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=> DB%>7FJ%D6B 6C FB 1.5lA>A%D?> J6$A@>R KD%= F 9J>@@ 7>J>A%67 $FG @>F? %6 %=>

FJ%D8F%D6B 6C %=> 9J>@@ FB? E@%D$F%>@G J>@@ ?>H%7EJ%D6BN )B J>7%FDB JD7JE$H%FBJ>HO %=>

9J>@@H ?6 B6% L>J6$> FJ%D8F%>? >8>B DB %=> A7>H>BJ> 6C F C67>DIB FB%DI>BO FB? %=>

D$$EB> HGH%>$ L>J6$>H %6@>7FB% %6 %=> FB%DI>B >BJ6EB%>7>?N => 6E%J6$> 6C FB%DI>B

7>J6IBD%D6B LG 9J>@@H DH ?>%>7$DB>? LG %=> J6B%>R% DB K=DJ= %=> FB%DI>B DH

>BJ6EB%>7>?N => 7>J6IBD%D6B 6C C67>DIB FB%DI>B DB FHH6JDF%D6B KD%= %DHHE> ?F$FI> 67

DBC@F$$F%D6B DH $67> @DM>@G %6 7>HE@% DB D$$EB> FJ%D8F%D6BO K=>7>FH D$$EB> %6@>7FBJ>

DH DB?EJ>? DB %=> FLH>BJ> 6C HEJ= FB FAA76A7DF%> n?FBI>7 HDIBF@o [1F%eDBI>7 UVVZ\N

=DH >CC>J% DH $>?DF%>? %=76EI= %=> 7>@>FH> 6C JG%6MDB>H FB? %=> >RA7>HHD6B 6C J6g

H%D$E@F%67G $6@>JE@>H HEJ= FH ]TNU [5Y^`\ 67 ]TNS [5Y^W\ LG 0Q5 K=>B n?FBI>7o

DH A>7J>D8>? [H>> CDIE7> UNTF\ [q>F7B>G (% - / UVV_\N => 7>H%DBI 9J>@@ %=>B A76I7>HH>H

%=76EI= %=> J>@@ JGJ@> C76$ ;6%6 J@6BF@ A76@DC>7F%D6BN => D$A67%FBJ> 6C HEJ=

DB%>7FJ%D6BH DH D@@EH%7F%>? LG %=> 7>I7>HHD6B 6C >RA>7D$>B%F@ A76H%F%> %E$6E7H C6@@6KDBI

%=> DB=DLD%D6B 6C 5 409ZO F J6$A>%D%D8> FB%FI6BDH% 6C ]Tl5YS^ DB%>7FJ%D6B [qK6B (%

-/ UVVTh qK6B (% - / UVVV\N

=> FJ%D8F%D6B 6C 5 4 DH F@H6 ?>A>B?>B% 6B 5YZa 9J>@@ 7>HA6BH>H L6%= ?D7>J%@G [>NIN

8DF )49S 7>@>FH>\ FB? %=76EI= %=> DB?EJ%D6B 6C %=> >RA7>HHD6B 6C J6H%D$E@F%67G

$6@>JE@>H LG 0Q5 [>NIN 8DF FJ%D8F%D6B 6C 5YZ` 6B 0Q5 LG 5YZ`9@DIFB? 6B FJ%D8F%>?

5YZa 9J>@@H\ [-67? (% -/0UVVV\N

S/
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Q76$6%D6B 6C 5Y^aFB? 5YZa 9J>@@ 7>HA6BH>H $FG L> >@DJD%>? %=76EI= %=> %7FBHD>B%

>RA7>HHD6B 6C DBC@F$$F%67G JG%6MDB>H HEJ= FH )49SO )49USO )-"9G FB? $6H% B6%FL@G

;195!- [ F%FBFL> (% -/0 UV^Vh ->F76B (% -/0 UVV`h Y7FB6CC (% -/0 UVV/h 6?F (% -/0

UVV^h 0@D (% -/0 S```h 0@D (% -/0 S``S\ 8DF %=> FJ%D8F%D6B 6C A76C>HHD6BF@ 0Q5H HEJ= FH

?>B?7D%DJ J>@@H [Y5\N => FLD@D%G %6 A76$6%> 9J>@@ FJ%D8F%D6B DB 7>HA6BH> %6 HA>JDCDJ

FB%DI>BH DH F@H6 J6B%DBI>B% EA6B %=> HD$E@%FB>6EH >RA7>HHD6B 6C J69H%D$E@F%67G

$6@>JE@>H HEJ= FH ]TNUl]TNS [5Y^`l5Y^W\O #s9Z`4 FB? 5YZ` LG 0Q5 %=76EI=

S_
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?D7>J% DB%>7FJ%D6B KD%= J6IBF%> 7>J>A%67H [>NIN 5YS^O #s9Z` FB? 5YZ`4\ EA6B %=> 9

