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- 2 -$OOJHPHLQHV�6WXQGHQ]LHO
'LH� /HUQJUXSSH� VROO� HUDUEHLWHQ�� GDVV� ]XP� $XIEDX� YRQ� $73� HLQ� 3URWRQHQJUDGLHQW� DQ� GHU� LQQHUHQ�0LWRFKRQGULHQPHPEUDQ�QRWZHQGLJ�LVW��XQG�GDVV�GHU�3URWRQHQJUDGLHQW�GXUFK�VFKULWWZHLVH�(OHNWRQHQDEJDEH��EHU�PHKUHUH�Ä.RPSOH[H³�HU]HXJW�ZHUGHQ�NDQQ�
7HLO]LHOH
'LH�6FK�OHU�VROOHQ�¾ UHNDSLWXOLHUHQ��GDVV�EHL�GHP�$EEDX�YRQ�HLQHP�0ROHN�O�*OXNRVH�LQ�*O\FRO\VH�XQG�7&&�QXU���$73�JHZRQQHQ�ZHUGHQ�N|QQHQ¾ HUDUEHLWHQ��GDVV�HLQH�+��.RQ]HQWUDWLRQVGLIIHUHQ]�QXU�DXIJHEDXW�ZHUGHQ�NDQQ��ZHQQ�2 ��DQZHVHQG�LVW�¾ HUNHQQHQ��GDVV�EHL�$QZHVHQKHLW�HLQHV�3URWRQHQJUDGLHQWHQ�$73�KHUJHVWHOOW�ZLUG�¾ HUVFKOLH�HQ��GDVV�$73�DXFK�QRFK�KHUJHVWHOOW�ZHUGHQ�NDQQ��ZHQQ�NHLQ�2 � PHKU�YRUKDQGHQ�LVW¾ herausfinden, dass durch die Hintereinanderschaltung von „Molekül-Komplexen“ Elektronen 

schrittweise von NADH zum Sauerstoff „weitergereicht“ werden¾ feststellen, dass die Energie, die bei der „Elektronen-Weiterreichung“ frei wird, ausreicht, um H+-

Ionen gegen ein Konzentrationsgefälle über die Innenmembran der Mitochondrien zu transportieren¾ erkennen, dass FADH2 aufgrund seines Redoxpotentials seine Elektronen erst „später“ in das 

System einbringen kann (vermutlich nicht Stundenziel – sondern Ziel der Hausaufgabe (HA))¾ berechnen, dass pro NADH + H+ 6 Protonen gepumpt werden können und somit zur Bildung von 3 

ATP führen, bzw. pro FADH2 4 Protonen gepumpt werden, die zur Bildung von 2 ATP beitragen 

(Ziel der Hausaufgabe)

'DUVWHOOXQJ�GHV�GLGDNWLVFK�PHWKRGLVFKHQ�6FKZHUSXQNWHV
,P�5DKPHQ�HLQHU�IDFK�EHUJUHLIHQGHQ�8QWHUULFKWVUHLKH�]XP�7KHPD�6SRUWELRORJLH�ZLUG�DXFK�GHU�$EEDX�GHU�*OXNRVH�]XP�=ZHFN�GHU�(QHUJLHJHZLQQXQJ�LQ�)RUP�YRQ�$73�WKHPDWLVLHUW��(UIDKUXQJVJHPl��IlOOW�HV�HLQHU�/HUQJUXSSH� LQ� GHU� -DKUJDQJVVWXIH� ��� ± XQG� DXFK� QRFK� VSlWHU� ± VFKZHU�� HLQHQ� WLHIHUHQ� (LQEOLFN� LQ� GLH�ELRFKHPLVFKHQ�+LQWHUJU�QGH�]X�HUODQJHQ��:lKUHQG�EHL�GHU�*O\FRO\VH� XQG�GHP�7ULFDUERQVlXUH]\NOXV�GXUFK�9RJDEH� GHU� ÄVFKUHFNOLFKHQ³� 6WUXNWXUIRUPHOQ� GLH� Ä(UW�IWHOXQJ³� GHU� 5HDNWLRQVZHJH� LQ� GHQ� 0LWWHOSXQNW�JHU�FNW�ZHUGHQ�NDQQ��LVW�HV�EHL�GHU�$WPXQJVNHWWH�VHKU�YLHO�VFKZLHULJHU��HLQ�9HUVWlQGQLV�I�U�GLH�NRPSOH[HQ�9RUJlQJH�EHL�GHQ�6FK�OHUQ�KHUYRU�]X�UXIHQ��'LHV�OLHJW�PHLQHV�(UDFKWHQV�QLFKW�]XOHW]W�GDUDQ��GDVV�]XVlW]OLFK�]X�FKHPLVFKHQ�*UXQGODJHQ�DXFK�QRFK�FKHPLVFK �SK\VLNDOLVFKH�.HQQWQLVVH�EHQ|WLJW�ZHUGHQ��,Q� GHU� IDFKGLGDNWLVFKHQ� /LWHUDWXU� ZLUG� RIW� YHUVXFKW� GHP� 6FK�OHU� GLH� 7KHPDWLN� � EHU� $QDORJLHQ� QlKHU� ]X�EULQJHQ��LQGHP�9HUJOHLFKH�]X�HLQHU�%UHQQVWRII]HOOH�KHUJHVWHOOW�ZHUGHQ��,FK�KDEH�PLFK�EHL�GLHVHU�/HUQJUXSSH�JHJHQ�GLHVH�9RUJHKHQVZHLVH� HQWVFKLHGHQ��GD�]XP�HLQHQ�Ä(OHNWURFKHPLH³�HUVW� LQ�GHU� -DKUJDQJVVWXIH���� LQ�



