y?.@,80&Z!"&"Y&2-'80&Z!"\"Y\@62&0&Z"67?"1"Y1@8&-'80&Z+"A%0"1633"
3'0/&26"Yk>;Z"*020"20/.2?0?".7"BUI^_BE4_4n_FT;>"Y@_"7-&2.,07V:8"68/.%.8Z"*63"@30?"63"16&2-J"
YEoZ"*%-/%"3%.*0?"EoK"'06<"6&"KWc!"MEoK"'06<"6&"P#L+"U80107&68".2"1-/2.6768:3-3"YG!"l!"TZ".D"
&%0"/.1'.@7?3"*63"'02D.210?".7"Mc##"402-03"QQ"GlT"6768:V02".D"F02<-7_U8102+"F%:3-/68"?6&6".D"
-7&0210?-6&0"/.1'.@7?3"620"3%.*7"-7"A6,80"K"67?"&%6&".D"D-768"/.1'.@7?3"620"3%.*7"-7"A6,80"M"
203'0/&-508:+"E633_!"QR_!"67?"F2.&.7"TER"3'0/&2.3/.'-/"63"*088"63"G!l!T"6768:3-3"?6&6".D"&%0"D-768"
/.1'.@7?3"Y10-37Z"620"3%.*7"-7"A6,80"P+"

"

c"
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"



!"#$%"$#&'($)#%*"+)&,*-%".(&*/&0*($)-(.%&1$2+3"&2003!&4!"###$###"
"

Table 1."F%:3-/68"?6&6"D.2"&%0"-7&0210?-6&0"/.1'.@7?3""
G'?6" RK" RM" RP" E'"YmGZ," p"q-08?" E.80/@862"D.21@86" E]/"

6a l" G8" l" cc_cW" fM+cM" Gb"lc"G8M"IM"4" MKK+#L"
7b G8" l" G8" ^-\@-?" bM+Pb" Gb"lP"G8P"IM"4" McW+WK"
6c l" +_Gclg" l" ^-\@-?" Lf+fM" GK#"lKP"G8"IM"4" MPM+LP"
6d l" #_"Gclg" l" Wb_Wf" LK+bK" GK#"lKP"G8"IM"4" MPM+LP"
8a l" G8" l" KKW_KKb" bc+MP" GKK"lKM"G8"T"Ib"4" PMK+Lc"
8b G8" l" G8" KWb_KWf" cM+WK" GKK"lKK"G8"T"Ib"4" PWb+Kf"
8c l" +AGclg" l" M#W_M#b" LP+cM" GKW"lMK"T"Ib"4" PcP+c#"
8d l" #_"Gclg" l" KbM_Kbc" cP+fc" GKW"lMK"T"Ib"4" PcP+c#"

6G.1'.@7?"7@1,02S",E08&-7H"'.-7&S"/E.80/@862"*0-H%&

Table 2."F%:3-/68"?6&6".D"3:7&%03-V0?"H8@&6161-?0"6768.H@03"Y10-37Z"
Cpda RK" RM" RP" Rc" RW" E'"YmGZ," p"q-08?" E.80/@862"D.21@86" E]/"

10 l" G8" l" l" l" M#b_M#f" fc+Pc" GKK"lKc"G8"TP"Ic"4" PKg+Lb"
11 l" G8" l" GlP" l" MP#_MPM" LM+Wc" GKP"lKf"G8"TP"Ic"4" PcL+fM"
12 l" G8" l" GMlW" l" MM#_MMM" fK+bc" GKW"lMM"G8"TP"Ic"4" PLW+fL"
13 l" G8" l" "_GPlL" l" MKf_MM#" fP+MK" GKL"lMb"G8"TP"Ic"4" c#P+gP"
14 l" G8" l" +_"GPlL" l" KPf_Kc#" Lf+Wb" GKL"lMb"G8"TP"Ic"4" c#P+gP"
15 l" G8" l" "_Gclg" l" KP#_KPM" fb+LK" GKg"lP#"G8"TP"Ic"4" cPK+gf"
16 l" G8" l" +_"Gclg" l" KbM_Kbc" fc+cP" GKg"lP#"G8"TP"Ic"4" cPK+gf"
17 l" G8" l" GlP" GlP" KcM_Kcc" LL+fb" GKW"lMM"G8"TP"Ic"4" PLW+fL"
18 l" G8" l" GblW" l" KPW_KPL" bg+WP" GMP"lMM"G8"TP"Ic"4" cLK+gb"
19 l" G8" l" GMlW" GMlW" Kcb_Kcf" f#+Wb" GKg"lP#"G8"TP"Ic"4" cPK+gf"
20 l" G8" l" "_GblKP" l" Kff_Kg#" bf+Pb" GMP"lPf"G8"TP"Ic"4" cff+#f"
21 G8" l" G8" l" l" KWM_KWc" LP+fg" GKK"lKP"G8M"TP"Ic"4" PWc+MK"
22 G8" l" G8" GlP" l" KL#_KLM" bW+bM" GKP"lKL"G8M"TP"Ic"4" PfM+Mb"
23 G8" l" G8" "_"GPlL" l" Kcc_Kcb" LM+bW" GKL"lMW"G8M"TP"Ic"4" cPf+PL"
24 G8" l" G8" /_GblKK" l" KgW_KgL" bf+PK" GMP"lPP"G8M"TP"Ic"4" WKf+W#"
25 l" +_"Gclg" l" l" l" KW#_KWM" L#+Mc" GKW"lMP"TP"Ic"4" PcK+cP"
26 l" +_"Gclg" l" GlP" l" KMW_KML" bW+MK" GKL"lML"TP"Ic"4" Pbg+cf"
27 l" +A"Gclg" l" GMlW" l" KcK_KcP" bL+fP" GKg"lPK"TP"Ic"4" PgL+WP"
28 l" +_"Gclg" l" "_"GPlL" l" KcP_KcW" bK+WL" GMK"lPW"TP"Ic"4" cMW+Wg"
29 l" +_"Gclg" l" +_"GPlL" l" KPM_KPc" bM+PK" GMK"lPW"TP"Ic"4" cMW+Wg"
30 l" +_"Gclg" l" 7_"Gclg" l" KPg_KcK" LK+g#" GMP"lPg"TP"Ic"4" cWP+bc"
31 l" +_"Gclg" l" +_"Gclg" l" KPb_KPf" LP+Lc" GMP"lPg"TP"Ic"4" cWP+bc"
32 l" +_"Gclg" l" GblW" l" Kbf_KL#" bM+cK" GML"lPK"TP"Ic"4" cgP+bM"
33 l" +_"Gclg" l" GlP" GlP" KbM_Kbc" WK+Mc" GKg"lPK"TP"Ic"4" PgL+WP"
34 l" +_"Gclg" l" )_GblKK" l" Kgb_Kgf" fP+MK" GML"lcP"TP"Ic"4" W#W+Lc"
35 l" +_"Gclg" l" "_GblKP" l" KLW_KLL" LP+cf" GML"lcL"TP"Ic"4" W#g+LW"
36 l" #_"Gclg" l" GlP" l" KLf_Kf#" bc+WP" GKL"lML"TP"Ic"4" Pbg+cf"
37 l" #_"Gclg" l" GMlW" GMlW" KfP_KfW" bg+LM" GMP"lPg"TP"Ic"4" cWP+bc"
6G.1'.@7?"7@1,02S",E08&-7H"'.-7&S"/E.80/@862"*0-H%&

"
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Table 3."E633_!" QR_"67?"F2.&.7"TER"3'0/&2.3/.'-/"63"*088"63"GlT"6768:3-3"?6&6".D" &%0"D-768"/.1'.@7?3"
Y10-37Z"

G!l!T("p/68/?)D.@7?"G'?" E633"
Yk>;Z"

QR"
YO;2!"/1_KZ"

KlTER"
YP##"ElV!"=E4I_9BZ" G" l" T"

10 E"o"lo"
'06<" 6&"
1)V"
PM#+"

PPW#" YT_l" 3&2" .D" GITlZ!" P#Lf"
Y>2_G_l" 3&2Z!" MgPf" Y68-_G_l" 3&2Z!"
Kbc#!" KWbM!" KcL#" Y68-" G_l" ?0DZ!"
KPWW" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMWg" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" gLM!" fg#"
Y>2_G_l"?0DZ"
"

L+fb" Y?!" Ml!" l_Ms!" l_bsZ!" L+Lb" Y?!" Ml!"
l_Ps!"l_WsZ!"L+cf"Y3!"Kl!"4IMTlZ!"L+Pf"
Y1!" Ml!" GITlM_KZ!" L+K#" Y1!" Ml!"
GITlM_WZ!" P+bc" Y1!" Kl!" l_MZ!" M+cb_
K+gb"Y1!"cl!"lM_P!"lM_cZ"

cK+PM"
cK+cb"

c+gK"
c+fg"

KP+Kc"
KP+MK"

11 E"o"lo"
'06<" 6&"
1)V"
Pcf"

PPcf" YT_l" 3&2" .D" GITlZ!" P#fb"
Y>2_G_l" 3&2Z!" Mgc#" Y68-" G_l" 3&2Z!"
KbWM!" KWbL!" KcfM" Y68-" G_l" ?0DZ!"
KPcf" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbM" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#MK!" gLf!"
fgb"Y>2_G_l"?0DZ"
"

L+fP" Y?!" Ml!" l_Ms!" l_bsZ!" L+LW" Y?!" Ml!"
l_Ps!"l_WsZ!"L+WM"Y3!"Kl!"4IMTlZ!"L+PM"
Y1!" Kl!" GITl_KZ!" L+Kg" Y1!" Kl!"
GITl_WZ!" P+WL" Y1!" Kl!"l_MZ!" M+bM" Y&!"
Pl!"T_GlP_KsssZ!" M+Pc" Y1!" Pl!"T_GlP_
KssZ!"M+#P_K+bL"Y1!"cl!"lM_P!"lM_cZ"

cc+fg"
cc+LK"

W+MM"
W+Kg"

KM+#f"
KM+Kf"

12 E"o"lo"
'06<" 6&"
1)V"
PLb"

PPcb" YT_l" 3&2" .D" GITlZ!" P#fM"
Y>2_G_l" 3&2Z!" MgPc" Y68-" G_l" 3&2Z!"
Kbc#!" KWcf!" KcfW" Y68-" G_l" ?0DZ!"
KPWc" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbc" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#Mb!" gfM!"
fgb"Y>2_G_l"?0DZ"

L+fW" Y?!" Ml!" l_Ms!" l_bsZ!" L+Lf" Y?!" Ml!"
l_Ps!"l_WsZ!"L+W#"Y3!"Kl!"4IMTlZ!"L+Mg"
Y1!" Kl!" GITl_KZ!" L+MK" Y1!" Kl!"
GITl_WZ!"P+Wc"Y1!"Kl!"l_MZ!"P+#L"Y1!"
Ml!" T_GlM_KssZ" M+gK" Y1!" Ml!" T_GlM_
KsssZ!" M+MK" Y1!" Ml!"lM_cZ!" K+Lc" Y1!"Ml!"
lM_PZ!" K+Kb" Y1!" Pl!"GlP_MsssZ" K+#M" Y1!"
Pl!"GlP_MssZ"
"

cL+gP"
cL+Lb"

W+g#"
W+ff"

KK+Kf"
KK+Kc"

13 E"o"lo"
'06<" 6&"
1)V"
c#W"

PPW#" YT_l" 3&2" .D" GITlZ!" P#fM"
Y>2_G_l" 3&2Z!" MgPW" Y68-" G_l" 3&2Z!"
KbWM!" KWbf!" KcLf" Y68-" G_l" ?0DZ!"
KPWf" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMLM" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#Kf!" gLM!"
fff"Y>2_G_l"?0DZ""

L+gb" Y?!" Ml!" l_Ms!" l_bsZ!" L+fM" Y?!" Ml!"
l_Ps!"l_WsZ!"L+bW"Y3!"Kl!"4IMTlZ!"L+Kg"
Y1!" Kl!" GITl_KZ!" L+KP" Y1!" Kl!"
GITl_WZ!" P+bW" Y1!" Ml!" T_GlM_KssZ"
P+KP"Y1!"Ml!"T_GlM_KsssZ!"M+gf"Y1!"Kl!"
l_MZ!"M+Lf"Y1!"Ml!"lM_cZ!"M+#P"Y1!"Ml!"
lM_PZ!" K+PW" Y1!" Ml!" GlM_MssZ" K+Mc" Y1!"
Ml!" GlM_MsssZ!" K+#f" Y1!" Pl!" GlP_PssZ!"
#+Lg"Y1!"Pl!"GlP_PsssZ"
"

W#+WW"
W#+bM"

b+cg"
b+cb"

K#+c#"
K#+cP"

14 E"o"lo"
'06<" 6&"
1)V"
c#W"

PPWb" YT_l" 3&2" .D" GITlZ!" P#fc"
Y>2_G_l" 3&2Z!" MgcM" Y68-" G_l" 3&2Z!"
KbW#!" KWbM!" KcLM" Y68-" G_l" ?0DZ!"
KPcb" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbf" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" gLb!" fgb"
Y>2_G_l"?0DZ"

f+#M" Y?!" Ml!" l_Ms!" l_bsZ!" L+fc" Y?!" Ml!"
l_Ps!"l_WsZ!"L+b#"Y3!"Kl!"4IMTlZ!"L+PM"
Y1!" Kl!" GITl_KZ!" L+#b" Y1!" Kl!"
GITl_WZ!" P+cg" Y1!" Kl!" T_Gl_KsssZ!"
P+KL" Y1!" Kl!" T_Gl_KssZ!" P+KP" Y1!" Kl!"
l_MZ!"K+gc"Y1!"Ml!"lM_PZ!"M+bc"Y1!"MlM!"
l_cZ!" K+MM_K+KK" Y1!"bl!"GlP_Mss!"GlP_
PssZ!" #+gf_#+fc" Y1!" bl!" GlP_Msss!" GlP_
PsssZ"

W#+WW"
W#+Wc"

b+cg"
b+W#"

K#+W#"
K#+Wf"

15 E"o"lo"
'06<" 6&"
1)V"
cPP"

PPcc" YT_l" 3&2" .D" GITlZ!" P#fM"
Y>2_G_l" 3&2Z!" MgPc" Y68-" G_l" 3&2Z!"
Kbc#!" KWb#!" Kcfc" Y68-" G_l" ?0DZ!"
KPWP" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMLM" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#Mc!" gLf!"
fgb"Y>2_G_l"?0DZ"

L+gM" Y?!" Ml!" l_Ms!" l_bsZ!" L+Lf" Y?!" Ml!"
l_Ps!"l_WsZ!"L+bW"Y3!"Kl!"4IMTlZ!"L+cP"
Y1!" Kl!" GITl_KZ!" L+KL" Y1!" Kl!"
GITl_WZ!" P+WM" Y1!" Ml!" T_GlM_KssZ"
P+cW" Y1!" Kl!" l_MZ!" P+Kf" Y1!" Ml!" T_
GlM_KsssZ!" M+WL" Y1!" Ml!"lM_cZ" K+gM" Y1!"
Ml!" lM_PZ!" K+PW_K+#b" Y1!" fl!" GlM_Mss!"
GlM_Pss!" GlM_Msss!" GlM_PsssZ" #+gW_#+fM"
Y1!"bl!"GlP_css!"GlP_csssZ""
"

WM+fP"
WM+Lc"

L+##"
b+gf"

g+LP"
g+fM"

"

b"
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"
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G!l!T("p/68/?)D.@7?"G'?" E633"
Yk>;Z"

QR"
YO;2!"/1_KZ"

