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RESUMEN
(O�FLFOR�FHOXODU��FX\R�¿Q�HV�OD�JHQHUDFLyQ�GH�FpOXODV�JHQpWLFDPHQWH�LGpQWLFDV��FRP-
SUHQGH���IDVHV��*���6��*��\�0��'XUDQWH�HVWH�SURFHVR�VH�SUHVHQWDQ�WUHV�SXQWRV�SULQ-
FLSDOHV�GH�FRQWURO�TXH�VH�OOHYDQ�D�FDER�HQ�ODV�WUDQVLFLRQHV�*��6��*��0�\�HQ�OD�PLWRVLV�
�PHWDIDVH�DQDIDVH���(Q�HVWRV�SXQWRV�FUXFLDOHV�SDUWLFLSDQ�XQ�FRQMXQWR�GH�SURWHtQDV�
TXH�FRQWURODQ�OD�SURJUHVLyQ�FRUUHFWD�GHO�FLFOR�FHOXODU��(QWUH�HOODV��VH�HQFXHQWUDQ�YDULRV�
WLSRV�GH�UHJXODGRUHV��SRU�HMHPSOR�HQ�SODQWDV�ODV�FLFOLQDV�WLSR�'��&<&'��TXH�VRQ�ODV�
TXH�SHUFLEHQ�ODV�FRQGLFLRQHV�H[WHUQDV�H�LQWHUQDV�GH�OD�FpOXOD�\�VRQ�PX\�VHQVLEOHV�
D�¿WRKRUPRQDV�\�QXWULHQWHV��7DPELpQ�H[LVWHQ�ODV�FLQDVDV�GHSHQGLHQWHV�GH�FLFOLQDV�
�&'.V��\�VXV�UHVSHWLYRV�LQKLELGRUHV�FRPR��ODV�SURWHtQDV�.53V��2WUR�WLSR�GH�SURWHtQDV�
VRQ�ORV��IDFWRUHV�WUDQVFULSFLRQDOHV�(�)��OD�IDPLOLD�GH�ODV�5%5V�\�OD�SURWHtQD�3&1$��
HQWUH�RWUDV��/DV�SODQWDV�VH�GLVWLQJXHQ�SRU�FRGL¿FDU�HQ�VX�JHQRPD�XQ�PD\RU�Q~PHUR�
GH�LQWHJUDQWHV�GH�FDGD�XQD�GH�HVWDV�IDPLOLDV�GH�SURWHtQDV��HQ�FRPSDUDFLyQ�FRQ�ORV�
PDPtIHURV�

ABSTRACT
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5HFLELGR�����GH�QRYLHPEUH�GH�����������$FHSWDGR�����GH�PDU]R�GH�����

INTRODUCCIÓN

El ciclo celular�HV�XQD�VHULH�GH�HYHQWRV�PROHFXODUHV�
VHFXHQFLDOHV�\�XQLGLUHFFLRQDOHV�FX\D�IXQFLyQ�HV�OD�
GXSOLFDFLyQ� GHO� iFLGR� GHVR[LUULERQXFOHLFR� �$'1��
SDUD�JHQHUDU�GRV�FpOXODV�KLMDV��FDGD�XQD�FRQ�XQD�
FRSLD� LGpQWLFD� GH�PDWHULDO� JHQpWLFR�� /RV� SDVRV�
VHFXHQFLDOHV�TXH�FRPSUHQGH�HO�FLFOR�FHOXODU�VRQ�
FXDWUR��XQD�IDVH�HQ�OD�TXH�OD�FpOXOD�VH�DVHJXUD�GH�
TXH� H[LVWHQ� ODV� FRQGLFLRQHV� LGyQHDV� SDUD� SRGHU�
GLYLGLUVH��GHQRPLQDGD�*DS���*����XQD�IDVH�GH�UHSOL-

FDFLyQ�GH�$'1�QXFOHDU��)DVH�6��6���RWUD�IDVH�GRQGH�
VH�YHUL¿FD�TXH�OD�GXSOLFDFLyQ�GH�$'1�VH�UHDOL]y�GH�
PDQHUD�FRPSOHWD�\�VLQ�HUURUHV��GHQRPLQDGD�*DS��
�*����\�¿QDOPHQWH��XQD�IDVH�GH�VHJUHJDFLyQ�GH�ODV�
FURPiWLGDV��)DVH�0�R�PLWRVLV���)LJ������/D�PLWRVLV��
D�VX�YH]��VH�OOHYD�D�FDER�HQ�FXDWUR�IDVHV��SURIDVH��
PHWDIDVH��DQDIDVH�\�WHORIDVH�FLWRFLQHVLV��'XUDQWH�OD�
SURIDVH�RFXUUH�OD�UXSWXUD�GH�OD�PHPEUDQD�QXFOHDU�
\� OD�FRQGHQVDFLyQ�GH�FURPDWLQD�SDUD�IRUPDU� ORV�
FURPRVRPDV��FURPiWLGDV�KHUPDQDV�XQLGDV�SRU�HO�
FHQWUyPHUR���(Q�OD�PHWDIDVH��ORV�FURPRVRPDV�VH�
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ORFDOL]DQ�HQ�HO�SODQR�HFXDWRULDO�GH�OD�FpOXOD�PHGLDQ-
WH�HO�KXVR�PLWyWLFR��(Q�OD�DQDIDVH��ODV�FURPiWLGDV�
KHUPDQDV� VH� VHSDUDQ� \�PLJUDQ� KDFLD� ORV� SRORV�
RSXHVWRV�GH�OD�FpOXOD��)LQDOPHQWH��HQ�OD�WHORIDVH��
ODV� GRV� QXHYDV� HQYROWXUDV� QXFOHDUHV� URGHDQ� D�
FDGD�MXHJR�GH�ORV�FURPRVRPDV�VHSDUDGRV��pVWRV�
VH�GHVFRQGHQVDQ�\�H[SDQGHQ�HQ�HO�QXHYR�Q~FOHR�
JHQHUDQGR�GRV�FpOXODV�KLMDV�PHGLDQWH�XQ�SURFHVR�
GHQRPLQDGR�FLWRFLQHVLV�
� $�OR�ODUJR�GHO�FLFOR�FHOXODU�H[LVWHQ�GLYHUVRV�SXQ-
WRV�GH�FRQWURO��ORV�SULQFLSDOHV�VH�SUHVHQWDQ�HQ�ODV�
WUDQVLFLRQHV�*��6��*��0�\�HQ�OD�PHWDIDVH�DQDIDVH�
GH�OD�PLWRVLV��'XUDQWH�OD�IDVH�*��OD�FpOXOD�SHUFLEH�
ODV�FRQGLFLRQHV�H[WHUQDV�H�LQWHUQDV��¿WRKRUPRQDV�\�
QXWULHQWHV��DFWLYDQGR�PHFDQLVPRV�GH�VHxDOL]DFLyQ��
eVWRV�GHVHQFDGHQDQ�UHVSXHVWDV�ELRTXtPLFDV�TXH�
PDUFDQ�HO�LQLFLR�GHO�FLFOR�FHOXODU��(Q�OD�IDVH�*���OD�
FpOXOD�VH�DVHJXUD�GH�TXH�OD�UHSOLFDFLyQ�GH�$'1�KD�
VLGR�FRUUHFWD��DFWLYiQGRVH�OD�UHSDUDFLyQ�GH�VHU�QHFH-
VDULR��SDUD�SRGHU�FRQWLQXDU�FRQ�OD�PLWRVLV��'XUDQWH�
OD�PLWRVLV��HQ�OD�WUDQVLFLyQ�GH�PHWDIDVH�D�DQDIDVH��
OD�FpOXOD�YHUL¿FD�TXH�WRGRV�ORV�FURPRVRPDV�HVWpQ�
XQLGRV�FRUUHFWDPHQWH�D�ORV�PLFURW~EXORV�GHO�KXVR�
PLWyWLFR�\�HVWpQ�DOLQHDGRV�HQ�HO�SODQR�HFXDWRULDO�
GH�OD�FpOXOD��SDUD�TXH�SRVWHULRUPHQWH�VH�OOHYH�D�

FDER�OD�VHSDUDFLyQ�GH�ODV�FURPiWLGDV�KHUPDQDV�\�OD�
IRUPDFLyQ�GH�GRV�FpOXODV�JHQpWLFDPHQWH�LGpQWLFDV�
�����
� (QWUH�HXFDULRQWHV�VH�FRQVHUYDQ��GH�IRUPD�JH-
QHUDO��ORV�PLVPRV�PHFDQLVPRV�PROHFXODUHV�GH�UH-
JXODFLyQ�GHO�FLFOR�FHOXODU��LQFOX\HQGR�D�ODV�SODQWDV��
HVWR�VXJLHUH�TXH�VX�RULJHQ�VXFHGLy�GHVGH�DQWHV�
GH�OD�VHSDUDFLyQ�GH�HVWRV�WD[RQHV��6LQ�HPEDUJR��
ORV�JHQRPDV�YHJHWDOHV�FRGL¿FDQ�SDUD�XQ�PD\RU�
Q~PHUR�GH�JHQHV��OR�TXH�RULJLQD�XQD�PD\RU�FDQ-
WLGDG�GH�SURWHtQDV�GHO� FLFOR� FHOXODU��(VWR�JHQHUD�
XQD�DOWD�FRPSOHMLGDG��WDQWR�HQ�DVRFLDFLRQHV�FRPR�
HQ�PHFDQLVPRV�GH�UHJXODFLyQ��$OJXQRV�GH�HVWRV�
JHQHV�\�SURWHtQDV�VRQ�~QLFRV�HQ�SODQWDV��UHÀHMDQGR�
DVt�OD�DOWD�SODVWLFLGDG�TXH�ODV�HVSHFLHV�YHJHWDOHV�
UHTXLHUHQ�SDUD�HQIUHQWDUVH�D�XQ�HVWLOR�GH�YLGD�VpVLO�
�7DEOD����
� 'HVGH�XQ�SXQWR�GH�YLVWD�KROtVWLFR��OD�PDTXLQDULD�
EiVLFD� HQFDUJDGD� GHO� SURJUHVR� \� UHJXODFLyQ� GHO�
FLFOR�FHOXODU�HVWi�FRQIRUPDGD�SRU�SURWHtQDV�FLQDVDV�
GHSHQGLHQWHV�GH� FLFOLQDV� �&'.V��TXH�� MXQWR� FRQ�
GLIHUHQWHV�FLFOLQDV��&<&���IRUPDQ�FRPSOHMRV�KHWH-
URGLPpULFRV�&<&�&'.�HQFDUJDGRV�GH�IRVIRULODU�XQD�
JUDQ�YDULHGDG�GH�SURWHtQDV�EODQFR�HQ�ORV�SXQWRV�
GH�FRQWURO�*��6��*��0�\�HQ�PLWRVLV�����

Figura 1.  Esquema general de las fases del ciclo celular y principales componentes que participan en cada una de 

ellas. Los complejos CYCD/CDKA fosforilan a la proteína RBR en la transición G1/S, liberando al factor transcripcional 

E2F/DP, lo que a su vez permite la trascripción de un conjunto de actores encargados de conducir la progresión del 

ciclo celular. En S así como en G2 se establecen diversos complejos de CYCA/B con CDKA/B, mientras que en M 

sólo se han observado complejos CYCB/CDKB. Para que el ciclo funcione correctamente las ciclinas son degradadas 

y sintetizadas de novo al iniciar un nuevo ciclo.
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CDKs Y CICLINAS

(O� DYDQFH� GHO� FLFOR� FHOXODU� HV� RUTXHVWDGR� SRU� OD�
DFWLYLGDG�GH� ORV� FRPSOHMRV�&<&�&'.V�� ORV� FXDOHV�
SXHGHQ�VHU� UHJXODGRV�D�GLIHUHQWHV�QLYHOHV�FRPR��
OD�H[SUHVLyQ�GH�VXV�JHQHV��VtQWHVLV�\�GHJUDGDFLyQ�
SURWHLFD��PRGL¿FDFLRQHV�SRVW�WUDGXFFLRQDOHV��ORFD-
OL]DFLyQ�GH�ORV�FRPSOHMRV��DVt�FRPR�OD�LQWHUDFFLyQ�
FRQ�RWUDV�SURWHtQDV��)LJ����
� /DV�&'.V�VRQ�SURWHtQDV�FLQDVDV�GH�VHULQD�\�WUHR-
QLQD�TXH�HQ�SODQWDV��VH�FODVL¿FDQ�HQ���JUXSRV�GH�
DFXHUGR�DO�PRWLYR�GH�XQLyQ�D�OD�FLFOLQD��GH�&'.$�D�
&'.*�\�&'./��(O�SDSHO�GH�ODV�&'.V�WLSR�$�\�%�HV�
HO�PiV�HVWXGLDGR�HQ�HO�FLFOR�FHOXODU�GH�ODV�HVSHFLHV�
YHJHWDOHV��(O�JUXSR�GH�&'.$V�VH�FDUDFWHUL]D�SRU�
SUHVHQWDU�XQ�PRWLYR�FDQyQLFR�GH�XQLyQ�D�FLFOLQD��
DOWDPHQWH�FRQVHUYDGR�GH���DPLQRiFLGRV��HVWH�PR-
WLYR�VH�FRQRFH�FRPR�367$,5(��\�HVWUXFWXUDOPHQWH��
HV�KRPyORJR�D�ODV�SURWHtQDV�FLQDVDV�FGN�S��FGF��
GH�PDPtIHURV�\�OHYDGXUDV��UHVSHFWLYDPHQWH������
(Q�HVWXGLRV�GHO�FLFOR�FHOXODU�GH�GLVWLQWDV�HVSHFLHV�
YHJHWDOHV��ORV�QLYHOHV�GH�&'.$V�WDQWR�GH�WUDQVFULWR�
\�SURWHtQD�VRQ�FRQVWDQWHV�HQ�WRGDV�ODV�IDVHV�GHO�
FLFOR�FHOXODU��VXJLULHQGR�XQD�IXQFLyQ�GXDO�GH�OD�SUR-
WHtQD��WDQWR�HQ�OD�SURJUHVLyQ�GH�OD�IDVH�6�FRPR�HQ�
HO�SDVR�D�OD�PLWRVLV��OR�TXH�LQGLFD�TXH�ODV�&'.$V�
WLHQHQ�XQ�SDSHO�SUHSRQGHUDQWH�HQ�OD�SUROLIHUDFLyQ�
FHOXODU�GXUDQWH�HO�GHVDUUROOR�GH�OD�SODQWD�����

� /DV�&'.V�WLSR�%�VRQ�HO�VHJXQGR�JUXSR�GH�&'.V�
FRQ�PiV�UHSUHVHQWDQWHV�HQ�HO�UHLQR�YHJHWDO��FDUHFHQ�
GH�KRPyORJRV�HQ�OHYDGXUDV�\�PDPtIHURV��\�SRVHHQ�
XQ�PRWLYR�GH�XQLyQ�D�FLFOLQDV�GLYHUJHQWH��337$/5(�
SDUD�&'.%��R�3377/5(�SDUD�&'.%���'XUDQWH�HO�
FLFOR� FHOXODU�GH�GLVWLQWDV�HVSHFLHV�YHJHWDOHV�� ORV�
WUDQVFULWRV�GH�CDKB�PXHVWUDQ�XQ�SLFR�GH�H[SUHVLyQ�
HQ�*��0��(VWDV�SURWHtQDV�FLQDVDV�VRQ�FDSDFHV�GH�
XQLUVH�D�ODV�FLFOLQDV�WLSR�$�R�%������1R�REVWDQWH��
WDPELpQ�VH�KD�GRFXPHQWDGR�OD�LQWHUDFFLyQ�GH�FLFOL-
QDV�WLSR�'�FRQ�&'.%��3RU�HMHPSOR��HQ�Arabidopsis 

thaliana��OD�&'.%�LQWHUDFFLRQD�FRQ�OD�&LFOLQD�'����
\�HQ�Nicotiana tabacum���OD�&'.%����LQWHUDFFLRQD�
FRQ�&LFOLQD�'��������
� (Q� JHQHUDO�� HO� HVWDGR� GH� IRVIRULODFLyQ� GH� ODV�
&'.V� HV� IXQGDPHQWDO� SDUD� OD� IXQFLRQDOLGDG� GHO�
FRPSOHMR��6X�DFWLYDFLyQ�HVWi�GHWHUPLQDGD�SRU�OD�
IRVIRULODFLyQ�GH�XQ�UHVLGXR�GH�WUHRQLQD�FRQVHUYDGR�
HQ�OD�]RQD�FHQWUDO�GH�OD�SURWHtQD��FDQyQLFDPHQWH�
WUHRQLQD� ������PLHQWUDV� TXH� OD� LQKLELFLyQ� VH� GD�
SRU�OD�IRVIRULODFLyQ�GH�XQ�UHVLGXR�GH�WUHRQLQD�R�GH�
XQ�UHVLGXR�GH�WLURVLQD�HQ�OD�UHJLyQ�DPLQR�WHUPLQDO�
�FDQyQLFDPHQWH�OD�WUHRQLQD����\�OD�WLURVLQD�����
� /D�UHFLHQWH�VHFXHQFLDFLyQ�GH�JHQRPDV�GH�DOJX-
QDV�HVSHFLHV�YHJHWDOHV��FRPR�ORV�GH�$UDELGRSVLV��
DUUR]�\�PDt]��HQWUH�RWURV��KD�IDFLOLWDGR�HO�HVWXGLR�
GH�ORV�JHQHV�LQYROXFUDGRV�HQ�HO�FLFOR�FHOXODU��6H�KD�
HQFRQWUDGR�XQ�PD\RU�Q~PHUR�GH�JHQHV�UHODFLRQD-

7$%/$�,
1~PHUR�GH�JHQHV�UHODFLRQDGRV�FRQ�HO�FLFOR�FHOXODU�TXH�SHUWHQHFHQ�D�FDGD�IDPLOLD�JpQLFD�HQ�GLIHUHQWHV�
RUJDQLVPRV��


5HVXOWDGRV�QR�SXEOLFDGRV�VXJLHUHQ�OD�SUHVHQFLD�GH�PiV�JHQHV�HQ�HVWDV�IDPLOLDV��\��1RPEUH�GHO�KRPyORJR�HQ�OD�
HVSHFLH��1+��QR�H[LVWHQ�KRPyORJRV�
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GRV�D�HVWH�SURFHVR�HQ�HVSHFLHV�YHJHWDOHV�TXH�HQ�
OHYDGXUDV�\�PDPtIHURV��7DEOD�����OR�TXH�VXJLHUH�
XQD�PD\RU�FRPSOHMLGDG�HQ�OD�UHJXODFLyQ�GHO�FLFOR�
FHOXODU��$Vt��HQ�SODQWDV�VH�KDQ�LGHQWL¿FDGR�PiV�GH�
����JHQHV�GH�FLFOLQDV�GLIHUHQWHV��3RU�HMHPSOR��HQ�
Arabidopsis VH�HQFRQWUDURQ����SRVLEOHV�FLFOLQDV�GH�
GLIHUHQWHV�WLSRV��TXH�VH�SXHGHQ�DJUXSDU�HQ����FOD-
VHV��GH�ODV�FXDOHV���QR�FXHQWDQ�FRQ�UHSUHVHQWDQWHV�
KRPyORJRV�HQ�RWURV�HXFDULRQWHV��(Q�JHQHUDO��VH�KDQ�
LGHQWL¿FDGR�HQ�SODQWDV�FLQFR�FODVHV�GH�FLFOLQDV�GH�
DFXHUGR�FRQ�VX�VLPLOLWXG�FRQ�ODV�GH�PDPtIHURV��$��
%��&��+�\�/��\�VLHWH�FODVHV�H[FOXVLYDV�GH�SODQWDV��
&</��6'6��'��4��7��3�\�)��/DV�PiV�HVWXGLDGDV�HQ�
UHODFLyQ�DO�FLFOR�FHOXODU�VRQ�ODV�WLSR�$��%�\�'��
� 6L�VH�HOLPLQD�OD�H[SUHVLyQ�GH�XQD�VROD�FLFOLQD�QR�
RFDVLRQD�FDPELRV�HQ�HO�IHQRWLSR��(V�QHFHVDULD�OD�
GLVPLQXFLyQ�HQ�OD�H[SUHVLyQ�GH�YDULDV�FLFOLQDV�GHO�
PLVPR�WLSR�SDUD�TXH�XQ�FDPELR�VHD�HYLGHQWH��OR�
TXH�DSR\D�TXH�DOJXQDV�SXHGDQ�SUHVHQWDU�IXQFLRQHV�
UHGXQGDQWHV�
� /DV�FLFOLQDV�VRQ�SURWHtQDV�WtSLFDPHQWH�LQHVWDEOHV��
FRQ�XQ�DOWR�Q~PHUR�GH�UHFDPELR�\�YLGD�PHGLD�FRUWD��
\D�TXH�DOJXQDV�SRVHHQ�XQD�FDMD�GH�GHVWUXFFLyQ��\�
XQ�PRWLYR�GHQRPLQDGR�3(67��TXH�ODV�PDUFD�SDUD�
VHU�GHJUDGDGDV�SRU�HO�SURWHDVRPD���6��FRPSOHMR�
PXOWLSURWHLFR�QXFOHDU�\�FLWRSOiVPLFR�FX\D�IXQFLyQ�
HV�OD�GHJUDGDFLyQ�HVSHFt¿FD�GH�SURWHtQDV�PDUFDGDV��

\�SRU�OR�WDQWR�OHV�FRQ¿HUH�LQHVWDELOLGDG��
� (O�DYDQFH�GHO�FLFOR�FHOXODU�FRQWLQXR�H� LUUHYHU-
VLEOH�� HVWi� UHJLGR� SRU� OD� VtQWHVLV� \� GHVWUXFFLyQ�
UHJXODGD�GH�ODV�FLFOLQDV������'DGR�TXH�ODV�FLFOLQDV�
VRQ�ODV�XQLGDGHV�UHJXODGRUDV�GH�ODV�&'.V��VRQ�ODV�
TXH�GHWHUPLQDQ�OD�HVSHFL¿FLGDG�SRU�HO�EODQFR�GHO�
FRPSOHMR��ÀXFWXDQGR�D�OR�ODUJR�GHO�FLFOR�FHOXODU�
� /DV�FLFOLQDV�WLSR�$�\�%�FRPSDUWHQ�XQ�DOWR�SRUFHQ-
WDMH�GH�LGHQWLGDG��LQFOX\HQGR�XQD�VHFXHQFLD�FHQWUDO�
FDUDFWHUtVWLFD�� OODPDGD�FDMD�GH�FLFOLQD��UHTXHULGD�
SDUD�OD�XQLyQ�FRQ�&'.V�\�XQD�VHFXHQFLD�GHQRPL-
QDGD�FDMD�GH�GHVWUXFFLyQ��VLPLODU�D�OD�UHSRUWDGD�HQ�
PDPtIHURV��)LJ������6H�KD�SURSXHVWR�TXH�OD�IXQFLyQ�
GH�HVWDV�SURWHtQDV�HV�SUHGRPLQDQWH�GXUDQWH� ODV�
IDVHV�6�\�*��0��6X�GHJUDGDFLyQ�GXUDQWH�OD�PLWRVLV�
HQ�PDPtIHURV�HV�HVHQFLDO�SDUD�XQ�¿QDO�H[LWRVR�GHO�
FLFOR�FHOXODU������
� /DV�FLFOLQDV�WLSR�$�SXHGHQ�LQWHUDFFLRQDU�FRQ�&'.$�
\�&'.%��DFWXDQGR�HQ�OD�IDVH�6�\�HQ�OD�WUDQVLFLyQ�
*��0��ODV�FLFOLQDV�WLSR�%�FRQWURODQ�OD�SURJUHVLyQ�
GHO�FLFOR�FHOXODU�GXUDQWH�OD�PLWRVLV��\�VH�DVRFLDQ�
FRQ�&'.%V��7DEOD��������
� /DV�FLFOLQDV�WLSR�'�GH�SODQWDV��DVt�FRPR�ODV�GH�
PDPtIHURV�\� OHYDGXUDV�VRQ�IXQGDPHQWDOHV�HQ�HO�
LQLFLR�R�UH�LQLFLR�GHO�FLFOR�FHOXODU�SRU�VX�UHVSXHVWD�
D�VHxDOHV�H[WHUQDV�WDOHV�FRPR�¿WRKRUPRQDV��WLSR�
\�FRQFHQWUDFLyQ�GH�D]~FDUHV��\�D�VHxDOHV�LQWHUQDV�

Figura 2.  Regulación de la transición G1/S del ciclo celular en plantas. Los transcritos y proteínas de ciclinas y 

&'.V�VH�DFXPXODQ�GXUDQWH�*��HQ�UHVSXHVWD�D�¿WRKRUPRQDV�\�QXWULHQWHV�DVt�FRPR�D�OD�YHORFLGDG�GH�FUHFLPLHQWR�R�HO�
tamaño celular. Conforme avanza esta fase se forman los complejos CYCD/CDKA y son activados. En G1 tardía, RBR, 

la cual se encuentra reprimiendo al factor transcripcional E2F, es hiperfosforilada por CYCD/CDKA, ocasionando la 

SpUGLGD�GH�D¿QLGDG�SRU�HO�IDFWRU�WUDQVFULSFLRQDO�(�)��VH�GLVRFLD�GH�HVWH��\�SHUPLWH�OD�DFWLYDFLyQ�GH�JHQHV�QHFHVDULRV�
para el establecimiento y avance de la fase S.
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FRPR�SXHGH�VHU�OD�YHORFLGDG�GH�FUHFLPLHQWR�R�HO�
WDPDxR� GH� OD� FpOXOD� �)LJ�� ���� (VWUXFWXUDOPHQWH�
ODV� FLFOLQDV�'� FRQWLHQHQ� XQD� UHJLyQ� FRQVHUYDGD�
GH�����DPLQRiFLGRV�GHQRPLQDGD�FDMD�GH�FLFOLQD�
TXH�FRQVLVWH�GH�GRV�GRPLQLRV��HO�1�WHUPLQDO�TXH�
FRPSUHQGH�XQD�UHJLyQ�GH�XQRV�����UHVLGXRV�GH�
DPLQRiFLGRV� FRQVHUYDGRV� �FDMD� GH� FLFOLQD��� \� HO�
&�WHUPLQDO��PHQRV�FRQVHUYDGR�\�D�YHFHV�DXVHQWH�
HQ�DOJXQDV�FLFOLQDV��$GHPiV��FDVL�WRGDV�SUHVHQWDQ�
HO�PRWLYR�FRQVHUYDGR�/[&[(��GRQGH�[�UHSUHVHQWD�
FXDOTXLHU�UHVLGXR�GH�DPLQRiFLGR��FHUFDQR�DO�H[-
WUHPR�DPLQR�WHUPLQDO��(VWH�PRWLYR�HV�LPSRUWDQWH�
SDUD�OD�LQWHUDFFLyQ�GH�ODV�FLFOLQDV�FRQ�OD�SURWHtQD�
5%5��HQ�SODQWDV���
� (Q�SODQWDV��ODV�FLFOLQDV�WLSR�'�PHGLDQ�HO�SULPHU�
SXQWR�GH�FRQWURO�GHO�FLFOR�FHOXODU�HQ�OD�WUDQVLFLyQ�
*��6�DO�UHJXODU�OD�IRVIRULODFLyQ�GH�OD�SURWHtQD�5%5�
HQ�FRPSOHMRV�FRQ�&'.$V��6LQ�HPEDUJR��SRFR�VH�
VDEH�GH�ORV�FRPSOHMRV�&<&'�&'.�\�VX�IXQFLyQ�HQ�
HO�FLFOR�FHOXODU������

INTERACTOMAS

3DUD�HO�HVWXGLR�GH�ODV�LQWHUDFFLRQHV�SURWHLFDV�TXH�VH�
SUHVHQWDQ�HQ�GLVWLQWRV�PRPHQWRV�GHO�FLFOR�FHOXODU��
VH�KDQ�HPSOHDGR�SULQFLSDOPHQWH�WUHV�HVWUDWHJLDV��
VLVWHPDV�GH�GREOH�KtEULGR�� FRPSOHPHQWDFLyQ�EL�
PROHFXODU� GH� OD� ÀXRUHVFHQFLD� \� SXUL¿FDFLyQ� SRU�
D¿QLGDG�HQ�WiQGHP��
� /D�LQIRUPDFLyQ�JHQHUDGD�FRQ�HVWDV�PHWRGRORJtDV�

KD�SHUPLWLGR�TXH�HQ�ODV�~OWLPDV�GRV�GpFDGDV�VH�
KD\D�GLOXFLGDGR�OD�FRPSRVLFLyQ�GH�ORV�FRPSOHMRV�
&<&�&'.V��DVt�FRPR�DOJXQRV�DVSHFWRV�GH�VX�UH-
JXODFLyQ��(YLGHQFLDV�H[SHULPHQWDOHV� LQGLFDQ�TXH�
HVWRV�FRPSOHMRV�VRQ�SDUWH�FODYH�HQ�HO�FRQWURO�GHO�
FLFOR� FHOXODU�� DO�PHQRV� HQ� $UDELGRSVLV�� HVSHFLH�
YHJHWDO�HQ�OD�TXH�PiV�VH�KD�HVWXGLDGR�HVWH�SUR-
FHVR��(QWUH�ORV�PHFDQLVPRV�GH�FRQWURO�SUHGRPLQD�
OD�DVRFLDFLyQ�FRQ�LQKLELGRUHV�GH�&'.V��FLQDVDV�GH�
&'.V�\�IRVIDWDVDV��OD�SURWHyOLVLV�GHSHQGLHQWH�GH�
SURWHDVRPD���6�\�HO�WUi¿FR�LQWUDFHOXODU�����
� 3RU�HMHPSOR��VH�GHPRVWUy�OD�LQWHUDFFLyQ�GH�&'.$�
FRQ�FLFOLQDV�WLSR�'�GXUDQWH�OD�WUDQVLFLyQ�*��6��\�
OD�LQWHUDFFLyQ�GH�&'.$�FRQ�FLFOLQDV�WLSR�$��HQ�OD�
SURJUHVLyQ�GH�OD�IDVH�6��$Vt�PLVPR��KD�VLGR�SRVLEOH�
HVWDEOHFHU�LQWHUDFFLRQHV�GHO�FRPSOHMR�&<&'�&'.$�
FRQ� LQKLELGRUHV�GH�&'.��.53V���\� OD� LQWHUDFFLyQ�
GH�HVWH�FRPSOHMR�FRQ�GLIHUHQWHV�PLHPEURV�GH�OD�
UXWD�(�)�'3�5%5��7DPELpQ�VH�KD�GHVFULWR�TXH�ODV�
FLFOLQDV�WLSR�%�\�WLSR�$��GH�$UDELGRSVLV�SUHVHQWDQ�
XQ�SLFR�GH�H[SUHVLyQ�HQ�OD�WUDQVLFLyQ�*��0�������
\�IRUPDQ�FRPSOHMRV�FRQ�&'.%V��UHJXODQGR�DVt�OD�
HQWUDGD�D�OD�IDVH�0�\�OD�SURJUHVLyQ�GH�pVWD��

PROTEÍNAS DE CICLO CELULAR EN MAÍZ 

6H�VDEH�TXH�ORV�HYHQWRV�UHODFLRQDGRV�DO�FLFOR�FHOXODU�
HQ�$UDELGRSVLV�PDUFDQ�OD�SDXWD�SDUD�H[WUDSRODU�\�
FRPSUHQGHU�FyPR�VH� OOHYD�D�FDER�HO�FRQWURO�GHO�
FLFOR�FHOXODU�HQ�RWUDV�SODQWDV��VLQ�HPEDUJR��WDPELpQ�

Figura 3.  Principales reguladores de la transición G2/M y M. Durante la fase G2 los complejos CYC/CDK son regulados 

negativamente por asociación de las proteínas SIAMESE y por fosforilaciones. Como respuesta a algunos tipos de 

estrés, como daño al ADN o errores ocurridos durante la replicación, la cinasa WEE inactiva a CDK fosforilándola 

en las posiciones T14/Y15. Una vez reparados dichos errores, las fosforilaciones inhibidoras son removidas y la 

CDK es activada por cinasas activadoras de CDKs, mediante fosforilación en el residuo T160. Los complejos CYCB/

CDKB activos fosforilan a sus blancos para el avance hacia mitosis. Durante metafase, las proteínas CDC20 y CCS52 

activan al complejo promotor de anafase (APC), el cual forma parte del proteasoma 26S y dirige la degradación de 

ciclinas, permitiendo así la salida de mitosis. 
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VH�KDQ�UHDOL]DGR�HQVD\RV�HQ�DUUR]��WDEDFR�\�RWUDV�
HVSHFLHV�TXH�LQGLFDQ�TXH�FDGD�HVSHFLH�YHJHWDO�SXH-
GH�WHQHU�VXV�SDUWLFXODULGDGHV��(O�HVWXGLR�GHO�FLFOR�
FHOXODU��HQ�HO�FDVR�SDUWLFXODU�GHO�PDt]��VH�IDFLOLWy�
FRQVLGHUDEOHPHQWH�GHVGH�HO�DxR�������FXDQGR�VH�
UHSRUWy�OD�VHFXHQFLD�GHO�JHQRPD�FRPSOHWR�GH�HVWD�
HVSHFLH�� (O� DQiOLVLV� ELRLQIRUPiWLFR� HQ� EXVFD� GH�
JHQHV�KRPyORJRV�UHODFLRQDGRV�¿ORJHQpWLFDPHQWH�
FRQ�FLFOLQDV�GH�$UDELGRSVLV�\�DUUR]��HQ�HO�JHQRPD�
GH�PDt]��DUURMy�DO�PHQRV�RQFH�SRVLEOHV�JHQHV�TXH�
FRGL¿FDQ� SDUD� FLFOLQDV� WLSR� $�� GLH]� SDUD� FLFOLQDV�
WLSR� %� \� DO�PHQRV� GLHFLVLHWH� TXH� FRGL¿FDQ� SDUD�
FLFOLQDV�WLSR�'��7DEOD�����(O�HVWXGLR�GH�OD�H[SUHVLyQ�
GH�HVWRV�~OWLPRV�GXUDQWH�OD�JHUPLQDFLyQ�GH�PDt]�
\�HQ�WHMLGRV�GH�SOiQWXOD��UDt]��KRMD�\�PHVRFRWLOR��
PRVWUy�TXH����GH�HOORV�VH�H[SUHVDQ�GLIHUHQFLDO-
PHQWH��(Q�OD�]RQD�PHULVWHPiWLFD�GH�OD�UDt]��JUXSR�
GH�FpOXODV�WRWL�SRWHQFLDOHV�\�HQ�GLYLVLyQ�DFWLYD���ODV�
FLFOLQDV�'�SUHVHQWDQ�QLYHOHV� DOWRV�GH�H[SUHVLyQ��
FRQ�H[FHSFLyQ�GH�&<&'���D��OR�TXH�VXJLHUH�TXH�
HVWD�FLFOLQD�SRGUtD�SUHVHQWDU�IXQFLRQHV�HVSHFt¿FDV�
GLIHUHQWHV�D�ODV�GH�RWUDV�FLFOLQDV�\��SUREDEOHPHQ-
WH��HVWDUtD�SDUWLFLSDQGR�HQ�SURFHVRV�GH�GHVDUUROOR�
FRPR�GLIHUHQFLDFLyQ�R�HQGRUUHGXSOLFDFLyQ��WLSR�GH�
FLFOR�FHOXODU�DOWHUQR�TXH�HYLWD�HO�SDVR�SRU�PLWRVLV�\�
SRU�OR�WDQWR�OD�FpOXOD�DXPHQWD�VX�SORLGtD�������(Q�
PDt]��WDPELpQ�VH�KDQ�LGHQWL¿FDGR�WUHV�JHQHV�TXH�
FRGL¿FDQ�SDUD�SURWHtQDV�&'.$�\�WUHV�SDUD�&'.%��
/D�SURWHtQD�&'.$�SUHVHQWD�XQ�SDWUyQ�FRQVWDQWH�
GXUDQWH�ODV�SULPHUDV����KRUDV�GH�JHUPLQDFLyQ��OR�
TXH� LQGLFD�VX�SDUWLFLSDFLyQ�HQ�GLIHUHQWHV�SXQWRV�
GHO�FRQWURO�GHO�FLFOR�FHOXODU��

OTRAS PROTEÍNAS REGULADORAS EN EL 
CICLO CELULAR 

PCNA 

(O�DQWtJHQR�QXFOHDU�GH�SUROLIHUDFLyQ�FHOXODU��3&1$��
HV�XQD�SURWHtQD�TXH�LQLFLDOPHQWH�VH�LGHQWL¿Fy�HQ�
VXHURV�GH�SDFLHQWHV�FRQ� OXSXV�HULWHPDWRVR��XQD�
HQIHUPHGDG� DXWRLQPXQH�� GHVSXpV� IXH� GHVFULWD�
FRPR�XQD�SURWHtQD�HVHQFLDO�GXUDQWH�OD�UHSOLFDFLyQ�
GHO�$'1��$FWXDOPHQWH��VH�VDEH�TXH�OD�UHSOLFDFLyQ�
QR�HV�VX�~QLFD�IXQFLyQ�HQ�HO�FLFOR�FHOXODU��\D�TXH�
MXHJD�XQ�SDSHO�LPSRUWDQWH�HQ�RWURV�SURFHVRV�GHO�
PHWDEROLVPR�GHO�$'1��FRPR�HQ�UHSDUDFLyQ�\�UHPR-
GHODFLyQ�GH�OD�FURPDWLQD��(O�DQiOLVLV�GH�3&1$V�GH�
GLIHUHQWHV�HVSHFLHV��PDPtIHURV��LQVHFWRV�\�SODQWDV��
PRVWUy�TXH�HV�XQD�SURWHtQD�DOWDPHQWH�FRQVHUYDGD�
D�QLYHO�GH�VHFXHQFLD��HVWUXFWXUD�\�IXQFLyQ������TXH�
LQWHUDFFLRQD�FRQ�SURWHtQDV�FODYH�GHO�FLFOR�FHOXODU�
FRPR�VRQ�ODV�FLFOLQDV�'�\�&'.V��
� (Q�PDt]�� GXUDQWH� ODV� SULPHUDV�KRUDV�GH�JHU-
PLQDFLyQ�� 3&1$� VH� DFXPXOD�� SUHVHQWDQGR� XQD�
DEXQGDQFLD�SURWHLFD�EDVDO�HQ�VHPLOOD�VHFD�\�XQD�
DFXPXODFLyQ�HQWUH�ODV����\����KRUDV��OR�TXH�FRLQFLGH�

FRQ�HO�WLHPSR�HQ�TXH�WLHQH�OXJDU�OD�UHSOLFDFLyQ�GH�
$'1�HQ�FpOXODV�PHULVWHPiWLFDV������OR�FXDO�VXJLHUH�
TXH�HVWDV�FpOXODV�VH�HQFXHQWUDQ�SULQFLSDOPHQWH�HQ�
IDVH�6��

RBR

/D�SURWHtQD�UHWLQREODVWRPD�R�5%��S5%��IXH�GHV-
FXELHUWD� SRU� OD� LGHQWL¿FDFLyQ� GH�PXWDFLRQHV� HQ�
GLIHUHQWHV�SRVLFLRQHV�GH�DPERV�DOHORV�GH�XQ�JHQ�HQ�
WXPRUHV�GH�UHWLQD��HVWR�GLR�QRPEUH�D�VX�SURGXF-
WR��3RVWHULRUPHQWH��OD�SURWHtQD�IXH�GHVFULWD�FRPR�
XQD�SURWHtQD�VXSUHVRUD�GH�WXPRUHV�DO�UHJXODU�ORV�
SURFHVRV�GH�SUROLIHUDFLyQ��(Q�SODQWDV�OD�YtD�(�)�
5%� VH� HQFXHQWUD� FRQVHUYDGD�� \� HO� KRPyORJR�GH�
S5%�HV�FRQRFLGR�FRPR�SURWHtQD�UHODFLRQDGD�D�5%�
�5%5���(VWD�SURWHtQD�UHSULPH�OD�DFWLYLGDG�GH�ORV�
IDFWRUHV�GH�WUDQVFULSFLyQ�(�)�'3�GXUDQWH�*��\�HV�
IRVIRULODGD�SRU�ORV�FRPSOHMRV�&<&�&'.V�SDUD�SHU-
PLWLU�HO�DYDQFH�KDFLD�IDVH�6��$GHPiV�GH�SDUWLFLSDU�
HQ�HO�FLFOR�FHOXODU�GH�SODQWDV��DVt�FRPR�HQ�HO�GH�
PDPtIHURV��WDPELpQ�WLHQH�XQD�IXQFLyQ�UHJXODGRUD�
HQ�ORV�SURFHVRV�GH�GLIHUHQFLDFLyQ�\�GHVDUUROOR�������
� 'H�DFXHUGR�FRQ�HVWXGLRV�¿ORJHQpWLFRV��IXQFLR-
QDOHV�\�GH�H[SUHVLyQ�GH�JHQHV��OD�IDPLOLD�GH�JHQHV�
RBR�GH�FHUHDOHV�HV�PiV�FRPSOHMD�TXH�OD�GH�RWUDV�
SODQWDV��(Q�JUDPtQHDV�H[LVWHQ�DO�PHQRV�GRV�FOD-
VHV�GH�JHQHV�RBR: RBR1 y RBR3��(Q�HO�JHQRPD�
GH�PDt]�VH�KDQ�LGHQWL¿FDGR�RWURV�GRV�SDUiORJRV�
�JHQHV�SURGXFWR�GH�GXSOLFDFLRQHV�JHQyPLFDV�HQ�OD�
PLVPD�HVSHFLH��GH�RBR1 y RBR3��PiV�SDUHFLGRV�D�
RBR2 y RBR4��UHVSHFWLYDPHQWH��(O�HVWXGLR�GH�ORV�
GRV�WLSRV�GH�SURWHtQDV�5%5�GH�PDt]�PXHVWUD�TXH�
pVWDV�VH�DFXPXODQ�HQ�GLVWLQWDV�HWDSDV�GH�GHVD-
UUROOR��3RU�HMHPSOR��OD�SURWHtQD�5%5��SDUWLFLSD�HQ�
SUROLIHUDFLyQ�FHOXODU�\�OD�SURWHtQD�5%5��HQ�SURFH-
VRV�GH�GLIHUHQFLDFLyQ�\�HQGRUUHGXSOLFDFLyQ�������
/R�DQWHULRU�SRGUtD�VXJHULU�TXH�H[LVWH�GLYLVLyQ�GH�
IXQFLRQHV��GRQGH�5%5��SDUWLFLSD�HQ�HO�FRQWURO�GHO�
FLFOR�FHOXODU�\�5%5��HQ�HO�FRQWURO�GHO�GHVDUUROOR�

INHIBIDORES DE COMPLEJOS CYC/CDKV

/DV�SURWHtQDV�UHODFLRQDGDV�D�.,3�&,3�R�.53V��VRQ�
LQKLELGRUHV�GH�OD�DFWLYLGDG�GH�ORV�FRPSOHMRV�&<&�
&'.V�HQ�SODQWDV��SHUR� WDPELpQ�SDUWLFLSDQ�HQ�HO�
LPSRUWH�QXFOHDU�GH�RWUDV�SURWHtQDV�GHO�FLFOR�FHOXODU��
(VWD�IDPLOLD�GH�SURWHtQDV�KD�VLGR�DLVODGD�HQ�HVSHFLHV�
GH�SODQWDV�WDQWR�PRQRFRWLOHGyQHDV�FRPR�GLFRWLOH-
GyQHDV��/D�VREUHH[SUHVLyQ�GH�PLHPEURV�GH�.53�
HQ�$UDELGRSVLV�PXHVWUD�IHQRWLSRV�FDUDFWHUtVWLFRV�
GH�UHSUHVLyQ�GHO�FLFOR�FHOXODU�FRPR�OD�UHGXFFLyQ�GHO�
WDPDxR�GH�ODV�SODQWDV��GLVPLQXFLyQ�GHO�Q~PHUR�GH�
FpOXODV�\�FpOXODV�DODUJDGDV��LQGLFDQGR�TXH�ODV�.53V�
LQKLEHQ�HO�FLFOR�FHOXODU��SUREDEOHPHQWH��WDQWR�D�QLYHO�
GH�ODV�WUDQVLFLRQHV�*��6�FRPR�GH�ODV�*��0�������
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(Q�$UDELGRSVLV�VH�KDQ�GHVFULWR���JHQHV�TXH�FRGL¿FDQ�
SDUD�.53V�\�HQ�HVWXGLRV�GHO�LQWHUDFWRPD�VH�UHSRUWy�
TXH�HVWDV�SURWHtQDV�FR�SXUL¿FDQ�HVSHFt¿FDPHQWH�
FRQ�FLFOLQDV�WLSR�'�\�&'.$�����VXJLULHQGR�TXH�VyOR�
LQKLEHQ�D�HVWH�WLSR�GH�FRPSOHMRV��(Q�PDt]��VH�RE-
VHUYy�TXH�LQKLEHQ�WDPELpQ�OD�DFWLYLGDG�GH�FLQDVD�
GH�FRPSOHMRV�GH�&'.$�FRQ�FLFOLQDV�WLSR�$�\�'��2WUD�
IDPLOLD�GH�LQKLELGRUHV�PHQRV�FDUDFWHUL]DGRV��HVSH-
Ft¿FRV�GH�SODQWDV��VRQ�ODV�SURWHtQDV�SIAMESE��6,0��
\�ODV�UHODFLRQDGDV�D�SIAMESE��605���TXH�VH�KDQ�
LGHQWL¿FDGR�HQ�DUUR]��PDt]��WRPDWH�\�Arabidopsis, 