J>@@ HE7CFJ> [ >DBL>7I S``S\N ,BIFI>$>B% 6C `sZ` >B=FBJ>H A76@DC>7F%D6B FB?

JG%6MDB> A76?EJ%D6B LG 5YZa 9J>@@H DB 8D%76 [;7F$FI@DF (% -/0 UVV^\ FH K>@@ FH

HE78D8F@ 6C 0I9HA>JDCDJ 5YZa 9J>@@H DB 8D86 [;7F$FI@DF (% -/0 S```\N

0 BE$L>7 6C 6%=>7 FJJ>HH67G $6@>JE@>H $FG HEAA67% 67 >B=FBJ> J6H%D$E@F%D6B HEJ= FH

5YS >BIFIDBI @>EM6JG%> CEBJ%D6BF@ FB%DI>B9/ [4-09/O 5Y_^\ FB? 4-09U >BIFIDBI

)501N => DB%>7FJ%D6B 6C ]T KD%= %=> J6IBF%> 5YS^ $6@>JE@> 6B %=> 9J>@@ 7>HE@%H DB

FJ%D8F%D6B 6C A76%>DB MDBFH> 5 FB? 6%=>7 HDIBF@ %7FBH?EJ%D6B AF%=KFGH [4>BHJ=6K (% -/0

UVVW\O FB? >8D?>BJ> HEAA67%H %=> J6B%>B%D6B %=F% >RA7>HHD6B 6C J69H%D$E@F%67G

$6@>JE@>H LG JD7JE@F%DBI 0Q5 JFB L> H%D$E@F%>? LG DBC@F$$F%67G JG%6MDB>H HEJ= FH

;195!- [1F7M6KDJe FB? ,BI@>$FB UVV`h 5FER (% -/0 UVVS\N

 =>B F C67>DIB FB%DI>B DH ?>%>J%>? DB %=> FLH>BJ> 6C %DHHE> ?>H%7EJ%D6B 67 6%=>7

jj?FBI>7 HDIBF@HtO %=> D$$EB> HGH%>$ $FG L>J6$> %6@>7FB% %6 %=> FB%DI>B >BJ6EB%>7>?N

=DH A76LFL@G 7>A7>H>B%H F A76%>J%D8> $>J=FBDH$ %=76EI= K=DJ= %=> A6HHDLD@D%G 6C

68>7H%D$E@F%D6B 6C %=> D$$EB> HGH%>$ FIFDBH% F =F7$@>HH >B%D%G DH $DBD$De>?O FB?

F@H6 A76%>J%H FIFDBH% D$$EB> 7>FJ%D8D%G FIFDBH% H>@C9A>A%D?>HN 6@>7FBJ> $FG 6JJE7 FH

F 7>HE@% 6C 8F7D6EH $>J=FBDH$H [H>> L>@6K\N 0B%DI>BH %=F% F7> A7>H>B% DB %=> H>7E$O

HEJ= FH Q!0 FB? Q0QO F7> AF7%DJE@F7@G %6@>76I>BDJN 57>F%DBI %=> J6B?D%D6BH EB?>7

K=DJ= D$$EB> %6@>7FBJ> JFB L> 68>7J6$> DH AD86%F@ %6 %=> HEJJ>HH 6C JFBJ>7

D$$EB6%=>7FAGN

7(65- ).) " 3 %+."+& (!-) " " 3 %5( ..+ ( &()4" )(

,8D?>BJ> 6C HEJJ>HHCE@ %7>F%$>B% 6C H6$> %E$6E7H KD%= D$$EB6%=>7FAD>HO FB?