- 3 -GHU�&KHPLH�WKHPDWLVLHUW�ZLUG��]XP�DQGHUHQ�YLHOH�6FK�OHU�VHLW�GHU����NHLQHQ�&KHPLHXQWHUULFKW�PHKU�KDEHQ��(LQH�$QDORJLH�ZLUG�DEHU�QXU�GDQQ�DOV�KLOIUHLFKHV�(UNOlUXQJVPRGHOO�DQJHQRPPHQ��ZHQQ�GLH�$QDORJLH�VHOEVW�ZHLWJHKHQG�GXUFKGUXQJHQ�ZLUG�(LQ� I�U� 6FK�OHU� HLQGUXFNVYROOHUHV� XQG� PRWLY LHUHQGHUHV� 9HUIDKUHQ� EHVWHKW� PHLQHV� (UDFKWHQV� GDULQ�� GLH�6FK�OHU� VWlUNHU� LQ� GLH� 5ROOH� GHV� )RUVFKHUV� ]X� YHUVHW]HQ� XQG� GHQ� )RUVFKXQJVSUR]HVV� LP� 8QWHUULFKW� VWDUN�YHUHLQIDFKW� QDFK� ]X� VWHOOHQ�� 'LH� 0DWHULDOEHDUEHLWXQJ� HUIROJW� LQ� DUEHLWVJOHLFKHU� *UXSSHQDUEHLW�� 'L H�*UXSSHQPLWJOLHGHU� VLQG� )RUVFKHU�� GHUHQ� IOHL�LJH� $VVLVWHQWHQ� VFKRQ� YLHOH� (LQ]HOHUJHEQLVVH� ]XVDPPHQ�JHWUDJHQ� XQG� SURWRNROOLHUW� KDEHQ� �EHWHLOLJWHQ� .RPSOH[H� XQG� 5HDNWLRQHQ�� (UPLWWOXQJ� GHU� MHZHLOLJHQ�5HGR[SRWHQWLDOH���'LH�$XIJDEH�GHU�)RUVFKHU�EHVWHKW� LQ�GHU� V LQQYROOHQ�.RPELQDWLRQ�GHU�(LQ]HOHUJHEQLVVH��XP� VRPLW� GHQ� $EODXI� GHU� $WPXQJVNHWWH� KHUDXV]XILQGHQ�� 'LH� DXVJHWHLOWHQ� 0DWHULDOLHQ� HQWKDOWHQ�YHUJOHLFKVZHLVH�YLHO�,QIRUPDWLRQ��DOOHLQH�GHUHQ�6LFKWXQJ�GLH�/HUQJUXSSH�VFKRQ�HLQ�ZHQLJ�=HLW�NRVWHQ�ZLUG��,FK�ZHUGH�HLQH NODUH��XQG�YHUPXWOLFK�NQDSSH��=HLWYRUJDEH�PDFKHQ��ZDQQ�HLQ�*UXSSHQVSUHFKHU�GDV�ELV�GDKLQ�HU]LHOWH� *UXSSHQHUJHEQLVV� QDFK� ÄYRUQH³� ]X� WUDJHQ� KDW�� XP� VLFK� PLW� GHQ� DQGHUHQ� *UXSSHQVSUHFKHUQ� DP�2YHUKHDGSURMHNWRU� ]X� EHUDWHQ� XQG� PLW� +LOIH� GHU� EHUHLWJHVWHOOWHQ� )ROL HQVW�FNH� HLQ� YRUOlXILJHV�*HVDPWHUJHEQLV� ]X� SUlVHQWLHUHQ�� 'LHVHV� *HVDPWHUJHEQLV� VROO� DOV� 'LVNXVVLRQVJUXQGODJH� I�U� GDV� IROJHQGH�8QWHUULFKWVJHVSUlFK��8*��GLHQHQ�'LHVH�0HWKRGH��GLH�VLFK�LQ�GHQ�*UXQG]�JHQ�DQ�GDV�ÄIRUVFKHQG �HQWZLFNHOQGH�8QWHUULFKVYHUIDKUHQ³�DQO HKQW��HUVFKHLQW�PLU�YLHOYHUVSUHFKHQG��GD�VLH�GHQ�%HG�UIQLVVHQ�GHU�*UXSSH��GLH�JHUQH�ÄHLQIDFK�PDO�DVSURELHUW³�XQG�GDUDXV�LKUH�6FKO�VVH�]LHKW��JHUHFKW�ZLUG��
:HLWHUH�GLGDNWLVFK�PHWKRGLVFKH�$VSHNWH

