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2. Einleitung

2.1 Die adaptive Immunantwort
der T-Zellen

'LH�DGDSWLYH�,PPXQDQWZRUW�GHU�7�=HOOHQ
LVW�� QHEHQ� GHU� KXPRUDOHQ� ,PPXQLWlW�� HLQHV
GHU�ZLFKWLJVWHQ�%HVWDQGWHLOH�]XU�$EZHKU�YRQ
.UDQNKHLWVHUUHJHUQ�� 1DFK� 5HLIXQJ� LP
7K\PXV�XQG�(LQWULWW�LQ�GDV�%OXW�JHODQJHQ�GLH
QDWLYHQ� 7�=HOOHQ� LQ� GLH� SHULSKHUHQ
O\PSKDWLVFKHQ�2UJDQH��1DFK�HLQHU�ZHLWHUHQ
5HLIXQJVSHULRGH� WUHWHQ� VLH� HUQHXW� LQ� GLH
%OXWEDKQ� HLQ�� 1XQ� EHJLQQW� LKUH� HLJHQWOLFKH
$XIJDEH�� GDV� $XIVS�UHQ� XQG� %HNlPSIHQ
YRQ� DQWLJHQSUlVHQWLHUHQGHQ� =HOOHQ�� 'HU
LQLWLDOH� 6FKULWW� ]XU� $NWLYLHUXQJ� HUIROJW� EHL
LKUHP�HUVWHQ�.RQWDNW�PLW�HLQHP�VSH]LILVFKHQ
$QWLJHQ� DXI� GHU� 2EHUIOlFKH� YRQ� DQWLJHQ�
SUlVHQWLHUHQGHQ�=HOOHQ� �$3&���'DV�$QWLJHQ
ZLUG� KLHUEHL� ]XVDPPHQ� PLW� 0+&�
0ROHN�OHQ� SUlVHQWLHUW�� =XVlW]OLFK� ZHUGHQ
YRQ� GHQ� $3&V� QRFK� FRVWLPXOLHUHQGH
)DNWRUHQ� H[SULPLHUW�� LQ� GHU�5HJHO� %���� XQG
%����� GLH�&'��� DXI� GHU�2EHUIOlFKH� YRQ�7�
=HOOHQ�ELQGHQ��'LHV� LVW� QRWZHQGLJ�� XP� HLQH
DGlTXDWH�,PPXQDQWZRUW�DXV]XO|VHQ��=X�GHQ
$3&V� JHK|UHQ� GLH� GHQGULWLVFKHQ� =HOOHQ�
0DNURSKDJHQ� XQG� %�=HOOHQ�� 'LHVH
$NWLYLHUXQJ� ZLUG� RIW� DOV� SULPLQJ� EH]HLFKQHW
XQG�HUIROJW�LQ�GHQ�SHULSKHUHQ�O\PSKDWLVFKHQ
2UJDQHQ�� DOVR� QLFKW� DP� ORNDOHQ
,QIHNWLRQVKHUG�� =X� GLHVHQ�2UJDQHQ� ZHUGHQ
GLH� .UDQNKHLWVHUUHJHU� RGHU� VHLQH� $EEDX�
SURGXNWH� LQ� GLH� /\PSKH� WUDQVSRUWLHUW�� GLH
NRQWLQXLHUOLFK�GXUFK�)LOWUDWLRQ�H[WUD]HOOXOlUHU
)O�VVLJNHLW� DXV� GHP� %OXW� SURGX]LHUW� ZLUG�
3DWKRJHQH�� GLH� REHUIOlFKOLFKH� 6WHOOHQ
EHIDOOHQ�� ZHUGHQ� LQ� GHQ� /\PSKNQRWHQ
XQWHUKDOE� GHU� ,QIHNWLRQVVWHOOH� IHVWJHKDOWHQ�
,P� %OXW� EHILQGOLFKH� 3DWKRJHQH� ZHUGHQ� LQ
GHU� 0LO]� DXIJHIDQJHQ� XQG� VROFKH�� GLH
6FKOHLPKlXWH� LQIL]LHUHQ�� ZHUGHQ� LQ� GHQ
3H\HUVFKHQ� 3ODTXHV� RGHU� GHQ� 0DQGHOQ
JHVDPPHOW��1DFK� VSH]LILVFKHP�.RQWDNW�PLW
GHP�$QWLJHQ� ZHUGHQ� QXQ� GLH� 7�=HOOHQ� ]XU
3UROLIHUDWLRQ� XQG� 'LIIHUHQ]LHUXQJ� DQJHUHJW�
'LHVH� 9RUJlQJH� VLQG� YRQ� &\WRNLQHQ� ZLH
GHP� 7�=HOO�:DFKVWXPVIDNWRU� �,/���� XQG

GHVVHQ�%LQGXQJ� DQ� HLQHP�5H]HSWRU� DXI� GHU
DNWLYLHUWHQ�7�=HOOH�DEKlQJLJ�
,VW� GLHVHU� 3UR]H�� DEJHVFKORVVHQ�� YHU�

ODVVHQ� GLH� (IIHNWRU]HOOHQ� GLH� O\PSKDWLVFKHQ
2UJDQH�XQG�JHODQJHQ��EHU�GHQ�%OXWNUHLVODXI
]X�GHQ�,QIHNWLRQVVWHOOHQ��&\WRWR[LVFKH�&'��
7�=HOOHQ�W|WHQ�=LHO]HOOHQ��GHUHQ�&\WRVRO�PLW
3DWKRJHQHQ� LQIL]LHUW� VLQG�� &'��7+��=HOOHQ
UHJHQ� 0DNURSKDJHQ� GXUFK� HLQ� PDNUR�
SKDJHQDNWLYLHUHQGHV� &\WRNLQ� �,)1�γ�� GD]X
DQ� LQWUD]HOOXOlUH� 3DUDVLWHQ� DE]XW|WHQ�� &'��
7+��=HOOHQ� VLQG� I�U�GLH�$NWLYLHUXQJ� YRQ�%�
=HOOHQ� Q|WLJ�� GDPLW� HQWVSUHFKHQGH� $QWL�
N|USHU�SURGX]LHUW�ZHUGHQ�

2.2 Nicht adaptive Abwehr-
reaktionen gegen Infek-
tionen

'LH� HUVWHQ� QLFKWDGDSWLYHQ� ,PPXQ�
UHDNWLRQHQ� VLQG� DXV� ]ZHLHUOHL�*U�QGHQ� VHKU
ZLFKWLJ�� =XP� HLQHQ� N|QQHQ� VLH� GHQ
.UDQNKHLWVHUUHJHU� W|WHQ�� ]XP� DQGHUHQ� NDQQ
GHU� ,QIHNWLRQVKHUG� VRODQJH� HLQJHGlPPW
ZHUGHQ�� ELV� GLH� DGDSWLYH� ,PPXQDQWZRUW
HLQJHOHLWHW� LVW�� 'LHVH� HUVWH� 5HDNWLRQ� HUIROJW
VHKU�VFKQHOO��GD�NHLQH�NORQDOH�([SDQVLRQ�GHU
QDLYHQ�7�=HOOHQ�QRWZHQGLJ�LVW�
&\WRNLQH�� GLH� 3KDJR]\WHQ� DOV� 5HDNWLRQ

DXI� GLH� ,QIHNWLRQ� VH]HUQLHUHQ�� XPIDVVHQ
PHKUHUH� YHUVFKLHGHQDUWLJH� 0ROHN�OH� ZLH
,QWHUOHXNLQ� �� �,/����� �� �,/����� �� �,/����� ��
�,/����� XQG� GHQ� 7XPRUQHNURVHIDNWRU�α
�71)�α���'LH�:LUNXQJHQ�GLHVHU�6XEVWDQ]HQ
KDEHQ�VRZRKO�V\VWHPLVFKHQ�DOV�DXFK�ORNDOHQ
&KDUDNWHU��:HLWHUH�0HGLDWRUHQ��GLH�DXIJUXQG
HLQHU� ,QIHNWLRQ� DXVJHVFK�WWHW� ZHUGHQ�� VLQG
GLH� 3URVWDJODQGLQH�� 6DXHUVWRIIUDGLNDOH�
3HUR[LGH�� 6WLFNVWRIIR[LG� �12��� /HXNRWULHQH
XQG�GHU�SOlWWFKHQDNWLYLHUHQGH�)DNWRU��3$)��
'DV�.RPSOHPHQWV\VWHP�� GDV� HEHQIDOOV� VHKU
VFKQHOO�PLW�VHLQHQ�%HVWDQGWHLOHQ�UHDJLHUW�XQG
0DVW]HOOHQ� DNWLYLHUW�� GLH� LKUHUVHLWV� LKUHQ
,QKDOW� GHU� *UDQXOD� IUHLVHW]HQ� �+LVWDPLQ��
HUJHEHQ� HLQH� *HVDPWUHDNWLRQ�� GLH� DXFK� DOV
(QW]�QGXQJVUHDNWLRQ�EH]HLFKQHW�ZLUG�
(LQH� (QW]�QGXQJ� ]HLFKQHW� VLFK� GXUFK

6FKPHU]HQ�� 5|WXQJ�� HUK|KWH� 7HPSHUDWXU
XQG� HLQH� ORNDOH� 6FKZHOOXQJ� DXV�� $OV� )ROJH
ZLUG� GHU�*HIl�GXUFKPHVVHU� YHUJU|�HUW�� GDV
]X� HLQHP� YHUVWlUNWHQ� XQG� ODQJVDPHUHQ
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ORNDOHQ� %OXWIOX�� I�KUW�� 'LH� 9HUODQJVDPXQJ
EHZLUNW�� GD�� GLH� /HXNR]\WHQ�� GLH� VLFK
QRUPDOHUZHLVH� LQ� GHU� 0LWWH� GHU� %OXWJHIl�H
EHILQGHQ�� VLFK� DXFK� DP� 5DQG� DXIKDOWHQ
N|QQHQ� XQG� VR� PLW� GHP� *HIl�HQGRWKHO
ZHFKVHOZLUNHQ��'XUFK�GLH�$XVVFK�WWXQJ�YRQ
0HGLDWRUHQ� HUIROJW� HLQH� ([SUHVVLRQ� YRQ
$GKlVLRQVPROHN�OHQ�DXI�GHU�2EHUIOlFKH�GHU
(QGRWKHO]HOOHQ�� 'LH� 3HUPHDELOLWlW� GHU
*HIl�ZlQGH�ZLUG� HEHQIDOOV� HUK|KW� XQG� GHU
YHUVWlUNWH�)O�VVLJNHLWVHLQWULWW� LQ�GDV�*HZHEH
I�KUW�]X�HLQHU�6FKZHOOXQJ1�

2.3 Interzelluläre
Adhäsionsmoleküle

$GKlVLRQVPROHN�OH� VSLHOHQ� EHL� GHU
,PPXQDQWZRUW� HLQH� ZHVHQWOLFKH� 5ROOH�
'XUFK� HLQH� 9LHO]DKO� YRQ� VFKZDFKHQ� DEHU
GRFK�VSH]LILVFKHQ�:HFKVHOZLUNXQJHQ�HUIROJW
HLQH� JH]LHOWH� ,QWHUDNWLRQ�� 0LQGHVWHQV� YLHU
6XSHUIDPLOLHQ� YRQ� $GKlVLRQVPROHN�OHQ2

VLQG�EHL�GHU�/HXNRF\WHQZDQGHUXQJ��EHL�LKUHU
=LHORUWEHVWLPPXQJ� �KRPLQJ�� XQG� EHL� =HOO�
=HOO�,QWHUDNWLRQHQ� EHNDQQW�� 6LH� ZHUGHQ� DXI
GHU� 2EHUIOlFKH� GHU� (IIHNWRU]HOOHQ� XQG� DXI
HLQHU�9LHO]DKO�YRQ�*HZHEHW\SHQ�H[SULPLHUW�
=X� LKQHQ� JHK|UHQ� GLH� 6HOHNWLQH�� ,QWHJULQH�
0LWJOLHGHU� GHU� ,PPXQJOREXOLQ�6XSHUIDPLOLH�
GLH� &DGKHULQH� XQG� HLQLJH� GHP� 0XFLQ
lKQOLFKH�0ROHN�OH�
'LH� 6HOHNWLQH� �&'���� VLQG� EHVRQGHUV

ZLFKWLJ�� GDPLW�GLH�/HXNR]\WHQ� LKUHQ�=LHORUW
HUUHLFKHQ�� 6LH� ZHUGHQ� HQWZHGHU� DXI� GHQ
/HXNR]\WHQ�VHOEVW��/�6HOHNWLQ��&'��/��RGHU
DXI� GHP� YDVNXOlUHQ� (QGRWKHO� �3�6HOHNWLQ�
&'��3��XQG�(�6HOHNWLQ��&'��(��H[SULPLHUW�
6LH� JHK|UHQ� ]X� GHQ� ]XFNHUELQGHQGHQ
=HOODGKlVLRQVPROHN�OHQ� XQG� EHVLW]HQ� HLQHQ
lKQOLFKHQ� PRGXODUHQ� $XIEDX�� $P� 1�
7HUPLQXV� EHILQGHW� VLFK� HLQH� &�7\S�/HNWLQ�
'RPlQH�� JHIROJW� YRQ� HLQHU� (*)�7\S�
'RPlQH�� $EKlQJLJ� YRP� 6HOHNWLQ�7\S� IROJW
GDQQ�HLQH�$Q]DKO�YRQ�UHSHWLWLYHQ�6HTXHQ]HQ
DQDORJ� ]XP� FRPSOHPHQW� UHJXODWRU\� SURWHLQ� �]ZHL
LP�/���VHFKV�LP�(��XQG�QHXQ�LP�3�6HOHNWLQ�3�
'LH� QDW�UOLFKHQ� /LJDQGHQ� I�U� GLH� 6HOHNWLQH
VLQG� QRFK� QLFKW� NRPSOHWW� FKDUDNWHULVLHUW�
%HNDQQW� LVW� DEHU�� GD�� HV� VLFK� XP� VXOIDWLHUWH
XQG�VLDO\VLHUWH�2OLJRVDFFKDULGH��JHEXQGHQ�DQ
0XFLQ�lKQOLFKHQ� *O\FRSURWHLQHQ� KDQGHOW�

(LQH� 5HLKH� YRQ� LKQHQ� ZXUGHQ� EHUHLWV
LGHQWLIL]LHUW��7DE�����6�����

2.4 Die Wanderung der Leuko-
cyten ins Endothel

'LH�:DQGHUXQJ�GHU�/HXNRF\WHQ� DXV� GHQ
%OXWJHIl�HQ� LQV� (QGRWKHO� ZLUG� �EHU� ORNDOH
(QW]�QGXQJVYHUPLWWOHU� �0HGLDWRUHQ�� JH�
VWHXHUW�� 'LHVHU� 9RUJDQJ� ZLUG� DXFK
([WUDYDVDWLRQ� JHQDQQW� XQG� YHUOlXIW� ZDKU�
VFKHLQOLFK�LQ�YLHU�6FKULWWHQ�DE4�1�
'HU�HUVWH�6FKULWW�ZLUG�GXUFK�GLH�6HOHNWLQH

YHUPLWWHOW�� 1DFK� GHU� $XVVFK�WWXQJ� YRQ
ORNDOHQ� 0HGLDWRUHQ� ZLH� /7%��� &�D� RGHU
+LVWDPLQ� ZLUG� GDV� LQ� GHQ� :HLEHO�3DODGH�
.|USHUFKHQ� JHQDQQWHQ� *UDQXOD� HQWKDOWHQH
3�6HOHNWLQ�DQ�GHU�2EHUIOlFKH�GHU�(QGRWKHO�
]HOOHQ� VLFKWEDU�� 'LHVHU� 9RUJDQJ� YHUOlXIW� LQ�
QHUKDOE� YRQ� 0LQXWHQ�� 'DV� (�6HOHNWLQ
HUVFKHLQW� HUVW� HLQLJH� 6WXQGHQ� QDFK� GHP
.RQWDNW�PLW�/LSRV\OVDFFKDULGHQ�RGHU�71)�α
DXI� GHP�(QGRWKHO�� =XVlW]OLFK� ZHFKVHOZLUNW
/�6HOHNWLQ�� GDV� DXI� GHU� 2EHUIOlFKH� GHV
1HXWURSKLOHQ� YRUKDQGHQ� LVW�� PLW� HQGR�
WKHOLDOHQ�/LJDQGHQ�
'LHVH� SRO\YDOHQWHQ� :HFKVHOZLUNXQJHQ5�6

PLW� GHQ� (SLWRSHQ� DXI� GHU� 2EHUIOlFKH� GHU
0RQRF\WHQ� XQG� 1HXWURSKLOHQ� I�KUHQ� ]XP
VRJHQDQQWHQ� UROOLQJ� HQWODQJ� GHU� (QGRWKHO�
]HOOHQ�� 'DEHL� YHUULQJHUW� VLFK� GLH� )OLH��
JHVFKZLQGLJNHLW7� DXI� ������ �P� PLQ���� %HL
DOOHQ� 6HOHNWLQHQ� ILQGHW� PDQ� DOV� ELQGHQGHV
(SLWRS� HLQHQ�*UXQGN|USHU�� GHU� GHP�7HWUD�
VDFFKDULG� 6LDO\O�/HZLV[� α�'�1HX1$F�������
β�'�*DO������>α�/�)XF������@�β�'�*OF1$F
�$EELOGXQJ� ��� 6LDO\O�/HZLV$� α�'�1HX1$F�
������β�'�*DO������>α�/�)XF������@�β�'�
*OF1$F� XQG� DQGHUHQ� VWUXNWXUlKQOLFKHQ
/HZLV�%OXWJUXSSHQ� 2OLJRVDFFKDULGHQ� HQW�
VSULFKW8�9�10�

2
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2+

2

2+

2+

2

2

2+

2
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2+
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�
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$EELOGXQJ �� 6LDO\O�/HZLV[ �V/H[��
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,P� ]ZHLWHQ� 6FKULWW� HUIROJW� GLH� :HFKVHO�
ZLUNXQJ� �EHU� /HXNRF\WHQLQWHJULQH� �/)$���
&5��� XQG� 0ROHN�OH� GHV� (QGRWKHOV
�,&$0�����,QWHUOHXNLQH��,/����EHZLUNHQ�HLQH
.RQIRUPDWLRQVlQGHUXQJ� GHU� ,QWHJULQH�� VR
GD��GHVVHQ�$GKlVLRQVVWlUNH�YHUJU|�HUW�ZLUG�
'LH� /HXNRF\WHQ� KHIWHQ� VLFK� QXQ� DQ� GLH
=HOOZDQG� XQG� N|QQHQ� GLH� %OXWJHIl�H
YHUODVVHQ��$EE�����

$EELOGXQJ �� 'LH HOHNWURQHQPLNURVNRSLVFKH
$XIQDKPH ]HLJW HLQH QHXWURSKLOH =HOOH� GLH
]ZLVFKHQ ]ZHL (QGRWKHO]HOOHQ KLQGXUFK ZDQGHUW�
'HU 3IHLO PDUNLHUW GDV 3VHXGRSRGLXP�

'LHVHU�GULWWH�6FKULWW�ZLUG�ZLHGHUXP��EHU
,QWHJULQH�YHUPLWWHOW�XQG�]XVlW]OLFK��EHU�,P�
PXQJOREXOLQ�lKQOLFKH� 0ROHN�OH� �3(&$0�

&'����� GLH� DXI� GHP� /HXNRF\WHQ� XQG
]ZLVFKHQ� GHQ� (QGRWKHO]HOOHQ� H[SULPLHUW
ZHUGHQ�� %HLP� 'XUFKVWR�HQ� GHU� %DVDO�
PHPEUDQ� KHOIHQ� SURWHRO\WLVFKH� (Q]\PH�
ZHOFKH� GLH� H[WUD]HOOXOlUH� 0DWUL[� ]HUVW|UHQ�
'LH�3DVVDJH�GXUFK�GLH�*HIl�ZDQG�ZLUG�DXFK
DOV�'LDSHGHVH�EH]HLFKQHW�
,P� YLHUWHQ� XQG� OHW]WHQ� 6FKULWW� ZDQGHUQ

GLH� /HXNRF\WHQ�PLW�+LOIH� YRQ� &KHPRNLQHQ
]XP�,QIHNWLRQVKHUG�

2.5 Selektin-Antagonisten

'DV� UROOLQJ� JLOW� DOV� LQLWLDOHU� 6FKULWW�EHL�GHU
(LQZDQGHUXQJ� YRQ� /HXNRF\WHQ� LQ� GDV
*HZHEH�� 'D� EHL� HLQHU� 9LHO]DKO� YRQ
(UNUDQNXQJHQ�GLH�6FKlGLJXQJ�GHV�*HZHEHV
GXUFK� GLH� (QW]�QGXQJVUHDNWLRQ� VHOEVW
KHUYRUJHUXIHQ� ZLUG� �$VWKPD�� $OOHUJLVFKH
5KLQLWLV�� 5KHXPDWRLGH� $UWKULWLV�� 3VRULDVLV��
EHVWHKW� HLQ� JUR�HV� ,QWHUHVVH� DQ� GHU
(QWZLFNOXQJ� YRQ� .RKOHQK\GUDW�0LPHWLND�
GLH� GLHVH� 3KDVH� GHU� ,PPXQDQWZRUW
EORFNLHUHQ11�12�13�14�� $XFK� EHL� 7UDQVSODQWDW�
$EVWR�XQJVUHDNWLRQHQ� VSLHOW� GLH� 6HOHNWLQ�
DEKlQJLJH�$GKlVLRQ�HLQH�ZLFKWLJH�5ROOH15�

$EELOGXQJ �� 'LH YLHU 6FKULWWH GHU /HXNRF\WHQHLQZDQGHUXQJ �([WUDYDVDWLRQ��
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Name Gewebeverteilung Ligand

Selektine L-Selektin
(MEL-14, CD62L)

naive und einige Gedächtnis-
lymphocyten, Neutrophile, Mono-
cyten, Makrophagen, Eosinophile

6�-Sulfo-
Sialyl-Lewisx,
GlyCAM-1,
CD34,
MAdCAM-1

P-Selektin
(PADGEM, CD62P)

aktiviertes Endothel und Thrombo-
cyten

Sialyl-Lewisx,
PSGL-1

binden Kohlenhydrate,

Leukocyten-Endothel-

Wechselwirkung

E-Selektin
(ELAM-1, CD62E)

aktiviertes Endothel Sialy-Lewisx,
ESL-1

mucinähnliche

vaskuläre Adressine

CD34, Endothel L-Selektin

GlyCAM-1 Venolen mit hohem Endothel L-Selektinbinden an L-Selektin,

Leukocyten-Endothel-

Wechselwirkung

MAdCAM-1 Venolen in lymphatischen Schleim-
hautgewebe

L-Selektin

Integrine α
L
β
2

(LFA-1,
CD11a/CD18)

Monocyten, T-Zellen, Makrophagen,
Neutrophile, dendritische Zellen

ICAMs

α
M
β
2

(Mac-1, CR3,
CD11b/CD18)

Neutrophile, Monocyten, Makro-
phagen

ICAMs, iC3b,
Fibrinogen

α
X
β
2
(CR4, p150, 95,

CD11c/CD18)
dendritische Zellen, Makrophagen,
Neutrophile

iC3b

α
4
β
1

(VLA-4, LPAM-1,
CD49d/CD29)

Lymphocyten, Monocyten,
Makrophagen

VCAM-1

α
5
β
1

(VLA-5,
CD49d/CD29)

Monocyten, Makrophagen Fibronektin

binden an Zellad-

häsionsmoleküle und

an die extrazelluläre

Matrix

α
4
β
7

(LPAM-1)
Lymphocyten MAdCAM-1

α
E
β
7

Lymphocyten im Epithel E-Cadherin

Immunglobulin-

Superfamilie

CD2
(LFA-2)

T-Zellen LFA-3

ICAM-1
(CD54)

aktivierte Gefäße, Lymphocyten,
dendritische Zellen

LFA-1, Mac1

ICAM-2
(CD102)

ruhende Gefäße, dendritische Zellen LFA-1

ICAM-3
CD50

Lymphocyten LFA-1

LFA-3
(CD58)

Lymphocyten, antigenpräsentierende
Zellen

CD2

verschiedene

Funktionen bei der

Zelladhäsion,

bindet an Integrinen

VCAM-1
(CD106)

aktiviertes Endothel VLA-4

7DEHOOH �� $GKlVLRQVPROHN�OH EHL /HXNRF\WHQZHFKVHOZLUNXQJ�

$XVJHKHQG� YRP� QDW�UOLFKHQ� /LJDQGHQ
GHV� (�6HOHNWLQV� �V/H[�� V/HD�� ZXUGHQ� HLQH
9LHO]DKO� YRQ� 0RGLILNDWLRQHQ� YRUJH�
VFKODJHQ16�17�� 0DQ� NDQQ� GLH� 0LPHWLND� LQ
PHKUHUHQ�.ODVVHQ�HLQWHLOHQ��$OV�HUVWH�.ODVVH
VLQG� GLH� 9HUELQGXQJHQ� DQ]XVHKHQ�� GLH� DOV
*UXQGN|USHU� V/H[� EHVLW]HQ� XQG� LQ� GHQHQ
]�%�� +\GUR[\O�)XQNWLRQHQ� JHJHQ� 1�
$FHW\OJUXSSHQ� DXVJHWDXVFKW� VLQG11�� (LQH
DQGHUH�.ODVVH�HQWKlOW�QXU�QRFK�GLH�/�)XFRVH
RGHU�'�0DQQRVH�XQG�DOV�Å5�FNJUDW´�HLQ�&�
YHUNQ�SIWHV� 0RQRSHSWLG13� E]Z�� HLQ� 'L�

SHSWLG18�19�20�� =XVlW]OLFK� ZLUG� HLQ� YHU]ZHLJWHU
&���$ON\OUHVW� ]XU� 9HUVWlUNXQJ� YRQ� K\GUR�
SKREHQ� :HFKVHOZLUNXQJHQ� HLQJHVHW]W�
$QGHUH� ,QKLELWRUHQ� HUVHW]HQ� GLH� QHJDWLYH
/DGXQJ� GHU� 6LDOLQVlXUH� GXUFK� 6XOIDW�� RGHU
3KRVSKDWJUXSSHQ21�RGHU�YHUZHQGHQ�6XOIDWLG�
$QDORJD22�� 0LW� GLHVHP� $QDORJRQ�� GDV� DOV
*UXQGN|USHU� HLQHQ� *DODFWRV\O�5HVW� EHVLW]W�
ZXUGHQ� EHUHLWV� SKDUPDNRNLQHWLVFKH
8QWHUVXFKXQJHQ� GXUFKJHI�KUW�� 'LH� +DOE�
ZHUWV]HLW� EHL� HLQHU� LQWUDYHQ|VHQ� ,QMHNWLRQ
YRQ���PJ�NJ��5DWWH��ODJ�EHL�VLHEHQ�6WXQGHQ�
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(LQH� GULWWH� .ODVVH� YRQ� 6XEVWDQ]HQ� HUUHLFKW
GXUFK� 0XOWLYDOHQ]� HLQH� (UK|KXQJ� GHU
%LQGXQJVDIILQLWlW�� +LHUEHL� ZXUGH�� GXUFK
YDULDEOH� 3HSWLGVSDFHU� JHWUHQQWHV� GL�� XQG
WULYDOHQWHV� V/H[� HLQJHVHW]W23�� $XFK� WHWUD�
YDOHQWHV�V/H[�PLW�HLQHP�3RO\�/DFWRVDPLQFRUH
HUK|KW� GLH� %LQGXQJVVWlUNH24�25�� %HVRQGHUV
KRKH� %LQGXQJVNRQVWDQWHQ� ]HLJWHQ� /LSR�
VRPHQ�� GLH� DXI� LKUHU� 2EHUIOlFKH� V/H[

0ROHN�OH� WUDJHQ�� $EKlQJLJ� YRP� 'XUFK�
PHVVHU� XQG� GHU� %HOHJXQJ� GHU� /LSRVRPHQ�
HUJDE� VLFK� I�U� GLH� %LQGXQJVDIILQLWlW� HLQ
2SWLPXP��,&��� ����Q0��DNW��+89(&V��EHL
��PRO�� V/H[� XQG� HLQHP� 'XUFKPHVVHU� YRQ
��� QP� �� ��23�� � $OV� YLHUWH� *UXSSH� ZXUGHQ
UHLQH� 3HSWLG�0LPHWLND� XQWHUVXFKW26�� (V
NRQQWH�JH]HLJW�ZHUGHQ��GD��GLH� FRUH�6WUXNWXU
YRQ�9DO���ELV�7\U���� IODQNLHUW�YRQ�ZHLWHUHQ
$PLQRVlXUHQ� GHU� /HFWLQ�'RPlQH�� DOV
$QWDJRQLVW� ZLUNVDP� LVW�� ,Q� 7DEHOOH� �� �6�� ��
VLQG�GLH�MHZHLOV�EHVWHQ�6HOHNWLQ�0LPHWLND�PLW
LKUHQ�%LQGXQJVNRQVWDQWHQ�DXIJHOLVWHW�
'LH� 7HVWV\VWHPH� UHLFKHQ� YRQ� (/,6$V�

5,$V� ELV� )$&6FDQ� $QDO\VHQ�� LQ� GHQHQ� GDV
UHNRPELQDQWH� 6HOHNWLQ�� DNWLYLHUWH� =HOOHQ
�%OXWSOlWWFKHQ�� +89(&�=HOOHQ�� RGHU
PRQRNORQDOH� $QWLN|USHU� �&6/(;��� LP�
PRELOLVLHUW�ZXUGHQ��'LH�.RPSHWLWLRQ�ZXUGH
HQWZHGHU�JHJHQ�V/H[�RGHU�JHJHQ�=HOOHQ��GLH
DOV� 2EHUIOlFKHQVWUXNWXUHQ� GHQ� QDW�UOLFKHQ
/LJDQGHQ� WUDJHQ� �+HS*���� +/���� XQG
/6����=HOOHQ��� GXUFKJHI�KUW�� ,Q� DQGHUHQ
%LQGXQJVVWXGLHQ� ZXUGH� HLQ� PRGLIL]LHUWHU
6WDPSHU�:RRGUXII�$VVD\��� HLQJHVHW]W�� 8U�
VSU�QJOLFK� ZXUGH� GLHVHU� $VVD\� ]XU
&KDUDNWHULVLHUXQJ� GHV� JHZHEVVSH]LILVFKHQ
KRPLQJV� YRQ� /\PSKRF\WHQ� LQ� GLH
/\PSKNQRWHQ� YHUZHQGHW�� 'LHVHV� *HZHEH
ZLUG�EHL�²���&�LQ�G�QQH�6HNWLRQHQ�JHVFKQLW�
WHQ� XQG� DQVFKOLH�HQG� IL[LHUW�� (V� NDQQ� QXQ
I�U� EHOLHELJH� %LQGXQJVH[SHULPHQWH� JHQXW]W
ZHUGHQ��(LQHQ�HQWVFKHLGHQGHQ�9RUWHLO�ELHWHW
HLQ� DQGHUHV� 9HUIDKUHQ�� GDV� XQWHU� )OLH��
EHGLQJXQJHQ� DUEHLWHW�� 0LW� +LOIH� GHU
,QWUDYLWDO�0LNURVNRSLH� NDQQ� GLH� )OLH��
JHVFKZLQGLJNHLW� XQG� .RQ]HQWUDWLRQ� GHU
%OXW]HOOHQ��GLH�DP�$GKlVLRQVSUR]H��EHWHLOLJW
VLQG��EHVWLPPW�ZHUGHQ13�
%LVKHU� HUZLHV� HV� VLFK� DOV� DX�HURUGHQWOLFK

VFKZLHULJ��(�6HOHNWLQ�$QWDJRQLVWHQ�PLW�HLQHU

KRKHQ� %LQGXQJVNRQVWDQWH� ]X� ILQGHQ�� 1XU
ZHQLJH�GHU�ELVKHU�YRUJHVFKODJHQHQ�9HUELQG�
XQJHQ�ZXUGHQ�DXFK�XQWHU�DQQlKHUQG�QDWLYHQ
%HGLQJXQJHQ�JHWHVWHW�� 6HKU�NULWLVFK� VLQG�GLH
%LQGXQJVNRQVWDQWHQ� ]X� EHWUDFKWHQ�� $E�
KlQJLJ� YRP� $VVD\� N|QQHQ� GLH� 'DWHQ� XP
PHKUHUH� *U|�HQRUGQXQJHQ� YDULLHUHQ�
,QKLELWRUHQ�� GLH� LQ� HLQHP� VWDWLVFKHQ� $VVD\
HLQH�QHQQHQVZHUWH�,QKLELWLRQ�]HLJHQ��N|QQHQ
XQWHU� QDW�UOLFKHQ� %HGLQJXQJHQ�� DOVR� LQ
HLQHP�IOLH�HQGHQ�6\VWHP��Y|OOLJ�LQDNWLY�VHLQ�
'LHV� VSLHJHOW� QLFKW� QXU� GLH� %HGHXWXQJ� GHU
%LQGXQJVVWlUNH�� VRQGHUQ� DXFK� GLH� %HGHXW�
XQJ�GHU�.LQHWLN�ZLHGHU13�
(LQ� ZHVHQWOLFKHU� 3XQNW� VFKHLQW� GLH

ELRORJLVFKH�)XQNWLRQ�EH]�JOLFK�GHU�6WUXNWXU
GHU� QDW�UOLFKHQ� 6HOHNWLQ�/LJDQGHQ� ]X� VHLQ�
'HU� LQLWLDOH� $GKlVLRQVSUR]H�� GHU� /HXNR�
F\WHQ� LVW�DXI�HLQH�UHODWLY�VFKZDFKH�:HFKVHO�
ZLUNXQJ� PLW� GHP� (QGRWKHO� RSWLPLHUW�� XP
OHGLJOLFK� GLH� )OLH�JHVFKZLQGLJNHLW� GHU
,PPXQ]HOOHQ� ]X� UHGX]LHUHQ��'LH� HLJHQWOLFKH
)L[LHUXQJ� HUIROJW� �EHU� DQGHUH� $GKlVLRQV�
PROHN�OH� �,QWHJULQH��� ,QWHUHVVDQWHUZHLVH
]HLJHQ� VSKlULVFKH� /LSRVRPHQ�� GLH� DXI� LKUHU
2EHUIOlFKH� V/H[� 0ROHN�OH� WUDJHQ�� HLQH
EHVRQGHUV� KRKH� ,QKLELWLRQVUDWH�� 'LH� GLFKWH
%HOHJXQJ� HUP|JOLFKW� PXOWLYDOHQWH� :HFKVHO�
ZLUNXQJHQ� XQG� YHUYLHOIDFKW� GLH� VFKZDFKH
PRQRYDOHQWH�%LQGXQJ�
'DV� UDWLRQDOH� 'HVLJQ� YRQ� 6LDO\O�/HZLV[�

0LPHWLND� KlQJW� HQWVFKHLGHQG� YRQ� GHU
.HQQWQLV� GHU� GUHLGLPHQVLRQDOHQ� 6WUXNWXU
LKUHU� .RPSOH[H� PLW� (�6HOHNWLQ� DE�� %LVKHU
ZXUGH� QRFK� NHLQH� 5|QWJHQVWUXNWXU� HLQHV
(�6HOHNWLQ�/LJDQG�.RPSOH[HV� YHU|IIHQW�
OLFKW�� 'LH� 6WUXNWXU� YRP� (�6HOHNWLQ� LP
.ULVWDOO� XQG� GLH� DXV� 105�'DWHQ� EH�
UHFKQHWHQ� 6WUXNWXUHQ� YRP� JHEXQGHQHQ
6LDO\O�/HZLV[�VLQG�DEHU�YHUI�JEDU��0LW�GLHVHQ
'DWHQ� LVW� HV� P|JOLFK�� HLQ� 0RGHOO� GHV
.RPSOH[HV� ]X� HUVWHOOHQ�� GDV� DOV� *UXQGODJH
I�U� GLH� (QWZLFNOXQJ� YRQ� ZLUNVDPHQ
,QKLELWRUHQ�GLHQHQ�NDQQ�
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Struktur Zielstruktur Bindungskonstante

IC
50

Bindungsassay

Klasse I 1-Deoxy sLex

sLex11

P-Selektin
P-Selektin

0.044 mM
>1.0 mM

ELISA, P-Selektin-Ig
Fusionsprotein, sLex-
Pentaceramid.

Klasse II
2-(Tetradecylhexadecyl)-3,6-Di-
sulfo-β-D-galacto-pyranosid
Dinatriumsalz21

P-Selektin
% Inhibition bei 0.3 mM
65 ± 3

FACScan, immobi-
lisiertes Selektin-IgG
Fusionsprotein, HL-60
Zellen.

2-(Tetradecylhexadecyl)-3,6-Di-
sulfo-β-D-galactopyranosid
Dinatriumsalz

L-Selektin 94 ± 10 FACScan, immobi-
lisiertes Selektin-IgG
Fusionsprotein, HL-60
Zellen.

2-(Tetradecylhexadecyl-O-(3,4-
Bis-phospho-β-D-galacto-
pyranosyl)-(1-4)-β-D-glyco-
pyranosid Tetranatriumsalz

E-Selektin 46 ± 5 FACScan, immobi-
lisiertes Selektin-IgG
Fusionsprotein, HL-60
Zellen.

N-(2-Tetradecylhexadecanoyl)-
O-(α-L-fucopyranosyl)-L-seryl-D-
glutaminsäure-1-methylamid18

sLex

P-Selektin
L-Selektin
E-Selektin
P-Selektin
L-Selektin
E-Selektin

0.5 mM
6.0 mM
13 mM
0.6 mM
>1 mM
>1 mM

ELISA, Selektin-Ig
Fusionsprotein, sLex-
Pentaceramid.

(2S)-3-Cyclohexyl-2-O-1-O-
[(1R,2R)2-O-(α-L-
fucopyranosyl)-cyclohexyl]-β-
D-galactopyrano-3-yl-2-methyl-
propanoat.12

E-Selektin 0.1 mM ELISA, E-Selektin-
hIgG, sLex-Polymer.

(2S,3R,4E)-3-benzoyloxy-2-
hexadecanoylamino-1-[2,3-di-
O-benzoyl-4,6-di-O-
carboxymethyl-α-D-
galactopyranosyloxy]-4-
octadecen22

E-Selektin
P-Selektin

L-Selektin
P-Selektin

P-Selektin

11 µM
9.5 µM

10 µM
18 µM

28 ± 10 µM

FACScan, immobi-
lisiertes Selektin-Ig
Fusionsprotein, HL-60
Zellen.
FACScan, immobi-
lisiertes Selektin-Ig
Fusionsprotein,
LS180-Zellen.
FACScan, Blutplät-
chen, HL-60 Zellen.

Klasse III Tetra-sLex-Glycan
Verzweigter Poly-N-
Acetyllactosamincore24

E-Selektin < 0.05 µM Stamper-Woodruff-
binding Assay27.

Tetra-sLex-Glycan
Linearer Poly-N-
Acetyllactosamincore25

L-Selektin 1 nM Stamper-Woodruff-
binding assay.

LysGlyGlyLys[sLex-(CH
2
)
7
]
3

23 mAb
CSLEX1
E-Selektin

Akt. HUVEC

23 µM

110 µM

1000 µM

RIA, immobilisierte
HepG2 Zellen.
RIA, immobilisiertes
E-Selektin.
RIA, aktivierte
HUVECs.

3 mol% sLex Liposomen23 mAb
CSLEX1
E-Selektin

Akt. HUVEC

0.033 nM

6 nM

74 nM

RIA, immobilisierte
HepG2 Zellen.
RIA, immobilisiertes
E-Selektin.
RIA, aktivierte
HUVECs.

Klasse IV Tyrosin(37)-Tryptophan(50)26 P-Selektin
E-Selektin

53 µM
57 µM

ELISA,
immobilisiertes
Selektin-IgG
Fusionsprotein,
Humane
Neutrophile

7DEHOOH �� (LQH $XVZDKO YRQ 6HOHNWLQ�,QKLELWRUHQ PLW LKUHQ %LQGXQJVNRQVWDQWHQ�
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2.6 Kombinatorische
Kohlenhydrat-Bibliotheken

,P�*HJHQVDW]�]XU�WUDGLWLRQHOOHQ�6\QWKHVH
YRQ�HLQ]HOQHQ�6XEVWDQ]HQ��GLH� DQVFKOLH�HQG
DXI� LKUH� %LQGXQJVDNWLYLWlW� JHWHVWHW� ZHUGHQ�
LVW�GLH�NRPELQDWRULVFKH�&KHPLH�LQ�GHU�/DJH�
LQ� NXU]HU� =HLW� HLQH� 9LHO]DKO� YRQ� 9HU�
ELQGXQJHQ� LQ� )RUP� YRQ� 6XEVWDQ]�
%LEOLRWKHNHQ�]X�HU]HXJHQ�
'LH� .RKOHQK\GUDWH� VLQG� DEHU� DXIJUXQG

LKUHU� 3RO\IXQNWLRQDOLWlW� XQG� GHU� DXI�
ZHQGLJHQ�6\QWKHVH�YRQ�VHOHNWLY�JHVFK�W]WHQ
0RQRVDFFKDULG�%DXVWHLQHQ� QXU� PLW� JUR�HP
$XIZDQG� LQ� GHU� NRPELQDWRULVFKHQ� &KHPLH
HLQVHW]EDU��(UVFKZHUHQG� NRPPW� KLQ]X�� GD�
EHL� MHGHU� *O\FRV\OLHUXQJ� HLQ� QHXHV� VWHUHR�
JHQHV�=HQWUXP�HQWVWHKW��α��XQG�β�$QRPHU��
9HU]ZHLJXQJHQ�RGHU�0RGLILNDWLRQHQ��ZLH�GLH
6XOIDWLHUXQJ� RGHU� 3KRVSKDWLHUXQJ� N|QQHQ
GLH� 6\QWKHVH� ]XVlW]OLFK� NRPSOL]LHUHQ�� 'HQ�
QRFK� ZXUGHQ� LQ� GHQ� OHW]WHQ� I�QI� -DKUHQ
HLQLJH� QHXH� 6WUDWHJLHQ� I�U� GLH� 6\QWKHVH� YRQ
.RKOHQK\GUDW�%LEOLRWKHNHQ�HQWZLFNHOW28�
*UXQGVlW]OLFK�XQWHUWHLOW�PDQ� LQ�)HVWSKD�

VHQ�6\QWKHVHQ� XQG� 5HDNWLRQHQ�� GLH� LQ� /|�
VXQJ� GXUFKJHI�KUW� ZHUGHQ��'HU� 9RUWHLO� GHU
)HVWSKDVH� OLHJW� LQ� GHU� ZLHGHUKROEDUHQ� 8P�
VHW]XQJ�PLW� 5HDJHQ]LHQ� XQG� GHUHQ� OHLFKWHQ
(QWIHUQXQJ� GXUFK� EHOLHELJH� 5HLQLJXQJV�
VFKULWWH��0LW�HLQHU�HLQIDFKHQ�6SOLW��XQG�0L[�
6WUDWHJLH� ODVVHQ� VLFK� VR� VHKU� VFKQHOO� JUR�H
6XEVWDQ]�%LEOLRWKHNHQ� HU]HXJHQ�� $OOHUGLQJV
PX�� QDFK� (UKDOW� HLQHV� KLWV� GLH� DNWLYH
.RPSRQHQWH� GXUFK� HLQ� JHHLJQHWHV� 'HNRQ�
YROXWLRQVYHUIDKUHQ� HUPLWWHOW� ZHUGHQ29�30�� 'LH
,GHQWLIL]LHUXQJ� NDQQ� DXFK� RKQH� 'HNRQ�
YROXWLRQ�� ]�%�� PLW� +LOIH� GHU� IURQWDO� DIILQLW\
FKURPDWRJUDSK\� XQG�PLW� GHU� � 0DVVHQVSHNWUR�
PHWULH� HUIROJHQ31��(LQ�ZHLWHUHU�3XQNW� LVW� GLH
RQ�EHDG�3UlVHQWDWLRQ�GHU�=LHOPROHN�OH�DXI�GHU
2EHUIOlFKH�GHU�)HVWSKDVH��GLH�DOV�0RGHOO�I�U
SRO\YDOHQWH�:HFKVHOZLUNXQJHQ�GLHQHQ�NDQQ�
'HVZHLWHUHQ� XQWHUVFKHLGHW� PDQ� EHL� GHU

6\QWKHVH� YRQ� .RKOHQK\GUDW�%LEOLRWKHNHQ
]ZLVFKHQ� 6\QWKHVHQ� HLQHV� JHVFK�W]WHQ
*O\FRV\OGRQRUV�PLW� HLQHP� IUHLHQ32� RGHU�PLW
HLQHP� JHVFK�W]WHQ� $N]HSWRU33�� 'LH� HUVWH
6WUDWHJLH� ZXUGH� HQWZLFNHOW�� XP� GLH
HUKHEOLFKHQ� 6\QWKHVHDQIRUGHUXQJHQ� GHU

RUWKRJRQDO� JHVFK�W]WHQ� 6DFFKDULG�%DXVWHLQH
]X� YHUPHLGHQ34�� 1DFK� GHP� 9RUELOG� GLHVHV
9HUIDKUHQ� ZXUGH� DXFK� GLH� LQ� GLHVHU� $UEHLW
YHUZHQGHWH� IXFRV\OLHUWH� XQG� VXOIDWLHUWH
7ULVDFFKDULG�%LEOLRWKHN� KHUJHVWHOOW�� $XV�
JDQJVSXQNW�ZDU�HLQ�SHUEHQ]\OLHUWHV�)XFRV\O�
7ULFKORUDFHWLPLGDW�� GDV� DQ� HLQHQ� IUHLHQ
/DFWRVH�$N]HSWRU� JHNRSSHOW� ZLUG�� 'LH
5HDNWLRQ� ZXUGH� LQ� /|VXQJ� GXUFKJHI�KUW�
'HU�+DXSWQDFKWHLO� GLHVHV�9HUIDKUHQ� OLHJW� LQ
GHU� XQJHQ�JHQGHQ� .RQWUROOH� GHV� *O\FR�
V\OLHUXQJVJUDGV�� VR� GD�� 0HKUIDFK�*O\FR�
V\OLHUXQJHQ� XQYHUPHLGOLFK� VLQG�� =XU� 9HU�
PHLGXQJ� GLHVHV� 3UREOHPV� ZXUGH� HLQH
6WUDWHJLH� HQWZLFNHOW�� LQ� GHU� GHU� 'RQRU� XQG
GHU�$N]HSWRU� JHVFK�W]W� VLQG35��(LQ� ]HQWUDOHU
RUWKRJRQDO� JHVFK�W]WHU� EXLOGLQJ� EORFN� ZLUG
QDFK� VHOHNWLYHU� (QWVFK�W]XQJ� PLW� HLQHP
7KLRJO\FRVLG�'RQRU� XPJHVHW]W�� 1DFK� HU�
QHXWHU� (QWVFK�W]XQJ� XQG� DQVFKOLH�HQGHU
.RSSOXQJ� HUKlOW� PDQ� VR� YHU]ZHLJWH
2OLJRVDFFKDULGH�
$OV� )HVWSKDVHQ�6\QWKHVH� ZXUGH� HLQ� EL�

GLUHNWLRQDOHU� $QVDW]� HQWZLFNHOW�� (LQ� LP�
PRELOLVLHUWHU� %HQ]\O�� XQG� 7HWUDK\GUR�
S\UDQ\O�JHVFK�W]WHU� 7KLRJO\FRVLG�'RQRU
UHDJLHUW� SDUDOOHO� PLW� PHKUHUHQ� XQWHU�
VFKLHGOLFKHQ� *O\FRV\O�$N]HSWRUHQ� ]X� YHU�
VFKLHGHQHQ� 'LVDFFKDULGHQ�� 1DFK� 9HU�
HLQLJXQJ� XQG� $EVSDOWXQJ� GHU� 7HWUDK\GUR�
S\UDQ\O�6FKXW]JUXSSH� YRP� XUVSU�QJOLFKHQ
'RQRU� HUIROJW� HLQH� HUQHXWH� 8PVHW]XQJ�PLW
HLQHP� ZHLWHUHQ� %HQ]\O�JHVFK�W]WHQ
7KLRJO\FRVLG�'RQRU� ]XU� 7ULVDFFKDULG�
%LEOLRWKHN36�
7URW]� GHV� ]XQHKPHQGHQ� ,QWHUHVVHV� DQ

GHQ� ]DKOUHLFKHQ� DQ� *O\FRSURWHLQHQ� XQG
=HOOREHUIOlFKHQ� YRUNRPPHQGHQ� 2OLJR�
VDFFKDULGHQ�� ZXUGHQ� LQVJHVDPW� QXU� UHODWLY
ZHQLJH� 6WUDWHJLHQ� ]XU� 6\QWKHVH� YRQ
NRPELQDWRULVFKHQ� .RKOHQK\GUDW�%LEOLR�
WKHNHQ� HQWZLFNHOW�� 9LHOPHKU� ZHUGHQ� RIW
3DUDOOHODQVlW]H� JHZlKOW�� GLH� MHGRFK� HKHU
$QRUGQXQJHQ� DQDORJHU� 9HUELQGXQJHQ
GDUVWHOOHQ��DOV�ZLUNOLFKH�%LEOLRWKHNHQ37�
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2.7 Die E-Selektin Bindungsstelle

'LH�HUVWH�5|QWJHQVWUXNWXU�HLQHU�6HOHNWLQ�
lKQOLFKHQ� 0XWDQWH� GHV� UDW� PDQQRVH�ELQGLQJ
3URWHLQV� �0%3�$�� ZXUGH� ����� PLW� ���� c
$XIO|VXQJ� DXIJHNOlUW38�� 'LH� &DOFLXPDE�
KlQJLJNHLW� GHU� %LQGXQJ� GHV� ]XP� &�7\S
JHK|UHQGHQ� /HNWLQV� NRQQWH� PLW� GHU� &5'�
'RPlQH� �FDUERK\GUDWH� UHFRJQLWLRQ� GRPDLQ�� LP
.RPSOH[� PLW� HLQHP� $VSDUDJLQ\O�2OLJR�
VDFFKDULG� JH]HLJW� ZHUGHQ�� (V� ZXUGHQ
LQVJHVDPW�GUHL�JHEXQGHQH�&DOFLXPDWRPH�DQ
YHUVFKLHGHQHQ� 6WHOOHQ� JHIXQGHQ�� ZREHL� VLFK
]ZHL� &DOFLXPDWRPH� GLHVHOEHQ� $PLQRVlXUHQ
�*OX����XQG�$VS�����WHLOHQ�
1XU� GLH� WHUPLQDOH� 0DQQRVH� ]HLJW

.RQWDNWH�]XU�&5'�5HJLRQ�XQG�NRPSOH[LHUW
PLW�GHU�DQ�GHU����XQG���3RVLWLRQ�VWHKHQGHQ
+\GUR[\OJUXSSH� GDV� &DOFLXP� ]ZHL� ]X� HLQHU
SHQWDJRQDOHQ� %LS\UDPLGH�� 'LH� .RRUGLQLHU�
XQJ�GHU�0DQQRVH�HUIROJW�LQ�DSLFDOHU�3RVLWLRQ�
VR� GD�� GDV� &DOFLXP� ��IDFK� NRRUGLQLHUW� LVW�
-HZHLOV� HLQ� (OHNWURQHQSDDU� GHU� +\GUR[\O�
JUXSSHQ� LVW� GHP� &DOFLXP� ]XJHZDQGW�� 'DV
:DVVHUVWRIIDWRP� GHU� ��2+� 3RVLWLRQ� ELOGHW
HLQH�:DVVHUVWRIIEU�FNH�PLW�GHP�&DUER[\ODW
YRP�*OX�����'DV�6DXHUVWRIIDWRP�GHU���2+
*UXSSH� GLHQW� DOV� :DVVHUEU�FNHQDN]HSWRU
]XP� $PLGSURWRQ� GHU� $VSDUDJLQVHLWHQNHWWH�
,Q� GHU� .RKOHQK\GUDW�IUHLHQ� .ULVWDOOVWUXNWXU
�EHUQLPPW�HLQ�:DVVHUPROHN�O�GLH�5ROOH�GHU
0DQQRVH�� 'LHVHU� %LQGXQJVPRGXV� XQWHU�
VFKHLGHW� VLFK� ZHVHQWOLFK� YRQ� GHP� GHU
3IODQ]HQOHNWLQH� �&RQFDQDYDOLQ� $39�� (U\WULQD
FRUDOORGHQGURQ� /HNWLQ40�� � /DWK\UXV� RFKUXV� ,VR�
OHNWLQ41��� %HL� GLHVHQ� /HNWLQHQ� GLHQHQ� GLH
0HWDOOLRQHQ� ]XU� VWUXNWXUHOOHQ� ,QWHJULWlW� XQG
3RVLWLRQLHUXQJ� GHU� DQ� GHU� .RKOHQK\GUDW�
ELQGXQJ� EHWHLOLJWHQ� $PLQRVlXUHQ� XQG� VLQG
QLFKW� GLUHNW� DP� =XFNHU� NRRUGLQLHUW�
0XWDJHQHVH�([SHULPHQWH� ]HLJWHQ�� GD�� EHL
HLQHU�0XWDWLRQ� GHU� $PLQRVlXUH� $VQ���� ]X
$VS�GLH�)lKLJNHLW�]XU�%LQGXQJ�GHV�&DOFLXPV
HUKDOWHQ� EOHLEW�� HLQH� %LQGXQJ� ]XU� 0DQQRVH
MHGRFK�QLFKW�PHKU�]X�HUNHQQHQ�LVW42�
�'LH� %LQGXQJVVSH]LILWlW� GHV� 0%3�$� LVW

QLFKW� DXI� GLH� '�0DQQRVH� EHVFKUlQNW�
YLHOPHKU�ZLUG� DXFK�1�$FHW\O�'�JOXFRVDPLQ
�*OF1$F��� '�*OXFRVH� XQG� /�)XFRVH
HUNDQQW��,KQHQ�LVW�JHPHLQVDP��GD��EHL�HLQHU
6XSHUSRVLWLRQLHUXQJ� GHU� 5LQJDWRPH� GLH� ��

XQG� ��2+�*UXSSHQ� LQ� lTXDWRULDOHU� /DJH
VLQG� XQG� VRPLW� GDV� &DOFLXP� NRRUGLQLHUHQ
N|QQHQ�� %HL� GHU� /�)XFRVH� LVW� GLHV� QXU
P|JOLFK�� ZHQQ� GLH� &��� XQG� &��3RVLWLRQ
JHJHQ�EHU� GHU� '�0DQQRVH� DXVJHWDXVFKW
VLQG��'�*DODFWRVH�ZLUG�QLFKW�JHEXQGHQ��'LH
D[LDOH� ��2+� *UXSSH� NDQQ� QLFKW� PLW� GHP
&DOFLXP�ZHFKVHOZLUNHQ� XQG� �EHUODJHUW� VLFK
PLW�GHU�3RVLWLRQ�GHV�&β�$WRPV�YRP�+LV����
$OV�%DVLV�I�U�YLHOH�ZHLWHUH�$UEHLWHQ�GLHQWH

GLH� 5|QWJHQVWUXNWXU� GHU� OHF�(*)�'RPlQH
GHV�(�6HOHNWLQV�YRQ�����43��'LH��'�6WUXNWXU
GHV� LQ� &+2�=HOOHQ� H[SULPLHUWHQ� 3URWHLQV
NRQQWH� PLW� HLQHU� $XIO|VXQJ� YRQ� ����c
DXIJHNOlUW� ZHUGHQ�� =XVlW]OLFK� ZXUGH� GDV
3URWHLQ�PLW�1�*O\FDQDVH�GHJO\FRV\OLHUW�
'DV�JHQHUHOOH�)DOWXQJVPXVWHU�LVW�GHP�GHV

UDW� PDQQRVH�ELQGLQJ� 3URWHLQ� VHKU� lKQOLFK�
REZRKO�GLH�6HTXHQ]KRPRORJLH�QXU� FD�� ���
EHWUlJW�� 'LH� VWUXNWXUHOOHQ� 8QWHUVFKLHGH
YHUWHLOHQ� VLFK� DXI� YHUVFKLHGHQH� %HUHLFKH�
,QVHUWLRQHQ� EHL� $PLQRVlXUH� ������ XQG
������ YHUJU|�HUQ� HLQHQ� /RRS� E]Z�
YHUOlQJHUQ�HLQHQ�β�6WUDQJ��β��XQG�β����(LQH
ZHLWHUH�ZHVHQWOLFKH�9HUlQGHUXQJ�HUJLEW�VLFK
LP�/RRS�HLQHU�&DOFLXPELQGXQJVVWHOOH��$6����
�����&DOFLXPELQGXQJVVWHOOH�HLQV�LP�0%3�$��
2EZRKO� KLHU� NHLQH� ,QVHUWLRQ� RGHU�'HOHWLRQ
VWDWWILQGHW�� JHKW� GXUFK� $XVWDXVFK� YRQ
*O\���� XQG� *O\���� LQ� *OQ� XQG� $VS� HLQH
&DOFLXP�%LQGXQJVVWHOOH� LP� (�6HOHNWLQ
YHUORUHQ�� %HPHUNHQVZHUW� LVW�� GD�� GLH
&DOFLXP�%LQGXQJVWHOOH�VRZRKO�VWUXNWXUHOO�DOV
DXFK� VHTXHQWLHOO� GHP� 0%3�$� HQWVSULFKW
�7DEHOOH� ����1XU� GDV�*OX���GLIIHULHUW� LQ� GHU
3RVLWLRQ� XQG� NDQQ� VRPLW� QLFKW� PLW� GHP
&DOFLXP�NRRUGLQLHUHQ�

MBP-A E-Selektin (lec/EGF)

Glu185, Asn187,
Glu193, Asn205, Asp206

Glu80, Asn82, Glu88,
Asn105, Asp106

7DEHOOH �� 6HTXHQ]YHUJOHLFK LP %HUHLFK GHU
&DOFLXPELQGXQJVVWHOOH� 0%3�$�(�6HOHNWLQ
�OHF�(*)�� *OX�� LVW LP (�6HOHNWLQ QLFKW PHKU
DQ GHU &DOFLXPELQGXQJ EHWHLOLJW�

(LQH�YRQ�GHQ�LQVJHVDPW�GUHL�JHIXQGHQHQ
&DOFLXP�%LQGXQJVVWHOOHQ� LVW� GXUFK� GLH
.ULVWDOOLVDWLRQ� EHGLQJW�� ,P� QDWLYHQ� 6\VWHP
ZHUGHQ� OHGLJOLFK� ]ZHL� 0HWDOODWRPH� LQ� GHU
&5'�5HJLRQ� NRRUGLQLHUW�� (LQ� &DOFLXPDWRP
DP� *OX����� $VQ����� *OX����� $VQ���� XQG
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$EELOGXQJ �� 'LH OHF�(*)�'RPlQH GHV (�6HOHNWLQV LVW DOV &RQQROO\�2EHUIOlFKH GDUJHVWHOOW� 'DV
NRRUGLQLHUWH &DOFLXP LVW JHOE HLQJHIlUEW� GLH URWHQ $PLQRVlXUHQ VLQG DQ GHU &DOFLXPELQGXQJ EHWHLOLJW XQG
GLH GXQNHOEODXHQ $PLQRVlXUHQ VLQG I�U GLH %LQGXQJ GHV V/H[ HVVHQWLHOO�

�DP� $VS� ���� XQG� HLQ� &DOFLXPDWRP� DP
*OX����XQG�DP�$VS����
0LW� +LOIH� YRQ� 0XWDJHQHVHH[SHUL�

PHQWHQ44�45� NRQQWH� JH]HLJW� ZHUGHQ�� GD�
IROJHQGH� $PLQRVlXUHQ� I�U� GLH� %LQGXQJV�
DIILQLWlW�ZLFKWLJ� VLQG��7\U����$VQ����$VQ���
*OX����7\U����$UJ����/\V����XQG�/\V�����,Q
$EELOGXQJ� �� LVW� GLH�.RKOHQK\GUDWELQGXQJV�
WDVFKH�PLW�GHP�&DOFLXP�XQG�GHQ�HVVHQWLHOOHQ
$PLQRVlXUHQ�JH]HLJW�
,Q� QHXHUHQ� 6WXGLHQ� ZXUGH� HLQH� 0%3�$

0XWDQWH�� LQ� GHU� GLH� $PLQRVlXUHQ� �������
JHJHQ� GUHL� /\VLQH� DXVJHWDXVFKW� ZXUGHQ�
HLQ]HOQ�� LP�.RPSOH[�PLW� V/H[�� �¶�6XOIR�/H[

XQG� �¶�6XOIR�/H[� NULVWDOOLVLHUW46�� 'XUFK� GLH
%LQGXQJ� GHU� /LJDQGHQ� ZXUGH� GLH� .ULVWDOO�
VWUXNWXU� GHV� 3URWHLQV� NDXP� EHHLQIOX�W�� 'LH
5|QWJHQVWUXNWXUDQDO\VH��PLW�HLQHU�$XIO|VXQJ
YRQ� ��������� c�� ]HLJWH� HLQH� .RRUGLQLHUXQJ
GHU�)XFRVH�QLFKW��EHU�GLH���2+�XQG���2+
*UXSSH�²�ZLH�EHL�GHU�0DQQRVH� �0%3�$��²
VRQGHUQ��EHU�GLH� ��2+�XQG���2+�*UXSSH
DP� &DOFLXP�� 'DV� /\V����� ZHOFKHV
NRPSOHPHQWlU� ]XP� /\V���� LP� (�6HOHNWLQ
LVW�� ELOGHW� PLW� GHP� 6LDO\O�/HZLV[� XQG� GHP
�¶�6XOIR�/HZLV[� HLQH� :DVVHUVWRIIEU�FNH� ]XU

��2+� *UXSSH� GHU� *DODFWRVH� DXV�� ,P
�¶�6XOIR�/HZLV[� .RPSOH[� HUIROJW� HLQH
6WDELOLVLHUXQJ� GHU� %LQGXQJ� LQ� )RUP� HLQHU
6DO]EU�FNH� ]XU� 6XOIDWJUXSSH�� =XVlW]OLFK
ILQGHW� VLFK� LP� 6LDO\O�/HZLV[� .RPSOH[� HLQH
:DVVHUVWRIIEU�FNH� YRP� H[RF\FOLVFKHQ
$FHWDPLGR�6DXHUVWRII�]XP�1δ��GHV�$VQ����
(LQH� ZHLWHUH� :DVVHUVWRIIEU�FNH� ELOGHW� GLH
��2+�*UXSSH�GHV�*OF1$F�]XP�+LV����DXV�
'LHVHV� +LVWLGLQ� LVW� MHGRFK� LP� (�6HOHNWLQ
QLFKW� LQ� GHU� %LQGXQJVUHJLRQ� ORNDOLVLHUW� XQG
LVW� VRPLW� QLFKW� DQ� GHU� %LQGXQJ� ]XP
/LJDQGHQ� EHWHLOLJW43�� (EHQIDOOV� EHILQGHW� VLFK
LP� 0%3�$� DQ� GHU� 3RVLWLRQ�� LQ� GHU� LP
(�6HOHNWLQ� GDV� 7\U��� VLW]W�� GDV� 9DO����
'LHVHV� 7\U��� VFKHLQW� DEHU� DXIJUXQG� YRQ
0XWDJHQHVH�([SHULPHQWHQ�HVVHQWLHOO�I�U�GHQ
%LQGXQJVPRGXV� GHV� V/H[� ]X� VHLQ�� ,Q
%LQGXQJVPRGHOOHQ11� YHUVWlUNW� HLQH� :DVVHU�
VWRIIEU�FNH�]XU���2+�*UXSSH�GHU�*DODFWRVH
GLH�%LQGXQJVDIILQLWlW�]XP�(�6HOHNWLQ��'XUFK
FKHPLVFKH�0RGLILNDWLRQHQ�DQ�GHU���2+�XQG
��2+� *UXSSH� GHU� *DODFWRVH� NRQQWH� HLQH
%HWHLOLJXQJ�GLHVHU�*UXSSHQ�DP�(UNHQQXQJV�
SUR]H��QDFKJHZLHVHQ�ZHUGHQ47��0LWWHOV�67'
105�6SHNWURVNRSLH�ZXUGH�GLHVHV�EHVWlWLJW48�



Einleitung

��

$EELOGXQJ �� 6WHUHRGDUVWHOOXQJ GHU 0%3�$�0XWDQWH �U DW PDQQRVH�ELQGLQJ 3URWHLQ� LP .RPSOH[ PLW
6LDO\O�/HZLV[� 'DV 3URWHLQ LVW DOV &RQQROO\�2EHUIOlFKH GDUJHVWHOOW� 'DV NRRUGLQLHUWH &DOFLXP LVW JHOE
HLQJHIlUEW� GLH URWHQ $PLQRVlXUHQ VLQG DQ GHU &DOFLXPELQGXQJ EHWHLOLJW XQG GLH GXQNHOEODXHQ
$PLQRVlXUHQ VLQG I�U GLH %LQGXQJ GHV V/H[ HVVHQWLHOO� =XVlW]OLFK LVW GDV 9DO��� JU�Q HLQJHIlUEW� $Q GLHVHU
3RVLWLRQ EHILQGHW VLFK LP (�6HOHNWLQ GDV 7\U��� GDV ZLFKWLJ I�U GHQ %LQGXQJVPRGXV GHV 6LDO\O�/HZLV[ LVW�

(LQ� 0RGHOONRPSOH[� GHV� (�6HOHNWLQV49

]HLJW�� GD�� GDV� $UJ��� HLQH� LRQLVFKH
,QWHUDNWLRQ� PLW� GHU� &DUER[\ODWJUXSSH� GHU
6LDOLQVlXUH�GHV�6LDO\O�/HZLV[�DXVELOGHW��,Q�GHU
5|QWJHQVWUXNWXU� GHU� 0%3�$� 0XWDQWH� ]HLJW
GLH� 6LDOLQVlXUH� NHLQH� 3URWHLQNRQWDNWH�� 'LH
6LDOLQVlXUH� LVW� YLHOPHKU� LQ� GHU� 1lKH� YRQ
/\V����ORNDOLVLHUW�
2E� HLQH� %LQGXQJVKRPRORJLH� GHV� 6LDO\O�

/HZLV[� ]ZLVFKHQ� GHU� 0%3�$� 0XWDQWH� XQG
GHP� (�6HOHNWLQ� EHVWHKW�� LVW� XQNODU�� 'LH
$PLQRVlXUHQ�GHU�&DOFLXPELQGXQJVVWHOOH�XQG
GHUHQ� GUHLGLPHQVLRQDOHQ� *HVWDOW� VLQG� ]ZDU
GHQHQ� GHV� (�6HOHNWLQ� VHKU� lKQOLFK�� DQGHUH
$PLQRVlXUHQ�ZLH�GDV�+LV�����7\U����$UJ��
XQWHUVFKHLGHQ�VLFK�MHGRFK�PD�JHEOLFK��$XFK
GLH� 3RVLWLRQ� GHU� 6LDOLQVlXUH� LP� 0%3�$
.RPSOH[� LVW� ZDKUVFKHLQOLFK� LP� %LQGXQJV�
PRGXV� PLW� GHP� (�6HOHNWLQ� QLFKW� ZLHGHU�
]XILQGHQ�� ,P� 0%3�$� .RPSOH[� OLHJW� GLH
QHJDWLYH� /DGXQJ� GHU� 6LDOLQVlXUH� DX�HUKDOE

GHU� .DYLWlW� ²� HV� LVW� ]X� YHUPXWHQ�� GD�� GLH
QHJDWLYH�/DGXQJ�GHU�&DUER[\ODWJUXSSH� HKHU
GXUFK� HLQH� SRVLWLYH� /DGXQJ� HLQHU
$PLQRVlXUH� DXI� GHU� 3URWHLQREHUIOlFKH
DEJHVlWWLJW�ZLUG�

2.8 Die bioaktive Konformation
des sLex

$OOH� GUHL� 6HOHNWLQH� HUNHQQHQ� GDV� JOHLFKH
*UXQGPRWLY�� V/H[� XQG� V/HD�� 'LH� ELRDNWLYH
.RQIRUPDWLRQ� GHV� 7HWUDVDFFKDULGV� NRQQWH
PLW� +LOIH� YRQ� 105�8QWHUVXFKXQJHQ� XQG
GLVWDQFH�JHRPHWU\� 9HUIDKUHQ� HUPLWWHOW
ZHUGHQ50�51�52�53�54�
)�U�GLH�105�$QDO\VH�VLQG�GLH�WUDQVIHUUHG�

12(6<� ([SHULPHQWH� YRQ� EHVRQGHUHU
%HGHXWXQJ55�56�57�58�59�� 0LW� GLHVHU� 0HWKRGH
JHOLQJW�HV��/LJDQGHQ�LP�JHEXQGHQHQ�=XVWDQG
105�VSHNWURVNRSLVFK� ]X� XQWHUVXFKHQ�

His189 His189
Lys211 Lys211

Val199 Val199

Glu185 Glu185Asn205 Asn205

Asp206 Asp206

Glu193 Glu193

Asn187 Asn187
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*UXQGODJH� LVW� HLQH� UHYHUVLEOH� %LQGXQJ� GHV
/LJDQGHQ� DP� 3URWHLQ� XQG� HLQH� 'LV�
VR]LDWLRQVNRQVWDQWH� .'� YRQ� ��

��� >0@� ELV
�����>0@�� 'LH� $XVZHUWXQJ� YRQ� WU12(�
$XIEDXUDWHQ� HUJLEW� GDQQ� ,QWHUSURWRQ�
GLVWDQ]HQ�� GLH� DOV� FRQVWUDLQWV� ]X� HLQHU
GUHLGLPHQVLRQDOHQ�6WUXNWXU�I�KUHQ�
,Q� /|VXQJ� OLHJW� GDV� V/H[� DOV� NRPSOH[HV

*HPLVFK� YRQ� .RQIRUPHUHQ� YRU�� GDV
KDXSWVlFKOLFK� GXUFK� GLH� 9DULDELOLWlW� GHU
α�'�1HX1$F�������β�'�*DO� JO\FRVLGLVFKHQ
%LQGXQJ� JHSUlJW� LVW60�61�62�63�� $P� (�6HOHNWLQ
JHEXQGHQ�� OLHJW� GDV� 7HWUDVDFFKDULG� QXU� LQ
HLQHU�.RQIRUPDWLRQ�YRU��$EE����51�52�54�

$EELOGXQJ �� %LRDNWLYH .RQIRUPDWLRQ GHV
7HWUDVDFFKDULGV V/H[51�

'LH� 7RUVLRQVZLQNHO� GHU� JO\FRVLGLVFKHQ
%LQGXQJHQ�VLQG�LQ�7DEHOOH���JH]HLJW�

φ (H1-C1-O1-Cx,

für NeuNAc
C1-C2-O2-Cx)

ψ (C1-O1-Cx-Hx),

für NeuNAc
C2-O2-Cx-Hx)

NeuNAc/Gal -76° ± 10°, 6° ± 10°,
-58° ± 5° -22° ± 5°
-43° -12°

Gal/GlcNAc 39° ± 10°, 12° ± 6°,
24° ± 5° 34° ± 3°
45° 19°

Fuc/GlcNAc 38° ± 7°, 26° ± 6°,
71° ± 3° 14° ± 2°
29° 41°

7DEHOOH �� *O\FRVLGLVFKH :LQNHO GHU ELRDNWLYHQ
.RQIRUPDWLRQ YRQ V/H[� *H]HLJW VLQG GLH 'DWHQ
YRQ GUHL 105�$QDO\VHQ� :HL� XQWHUOHJW51�
KHOOJUDX XQWHUOHJW52 XQG GXQNHOJUDX XQWHUOHJW54�

2EZRKO�GLH�ELRDNWLYH�.RQIRUPDWLRQ�GHV
V/H[� JXW� EHVFKULHEHQ� LVW� XQG� GLH� 5|QWJHQ�
VWUXNWXU�YRP�(�6HOHNWLQ�EHNDQQW� LVW��NRQQWH

GLH�JHQDXH�3RVLWLRQ�YRP�V/H[�LQ�GHU�3URWHLQ�
ELQGXQJVWDVFKH� QRFK� QLFKW� H[SHULPHQWHOO
QDFKJHZLHVHQ�ZHUGHQ�



��

Methoden 3



Methoden

��

3. Methoden

'LH�(QWZLFNOXQJ�QHXHU�3KDUPDND�LVW�VHKU
NRVWHQLQWHQVLY� ���������0LR�86�'ROODU���GD
VLH� ELV� ]XU� 0DUNWHLQI�KUXQJ� HLQHV� QHXHQ
3URGXNWHV� HLQH� 9LHO]DKO� YRQ� 7HVWYHUIDKUHQ
GXUFKODXIHQ� PX��� %LV� HLQ� 0HGLNDPHQW
�EHUKDXSW� LQ� GLH� NOLQLVFKHQ� 3KDVHQ� HLQWULWW�
YHUJHKHQ� LQ� GHU� 5HJHO� -DKUH�� 'LH� SKDUPD�
NRORJLVFKH�:LUNXQJ�HLQHV�3UlSDUDWHV�JHQ�JW
QLFKW��)UDJHQ�GHU�%LRYHUI�JEDUNHLW��3KDUPD�
NRNLQHWLN�XQG�3KDUPDNRG\QDPLN�ELV�KLQ�]XU
7R[L]LWlW�P�VVHQ�YRUKHU�DQ�LQ�YLWUR�6\VWHPHQ
XQG�7LHUPRGHOOHQ�JHNOlUW�ZHUGHQ�
(LQ� HUVWHU� ZLFKWLJHU� 7HLODVSHNW� LVW� GLH

(QWZLFNOXQJ� HLQHU� /HLWVWUXNWXU� XQG� GHUHQ
2SWLPLHUXQJ�� $XIZHQGLJH� VFUHHQLQJ�9HU�
IDKUHQ� SU�IHQ� ]XQlFKVW� JUR�H� 6XEVWDQ]�
ELEOLRWKHNHQ� DXI� ELRORJLVFKH� $NWLYLWlW�
(UJLEW�VLFK�DXV�GHP�7HVWYHUIDKUHQ�HLQ�KLW��VR
ZLUG� GLHVH� 6XEVWDQ]� LGHQWLIL]LHUW� XQG
GXUFKOlXIW�� IDOOV� VLH� HLQH� QHXH� JHHLJQHWH
/HLWVWUXNWXU�LVW��HLQHQ�2SWLPLHUXQJVSUR]HVV�
7KHRUHWLVFKH� 0HWKRGHQ� LP� %HUHLFK� GHV

:LUNVWRIIGHVLJQV� VHW]HQ� DQ� XQWHUVFKLHG�
OLFKHQ� 3XQNWHQ� DQ�� $EKlQJLJ� YRQ� GHQ
9RUDXVVHW]XQJHQ� HUJHEHQ� VLFK� YHUVFKLHGHQH
9RUJHKHQVZHLVHQ�� $OV� %HLVSLHOH� VLQG� KLHU
/LJDQG�EDVLHUHQGH� 9HUIDKUHQ� ZLH� GLH
&R0)$�� �FRPSDUDWLYH� PROHFXODU� ILHOG� DQDO\VLV�
XQG� 46$5�$QDO\VHQ� �TXDQWLWLYH� VWUXFWXUH�
DFWLYLW\�UHODWLRQVKLS��]X�QHQQHQ��,P�%HUHLFK�GHU
5HFHSWRU�EDVLHUHQGHQ�0HWKRGHQ� ILQGHQ� GDV
GRFNLQJ�XQG�GDV�'H�QRYR�'HVLJQ�$QZHQGXQJ�

3.1 Experimentelle Methoden
zur Untersuchung von
Protein-Ligand-
Wechselwirkungen

'LH� HUVWH� JUXQGOHJHQGH� )UDJH� ODXWHW�
%LQGHW� HLQ� /LJDQG� DQ� GDV� =LHOSURWHLQ�� RGHU
ELQGHW�HU�QLFKW��)�U�GLH�%HDQWZRUWXQJ�GLHVHU
)UDJH� ZXUGHQ� HLQH� 5HLKH� YRQ� %LQGXQJV�
DVVD\V� HWDEOLHUW�� )$&6FDQ� $QDO\VHQ�
(/,6$V�� 5,$V�� %,$FRUH� XQG� )ORXUHV]HQ]�
DVVD\V� XP� QXU� GLH� ZLFKWLJVWHQ� ]X� QHQQHQ�
$OOHQ�0HWKRGHQ�LVW�JHPHLQVDP��GD��QXU�HLQH
$QWZRUW� EH]�JOLFK� GHU� %LQGXQJVVWlUNH� GHV
/LJDQGHQ� HUKDOWHQ� ZLUG�� 'LH� VWUXNWXUHOOHQ
(LJHQVFKDIWHQ� GHU� 3URWHLQ�/LJDQG�:HFKVHO�

ZLUNXQJHQ�VLQG�PLW�GLHVHQ�0HWKRGHQ�MHGRFK
QLFKW� ]XJlQJOLFK�� 1RFK� NRPSOL]LHUWHU� ZLUG
HV� EHL� GHU� 8QWHUVXFKXQJ� YRQ� /LJDQG�
PLVFKXQJHQ�� 'LH� REHQ� DXIJHOLVWHWHQ� 9HU�
IDKUHQ� N|QQHQ� QLFKW� GLH� ELQGHQGH� 6SH]LHV
GLUHNW� DXV� GHU�0LVFKXQJ� LGHQWLIL]LHUHQ��1XU
�EHU� DXIZHQGLJH� 'HNRQYROXWLRQVYHUIDKUHQ
N|QQHQ� %LQGHU� XQG� 1LFKWELQGHU� XQWHU�
VFKLHGHQ�ZHUGHQ��(V�LVW�DOVR�QRWZHQGLJ�QHXH
6WUDWHJLHQ�XQG�0HWKRGHQ�]X�HQWZLFNHOQ��GLH
]XP� VFUHHQLQJ� YRQ� 6XEVWDQ]ELEOLRWKHNHQ
JHHLJQHW� VLQG�� 'LH� 105�6SHNWURVNRSLH� KDW
VLFK�KLHU�DOV�EHVRQGHUV�IUXFKWEDU�HUZLHVHQ�

3.1.1 NMR-Methoden zur
Untersuchung von Protein-
Ligand-Wechselwirkungen

'LH� GHWDLOOLHUWHVWHQ� 'DWHQ� OLHIHUW� GLH
5|QWJHQVWUXNWXUDQDO\VH�� LQ� GHU� HLQ� 3URWHLQ
PLW� VHLQHP� /LJDQGHQ� FRNULVWDOOLVLHUW� ZLUG�
$OOHUGLQJV�JHOLQJW�GLHV�QXU�VHOWHQ�XQG�LVW�PLW
HUKHEOLFKHP�$XIZDQG�YHUEXQGHQ�
'DKHU� JHZLQQW� GLH� 105�6SHNWURVNRSLH

LPPHU� PHKU� DQ� %HGHXWXQJ�� 0LW� LKU� LVW� HV
QLFKW� QXU� P|JOLFK� XQWHU� DQQlKHUQG
SK\VLRORJLVFKHQ�%HGLQJXQJHQ�]X�PHVVHQ��GLH
105�6SHNWURVNRSLH� LVW� DXFK� DOV
]HUVW|UXQJVIUHLH� 0HWKRGH� I�U� YLHOH� QLFKW�
NULVWDOOLVLHUEDUH� 3URWHLQH� GDV� HLQ]LJH
9HUIDKUHQ� I�U� GLH� 6WUXNWXUDQDO\VH�
,QVEHVRQGHUH� WU12(6<��'LIIXVLRQV�EDVLHUWH
VFUHHQLQJ�0HWKRGHQ64�65�� 6lWWLJXQJVWUDQVIHU�
'LIIHUHQ]PHWKRGHQ� XQG� 5HOD[DWLRQ]HLWPHV�
VXQJHQ65� OLHIHUQ� ZHUWYROOH� ,QIRUPDWLRQHQ
�EHU�3URWHLQ�/LJDQG�:HFKVHOZLUNXQJHQ�

3.1.2 Der Nuclear Overhauser

Effect (NOE)

1HEHQ� GHU� VNDODUHQ� .RSSOXQJ
�-�.RSSOXQJ�� XQG� GHUHQ� $EKlQJLJNHLW� YRP
'LHGHUZLQNHO� �EHU� GLH� .DUSOXV�%H]LHKXQJ66�
LVW� GHU�12(67� �1XFOHDU� 2YHUKDXVHU� (IIHFW�� GHU
ZLFKWLJVWH�105�6WUXNWXU�3DUDPHWHU�
$OV� UHLQHV� 5HOD[DWLRQVSKlQRPHQHQ� HQW�

ZLFNHOW� VLFK� GHU� 12(� PLW� GHU� GLSRODUHQ
.UHX]UHOD[WLRQVUDWH� σ,6�� 'LHVH� LVW� ]XP
$EVWDQG� GHU� EHWUDFKWHWHQ� $WRPNHUQH� PLW
GHP�)DNWRU���U��SURSRUWLRQDO��'LH�PLW�GHP
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12(� EHVWLPPWHQ� $EVWlQGH� OLHJHQ� LP
%HUHLFK�]ZLVFKHQ�����c��,P�KRPRQXNOHDUHQ
)DOO� LVW� σ,6� QlKHUXQJVZHLVH� GXUFK� IROJHQGH
*OHLFKXQJ�GHILQLHUW�
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ω  /DPRUIUHTXHQ] GHV EHWUDFKWHWHQ .HUQHV >V��@

'HP�HQWJHJHQ�ZLUNW� GLH� GLUHNWH� GLSRODUH
5HOD[DWLRQ�ρ,6��,P�=ZHLVSLQV\VWHP�NDQQ�GHU
*HVDPW�12(� �η,6�� ZLH� IROJW� EHVFKULHEHQ
ZHUGHQ�
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γ,�6  J\URPDJQHWLVFKH 9HUKlOWQLVVH GHU .HUQH , XQG 6
:�,6  =ZHLTXDQWHQ�EHUJDQJVZDKUVFKHLQOLFKNHLW
:�,6  1XOOTXDQWHQ�EHUJDQJVZDKUVFKHLQOLFKNHLW
:�,  (LQTXDQWHQ�EHUJDQJVZDKUVFKHLQOLFKNHLW

σ,6  .UHX]UHOD[DWLRQVUDWH GHV =ZHLVSLQV\VWHPV

ρ,6  GLUHNWH GLSRODUH 5HOD[DWLRQ

,Q�$EELOGXQJ� �� LVW� GLH�$EKlQJLJNHLW� GHV
PD[LPDOHQ� 12(V� YRP� 3URGXNW� DXV� GHU
6SHNWURPHWHUIUHTXHQ]� ω� XQG� .RUUHODWLRQV�
]HLW� τ&� GDUJHVWHOOW�� 'LH� .RUUHODWLRQV]HLW� LVW
HLQ� 0D�� I�U� GLH� PROHNXODUH� %HZHJOLFKNHLW�
%HL�ωτ&� ����VLQG�:��XQG�:�� LGHQWLVFK�XQG
HV�LVW�NHLQ�12(�EHREDFKWEDU�

$EELOGXQJ �� $EKlQJLJNHLW GHV PD[� KRPR�
QXNOHDUHQ 12( YRQ ωτ&�

'HU� 1XOOGXUFKJDQJ� OLHJW� EHL� HLQHU
6SHNWURPHWHUIUHTXHQ]� YRQ� ���� 0+]� EHL
0ROHN�OHQ� PLW� HLQHU� 0DVVH� YRQ
≈ ����������'D��)�U�GLH�([WUHPD�GHV�H[WUHPH
QDUURZLQJ� OLPLW� �ωτ&� ��� ��� VHKU� NOHLQH
0ROHN�OH��XQG�GHV�VSLQ�GLIIXVLRQ�OLPLW��ωτ&�!!
���VHKU�JUR�H�0ROHN�OH��NDQQ�GHU� VWHDG\�VWDWH
12(�PD[LPDO������E]Z��²��HUUHLFKHQ�

3.1.3 Der transferred Nuclear

Overhauser Effect (trNOE)

'HU� WU12(� �WUDQVIHUUHG� 1XFOHDU� 2YHUKDXVHU
(IIHFW�� ZXUGH� HUVWPDOV� DQ� V\QWKHWLVFK
KHUJHVWHOOWHQ� 2[\WRFLQ�$QDORJD� EHREDFK�
WHW68�69��1RUPDOHUZHLVH�OLHIHUQ�NOHLQH�0ROHN�OH
SRVLWLYH� 12(V� XQG� VFKDUIH� 105�6LJQDOH�
,Q� *HJHQZDUW� GHV� 3URWHLQV� 1HXURSK\VLQ
]HLJWHQ�GLHVH�9HUELQGXQJHQ� MHGRFK�QHJDWLYH
12(V� XQG� EUHLWH� /LQLHQ�� 'HU� JHEXQGHQH
/LJDQG� YHUKlOW� VLFK� DOVR� EH]�JOLFK� VHLQHU
PROHNXODUHQ� %HZHJOLFKNHLW� ZLH� GDV� 3URWHLQ�
'LH� WU12(6<�6LJQDOH� VWHOOHQ� VRPLW� 0LWWHO�
ZHUWH� GHV� JHEXQGHQHQ� XQG� IUHLHQ�=XVWDQGV
GDU�� 'DU�EHU� KLQDXV� N|QQHQ� 3URWRQHQ�
DEVWlQGH� �EHU� WU12(�$XIEDXNXUYHQ� EH�
VWLPPW� ZHUGHQ�� 'HU� :HFKVHO� GHV� 12(�
9RU]HLFKHQV�YRP�ELQGHQGHQ�/LJDQGHQ�NDQQ
DXFK� ]XU� 8QWHUVXFKXQJ� YRQ� 6XEVWDQ]�
ELEOLRWKHNHQ� JHQXW]W� ZHUGHQ70�71�� � ,Q� $E�
ELOGXQJ� �� LVW� GDV� 3ULQ]LS� GHV� WU12(V
GDUJHVWHOOW�

3URWHLQ

N
RQ

N
RII

5HOD[DWLRQ

$EELOGXQJ �� 6FKHPDWLVFKH 'DUVWHOOXQJ GHU
UHYHUVLEOHQ :HFKVHOZLUNXQJ ]ZLVFKHQ HLQHP
3URWHLQ XQG VHLQHP /LJDQGHQ� NRQ XQG NRII VLQG
GLH $VVR]LDWLRQVUDWH E]Z� GLH 'LVVR]LDWLRQVUDWH�
'HU GXQNHOEODX JH]HLFKQHWH /LJDQG HUIlKUW LQ
GHU %LQGXQJVWDVFKH HLQH 0DUNLHUXQJ PLW GHU
.RUUHODWLRQV]HLW GHV 3URWHLQV�
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9RUDXVVHW]XQJ� I�U� GLH� %HREDFKWXQJ� GHV
WU12(V� LVW� HLQH� UHYHUVLEOH� %LQGXQJ� GHV
/LJDQGHQ� DP� 3URWHLQ�� $XVJHKHQG� YRQ� GHU
$QQDKPH�� GD�� GLH� *HVFKZLQGLJNHLWV�
NRQVWDQWH�NRQ�GLIIXVLRQVNRQWUROOLHUW�LVW���NRQ�≅
����Ã�>3@�V����>3@� �3URWHLQNRQ]HQWUDWLRQ��XQG
GLH� 'LVVR]LDWLRQVNRQVWDQWH� LP� %HUHLFK� YRQ
����� ELV� ����� 0� OLHJW�� HUJLEW� VLFK� HLQH
*HVFKZLQGLJNHLWVNRQVWDQWH� NRII� YRQ� ��

�� ELV
���� V���� 'HU� IRUPDOLVWLVFKH� =XVDPPHQKDQJ
LVW�LQ�*OHLFKXQJ���XQG���JH]HLJW�

 PLLP               + Gl. 3

[ ][ ]
[ ]PL

LP
k
k

K
on

off
D

 == ��������������������������������Gl. 4

>3@  3URWHLQNRQ]HQWUDWLRQ >PRO�O@
>/@  /LJDQGNRQ]HQWUDWLRQ >PRO�O@
>3/@  3URWHLQ�/LJDQG�.RPSOH[�.RQ]HQWUDWLRQ >PRO�O@
.'  'LVVR]LDWLRQVNRQVWDQWH >0@
NRII  'LVVR]LDWLRQVUDWH >V��@
NRQ  $VVR]LDWLRQVUDWH >V��@

)�U�GLH�%HREDFKWXQJ�YRQ�WU12(V�LVW�GLH
JHPLWWHOWH� .UHX]UHOD[DWLRQVUDWH� �σ!� YRQ
HQWVFKHLGHQGHU�%HGHXWXQJ��6LH�VHW]W�VLFK�DXV
GHQ�.UHX]UHOD[DWLRQVUDWHQ� GHV� /LJDQGHQ� LP
IUHLHQ� =XVWDQG� σ)� XQG� LP� JHEXQGHQHQ

=XVWDQG� σ%� ]XVDPPHQ�� ,P� JHEXQGHQHQ
=XVWDQG� LVW� GLH� .UHX]UHOD[DWLRQVUDWH� σ%

GLUHNW� SURSRUWLRQDO� ]XU� 0ROHN�OJU|�H� GHV
3URWHLQV�� 6RPLW� OLHIHUQ� .RPSOH[H� PLW
JUR�HQ�3URWHLQHQ�JU|�HUH�WU12(V�

BBFF NN σσσ +=><  Gl. 5

1)  $Q]DKO GHU IUHLHQ 3URWRQHQ�
1%�  $Q]DKO GHU 3URWRQHQ LP JHEXQGHQHQ =XVWDQG�

σ)  .UHX]UHOD[DWLRQVUDWH LP IUHLHQ =XVWDQG�

σ%  .UHX]UHOD[DWLRQVUDWH LP JHEXQGHQHQ =XVWDQG�

)�U� HLQHQ� 12(�� GHU� GHQ� JHEXQGHQHQ
=XVWDQG�UHSUlVHQWLHUW��PX��JHOWHQ�

BBFF NN σσ << Gl. 6

3.1.4 STD NMR-Spektroskopie

'LH�67'�105�6SHNWURVNRSLH��VDWXUDWLRQ�
WUDQVIHU�GLIIHUHQFH�� LVW�HLQH�0HWKRGH�]XU�8QWHU�
VXFKXQJ� YRQ� 6XEVWDQ]ELEOLRWKHNHQ� DXI
%LQGXQJVDNWLYLWlW� DQ� PDNURPROHNXODUHQ
5H]HSWRUHQ�

6XEVWDQ]�

ELEOLRWKHN

3URWHLQ

kon koff

=XQHKPHQGH 6lWWLJXQJ

%LQGHQGHV 0ROHN�O

1LFKWELQGHQGHV

0ROHN�O

6HOHNWLYHU 6lWWLJXQJVSXOV

6lWWLJXQJV�

GDXHU

$EELOGXQJ �� 6FKHPD GHV 6lWWLJXQJVWUDQVIHU� (LQ VHOHNWLYHU 6lWWLJXQJVSXOV YHUWHLOW PLW ]XQHKPHQGHU
6lWWLJXQJVGDXHU �EHU 6SLQGLIIXVLRQ GLH 0DJQHWLVLHUXQJ DXI GDV JHVDPWH 3URWHLQ� 1XU GHU ELQGHQGH /LJDQG
ZLUG JHVlWWLJW XQG JHODQJW �EHU FKHPLVFKHQ $XVWDXVFK ZLHGHU LQ /|VXQJ� ZR HU GHWHNWLHUW ZLUG�
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'DV� 9HUIDKUHQ� LVW� VRZRKO� I�U� GLH� $XI�
QDKPH� YRQ� �'�� VRZLH� ]XU� $XIQDKPH� YRQ
�'�6SHNWUHQ�JHHLJQHW�XQG�OLHIHUW�QXU�6LJQDOH
GHU� ELQGHQGHQ� 6SH]LHV72�73�� ,Q� 3URWHLQHQ� LVW
GLH� 6SLQGLIIXVLRQ� EHVRQGHUV� VWDUN� DXVJH�
SUlJW��hEHU�GDV�JUR�H�1HW]ZHUN�YRQ�GLSRODU
JHNRSSHOWHQ� .HUQHQ� VROOWH� HLQ� 0DJQHWLVLH�
UXQJVWUDQIHU� JXW� JHOLQJHQ�� (LQH� VHOHNWLYH
6lWWLJXQJ� HLQ]HOQHU� 3URWHLQ�5HVRQDQ]HQ
I�KUW� DOVR� VFKQHOO� ]X� HLQHU� 9HUWHLOXQJ� GHU
0DJQHWLVLHUXQJ� DXI� GDV� JHVDPWH� 3URWHLQ74�
%LQGHW�HLQ�QLHGHUPROHNXODUHU�/LJDQG� DQ�GDV
3URWHLQ��VR�ZLUG�GLH�0DJQHWLVLHUXQJ�DXI�GHQ
/LJDQG� �EHUWUDJHQ�� 'LH� (IIL]LHQ]� GHV� 0D�
JQHWLVLHUXQJVWUDQVIHUV�KlQJW�YRQ�GHU�9RUVlW�
WLJXQJVGDXHU�� YRQ� GHU� %LQGXQJVVWlUNH� XQG
YRP�hEHUVFKX��GHV�/LJDQGHQ� DE��'HPHQW�
JHJHQ�ZLUNW�GLH�7��5HOD[DWLRQ�GHV�/LJDQGHQ
LP� IUHLHQ� =XVWDQG�� DOVR� GLH� =HLWNRQVWDQWH
PLW� GHU� VLFK� GLH� *OHLFKJHZLFKWVPDJQHWLVLH�
UXQJ�ZLHGHU�HLQVWHOOW��1LFKW�ELQGHQGH�/LJDQ�
GHQ� HUIDKUHQ� �EHU� GDV� 3URWHLQ� NHLQH� 6lWWL�
JXQJ�XQG�]HLJHQ�EHL�GHP� RQ� UHVRQDQFH�([SH�
ULPHQW� NHLQH� 9HUlQGHUXQJ� GHU� 6LJQDOLQWHQ�
VLWlW��%LOGHW�PDQ�QXQ�GLH�'LIIHUHQ]�DXV�GHP
6SHNWUXP� LQ� GHP� GDV� 3URWHLQ� NHLQH� 6lWWL�
JXQJ� HUIDKUHQ� KDW� �RII� UHVRQDQFH�� XQG� GHP�
ZHOFKHV�GXUFK�9RUVlWWLJXQJ� �RQ� UHVRQDQFH�� DQ
6LJQDOLQWHQVLWlW� YHUORUHQ�KDW�� HUKlOW�PDQ� HLQ
6SHNWUXP��GDV�QXU�5HVRQDQ]HQ�YRP�JHEXQ�
GHQHQ� /LJDQGHQ� HQWKlOW�� (V� LVW� DOOHUGLQJV
GDUDXI� ]X� DFKWHQ�� GD�� GLH� /LJDQGHQ� LQ� GHU
0LVFKXQJ� QLFKW� GLUHNW� YRP� 6lWWLJXQJVSXOV
EHHLQIOX�W�ZHUGHQ�G�UIHQ�

3.1.5 Relaxationszeit-Messungen

'LH� WUDQVYHUVDOH�� XQG� GLH� ORQJLWXGLQDOH
5HOD[DWLRQV]HLW�VLQG�HLQ�0D��I�U�GLH�%HZHJ�
OLFKNHLW� YRQ� PROHNXODUHQ� 6\VWHPHQ�� -H� XQ�
EHZHJOLFKHU� E]Z�� JU|�HU� GDV� 0ROHN�O� LVW�
GHVWR�N�U]HU�ZHUGHQ�GLH� WUDQVYHUVDOHQ�5HOD�
[DWLRQV]HLWHQ� �7��5HOD[DWLRQ��� 1XW]W� PDQ
GLHVHV�3KlQRPHQ�]XU�8QWHUVXFKXQJ�YRQ�5H�
]HSWRU�/LJDQG�:HFKVHOZLUNXQJHQ�� VR� VROOWH
GHU� ELQGHQGH� /LJDQG� PLW� GHU� .RUUHODWLRQV�
]HLW� GHV� 3URWHLQV� PDUNLHUW� VHLQ� XQG� VRPLW
HLQH� N�U]HUH� 7��5HOD[DWLRQV]HLW� EHVLW]HQ� DOV
GHU� IUHLH� /LJDQG75�76�� 'LH� 6LJQDOH� GHU� QLFKW�
ELQGHQGHQ�.RPSRQHQWHQ�VLQG�XQEHHLQIOX�W
XQG� ]HLJHQ� LKU� QRUPDOHV� 5HOD[DWLRQVYHUKDO�
WHQ�� $OV� EHVRQGHUV� HUIROJUHLFK� KDW� VLFK� GLH

0HVVXQJ� GHU� WUDQVYHUVDOHQ� 5HOD[DWLRQV]HLW
�7���KHUUDXVJHVWHOOW

65��GD�KLHU�HLQH�NRQWLQXLHU�
OLFKH�$EQDKPH�GHU�7��=HLW�EHL�LPPHU�JU|�HU
DQZDFKVHQGHU�0ROHNXODUPDVVH� ]X� EHREDFK�
WHQ�LVW��=ZHL�0HWKRGHQ�I�U�GLH�%HVWLPPXQJ
GHU� 7��=HLW� ZHUGHQ� KDXSWVlFKOLFK� DQJH�
ZDQGW�� 'DV� HLQH� 9HUIDKUHQ� EHQXW]W� HLQHQ
VSLQORFN�)LOWHU77�� 'LH� DQGHUH� 0HWKRGH� YHU�
ZHQGHW�]XU�0HVVXQJ�GHU�WUDQVYHUVDOHQ�5HOD�
[DWLRQV]HLW� GLH� &30*�3XOVVHTXHQ]78�� %HL
EHLGHQ�9HUIDKUHQ�ZLUG�GLH�JHVDPWH�0DJQHWL�
VLHUXQJ�LQ�GHU�WUDQVYHUVDOHQ�(EHQH�JHKDOWHQ�
VR�GD��QXU�GLH�6SLQ�6SLQ�5HOD[DWLRQ�ZLUNVDP
LVW�� 'LH� $EQDKPH� GHU� 6LJQDOLQWHQVLWlW� ZLUG
GDQQ� QDFK� XQWHUVFKLHGOLFKHQ� VSLQORFN�=HLWHQ
JHPHVVHQ� XQG� PDQ� HUKlOW� GLH� 7��=HLW�� 'LH
&30*�3XOVVHTXHQ]�EHVWHKW� DXV� HLQHP� VSLQ�
HFKR�WUDLQ��GD��KHL�W�GLH�GXUFK�HLQHQ�����3XOV
HU]HXJWH� WUDQVYHUVDOH� 0DJQHWLVLHUXQJ� ZLUG
GXUFK� HLQH� $EIROJH� YRQ� UHIRNXVVLHUHQGHQ
����� 3XOVHQ� LQ� GHU� [\�(EHQH� JHKDOWHQ��'HU
$EEDX� GHU�0DJQHWLVLHUXQJ� HUIROJW� QXU� �EHU
7���%HLP�VSLQORFN�9HUIDKUHQ�ZLUG�GLH�0DJQH�
WLVLHUXQJ� QDFK� HLQHP� ���� 3XOV� GXUFK� $QOH�
JHQ� HLQHV� VFKZDFKHQ� UI�)HOGHV� LQ� GHU� WUDQV�
YHUVDOHQ�(EHQH�JHKDOWHQ��'HU�$EEDX�HUIROJW
GDQQ� ORQJLWXGLQDO� ]XP� HIIHNWLYHQ� )HOG� XQG
ZLUG� GDQQ� 6SLQ�*LWWHU�5HOD[DWLRQ� LP� URWLH�
UHQGHQ� .RRUGLQDWHQV\VWHP� 7�ρ JHQDQQW�� ,Q
/|VXQJ�LVW�7�ρ DOOHUGLQJV�LGHQWLVFK�PLW�7��

3.2 Das molecular modeling

+RKH� 5HFKQHUOHLVWXQJHQ� KDEHQ� LQ� M�QJ�
VWHU�=HLW�GDV�PROHFXODU�PRGHOLQJ� DOV� QHXHV�$U�
EHLWVJHELHW� DXFK� I�U� 0DNURPROHN�OH� HWD�
EOLHUW��0DQ�YHUVWHKW�XQWHU�GLHVHP�%HJULII�GLH
'DUVWHOOXQJ�� %HUHFKQXQJ� XQG� %HDUEHLWXQJ
YRQ� UHDOLVWLVFKHQ� GUHLGLPHQVLRQDOHQ� 0ROH�
N�OVWUXNWXUHQ� XQG� LKUHQ� SK\VLNRFKHPLVFKHQ
(LJHQVFKDIWHQ�
*UXQGVlW]OLFK� VLQG� ]ZHL� 9RUJHKHQVZHL�

VHQ� P|JOLFK�� 'HU� HLQH� $QVDW]� H[WUDSROLHUW
EHUHLWV� EHNDQQWH� H[SHULPHQWHOOH� 'DWHQ� DXI
GLH� UlXPOLFKH� *HVWDOW� XQG� DXI� GLH� SK\VLNR�
FKHPLVFKH� (LJHQVFKDIWHQ� GHU� ]X� XQWHUVX�
FKHQGHQ�6WUXNWXU��:lKUHQG�GLH� DQGHUH�0H�
WKRGH� YHUVXFKW�� DXVJHKHQG� YRQ� GHQ�1DWXU�
JHVHW]HQ�PLW�P|JOLFKVW�JHQDXHQ�5HFKHQYHU�
IDKUHQ� $XVVDJHQ� ]X� HUKDOWHQ�� +LHU]X� JHK|�
UHQ� GLH� TXDQWHQPHFKDQLVFKHQ� 9HUIDKUHQ
XQG�GLH�.UDIWIHOG�0HWKRGHQ�
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Interaktive Computergraphik Darstellung von 3D-Strukturen

Modellierung kleiner Moleküle Strukturerzeugung (CONCORD, CORINA)
Molekülmechanik - Kraftfelder
Moleküldynamik
Quantenmechanische Verfahren
Konformationsanalyse
Berechnung physikochemischer
Eigenschaften

Molekülvergleich Überlagerung von Molekülen nach ihrer
Ähnlichkeit
Volumenvergleich
3D-QSAR (z.B CoMFA-Methode)

Modellierung von Proteinen Sequenzvergleiche von Proteine
Protein-Homologiemodeling
Simulation der Proteinfaltung

Modellierung von Protein-Ligand- Berechnung von Bindungskonstanten
Wechselwirkungen docking von Liganden

Liganden-Design Suche in 3D-Datenbanken
Strukturbasiertes Liganden-Design
De novo-Design

7DEHOOH �� hEHUVLFKW �EHU GLH ZLFKWLJVWHQ 0HWKRGHQ GHV PROHFXODU PRGHOLQJV LQ GHU 3KDUPD�
IRUVFKXQJ79�

3.2.1 Strukturbasiertes
Wirkstoffdesign

'DV� VWUXNWXUEDVLHUWH� :LUNVWRIIGHVLJQ
GHILQLHUW� VLFK� DOV� TXDQWLWDWLYH� %HVFKUHLEXQJ
YRQ� 3URWHLQ�/LJDQG�:HFKVHOZLUNXQJHQ�
$XVJHKHQG� YRQ� HLQHU� �'�6WUXNWXU� GHV
PROHNXODUHQ� WDUJHWV�ZLUG�HLQ�/LJDQG�JHVXFKW�
GHU� RSWLPDO� LQ� GLH� %LQGXQJVWDVFKH� GHV
3URWHLQV� SD�W��'DV�=LHO� ZLUG� GDQQ� HUUHLFKW�
ZHQQ� GXUFK� KRKH� .RPSOHPHQWDULWlW� GLH
:HFKVHOZLUNXQJVHQHUJLH�PD[LPDO�ZLUG�
'HU� HUVWH� 6FKULWW� EHLP� 'HVLJQ� YRQ

/LJDQGHQ� I�U� HLQ� =LHOSURWHLQ�PLW� EHNDQQWHU
6WUXNWXU� LVW� GLH� JHQDXH� $QDO\VH� GHU
%LQGXQJVUHJLRQ�� )�U� GLHVH� 8QWHUVXFKXQJ
VWHKHQ� HLQH� 5HLKH� YRQ� 9HUIDKUHQ� ]XU
9HUI�JXQJ�� 'DV� 3URJUDPP� *ULG80

EHLVSLHOVZHLVH� EHUHFKQHW� GLH� :HFKVHO�
ZLUNXQJVHQHUJLHQ� YRQ� YHUVFKLHGHQHQ
6RQGHQPROHN�OHQ� LQ� HLQHP� GUHL�
GLPHQVLRQDOHQ� *LWWHU� DXI� GHU� 3URWHLQREHU�
IOlFKH��'LH�9LVXDOLVLHUXQJ� YRQ� ,VRSRWHQWLDO�
UlXPHQ� HUODXEW� GDQQ� GLH� %HXUWHLOXQJ�� LQ
ZHOFKHQ� *HELHWHQ� GLH� :HFKVHOZLUNXQJV�
HQHUJLHQ� GHU� 6RQGH�� ]�%�� HLQH� SULPlUH

$PLQJUXSSH�PLW� GHU� 3URWHLQREHUIOlFKH�� DP
JU|�WHQ�LVW�
6LQG� EHUHLWV� YHUVFKLHGHQH� /LJDQGHQ

EHNDQQW�� VR� NDQQ� GHUHQ� 6WUXNWXU�
:LUNXQJVEH]LHKXQJHQ� PLW� GHP� 3URWHLQ
XQWHUVXFKW� ZHUGHQ�� (VVHQWLHOOH� :HFKVHO�
ZLUNXQJHQ� VLQG� GDQQ� *UXQGODJH� I�U� GLH
ZHLWHUH� 2SWLPLHUXQJ� GHU� 6XEVWDQ]HQ�� $XV
GLHVHU� LWHUDWLYHQ� 9RUJHKHQVZHLVH� NDQQ� HLQ
'HVLJQ�&\FOXV�HWDEOLHUW�ZHUGHQ�

�'�6WUXNWXU GHV

3URWHLQV

6\QWKHWLVFKH

9HUELQGXQJ

(QWZXUI HLQHV

/LJDQGHQ

%LRORJLVFK

DNWLYHU /LJDQG

/LJDQGHQGHVLJQ

6\QWKHVH

�'�6WUXNWXU�

EHVWLPPXQJ

3U�IXQJ

$EELOGXQJ ��� 'HVLJQ�&\FOXV� 6WDUWSXQNW LVW
KlXILJ GLH %HVWLPPXQJ GHU �'�6WUXNWXU GHV
3URWHLQV�

%HL� GHU� 6WUXNWXU� HLQHV� :LUNVWRIIHV
XQWHUVFKHLGHW�PDQ� � ]ZLVFKHQ�YHUVFKLHGHQHQ
%HUHLFKHQ�GHV�0ROHN�OV�
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- 'HU� 3KDUPDNRSKRU�� GHU� I�U� GLH
VSH]LILVFKH� %LQGXQJ� YHUDQWZRUWOLFK
LVW�XQG�EHL�GHP�GLH�9DULDWLRQ�QXU� LP
JHULQJHQ�0D�H�VWDWWILQGHQ�NDQQ�

- =XVlW]OLFKH� *UXSSHQ�� GLH� HLQH
VWlUNHUH� %LQGXQJ� XQG� VRPLW� HLQH
(UK|KXQJ� GHU� ELRORJLVFKHQ�:LUNXQJ
EHZLUNHQ�

- :HLWHUH� *UXSSHQ�� GLH� HLQH� %LQGXQJ
QLFKW� EHHLQIOXVVHQ�� MHGRFK� GXUFK
bQGHUXQJ� GHU� /LSRSKLOLH� GLH
9HUWHLOXQJ� LP� ELRORJLVFKHQ� 6\VWHP
EHZLUNHQ�

- $EVSDOWEDUH� RGHU� PRGLIL]LHUEDUH
*UXSSHQ�� GLH� HUVW� LP� 2UJDQLVPXV
LKUH�HLJHQWOLFKH�:LUNXQJ�HQWIDOWHQ�

(QWVFKHLGHQG� I�U� GLH� 2SWLPLHUXQJ� HLQHU
/HLWVWUXNWXU� LVW� QXQ� HLQH� JH]LHOWH
0RGLIL]LHUXQJ�GHU�GUHLGLPHQVLRQDOHQ�*HVWDOW
GHV�:LUNVWRIIHV��'LH�bQGHUXQJ�GHU�SK\VLNR�
FKHPLVFKHQ� (LJHQVFKDIW� ZLUG� GDQQ� ]XU
K|KHUHQ� :HFKVHOZLUNXQJVHQHUJLHQ� I�KUHQ�
ZHQQ� GLH� .RPSOHPHQWDULWlW� PD[LPDO� ZLUG�
'LH�$QVDW]SXQNWH�YHUVFKLHGHQHU�0RGLIL]LHU�
XQJVP|JOLFKNHLWHQ� NDQQ� PDQ� IROJHQGHU�
PD�HQ�EHVFKUHLEHQ�

- 'LH� bQGHUXQJ� GHU� /LSRSKLOLH� GXUFK
(UJlQ]XQJ� RGHU� (QWIHUQXQJ� YRQ
K\GURSKREHQ� RGHU� K\GURSKLOHQ
*UXSSHQ�

- 9DULDWLRQ� GHU� 6XEVWLWXHQWHQ� HLQHV
DURPDWLVFKHQ� RGHU� KHWHURF\FOLVFKHQ
5LQJV�

- (LQI�KUXQJ� RGHU� (QWIHUQXQJ� YRQ
+HWHURDWRPHQ� LQ� .HWWHQ� RGHU
5LQJHQ�

- 9DULDWLRQ� GHU� 6XEVWLWXHQWHQ� DQ
+HWHURDWRPHQ�

- 0RGLIL]LHUXQJ� GHU� .HWWHQOlQJH� HLQHV
DOLSKDWLVFKHQ� 5HVWHV� RGHU� HLQHV
%U�FNHQJOLHGHV�

- (LQI�KUXQJ� YRQ� UDXPHUI�OOHQGHQ
6XEVWLWXHQWHQ� ]XU�6WDELOLVLHUXQJ� HLQHU
HQHUJHWLVFK�VLQQYROOHQ�.RQIRUPDWLRQ�

- bQGHUXQJ�GHU�5LQJJU|�H�DOLF\FOLVFKHU
RGHU�KHWHURF\FOLVFKHU�5LQJH�

- (LQI�KUXQJ�IOH[LEOHU�7HLOVWUXNWXUHQ�LQ
5LQJH�

- (LQEDX� YRQ� 9HU]ZHLJXQJHQ� RGHU
$QI�JHQ�YRQ�5LQJHQ��5LJLGLVLHUXQJ��

- gIIQHQ�YRQ�5LQJHQ�
- (QWIHUQXQJ� YRQ� &KLUDOLWlWV]HQWUHQ

]XU�9HUHLQIDFKXQJ�GHU�6WUXNWXU�
- (LQI�KUXQJ� YRQ� &KLUDOLWlWV]HQWUHQ

]XU�(UK|KXQJ�GHU�6HOHNWLYLWlW�

$OO� GLHVH� 6FKULWWH� N|QQHQ� XQLGLUHNWLRQDO
RGHU�SDUDOOHO�DQ�YHUVFKLHGHQHQ�%HUHLFKHQ�GHV
:LUNVWRIIV� GXUFKJHI�KUW� ZHUGHQ�� (V� LVW� GHU
(UIDKUXQJ� XQG� GHU� ,QWXLWLRQ� GHV� 'HVLJQHUV
�EHUODVVHQ�� ZR� XQG� ZLH� HU� GDV� 0ROHN�O
YHUlQGHUW�� ,Q� MHGHP� )DOO� PX�� QDFK� HLQHU
0RGLIL]LHUXQJ� GHU� /HLWVWUXNWXU� GHUHQ� ELR�
ORJLVFKH�$NWLYLWlW��EHUSU�IW�ZHUGHQ�
3ULQ]LSLHOO� VLQG� EHLP� :LUNVWRIIGHVLJQ

]ZHL� :HJH� P|JOLFK�� (QWZHGHU� ZLUG� HLQH
EHNDQQWH� 6WUXNWXU� RSWLPLHUW� RGHU� HV� ZLUG
HLQH� Y|OOLJ� QHXH� 6WUXNWXU� HQWZLFNHOW�� (LQ
9RUWHLO� EHL� GHU� 2SWLPLHUXQJ� YRQ� EHUHLWV
YRUKDQGHQHQ� /LJDQGHQ� EHVWHKW� GDULQ�� GD�
PDQ� UHODWLY� VFKQHOO� ]X� QHXHQ� SRWHQWHQ� XQG
VHOHNWLYHQ� 6WUXNWXUHQ� JHODQJW�� $OOHUGLQJV
ZHUGHQ� GLH� � 6XEVWDQ]HQ� VHKU� QDKH� DQ� GHU
/HLWVWUXNWXU� OLHJHQ�� 9|OOLJ� QHXH� 6WUXNWXUHQ
N|QQHQ�VLFK�DXV�GHP�DQGHUHQ�:HJ�HUJHEHQ�
GHP� ÅKHLOLJHQ� *UDO´� GHV� :LUNVWRIIGHVLJQV�
GHP�'H�QRYR�'HVLJQ�

3.2.2 De novo-Design

:�UGH� PDQ� DOOH� :HFKVHOZLUNXQJHQ
]ZLVFKHQ�3URWHLQHQ�XQG�/LJDQGHQ�YHUVWHKHQ�
ZlUH� PDQ� LQ� GHU� /DJH� QXU� DXIJUXQG� HLQHU
�'�6WUXNWXU� GHV� 3URWHLQV� HLQHQ� PD��
JHVFKQHLGHUWHQ� /LJDQGHQ� ]X� HQWZHUIHQ�
/HLGHU� VLQG� GLH� .HQQWQLVVH� QRFK
XQ]XUHLFKHQG� XQG� HLQ� 8QLYHUVDOPRGHOO
H[LVWLHUW�QRFK�QLFKW��'HQQRFK�JLEW�HV�HLQLJH
9HUIDKUHQ�� GLH� GXUFKDXV� (UIROJH� DXIZHLVHQ
N|QQHQ��ZLH�]�%��/HDS)URJ81��$XFK�KLHU�VWHKW
DOV� (UVWHV� GLH� JHQDXH� $QDO\VH� GHU
3URWHLQREHUIOlFKH�� 'LHV� NDQQ� PLW� GHP
EHUHLWV� HUZlKQWHQ� 3URJUDPP� *ULG� HUIROJHQ
RGHU� PLW� GHU� %HUHFKQXQJ� GHV� HOHNWUR�
VWDWLVFKHQ� 3RWHQWLDOV� GHU� %LQGXQJVVWHOOH�
$XFK� GLH� %HUHFKQXQJ� GHU� /LSRSKLOLH� XQG
9HUWHLOXQJ� GHU� IXQNWLRQHOOHQ� *UXSSHQ�� GLH
:DVVHUVWRIIEU�FNHQ� HLQJHKHQ� N|QQHQ�
HUZHLVW� VLFK� DOV� EUDXFKEDU��0LW� GLHVHQ� Å+RW
6SRWV´��DOVR�GHQ�%HUHLFKHQ��GLH�HQWVFKHLGHQG
I�U�HLQH�KRKH�:HFKVHOZLUNXQJVHQHUJLH�VLQG�
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NDQQ� HLQ� VW�FNZHLVHV� $XIEDXHQ� HLQHV
/LJDQGHQ� HUIROJHQ�� $XV� HLQHU� )UDJPHQW�
ELEOLRWKHN�ZHUGHQ�GDQQ�0ROHN�OWHLOH�DQ�GHQ
6WHOOHQ� SRVLWLRQLHUW�� GLH� KRKH� %LQGXQJV�
HQHUJLHQ�OLHIHUQ��(LQH�&DUER[\ODWJUXSSH�ZLUG
EHLVSLHOVZHLVH� LQ� GLUHNWHU� 1DFKEDUVFKDIW� ]X
HLQHU� *XDQLGLQLXPJUXSSH� YRQ� GHU� 6HLWHQ�
NHWWH� GHV� $UJLQLQV� SOD]LHUW�� 6R� ZLUG� 6FKULWW
I�U� 6FKULWW� HLQ� 0ROHN�O� DXIJHEDXW�� GD�� LP
,GHDOIDOO� DOV� 5HVXOWDW� HLQHQ� QHXHQ� KRFK
DIILQHQ�/LJDQGHQ�GDUVWHOOW�

3.2.3 Docking

=LHO� GLHVHV� 9HUIDKUHQ� LVW� GDV� (LQSDVVHQ
HLQHV� RGHU� PHKUHUHU� /LJDQGHQ� LQ� GLH
3URWHLQELQGXQJVWDVFKH�� 2IW� ZLUG� HLQH� �'�
'DWHQEDQN� PLW� PHKUHUHQ� KXQGHUWWDXVHQG
6XEVWDQ]HQ� YHUZHQGHW�� 'LH� /LJDQGHQ
ZHUGHQ� LQ� YHUVFKLHGHQHQ� 2ULHQWLHUXQJHQ
HLQJHSD�W� XQG� ZHQQ� P|JOLFK� DOV� IOH[LEOH
0ROHN�OH�EHKDQGHOW��hEHU�HLQ�VFRULQJ�ZHUGHQ
GLH� EHVWHQ� 9HUELQGXQJHQ� VHOHNWLHUW� XQG
GLHQHQ� DOV� *UXQGODJH� I�U� ZHLWHUH
8QWHUVXFKXQJHQ�� 'DV� 3URJUDPP� '2&.82

LVW� HLQ� 9RUUHLWHU� LQ� GLHVHP� %HUHLFK�� 'LHVHV
9HUIDKUHQ� EDVLHUWH� DOOHUGLQJV� QXU� DXI
VWHULVFKHU� .RPSOHPHQWDULWlW�� ,Q� GHU� QHXHQ
9HUVLRQ� ZLUG� HLQ� .UDIWIHOG� I�U� GLH
%HUHFKQXQJ�GHU�:HFKVHOZLUNXQJ�YHUZHQGHW
XQG�LVW�GDPLW�ZHVHQWOLFK�OHLVWXQJVIlKLJHU�
:LH� EHUHLWV� REHQ� HUZlKQW� LVW� QLFKW� QXU

GLH� 3RVLWLRQLHUXQJ� GHV� /LJDQGHQ� YRQ
HQWVFKHLGHQGHU� %HGHXWXQJ�� VRQGHUQ� DXFK
GHUHQ� NRQIRUPDWLRQHOOH� )OH[LELOLWlW�
=XVlW]OLFK� ZLUG� KlXILJ� DXFK� HLQH
9HUlQGHUXQJ� GHU� %LQGXQJVWDVFKH� VHOEVW
EHREDFKWHW� �LQGXFHG� ILW���'LH� 6XFKH� QDFK� GHU
RSWLPDOHQ� 6WUXNWXU� GHV� 3URWHLQ�/LJDQG�
.RPSOH[�LVW�DOVR�HVVHQWLHOOHU�%HVWDQGWHLO�GHV
GRFNLQJV�� ,P� LGHDOHQ� )DOO� HQWVSULFKW� GDV
(UJHEQLV� HLQHU� 6WUXNWXU�� GLH� HLQ� (QHUJLH�
PLQLPXP� GHV� 3URWHLQV� XQG� GHV� /LJDQGHQ
GDUVWHOOW�� (LQ� JHQHWLVFKHU� $OJRULWKPXV83�� GHU
VLFK�EHVRQGHUV� JXW� I�U�GLH�6XFKH�QDFK�GHP
(QHUJLHPLQLPXP� HLJQHW�� ILQGHW� VLFK� LP
3URJUDPP� )OH[L'RFN84�� ZHOFKHV� %HVWDQGWHLO
LP� 6RIWZDUHSDNHW� 6\E\O85� LVW�� 'LHVHU
JHQHWLVFKH� $OJRULWKPXV� EDVLHUW� DXI� GHQ
5HJHOQ� GHU� ELRORJLVFKHQ� (YROXWLRQ� XQG
EHJ�QVWLJW� LQ� HLQHP� LWHUDWLYHQ� 3UR]H�� QXU
*HQHUDWLRQHQ� YRQ� 6WUXNWXUHQ�� ZHOFKH� GLH

K|FKVWHQ� :HFKVHOZLUNXQJVHQHUJLHQ� EHVLW]�
HQ�� 'DV� 3URJUDPP� DUEHLWHW� LP� 7RUVLRQV�
ZLQNHOUDXP��LQ�GHP�GLH�%LQGXQJVOlQJHQ�XQG
%LQGXQJVZLQNHO� NRQVWDQW� JHKDOWHQ� ZHUGHQ�
%HU�FNVLFKWLJW� ZHUGHQ� GLH� YDQ� GHU� :DDOV��
HOHNWURVWDWLVFKHQ�� XQG� 7RUVLRQV�(QHUJLHQ
GHV�7ULSRV�.UDIWIHOGHV�

3.2.4 Konformationsräume

:LH�VLHKW�GLH�HQHUJHWLVFK�J�QVWLJVWH�.RQ�
IRUPDWLRQ� GHV� /LJDQGHQ� DXV� XQG� ZLUG� GHU
/LJDQG� LQ� GLHVHU� .RQIRUPDWLRQ� JHEXQGHQ"
'LH� %HDQWZRUWXQJ� GLHVHU� )UDJHQ� HUIRUGHUW
HLQH� V\VWHPDWLVFKH� $QDO\VH� DOOHU� 3RVLWLRQHQ
XQG� .RQIRUPDWLRQHQ� GHU� /LJDQGHQ�
$OOHUGLQJV� NDQQ� GLHV�� DEKlQJLJ� YRQ� GHU
$Q]DKO� DQ� )UHLKHLWVJUDGHQ� ]X� HLQHU
XQO|VEDUHQ� $XIJDEH� I�U� GLH� ]XU� =HLW� ]XU
9HUI�JXQJ� VWHKHQGHQ� &RPSXWHUV\VWHPH
ZHUGHQ�� 6RPLW� P�VVHQ� HIIL]LHQWH� 6XFK�
PHWKRGHQ� HQWZLFNHOW� ZHUGHQ�� GLH� DXFK� EHL
JU|�HUHQ� 0ROHN�OHQ� GHQ� .RQIRUPDWLRQV�
UDXP�YROOVWlQGLJ�EHVFKUHLEHQ�
1HEHQ� GHQ� V\VWHPDWLVFKHQ� 6XFK�

PHWKRGHQ�ZXUGHQ�6XFKYHUIDKUHQ�HQWZLFNHOW�
GLH� GHQ� 5HFKHQDXIZDQG� UHGX]LHUHQ�
=XVlW]OLFK� ]X� GHP� REHQ� EHVFKULHEHQHQ
JHQHWLVFKHQ� $OJRULWKPXV�� LVW� GDV� 00&�
9HUIDKUHQ��PHWURSROLV�PRQWH�FDUOR��XQG�GLH�0'�
6LPXODWLRQ� �PROHFXODU� G\QDPLF�� � HLQH� KlXILJ
YHUZHQGHWH� 0HWKRGH�� 'DV� 3URJUDPP
*(*2386� �JHRPHWU\� RI� JO\FRSURWHLQV��� GDV� DOV
*UXQGODJH� GHQ� 00&�$OJRULWKPXV� YHU�
ZHQGHW�� ZXUGH� VSH]LHOO� ]XP� $EWDVWHQ� GHV
.RQIRUPDWLRQVUDXPHV� YRQ� *O\FRSURWHLQHQ
HQWZLFNHOW�� 'DV� KLHU� YHUZHQGHWH� NODVVLVFK�
PHFKDQLVFKH� .UDIWIHOG� EHVWHKW� DXV� HLQHP
HUZHLWHUWHQ� +6($�.UDIWIHOG86�87� �KDUG� VSKHUH
H[R�DQRPHULF�� ]XU� %HVFKUHLEXQJ� GHV� .RKOHQ�
K\GUDWWHLOV� XQG� GHP� (&(33���.UDIWIHOG88

I�U� GHQ� 3URWHLQWHLO��0DQ� HUKlOW� KLHUEHL� HLQH
9HUWHLOXQJVIXQNWLRQ�� GLH� �EHU� HLQH
%ROW]PDQ�6WDWLVWLN�� GLH� IUHLH� (QWKDOSLH� GHU
0ROHN�OH� OLHIHUW��(LQH�3RSXODWLRQVYHUWHLOXQJ
EHVWLPPWHU� *UXSSHQ� YRQ� .RQIRUPHUHQ
VWHOOHQ� GDQQ� GLH� HQHUJHWLVFK� J�QVWLJVWHQ
0ROHN�O�(QVHPEOHV� GDU� XQG� VLQG� SRWHQWLHOOH
.DQGLGDWHQ�I�U�ZHLWHUH�GRFNLQJ�([SHULPHQWH�
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3.2.5 Energiefunktionen

=ZHL� JUXQGVlW]OLFKH� $QVlW]H� ]HLJHQ� VLFK
LP� PROHFXODU� PRGHOLQJ�� :lKUHQG� GHU� HUVWH
$QVDW]�H[SHULPHQWHOOH�'DWHQ�]XU�9RUKHUVDJH
YRQ� 6WUXNWXU� XQG� SK\VLNRFKHPLVFKHQ
(LJHQVFKDIWHQ� GHU� 0ROHN�OH� YHUZHQGHW�
ZHUGHQ� LP�]ZHLWHQ�$QVDW]�GLH�SK\VLNDOLVFK�
HQ� 1DWXUJHVHW]H� DOV� *UXQGODJH� ]XU
%HUHFKQXQJ� GHV� PROHNXODUHQ� 6\VWHPV� EH�
QXW]W�� +LHU]X� JHK|UHQ� GLH� DE� LQLWLR��� VHPLH�
PSLULVFKHQ��XQG�GLH�.UDIWIHOGPHWKRGHQ�
'LH�DE�LQLWLR�9HUIDKUHQ�VLQG�QXU�I�U�NOHLQH

0ROHN�OH� PLW� HLQHU� JHULQJHQ� $Q]DKO� YRQ
6FKZHUDWRPHQ� JHHLJQHW�� %LRSRO\PHUH
HQW]LHKHQ� VLFK� VRPLW� YROOVWlQGLJ� GLHVHU
0HWKRGH�� =X� KRFK� ZlUH� GHU� 5HFKHQ�
DXIZDQG��'HQQRFK�JLEW�HV�+\EULGYHUIDKUHQ�
LQ� GHQHQ� GLH� %LQGXQJVWDVFKH� TXDQWHQ�
PHFKDQLVFK� XQG� GLH� 8PJHEXQJ� PLW� HLQHP
.UDIWIHOG�EHUHFKQHW�ZLUG�

$EELOGXQJ ��� ( LVW GLH *HVDPWHQHUJLH� GLH
VLFK DXV (LQ]HOEHLWUlJHQ ]XVDPPHQVHW]W� 'HU
HUVWH 7HUP EHVFKUHLEW GLH (QHUJLHlQGHUXQJ EHL
'HKQXQJ XQG 6WDXFKXQJ HLQHU NRYDOHQWHQ
%LQGXQJ� 'LH )XQNWLRQ HQWVSULFKW HLQHP
KDUPRQLVFKHQ 3RWHQWLDOV XQG KDW GLH )RUP HLQHU
3DUDEHO� E� LVW GLH *OHLFKJHZLFKWVELQGXQJVOlQJH
XQG .E GLH .UDIWNRQVWDQWH� )�U GHQ %LQGXQJV�
ZLQNHO ZLUG HLQH lKQOLFKH 3RWHQWLDOIXQNWLRQ YHU�
ZHQGHW � I�U GDV 7RUVLRQVSRWHQWLDO HLQH FRVLQXV�
)XQNWLRQ� 'HU OHW]WH 7HUP VWHKW I�U GLH QLFKW�
NRYDOHQWHQ :HFKVHOZLUNXQJHQ� 'LH HUVWHQ
EHLGHQ $XVGU�FNH EH]HLFKQHW PDQ DOV /HQQDUG�
-RQHV�3RWHQWLDO XQG EHLQKDOWHQ GLH DEVWR�HQGHQ
XQG DQ]LHKHQGHQ .UlIWH� ,P OHW]WHQ $XVGUXFN
ZHUGHQ GLH HOHNWURVWDWLVFKHQ :HFKVHOZLUNXQJHQ
EHVFKULHEHQ�

'LH� .UDIWIHOGPHWKRGHQ� VLQG� HPSLULVFKH
9HUIDKUHQ� ]XU� %HUHFKQXQJ� YRQ� 0ROHN�O�
JHRPHWULHQ�XQG�0ROHN�OHQHUJLHQ��*UXQGODJH
GLHVHV� 0RGHOOV� LVW� GLH� $QQDKPH�� GD�
%LQGXQJVOlQJHQ� XQG� %LQGXQJVZLQNHO
]ZLVFKHQ�$WRPHQ�6WDQGDUGZHUWH�DQQHKPHQ�
'LHVH�6WDQGDUGZHUWH�N|QQHQ�(UJHEQLVVH�YRQ
TXDQWHQPHFKDQLVFKHQ� 5HFKQXQJHQ� VHLQ
RGHU�ZHUGHQ� GLUHNW� DXV� NULVWDOORJUDSKLVFKHQ
'DWHQ� JHZRQQHQ�� =XVlW]OLFK� HQWKlOW� HLQ
.UDIWIHOG� QRFK� 7HUPH� I�U� QLFKW�NRYDOHQWH
:HFKVHOZLUNXQJHQ� XQG� HLQ� 7HUP� I�U� GLH
HOHNWURVWDWLVFKHQ� :HFKVHOZLUNXQJVHQHUJLHQ�
7\SLVFKH� .UDIWIHOGHU� ²� LP� %HUHLFK� GHU
%LRSRO\PHUH� VLQG� GDV� ]�%�� &+$50089��
$0%(590��� *5202691�� XQG� 75,32692�
.UDIWIHOG�

3.2.6 Clusteranalyse

.RQIRUPDWLRQVDQDO\VHQ�� GLH� GHQ� .RQ�
IRUPDWLRQVUDXP� DEWDVWHQ�� OLHIHUQ� ]ZDU� GLH
HQHUJHWLVFK� J�QVWLJVWH� .RQIRUPDWLRQ� �� GLH
,QWHUSUHWDWLRQ� GHU� 7UDMHNWRULHQ� LVW� DEHU� RIW
VFKZLHULJ�� )�U� PXOWLYDULDWH� 3UREOHPH�� ZLH
GLH� .RUUHODWLRQ� YRQ� lKQOLFKHQ� .RQ�
IRUPDWLRQHQ� PLW� YLHOHQ� )UHLKHLWVJUDGHQ�� LVW
GLH�KLHUDUFKLVFKH�&OXVWHUDQDO\VH�JXW�JHHLJQHW�
=LHO� HLQHU� &OXVWHUDQDO\VH� LVW� HV� QXQ�� GLH

.RQIRUPDWLRQHQ� HLQHV� JUR�HQ�'DWHQVDW]� LQ
)DPLOLHQ� lKQOLFKHU�.RQIRUPDWLRQHQ� ]XVDP�
PHQ]XI�KUHQ93�94�
�$XVJDQJVSXQNW� LVW� HLQ� 'DWHQVDW]� PLW