KlTER"
YP##"ElV!"=E4I_9BZ" G" l" T"

16 E"o"lo"
'06<" 6&"
1)V"
cPP"

PPW#" YT_l" 3&2" .D" GITlZ!" P#Lf!"
Y>2_G_l" 3&2Z!" Mgcc" Y68-" G_l" 3&2Z!"
Kbcc!" KWWP!" KcfL" Y68-" G_l" ?0DZ!"
KPcf" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbM" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" gLf!" fgM"
Y>2_G_l"?0DZ"

L+ff" Y?!" Ml!" l_Ms!" l_bsZ!" L+LW" Y?!" Ml!"
l_Ps!"l_WsZ!"L+cf"Y3!"Kl!"4IMTlZ!"L+cM"
Y1!" Kl!" GITl_KZ!" L+MW" Y1!" Kl!"
GITl_WZ!"P+bM"Y1!"Kl!"l_MZ!"P+Pg"Y1!"
Ml!" T_GlM_KssZ!" P+KL" Y1!" Ml!" T_GlM_
KsssZ!" M+Wb" Y1!" Ml!"lM_cZ!" K+gL" Y1!"Ml!"
lM_PZ!"K+MP_#+fL"Y1!"Kcl!"Gl_Mss!"Gl_
Msss!"GlP_Pss!"GlP_Psss!"GlP_css!"GlP_csssZ"
"

WM+fP"
WM+Lb"

L+##"
b+gg"

g+LP"
g+LM"

17 E"o"lo"
'06<" 6&"
1)V"
PLL"

PPbb" YT_l" 3&2" .D" GITlZ!" P#gM"
Y>2_G_l" 3&2Z!" Mgcb" Y68-" G_l" 3&2Z!"
KbWM!" KWLc!" KcfL" Y68-" G_l" ?0DZ!"
KPWb" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMLc" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#Mb!" gfb!"
fgf"Y>2_G_l"?0DZ"
"

L+gf"Y3!"Kl!"4IMTlZ!"L+gW"Y?!"Ml!"l_Ms!"
l_bsZ!"L+LP"Y?!"Ml!"l_Ps!"l_WsZ!"P+Mb"Y1!"
bl!" GlP_Kss!" GlP_MssZ" P+Kb" Y1!" Kl!"l_
MZ!"M+fb"Y1!"bl!"GlP_Ksss!"GlP_MsssZ!"M+Mf"
Y1!"Ml!"lM_cZ!"M+#c"Y1!"Ml!"lM_PZ""

cL+gP"
cL+gb"

W+g#"
W+gK"

KK+Kf"
KK+KM"

18 E4"
Yk>;Z("
E"o"lo"
'06<" 6&"
1)V"
cLP"

PPWf" YT_l" 3&2" .D" GITlZ!" P#gc"
Y>2_G_l" 3&2Z!" Mgcc" Y68-" G_l" 3&2Z!"
Kbcc!" KWbM!" KcLb" Y68-" G_l" ?0DZ!"
KPWc" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbM" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#M#!" gLc!"
fg#"Y>2_G_l"?0DZ"

f+KP"Y3!"Kl!"4IMTlZ!"L+bg"Y?!"Ml!"l_Ms!"
l_bsZ!" L+Wf" Y?!" Ml!" l_Ps!" l_WsZ!" L+#b_
b+fL" Y1!" K#l!" '%07:8" '2.&.73Z!" L+Pc_
L+Mf"Y1!"Ml!"GITl_K!"GITl_WZ!"M+fg"
Y1!"Kl!"l_MZ!"M+cK_M+Pb"Y1!"cl!"lM_P!"
lM_cZ"

Wf+WP"
Wf+cM"

c+L#"
c+bf"

f+g#"
f+fb"

19 E"o"lo"
'06<" 6&"
1)V"
cPP"

PPbM" YT_l" 3&2" .D" GITlZ!" P#g#"
Y>2_G_l" 3&2Z!" MgPf" Y68-" G_l" 3&2Z!"
Kbc#!" KWWf!" KcL#" Y68-" G_l" ?0DZ!"
KPcc" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMb#" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#PM!" gfb!"
fgf"Y>2_G_l"?0DZ"

f+Kb"Y3!"Kl!"4IMTlZ!"L+fg"Y?!"Ml!"l_Ms!"
l_bsZ!"L+bc"Y?!"Ml!"l_Ps!"l_WsZ!"P+PL"Y1!"
Kl!"l_MZ!"P+PK_P+Kb"Y1!"fl!"T_GlM_Kss!"
T_GlM_Pss!"T_GlM_Ksss!"T_GlM_PsssZ!"M+cP"
Y1!"Ml!"lM_cZ!"M+P#"Y1!"Ml!"lM_PZ!"K+cK"
Y1!"bl!"GlP_Msss!"GlP_csssZ"K+PM"Y1!"bl!"
GlP_Mss!"GlP_cssZ"

WM+fP"
WM+Lb"

L+##"
L+#K"

g+LP"
g+Lb"

20 E"o"lo"
'06<" 6&"
1)V"
cfg"

PPcb" YT_l" 3&2" .D" GITlZ!" P#fM"
Y>2_G_l" 3&2Z!" MgPf" Y68-" G_l" 3&2Z!"
KbcM!" KWb#!" KcLM" Y68-" G_l" ?0DZ!"
KPcb" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbc" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" gLc!" ffb"
Y>2_G_l"?0DZ"

L+fM" Y?!" Ml!" l_Ms!" l_bsZ!" L+LK" Y?!" Ml!"
l_Ps!"l_WsZ!"L+Wf"Y3!"Kl!"4IMTlZ!"b+fc"
Y?!"Kl!"GITl_KZ"b+bb"Y?!"Kl!"GITl_
WZ!"P+Pb" Y1!"Ml!"T_GlM_KssZ!"P+MP_P+KL"
Y1!"Ml!"T_GlM_KsssZ!"P+#M"Y1!"Kl!"l_MZ!"
M+LK"Y1!"Ml!"lM_PZ"M+MfY1!"Ml!"lM_cZ!"
K+Lb_K+Pf" Y1!" Kbl!" GlM_Mss!" GlM_Msss!"
GlM_Pss!" GlM_Psss!" GlM_css!" GlM_csss!"
GlM_Wss!" GlM_WsssZ!" K+#f_#+gb" Y1!" bl!"
GlP_bss!"GlP_bsssZ"

Wb+b#"
Wb+LK"

L+fW"
L+fc"

f+bK"
f+bc"

21 E"o"lo"
'06<" 6&"
1)V"
PWW"

PPWM" YT_l" 3&2" .D" GITlZ!" P#fc"
Y>2_G_l" 3&2Z!" Mgcc" Y68-_G_l" 3&2Z!"
Kbcf!" KWbb!" KcfM" Y68-" G_l" ?0DZ!"
KPWc" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMLM" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#Mc!" gLf!"
fgb"Y>2_G_l"?0DZ"

L+gf" Y?!" Kl!" l_bsZ!" L+ff" Y?!" Ml!" l_Ps!"
l_csZ!" L+Wb" Y3!" Kl!" 4IMTlZ!" L+cM" Y1!"
Ml!"GITlM_KZ!"L+MM"Y1!"Ml!"GITlM_
WZ!" P+Wf" Y1!" Kl!" l_MZ!" M+Pb_K+gb" Y1!"
cl!"lM_P!"lM_cZ"

PL+P#"
PL+ML"

P+L#"
P+LP"

KK+fb"
KK+fL"

"
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22 E"o"lo"
'06<" 6&"
1)V"
PfP"

PPWc" YT_l" 3&2" .D" GITlZ!" P#fM"
Y>2_G_l" 3&2Z!" MgWM" Y68-" G_l" 3&2Z!"
Kbcc!" KWLM!" KcLf" Y68-" G_l" ?0DZ!"
KPWW" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbb" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#MM!" gLc!"
fgM"Y>2_G_l"?0DZ"
"
"

f+#c" Y?!" Kl!" l_bsZ!" L+gM" Y?!" Ml!" l_Ps!"
l_csZ!" L+bM" Y3!" Kl!" 4IMTlZ!" L+Pf" Y1!"
Kl!"GITl_KZ!"L+Mb"Y1!"Kl!"GITl_WZ!"
P+bM" Y1!" Kl!" l_MZ!" M+Lb" Y1!" Pl!" T_
GlP_KssZ!" M+M#" Y1!" Pl!" T_GlP_KsssZ!"
M+##_K+Lb"Y1!"cl!"lM_P!"lM_cZ""

c#+fW"
c#+LP"

c+cf"
c+cf"

K#+gg"
K#+gc"

G!l!T("p/68/?)D.@7?"G'?" E633"
Yk>;Z"

QR"
YO;2!"/1_KZ"

KlTER"
YP##"ElV!"=E4I_9BZ" G" l" T"

23 E"o"lo"
'06<" 6&"
1)V"
cPg"

PPWb" YT_l" 3&2" .D" GITlZ!" P#gM"
Y>2_G_l" 3&2Z!" Mgcf" Y68-" G_l" 3&2Z!"
Kbcf!" KWbf!" KcfM" Y68-" G_l" ?0DZ!"
KPWf" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMLc" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#MW!" gf#!"
fgb"Y>2_G_l"?0DZ"

L+fc" Y?!" Kl!" l_bsZ!" L+LM" Y?!" Ml!" l_Ps!"
l_WsZ!" L+bM" Y3!" Kl!" 4IMTlZ!" L+Mb" Y1!"
Kl!"GITl_KZ!"L+K#"Y1!"Kl!"GITl_WZ!"
P+WM" Y1!" Ml!"T_GlM_KsssZ" P+MM" Y1!"Ml!"
T_GlM_KssZ!"P+#c"Y1!"Kl!"l_MZ!"M+LM"Y1!"
Ml!"l_cZ!"K+gf"Y1!"Ml!"l_PZ!"K+PK"Y1!"
Ml!" GlM_MsssZ" K+Kf" Y1!" Ml!" GlM_MssZ!"
K+#M"Y&!"Pl!"GlP_PsssZ!"#+fW"Y&!"Pl!"GlP_
PssZ""

cb+Wf"
cb+Wg"

W+LW"
W+Lc"

g+Wg"
g+WM"

24 E"o"lo"
'06<" 6&"
1)V"
WKg"

PPbb" YT_l" 3&2" .D" GITlZ!" P#gb"
Y>2_G_l" 3&2Z!" Mgcb" Y68-" G_l" 3&2Z!"
Kbc#!" KWb#!" KcfM" Y68-" G_l" ?0DZ!"
KPWc" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMLM" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" gLc!" fg#"
Y>2_G_l"?0DZ"

L+gf" Y?!" Kl!" l_bsZ!" L+fM" Y?!" Ml!" l_Ps!"
l_WsZ!" L+bf" Y3!" Kl!" 4IMTlZ!" L+PW" Y1!"
Kl!"GITl_KZ!"L+Kf"Y1!"Kl!"GITl_WZ!"
P+##"Y1!"Kl!"l_MZ!"M+Lb"Y1!"Ml!"lM_cZ!"
K+gM"Y1!"Ml!"lM_PZ!"K+Wb_#+Lf"Y1!"MMl!"
/:/8.%0J:8"'2.&.73Z+""

WP+Mf"
WP+PM"

b+cM"
b+cK"

f+K#"
f+MK"

25 E"o"lo"
'06<" 6&"
1)V"
PcM"

PPWW" YT_l" 3&2" .D" GITlZ!" P#fM"
Y>2_G_l" 3&2Z!" MgPf" Y68-_G_l" 3&2Z!"
Kbcc!" KWbM!" KcfM" Y68-" G_l" ?0DZ!"
KPWc" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbb" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" gLf!" fgf"
Y>2_G_l"?0DZ"

L+gW" Y?!" Ml!" l_Ms!" l_bsZ!" L+fM" Y?!" Ml!"
l_Ps!"l_WsZ!"L+WW"Y3!"Kl!"4IMTlZ!"L+cc"
Y1!" Ml!" GITlM_KZ!" L+Mc" Y1!" Ml!"
GITlM_WZ!"P+Lb"Y1!"Kl!"l_MZ!"M+g#"Y1!"
Ml!" GlM" .D" >2_+_;@&:8Z!" M+LW" Y3!" Kl!"
Gl" .D" >2_+_;@&:8Z!" M+WM_K+gf" Y1!" cl!"
lM_P!" lM_cZ!" K+f#_K+bW" Y1!" bl!" &*."
GlP".D">2_+_;@&:8Z"

WM+LL"
WM+bb"

b+Lg"
b+fK"

KM+PK"
KM+PP"

26 E"o"lo"
'06<" 6&"
1)V"
PL#"

PPW#" YT_l" 3&2" .D" GITlZ!" P#gc"
Y>2_G_l" 3&2Z!" Mgcc" Y68-" G_l" 3&2Z!"
KbWb!" KWLM!" Kcfc" Y68-" G_l" ?0DZ!"
KPbW" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMLW" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#PM!" gfM!"
fgb"Y>2_G_l"?0DZ"

L+gM" Y?!" Ml!" l_Ms!" l_bsZ!" L+Lf" Y?!" Ml!"
l_Ps!"l_WsZ!"L+cf"Y3!"Kl!"4IMTlZ!"L+P#"
Y1!" Kl!" GITl_KZ!" L+KW" Y1!" Kl!"
GITl_WZ!"P+bM"Y1!"Kl!"l_MZ!"M+gW"Y1!"
Ml!" GlM" .D" >2_+_;@&:8Z!" M+fM" Y3!" Kl!"
Gl" .D" >2_+_;@&:8Z!" M+Wb" Y1!" Pl!" T_
GlP_KsssZ!" M+PM" Y1!" Pl!" T_GlP_KssZ!"
K+gP_K+LM" Y1!" cl!" lM_P!" lM_cZ" K+W#_
K+PM"Y1!"bl!"&*."GlP".D">2_+_;@&:8Z""

WW+Mb"
WW+Pc"

L+PL"
L+Pf"

KK+PL"
KK+cK"

27 E"o"lo"
'06<" 6&"
1)V"
Pgf"

PPbM" YT_l" 3&2" .D" GITlZ!" P#gc"
Y>2_G_l" 3&2Z!" MgPb" Y68-" G_l" 3&2Z!"
Kbc#!" KWWf!" KcLc" Y68-" G_l" ?0DZ!"
KPWc" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMLc" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#MK!" gLc!"
fgc"Y>2_G_l"?0DZ"

L+gb" Y?!" Ml!" l_Ms!" l_bsZ!" L+f#" Y?!" Ml!"
l_Ps!"l_WsZ!"L+bM"Y3!"Kl!"4IMTlZ!"L+cM"
Y1!" Kl!" GITl_KZ!" L+Mb" Y1!" Kl!"
GITl_WZ!"P+Wf"Y1!"Kl!"l_MZ!"P+K#"Y1!"
Ml!" T_GlM_KsssZ!" M+gb" Y1!" Ml!" GlM" .D"
>2_+_;@&:8Z!" M+ff" Y1!" Ml!" T_GlM_KssZ!"
M+LW" Y3!" Kl!" Gl" .D" >2_+_;@&:8Z!" M+M#"
Y1!" Ml!" lM_cZ!" K+fc" Y1!" Ml!" lM_PZ!"
K+LM_K+WW" Y1!" bl!" &*." GlP" .D" >2_+_
;@&:8Z!" K+MM" Y&!" Pl!"GlP_MsssZ!" #+gM" Y1!"
Pl!"GlP_MssZ""

WL+c#"
WL+cb"

L+fb"
L+fc"

K#+WL"
K#+bK"

"
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28 E"o"lo"
'06<" 6&"
1)V"
cMb"