>8D?>BJ> 6C >F7@G %E$6E7 HEAA7>HHD6B DB FBD$F@ $6?>@H HEAA67%H %=> =GA6%=>HDH %=F%

D$$EB6HE78>D@@FBJ> =FH %=> A6%>B%DF@ %6 ?>%>J% FB? ?>H%76G $F@DIBFB% B>6A@FH$H

SW
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[YEBB (% - / S``S\N )B %=> >F7@G H%FI>H 6C %E$6E7 I76K%=O CFD@E7> %6 >RJD%> D$$EB>

F%%FJM $FG L> F%%7DLE%FL@> %6 @FJM 6C ?FBI>7 HDIBF@H [H>> FL68>\N )BH%>F? 6C D$$EB>

FJ%D8F%D6BO 7>FJ%D8> 9@G$A=6JG%> J@6B>H F7> 7>B?>7>? D$A6%>B% %=76EI= 8F7D6EH

$>J=FBDH$HN -67 >RF$A@>O KD%=6E% %=> B>J>HHF7G ?FBI>7 HDIBF@O ]T >RA7>HHD6B LG

0Q5 KD@@ L> DBHECCDJD>B% C67 FJ%D8F%D6B 6C 5YS^ 6B 9J>@@H [!J=KF7%e UVV`\O FB? H6

%=> ?>%>J%D6B 6C A7>H>B%>? FB%DI>B LG BFD8> 9J>@@H KD@@ DB?EJ> FB>7IGN 4F%>7 7>g

>RA6HE7> %6 FB%DI>BO >8>B DB %=> A7>H>BJ> 6C ]TO KD@@ B6% L> HECCDJD>B% %6 68>7J6$>

%=DH >CC>J%N 0B6%=>7 $>J=FBDH$ 6C 9J>@@ J6B%76@ D$A@DJF%>? DB %E$6E7 >8FHD6B

DB86@8>H HEAA7>HH67 9J>@@H [5YZaO 5YS_a\O K=DJ= 7>IE@F%> D$$EB> FJ%D8F%D6B FB?

A7>8>B% FE%6D$$EBD%G [!FMFIEJ=D (% -/ S``U\N !EJ= J>@@H H>J7>%> D$$EB6HEAA7>HHD8>

JG%6MDB>H HEJ= FH )49ZO )49U` FB? ;-9[/ [0HH>$FB (% -/ UVVVh !>??6B FB? 1FH6B

UVVV\ [Q6K7D> (% -/ UVVW\O FB? ?6KB7>IE@F%> B6% 6B@G )49S LE% F@H6 %=> ]T >RA7>HHD6B

FB? )49US H>J7>%D6B LG 0Q5 B>J>HHF7G C67 5 4 H%D$E@F%D6B [1J.EI= FB? !=>8FJ=

S``SKO

4F%>7 %E$6E7H $FG L>J6$> DB=>7>B%@G $67> D$$EB> FJ%D8F%DBIf EB7>IE@F%>? I76K%=

$FG ?F$FI> HE776EB?DBI %DHHE>H 67 @>F? %6 %E$6E7 DHJ=F>$DF FB? B>J76HDHO FB?

I>B>%DJ ?GH7>IE@F%D6B $FG A76?EJ> %=> >$>7I>BJ> 6C B>69FB%DI>BHN =EHO %=> I76K%=

6C %E$6E7H D$A@D>H %=>D7 >8FHD6B 6C D$$EB6HE78>D@@FBJ>O FB? $FG 7>HE@% C76$ %=>

H>@>J%D6B 6C J@6B>H 6C %E$6E7 J>@@H LG YF7KDBDFB $>J=FBDH$HN

)$$EB6HEAA7>HHD6B $FG L> HGH%>$DJ DB F?8FBJ>? JFBJ>7O LE% %=> @6JF@ %E$6E7

>B8D76B$>B% DH 6C%>B D$$EB6HEAA7>HHD8> C67 F BE$L>7 6C 7>FH6BHN => H>J7>%D6B 6C

8F7D6EH H6@EL@> CFJ%67H $FG FL76IF%> %=> D$$EB> 7>HA6BH>O DBJ@E?DBI +,;-O Q;9,SO

;-9[/ FB? )49U`O K=DJ= B>IF%D8>@G 7>IE@F%> 9=>@A>7 FB? $FJ76A=FI> 7>HA6BH>HO FB?