HLQHU� JUR�HQ� $Q]DKO� YRQ� .RQIRUPDWLRQHQ�
6LH� ZHUGHQ� .ODVVHQ� ]XJHRUGQHW�� LQGHP
]ZLVFKHQ�GHQ�HLQ]HOQHQ�.RQIRUPDWLRQHQ�HLQ
.RUUHODWLRQVNRHIIL]LHQW� ]ZLVFKHQ� �� XQG� �
EHUHFKQHW�ZLUG��'LHVH�:HUWH�ZHUGHQ�GDQQ�LQ
HLQHU� Q� ⋅� Q� 0DWUL[� JHVSHLFKHUW�� 'LH� EHLGHQ
.RQIRUPDWLRQHQ�� GLH� GHQ� K|FKVWHQ� :HUW
OLHIHUQ��VLQG�VLFK�DP�lKQOLFKVWHQ�XQG�ZHUGHQ
]X� HLQHU� QHXHQ� YLUWXHOOHQ� .RQIRUPDWLRQ
]XVDPPHQJHID�W�� 'HQ� QHXHQ� .RUUHODWLRQV�
NRHIIL]LHQW� HUKlOW� PDQ�� LQGHP� YRQ� GHQ
EHLGHQ� 8UVSUXQJVNRQIRUPDWLRQHQ� GHU� MH�
ZHLOV� VFKOHFKWHUH� DXVJHZlKOW� ZLUG� �FRPSOHWH
OLQNDJH��� 'XUFK� PHKUIDFKH� :LHGHUKROXQJ
HUUHLFKW�PDQ� HLQH�(LQWHLOXQJ� GHU�$XVJDQJV�
GDWHQ�LQ�*UXSSHQ�
'DEHL� HQWVWHKW� HLQ� VRJHQDQQWHU� &OXVWHU�

EDXP�� GHU� VLFK� DXI� HLQHU� *UXSSH� DXIEDXW
XQG� LQ� XPJHNHKUWHU� 5HLKHQIROJH� LQ� GLH
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*UXSSHQ� ]HUIlOOW�� 0DQ� NDQQ� QXQ� GLHVHQ
&OXVWHUEDXP� DQ� YHUVFKLHGHQHQ� 6WHOOHQ
DXIVFKQHLGHQ� XQG� HUKlOW� VR� HLQH� EHVWLPPWH
$Q]DKO�DQ�*UXSSHQ��,QQHUKDOE�GHU�*UXSSHQ
ELOGHW�PDQ� GLH�0LWWHOZHUWH� GHU�:LQNHO� XQG
HUKlOW� HLQH� 9HUWHLOXQJ� XQG� HLQH� UH�
SUlVHQWDWLYH� .RQIRUPDWLRQ� GHU� HLQ]HOQHQ
.ODVVHQ�
'D� PDQ� DXIJUXQG� GHU� *U|�H� GHU

bKQOLFKNHLWVPDWUL[� QLFKW� DOOH� .RQIRUPD�
WLRQHQ� HLQHV� JUR�HQ� 'DWHQVDW]HV� XQWHU�
VXFKHQ� NDQQ�� LVW� GHU� KLHUDUFKLVFKHQ
&OXVWHUDQDO\VH� QRFK� HLQH� 'LVNULPLQDQ]�
DQDO\VH� DQJHVFKORVVHQ�� 'LH� 'LVNULPLQDQ]�
DQDO\VH� LVW� HLQ�.ODVVLILNDWLRQVYHUIDKUHQ�� GD�
LP� *HJHQVDW]� ]XU� &OXVWHUDQDO\VH� NHLQ
VWUXNWXUHQWGHFNHQGHV�� VRQGHUQ� HLQ� VWUXNWXU�
SU�IHQGHV� 9HUIDKUHQ� GDUVWHOOW�� 'LH� 'LV�
NULPLQDQ]DQDO\VH� KDW� DOVR� GLH� $XIJDEH
EHNDQQWH�*UXSSHQ�]X�XQWHUVXFKHQ��ZlKUHQG
GLH�&OXVWHUDQDO\VH�GLHVH�HU]HXJW�
+LHUEHL� ZLUG� DXVJHKHQG� YRQ� GHQ

HUKDOWHQHQ�&OXVWHU]HQWUHQ�MHGHV�(OHPHQW�GHV
'DWHQVDW]HV� MHQHP�&OXVWHU�]XJHRUGQHW��GHP
HV�DP�lKQOLFKVWHQ�LVW��'LH�=XZHLVXQJ�HUIROJW
�EHU� HLQHQ� GHILQLHUEDUHQ�*UHQ]ZHUW� I�U� GLH
6WDQGDUGDEZHLFKXQJ�GHU�JHFOXVWHUWHQ�:LQNHO
�6LJPDXPJHEXQJ��
,Q� GLHVHU� $UEHLW� ZXUGH� HLQ� 3URJUDPP

EHQXW]W�� GDV� LP� 5DKPHQ� HLQHU� ([DPHQV�
DUEHLW� DQJHIHUWLJW� ZXUGH� �&/$*�� &OXVWHU�
DQDO\VH�YRQ�*O\FRSURWHLQHQ��9HUV�������95�
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4. Problemstellung

$P� (QGH� GHU� (QWZLFNOXQJ� HLQHV� QHXHQ
0HGLNDPHQWV� VWHKW� HLQ� 3KDUPDNRQ�� GDV
QHEHQ� YLHOHQ� (LJHQVFKDIWHQ�� ZLH� GHU
6SH]LILWlW�� :LUNVDPNHLW�� %LRYHUI�JEDUNHLW
XQG� 7R[L]LWlW� GHU� 6XEVWDQ]�� HLQHQ� ODQJHQ
XQG� NRVWHQLQWHQVLYHQ� )RUVFKXQJVSUR]H�
GXUFKODXIHQ� KDW�� (LQHQ� JUR�HQ� $QWHLO� DQ
GLHVHP�3UR]H���QLPPW�GLH�6XFKH�QDFK�HLQHU
QHXHQ�/HLWVWUXNWXU�LQ�$QVSUXFK��GLH�I�U�HLQH
EHVWLPPWH� SKDUPDNRORJLVFKH� :LUNXQJ
YHUDQWZRUWOLFK� LVW�� 0LW� JUR�HP� $XIZDQG
ZHUGHQ� QHXH� 9HUIDKUHQ� ]XP� VRJHQDQQWHQ
VFUHHQLQJ�YRQ�6XEVWDQ]HQ�HQWZLFNHOW�
(LQ�ZLFKWLJHV� ELRORJLVFKHV� WDUJHW� VLQG� GLH

3URWHLQH�� GLH� DQ� (QW]�QGXQJVSUR]HVVHQ
EHWHLOLJW�VLQG��(LQH�.ODVVH�YRQ�3URWHLQHQ��GLH
LQ� GHU� HUVWHQ� 3KDVH� GLHVHU� (QW]�QGXQJV�
UHDNWLRQ� YRQ� HQWVFKHLGHQGHU� %HGHXWXQJ
VLQG�� VLQG�GLH�6HOHNWLQH��6LH� JHK|UHQ�]X�GHQ
=HOODGKlVLRQVPROHN�OHQ� XQG� VWHOOHQ� GHQ
HUVWHQ� .RQWDNW� ]ZLVFKHQ� ,PPXQ]HOOHQ� XQG
GHUHQ� :LUNRUW� KHU�� *HUDGH� EHL� KHIWLJHQ
(QW]�QGXQJVSUR]HVVHQ� NDQQ� GLH� ,PPXQ�
UHDNWLRQ� VHOEVW� ]XP� HLJHQWOLFKHQ�*UXQG� I�U
GLH� PDVVLYH� =HUVW|UXQJ� GHV� EHWHLOLJWHQ
*HZHEHV� I�KUHQ��(LQH� VSH]LILVFKH�%ORFNDGH
GLHVHU� ,QWHUDNWLRQ� NDQQ� VRPLW� ]XU
8QWHUGU�FNXQJ� HLQHU� ,PPXQDQWZRUW� I�KUHQ
XQG� GDV� EHWURIIHQH� *HZHEH� YRU� ZHLWHUHU
'HJUDGLHUXQJ�VFK�W]HQ�
'DV� =LHO� GLHVHU� $UEHLW� EHLQKDOWHW� GLH

(WDEOLHUXQJ� XQG� 2SWLPLHUXQJ� YRQ� 105�
JHVW�W]WHQ� VFUHHQLQJ� 9HUIDKUHQ� XQG� GLH
$QZHQGXQJ� YRQ� WKHRUHWLVFKHQ� 0HWKRGHQ
]XP�GUXJ�'HVLJQ�
$XVJDQJVSXQNW� I�U� GLHVH� 8QWHUVXFKXQJ

ZDU� HLQH� 6XEVWDQ]�%LEOLRWKHN� DXV� FD�� ���
VXOIDWLHUWHQ� 7ULVDFFKDULGHQ�� 'LH� .RPSR�
QHQWHQ�GHU�7ULVDFFKDULG�%LEOLRWKHN�EHVWHKHQ
DXV� HLQHP� /DFWRVH�FRUH�� GHU� DQ� DOOHQ
UHOHYDQWHQ� 3RVLWLRQHQ� ]XIDOOVIXFRV\OLHUW� XQG

]XIDOOVVXOIDWLHUW� LVW�� (LQH�� RGHU� PHKUHUH
9HUELQGXQJHQ� GLHVHU� %LEOLRWKHN� ]HLJWHQ� LP
ELRORJLVFKHQ� $VVD\� PLNURPRODUH� %LQGXQJV�
NRQVWDQWHQ� ]XP� (�6HOHNWLQ�� (V� ZDU� MHGRFK
QLFKW� P|JOLFK� JHZHVHQ�� GLH� DNWLYHQ
.RPSRQHQWHQ� GXUFK� NODVVLVFKH� 9HUIDKUHQ
RGHU� 'HNRQYROXWLRQ� GHU� %LEOLRWKHN� ]X
EHVWLPPHQ�� (V� VROOWH� QXQ� PLW� +LOIH� YRQ
WU12(6<�([SHULPHQWHQ� XQG� GHU� VDWXUDWLRQ
WUDQVIHU� GLIIHUHQFH� 105�6SHNWURVNRSLH� �67'
105��GLH�ELQGHQGHQ�9HUELQGXQJHQ�LGHQWLIL�
]LHUW� XQG� FKDUDNWHULVLHUW� ZHUGHQ�� $XI� WKHR�
UHWLVFKHU�6HLWH�VROOWH�HLQ�%LQGXQJVPRGHOO�GHV
QDW�UOLFKHQ� /LJDQGHQ� 6LDO\O�/HZLV[� ]XP
(�6HOHNWLQ� HUVWHOOW� ZHUGHQ�� $QVFKOLH�HQG
VROOWH� LQ� HLQHP�'H� QRYR�'HVLJQ� 3UR]H�� HLQH
YLUWXHOOH� 6XEVWDQ]�%LEOLRWKHN� HU]HXJW
ZHUGHQ�� GLH� LP� ZHVHQWOLFKHQ� GHQ� LQ� GHQ
105�([SHULPHQWHQ� YHUZHQGHWHQ� 9HU�
ELQGXQJHQ� HQWVSUDFK�� 'LH� 5HVXOWDWH� VROOWHQ
PLW� GHQ� H[SHULPHQWHOOHQ� (UJHEQLVVHQ
YHUJOLFKHQ� ZHUGHQ� XQG� HLQ� WKHRUHWLVFKHV
%LQGXQJVPRGHOO� GHU� DNWLYHQ� .RPSRQHQWHQ
HUVWHOOW�ZHUGHQ��+LHUEHL�NDPHQ�YHUVFKLHGHQH
WKHRUHWLVFKH� 9HUIDKUHQ�� ZLH� 0HWURSROLV�
0RQWH�&DUOR�6LPXODWLRQHQ� �00&��XQG�HLQH
PXOWLYDULDWH� 'DWHQDQDO\VH� LQ� )RUP� HLQHU
&OXVWHUDQDO\VH�]XP�(LQVDW]�
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5. Ergebnisse und
Diskussion

,P� 0LWWHOSXQNW� GLHVHU� $UEHLW� VWHKW� GLH
8QWHUVXFKXQJ� YRQ� 3URWHLQ�.RKOHQK\GUDW�
:HFKVHOZLUNXQJHQ��1XU� GLH�PROHNXODUH�%H�
VFKUHLEXQJ� GLHVHU� :HFKVHOZLUNXQJVEH]LH�
KXQJHQ�� NDQQ� 0RGHOOH� ]XP� 9HUVWlQGQLV
OLHIHUQ��'DU�EHU� KLQDXV� LVW� GLH� (QWZLFNOXQJ
XQG�$QZHQGXQJ�YRQ�7HVWYHUIDKUHQ��GLH�HLQH
,GHQWLIL]LHUXQJ� YRQ� 3URWHLQ�ELQGHQGHQ
.RKOHQK\GUDW�.RPSRQHQWHQ� GLUHNW� DXV
0LVFKXQJHQ� HUP|JOLFKW�� � YRQ� EHVRQGHUHQ
,QWHUHVVH�

5.1 Die IgG/E-Selektin Chimäre

'LH� UHNRPELQDQWH� GHJO\FRV\OLHUWH� 9DUL�
DQWH� LVW� HLQH� ,J*�&KLPlUH�� LQ�GHU�GLH�(FWR�
GRPlQHQ�YRQ�KXPDQHP�(�6HOHNWLQ�PLW� GHU
)F�5HJLRQ� HLQHV� KXPDQHQ� $QWLN|USHUV� GHU
.ODVVH�*��NRPELQLHUW�ZXUGH50�71��'DV�3URWHLQ
KDW�HLQ�0ROHNXODUJHZLFKW�YRQ�����N'D�XQG
]ZHL�/LJDQG�%LQGXQJVVWHOOHQ��)�U�GLH�105�
VSHNWURVNRSLVFKHQ� 8QWHUVXFKXQJHQ� ZXUGH
GDV� FDOFLXPDEKlQJLJH� )XVLRQVSURWHLQ� LQ
HLQHP� &DOFLXPFKORULG�'��,PLGD]RO�3XIIHU
JHO|VW�

5.2 Die sulfatierte Trisaccharid-
Bibliothek

$XVJDQJVSXQNW� I�U� GLH� %LQGXQJVVWXGLHQ
ZDU� HLQH� VXOIDWLHUWH� 7ULVDFFKDULG�%LEOLRWKHN�
GLH� FD�� ����.RPSRQHQWHQ� HQWKlOW� XQG� YRQ
2OH�+LQGVJDXO�]XU�9HUI�JXQJ�JHVWHOOW�ZXUGH�
'LH� %HVRQGHUKHLW� GLHVHU� %LEOLRWKHN� LVW�� GD�
HLQH�RGHU�PHKUHUH� LKUHU�.RPSRQHQWHQ�HLQH
KRKH� %LQGXQJVDNWLYLWlW� �.' �⋅�����>0@�
JHJHQ�EHU� GHP� (�6HOHNWLQ� JH]HLJW� KDEHQ�
'LHVH� KRKH� %LQGXQJVDNLYLWlW� JLQJ� MHGRFK
QDFK� GHU� 'HNRQYROXWLRQ� GHU� %LEOLRWKHN
ZLHGHU� YHUORUHQ96�� 6RPLW� ZDU� GDV� =LHO�� HLQH
0HWKRGH�]X�HQWZLFNHOQ��GLH�GLHVH�%LEOLRWKHN
LQ� LKUHU� *HVDPWKHLW� DXI� %LQGXQJVDNWLYLWlW
]HUVW|UXQJVIUHL� XQWHUVXFKW�� $XVJHKHQG� YRQ
HLQHP� /DFWRVHFRUH� PLW� HLQHP� DURPDWLVFKHQ
&��VSDFHU� ZXUGH� GLH� %LEOLRWKHN� �EHU� HLQHQ
NRPELQDWRULVFKHQ� $QVDW]� KHUJHVWHOOW
�$EE������� (V� ZXUGH� HLQH� 6XOIDWJUXSSH�� DOV
(UVDW]� I�U� GLH� LP� QDW�UOLFKHQ� /LJDQGHQ
�6LDO\O�/HZLV[��HQWKDOWHQH�6LDOLQVlXUH�XQG�HLQ
)XFRVH�5HVW� DQ� DOOHQ� P|JOLFKHQ� 3RVLWLRQHQ
GHU� /DFWRVH� HLQJHI�KUW�� $QKDQG� HLQHV
0$/',�72)� 6SHNWUXPV� LVW� MHGRFK� ]X� HU�
NHQQHQ�� GD��QLFKW� QXU� GLH�PRQRVXOIDWLHUWHQ
9HUELQGXQJHQ� HQWVWDQGHQ� VLQG�� VRQGHUQ
DXFK�GL��XQG�WUL�6XOIDWH�YRUNRPPHQ�
%HL�LQVJHVDPW�FD������9HUELQGXQJHQ�XQG

PLW�HLQHU�*HVDPWPHQJH�YRQ�����PJ�HUJHEHQ
VLFK� EHL� HLQHU� lTXLPRODUHQ� 9HUWHLOXQJ� SUR
.RPSRQHQWH�������SPRO�VXOIDWLHUWHV�7ULVDF�
FKDULG�
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FD� ��� 9HUELQGXQJHQ

$EELOGXQJ ��� 6\QWKHVHZHJ GHU ]XIDOOVVXOIDWLHUWHQ XQG ]XIDOOVIXFRV\OLHUWHQ 7ULVDFFKDULG�%LEOLRWKHN�
303� 3DUDPHWKR[\SKHQ\O� Q  ��[� %Q  %HQ]\O
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5.3 NMR-Experimente der
sulfatierten Trisaccharid-
Bibliothek

%HL� GHU� 8QWHUVXFKXQJ� YRQ� 3URWHLQ�
/LJDQG�:HFKVHOZLUNXQJHQ�ZLUG�LQ�GHU�5HJHO
GDV�3URWHLQ�YRUJHOHJW��'HU�/LJDQG�ZLUG�GDQQ
]XP� 3URWHLQ� WLWULHUW�� XP� HLQ� I�U� GLH� 105�
6SHNWURVNRSLH� RSWLPDOHV� 3URWHLQ�/LJDQG�
9HUKlOWQLV�]X� HUKDOWHQ�� ,Q�GLHVHU�$UEHLW�ZDU
MHGRFK� QLFKW� GLH� 3URWHLQPHQJH� GHU� OLPLWLHU�
HQGH� )DNWRU�� VRQGHUQ� GLH� 6XEVWDQ]PHQJH

GHU� 7ULVDFFKDULG�%LEOLRWKHN�� 6RPLW� ZXUGHQ
DOOH� 105�([SHULPHQWH� PLW� GHU� JHVDPWHQ
6XEVWDQ]�%LEOLRWKHN� GXUFKJHI�KUW� XQG� GDV
(�6HOHNWLQ�SRUWLRQVZHLVH�]XJHJHEHQ�

5.3.1 1H-NMR-Experimente

'DV� (�6HOHNWLQ� XQG� GLH� VXOIDWLHUWH� 7UL�
VDFFKDULG�%LEOLRWKHN� ZXUGHQ� ]XQlFKVW� HLQ�
]HOQ�YHUPHVVHQ��=XVlW]OLFK�ZXUGH�HLQ�6SHN�
WUXP�GHV�3URWHLQ�PLW�HLQHP�VSLQORFN�3XOV�YRQ
���PV�QDFK�GHP�����3XOV�DXIJHQRPPHQ�

$EELOGXQJ ��� �+�105�6SHNWUHQ GHV GHJO\FRV\OLHUWHQ (�6HOHNWLQ EHL ��� . LQ '�2�,PLGD]RO�'� 3XIIHU�
$� �+�105�6SHNWUXP PLW :DVVHUXQWHUGU�FNXQJ �&:�9RUVlWWLJXQJ� � VFDQV�� %� �+�105�6SHNWUXP PLW
:DVVHUXQWHUGU�FNXQJ XQG VSLQORFN�3XOV QDFK GHP ����3XOV �� VFDQV�� 1HEHQ GHQ EUHLWHQ
3URWHLQUHVRQDQ]HQ VLQG /|VXQJVPLWWHOVLJQDOH ]X HUNHQQHQ� 5HVRQDQ]HQ YRQ XQEHZHJOLFKHQ 0ROHN�OWHLOHQ
ZHUGHQ DXIJUXQG VFKQHOOHU 7��5HOD[DWLRQ GXUFK GHQ VSLQORFN�3XOV UHGX]LHUW�
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+'2

$URPDWHQ

3URWRQHQ

VSDFHU

0HWK\O

3URWRQHQ

)XFRVH

+��)XF

0HWK\OHQ

3URWRQHQ

VSDFHU

KXPS�5HJLRQ

)XF�*DO�*OF

$EELOGXQJ ��� �+�105�6SHNWUXP GHU VXOIDWLHUWHQ 7ULVDFFKDULG²%LEOLRWKHN EHL ��� . LQ '�2�,PLGD]RO�
'� 3XIIHU� 1HEHQ GHU KXPS�5HJLRQ GHU )XFRVH� *DODFWRVH XQG *OXFRVH VLQG 5HVRQDQ]HQ GHV VSDFHU V LP
$URPDWHQEHUHLFK XQG GHU 0HWK\OHQ�3URWRQHQ ]X HUNHQQHQ� ,P %HUHLFK YRQ ��� SSP ELV ��� SSP OLHJHQ GLH
6LJQDOH GHU +��3URWRQHQ XQG EHL ���� SSP ELV ���� SSP GLH GHU 0HWK\O�3URWRQHQ GHU )XFRVH�

'DV� GHJO\FRV\OLHUWH� (�6HOHNWLQ� ]HLJW� I�U
3URWHLQH� HLQ� W\SLVFKHV� 3URWRQHQ�6SHNWUXP�
$XIJUXQG� GHU� 0ROHN�OPDVVH� YRQ� ���� N'D
VLQG�GLH�105�5HVRQDQ]HQ�VWDUN�YHUEUHLWHUW�
(V� VLQG� GLH� 5HVRQDQ]HQ� GHU� +α�3URWRQHQ
�+α� �����²������SSP��VRZLH�GLH�6LJQDOH�GHU
$PLQRVlXUHQVHLWHQNHWWHQ�3URWRQHQ� +β,γ,δ,ε�
3URWRQHQ�]X�HUNHQQHQ��+β� �����²�����SSP�
+γ,δ,ε�  � ���� ²� ����SSP��� 'LH� DURPDWLVFKHQ
3URWRQHQ� OLHIHUQ� HLQHQ� EUHLWHQ� %HUHLFK� YRQ
����²�����SSP��2IIHQVLFKWOLFK�LVW�GDV�3URWHLQ
QLFKW�YROOVWlQGLJ�GHJO\FRV\OLHUW�� GD�DXFK�GDV
6SHNWUXP� PLW� VSLQORFN�)LOWHU� QRFK� QHQQHQ�
ZHUW� 6LJQDOH� LP� %HUHLFK� GHU� .RKOHQK\GUDW�
5LQJSURWRQHQ� ����� ²� ���� SSP�� ]HLJW�� =X�
VlW]OLFK� VLQG� VFKPDOH� 6LJQDOH� YRQ� /|VXQJV�
PLWWHO�9HUXQUHLQLJXQJHQ� ZLH� &KORURIRUP�
'LPHWK\OIRUPDPLG�� 0HWKDQRO�� $FHWRQ� XQG
$FHWRQLWULO�]X�VHKHQ�
,P� �+�6SHNWUXP� GHU� VXOIDWLHUWHQ� 7ULVDF�

FKDULG�%LEOLRWKHN� NDQQ� PDQ� YHUVFKLHGHQH
%HUHLFKH� XQWHUVFKHLGHQ��'D]X� JHK|UHQ� HLQH
ZHQLJ� GLVSHUJLHUWH� XQG� GXUFK� 6LJQDO�EHU�
ODJHUXQJHQ� JHSUlJWH� KXPS�5HJLRQ� GHU
)XFRVH��� *DODFWRVH�� XQG� *OXFRVH�3URWRQHQ
�����²�����SSP���(LQ�%HUHLFK��LQ�GHP�GLH�+��

3URWRQHQ� GHU� )XFRVH� OLHJHQ� ������ ²� ����
SSP��XQG�HLQ�%HUHLFK�GHU�0HWK\O�3URWRQHQ
GHU� )XFRVH� ������ �� ����� SSP��� :HLWHUH
5HVRQDQ]VLJQDOH�� GHU� DURPDWLVFKHQ�� XQG
0HWK\OHQ�3URWRQHQ�GHV�&��VSDFHUV�ILQGHW�PDQ
EHL������������SSP�XQG�UHVSHNWLYH�EHL�������
�����SSP�
=XU� ZHLWHUHQ� $QDO\VH� GHU� FKHPLVFKHQ

9HUVFKLHEXQJHQ� GHU� 3URWRQHQ� ZXUGHQ
�'�72&6<��XQG��'�12(6<�([SHULPHQWH
GXUFKJHI�KUW�

5.3.2 1H-Resonanzsignale der
sulfatierten Trisaccharid-
Bibliothek

(LQH� NRPSOHWWH� =XRUGQXQJ� GHU� �+�
FKHPLVFKHQ�9HUVFKLHEXQJ� DOOHU�.RPSRQHQ�
WHQ� GHU� VXOIDWLHUWHQ� 7ULVDFFKDULG�%LEOLRWKHN
ZDU� QLFKW� P|JOLFK�� 'LH� JUR�H� $Q]DKO� DQ
9HUELQGXQJHQ� �FD�� ����0ROHN�OH�� I�KUWH� ]X
VWDUN� �EHUODJHUWHQ� 105�6SHNWUHQ�� =X�
VlW]OLFK�]HLJHQ�GLH�YHUVFKLHGHQHQ�9HUNQ�SI�
XQJVYDULDQWHQ� NHLQH� HLQKHLWOLFKH� 9HUWHLOXQJ
LQQHUKDOE� GHU� 0LVFKXQJ�� 'LH� ����)XFRV\O�
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ODFWRVH� LVW� ]�%�� QXU� ]X� HLQHP� VHKU� JHULQJHQ
$QWHLO� YRUKDQGHQ� �FD�� ����� YRQ�GHU�0HQJH
GHU� ����)XFRV\O�ODFWRVH��� 'DV� KHL�W�� GD�
GLHVH� .RPSRQHQWH� VHOEVW� EHL� KRKHU� %LQG�
XQJVDNWLYLWlW�NHLQH�67'�6LJQDOH�OLHIHUQ�NDQQ�
'D� MHGRFK� GLH� .HQQWQLV� GHU� 3RVLWLRQ� GHU
)XFRVH�XQG�GHU�6XOIDWJUXSSH�DP�/DFWRVHFRUH
GHU� ELQGHQGHQ� .RPSRQHQWHQ� HVVHQWLHOO� LVW�
P�VVHQ�GLH�I�U�GLH�MHZHLOLJHQ�9HUNQ�SIXQJV�
YDULDQWHQ� FKDUDNWHULVWLVFKHQ� FKHPLVFKHQ
9HUVFKLHEXQJHQ� HUPLWWHOW� ZHUGHQ�� +LHUI�U
ELHWHQ� VLFK� PHKUHUH� 0ROHN�OIUDJPHQWH� DQ�
'LH� +��3URWRQHQ� GHU� )XFRVH� OLHJHQ� DX�HU�
KDOE�GHU�KXPS�5HJLRQ�GHV�7ULVDFFKDULGV�XQG
�EHUVWUHLFKHQ��DEKlQJLJ�YRQ�GHU�3RVLWLRQ�GHU
9HUNQ�SIXQJ�� HLQHQ� %HUHLFK� YRQ� ������ �
������SSP��(EHQIDOOV�VLQG�GLH��+�FKHPLVFK�
HQ� 9HUVFKLHEXQJHQ� GHU� +��3URWRQHQ� GHU
)XFRVH�JHJHQ�EHU�GHP�9HUNQ�SIXQJVPXVWHU
HPSILQGOLFK�����������������SSP��

H1 [ppm]

α-L-Fucose
H2,3,4,5, CH

3

[ppm] α-L-Fucose
Verknüpfungs-

Muster der α-L-Fucose
5.462 3.878 H2 α-1-3
5.308 3.815 H2 α−1-2�
5.308 4.034 H3 α-1-2�
5.300 3.900 H3. H4 α-1-2�
5.280 3.907 H3, H4 α-1-2�
5.266 3.813 H2 α-1-2�
5.250 1.279 CH

3
α-1-2�

5.250 3.819 H2 α-1-2�
5.240 1.279 CH

3
α-1-2�

5.240 3.844 H2 α-1-2�
5.240 3.995 H3 α-1-2�
5.240 4.235 H5 α-1-2�
5.200 3.815 -* -*

5.129 3.886 H2, H3, H4 α-1-2
5.117 3.850 H2, H3, H4 α-1-2
5.091 3.871 H2 α-1-3�
5.091 3.935 H3, H4 α-1-3�
5.091 4.083 H3, H4 α-1-3�
5.091 4.357 H5 α-1-3�
5.073 1.259 CH

3
α-1-2

5.073 3.844 H2 α-1-2
5.073 3.966 H3 α-1-2
4.994 1.280 CH

3
α-1-6

4.994 3.833 H2, H3 α-1-6
4.994 3.926 H4 α-1-6
4.994 4.151 H5 α-1-6
4.842 1.259 CH

3
-*

4.842 4.053 -* -*

4.842 3.623 -* -*

4.842 3.507 -* -*

7DEHOOH �� �+�FKHPLVFKH 9HUVFKLHEXQJHQ GHU
α�/�)XFRVH DXV HLQHP 72&6<�6SHNWUXP GHU
7ULVDFFKDULG�%LEOLRWKHN� 'LH =XRUGQXQJ GHU
3RVLWLRQ GHU )XFRVH DP /DFWRVH�FRUH LVW HLQHU
RQOLQH 'DWHQEDQN PLW FKHPLVFKHQ 9HU�
VFKLHEXQJHQ HQWQRPPHQ �VXJDEDVH�97� 'LH PLW
HLQHP 6WHUQFKHQ PDUNLHUWHQ (LQWUlJH NRQQWHQ
QLFKW EHVWLPPW ZHUGHQ�

�1LFKW� DOOH� 9HUNQ�SIXQJVYDULDQWHQ
NRQQWHQ� GHQ� �+�FKHPLVFKHQ� 9HUVFKLHEXQJ�
HQ�]XJHRUGQHW�ZHUGHQ��)�U�GLH�α����¶���α���
�¶� XQG� α����¶�3RVLWLRQ� GHU� )XFRVH� ODJHQ
NHLQH� 'DWHQ� YRU�� =XVlW]OLFK� ZXUGHQ� GLH
105�5HVRQDQ]HQ� GHU� +��3URWRQHQ� GHU
)XFRVH�HUPLWWHOW�

H5 [ppm] CH
3
[ppm] 3J

H,H
[Hz] Verknüpfungs-

muster

4.109 1.245 5.9 α-1-6
4.912 1.248 6.2 α -1-3

4.971 1.296 6.5 α -1-3

4.838 1.264 6.6 α -1-3

4.454 1.279 6.7 α -1-2�

4.365 1.286 6.6 α -1-2�

4.237 1.281 6.7 α -1-2

4.184 1.311 7.4 α -1-6

4.163 1.392 7.6 α -1-6

4.132 1.292 7.2 α -1-6

4.151 1.269 6.4 α -1-6

3.776 1.311 7.0 β -1-2

3.835 1.323 6.8 β -1-2

7DEHOOH �� �+�FKHPLVFKH 9HUVFKLHEXQJHQ XQG
�-+�+ GHU +��&+� )XFRVH�.UHX]VLJQDOH DXV
HLQHP 72&6<�6SHNWUXP GHU 7ULVDFFKDULG�
%LEOLRWKHN� 'LH =XRUGQXQJ GHU 3RVLWLRQ GHU
)XFRVH DP /DFWRVH�FRUH LVW HLQHU RQOLQH�

'DWHQEDQN HQWQRPPHQ �VXJDEDVH�97�

'LH� 5HVRQDQ]HQ� GHU� +��3URWRQHQ� GHU
)XFRVH� �EHUVWUHLFKHQ� HLQHQ� %HUHLFK� YRQ
������ �� ������SSP��(V� VLQG� QXU� GLH�.UHX]�
VLJQDOH� EHU�FNVLFKWLJW�� GLH� HLQGHXWLJ� ]X]X�
RUGQHQ� ZDUHQ�� :HLWHUHV� .ULWHULXP� I�U� GLH
=XRUGQXQJ� ZDUHQ� GLH� �-�.RSSOXQJV�
NRQVWDQWHQ�� GLH� I�U� GLH� +��&+�� .RSSOXQJ
LP�%HUHLFK�YRQ���+]�ELV���+]�OLHJHQ�

5.3.3 Relaxationszeiten

'LH� ORQJLWXGLQDOH�� XQG� GLH� WUDQVYHUVDOH
5HOD[DWLRQ]HLW�VLQG�105�*U|�HQ��GLH�GLUHNW
YRQ� GHU�0ROHN�OJU|�H� E]Z�� YRQ� GHU� PROH�
NXODUHQ� %HZHJOLFKNHLW� DEKlQJLJ� VLQG�� %LQ�
GHQGH�/LJDQGHQ�VROOWHQ�DXIJUXQG�LKUHU�UHGX�
]LHUWHQ�%HZHJOLFKNHLW�LP�.RPSOH[�HLQH�N�U�
]HUH� 7��5HOD[DWLRQV]HLW� EHVLW]HQ�� 1LFKWELQ�
GHU� YHUlQGHUQ� LKU� 5HOD[DWLRQVYHUKDOWHQ
QLFKW�� 'LH� 7��5HOD[DWLRQV]HLWPHVVXQJHQ
ZXUGHQ� PLW� GHU� &30*�3XOVVHTXHQ]� DXI�
JHQRPPHQ�� 'DV� /LJDQG�3URWHLQ�9HUKlOWQLV
ODJ�EHL���������'DV�'LIIHUHQ]VSHNWUXP�&� LQ
$EELOGXQJ����ZXUGH�GXUFK�6XEWUDNWLRQ�YRQ
6SHNWUXP�%�YRQ�$�HUKDOWHQ�
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$EELOGXQJ ��� 6WDFNHG SORW YRQ �+�105�6SHNWUHQ GHU VXOIDWLHUWHQ 7ULVDFFKDULG�%LEOLRWKHN PLW GHP
(�6HOHNWLQ� 'LH �'�6SHNWUHQ ZXUGHQ PLW GHU &30*�3XOVVHTXHQ] DXIJHQRPPHQ� 'LH 1RWLHUXQJ UHFKWV
QHEHQ GHQ 6SHNWUHQ VWHKW I�U GHQ =HLWUDXP LQ GHU GLH 7��5HOD[DWLRQ ZLUNVDP LVW�

$

%

&

$URPDWLVFKH

3URWRQHQ +��)XFRVH

&+ �)XFRVH
�&+ ��������

�

&+ ����
�

&+ ����
�

&+ ����
�

&+ ����
�

+�� �'

*OF� *DO

β

+�� �'

*OF� *DO

β

+��)XF

$EELOGXQJ ��� $ XQG % ]HLJHQ 3URWRQHQ�6SHNWUHQ GHU VXOIDWLHUWHQ 7ULVDFFKDULG�%LEOLRWKHN PLW GHP
(�6HOHNWLQ �� PV XQG ��� PV GHOD\�� & LVW GDV 'LIIHUHQ]VSHNWUXP YRQ $ XQG %� 'DV 6SHNWUXP % ZXUGH YRU
GHU 'LIIHUHQ]ELOGXQJ PLW HLQHP )DNWRU YRQ ��� PXOWLSOL]LHUW�
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x 10

$EELOGXQJ ��� 6lXOHQGLDJUDPP GHU ,QWHJUDOH DXV YHUVFKLHGHQHQ %HUHLFKHQ GHU �+�6SHNWUHQ PLW
XQWHUVFKLHGOLFKHQ GHOD\V �� PV XQG ��� PV�� 'LH ,QWHJUDOH LP $URPDWHQEHUHLFK ZXUGHQ I�U EHLGH 6SHNWUHQ
DXI ��� � QRUPLHUW�
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$EELOGXQJ ��� 6lXOHQGLDJUDPP GHU 4XRWLHQWHQ DXV GHQ ,QWHJUDOHQ YRQ 6SHNWUXP % XQG $� 'DV ,QWHJUDO
GHU $URPDWHQ ZXUGH I�U EHLGH 6SHNWUHQ DXI ��� � QRUPLHUW� -H NOHLQHU GHU 4XRWLHQW GHU ,QWHJUDOH LVW� GHVWR
VFKQHOOHU UHOD[LHUHQ GLH 3URWRQHQ�
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=LHO� ZDU� HV�� YHUVFKLHGHQH� %HUHLFKH� GHU
0ROHN�OH� DXI� LKU� 5HOD[DWLRQVYHUKDOWHQ� ]X
XQWHUVXFKHQ��9RU� GHU�'LIIHUHQ]ELOGXQJ� YRQ
6SHNWUXP� %� PLW� $� ZXUGH� GDV� 6SHNWUXP� %
PLW� HLQHP�)DNWRU� YRQ� ����PXOWLSOL]LHUW�� $OV
.ULWHULXP� I�U� GLH� 6NDOLHUXQJ� GLHQWHQ� GLH
DURPDWLVFKHQ�3URWRQHQ��6LH�VROOWHQ�QDFK�GHU
6XEWUDNWLRQ�QDKH]X�NHLQ�6LJQDO�PHKU�]HLJHQ�
'LHV� EHGHXWHW�� GD�� DOOH� DQGHUHQ� 0ROHN�O�
IUDJPHQWH�� GLH� QDFK� GHU� 'LIIHUHQ]ELOGXQJ
QRFK� 6LJQDOH� OLHIHUQ�� VFKQHOOHU� UHOD[LHUHQ� DOV
GLH� DURPDWLVFKHQ� 3URWRQHQ� XQG� VRPLW� NRQ�
WDNW� ]XP� 3URWHLQ� KDEHQ� VROOWHQ�� ,Q� $EELO�
GXQJ����VLQG�GLH�:HUWH�GHU�,QWHJUDOH�LQ�3UR�
]HQW�GDUJHVWHOOW��=XU�EHVVHUHQ�hEHUVLFKW�VLQG
LQ� $EELOGXQJ� ��� QXU� GLH� 4XRWLHQWHQ� GHU
,QWHJUDOH� YRQ� 6SHNWUXP� %� XQG� $� JH]HLJW�
'LHVHU�4XRWLHQW� LVW�HLQ�0D��I�U�GLH�5HOD[D�
WLRQ� GHU� 3URWRQHQ� UHODWLY� ]X� GHQ� DURPDWL�
VFKHQ�3URWRQHQ�� -H�NOHLQHU�GHU�4XRWLHQW� LVW�
GHVWR�VFKQHOOHU�UHOD[LHUHQ�GLH�3URWRQHQ�
'LH� DURPDWLVFKHQ� 3URWRQHQ� ]HLJHQ� GDV

ODQJVDPVWH� 5HOD[DWLRQVYHUKDOWHQ�� %HVRQGHUV
VFKQHOO� UHOD[LHUHQ� GLH�+��3URWRQHQ� GHU� )X�
FRVH��FD��)DNWRU�GUHL�ELV�I�QI�JHJHQ�EHU�GHQ
DURPDWLVFKHQ� 3URWRQHQ�� XQG� GLH�+��3URWR�
QHQ�GHU�*OXFRVH�XQG�GHU�*DODFWRVH��*HIROJW
YRQ� GHQ� 3URWRQHQ� GHV� &��VSDFHUV� XQG� GHU
0HWK\OJUXSSH� GHU� )XFRVH�� ,Q� HLQHP�PLWWOH�
UHQ� %HUHLFK� OLHJW� GLH� KXPS�5HJLRQ� XQG� GLH
+��3URWRQHQ� GHU� )XFRVH� �FD�� )DNWRU� ]ZHL��
'D�1LFKWELQGHU�XQG�%LQGHU�LQ�GHU�0LVFKXQJ
JOHLFK]HLWLJ� YRUOLHJHQ� XQG� GLH� 105�5HVR�
QDQ]HQ� VWDUN� �EHUODJHUW� VLQG�� LVW� GHU� $QWHLO
DQ� VFKQHOO� UHOD[LHUHQGHQ�3URWRQHQ� DXIJUXQG
YRQ�%LQGXQJ�DP�3URWHLQ�UHODWLY�JHULQJ��(LQH
'LIIHUHQ]LHUXQJ� ]ZLVFKHQ� ELQGHQGHQ� XQG
QLFKWELQGHQGHQ� .RPSRQHQWHQ� LVW� VRPLW
QLFKW� HLQGHXWLJ� YRU]XQHKPHQ��1LPPW� PDQ
MHGRFK�DQ��GD��GHQQRFK�HLQ�7HLO�GHU�0DJQH�
WLVLHUXQJ�GXUFK�VFKQHOOH�7��5HOD[DWLRQ�YHUOR�
UHQ�JHKW��LVW�GLH�)XFRVH�DP�VWlUNVWHQ�JHEXQ�
GHQ�JHIROJW�YRQ�GHU�*OXFRVH��GHU�*DODFWRVH
XQG� GHP� &��VSDFHU�� 'HU� $URPDW� WUlJW� DP
ZHQLJVWHQ�]XU�%LQGXQJ�EHL�

5.3.4 1D STD NMR-Experimente

'LH� ELVKHULJHQ� (UJHEQLVVH� HUJDEHQ� QXU
HLQH� JUREH� 9RUVWHOOXQJ� �EHU� GLH� .RPSR�
QHQWHQ�� GLH� DQ� GHP� (�6HOHNWLQ� ELQGHQ�� )�U
GLH� ZHLWHUH� 8QWHUVXFKXQJ� ZXUGHQ� 67'

105�([SHULPHQWH� GXUFKJHI�KUW�� LQ� GHQHQ
GDV�/LJDQG�3URWHLQ�9HUKlOWQLV�EHL�������ODJ�
=XQlFKVW�JDOW�HV��GLH�105�3DUDPHWHU�ZLH

(LQVWUDKOSRVLWLRQ� GHU� 9RUVlWWLJXQJ�� 'DXHU
GHU� 9RUVlWWLJXQJ� XQG� GLH� 3XOVFKDUDNWHULVWLN
GHU� 9RUVlWWLJXQJ� ]X� HUPLWWHOQ�� :HLWHUKLQ
PX�WH� JHNOlUW�ZHUGHQ�� RE� HLQH� LQWHUQH�'LI�
IHUHQ]ELOGXQJ� �EHU� JHHLJQHWH� 3KDVHQ]\NOHQ
HUIROJW� RGHU� �EHU� 6XEWUDNWLRQ� GHU� SUR]HV�
VLHUWHQ�6SHNWUHQ�HLQ�EHIULHGLJHQGHV�(UJHEQLV
OLHIHUW�� 'DI�U� ZXUGHQ� HLQH� 5HLKH� YRQ� �+
67'�105�([SHULPHQWH�DXIJHQRPPHQ�
)�U� GLH� :DVVHUXQWHUGU�FNXQJ� ZLUG� LP

HLQIDFKVWHQ� )DOO� HLQH� &:�9RUVlWWLJXQJ
�FRQWLQXRXV� ZDYH�� YHUZHQGHW�� $QDORJ� ZXUGH
]XQlFKVW� GLHVH� 0HWKRGH� GHU� 9RUVlWWLJXQJ
JHZlKOW��(V�]HLJWH�VLFK�MHGRFK��GD��PLW�HLQHU
VFKQHOOHQ� $EIROJH� YRQ� VHOHNWLYHQ� 3XOVHQ
�*DXVV�3XOVH��HLQH�HIIHNWLYHUH�XQG�IOH[LEOHUH
$QUHJXQJ�P|JOLFK�ZDU�� (LQ�ZHLWHUHU� 3XQNW
ZDU�GLH�6WlUNH�E]Z��GLH�'DXHU�GHU�9RUVlWWL�
JXQJ�XQG�GLH�(LQVWUDKOSRVLWLRQ��+LHU�LVW�]ZL�
VFKHQ� GHU� 6lWWLJXQJ� GHV� 3URWHLQV� �RQ
UHVRQDQFH��XQG�GHU�3RVLWLRQ�� LQ�GHU�NHLQH�$Q�
UHJXQJ�GHV�3URWHLQV�HUIROJW���RII�UHVRQDQFH���]X
XQWHUVFKHLGHQ�� 'LHVH� RII� UHVRQDQFH� $QUHJXQJ
LVW� QRWZHQGLJ�� GD� HV� VLFK� KLHU� XP� HLQH
'LIIHUHQ]PHVVXQJ�KDQGHOW��GHUHQ�3XOVIROJHQ
LGHQWLVFK� VHLQ�P�VVHQ�� XP�$UWHIDNWH� ]XYHU�
PHLGHQ�� 'LH� 'LIIHUHQ]VSHNWUHQ� ZXUGHQ
GXUFK� HLQHQ� 3KDVHQ]\FOXV� HUKDOWHQ�� GHU
QDFKHLQDQGHU� GDV� ),'�GHU� RII� UHVRQDQFH� 9RU�
VlWWLJXQJ�YRQ�GHP�GHU� RQ� UHVRQDQFH�9RUVlWWL�
JXQJ�VXEWUDKLHUW�
'LH� 'DXHU� XQG� 6WlUNH� GHU� VHOHNWLYHQ

3XOVH��NRQQWH�DQKDQG�GHU�,QWHQVLWlW�GHU�67'
6LJQDOH� RSWLPLHUW� ZHUGHQ�� 'LH� 3XOVVWlUNH
ZXUGH� W\SLVFK� I�U� VHOHNWLYH� 3XOVH� PLW
VFKPDOHU�$QUHJXQJVEUHLWH�DXI����G%�JHVHW]W�
GLH� 3XOVOlQJH� DXI� ��� PV�� =ZLVFKHQ� GHQ
*DXVV�3XOVHQ�ZXUGH�HLQ�GHOD\�YRQ���PV�YHU�
ZHQGHW�� (LQH� *HVDPWVlWWLJXQJVGDXHU� YRQ
����� 6HNXQGHQ�PLW� ��� *DXVV�3XOVHQ� HUZLHV
VLFK�DOV�DXVUHLFKHQG��(LQH�ZHLWHUH�9HUOlQJHU�
XQJ� GHU� $QUHJXQJ� HUJDE� NHLQH� ZHVHQWOLFKH
,QWHQVLWlWVVWHLJHUXQJ�
'LH� 6WlUNH� XQG� GLH� (LQVWUDKOSRVLWLRQ

PX�WHQ� VR� JHZlKOW� ZHUGHQ�� GD�� $XVOlXIHU
GHU� EUHLWHQ� 5HVRQDQ]HQ� GHV� 3URWHLQV� DQJH�
UHJW� ZHUGHQ�� GLH� 5HVRQDQ]HQ� GHU� 0ROHN�OH
GHU�%LEOLRWKHN�MHGRFK�NHLQH�GLUHNWH�6lWWLJXQJ
HUIDKUHQ��'LH� RII� UHVRQDFH� 3RVLWLRQ�ZXUGH� EHL
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$EELOGXQJ ��� 6WDFNHG SORW GHU �+�67' 6SHNWUHQ� 'LH =DKOHQ UHFKWV QHEHQ GHQ 6SHNWUHQ V\PEROLVLHUHQ
GLH $Q]DKO GHU *DXVV�3XOVH�

������+]�IHVWJHOHJW��'DPLW�LVW�VLFKHUJHVWHOOW�
GD��NHLQHUOHL�3URWRQHQ�DQJHUHJW�ZHUGHQ��'LH
6lWWLJXQJ� GHV� 3URWHLQV� HUIROJWH� KRFKIHOGLJ
EHL� �������+]�� 1DFKIROJHQG� VLQG� �+� 67'
105�6SHNWUHQ� PLW� XQWHUVFKLHGOLFKHU� 6lW�
WLJXQJVGDXHU�JH]HLJW�
'HU� ,QWHQVLWlWVYHUODXI� GHU� 5HVRQDQ]HQ

QlKHUWH� VLFK� EHL� �� 6HN�� 9RUVlWWLJXQJV]HLW
GHP�*OHLFKJHZLFKWVEHUHLFK��$EE������
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$EELOGXQJ ��� 9HUJOHLFK ]ZLVFKHQ GHQ
,QWHJUDOHQ GHU DURPDWLVFKHQ� XQG GHU 0HWK\O�
5HVRQDQ]HQ LQ GHQ �+ 67' 105�6SHNWUHQ PLW
XQWHUVFKLHGOLFKHU 6lWWLJXQJV]HLW� 'LH ,QWHJUDOH
ZXUGHQ I�U GLH ([SHULPHQWH PLW ]ZHL 6HNXQGHQ
6lWWLJXQJV]HLW DXI � QRUPLHUW�

(LQH� ZHLWHUH� 9HUOlQJHUXQJ� Z�UGH� ]ZDU
QRFK� HLQH� JHULQJH� 6WHLJHUXQJ� EHGHXWHQ�

DOOHUGLQJV� Z�UGH� VLFK� DXFK� GLH� 0HVV]HLW
YHUOlQJHUQ�� VR� GD�� DOV� .RPSURPL�� I�U� DOOH
ZHLWHUHQ� ([SHULPHQWH� ��� *DXVV�3XOVH� YHU�
ZDQGW� ZXUGHQ�� 'LH� hEHUSU�IXQJ� GHU� (LQ�
VWUDKOSRVLWLRQ� HUIROJWH� PLW� 'LIIHUHQ]�
VSHNWUHQ�� LQ� GHQHQ� GHU� $QUHJXQJVEHUHLFK
QLFKW� YHUlQGHUW� ZXUGH�� (V� VROOWHQ� VLFK
'LIIHUHQ]VSHNWUHQ� HUJHEHQ�� GLH� HLQH� QDKH]X
JODWWH� %DVLVOLQLH� EHVLW]HQ�� 1XU� VHKU� NOHLQH
0ROHN�OH��ZLH�:DVVHU�XQG�/|VXQJVPLWWHOYHU�
XQUHLQLJXQJHQ�� GLH� HLQ� ODQJHV� 5HOD[DWLRQV�
YHUKDOWHQ�EHVLW]HQ��ZHUGHQ�QLFKW� YROOVWlQGLJ
DEJH]RJHQ�
'DQHEHQ� VLQG� 6SHNWUHQ� JH]HLJW�� GLH� QXU

MHZHLOV� EHL� ������ +]� XQG� EHL� ²����� +]
YRUJHVlWWLJW� ZXUGHQ� XQG� LQ� GHQHQ� NHLQ
����$XVOHVHSXOV� YHUZHQGHW�ZXUGH� �$EE�� ���
'�XQG�(���%HL�GLHVHQ�([SHULPHQWHQ�HUIROJWH
NHLQH�'LIIHUHQ]ELOGXQJ��'LH�6SHNWUHQ�]HLJHQ
LP� ,GHDOIDOO� NHLQH� 6LJQDOH�� GD� GLH
9RUVlWWLJXQJ� ]X� HLQHU� QLFKW� NRKlUHQWHQ
0DJQHWLVLHUXQJ�I�KUW��1XU�GDV�:DVVHU�HUJLEW
HLQ� 6LJQDO�� 6RPLW� LVW� VLFKHUJHVWHOOW�� GD�� GLH
6SHNWUHQ� GHU� 67'� ([SHULPHQWH� NHLQH
$UWHIDNWH� GHU� 9RUVlWWLJXQJ� PLW� VHOHNWLYHQ
*DXVV�3XOVHQ�VLQG�
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$EELOGXQJ ��� 3URWRQHQVSHNWUHQ GHU VXOIDWLHUWHQ 7ULVDFFKDULG�%LEOLRWKHN PLW GHP (�6HOHNWLQ
�0LVFKXQJVYHUKlOWQLV� /LJDQG�3URWHLQ ������� $OOH 6SHNWUHQ ZXUGHQ PLW ���� VFDQV DXIJHQRPPHQ $�
�+ 67' 6SHNWUXP �RII UHVRQDQFH� ����� +]� RQ UHVRQDQFH� ����� +]�� %� �+ 67' 6SHNWUXP �RII
UHVRQDQFH� ������� &� �+ 67' 6SHNWUXP ������ +]�� '� �+�6SHNWUXP QXU PLW 9RUVlWWLJXQJ �RII
UHVRQDQFH� ����� +]�� (� �+�105�6SHNWUXP QXU PLW 9RUVlWWLJXQJ �RQ UHVRQDQFH� ����� +]��

8QWHU� %HU�FNVLFKWLJXQJ� GHU� 2SWLPLHU�
XQJHQ�GHU�105�3DUDPHWHU�ZXUGH�]XVlW]OLFK
HLQ� VSLQORFN�)HOG� YRQ� ��� PV� PLW� HLQHU
$EVFKZlFKXQJ� YRQ� ��� G%� RUWKRJRQDO� ]XU
WUDQVYHUVDOHQ�0DJQHWLVLHUXQJ� YHUZHQGHW� XP
GLH� 3URWHLQUHVRQDQ]HQ� ]X� XQWHUGU�FNHQ�� ,P
([SHULPHQW� RKQH� VSLQORFN�)LOWHU� VLQG� GLH
5HVRQDQ]HQ� GHV� 3URWHLQV� GHXWOLFK� ]X
HUNHQQHQ�� 'DV� 3URWHLQ� HUIlKUW� VRPLW� HLQH
HIIHNWLYH�6lWWLJXQJ��,Q�$EELOGXQJ����VLQG�HLQ
�+� 105�6SHNWUXP� �$�� XQG� HLQ� �+� 67'
105�6SHNWUXP� PLW� VSLQORFN� �&�� XQG� RKQH
VSLQORFN��%��JH]HLJW��'XUFK�GHQ�VSLQORFN�)LOWHU
LQ� 6SHNWUXP� &� ZHUGHQ� GLH� 3URWHLQ�
5HVRQDQ]HQ� GHXWOLFK� UHGX]LHUW�� 'LH� 67'
6LJQDOH� YHUOLHUHQ� MHGRFK� DXIJUXQG� YRQ� 7��
5HOD[DWLRQ�DQ�,QWHQVLWlW�
9HUJOHLFKW� PDQ� GLH� 67'� 6SHNWUHQ� PLW

GHP� QRUPDOHQ� HLQGLPHQVLRQDOHQ� 3URWRQHQ�
6SHNWUXP��VR�IlOOW�DXI��GD��GLH�7RSRORJLH�GHU
5HVRQDQ]HQ�lKQOLFK�LVW��1XU�GLH�,QWHQVLWlWHQ
GHU�6LJQDOH�XQWHUVFKHLGHQ�VLFK��'DV� ,QWHJUDO
GHU�5HVRQDQ]HQ�GHU�KXPS�5HJLRQ�EHWUlJW�LP

67'�6SHNWUXP�PLW�VSLQORFN�)HOG�FD������YRQ
GHQHQ� LP� �+� 105�6SHNWUXP�� 9HUJOHLFKW
PDQ� GLH� UHODWLYHQ�8QWHUVFKLHGH�� VR� HUJHEHQ
VLFK� I�U� XQWHUVFKLHGOLFKH� %HUHLFKH� GHU
0ROHN�OH� XQG� I�U� YHUVFKLHGHQH� 6SH]LHV
'LIIHUHQ]HQ�LQ�GHQ�,QWHJUDOHQ�
8P�GLH� HLQ]HOQHQ�%HUHLFKH� GHU� 6SHNWUHQ

]X�XQWHUVXFKHQ��ZXUGHQ�GLH�9HUVFKLHEXQJV�
EHUHLFKH�GHU�5HOD[DWLRQV]HLW�0HVVXQJHQ�YHU�
ZHQGHW��$XFK�KLHU�ZXUGHQ�GLH�,QWHJUDOH�GHU
$URPDWHQ� DXI� HLQV� QRUPLHUW�� ,P� 9HUJOHLFK
HUJLEW� VLFK�� UHODWLY� ]X� GHP� ,QWHJUDO� GHU
DURPDWLVFKHQ� 3URWRQHQ� GHV� �+�105�
([SHULPHQW�� GD�� GLH� ,QWHJUDOH� GHU� +��
3URWRQHQ�GHU�)XFRVH�XQG�GLH�+���3URWRQHQ
GHU�*OXFRVH��*DODFWRVH�XQG�)XFRVH�LP�67'
6SHNWUXP� DP� JU|�WHQ� VLQG�� ,P�%HUHLFK� GHU
+��3URWRQHQ�GHU�)XFRVH��]HLJHQ�GLH�6LJQDOH
GHU� ���� XQG� GHU� ���¶� 9HUNQ�SIXQJ� GLH
VWlUNVWHQ� 6LJQDOH�� 'LH� LQWHQVLYVWHQ� 6LJQDOH�
LQQHUKDOE� GHV� &��VSDFHUV�� VLQG� GLH�0HWK\OHQ�
3URWRQHQ�LQ�GHU���3RVLWLRQ�
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$EELOGXQJ ��� $� �+�105�6SHNWUXP GHU VXOIDWLHUWHQ 7ULVDFFKDULG�%LEOLRWKHN PLW GHP (�6HOHNWLQ �������
��� VFDQV�� %� �+�67' 105�6SHNWUXP RKQH VSLQORFN�)LOWHU ����� VFDQV�� &� �+�67' 105�6SHNWUXP
PLW VSLQORFN�)LOWHU ����� VFDQV��
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x 10

$EELOGXQJ ��� 6lXOHQGLDJUDPP GHU ,QWHJUDOH DXV YHUVFKLHGHQHQ %HUHLFKHQ GHV �+�6SHNWUXPV �$� XQG
GHU 67' 6SHNWUHQ� RKQH �%� XQG PLW VSLQORFN�)LOWHU �&�� 'LH ,QWHJUDOH LP $URPDWHQEHUHLFK ZXUGHQ I�U
DOOH 6SHNWUHQ DXI ��� � QRUPLHUW�
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$EELOGXQJ ��� 6lXOHQGLDJUDPP GHU 4XRWLHQWHQ DXV GHQ ,QWHJUDOHQ YRQ 6SHNWUXP % XQG $ XQG YRQ
6SHNWUXP & XQG $� 'DV ,QWHJUDO GHU $URPDWHQ ZXUGH I�U DOOH 6SHNWUHQ DXI ��� � QRUPLHUW�

=XVDPPHQIDVVHQG� NDQQ�PDQ� VDJHQ�� GD�
GLH�)XFRVH��H[SOL]LW�GLH�����XQG�GLH����¶�YHU�
NQ�SIWH�9DULDQWH��GLH�VWlUNVWHQ�67'�6LJQDOH
OLHIHUQ�� ,Q� hEHUHLQVWLPPXQJ� PLW� GHQ� 5HOD�
[DWLRQVGDWHQ�LVW�GLH�%HWHLOLJXQJ�GHU�+���3UR�
WRQHQ�GHU�)XFRVH�DQ�GHU�%LQGXQJ�EHVRQGHUV
DXVJHSUlJW��'LH�+��� 3URWRQHQ� GHU�*OXFRVH
XQG�*DODFWRVH�ZHLVHQ�DXIJUXQG� LKUHU�N�U]H�
UHQ� 7��5HOD[DWLRV]HLWHQ� XQG� VWlUNHUHQ� 67'
6LJQDOH�HEHQIDOOV�DXI�HLQH�%HWHLOLJXQJ�DQ�GHU
%LQGXQJ� ]XP�(�6HOHNWLQ� KLQ��$XIJUXQG� GHU
7DWVDFKH�� GD�� 5HVRQDQ]HQ� YRQ� %LQGHU� XQG
1LFKWELQGHU� VLFK� �EHUODJHUQ�� LVW� NHLQH� HLQ�
GHXWLJH� ,GHQWLIL]LHUXQJ� GHV� ELQGHQGHQ� /L�
JDQGHQ�P|JOLFK��$XFK�GLH�3RVLWLRQ�GHU�6XO�
IDWJUXSSH� YRQ� GHU� RGHU� GHQ� DNWLYHQ� .RP�
SRQHQWHQ� NRQQWH� ELVKHU� QLFKW� JHNOlUW� ZHU�
GHQ�� 'LH� ����)XFRV\O�ODFWRVH�� GLH� GHQ
*UXQGN|USHU� GHV� QDW�UOLFKHQ� /LJDQGHQ
6LDO\O�/HZLV[� GDUVWHOOW�� NRQQWH� DOV� %LQGXQJV�
SDUWQHU� LQ� GHQ� 105�([SHULPHQWHQ� QLFKW
ZLHGHUJHIXQGHQ�ZHUGHQ��(V�LVW�DQ]XQHKPHQ�
GD��GLH�JHULQJH�.RQ]HQWUDWLRQ�GLHVHU�.RP�
SRQHQWH�� NHLQHQ� VSHNWURVNRSLVFK� QDFKZHLV�
EDUHQ� %LQGXQJVHIIHNW� OLHIHUW�� =XU� ZHLWHUHQ
$QDO\VH� ZXUGH� GDV� 67'� 9HUIDKUHQ� DXI
]ZHLGLPHQVLRQDOH� 105�([SHULPHQWH� DXV�
JHZHLWHW�

5.3.5 2D STD NMR-Experimente

3ULQ]LSLHOO� VROOWH� GDV� 67'�9HUIDKUHQ� DXI
HLQH�9LHO]DKO�YRQ�105�([SHULPHQWHQ�DQ]X�
ZHQGHQ� VHLQ�� %HVRQGHUV� EHL� �EHUODJHUWHQ
6LJQDOHQ� ELHWHQ� ]ZHLGLPHQVLRQDOH� ([SHUL�
PHQWH� JHJHQ�EHU� �'� 9HUIDKUHQ� HUKHEOLFKH
9RUWHLOH�� /LPLWLHUHQG� VLQG� MHGRFK� )DNWRUHQ
ZLH� GLH� .LQHWLN� GHU� $VVR]LDWLRQ� XQG� 'LV�
VR]LDWLRQ�� GLH�/lQJH� GHU�3XOVVHTXHQ]HQ�� GLH
(PSILQGOLFKNHLW�GHV�105�([SHULPHQWV�XQG
GLH� .RQ]HQWUDWLRQ� XQG� GDV� 0LVFKXQJVYHU�
KlOWQLV� GHV� 3URWHLQV� XQG� GHU� /LJDQGHQ�� 'D
GLH�.LQHWLN�XQG�GLH�6WlUNH�GHU�%LQGXQJ�QLFKW
JHQDX� EHNDQQW� ZDU� XQG� GLH� .RQ]HQWUDWLRQ
GHU�/LJDQGHQ�JHULQJ�ZDU��VLQG�QXU�VFKZDFKH
67'�6LJQDOH�LQ�GHQ��'�105�([SHULPHQWHQ
]X�HUZDUWHQ��$P�HUIROJUHLFKVWHQ�HUZLHV� VLFK
GDV� 67'� 72&6<�([SHULPHQW�� GHVVHQ
3DUDPHWHU�I�U�GLH�9RUVlWWLJXQJ�YRP��+�67'
([SHULPHQW� �EHUQRPPHQ� ZXUGH�� ,Q
IROJHQGHU� $EELOGXQJ� LVW� GDV� QRUPDOH
72&6<�� XQG� GDV� 67'� 72&6<�6SHNWUXP
GHU� VXOIDWLHUWHQ� 7ULVDFFKDULG�%LEOLRWKHN� PLW
GHP� (�6HOHNWLQ� LQ� HLQHP� 0LVFKXQJV�
YHUKlOWQLV�YRQ�������JH]HLJW�
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72&6< 67'�72&6<

$EELOGXQJ ��� 'DV 72&6<�6SHNWUXP ZXUGH PLW �� VFDQV XQG GDV 67' 726&<�6SHNWUXP PLW ���
VFDQV SUR ,QNUHPHQW DXIJHQRPPHQ� 'HXWOLFK LVW HLQH JHULQJH $Q]DKO YRQ 6LJQDOHQ LP 67' 72&6<�
([SHULPHQW ]X HUNHQQHQ�

+��+���� ���·�)XFRVHα

+��+���

*OF��*DO
+��+���

*OF��*DO

+��+�� ����)XFRVH�α +����+���

*OF��*DO

$EELOGXQJ ��� +��3URWRQHQ %HUHLFK GHU )XFRVH XQG KXPS�5HJLRQ GHV VXOIDWLHUWHQ 7ULVDFFKDULGV� 'DV
EODXH 6SHNWUXP ]HLJW GDV ÅQRUPDOH´ 72&6<�([SHULPHQW� 'LH URWHQ 6LJQDOH VWHOOHQ GDV 67' 72&6<�
6SHNWUXP GDU�
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$EELOGXQJ ��� &+��+� %HUHLFK DXV GHP 72&6<�6SHNWUXP� 'DV QRUPDOH 72&6<�6SHNWUXP LVW PLW
EODXHQ .RQWRXUOLQLHQ GDUJHVWHOOW� 'LH URWHQ 6LJQDOH ]HLJHQ GDV 67'�72&6<�

'DV�QRUPDOH�72&6<�6SHNWUXP�LVW�GXUFK
VWDUNH� 6LJQDO�EHUODJHUXQJ� LQ� GHU� KXPS�
5HJLRQ� GHU� =XFNHU� JHSUlJW�� 1XU� GLH� +��
3URWRQHQ� GHU� )XFRVH� VLQG� GLVSHUJLHUW�
$QGHUV� LP� 67'� 72&6<�([SHULPHQW�� +LHU
VLQG� QXU� QRFK� HLQH� JHULQJH� $Q]DKO� DQ
5HVRQDQ]HQ� ]X� HUNHQQHQ�� 'LHVH� 6LJQDOH
VWHOOHQ� QXU� GLH� 3URWRQHQ� GDU�� GLH� �EHU� GDV
3URWHLQ� HLQHQ� 0DJQHWLVLHUXQJVWUDQVIHU� HU�
IDKUHQ� KDEHQ� XQG� ]HLJHQ� DOVR� QXU� GLH
ELQGHQGHQ� .RPSRQHQWHQ� DXV� GHU� %LEOLR�
WKHN�� $XVVFKQLWWH� DXV� YHUVFKLHGHQHQ
%HUHLFKHQ� GHU� 6SHNWUHQ� JHEHQ� HLQ
GHWDLOOLHUWHV�%LOG�GHU�I�U�GLH�9HUNQ�SIXQJ�GHU
)XFRVH�ZLFKWLJHQ�5HVRQDQ]HQ�
,P�%HUHLFK�GHU�+��3URWRQHQ�GHU�)XFRVH