PPW#" YT_l" 3&2" .D" GITlZ!" P#gM"
Y>2_G_l" 3&2Z!" MgPf" Y68-" G_l" 3&2Z!"
Kbcc!" KWbM!" Kcfc" Y68-" G_l" ?0DZ!"
KPW#" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbf" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" gLf!" fgf"
Y>2_G_l"?0DZ"

L+ff" Y?!" Ml!" l_Ms!" l_bsZ!" L+Lb" Y?!" Ml!"
l_Ps!"l_WsZ!"L+Wf"Y3!"Kl!"4IMTlZ!"L+Mc"
Y1!" Kl!" GITl_KZ!" L+Kf" Y1!" Kl!"
GITl_WZ!" P+W#" Y1!" Ml!" T_GlM_KsssZ!"
P+M#" Y1!"Ml!"T_GlM_KssZ!"M+gM" Y1!"Kl!"
l_MZ!"M+fM"Y1!"Ml!"GlM".D">2_+_;@&:8Z!"
M+Lb" Y3!" Kl!" Gl" .D" >2_+_;@&:8Z!" M+bM"
Y1!" Ml!" lM_cZ!" M+##" Y1!" Ml!" lM_PZ!"
K+Lf_K+bM" Y1!" bl!" &*." GlP" .D" >2_+_
;@&:8Z!"K+Mb"Y1!"Ml!"GlM_MsssZ!"K+Kf"Y1!"
Ml!" GlM_MssZ!" K+##" Y1!" Pl!" GlP_PsssZ!"
#+bf"Y1!"Pl!"GlP_PssZ""

Wg+ML"
Wg+Pb"

f+Mg"
f+PK"

g+fL"
g+Lc"

G!l!T("p/68/?)D.@7?"G'?" E633"
Yk>;Z"

QR"
YO;2!"/1_KZ"

KlTER"
YP##"ElV!"=E4I_9BZ" G" l" T"

29 E"o"lo"
'06<" 6&"
1)V"
cMb"

QR" YO;2!" /1_KZ(" PPbc" YT_l" 3&2" .D"
GITlZ!"P#fb" Y>2_G_l"3&2Z!"Mgcb"
Y68-" G_l" 3&2Z!" Kbcf!" KWbb!" KcLf"
Y68-" G_l" ?0DZ!" KPWb" Y4rI" 3&2" .D"
4IMTl!" 63:110&2-/Z!" KML#" Y4rI"
3&2" .D" 4IMTl!" 3:110&2-/Z!" K#Mf!"
gfM!"fg#"Y>2_G_l"?0DZ"

L+gM" Y?!" Ml!" l_Ms!" l_bsZ!" L+f#" Y?!" Ml!"
l_Ps!"l_WsZ!"L+bc"Y3!"Kl!"4IMTlZ!"L+cc"
Y1!" Kl!" GITl_KZ!" L+Kb" Y1!" Kl!"
GITl_WZ!" P+WM" Y1!" Kl!" T_Gl_KsssZ!"
P+MM" Y1!" Kl!" T_Gl_KssZ!" P+Kc" Y1!" Kl!"
l_MZ!"M+gM"Y1!"Ml!"GlM".D">2_+_;@&:8Z!"
M+Lc" Y3!" Kl!" Gl" .D" >2_+_;@&:8Z!" M+bM"
Y1!" Ml!" lM_cZ!" K+ff" Y1!" Ml!" lM_PZ!"
K+L#_K+WM" Y1!" bl!" &*." GlP" .D" >2_+_
;@&:8Z!" K+M#_K+#b" Y1!" bl!" GlP_Msss!"
GlP_PsssZ!" #+gM_#+Lb" Y1!" bl!" GlP_Mss!"
GlP_PssZ"
"

Wg+ML"
Wg+Pf"

f+Mg"
f+P#"

g+fL"
g+gf"

30 E"o"lo"
'06<" 6&"
1)V"
cWc"

PPWf" YT_l" 3&2" .D" GITlZ!" P#g#"
Y>2_G_l" 3&2Z!" Mgcb" Y68-" G_l" 3&2Z!"
Kbcf!" KWbW!" KcLf" Y68-" G_l" ?0DZ!"
KPWM" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbW" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#MM!" gf#!"
fgb"Y>2_G_l"?0DZ"

L+gb" Y?!" Ml!" l_Ms!" l_bsZ!" L+f#" Y?!" Ml!"
l_Ps!"l_WsZ!"L+bM"Y3!"Kl!"4IMTlZ!"L+WM"
Y1!" Kl!" GITl_KZ!" L+MM" Y1!" Kl!"
GITl_WZ!" P+cf" Y1!" Ml!" T_Gl_KsssZ"
P+Pc" Y1!" Kl!" l_MZ!" P+K#" Y1!" Ml!" T_
GlM_KssZ!" M+ff" Y1!" Ml!" GlM" .D" >2_+_
;@&:8Z!"M+L#"Y3!"Kl!"Gl".D">2_+_;@&:8Z!"
M+WM"Y1!"Ml!"lM_cZ"K+fM"Y1!"Ml!"lM_PZ!"
K+Lb_K+Wf" Y1!" bl!" &*." GlP" .D" >2_+_
;@&:8Z!"K+PP_K+Kb"Y1!"fl!"GlM_Mss!"GlM_
Pss!"GlM_Msss!"GlM_PsssZ"#+gM_#+LM"Y1!"bl!"
GlP_css!"GlP_csssZ"
"

b#+g#"
bK+#f"

f+bL"
f+bL"

g+Mb"
g+KP"

31 E"o"lo"
'06<" 6&"
1)V"
cWc"

PPbM" YT_l" 3&2" .D" GITlZ!" P#gc"
Y>2_G_l" 3&2Z!" Mgcf" Y68-" G_l" 3&2Z!"
KbWM!" KWbf!" KcfM" Y68-" G_l" ?0DZ!"
KPWW" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMLM" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#Mf!" gfM!"
fgf"Y>2_G_l"?0DZ"

L+gf" Y?!" Ml!" l_Ms!" l_bsZ!" L+fM" Y?!" Ml!"
l_Ps!"l_WsZ!"L+Wb"Y3!"Kl!"4IMTlZ!"L+cc"
Y1!" Kl!" GITl_KZ!" L+PM" Y1!" Kl!"
GITl_WZ!"P+WM"Y1!"Kl!"l_MZ!"P+PW"Y1!"
Ml!"T_GlM_KsssZ!" P+Kc" Y1!" Ml!"T_GlM_
KssZ!" M+gb" Y1!" Ml!" GlM" .D" >2_+_;@&:8Z!"
M+f#" Y3!" Kl!" Gl" .D" >2_+_;@&:8Z!" M+WM"
Y1!" Ml!" lM_cZ!" K+gM" Y1!" Ml!" lM_PZ!"
K+LM_K+W#" Y1!" bl!" &*." GlP" .D" >2_+_
;@&:8Z!"K+MP_#+gL"Y1!"Kcl!"Gl_Mss!"Gl_
Msss!"GlP_Pss!"GlP_Psss!"GlP_css!"GlP_csssZ"
""

b#+g#"
b#+fc"

f+bL"
f+bf"

g+Mb"
g+Pc"

"
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32 E"o"lo"
'06<" 6&"
1)V"
cgc"

PPWb" YT_l" 3&2" .D" GITlZ!" P#gM"
Y>2_G_l" 3&2Z!" MgcW" Y68-" G_l" 3&2Z!"
KbcW!" KWbW!" Kcf#" Y68-" G_l" ?0DZ!"
KPcf" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KML#" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#MK!" gLf!"
fgc"Y>2_G_l"?0DZ"

f+#P"Y3!"Kl!"4IMTlZ!"L+Lf"Y?!"Ml!"l_Ms!"
l_bsZ!" L+Wb" Y?!" Ml!" l_Ps!" l_WsZ!" L+#b_
b+LL" Y1!" K#l!" '%07:8" '2.&.73Z!" L+Pf_
L+Mb"Y1!"Ml!"GITl_K!"GITl_WZ!"M+gf"
Y1!" Ml!" GlM" .D" >2_+_;@&:8Z!" M+fM" Y3!"
Kl!"Gl".D">2_+_;@&:8Z!"M+LM"Y1!"Kl!"l_
MZ!"M+cc_M+PP"Y1!"cl!"lM_P!"lM_cZ!"K+L#_
K+WM"Y1!"bl!"&*."GlP".D">2_+_;@&:8Z"
"

bW+L#"
bW+bM"

b+PP"
b+PW"

f+WK"
f+cb"

33 E"o"lo"
'06<" 6&"
1)V"
Pgf"

PPWc" YT_l" 3&2" .D" GITlZ!" P#fc"
Y>2_G_l" 3&2Z!" MgPf" Y68-" G_l" 3&2Z!"
KbcM!" KWb#!" KcLc" Y68-" G_l" ?0DZ!"
KPcb" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbc" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#Kf!" gLM!"
fff"Y>2_G_l"?0DZ"

L+ff"Y3!"Kl!"4IMTlZ!"L+LW"Y?!"Ml!"l_Ms!"
l_bsZ!"L+bc"Y?!"Ml!"l_Ps!"l_WsZ!"P+MM"Y1!"
bl!"GlP_Ksss!"GlP_MsssZ!"P+KM"Y1!"Kl!"l_
MZ!" M+gc" Y1!" Ml!" GlM" .D" >2_+_;@&:8Z!"
M+fM"Y1!"bl!"GlP_Kss!"GlP_MssZ!"M+LM"Y3!"
Kl!" Gl" .D" >2_+_;@&:8Z!" M+Mf" Y1!" Ml!"
lM_cZ!" M+##" Y1!" Ml!" lM_PZ!" K+Lf_K+bM"
Y1!"bl!"&*."GlP".D">2_+_;@&:8Z"
"
""

WL+c#"
WL+bc"

L+fb"
L+ff"

K#+WL"
K#+cb"

G!l!T("p/68/?)D.@7?"G'?" E633"
Yk>;Z"

QR"
YO;2!"/1_KZ"

KlTER"
YP##"ElV!"=E4I_9BZ" G" l" T"

34 E"o"lo"
'06<" 6&"
1)V"
W#L"

PPWb" YT_l" 3&2" .D" GITlZ!" P#gf"
Y>2_G_l" 3&2Z!" MgPc" Y68-" G_l" 3&2Z!"
KbWW!" KWWb!" KcLL" Y68-" G_l" ?0DZ!"
KPb#" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMLM" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#MM!" gfb!"
fgb"Y>2_G_l"?0DZ"

L+gf" Y?!" Ml!" l_Ms!" l_bsZ!" L+LP" Y3!" Kl!"
4IMTlZ!"L+WM"Y?!"Ml!"l_Ps!"l_WsZ!"L+PM_
L+MM"Y1!"Ml!"GITl_K!"GITl_WZ!"M+g#"
Y1!" Ml!" GlM" .D" >2_+_;@&:8Z!" M+f#" Y3!"
Kl!"Gl".D">2_+_;@&:8Z!"M+bb"Y1!"Kl!"l_
MZ!"M+cc_M+P#"Y1!"cl!"lM_P!"lM_cZ!"K+Lb_
K+b#" Y1!" bl!" &*." GlP" .D" >2_+_;@&:8Z!"
K+cc_#+LM"Y1!"MMl!"/:/8.%0J:8"'2.&.73Z"
"
"

bc+KM"
bP+gW"

f+WL"
f+b#"

f+PK"
f+Kc"

35 E"o"lo"
'06<" 6&"
1)V"
WKK"

QR" YO;2!" /1_KZ(" PPcb" YT_l" 3&2" .D"
GITlZ!"P#fM" Y>2_G_l"3&2Z!"Mgcf"
Y68-" G_l" 3&2Z!" Kbcc!" KWL#!" Kcf#"
Y68-" G_l" ?0DZ!" KPWM" Y4rI" 3&2" .D"
4IMTl!" 63:110&2-/Z!" KMbL" Y4rI"
3&2" .D" 4IMTl!" 3:110&2-/Z!" gLf!"
fgM"Y>2_G_l"?0DZ"

L+gc" Y?!" Ml!" l_Ms!" l_bsZ!" L+Lb" Y?!" Ml!"
l_Ps!"l_WsZ!"L+bM"Y3!"Kl!"4IMTlZ!"b+ff"
Y?!"Kl!"GITl_KZ!"b+Wb"Y?!"Kl!"GITl_
WZ!"P+cM"Y1!"Ml!"T_GlM_KsssZ!"P+M#_P+KM"
Y1!"Ml!"T_GlM_KssZ!"P+#b"Y1!"Kl!"l_MZ!"
M+gM" Y1!"Ml!"GlM".D">2_+_;@&:8Z!"M+fM"
Y3!"Kl!"Gl".D">2_+_;@&:8Z!"M+L#"Y1!"Ml!"
lM_PZ!" M+Kf" Y1!" Ml!" lM_cZ!" K+fM_K+Wf"
Y1!" Kbl!" GlM_Mss!" GlM_Msss!" GlM_Pss!"
GlM_Psss!" GlM_css!" GlM_csss!" GlM_Wss!"
GlM_WsssZ!"K+cM_K+Mf"Y1!"bl!"&*."GlP".D"
>2_+_;@&:8Z!"K+K#_#+ff"Y1!"bl!"GlP_bss!"
GlP_bsssZ"
"
"

bP+bM"
bP+WL"

g+Mg"
g+P#"

f+Mc"
f+Mb"

36 E"o"lo"
'06<" 6&"
1)V"
PL#"

PPWc" YT_l" 3&2" .D" GITlZ!" P#ff"
Y>2_G_l" 3&2Z!" Mgcf" Y68-" G_l" 3&2Z!"
KbcW!" KWbW!" KcL#" Y68-" G_l" ?0DZ!"
KPWc" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KMbg" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#Mc!" gLb!"
fgc"Y>2_G_l"?0DZ"

f+#b"Y3!"Kl!"4IMTlZ!"L+g#"Y?!"Ml!"l_Ms!"
l_bsZ!"L+bb"Y?!"Ml!"l_Ps!"l_WsZ!"P+Pc"Y3!"
Kl!" l_MZ!" M+c#" Y1!" Ml!" lM_cZ!" M+PM_
M+Mf" Y1!"Ml!"lM_PZ!"M+Kc_K+ff"Y1!"gl!"
&%200" GlP" .D" #A;@&:8Z!" K+c#_K+Mb" Y1!"
KMl!" GlP_Kss!" GlP_Mss!" GlP_Ksss!" GlP_
MsssZ"
"
"

WW+Mb"
WW+cM"

L+PL"
L+PW"

KK+PL"
KK+cc"

"

K#"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"

"
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37 E"o"lo"
'06<" 6&"
1)V"
cWc"

PPcc" YT_l" 3&2" .D" GITlZ!" P#f#"
Y>2_G_l" 3&2Z!" Mgcc" Y68-" G_l" 3&2Z!"
KbcW!" KWbL!" KcfM" Y68-" G_l" ?0DZ!"
KPW#" Y4rI" 3&2" .D" 4IMTl!"
63:110&2-/Z!" KML#" Y4rI" 3&2" .D"
4IMTl!" 3:110&2-/Z!" K#MM!" gLf!"
fg#"Y>2_G_l"?0DZ"

f+#M"Y3!"Kl!"4IMTlZ!"L+gM"Y?!"Ml!"l_Ms!"
l_bsZ!"L+Wb"Y?!"Ml!"l_Ps!"l_WsZ!"P+PL"Y3!"
Kl!"l_MZ!"P+PK_P+Kb"Y1!"fl!"T_GlM_Kss!"
T_GlM_Pss!"T_GlM_Ksss!"T_GlM_PsssZ!"M+cP"
Y1!" Ml!" lM_cZ!" M+Mf" Y1!" Ml!" lM_PZ!"
M+K#_K+fM" Y1!" gl!" &%200" GlP" .D" #A
;@&:8Z!"K+cK" Y1!"bl!"GlP_Msss!"GlP_csssZ"
K+PM"Y1!"bl!"GlP_Mss!"GlP_cssZ"
"
"

b#+g#
bK+KP"

f+bL"
f+bb"

g+Mb"
g+PM"