HQWUH�RWUDV��5HFLHQWHPHQWH�HQ�HO�LQWHUDFWRPD�GH�
$UDELGRSVLV�VH�REVHUYy�TXH�VH�XQHQ�D�FRPSOHMRV�
GH�&'.$�\�&'.%��VXJLULHQGR�TXH�SXHGHQ�LQKLELU�
OD�DFWLYLGDG�GH�DPEDV�FLQDVDV�

FAMILIA E2F/DP

/DV�SURWHtQDV�(�)�\�VXV�VRFLRV�GH�GLPHUL]DFLyQ��ODV�
SURWHtQDV�'3�FRQIRUPDQ�KHWHURGtPHURV�TXH�IXQFLR-
QDQ�FRPR�IDFWRUHV�WUDQVFULSFLRQDOHV��/RV�SULPHURV�
HVWXGLRV�GH�OD�IDPLOLD�(�)�'3�VH�HQIRFDURQ�HQ�HQ-
WHQGHU�VX�LQÀXHQFLD�VREUH�OD�H[SUHVLyQ�GH�P~OWLSOHV�
JHQHV�UHTXHULGRV�SDUD�OD�HQWUDGD�\�SURJUHVLyQ�GH�
OD� IDVH�6�GHO� FLFOR� FHOXODU��(QWUH�HVWRV�JHQHV� VH�
HQFRQWUDURQ�ORV�LQYROXFUDGRV�FRQ�OD�PDTXLQDULD�GH�
UHSOLFDFLyQ�\�GHO�PHWDEROLVPR�GH�$'1��7DPELpQ�
HVWiQ�LQYROXFUDGRV�HQ�OD�UHJXODFLyQ�GH�OD�H[SUHVLyQ�
GH� JHQHV� TXH� SDUWLFLSDQ� HQ� SURFHVRV� ELROyJLFRV�
FRPR�PLWRVLV��UHVSXHVWD�DO�GDxR�\�UHSDUDFLyQ�GHO�
$'1��GLIHUHQFLDFLyQ��GHVDUUROOR�\�PXHUWH�FHOXODU�
SURJUDPDGD��/D�DFWLYLGDG�WUDQVFULSFLRQDO�GH�(�)�
VH�PRGXOD�D� WUDYpV�GH�GLVWLQWRV�PHFDQLVPRV�HQ�
FpOXODV�GH�PDPtIHURV��HO�PiV�FRQRFLGR�HV�D�WUDYpV�
GH�OD�LQWHUDFFLyQ�FRQ�S5%�\�RWURV�PLHPEURV�GH�VX�
IDPLOLD��FRPR�VRQ�S����\�S�����$O�XQLUVH�S5%�DO�
KHWHURGtPHUR�(�)�'3�VH�UHGXFH�SRU�LPSHGLPHQWR�
HVWpULFR�OD�LQWHUDFFLyQ�FRQ�SURWHtQDV�FR�DFWLYDGRUDV�
GH�VXV�JHQHV�EODQFR��7DQWR�HQ�DQLPDOHV�FRPR�HQ�
SODQWDV��OD�IDPLOLD�GH�(�)�'3�HVWi�FRPSXHVWD�SRU�
WUHV�JUXSRV�GH�SURWHtQDV��(�)��'(/��GHO�LQJOpV�'3�
(�)�/LNH�SURWHLQ��\�'3��FODVL¿FDGDV�SRU�HO�WLSR�\�
Q~PHUR�GH�GRPLQLRV�GH�XQLyQ�D�$'1��/DV�SURWHtQDV�
(�)�\�'3�QHFHVLWDQ�KHWHURGLPHUL]DU�HQWUH�HOODV�SDUD�
XQLUVH�FRQ�DOWD�D¿QLGDG�DO�$'1��PLHQWUDV�TXH�ORV�
PLHPEURV�GHO�JUXSR�'(/�VH�XQHQ�FRPR�PRQyPHUR�
� /DV�SURWHtQDV�GH�OD�IDPLOLD�(�)�'3�SXHGHQ�SUH-
VHQWDU�SURSLHGDGHV�WDQWR�GH�DFWLYDFLyQ�WUDQVFULS-
FLRQDO�FRPR�GH�UHSUHVLyQ��$Vt��HQ�$UDELGRSVLV�OD�
VREUHH[SUHVLyQ�VLPXOWiQHD�GH�ORV�DFWLYDGRUHV�(�)D�
\�'3D�HQ�WHMLGRV�GLIHUHQFLDGRV�FRQ�tQGLFHV�PLWyWL-
FRV�PX\�EDMRV�R�QXORV��SURPXHYH�OD�UHHQWUDGD�DO�
FLFOR�FHOXODU��\�OD�FRQVHFXHQWH�SUROLIHUDFLyQ�FHOXODU�
PHGLDQWH�OD�DFWLYDFLyQ�GH�JHQHV�GH�IDVH�6��3RU�RWUR�
ODGR��OD�VREUHH[SUHVLyQ�GHO�UHSUHVRU�(�)F�UHGXFH�
OD�WDVD�GH�GLYLVLyQ�FHOXODU�\�DXPHQWD�OD�HQGRUUH-

GXSOLFDFLyQ�� )LQDOPHQWH�� VH�KD� VXJHULGR�TXH� ORV�
PLHPEURV�WLSR�'(/�IXQFLRQDQ�FRPR�UHSUHVRUHV�SRU�
FRPSHWHQFLD��\D�TXH�VRQ�FDSDFHV�GH�UHFRQRFHU�OD�
PLVPD�VHFXHQFLD�HQ�HO�$'1�TXH�HO�KHWHURGtPHUR�
(�)�'3�� SXGLHQGR� DVt�� FRPSHWLU� SRU� RFXSDU� ORV�
PLVPRV�SURPRWRUHV�������

MECANISMOS DE REGULACIÓN DEL CICLO 

CELULAR DE PLANTAS

/RV�PHFDQLVPRV�PROHFXODUHV�TXH�UHJXODQ�HO�FLFOR�
FHOXODU�HQ�HVSHFLHV�YHJHWDOHV�QR�VH�KDQ�FDUDFWHUL-
]DGR�FRPSOHWDPHQWH��DGHPiV�GH�TXH�FDGD�HVSHFLH�
SUHVHQWD�FDUDFWHUtVWLFDV�HVSHFt¿FDV��VLQ�HPEDUJR��
FRQ�ORV�FRQRFLPLHQWRV�DGTXLULGRV�VH�SXHGHQ�LQIHULU�
DOJXQRV�GH�HVWRV��
� (O� FLFOR� FHOXODU� FRPLHQ]D� FXDQGR� ODV� VHxDOHV�
H[WUDFHOXODUHV�DFWLYDQ�OD�WUDQVFULSFLyQ�GH�JHQHV�GH�
FLFOLQDV�'�GXUDQWH�OD�IDVH�*��WHPSUDQD�\�DO�DFX-
PXODUVH�OD�SURWHtQD�VH�IRUPDQ�FRPSOHMRV�&<&'�
&'.�� HVWRV� FRPSOHMRV� SURWHLFRV� VRQ� UHJXODGRV�
QHJDWLYDPHQWH�SRU�ODV�SURWHtQDV�LQKLELGRUDV�.53V��
8QD�YH]�TXH�VRQ�OLEHUDGRV�GH�HVWD�UHSUHVLyQ��VH�
DFWLYDQ�SRU�IRVIRULODFLyQ�GH�OD�WUHRQLQD�����GH�OD�
&'.��'LFKD�IRVIRULODFLyQ�HV�FDWDOL]DGD�SRU�FLQDVDV�
DFWLYDGRUDV�GH�&'.V��&$.���FRPR�&'.'R�&'.)�
�)LJ�����
� (Q�OD�IDVH�*��WDUGtD��HO�FRPSOHMR�DFWLYR�&<&'�
&'.� IRVIRULOD�D� OD�SURWHtQD�5%5��TXH� UHSULPH� OD�
DFWLYLGDG�GH�OD�IDPLOLD�GH�IDFWRUHV�WUDQVFULSFLRQDOHV�
(�)�'3��8QD�YH]�IRVIRULODGD�5%5�HQ�P~OWLSOHV�VLWLRV��
SLHUGH�D¿QLGDG�\�VH�GLVRFLD�GHO�FRPSOHMR�(�)�'3�
SHUPLWLHQGR�OD�WUDQVFULSFLyQ�GH�VXV�JHQHV�EODQFR��
QHFHVDULRV�SDUD�HO�HVWDEOHFLPLHQWR�\�SURJUHVLyQ�GH�
OD�IDVH�6��FRPR�VRQ�ORV�JHQHV�GH�HVWDEOHFLPLHQWR�
GH�RULJHQ��ORCs, MCMs, CDT1���GH�OD�PDTXLQDULD�
GH�UHSOLFDFLyQ��PCNA, DNApol��HQWUH�RWURV��\�GH�OD�
SURJUHVLyQ�GHO�FLFOR�FHOXODU��Ciclina A��������\�����
� 'XUDQWH� OD� WUDQVLFLyQ�*��0��)LJ����VH� OOHYD�D�
FDER�OD�WUDQVFULSFLyQ�GH�ORV�JHQHV�GH�CYCA y CYCB 