VLQG� LP� 67'� 72&6<� QXU� 5HVRQDQ]HQ� ]X
HUNHQQHQ�� GHUHQ� FKHPLVFKH� 9HUVFKLHEXQJ
FKDUDNWHULVWLVFK�I�U�GLH�α���¶�������SSP��XQG
α���� ������� SSP�� 9HUNQ�SIXQJ� VLQG�� 'LH
6LJQDOH� GHU�+��3URWRQHQ� GHU�*OXFRVH� RGHU
*DODFWRVH� OLHJHQ�EHL� �����SSP�ELV� ����SSP�
'LH� 5LQJSURWRQHQ� ]HLJHQ� YHUVFKLHGHQH
6LJQDOH� YRQ� FD�� ����SSP� ELV� ���� SSP�
$EKlQJLJ�YRQ�GHU�MHZHLOLJHQ�9HUNQ�SIXQJV�

SRVLWLRQ� GHU� )XFRVH� XQG� GHU� 6XOIDWJUXSSH
N|QQHQ� GLH� 5HVRQDQ]HQ� GHU� *DODFWRVH� XQG
*OXFRVH�XP�PHKUHUH�=HKQWHO�SSP�YDULLHUHQ�
'D� KLHU� NHLQH� HQWVSUHFKHQGHQ� 5HI�
IHUHQ]GDWHQ�]XU�9HUI�JXQJ�VWDQGHQ��ZDU�HLQH
H[DNWH� =XRUGQXQJ� GLHVHU� �+�FKHPLVFKHQ
9HUVFKLHEXQJHQ�QLFKW�P|JOLFK�
'LH� �+�FKHPLVFKHQ� 9HUVFKLHEXQJHQ� GHU

+��3URWRQHQ� GHU� )XFRVH� VLQG� HEHQIDOOV
HPSILQGOLFK� JHJHQ�EHU� GHP� 9HUNQ�SIXQJV�
PXVWHU��+LHU�]HLJW�VLFK��GD��QXU�67'�6LJQDOH
GHU����¶��������SSP��������SSP��XQG�GHU����
������� SSP�� YHUNQ�SIWHQ� )XFRVH� ]X
HUNHQQHQ� VLQG�� $XIIlOOLJ� LVW�� GD�� GHU
0DJQHWLVLHUXQJVWUDQVIHU� LP� 67'� 72&6<
I�U� GLH� =XFNHUSURWRQHQ� QXU� HLQ� ELV� ]ZHL
.HUQH�HQWODQJ�GHU�6SLQV\VWHPH�YHUOlXIW��%HL
GHQ�5HVRQDQ]HQ�GHU� 3URWRQHQ� GHV�&��VSDFHU
LVW� GHU� 7UDQVIHU� DXVJHGHKQWHU�� =XVDPPHQ�
IDVVHQG� VLQG� LQ� IROJHQGHU� 7DEHOOH� GLH� �+�
FKHPLVFKHQ� 9HUVFKLHEXQJHQ� GHU� 67'
6LJQDOH�DXIJHOLVWHW�
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H1 [ppm]
Fucose

H2,3,4 [ppm]
Fucose

Verknüpfungs-
Muster der Fucose

5.240 3.844 α-1-2�
5.240 3.995 α-1-2�
4.994 3.833 α-1-6

H5 [ppm]

Fucose

CH
3
[ppm]

Fucose

Verknüpfungs-

Muster der Fucose
4.365 1.286 α -1-2�
4.237 1.281 α -1-2�
4.151 1.269 α -1-6

H1 [ppm]

Gal, Glc

H2,3 [ppm]

Gal, Glc
4.604 3.857
4.587 3.847
4.558 3.747
4.579 3.781
4.553 3.77
4.535 3.761

H2,3 [ppm]

Gal, Glc

H3,4 [ppm]

Gal, Glc
4.019 3.878

3.984 3.849
3.985 3.864
3.971 3.848

3.957 3.848
3.963 3.848

H2 [ppm]

Gal, Glc

H3,4 [ppm]

Gal, Glc

3.903 3.624
3.861 3.66
3.848 3.598
3.839 3.527
3.838 3.624

C8-spacer

[ppm]

H2,3,4,5,6,7,8 [ppm]

C8-spacer

H1 3.58, 3.87 H2,3,4,5
1,58, 1.32

H2 1.58 H1,3,4,5
3.58, 3.87, 1.32

H3,4,5
1.32

H1,2,6,7,8
3.58, 3.87,1.58, 1.45, 1.75, 4.02

H6
1.45

H3,4,5,7,8
1.32, 1.75, 4.02

H7
1.75

H3,4,5,6,8
1.32, 1.45, 4.02

H8
4.02

H3,4,5,6,7
1.32, 1.45, 1.75

7DEHOOH �� �+�FKHPLVFKH 9HUVFKLHEXQJHQ GHU
6LJQDOH DXV GHP 67' 72&6<�6SHNWUXP� 'LH
1XPHULHUXQJ GHU 3URWRQHQ GHV &��VSDFHU
EHJLQQW DQ GHU *OXFRVH�

5.3.6 Selektive 1H-Experimente

'LH� =XRUGQXQJ� GHU� 5HVRQDQ]HQ� GHU
)XFRVH�+���+�� XQG�+��5LQJSURWRQHQ� YRQ
GHQ� ELQGHQGHQ� .RPSRQHQWHQ� LVW� DXV� GHQ
ELVKHULJHQ� 105�([SHULPHQWHQ� QLFKW� H[DNW
]X� HUPLWWHOQ�� 0LW� +LOIH� YRQ� VHOHNWLYHQ� �'�

72&6<� XQG� �'�&26<�([SHULPHQWHQ
NRQQWHQ�GLH�6SLQV\VWHPH�GHU�)XFRVH� MHGRFK
]XJHRUGQHW�ZHUGHQ�

H1 [ppm]

Fucose

H2 [ppm]

Fucose

3J
1,2
, 3J

2,3
[Hz] Verknüpfungs-

Muster der Fucose

5.240 3.844 4.04, 10.53 α-1-2�
3.830 4.35, 10.38 α-1-2�

4.994 3.833 -, 10.22 α-1-6
3.828 3.97, 10.30 α-1-6
3.826 3.74, 10.38 α-1-6

H1 [ppm]
Fucose

H3 [ppm]
Fucose

3J
2,3
, 3J

3,4
[Hz] Verknüpfungs-

Muster der Fucose

5.240 3.995 10.38, 3.36 α-1-2�
3.840 10.53, 3.97 α-1-2�

4.994 3.821 10.38, 3.74 α-1-6

H1 [ppm]

Fucose

H4 [ppm]

Fucose

3J
3,4
, 3J

4,5
[Hz] Verknüpfungs-

Muster der Fucose
5.240 3.886 3.36, 0.99 α-1-2�
4.994 3.926 3.74, 0.61 α-1-6

7DEHOOH �� �+�FKHPLVFKH 9HUVFKLHEXQJHQ XQG
.RSSOXQJVNRQVWDQWHQ GHU )XFRVH�6LJQDOH DXV
GHQ VHOHNWLYHQ 105�([SHULPHQWHQ�

'LH� VHOHNWLYH� $QUHJXQJ� HUIROJWH� DXI� GLH
5HVRQDQ]HQ� GHU� +��)XFRVH� 3URWRQHQ
�������SSP�XQG� ������ SSP�� GHU� ELQGHQGHQ
/LJDQGHQ�
'DV� �'�&26<�([SHULPHQW� PLW� GHU

$QUHJXQJ�EHL�������SSP�HUJDE�HLQ�6SHNWUXP
PLW� PLQGHVWHQV� ]ZHL� YHUVFKLHGHQHQ� +��
3URWRQHQ�� GHUHQ� GRSSHOWH� 'XEOHWWV� LQ
$QWLSKDVH� EHL� ������ SSP� XQG� ������ SSP
HUVFKHLQHQ�� 'LH� VFKZDFKH� 'LVSHUVLRQ� YRQ
������SSP�GHXWHW�DXI�HLQH�DQGHUH�FKHPLVFKH
8PJHEXQJ� GHV� +��3URWRQV� GHU� HLQHQ
6SH]LHV� KLQ�� 6HKU� DXVJHSUlJW� LVW� GLHVHU� VKLIW
I�U� GDV� +��3URWRQ�� +LHU� ]HLJW� GDV� �'�
72&6<�6SHNWUXP� HLQ�+��3URWRQ�PLW� HLQHU
FKHPLVFKHQ� 9HUVFKLHEXQJ� YRQ� ������ SSP�
'DV� +��3URWRQ� GHU� DQGHUHQ� .RPSRQHQWH
HUVFKHLQW� EHL� HLQHU� FKHPLVFKHQ� 9HUVFKLH�
EXQJ� YRQ� ������SSP��'LHV� HQWVSULFKW� HLQHU
'LIIHUHQ]� YRQ� ������SSP��(LQ�7LHIIHOG�VKLIW
GLHVHU� *U|�HQRUGQXQJ� NDQQ� XUVlFKOLFK
GXUFK�HLQH�QHJDWLY�JHODGHQH�*UXSSH�LQ�QDKHU
UlXPOLFKHU� 8PJHEXQJ� GHV� +��3URWRQV
KHUYRUJHUXIHQ� ZHUGHQ�� %HLVSLHOH� I�U� �+�
FKHPLVFKH� 9HUVFKLHEXQJHQ� YRQ� VXOIDWLHUWHQ
/DFWRVHQ� LQ� �¶�3RVLWLRQ� ]HLJHQ� I�U� GDV�+�¶�
3URWRQ� HLQ� VKLIW� YRQ� ����� SSP� XQG� I�U� GDV
+�¶�3URWRQ� XQG� +�¶�3URWRQ� HLQ� VKLIW� YRQ
�����SSP�XQG������SSP98�
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�'�&26<

�'�72&6<

6HOHNWLYH $QUHJXQJ ������ SSP�

GHU +��3URWRQHQ GHU �/�)XFRV\O�����·��ODFWRVHα

$EELOGXQJ ��� 6HOHNWLYH �+�&26< XQG �+�72&6<�([SHULPHQWH GHU ELQGHQGHQ .RPSRQHQWHQ� 'HU
VHOHNWLYH *DXVV�3XOV KDWWH HLQH /lQJH YRQ �� PV XQG HLQH (LQVWUDKOSRVLWLRQ YRQ ����� SSP� 'LH
(LQVWUDKOSRVLWLRQ HQWVSULFKW GHU 5HVRQDQ]IUHTXHQ] GHU )XFRVH +��3URWRQHQ GHUα�/�)XFRV\O�����¶��ODFWRVH�

�'�&26<

�'�72&6<

6HOHNWLYH $QUHJXQJ ������ SSP�

GHU +��3URWRQHQ GHU �/�)XFRV\O�������ODFWRVHα

$EELOGXQJ ��� 6HOHNWLYH �+�&26< XQG �+�72&6<�([SHULPHQWH GHU ELQGHQGHQ .RPSRQHQWHQ� 'HU
VHOHNWLYH *DXVV�3XOV KDWWH HLQH /lQJH YRQ �� PV XQG HLQH (LQVWUDKOSRVLWLRQ YRQ ����� SSP� 'LH
(LQVWUDKOSRVLWLRQ HQWVSULFKW GHU 5HVRQDQ]IUHTXHQ] GHU )XFRVH +��3URWRQHQ GHUα�/�)XFRV\O�������ODFWRVH�



Ergebnisse und Diskussion

��

'D�GLH�)XFRVH� LQ�GHQ�.RPSRQHQWHQ�GHU
%LEOLRWKHN� QLFKW� VXOIDWLHUW� LVW�� VRQGHUQ� QXU
GLH�/DFWRVH�� VROOWH�GLH�6XOIDWJUXSSH�DQ�HLQHU
3RVLWLRQ� YHUNQ�SIW� VHLQ�� GLH� UlXPOLFK� GHP
+��3URWRQ� GHU� )XFRVH� QDKH� NRPPW�� 'LH
5HVRQDQ]HQ� GHU� +��3URWRQHQ� OLHJHQ� I�U
EHLGH� .RPSRQHQWHQ� LP� %HUHLFK� YRQ� �����
SSP��'HU�(LQIOX��ZLUNW�VLFK�DOVR�QXU�DXI�GLH
�+�FKHPLVFKHQ� 9HUVFKLHEXQJHQ� GHU� +��
XQG�+��3URWRQHQ�GHU�)XFRVH�DXV�
'LH� DQGHUH� .RPSRQHQWH�� GLH� DOV

ELQGHQGHU� /LJDQG� DXV� GHP� 67'� 72&6<�
([SHULPHQW� LGHQWLIL]LHUW� ZXUGH�� LVW� GLH
/DFWRVH��LQ�GHU�GLH�)XFRVH�����YHUNQ�SIW�LVW�
'LH� VHOHNWLYHQ� �'�([SHULPHQWH� HUIROJWHQ
QXQ� PLW� HLQHU� $QUHJXQJ� GHU� +��3URWRQHQ
GHU�)XFRVH� EHL� ������ SSP�� ,P�8QWHUVFKLHG
]X� GHU� ���¶� YHUNQ�SIWHQ� )XFRVH�� HUJDE� GLH
,GHQWLIL]LHUXQJ� XQG� =XRUGQXQJ� GHU� 6SLQ�
V\VWHPH� NHLQHQ� 7LHIIHOGVKLIW� GHU� 3URWRQHQ�
UHVRQDQ]HQ�� 'LH� �+�FKHPLVFKHQ� 9HU�
VFKLHEXQJHQ� GHU� +��3URWRQHQ� OLHJHQ� LQ
HLQHP� %HUHLFK� YRQ� ������ �� ������ SSP�� ,P
�'�72&6<�6SHNWUXP�NRQQWH�DXIJUXQG�YRQ
6LJQDO�EHUODJHUXQJ� GLH� 5HVRQDQ]� YRQ� QXU
HLQHP� +��3URWRQ� H[DNW� EHVWLPPW� ZHUGHQ�
'LH�FKHPLVFKH�9HUVFKLHEXQJ� OLHJW�EHL������
SSP�� 'LH� 5HVRQDQ]HQ� GHU� +��3URWRQHQ
N|QQHQ� :HUWH� ]ZLVFKHQ� ����� �� ����� SSP
]XJHRUGQHW�ZHUGHQ�
'LH� FKHPLVFKHQ� 9HUVFKLHEXQJHQ� GHU

)XFRVH�5LQJSURWRQHQ�VLQG�VRPLW�QLFKW�GXUFK
HLQH�UlXPOLFK�QDKH�6XOIDWJUXSSH�EHHLQIOX�W�
=XVDPPHQIDVVHQG� NDQQ� JHVDJW� ZHUGHQ�

GD�� GLH� α�/�)XFRV\O�������ODFWRVH� XQG� GLH
α�/�)XFRV\O�����¶��ODFWRVH� DOV� ELQGHQGH
%HVWDQGWHLOH� GHU� VXOIDWLHUWHQ� 7ULVDFFKDULG�
%LEOLRWKHN�LGHQWLIL]LHUW�ZHUGHQ�NRQQWHQ��'LH
+���XQG�+��5LQJSURWRQHQ�GHU�α�/�)XFRV\O�
����¶��ODFWRVH� ]HLJHQ� HLQHQ� 7LHIIHOGVKLIW�� GHU
ZDKUVFKHLQOLFK� DXIJUXQG� HLQHU� 6XOIDWJUXSSH
LQ� UlXPOLFKHU� 1lKH� GLHVHU� 3URWRQHQ� HQW�
VWHKW��'LH�DQGHUHQ�ELQGHQGHQ�.RPSRQHQWHQ
]HLJHQ� NHLQHQ� VKLIW� GHU� FKHPLVFKHQ� 9HU�
VFKLHEXQJ�

5.3.7 trNOESY-Experimente

(LQH�HOHJDQWH�0HWKRGH�]XU�8QWHUVXFKXQJ
YRQ� 5H]HSWRU�/LJDQG�:HFKVHOZLUNXQJHQ
EDVLHUW� DXI� GHU� WU12(�0H�WHFKQLN�� ,Q� GHU
5HJHO� EHVLW]HQ� NOHLQH� 0ROHN�OH� HLQHQ

SRVLWLYHQ� 12(�� %LQGHW� MHGRFK� VR� HLQ
0ROHN�O� DP� 3URWHLQ� ZHFKVHOW� GDV� 9RU�
]HLFKHQ� XQG� GLH� 9HUELQGXQJ� ]HLJW� VWDUNH
QHJDWLYH� 12(V�� 6RPLW� NDQQ� HLQ� HLQ]LJHV
WU12(6<�6SHNWUXP�GHQ�ELQGHQGHQ�/LJDQG�
HQ�LGHQWLIL]LHUHQ��'DU�EHU�KLQDXV�NDQQ�GXUFK
GLH� $XIQDKPH� YRQ� WU12(6<�$XIEDXUDWHQ�
GLH�.RQIRUPDWLRQ� LP� JHEXQGHQHQ� =XVWDQG
GHV� /LJDQGHQ� EHVWLPPW� ZHUGHQ�� %HL� GHU
8QWHUVXFKXQJ� HLQHU� 6XEVWDQ]�%LEOLRWKHN
VROOWHQ� VRPLW� QXU� GLH� ELQGHQGHQ� .RP�
SRQHQWHQ�HLQ�9RU]HLFKHQZHFKVHO�GHV�12(V
]HLJHQ�
%HL�GHU�KLHU�YRUOLHJHQGHQ�VXOIDWLHUWHQ�7UL�

VDFFKDULG�%LEOLRWKHN� HUJDE� VLFK� MHGRFK�� GD�
GLH� 9HUELQGXQJHQ� GHU� 0LVFKXQJ� EHUHLWV
RKQH�3URWHLQ�HLQHQ�QHJDWLYHQ�12(�]HLJWHQ�
$XIJUXQG� GHU� 0ROHN�OPDVVH� YRQ
�������J�PRO� LVW� GLHV� QLFKW� ]X� HUZDUWHQ�
%HU�FNVLFKWLJW� PDQ� DEHU� GLH� 6XOIDWLHUXQJ�
GHUHQ� +\GUDWK�OOH� LQ� HWZD� GLH� 0DVVH� HLQHU
0RQRVDFFKDULGHLQKHLW�DXVPDFKW��VR� OLHJW�GLH
YLUWXHOOH�0DVVH�LQ�HLQHP�%HUHLFK��LQ�GHP�GLH
0ROHN�OH� QHJDWLYH� 12(V� ]HLJHQ�� $XFK� GLH
$XIQDKPH� YRQ� 12(6<�6SHNWUHQ� EHL� ���
0+]� �� GHU� 1XOOGXUFKJDQJ� GHV� 12(V� LVW
GLUHNW� SURSRUWLRQDO� ]XU� 6SHNWURPHWHUIUH�
TXHQ]� XQG� ]XU� .RUUHODWLRQV]HLW� GHV� 0ROH�
N�OV��DOVR�DEKlQJLJ�YRQ�GHU�0ROHN�OPDVVH� �
I�KUWH�QLFKW�]X�SRVLWLYHQ�12(�6LJQDOHQ�GHU
QLFKWELQGHQGHQ� 9HUELQGXQJHQ� GHU� %LEOLR�
WKHN�� 'HVKDOE� NRQQWH� �EHU� HLQHQ� 9RU�
]HLFKHQZHFKVHO� QLFKW� ]ZLVFKHQ� %LQGHU� XQG
1LFKWELQGHU�GLIIHUHQ]LHUW�ZHUGHQ�
(LQ� ZHLWHUHV� FKDUDNWHULVWLVFKHV� 0HUNPDO

GHV� WU12(V� LVW� GLH� /DJH� GHV� 0D[LPXPV�
$XFK�GHU�WU12(�EDXW�VLFK�]HLWDEKlQJLJ�YRQ
GHU� 0ROHN�OPDVVH� XQG� GHQ� 3URWRQHQDE�
VWlQGHQ� DXI�� %HL� GHQ� IUHLHQ� /LJDQGHQ� GHU
%LEOLRWKHN� OLHJW� GDV� 0D[LPXP� EHL� JU|�HU
HLQHU� 6HNXQGH�� ,P� JHEXQGHQHQ� =XVWDQG
VROOWHQ� GLH� 0D[LPD� GHXWOLFK� ]X� N�U]HUHQ
0LVFK]HLWHQ�YHUVFKREHQ�VHLQ��$EKlQJLJ�YRP
/LJDQG�3URWHLQ�9HUKlOWQLV�� GHU� .RUUHODWL�
RQV]HLW� GHV� .RPSOH[HV� XQG� YRQ� GHU� *H�
VFKZLQGLJNHLW� GHV� FKHPLVFKHQ� $XVWDXVFKHV
�NRQ��NRII��HUJHEHQ�VLFK�EHL�XQWHUVFKLHGOLFKHQ
0LVFK]HLWHQ� XQWHUVFKLHGOLFKH� 0D[LPDOZHUWH
GHV�WU12(V�
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$EELOGXQJ ��� 'LH WU12(�,QWHQVLWlW LVW JHJHQ
GLH 0LVFK]HLW DXIJHWUDJHQ� 'LH $EELOGXQJ ]HLJW
GLH EHUHFKQHWHQ WU12(�$XIEDXNXUYHQ I�U MH�
ZHLOV YLHU YHUVFKLHGHQH $QWHLOH DQ JHEXQGHQHQ
/LJDQGHQ S% VRZLH I�U YLHU YHUVFKLHGHQH .RU�
UHODWLRQV]HLWHQ GHV /LJDQGHQ τF% LP JHEXQGHQHQ
=XVWDQG� 'LH .XUYHQ HQWVSUHFKHQ YHUVFKLHGHQHQ
3URWRQHQDEVWlQGHQ� �)� ���� c� �Y� ���� c� �M� ����
c XQG �•� ���� c� 'LHVH 6LPXODWLRQ ZXUGH I�U HLQH
6SHNWURPHWHU�)UHTXHQ] YRQ ��� 0+] GXUFK�
JHI�KUW59�

'XUFK�(UK|KXQJ�GHV�/LJDQG�EHUVFKXVVHV
ZLUG�GDV�0D[LPXP�GHU�WU12(�,QWHQVLWlW�]X
OlQJHUHQ� 0LVFK]HLWHQ� YHUVFKREHQ�� 'HU
UHODWLYH�WU12(�QLPPW�MHGRFK�OHLFKW�DE��=LHO
LVW� HV� HLQ� RSWLPDOHV� /LJDQG�3URWHLQ�
9HUKlOWQLV� ]X� HUUHLFKHQ�� LQ� GHP�GHU� WU12(
PD[LPDO� LVW�XQG�EHL�HLQHU�0LVFK]HLW�YRQ�FD�
����PV� OLHJW�� $EELOGXQJ� ��� ]HLJW� GHQ� REHQ
EHVFKULHEHQHQ�=XVDPPHQKDQJ59�
)�U� GLH� $XIQDKPH� YRQ� WU12(6<�

6SHNWUHQ� ZXUGH� HLQ� /LJDQG�3URWHLQ�

9HUKlOWQLV� YRQ� ������� JHZlKOW� PLW� MHZHLOV
YHUVFKLHGHQHQ� 0LVFK]HLWHQ� �τP�  � ��� PV�
���PV�� ��� PV�� ���� PV�� ���� PV� I�U� GLH
0LVFKXQJ� XQG� I�U� GLH� ÅIUHLH´� %LEOLRWKHN
τP� ������PV�����PV�����PV������PV������PV�
���� PV�� ���� PV��� %HL� HLQHU� 0ROHN�OPDVVH
GHV� 3URWHLQV� YRQ� ���� N'� XQG� HLQHU
'LVVR]LDWLRQVNRQVWDQWHQ� GHU� ELQGHQGHQ
/LJDQGHQ� YRQ� .'�  � �⋅����� �� �⋅����� >0@
EHILQGHQ�ZLU�XQV� LP� OLQNHQ�XQWHUHQ�%HUHLFK
GHU� $EELOGXQJ� ���� 6RPLW� VROOWHQ� VLFK� JXW
WU12(V�EHREDFKWHQ�ODVVHQ�
'LH�$XVZHUWXQJ�GHU�6SHNWUHQ�HUZLHV�VLFK

MHGRFK� DOV� DX�HURUGHQWOLFK� VFKZLHULJ�� GD
DXIJUXQG� YRQ� VWDUNHQ� 6LJQDO�EHUODJHUXQJHQ
NHLQH� HLQGHXWLJH� ,GHQWLIL]LHUXQJ� GHU
6SLQV\VWHPH� P|JOLFK� ZDU�� =XVlW]OLFK� VLQG
GLH� 0ROHN�OPDVVHQ� GHU� HLQ]HOQHQ� .RPSR�
QHQWHQ�GHU�%LEOLRWKHN� MH�QDFK�6XOIDWLHUXQJV�
PXVWHU� YHUVFKLHGHQ�� VR� GD�� GLH� $XIEDX�
NXUYHQ� GHU� IUHLHQ� %LEOLRWKHN� EHUHLWV� XQWHU�
VFKLHGOLFKH�9HUOlXIH�]HLJHQ�
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$EELOGXQJ ��� WU12(6<�$XIEDXNXUYHQ YRQ DXVJHZlKOWHQ .UHX]VLJQDOHQ GHUHQ �+�FKHPLVFKH
9HUVFKLHEXQJ GHQ 3URWRQHQ GHU ���¶ XQG ��� YHUNQ�SIWHQ )XFRV\O�ODFWRVH HQWVSULFKW� 'LH $XIEDXNXUYHQ GHU
VXOIDWLHUWHQ 7ULVDFFKDULG�%LEOLRWKHN PLW GHP (�6HOHNWLQ ]HLJHQ HLQ ]X N�U]HUHQ 0LVFK]HLWHQ YHUVFKREHQHV
0D[LPXP �FD� ��� PV�� 'LH .XUYH ZXUGH GXUFK HLQHQ GRSSHOWH[SRQHQWLHOOHQ )LW HUKDOWHQ�

'LH� WU12(�$XIEDXNXUYHQ� LQ� $EELOGXQJ
��� ]HLJHQ� H[HPSODULVFK� QXU� GLH� GXUFK� GLH
67'� ([SHULPHQWH� HUKDOWHQHQ� 6SLQV\VWHPH�
GHUHQ� �+�FKHPLVFKH� 9HUVFKLHEXQJHQ� HLQ�
GHXWLJ� LQ� GHQ� WU12(6<�6SHNWUHQ� LGHQWL�
IL]LHUW� ZHUGHQ� NRQQWHQ�� 1LFKWELQGHQGH
.RPSRQHQWHQ� ]HLJHQ� $XIEDXUDWHQ�� GHUHQ
.XUYHQIRUP� GHQHQ� GHU� IUHLHQ� %LEOLRWKHN�
DOVR�RKQH�3URWHLQ�HQWVSUHFKHQ�
'LH� 12(�$XIEDXNXUYHQ� GHU� ���¶� XQG

���� YHUNQ�SIWHQ� )XFRV\O�ODFWRVH� ]HLJHQ� DOV
.RPSRQHQWHQ� GHU� ÅIUHLHQ´� %LEOLRWKHN� XQG
LQ�0LVFKXQJ�PLW�GHP�(�6HOHNWLQ�HLQH�XQWHU�
VFKLHGOLFKH� .XUYHQIRUP�� 'LH� .XUYHQ� GHU
ELQGHQGHQ� .RPSRQHQWHQ� EHVLW]HQ� HLQ

0D[LPXP�EHL� FD�� ����PV��'LH�0D[LPD� GHU
HQWVSUHFKHQGHQ�6LJQDOH�GHU�IUHLHQ�%LEOLRWKHN
OLHJHQ�EHL�GHXWOLFK�K|KHUHQ�0LVFK]HLWHQ��)�U
GLH� 3URWRQHQ� GHU� *OXFRVH� XQG� *DODFWRVH
VLQG� DXIJUXQG� VWDUNHU� 6LJQDO�EHUODJHUXQJHQ
NHLQH� HLQGHXWLJ� ]X]XRUGQHQGHQ� $XIEDX�
NXUYHQ�]X�HUKDOWHQ��'LH�5HVRQDQ]VLJQDOH�GHV
&��VSDFHUV� ]HLJHQ� I�U� DOOH� .RPSRQHQWHQ� GLH
JOHLFKHQ��+�FKHPLVFKHQ�9HUVFKLHEXQJHQ��VR
GD�� NHLQH� 'LIIHUHQ]LHUXQJ� ]ZLVFKHQ� ELQG�
HQGHQ� XQG� QLFKWELQGHQGHQ� 6HJPHQWHQ
JHWURIIHQ�ZHUGHQ�NDQQ�
=XVDPPHQIDVVHQG� HUJLEW� VLFK� DXV� GHU

$QDO\VH� GHU� WU12(�$XIEDXNXUYHQ� NHLQ
YROOVWlQGLJHV�%LOG��EHU�GLH�%LQGXQJVDNWLYLWlW
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HLQ]HOQHU� .RPSRQHQWHQ�� 'LH� 9HUVFKLHEXQJ
GHU� 0D[LPD� GHU� WU12(�$XIEDXUDWHQ� DXI�
JUXQG�YRQ�%LQGXQJ�HLQ]HOQHU�6XEVWDQ]HQ�DP
(�6HOHNWLQ� LVW� LQ� YLHOHQ� )lOOHQ� QLFKW� VLJQLIL�
NDQW��'LH�*U�QGH�KLHUI�U�N|QQWHQ� LQ�XQWHU�
VFKLHGOLFKHQ�%LQGXQJVNRQVWDQWHQ��%LQGXQJV�
NLQHWLNHQ�XQG�YHUVFKLHGHQHQ� UHODWLYHQ�.RQ�
]HQWUDWLRQHQ� GHU� HLQ]HOQHQ� .RPSRQHQWHQ
VHLQ�� 'HQQRFK� VLQG� GLH� JU|�WHQ� 9HU�
VFKLHEXQJVHIIHNWH� GHU� 0D[LPD� ]X� N�U]HUHQ
0LVFK]HLWHQ�� DQ� 5HVRQDQ]HQ� GHU� LQ� GHQ
67'�([SHULPHQWHQ� HUPLWWHOWHQ� 6XEVWDQ]HQ
]X�EHREDFKWHQ�

5.4 NMR-Experimente der 3-
und 2�-Fucosyl-Lactose

'LH� ��)XFRV\O�ODFWRVH�� GLH� DOV� *UXQG�
N|USHU� GHP� 6LDO\O�/HZLV[� HQWVSULFKW�� VROOWH
DXFK� RKQH� /DGXQJ� GHU� &DUER[\ODWJUXSSH
HLQH� JHULQJH� %LQGXQJVDNWLYLWlW� ]HLJHQ�� 'LH
�¶�9HUNQ�SIXQJVYDULDQWH�� GLH� DOV� ELQGHQGH
.RPSRQHQWH� GHU� VXOIDWLHUWHQ� 7ULVDFFKDULG�
%LEOLRWKHN� LGHQWLIL]LHUW� ZXUGH�� ZXUGH
HEHQIDOOV� XQWHUVXFKW�� $OV� 1LFKWELQGHU� NDP
/DFWRVH� ]XP� (LQVDW]�� GLH� GHU� 0LVFKXQJ
]XJHI�JW�ZXUGH��$OOH�9HUELQGXQJHQ�ODJHQ�DOV
$QRPHUHQJHPLVFKH� GHU� *OXFRVH� YRU�� 0LW
+LOIH� GHV� 67'� 105�9HUIDKUHQ� ZXUGH� GLH
0LVFKXQJ�PLW� HLQHP�hEHUVFKX��YRQ� �����
�/LJDQG�3URWHLQ�� MH� .RPSRQHQWH� XQWHU�
VXFKW�� %HL� HLQHU� 3URWHLQPHQJH� �(�6HOHNWLQ�
0:�����N'D��YRQ�������QPRO�ZXUGHQ�DOVR
SUR�9HUELQGXQJ��������PRO�YHUPHVVHQ�
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5.4.1 1D STD NMR-Experimente

)�U� GLH� =XRUGQXQJ� GHU� 3URWRQHQ�
5HVRQDQ]HQ� ZXUGHQ� GLH� 9HUELQGXQJHQ
]XQlFKVW� HLQ]HOQ� 105�VSHNWURVNRSLVFK
YHUPHVVHQ��'DV� �+�67'�105�([SHULPHQW
NRQQWH� GXUFK� 9HUlQGHUXQJ� GHU� RQ� UHVRQDQFH
)UHTXHQ]� YRQ� ²����� +]� ���� SSP�� DXI
�������� +]� ������� SSP�� LQ� VHLQHU� 4XDOLWlW
YHUEHVVHUW� ZHUGHQ�� GD� KLHU� NHLQH� �+�
FKHPLVFKHQ� 9HUVFKLHEXQJHQ� GHU� � /LJDQG�
SURWRQHQ� LP� DURPDWLVFKHQ� %HUHLFK� ODJHQ�
6RPLW� NRQQWH� GDV� 3URWHLQ� �EHU� VHLQH
DURPDWLVFKHQ� 3URWRQHQ� GLUHNW� JHVlWWLJW
ZHUGHQ�� =XU� hEHUSU�IXQJ� GHU� (LQVWUDKO�
SRVLWLRQ� ZXUGHQ� ]XVlW]OLFK� 'LIIHUHQ]�
VSHNWUHQ� DXIJHQRPPHQ� LQ� GHQHQ� GLH
(LQVWUDKOSRVLWLRQ� QLFKW� YHUlQGHUW� ZXUGH
�6SHNWUXP�&�XQG�'���6LH�VROOWHQ�LP�,GHDOIDOO�
ELV� DXI� /|VXQJVPLWWHO�5HVRDQ]HQ� NHLQH
6LJQDOH�]HLJHQ�
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$EELOGXQJ ��� 3URWRQHQVSHNWUHQ GHU 0LVFKXQJ DXV /DFWRVH� �¶�)XFRV\O�ODFWRVH XQG ��)XFRV\O�ODFWRVH
PLW GHP (�6HOHNWLQ �0LVFKXQJVYHUKlOWQLV MH .RPSRQHQWH� /LJDQG�3URWHLQ ������� 'LH $Q]DKO GHU VFDQV
EHWUXJ I�U GLH �+ 67' 105�6SHNWUHQ ����� 'DV �+ 105�6SHNWUXP ZXUGH PLW ���� VFDQV XQG HLQHP
VSLQORFN�)LOWHU YRQ �� PV 3XOVOlQJH DXIJHQRPPHQ� $� �+ 105�6SHNWUXP %� �+ 67' 105�6SHNWUXP
�RII UHVRQDQFH� ����� +]� RQ UHVRQDQFH� ������� +]�� &� �+ 67' 105�6SHNWUXP �RQ UHVRQDQFH�
��������� '� �+ 67' 105�6SHNWUXP �RII UHVRQDQFH� ����� +]��

=XU� hEHUSU�IXQJ� GHU� HLQJHVHW]WHQ
0HQJHQ�GHU�HLQ]HOQHQ�.RPSRQHQWHQ�LQ�GHU
0LVFKXQJ� ZXUGHQ� GLH� ,QWHJUDOH� GHU� +��
3URWRQHQ� GHU� *DODFWRVH� XQWHUHLQDQGHU
YHUJOLFKHQ��$XV�GHQ�,QWHJUDOHQ�LP�6SHNWUXP
$� �$EE�� ���� HUJDEHQ� VLFK� IROJHQGH� UHODWLYH
0HQJHQ�

H1-Gal [ppm] Relative Menge
Lactose 4.511 1
2�-Fucosyl-lactose 4.584 0.81
3-Fucosyl-lactose 4.495 0.71

7DEHOOH ��� 5HODWLYH 0HQJHQ GHU HLQ]HOQHQ
.RPSRQHQWHQ GHU 0LVFKXQJ�

=XU� 8QWHUVXFKXQJ� ZXUGHQ� GLH� $QRPHU�
HQJHPLVFKH� GHU� HLQ]HOQHQ� 9HUELQGXQJHQ
HLQJHVHW]W�� 'LH� MHZHLOLJHQ� $QRPHUHQ�
YHUKlOWQLVVH� NRQQWHQ� PLW� GHQ� ,QWHJUDOHQ
YHUVFKLHGHQHU� 3URWRQHQ�5HVRQDQ]HQ� GHU

$QRPHUHQ� EHVWLPPW� ZHUGHQ�� 'LH� /DFWRVH
]HLJW� PLW� HLQHP� α�β�9HUKlOWQLV� YRQ� ������
GHQ� JU|�WHQ� 8QWHUVFKLHG�� *HIROJW� YRQ� GHU
�¶�)XFRV\O�ODFWRVH� PLW� ������� XQG� GHU
��)XFRV\O�ODFWRVH�PLW���������7DE������

[ppm] α/β Verhältnis
Lactose H1α Glc, 5.286

H2β Glc, 3.351 
1/2.79

2�-Fucosyl
-lactose

H1α Glc, 5.289
H2β Glc, 3.360

1/1.55

3-Fucosyl
l-lactose

H1α Fuc, 5.444
H1β Fuc, 5.501

1/1.29

7DEHOOH ��� $QRPHUHQYHUKlOWQLVVH GHU HLQ�
]HOQHQ .RPSRQHQWHQ GHU 0LVFKXQJ�

=XVlW]OLFK� ]X� GHQ� KLHU� GDUJHVWHOOWHQ
6SHNWUHQ� ]HLJWHQ� GLH� �+� 67'� 105�
6SHNWUHQ� GHU� HLQ]HOQHQ�9HUELQGXQJHQ� RKQH
3URWHLQ� XQWHU� LGHQWLVFKHQ� $XIQDKPHEH�
GLQJXQJHQ�NHLQHUOHL�6LJQDODUWHIDNWH�
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( +� )XF−

+� )XF−

+� )XFβ−

+� )XFβ−

+� )XFα−

+� )XFα−

+� )XFα,β−

+� )XFα,β−

+� �*OFα

+� �*OFα

+� �*OFα

+� �*OFα

+� �*OFα

$EELOGXQJ ��� $� �+ 67' 105�6SHNWUXP �RII UHVRQDQFH� ����� +]� RQ UHVRQDQFH� ������� +]� GHU
0LVFKXQJ DXV /DFWRVH� �¶�)XFRV\O�ODFWRVH XQG ��)XFRV\O�ODFWRVH PLW GHP (�6HOHNWLQ �0LVFKXQJVYHUKlOWQLV
MH .RPSRQHQWH� /LJDQG�3URWHLQ �������� %� �+ 105�6SHNWUXP GHU 0LVFKXQJ PLW HLQHP VSLQORFNSXOV YRQ
�� PV ]XU 8QWHUGU�FNXQJ GHU 3URWHLQUHVRQDQ]HQ� & �+ 105�6SHNWUXP GHU ��)XFRV\O�ODFWRVH� '� �+
105�6SHNWUXP GHU /DFWRVH� (� �+105�6SHNWUXP GHU �¶�)XFRV\O�ODFWRVH�

,P� )ROJHQGHQ� VROOHQ� KDXSWVlFKOLFK� GLH
5HVRQDQ]HQ� GLVNXWLHUW� ZHUGHQ�� GLH� GXUFK
67'�6LJQDOH� DXI� HLQH� %LQGXQJVDNWLYLWlW� GHU
.RPSRQHQWHQ� GHU� 0LVFKXQJ� KLQZHLVHQ�
(LQH� NRPSOHWWH� =XRUGQXQJ� GHU� �+�
FKHPLVFKHQ� 9HUVFKLHEXQJHQ� GHU� HLQ]HOQHQ
9HUELQGXQJHQ� ZXUGH� QLFKW� GXUFKJHI�KUW�
'LH� 6WlUNH� GHU� 67'�6LJQDOH� ZXUGH� DQKDQG
GHU� 6LJQDOLQWHQVLWlW�� XQWHU� %HU�FNVLFKWLJXQJ
GHU�/LQLHQIRUP��HLQHV�ÅQRUPDOHQ´�3URWRQHQ�
6SHNWUXPV� GHU� 0LVFKXQJ� SOXV� 3URWHLQ� LP
9HUJOHLFK�]XP�67'�6SHNWUXP�HUPLWWHOW�
,P� 67'� 6SHNWUXP� $� �$EE�� ���� GHU

0LVFKXQJ� HUVFKHLQHQ� EHLGH� +��)XFRVH�
3URWRQHQ� GHU� DQRPHUHQ� ��)XFRV\O�ODFWRVH
DOV� VWDUNH� 67'� 6LJQDOH� PLW� ���� ��� 'DV
+�α�β�3URWRQ� GHU� )XFRVH� ]HLJW� PLW� ���� �
GHQ�K|FKVWHQ�:HUW�

Protonen [ppm] STD [%]
Lactose H1α-Glc

H1-Gal
5.286
4.511 

0.5
0.5

2�-Fucosyl-
lactose

H1-Fuc
H1-Gal

5.373
4.584

0.6
0.4

3-Fucosyl-
lactose

H1α-Fuc
H1β-Fuc

5.444
5.501

3.1
3.1

H2,4-Fuc 3.862
3.857

1.3
0.8

H3-Fuc 4.028 1.0
H5α,β-Fuc 4.876 4.1
H1-Gal 4.495 1.2
H2-Gal 3.544 0.75
H3α/β-Gal 3.711 0.7
H4-Gal 3.967 1.6
H5-Gal 3.650 0.9
H6-Gal 3.781 1.4
H1α-Glc 5.247 1.1
H2b-Glc 3.534 0.75
H5b-Glc 3.655 0.9

7DEHOOH ��� 67' �+�6LJQDOH XQG ,QWHQVLWlWHQ
GHU .RPSRQHQWHQ DXV GHU 0LVFKXQJ�
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+��*DO
+��)XF

+� �*OFβ

+� �*OFβ
+��� �*OFβ

+� �*OFβ+��*DO

+��*DO

+��*DO

+��)XF

+��)XF

+� � �*DOα β

+� � �*DOα β

+��*DO
+� �*OFβ

+��*DO
+� �*OFβ

+��*DO

+��*DO

+����)XF

+����)XF

+� �*OFβ

+� �*OFβ

+���·�*DO

+���·�*DO

+� �*OFβ

+�· �*OFβ
+��*DO

+��*DO

$EELOGXQJ ��� :LH $EELOGXQJ ��� *H]HLJW LVW GHU %HUHLFK YRQ ��� SSP ELV ���� SSP� ,P 67' 6SHNWUXP $
VLQG QXU GLH 5HVRQDQ]HQ EHVRQGHUV JHNHQQ]HLFKQHW� GLH YRQ GHQ 3URWRQHQ GHU ��)XFRV\O�ODFWRVH VWDPPHQ
�6SHNWUXP &��

'DV�+�α�3URWRQ� GHU�*OXFRVH� ]HLJW� HLQH
GHXWOLFK�JHULQJHUH�,QWHQVLWlW���������
'LH�,QWHQVLWlWHQ�GHU�67'�6LJQDOH�GHU�+��

)XFRVH��XQG�+��*DODFWRVH�3URWRQHQ�GHU��¶�
)XFRV\O�ODFWRVH�OLHJHQ�XP��������'D�/DFWRVH
DOV� 1LFKWELQGHU� HEHQIDOOV� VFKZDFKH� 67'�
6LJQDOH���������OLHIHUW��NDQQ�KLHU�QLFKW�H[DNW
]ZLVFKHQ� VHKU� VFKZDFKHU� %LQGXQJ�� XQ�
VSH]LILVFKHU� %LQGXQJ� XQG� 6XEWUDNWLRQ�
$UWHIDNWHQ� XQWHUVFKLHGHQ� ZHUGHQ�� (V� NDQQ
VRPLW� GDYRQ� DXVJHJDQJHQ� ZHUGHQ�� GD�� GLH
67'� 6LJQDOH� LP� 6SHNWUXP� $� �$EE�� ���
KDXSWVlFKOLFK� YRQ� GHU� ��)XFRV\O�ODFWRVH
VWDPPHQ�
6ROOWH�GHU�%LQGXQJVPRGXV�GHU���)XFRV\O�

ODFWRVH� GHP� SRVWXOLHUWHQ� GHV� 6LDO\O�/HZLV[

HQWVSUHFKHQ�� VR� VLQG� GLH� )XFRVH�3URWRQHQ
XQG� GLH� +��� XQG� +��*DODFWRVH�3URWRQHQ
E]Z�� GLH� HQWVSUHFKHQGHQ� +\GUR[\JUXSSHQ
EHVRQGHUV� VWDUN� DQ� GHU� %LQGXQJ� ]XP

(�6HOHNWLQ� EHWHLOLJW�� ,P� 67'� 6SHNWUXP� $
�$EE�� ���� ]HLJHQ� GLH� )XFRVH�3URWRQHQ� PLW
��������������+�����XQG��������+���XQG�GLH
*DODFWRVH�3URWRQHQ� GHXWOLFKH� 67'� 6LJQDOH�
'HU� SUR]HQWXDOH� 67'� (IIHNW� OLHJW� I�U� GLH
*DODFWRVH� LQ� HLQHP� %HUHLFK� YRQ� ���� �
�+�α�β��� ���� �� �+��� ELV� ���� �� �+��� XQG
������ �+���� 'LH� 0HWK\O�3URWRQHQ� GHU� �¶�
)XFRV\O�ODFWRVH� XQG� GHU� ��)XFRV\O�ODFWRVH
VLQG� LP� 67'� 6SHNWUXP� QLFKW� ]X� HUNHQQHQ�
2IIHQVLFKWOLFK� LVW� GLH� 0HWK\OJUXSSH� GHU
)XFRVH� QLFKW� GLUHNW� DP� 3URWHLQ� ORNDOLVLHUW
�$EE�������'DV�*OHLFKH�JLOW�I�U�GLH�3URWRQHQ
GHU�*OXFRVH��GLH�NDXP�67'�6LJQDOH�]HLJW�
'D� VLFK� GLH� 3URWRQHQ�5HVRQDQ]HQ� LP

KXPS�%HUHLFK� VWDUN� �EHUODJHUQ�� ZXUGH� ]XU
ZHLWHUHQ� 8QWHUVXFKXQJ� HLQ� �'� 67'
72&6<�([SHULPHQW�DXIJHQRPPHQ�
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$EELOGXQJ ��� :LH $EELOGXQJ ��� *H]HLJW LVW GHU %HUHLFK YRQ ��� SSP ELV ����� SSP�

5.4.2 2D STD TOCSY-Experiment

'LH� ,GHQWLIL]LHUXQJ� GHV� ELQGHQGHQ� (SL�
WRSV� GHU� ��)XFRV\O�ODFWRVH� ZXUGH� PLW� HLQHU
9DULDQWH� GHV� 67'� 72&6<�([SHULPHQWV
GXUFKJHI�KUW��1DFK�MHGHP�)UHTXHQ]ZHFKVHO
ZXUGHQ�YLHU� GXPP\� VFDQV� YHUZHQGHW� XQG�GLH
6lWWLJXQJV]HLW� GHV� 3URWHLQV� ZXUGH� DXI� HLQH
6HNXQGH� YHUN�U]W�� 'HU� 5HOD[DWLRQVGHOD\
ZXUGH� ]XVlW]OLFK� DXI� ]ZHL� 6HNXQGHQ� YHU�
OlQJHUW�� GDPLW� VLFK� HLQ� *OHLFKJHZLFKW
]ZLVFKHQ� 6lWWLJXQJVWUDQVIHU� YRP� 3URWHLQ
]XP� ELQGHQGHQ� /LJDQGHQ� XQG� 5HOD[DWLRQ
GHV� /LJDQGHQ� HLQVWHOOW�� 'HU� 5HOD[DWLRQVGHOD\
LVW� DOVR� OlQJHU� DOV� GLH� 'DXHU� GHU� 9RUVlW�
WLJXQJ�
'LH�.UHX]VLJQDOH�VROOWHQ�²�DEKlQJLJ�YRP

0DJQHWLVLHUXQJVWUDQVIHU� LQ� GHU� )��� XQG� GHU
)��'LPHQVLRQ�²�XQWHUVFKLHGOLFKH�,QWHQVLWlW�
HQ�]HLJHQ��)�U�]ZHL�JHNRSSHOWH�6SLQV�,�XQG�6

NDQQ� HLQ� 7UDQVIHU� ,[� QDFK� 6[� XQG� HLQ
7UDQVIHU� YRQ� 6[� QDFK� ,[� VWDWWILQGHQ�� 'LH
,QWHQVLWlW� GHV�.UHX]VLJQDO� KlQJW� VRPLW� YRQ
GHQ� .RSSOXQJVNRQVWDQWHQ� XQG� GHU
(IIHNWLYLWlW� GHV� 6lWWLJXQJVWUDQVIHUV� YRP
$XVJDQJVVSLQ� DE�� ,P� 67'� 72&6<�
6SHNWUXP� HUVFKHLQHQ�� ELV� DXI� GDV
+��+������)XF�.UHX]VLJQDO� GHU� �¶�)XFRV\O�
ODFWRVH��DXVVFKOLH�OLFK�6LJQDOH�GHU���)XFRV\O�
ODFWRVH�� 6RPLW�ZLUG� QHQQHQVZHUW� QXU� GLH� ��
)XFRV\O�ODFWRVH�JHEXQGHQ��$EE������
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+� �+� �)XF ���)XF�β β

+� �+��� �)XF ���)XF�α α

+��+��)XF ��·�)XF�

+��+��)XF ��·�)XF�

+��+��*DO ���)XF�

+��+��*DO ���)XF�

+��+��*DO ���)XF�
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$EELOGXQJ ��� 2YHUOD\ SORW GHV 67' 72&6<�6SHNWUXPV �EODX� XQG GHV RII UHVRQDQFH 72&6<�
6SHNWUXPV �URW� GHU 0LVFKXQJ DXV /DFWRVH� �¶�)XFRV\O�ODFWRVH� ��)XFRV\O�ODFWRVH XQG GHP (�6HOHNWLQ LQ
HLQHP /LJDQG�3URWHLQ 9HUKlOWQLV MH .RPSRQHQWH YRQ ������

'DV�+��+���������)XF�.UHX]VLJQDO�GHU��¶�
)XFRV\O�ODFWRVH� ]HLJW� LQ� GHU� )��'LPHQVLRQ
HLQHQ� 67'� (IIHNW� YRQ� ����� �� XQG� LQ� GHU
)��'LPHQVLRQ� ����� ��� 'HU� JU|�HUH� (IIHNW
LQ� GHU� )��'LPHQVLRQ� LVW� GXUFK� GLH� VWlUNHUH
%HWHLOLJXQJ� DQ� GHU� %LQGXQJ� GHU
+\GUR[\JUXSSHQ� DQ� ���� ��� XQG� ��3RVLWLRQ
GHU�)XFRVH�]X�HUNOlUHQ�
'LH� VWlUNVWHQ� 67'�(IIHNWH� VLQG� EHL� GHQ

3URWRQHQ� GHU� )XFRVH� GHU� ��)XFRV\O�ODFWRVH
]X� ILQGHQ�� ,Q� GHU�)��'LPHQVLRQ� HUJLEW� VLFK
I�U� GDV� .UHX]VLJQDO� +�β�+���� XQG
+�α�+���� HLQ� :HUW� YRQ� ����� �� E]Z�
�������� ,Q� GHU� )��'LPHQVLRQ� OLHJHQ� GLH
(IIHNWH�PLW�������XQG�������GHXWOLFK�K|KHU�

2IIHQVLFKWOLFK� LVW� GHU� 6lWWLJXQJVWUDQVIHU� ]X
GHQ� +��� XQG� +��3URWRQHQ� GHU� )XFRVH
HIIHNWLYHU� DOV� GHU� 7UDQVIHU� ]XP�+��3URWRQ�
'LH� 67'� (IIHNWH� GHV� +����+�α-
.UHX]VLJQDOV� VLQG� DXIJUXQG� YRQ�6LJQDO�EHU�
ODJHUXQJ�PLW�GHP�+����+�β-.UHX]VLJQDO� LQ
GHU� )��'LPHQVLRQ� QLFKW� H[DNW� EHVWLPPEDU
JHZHVHQ�� VR� GD��GHU� KRKH�:HUW� YRQ� �����
PLW� HLQHP� JUR�HQ� )HKOHU� EHKDIWHW� LVW�� 'DV
+��+����.UHX]VLJQDO� ]HLJW� PLW� ����� �� LQ
GHU�)��'LPHQVLRQ�XQG� ������� LQ� )�� HLQHQ
JHULQJHUHQ� 67'� (IIHNW�� 'DV� +��+��
.UHX]VLJQDO� HUVFKHLQW� QXU� LQ� )��� 'DV� β�
$QRPHU�KDW�HLQHQ�:HUW�YRQ��������XQG�GDV
β�$QRPHU�HLQHQ�:HUW�YRQ��������
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)XFRVH *DODFWRVH

$EELOGXQJ ��� 'DUJHVWHOOW LVW GHU SUR]HQWXDOHU 67' (IIHNW YHUVFKLHGHQHU 3URWRQHQ GHU ��)XFRV\O�ODFWRVH�
'LH ,QWHJUDOH ZXUGHQ LQ GHU )�� XQG LQ GHU )��'LPHQVLRQ DXV GHQ HQWVSUHFKHQGHQ .UHX]VLJQDOH GHV 67'
72&6<�([SHULPHQWV HUPLWWHOW� 'HU 67' (IIHNW LVW GHU SUR]HQWXDOH $QWHLO GHU .UHX]VLJQDOH UHODWLY ]XPRII

UHVRQDQFH 72&6<�6SHNWUXP�

'LH� 0HWK\OJUXSSH� GHU� )XFRVH� ]HLJW� QXU
LP� 67'� 72&6<� HLQ� .UHX]VLJQDO�� LP
HLQGLPHQVLRQDOHQ� �+� 67'� 6SHNWUXP� LVW
QDKH]X� NHLQ� 6LJQDO� ]X� ILQGHQ�� 'HU� 67'
(IIHNW� OLHJW� LQ�)��EHL��������XQG� LQ�)��EHL
�������

Kreuzsignal
3-Fucosyl-lactose

STD [%]
F2-Dimension

STD [%]
F1-Dimension

H1β/H2,4 0.90 0.65

H1α/H2,4 2.60 0.78

H3/H2,4 0.14 0.34

H1β/H3 0.62 -

H1α/H3 0.32 -
H5/CH

3
0.25 0.09

H1/H4 0.24 0.57
H1/H3 0.49 0.46

H1/H2 0.10 0.19

H4/H3α,β 0.36 0.27

H3α,β/H2 0.33 0.37

7DEHOOH ��� 67' (IIHNWH >�@ GHU ��)XFRV\O�
ODFWRVH� 'LH SUR]HQWXDOHQ :HUWH ZXUGHQ DXV
HLQHP 67' 72&6<�6SHNWUXP XQG HLQHP RII

UHVRQDQFH 72&6< HUPLWWHOW�

'LH�.UHX]VLJQDOH�GHU�*DODFWRVH�3URWRQHQ
]HLJHQ� LQ�GHU�)���XQG� LQ�GHU�)��'LPHQVLRQ
lKQOLFK� JUR�H� 67'� (IIHNWH�� $P� JU|�WHQ
VLQG� GLH� +��+��� PLW� ����� �� XQG� GLH
+��+��.UHXVLJQDOH� PLW� ����� ��� ,P
*HJHQVDW]� ]XP� �+�67'� 6SHNWUXP� VLQG� LP
67'� 72&6<�6SHNWUXP� NHLQH� 67'� 6LJQDOH
GHU�+���XQG�+��3URWRQHQ�GHU�*DODFWRVH�]X
HUNHQQHQ��'HU�0DJQHWLVLHUXQJVWUDQVIHU�YRP
+��� ]XP� +��3URWRQ� E]Z�� XPJHNHKUW� LVW
VRPLW�ZlKUHQG�GHU�VSLQORFN�=HLW�LP�726&<�
([SHULPHQW� VHKU� LQHIIL]LHQW�� =XPDO� GLH
'LDJRQDOH� VWDUNH� 6LJQDOH� LQ� GLHVHP
9HUVFKLHEXQJVEHUHLFK�OLHIHUW�
'LH�*OXFRVH�]HLJW�NHLQH�67'�6LJQDOH�XQG

LVW� VRPLW� QLFKW� LQ� GLUHNWHP� .RQWDNW� ]XP
(�6HOHNWLQ�
,Q�GHU�0LVFKXQJ�DXV�/DFWRVH���¶�)XFRV\O�

ODFWRVH� XQG� ��)XFRV\O�ODFWRVH� PLW� GHP
(�6HOHNWLQ� NRQQWH� HLQGHXWLJ� GLH� ��)XFRV\O�
ODFWRVH� DOV� GLH� KDXSWVlFKOLFK� ELQGHQGH
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9HUELQGXQJ� LGHQWLIL]LHUW� ZHUGHQ�� 'DU�EHU
KLQDXV� ]HLJWH� GDV� HSLWRSH� PDSSLQJ� GHU
��)XFRV\O�ODFWRVH� PLW� +LOIH� GHU� 67'
6SHNWURVNRSLH� DXVVFKOLH�OLFK� 3URWHLQ�
NRQWDNWH� GHU� )XFRVH� XQG� GHU� *DODFWRVH�
%HVRQGHUV� VWDUN� VLQG� GLH� ���� ���� ��� XQG� ��
3RVLWLRQHQ�GHU�)XFRVH� VRZLH� GLH� ���� ��� XQG
��3RVLWLRQHQ� GHU� *DODFWRVH� DP� %LQGXQJV�
PRGXV�EHWHLOLJW��$XV�GHP��+�67'�6SHNWUXP
HUJLEW� VLFK� DXFK� HLQH� %HWHLOLJXQJ� GHU� ��
3RVLWLRQ�GHU�*DODFWRVH�

5.5 Theoretische Unter-
suchungen von E�Selektin-
Ligand-Wechselwirkungen

'LH� 105�8QWHUVXFKXQJHQ� GHU
VXOIDWLHUWHQ� 7ULVDFFKDULG�%LEOLRWKHN� HUJDEHQ
DOV� +DXSWELQGXQJVSDUWQHU� I�U� GDV
(�6HOHNWLQ�� GLH� ���¶� XQG� ���� YHUNQ�SIWH
)XFRV\O�ODFWRVH�� � =XVlW]OLFK� EHILQGHW� VLFK
HLQH� 6XOIDWJUXSSH� LQ� UlXPOLFKHU� 1lKH� GHV
+��3URWRQV� GHU� ���¶� YHUNQ�SIWHQ� )XFRV\O�
ODFWRVH�� %HL� GHU� ���� YHUNQ�SIWH� )XFRV\O�
ODFWRVH�ZXUGHQ�NHLQH�+LQZHLVH�]XU�3RVLWLRQ
GHU�6XOIDWJUXSSH�HUPLWWHOW�
=XU� ZHLWHUHQ� 8QWHUVXFKXQJ� GHV

%LQGXQJVPRGXV� GHU� ELQGHQGHQ� /LJDQGHQ
HUJHEHQ�VLFK�GUHL�)UDJHVWHOOXQJHQ��:LH�VLHKW
GLH�.RQIRUPDWLRQ� GHU� ELQGHQGHQ� /LJDQGHQ
LQ� /|VXQJ� DXV�� LQ� ZHOFKHU� .RQIRUPDWLRQ
ZHUGHQ� GLH� /LJDQGHQ� JHEXQGHQ� XQG
HQWVSULFKW� GLHVH� .RQIRUPDWLRQ� GHP
%LQGXQJVPRGXV�YRP�6LDO\O�/HZLV[�
=XQlFKVW� VROO� HLQ� %LQGXQJVPRGHOO� GHU

%LQGXQJ� YRP� V/H[� DP� (�6HOHNWLQ� HUVWHOOW
ZHUGHQ�� 'DQDFK� HUIROJW� HLQ� UDWLRQHOOHV
'HVLJQ� YRQ� VXOIDWLHUWHQ� 7ULVDFFKDULGHQ� PLW
/HDS)URJ� XQG� DQVFKOLH�HQG� ZXUGH� PLW
+LOIH�YRQ�00&�6LPXODWLRQHQ��EHUSU�IW��RE
GLH� .RQIRUPDWLRQHQ� GHU� /LJDQGHQ� PLW� GHQ
K|FKVWHQ� %LQGXQJVHQHUJLHQ� GHQHQ� GHU� LQ
/|VXQJ�HQWVSULFKW�

5.5.1 E-Selektin und sLex �  Ein
Bindungsmodell

%LVKHU� LVW� HV� QRFK� QLFKW� JHOXQJHQ� GDV
(�6HOHNWLQ� ]XVDPPHQ� PLW� GHP� 7HWUD�
VDFFKDULG� 6LDO\O�/HZLV[� LP� .RPSOH[� ]X

NULVWDOOLVLHUHQ�� 'LH� ELRDNWLYH� .RQIRUPDWLRQ
GHV�V/H[�LVW�MHGRFK�EHNDQQW��'LH�)UDJH�ODXWHW
QXQ��JLEW�HV�HLQ�%LQGXQJVPRGXV�GHU�PLW�GHU
H[SHULPHQWHOO� EHVWLPPWHQ� .RQIRUPDWLRQ
GHV� V/H[� XQG� GHQ� 6WUXNWXUXQWHUVXFKXQJHQ
DP�(�6HOHNWLQ��EHUHLQVWLPPW"
$XVJDQJVSXQNW� LVW� GLH� 5|QWJHQVWUXNWXU

GHV� (�6HOHNWLQV� XQG� GLH� 105�6WUXNWXUHQ
GHV� 6LDO\O�/HZLV[��0LW�+LOIH� GHV� 3URJUDPPV
)OH[L'RFN�ZXUGH�YHUVXFKW��HLQHQ�%LQGXQJV�
PRGXV� ]X� ILQGHQ�� GHVVHQ�:HFKVHOZLUNXQJV�
HQHUJLH�PD[LPDO�LVW�
(QWVFKHLGHQG� I�U� GLH� 4XDOLWlW� GHV

%LQGXQJVPRGHOOV� LVW� GLH� 9RUSRVLWLRQLHUXQJ
GHV�/LJDQGHQ�LQ�GHU�%LQGXQJVWDVFKH��'D�GLH
&5'�'RPlQH� GHV� (�6HOHNWLQV� NHLQH
DXVJHSUlJWH�7DVFKH�EHVLW]W��HUJLEW�VLFK�NHLQH
HLQGHXWLJH�2ULHQWLHUXQJ�GHV�V/H[�
9HUVFKLHGHQH� %LQGXQJVPRGHOOH� I�U� V/H[

XQG� GHVVHQ�'HULYDWH� ZXUGHQ� YRUJHVWHOOW�� LQ
GHU�GLH����XQG���+\GUR[\OJUXSSH�GHU�)XFRVH
DP� &DOFLXP� NRRUGLQLHUW� LVW� XQG� GLH
6LDOLQVlXUH� LQ� GHU�1lKH� � YRQ� 7\U���� $UJ��
XQG� /\V���� ORNDOLVLHUW� LVW49�99�� =XVlW]OLFK
ZXUGH� HLQH� :DVVHUVWRIIEU�FNH� YRQ� GHU� ��
2+�*UXSSH� GHV� *DO1$F� ]XU� 2+�*UXSSH
GHV�7\U���SRVWXOLHUW�
,Q�GLHVHU�$UEHLW�ZXUGHQ�HLQH�9LHO]DKO�YRQ

2ULHQWLHUXQJHQ� GHV� V/H[� ]XP� &DOFLXP
JHWHVWHW��$XFK�KLHU�HUJDE�VLFK�HLQ�%LQGXQJV�
PRGXV�� GHU� GHP� REHQ� EHVFKULHEHQHQ
HQWVSULFKW�
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$EELOGXQJ ��� 6WHUHRGDUVWHOOXQJ GHU (�6HOHNWLQ 2EHUIOlFKH DOV &RQQROO\�2EHUIOlFKH �F\DQ�� 'LH DQ GHU
&DOFLXP�%LQGXQJVVWHOOH EHWHLOLJWHQ $PLQRVlXUHQ VLQG URW HLQJHIlUEW� 'LH EODXHQ $PLQRVlXUHQ VLQG
HVVHQWLHOO I�U GLH %LQGXQJ YRQ V/H[� 'DV &DOFLXP LVW JHOE HLQJHIlUEW� 'LH &RQQROO\�2EHUIOlFKH GHV
7HWUDVDFFKDULGV LVW DOV JU�QH 3XQNWREHUIOlFKH GDUJHVWHOOW�

'LH� *HVDPWELQGXQJVHQHUJLH�� GLH� DOV� %H�
ZHUWXQJVNULWHULXP�YRQ�)OH[L'RFN� HUUHFKQHW
ZXUGH��EHOLHI� VLFK�DXI�²������NFDO�PRO��'LH
MHZHLOLJHQ� GRFNLQJ�([SHULPHQWH� ZXUGHQ
VRODQJH� GXUFKJHI�KUW�� � ELV� GLH� %LQGXQJV�
HQHUJLH� VLFK� QLFKW� ZHLWHU� YHUEHVVHUW�� ,Q
$EELOGXQJ� ��� LVW� GLH� UHODWLYH� 2ULHQWLHUXQJ
GHU� 6LDO\O�/HZLV;� ]XP� (�6HOHNWLQ� JH]HLJW�
'LH� %LQGXQJVUHJLRQ� GHV� 3URWHLQV� LVW� GXUFK