"

KK"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"
"
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2.2. Pharmacology 

A*07&:" 0-H%&" K!W_7>& 7?_" ?-3@,3&-&@&0?_M_Y3@,3&-&@&0?" ,07V0703@8'%.7:8Z" H8@&6161-?03" Y10-37Z"
*020",-.8.H-/688:"3/20070?"D.2"&%0-2"'.33-,80"67&-/67/02"6/&-5-&:"6H6-73&"U%28-/%">3/-&03"G62/-7.16"
YU>GZ"/0883"-7"4*-33">8,-7."1-/0+"

2.2.1. Tumor cells 

U%28-/%" >3/-&03" G62/-7.16" YU>GZ" /0883" *020" .2-H-76&0?" D2.1" %@167" ,2063&" /62/-7.16+" U>G"
/0883"*020"16-7&6-70?" +"&C+C*" -7"4*-33">8,-7."1-/0!",:"'6336H-7H"0502:"K#"?6:3+"U>G"/0883".D"g"
?6:3".8?"*020"@30?"D.2"&%0"3/2007-7H".D"&%0"/.1'.@7?3"Y10-37Z+"

2.2.2. Animals 

4*-33"68,-7."1-/0".D"0-&%02"30J".D"K#"*00<3".8?"*-&%"67"65026H0",.?:"*0-H%&".D"Kf_M#"H2613"
*020"@30?+">88"1-/0"*020"<0'&".7",6368"10&6,.8-/"?-0&"*-&%"*6&02".9&(+D+#-<5"

2.2.3. Screening protocol 

A*."H2.@'3".D"4*-33">8,-7."E-/0"Y06/%"H2.@'"/.7&6-73"W"1-/0".D"&%0"3610"30J!"6H0"67?",.?:"
*0-H%&Z"*020"3080/&0?"6&"267?.1"67?"<0'&"-7"&*."?-DD0207&"/6H03"@7?02"-?07&-/68"/.7?-&-.73+"I70".D"
&%030"&*."H2.@'3"30250?"63"/.7&2.8"*%-80"&%0".&%02"63"&03&+"U%28-/%">3/-&03"G62/-7.16"YU>GZ"/0883"
*020" /.880/&0?" D2.1" &%0" ?.7.2" 1-/0" 67?" *020" 3@3'07?0?" -7" 3&02-80" -3.&.7-/" 3.8@&-.7" Y#+gp" *)5"
T6G8Z+"A%0"7@1,023".D"&@1.2"/0883"'02"18".D"&%-3"3@3'073-.7"*020"/.@7&0?"@7?02"1-/2.3/.'0"*-&%"
&%0"%08'".D"%601./:&.10&02+">"?0D-7-&0"7@1,02" Y6,.@&"MnK#b" /0883)#+M"18Z".D" &%030" 8-5-7H"5-6,80"
/0883" *020" -1'867&0?" -7&." &%0" '02-&.7068" /65-&:" .D" 06/%" 1.@30+" Q7" &%-3" -73&67/0!" &%0" &@1.2" /0883"
1@8&-'8-0?" 2086&-508:" D2008:" *-&%-7" &%0" '02-&.7068" /65-&:" 67?" 63/-&03" ?0508.'0?+" I70" ?6:" D.2"
-7/@,6&-.7"*63"688.*0?"&."03&6,8-3%"&%0"?-30630"-7"&%0",.?:",0D.20"3&62&-7H"&%0"?2@H"6?1-7-3&26&-.7+"
k2.1" &%0" 30/.7?" ?6:" .D" &2673'867&6&-.7" @'" &." &%0" 0-H%&%" ?6:" 6" 3@-&6,80" /%68807H0" ?.30" Y#+M"
11.80)<H",.?:"*0-H%&Z" .D" &%0"?2@H" 3.8@&-.7)3@3'073-.7" -7" 3&02-80"'%.3'%6&0",@DD02" Y'l"L+MZ"*63"
-7d0/&0?"-7&26'02-&.70688:"&."06/%"1.@30"-7"&%0"&03&"H2.@'"6&"Mc"%2"-7&02568+"A%@3!"30507"?.303".D"&%0"
?2@H" *020" 6?1-7-3&020?" &." 06/%"1.@30" -7" &%0" &03&" H2.@'+" I7" &%0" 7-7&%" ?6:" D..?" 67?"*6&02" *63"
*-&%%08?" Kf" %2" ,0D.20" &%0" 3&62&-7H" .D" &%0" &03&-7H" .'026&-.7+" A%0"*0-H%&3" .D" 688" &%0" 67-1683"*020"
20/.2?0?",0D.20"&%0:"*020"36/2-D-/0?+"A%0"'02-&.7068"/65-&:"*63"?-330/&0?!"&%0"D8@-?"*63"3@/<0?",:"
6?3.2,07&"/.&&.7"67?" &%0"*0-H%&".D" &%0"W"1-/0"*63"20/.2?0?+"A%0"0568@6&-.7".D" &%0" &03&"?2@H"*63"
16?0",:"/.1'62-7H"&@1.2"*0-H%&".D"&%0"&03&"*-&%"&%6&".D"&%0"/.7&2.8+"A%0"'02/07&6H0"-7%-,-&-.7".D"
&@1.2"*0-H%&"*63".,&6-70?",:" &%0"D.88.*-7H"0J'2033-.7("F02/07&6H0" -7%-,-&-.7".D" &@1.2"*0-H%&"r"
YK_A)GZ"J"K##!"*%020"A"-3"&%0"65026H0"*0-H%&".D">3/-&-/"D8@-?"-7"&03&"67-1683"67?"G"-3"&%0"65026H0"
*0-H%&".D">3/-&03"D8@-?"-7"/.7&2.8"67-1683+">7&-/67/02"6/&-5-&-03".D"3:7&%03-V0?"D-768"/.1'.@7?3"620"
3%.*7"-7"A6,80"c+"
"

KM"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"

"
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Table 4. ;-.8.H-/68"6/&-5-&-03".D"H8@&6161-?0"6768.H@03"Y10-37Z

Cpda RK" RM" RP" Rc" RW" pA]Q"Y;>Z" ^.H"Y;>Z"
10 l" G8" l" l" l" MW+fb" K+cKP"
11 l" G8" l" GlP" l" MK+cP" K+PPK"
12 l" G8" l" GMlW" l" PW+Mg" K+Wcf"
13 l" G8" l" "_GPlL" l" cM+fb" K+bPM"
14 l" G8" l" +_"GPlL" l" WM+Wf" K+LMK"
15 l" G8" l" "_Gclg" l" cW+cW" K+bWf"
16 l" G8" l" +_"Gclg" l" PM+W#" K+WKM"
17 l" G8" l" GlP" GlP" cK+bb" K+bM#"
18 l" G8" l" GblW" l" MW+cW" K+c#b"
19 l" G8" l" GMlW" GMlW" MP+bc" K+PLc"
20 l" G8" l" "_GblKP" l" c#+KK" K+b#P"
21 G8" l" G8" l" l" Kc+bL" K+Kbb"
22 G8" l" G8" GlP" l" M#+fP" K+PKg"
23 G8" l" G8" "_"GPlL" l" ML+Kb" K+cPc"
24 G8" l" G8" )_GblKK" l" PK+fL" K+W#P"
25 l" +_"Gclg" l" l" l" PW+fK" K+WWc"
26 l" +_"Gclg" l" GlP" l" Mf+f#" K+cWg"
27 l" +_"Gclg" l" GMlW" l" PL+bW" K+WLb"
28 l" +_"Gclg" l" "_"GPlL" l" Pf+M#" K+WfM"
29 l" +_"Gclg" l" +_"GPlL" l" cc+LL" K+bWK"
30 l" +_"Gclg" l" "_"Gclg" l" WL+bW" K+LbK"
31 l" +_"Gclg" l" +_"Gclg" l" W#+##" K+bgg"
32 l" +_"Gclg" l" GblW" l" ML+Lf" K+ccc"
33 l" +_"Gclg" l" GlP" GlP" PM+Kc" K+W#L"
34 l" +_"Gclg" l" )_GblKP" l" ML+PM" K+cPb"
35 l" +_"Gclg" l" "_GblKP" l" cM+PK" K+bMb"
36 l" #_"Gclg" l" GlP" l" PM+Lg" K+WKb"
37 l" #_"Gclg" l" GMlW" GMlW" Pc+#M" K+WPM"

2.3. QSAR Methodology 

2.3.1. Dataset and parameters 

>88" ,-.8.H-/688:" 0568@6&0?" /.1'.@7?3" Y10-37Z"*020" &6<07" D.2" &%0"[4>R" 3&@?:+" ^.H62-&%1" .D"
'02/07&6H0"-7%-,-&-.7".D"&@1.2"*0-H%&"`^.H"Y;>Za"*63"&6<07"63"&%0",-.8.H-/68"6/&-5-&:"'62610&02+"

2.3.1.1. Electrotopological state atom (ETSA) indices 

A%0"U_3&6&0"-7?0J"`MP_Mga"Y4-Z".D"67"6&.1"Y-Z"-7"6"1.80/@80"-3"/.1'.30?".D"67"-7&2-73-/"3&6&0"YQ-Z"
67?"&%0"'02&@2,6&-.7"0DD0/&"Y$-dZ+"A%0"H070268"0J'2033-.7".D"&%0"-7&2-73-/"3&6&0".D"6&.1"Y-Z"-7"T"2.*".D"
&%0"'02-.?-/"&6,80"-3"H-507"63"

Q-"r"`YYM)TZM#5"o"KZ)"#a" " " " " " " YKZ""""""""""""""""""""""""""""" "

#5"r"7@1,02".D"56807/0"080/&2.7"$"7@1,02".D"%:?2.H07"6&.1"6&&6/%0?"
"

KP"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"
"
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#"r"7@1,02".D"3-H16"080/&2.7"$"7@1,02".D"%:?2.H07"6&.1"6&&6/%0?""

A%0"-7D.216&-.7"07/.?0?"-7&."&%0"6&.1"-7&2-73-/"568@0"YQ-Z"-3".D",.&%"080/&2.7-/"67?"&.'.8.H-/68"-7"
76&@20+"A%0"/.@7&".D"'-"67?"8.70"'6-2"080/&2.73"Y#5Z"H-503"-1'.2&67&"080/&2.7-/"-7D.216&-.7",0/6@30"
080/&2.73".//@':-7H" &%030".2,-&683" 620"1.20" 206/&-50" 67?" /8.308:" 633./-6&0?"*-&%" 8.7H_267H0"7.7_
/.56807&" -7&021.80/@862" -7&026/&-.7" 3@/%" 63" ?2@H_20/0'&.2" 07/.@7&023+" A%0" -1'.2&67&" &.'.8.H-/68"
6&&2-,@&0"-3"&%0"2086&-50"?0H200".D"167&80"6&.1".2",@2-0?"6&.1"3&6&@3+"A%-3"&.'.8.H-/68"-7D.216&-.7"-3"
07/.?0?",:"&%0"7@1,02".D"3<080&68"70-H%,.23"Y#Z+"A%0"H070268"0J'2033-.7"D.2"&%0"'02&@2,6&-.7"0DD0/&"
-3"63"D.88.*3(""

$-d"r"%Y"Q-_Qd"Z")"2-dM" " " " " " " YMZ"""""""""""""""""""""""""""""""

-7"*%-/%"2-d"-3"&%0"&.'.8.H-/68"?-3&67/0"-7"&%0"3%.2&03&"'6&%",0&*007"&%0"-&%"67?"d&%"6&.13+"A%@3!"&%0"
UA4>"-7?0J"Y4-Z"/67",0"/68/@86&0?"63"

4-"r"Q-"o"$-d"" " " " " " " " YPZ"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

UA4>" -7?-/03"*020" /68/@86&0?" @3-7H" &%0" /.1'@&02" '2.H26110" tE.@30u" `PKa" ?0508.'0?" -7" .@2"
86,.26&.2:+"A%0"'2.H26110"*63"*2-&&07"-7"Goo"867H@6H0"67?"/67"2@7"-7"]-7?.*3".'026&-7H"3:3&01"
&."/68/@86&0"UA4>"-7?-/03".78:+";0D.20"&%0"/68/@86&-.7!"&%0"6&.13".D"&%0"1.80/@803"*020"7@1,020?"
/.730/@&-508:" <00'-7H" &%0" 302-68" 7@1,02" .D" 6&.13" 3610" -7" 688" 1.80/@803+" A%0" -7&2-73-/" 3&6&0" YQ-Z"
568@03".D"?-DD0207&"6&.13"620"&%07"H-507"63"-7'@&"67?"&%0".@&'@&"D-80"20'20307&3"&%0"UA4>"-7?-/03"Y4-Z"
.D"/.11.7"6&.13+"""

2.3.1.2. Refractotopological state atom (RTSA) indices 

E.862" 20D26/&-5-&:" -3" ?-20/&8:" '2.'.2&-.768" &." &%0" '.862-V6,-8-&:" .D" 6" 3@,3&67/0+" ^.7?.7"
D.2/0)?-3'023-50"D.2/0",0&*007" &*."7.7_'.862"1.80/@803"%63"6"?-20/&" 2086&-.7" &." &%0"'.862-V6,-8-&:+"
A%@3!" 1.80/@862" 20D26/&-5-&:" -3" 67" -1'.2&67&" '%:3-/./%01-/68" '2.'02&:" D.2" 1.?08-7H" &%0"
?-3'023-50)567?02*6683" -7&026/&-.73" *-&%" &%0" 20/0'&.2+" Q&" -3" %-H%8:" /.22086&0?" *-&%" 8-'.'%-8-/-&:!"
1.862" 5.8@10" 67?" 3&02-/" ,@8<+" 9%.3%" $#& .(5" `PM!PPa" 20'.2&0?" &%0" 6&.1-/" /.7&2-,@&-.73" .D" 1.862"
20D26/&-5-&:+" O00'-7H" -7" 5-0*" .D" &%030" -1'.2&67/0" .D" 1.862" 20D26/&-5-&:" 67?" &%0" 3@//033D@8"
6''8-/6&-.7" .D" UA4>" -7?0J" -7" 167:" [4>R" 3&@?-03" G62263/." $#& .(5" `Pca" -7&2.?@/0?" &%0"
20D26/&.&.'.8.H-/68"3&6&0"6&.1"YRA4>)R_3&6&0Z"-7?0J"-7"&%0"3610"*6:".D"UA4>"-7?0J"63"?0D-70?",:"
O-02"67?"/._*.2<023"`PW!Pba+"RA4>"-7?0J"-3",630?".7"&%0"6&.1-/"20D26/&-5-&:"67?"&%0"-7D8@07/03".D"
.&%02"6&.13"-7"&%0"/%01-/68"H26'%"67?"-&3"&.'.8.H-/68"3&6&0+"A%0"3610"-7-&-68"/.73-?026&-.7".D"U_3&6&0"
D.2168-31"*63"&6<07"D.2"R-3&6&0"-7?0J+"A%0"-?06"*63"&%6&"0502:"6&.1"-7"6"1.80/@80"-3"'20307&"-7"6"
?-DD0207&" -7D.216&-.7" D-08?" /.1'.30?" .D" &%0" .&%02" 6&.13" .D" &%0" 1.80/@80" 0J/0'&" *%020" 6&.13"
16''0?".7"&."06/%".&%02"&%2.@H%"6"3:110&2:".'026&-.7+""A%0"R_3&6&0"-7?0J"Y&-Z".D"67"6&.1"Y-Z"-7"6"
1.80/@80" -3" /.1'.30?" .D" 67" -7&2-73-/" 20D26/&-5-&:" Y>R-Z" 67?" &%0" '02&@2,6&-.7" 0DD0/&" Y$>R-Z+" A%0"
20D26/&-5-&:".D"&%0",.7?0?"%:?2.H07"%63",007"-7/8@?0?"&."&%0"7.7_%:?2.H07"6&.13"/.770/&0?"&."-&"63"
"