F@H6 7>?EJ> BF%E7F@ MD@@>7 J>@@ ["q\ FJ%D8D%G [F@9!F7D7>= FB? ,7>$DB S```\N =>H>

ST
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CFJ%67H =F8> C7>cE>B%@G L>>B H=6KB %6 L> FHH6JDF%>? KD%= A667 A76IB6HDH 67 ?DH>FH>

A76I7>HHD6BO F@%=6EI= D% DH @DM>@G %=F% %=DH JFB L> 7>@F%>?O DB AF7%O %6 %=>D7 CEBJ%D6BH FH

FBID6I>B>HDH FB? I76K%= CFJ%67HN

=> @6HH 6C1.5 J@FHH9) $6@>JE@>H 67 ?>CDJD>BJD>H DB J@FHH9) A76J>HHDBI DH FHH6JDF%>?

KD%= %E$6E7 DB8FHD6BO $>%FH%FHDH FB? 7>JE77>BJ> [;F77D?6 (% - / UVVT\N =DH $FG 6JJE7

%=76EI= F 8F7D>%G 6C $>J=FBDH$HO DBJ@E?DBI $E%F%D6BH 6C %=> Q+u$DJ76I@6LE@DB I>B>O

?>C>J%H DB FB%DI>B A76J>HHDBI [>NIN 41Q9S FB? 41Q9T ?6KB97>IE@F%D6B\O ?>C>J%H DB

%7FBHA67% AF%=KFGH [>NIN 0Q9U FB? 0Q9S ?>CDJD>BJD>H\O FB? H>@>J%D8> @6HH [AF7%DF@ 67

J6$A@>%>\ 6C1.5 $6@>JE@>HN 1.5 @6HH =FH L>>B ?>HJ7DL>? DB $FBG %E$6E7HO

DBJ@E?DBI $>@FB6$FO J6@67>J%F@ F?>B6JF7JDB6$FO A76H%F%> JF7JDB6$F FB? L7>FH%

JF7JDB6$F [DB K=DJ= 68>7 _`i 6C %E$6E7H >R=DLD% %6%F@ @6HH 6C .40 J@FHH9)\N

,8>B DB %=> A7>H>BJ> 6C B67$F@ 1.5 >RA7>HHD6BO %=> >RA7>HHD6B 6C %E$6E7 FB%DI>BH

$FG L> @6H%O FB? %=DH FAA>F7H %6 L> FHH6JDF%>? KD%= DBJ7>FH>? %E$6E7 FII7>HHD8>B>HHN

-67 >RF$A@>O %=> @6HH 6C IA@##O 102 9U FB? %G76HDBFH> >RA7>HHD6B LG $>@FB6$F =FH

L>>B FHH6JDF%>? KD%= ?DH>FH> A76I7>HHD6B [?> +7D>H (% -/0 UVVT\N -E7%=>7$67>O IA9U``

A>A%D?> D$$EBDHF%D6B =FH L>>B H=6KB %6 A76?EJ> F 7>?EJ%D6B 6C >RA7>HHD6B 6C IA@##

[LE% B6% 6%=>7 FB%DI>BH\O A6HHDL@G $>?DF%>? %=76EI= H>@>J%D6B A7>HHE7> [2DM>7 (% -/

UVVV\N

-FH @DIFB? [-FH94\ FB? "- 7>@F%>? FA6A%6HDH DB?EJDBI @DIFB? [ 20)4\ F7> t?>F%=

7>J>A%67t HGH%>$H %=F% A@FG F 76@> DB D$$EB> HE78>D@@FBJ>N => DB%>7FJ%D6B 6C %=> -FH

7>J>A%67 [-FH92\ 6B %=> HE7CFJ> 6C %F7I>% J>@@H FB? -FH94 6B 5 4 DBD%DF%>H FB

DB%7FJ>@@E@F7 J=FDB 7>FJ%D6B [%=> tJFHAFH> JFHJF?>t\ 7>HE@%DBI DB FA6A%6HDH 6C %=> %F7I>%

[]>7M> UVV_\N E$6E7 J>@@H =F8> L>>B H=6KB %6 7>?EJ> %=>D7 >RA7>HHD6B 6C %=> -FH

7>J>A%67 [!%7FB? (% -/ UVVW\O 67 DBJ7>FH> %=>D7 >RA7>HHD6B 6C JFHAFH> DB=DLD%67H HEJ= FH

S^















http://www.ncbi.nih.gov/Genbank












































































































http://syfpeithi.bmi-heidelberg.com/
http://bimas.dcrt.nih.gov/molbio/hla_bind/




















































































































































































































































































































































http://www.invitrogen.coml

































