HLQH� &RQQROO\�2EHUIOlFKH� GDUJHVWHOOW�� 'LH
&RQQROO\�2EHUIOlFKH�GHV� V/H[� LVW� DOV�3XQNW�
REHUIOlFKH� GDUJHVWHOOW�� =XVlW]OLFK� VLQG� GLH
%HUHLFKH�GHU�$PLQRVlXUHQ��GLH�HVVHQWLHOO�I�U
GLH� %LQGXQJ� GHV� 7HWUDVDFFKDULGV� VLQG�
IDUEOLFK� PDUNLHUW�� ,P� %LQGXQJVPRGHOO� NRU�
UHVSRQGLHUHQ� GLH� .RQWDNWVWHOOHQ� ]ZLVFKHQ
3URWHLQ�XQG�GHP�7HWUDVDFFKDULG�PLW�GHQ�I�U
GLH�%LQGXQJ�ZLFKWLJHQ�$PLQRVlXUHQ�

$EELOGXQJ ��� 6WLFN�0RGHOO GHV V/H[ LQ GHU (�6HOHNWLQ %LQGXQJVVWHOOH� 'LH URW HLQJHIlUEWHQ
$PLQRVlXUHQ VLQG DQ GHU &DOFLXP .RRUGLQLHUXQJ EHWHLOLJW� 'LH JU�QHQ $PLQRVlXUHQ VLQG I�U GLH %LQGXQJ
GHV V/H[ HVVHQWLHOO� 'LH %LQGXQJ GHU )XFRVH HUIROJW �EHU .RRUGLQLHUXQJ GHU ��2+ XQG ��2+�*UXSSH DP
&DOFLXP� =XVlW]OLFK LVW HLQH :DVVHUVWRIIEU�FNH YRQ GHU ��2+�*UXSSH GHU *DODFWRVH ]XU 2+�*UXSSH GHV
7\U�� XQG ]XP *OX�� ]X HUNHQQHQ� 'LH .RRUGLQLHUXQJ GHU &DUER[\OJUXSSH GHU 6LDOLQVlXUH HUIROJW �EHU GLH
*XDQLGQLXPJUXSSH GHU 6HLWHQNHWWH YRP $UJ���
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,P� %LQGXQJVPRGHOO� LVW� GLH� .RRUGLQLHU�
XQJ� GHU� )XFRVH� �EHU� GLH� ��2+� XQG� ��2+
*UXSSH�DP�&DOFLXP�XQG�GLH�.RRUGLQLHUXQJ
GHU� &DUER[\OJUXSSH� GHU� 6LDOLQVlXUH� DQ� GHU
*XDQLGLQLXPJUXSSH� YRP� $UJ��� YRQ� � %H�
GHXWXQJ�� 'LHVHU� %LQGXQJVPRGXV� ZLUG� GHU
)XFRVH�6SH]LILWlW� GHV� (�6HOHNWLQV� XQG� GHP
9RUKDQGHQVHLQ� HLQHU� QHJDWLYHQ� /DGXQJ� DP
/LJDQGHQ� ]XU� 6WDELOLVLHUXQJ� GHU� %LQGXQJ
JHUHFKW��(LQH�5HLKH�YRQ�:DVVHVWRIIEU�FNHQ
HUK|KHQ�]XVlW]OLFK�GLH�%LQGXQJVHQHUJLH��'LH
��2+�*UXSSH�GHU�*DODFWRVH�ELOGHW�%U�FNHQ
]XP�*OX����7\U���XQG�]XP�$VQ����DXV��GLH
��2+� *UXSSH� ]HLJW� .RQWDNWH� ]XP� 7\U���
'HU� 6DXHUVWRII� GHU� $FHW\OJUXSSH� GHV
*OF1$F� LVW� LQ� GHU� 1lKH� GHU� $PLQRJUXSSH
GHV� $UJ����� 'LH� )XFRVH� ELOGHW� QHEHQ� GHU
.RRUGLQLHUXQJ�DP�&DOFLXP�PHKUHUH�:DVVHU�
VWRIIEU�FNHQ�� 'LH� ��2+� *UXSSH� ]HLJW
,QWHUDNWLRQHQ� PLW� GHP� *OX����� GLH� ��2+
*UXSSH�ZHFKVHOZLUNW�PLW� GHP�$VQ���� XQG
GHP�$VS�����XQG�GLH���+\GUR[\O�)XQNWLRQ
]HLJW�.RQWDNWH�]XP�$VQ���
��*HQHUHOO� LVW� GLH� %LQGXQJVUHJLRQ� GHV

(�6HOHNWLQ� NHLQH� %LQGXQJVWDVFKH� LP
HLJHQWOLFKHQ� 6LQQ�� (V� JLEW� NHLQH� ULFKWLJH

.DYLWlW�� LQ� GHU� GLHVHU� /LJDQG� SDVVJHQDX� DQ�
GRFNHQ� NDQQ�� 9LHOPHKU� VWHOOW� GLH� %LQGXQJV�
VWHOOH� HLQ�3ODWHDX�DP�(QGH�GHU� OHF�'RPlQH
GDU�� ,Q� $EELOGXQJ� ��� LVW� HLQH� VHSDULHUWH
2EHUIOlFKH� GDUJHVWHOOW�� *H]HLJW� LVW� KLHU� ²
DXVJHKHQG� YRQ� MHGHP� $WRP� GHV� 7HWUD�
VDFFKDULGV�LQ�HLQHP�5DGLXV�YRQ����c�²�HLQH
2EHUIOlFKH� GLH� IDUEOLFK� GHQ� $EVWDQG� ]XP
MHZHLOV� QlFKVWHQ� $WRP� GHV� 3URWHLQV
PDUNLHUW�� *XW� ]X� HUNHQQHQ� LVW�� GD�� GLH
GLUHNWH�.RQWDNWIOlFKH�]XP�3URWHLQ�� IDVW�QXU
XQWHU�GHP� V/H[� ]XILQGHQ� LVW��%HVRQGHUV� GDV
1�$FHW\OJOXFRVDPLQ� �JU�Q�� XQG� GHU
6HLWHQDUP�GHU�6LDOLQVlXUH��EODX��]HLJHQ�ZHQLJ
.RQWDNWH� ]XP� (�6HOHNWLQ�� 6RPLW� OLHJW� GDV
7HWUDVDFFKDULG� UHODWLY� IODFK� DXI� GHP
(�6HOHNWLQ��%HPHUNHQVZHUW�LVW�GLH�2ULHQWLHU�
XQJ� GHU� =XFNHUHLQKHLWHQ�� 'LH� )OlFKHQ� GHU
=XFNHUULQJH� VWHKHQ� IDVW� RUWKRJRQDO� ]XU
2EHUIOlFKH� GHV� 3URWHLQV�� 'LH� 'LHGHUZLQNHO
GHU� JO\FRVLGLVFKHQ� %LQGXQJ�� GLH� VLFK� DXV
GHP�GRFNLQJ�0RGHOO�HUJHEHQ��VWLPPHQ�ELV�DXI
GLH�:LQNHO� GHU� )XFRVH� VHKU� JXW� PLW� GHQHQ
DXV� GHQ� WUDQVIHUUHG�12(� 0HVVXQJHQ
HUKDOWHQHQ�:HUWHQ��EHUHLQ51�

'LVWDQ] >c@

$EELOGXQJ ��� 6WHUHRGDUVWHOOXQJ HLQHU VHSDULHUWHQ 2EHUIOlFKH ]ZLVFKHQ GHP (�6HOHNWLQ XQG GHP 6LDO\O�
/HZLV;� 'LH )DUENRGLHUXQJ GHU $EVWlQGH ]XP 3URWHLQ LVW OLQNV GDUJHVWHOOW� 'LH =XFNHUHLQKHLWHQ VLQG
HEHQIDOOV IDUEOLFK PDUNLHUW� GLH )XFRVH LVW F\DQ� GDV1�$FHW\OJOXFRVDPLQ JU�Q� GLH *DODFWRVH JHOE XQG GLH
6LDOLQVlXUH EODX HLQJHIlUEW�
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'LH� JO\FRVLGLVFKHQ�:LQNHO� GHU� α�/�)XF�
������β�'�*OF1$F� 9HUNQ�SIXQJ� ZHLFKHQ
I�U� GHQ� φ�:LQNHO� XP� ���� XQG� I�U� GHQ
ψ�:LQNHO� XP� ���� YRQ� GHU� 105�6WUXNWXU51

DE��7DE�������*H]HLJW� LVW�GLH�105�6WUXNWXU�
GHUHQ� 'LHGHUZLQNHO� GHP� %LQGXQJVPRGHOO
DP�QlFKVWHQ�OLHJW�

φ (H1-C1-O1-Cx,

für NeuNAc
C1-C2-O2-Cx)

ψ (C1-O1-Cx-Hx,
für NeuNAc
C2-O2-Cx-Hx)

NeuNAc/Gal -75° -76° ± 10° 11° 6° ± 10°
Gal/GlcNAc 39° 39° ± 10° 8° 12° ± 6°
Fuc/GlcNAc 54° 38° ± 7° 37° 26° ± 6°

7DEHOOH ��� *O\FRVLGLVFKH :LQNHO YRQ 6LDO\O�
/HZLV;� 'LH JUDX XQWHUOHJWHQ 6SDOWHQ JHEHQ GLH
:HUWH DXV GHP %LQGXQJVPRGHOO ZLHGHU� 'LH
6SDOWHQ MHZHLOV UHFKWV GDQHEHQ ]HLJHQ GLH :HUWH
DXV HLQHU 105�6WUXNWXU51�

5.5.2 De novo-Design von
Liganden mit LeapFrog

=LHO�GHV� UDWLRQDOHQ�'HVLJQ�PLW�/HDS)URJ
ZDU�GHU�(QWZXUI�HLQHV�%LQGXQJVPRGHOOV�GHU
α�/�)XFRV\O�������ODFWRVH� XQG� GHU� α�/�
)XFRV\O�����¶��ODFWRVH�� GLH� DOV� ELQGHQGH
/LJDQGHQ�DXV�GHQ�67'�105�([SHULPHQWHQ
LGHQWLIL]LHUW�ZXUGHQ�
,P� *HJHQVDW]� ]X� )OH[L'RFN�� GDV� HLQ

UHLQHV�GRFNLQJ�3URJUDPP�LVW��ELHWHW�/HDS)URJ
GLH� 0|JOLFKNHLW� DXVJHKHQG� YRQ� HLQHU
3URWHLQVWUXNWXU�� EHNDQQWH� /LJDQGHQ� RGHU
DXFK� Y|OOLJ� QHXH� 0ROHN�OVWUXNWXUHQ� ]X
JHQHULHUHQ� XQG� LKUH� MHZHLOLJH� %LQGXQJV�
FKDUDNWHULVWLN�]X�XQWHUVXFKHQ�
$XVJHKHQG� YRQ� GHU� .ULVWDOOVWUXNWXU� GHV

(�6HOHNWLQV� ZXUGH� GLH� %LQGXQJVUHJLRQ� LQ
)RUP� HLQHV� .XEXV� PLW� GHQ� 'LPHQVLRQHQ
���c� Ã� ��� c� Ã� ��� c� DXVJHZlKOW�� =XQlFKVW
HUIROJW�HLQ�PDSSLQJ�GHU�3URWHLQREHUIOlFKH�� LQ
GHP�HLQ�/LJDQG� LQ�HLQHU�EHOLHELJHQ�3RVLWLRQ
DXI�GHU�2EHUIOlFKH�GHV�3URWHLQV�SRVLWLRQLHUW
ZLUG�� 'HU� GUHLGLPHQVLRQDOH� 5DXP� GHU
%LQGXQJVUHJLRQ� ZLUG� GDEHL� LQ� :�UIHO� PLW
HLQHU� .DQWHQOlQJH� YRQ� ����� c� HLQJHWHLOW�
1XQ� ZLUG� GLH� %LQGXQJVHQHUJLH� I�U� MHGHV
/LJDQGDWRP� ]X� DOOHQ� 3URWHLQDWRPHQ� LQ� GHU
YRUKHU� GHILQLHUWHQ� %LQGXQJVUHJLRQ� EHUHFK�
QHW�� 'LH� %HUHFKQXQJ� HUIROJW� PLW� GHU� $Q�
QDKPH�� GD�� GDV� MHZHLOLJH� /LJDQGDWRP
LQQHUKDOE� GHV� :�UIHOV� OLHJW�� :HQQ� HLQ

/LJDQGDWRP� GHQ� :�UIHO� DXIJUXQG� YRQ
VWUXNWXUHOOHQ�9HUlQGHUXQJHQ�YHUOl�W�RGHU�HLQ
$WRP� KLQ]XNRPPW�� ZLUG� GLH� %LQGXQJV�
HQHUJLH� QXU� I�U� GLHVHV� 6HJPHQW� QHX� EH�
UHFKQHW�� 'DGXUFK� ZLUG� GLH� 6LPXODWLRQVJH�
VFKZLQGLJNHLW�GUDVWLVFK�HUK|KW��%HLP�PDSSLQJ
GHU� 3URWHLQREHUIOlFKH� ZHUGHQ� VRJHQDQQWH
VLWHSRLQWV� JHQHULHUW�� 'LHVH� VLWHSRLQWV� VLQG
RSWLPDOH� 3RVLWLRQHQ� I�U� /LJDQGDWRPH� �DOV
6RQGH� ZLUG� VS��K\EULGLVLHUWHU� .RKOHQVWRII
YHUZHQGHW�� PLW� HQWJHJHQJHVHW]WHQ� 9RU�
]HLFKHQ� GHU� /DGXQJ� ]X� GHQ� $WRPHQ� GHV
3URWHLQV�XQG�PLW� HLQHU�RSWLPDOHQ� VWHULVFKHQ
8PJHEXQJ��)ROJHQGH�(QHUJLHWHUPH��GLH�]XU
%HUHFKQXQJ�GHU�%LQGXQJVHQHUJLH�YHUZHQGHW
ZXUGHQ��VLQG�QDFKVWHKHQG�DXIJHOLVWHW�

�� 6WHULVFKH�� HOHNWURVWDWLVFKH� XQG :DVVHU�
VWRIIEU�FNHQ�(QHUJLHQ GHV /LJDQG�3URWHLQ�
.RPSOH[HV� 'HVROYDWDWLRQVHQHUJLH GHU
.DYLWlW

�� ,QNUHPHQWHOOH :DVVHUVWRIIEU�FNHQ�(QHUJLH
�� /LJDQG 'HVROYDWDWLRQV�(QHUJLH

'LH� HLJHQWOLFKH� IXQNWLRQHOOH� 9LHOIDOW
GLHVHV� 3URJUDPPV� EHJLQQW� MHGRFK� HUVW� PLW
GHU� *HQHULHUXQJ� XQG� 2SWLPLHUXQJ� YRQ� /L�
JDQGHQ�� � 'DGXUFK�� GD�� HLQH� 0RGLILNDWLRQ
GHV� /LJDQGHQ� ]X� HLQHU� (UK|KXQJ� GHU
%LQGXQJVHQHUJLH� I�KUHQ� VROO�� VLQG� GLH
0RGLILNDWLRQHQ�YHUVFKLHGHQVWHU�1DWXU��'LHVH
0RGLILNDWLRQHQ� VLQG� DOV� VRJHQDQQWH� PRYHV
GHILQLHUW�� :HOFKH� GLHVHU� PRYHV� XQG� PLW
ZHOFKHU�)UHTXHQ]�VLH�HLQJHVHW]W�ZHUGHQ��VLQG
GHU� ,QWXLWLRQ� GHV� $QZHQGHUV� �EHUODVVHQ�
1XU� ZHQQ� HLQH� GLHVHU� 0RGLILNDWLRQHQ� ]XU
HLQHU� 6WUXNWXU� I�KUW�� GLH� HLQH� K|KHUH
%LQGXQJVHQHUJLH�EHVLW]W��ZLUG�GLHVH�6WUXNWXU
DOV�QHXH�$XVJDQJVVWUXNWXU� I�U�GHQ�QlFKVWHQ
6FKULWW�DN]HSWLHUW��(LQ�NXU]H�hEHUEOLFN��EHU
GLH�PRYHV��ZLUG�LP�)ROJHQGHQ�JHJHEHQ�

Bridge Verknüpfung von zwei Liganden
(direkt oder mit Molekülen aus der
Fragmentbibliothek)

Complement Komplementäre Gruppen
werden als neue Liganden hinzu-
gefügt (z.B. eine Carboxylgruppe
wird an der Guanidiniumgruppe
eines Arg vom Protein positioniert)

Crossover Genetischer Schritt zur
Kombination von bereits
bestehenden Liganden

Fly Translation und Rotation des
Liganden

Fuse Verknüpfung von Ringsystemen
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Join Verknüpfung von Ligand und
Fragment

New Ein Fragment wird an einem
sitepoint des Proteins positioniert

Prune Entfernt Molekülteile eines
Liganden, die eine definierte
Bindungsenergie unterschreiten

Refine Substitution von multivalenten
Atomen

Save Abspeichern von Liganden,
deren Bindungsenergie kleiner als
ein definierten Wert ist

Twist Variation von Torsionswinkeln,
Interner minimizer

Weed Entfernt Liganden mit niedrigen
Bindungsenergien

7DEHOOH ��� hEHUVLFKW GHU PRYHV LQ GHU
/HDS)URJ 6WUDWHJLH�

'DV�(UJHEQLV� LVW� HLQ� 6DW]� YRQ�/LJDQGHQ�
GLH� LQ� GLHVHQ� LWHUDWLYHQ� 3UR]H�� GLH� EHVWHQ
%LQGXQJVHQHUJLHQ� ]HLJHQ�� -H� QDFK� 6WUDWHJLH
NDQQ� GLH� 6LPXODWLRQ� ]XU� 2SWLPLHUXQJ� YRQ
EHUHLWV� EHVWHKHQGHQ� /LJDQGHQ� RGHU� ]XU� (U�
]HXJXQJ� HLQHU� P|JOLFKVW� JUR�HQ� VWUXNWXUHO�
OHQ� 'LYHUVLWlW� GHU� /LJDQGHQ� HLQJHVHW]W
ZHUGHQ��'LH�)XFRVHVSH]LILWlW�GHV�(�6HOHNWLQV
PLW� GHU� .RRUGLQLHUXQJ� DP� &DOFLXP� ZDU
$XVJDQJVSXQNW� GHV� UDWLRQDOHQ� 'HVLJQV� GHU
/LJDQGHQ�� .RQQWH� GLHVH� 6SH]LILWlW� PLW� GHU
/HDS)URJ�6WUDWHJLH�ZLHGHUJHIXQGHQ�ZHUGHQ"

8P�GLHV�]X�NOlUHQ�ZXUGH�GLH�α�/�)XFRVH�DQ
HLQHU� EHOLHELJHQ� 3RVLWLRQ� DXI� GLH� 3URWHLQ�
REHUIOlFKH� GHU� %LQGXQJVUHJLRQ� JHOHJW�� )�U
GLHVHQ�HUVWHQ�7HLO�GHU�6LPXODWLRQ�ZXUGHQ�QXU
IO\�� WZLVW�XQG� VDYH�.RPPDQGRV� YHUZHQGHW�
'LH�PD[LPDOH�7UDQVODWLRQ�SUR�)UHLKHLWVJUDG
ZXUGH� DXI� ��� c� JHVHW]W� XP� GLH� JHVDPWH
%LQGXQJVUHJLRQ� DE]XVXFKHQ�� 'LH� 5RWDWLRQ
XP� GLH� GUHL� $FKVHQ� ZXUGH� I�U� HLQH
JU|�WP|JOLFKH� %HZHJOLFKNHLW� GHV� /LJDQGHQ�
DXI� PD[LPDO� ����� IHVWJHOHJW�� 1DFK� HLQHU
0LOOLRQ�PRYHV�HQGHWH�GLH�6LPXODWLRQ�PLW�HLQHU
6WUXNWXU�� LQ� GHU� GLH� )XFRVH� PLW� GHU� ��2+
XQG���2+�*UXSSH� DP�&DOFLXP�NRRUGLQLHUW
LVW�� 1DFK� HLQHU� ZHLWHUHQ� 0LOOLRQ� 6FKULWWH
lQGHUWH� VLFK� GLH� 3RVLWLRQ� QLFKW� PHKU�� )�U
GHQ� 2SWLPLHUXQJV�3UR]H�� ZXUGHQ� ZHLWHUH
������� 6FKULWWH� PLW� �� c� PD[LPDOHU
7UDQVODWLRQ� XQG� ���� PD[LPDOHU� 5RWDWLRQ
JHUHFKQHW��'HU�%LQGXQJVPRGXV�lQGHUWH�VLFK
QRFK� JHULQJI�JLJ�� ZREHL� VLFK� GLH
%LQGXQJVHQHUJLH� YRQ� �������� NFDO�PRO� DXI
������� NFDO�PRO� YHUEHVVHUWH�� 'LH� $EVWlQGH
GHU� )XFRVH�6DXHUVWRIIDWRPH� GHU� ��� XQG� ��
3RVLWLRQ�]XP�&DOFLXP�EHWUDJHQ������c�XQG
����� c�� ,Q� $EELOGXQJ� ��� LVW� GLH� %LQGXQJV�
JHRPHWULH�GDUJHVWHOOW�

$EELOGXQJ ��� 6WHUHRSORW GHV %LQGXQJVPRGHOOV GHU α�/�)XFRVH DP &DOFLXP GHV (�6HOHNWLQV�
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'DV� &DOFLXP� LVW� VHFKVIDFK� NRRUGLQLHUW�
ZREHL� ]ZHL� 3RVLWLRQHQ� YRQ� GHU� )XFRVH
EHOHJW� VLQG�� 'LH� DQGHUHQ� 3RVLWLRQHQ� VLQG
YRP� $VQ���� *OX���� $VQ���� XQG� $VS���
DEJHGHFNW��=XVlW]OLFK�HUIROJW�HLQH�%LQGXQJV�
VWDELOLVLHUXQJ�GXUFK�:DVVHUVWRIIEU�FNHQ�GHU
��2+� *UXSSH� ]XP� $VQ���� GHU� ��2+
*UXSSH� ]XP� $VQ��� XQG� ]XP� $VS���� XQG
GHU� ��2+�*UXSSH� ]XP� $VQ��� XQG�*OX���
*HJHQ�EHU� GHP� %LQGXQJVPRGXV� GHV� V/H[

HUJLEW� VLFK� HLQH� OHLFKWH� $EZHLFKXQJ� LQ� GHU
3RVLWLRQ�GHU�)XFRVH��'LH�)XFRVH� LVW� XP� FD�
���� XP� GDV� &�� 5LQJDWRP� LQ� 5LFKWXQJ
&DOFLXP�JHQHLJW�
$XVJHKHQG� YRQ� GLHVHP� %LQGXQJVPRGHOO

ZXUGH� HLQ� )UDJPHQWELEOLRWKHN� HU]HXJW�� GLH
HLQH� /DFWRVHHLQKHLW� EHLQKDOWHW�� 'LH� .RQ�
IRUPDWLRQ�GHU�/DFWRVH�ZXUGH�PLW�+LOIH�HLQHU
00&�6LPXODWLRQ� HUPLWWHOW�� $OOH� 9HUNQ�SI�
XQJVYDULDQWHQ� GHU� &��3RVLWLRQ� GHU� α�/�
)XFRVH� PLW� GHU� /DFWRVH�� ELV� DXI� GLH� HLQV
3RVLWLRQ� GHU� *OXFRVH� �LQ� GHU� VXOIDWLHUWHQ
7ULVDFFKDULG�%LEOLRWKHN� LVW� GLH� &��3RVLWLRQ
GHU� *OXFRVH� PLW� GHP� &��VSDFHU� YHUNQ�SIW��
ZDUHQ� HUODXEW�� )�U� GLH� ���¶�3RVLWLRQHQ
ZXUGHQ� MHZHLOV� DOOH� GUHL� JHVWDIIHOWHQ� .RQ�

IRUPDWLRQHQ� IUHLJHJHEHQ�� =XVlW]OLFK� PX�WH
GLH� 'LPHQVLRQ� GHU� %LQGXQJVUHJLRQ� YHU�
JU|�HUW�ZHUGHQ��'LH�$EPHVVXQJHQ�GHU�%R[
ZXUGH�DXI����c�Ã����c�Ã����c�JHVHW]W�
'HU� MRLQ� PRYH� ZXUGH� QXQ� ]XU� 9HU�

NQ�SIXQJ� GHU� /DFWRVH� DQ� GLH� α�/�)XFRVH
YHUZHQGHW�� )�U� MHGHQ� PRYH� ZXUGH� HLQ
JULGVHDUFK� PLW� HLQHU� 6FKULWWZHLWH� GHV� ψ�
:LQNHOV� YRQ� ��� GXUFKJHI�KUW�� $OOH� 9HU�
NQ�SIXQJVYDULDQWHQ� ZXUGHQ� DQVFKOLH�HQG
ZHLWHU� RSWLPLHUW�� 0LW� LQVJHVDPW� ������
6FKULWWHQ�� GLH� QXU� DXV� WZLVW�� IO\� XQG� VDYH
PRYHV� EHVWDQGHQ�� NRQQWHQ� IROJHQGH� %LQG�
XQJVHQHUJLHQ�JHQHULHUW�ZHUGHQ�

Verknüpfung Bindungsenergie
[kcal/mol]

α-L-Fucose -65.22

1-2-Fucosyl-lactose -34.48
1-3-Fucosyl-lactose -65.59
1-6-Fucosyl-lactose -81.14
1-2�-Fucosyl-lactose -45.97
1-3�-Fucosyl-lactose -44.27
1-4�-Fucosyl-lactose -54.54
1-6�-Fucosyl-lactose -75.83

7DEHOOH ��� %LQGXQJVHQHUJLHQ GHU 9HUNQ�SI�
XQJVYDULDQWHQ�

$EELOGXQJ ��� 6WHUHRSORW DOOHU RSWLPLHUWHQ 9HUNQ�SIXQJVYDULDQWHQ GHU α�/�)XFRVH PLW GHU /DFWRVH� 'DV
3URWHLQ ZLUG DOV &RQQROO\�2EHUIOlFKH GDUJHVWHOOW� 'LH URW HLQJHIlUEWHQ $PLQRVlXUHQ VLQG DQ GHU &DOFLXP
%LQGXQJ EHWHLOLJW� GLH GXQNHOEODX HLQJHIlUEWHQ $PLQRVlXUHQ VLQG I�U GLH %LQGXQJ GHV 6LDO\O�/HZLV[

HVVHQWLHOO� 'LH HLQ]HOQHQ 6WUXNWXUHQ VLQG ZLH IROJW JHNHQQ]HLFKQHW� ���� F\DQ� ���� YLROHWW� ���� URW� ���¶�
PDJHQWD� ���¶� ZHL�� ���¶� JU�Q� ���¶� JHOE �YJO� 7DE� ����
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$EELOGXQJ ��� :LH $EELOGXQJ ��� VHLWOLFKH 'DUVWHOOXQJ�

%HL� DOOHQ� FRPSXWHUJHQHULHUWHQ� .RP�
SOH[HQ� LVW� GLH� )XFRVH� DP� &DOFLXP� SOD]LHUW�
'LH� JU|�WHQ�%LQGXQJVHQHUJLHQ� HUJDEHQ� VLFK
I�U� GLH� ����� XQG� ���
�9HUNQ�SIXQJVYDULDQ�
WHQ��'LH� ���� YHUNQ�SIWH� 6WUXNWXU� EHVD��PLW
������� NFDO�PRO� GLH� VFKOHFKWHVWH� %LQGXQJV�
HQHUJLH�� 'LH� 2ULHQWLHUXQJ� GHV� ]ZHLWHQ
0RQRVDFFKDULGV�� JH]lKOW� LQ� GHU�5HLKHQIROJH
QDFK� GHU� 9HUNQ�SIXQJ� PLW� GHU� )XFRVH�� LVW
EHL� GHQ� ���� XQG� ���¶� YHUNQ�SIWHQ� 9HUELQ�
GXQJHQ� lKQOLFK�� 'LHVHU� %LQGXQJVPRGXV
NRPPW�GHP�YRP�6LDO\O�/HZLV[�DP�QlFKVWHQ�
(LQH�]ZHLWH�*UXSSH�ELOGHQ�GLH���������¶�XQG
���¶� YHUEU�FNWHQ� 6WUXNWXUHQ�� 'LH� ���� YHU�
NQ�SIWH�9DULDQWH�]HLJW�PLW�GHU�JU|�WHQ�%LQG�
XQJVHQHUJLH� YRQ� ������� NFDO�PRO� HLQH� XP
�����JHGUHKWH�3RVLWLRQ�GHU�]ZHLWHQ�=XFNHU�
HLQKHLW�JHJHQ�EHU�GHP�%LQGXQJVPRGHOO�YRP
V/H[�� (LQH� IDVW� VHQNUHFKWH� $QRUGQXQJ� GHV
7ULVDFFKDULGV�]XU�2EHUIOlFKH�GHV�(�6HOHNWLQV
ELOGHW�GLH����¶�6WUXNWXU�� ,P�QlFKVWHQ�6FKULWW
VROO�GLH�RSWLPDOH�3RVLWLRQ�XQG�9HUNQ�SIXQJ
YRQ� 6XOIDWJUXSSHQ� DQ� GHU� /DFWRVH� HUPLWWHOW
ZHUGHQ��$XVJHKHQG�YRQ�GHQ� LP� YRUKHULJHQ
6FKULWW� JHQHULHUWHQ�/LJDQGHQ�� VLQG� DOOH�3RVL�
WLRQHQ� GHU� /DFWRVH� ELV� DXI� GLH� ��3RVLWLRQ
]XJlQJOLFK�� =XVlW]OLFK� ZXUGHQ� DOOH� .RPEL�
QDWLRQHQ� GHU� JHVWDIIHOWHQ� .RQIRUPDWLRQHQ
GHV� ω�:LQNHOV� EHU�FNVLFKWLJW�� 6RPLW� HUJLEW

VLFK�I�U�GLH�/LJDQGHQ��EHL�GHQHQ�GLH����XQG
�¶�3RVLWLRQ� IUHL� LVW�� QHXQ�0|JOLFKNHLWHQ� GHU
$QRUGQXQJ�� � ,QVJHVDPW� HUJDEHQ� VLFK� ��
/LJDQGHQ�� GLH� YLUWXHOO� VXOIDWLHUW� ZXUGHQ
�0HKUIDFKVXOIDWLHUXQJ� ZDU� P|JOLFK��� 'LH
YHUZHQGHWH� 6XOIDWJUXSSH� ZXUGH� XQSURWR�
QLHUW�HLQJHVHW]W��VRPLW�OLHIHUWH�GHU�VS��K\EUL�
GLVLHUWH� 6DXHUVWRII� DOV� GLUHNWHU� :HFKVHOZLU�
NXQJVSDUWQHU� PLW� :DVVHUVWRIIEU�FNHQ�'R�
QDWRUHQ� XQG� SDUWLHOO� SRVLWLYH� JHODGHQHQ
$WRPHQ� GLH� JU|�WHQ� %LQGXQJVHQHUJLHQ�
hEHU� HLQ� MRLQ� .RPPDQGR� ZXUGH� GLH
6XOIDWJUXSSH� DQ� DOOH� UHOHYDQWHQ� 3RVLWLRQHQ
GHU� /DFWRVH� JHVHW]W�� 3DUDOOHO� GD]X�ZLUG� HLQH
2SWLPLHUXQJ�GHU�2ULHQWLHUXQJ�GHV�/LJDQGHQ
�EHU� WZLVW� XQG� IO\� .RPPDQGRV� GXUFKJH�
I�KUW�� 1DFK� ������ PRYHV� HUJDEHQ� VLFK� ���
/LJDQGHQ�� $OOH� /LJDQGHQ�� GLH� HLQH� VFKOHFK�
WHUH�%LQGXQJVHQHUJLH�DOV� ����NFDO�PRO�EHVD�
�HQ��ZXUGHQ�QLFKW�ZHLWHU�RSWLPLHUW��0LW�GHQ
UHVWOLFKHQ�����/LJDQGHQ�ZXUGH�DQVFKOLH�HQG
HLQH� 2SWLPLHUXQJ� GHU� .RQIRUPDWLRQ� XQG
GHU�3RVLWLRQ�LQ�GHU�%LQGXQJVUHJLRQ�GXUFKJH�
I�KUW��0LW� ������� IO\�� WZLVW� XQG� VDYH�PRZHV
ZXUGH� GHU� 'HVLJQ�3UR]H�� PLW� /HDS)URJ
EHHQGHW�� ,Q� 7DEHOOH� ��� VLQG� I�U� MHGH� 9HU�
NQ�SIXQJVYDULDQWH� QXU� MHZHLOV� GLH� I�QI� EH�
VWHQ�6WUXNWXUHQ�XQG�]XVlW]OLFK�GLH�PRQRVXO�
IDWLHUWHQ�9HUELQGXQJHQ�DXIJHOLVWHW�
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Verknüpfung (Sulfatierungs-
muster)

Bindungsenergie
[kcal/mol]

1-2-Fucosyl-lactose -34.46

1-3-Fucosyl-lactose -66.52

6�-O-Sulfat -113.37
4�,6�-Di-O-sulfat -120.08
3�,4�,6�-Tri-O-sulfat -121.42
2�,3�,4�,6�-Tetra-O-sulfat -127.59
6,3�,4�,6�-Tetra-O-sulfat -125.99
2,2�,3�,4�,6�-Penta-O-sulfat -122.84

1-2�-Fucosyl-lactose -47.11

4�-O-Sulfat -93.64
3�-O-Sulfat -77.09
6�-O-Sulfat -43.68
3�,6�-Di-O-sulfat -71.00
3,3�-Di-O-sulfat -61.16

1-3�-Fucosyl-lactose -44.52

1-4�-Fucosyl-lactose -59.73

1-6-Fucosyl-lactose -87.53

3-O-Sulfat -115.67
4�,6�-Di-O-sulfat -140.10

3�,4�,6�-Tri-O-sulfat -145.88
2,3�,4�,6�-Tetra-O-sulfat -141.57
3,2�,3�,4�-Tetra-O-sulfat -139.71
2,3,3�,6�-Tetra-O-sulfat -138.83

1-6�-Fucosyl-lactose -76.10

2-O-Sulfat -98.23
3,2�-Di-O-sulfat -75.45
2,6,4�-Tri-O-sulfat -75.82
2,3,6,4�-Tetra-O-sulfat -135.58
3,2�,4�,6�-Tetra-O-sulfat -133.00

7DEHOOH ��� (UJHEQLVVH GHV 'HVLJQ�3UR]H� PLW /HDS)URJ� *H]HLJW VLQG GLH )XFRV\O�ODFWRVH
9HUNQ�SIXQJVYDULDQWHQ XQG GHUHQ 6XOIDWLHUXQJVPXVWHU PLW GHQ HQWVSUHFKHQGHQ %LQGXQJVHQHUJLHQ� 'LH
JUDX XQWHUOHJWH 6WUXNWXU �����)XFRV\O��¶��¶��¶�7UL�2�VXOIR�ODFWRVH� ]HLJW GLH JU|�WH %LQGXQJVHQHUJLH ��������
NFDO�PRO�

'LH� XQVXOIDWLHUWHQ� ������ ���¶�� XQG� ���¶�
)XFRV\O�ODFWRVHQ�]HLJHQ�PLW��������NFDO�PRO�
������� NFDO�PRO� XQG� ������� NFDO�PRO� GLH
JHULQJVWHQ� %LQGXQJVHQHUJLHQ�� 'LH� YLUWXHOOH
6XOIDWLHUXQJ� GHU� ���¶�� XQG� ����� 9DULDQWH
HUJDE� NHLQH� 6WHLJHUXQJ� GHU� %LQG�
XQJVHQHUJLH�� 'LH� ���¶�)XFRV\O�ODFWRVH� ]HLJW
I�U� GDV� �¶�2�VXOIDW� HLQH� GHXWOLFKH� 9HU�
EHVVHUXQJ� GHU� %LQGXQJVHQHUJLH� XP� �����
NFDO�PRO� DXI� ������� NFDO�PRO��'LH� DQGHUHQ
6XOIDWH� HUJDEHQ� QXU� PRGHUDWH� 6WHLJHUXQJHQ
XP� PD[LPDO� ������ NFDO�PRO�� )�U� GLH� ���¶�
9HUNQ�SIXQJVYDULDQWH� HUJDE� VLFK� HLQ
(QHUJLHZHUW� YRQ� ������� NFDO�PRO�� 'LH� DQ�
VFKOLH�HQGH� YLUWXHOOH� 6XOIDWLHUXQJ� I�KUWH� ]X
NHLQHU� 9HUEHVVHUXQJ� GHU� %LQGXQJVHQHUJLH�
9RQ� GHQ� QRFK� YHUEOHLEHQGHQ� XQVXOIDWLHUWHQ
7ULVDFFKDULGHQ� ]HLJWH� GLH� ���� YHUNQ�SIWH
9HUELQGXQJ� ��������NFDO�PRO��� JHIROJW� YRQ
GHU����¶����������NFDO�PRO��XQG�����9DULDQWH
�������� NFDO�PRO��� GLH� K|FKVWH� %LQGXQJV�
HQHUJLH��'HQ�JU|�WHQ�(LQIOX��HLQHU�6XOIDWLHU�
XQJ� HUJDE� VLFK� EHL� GHU� ����)XFRV\O�ODFWRVH�
+LHU� VWHLJHUWH� VLFK� GLH� %LQGXQJVHQHUJLH� I�U
GDV� �¶�2�6XOIDW� XP� ������ NFDO�PRO� DXI� �
������� NFDO�PRO�� 'DV� �¶��¶��¶��¶�7HWUD�2�
VXOIDW� lQGHUWH� VHLQH� %LQGXQJVHQHUJLH� XP
������ NFDO�PRO� DXI� �������� NFDO�PRO�� 'DV
�¶��¶�'L�2�VXOIDW� KDW� PLW� �������� NFDO�PRO
HEHQIDOOV�HLQH�KRKH�:HFKVHOZLUNXQJVHQHUJLH�
(LQH�0HKUIDFKVXOIDWLHUXQJ� GHU� ����)XFRV\O�
ODFWRVH� I�KUWH� ]XP� �¶��¶��¶�7UL�2�VXOIDW�� GDV
PLW� �������� NFDO�PRO� �$EE�� ���� ���
LQVJHVDPW� GLH� K|FKVWH� $IILQLWlW� ]XP

(�6HOHNWLQ�DXIZHLVW��$OOH�ZHLWHUHQ�PHKUIDFK
VXOIDWLHUWHQ� 9HUELQGXQJHQ� ]HLJHQ� :HUWH
]ZLVFKHQ������NFDO�PRO�XQG������NFDO�PRO�
'DV� 0RQRVXOIDW� DQ� ��3RVLWLRQ� EHVLW]W� GHQ
K|FKVWHQ� :HUW� YRQ� DOOHQ� PRQRVXOIDWLHUWHQ
/LJDQGHQ� ��������� NFDO�PRO��� $OV� OHW]WH
9HUNQ�SIXQJVYDULDQWH� HUJDE� VLFK� I�U� GLH
���¶�)XFRV\O�ODFWRVH� GLH� JU|�WH� %LQGXQJV�
HQHUJLH� YRQ� ������� NFDO�PRO�� 'LH� YLUWXHOOH
6XOIDWLHUXQJ�GLHVHV�/LJDQGHQ�I�KUWH�QXU�EHLP
��6XOIDW� �������� NFDO�PRO�� XQG� EHL� GHQ
7HWUDVXOIDWHQ� ]X� HLQHU� 6WHLJHUXQJ� GHU
%LQGXQJVVWlUNH� ��������¶�7HWUD�2�VXOIDW
�������� NFDO�PRO�� ���¶��¶��¶�7HWUD�2�VXOIDW
��������NFDO�PRO��
%HWUDFKWHW� PDQ� GDV� (UJHEQLV� GHU

6LPXODWLRQ�]HLJW�GLH�����)XFRV\O�ODFWRVH�XQG
GHUHQ�VXOIDWLHUWH�'HULYDWH�GLH�JU|�WHQ�%LQG�
XQJVHQHUJLHQ��$Q�]ZHLWHU�6WHOOH�UDQJLHUHQ�GLH
���¶�)XFRV\O�ODFWRVH�9DULDQWHQ�XQG�DQ�GULWWHU
3RVLWLRQ�GLH�����)XFRV\O�ODFWRVHQ��%HWUDFKWHW
PDQ� QXU� GLH� 0RQRVXOIDWH� HUJLEW� VLFK� HLQ
HWZDV�DQGHUHV�%LOG��'DV���2�6XOIDW�GHU�����
)XFRV\O�ODFWRVH� ]HLJW� PLW� �������� NFDO�PRO
GLH�JU|�WH�%LQGXQJVHQHUJLH��*HIROJW�YRP��¶�
2�6XOIDW� GHU� ����)XFRV\O�ODFWRVH� ��������
NFDO�PRO�� XQG� GHP� ��2�6XOIDW� GHU� ���¶�
)XFRV\O�ODFWRVH���������NFDO�PRO���$Q�YLHUWHU
3RVLWLRQ� OLHJW� GLH� ���¶�)XFRV\O��¶�2�VXOIR�
ODFWRVH� �������� NFDO�PRO��� 1XU� JHULQJI�JLJ
VFKOHFKWHU�LVW�GDV��¶�2�6XOIDW�GHU��¶�)XFRV\O�
ODFWRVH� �������� NFDO�PRO��� 'HQ� $EVFKOX�
ELOGHW� GDV� �¶�2�6XOIDW� GHU� ���¶�)XFRV\O�
ODFWRVH���������NFDO�PRO��
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$EELOGXQJ ��� 'DV �¶��¶��¶�7UL�2�VXOIDW GHU ����)XFRV\O�ODFWRVH LVW PLW HLQHU %LQGXQJVHQHUJLH YRQ �������
NFDO�PRO DOV EHVWH 6WUXNWXU DXV GHP 'HVLJQ�3UR]H� PLW /HDS)URJ KHUYRUJHJDQJHQ� 'DV (�6HOHNWLQ LVW DOV
&RQROO\�2EHUIOlFKH GDUJHVWHOOW� 'DV $UJ��� XQG GDV /\V��� ]HLJW PLW GHU *XDQLGLQLXP� XQG $PLQR�
)XQNWLRQ GLUHNWH .RQWDNWH ]X GHQ 6XOIDWJUXSSHQ� 'LH )XFRVH LVW DP &DOFLXP NRRUGLQLHUW� 'LH
:DVVHUVWRIIEU�FNHQ VLQG DOV JHOEH JHVWULFKHOWH /LQLHQ GDUJHVWHOOW� 'DV &DOFLXP LVW JHOE HLQJHIlUEW�

$EELOGXQJ ��� :LH $EELOGXQJ ��� VHLWOLFKH 'DUVWHOOXQJ�

,Q� GHU� ����)XFRV\O��¶��¶��¶�WUL�2�VXOIR�
ODFWRVH� OLHJHQ� GLH� EHLGHQ� 3\UDQRVHULQJH� GHU
)XFRVH� XQG� *OXFRVH� IDVW� SDUDOOHO� �EHU�
HLQDQGHU��'LH�+DXSWZHFKVHOZLUNXQJVHQHUJLH
HUJLEW� VLFK� DXV� GHQ� .RQWDNWHQ� GHU� )XFRVH
]XP� &DOFLXP� XQG� DXV� GHQ� .RQWDNWHQ
]ZLVFKHQ� GHQ� 6XOIDWJUXSSHQ� GHU� *DODFWRVH
]XP�$UJ����XQG�]XP�/\V����
,Q� DOOHQ� JHQHULHUWHQ� 6WUXNWXUHQ� LVW� GLH

)XFRVH� DP� &DOFLXP� SRVLWLRQLHUW�� /HGLJOLFK

HLQH�5RWDWLRQ�GHU�)XFRVH�XP�GDV�&DOFLXP�LVW
]X� EHREDFKWHQ�� 'LH� .RRUGLQLHUXQJ� HUIROJW
DEHU� EHL� DOOHQ� 6WUXNWXUHQ� �EHU� GLH� ��2+�
XQG���2+�*UXSSH�GHU�)XFRVH�
=XVDPPHQIDVVHQG� ]HLJHQ� DOOH� )XFRV\O�

ODFWRVHQ�� ELV� DXI� GLH� ���¶�� ���¶� XQG� ���
YHUNQ�SIWH� )XFRV\O�ODFWRVH�� HLQH� 6WHLJHUXQJ
GHU� %LQGXQJVHQHUJLH� QDFK� GHU� YLUWXHOOHQ
6XOIDWLHUXQJ�
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$EELOGXQJ ��� 6WHUHRSORW GHU PRQRVXOIDWLHUWHQ 9HUELQGXQJHQ� 'LH 9HUNQ�SIXQJVYDULDQWHQ VLQG ZLH IROJW
IDUEOLFK PDUNLHUW� ����)XFRV\O��¶�2�VXOIR�ODFWRVH� JU�Q� ���¶�)XFRV\O��¶�2�6XOIR�ODFWRVH� PDJHQWD� ����
)XFRV\O���2�VXOIR�ODFWRVH� RUDQJH� ���¶�)XFRV\O���2�VXOIR�ODFWRVH� ZHL�� 'DV 3URWHLQ ZLUG DOV &RQQROO\�
2EHUIOlFKH GDUJHVWHOOW� 'LH URW HLQJHIlUEWHQ $PLQRVlXUHQ VLQG DQ GHU &DOFLXP %LQGXQJ EHWHLOLJW� GLH
GXQNHOEODX HLQJHIlUEWHQ $PLQRVlXUHQ VLQG I�U GLH %LQGXQJ GHV 6LDO\O�/HZLV[ HVVHQWLHOO� 'DV &DOFLXP LVW
JHOE HLQJHIlUEW�

$EELOGXQJ ��� :LH $EELOGXQJ ��� VHLWOLFKH 'DUVWHOOXQJ�
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$EELOGXQJ ��� 6WHUHRGDUVWHOOXQJ GHV ��2�6XOIDW GHU ��� YHUNQ�SIWHQ )XFRV\O�ODFWRVH� 'LHVHU /LJDQG ]HLJW
PLW ²������ NFDO�PRO GLH K|FKVWH %LQGXQJVHQHUJLH GHU PRQRVXOIDWLHUWHQ 9HUELQGXQJHQ� 'LH )XFRVH LVW DP
&DOFLXP NRRUGLQLHUW� 'LH :DVVHUVWRIIEU�FNHQ VLQG DOV JHOEH JHVWULFKHOWH /LQLHQ GDUJHVWHOOW� 'DV 3URWHLQ
ZLUG DOV &RQQROO\�2EHUIOlFKH GDUJHVWHOOW� 'LH URW HLQJHIlUEWHQ $PLQRVlXUHQ VLQG DQ GHU &DOFLXP %LQGXQJ
EHWHLOLJW� GLH EODX HLQJHIlUEWHQ $PLQRVlXUHQ VLQG I�U GLH %LQGXQJ GHV 6LDO\O�/HZLV[ HVVHQWLHOO� 'DV
&DOFLXP LVW JHOE HLQJHIlUEW� =XVlW]OLFK LVW GDV $UJ��� EODX JHIlUEW�

'HU� 'HVLJQ�3UR]H�� PLW� /HDS)URJ� HUJDE
GDV���2�6XOIDW�GHU�����YHUNQ�SIWHQ�)XFRV\O�
ODFWRVH� DOV� EHVWHQ� PRQRVXOIDWLHUWHQ
/LJDQGHQ��'LH�%LQGXQJVHQHUJLH� EHOlXIW� VLFK
DXI� �������� NFDO�PRO� �$EE�� ����� 'LH
'LIIHUHQ]� ]ZLVFKHQ� GHP� XQVXOIDWLHUWHQ
'HULYDW� XQG� GHU� VXOIDWLHUWHQ� 9HUELQGXQJ
EHWUlJW� ������ NFDO�PRO�� 6RPLW� LVW� GLH
$IILQLWlW� ]XP� 3URWHLQ� EHUHLWV� RKQH� 6XOIDW�
JUXSSH� KRFK�� $XVVFKODJJHEHQG� I�U� GLHVH
KRKH� %LQGXQJVHQHUJLH� LVW� QHEHQ� GHU� .R�
RUGLQLHUXQJ� GHU� )XFRVH� DP� &DOFLXP�� GLH
/DJH� GHU� +\GUR[\PHWK\OJUXSSH� GHU
*DODFWRVH�� 'LH� +\GUR[\PHWK\OJUXSSH� OLHJW
GLUHNW� LQ� HLQHU� $XVEXFKWXQJ� ]ZLVFKHQ� GHP
$UJ���� XQG� GHP� &DOFLXP�� 'HU� 3\UDQRVH�
ULQJ�VWHKW�GDEHL�RUWKRJRQDO�]XP�3URWHLQ�XQG
ELOGHW� PLW� GHU� ��2+�*UXSSH� :DVVHU�
VWRIIEU�FNHQ� ]XP� $UJ���� XQG� ]XP� *OX��
DXV�� 'LH� 6XOIDWJUXSSH� LVW� lKQOLFK� ]X� GHQ
DQGHUHQ� PRQRVXOIDWLHUWHQ� 6WUXNWXUHQ� SRVL�
WLRQLHUW��6LH� OLHJW�]ZLVFKHQ�GHP�/\V����XQG
GHP�$UJ����
9HUJOHLFKW� PDQ� GLH� 6WUXNWXUHQ� GHU

XQVXOIDWLHUWHQ� 7ULVDFFKDULGH� �$EE�� ���� PLW

GHQ� PRQRVXOIDWLHUWHQ� 9HUELQGXQJHQ�
HUJHEHQ� VLFK� VHKU� lKQOLFKH� JO\FRVLGLVFKH
'LHGHUZLQNHO�� 'LH� PD[LPDOH� $EZHLFKXQJ
EHWUlJW� FD�� ����� ,Q� 7DEHOOH� ��� VLQG� GLH
'LHGHUZLQNHO� � DXIJHOLVWHW�� 6RPLW� KDW� GLH
6XOIDWLHUXQJ� NHLQHQ� JUR�HQ� (LQIOX�� DXI� GLH
GUHLGLPHQVLRQDOH�*HVWDOW�GHU�7ULVDFFKDULGH�
'HQQRFK� NDQQ� DXIJUXQG� HLQHU� 6XOIDWLHU�

XQJ�HLQH�UlXPOLFKH�8PRULHQWLHUXQJ�GHU�7UL�
VDFFKDULGH�HUIROJHQ��%HVRQGHUV�GHXWOLFK�ZLUG
GLHV� EHL� GHU� ���¶� YHUNQ�SIWHQ� )XFRV\O�
ODFWRVH�� +LHU� YROO]LHKW� GHU� /LJDQG� HLQH
5HFKWVGUHKXQJ� XP� FD�� ����� VR� GD�� GLH
*DODFWRVH�QLFKW�PHKU��EHU�GHU�)XFRVH�VWHKW
VRQGHUQ� ]XP� /\V���� DXVJHULFKWHW� LVW
�$EE������� 'LH� 6XOIDWJUXSSH�� GLH� DQ� �¶�
3RVLWLRQ� YHUNQ�SIW� LVW�� NDQQ� LQ� GLHVHU
$QRUGQXQJ� RSWLPDO� PLW� GHQ� EDVLVFKHQ
6HLWHQNHWWHQ�ZHFKVHOZLUNHQ�
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Verknüpfung:
Lactose

φ [°]
Gal

ψ [°]
Gal

φ [°]
Fuc

ψ [°]
Fuc

1-2�-Fucosyl-
lactose

73.2 -27.2 39.6 -63.3

1-3�-Fucosyl-
lactose

52.3 4.5 62.2 -18.7

1-4�-Fucosyl-
lactose

59.5 -2.5 41.8 -134.7

1-6�-Fucosyl-
lactose

47.9 1.5 61.3 99.0

1-2-Fucosyl-
lactose

63.6 -0.6 38.8 -136.9

1-3-Fucosyl-
lactose

76.7 24.1 59.0 25.1

1-6-Fucosyl-
lactose

69.4 1.8 71.6 137.5

Verknüpfung:
Lactose, Sulfat

φ [°]
Gal

ψ [°]
Gal

φ [°]
Fuc

ψ [°]
Fuc

1-2�-Fucosyl-4�-
O-sulfo-lactose

75.5 -21.5 39.0 -70.5

1-6�-Fucosyl-2-
O-sulfo-lactose

46.3 -0.7 66.8 96.3

1-3-Fucosyl-6�-
O-sulfo-lactose

75.3 34.0 53.5 34.8

1-6-Fucosyl-3-
O-sulfo-lactose

67.1 9.1 61.2 142.0

7DEHOOH ��� 'LHGHUZLQNHO GHU JO\FRVLGLVFKHQ
%LQGXQJHQ GHU YHUVFKLHGHQHQ XQVXOIDWLHUWHQ�
XQG VXOIDWLHUWHQ 7ULVDFFKDULGH� *H]HLJW VLQG QXU
GLH 0RQRVXOIDWH� GHUHQ %LQGXQJVHQHUJLH QDFK
GHU 6XOIDWLHUXQJ JHVWLHJHQ VLQG�

$EELOGXQJ ��� 6WHUHRSORW GHU XQVXOIDWLHUWHQ ���¶�)XFRV\O�ODFWRVH �JU�Q� XQG GHU �¶�VXOIDWLHUWHQ ���¶�
)XFRV\O�ODFWRVH �PDJHQWD�� 'HU /LJDQG YROO]LHKW QDFK GHU 6XOIDWLHUXQJ LP 2SWLPLHUXQJVSUR]H� HLQH
5HFKWVGUHKXQJ XP FD� ���� 'DV 3URWHLQ ZLUG DOV &RQROO\�2EHUIOlFKH GDUJHVWHOOW� 'LH URW HLQJHIlUEWHQ
$PLQRVlXUHQ VLQG DQ GHU &DOFLXP %LQGXQJ EHWHLOLJW� GLH GXQNHOEODX HLQJHIlUEWHQ $PLQRVlXUHQ VLQG I�U
GLH %LQGXQJ GHV 6LDO\O�/HZLV[ HVVHQWLHOO� 'DV &DOFLXP LVW JHOE HLQJHIlUEW�

'LH����¶�9HUNQ�SIXQJVYDULDQWH�]HLJW�QDFK
GHU� 6XOIDWLHUXQJ� DQ� ��3RVLWLRQ� DXFK� HLQH
YHUlQGHUWH� 2ULHQWLHUXQJ� GHU� /DFWRVH
�$EE������� 'LH� *OXFRVH� OLHJW� QLFKW� ZLH� LP
XQVXOIDWLHUWHQ� 7ULVDFFKDULG� PLW� GHU� ��2+�
*UXSSH� DP� $UJ���� 'LH� *OXFRVH� LVW� MHW]W
YLHOPHKU� ]ZLVFKHQ� GHP� /\V���� XQG� GHP
$UJ����DQJHRUGQHW���VR�GD��GLH�6XOIDWJUXSSH
]ZLVFKHQ� GHU� $PLQRIXQNWLRQ� XQG� GHU
*XDQLGLQLXPJUXSSH�� PD[LPDOH� :HFKVHO�
ZLUNXQJHQHUJLH�]HLJW�
'LH� 3RVLWLRQ� GHU� ����� ���¶� XQG� ���� YHU�

NQ�SIWHQ� )XFRV\O�ODFWRVH� LVW� YRU� XQG� QDFK
GHU�YLUWXHOOHQ�6XOIDWLHUXQJ�IDVW�LGHQWLVFK�
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5.5.3 Ein Vergleich:
Bindungsmodell sLex �
De novo-Design von
sulfatierten Trisacchariden
mit LeapFrog

'LH� UlXPOLFKH� 2ULHQWLHUXQJ� YRP� 6LDO\O�
/HZLV[� LP� %LQGXQJVPRGHOO� LVW� ZHVHQWOLFK
GXUFK� YLHU� 0HUNPDOH� JHNHQQ]HLFKQHW�� GLH
)XFRVH�LVW��EHU�GLH���2+��XQG���2+�*UXS�
SH� DP� &DOFLXP� JHEXQGHQ�� GLH� *DODFWRVH
]HLJW� PLW� GHU� ��2+�*UXSSH� HLQH� :DVVHU�
VWRIIEU�FNH�]XP�7\U���XQG�]XP�*OX����GLH
.RRUGLQLHUXQJ� GHU� &DUER[\OJUXSSH� GHU
6LDOLQVlXUH� HUIROJW� �EHU� GLH� *XDQLGQLXP�
JUXSSH� GHU� 6HLWHQNHWWH� YRP� � $UJ���� GDV
1�$FHW\OJOXFRVDPLQ� WUlJW� QXU� XQZHVHQWOLFK
]XU� GLUHNWHQ� :HFKVHOZLUNXQJ� PLW� GHP
(�6HOHNWLQ�EHL��'DV�(UJHEQLV�GHV�GRFNLQJ�PLW
)OH[L'RFN� ZXUGH� I�U� V/H[� PLW� /HDS)URJ
�EHUSU�IW�� 'LH� %LQGXQJVHQHUJLH� GHV� 7HWUD�
VDFFKDULGV�EHOLHI�VLFK�DXI�²������NFDO�PRO�
(QWVFKHLGHQG� LVW� I�U� GLHVHQ� %LQGXQJV�

PRGXV�GLH�3RVLWLRQ�GHU�)XFRVH�DP�&DOFLXP
XQG� GLH� LRQLVFKH� :HFKVHOZLUNXQJ� GHU
&DUER[\OJUXSSH� GHU� 6LDOLQVlXUH� ]XP�$UJ���
'LHVH�,QWHUDNWLRQ�LVW�DEHU�QXU�GDQQ�P|JOLFK�
ZHQQ� HLQ� 0LQGHVWDEVWDQG� ]ZLVFKHQ� GHU
)XFRVH�XQG�GHU�&DUER[\OJUXSSH�HLQJHKDOWHQ
ZLUG�� ,P� 3URWHLQ� EHWUlJW� GHU� $EVWDQG� YRP
&DOFLXP�]XP�1η��GHV�$UJ��������c�XQG�]XP

1η� �����c�� ,P� %LQGXQJVPRGHOO� GHV� V/H[

ZLUG�GLHVHU�$EVWDQG�PLW�HLQHU�SDUDOOHOHQ�$Q�
RUGQXQJ� GHU� )XFRVH� ]XU� *DODFWRVH� �EHU�
EU�FNW��'HU�$EVWDQG�YRP�6DXHUVWRIIDWRP�LQ
��3RVLWLRQ� GHU� )XFRVH�� GDV� GHQ� GLFKWHVWHQ
.RQWDNW� ]XP� &DOFLXP� ]HLJW�� ]XP� .RKOHQ�
VWRIIDWRP�GHU�&DUER[\OJUXSSH�EHWUlJW�����c�
%HL� GHU� ���¶�)XFRV\O���2�VXOIR�ODFWRVH

NDQQ�GHU�$EVWDQG� LP�3URWHLQ�YRP�&DOFLXP
]XP�1η��GHV�$UJ���������c��PLW�HLQHU�DQ�GHU
��3RVLWLRQ� EHILQGOLFKHQ� 6XOIDWJUXSSH� �EHU�
EU�FNW� ZHUGHQ�� +LHU� EHWUlJW� GHU� $EVWDQG
YRP� 6DXHUVWRIIDWRP� GHU� )XFRVH� ]XP
6FKZHIHODWRP�����c��=XVlW]OLFK�LVW�GLH�3RVL�
WLRQ� GHU� *OXFRVH� PLW� GHU� 3RVLWLRQ� GHU
*DODFWRVH� JHJHQ�EHU� GHP� %LQGXQJVPRGHOO
LP�V/H[�DXVJHWDXVFKW��'LH����¶�)XFRV\O���2�
VXOIR�ODFWRVH�� GLH� LP� 'HVLJQ�3UR]H�� PLW
/HDS)URJ� JHQHULHUW� ZXUGH�� ]HLJWH� DEHU� DXI�
JUXQG�HLQHU�QLFKW�RSWLPDOHQ�$QRUGQXQJ�GHU
6XOIDWJUXSSH� ]XU� *XDQLGLQLXPJUXSSH� GHV
$UJ��� HLQH� %LQGXQJVHQHUJLH� YRQ� ������
NFDO�PRO��$EE�������(LQH�EHVVHUH�%LQGXQJV�
HQHUJLH�HUJLEW�VLFK�I�U�GLH����¶�)XFRV\O���2�
VXOIR�ODFWRVH� �������� NFDO�PRO��� LQ� GHU� GLH
6XOIDWJUXSSH� PLW� GHU� ��3RVLWLRQ� YHUNQ�SIW
LVW��+LHU� LVW� GLH� 6XOIDWJUXSSH� ]ZLVFKHQ� GHP
/\V����XQG�GHP�$UJ���� ORNDOLVLHUW� XQG�GLH
.RRUGLQLHUXQJ� GHU� )XFRVH� DP� &DOFLXP� LVW
GHXWOLFK�YHU]HUUW��$EE������

$EELOGXQJ ��� 6WHUHRSORW GHU �¶�)XFRV\O�ODFWRVH ���2�6XOIDW� PDJHQWD� ��2�6XOIDW� JU�Q� XQG GHV 6LDO\O�
/HZLV[ �RUDQJH�� 'DV (�6HOHNWLQ ZLUG DOV &RQQROO\�2EHUIOlFKH GDUJHVWHOOW� 'LH URW HLQJHIlUEWHQ $PLQR�
VlXUHQ VLQG DQ GHU &DOFLXP %LQGXQJ EHWHLOLJW� GLH GXQNHOEODX HLQJHIlUEWHQ $PLQRVlXUHQ VLQG I�U GLH
%LQGXQJ GHV 6LDO\O�/HZLV[ HVVHQWLHOO� =XVlW]OLFK LVW GDV $UJ��� EODX PDUNLHUW� 'DV &DOFLXP LVW JHOE
HLQJHIlUEW�
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$EELOGXQJ ��� 6WHUHRSORW GHV �¶�2�6XOIDW �JU�Q� XQG GHV �¶�2�6XOIDW �PDJHQWD� GHU ��)XFRV\O�ODFWRVH�
'DV 6LDO\O�/HZLV[ LVW RUDQJH HLQJHIlUEW� 'DV (�6HOHNWLQ ZLUG DOV &RQQROO\�2EHUIOlFKH GDUJHVWHOOW� 'LH URW
HLQJHIlUEWHQ $PLQRVlXUHQ VLQG DQ GHU &DOFLXP�%LQGXQJ EHWHLOLJW� GLH GXQNHOEODX HLQJHIlUEWHQ
$PLQRVlXUHQ VLQG I�U GLH %LQGXQJ GHV 6LDO\O�/HZLV[ HVVHQWLHOO� =XVlW]OLFK LVW GDV $UJ��� EODX PDUNLHUW�
'DV &DOFLXP LVW JHOE HLQJHIlUEW�

'LH� ����)XFRV\O�ODFWRVH�� GLH� GHP� /HZLV[

RKQH� 1�$FHW\OJUXSSH� HQWVSULFKW�� ]HLJW
JHJHQ�EHU� GHP� %LQGXQJVPRGHOO� GHV� V/H[

HLQH� YHUlQGHUWH� $QRUGQXQJ�� 'DV� 7UL�
VDFFKDULG�� GDV� LQ� VHLQHU� �¶�VXOIDWLHUWHQ�� �¶�
VXOIDWLHUWHQ� XQG� LQ� VHLQHU� XQVXOIDWLHUWHQ
)RUP�IDVW�GHFNXQJVJOHLFK� LVW�� LVW�XP�FD�����
JHNLSSW�� 'LH� %LQGXQJVHQHUJLH� GHV� �¶�2�
6XOIDW�GHU�����)XFRV\O�ODFWRVH�OLHJW�EHL�������
NFDO�PRO�� 'LH� 6XOIDWJUXSSH� LVW� ]XP� $UJ��
DXVJHULFKWHW�� 'HU� $EVWDQG� ]ZLVFKHQ� GHP
6DXHUVWRIIDWRP�GHU�)XFRVH�LQ���3RVLWLRQ�XQG
GHP�6FKZHIHODWRP�EHWUlJW�����c��6RPLW�ZLUG
LQ� GLHVHU� .RQIRUPDWLRQ� GHU� QRWZHQGLJH
$EVWDQG� YRP� &DOFLXP� ]XU� *XDQLGLQLXP�
JUXSSH� GHV� $UJ��� QLFKW� �EHUEU�FNW�� 0LW
�������� NFDO�PRO� ]HLJW� GDV� �¶�2�6XOIDW� GLH
]ZHLWJU|�WH� %LQGXQJVHQHUJLH� YRQ� DOOHQ
PRQRVXOIDWLHUWHQ� /LJDQGHQ�� 9HUDQWZRUWOLFK
I�U�GLHVHQ�KRKHQ�:HUW�LVW�GLH�RSWLPDOH�/DJH
GHU�6XOIDWJUXSSH�]ZLVFKHQ�GHP�/\V����XQG
GHP� $UJ���� �$EE�� ����� :HQQ� EHLGH
3RVLWLRQHQ�VXOIDWLHUW�VLQG��DOVR�GLH��¶��XQG�GLH
�¶�3RVLWLRQ�� ZLUG� QXU� HLQH� %LQGXQJVHQHUJLH
YRQ�²�������NFDO�PRO�HUUHLFKW��'HU�$EVWDQG
]ZLVFKHQ� GHQ� EHLGHQ� 6XOIDWJUXSSHQ� LVW
GHPQDFK� ]X� NOHLQ�� XP� GLH� 'LVWDQ]� YRP
$UJ���]XP�/\V����RSWLPDO�]X��EHUEU�FNHQ�
2IIHQVLFKWOLFK� NRPPHQ� QXU� ]ZHL