¾ $XIEDX�XQG�=LHO�GHV�3URMHNWHV�Ä6SRUWELRORJLH³¾ 6R]LDOH�XQG�IDFKOLFKH�9RUDXVVHW]XQJHQ�GHU�/HUQJUXSSH¾ .RQVHTXHQ]HQ�HLQHU�HQJHQ�=HLWSODQXQJ�ZlKUHQG�HLQHU�8QWHUULFKWVUHLKH¾ )DFKVSUDFKH��ODLVVH]�IDLUH�RGHU�SLQJHOLJ"�¾ *UXSSHQELOGXQJ��:DKO�GHV�*UXSSHQVSUHFKHUV¾ )XQNWLRQ�GHU�+DXVDXIJDEH
9HUZHQGHWH�/LWHUDWXU¾5LFKWOLQLHQ�XQG�/HKUSOlQH�I�U�GDV�*\PQDVLXP� � 6HNXQGDUVWXIH�,,�� LQ�1RUGUKHLQ�:HVWIDOHQ��%LRORJLH������¾ „Das forschend-entwickelnde Unterrichtsverfahren“, H. Schmidkunz u. H. Lindemann, Westarp 

Wissenschaften, Magdeburg 1995¾Natura „Stoffwechsel“, Klett-Verlag, 1995¾Materialien für den Sekundarbereich II Biologie, Stoffwechselphysiologie, Schroedel Verlag, 1987¾Biologie des Sports, Unterricht Biologie, Friedrich Verlag, 1978¾Stoffwechselwege der Zelle, Aulis Verlag¾Energiefreisetzung bei der Endoxidation, Unterricht Biologie, 153/14. Jahrg. April 1990.
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3KDVH� ,QKDOW 0HWKRGH 0HGLHQ
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8*�± 6�9RUWU�DOWHUQDWLY��9RUJDEH�GHV�(UJHEQLVVHV
)ROLH

3UREOHP�VWHOOXQJ ��$73�� ZHQLJ6SRUWELRORJLH��=LHO�0XVNHONRQWUDNWLRQ�± PHKU�$73 8*
(UDUEHLWXQJV�SKDVH�� ,QWUR�$%��XP�KHUDXV]XILQGHQ��ZR�XQG�ZDQQ�HLQHQ�ZHLWHUH�$73�%LOGXQJ�VWDWWILQGHW��KDW�PDQ�YHUVFKLHGHQH�8QWHUVXFKXQJHQ�DQ�=HOOHQ�XQG�GDUDXV�JHZRQQHQHQ�0LWRV�JHPDFKW�± +LHU�VLQG�HLQLJH�9HUVXFKVHUJHEQLVVH�GDUJJHVWHOOW�

(LQ]HODUEHLW�±LQ�(QGSKDVH�3DUWQHUDUEHLW
$%��

6LFKHUXQJV�SKDVH�� 'LH�5HVXOWDWH�GHV�$%���ZHUGHQ�DXI�)ROLH�IHVWJHKDOWHQ�0|JOLFKH�$QWZRUWHQ�VLQG��� +��.RQ]HQWUDWLRQ�VLQG�XQWHU�DQDHUREHQ�%HG�JOHLFK��GHU�$73�*HKDOW�QDKH�1XOO�� %HL�6DXHUVWRII]XIXKU�VLQNW�GLH�+��.RQ]�LQ�GHU�0DWUL[�XQG�VWHLJW�LP�,QWHUPHPEUDQUDXP��*OHLFK]HLWLJ�VWHLJW�GHU�$73�*HKDOW�DQ��� 1DFK�(QWIHUQXQJ�GHV�2� ZLUG�GHU�.RQ]�8QWHUVFKLHG�VRIRUW�NOHLQHU��$73�*HKDOW�VWHLJW�DEHU�QRFK�NXU]�ZHLWHU���
'HXWXQJ��(LQH�.RQ]HQWUDWLRQVGLIIHUHQ]�NDQQ�QXU�DXIJHEDXW�ZHUGHQ��ZHQQ�2� DQZHVHQG�LVW��:HQQ�.RQ]HQWUDWLRQV�GLIIHUHQ]�DXIJHEDXW��GDQQ�ZLUG�DXFK�$73�KHUJHVWHOOW��$73�NDQQ�DXFK�QRFK�KHUJHVWHOOW�ZHUGHQ��ZHQQ�NHLQ�2� PHKU�GD�LVW��YHUPWO��VRODQJH�ELV�GHU�*UDGLHQW�DEJHEDXW�LVW�

8* 2+3$%��)ROLH��

(UDUEHLWXQJV�SKDVH�� (V� VWHOOW� VLFK� GLH� )UDJH��:LH� VFKDIIW� HV� GDV�0LWRFKRQGULXP�HLQHQ�.RQ]HQWUDWLRQVGLIIHUHQ]�YRQ�+��,RQHQ�DXI]XEDXHQ�(UOlXWHUXQJ�GHV�$UEHLWVEODWWHV�'XUFK� ]HLWDXIZHQGLJH� )RUVFKXQJHQ� KDW� PDQ� YHUVFKLHGHQH�7UDQVPHPEUDQSURWHLQH�XQG�5HDNWLRQHQ�HQWGHFNW��GLH�PLW�GHU�%LOGXQJ�GHV�*UDGLHQWHQ�]X�WXQ�KDEHQ��)�U�MHGH�.RPSRQHQWH�NRQQWH�HLQ�5HGR[SRWHQWLDO�EHVWLPPW�ZHUGHQ�6��LVW�)RUVFKHU�± (UJHEQLVVH�IOHLVVLJHU�$VVLVWHQ+HUDXVEHNRPPHQ��ZLH�HLQ�+��*UDGLHQW�DXIJHEDXW�ZLUG�)RNXV� DXI� 1$'+�2[LGDWLRQ� �ZHQQ� QRFK� DXVUHLFKHQG� =HLW��GDQQ�DXFK�)$'+� EHU�FNVLFKWLJHQ�± JJI��+$�

*$ $%���XQG�$%��6FKHUH�.OHEVWRII�

(UJHEQLV�SUlVHQWDWLRQ *UXSSHQVSUHFKHU� VWHOOHQ� ELVKHULJHV (UJHEQLV� DP� 2+3�]XVDPPHQ� 6FK�OHUYRU�WUlJH )ROLH���XQG���2+36LFKHUXQJV�SKDVH�� 'LVNXVVLRQ��EHU�GDV�(UJHEQLV�9RQ�ZR�QDFK�ZR�IOLH�HQ�GLH�(OHNWURQHQ"$Q�ZHOFKHQ�6WHOOHQ�NDQQ�+� WUDQVSRUWLHUW�ZHUGHQ":HOFKH�5ROOH�VSLHOW�GHU�6DXHUVWRII��WHUPLQDOHU�H��$N]HSWRU�"�:R�ÄVWHLJW³�)$'+� HLQ"�� �����0LWFKHOO�+\SRWKHVH��FKHPLRVPRWLVFKH�+\SRWKHVH�
9RUDXVVLFKWOLFKHV�6WXQGHQHQGH

8* )ROLH���XQG���2+3

6LFKHUXQJV�SKDVH��GXUFK�+$
4XDQWLIL]LHUXQJ�GHV�*OXNRVHDEEDXV�:LHYLHO�$73�ZHUGHQ�JHZRQQHQ":DUXP�OlXIW�GLH�$WPXQJVNHWWH�QLFKW�RKQH�2� DE"