Kc"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"

"
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"

-&"*63"@30?"&."/.73-?02" &%0-2"/.7&2-,@&-.7"&."&%0"1.862"20D26/&-5-&:+"A%0"H070268"0J'2033-.7"D.2"&%0"
'02&@2,6&-.7"0DD0/&"-3"63"D.88.*3(""

$>R-"r"%Y>R-"_">RdZ")"2-dM" " " " " " YcZ" " "

*%020"2-d"-3"&%0"&.'.8.H-/68"?-3&67/0"-7"&%0"3%.2&03&"'6&%",0&*007"&%0"-&%"67?"d&%"6&.13!"A%@3!"&%0"R-
3&6&0"-7?0J"-3"/68/@86&0?",:"&%0"D.88.*-7H"0J'2033-.7+"

&-""r">R-"o"$>R-"""""""""""""""""""""""""""""""""""""""""""""""" " " YWZ""""

>&.1_*-30"RA4>"-7?-/03"*020"/68/@86&0?"@3-7H"&%0"/.1'@&02"'2.H26110"tR6&u"`PLa"?0508.'0?"
-7".@2"86,.26&.2:+"A%0"-7&2-73-/"20D26/&-5-&-03"D.2"6&.13"620"3%.*7"-7"&%0"A6,80"W+""

Table 5. >&.1-/"20D26/&-5-&:"568@03"Y>RZ".D"/.11.7"6&.13

>&.1"&:'0" >&.1-/"R0D26/&-5-&:" >&.1"&:'0" >&.1-/"R0D26/&-5-&:"
_k" K+#bPM" vGCrn6" P+#ffL"
_G8" W+bK#W" l" #+gKWW"
_;2" f+bLfM" T3'P" P+#K##"
_Q" KP+fLcK" T3'M!"T3'" P+M##g"
_I_" K+bPWK" TCIM" P+W#Wc"
rI" K+LgWb" >2_TCrn6" P+f#gW"
ICrT" M+Kc#L" T"Y>2,Z" M+LbbM"
G3'P" M+fKWf" 43'P" L+PKg#"
G3'M" P+fMLf" 43'M" g+Kbf#"
G3'" P+fgLc" R_4CIM_R" W+PPMK"

G"Y>2,Z" P+W#g#" R_4CI_R" b+#LbM"
C>&.1-/"20D26/&-5-&:".D"&%0"/.2203'.7?-7H"6&.1S"6l0&02."6&.1S",>2.16&-/+

2.3.1.3. Physicochemical Parameters 

F%:3-/./%01-/68"'62610&023" D.2" &%0"3@,3&-&@07&3" 8-<0"%:?2.'%.,-/-&:" YwZ!"3&02-/"'62610&02" YU3Z!"
l6110&u3" /.73&67&" YxZ" 0&/+"*020" /.1'-80?" D2.1" &%0" 8-&026&@20" `Pfa+"]%.80"1.80/@862" ?03/2-'&.23"
3@/%"63"1.862" 20D26/&-5-&:!"3@2D6/0"6206!" 8.H"F!"1633"67?"5.8@10"*020"/68/@86&0?",:"tl:'02G%01"
F2.D033-.768u"3.D&*620"_"5023-.7"L+#".D"l:'02/@,0"Q7/"`Pga+"

2.3.2. Correlation Analysis 

G.22086&-.7" 6768:3-3" .D" UA4>" -7?-/03!" RA4>" -7?-/03" 67?" '%:3-/./%01-/68" '62610&023" *63"
/622-0?" .@&+" >@&./.22086&0?" '62610&023" *020" 08-1-76&0?" 3&0'*-30" ?0'07?-7H" .7" &%0-2" -7?-5-?@68"
/.22086&-.7"*-&%" &%0",-.8.H-/68" 6/&-5-&:+">88" '.33-,80" /.1,-76&-.73".D"'62610&023"*020" /.73-?020?"
D.2"1@8&-'80"20H2033-.7"6768:3-3+" "

"

KW"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"
"
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"

2.3.3. Multiple Regression Analysis 

E@8&-'80" 20H2033-.7" 6768:3-3" `c#_cPa" *63" /622-0?" .@&" ,:" tE@8&-" R0H2033u" `cca" 6" '2.H26110"
?0508.'0?" -7" .@2" 86,.26&.2:+" A%0" 3&6&-3&-/68" \@68-&:" .D" &%0" 20H2033-.7" 0\@6&-.7" *020" d@3&-D-0?" ,:"
'62610&023" 8-<0" /.22086&-.7" /.0DD-/-07&" YRZ!" '02/07&6H0" .D" 0J'86-70?"562-67/0" YpUyZ!" 6?d@3&0?"RM"

YRM>Z!" 562-67/0" 26&-." YkZ!" 3&67?62?" 022.2" 03&-16&0" Y3Z+" >88" &%0" D-768" 0\@6&-.73" %650" 3-H7-D-/67&"
20H2033-.7"/.0DD-/-07&3!"-7&02/0'&3"67?"562-67/0"26&-."YkZ"67?"&%6&"620"1.20"&%67"gWp"80508+"N30".D"
1.20"&%67".70"562-6,80"-7"&%0"1@8&-562-6&0"0\@6&-.7"*63"d@3&-D-0?",:"6@&./.22086&-.7"3&@?:+""

2.3.4. Cross Validation 

A%0" '20?-/&-50" '.*023" .D" &%0" 0\@6&-.7" 620" 568-?6&0?" ,:" ^0650_I70_I@&" Y^II_Z" `cWa" /2.33"
568-?6&-.7"10&%.?+"F20?-/&0?"203-?@68"3@1".D"3\@620"YFRU44Z!" &.&68"3@1".D"3\@6203" Y44qZ!"/2.33_
568-?6&0?"RM" YRMGyZ!" 3&67?62?"022.2".D"FRU44"Y4FRU44Z"67?"'20?-/&-50"3&67?62?"022.2".D"'20?-/&-.7"
Y4=UFZ"D.2"&%0"[4>R"0\@6&-.73"620"/.73-?020?"D.2"&%0"568-?6&-.7".D"&%0"1.?083+"

3 RESULTS AND DISCUSSION 

3.1. Synthesis 

K!W_7>& 7?_" =-3@,3&-&@&0?_M_Y3@,3&-&@&0?" ,07V0703@8'%.7:8Z" H8@&6161-?03" Y10_37)" *020"
3:7&%03-V0?" -7" 6//.2?67/0" &." 4/%010" K+" =0&6-8" 3:7&%0&-/" '2./0?@203" 620" ?03/2-,0?" -7" &%0"
UJ'02-107&68"'62&+"F%:3-/68"?6&6".D"688"-7&0210?-6&03"67?"D-768"/.1'.@7?3"620"D@27-3%0?"-7"A6,803"K"
67?"M"203'0/&-508:+"A%0":-08?3".D"&%0"&-&80"/.1'.@7?3"*020"D.@7?"H..?"63"3%.*7"-7"A6,80"M+"
"

3.2. Anticancer activity 

>88" D-768" /.1'.@7?3" Y10-37Z" *020" ,-.8.H-/688:" 0568@6&0?" D.2" &%0-2" 67&-/67/02" 6/&-5-&:" 6H6-73&"
U%28-/%">3/-&03"G62/-7.16"YU>GZ"1.?08"-7"4*-33">8,-7."1-/0+"F02/07&6H0"&@1.2"*0-H%&"-7%-,-&-.7"
YpA]QZ" .D" &%030" /.1'.@7?3" *63" ?0&021-70?" 6&" &%0" ?.30" 80508" .D" #+M" 11.8)OH" ,.?:" *0-H%&+"
>7&-/67/02" 6/&-5-&-03" -+0+!"pA]Q" 20'20307&0?" 63" &%0" ,-.8.H-/68" 6/&-5-&:" Y;>Z" 67?" &%0" 8.H62-&%1-/"
568@0".D"&%0",-.8.H-/68"6/&-5-&:"`^.H"Y;>Za".D"&%030"D-768"/.1'.@7?3"620"3%.*7"-7"A6,80"c+""

""3.3. QSAR study 

[@67&-&6&-50"4&2@/&@20_>/&-5-&:"R086&-.73%-'" 3&@?:"*63"'02D.210?".7" &%0"67&-/67/02"6/&-5-&:".D"
K!W_7>& 7?_" ?-3@,3&-&@&0?_M_Y3@,3&-&@&0?" ,07V0703@8'%.7:8Z" H8@&6161-?03" Y10_37) @3-7H"
080/&2.&.'.8.H-/68" 3&6&0" 6&.1" YU_3&6&0Z" -7?-/03" `MP_Mga!" 20D26/&.&.'.8.H-/68" 3&6&0" 6&.1" YR_3&6&0Z"
-7?-/03" `P#!PKa" 67?" '%:3-/./%01-/68" '62610&023+" U_3&6&0" -7?-/03!" R_3&6&0" -7?-/03" 63" *088" 63"
'%:3-/./%01-/68"'62610&023".D"68-'%6&-/"3@,3&-&@07&3"620"'20307&0?"-7"A6,80"b+"G.22086&-.7"6768:3-3""
"

Kb"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"

"
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"

Table 6."RA4>"-7?-/03!"UA4>"-7?-/03!"'%:3-/./%01-/68"'62610&023"D.2"[4>R"1.?083""

Cpda &c" &K#" &Kc" &KL" 4K#" 4KK" 4KP" 4Kc" 4KL" 465" y," U3Rc"

10 M+Mgb" c+#Kb" P+gfg" P+fM#" M+KPK" _K+M#b" _#+KWb" _#+ffW" _#+bW#" _#+KWP" f+PMc" #+###"

11 M+Mf#" P+ggb" c+KK#" c+#fM" M+Mgb" _K+#c#" #+#MW" _#+WKM" _#+MLL" #+#gf" f+ggc" _K+Mc#"

12 M+MbL" P+gfc" c+###" P+fPK" M+Pcf" _K+#PW" #+#c#" _#+cLM" _#+MPf" #+KMg" g+bgW" _K+PK#"

13 M+MWW" P+gL#" P+gfK" P+fKM" M+Pfb" _K+#Pc" #+#cg" _#+cW" _#+MKb" #+KcL" K#+LML" _K+cP#"

14 M+MWP" P+gbf" P+gfW" P+fKb" M+Pf#" _K+#b#" #+#MW" _#+cLb" _#+McM" #+KMW" KK+MPP" _K+LK#"

15 M+McW" P+gWf" P+gbP" P+Lgc" M+cKW" _K+#Pc" #+#Wc" _#+cPL" _#+M#M" #+KWg" KK+gPL" _K+bP#"

16 M+McP" P+gWb" P+gbK" P+LgP" M+cK#" _K+#WP" #+#PL" _#+cWW" _#+MM#" #+Kcc" KP+MfP" _M+KL#"

17 M+MbW" P+gfc" c+#cK" P+fLM" M+PLM" _K+#MW" #+#WW" _#+cKL" _#+KfM" #+KbK" KM+MWK" _K+Mc#"

18 M+MWf" c+#PW" c+K#L" P+gPf" M+c#W" _K+KL#" _#+#bW" _#+WbL" _#+PPP" #+#Wc" K#+ffb" _K+#K#"

19 M+MPL" P+gWM" c+#KK" P+fcM" M+cLW" _K+#KW" #+#fb" _#+PPL" _#+K#P" #+MMK" K#+M#M" _K+PK#"

20 M+MMf" P+gPg" P+gPW" P+Lbb" M+cWL" _K+#Pb" #+#b#" _#+cMK" _#+Kfb" #+KLW" K#+KbP" _K+Wc#"

21 c+Lgg" c+##W" P+gLb" P+fKK" M+#Lg" _K+MfK" _#+KgW" _#+gPK" _#+bLg" _#+M#K" g+##P" #+###"

22 c+Lgf" P+gff" c+##P" P+fPf" M+McW" _K+KKW" _#+#Kc" _#+WWg" _#+P#b" #+#W#" f+PWW" _K+Mc#"

23 c+LgL" P+gWg" P+gbf" P+f#P" M+PPW" _K+K#g" #+#K#" _#+cgL" _#+Mcc" #+#gg" KK+Wg#" _K+cP#"

24 c+fKW" P+gLK" P+ggg" P+fPc" M+cbP" _K+#gW" #+#cL" _#+cMK" _#+Kbf" #+KbW" KM+cgg" _K+fK#"

25 M+MWb" P+ggf" P+gLP" P+f#f" M+MKc" _K+KLg" _#+KPb" _#+fWc" _#+bP#" _#+KKL" KM+PWc" #+###"

26 M+Mc#" P+gfM" P+ggg" P+fPc" M+Pf#" _K+#KP" #+#cb" _#+cfM" _#+MWL" #+KPW" KK+MLW" _K+Mc#"

27 M+MML" P+gbb" P+gfc" P+fKg" M+cPM" _K+##f" #+#bK" _#+ccM" _#+MKf" #+KbW" K#+bbK" _K+PK#"

28 M+MKW" P+gWP" P+gbW" P+f##" M+cL#" _K+##b" #+#bg" _#+cM" _#+Kgb" #+KfP" KK+Mgb" _K+cP#"

29 M+MKP" P+gWK" P+gbg" P+f#c" M+cbc" _K+#PP" #+#cb" _#+ccb" _#+MMM" #+KbM" K#+fKM" _K+LK#"

30 M+M#W" P+gcK" P+gcL" P+LfM" M+cgg" _K+##L" #+#LW" _#+c#L" _#+KfM" #+Kgb" K#+Kf#" _K+bP#"

31 M+M#P" P+gPg" P+gcW" P+LfK" M+cgc" _K+#MW" #+#Wf" _#+cMW" _#+M##" #+Kf#" K#+MLP" _M+KL#"

32 M+MKL" c+#KL" c+#gK" P+gMb" M+cfg" _K+KcP" _#+#cc" _#+WPL" _#+PKP" #+#g#" KK+MKP" _K+#K#"

33 M+MMc" P+gbb" c+#MW" P+fbK" M+cWW" _#+ggL" #+#Lb" _#+Pfb" _#+KbM" #+KgL" g+bWK" _K+Mc#"

34 M+M##" P+gbc" P+ggW" P+fP#" M+Wgg" _#+ggM" #+K#b" _#+Pcc" _#+KM#" #+MW#" g+Lfc" _K+fK#"

35 M+Kff" P+gMK" P+gKg" P+LWc" M+WcK" _K+##f" #+#fK" _#+Pg" _#+Kbb" #+MKM" K#+cKf" _K+Wc#"

36 M+MgW" P+gf#" P+ggL" P+fPP" M+PLf" _K+#M#" #+#cM" _#+cfb" _#+MbK" #+KPK" g+PKf" _K+Mc#"

37 M+MWM" P+gPM" P+ggP" P+fMg" M+WWf" _K+##c" #+K#M" _#+PKK" _#+#fb" #+MWM" g+c#K" _K+PK#"
6G.1'.@7?"7@1,02S",y"-3"3/680?",:"D6/&.2"#+#K"&."H0&"8-7062"2086&-.7"*-&%".&%02"'62610&023"