3RVLWLRQHQ� DP� 3URWHLQ� I�U� HLQH� QHJDWLY
JHODGHQH�*UXSSH�GHV�/LJDQGHQ� LQ�%HWUDFKW�

'LH� 3RVLWLRQ� DP� $UJ��� XQG� GLH� 3RVLWLRQ
]ZLVFKHQ�GHP�/\V����XQG�GHP�$UJ�����'D
GHU� $EVWDQG� YRP� &DOFLXP� ]X� GHQ
6WLFNVWRIIDWRPHQ� GHV� $UJ��� XP� PD[LPDO
����c� JU|�HU� LVW� DOV� GHU� $EVWDQG� YRP
&DOFLXP�]XP�6WLFNVWRII�GHV�/\V�����NDQQ�GLH
JU|�HUH� 'LVWDQ]� QXU� YRP� V/H[� �EHUEU�FNW
ZHUGHQ�� =XVlW]OLFK� ZLUG� GXUFK� GLH� UHODWLYH
3RVLWLRQ� GHU� )XFRVH� DP� &DOFLXP�� GLH
JO\FRVLGLVFK� PLW� GHU� /DFWRVH� YHUNQ�SIW� LVW�
HLQH� GLUHNWH� 2ULHQWLHUXQJ� GHU� /DFWRVH� LQ
5LFKWXQJ� $UJ��� HUVFKZHUW�� 'LH� 9HU�
NQ�SIXQJ�GHU�)XFRVH� ]XU�/DFWRVH�NDQQ�QXU
DQ� HLQHU� GHP� $UJ��� DEJHZDQGWHQ� 3RVLWLRQ
HUIROJHQ�� 'LH� RSWLPDOHQ� $QRUGQXQJHQ� GHU
VXOIDWLHUWHQ� 7ULVDFFKDULGH� VLQG� VRPLW� GXUFK
GLH� VWDUNHQ� :HFKVHOZLUNXQJVHQHUJLHQ� GHU
6XOIDWJUXSSHQ�]XP�/\V����XQG�]XP�$UJ���
EHVWLPPW�

5.6 MMC-Simulationen

(QWVSULFKW�GLH� JHEXQGHQH�.RQIRUPDWLRQ
GHU�/LJDQGHQ�GHU�9RU]XJVNRQIRUPDWLRQ�GHU
/LJDQGHQ� LP� IUHLHQ�=XVWDQG"�0LW�+LOIH� YRQ
00&�6LPXODWLRQHQ� VROO� GLHVH� )UDJH� JHNOlUW
ZHUGHQ�
'D�GDV� 6\E\O�.UDIWIHOG� QLFKW� VSH]LHOO� I�U

=XFNHU� SDUDPHWULVLHUW�ZXUGH� XQG� VRPLW� GHU
H[R�DQRPHUH� (IIHNW� QLFKW� EHU�FNVLFKWLJW
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ZXUGH�� ZXUGHQ� 00&�6LPXODWLRQHQ� GHU
PRQRVXOIDWLHUWHQ� 6WUXNWXUHQ� PLW� *(*23
GXUFKJHI�KUW�� GLH� LP� 'HVLJQ�3UR]H�� PLW
/HDS)URJ� HLQH� 6WHLJHUXQJ� GHU� %LQGXQJV�
HQHUJLHQ� OLHIHUWHQ�� =XVlW]OLFK� ZXUGH� HLQH
00&�6LPXODWLRQ�GHU�/DFWRVH� GXUFKJHI�KUW�
$OOH� 6LPXODWLRQHQ� ZXUGHQ� PLW� HLQHU� DE�
VWDQGVDEKlQJLJHQ� 'LHOHNWUL]LWlWVNRQVWDQWHQ
PLW� ε  � �� GXUFKJHI�KUW�� 'LH� 6XOIDWJUXSSH
ZXUGH� PLW� YLHU� V\PHWULVFK� DQJHRUGQHWHQ
6DXHUVWRIIDWRPHQ� PLW� HLQHU� %LQGXQJVOlQJH
YRQ�MH������c�YHUZHQGHW�
'HU� &��VSDFHU� LVW� EHL� GHQ� 7ULVDFFKDULGHQ

QLFKW� EHU�FNVLFKWLJW� ZRUGHQ�� (V� LVW� DQ]X�
QHKPHQ�� GD�� GLH� ODQJH� $ON\ONHWWH� KRFK
EHZHJOLFK� LVW� XQG� :HFKVHOZLUNXQJHQ� ]XP
3URWHLQ�HKHU�XQVSH]LILVFKHU�1DWXU�VLQG�
(LQH�&OXVWHUDQDO\VH�H[WUDKLHUWH�DQVFKOLH��

HQG� GLH� +DXSWIDPLOLHQ� GHU� 00&�6LPXOD�
WLRQHQ� XQG� HUP|JOLFKW� GLH� (UVWHOOXQJ� HLQHU
VLQQYROOHQ� 6WDUWVWUXNWXU� I�U� ZHLWHUH� GRFNLQJ�
([SHULPHQWH� XQG� OLHIHUW� HLQ�0RGHOO� I�U� GLH
9RU]XJVNRQIRUPDWLRQ� GHU� XQJHEXQGHQHQ
/LJDQGHQ�

5.6.1 MMC-Simulation von
Lactose

,P� 'HVLJQ�3UR]H�� PLW� /HDS)URJ� ZXUGH
/DFWRVH� DOV� )UDJPHQW� GHILQLHUW�� /DFWRVH
VROOWH� GDEHL� PLW� HLQHP� %LQGXQJVPRGHOO� GHU
α�/�)XFRVH� EHOLHELJ� YHUNQ�SIW� ZHUGHQ�� 'LH

$XVJDQJVNRQIRUPDWLRQ� GHU� /DFWRVH� ZXUGH
PLW�+LOIH� HLQHU�00&�6LPXODWLRQ� EHL� HLQHP
7HPSHUDWXUSDUDPHWHU�YRQ������.�HUPLWWHOW�
9RQ�LQVJHVDPW���0LR��00&�6FKULWWH�ZXUGH
�������� .RQIRUPDWLRQHQ� DN]HSWLHUW�
ZHOFKHV� HLQHU� $N]HSWDQ]UDWH� YRQ� ����� �
HQWVSULFKW�� 'LH� GXUFKVFKQLWWOLFKH� (QHUJLH
GHU� DN]HSWLHUWHQ� .RQIRUPDWLRQHQ� EHWUXJ
�����NFDO�PRO�
)�U� GLH� &OXVWHUDQDO\VH� ZXUGHQ� ����

.RQIRUPDWLRQHQ� YRQ� GHU� $XVJDEHGDWHL� GHU
00&�6LPXODWLRQ� DXVJHZlKOW�� )�U� GLH
&OXVWHUXQJ�ZXUGHQ�QXU�GLH�φ� XQG�ψ�:LQNHO
GHU� JO\FRVLGLVFKHQ�%LQGXQJ� YHUZHQGHW��'HU
6FKQLWW� LP� &OXVWHUEDXP� HUIROJWH� EHL� VLHEHQ
*UXSSHQ�� 'LH� 1XPHULHUXQJ� GHU� *UXSSHQ
HQWVSULFKW� LKUHU� 5HLKHQIROJH� EH]�JOLFK� GHV
bKQOLFKNHLWVNRHIIL]LHQWHQ�
(V� ZXUGHQ� ]ZHL� +DXSWJUXSSHQ� PLW

������� XQG� ����� �� JHIXQGHQ�� GLH� HLQHQ
bKQOLFKNHLWVNRHIIL]LHQWHQ� YRQ� ������ XQG
������ ]HLJHQ��'LH� GXUFKVFKQLWWOLFKH�(QHUJLH
EHWUlJW� ����� NFDO�PRO� XQG� ����� NFDO�PRO�
'LH� φ�:LQNHO� EHWUDJHQ� ������ XQG� �������
'HU�ψ�:LQNHO�OLHJW�EHL�������XQG���������
(LQH� 'LVNULPLQDQ]DQDO\VH� VROO� QXQ

��DXVJHKHQG� YRQ� GHQ� VLHEHQ� .ODVVHQ� �� GHQ
JHVDPWHQ� 'DWHQVDW]� GXUFKVXFKHQ�� $OV� =X�
RUGQXQJVNULWHULXP�ZXUGH� MHZHLOV� I�U� GHQ�φ�
XQG� ψ�:LQNHO� GDV� ]ZHLIDFKH� GHU� 6WDQGDUG�
DEZHLFKXQJ� GHU�:LQNHO� DXV� GHU� &OXVWHUXQJ
KHUDQJH]RJHQ�

Gruppe Größe Anzahl Ähnlichk. Energie σ φ [°] σ [°] ψ [°] σ [°] ω [°] σ [°] ω [°] σ [°] τ [°] σ [°]
[%] [kcal/mol) [kcal/mol] Gal Glc

4 32.1 1503 0.35 6.9 4.3 47.4 19.5 8.1 16.9 38.2 96.9 27.4 84.8 118.4 4.0
3 25.1 1176 0.41 7.8 4.0 35.6 18.9 324.9 16.2 50.4 92.5 324.7 99.0 118.6 3.9
7 22.7 1062 0.13 9.7 4.2 111.6 34.7 353.7 15.7 34.4 94.7 46.6 97.2 119.3 3.9
5 11.1 519 0.28 11.8 5.0 337.6 21.5 330.1 15.4 68.5 94.2 35.7 92.9 119.3 4.1
6 4.4 206 0.18 14.9 5.2 32.2 21.2 174.5 17.7 72.0 98.6 352.4 82.3 121.9 3.8
2 4.1 194 0.44 14.3 4.1 44.5 13.3 246.6 28.7 27.2 96.1 8.0 91.6 122.2 3.2
1 0.4 18 0.77 19.4 3.1 206.2 18.6 9.2 9.6 79.4 88.2 17.8 88.8 124.7 2.3

7DEHOOH ��� 6FKQLWW LP &OXVWHUEDXP EHL VLHEHQ *UXSSHQ� 'DUJHVWHOOW VLQG GLH *UXSSHQ� QXPHULHUW QDFK
GHQ EHVWHQ bKQOLFKNHLWVNRHIIL]LHQWHQ� 'LH QlFKVWHQ EHLGHQ 6SDOWHQ JHEHQ GLH SUR]HQWXDOH *U|�H XQG GLH
WDWVlFKOLFKHQ $Q]DKO GHU .RQIRUPDWLRQHQ DQ� GLH GXUFK GLH MHZHLOLJH *UXSSH UHSUlVHQWLHUW ZLUG� ,Q GHU
YLHUWHQ 6SDOWH LVW GHU bKQOLFKNHLWVNRHIIL]LHQW JH]HLJW� $QVFKOLH�HQG LVW GHU GXUFKVFKQLWWOLFKH (QHUJLHLQKDOW
XQG GLH HQWVSUHFKHQGH 6WDQGDUGDEZHLFKXQJ σ GDUJHVWHOOW� ,Q GHQ IROJHQGHQ 6SDOWHQ VLQG GLH
JO\FRVLGLVFKHQ :LQNHO φ XQG ψ XQG GHU ω� XQG GHU τ�:LQNHO PLW LKUHQ 6WDQGDUGDEZHLFKXQJHQ DXIJHOLVWHW�
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Klasse Größe Anzahl Ähnlichk. Energie σ φ [°] σ [°] ψ [°] σ [°] ω [°] σ [°] ω [°] σ [°] τ [°] σ [°]
[%] [kcal/mol] [kcal/mol] Gal Glc

4 32.7 1633592 0.99 6.1 3.8 50.8 17.5 5.4 13.6 43.9 96.2 15.6 89.6 118.3 3.8
3 23.2 1158700 0.99 7.6 3.6 32.8 15.4 326.0 15.0 48.2 96.7 359.8 98.9 118.7 3.8
7 17.4 868570 0.96 10.0 3.9 112.7 27.5 353.8 15.3 49.0 96.2 20.5 95.1 119.5 3.6
5 10.7 536972 0.98 10.7 4.0 341.0 18.7 329.1 13.3 44.7 96.5 28.5 91.5 118.9 3.8
6 4.6 232345 0.98 14.1 4.3 31.2 19.7 177.5 14.7 38.4 98.1 345.8 95.2 121.6 3.4
2 4.0 201425 0.96 14.1 4.4 44.4 12.4 256.7 29.5 47.3 97.3 7.6 100.1 121.7 3.5
1 2.2 112482 0.99 10.8 5.5 181.6 11.9 1.9 7.9 51.5 95.1 25.4 84.3 120.7 3.7

Restklasse 5.1 255915 0.73 16.7 75.8 345.6 53.3 23.5 121.9

7DEHOOH ��� .ODVVHQHLQWHLOXQJ QDFK GHU 'LVNULPLQDQ]DQDO\VH� 'LH +DXSWNODVVH LVW JUDX XQWHUOHJW� 'LH
6SDOWHQ HQWVSUHFKHQ GHU 7DEHOOH ��� =XVlW]OLFK LVW GLH 5HVWNODVVH DQJHJHEHQ� LQ GHU VLFK GLH
.RQIRUPDWLRQHQ EHILQGHQ� GLH NHLQHU .ODVVH ]XJHRUGQHW ZHUGHQ NRQQWH�

'LH� 5HLKHQIROJH� GHU� .ODVVHQ� KDW� VLFK
QDFK� GHU� 'LVNULPLQDQ]DQDO\VH� QLFKW� YHU�
lQGHUW�� $XFK� GLH� *U|�HQRUGQXQJ� GHU� SUR�
]HQWXDOHQ�9HUWHLOXQJ�GHU�HLQ]HOQHQ�*UXSSHQ
LVW� NRQVWDQW� JHEOLHEHQ�� 'LH� +DXSWNODVVH� LVW
PLW��������SRSXOLHUW��'LH�5HVWNODVVH�� LQ�GHU
GLH�.RQIRUPDWLRQHQ�OLHJHQ��GLH�NHLQHU�*UXS�
SH� ]XJHRUGQHW� ZHUGHQ� NRQQWH�� OLHJW� EHL
������� )�U� GHQ� $XIEDX� GHU� /LJDQGHQ� PLW
/HDS)URJ� ZXUGH� GLH� /DFWRVH� PLW� GHU
.RQIRUPDWLRQ�DXV�GHU�+DXSWNODVVH�JHZlKOW��

5.6.2 MMC-Simulation der 1-2�-
Fucosyl-4�-O-sulfo-lactose

'LH�00&�6LPXODWLRQ�GHV��¶�2�6XOIDW�GHU
���¶� YHUNQ�SIWHQ� )XFRV\O�ODFWRVH�ZXUGH�PLW
HLQHP� 7HPSHUDWXUSDUDPHWHU� YRQ� ����� .
GXUFKJHI�KUW�� 9RQ� I�QI� 0LOOLRQHQ� 00&�
6FKULWWH� ZXUGHQ� �������� .RQIRUPDWLRQHQ
DN]HSWLHUW�� GDV� HLQHU� $N]HSWDQ]UDWH� YRQ
������ �� HQWVSULFKW�� 'LH� GXUFKVFKQLWWOLFKH
(QHUJLH� GHU� DN]HSWLHUWHQ� .RQIRUPDWLRQHQ
EHWUXJ�������NFDO�PRO�
)�U� GLH� &OXVWHUDQDO\VH� ZXUGHQ� ����

.RQIRUPDWLRQHQ� YRQ� GHU� $XVJDEHGDWHL� GHU
00&�6LPXODWLRQ� DXVJHZlKOW�� )�U� GLH
&OXVWHUXQJ�ZXUGHQ�QXU�GLH�φ��XQG�ψ��:LQNHO
GHU� JO\FRVLGLVFKHQ� %LQGXQJ� GHU� *DODFWRVH
XQG� GHU� )XFRVH� YHUZHQGHW�� =XVlW]OLFK
ZXUGH� GHU� I�U� GLH� 2ULHQWLHUXQJ� GHU� 6XOIDW�
JUXSSH� ZLFKWLJH� 7RUVLRQVZLQNHO� 2�6�2�&
JHFOXVWHUW� 'HU� 6FKQLWW� LP� &OXVWHUEDXP
HUIROJWH� EHL� VLHEHQ�*UXSSHQ� �7DE�� �����'LH

+DXSWJUXSSH� LVW�PLW� ������� SRSXOLHUW��'HU
bKQOLFKNHLWVNRHIIL]LHQW� OLHJW� EHL� ������ XQG
GLH� GXUFKVFKQLWWOLFKH� (QHUJLH� EHWUlJW� �����
NFDO�PRO�� $QVFKOLH�HQG� ZXUGH� PLW� GLHVHQ
VLHEHQ� *UXSSHQ� HLQH� 'LVNULPLQDQ]DQDO\VH
GXUFKJHI�KUW�� 'LH� .ULWHULHQ� I�U� GLH� 'LV�
NULPLQDQ]DQDO\VH� HQWVSUDFK� GHQHQ�� GLH� EHL
GHU�$QDO\VH�GHU�/DFWRVH�YHUZHQGHW�ZXUGHQ�
1DFK� GHU� 'LVNULPLQDQ]DQDO\VH� ZXUGHQ

GUHL� +DXSWNODVVHQ� HU]HXJW�� GLH� PLW� ����� ��
������� XQG� ����� �� SRSXOLHUW� VLQG�� 'LH
GXUFKVFKQLWWOLFKH� (QHUJLH� GHU� HUVWHQ�.ODVVH
OLHJW� EHL� ������ NFDO�PRO�� GLH� GHU� ]ZHLWHQ
.ODVVH� OLHJW� EHL� ������ NFDO�PRO� XQG� GLH
(QHUJLH� GHU� GULWWHQ� .ODVVH� EHL� �����
NFDO�PRO�� 'LH� 5HVWNODVVH� LVW� PLW� ������
SRSXOLHUW�
9HUJOHLFKW� PDQ� GLH� 7RUVLRQVZLQNHO� GHU

/HDS)URJ�6WUXNWXU� PLW� GHQHQ� GHU� 00&�
6LPXODWLRQ�� VR� HQWVSULFKW� GLH�.RQIRUPDWLRQ
NHLQHU�GHU�.ODVVHQ�GHU�'LVNULPLQDQ]DQDO\VH
H[DNW��'HQQRFK�VLQG�GLH�JOREDOHQ�6WUXNWXUHQ
lKQOLFK��0LW�*(*23�EHUHFKQHW� HUJLEW� VLFK
I�U�GLH�/HDS)URJ�6WUXNWXU�HLQH�(QHUJLH�YRQ
������NFDO�PRO�

Ligand φ [°]

Gal

ψ [°]

Gal

φ [°]

Fuc

ψ [°]

Fuc

S-O-C-H

[°]

1-2�-Fucosyl-
4�-O-sulfo-
lactose

75.5 -21.5 39.0 -70.5 53.8

Klasse 3 70.8 2.0 43.8 24.8 11.4
Klasse 4 44.1 -19.8 61.4 40.3 18.1
Klasse 1 89.7 -2.2 1.5 -30.7 13.7

7DEHOOH ��� 'LHGHUZLQNHO GHV /HDS)URJ�
/LJDQGHQ XQG GHU GUHL DP K|FKVWHQ SRSXOLHUWHQ
.ODVVHQ GHU 00&�6LPXODWLRQ� *H]HLJW VLQG QXU
GLH JHFOXVWHUWHQ 7RUVLRQVZLQNHO�
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Gruppe Größe Anzahl Ähnlichk. Energie σ φ [°] σ [°] ψ [°] σ [°] φ [°] σ [°] ψ [°] σ [°]
[%] [kcal/mol) [kcal/mol] Gal Gal Fuc Fuc

3 44.7 3623 0.27 16.7 7.3 73.9 27.6 1.9 18.9 43.9 24.0 25.2 19.5
4 16.1 1392 0.24 19.6 8.2 43.2 20.1 331.8 33.8 56.8 22.5 40.7 18.4
1 16.0 1298 0.34 21.0 7.2 90.3 31.2 357.1 21.9 0.3 22.0 324.5 19.8
6 6.5 529 0.20 25.4 7.1 122.2 29.4 357.3 21.4 40.9 13.9 233.9 46.6
2 5.9 481 0.27 24.1 7.5 62.4 20.7 348.5 33.9 36.4 14.8 184.3 36.3
7 5.8 471 0.15 25.7 7.5 50.7 18.7 204.4 24.2 54.0 19.7 32.3 62.6
5 4.9 396 0.23 26.6 7.6 42.1 18.6 233.5 55.9 358.4 22.1 341.1 29.0

O-S-O-C [°] σ [°] S-O-C-H [°] σ [°] ω [°] σ [°] ω [°] σ [°] τ [°] σ [°] τ [°] σ [°] S-O-C [°] σ [°]
Sulfat Sulfat Gal Glc Gal Fuc Sulfat

78.1 100.7 11.5 17.5 59.0 88.5 18.7 91.1 118.5 3.8 118.7 3.7 119.5 3.8
77.2 101.8 20.4 21.0 43.4 90.0 10.6 91.8 118.9 4.0 119.2 3.9 119.6 3.9
95.6 101.0 14.7 19.9 46.2 95.0 9.5 89.8 119.3 3.6 119.1 3.6 119.1 3.7

260.7 96.5 11.7 14.4 46.6 85.7 16.4 91.9 119.3 3.4 121.8 2.9 119.1 3.7
55.8 89.5 16.9 18.5 76.5 89.9 2.9 84.9 119.5 3.8 121.6 3.2 119.6 4.0
94.8 97.6 14.7 18.7 64.2 87.0 65.1 94.1 122.5 3.3 119.5 3.2 119.7 3.6

116.7 91.8 12.5 18.6 136.5 99.4 18.4 90.2 120.7 3.2 118.2 3.6 120.1 3.3

7DEHOOH ��� 6FKQLWW LP &OXVWHUEDXP EHL VLHEHQ *UXSSHQ� 'LH 6SDOWHQ HQWVSUHFKHQ GHU 7DEHOOH ��� =X�
VlW]OLFK VLQG GLH 'LHGHUZLQNHO GHU 6XOIDWJUXSSH �2�6�2�&� XQG GLH 6�2�&�:LQNHO PLW LKUHQ
6WDQGDUGDEZHLFKXQJHQ σ DQJHJHEHQ�

Klasse Größe Anzahl Ähnlichk. Energie σ φ [°] σ [°] ψ [°] σ [°] φ [°] σ [°] ψ [°] σ [°]
[%] [kcal/mol) [kcal/mol] Gal Gal Fuc Fuc

3 33.3 1664418 0.98 15.6 6.7 70.8 22.2 2.0 16.8 43.8 21.8 24.8 14.3
4 17.2 858053 0.97 17.5 7.0 44.1 15.0 340.2 26.2 61.4 19.2 40.3 15.5
1 16.2 810287 0.97 20.5 6.5 89.7 30.5 357.8 19.7 1.5 21.6 329.3 18.0
7 5.0 247651 0.97 23.9 6.9 48.0 16.3 196.6 23.5 52.0 18.9 29.6 26.6
2 4.4 221939 0.96 24.2 6.9 63.8 19.8 347.8 29.4 37.7 12.7 186.1 28.7
5 4.3 212510 0.94 25.7 6.9 43.9 15.3 249.3 49.3 0.4 20.1 337.6 27.9
6 3.8 187733 0.95 25.0 6.4 121.6 30.4 356.8 18.1 40.7 11.7 238.1 42.9

Restklasse 15.9 797410 0.85 27.2 79.8 343.6 34.3 35.2

O-S-O-C [°] σ [°] S-O-C-H [°] σ [°] ω [°] σ [°] ω [°] σ [°] τ [°] σ [°] τ [°] σ [°] S-O-C [°] σ [°]
Sulfat Sulfat Gal Glc Gal Fuc Sulfat

66.7 99.6 11.4 16.1 56.3 89.1 13.6 91.7 118.5 3.8 118.4 3.8 119.3 3.6
86.5 99.9 18.1 18.8 54.8 90.7 3.3 89.5 118.5 3.8 118.9 3.8 119.5 3.7
76.6 101.2 13.7 17.5 57.2 89.1 7.0 90.7 119.1 3.7 118.8 3.8 119.4 3.7
55.3 100.5 13.4 16.7 63.4 90.3 352.6 98.1 121.9 3.3 118.8 3.9 119.4 3.6
23.9 101.1 14.1 17.1 57.3 90.5 15.6 86.3 119.0 3.8 121.7 3.4 119.3 3.6
74.5 99.2 12.6 17.1 56.9 90.7 20.3 94.5 121.4 3.7 118.8 3.8 119.4 3.7
41.5 100.3 12.0 14.3 54.8 90.1 31.7 90.9 119.8 3.6 121.5 3.4 119.3 3.7

47.5 15.1 58.3 19.7 120.3 120.2 119.9

7DEHOOH ��� .ODVVHQHLQWHLOXQJ QDFK GHU 'LVNULPLQDQ]DQDO\VH� 'LH JU|�WH .ODVVH LVW JUDX XQWHUOHJW� 'LH
6SDOWHQ HQWVSUHFKHQ GHU 7DEHOOH ��� =XVlW]OLFK VLQG GLH 'LHGHUZLQNHO GHU 6XOIDWJUXSSH �2�6�2�&� XQG GLH
6�2�&�:LQNHO PLW LKUHQ 6WDQGDUGDEZHLFKXQJHQ σ DQJHJHEHQ�



Ergebnisse und Diskussion

��

$EELOGXQJ ��� 6WHUHRSORW GHU /HDS)URJ�6WUXNWXU ����¶�)XFRV\O��¶�2�VXOIR�ODFWRVH� XQG GHU JHPLWWHOWHQ
6WUXNWXUHQ GHU GUHL DP K|FKVWHQ SRSXOLHUWHQ .ODVVHQ DXV GHU 'LVNULPLQDQ]DQDO\VH� 'HU )LW HUIROJWH �EHU
GLH 5LQJDWRPH GHU *DODFWRVH� 'LH /HDS)URJ�6WUXNWXU LVW F\DQ� GLH 6WUXNWXU GHU .ODVVH � LVW URW� GLH GHU
.ODVVH � PDJHQWD XQG GLH 6WUXNWXU GHU .ODVVH � LVW JU�Q HLQJHIlUEW�

6RPLW�OLHJW�GLH�.RQIRUPDWLRQ�HQHUJHWLVFK
XP� �EHU� ��� NFDO�PRO� �EHU� GHQ� JHPLWWHOWHQ
*(*23�.RQIRUPDWLRQHQ�
%H]LHKW� PDQ� GLH� 6WDQGDUGDEZHLFKXQJHQ

GHU�'LHGHUZLQNHO�PLW� HLQ�� LVW� GLH�/HDS)URJ�
6WUXNWXU� GHU� JHPLWWHOWHQ� 6WUXNWXU� GHU� .ODV�
VH��� DP� lKQOLFKVWHQ�� %HVRQGHUV� GHXWOLFK� LVW
GLHV�LP�RYHUOD\�SORW� LQ�$EELOGXQJ����]XHUNHQ�
QHQ�� 'LH� .ODVVH� �� LVW� DOOHUGLQJV� QXU� PLW
�������LQ�GHU�00&�6LPXODWLRQ�SRSXOLHUW�
'LH� )XFRVH� LVW� JHJHQ�EHU� GHQ� JHPLW�

WHOWHQ� 6WUXNWXUHQ� GHU� 00&�6LPXODWLRQ
JHGUHKW�� 'LH� 6XOIDWJUXSSH� ]HLJW� HEHQIDOOV
HLQH� $EZHLFKXQJ� GHV� 7RUVLRQVZLQNHOV
6�2�&�+� XP� FD�� ����� 2IIHQEDU� VLQG� GLH
VWDUNHQ� :HFKVHOZLUNXQJHQ� GHU� )XFRVH� XQG
GHU� 6XOIDWJUXSSH� ]XP� 3URWHLQ� VWUXNWXU�
EHVWLPPHQG�I�U�GHQ�/LJDQGHQ�

5.6.3 MMC-Simulation der 1-6�-
Fucosyl-2-O-sulfo-lactose

'LH� 00&�6LPXODWLRQ� GHV� ��6XOIDW� GHU
���¶� YHUNQ�SIWHQ� )XFRV\O�ODFWRVH�ZXUGH�PLW
HLQHP� 7HPSHUDWXUSDUDPHWHU� YRQ� ����� .
GXUFKJHI�KUW�� 9RQ� I�QI� 0LOOLRQHQ� 00&�
6FKULWWH� ZXUGHQ� �������� .RQIRUPDWLRQHQ
DN]HSWLHUW�� GDV� HLQHU� $N]HSWDQ]UDWH� YRQ

������� HQWVSULFKW�� 'LH� GXUFKVFKQLWWOLFKH
(QHUJLH� GHU� DN]HSWLHUWHQ� .RQIRUPDWLRQHQ
EHWUlJW������NFDO�PRO�
'HU� 6FKQLWW� LP�&OXVWHUEDXP� HUIROJWH� EHL

���*UXSSHQ��'LH�+DXSWJUXSSH� LVW�PLW� ���
SRSXOLHUW� XQG� ]HLJW� HLQH� GXUFKVFKQLWWOLFKH
(QHUJLH� YRQ� ����� NFDO�PRO�� 1DFK� GHU
'LVNULPLQDQ]DQDO\VH� YHUNOHLQHUW� VLFK� GLH
+DXSWNODVVH� DXI� ���� �� XQG� KDW� HLQHQ
(QHUJLHLQKDOW� YRQ� ����� NFDO�PRO�� 'LH
/HDS)URJ�6WUXNWXU�EHVLW]W�HLQH�PLW�*(*23
EHUHFKQHWH� (QHUJLH� YRQ� ����� NFDO�PRO�
$XIJUXQG� GHU� HUK|KWHQ� )OH[LELOLWlW� GHU
���¶�9HUNQ�SIXQJ� GHU� )XFRVH� VLQG� GLH
.ODVVHQJU|�HQ�ZHVHQWOLFK�NOHLQHU��GD�GHU�ω�
:LQNHO�GHU�*DODFWRVH��QHEHQ�GHQ�φ��XQG�ψ�
:LQNHO� GHU� )XFRVH� XQG� /DFWRVH� XQG� GHP
6XOIDWZLQNHO��6�2�&�+���JHFOXVWHUW�ZXUGHQ�



Ergebnisse und Diskussion

��

Gruppe Größe Anzahl Ähnlichk. Energie σ φ [°] σ [°] ψ [°] σ [°] φ [°] σ [°] ψ [°] σ [°]
[%] [kcal/mol) [kcal/mol] Gal Gal Fuc Fuc

14 11.0 788 0.25 14.8 6.5 50.3 24.1 357.9 20.1 46.5 22.3 145.0 44.1
19 8.9 637 0.17 17.4 6.6 32.8 37.3 351.5 25.1 50.0 29.6 196.0 36.2
16 8.1 576 0.22 17.2 6.0 73.6 27.1 358.1 19.2 51.3 25.4 184.7 36.0
17 7.6 543 0.20 18.1 6.3 22.2 32.0 327.6 28.1 54.0 24.4 249.3 33.4
13 6.9 495 0.26 17.5 7.1 4.0 26.8 323.7 17.6 48.7 26.6 191.9 48.3
9 6.9 492 0.28 15.3 6.5 54.0 27.9 2.0 15.5 55.1 19.5 271.1 25.8

22 6.4 454 0.14 18.6 7.7 109.9 42.9 357.7 16.6 50.1 28.2 201.2 30.3
3 5.9 422 0.43 17.9 6.1 12.3 23.7 329.6 20.8 54.4 24.0 220.3 31.0

O-S-O-C [°] σ [°] S-O-C-H [°] σ [°] ω [°] σ [°] ω [°] σ [°] τ [°] σ [°] τ [°] σ [°] S-O-C [°] σ [°]
Sulfat Sulfat Gal Glc Gal Fuc Sulfat

83.0 99.4 358.5 30.5 67.4 30.8 19.2 85.6 118.7 3.7 117.8 4.2 119.6 3.6
42.7 99.4 356.0 24.6 271.0 34.1 32.3 92.3 118.6 3.9 118.3 3.9 119.1 3.7

337.5 99.6 11.6 24.1 150.4 45.2 353.5 98.5 118.6 3.7 117.7 4.0 119.0 3.7
306.0 90.3 8.4 26.9 180.4 33.1 36.9 90.7 119.3 3.7 118.0 3.6 119.0 3.7
57.7 95.2 2.9 23.3 79.3 28.3 64.8 100.0 119.1 4.0 118.0 4.0 118.8 3.6
73.5 95.4 2.5 24.3 84.5 31.0 12.4 88.4 118.4 4.2 118.8 4.1 118.9 3.6
83.9 102.4 1.1 39.3 333.6 39.8 8.1 85.9 119.7 4.0 118.0 3.6 119.7 3.3

218.1 95.4 3.1 26.9 349.7 31.8 20.2 93.0 118.6 3.4 118.4 4.1 118.8 3.8

7DEHOOH ��� 6FKQLWW LP &OXVWHUEDXP EHL �� *UXSSHQ� *H]HLJW VLQG QXU GLH HUVWHQ DFKW *UXSSHQ� 'LH
6SDOWHQ HQWVSUHFKHQ GHU 7DEHOOH ���

Klasse Größe Anzahl Ähnlichk. Energie σ φ [°] σ [°] ψ [°] σ [°] φ [°] σ [°] ψ [°] σ [°]
[%] [kcal/mol) [kcal/mol] Gal Gal Fuc Fuc

14 8.8 441690 0.96 13.5 6.2 50.9 21.3 359.3 17.5 50.3 19.1 148.1 33.1
17 6.9 344767 0.95 17.3 6.3 30.4 28.0 336.0 24.2 53.9 21.2 252.1 29.2
19 6.2 312066 0.95 16.5 6.4 39.9 30.8 352.9 23.0 57.0 21.7 201.9 29.7
13 5.8 292317 0.95 16.7 6.2 5.3 26.2 325.0 16.2 50.1 23.5 193.7 43.4
18 5.7 285188 0.93 18.5 6.4 96.8 43.9 359.8 18.6 9.9 29.7 159.9 40.8
22 5.5 275154 0.94 17.2 6.7 98.2 37.2 1.4 15.8 54.2 23.2 203.0 28.6
9 5.4 271359 0.96 14.1 6.1 55.7 23.8 0.6 14.9 55.1 18.8 261.3 23.9

16 5.0 251296 0.95 16.5 6.2 68.6 24.0 359.3 18.4 53.9 22.2 191.1 30.0

Restklasse 14.8 741782 0.77 25.3 38.9 334.4 35.4 198.4

O-S-O-C [°] σ [°] S-O-C-H [°] σ [°] ω [°] σ [°] ω [°] σ [°] τ [°] σ [°] τ [°] σ [°] S-O-C [°] σ [°]
Sulfat Sulfat Gal Glc Gal Fuc Sulfat

104.1 102.3 358.0 26.3 64.0 25.6 22.2 91.0 118.4 3.8 117.9 3.9 119.1 3.7
69.1 99.1 4.6 24.6 178.5 28.2 15.2 94.3 118.6 3.9 118.1 3.9 119.0 3.7
82.2 99.9 358.3 23.3 267.7 29.1 21.6 90.6 118.5 3.8 117.9 3.9 119.0 3.7
89.7 100.2 0.4 22.3 78.9 25.5 8.3 95.5 118.8 3.8 117.9 3.9 119.0 3.7

106.0 101.5 3.8 23.5 76.6 29.7 27.3 91.3 119.4 3.7 118.0 3.8 119.0 3.7
111.1 101.9 0.6 30.5 332.4 35.2 29.2 91.4 119.5 3.7 117.7 3.9 119.2 3.8

66.8 98.9 1.5 23.1 85.8 26.6 20.0 90.8 118.5 3.8 118.3 3.9 119.0 3.7
80.7 99.8 8.5 23.2 151.9 32.7 23.6 92.1 118.7 3.8 117.9 3.9 119.0 3.7

120.6 0.2 114.0 21.3 120.4 118.4 119.9

7DEHOOH ��� .ODVVHQHLQWHLOXQJ QDFK GHU 'LVNULPLQDQ]DQDO\VH� *H]HLJW VLQG QXU GLH HUVWHQ DFKW .ODVVHQ�
'LH JU|�WH .ODVVH LVW JUDX XQWHUOHJW� 'LH 6SDOWHQ HQWVSUHFKHQ GHU 7DEHOOH ���



Ergebnisse und Diskussion

��

$EELOGXQJ ��� 6WHUHRSORW GHU /HDS)URJ�6WUXNWXU ����¶�)XFRV\O���2�VXOIR�ODFWRVH� XQG GHU JHPLWWHOWHQ
6WUXNWXUHQ GHU GUHL DP K|FKVWHQ SRSXOLHUWHQ .ODVVHQ DXV GHU 'LVNULPLQDQ]DQDO\VH� 'HU )LW HUIROJWH �EHU
GLH 5LQJDWRPH GHU *OXFRVH� 'LH /HDS)URJ�6WUXNWXU LVW F\DQ� GLH 6WUXNWXU GHU .ODVVH �� LVW URW� GLH GHU
.ODVVH �� PDJHQWD XQG GLH JHPLWWHOWH 6WUXNWXU GHU .ODVVH �� LVW JU�Q HLQJHIlUEW�

'HU� RYHUOD\� SORW� ]HLJW� HLQH� VHKU� JXWH
hEHUHLQVWLPPXQJ� ]ZLVFKHQ� GHU� /DFWRVH�
.RQIRUPDWLRQ� GHU� /HDS)URJ�6WUXNWXU� XQG
GHQ� HUVWHQ� GUHL� .RQIRUPDWLRQHQ� DXV� GHU
'LVNULPLQDQ]DQDO\VH�� 'LH� )XFRVH� OLHJW� DEHU
QXU� LQ�GHU�+DXSWNODVVH� LQ� HLQHU�$QRUGQXQJ
YRU��GLH�GHU�/HDS)URJ�6WUXNWXU�lKQOLFK�LVW�

Ligand φ [°]

Gal

ψ[°]
Gal

φ [°]

Fuc

ψ [°]
Fuc

ω [°]
Gal

S-O-C-H

[°]

1-6�-
Fucosyl-
2-sulfo-
lactose

46.3 -0.6 66.8 96.3 42.7 -54.1

Klasse 14 50.9 -0.7 50.3 148.1 64.0 -2
Klasse 17 30.4 -24.0 53.9 -107.9 178.5 4.6
Klasse 19 39.9 -7.1 57.0 -158.1 -92.3 -1.7

7DEHOOH ��� 'LHGHUZLQNHO GHV /HDS)URJ�
/LJDQGHQ XQG GHU GUHL JU|�WHQ .ODVVHQ GHU
00&�6LPXODWLRQ� *H]HLJW VLQG QXU GLH JH�
FOXVWHUWHQ 7RUVLRQVZLQNHO�

%HWUDFKWHW�PDQ�GLH�JHFOXVWHUWHQ�7RUVLRQV�
ZLQNHO��VR�EHVWHKW�]ZLVFKHQ�GHQ�:HUWHQ�GHU
.ODVVH� ��� XQG� GHU� /HDS)URJ�6WUXNWXU� HLQH
JXWH� hEHUHLQVWLPPXQJ�� 'HU� ψ�:LQNHO� GHU
)XFRVH� XQG� GHU� 6XOIDWZLQNHO� �6�2�&�+�
ZHLFKW�MHGRFK�XP�����E]Z��XP�����DE�

5.6.4 MMC-Simulation der 1-3-
Fucosyl-6�-O-sulfo-lactose

(LQH� 00&�6LPXODWLRQ� GHV� �¶�6XOIDW� GHU
����YHUNQ�SIWHQ�)XFRV\O�ODFWRVH�HUIROJWH�PLW
HLQHP� 7HPSHUDWXUSDUDPHWHU� YRQ� ����� .�
ZREHL� �������� .RQIRUPDWLRQHQ� DN]HSWLHUW
ZXUGHQ� ������ ���� 'LH� GXUFKVFKQLWWOLFKH
(QHUJLH� GHU� DN]HSWLHUWHQ� .RQIRUPDWLRQHQ
EHWUlJW������NFDO�PRO�
'LH� &OXVWHUDQDO\VH� I�KUW� ]X� GUHL

+DXSWNODVVHQ�PLW� HLQHU�*U|�H� YRQ� �������
�������XQG���������'LH�JHPLWWHOWH�6WUXNWXU
GHU� +DXSWJUXSSH� KDW� HLQHQ� (QHUJLHLQKDOW
YRQ������NFDO�PRO��1DFK�GHU�'LVNULPLQDQ]�
DQDO\VH�ZHFKVHOWHQ�GLH�HUVWHQ�EHLGHQ�.ODVVHQ
GLH�3RVLWLRQ�� 6RPLW� LVW�.ODVVH���PLW� ������
GLH�+DXSWNODVVH�XQG�.ODVVH���PLW��������DQ
]ZHLWHU�6WHOOH��'HQQRFK�EHVLW]W�GLH�.ODVVH��
PLW� ����� NFDO�PRO� HLQHQ� XP� ���� NFDO�PRO
QLHGULJHUHQ� (QHUJLHZHUW�� 'LH� 5HVWNODVVH� LVW
PLW��������SRSXOLHUW�



Ergebnisse und Diskussion

��

Gruppe Größe Anzahl Ähnlichk. Energie σ φ [°] σ [°] ψ [°] σ [°] φ [°] σ [°] ψ [°] σ [°]
[%] [kcal/mol) [kcal/mol] Gal Gal Fuc Fuc

5 23.0 2163 0.18 14.3 7.5 55.5 22.4 14.9 11.9 57.2 21.2 41.0 18.0
9 21.2 1993 0.11 15.7 6.8 65.7 23.2 18.8 14.0 53.1 23.4 40.2 16.8

10 13.3 1245 0.07 16.5 7.6 63.1 39.6 15.3 13.8 52.7 23.6 42.6 18.6
14 8.5 796 0.00 21.1 7.8 70.5 29.1 26.9 14.1 348.9 25.1 345.3 28.8

3 5.8 542 0.25 17.8 8.1 55.3 24.8 18.9 14.6 31.7 22.4 44.9 46.6
15 3.6 340 -0.01 23.6 6.9 334.6 22.9 337.8 16.1 52.0 20.5 71.2 35.8
11 3.4 317 0.06 22.3 6.7 335.8 29.5 334.7 20.4 44.9 26.5 70.1 46.7

1 3.2 302 0.42 16.7 9.0 56.8 31.0 14.7 11.3 45.4 23.5 39.5 19.7
7 3.1 294 0.13 26.3 8.4 72.1 23.7 30.4 13.8 39.4 13.6 182.9 31.2
6 3.1 290 0.14 28.7 6.9 51.5 23.9 186.4 23.1 46.1 25.3 63.7 25.2
8 2.9 276 0.12 23.9 7.9 144.0 33.2 5.8 13.6 52.8 23.1 64.2 20.3

13 2.9 273 0.00 28.9 6.8 36.9 22.9 193.1 30.0 32.1 17.0 184.9 35.6
12 2.8 262 0.06 26.5 5.8 38.8 23.5 169.6 17.7 12.9 17.7 342.2 29.3

4 1.7 160 0.22 25.6 8.5 321.2 20.2 327.8 20.1 56.1 19.0 68.4 38.1
2 1.5 139 0.34 26.7 6.6 52.8 31.4 182.4 25.2 2.3 19.7 6.9 34.3

O-S-O-C [°] σ [°] S-O-C-H [°] σ [°] ω [°] σ [°] ω [°] σ [°] τ [°] σ [°] τ [°] σ [°] S-O-C [°] σ [°]
Sulfat Sulfat Gal Glc Gal Fuc Sulfat

173.0 102.4 209.0 37.2 130.2 64.5 14.4 83.3 118.8 3.9 119.1 3.5 118.3 3.9
114.9 100.8 168.7 41.4 325.6 55.6 34.0 82.0 119.2 3.8 118.6 3.6 118.1 3.9

84.4 99.7 108.9 27.5 99.8 48.9 28.1 83.8 119.1 4.0 119.0 3.5 118.8 3.6
93.7 101.4 188.8 50.3 89.5 82.0 64.3 91.4 119.2 3.8 118.9 3.7 118.1 3.8

111.9 96.6 161.9 26.3 175.4 29.4 18.4 80.0 118.6 3.7 118.9 3.9 118.4 3.9
288.3 94.5 189.4 62.4 172.0 42.0 37.8 92.9 120.0 4.2 120.4 3.4 119.1 3.6
148.4 96.3 177.8 38.8 324.6 39.8 6.4 85.6 119.6 3.3 119.9 3.9 117.3 3.3
261.1 100.7 274.2 18.9 107.7 23.6 25.6 79.3 119.1 4.2 118.2 4.2 118.9 3.4
314.4 100.0 199.8 56.1 139.3 82.0 40.5 75.8 119.9 4.0 121.7 3.3 118.4 3.8
114.9 96.0 168.7 42.4 312.3 93.2 285.4 82.3 122.6 3.3 120.9 4.1 118.9 4.2
228.9 100.1 215.7 37.3 203.1 79.5 49.1 84.8 121.1 3.8 119.6 3.7 118.9 3.4
319.3 96.6 178.9 46.2 60.0 84.3 335.2 92.1 121.2 3.2 121.3 3.1 118.9 3.3

1.3 97.4 162.6 51.2 82.2 85.2 338.2 82.1 122.4 3.2 119.6 3.9 118.2 3.3
353.5 103.5 200.8 39.7 59.9 33.1 38.6 90.0 120.1 5.0 119.6 3.8 119.3 3.9

39.7 94.1 234.1 41.6 173.0 32.3 343.6 88.1 122.8 3.5 118.8 3.8 118.6 2.4

7DEHOOH ��� 6FKQLWW LP &OXVWHUEDXP EHL �� *UXSSHQ� 'LH 6SDOWHQ HQWVSUHFKHQ GHU 7DEHOOH ���

%HUHFKQHW� PDQ� GLH� (QHUJLH� GHU
/HDS)URJ�6WUXNWXU�PLW�*(*23�HUKlOW�PDQ
HLQH�:HUW�YRQ�������NFDO�PRO�
'LH� JOREDOHQ� .RQIRUPDWLRQHQ� GHU� GUHL

+DXSWNODVVHQ� XQG� GLH� .RQIRUPDWLRQ� GHU
/HDS)URJ�6WUXNWXU� VLQG� ]XQlFKVW� VHKU
lKQOLFK�� $EZHLFKXQJHQ� HUJHEHQ� VLFK� EHLP
ω�:LQNHO� GHU� *DODFWRVH� XQG� OHLFKWH
'LIIHUHQ]HQ� EHLP� 6XOIDWZLQNHO� �6�2�&�+��
,Q�GHU�.ODVVH���EHWUlJW�GLH�$EZHLFKXQJ� LP
ω�:LQNHO� ����XQG� LP�6XOIDWZLQNHO� �����'LH
2ULHQWLHUXQJ� GHU� 6XOIDW� ZLUG� DXFK� KLHU
PD�JHEOLFK� GXUFK� GLH� :HFKVHOZLUNXQJ� PLW
GHQ�EDVLVFKHQ�6HLWHQNHWWHQ�YRP�/\V����XQG
GHP�$UJ����EHVWLPPW�

Ligand φ [°]

Gal

ψ[°]
Gal

φ [°]

Fuc

ψ [°]
Fuc

ω [°]
Gal

S-O-C-H

[°]

1-3-Fucosyl-
6�-sulfo-
lactose

75.3 34.0 53.5 34.8 -101.1 166.7

Klasse 9 64.1 18.5 54.7 37.9 -43.4 -179.8
Klasse 5 55.4 13.8 60.1 39.2 133 -146.9
Klasse 10 58.9 13.2 54.4 40.1 78.2 112.9

7DEHOOH ��� 'LHGHUZLQNHO GHV /HDS)URJ�
/LJDQGHQ XQG GHU GUHL JU|�WHQ .ODVVHQ GHU
00&�6LPXODWLRQ� *H]HLJW VLQG QXU GLH
JHFOXVWHUWHQ 7RUVLRQVZLQNHO�



Ergebnisse und Diskussion

��

Klasse Größe Anzahl Ähnlichk. Energie σ φ [°] σ [°] ψ [°] σ [°] φ [°] σ [°] ψ [°] σ [°]
[%] [kcal/mol) [kcal/mol] Gal Gal Fuc Fuc

9 14.7 735091 0.94 14.7 6.7 64.1 20.9 18.5 11.9 54.7 21.9 37.9 13.9
5 13.2 661035 0.94 13.6 6.6 55.4 19.6 13.8 10.9 60.1 19.2 39.2 14.5

10 13.2 660398 0.96 14.5 7.0 58.9 25.6 13.2 11.5 54.4 21.8 40.1 15.2
3 8.7 436583 0.96 15.3 7.1 54.9 21.4 14.4 12.3 42.0 23.1 40.7 21.3

14 7.2 360599 0.89 19.6 7.5 67.2 23.7 25.2 12.9 354.2 21.3 357.1 29.5
8 4.8 240391 0.90 21.6 6.8 125.0 30.6 8.5 12.0 58.0 18.9 60.8 18.9
1 3.8 190310 0.97 14.3 6.8 58.6 20.0 14.3 10.4 50.0 23.6 37.6 14.5

15 3.2 161989 0.93 21.8 7.1 335.0 21.5 337.6 13.6 58.2 17.5 62.1 23.7
11 3.2 158684 0.94 22.1 7.4 335.7 24.8 337.0 16.3 54.3 21.9 66.0 29.5
7 2.6 131739 0.90 23.7 7.1 69.6 22.4 24.9 10.9 40.4 10.7 173.7 23.1
6 2.5 127238 0.89 26.5 6.8 48.3 18.6 187.7 21.9 44.0 26.0 61.7 21.9

13 2.4 120328 0.88 29.4 6.7 38.3 21.1 191.8 24.8 36.3 14.7 182.1 30.9
12 2.0 99526 0.90 25.5 7.0 41.1 15.7 167.7 14.3 15.6 16.2 342.8 28.2
4 1.9 93689 0.95 21.5 7.4 322.2 15.7 330.5 13.7 60.5 16.0 65.2 23.7
2 1.0 47891 0.94 26.5 7.0 46.8 20.3 177.4 21.3 11.7 15.1 9.7 33.7

Restklasse 15.5 774509 0.77 26.1 52.8 17.0 34.8 52.2

O-S-O-C [°] σ [°] S-O-C-H [°] σ [°] ω [°] σ [°] ω [°] σ [°] τ [°] σ [°] τ [°] σ [°] S-O-C [°] σ [°]
Sulfat Sulfat Gal Glc Gal Fuc Sulfat

104.6 102.5 180.2 36.7 316.6 50.0 22.1 84.1 118.8 3.8 118.5 3.8 118.3 3.8
83.8 100.6 213.1 32.6 133.0 54.3 18.7 85.4 118.5 3.8 118.7 3.8 118.4 3.8
91.8 100.7 112.9 27.9 78.2 37.6 24.1 86.3 118.6 3.8 118.6 3.8 118.8 3.8
71.4 100.9 163.3 26.4 183.8 26.6 19.7 84.5 118.6 3.8 118.8 3.8 118.4 3.8

133.3 102.0 187.6 48.8 82.6 79.1 24.6 81.3 119.4 3.8 118.7 3.8 118.5 3.8
71.3 100.3 206.6 37.7 197.6 84.8 39.1 86.6 119.9 3.6 119.6 3.7 118.4 3.8
70.1 100.8 267.8 17.9 108.3 24.5 18.9 85.1 118.5 3.8 118.5 3.8 118.9 3.7
50.4 99.7 186.5 55.5 178.7 39.7 22.1 86.3 119.3 3.7 119.7 3.8 118.6 3.8
66.5 98.7 181.9 39.4 309.0 35.6 23.8 88.2 119.5 3.8 120.0 3.8 118.4 3.8

243.9 103.5 183.0 50.7 132.9 83.6 13.3 80.6 119.7 3.8 121.9 3.4 118.5 3.8
10.0 103.6 170.7 42.0 9.1 91.8 321.9 95.5 122.1 3.3 120.4 3.7 118.5 3.8
14.5 100.5 176.7 44.9 72.0 89.9 335.8 98.6 121.8 3.4 121.7 3.4 118.6 3.8
22.9 99.2 160.9 45.1 53.1 81.6 321.4 88.6 121.9 3.5 119.4 3.7 118.6 3.8
92.8 100.9 198.1 41.4 59.5 31.1 46.2 89.3 119.9 3.8 120.0 3.7 118.4 3.8

343.3 101.0 215.8 39.0 176.9 32.2 339.6 91.1 122.0 3.4 119.5 3.7 118.5 3.8

75.7 177.3 93.3 22.6 120.8 120.1 118.7

7DEHOOH ��� .ODVVHQHLQWHLOXQJ QDFK GHU 'LVNULPLQDQ]DQDO\VH� 'LH JU|�WH .ODVVH LVW JUDX XQWHUOHJW� 'LH
6SDOWHQ HQWVSUHFKHQ GHU 7DEHOOH ���
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��

$EELOGXQJ ��� 6WHUHRSORW GHU /HDS)URJ�6WUXNWXU �����)XFRV\O��¶�2�VXOIR�ODFWRVH� XQG GHU JHPLWWHOWHQ
6WUXNWXUHQ GHU GUHL DP K|FKVWHQ SRSXOLHUWHQ .ODVVHQ DXV GHU 'LVNULPLQDQ]DQDO\VH� 'HU )LW HUIROJWH �EHU
GLH 5LQJDWRPH GHU *DODFWRVH� 'LH /HDS)URJ�6WUXNWXU LVW F\DQ� GLH 6WUXNWXU GHU .ODVVH � LVW URW� GLH GHU
.ODVVH � PDJHQWD XQG GLH 6WUXNWXU GHU .ODVVH �� JU�Q HLQJHIlUEW�

5.6.5 MMC-Simulation der 1-6-
Fucosyl-3-O-sulfo-lactose

'LH�00&�6LPXODWLRQ�GHV���6XOIDW�GHU����
YHUNQ�SIWHQ� )XFRV\O�ODFWRVH� ZXUGH� PLW
HLQHP� 7HPSHUDWXUSDUDPHWHU� YRQ� ����� .
GXUFKJHI�KUW�� 9RQ� I�QI� 0LOOLRQHQ� 00&�
6FKULWWH� ZXUGHQ� �������� .RQIRUPDWLRQHQ
DN]HSWLHUW�� GD�� HLQHU� $N]HSWDQ]UDWH� YRQ
������� HQWVSULFKW�� 'LH� GXUFKVFKQLWWOLFKH
(QHUJLH� GHU� DN]HSWLHUWHQ� .RQIRUPDWLRQHQ
EHWUlJW�������NFDO�PRO�
'HU� 6FKQLWW� LP�&OXVWHUEDXP� HUIROJWH� EHL

���*UXSSHQ��'LH�YLHU�+DXSWJUXSSHQ��GLH�PLW
�EHU� ��� �� SRSXOLHUW� VLQG�� ]HLJHQ� GXUFK�
VFKQLWWOLFKH�(QHUJLHQ�YRQ������NFDO�PRO�ELV
�����NFDO�PRO��ZREHL�GLH� YLHUWH�*UXSSH�GLH
QLHGULJVWH� (QHUJLH� KDW�� 1DFK� GHU� 'LV�
NULPLQDQ]DQDO\VH� HUJDEHQ� ]ZHL� +DXSW�
NODVVHQ��EHU������3RSXODWLRQVDQWHLO���,Q�GHU
7DEHOOH����VLQG�GLH�YLHU�JU|�WHQ�.ODVVHQ�PLW
GHQ� HQWVSUHFKHQGHQ� JHFOXVWHUWHQ� 7RUVLRQV�
ZLQNHO�JH]HLJW��'LH�5HVWNODVVH�LVW�PLW�������
SRSXOLHUW��'LH�/HDS)URJ�6WUXNWXU� OLHIHUW�PLW
*(*23� HLQHQ� (QHUJLHZHUW� YRQ� �����
NFDO�PRO�

Ligand φ [°]

Gal

ψ[°]
Gal

φ [°]

Fuc

ψ [°]
Fuc

ω [°]
Glc

S-O-C-H

[°]

1-6-
Fucosyl-
3-sulfo-
lactose

57.4 9.9 63.6 144.4 -95.8 52.2

Klasse 15 56.4 5.4 54.1 -127.3 63.1 12.6
Klasse 19 54.7 10.9 38.2 164.3 25.1 7.4
Klasse 8 60.3 2.1 56.5 -140.1 34.3 14.2
Klasse 17 50.6 4.1 25.6 139.0 -67.5 10.7

7DEHOOH ��� 'LHGHUZLQNHO GHV /HDS)URJ�
/LJDQGHQ XQG GHU YLHU DP K|FKVWHQ SRSXOLHUWHQ
.ODVVHQ GHU 00&�6LPXODWLRQ� *H]HLJW VLQG QXU
GLH JHFOXVWHUWHQ 7RUVLRQVZLQNHO�

*XWH� hEHUHLQVWLPPXQJ� EHVWHKW� EHL� GHU
/DFWRVHHLQKHLW� ]ZLVFKHQ� GHU� /HDS)URJ�
6WUXNWXU� XQG� GHQ� JHPLWWHOWHQ� .RQ�
IRUPDWLRQHQ� GHU� 00&�6LPXODWLRQ�� 'HU� ω�
:LQNHO�GHU�*OXFRVH�NRUUHVSRQGLHUW�DEHU�QXU
PLW� GHU� 6WUXNWXU� GHU�.ODVVH� ����'HU� 6XOIDW�
ZLQNHO� �6�2�&�+�� ]HLJW� EHL� DOOHQ� .RQ�
IRUPDWLRQHQ� QDFK� GHU� 'LVNULPLQDQ]DQDO\VH
OHLFKWH�$EZHLFKXQJHQ�
.ODVVH� ���� GLH� PLW� ���� �� SRSXOLHUW� LVW�

]HLJW� GLH� JU|�WH� bKQOLFKNHLW� PLW� GHU
/HDS)URJ�6WUXNWXU�� 6LH� EHVLW]W� PLW� ����
NFDO�PRO�GLH�QLHGULJVWH�(QHUJLH�DOOHU�.ODVVHQ
QDFK�GHU�'LVNULPLQDQ]DQDO\VH�
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Gruppe Größe Anzahl Ähnlichk. Energie σ φ [°] σ [°] ψ [°] σ [°] φ [°] σ [°] ψ [°] σ [°]
[%] [kcal/mol) [kcal/mol] Gal Gal Fuc Fuc

19 15.4 1246 0.16 16.5 7.5 51.1 23.3 11.5 20.3 35.3 35.6 159.6 36.0
8 14.0 1134 0.33 15.2 6.7 65.6 26.7 1.8 14.7 55.7 21.3 215.5 42.0

15 14.0 1128 0.22 16.1 6.6 55.7 28.0 3.5 17.7 51.5 22.4 230.6 39.1
17 11.6 939 0.19 14.8 6.7 41.3 36.1 3.2 17.2 24.8 29.5 137.8 29.1
10 7.8 633 0.31 17.8 7.5 66.9 33.1 7.2 15.8 52.5 24.0 258.8 36.7
14 7.0 565 0.23 18.3 6.4 75.1 27.9 1.2 14.6 9.1 27.3 113.6 43.7
16 5.9 480 0.20 17.4 7.4 40.8 43.0 3.9 19.8 17.7 27.4 99.8 22.2

6 3.8 303 0.35 19.9 7.7 156.7 24.9 7.1 11.2 46.2 23.7 183.7 45.1
12 3.4 271 0.26 22.3 8.0 328.1 27.2 334.7 16.6 24.4 32.4 159.7 41.5

9 3.2 261 0.31 20.3 7.7 343.1 26.8 332.7 12.3 61.7 19.4 195.3 39.8
4 3.1 251 0.39 16.4 7.0 29.5 41.0 333.9 20.1 57.9 18.8 172.5 23.0

11 2.2 178 0.31 22.9 6.7 334.5 28.2 326.5 12.8 37.5 35.4 247.4 37.6
20 2.1 173 0.11 27.8 7.2 38.0 22.0 188.5 24.6 18.1 37.5 156.7 33.2

O-S-O-C [°] σ [°] S-O-C-H [°] σ [°] ω [°] σ [°] ω [°] σ [°] τ [°] σ [°] τ [°] σ [°] S-O-C [°] σ [°]
Sulfat Sulfat Gal Glc Gal Fuc Sulfat

48.8 101.8 7.8 23.5 65.6 93.2 19.6 30.2 118.9 4.0 118.2 3.7 119.2 3.6
114.6 96.5 17.3 21.9 89.6 98.0 327.9 29.5 118.6 3.8 118.1 4.0 118.7 3.5
65.5 98.9 14.8 21.8 59.3 96.8 65.8 28.5 118.6 3.8 118.3 3.9 119.2 4.0

252.5 101.3 13.6 21.8 65.3 92.3 290.4 20.2 118.8 3.8 118.1 4.1 118.9 3.7
255.2 97.6 10.1 22.5 22.1 98.5 142.2 19.1 118.7 3.4 118.9 4.0 119.0 4.2
317.0 100.7 16.8 19.7 29.4 103.5 82.8 27.0 119.0 3.9 118.8 3.8 119.4 3.7
59.1 99.1 17.3 24.2 90.0 94.7 43.8 31.6 118.6 4.1 118.2 3.3 119.2 3.4
63.3 91.9 25.0 22.3 101.5 87.5 48.6 32.8 119.4 4.0 117.9 3.8 118.7 3.5

299.9 92.7 12.1 18.8 59.0 86.7 68.4 29.6 120.1 3.8 118.2 4.1 118.2 4.3
142.3 94.7 29.0 22.7 141.7 103.7 22.9 45.1 119.9 3.9 117.1 4.1 119.6 3.3
138.7 97.0 33.8 20.1 283.4 86.7 276.3 27.7 119.6 3.7 116.8 3.4 119.1 3.3
122.6 95.0 22.4 18.5 97.8 88.9 138.0 38.2 119.4 3.5 117.5 4.2 119.5 3.3
213.5 96.0 40.4 35.2 99.7 94.8 47.7 91.8 121.4 3.5 117.8 3.8 120.4 3.3

7DEHOOH ��� 6FKQLWW LP &OXVWHUEDXP EHL �� *UXSSHQ� *H]HLJW VLQG QXU GLH HUVWHQ �� *UXSSHQ� 'LH 6SDOWHQ
HQWVSUHFKHQ GHU 7DEHOOH ���

Klasse Größe Anzahl Ähnlichk. Energie σ φ [°] σ [°] ψ [°] σ [°] φ [°] σ [°] ψ [°] σ [°]
[%] [kcal/mol) [kcal/mol] Gal Gal Fuc Fuc

15 12.1 606285 0.96 14.8 6.2 56.4 23.9 5.4 14.7 54.1 20.8 232.7 33.4
19 11.7 583120 0.95 15.8 6.4 54.7 22.0 10.9 16.7 38.2 31.9 164.3 28.7
8 9.2 461658 0.96 14.1 6.3 60.3 23.5 2.1 12.8 56.5 19.6 219.9 31.9

17 9.1 454529 0.96 13.6 6.5 50.6 24.6 4.1 14.1 25.6 28.4 139.0 24.8
16 6.5 324070 0.96 16.1 6.8 45.2 29.1 5.3 17.3 24.0 27.6 98.2 20.9
10 6.3 316344 0.96 15.8 6.2 65.7 24.6 6.4 14.4 54.7 20.7 249.3 33.4
14 5.4 267887 0.95 17.1 6.5 73.3 23.9 1.3 13.4 16.5 27.7 112.7 38.3
6 3.4 170808 0.95 19.0 6.4 149.6 22.3 6.6 9.8 46.2 21.4 180.3 47.6
4 3.3 167371 0.96 15.0 6.9 32.3 34.7 346.0 15.9 60.1 16.6 170.5 21.9
9 3.1 156042 0.95 19.0 6.3 344.2 22.6 334.0 11.8 59.0 18.1 203.5 39.1

12 3.0 147995 0.95 19.7 6.6 336.8 21.2 334.4 13.3 28.4 29.9 150.2 38.7
3 2.4 120440 0.96 19.7 6.7 65.1 26.9 3.7 16.4 354.5 19.3 210.2 26.1

11 2.3 116546 0.95 20.6 6.5 340.1 21.8 330.1 11.6 46.3 28.5 248.2 33.9

Restklasse 17.2 860304 0.79 24.3 60.5 358.9 28.8 188.4
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O-S-O-C [°] σ [°] S-O-C-H [°] σ [°] ω [°] σ [°] ω [°] σ [°] τ [°] σ [°] τ [°] σ [°] S-O-C [°] σ [°]
Sulfat Sulfat Gal Glc Gal Fuc Sulfat

87.6 99.2 12.6 20.0 60.1 96.7 63.1 25.8 118.4 3.8 118.1 3.9 118.9 3.7
85.9 100.0 7.4 21.2 59.8 96.8 25.1 26.8 118.5 3.9 118.0 3.9 119.0 3.7
93.1 100.0 14.2 19.6 58.6 96.7 325.7 25.3 118.5 3.8 118.2 3.9 118.9 3.7
87.3 98.9 10.7 19.6 67.4 97.9 292.5 18.2 118.5 3.8 118.0 3.8 118.9 3.7
52.7 101.8 13.9 22.1 59.7 97.2 45.5 24.1 118.4 3.8 118.2 3.8 119.1 3.7
65.0 99.4 10.7 20.0 53.3 96.6 138.7 18.1 118.6 3.8 118.1 3.9 119.0 3.7
26.5 103.4 14.8 18.4 61.5 96.6 82.9 24.2 118.5 3.8 118.4 3.8 119.0 3.7
80.3 98.4 22.7 18.3 52.4 97.7 50.5 28.1 119.9 3.6 118.0 3.9 119.1 3.7
91.5 98.7 28.9 18.6 63.2 98.6 285.6 20.5 118.7 3.8 117.8 3.9 119.2 3.7
91.3 97.8 25.8 19.9 40.9 99.8 18.3 37.7 118.9 3.8 118.1 3.9 119.3 3.7
84.1 99.2 16.7 16.7 46.0 98.6 66.3 26.6 119.1 3.8 118.0 3.8 119.0 3.7
67.8 100.8 16.6 20.1 74.6 96.2 131.5 24.6 118.7 3.7 118.1 3.9 119.0 3.8
60.9 99.6 23.3 16.8 47.7 98.8 128.4 33.3 119.1 3.8 118.2 3.9 119.1 3.7

88.9 26.1 47.8 36.1 120.1 118.6 119.9

7DEHOOH ��� .ODVVHQHLQWHLOXQJ QDFK GHU 'LVNULPLQDQ]DQDO\VH� 'LH JU|�WH .ODVVH LVW JUDX XQWHUOHJW� *H]HLJW
VLQG QXU GLH HUVWHQ �� *UXSSHQ� 'LH 6SDOWHQ HQWVSUHFKHQ GHU 7DEHOOH ���

$EELOGXQJ ��� 6WHUHRSORW GHU /HDS)URJ�6WUXNWXU �����)XFRV\O���VXOIR�2²ODFWRVH� XQG GHU JHPLWWHOWHQ
6WUXNWXUHQ GHU YLHU DP K|FKVWHQ SRSXOLHUWHQ .ODVVHQ DXV GHU 'LVNULPLQDQ]DQDO\VH� 'HU )LW HUIROJWH �EHU
GLH 5LQJDWRPH GHU *OXFRVH� 'LH /HDS)URJ�6WUXNWXU LVW F\DQ� GLH 6WUXNWXU GHU .ODVVH �� LVW URW� GLH GHU
.ODVVH �� PDJHQWD� GLH GHU .ODVVH � JU�Q XQG GLH 6WUXNWXU GHU .ODVVH �� LVW JHOE HLQJHIlUEW�

'LH� ����)XFRV\O���2�VXOIR�ODFWRVH� ZXUGH
LP� 'HVLJQ�3UR]H�� PLW� /HDS)URJ� DOV� EHVWHU
PRQRVXOIDWLHUWHU�/LJDQG�JHQHULHUW��1LFKW�QXU
GLH� RSWLPDOH� 3RVLWLRQ� GHU� )XFRVH� DP
&DOFLXP�XQG�GLH� VWDUNHQ�:HFKVHOZLUNXQJHQ
GHU� 6XOIDWJUXSSH�PLW� GHP�/\V���� XQG� GHP
$UJ���� OLHIHUQ� KRKH�%LQGXQJVHQHUJLHQ��'LH
*DODFWRVH� LVW� HEHQIDOOV� GXUFK� GLH� 3RVLWLRQ
GHU� +\GUR[\PHWK\OJUXSSH� LQ� HLQHU� .DYLWlW
GHV� 3URWHLQV� XQG� GXUFK� HLQH� :DVVHUVWRII�
EU�FNH� GHU� ��2+�*UXSSH�PLW� GHP�$UJ���
DP� %LQGXQJVSUR]H�� EHWHLOLJW�� =XVlW]OLFK� LVW
GLH�PLW�*(*23�EHUHFKQHWH�LQWHUQH�(QHUJLH
GHU� .RQIRUPDWLRQ� GHV� /LJDQGHQ� VHKU
J�QVWLJ��������NFDO�PRO��XQG�ZXUGH�LQ�HLQHU

00&�6LPXODWLRQ�PLW� QHQQHQVZHUWHQ�$QWHLO
SRSXOLHUW���������

5.7 Die LeapFrog-Strukturen im
Vergleich mit den NMR-
spektroskopischen
Ergebnissen

'LH� 9HUNQ�SIXQJVYDULDQWHQ� GHU� )XFRVH
DQ� HLQHP� /DFWRVHFRUH� VLQG� GXUFK� XQWHU�
VFKLHGOLFKH� �+�FKHPLVFKH� 9HUVFKLHEXQJHQ
GHU�)XFRVH�3URWRQHQ�FKDUDNWHULVLHUW��)�U�GLH
���¶� XQG� ���¶� YHUNQ�SIWHQ� )XFRV\O�ODFWRVHQ�
GLH� DXIJUXQG�GHU�6\QWKHVHEHGLQJXQJHQ� � GHU
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VXOIDWLHUWHQ� 7ULVDFFKDULG�%LEOLRWKHN� LQ� GHU
0LVFKXQJ� HQWKDOWHQ� VHLQ� NRQQWHQ�� ODJHQ
NHLQH� 105�VSHNWURVNRSLVFKHQ� 'DWHQ� YRU�
6RPLW� ZlUH� EHL� HLQHU�hEHUHLQVWLPPXQJ� GHU
�+�FKHPLVFKHQ� 9HUVFKLHEXQJHQ�� GHU� ]XU
,GHQWLIL]LHUXQJ�KHUDQJH]RJHQHQ�5HVRQDQ]HQ
PLW� GHQ� 5HVRQDQ]HQ� GHU� DOV� ELQGXQJVDNWLY
JHIXQGHQHQ� 9HUNQ�SIXQJVPXVWHU�� HLQH� DQ�
GHUH� ,QWHUSUHWDWLRQ� P|JOLFK�� 'HQQRFK
ZXUGH� HLQGHXWLJ� GLH� ���� )XFRV\O�ODFWRVH� DOV
VWlUNVWH� (�6HOHNWLQ� ELQGHQGH� .RPSRQHQWH
PLW�GHP�67'�105�9HUIDKUHQ� LGHQWLIL]LHUW�
'LH� 3RVLWLRQ� GHU� 6XOIDWJUXSSH� NRQQWH� I�U
GLHVH� 9HUNQ�SIXQJVYDULDQWH� PLW� +LOIH� GHU
105�8QWHUVXFKXQJHQ�QLFKW�JHNOlUW�ZHUGHQ�
'LH�(UJHEQLVVH� GHV� 67'�72&6<�([SH�

ULPHQWV� XQG� GLH� 7��5HOD[DWLRQVGDWHQ� ]HLJHQ
HLQH� VWDUNH� %HWHLOLJXQJ� GHU� )XFRVH� DP�%LQ�
GXQJVSUR]H��� 'LH� 3URWRQHQ� GHU� *DODFWRVH
VLQG� HEHQIDOOV� QHQQHQVZHUW� LQ� GHU
(�6HOHNWLQ�%LQGXQJVWDVFKH� ORNDOLVLHUW�� 'LH
8QWHUVXFKXQJ� HLQHU� 0LVFKXQJ� DXV� 3URWHLQ
PLW�/DFWRVH���¶�)XFRV\O�ODFWRVH�XQG���)XFR�
V\O�ODFWRVH�NRQQWH�GLHV�EHVWlWLJHQ��$XFK�KLHU
]HLJWHQ�GLH�)XFRVH�XQG�GLH�*DODFWRVH�GHU���
)XFRV\O�ODFWRVH�GLH�VWlUNVWHQ�67'�(IIHNWH�
'DV� UDWLRQHOOH�'HVLJQ�PLW�/HDS)URJ�YRQ

IXFRV\OLHUWHQ� 'LVDFFKDULGHQ� I�KUWH� ]X� YHU�
VFKLHGHQHQ� 9HUNQ�SIXQJVYDULDQWHQ�� .ODV�
VLIL]LHUW� QDFK� LKUHU� YLUWXHOOHQ� %LQGXQJVHQHU�
JLH�� LVW� GLH� XQVXOIDWLHUWH� )RUP� XQG� GDV
��6XOIDW�GHU�����YHUNQ�SIWHQ�)XFRV\O�ODFWRVH
LQ� hEHUHLQVWLPPXQJ� PLW� GHQ� 105�(UJHE�
QLVVHQ�GHU�EHVWH�/LJDQG��$XFK�GLH�%HVFKUHL�
EXQJ� GHV� NRQIRUPDWLYHQ� 9HUKDOWHQV� LP
QLFKWJHEXQGHQGHQ� =XVWDQG� PLWWHOV� 00&�
6LPXODWLRQ� HUJDE� I�U� GLH� JHEXQGHQH� .RQ�
IRUPDWLRQ� GHV� ��6XOIDW� GHU� ���� YHUNQ�SIWHQ
)XFRV\O�ODFWRVH� GDV� JOREDOH� (QHUJLHPLQL�
PXP�� 'HU� %LQGXQJVPRGXV� VFKHLQW� DEHU
JHJHQ�EHU� GHP� GHV� 6LDO\O�/HZLV[�� GDV� GHQ
QDW�UOLFKHQ� /LJDQGHQ� GDUVWHOOW�� DXIJUXQG
HLQHV�N�U]HUHQ�$EVWDQGV�YRQ�GHU�)XFRVH�]XU
6XOIDWJUXSSH�QLFKW�]X�HQWVSUHFKHQ��9LHOPHKU
RULHQWLHUW� VLFK� GDV� QHJDWLY� JHODGHQH� 6XOIDW
]XP� /\V���� XQG� QLFKW�� ZLH� EHLP� 6LDO\O�
/HZLV[�� GLH� QHJDWLY� JHODGHQH� &DUER[\ODW�
JUXSSH�]XP�$UJ���
'LH�]ZHLWH�9HUNQ�SIXQJVYDULDQWH��GLH�DOV

ELQGXQJVDNWLYH� .RPSRQHQWH� LQ� GHU
VXOIDWLHUWHQ� 7ULVDFFKDULG�%LEOLRWKHN� LGHQWL�
IL]LHUW� ZXUGH�� LVW� GLH� �¶�)XFRV\O�ODFWRVH�

6HOHNWLYH� �'� �+�&26<�� XQG� �'� �+�
72&6<�([SHULPHQWH�GHXWHQ�DXIJUXQG�HLQHV
WLHIIHOGVKLIWV�GHV�+��3URWRQV�GHU�)XFRVH�YRQ
]XPLQGHVW� HLQHU� .RPSRQHQWH� GLHVHV� 9HU�
NQ�SIXQJVW\SV�DXI�GLH�UlXPOLFKH�1lKH�HLQHU
QHJDWLY�JHODGHQHQ�6XOIDWJUXSSH�KLQ�
,P�'HVLJQ�3UR]H��PLW� /HDSIURJ�ZXUGHQ

YHUVFKLHGHQH� PRQRVXOIDWLHUWH� �¶�)XFRV\O�
ODFWRVHQ�JHQHULHUW��(LQH�YRQ�,KQHQ�²�GDV��¶�
6XOIDW���]HLJW�PLW�²������NFDO�PRO�HLQH�UHFKW
KRKH�%LQGXQJVHQHUJLH��%HL�QlKHUHU�%HWUDFKW�
XQJ� GHU� .RQIRUPDWLRQ� GLHVHV� /LJDQGHQ� HU�
NHQQW� PDQ� GHQ� GLUHNWHQ� .RQWDNW� GHV� +��
3URWRQV� GHU� )XFRVH� PLW� GHU� 6XOIDWJUXSSH
�$EE�� ����� 'HU� $EVWDQG� GHV� +��3URWRQV
]XP� 6DXHUVWRIIDWRP� GHU� 6XOIDWJUXSSH� EH�
WUlJW������c�
'DUDXIKLQ� ZXUGH� HLQH� 0LVFKXQJ� DXV

/DFWRVH�� �¶�)XFRV\O�ODFWRVH� XQG� ��)XFRV\O�
ODFWRVH� ]XVDPPHQ� PLW� GHP� (�6HOHNWLQ� XQ�
WHUVXFKW�� $OV� ZHVHQWOLFKH� %LQGXQJVNRPSR�
QHQWH� ZXUGH� GLH� ��)XFRV\O�ODFWRVH� LGHQWLIL�
]LHUW�� 'LHVH� 9HUNQ�SIXQJVYDULDQWH� ZXUGH
MHGRFK�QLFKW�LQ�GHU�VXOIDWLHUWHQ�7ULVDFFKDULG�
%LEOLRWKHN� DOV� ELQGXQJVDNWLYH� 9HUELQGXQJ
JHIXQGHQ�� 'D� GLHVH� .RPSRQHQWH� LP� *H�
JHQVDW]� ]X� GHQ� DQGHUHQ� 9HUNQ�SIXQJVYDUL�
DQWHQ� QXU� ]X� HLQHP� JHULQJHQ� $QWHLO� LQ� GHU
VXOIDWLHUWHQ� 7ULVDFFKDULG�%LEOLRWKHN� YRUKDQ�
GHQ�ZDU�� LVW� DQ]XQHKPHQ��GD�� DXFK�EHL�KR�
KHU�%LQGXQJVDNWLYLWlW�NHLQH�67'�(IIHNWH�]X
GHWHNWLHUHQ�VLQG�
'LH� �¶�)XFRV\O�ODFWRVH� ]HLJWH� LQ� GHU� 0L�

VFKXQJ� PLW� GUHL� 9HUELQGXQJHQ� HLQH� VHKU
JHULQJH�%LQGXQJVDNWLYLWlW��,Q�GHU�VXOIDWLHUWHQ
7ULVDFFKDULG�%LEOLRWKHN� ZXUGH� GLHVH� .RP�
SRQHQWH�MHGRFK�DOV�ELQGHQGHU�/LJDQG�LGHQWL�
IL]LHUW�� 'LH� 6XOIDWLHUXQJ� PRGXOLHUW� RIIHQ�
VLFKWOLFK�GLH�%LQGXQJVDIILQLWlW� XQG� LVW� VRPLW
I�U� GLH� �¶�YHUNQ�SIWH� )XFRV\O�ODFWRVH� HVVHQ�
WLHOO�� %HWUDFKWHW� PDQ� GLH� WKHRUHWLVFKHQ� (U�
JHEQLVVH�� VR� ZLUG� GLHVH� $QQDKPH� EHVWlWLJW�
'DV� XQVXOIDWLHUWH� 7ULVDFFKDULG� ]HLJW� PLW
������� NFDO�PRO� HLQH� JHULQJH� %LQGXQJV�
HQHUJLH�� 'LH� VXOIDWLHUWHQ� 9DULDQWHQ� EHVLW]HQ
PLW� ²������ NFDO�PRO� ��¶�6XOIDW�� XQG� PLW
������� NFDO�PRO� ��¶�6XOIDW�� HLQH� ZHVHQWOLFK
K|KHUH�:HFKVHOZLUNXQJVHQHUJLH�
9HUJOHLFKW�PDQ� GLH� EHLGHQ� XQVXOIDWLHUWHQ

6WUXNWXUHQ�GHU��¶��XQG�GHU���)XFRV\O�ODFWRVH�
HUJLEW�VLFK�I�U�GLH���)XFRV\O�ODFWRVH�HLQH�XP
FD�� ��� NFDO�PRO� VWlUNHUH� %LQGXQJVHQHUJLH�
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'LHV� I�KUW� ]X� HLQHU� IDVW� YROOVWlQGLJHQ� 9HU�
GUlQJXQJ�GHU��¶�)XFRV\O�ODFWRVH�LQ�GHQ�67'
105� ([SHULPHQWHQ� GHU� 0LVFKXQJ� DXV

/DFWRVH�� �¶�)XFRV\O�ODFWRVH� XQG� ��)XFRV\O�
ODFWRVH�

Lys111 Lys111

Arg108 Arg108

H3 H3

$EELOGXQJ ��� 6WHUHRSORW GHV �¶�6XOIDW GHU �¶�)XFRV\O�ODFWRVH� 'DV +��3URWRQ GHU )XFRVH XQG GLH
6XOIDWJUXSSH LVW DOV .DORWWHQPRGHOO GDUJHVWHOOW� 'HU $EVWDQG YRP +��3URWRQ GHU )XFRVH ]XP
6DXHUVWRIIDWRP GHU 6XOIDWJUXSSH EHWUlJW ���� c� 'DV 3URWHLQ ZLUG DOV &RQQROO\�2EHUIOlFKH GDUJHVWHOOW� 'LH
URW HLQJHIlUEWHQ $PLQRVlXUHQ VLQG DQ GHU &DOFLXP %LQGXQJ EHWHLOLJW� GLH GXQNHOEODX HLQJHIlUEWHQ
$PLQRVlXUHQ VLQG I�U GLH %LQGXQJ GHV 6LDO\O�/HZLV[ HVVHQWLHOO� =XVlW]OLFK LVW GDV $UJ��� EODX PDUNLHUW�
'DV &DOFLXP LVW JHOE HLQJHIlUEW�
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6. Zusammenfassung

'LH� (QWGHFNXQJ� QHXHU� /HLWVWUXNWXUHQ
XQG� GHUHQ� 2SWLPLHUXQJ� VLQG� GLH� JUXQG�
OHJHQGHQ� +HUDXVIRUGHUXQJHQ� PRGHUQHU
:LUNVWRIIRUVFKXQJ�� 'LH� $QZHQGXQJ� YRQ
0HWKRGHQ� ]XP� HIIHNWLYHQ� VFUHHQLQJ� YRQ
6XEVWDQ]PLVFKXQJHQ� DXI� ELRORJLVFKH
$NWLYLWlW� LVW� VRPLW� GHU� HUVWH� 6FKULWW� ]XU
(QWZLFNOXQJ� QHXHU� 3KDUPDND�� 'DV� KLJK
WKURXJKSXW� VFUHHQLQJ� �+76�� LVW� LQ� GHU� /DJH
PHKUHUH�]HKQWDXVHQG�9HUELQGXQJHQ�SUR�7DJ
]X� XQWHUVXFKHQ�� $OV� HUJlQ]HQGH� 9HUIDKUHQ
HWDEOLHUHQ� VLFK� ]XQHKPHQG� 105� JHVW�W]WH
0HWKRGHQ� ]XU� 8QWHUVXFKXQJ� YRQ� 3URWHLQ�
/LJDQG�:HFKVHOZLUNXQJHQ�� $XI� WKHR�
UHWLVFKHU� 6HLWH� JHZLQQW� GDV� UDWLRQDOH� :LUN�
VWRIIGHVLJQ� LPPHU�PHKU�DQ�%HGHXWXQJ��=LHO
LVW� HV�� GXUFK� .RPELQDWLRQ� GLHVHU� XQG
DQGHUHU� 9HUIDKUHQ� GLH� 6XFKH� QDFK� QHXHQ
:LUNVWRIIHQ�HIIHNWLY�]X�JHVWDOWHQ�
'DV� (�6HOHNWLQ�� GDV� DOV� ,QLWLDWRU� EHL� GHU

/HXNRF\WHQ�YHUPLWWHOWHQ� (QW]�QGXQJV�
UHDNWLRQ�HLQH�ZHVHQWOLFKH�5ROOH�VSLHOW��LVW�GDV
PROHNXODUH� =LHOSURWHLQ� GLHVHU� $UEHLW�� 1HXH
/HLWVWUXNWXUHQ�� GLH� DOV� $QWDJRQLVWHQ� JH]LHOW
GLHVH� ,PPXQUHDNWLRQ�XQWHUGU�FNHQ�N|QQHQ�
VLQG�VRPLW�YRQ�EHVRQGHUHQ�,QWHUHVVH�
$XVJDQJVSXQNW� KLHUI�U� ZDU� HLQH� ]XIDOOV�

IXFRV\OLHUWH� XQG� ]XIDOOVVXOIDWLHUWH� 7ULVDF�
FKDULG�%LEOLRWKHN�� LQ� GHU� HLQH� RGHU�PHKUHUH
.RPSRQHQWHQ� HLQH� KRKH� %LQGXQJVDNWLYLWlW
]XP� (�6HOHNWLQ� ]HLJWHQ�� ,P� 5DKPHQ� GLHVHU
$UEHLW�ZXUGH�GLHVHV�NRPSOH[H�*HPLVFK�YRQ
VXOIDWLHUWHQ� 7ULVDFFKDULGHQ� DXI� VHLQH
(�6HOHNWLQ� %LQGXQJVDNWLYLWlW� PLW� +LOIH� YRQ
105�VSHNWURVNRSLVFKHQ� 9HUIDKUHQ� XQWHU�
VXFKW�� 3DUDOOHO� ]X� GHQ� H[SHULPHQWHOOHQ
8QWHUVXFKXQJHQ� ZXUGHQ� YHUVFKLHGHQH
9HUIDKUHQ� GHU� WKHRUHWLVFKHQ� $QDO\VH� ]XU
%LQGXQJ��]XP�NRQIRUPDWLYHQ�9HUKDOWHQ�XQG
]XP� YLUWXHOOHQ� 'HVLJQ� GHU� %HVWDQGWHLOH� GHU
6XEVWDQ]�%LEOLRWKHN� GXUFKJHI�KUW�� (LQH
YHUJOHLFKHQGH�$QDO\VH�GHU�YLUWXHOO�HU]HXJWHQ
9HUELQGXQJHQ� PLW� GHP� 6LDO\O�/HZLV[�� GDV
GHQ� QDW�UOLFKHQ� /LJDQGHQ� GHV� (�6HOHNWLQV
GDUVWHOOW�� HUJDE� JHQDXHUH� (LQEOLFNH� LQ� GLH
PROHNXODUHQ� (UNHQQXQJVSUR]HVVH� GHU
/LJDQGHQ�
'DV�(�6HOHNWLQ� ZXUGH� DOV� &KLPlUH� HLQHV

,J*� ,PPXQJOREXOLQV� PLW� GHU� OHF�'RPlQH

GHV�(�6HOHNWLQV�XQG�VRPLW�PLW�]ZHL�/LJDQG�
%LQGXQJVVWHOOHQ� HLQJHVHW]W�� 'LH� VXOIDWLHUWH
7ULVDFFKDULG�%LEOLRWKHN�ODJ�DOV�*HPLVFK�YRQ
FD�� ���� 9HUELQGXQJHQ� YRU�� 'LH� )XFRV\OLHU�
XQJ� XQG� GLH� 6XOIDWLHUXQJ� HUIROJWH� DQ� DOOHQ
3RVLWLRQHQ� GHV� /DFWRVHHLQKHLW�� 'LH� &��
3RVLWLRQ� GHU� /DFWRVH� LVW� PLW� HLQHP
DURPDWLVFKHQ� &��VSDFHU� YHUNQ�SIW�� ZRGXUFK
GLHVH� 3RVLWLRQ� QLFKW� PRGLIL]LHUW� ZXUGH�� $OV
W\SLVFKH�,QVWUXPHQWH�]XU�8QWHUVXFKXQJ�YRQ
3URWHLQ�/LJDQG�:HFKVHOZLUNXQJHQ� PLWWHOV
GHU� 105�6SHNWURVNRSLH� ZXUGHQ� GDV
WUDQVIHUUHG� 12(�9HUIDKUHQ�� 7��5HOD[DWLRQV�
]HLWPHVVXQJHQ�XQG�HLQ�QHXHV�9HUIDKUHQ�]XP
VFUHHQLQJ� YRQ� 6XEVWDQ]�%LEOLRWKHNHQ� DXI
%LQGXQJVDNWLYLWlW� ²� GDV� 67'� 105� 9HU�
IDKUHQ��VDWXUDWLRQ�WUDQIHU�GLIIHUHQFH��²�HLQJHVHW]W�
%HVRQGHUV� GDV� ]XOHW]W� JHQDQQWH� 9HUIDKUHQ
HUZLHV� VLFK� DOV� EHVRQGHUV� HUIROJUHLFK�� (V
JHODQJ�� GLUHNW� DXV� GHU� 0LVFKXQJ� GLH
ELQGHQGHQ�.RPSRQHQWHQ�]X�LGHQWLIL]LHUHQ�
1HEHQ� 6WDQGDUG�72&6<�� XQG�12(6<�

([SHULPHQWHQ� ZXUGHQ� VHOHNWLYH� �'�
72&6<�� XQG� �'�&26<�([SHULPHQWH� ]XU
,GHQWLIL]LHUXQJ� GHU� 9HUNQ�SIXQJVYDULDQWHQ
�EHU� GLH� VSH]LILVFKHQ� �+�FKHPLVFKHQ� 9HU�
VFKLHEXQJHQ� GHU� )XFRVH� GXUFKJHI�KUW�� $E�
KlQJLJ�YRQ�GHU�3RVLWLRQ�GHU�9HUNQ�SIXQJ�DQ
GHU� /DFWRVH� ]HLJHQ� EHVRQGHUV� GLH� +��� XQG
GLH� +��3URWRQHQ� GHU� )XFRVH� FKDUDNWHU�
LVWLVFKH� �+�FKHPLVFKH� 9HUVFKLHEXQJHQ�� 'LH
$QDO\VH� GHU� �'� 67'� 105�([SHULPHQWH
XQG� GHV� �'� 67'� 72&6<�([SHULPHQWV
HUJDE� DOV� +DXSWELQGXQJVSDUWQHU� 'HULYDWH
GHU� ��)XFRV\O�ODFWRVH� XQG� GHU� �¶�)XFRV\O�
ODFWRVH�� 6SH]LHOOH� 3XOVSURJUDPPH� I�U� GLH
67'� 72&6<� 105�([SHULPHQWH� ZXUGHQ
HQWZLFNHOW�� 'LH� 6XEWUDNWLRQ� GHU� 6SHNWUHQ
HUIROJWH� EHUHLWV� ZlKUHQG� GHU� $NTXLVLWLRQ�
0LW�JHHLJQHWHQ�3KDVHQF\FOHQ�ZXUGH�EHL�GHQ
HLQGLPHQVLRQDOHQ� ([SHULPHQWHQ� GLH� 'LI�
IHUHQ]ELOGXQJ� QDFK� MHGHP� VFDQ� GXUFK
'UHKXQJ�GHU�(PSIlQJHUSKDVH�XP������YRU�
JHQRPPHQ�� ,P� 67'� 72&6<� ([SHULPHQW
HUIROJWH� GLH� 6XEWUDNWLRQ� QDFK� HLQHP
NRPSOHWWHQ�3KDVHQF\FOXV�GHV� MHZHLOLJHQ�)��
,QNUHPHQWV�
+LQZHLVH� ]XU� 3RVLWLRQ� GHU� 6XOIDWJUXSSH

ZXUGHQ� EHL� GHU� ���¶�)XFRV\O�ODFWRVH� JH�
IXQGHQ��'DV�+��3URWRQ�GHU�)XFRVH�]HLJW�]X�
PLQGHVW� I�U� HLQH� .RPSRQHQWH� GLHVHV� 9HU�
NQ�SIXQJVW\SV�HLQHQ�VLJQLILNDQWHQ�WLHIHOGVKLIW
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GHU� �+�FKHPLVFKHQ� 9HUVFKLHEXQJ�� 'LHVHU
VKLIW�NDQQ�XUVlFKOLFK�DXI�GLH�UlXPOLFKH�1lKH
HLQHU�6XOIDWJUXSSH�]XU�FN]XI�KUHQ�VHLQ�
'LH� 7��5HOD[DWLRQV]HLWHQ� XQG� GLH� 67'

72&6<�6LJQDOH�]HLJHQ�I�U�GLH�3URWRQHQ�GHU
)XFRVH� XQG� GHU� 3URWRQHQ� GHU� *DODFWRVH
EHLGHU� 9HUNQ�SIXQJVYDULDQWHQ� GLH� VWlUNVWHQ
%LQGXQJVHIIHNWH�
'HU� JHQDXH� %LQGXQJVPRGXV� GHV

QDW�UOLFKHQ�/LJDQGHQ�V/H[� LVW�QLFKW�EHNDQQW�
%LVKHU�LVW�HV�QRFK�QLFKW�JHOXQJHQ�GDV�6LDO\O�
/HZLV[� PLW� GHP� (�6HOHNWLQ� ]XVDPPHQ� ]X
NULVWDOOLVLHUHQ��'LH�&DOFLXP�$EKlQJLJNHLW�GHU
%LQGXQJ�XQG�GLH� I�U�GLH�%LQGXQJ�ZLFKWLJHQ
$PLQRVlXUHQ� VLQG� MHGRFK� PLW� +LOIH� YRQ
0XWDJHQHVH�([SHULPHQWH� DXIJHNOlUW�� $XFK
GLH� .RQIRUPDWLRQ� GHV� /LJDQGHQ� LP� JH�
EXQGHQHQ� =XVWDQG� NRQQWH� GXUFK� WU12(�
0HVVXQJHQ�EHVWLPPW�ZHUGHQ�
$OV� *UXQGODJH� I�U� ZHLWHUH� WKHRUHWLVFKH

8QWHUVXFKXQJHQ� ZXUGH� ]XQlFKVW� �EHU� HLQ
GRFNLQJ�9HUIDKUHQ� �)OH[L'RFN��� GDV� GHQ
/LJDQGHQ�IOH[LEHO�XQG�GDV�3URWHLQ�VWDUU�KlOW�
HLQ� %LQGXQJVPRGXV� JHQHULHUW�� GHU� GHQ
.RQIRUPDWLRQVGDWHQ� GHU� 105�$QDO\VHQ
VRZLH� GHU� SRVWXOLHUWHQ� 2ULHQWLHUXQJ� GHV
6LDO\O�/HZLV[� LQ� GHU� %LQGXQJVWDVFKH� HQW�
VSULFKW�� ,Q� GLHVHP� %LQGXQJVPRGHOO� LVW� GLH
)XFRVH� �EHU� GLH� ��2+�� XQG� GLH� ��2+�
*UXSSH�DP�&DOFLXP�NRRUGLQLHUW��'LH���2+�
*UXSSH�GHU�*DODFWRVH�ELOGHW�PLW�GHP�7\U���
$VQ���� XQG� GHP� *OX��� PHKUHUH� :DVVHU�
VWRIIEU�FNHQ�� (LQH� ]XVlW]OLFKH� :DVVHUVWRII�
EU�FNH� HUJLEW� VLFK� I�U� GLH� ��2+�*UXSSH
]XP� 7\U���� 'LH� 3RVLWLRQ� GHU� QHJDWLY
JHODGHQHQ�&DUER[\OJUXSSH� OLHJW�QDKH�DQ�GHU
*XDQLGLQLXPJUXSSH� GHU� 6HLWHQNHWWH� YRP
$UJ����'DV�*OXFRVDPLQ�XQG�GLH�6HLWHQNHWWH
GHU� 6LDOLQVlXUH� ]HLJHQ� ZHQLJ� GLUHNWH
.RQWDNWH�]XP�(�6HOHNWLQ�
(QWVFKHLGHQG�I�U�GLHVHQ�%LQGXQJVPRGXV

LVW�GLH�3RVLWLRQ�GHU�)XFRVH�DP�&DOFLXP��GLH
/DJH�GHU�&DUER[\OJUXSSH�DP�$UJ���XQG�GDV
1HW]ZHUN� DQ� :DVVHUVWRIIEU�FNHQ� GHU
*DODFWRVH�� 'LHVH� $QRUGQXQJ� ZLUG� QXU
HUUHLFKW�� ZHQQ� GHU� $EVWDQG� YRQ� FD�� ��� c
YRP�&DOFLXP�]XP�1η��$WRP�GHV�$UJ��� LP
3URWHLQ��YRQ�NRPSOHPHQWlUHQ�*UXSSHQ�GHV
/LJDQGHQ��EHUEU�FNW�ZLUG�
'LH� 105�$QDO\VHQ� GHU� VXOIDWLHUWHQ

7ULVDFFKDULG�%LEOLRWKHN� HUJDEHQ� DOV� +DXSW�
ELQGXQJVSDUWQHU� GLH� ��)XFRV\O�ODFWRVH� XQG

GLH� �¶�)XFRV\O�ODFWRVH�� ,Q� HLQHP� GH� QRYR�
'HVLJQ� 3UR]H�� PLW� GHU� 6RIWZDUH� /HDS)URJ
ZXUGHQ� DOOH� P|JOLFKHQ� 9HUNQ�SIXQJV�
YDULDQWHQ� JHQHULHUW� XQG� DXI� LKUH� %LQGXQJV�
DNWLYLWlW� XQWHUVXFKW�� ,Q� GLHVHP� 3UR]H�
ZXUGHQ�GLH�/LJDQGHQ�VFKULWWZHLVH�DXIJHEDXW
XQG� HQWVSUHFKHQG� LKUHU� %LQGXQJVHQHUJLH
NODVVLIL]LHUW��=XQlFKVW�NRQQWH�GLH�%LQGXQJV�
UHJLRQ�GHU�)XFRVH�DP�&DOFLXPDWRP�GHILQLHUW
ZHUGHQ�� $XVJHKHQG� YRQ� GLHVHU� 3RVLWLRQ
ZXUGHQ� DOOH� P|JOLFKHQ� 9DULDWLRQHQ� GHU
)XFRVH� PLW� GHU� /DFWRVH� HU]HXJW�� 'LH
DQVFKOLH�HQGH� 6XOIDWLHUXQJ� GHU� /DFWRVH
ELOGHWH� GHQ� $EVFKOX��� %HWUDFKWHW� PDQ� GLH
%LQGXQJVHQHUJLHQ� GHU� PRQRVXOIDWLHUWHQ
6WUXNWXUHQ�� ZXUGH� LQ� hEHUHLQVWLPPXQJ�PLW
GHQ� 105�(UJHEQLVVHQ�� GLH� ����)XFRV\O�
ODFWRVH� DOV� ELQGXQJVVWlUNVWHU� /LJDQG
JHQHULHUW�� 'LH� 6XOIDWJUXSSH� LVW� EHL� GLHVHP
/LJDQG� PLW� GHU� ��3RVLWLRQ� GHU� *OXFRVH
YHUNQ�SIW�� 'LH� �¶�)XFRV\O�ODFWRVH� ZXUGH
HEHQIDOOV� DOV� �¶�6XOIDW� PLW� HLQHU� KRKHQ
%LQGXQJVHQHUJLH�HU]HXJW��'LH�.RQIRUPDWLRQ
GLHVHU�9HUNQ�SIXQJVYDULDQWH�OLHIHUW�DXFK�HLQ
0RGHOO� I�U� GHQ� LQ� GHQ� 105�6SHNWUHQ
JHIXQGHQHQ� WLHIIHOGVKLIW� GHV�+��3URWRQV� GHU
)XFRVH�� 'LH� 6XOIDWJUXSSH� LVW� LQ� GLHVHU
$QRUGQXQJ� LQ� XQPLWWHOEDUHU� UlXPOLFKHU
1lKH�GHV�3URWRQV��GHVVHQ�5HVRQDQ]�XP�����
SSP�YHUVFKREHQ�LVW�
$XIJUXQG� GHU� N�U]HUHQ� 'LVWDQ]HQ� YRQ

GHU� DP� &DOFLXP� NRRUGLQLHUWHQ� )XFRVH� ]XU
6XOIDWJUXSSH� DOOHU� JHQHULHUWHQ�7ULVDFFKDULGH�
XQWHUVFKHLGHW� VLFK� GHU� %LQGXQJVPRGXV� LP
9HUJOHLFK� ]XP� 6LDO\O�/HZLV[� GHXWOLFK�� 'LH
QHJDWLY� JHODGHQH� *UXSSH� LVW� QLFKW�� ZLH� LP
%LQGXQJVPRGHOO�GHV�6LDO\O�/HZLV[��DP�$UJ��
ORNDOLVLHUW��VRQGHUQ�LVW�]ZLVFKHQ�GHP�/\V���
XQG� GHP� $UJ���� SRVLWLRQLHUW�� 2IIHQ�
VLFKWOLFK� NDQQ� GHU� $EVWDQG� YRP� &DOFLXP
]XP� $UJ��� �FD�����c�� QLFKW� YRQ� GHQ
VXOIDWLHUWHQ� 7ULVDFFKDULGHQ� �EHUVSDQQW
ZHUGHQ�
'D�GHU�JHEXQGHQH�=XVWDQG�GHU�/LJDQGHQ

QXU� HLQH� .RQIRUPDWLRQ� YRQ� YLHOHQ
0|JOLFKHQ� GDUVWHOOW�� ZXUGHQ� 00&�
6LPXODWLRQHQ� GHU� ELQGXQJVDNWLYVWHQ� PRQR�
VXOIDWLHUWHQ� 7ULVDFFKDULGH� PLW� GHP
3URJUDPP� *(*23� �JHRPHWU\� RI� JO\FRSURWHLQV�
GXUFKJHI�KUW�� 0LW� GLHVHP� 9HUIDKUHQ� LVW� HV
P|JOLFK��GHQ�JHVDPWHQ�.RQIRUPDWLRQVUDXP
HLQHU� FKHPLVFKHQ� 6WUXNWXU� DE]XWDVWHQ�
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=XVlW]OLFK� ZXUGH� HLQH� &OXVWHUDQDO\VH
YHUZHQGHW�� GLH� ]X� HLQHU� PDWKHPDWLVFK
H[DNWHQ� $EOHLWXQJ� GHU� NRQIRUPDWLY
EHYRU]XJWHQ� 6WUXNWXUHQ� I�KUW�� 'LH
+DXSWNODVVHQ� GLHVHU� $QDO\VH� VWHOOHQ� GDQQ
QLFKW� QXU� GLH� HQHUJHWLVFK� J�QVWLJVWHQ
.RQIRUPDWLRQHQ� GDU�� GLHVH� +DXSWNODVVHQ
VLQG� GXUFK� LKUHQ� KRKHQ� 3RSXODWLRQVDQWHLO
DXFK� HLQ�0D�� I�U� GLH� WDWVlFKOLFKH� ([LVWHQ]
HLQHU�.RQIRUPDWLRQ�
'HU� 9HUJOHLFK� GHU� .RQIRUPDWLRQHQ� LP

JHEXQGHQHQ� =XVWDQG� PLW� GHQ� JHPLWWHOWHQ
.RQIRUPDWLRQHQ� GHU� +DXSWNODVVHQ� DXV� GHU
&OXVWHUDQDO\VH�� HUJDE� HLQH� KRKH� hEHU�
HLQVWLPPXQJ�� 6RPLW� VLQG� GLH� LP� 'H�QRYR�
'HVLJQ�3UR]H�� JHQHULHUWHQ� 6WUXNWXUHQ
HQHUJHWLVFK� J�QVWLJH� .RQIRUPDWLRQHQ� XQG
HQWVSUHFKHQ�GHQ�EHYRU]XJWHQ�=XVWlQGHQ�
%HVRQGHUV� GHXWOLFK� ZLUG� GLHV� EHL� GHP

��6XOIDW�GHU�����YHUNQ�SIWHQ�)XFRV\O�ODFWRVH�
'LH� /HDS)URJ�6WUXNWXU� ]HLJW� HLQH� .RQ�
IRUPDWLRQ�� GLH� GHU� JHPLWWHOWHQ� .RQ�
IRUPDWLRQ�HLQHU�GHU�+DXSWNODVVHQ�HQWVSULFKW
XQG�GDV�JOREDOH�(QHUJLHPLQLPXP�GDUVWHOOW�
0LW� GLHVHU� $UEHLW� LVW� HV� JHOXQJHQ�� HLQ

105�JHVW�W]WHV� VUHHQLQJ� 9HUIDKUHQ� ]X
HWDEOLHUHQ� PLW� GHP� GLH� ELQGXQJVDNWLYVWHQ
.RPSRQHQWHQ� DXV� HLQHU� H[WUHP� NRPSOH[HQ
0LVFKXQJ� VHKU� lKQOLFKHU� VXOIDWLHUWHU
7ULVDFFKDULGH� LGHQWLIL]LHUW� ZXUGHQ�� 'LHVH
6WUXNWXUHQ�� GLH� LP� *HJHQVDW]� ]XP
QDW�UOLFKHQ� /LJDQGHQ� 6LDO\O�/HZLV[� HLQH
DQGHUH� 9HUNQ�SIXQJVSRVLWLRQ� GHU� )XFRVH
EHVLW]HQ�²�VWDWW�GHU���3RVLWLRQ��LVW�GLH�)XFRVH
GLHVHU� /LJDQGHQ� PLW� GHU� ��� RGHU� GHU� �¶�
3RVLWLRQ�YHUNQ�SIW� �� VWHOOHQ� LQ�hEHUHLQVWLP�
PXQJ� PLW� WKHRUHWLVFKHQ� 0HWKRGHQ� GHV
:LUNVWRIIGHVLJQV� QHXH� /HLWVWUXNWXUHQ� DOV
$QWDJRQLVWHQ�GHV�(�6HOHNWLQV�GDU�
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6.1 Summary

7KH� GLVFRYHU\� DQG� RSWLPL]DWLRQ� RI� QHZ
OHDG�VXEVWDQFHV�LV�D�ELJ�FKDOOHQJH�LQ�PRGHUQ
GUXJ� UHVHDUFK�� 7KH� DSSOLFDWLRQ� RI� HIIHFWLYH
VFUHHQLQJ� PHWKRGV� IRU� WHVWLQJ� ELRORJLFDO
DFWLYLW\� RI� FRPSRXQG�PL[WXUHV� LV� WKH� LQLWLDO
VWHS� LQ� WKH� GHYHORSPHQW� RI� QHZ
SKDUPDFHXWLFDOV��+LJK�WKURXJKSXW�VFUHHQLQJ
�+76�� LV� DEOH� WR� WHVW� VHYHUDO� �����
FRPSRXQGV� SHU� GD\�� � +RZHYHU�� 105�
VSHFWURVFRSLF� WRROV� DUH� DOWHUQDWLYHV� IRU� WKH
LQYHVWLJDWLRQ� RI� SURWHLQ� OLJDQG� LQWHUDFWLRQV
DQG� DUH� LQFUHDVLQJO\� XVHG� IRU� VFUHHQLQJ�
$GGLWLRQDOO\�� PROHFXODU� PRGHOLQJ� FDQ� EH� D
XVHIXO�WHFKQLTXH�IRU�OHDG�JHQHUDWLRQ�DQG�OHDG
RSWLPL]DWLRQ� RI� ELRORJLFDOO\� DFWLYH� FRP�
SRXQGV�� &XUUHQWO\�� FRPSXWHU� GRFNLQJ
VWXGLHV�DUH�RIWHQ�XVHG� WR�VLPXODWH� LQKLELWRUV
RU�DQWDJRQLVWV�
7KH� ELRORJLFDO� WDUJHW� LQ� WKLV� WKHVLV� LV� (�

VHOHFWLQ�ZKLFK�PHGLDWHV�WKH�HDUO\�VWHSV�RI�WKH
UHFUXLWPHQW� RI� OHXNRF\WHV� IURP� WKH� EORRG
VWUHDP� GXULQJ� LQIODPPDWLRQ�� 1HZ� OHDG
VWUXFWXUHV� ZKLFK� VXSSUHVV� WKLV� LPPXQH
UHVSRQVH�DUH�WKHUHIRUH�RI�VSHFLDO�LQWHUHVW�
7R� ILQG� QHZ� LQKLELWRUV� ZH� WULHG� WR

LGHQWLI\� WKH� ELRDFWLYH� FRPSRQHQW� IURP� D
OLEUDU\�ZKLFK�KDV�KLJK�DIILQLW\� LQ�D�ELRDVVD\�
7KH� OLEUDU\� LV� FRPSRVHG� RI� VXEVWDQFHV
UHVXOWLQJ�IURP�D�UDQGRP�VXOIDWDWLRQ�IROORZHG
E\� IXFRV\ODWLRQ� RI� ODFWRVH�� 7KLV� FRPSOH[
PL[WXUH� ZDV� LQYHVWLJDWHG� E\� 105�VSHF�
WURVFRS\�DQG�WKHRUHWLFDO�DQDO\VLV��L�H��GRFNLQJ
H[SHULPHQWV�� 00&�VLPXODWLRQV�� DQG
PHWKRGV� IRU� WKH� YLUWXDO� GHVLJQ� DQG� RSWLPL�
]DWLRQ�RI� VDFFKDULGH� OLJDQGV��$� FRPSDUDWLYH
VWXG\� RI� WKH� YLUWXDOO\� JHQHUDWHG� OLJDQGV� DQG
WKH�QDWXUDO� OLJDQG� VLDO\O�/HZLV[� UHVXOWHG� LQ� D
PRUH�SUHFLVH�YLHZ�RI�WKH�ELQGLQJ�SURSHUWLHV�
7KH� (�VHOHFWLQ� XVHG� KHUH� ZDV� DQ� ,J*�

FKLPHUD�ZLWK�WKH�(�VHOHFWLQ�OHF�GRPDLQ�ZLWK
WZR�ELQGLQJ�VLWHV��7KH�VXOIDWHG� WULVDFFKDULGH
OLEUDU\� FRQWDLQHG� DERXW� ���� FRPSRXQGV�
7KH� IXFRV\ODWLRQ� DQG� VXOIDWDWLRQ� ZDV
SHUIRUPHG�UDQGRPO\�DW�HDFK�SRVLWLRQ�RI�WKH
ODFWRVH�XQLW��7KH�&��SRVLWLRQ�RI� WKH� ODFWRVH
LV� MRLQHG� WR� DQ� DURPDWLF� &��VSDFHU�� 7KH
SURWHLQ� OLJDQG� LQWHUDFWLRQV� ZHUH� VWXGLHG� E\
105�H[SHULPHQWV�VXFK�DV�WUDQVIHUUHG�12(
�WU12(�� DQG� 7��UHOD[DWLRQ� WLPH

PHDVXUHPHQW�� $GGLWLRQDOO\� WKH� ELQGLQJ
DFWLYLW\�RI�WKH�PL[WXUH�ZDV�WHVWHG�ZLWK�D�QHZ
105�H[SHULPHQW�� 7KLV� WHFKQLTXH� LV� FDOOHG
67'�105� �VDWXUDWLRQ� WUDQIHU� GLIIHUHQFH�
DQG� FDQ� EH� XVHG� IRU� VFUHHQLQJ� FRPSRXQG
OLEUDULHV�IRU�ELQGLQJ�DFWLYLW\�WR�SURWHLQV�
7KH� FKHPLFDO� VKLIWV� RI� WKH� YDULRXV

FRPSRXQGV� ZLWK� GLIIHUHQW� IXFRVH� OLQNDJH
SDWWHUQV� ZHUH� DVVLJQHG� E\� 72&6<��
12(6<��� DQG� VHOHFWLYH� &26<��� DQG
72&6<�H[SHULPHQWV�� (VSHFLDOO\� WKH� +��
DQG�+��SURWRQ� VKLIWV� RI� WKH� IXFRVH� DUH� LQ�
GLFDWLYH� RI� WKH� OLQNDJH� SRVLWLRQ� WR� WKH
ODFWRVH��%\��'�DQG��'�67'�105�VSHFWURV�
FRS\� WZR�ELQGLQJ� OLJDQGV�ZLWK� ���� DQG� ���¶
IXFRV\ODWHG�ODFWRVH�FRUHV�ZHUH�FKDUDFWHUL]HG�
$� VSHFLDO� 72&6<� 67'� SXOVH� SURJUDP�ZDV
GHYHORSHG��6XEWUDFWLRQ�ZDV�SHUIRUPHG�SULRU
WR�)RXULHU� WUDQVIRUPDWLRQ�E\� SKDVH� F\FOLQJ�
,Q� WKH� FDVH� RI� WKH� �'� 67'� 105�
H[SHULPHQW�� VXEWUDFWLRQ� RFFXUV� DIWHU� HYHU\
VFDQ�E\�LQYHUWLQJ�WKH�UHFHLYHU�SKDVH�E\������
,Q� WKH� �'� 67'� 72&6<� 105�H[SHULPHQW
WKH� VXEWUDFWLRQ� WRRN� SODFH� DIWHU� D� FRPSOHWH
SKDVH�F\FOH�RI�WKH�UHVSHFWLYH�)��LQFUHPHQW�
,QGLFDWLRQV�RI� WKH�SRVLWLRQ�RI� WKH� VXOIDWH

JURXS� ZHUH� IRXQG� IRU� WKH� ���¶�IXFRV\O�
ODFWRVH��7KH�+��SURWRQ�RI�WKH�IXFRVH�VKRZV
DW� OHDVW� IRU� RQH� FRPSRXQG� D� VLJQLILFDQW
GRZQILHOG�VKLIW��7KLV�VKLIW�FDQ�RULJLQDWH�IURP
D�VXOIDWH�JURXS�ZKLFK� LV� LQ�SUR[LPLW\� WR� WKH
+��SURWRQ�
7KH� 7��UHOD[DWLRQ� WLPH� DQG� WKH� 67'

72&6<�H[SHULPHQWV�LQGLFDWH�WKDW�WKH�IXFRVH
DQG� JDODFWRVH� SURWRQV� KDYH� WKH� VWURQJHVW
LQWHUDFWLRQV�ZLWK�WKH�SURWHLQ�
7KH� H[DFW� ELQGLQJ� PRGH� RI� WKH� QDWLYH

OLJDQG� VLDO\O� /HZLV[� KDV� VWLOO� QRW� EHHQ
GHWHUPLQHG� XQDPELJXRXVO\��8S� WR� QRZ�� QR
FU\VWDOORJUDSKLF� GDWD� RI� D� FRPSOH[� RI� (�
VHOHFWLQ�ZLWK�VLDO\O�/HZLV[�LV�DYDLODEOH��%XW�LQ
DOO� &�OHFWLQV� WKH� FDUERK\GUDWH� LV� FRPSOH[HG
WR� WKH� SURWHLQ� E\� IRUPLQJ� FRRUGLQDWLRQ
ERQGV�ZLWK� D� FRQVHUYHG� FDOFLXP�� DV�ZHOO� DV
E\� K\GURJHQ� ERQGLQJ� ZLWK� DFLG� DQG� DPLGH
VLGHFKDLQV� WKDW� DOVR� FRRUGLQDWH� WR� WKH
FDOFLXP��7KH�HVVHQWLDO�DPLQR�DFLGV� LQYROYHG
LQ� FDUERK\GUDWH� ELQGLQJ� FRXOG� DOVR� EH
GHWHUPLQHG� E\� PXWDJHQHVLV� H[SHULPHQWV�
$GGLWLRQDOO\�� WKH� FRQIRUPDWLRQ� RI� WKH� VLDO\O
/HZLV[� WHWUDVDFFKDULGH� ERXQG� WR� (�VHOHFWLQ
ZDV� GHWHUPLQHG� IURP� WUDQVIHU� 12(
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�WU12(�� GDWD� IROORZHG� E\� D� GLVWDQFH�
JHRPHWU\�DQDO\VLV�
7KH� EDVLV� IRU� IXUWKHU� WKHRUHWLFDO� VWXGLHV

ZDV� JHQHUDWHG� ZLWK� D� GRFNLQJ� SURFHGXUH
�)OH[L'RFN��� ZKLFK� NHHSV� WKH� SURWHLQ� IL[HG
DQG� WKH� OLJDQG� IOH[LEOH�� 7KH� UHVXOWLQJ
VWUXFWXUH�LV�LQ�JRRG�DJUHHPHQW�WR�WKH�105�
DQDO\VLV�DQG�VKRZV�WKH�SUHGLFWHG�RULHQWDWLRQ
RI�VLDO\O�/HZLV[�LQ�WKH�ELQGLQJ�SRFNHW��,Q�WKLV
RULHQWDWLRQ�� WKH� IXFRVH� LV� FRRUGLQDWHG� ZLWK
WKH� ��K\GUR[\� JURXS� DQG� WKH� ��K\GUR[\
JURXS� WR� WKH� FDOFLXP� DWRP�� 7KH� ��K\GUR[\
JURXS� RI� WKH� JDODFWRVH� IRUPHG� PXOWLSOH
K\GURJHQ� ERQGV� WR� 7\U���� $VQ���� DQG
*OX���� $GGLWLRQDOO\�� D� K\GURJHQ� ERQG� ZDV
IRXQG� EHWZHHQ� WKH� ��K\GUR[\� JURXS� DQG
7\U���� 7KH� QHJDWLYHO\� FKDUJHG� FDUER[\
JURXS� ZDV� LQ� SUR[LPLW\� WR� WKH� JXDQLGLQR
JURXS� RI� $UJ���� 7KH� JOXFRVDPLQH� DQG� WKH
VLGH�FKDLQ�RI�WKH�VLDOLF�DFLG�ZHUH�QRW�LQ�FORVH
FRQWDFW�WR�WKH�SURWHLQ�
7KH�FUXFLDO�IHDWXUHV�RI�WKLV�ELQGLQJ�PRGH

LV� WKH� FRRUGLQDWLRQ� RI� WKH� IXFRVH� WR� WKH
FDOFLXP��WKH�SRVLWLRQ�RI�WKH�FDUER[\�JURXS�DW
$UJ����DQG�WKH�QHWZRUN�RI�K\GURJHQ�ERQGV
RI�WKH�JDODFWRVH��7KLV�RULHQWDWLRQ�FDQ�RQO\�EH
UHDFKHG�� LI� D� OLJDQG� FDQ� EULGJH� WKH� GLVWDQFH
RI�DERXW����c�EHWZHHQ�WKH�FDOFLXP�DQG�WKH
1η��DWRP�RI�WKH�$UJ���
,Q� D� GH� QRYR� GHVLJQ� SURFHVV� ZLWK� WKH

SURJUDP� /HDS)URJ�� DOO� SRVVLEOH� IXFRVH
OLQNDJH� FRPELQDWLRQV� WR� WKH� ODFWRVH� ZHUH
JHQHUDWHG�� 7KH� OLJDQGV� ZHUH� EXLOW� VWHSZLVH
DQG�FODVVLILHG�E\� WKHLU�ELQGLQJ�HQHUJ\��)LUVW�
WKH� ELQGLQJ� UHJLRQ� RI� WKH� IXFRVH� WR� WKH
FDOFLXP�FRXOG�EH�GHILQHG��6WDUWLQJ�IURP�WKLV
SRVLWLRQ��DOO�SRVVLEOH�VWUXFWXUHV�RI�WKH�IXFRVH
ZLWK� WKH� ODFWRVH� ZHUH� JHQHUDWHG� LQ� VLOLFR�
6XEVHTXHQWO\�� WKH� ODFWRVH� FRUH� ZDV� VXOIDWHG
UDQGRPO\��,Q�JRRG�DJUHHPHQW�ZLWK�WKH�105
GDWD�� WKH� ����IXFRV\O� ODFWRVH� LV� WKH� EHVW
OLJDQG�� 7KH� VXOIDWH� JURXS� RI� WKLV� FRPSXWHU
JHQHUDWHG� VWUXFWXUH� ZDV� LQ� WKH� ��SRVLWLRQ�
7KH����¶�IXFRV\O��¶�2�VXOIR� ODFWRVH�ZDV�DOVR
IRXQG�DV�D�OLJDQG�ZLWK�D�KLJK�ELQGLQJ�HQHUJ\�
7KH�FRQIRUPDWLRQ�RI�WKLV�FRPSRXQG�UHVXOWV
LQ� D� JRRG� PRGHO� IRU� WKH� GRZQILHOG� VKLIW
������ SSP�� RI� WKH� SURWRQ� UHVRQDQFH� RI� WKH
+��IXFRV\O�SURWRQ��,Q�WKLV�FRQILJXUDWLRQ��WKH
VXOIDWH�JURXS�LV�VLWXDWHG�LQ�WKH�YLFLQLW\�RI�WKH
+��SURWRQ�

�%HFDXVH� RI� WKH� VPDOOHU� GLVWDQFHV� RI� WKH
IXFRVH� WR� WKH� VXOIDWH� JURXS�� WKH� ELQGLQJ
PRGH� RI� DOO� VXOIDWHG� WULVDFFKDULGHV� GLIIHUV
IURP� WKH� RQH� RI� WKH� WHWUDVDFFKDULG� VLDO\O
/HZLV[�� ZKHUH� WKH� QHJDWLYHO\� FKDUJHG� JURXS
LV� ORFDWHG� DW� WKH� $UJ���� ,Q� DOO� VXOIDWHG
WULVDFFKDULGHV�� WKH�QHJDWLYHO\�FKDUJHG�VXOIDWH
JURXS� LV� SRVLWLRQHG� EHWZHHQ� /\V���� DQG
$UJ����� $SSDUHQWO\�� WKH� GLVWDQFH� EHWZHHQ
WKH� FDOFLXP� DQG� WKH� $UJ��� FDQQRW� EH
EULGJHG� E\� WKH� YLWXDOO\� JHQHUDWHG� VXOIDWHG
WULVDFFKDULGHV�
7KH�ERXQG�FRQIRUPDWLRQ�UHSUHVHQWV�RQO\

RQH� SRVVLEOH� FRQIRUPDWLRQ�� WKHUHIRUH� D
00&�VLPXODWLRQ� RI� WKH� PRVW� DFWLYH� PRQR
VXOIDWHG� WULVDFFKDULGHV� ZLWK� WKH� SURJUDP
*(*23� �JHRPHWU\� RI� JO\FRSURWHLQV�� ZDV
FDUULHG� RXW�� 7KH� PHWKRG� ZDV� FKRVHQ� WR
HQVXUH� WKDW� DOO� VWHULFDOO\� SRVVLEOH� FRQ�
IRUPDWLRQV� ZHUH� FRQVLGHUHG�� $GGLWLRQDOO\� D
FOXVWHU� DQDO\VLV� ZDV� SHUIRUPHG� WR� FUHDWH� D
PDWKHPDWLFDOO\� H[DFW� GHVFULSWLRQ� RI� WKH
SUHIHUUHG� FRQIRUPDWLRQV�� 7KH�PDMRU� FODVVHV
RI� WKLV� DQDO\VLV� UHSUHVHQW� HQHUJHWLFDOO\
IDYRUDEOH�FRQIRUPDWLRQV�
&RPSDULVRQ� RI� WKH� VWUXFWXUHV� LQ� WKH

ERXQG� VWDWH� ZLWK� WKH� DYHUDJHG� VWUXFWXUHV
IURP�WKH�PDMRU�FODVVHV�RI�WKH�FOXVWHU�DQDO\VLV
UHVXOWHG�LQ�D�JRRG�DJUHHPHQW��7KHUHIRUH��WKH
YLUWXDOO\� JHQHUDWHG� VWUXFWXUHV� DUH
HQHUJHWLFDOO\� UHDVRQDEOH� DQG� FRUUHVSRQG� WR
WKH�SUHIHUUHG�VWDWHV�RI�WKH�PROHFXOHV�
7KH� /HDS)URJ� VWUXFWXUH� RI� WKH� ����

IXFRV\O���2�VXOIR�ODFWRVH� VKRZV� D� FRQ�
IRUPDWLRQ�ZKLFK�LV�HTXLYDOHQW�WR�RQH�RI�WKH
PDMRU�JURXSV�RI�WKH�FOXVWHU�DQDO\VLV�
,Q� WKLV� WKHVLV�� D� 105�EDVHG� SRZHUIXO

VFUHHQLQJ� WRRO� IRU� LQYHVWLJDWLQJ� D� FRPSOH[
PL[WXUH� FRPSRVHG� RI� YHU\� VLPLODU� VXOIDWHG
WULVDFFKDULGHV�ZDV�HVWDEOLVKHG��7KH�ELRDFWLYH
FRPSRXQGV� FRXOG� EH� LGHQWLILHG� DQG
FKDUDFWHUL]HG��7KHVH� VWUXFWXUHV� DUH� GLIIHUHQW
IURP� WKH� QDWXUDO� OLJDQG� VLDO\O� /HZLV[�� 7KH
OLQNDJH�RI�WKH�IXFRVH�LV�LQ�WKH����RU�LQ�WKH��¶�
SRVLWLRQ�EXW�QRW� LQ� WKH� ��SRVLWLRQ��ZKLFK� LV
IRXQG� LQ� VLDO\O� /HZLV[�� ,Q� JRRG� DJUHHPHQW
ZLWK� WKHRUHWLFDO� PHWKRGV�� WKHVH� VWUXFWXUHV
DUH�QHZ�OHDGV�DV�DQWDJRQLVWV�WR�(�VHOHFWLQ�
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7. Experimenteller Teil

7.1 Probenpräparation

7.1.1 E-Selektin

'DV� (�6HOHNWLQ� ZXUGH� YRQ� GHU� )LUPD
&LED� *HLJ\� ]XU� 9HUI�JXQJ� JHVWHOOW�� 'LH� UH�
NRPELQDQWH�GHJO\FRV\OLHUWH�9DULDQWH� LVW� HLQH
,J*�&KLPlUH�� LQ�GHU�GLH�(FWRGRPlQHQ�YRQ
KXPDQHP� (�6HOHNWLQ� PLW� GHU� )F�5HJLRQ
HLQHV� KXPDQHQ� $QWLN|USHUV� GHU� .ODVVH� *�
NRPELQLHUW� ZXUGH50�71�� 'LH� 0ROHN�OPDVVH
EHWUlJW� ����N'D�� 'LH� $XIUHLQLJXQJ� HUIROJWH
�EHU�HLQH�6HSKDGH[�*����3:;/�6lXOH�
=XU� 8PSXIIHUXQJ� ZXUGH� HLQH� 8OWUD�ILO�

WUDWLRQ� PLW� HLQHU� &HQWULFRQ���� �$PLFRQ�
GXUFKJHI�KUW�� GLH� ]XYRU� VHFKVPDO� PLW� �� PO
XOWUDUHLQHQ� +�2� JHVS�OW� ZXUGH�� ����PJ
(�6HOHNWLQ� LQ� ������ PO� 3%6�3XIIHU� ZXUGH
VHFKVPDO� PLW� MH� �� PO� ,PLG]RO�'�� 3XIIHU
�,PLGD]RO�'�� ��� PPRO�O�� &D&O�� �� PPRO�O�
�������1D1��� S+� ������ ]HQWULIXJLHUW��'DV
(�6HOHNWLQ�ZXUGH�YRU�XQG�QDFK�GHU�8OWUDILO�
WUDWLRQ� ]XU� .RQ]HQWUDWLRQVEHVWLPPXQJ� PLW
HLQHP�89�6SHNWURPHWHU� �8YLNRQ� ����� 89�
�����6KLPDG]X��YHUPHVVHQ�

0.8481

0.4262

0

0.5

1

1.5

2

2.5

230 240 250 260 270 280 290 300 310 320

nm

E

0.5454 mg /ml 0.2727 mg /ml

$EELOGXQJ ��� 89�6SHNWUXP YRU GHU 8OWUD�
ILOWUDWLRQ� 'LH URWH .XUYH ]HLJW GLH 2ULJLQDOSUREH
������� PJ�PO�� 'LH %ODXH .XUYH ]HLJW GDV 89�
6SHNWUXP GHU KDOE YHUG�QQWHQ 3UREH� 'LH :HUWH
LQ GHU *UDILN ]HLJHQ GLH ([WLQNWLRQ EHL ��� QP�

1DFK� GHU� 8OWUDILOWUDWLRQ� ZXUGHQ� ����PJ
(�6HOHNWLQ�HUKDOWHQ��ZHOFKHV�HLQ�9HUOXVW�YRQ
����GDUVWHOOW�� )�U� GLH�105�$QDO\VH�ZXUGH
GLH� 3UREH� DXI� HLQ� (QGYROXPHQ� YRQ� �����O
NRQ]HQWULHUW��%HL�]ZHL�%LQGXQJVVWHOOHQ�HUJLEW
VLFK� HLQH� .RQ]HQWUDWLRQ� YRQ� ����� �PRO�O�
GDV� HLQHU� *HVDPWPHQJH� YRQ� ��� QPRO� %LQ�
GXQJVVWHOOHQ�HQWVSULFKW�

7.1.2 Die sulfatierte Trisaccharid-
Bibliothek

'LH� VXOIDWLHUWH� 7ULVDFFKDULG�%LEOLRWKHN
ZXUGH� YRQ� 2OH� +LQGVJDXO� ]XU� 9HUI�JXQJ
JHVWHOOW�� 'HU� 6\QWKHVHZHJ� LVW� DXI� 6HLWH� ��
GDUJHVWHOOW�� 'LH� *HVDPWPHQJH� GHU� 3UREH
EHWUlJW� ����PJ�� %HL� FD�� ���� YHUVFKLHGHQHQ
9HUELQGXQJHQ� HUJLEW� VLFK� I�U� HLQH� PRQR�
VXOIDWLHUWH� XQG� PRQRIXFRV\OLHUWH� .RP�
SRQHQWH��1DWULXPVDO]��EHL�HLQHP�0ROHNXODU�
JHZLFKW� YRQ� ������� J�PRO� LQ� �����O� '�2�
/|VXQJ� HLQH� .RQ]HQWUDWLRQ� YRQ� ����
�PRO�O��'DV�HQWVSULFKW�HLQHU�6XEVWDQ]PHQJH
YRQ� ����� QPRO� MH� .RPSRQHQWH�� )�U� GLH
105�([SHULPHQWH�ZXUGH�GLH�3UREH�YLHUPDO
LQ� MH� �� PO� '�2� ������ ��� 'HXWHUR� *PE+�
JHO|VW�XQG�O\RSKLOLVLHUW��$EVFKOLH�HQG�ZXUGH
GLH�6XEVWDQ]�%LEOLRWKHN�PLW�,PLG]RO�'��3XI�
IHU� DXI� HLQ� (QGYROXPHQ� YRQ� ���� �O� JH�
EUDFKW�

7.1.3 Die Mischung aus der
sulfatierten Trisaccharid-
Bibliothek und dem
E-Selektin

'LH� 67'�105�([SHULPHQWH� ZXUGHQ� LQ
HLQHU�0LVFKXQJ�YRQ�����]X���MH�.RPSRQHQWH
LP�9HUKlOWQLV� ]XP�(�6HOHNWLQ�GXUFKJHI�KUW�
%HL������O�/|VXQJVYROXPHQ�GHU� VXOIDWLHUWHQ
7ULVDFFKDULG�%LEOLRWKHN� DXV� ����� QPRO� MH
.RPSRQHQWH� HUJDE� VLFK� HLQH� 3URWHLQPHQJH
YRQ� ���� QPRO� ����� �O� GHU� 3URWHLQ�/|VXQJ
��������'DV�*HVDPWYROXPHQ�GLHVHU�0LVFKXQJ
EHOLHI�VLFK�DXI������O��,PLGD]RO�'��3XIIHU��
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7.1.4 Die Mischung aus Lactose,
2�-Fucosyl-lactose,
3-Fucosyl-lactose und dem
E-Selektin