*63" '02D.210?" @3-7H" &%030" -7?0'07?07&" '62610&023" 67?" &%0" 8.H" .D" '02/07&6H0" .D" &@1.2" *0-H%&"
-7%-,-&-.7" `^.H" Y;>Za" &6<-7H" 63" &%0" 6/&-5-&:" '62610&02+" A%0" /.22086&-.7" 16&2-J" .D" ?-DD0207&"
'62610&023"67?"8.H".D",-.8.H-/68"6/&-5-&:"-3"3%.*7"-7"A6,80"L+

"

KL"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"
"
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"

Table 7."G.22086&-.7"16&2-J".D"-1'.2&67&"562-6,803"@30?"-7"[4>R"1.?083"

" 465" 4K#" 4KK" 4KP" 4Kc" 4KL" &c" &K#" &Kc" &KL" y" U3Rc" ^.H"Y;>Z"

465" K+##" " " " " " " " " " " " "

4K#" #+gM" K+##" " " " " " " " " " " "

4KK" #+gM" #+Lb" K+##" " " " " " " " " " "

4KP" #+gf" #+fc" #+gb" K+##" " " " " " " " " "

4Kc" #+gg" #+ff" #+g#" #+gf" K+##" " " " " " " " "

4KL" #+gg" #+fL" #+ff" #+gL" #+gg" K+##" " " " " " " "

&c" _#+Pb" _#+cM" _#+WK" _#+Pc" _#+PK" _#+Mb" K+##" " " " " " "

&K#" _#+LK" _#+bc" _#+LK" _#+Lc" _#+bf" _#+bL" #+Kb" K+##" " " " " "

&Kc" _#+KM" _#+KM" _#+MK" _#+Kg" _#+#f" _#+#L" _#+#W" #+LM" K+##" " " " "

&KL" _#+K#" _#+KW" _#+KP" _#+KP" _#+#b" _#+#b" _#+#b" #+Wg" #+gP" K+##" " " "

y" #+Kg" #+Mc" #+#g" #+KW" #+Kg" #+Kg" _#+#L" _#+KM" _#+KK" _#+Kg" K+##" " "

U3Rc" _#+fc" _#+LW" _#+Lc" _#+fP" _#+fW" _#+fb" #+Kb" #+bb" #+Mc" #+Kg" _#+PP" K+##" "

^.H"Y;>Z" #+WK" #+WM" #+WL" #+WM" #+cL" #+cW" _#+WM" _#+Wf" _#+cL" _#+cb" #+c#" _#+WP" K+##"

=-DD0207&" '.33-,80" /.1,-76&-.73" .D" &%030" -7?0'07?07&" 562-6,803" 63" 3@HH03&0?" ,:" &%0" /.22086&-.7"

3&@?:"*020" @30?" &." ?0508.'"[4>R"1.?083+" A%0"[4>R" 0\@6&-.73"*020" ?0508.'0?" -7" 6" 3&0'*-30"

D63%-.7" D.2" 1.?08-7H" &%0" 67&-&@1.2" 6/&-5-&:" @3-7H" 1@8&-'80" 8-7062" 20H2033-.7" 6768:3-3+" F20?-/&.2"

562-6,803"*-&%"%-H%02"@_568@03"*020"201.50?"-7"?0508.'-7H"[4>R"1.?083"&."H0&"1.20"6//0'&6,80"

[4>R"1.?083+"A%0" /.1,-76&-.7" .D"R_3&6&0" -7?-/03" .D" 6&.13"c" 67?"K#" Y&c" 67?"&K#" 203'0/&-508:Z"

:-08?0?"6"[4>R"1.?08"63"D.88.*3("

"

^.H"Y;>Z"r"KK+WKL"YzM+LPWZ"$"#+#bc"Yz#+#MKZ"&c"$"M+cLW"Yz#+bgKZ"&K#" " YbZ"

7"r"Mf!"R"r"#+LM#!"pUy""r"#+WKL!"R>M""r"#+cLf!"kYM!MWZ"r"KP+Pfb!"'{#+###!"3"r"#+#gL!"

FRU44"r"#+MgP!"44q"r"#+cff!"RMGy"r"#+c##!"4FRU44"r"#+K#f!"4=UF"r"#+K#M"

*%020"7"-3"&%0"7@1,02".D"?6&6"'.-7&3!"R"-3"/.22086&-.7"/.0DD-/-07&+""pUy!"RM>!"k!"'!"3!"FRU44!"44q!"

RMGy!"4FRU44"67?"4=UF"620"'02/07&6H0".D"0J'86-70?"562-67/0!"6?d@3&0?"RM!"26&-.",0&*007"&%0"562-67/03"

.D".,30250?"67?"/68/@86&0?"6/&-5-&-03!"'2.,6,-8-&:"D6/&.2"2086&0?"&."k_26&-.!"3&67?62?"022.2".D"03&-16&0!"

'20?-/&0?" 203-?@68" 3@1".D" 3\@6203!" &.&68" 3@1".D" 3\@6203!" /2.33" 568-?6&0?"RM" 67?" 3&67?62?" 022.2" .D"

'20?-/&-.7" 203'0/&-508:+" [@67&-&-03" -7" '6207&%03-3" 620" &%0" 3&67?62?" 022.2" .D" &%0" /.2203'.7?-7H"

'62610&023+"A%0"0\@6&-.7"YbZ"0J'86-73"@'"&."WK+L#p".D"&%0"562-67/03"-7"&%0"6/&-5-&:"?6&6+"T0H6&-50"

/.0DD-/-07&3" .D" &c" 67?" &K#" -7" &%0" 0\@6&-.7" 3@HH03&" &%6&" 8.*02" 568@03" .D" &%030" -7?-/03" 620"

"

Kf"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"

"
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"

6?567&6H0.@3" &." &%0"6/&-5-&:"67?"6&.13"c"67?"K#"1-H%&"'86:"/2@/-68"2.80" -7" &%0"?-3'023-50)567"?02"

]6683"-7&026/&-.7"*-&%"&%0"20/0'&.2"3@2D6/0+">7.&%02"/.1,-76&-.7".D"R_3&6&0"-7?-/03".D"6&.13"c"67?"

KL"Y&c"67?"&KL"203'0/&-508:Z"H650"&%0"D.88.*-7H"0\@6&-.7("

"

^.H"Y;>Z"r"W+Lfb"YzK+KPLZ"$"#+#fK"Yz#+#M#Z"&c"$"K+#Wf"Yz#+MgbZ"&KL" " YLZ"

7"r"Mf!"R"r"#+LM#!"pUy"r"#+WKL!"R>M"r"#+cLf!"kYM!MWZ"r"KP+PLK!"'{#+###!"3"r"#+#gL!"

FRU44"r"#+PMM!"44q"r"#+cff!"RMGy"r"#+Pc#!"4FRU44"r"#+KKP!"4=UF"r"#+K#L"

A%0" [4>R" 0\@6&-.7" YLZ" 0J'86-73" @'" &." WK+L#p" .D" &%0" 562-67/03" -7" &%0" 67&-&@1.2" 6/&-5-&:+" A%0"
0\@6&-.7" 3-H7-D-03" &%0" -1'.2&67/0".D" 67.&%02" 6&.1" -+0+" 6&.1"KL" -7" -7&026/&-7H"*-&%" &%0" 20/0'&.2Y3Z"
&%2.@H%"?-3'023-50"D.2/0+"

A%0",03&",-_562-6&0"2086&-.7"*63".,&6-70?"*%07"&%0"/.1,-76&-.7".D"R_3&6&0"-7?-/03".D"6&.13"c"67?"Kc"
Y&c"67?"&Kc"203'0/&-508:Z"*63"&6<07"63"-7?0'07?07&"'62610&023+"A%0"203@8&67&"0\@6&-.7"-3"3%.*7"63""

^.H"Y;>Z"r"L+WWM"YzK+b#MZ"$"#+#f#"Yz#+#M#Z"&c"$"K+cWf"Yz#+c##Z"&Kc" " YfZ"

7"r"Mf!"R"r"#+LMP!"pUy"r"#+WMM!"R>M"r"#+cfc!"kYM!MWZ"r"KP+bLb!"'{#+###!"3"r"#+#gL!"

FRU44"r"#+PKP!"44q"r"#+cff!"RMGy"r"#+PWg!"4FRU44"r"#+KKM!"4=UF"r"#+K#b"

A%0" 0J'86-70?" 562-67/0" 67?" '20?-/&0?" 562-67/0" .D" &%0" 0\@6&-.7" YfZ" 620" WM+M#p" 67?" cf+c#p"
203'0/&-508:+"A%0"70H6&-50"/.0DD-/-07&".D"&Kc"YR_3&6&0"-7?0J".D"6&.1"KcZ"-7"&%0"0\@6&-.7"YfZ"07/.?03"
&%6&" 8.*02" 568@0" .D" &%-3" -7?0J"*-88" -7/20630" &%0" 67&-&@1.2" 6/&-5-&:" .D" H8@&6161-?03+"]%07" 3&02-/"
&021"YU3RcZ"6&"&%0"Rc"'.3-&-.7"*63"/.73-?020?"68.7H"*-&%"&%0"R_3&6&0"-7?-/03".D"6&.13"c"67?"Kc"Y&c"
67?"&Kc"203'0/&-508:Z"6",0&&02"1.?08"*63".,&6-70?"*%-/%"-3"3%.*7"-7"&%0"[4>R"0\@6&-.7"YgZ("

"

^.H"Y;>Z"r"b+Pgc"YzK+cgKZ"$"#+#LK"Yz#+#KfZ"&c"$"K+M#M"Yz#+PbgZ"&Kc"$"#+#fL""

Yz#+#PMZ"U3Rc"" " " " " " " " " YgZ" """""""""

7"r"Mf!"R"r"#+LgL!"pUy"r"#+bPb!"R>M"r"#+Wg#!"kYP!McZ"r"KP+gWM!"'{#+###!"3"r"#+#fb!"

FRU44"r"#+MWb!"44q"r"#+cff!"RMGy"r"#+cLW!"4FRU44"r"#+K#P!"4=UF"r"#+#gb"

A%0"70H6&-50"/.7&2-,@&-.7".D"U3Rc"-7"&%0"0\@6&-.7"YgZ"3@HH03&3"&%6&"&%0"3&02-/",@8<"6&"Rc"3@,3&-&@&-.7"
-3"38-H%&8:"6?567&6H0.@3"&."&%0"67&-&@1.2"6/&-5-&:".D"H8@&6161-?03+"A%0"0\@6&-.7"YgZ"0J'86-73"@'"&."
bP+b#p".D"&%0"562-67/03"-7"&%0"67&-&@1.2"6/&-5-&:+"]%07"/.1,-76&-.7".D"R_3&6&0"-7?-/03".D"6&.13"c"
67?" Kc" Y&c" 67?"&Kc" 203'0/&-508:Z" 67?"1.862" 5.8@10" YyZ"*020" @30?" &%0" D.88.*-7H" 0\@6&-.7"*63"
?0508.'0?("

"

"

Kg"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"
"



!"#$%"$#&'($)#%*"+)&,*-%".(&*/&0*($)-(.%&1$2+3"&2002!&6!"###$###"
"

^.H"Y;>Z"r"b+gfP"YzK+PLWZ"$"#+#Lg"Yz#+#KLZ"&c"$"K+cPL"Yz#+PPgZ"&Kc"o"#+#cb""

Yz#+#KcZ"y" " " " " " " " " YK#Z" """""""""

=G = 17!" 7"r"ML!"R"r"#+fPM!"pUy"r"#+bgP!"R>M" " r"#+bWP!"kYP!MPZ"r"KL+MfP!"'{#+###S" 3" "r"#+#fK!"
FRU44"r"#+MKM!"44q"r"#+cff!"RMGy"r"#+Wbb!"4FRU44"r"#+#gb!"4=UF"r"#+#fg"

*%020"=G"-3"&%0"?080&0?"/.1'.@7?",0%6503"63".@&8-02!"1-H%&"6/&"&%2.@H%"6"?-DD0207&"10/%67-31".D"
6/&-.7+"A%0"0\@6&-.7"YK#Z"0J'86-73"bg+P#p".D"&%0"562-67/03"-7"&%0"6/&-5-&:+"A%0"'.3-&-50"20H2033-.7"
/.0DD-/-07&".D"1.862"5.8@10"-7" &%0"0\@6&-.7"YK#Z"3@HH03&3" &%6&" &%0"-7/20630?"1.862"5.8@10"YyZ".D"
H8@&6161-?0"6768.H@03"16:"/.7&2-,@&0"&."%-H%02"67&-/67/02"6/&-5-&:+"

>&&01'&"*63"16?0"&."<7.*"*%0&%02"UA4>"-7?-/03"/.@8?",0"@30?"68.7H"*-&%"&c"67?"&Kc"YR_3&6&0"
-7?-/03".D"6&.13"c"67?"Kc"203'0/&-508:Z"63"*088"63"1.862"5.8@10+"k2.1"&%0"/.22086&-.7"6768:3-3" -&"
*63"D.@7?"&%6&"UA4>"-7?-/03".D"6&.13"K#!"KK!"KP!"Kc"67?"KL"Y4K#!"4KK!"4KP!"4Kc"67?"4KL"203'0/&-508:Z"
*020"%-H%8:"6@&./.22086&0?+"A%030"-7?-/03"/677.&",0"@30?"-7"&%0"3610"[4>R"1.?08+";@&".1-&&-7H"
67:" .D" &%030" -7?-/03" 1-H%&" 8..30" 3.10" -7D.216&-.7" 6&" 6&.1-/)D26H107&68" 80508" 20H62?-7H" &%0"
67&-/67/02"6/&-5-&:".D"&%-3"&:'0".D"/.1'.@7?3+"A."6//.11.?6&0"&%030"-7?-/03!"67"65026H0".D"&%030"
-7?-/03"Y465Z"*63"&6<07"63"&%0"3-7H80",03&"7.7"6@&._/.22086&0?"562-6,80+"A%0"D.88.*-7H"[4>R"1.?08"
*63" ?0508.'0?" @3-7H" 465" Y65026H0" .D" UA4>" -7?-/03" .D" 6&.13" K#!" KK!" KP!" Kc" 67?" KLZ" 63" 67"
-7?0'07?07&"562-6,80("""""

"

^.H"Y;>Z"r"b+bKW"YzK+PKLZ"o"#+MLg"Yz#+KcLZ"465"$"#+#bL"Yz#+#KLZ"&c"$"K+PW#""

Yz#+PMcZ"&Kc"o"#+#cM"Yz#+#KPZ"y" " " " " " YKKZ"

=G = 17!"7"r"ML!"R"r"#+fWf!"pUy"r"#+LPb!"R>M"r"#+bff!"kYc!MMZ"r"KW+Pcf!"'{#+###!"3"r"#+#Lb!"FRU44"
r"#+KfP!"44q"r"#+cff!"RMGy"r"#+bMW!"4FRU44"r"#+#gK!"4=UF"r"#+#fM"

k2.1"&%0"0\@6&-.7"-&"-3"2050680?"&%6&"6&.13"K#!"KK!"KP!"Kc"67?"KL"16:"%650"-1'.2&67&"/.7&2-,@&-.7"
&." &%0" 080/&2.7-/" -7&026/&-.7" *-&%" &%0" 20/0'&.2Y3Z" 3@2D6/0+" F.3-&-50" 20H2033-.7" /.0DD-/-07&" .D" 465"
Y65026H0".D"UA4>"-7?-/03".D"6&.13"K#!"KK!"KP!"Kc"67?"KLZ"-7"&%0"0\@6&-.7"YKKZ"3@HH03&3"&%6&"%-H%02"
568@03" .D" &%-3" -7?0J" 620" /.7?@/-50" &." &%0" ,0&&02" 67&-/67/02" 6/&-5-&:" .D" H8@&6161-?0" 6768.H@03+"
UJ'86-70?" 562-67/0" 67?" '20?-/&0?" 562-67/0" .D" &%0" 0\@6&-.7" YKKZ" 620" LP+b#p" 67?" bf+f#p"
203'0/&-508:+""