'LH�/DFWRVH�ZXUGH�YRQ�GHU�)LUPD�6LJPD
EH]RJHQ�� 'LH� �¶�)XFRV\O�ODFWRVH� XQG� GLH
��)XFRV\O�ODFWRVH� ZDUHQ� EHL� &$/%,2�
&+(0� HUKlOWOLFK��$OOH� 9HUELQGXQJHQ� ODJHQ
DOV� α�β�*HPLVFK� GHU� *OXFRVH� YRU�� )�U� GLH
105�VSHNWURVNRSLVFKHQ� 8QWHUVXFKXQJHQ
DXI� %LQGXQJVDNWLYLWlW� ZXUGHQ� GLH� 9HUELQ�
GXQJHQ� PLW� HLQHP� hEHUVFKX�� MH� .RPSR�
QHQWH� YRQ� ������ LP� 9HUKlOWQLV� ]XP� (�6H�
OHNWLQ� HLQJHVHW]W�� 'LH� *HVDPWPHQJH� DQ
3URWHLQ�EHWUXJ�EHL�]ZHL�%LQGXQJVVWHOOHQ�GHV
(�6HOHNWLQ� �,J*� &KLPlUH�� ��� QPRO�� 'DV
3URWHLQ�ZXUGH� LQ�,PLG]RO�'��3XIIHU� �,PLGD�
]RO�'�����PPRO�O��&D&O����PPRO�O��������
1D1��� S+� � ����� JHO|VW�� )�U� GLH� 105�
3UREH�ZXUGHQ�]X������O�GHU�3URWHLQ�/|VXQJ�
�����O�HLQHU�/|VXQJ��,PLG]RO�'��3XIIHU��DXV
�����PRO�MH�.RPSRQHQWH�KLQ]XJHI�JW�

7.2 NMR-Experimente

$OOH� 105�([SHULPHQWH� ZXUGHQ� DQ� HL�
QHP� '5;� ���� 6SHNWURPHWHU� GHU� )LUPD
%UXNHU� DP� ,QVWLWXW� I�U� 2UJDQLVFKH� &KHPLH
LQ�+DPEXUJ� GXUFKJHI�KUW�� 'HU�0DJQHW� KDW
HLQH�PDJQHWLVFKH�,QGXNWLRQ�YRQ�������7HVOD
XQG� HLQH� /DUPRU�)UHTXHQ]� I�U� 3URWRQHQ
YRQ��������0+]�XQG��������0+]� I�U� ��&�
.HUQH��'HU� ���� KDUG�3XOV� I�U� 3URWRQHQ� KDW
HLQH� 3XOVOlQJH� YRQ� ���� �V� EHL� HLQHU� $E�
VFKZlFKXQJ�YRQ���G%�
$OOH� ([SHULPHQWH� ZXUGHQ�PLW� HLQHP� LQ�

YHUVHQ� �� PP� 7ULSHOUHVRQDQ]�3UREHQNRSI
PLW�=�*UDGLHQWHQ�XQG�DEJHVFKLUPWHQ�6SXOHQ
GXUFKJHI�KUW�� 'LH� 6SHNWUHQ� ZXUGHQ� EHL
����.�DXIJHQRPPHQ��'LH���'�([SHULPHQWH
ZXUGHQ�LQ�)��5LFKWXQJ�SKDVHQVHQVLWLY�GXUFK
733,� �WLPH� SURSRUWLRQDO� SKDVH� LQFUHPHQW�� DXI�
JHQRPPHQ�
�'LH� 0HVVXQJHQ� HUIROJWHQ� LQ� '�2�/|�

VXQJ� �'HXWHUR�*PE+�� �������� EHL� ����.�
'DV� +'2�6LJQDO� GLHQWH� DOV� LQWHUQHU� 6WDQ�
GDUG� XQG� ZXUGH� HLQHU� FKHPLVFKHQ� 9HU�
VFKLHEXQJ� YRQ� ����� SSP� ]XJHRUGQHW�� =X�
VlW]OLFK� HUIROJWH� HLQH� :DVVHUXQWHUGU�FNXQJ
LQ�)RUP�HLQHU�9RUVlWWLJXQJ�GHV�+'2�5HVR�

QDQ]�6LJQDOV100� �%HL� GHQ� 67'�105�([SHUL�
PHQWHQ� HUIROJWH� NHLQH� :DVVHUXQWHUGU�N�
NXQJ���'LH�$XVZHUWXQJ��3UR]HVVLHUXQJ��3KD�
VHQNRUUHNWXU��%DVLVOLQLHQNRUUHNWXU�XQG�.DOL�
EULHUXQJ�GHU�6SHNWUHQ��LQNOXVLYH�GHU�,QWHJUD�
WLRQ� GHU� �'�12(6<�([SHULPHQWH�� HUIROJWH
PLW� GHU� 6RIWZDUH� ;:,1105� �9HU�������
XQG� $XUHOLD� �9HU��� ������� GHU� )LUPD� %UXNHU
DXI� 6LOLFRQ�*UDSKLFV� :RUNVWDWLRQV� �,QG\�
2���2FWDQH��

7.2.1 1H-NMR-Experimente

$OOH� �'� �+� 105�([SHULPHQWH� XQG
�+�67'�105� ([SHULPHQWH� ZXUGHQ� PLW
HLQHU� VSHNWUDOHQ� :HLWH� YRQ� ��� SSP� DXIJH�
QRPPHQ�� $OOH� 6SHNWUHQ� ZXUGHQ� PLW� ���N
'DWHQSXQNWHQ� DXIJHQRPPHQ� XQG� YRU� GHU
)RXULHU�7UDQVIRUPDWLRQ�DXI����N�PLW�1XOOHQ
DXIJHI�OOW�� 'LHV� HQWVSULFKW� HLQHU� GLJLWDOHQ
$XIO|VXQJ� YRQ� ������ +]�3NW�� =XU� $SRGL�
VLHUXQJ�ZXUGH�GDV�),'�PLW� HLQHU�([SRQHQ�
WLDOIXQNWLRQ�PXOWLSOL]LHUW��OE� �������1DFK�GHU
3KDVHQNRUUHNWXU� ZXUGHQ� GLH� 3URWRQHQ�
VSHNWUHQ� HLQHU� DXWRPDWLVFKHQ� %DVLVOLQLHQ�
.RUUHNWXU�PLW�HLQHP�3RO\QRP�I�QIWHQ�*UD�
GHV� XQWHU]RJHQ�� =XU� 8QWHUGU�FNXQJ� GHU
3URWHLQUHVRQDQ]HQ�NDP�HLQ� VSLQORFN�3XOV�PLW
/lQJH�YRQ����PV�XQG�HLQHU�$EVFKZlFKXQJ
YRQ����G%�]XP�(LQVDW]�
�'LH� 2SWLPLHUXQJ� GHU� 9RUVlWWLJXQJ� HU�

IROJWH� GXUFK� �+� 67'� 105�([SHULPHQWH
PLW� XQWHUVFKLHGOLFKHU�$Q]DKO� DQ�*DXVV�3XO�
VHQ� ���� ��� ���� ���� ���� ���� ����PLW� ��.� VFDQV�
'LH� 3XOVOlQJH� EHWUXJ� ��� PV�� GHU� GHOD\
]ZLVFKHQ�GHQ�3XOVHQ�EHWUXJ� ���PV� XQG�GLH
3XOVVWlUNH� GHU� 9RUVlWWLJXQJ� ODJ� EHL� ��� G%�
'LH� (LQVWUDKOSRVLWLRQ� I�U� GLH� 9RUVlWWLJXQJ
GHV� 3URWHLQV� �RQ� UHVRQDQFH�� ZXUGH� I�U� GLH
105�([SHULPHQWH�PLW� GHU� VXOIDWLHUWHQ�7UL�
VDFFKDULG�%LEOLRWKHN�DXI�²�����+]�����SSP�
JHVHW]W�� 'LH� RII� UHVRQDQFH� )UHTXHQ]� EHWUXJ
������+]�����SSP���%HL������QPRO�MH�.RP�
SRQHQWH�ZXUGHQ�����QPRO�(�6HOHNWLQ� HLQJH�
VHW]W�� 'DV� 0LVFKXQJVYHUKlOWQLV� EHOLHI� VLFK
VRPLW�DXI�������MH�VXOIDWLHUWHQ�7ULVDFFKDULG�
'LH� �+�67'�105�([SHULPHQWH�GHU�0L�

VFKXQJ� DXV� /DFWRVH�� �¶�)XFRV\O�ODFWRVH� XQG
��)XFRV\O�ODFWRVH� ZXUGHQ� PLW� HLQHU� RQ
UHVRQDQFH� )UHTXHQ]� YRQ� �������� +]� DXIJH�
QRPPHQ�� (V� ZXUGHQ� ���� �PRO� MH� 9HUELQ�
GXQJ�HLQJHVHW]W��%HL�HLQHU�3URWHLQPHQJH�YRQ
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��� QPRO� HUJLEW� VLFK� HLQ� hEHUVFKX�� SUR
.RPSRQHQWH�YRQ��������'D�HV�VLFK�EHL�GHQ
67'� ([SHULPHQWHQ� XP� 'LIIHUHQ]PHVVXQ�
JHQ�KDQGHOW��ZXUGH�GLH�3KDVHQF\FOHQ� VR�JH�
ZlKOW�� GD�� EHL� GHQ� HLQGLPHQVLRQDOHQ�([SH�
ULPHQWHQ� GLH� 6XEWUDNWLRQ� MHZHLOV� DEZHFK�
VHOQG�QDFK�MHGHP�VFDQ�HUIROJWH��'DV�KHL�W��GLH
)UHTXHQ]� GHU� 9RUVlWWLJXQJ� ZHFKVHOW� HEHQ�
IDOOV� QDFK� MHGHP� VFDQ�� ,P��'� 67'�72&6<
([SHULPHQW� ZXUGH� GLH� 'LIIHUHQ]ELOGXQJ
QDFK� MHZHLOV� DFKW� VFDQV� GXUFKJHI�KUW�� E]Z�
GLH� ([SHULPHQWH� ZXUGHQ� DEZHFKVHOQG� I�U
MHGHV� ,QNUHPHQW� DOV� RQ� UHVRQDQFH� XQG� DOV� RII
UHVRQDQFH�6SHNWUXP�LQ�]ZHL�JHWUHQQWH�'DWHQ�
VlW]H� JHVSHLFKHUW�� 'LH� 'LIIHUHQ]ELOGXQJ� HU�
IROJWH�GDQQ�HUVW�QDFK�GHU�$NTXLVLWLRQ�
'LH�7��5HOD[DWLRQV]HLWPHVVXQJHQ�ZXUGHQ

PLW� GHU� &30*�3XOVVHTXHQ]� GXUFKJHI�KUW�
'LH�$Q]DKO�GHU� VFDQV�EHWUXJ� MH�([SHULPHQW
���VFDQV�
=XU� ,GHQWLIL]LHUXQJ� GHV� 6SLQV\VWHPV� GHU

)XFRVH�ZXUGHQ��'�72&6<�XQG��'�&26<�
([SHULPHQWH� GXUFKJHI�KUW�� 'LH� VHOHNWLYHQ
*DXVV�3XOVH� ���� PV�� ����� G%�� HUIROJWHQ� MH�
ZHLOV� DXI� GLH� )XFRVH� +��5LQJSURWRQHQ� GHU
α�/�����)XFRV\O�ODFWRVH� ������� SSP�� XQG
GHU� α�/����¶�)XFRV\O��ODFWRVH� ������� SSP��
'LH�VHOHNWLYHQ�72&6<�([SHULPHQWH�ZXUGHQ
MHZHLOV�PLW� ���� VFDQV� DXIJHQRPPHQ�� GLH� VH�
OHNWLYHQ�&26<�([SHULPHQWH�PLW���.�VFDQV�

7.2.2 2D-trNOESY

)�U� GLH� $XIQDKPH� GHU� �'�WU12(6<�
6SHNWUHQ� GHU� VXOIDWLHUWHQ� 7ULVDFFKDULG�%L�
EOLRWKHN� LQ�*HJHQZDUW� GHV�(�6HOHNWLQV� �0L�
VFKXQJVYHUKlOWQLV�� �������� ����� QPRO��
QPRO��ZXUGH�QDFK�GHP� HUVWHQ�π���3XOV� HLQ
VSLQORFN�3XOV�PLW�HLQHU�/lQJH�YRQ����PV�XQG
HLQHU�$EVFKZlFKXQJ� YRQ� ��� G%� HLQJHVHW]W�
'LH� $Q]DKO� GHU� W

�
�,QNUHPHQWH� EHWUXJ� ���

PLW�MHZHLOV���.�'DWHQSXQNWH�LQ����VFDQV��'LH
'DWHQPDWUL[� ZXUGH� YRU� GHU� )RXULHU�7UDQV�
IRUPDWLRQ� DXI� ��.� Ã� ��.�'DWHQSXQNWH� PLW
1XOOHQ�DXIJHI�OOW�XQG�LQ�)��XQG�)��PLW�HLQHU
π��� YHUVFKREHQHQ� 6LQXVTXDGUDW�)XQNWLRQ
PXOWLSOL]LHUW�� 1DFK� GHU� 3KDVHQ�NRUUHNWXU
ZXUGHQ� DOOH� WU12(6<�6SHNWUHQ� HLQHU� DXWR�
PDWLVFKHQ� %DVLVOLQLHQNRUUHNWXU� PLW� HLQHP
3RO\QRP�I�QIWHQ�*UDGHV�XQWHU]RJHQ�
'LH� %HVWLPPXQJ� GHU� WU12(�$XIEDXUD�

WHQ�HUIROJWH�GXUFK�GLH�$XIQDKPH�YRQ�6SHN�

WUHQ� PLW� XQWHUVFKLHGOLFKHQ� 0LVFK]HLWHQ�� ��
PV�����PV�����PV������PV�XQG�����PV��'LH
$XVZHUWXQJ� HUIROJWH� PLW� GHP� 3URJUDPP
$XUHOLD� �9HU��� ��������1DFK� HLQHP� DXWRPDWL�
VFKHQ� SHDN� SLFNLQJ� XQG� DQVFKOLH�HQGHU� ,QWH�
JUDWLRQ� GHU� 5HVRQDQ]HQ�� HUKLHOW� PDQ� GXUFK
HLQ�GRSSHOW�H[SRQHQWLHOOHQ�)LW�GLH�MHZHLOLJHQ
$XIEDXNXUYHQ�

f t p e ep t p t( ) ( )= ⋅ ⋅ −− ⋅ − ⋅0 12 1

7.2.3 2D STD NMR-Experimente

,Q� GLHVHU� $UEHLW� ZXUGHQ� ]XU� ,GHQWLIL]LH�
UXQJ�GHU� ELQGHQGHQ�.RPSRQHQWHQ� GHU� VXO�
IDWLHUWHQ� 7ULVDFFKDULG�%LEOLRWKHN� �� LQ� *H�
JHQZDUW� GHV� (�6HOHNWLQV� �� HLQ� �'� 67'
72&6<� DXIJHQRPPHQ�� 'HU� hEHUVFKX�� DQ
VXOIDWLHUWHQ� 7ULVDFFKDULG� EHWUXJ� MH� 6XEVWDQ]
���� ]X� �� �/LJDQG�3URWHLQ��� 'LH� 67'
72&6<�([SHULPHQWH� GHU� 0LVFKXQJ� DXV
/DFWRVH�� ���¶�)XFRV\O�ODFWRVH� XQG� ����)XFR�
V\O�ODFWRVH� HUIROJWHQ� PLW� HLQHP� 0LVFKXQJV�
YHUKlOWQLV�YRQ��������'LH�$Q]DKO�GHU� W

�
�,Q�

NUHPHQWH�EHWUXJ�����PLW�MHZHLOV���.�'DWHQ�
SXQNWH�LQ�����VFDQV���'DV�6WDQGDUG�72&6<�
([SHULPHQW� ZXUGH� PLW� ��� VFDQV� DXIJHQRP�
PHQ���'LH�'DWHQPDWUL[�ZXUGH�YRU�GHU�)RX�
ULHU�7UDQVIRUPDWLRQ� DXI� �� .� Ã� �� .� 'DWHQ�
SXQNWH�PLW�1XOOHQ� DXIJHI�OOW� XQG� LQ�)�� XQG
)��PLW�HLQHU�π���YHUVFKREHQHQ�6LQXVTXDGUDW�
)XQNWLRQ�PXOWLSOL]LHUW��1DFK�GHU�3KDVHQNRU�
UHNWXU� ZXUGHQ� GDV� 72&6<� XQG� GDV� 67'
72&6<�6SHNWUXP� HLQHU� DXWRPDWLVFKHQ� %D�
VLVOLQLHQNRUUHNWXU�PLW� HLQHP�3RO\QRP� I�QI�
WHQ�*UDGHV�XQWHU]RJHQ�

7.3 Theoretische Verfahren

$OOH� 'RFNLQJ� ([SHULPHQWH� ZXUGHQ� PLW
GHP�3URJUDPP�6\E\O��9HU�������XSGDWH���XQG
9HUV��� ����� �� 7ULSRV� ,QF��� DXI� HLQHU� 6LOLFRQ
*UDSKLFV�:RUNVWDWLRQ� �2���2FWDQH�� GXUFK�
JHI�KUW��$OOH�5HFKQXQJHQ�EDVLHUWHQ�DXI�GHP
7ULSRV� .UDIWIHOG101�102�� 'LH� $WRPODGXQJHQ
ZXUGHQ�QDFK�*DVWHLJHU� XQG�0DUVLOL� EHUHFK�
QHW103�104�� 'LH� 00&�6LPXODWLRQHQ� HUIROJWHQ
PLW�GHP�3URJUDPP�*(*23��9HU���������'LH
DQVFKOLH�HQGH�&OXVWHUDQDO\VH�ZXUGH�PLW�GHP
3URJUDPP�&/$*��9HU��������YRUJHQRPPHQ�
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7.3.1 Docking Experimente

'LH� GRFNLQJ� ([SHULPHQWH� GHV� V/H[� DP
(�6HOHNWLQ�HUIROJWH�PLW�GHU�ELRDNWLYHQ�.RQ�
IRUPDWLRQ�GHV�7HWUDVDFFKDULGV��9HUVFKLHGHQH
2ULHQWLHUXQJHQ�GHV�6LDO\O�/HZLV[� LQ�GHU�%LQ�
GXQJVUHJLRQ� GHU� &5'�'RPlQH� GHV� (�6H�
OHNWLQV�ZXUGHQ�DOV�6WDUWVWUXNWXU�JHWHVWHW�
'LH�α�/�����)XFRV\O�ODFWRVH�XQG�GLH�α�/�

���¶�)XFRV\O��ODFWRVH�� GLH� DOV� ELQGHQGH
+DXSWEHVWDQGWHLOH� GHU� VXOIDWLHUWHQ� 7ULVDF�
FKDULGELEOLRWKHN� LGHQWLIL]LHUW� ZHUGHQ� NRQ�
QWHQ�� ZDUHQ� HEHQIDOOV� DOV� /LJDQGHQ� *HJHQ�
VWDQG� YRQ� GRFNLQJ� ([SHULPHQWH�� 'D� HV� I�U
GLHVH� 9HUELQGXQJHQ� NHLQH� .RQIRUPDWLRQV�
GDWHQ�JLEW��ZXUGHQ�00&�6LPXODWLRQHQ�XQG
HLQ� VFKULWWZHLVHV�$XIEDXHQ�GHU�6WUXNWXU�PLW
GHP�3URJUDPPRGXO�/HDS)URJ�GXUFKJHI�KUW�

7.3.1.1 De novo-Design mit
LeapFrog

'DV� GH� QRYR� 3URJUDPP� /HDS)URJ�ZXUGH
]XP� $EWDVWHQ� GHU� %LQGXQJVUHJLRQ� PLW� GHU
α�/�)XFRVH� DOV� /LJDQG� XQG� DQVFKOLH�HQGHU
2SWLPLHUXQJ� GHU� 9HUNQ�SIXQJVSRVLWLRQ� DQ
/DFWRVH� YHUZHQGHW�� 'LHVHU� 6DW]� YRQ� /LJDQ�
GHQ�ZXUGH� DEVFKOLH�HQG� DQ� DOOHQ� UHOHYDQWHQ
3RVLWLRQHQ�GHU�/DFWRVH�YLUWXHOO�VXOIDWLHUW�
)�U�GLH�%HUHFKQXQJ�GHU�%LQGXQJVHQHUJLH

]ZLVFKHQ� GHP� /LJDQGHQ� XQG� GHP� 3URWHLQ
ZXUGHQ�IROJHQGH�(QHUJLHWHUPH�YHUZHQGHW�

���6WHULVFKH�XQG�(OHNWURVWDWLVFKH�(QHUJLH

∑=
s Gs

s
G

r

b
B

12
�

DEVWR�HQGHU $QWHLO GHV *LWWHUSXQNWHV YRP
=HQWUXP GHV :�UIHOV LQGHP VLFK HLQ $WRP GHV
3URWHLQV EHILQGHW �VLWH��

( )322 Rkai ⋅= �

DQ]LHKHQGHU $QWHLO GHU YDQ GHU :DDOV (QHUJLH GHV
/LJDQGHQ�

( )62Rkbi ⋅= �

DEVWR�HQGHU $QWHLO GHU YDQ GHU :DDOV (QHUJLH GHV
/LJDQGHQ�

=r $EVWDQG ]ZLVFKHQ /LJDQGDWRP XQG 3URWHLQDWRP

k,R � :HUWH GHU $WRPW\SHQ�

���/LJDQG�'HVROYDWDWLRQVHQHUJLH

∑ +−=
i

iGiGiGLS bBaAqQE
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s
G
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q
Q

2
�

HOHNWURVWDWLVFKHU $QWHLO GHV *LWWHUSXQNWHV YRP
=HQWUXP GHV :�UIHOV LQGHP VLFK HLQ $WRP GHV
3URWHLQV EHILQGHW �VLWH��

=sq /DGXQJ GHV 3URWHLQDWRPV�

=iq /DGXQJ YRP /LJDQGDWRP L�

∑=
s Gs

s
G

r

a
A

6
�

DQ]LHKHQGHU $QWHLO GHV *LWWHUSXQNWHV YRP
=HQWUXP GHV :�UIHOV LQGHP VLFK HLQ $WRP GHV
3URWHLQV EHILQGHW �VLWH��

( )

NAtome

tomeffbrückenaNWassersto
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'LHVHU .RHIIL]LHQW HQWVSULFKW HLQHU HLQIDFKHQ 46$5
%H]LHKXQJ XQG ZLUG PLW ���� PXOWLSOL]LHUW� EHYRU GLHVHU
:HUW PLW GHQ DQGHUHQ $QWHLOHQ GHU %LQGXQJVHQHUJLH
NRPELQLHUW ZLUG� (U HQWVSULFKW GHU ORJ�� 9HUWHLOXQJ
HLQHU 9HUELQGXQJ� LP 9DNXXP XQG LQ Zl�ULJHU
8PJHEXQJ�

�� .DYLWlWV�'HVROYDWDWLRQVHQHUJLH

( )
( )ungNeutralladAtomladung

dNeutralgraGradFaktorSE

−⋅
−⋅=

=Faktor ��

=Grad 'HU HOHNWURVWDWLVFKH *UDGLHQW GHV

*LWWHUSXQNWHV� GHU HLQHP 3URWHLQDWRP DP QlFKVWHQ OLHJW�
'HU *UDGLHQW GHV *LWWHUSXQNWV EHU�FNVLFKWLJW DOOH
HOHNWURVWDWLVFKHQ %HLWUlJH GHU .DYLWlWVDWRPH�

( )
2

2
D

XX
QGrad GA

A
−⋅⋅−=

=X ;�.RPSRQHQWH GHV HOHNWURVWDWLVFKHQ *UDGLHQWHQ�

=A .DYLWlWVDWRP�

=G *LWWHUSXQNW�

=dNeutralgra ���

=ungNeutrallad ��� �$EV� /DGXQJ��

=XVlW]OLFK ZHUGHQ GLH EHLGHQ 7HUPH EHJUHQ]W� 'HU HUVWH
XQG ]ZHLWH 7HUP LVW PLW PLQ� � XQG PD[� � EHJUHQ]W�

%HWUDFKWHW PDQ GLH )RUPHO HUJLEW VLFK DXV HLQHU
.RPELQDWLRQ HLQHV NOHLQHQ )HOGJUDGLHQWHQ PLW HLQHU
NOHLQHU $WRPODGXQJ RGHU HLQHV KRKHQ *UDGLHQWHQ
PLW HLQHU KRKHQ SDUWLHOOHQ $WRPODGXQJ ± HLQ JUR�HU
%HLWUDJ ]XU .DYLWlWVVROYDWDWLRQVHQHUJLH� 'LHVHU
%HLWUDJ VWHLJW TXDGUDWLVFK PLW GHU 'LIIHUHQ] ]X LKUHQ
1HXWUDOZHUWHQ� 6FKOHFKWH 6ROYDWDWLRQVHQHUJLHQ HUJHEHQ
VLFK DXV SRODUHQ $WRPHQ LQ XQSRODUHU 8PJHEXQJ XQG
DXV XQSRODUHQ $WRPHQ LQ SRODUHU 8PJHEXQJ�
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'LH� *U|�H� GHU� %R[�� GLH� GDV� %LQGXQJV�
HSLWRS� GHV� (�6HOHNWLQV� HLQVFKOLH�W�� KDW� GLH
'LPHQVLRQ�YRQ����c�Ã����c�Ã����c��'DV�GUHL�
GLPHQVLRQDOH� *LWWHU� ZXUGH� PLW� HLQHP� $E�
VWDQG� GHU�*LWWHUSXQNWH� YRQ� �����c� EHUHFK�
QHW�
,Q�GHU�HUVWHQ�3KDVH�ZXUGHQ�]ZHL��0LOOLR�

QHQ�6FKULWWH��PRYHV��GXUFKJHI�KUW��(V�ZXUGHQ
]XQlFKVW� QXU� IO\�� WZLVW�� ZHHG� XQG� VDYH
.RPPDQGRV� EHQXW]W�� 'LH� PD[LPDOH
6FKULWWZHLWH� EHWUlJW� I�U� GHQ� IO\� PRYH� ��� c
XQG�I�U�GHQ�WZLVW�PRYH�PD[LPDO�������,P�DQ�
VFKOLH�HQGHQ� UHILQHPHQW�ZXUGHQ�QRFK�ZHLWHUH
������� 6FKULWWH� PLW� PD[LPDO� �� c� XQG� ���
6FKULWWZHLWH�JHUHFKQHW��7DE������

Move Rel. Häufigkeit
(Phase I)

Rel. Häufigkeit
(Phase II)

Fly 5 -
Twist 1 -
Save 1 -
Join - 1
Weed 1 -

7DEHOOH ��� 5HODWLYH +lXILJNHLWHQ GHUPRYHV�

'LH� (QGSRVLWLRQ� GHU� α�/�)XFRVH� ZXUGH
GDQQ� DOV� QHXHU� 6WDUWSXQNW� I�U� GLH�2SWLPLH�
UXQJ�GHU�9HUNQ�SIXQJVWHOOH� DQ�/DFWRVH�YHU�
ZHQGHW�� -HW]W� ZXUGH� QXU� GHU� MRLQ� PRYH� YHU�
ZHQGHW��'DV�JHQDXH�3URWRNROO�GHU�HLQ]HOQHQ
PRYHV�LVW�GHP�6\E\O�0DQXDO�]X�HQWQHKPHQ81�
,Q�GHU�]ZHLWHQ�3KDVH��7DE������ZXUGH�GLH

2+�*UXSSH�LQ�HLQV�3RVLWLRQ�GHU�α�/�)XFRVH
JHJHQ� HLQ� :DVVHUVWRIIDWRP� VXEVWLWXLHUW�� GD
/HDS)URJ� QXU� :DVVHUVWRIIDWRPH� I�U� GLH
9HUNQ�SIXQJ�]ZHLHU�0ROHN�OH�DXVZlKOW�XQG
DQVFKOLH�HQG�DXFK�QXU�GLHVH�$WRPH�HQWIHUQW�
ZlUH� VRQVW� GLH� )ROJH� EHL� GHU� 9HUNQ�SIXQJ
YRQ� ]ZHL� +\GUR[\OJUXSSHQ� HLQH� SHUR[LGL�
VFKH�%LQGXQJ�XQG�NHLQH�JO\FRVLGLVFKHQ�%LQ�
GXQJ�
$OOH� +\GUR[\O�3RVLWLRQHQ� GHU� /DFWRVH

ZXUGHQ�DOV�P|JOLFKH�9HUNQ�SIXQJVYDULDQWHQ
PLW� GHU� �α�/�)XFRVH� IUHLJHJHEHQ�� )�U� GLH� �
XQG��¶�3RVLWLRQ�ZXUGHQ�DOOH�GUHL�JHVWDIIHOWHQ
ω�:LQNHO� EHU�FNVLFKWLJW�� 'LH� 6FKULWW�ZHLWH
GHV� JO\FRVLGLVFKHQ� ψ�:LQNHOV� GHU� α�/�
)XFRVH� EHWUXJ� ���� 'LH� $QIDQJVNRQIRU�
PDWLRQ�GHU�/DFWRVH�ZXUGH� DXV� HLQHU�00&�
6LPXODWLRQ� XQG� DQVFKOLH�HQGHU� &OXVWHU�
DQDO\VH�HUKDOWHQ��0LW�LQVJHVDPW�������6FKULW�
WHQ� HUKLHOW� PDQ� DOOH� 9HUNQ�SIXQJVYDULDQWHQ
LQ�LKUHU�HQHUJHWLVFK�J�QVWLJVWHQ�3RVLWLRQ��'LH

%R[�I�U�GLH�%LQGXQJVWDVFKH�ZXUGH�DXI����c�Ã
���c�Ã����c�HUZHLWHUW�
'LH� GULWWH� 3KDVH� EHLQKDOWHW� HLQH

2SWLPLHUXQJ�GHU�3RVLWLRQ�GHU�/LJDQGHQ�XQG
GHUHQ� .RQIRUPDWLRQ�� 0LW� ������� IO\� XQG
WZLVW� PRYHV� ZXUGH� GLHVHU� 2SWLPLHUXQJV�
SUR]H�� GXUFKJHI�KUW�� 'LH� 6FKULWWZHLWHQ
EHWUXJHQ���c�XQG������7DE������

Move Rel.
Häufigkeit
(Phase III)

Rel.
Häufigkeit
(Phase IV)

Rel.
Häufigkeit
(Phase V)

Fly 1 10 20
Twist 1 5 40
Save - 1 1
Join - 1 -
Weed - 1 -

7DEHOOH ��� 5HODWLYH +lXILJNHLWHQ GHUPRYHV�

$XVJHKHQG� YRQ� GHQ� MHZHLOV� EHVWHQ
/LJDQGHQ� GHU� YHUVFKLHGHQHQ� 9HUNQ�SIXQJV�
YDULDQWHQ� HUJDEHQ� VLFK� LQVJHVDPW� VLHEHQ
/LJDQGHQ�� =XVlW]OLFK�ZXUGH� GLH� $Q]DKO� GHU
/LJDQGHQ� XP� DOOH� JHVWDIIHOWHQ� 5RWDWLRQV�
NRQIRUPHUH� GHV� ω�:LQNHOV� HUZHLWHUW�� )�U
/LJDQGHQ� PLW� HLQHU� IUHLHQ� ��� XQG� �¶�2+
*UXSSH� ZXUGHQ� DOVR� QHXQ� 6WUXNWXUHQ
HUKDOWHQ��'LH�*HVDPW]DKO� YRQ� ��� /LJDQGHQ
ZXUGHQ� DQVFKOLH�HQG� LQ� 3KDVH� ,9� YLUWXHOO
VXOIDWLHUW��7DE������
0LW� ������ 6FKULWWHQ� ZXUGH� QHEHQ� GHP

MRLQ� .RPPDQGR� DXFK� GHU� WZLVW�� IO\�� VDYH
XQG�ZHHG�PRYH�YHUZHQGHW��'LH�6FKULWWZHLWHQ
EHWUXJHQ� �� c� XQG� ����� (V� VROOWH� VRPLW
JOHLFK]HLWLJ� GLH� YLUWXHOOH� 6XOIDWLHUXQJ� GHU
/DFWRVH� XQG� HLQH�2SWLPLHUXQJ�GHU�3RVLWLRQ
XQG� .RQIRUPDWLRQ� GHU� QHXHQ� /LJDQGHQ
GXUFKJHI�KUW� ZHUGHQ�� 'LH� $Q]DKO� GHU
JHQHULHUWHQ�6WUXNWXUHQ�EHOLHI�VLFK�DXI�����
,Q� GHU� OHW]WHQ� 3KDVH� �3KDVH� 9�� 7DE�� ���

PLW� LQVJHVDPW� ������� 6FKULWWHQ� ZXUGH� HLQ
UHILQHPHQW� EH]�JOLFK� GHU� .RQIRUPDWLRQ� XQG
GHU� 3RVLWLRQ� GHU� /LJDQGHQ� GXUFKJHI�KUW�
/HGLJOLFK�����6WUXNWXUHQ�ZXUGHQ�YHUZHQGHW�
GHUHQ� %LQGXQJVHQHUJLH� K|KHU� DOV
����NFDO�PRO� ZDUHQ� (V� ZXUGHQ� DXV�
VFKOLH�OLFK� IO\�� WZLVW� XQG� VDYH�.RPPDQGRV
YHUZHQGHW��'LH�PD[LPDOH�9DULDQ]�EHWUXJ�I�U
GHQ�IO\�PRYH���c�XQG�I�U�GHQ�WZLVW�PRYH�����
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7.3.1.2 Docking mit FlexiDock

$OOH� GRFNLQJ� ([SHULPHQWH� ZXUGHQ� PLW
GHP� 3URJUDPPRGXO� )OH[L'RFN� YRQ� GHU
PROHFXODU�PRGHOLQJ� VRIWZDUH�6\E\O�GXUFKJHI�KUW�
'LH� $Q]DKO� GHU� *HQHUDWLRQHQ� EHOLHI� VLFK
PD[LPDO� DXI� HLQH� 0LOOLRQ� SUR� ([SHULPHQW�
'LH� 6WDUWVWUXNWXU� HLQHU� QHXHQ� 6LPXODWLRQ
HUJDE� VLFK� DXV� GHU� (QGVWUXNWXU� GHU� YRUDQ�
JHJDQJHQHQ�5HFKQXQJ��'LHVHU�3UR]H��ZXUGH
VRODQJH�GXUFKJHI�KUW��ELV�VLFK�GLH�%LQGXQJV�
HQHUJLH�QLFKW�ZHLWHU�YHUEHVVHUWH�
:lKUHQG� GHU� 6LPXODWLRQ� ZXUGH� GDV

3URWHLQJHU�VW� LQ� VHLQHU� 6WUXNWXU� QLFKW� YHU�
lQGHUW�� 'LH� 7RUVLRQVZLQNHO� GHV� /LJDQGHQ
VLQG�MHGRFK�IUHL�GUHKEDU�
'LH� %HUHFKQXQJ� GHU� %LQGXQJVHQHUJLH

HUIROJWH� PLW� IROJHQGHQ� (QHUJLHWHUPHQ� GHV
7ULSRV�IRUFH�ILHOG101�102�

�� YDQ�GHU�:DDOV�(QHUJLH
�� (OHNWURVWDWLVFKHV�3RWHQWLDO
�� 7RUVLRQVSRWHQWLDO

,Q�$EZHLFKXQJ� YRQ�GHQ� 6WDQGDUGZHUWHQ
GHV� 7ULSRV� .UDIWIHOGHV� ZXUGH� HLQ� :DVVHU�
VWRII�YDQ�GHU�:DDOV�5DGLXV�YRQ���c�VWDWW�YRQ
����c��HLQ�:DVVHUVWRII�YDQ�GHU�:DDOV�HSVLORQ
YRQ������ VWDWW� ������XQG�HLQ�YDQ�GHU�:DDOV
FXWRII� YRQ� ��� c� VWDWW� �� c� YHUZHQGHW�� 'LH
'LHOHNWUL]LWlWVNRQVWDQWH� ZXUGH� DXI� HLQV
JHVHW]W�
)�U� GLH� ([SHULPHQWH� ZXUGHQ� IROJHQGH

3DUDPHWHU� YHUZHQGHW�� =XU� QlKHUHQ
(UNOlUXQJ� GHU� %HJULIIH� LVW� LP� +DQGEXFK
QDFK]XVHKHQ84�

Parametersatz FlexiDock

h_vdw_radius          1.0
h_vdw_epsilon         0.030
grid_bounds         x -10.0 10.0
grid_bounds        y -10.0 10.0
grid_bounds           z -10.0 10.0
max_saved             20
diel_const            1.0
hb_factor             0.7
dist_cutoff           16.0
e_thresh              20.0
grid_resolution       0.35
extra_dist            1.5
site_radius           1.0
site_score            100.0
proximity_mult        2.0
proximity_fract       0.1
dist_dep_diel         yes

use_charges           yes
use_tors              yes
use_constr            no
use_backbone          no
use_nonrot            no
use_grid_vdw          no
use_site_points       no
restart_run           no

bounds                Torsional 0.0 360.0
bounds                Rotation  0.0 360.0
bounds                TransX -4.0 4.0
bounds                TransY -4.0 4.0
bounds                TransZ -4.0 4.0
initial_bounds        Torsional 0.0 360.0
initial_bounds        Rotation 0.0 360.0
initial_bounds        TransX -2.0 2.0
initial_bounds        TransY -2.0 2.0
initial_bounds        TransZ -2.0 2.0
mut_window            Torsional 60.0
mut_window            Rotation 60.0
mut_window            TransX 0.5
mut_window            TransY 0.5
mut_window            TransZ 0.5
large_mut_window      Torsional 360.0
large_mut_window      Rotation 360.0
large_mut_window      TransX 2.0
large_mut_window      TransY 2.0
large_mut_window      TransZ 2.0
conv_thresh           Torsional 5.0
conv_thresh           Rotation 5.0
conv_thresh           TransX 0.1
conv_thresh           TransY 0.1
conv_thresh           TransZ 0.1
###
### chrom_rms increased from
{2.5,2.5,0.05,0.05,0.05} 3-11-98 jle
###
chrom_rms             Torsional 60.0
chrom_rms             Rotation 60.0
chrom_rms             TransX 0.1
chrom_rms             TransY 0.1
chrom_rms             TransZ 0.1
initial_chrom_rms     Torsional 60.0
initial_chrom_rms     Rotation 60.0
initial_chrom_rms     TransX 0.5
initial_chrom_rms     TransY 0.5
initial_chrom_rms     TransZ 0.5
gene_mut_thresh       Torsional 30.0
gene_mut_thresh       Rotation 30.0
gene_mut_thresh       TransX 0.3
gene_mut_thresh       TransY 0.3
gene_mut_thresh       TransZ 0.3
Xover_method          GA_XOVER_TP
scaling_method        GA_SCALE_RANK
parent_method         GA_PARENT_ROUL
gen_method            GA_GEN_STEADY

_STATE
island_method         GA_ISLAN_EXCHANGE
steady_state_method   GA_STEADY_STATE

_REPLACE
rot_trans             GA_RT_ALLOW
num_islands           1
pop_size              500
num_elite            1
num_random            3
gen_number            0
exchange_int          0
num_exchange          5
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print_interval        200
arch_interval         0
ss_Xover_chance       0.4 0.2
ss_mut_chance         0.4
Xover_chance          0.8
mut_chance            0.15
avg_Xover_chance      0.0
full_mut_chance       0.1
large_mut_chance      0.0
swap_mut_chance       0.25
tourney_chance        0.75
max_score             1e7
max_initial_score     0.0
box_sel_limit         0.4
crit_gene             0.95
crit_score            0.5
dupl_score_window     20.0
rank_increment        19000.0
rank_multiple         6.0
dynamic_mut_delta     0.02
max_dynamic_mut_delta 1.0
use_all_bonds         no
use_no_bonds          no
duplicate_check       yes
use_initial_geom      yes
print_settings        no
check_initial         no
exceed_window         no
avg_use_trans         no
dynamic_mut           no
gen_limit             1000
gen_limit   100000

7.3.2 MMC-Simulation

'DV�3URJUDPP�*(*23��JHRPHWU\�RI�JO\FR�
SURWHLQV��9HUV�������NRPELQLHUW�HLQ�HUZHLWHUWHV
+6($�.UDIWIHOG��KDUG�VSKHUH�H[R�DQRPHULF��XQG
GDV� (&(33���.UDIWIHOG� PLW� HLQHP� 0HWUR�
SROLV�0RQWH�&DUOR�$OJRULWKPXV86�
$OOH� 00&�6LPXODWLRQHQ� ZXUGHQ� PLW� HL�

QHP� 7HPSHUDWXUSDUDPHWHU� YRQ� ����� .
GXUFKJHI�KUW�� :HLWHUKLQ� ZXUGH� HLQH� DE�
VWDQGVDEKlQJLJH� 'LHOHNWUL]LWlWVNRQVWDQWH
PLW�GHP�:HUW�I�QI�YHUZHQGHW�
,P�3URJUDPP�*(*23�ZHUGHQ�GLH�S\UD�

QRVLGLVFKHQ�5LQJH�DOV�VWDUU�EHWUDFKWHW��VR�GD�
QXU�GLH�'LHGHUZLQNHO�φ�XQG�ψ�GHU�JO\FRVLGL�
VFKHQ� %LQGXQJ� XQG� ω� GHU� &��&��%LQGXQJ
YDULLHUW� ZHUGHQ�� =XVlW]OLFK� ZLUG� QRFK� GHU
JO\FRVLGLVFKH�%LQGXQJVZLQNHO�τ�ZlKUHQG�GHU
6LPXODWLRQ� YDULLHUW�� 'LH� :LQNHO� VLQG� ZLH
IROJW�GHILQLHUW��φ� �+��&��2��&;��ψ� �&��
2��&;�+;��ψ����  �&��2��&��&�� ω�  �2��
&��&��2��� φ� �6XOIDW��  � 2��6��2��&;�� ψ
�6XOIDW��  � 6��2��&;�+;� XQG� τ�  � &��2��
&;��+LHUEHL� LVW�PLW�;�GLH�9HUNQ�SIXQJVSR�
VLWLRQ�GHV�$JO\FRQV�EH]HLFKQHW�

�'LH�PD[LPDOHQ�6FKULWWZHLWHQ�I�U�GLH�9D�
ULDWLRQ�GHU�'LHGHUZLQNHO�φ��ψ�XQG�ω�XQG�GHU
JO\FRVLGLVFKH� %LQGXQJVZLQNHO� τ� GHU� YHU�
VFKLHGHQHQ� 6LPXODWLRQHQ� VLQG� QDFKIROJHQG
JH]HLJW�

∆ φ ∆ ψ ∆ ω ∆ τ
30.0 30.0 60.0 8.0

7DEHOOH ��� 0D[LPDOH 6FKULWWZHLWHQ GHU :LQNHO
ZlKUHQG GHU 00&�6LPXODWLRQ�

7.3.3 Clusteranalyse

'LH� JUR�HQ�'DWHQVlW]H� GHU�00&�6LPX�
ODWLRQHQ�ZXUGHQ�PLW�+LOIH� HLQHU�&OXVWHUDQD�
O\VH�XQWHUVXFKW� �&/$*��&OXVWHU�DQDO\VH�YRQ
*O\FRSURWHLQHQ��9HUV���������=LHO�ZDU�HV��GLH
HQHUJHWLVFK� J�QVWLJVWHQ� +DXSWIDPLOLHQ� YRQ
0ROHN�OHQ�DXV�GHQ�6LPXODWLRQHQ�]X�HUKDOWHQ
XQG� GHUHQ� .RQIRUPDWLRQHQ� I�U� ZHLWHUH
GRFNLQJ�([SHULPHQWH�]X�YHUZHQGHQ�
�'HU�.RUUHODWLRQVNRHIIL]LHQW�]ZHLHU�.RQ�

IRUPDWLRQHQ� $�%� PLW� GHQ� :LQNHOYHNWRUHQ
( )maaa ,...,1= � XQG� ( )mbbb ,...,1= � ZLUG� EH�

UHFKQHW��LQ�GHP�PDQ�]XQlFKVW�GLH�:LQNHO�DOV
3XQNWH� DXI� GHP� (LQKHLWVNUHLV� DXIIDVVW�� GLH
GXUFK�FRV�XQG�VLQ�UHSUlVHQWLHUW�ZHUGHQ��0DQ
HUKlOW�DOVR�]ZHL�9HNWRUHQ�
� ( )mm aaaaa sin,cos,...,sin,cos' 11== �XQG� 'b �
'LHVHV� VLQG�9HNWRUHQ� LP�5�P� �� GLH� HLQHQ

:LQNHO� α (0°−180°) HLQVFKOLH�HQ�� -H� JU|�HU
GHU�:LQNHO� LVW�� GHVWR� XQWHUVFKLHGOLFKHU� VLQG
GLH�9HNWRUHQ��$OVR�QLPPW�PDQ�DOV�.RUUHOD�
WLRQVNRHIIL]LHQW��FRV�α GHU����DXI���XQG�����
DXI� ²�� DEELOGHW��'D�PDQ�:HUWH� ]ZLVFKHQ� �
XQG� �� HUKDOWHQ� P|FKWH�� WUDQVIRUPLHUW� PDQ

GLH�:HUWH�QRFK�LQ�GLHVHV�,QWHUYDOO� ( )






 +

2
1x �

'HQ� FRV� α� HUKlOW� PDQ� �EHU� GDV� 6NDODU�
SURGXNW�DXV�GHU�*OHLFKXQJ

αcos, ⋅⋅= baba

:HJHQ� 1xsinxcos 22 =+ �JLOW�
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$XVVHUGHP� JLOW� IROJHQGHV� $GGLWLRQV�
WKHRUHP��

( ) bababa sinsincoscoscos ⋅+⋅=−

( ) ( )baba

baba

babaa,b

m

mmmm

−++−=
⋅+⋅+

+⋅+⋅=⇒

cos...cos             

sinsincoscos                

...sinsincoscos

11

1111

$OVR�JLOW��
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= −
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111 cos...cos
cos

m

baba mmα

'LHV� LVW� GLH�*OHLFKXQJ� I�U� GHQ� )DOO�� GD�
DOOH�:LQNHO�PLW���JHZLFKWHW�ZXUGHQ�
8P� DOOH� ,QIRUPDWLRQHQ� EHL� GHU� &OXVWH�

UXQJ� ]X� HUKDOWHQ�� DUEHLWHW� GDV� 3URJUDPP
QLFKW�PLW�HLQHU�Q� ⋅�Q�VRQGHUQ�PLW�HLQHU��Q� ⋅
�Q� 0DWUL[�� 9RU� GHU� HUVWHQ� =XVDPPHQI�K�
UXQJ�EHLGHU�.RQIRUPDWLRQHQ�KDW�GLH�0DWUL[
LP� REHUHQ� OLQNHQ� 9LHUWHO� DOV� (LQWUlJH� GHQ
.RUUHODWLRQVNRHIIL]LHQWHQ�� 'LH� 'LDJRQDO�
HOHPHQWH� ZHUGHQ� DXI� �� JHVHW]W�� GD� VLH� GLH
.RUUHODWLRQ� PLW� VLFK� VHOEVW� UHSUlVHQWLHUHQ�
$OOH�DQGHUHQ�(OHPHQWH�ZHUGHQ�]XQlFKVW�DXI
��JHVHW]W�
$XVVHUGHP�YHUI�JW�MHGH�=HLOH�6SDOWH��EHU

HLQH� 6SHUUH�� GLH� EHL� $NWLYLHUXQJ� GLH
HQWVSUHFKHQGH�=HLOH�6SDOWH� DXVEOHQGHW��'DV
3URJUDPP� VXFKW� QXU� LQ� GHQ� 6SDOWHQ� XQG
=HLOHQ� QDFK� GHQ� EHVWHQ� .RUUHODWLRQV�
NRHIIL]LHQWHQ��GLH�IUHLJHJHEHQ�VLQG�
=X� %HJLQQ� VLQG� GLH� HUVWHQ� Q

.RQIRUPDWLRQHQ� IUHL� XQG� GLH� IROJHQGHQ
JHVSHUUW�� %HL� GHU� HUVWHQ� =XVDPPHQI�KUXQJ
ZLUG� GLH� Q��QWH� 6SDOWH� JH|IIQHW� XQG� GLH
EHLGHQ� 8UVSUXQJVNRQIRUPDWLRQHQ� JHVSHUUW�
'DQDFK� ZHUGHQ� GLH� HQWVSUHFKHQGHQ
.RUUHODWLRQVNRHIIL]LHQWHQ� LQ� GLH� QHXH
=HLOH�6SDOWH� HLQJHWUDJHQ�� $XVVHUGHP� ZLUG
DOV� (UNHQQXQJVPHUNPDO� I�U� GHQ� 8USUXQJ
GHU�YLUWXHOOHQ�.RQIRUPDWLRQ�DQ�GHQ�6WHOOHQ�
ZR�GHU�.RUUHODWLRQVNRHIIL]LHQW�PLW�GHQ�FKLOGV
HLQJHWUDJHQ� ZHUGHQ� P�VVWH�� ��� HLQJHWUDJHQ�
,VW� HLQ� FKLOG� EHUHLWV� HLQH� YLUWXHOOH
.RQIRUPDWLRQ��ZLUG�PLWJH]lKOW��ZLH�YLHOH�GHU
UHDOHQ� .RQIRUPDWLRQHQ� LQ� GLHVHU� *UXSSH
VLQG� XQG� GLHVH� =DKO� PLW� QHJDWLYHQ
9RU]HLFKHQ� HLQJHWUDJHQ�� 'DGXUFK� OlVVW� VLFK
VSlWHU� OHLFKW� UHNRQVWUXLHUHQ�� ZLH� JUR�� GLH
*UXSSHQ�VLQG�

'LHVHU�9RUJDQJ�ZLUG�QXQ� VR�RIW�ZLHGHU�
KROW��ELV�QXU�QRFK�HLQH�*UXSSH��EULJ�LVW�
'HU� $XVJDQJVSXQNW� GHU� 'LVNULPLQDQ]�

DQDO\VH� ZDU� GLH� .ODVVHQHLQWHLOXQJ� DXV� GHU
&OXVWHUDQDO\VH��'LH�GRUW� JHIXQGHQHQ�0LWWHO�
ZHUWH� XQG� 6WDQGDUGDEZHLFKXQJHQ� GHU�.ODV�
VHQ� GLHQHQ� DOV� 9HUJOHLFKVZHUW� I�U� GLH� =X�
RUGQXQJ� GHU� .RQIRUPDWLRQHQ� LQ� GLH� .ODV�
VHQ�� 'LH� .RQIRUPDWLRQHQ� ZXUGHQ� QDFK�
HLQDQGHU� DXV� GHU� 00&�6LPXODWLRQ� JHOHVHQ
XQG� GHQ� .ODVVHQ� ]XJHRUGQHW�� 'DEHL� ZXUGH
HLQH� VRJHQDQQWH� 5HVWNODVVH� HLQJHI�KUW�� GLH
DOOH�.RQIRUPDWLRQHQ�DXIQLPPW��GLH�GLH�=X�
RUGQXQJVNULWHULHQ�EHL�NHLQHU�.ODVVH�HUI�OOHQ�
(UI�OOW� HLQH� .RQIRUPDWLRQ� GLH� .ULWHULHQ� LQ
PHKUHUHQ�.ODVVHQ��ZXUGH� VLH�GHUMHQLJHQ� ]X�
JHRUGQHW�� PLW� GHU� VLH� GHQ� EHVWHQ� bKQOLFK�
NHLWVNRHIIL]LHQWHQ� KDWWH�� 'DV� =XRUGQXQJV�
NULWHULXP�ZDU�GDV�σ���.ULWHULXP��,Q�GHQ�QHX
JHELOGHWHQ� .ODVVHQ� ZXUGHQ� ZLHGHU� 0LWWHO�
ZHUWH�XQG�6WDQGDUGDEZHLFKXQJHQ�EHUHFKQHW�
'DV� σ�.ULWHULXP� SU�IW�� RE� HLQH

.RQIRUPDWLRQ� LQ� GHU� σ�8PJHEXQJ� GHU

.ODVVH� OLHJW�� $OV� 9HUJOHLFKVZHUWH� GLHQWHQ
GDEHL� GLH� 0LWWHOZHUWH� XQG� 6WDQGDUG�
DEZHLFKXQJHQ�DXV�GHU�&OXVWHUDQDO\VH��'DEHL
ZXUGH� I�U� MHGHQ� :LQNHO� JHSU�IW�� RE� GHU
$EVWDQG� GHV� :LQNHOV� ]XP� 0LWWHOZHUW� GHU
.ODVVH� NOHLQHU� LVW� DOV� GLH� 6WDQGDUG�
DEZHLFKXQJ�� ,VW� GLHV� I�U� PLQGHVWHQV� HLQHQ
:LQNHO� QLFKW� GHU� )DOO�� JLOW� GDV� σ�.ULWHULXP
DOV� QLFKW� HUI�OOW�� 'DEHL� ZXUGHQ� GLH� :LQNHO
PLW� 1XOOJHZLFKW� QLFKW� EHU�FNVLFKWLJW�� ,Q
DOOHQ� $QDO\VHQ� ZXUGH� DOV� σ�.ULWHULXP� GDV
]ZHLIDFKH� GHV� MHZHLOLJHQ� σ�:HUWHV� GHU
HQWVSUHFKHQGHQ�:LQNHO�HLQJHVHW]W�
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8. Pulsprogramme

8.1 1D STD NMR-Experiment

;zgdiffspsl2.os
;avance-version
;1D difference sequence with f2 presaturation
,defined by frequency list
;presaturation by shaped pulses
;frequency alternates after every scan
;spin lock for protein suppression

;Avance.incl
"/u/exp/stan/nmr/lists/pp/zgdiffspsl2.os"

1 ze
2 d1
3 d12 pl1:f1
   d7 fq1:f2
4 p11:sp1:f2
   d11
   lo to 4 times l0
   p1 ph1
   d12 pl2:f1
   p2 ph2
   go=2 ph31
   wr #0
exit

ph1=0 2 2 0 1 3 3 1 2 0 0 2 3 1 1 3
ph2=1 3 1 3 2 0 2 0
ph31=0 0 2 2 1 1 3 3 2 2 0 0 3 3 1 1

;*******Power Level**********
;pl1 : f1 channel - power level for pulse (default)
;pl2 : f1 channel - power level for spin lock pulse
(10-15 dB)
;sp1 : f2  - channel - power level for shaped pulse
;between 40 -70 dB depending on protein and
,ligand
;
;**********Pulse*************
;p1 : f1 channel -  90 degree high power pulse
;p2 : f1 channel - spin lock pulse for protein suppr.
,(10-30 ms, depending on the protein)
;p11 : f2 channel - presaturation shaped pulse
,(gauss ca. 50 msec)
;
;**********Delays************
;d1 : relaxation delay; 1-5 * T1
;d7 : additional delay (if nessesary) for complete T1
,relaxation [min 20usec]
;d11 : delay between shaped presat pulses
,[1 msec]
;
;presaturation = (p11 + d11) * l7   (presaturation
;should be around 2 sec)
;
;fq1 : define frequencies for on and off resonance
,presaturation
;O 499,87000 on resonance 8x(6000HZ) off
;resonance 8x(10000HZ)
;NS = 16*n
;DS = 16

8.2 T
2
-Relaxationsmessung

;cpmgpr_os   OS 03/98
;avance-version
;T2 measurement using Carr-Purcell-Meiboom-Gill
,sequence

#include <Avance.incl>

;;"p2=p1*2"
;;"d11=30m"

1 ze
2 d12 pl9:f1
   d1 cw:f1
   d13 do:f1
   d12 pl1:f1
   p1 ph1
3 d20
   p2 ph2
   d20
   lo to 3 times c
   go=2 ph31
   d11 wr #0 if #0 ivc
   lo to 1 times l4
exit

ph1=0 0 2 2 1 1 3 3
ph2=1 3 1 3 0 2 0 2
ph31=0 0 2 2 1 1 3 3

;*******Power Level**********
;pl1 : f1 channel - power level for pulse (default)
;pl9 : f1 channel - power level for presaturation
;
;**********Pulse*************
;p1 : f1 channel -  90 degree high power pulse
;p2 : f1 channel - 180 degree high power pulse
;
;**********Delays************
;d1 : relaxation delay; 1-5 * T1
;d11: delay for disk I/O               [30 msec]
;d20: fixed echo time to allow elimination of diffusion
;and J-mod. effects
;d12: delay for power switching     [20 usec]
;d13: short delay                              [3 usec]
;
;vc : variable loop counter, taken from vc-list
;L4: l4 = number of experiments = number of values
,in vc-list
;NS: 8 * n
;DS: 16
;td1: number of experiments
;
;define VCLIST
;this pulse program produces a ser-file (PARMOD =
,2D)
;d20: d20 should be << 1/J ,but > (50 * P2)
;vc : vc should contain even numbers to provide
;for cancellation of 180 degree pulse errors



Pulsprogramme

��

8.3 trNOESY-Experiment

;noeprtpslzq   OS 8/97
;avance-version
;TRNOE measurement
;dipolar coupling may be due to trnoe or chemical
,exchange.
;phase sensitive using TPPI
;with presaturation during relaxation delay and
,mixing time
;with T1roh filter after first 90 deg pulse (Scherf &
,Anglister
;Biophys. J. 64, 754-761 (1993))
;zero quantum dephasing using a gradient and spin-
,locking
;at the same time (Davis et al. JMR A 105, 167-183
,(1993))
;with a gradient in the mixing time for water
,suppression
;
;Avance.incl
;Grad.incl  -  include file for Gradient Spectroscopy
;
;;"d0=3u"
;;"d11=30m"
;;"d12=20u"
;;"d13=3u"

1 ze
2 d11
3 d12 pl9:f1
   d1 cw:f1
   d13 do:f1
   d12 pl1:f1
   50u setnmr2|0 setnmr0|34
   p1 ph1
   d12 pl2:f1
   p2 ph4                  ;T1roh filter
   d0
   d12 pl5:f1
   (p5 ph5):f1 (p15:gp5)   ;spin-lock and gradient
   d16
   d12 pl1:f1
   p1 ph2
   d12 pl9:f1
   d8 cw:f1
   d13 do:f1
   d12 pl1:f1
   p16:gp2
   d16
   3u  setnmr2^0 setnmr0^34
   p1 ph3
   go=2 ph31
   d11 wr #0 if #0 id0 ip1 zd
   d11 ip4
   lo to 3 times td1
exit

ph1=0 2
ph2=0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2
ph3=0 0 2 2 1 1 3 3
ph4=1 3
ph5=1 3
ph6=0 2 1 3
ph31=0 2 2 0 1 3 3 1 2 0 0 2 3 1 1 3

;*******Power Level**********
;pl1 : f1 channel - power level for pulse (default)
;pl2 : f1 channel - power level for T1roh filter (10-15
dB)
;pl5 : f1 channel - power level for spin-lock (~ 8 dB)
;pl9 : f1 channel - power level for presaturation
;
;**********Pulse*************
;p1 : f1 channel -  90 degree high power pulse
;p2 : f1 channel - spin lock pulse (10-20 ms,
dependent on the protein)
;p5 : f1 channel -  spin-lock pulse
;p15: gradient for zero quantum dephasing  [2.5 ms]
;p16: gradient for water suppression during mixing
time [1-2 ms]
;
;**********Delays************
;d0 : incremented delay (2D)                     [3 usec]
;d1 : relaxation delay; 1-5 * T1
;d8 : mixing time with presaturation
;d11: delay for disk I/O                          [30 msec]
;d12: delay for power switching                 [20 usec]
;d13: short delay                                        [3 usec]
;d16: gradient recovery delay                    [50 us]
;
;in0: 1/(2 * SW) = DW
;nd0: 2
;NS: 8 * n
;DS: 16
;td1: number of experiments
;MC2:  TPPI
;
;**********Gradienten*********
;gradient ratios of ~ 8 % corresponds appr. to the
,spin-lock of 8 dB

8.4 2D STD TOCSY-Experiment

;mlevprtpspdf.os 08/98
;avance-version
;homonuclear Hartman-Hahn transfer using
,MLEV17 sequence
;for mixing
;using two power levels for excitation and Spinlock
;presat with shaped pulse defined by frequency list
;internal substraction
;phase sensitive using TPPI
;A. Bax & D.G. Davis, J. Magn. Reson. 65, 355-360
,(1985)

#include <Avance.incl>

"p5=p6*.667"
"p7=p6*2"
"d0=3u"
"d11=30m"
"d12=20u"
"d13=3u"

1 ze
2 d12 fq1:f2
3 d12 pl1:f1
4 p11:sp1:f2
   d14
   lo to 4 times l7
   p1 ph1
   d0
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   d12 pl10:f1
   (p17 ph26)
5 (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph24 p7 ph25 p6 ph24)
   (p5 ph23)
   lo to 5 times l1
   (p17 ph26)
   go=2 ph31
   d11 wr #0 if #0 id0 ip1 zd
   lo to 2 times td1
exit

ph1=0 2 2 0 1 3 3 1 0 2 2 0 1 3 3 1
ph22=3 1 3 1 0 2 0 2 3 1 3 1 0 2 0 2
ph23=0 2 0 2 1 3 1 3 0 2 0 2 1 3 1 3
ph24=1 3 1 3 2 0 2 0 1 3 1 3 2 0 2 0
ph25=2 0 2 0 3 1 3 1 2 0 2 0 3 1 3 1
ph26=0 2 0 2 1 3 1 3 0 2 0 2 1 3 1 3
ph31=0 2 2 0 1 3 3 1 2 0 0 2 3 1 1 3

;*******Power Level**********
;pl1 : f1 channel - power level for pulse (default)
;pl10: f1 channel - power level for TOCSY-Spinlock
;sp1 : f2 - channel shaped pulse power level 30 -70
;dB
;
;**********Pulse*************
;p1 : f1 channel -  90 degree high power pulse
;p5 : f1 channel -  60 degree low power pulse
;p6 : f1 channel -  90 degree low power pulse
;p7 : f1 channel - 180 degree low power pulse
;p17: f1 channel - trim pulse                  [2.5 msec]
;
;**********Delays************
;d0 : incremented delay (2D)       [3 usec]
;d7 : relaxation delay; 1-5 * T1
;d11: delay for disk I/O                           [30 msec]
;d12: delay for power switching              [20 usec]
;d13: short delay                                     [3 usec]
;d14: delay between presat pulses         [1 msec]
;
;L1: loop for MLEV cycle: (((p6*64) + p5) * l1) +
;(p17*2) = mixing time
;l7: loop counter, (d14 + p11) * l7 = presaturation
;time
;in0: 1/(2 * SW) = DW
;nd0: 2
;NS: 16 * n
;DS: 16
;td1: number of experiments
;MC2: TPPI
;fq1 : define frequencies for on and off resonance
;presaturation
;O1 499,87000 on resonance (20000HZ) off
;resonance (-3000HZ)

8.5 2D STD TOCSY-Experiment
(epitope mapping)

;stdmlev2fds
;O. Schuster, M. Mayer, B. Meyer, Department of
;Chemistry
;University of Hamburg, Germany
;email: bernd_meyer@sgi1.chemie.uni-hamburg.de
;avance-version
;homonuclear Hartman-Hahn transfer using
,MLEV17 sequence
;for mixing
;using two power levels for excitation and Spinlock
;writing two files with dslist, subtracion of processed
;data only
;presat with shaped pulse defined by frequency list
;f1
;phase sensitive using TPPI
;A. Bax & D.G. Davis, J. Magn. Reson. 65, 355-360
;(1985)
;dummy scans performed after every frequency
;switch

# 1 "/u/exp/stan/nmr/lists/pp//Avance.incl"
;Avance.incl

"p5=p6*.667"
"p7=p6*2"
"d0=3u"
"d11=30m"
"d12=20u"
"d13=3u"

1 ze
   3u fq1:f2
2 d11
3 d7 pl1:f1
4 p11:sp1:f2
   d14
   lo to 4 times l7
   p1 ph1
   d0
   d12 pl10:f1
   (p17 ph26)
5 (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph24 p7 ph25 p6 ph24)
   (p5 ph23)
   lo to 5 times l1
   (p17 ph26)
   go=2 ph31
   d9 wr #1 if #1 ze fq1:f2
   goto 7
6 d11
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7 d7 pl1:f1
8 p11:sp1:f2
   d14
   lo to 8 times l7
   p1 ph1
   d0
   d12 pl10:f1
   (p17 ph26)
9 (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph22 p7 ph23 p6 ph22)
   (p6 ph24 p7 ph25 p6 ph24)
   (p6 ph24 p7 ph25 p6 ph24)
   (p5 ph23)
   lo to 9 times l1
   (p17 ph26)
   go=6 ph31
   d9 wr #2 if #2 id0 ip1 ze fq1:f2
   lo to 3 times td1
exit

ph1=0 2 2 0 1 3 3 1
ph22=3 1 3 1 0 2 0 2
ph23=0 2 0 2 1 3 1 3
ph24=1 3 1 3 2 0 2 0
ph25=2 0 2 0 3 1 3 1
ph26=0 2 0 2 1 3 1 3
ph31=0 2 2 0 1 3 3 1

;*******Power Level**********
;pl1 : f1 channel - power level for pulse (default)
;pl10: f1 channel - power level for TOCSY-Spinlock
;sp1 : f2 - channel shaped pulse power level 50 -60
;dB
;
;**********Pulse*************
;p1 : f1 channel -  90 degree high power pulse
;p5 : f1 channel -  60 degree low power pulse
;p6 : f1 channel -  90 degree low power pulse
;p7 : f1 channel - 180 degree low power pulse
;p17: f1 channel - trim pulse                    [2.5 msec]
;p11: shaped pulse                                  [50  msec]
;
;**********Delays************
;d0 : incremented delay (2D                    [3 usec]
;d7 : relaxation delay; 1-5 * T1
;d9 : delay between on and off resonance switch
;[min 30msec]
;d11: delay for disk I/O                            [30 msec]
;d12: delay for power switchi                   [20 usec]
;d13: short delay                                      [3 usec]
;d14: delay between presat pul               [1 msec]
;
;L1: loop for MLEV cycle: (((p6*64) + p5) * l1) +
;(p17*2) = mixing time
;l7: loop counter, (d14 + p11) * l7 = presaturation
;time
;in0: 1/(2 * SW) = DW

;nd0: 2
;NS: 8 * n
;DS: 2-4
;td1: number of experiments
;MC2: TPPI
;
;fq1 : define frequencies for on and off resonance
;presaturation
;O 499.87000 on resonance (-3590.81HZ) off
;resonance (20000HZ)
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