A%0"/.1'.@7?"Y20Z"683.",0%6503"63"67".@&8-02"*-&%" 862H02" 203-?@68+" Q&"1-H%&"6/&" &%2.@H%"?-DD0207&"
10/%67-31" .D" 6/&-.7+" UJ/8@3-.7" .D" &%0" /.1'.@7?" Y20Z" -7" 0\@6&-.7" YKMZ" -1'2.50?" &%0" 3&6&-3&-/68"
3-H7-D-/67/0"63"*088"63"&%0"'20?-/&-50"'.*02"63"3%.*7("

"

"

M#"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"

"
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"

^.H"Y;>Z"r"b+PfP"YzK+KLfZ"o"#+PcM"Yz#+KPPZ"465"$"#+#bL"Yz#+#KbZ"&c"$"K+MfW""

Yz#+Mg#Z"&Kc"o"#+#c#"Yz#+#KMZ"y" " " " " " YKMZ"

=G = 17, 20!"7"r"Mb!"R"r"#+ffg!"pUy"r"#+Lg#!"R>M"r"#+LW#!"kYc!MKZ"r"Kg+Lcg!"'{#+###!"3"r"#+#bf!"
FRU44"r"#+KcK!"44q"r"#+cbW!"RMGy"r"#+bgL!"4FRU44"r"#+#fM!"4=UF"r"#+#Lc"

*%020"=G"-3"&%0"?080&0?"/.1'.@7?",0%6503"63".@&8-02+"A%0"0\@6&-.7"YKMZ"0J'86-73"@'"&."Lg+##p".D"
&%0" 562-67/03" -7" &%0" 67&-&@1.2" 6/&-5-&:+" A%0" 568@03" *-&%-7" &%0" '6207&%03-3" 620" 1.20" &%67" gWp"
/.7D-?07/0" -7&02568" 63" 3@''.2&0?" ,:" &%0" #_3&6&-3&-/3" 67?" @_568@03+" A%0" 3&@?07&" #_568@03" 67?"
'2.,6,-8-&:_@"568@03".D"688"&%0"0\@6&-.73"620"H-507"-7"A6,80"f+""

Table 8."#_3&6&-3&-/3"67?"'_568@03".D"-7&02/0'&3"67?"?-DD0207&"'62610&023"
"

U\7" Q7&02/0'&3)"
F62610&023"

#_568@03" @_568@03" " U\7" Q7&02/0'&3)"
F62610&023"

#_
568@03"

@_568@03"

6 Q7&02/0'&" c+MKK" #+###" " 10 Q7&02/0'&" W+#Lg" #+###"
&c" _P+K##" #+##W" " &c" _c+bPL" #+###"
&K#" _P+WfP" #+##K" " &Kc" _c+MPg" #+###"
" " " " y" P+PgL" #+##M"

7 Q7&02/0'&" W+#fL" #+###" " " " "
&c" _P+gcP" #+###" " 11 Q7&02/0'&" W+#MP" #+###"
&KL" _P+Wf#" #+##K" " 465" K+g#c" #+#L#C"
" " " " &c" _P+fPf" #+##K"

8 Q7&02/0'&" c+LKM" #+###" " &Kc" _c+Kb#" #+###"
&c" _P+gcL" #+##K" " y" P+Kfb" #+##c"
&Kc" _P+bcM" #+##K" " " " "
" " " " 12 Q7&02/0'&" W+cKg" #+###"

9 Q7&02/0'&" c+Mfg" #+###" " " 465" M+Wbg" #+#Kf"
&c" _P+fLP" #+##K" " " &c" _c+PMM" #+###"
&Kc" _P+MWf" #+##P" " " &Kc" _c+cML" #+###"
U3Rc" _M+LMg" #+#KM" " " y" P+PbK" #+##P"

CR0H2033-.7"/.0DD-/-07&"-3"8033"&%67"gWp"/.7D-?07/0"-7&02568"

"

A%0"8.*02"568@0".D"4FRU44"-7"&%0"0\@6&-.7"YKMZ"3@HH03&3"&%6&"&%0".'&-1@1"7@1,023".D"562-6,803"620"
&6<07"D.2"&%0"H07026&-.7".D"&%0"[4>R"1.?08+"A%0"'20?-/&-50"'.*02".D"&%0"D-768"0\@6&-.7"YU\7+"KMZ"
*63" /.7D-210?" ,:" ^II_/2.33_568-?6&-.7" 10&%.?" *%020" .70" /.1'.@7?" -3" ?080&0?" 6&" .7/0" 67?"
'20?-/&-.7".D"&%0"6/&-5-&:".D"&%0"?080&0?"/.1'.@7?"-3"16?0",630?".7"&%0"[4>R"1.?08+"A%0"'2./033"
-3"20'06&0?"6D&02"08-1-76&-.7".D"67.&%02"/.1'.@7?"@7&-8"688".D"&%0"/.1'.@7?3"%650",007"?080&0?"6&"
"

MK"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"
"



!"#$%"$#&'($)#%*"+)&,*-%".(&*/&0*($)-(.%&1$2+3"&2002!&6!"###$###"
"

.7/0+"A%0".,30250?"YI,3Z!"/68/@86&0?"YG68/Z!"^II_"'20?-/&0?"YF20?Z"67?"'20?-/&0?"203-?@68"YF203Z"
568@03".D"&%0"D-768"0\@6&-.7"YLZ"-3"3%.*7"-7"A6,80"g+"""

Table 9."I,30250?" YI,3Z!"G68/@86&0?" YG68/Z!"R03-?@68" YR03Z!" ^II_'20?-/&0?" YF20?Z" 67?"F20?-/&0?"

R03-?@68"YF203Z"y68@03".D"U\@6&-.7"YKMZ"

Cpda I,3"
Equation (12) 

""""G68/""""""""""R03""""""""""""F20?""""""""""""F203"

10 K+cKP" K+PLg" #+#PP" K+PWW" #+#WL"

11 K+PPK" K+PPL" _#+##b" K+PcK" _#+##g"

12 K+Wcf" K+WKf" #+#P#" K+WKb" #+#PM"

13 K+bPM" K+Wg#" #+#cM" K+Wff" #+#cc"

14 K+LMK" K+Wgf" #+KMP" K+Wfg" #+KPM"

15 K+bWf" K+bbb" _#+##f" K+bbL" _#+##g"

16 K+WKM" _" _" _" _"

17 K+bM#" K+WLL" #+#cM" K+Wbf" #+#WM"

18 K+c#b" K+c#M" #+##P" K+c#K" #+##W"

19 K+PLc" _" _" _" _"

20 K+b#P" K+bPf" _#+#PW" K+bcP" _#+#c#"

21 K+Kbb" K+MPf" _#+#LK" K+P#K" _#+KPW"

22 K+PKg" K+MbP" #+#WW" K+MP#" #+#fg"

23 K+cPc" K+cWP" _#+#Kg" K+cbM" _#+#Mf"

24 K+W#P" K+cLK" #+#PM" K+ccb" #+#WL"

25 K+WWc" K+WLc" _#+#M#" K+WgM" _#+#Pf"

26 K+cWg" K+WfW" _#+KMb" K+Wgc" _#+KPW"

27 K+WLb" K+WgK" _#+#Kb" K+WgM" _#+#KL"

28 K+WfM" K+bcf" _#+#bb" K+bWc" _#+#LM"

29 K+bWK" K+bKL" #+#Pc" K+bKW" #+#Pb"

30 K+LbK" K+bPM" #+KMg" K+bKL" #+KcP"

31 K+bgg" K+bPP" #+#bb" K+bMb" #+#LP"

32 K+ccc" K+cWK" _#+##L" K+cWP" _#+##g"

33 K+W#L" K+WK#" _#+##P" K+WK#" _#+##P"

34 K+cPb" K+WLP" _#+KPL" K+WgP" _#+KWb"

35 K+bMb" K+bfc" _#+#Wf" K+bgW" _#+#bg"

36 K+WKb" K+W#W" #+#K#" K+W#c" #+#KK"

37 K+WPM" K+WWf" _#+#Mb" K+WbP" _#+#PK"
6G.1'.@7?"7@1,02"

"

MM"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"

"
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"

4 CONCLUSIONS 

A%0"3&@?:"3%.*0?"&%0"-1'.2&67/0".D"&%0"'62&-/@862"6&.13"67?"-?07&-D-0?"6"D@7/&-.768"20H-.7".D"&%0"
1.80/@80"*-&%"&%0"'.&07&-68"63"&%0"'%6216/.'%.20+"A%-3"-3"3%.*7"-7"k-H@20"P+"RA4>"-7?-/03"&c"67?"
&Kc"YRA4>"-7?-/03".D"6&.13"c"67?"Kc"203'0/&-508:Z"*020"@30?"&."H07026&0"&%0"D-768"[4>R"0\@6&-.7"
YLZ+"A%0"RA4>"-7?-/03"620"2086&0?"*-&%"&%0"6&.1-/"20D26/&-5-&:"63"*088"63"&%0"1.80/@862"/.770/&-.7"
67?"620"1063@203".D"&%0"?-3'023-50)567"?02"]6683"D.2/0",0&*007"&*."7.7_'.862"1.80/@803+"A%@3!"&%0"
6&.13" c" 67?" Kc" 16:" ,0" 03307&-68" D.2" &%0" 20/0'&.2Y3Z" 3@2D6/0" 67?" 620" -1'.2&67&" D.2" ?-3'023-50"
-7&026/&-.73"*-&%"&%0"20/0'&.2Y3Z+"]%02063"UA4>"-7?0J"465"Y65026H0".D"UA4>"-7?-/03".D"6&.13"K#!"
KK!" KP!" Kc" 67?" KLZ" -3" 683." @30D@8" &." H07026&0" 3&6&-3&-/688:" 3-H7-D-/67&"[4>R" 0\@6&-.7" YKMZ+" 4-7/0"
UA4>"-7?-/03"620"&%0"1063@20".D"&%0"656-86,-8-&:".D"&%0"w"67?")".2"8.70"'6-2"080/&2.73".7"&%0"6&.13"-&"
-3"05-?07&"&%6&"6&.13"K#!"KK!"KP!"Kc"67?"KL"16:"'86:"3.10"080/&2.7-/"2.803"-7"&%0"-7&026/&-.7".D"&%-3"
&:'0".D"/.1'.@7?3"*-&%"&%0"20/0'&.2Y3Z+
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Figure 3." F%6216/.'%.2-/" 20\@-20107&3" .D" H8@&6161-?0" 6768.H@03" D.2" &%0" 67&-&@1.2" 6/&-5-&:+" >&.13"
,.@7?0?",:"/-2/80"620"-1'.2&67&"D.2"?-3'023-50"-7&026/&-.7"*-&%"&%0"20/0'&.2Y3Z"67?"6&.13",.@7?0?",:"3&26-H%&"
8-703"620"-1'.2&67&"D.2"080/&2.7-/"-7&026/&-.7"*-&%"&%0"20/0'&.2Y3Z

A%030" 6&.13"16:"/.73&-&@&0" &%0"'%6216/.'%.20" 633./-6&0?"*-&%" &%0" 080/&2.7-/" -7&026/&-.7+"
;03-?03!" -7/20630?"1.862" 5.8@103" .D" &%030" 6768.H@03" %650" 6?567&6H0.@3" 0DD0/&" &." &%0" 67&-/67/02"
6/&-5-&:+"A%030"D06&@203"16:",0"%08'D@8"D.2"D@2&%02"3:7&%03-3".D",0&&02"6/&-50"H8@&6161-?0"6768.H@03"
63"&%0"67&-/67/02"6H07&3"-7"D@&@20+""
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203'0/&-508:+">7.&%02"6@&%.2";="-3"-7?0,&0?"&."&%0"G.@7/-8"D.2"4/-07&-D-/"67?"Q7?@3&2-68"R03062/%"YG4QRZ!"T0*"=08%-"D.2"
'2.5-?-7H"6"407-.2"R03062/%"k088.*3%-'" Y4RkZ+">@&%.23"620"683."H26&0D@8" &." &%0"6@&%.2-&:".D"B6?65'@2"N7-5023-&:" D.2"
'2.5-?-7H"203062/%"D6/-8-&-03+"
"

"

MP"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"
"



!"#$%"$#&'($)#%*"+)&,*-%".(&*/&0*($)-(.%&1$2+3"&2002!&6!"###$###"
"

5 REFERENCES 

`Ka" E+"E0?-76!"98@&61-70"67?"/67/02!",5&7-#%5"2001!"6E6!"MWPg4_MWcM4+"
`Ma" y+"4+"O8-1,02H"67?"B+"^+"E/G808867!"98@&61-70!"/67/02!"67?"-&3"&%026':!"F<5&,5&G-%35"1996!"6H4!"cKf_cMc+"
`Pa" G+"G.3&6!"B+k+"l@706@"67?"=+"A.10!"G%626/&02-3&-/3".D"^_H8@&61-70"&2673'.2&"?@2-7H"G6/._M"/088"?-DD0207&-6&-.7!"

8+*);$<5&8+*@;I25&F)#.J8+*<$<D5"2000!"6K=L,"gW_K#M+"
`ca" l+"|68<-7"67?"B+"^+"41-&%!"U7V:103"@&-8-V-7H"H8@&61-70"63"67"61-?0"?.7.2!"F9C5&'"MI<*(5&N$(.#5&F%$.25&0*(5&8+*(5"

1998!"H4!"fL_Kcc+"
`Wa" k+"E633-020"67?"E+">+";6?0&_=07-3.&!"A%0"10/%67-31".D"H8@&61-70_?0'07?07&"61-?.&2673D026303!":$((&0*(5&O+/$&

G)+5"1998!"KP!"M#W_MMM+"
`ba" ^+"O688-7.*3<-!"4+"R@7<08!"l+"F+"k.2&10:02!"l+"k.23&02"67?"F+"y6@'08!"^_H8@&61-70("6"16d.2"3@,3&26&0"D.2"&@1.2"

/0883"-7"5-5.}":.")$%&N$25&:(+"5&Q")*(5"1987!"66E!"M#g_MKW+"
`La" q+" B+" O67H!" q+" k07H" 67?" U+" ^+" l6&/%02!" 98@&6&%-.70" 3&-1@86&03" >Wcg" /088" '2.8-D026&-.7" -7" H8@&61-70_?0D-/-07&"

/@8&@20("&%0"0DD0/&".D"H8@&616&0"3@''80107&6&-.7!",5&:$((5&R;I2+*(5"1994!"6B6!"Wfg_Wgb+""
`fa" q+" B+" O67H!" ;@&%-.7-70" 3@8D.J-1-70" 3'6203" -7&26/088@862" H8@&616&0(" 6" '.33-,80" 10/%67-31" D.2" /088" H2.*&%"

3&-1@86&-.7!":$((5&0*(5&8+*(5&N$25"1993!"EL!"bLW_bfc+"
`ga" 9+"I88073/%86H02!">+"4-1108"67?"U+"R.&%!">56-86,-8-&:".D"H8@&61-70"D2.1"'0'&-?03"67?"6/0&:8H8@&61-70"D.2"%@167"

&@1.2_/088"/@8&@203!"E0&6,.8-31!"1989!"ES!"c#_cM+"
`K#a" G+"^+"G.88-73!"E+"]636!S"]+"]+"46@,6"67?"4+"k+">,/.@*02!"=0&021-767&3".D"H8@&61-70"?0'07?07/0"67?"@&-8-V6&-.7"

,:"7.2168"67?"&@1.2_?02-50?",2063&"/088"8-703!",5&:$((5&R;I2+*(5 1998!"6HB!"Kbb_KLf+"
`KKa" >+"G.8\@%.77"67?"U+">+"T0*3%.810!">3'0/&3".D"H8@&61-70"10&6,.8-31" -7"%@167" &@1.@2"/0883!"8+*);$<5&0*(5&

8+*(5&!"#5 1997!"P6!"WfP_Wgb+"
`KMa" E+"]636!";+"F+";.?0!"4+"k+">,/.@*02!"G+"^+"G.88-73!"O+"O+"A676,0"67?"]+"]+"4.@,6!"98@&61-70"63"6"20H@86&.2".D"

=T>"67?"'2.&0-7",-.3:7&%03-3"-7"%@167"3.8-?"&@1.2"/088"8-703!"F""5&G-%35 1996!"44P, Kfg_KgL+"
`KPa" 4+" =+" ^:.73!"E+" U+" 467&" 67?" R+" Q+" G%2-3&.'%023.7!" G:&.&.J-/"10/%67-313" .D" H8@&61-70" 67&6H.7-3&3" -7"1.@30"

^KMK#"80@<01-6!",&8+*(&:;$<5"1990!"4BK!"KKPLL_KKPfK+"
`Kca" 4+"O+"F@2<6:63&%6!"A+"B%6!"=+"O+"F68"67?">+"N+"=0!"F.33-,80"67&-70.'863&-/"6H07&3("F62&"nQQQ+"4:7&%03-3!",-.8.H-/68"

0568@6&-.7" 67?" [4>R" 3&@?-03" .D" 3.10" K_Y3@,3&-&@&0?" ,07V0703@8'%.7:8Z_W_.J.':22.8-?-70_M_/62,.J:8-/" 6/-?"
?02-56&-503!"F"#+).")$%&1%-3&1$25"1993!"S!"gW_K##+"

`KWa" A+"B%6!"Q7"k2.7&-023".D"F%6216/0@&-/68"A0/%7.8.H:!"B+"O+"9@'&6!"A+"B%6!"U?3+!"B6?65'@2"N7-5023-&:("G68/@&&6!"Kggg!"
''fL_gb+"

`Kba" O+"42-<67&%!"G+">+"O@162!"=+"9.3*61-!">+"N+"=0"67?"A+"B%6!"[@67&-&6&-50"3&2@/&@20"6/&-5-&:"2086&-.73%-'"Y[4>RZ"
3&@?-03".D"3.10"3@,3&-&@&0?",07V0703@8'%.7:8"H8@&61-703"63"&@1.@2"3@''2033.23!"!"95&,5&8+*);$<5&8+*@;I25"2001!"
ES!"KM#_KMP+"

`KLa" O+"42-<67&%!";+"=0,76&%"67?"A+"B%6!"4:7&%0303!",-.8.H-/68"0568@6&-.7"67?"[4>R"3&@?:".7"67&-&@1.2"6/&-5-&:".D"
K!W_7>7T_?-3@,3&-&@&0?_M_Y3@,3&-&@&0?",07V0703@8'%.7:8Z"H8@&6161-?03!"8+**%35&0$95&:;$<5"2002!"6=!"KfcK_KfWc+"

`Kfa" O+" 42-<67&%!" G+" >+" O@162!" ;+" 9%.3%" 67?" A+" B%6!" 4:7&%03-3!" 3/2007-7H" 67?" \@67&-&6&-50" 3&2@/&@20_6/&-5-&:"
2086&-.73%-'" Y[4>RZ"3&@?-03".D"3.10"H8@&61-70"6768.H@03" D.2"'.33-,80"67&-/67/02"6/&-5-&:!"8+**%35&0$95&:;$<5"
2002!"6=!"MKKg_MKPK+"

`Kga" ;+" =0,76&%!" O+" 42-<67&%!" 4+" ;6702d00" 67?" A+" B%6!" K!W_& 7>7T_=-3@,3&-&@&0?_M_Y3@,3&-&@&0?" ,07V0703@8'%.7:8Z_
H8@&6161-?03" 63" 67&-&@1.2" 6H07&3+" F62&" M+" 3:7&%03-3!" ,-.8.H-/68" 6/&-5-&:" 67?"[4>R" 3&@?:!" !"#$%"$#&'($)#%*"5& ,5&
0*(5&1$25 2002!"6!"cff_W#M+"***+,-./%01'2033+/.1"

`M#a" A+"B%6!";+"=0,76&%!"4+"46167&6"67?">+"N+"=0!"[4>R"3&@?:".7"3.10"3@,3&-&@&0?"H8@&61-70"6768.H3"63"67&-/67/02"
6H07&3!"!"#$%"$#&'($)#%*"5&,5&0*(5&1$25"2003!"4!"WPg_WcW+"***+,-./%01'2033+/.1"

`MKa" O+" 42-<67&%!";+"=0,76&%" 67?"A+" B%6!"[4>R" 3&@?:".7" 6?07.3-70" <-7630" -7%-,-&-.7" .D" ':22.8.`M!P_?a" ':2-1-?-70"
7@/80.3-?0"6768.H3"@3-7H"l673/%"6''2.6/%!"8+**%35&0$95&:;$<5&O$##5"2002!"64!"fgg_g#M+"

`MMa" ;+"=0,76&%!"4+"F+"y-3%7.-!";+"46"67?"A+"B%6!"[4>R"3&@?:".7"3.10"?-%:?2.D.86&0" 20?@/&630" -7%-,-&.23!"!"#$%"$#&
'($)#%*"5&,5&0*(5&1$2. 2003!"6, KMf_KPb+"***+,-./%01'2033+/.1"

`MPa" ;+" =0,76&%!" 4+" 46167&6!" O+" R.:" 67?" A+" B%6!" [4>R" 3&@?:" .7" 3.10" '_62:8&%-." /-7761-?03" 63" 67&6H.7-3&3" .D"
,-./%01-/68"QG>E_K)^k>_K"-7&026/&-.7"67?"QG>E_K)Bq_f"/088"6?%03-.7"-7"2086&-.7"&."67&-_-7D86116&.2:"6/&-5-&:!"
8+**%35&0$95&:;$<5 2003!"66! KbKW_KbKg+"

`Mca" ;+"=0,76&%!"4+"46167&6!"4+"O+"T63<62!"O+"R.:"67?"A+"B%6!"3&@?:".7"&%0"6DD-7-&:".D"3.10"62:8'-'026V-703"&.*62?3"
&%0"W_lAK>)68'%6K_6?20702H-/"20/0'&.2"@3-7H"&%0"U_3&6&0"-7?0J!"8+**%35&0$95&:;$<5&O$##5"2003!"6E!"MfPL_MfcM+"

`MWa" ;+"=0,76&%!" 4+"96:07!" 4+"O+"T63<62!"O+"R.:" 67?"A+" B%6!"[4>R" 3&@?:" .D" 3.10" 6V-?.':2-?-7:8" 70.7-/.&-7.-?3"
-730/&-/-?03"D.2"&%0-2"3080/&-50"6DD-7-&:"&.*62?3"&%0"=2.3.'%-886"7-/.-&-7-/"20/0'&.2".502"161168-67"~c�M"20/0'&.2"
@3-7H"080/&2.&.'.8.H-/68"3&6&0"6&.1"-7?0J!"1%-3&1$25&1+2)*C5"2003!"6S!"fK_fg+"

"

Mc"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"

"

`Mba" ;+"=0,76&%!"4+"96:07!"4+";%6&&6/%62:6!"4+"46167&6"67?"A+"B%6!"[4>R"3&@?:".7"3.10"':2-?.6/2-?-70"63/-?-?01-7"



!"#$%"$#&'($)#%*"+)&,*-%".(&*/&0*($)-(.%&1$2+3"&2003!&4!"###$###"
"

"

MW"
BioChem""Press" %&&'())***+,-./%01'2033+/.1"
"

6768.H3"63"67&-_&@1.2"6H07&3!"8+**%35&0$95&:;$<5 2003! 66,"WcgP_Wcgg+"
`MLa" 4+" 46167&6!" O+" 42-<67&%!" 4+" ;6762d00!" ;+" =0,76&%!" 4+" 96:07" 67?" A+" B%6!" W_T_4@,3&-&@&0?_M_Y3@,3&-&@&0?"

,07V0703@8'%.7:8Z"H8@&61-703"63"67&-&@1.2"6H07&3"QQ("3:7&%03-3!",-.8.H-/68"6/&-5-&:"67?"[4>R"3&@?:!"8+**%35&0$95&
:;$<5 2004!"64!"KcKP_KcMP+""

`Mfa" 4+" 96:07!" ;+" =0,76&%!" 4+" 46167&6" 67?" A+" B%6!" [4>R" 3&@?:" .7" 3.10" 67&-_lQy" lUFA" 6768.H@03" @3-7H"
'%:3-/./%01-/68"67?"&.'.8.H-/68"'62610&023!"8+**%35&0$95&:;$<5"2004!"64!"KcgP_KW#P+"

`Mga" ;+"=0,76&%!"4+"96:07!">+";63@!"O+"42-<67&%"67?"A+"B%6!"[@67&-&6&-50"3&2@/&@20_6/&-5-&:"2086&-.73%-'"3&@?:".7"3.10"
,07V.?-6V0'-70"?02-56&-503"63"67&-_>8V%0-102"6H07&3+",5&0*(5&0*95&2004,"In press."

`P#a" ;+"=0,76&%!"4+"96:07!">+";63@!";+"9%.3%!"O+"42-<67&%"67?"A+"B%6!"[@67&-&6&-50"4&2@/&@20_>/&-5-&:"R086&-.73%-'"
4&@?:" N3-7H" R0D26/&.&.'.8.H-/68" 4&6&0" >&.1" Q7?0J" .7" 4.10"T0.7-/.&-7.-?" Q730/&-/-?03!"8+**%35&0$95& :;$<5"
2004!"64!"bKPL_bKcW+"

`PKa" E.@30!"6"/.1'@&02"'2.H26110"*2-&&07"-7"Goo"867H@6H0",:"4+"O+"T63<62".D"=0'62&107&".D"G.1'@&02"4/-07/0"67?"
U7H-7002-7H!"B6?65'@2"N7-5023-&:"67?";+"=0,76&%!".70".D"&%0"6@&%.23".D"&%-3"62&-/80+"

`PMa" >+"O+"9%.30!">+"F2-&/%0&&"67?"9+"E+"G2-''07!">&.1-/"'%:3-/./%01-/68"'62610&023"D.2"&%200"?-1073-.768"3&2@/&@20"
?-20/&0?"\@67&-&6&-50"3&2@/&@20_6/&-5-&:"2086&-.73%-'3"QQQ("1.?08-7H"%:?2.'%.,-/"-7&026/&-.73!",5&:*<@5&:;$<5"1988!"
L!"f#_g#+""

`PPa" >+" O+"9%.30" 67?"9+"E+" G2-''07!">&.1-/" '%:3-/./%01-/68" '62610&023" D.2" &%200_?-1073-.768_3&2@/&@20_?-20/&0?"
\@67&-&6&-50" 3&2@/&@20_6/&-5-&:" 2086&-.73%-'3+" M+"E.?08-7H" ?-3'023-50" 67?" %:?2.'%.,-/" -7&026/&-.73" ,5& :;$<5& !"/5&
:*<@-#5&G)+5"1987!"4H!"MK_PW+""

`Pca" R+"G62263/.!"B+">+"F6?2.7"67?"B+"B+"96850V!"=0D-7-&-.7".D"6"7.508"6&.1-/"-7?0J"D.2"[4>R("A%0"20D26/&.&.'.8.H-/68"
3&6&0!"R;.%<5&R;.%<.)$-#5&G)+5"2004!"H!"Kg_Mb+"

`PWa" ^+";+"O-02"67?"^+"l+"l688!">7"080/&2.&.'.8.H-/68_3&6&0"-7?0J"D.2"6&.13"-7"1.80/@803!"R;.%<5&N$25"1990!"H!"f#K_
f#L+"

`Pba" O+"R.30!"^+"l+"l688"67?"^+";+"O-02!"E.?08-7H",8..?_,26-7",622-02"'62&-&-.7-7H"@3-7H"&%0"080/&2.&.'.8.H-/68"3&6&0!",5&
:;$<5&!"/5&:*<@-#5&G)+5"2002!"P4!"bWK_bbb+"

`PLa" R6&!"6"/.1'@&02"'2.H26110"*2-&&07"-7"Goo"867H@6H0",:";+"=0,76&%"67?"4+"96:07"&%0"6@&%.23".D"&%-3"62&-/80+"
`Pfa" G+"l673/%"67?">+"^0.!"G-D2#+#-$"#&)*"2#."#2&/*%&)*%%$(.#+*"&.".(I2+2&+"&);$<+2#%I&."9&D+*(*3I!"1979!"B.%7"]-80:"

�"4.73("Tq!"''"cf_bP+"
`Pga" l:'02G%01"F2.D033-.768u"3.D&*620"_"5023-.7"L+#".D"l:'02/@,0"Q7/+"***+"%:'02+/.1"
`c#a" 9"9+"]+"470?0/.2"67?"]+9+"G./%267!"G#.#+2#+).(&0$#;*92S"IJD.2?"�"Q;l("T0*"=08%-!"KgbL, ''+"PfK+""
`cKa" B+"I+"R6*8-7H3!"F@@(+$9&N$3%$22+*"&F".(I2+2U&]62?3*.2&%("G>!"N4>!"Kgff!"''+"PML+""
`cMa" T+"R+"=62'02"67?"l+"41-&%!"F@@(+$9&N$3%$22+*"&F".(I2+2!"B.%7"]-80:"�"4.73("T0*"q.2<!"KgfK! ''+"Mgc+"
`cPa" U+"B+"^-07!"Q7"V-."#+#.#+C$&:*%%$(.#+*"2&W2+"3&0-(#+@($&N$3%$22+*"&."9&G-D2#+#-$"#&:*"2#."#2U&U+"B+">2-073!"=2@H"

=03-H7S">/6?01-/("T0*"q.2<!"KgLWS"y.8+"y!"''+"fc++"
`cca" E@8&-20H2033!"6"/.1'@&02"'2.H26110"*2-&&07"-7"Goo"867H@6H0",:"4+"O+"T63<62".D"=0'62&107&".D"G.1'@&02"4/-07/0"

67?"U7H-7002-7H!"B6?65'@2"N7-5023-&:"67?";+"=0,76&%!".70".D"&%0"6@&%.23".D"&%-3"62&-/80+"
`cWa" Q+"y+"A0&<.!"y+"q"A67/%@<"67?">+"U+"y-886!"F20?-/&-.7".D"7_./&67.8)*6&02"'62&-&-.7"/.0DD-/-07&3"D2.1"Flq4FRIF"

?6&6,630"@3-7H"62&-D-/-68"70@268"70&*.2<3"67?"U_3&6&0"-7?-/03!",5&:;$<5&!"/5&:*<@-#5&G)+5"2001!"P6!"Kc#L_KcMK+"
"