GHSHQGLHQWH�GH�(�)��HQ�UHVSXHVWD�D�XQD�VHxDOL-
]DFLyQ� SURYRFDGD� SRU� KRUPRQDV�� /RV� FRPSOHMRV�
&<&$�%�FRQ�&'.$�%�VRQ�UHJXODGRV�QHJDWLYDPHQ-
WH� SRU� SURWHtQDV� LQKLELGRUDV� GHO� WLSR� 6,$0(6(�
�6,0��R�.53V�\�SRU�IRVIRULODFLRQHV�LQKLELGRUDV�HQ�
OD�&'.��FDWDOL]DGDV�SRU�OD�FLQDVD�:((���8QD�YH]�
UHSDUDGRV�ORV�SRVLEOHV�HUURUHV�RFXUULGRV�GXUDQWH�
OD�UHSOLFDFLyQ��ODV�IRVIRULODFLRQHV�LQKLELWRULDV�7���
<��� VRQ� UHPRYLGDV� SRU� XQD� IRVIDWDVD� SXWDWLYD�
D~Q�GHVFRQRFLGD�HQ�SODQWDV��SHUR�\D�LGHQWL¿FDGD�
\�HVWXGLDGD�HQ�RWURV�RUJDQLVPRV��6LPLODU�D�OR�TXH�
\D�VH�GHVFULELy�DQWHULRUPHQWH��ORV�FRPSOHMRV�&<&�
&'.�VH�DFWLYDQ�SRU�OD�IRVIRULODFLyQ�HQ�7����GH�&'.�
�FDWDOL]DGD�SRU� OD�&$.��&'.'�&'.)��SHUPLWLpQ-
GROH�DVt�� OD�IRVIRULODFLyQ�GH�VXV�SURWHtQDV�EODQFR�
SDUD�HQWUDU�D�OD�IDVH�0��'XUDQWH�OD�PLWRVLV��HQ�OD�
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PHWDIDVH��ODV�SURWHtQDV�&'&���\�&&6���DFWLYDQ�\�
GDQ�HVSHFL¿FLGDG�DO�FRPSOHMR�SURPRWRU�GH�DQDIDVH�
�$3&���GLULJLHQGR�OD�GHJUDGDFLyQ�GH�FLFOLQDV�SRU�OD�
YtD�GHO�SURWHDVRPD���6�\�OD�FRQVHFXHQWH�VDOLGD�GH�
PLWRVLV��)LJ���������\�����

REGULACIÓN POR FITOHORMONAS Y AZÚ-
CARES

(QWUH�ODV�¿WRKRUPRQDV�X�KRUPRQDV�YHJHWDOHV�TXH�
SDUWLFLSDQ�HQ�OD�UHJXODFLyQ�GH�OD�H[SUHVLyQ�GH�JH-
QHV�GHO�FLFOR�FHOXODU�\�VX�SURJUHVLyQ�VH�HQFXHQWUDQ�
ODV�DX[LQDV�\�ODV�FLWRFLQLQDV��2WUDV�¿WRKRUPRQDV�
WDPELpQ�WLHQHQ�DOJXQD�LQÀXHQFLD�HQ�HO�FLFOR�FHOXODU��
VLQ�HPEDUJR��KDQ�VLGR�PHQRV�FDUDFWHUL]DGDV��7DO�
HV�HO�FDVR�GHO�iFLGR�DEVFtVLFR��$%$���HO�HWLOHQR��HO�
iFLGR�MDVPyQLFR�\�ORV�EUDVLQRHVWHURLGHV�������)LJ�
����6H�KD�VXJHULGR�TXH�HVWDV�~OWLPDV�¿WRKRUPRQDV�
MXHJDQ�XQ�SDSHO�HQ�OD�DGDSWDFLyQ�GH�OD�DFWLYLGDG�
PHULVWHPiWLFD�D�ODV�FRQGLFLRQHV�H[WHUQDV�\�DO�SUR-
JUDPD�PRUIRJHQpWLFR�YHJHWDO�
� /DV�DX[LQDV�MXHJDQ�XQ�SDSHO�LPSRUWDQWH�HQ�FDVL�
FXDOTXLHU�DVSHFWR�GHO�GHVDUUROOR�YHJHWDO�������(VWDV�
¿WRKRUPRQDV�SURPXHYHQ�OD�DFWLYLGDG�GHO�FLFOR�FHOX-
ODU�\��DO�PLVPR�WLHPSR�TXH�DXPHQWDQ�OD�H[SUHVLyQ�
GH�JHQHV�LQYROXFUDGRV�HQ�OD�WUDQVLFLyQ�*��6�\�*��0��
HVWLPXODQ�OD�GHJUDGDFLyQ�GH�SURWHtQDV�LQKLELGRUDV�
������8Q�HMHPSOR�GH�HOOR��HV�OD�VREUHH[SUHVLyQ�GH�
OD�&<&$����GH�DOIDOID��HQ�SUHVHQFLD�GH�DX[LQDV��/D�
IXQFLyQ�GH�HVWD�FLFOLQD�HVWi�LQYROXFUDGD�HQ�FLFORV�
PLWyWLFRV�PHULVWHPiWLFRV� GXUDQWH� HO� GHVDUUROOR�
SRVW�HPEULRQDULR��
� 6LPLODU�D� ODV�DX[LQDV�� ODV�FLWRFLQLQDV� WDPELpQ�
MXHJDQ�XQ�SDSHO�HVHQFLDO�HQ�HO�FUHFLPLHQWR�GH�ODV�
SODQWDV�\�VX�GHVDUUROOR��(VWDV�¿WRKRUPRQDV�UHWUD-
VDQ� OD� VHQHVFHQFLD�� LQÀX\HQ�HQ� OD� IRUPDFLyQ�GH�
WDOOR��DXPHQWDQ�OD�FDSDFLGDG�GH�DWUDHU�UHFXUVRV�D�
ORV�WHMLGRV�YHJHWDOHV�\�SURPXHYHQ�SUROLIHUDFLyQ�DO�
SDUWLFLSDU�HQ�HO�FRQWURO�GH�ODV�WUDQVLFLRQHV�*��6�\�
*��0��6H�KD�REVHUYDGR�TXH�OD�SUHVHQFLD�GH�FLWR-
FLQLQDV�LQFUHPHQWD�OD�H[SUHVLyQ�GH�XQD�&<&'��HQ�
Arabidopsis��UHJXODGRU�FODYH�GH�OD�WUDQVLFLyQ�*��6��
$GLFLRQDOPHQWH��VH�KD�VXJHULGR�TXH�OD�H[SUHVLyQ�
GH�FLFOLQDV�WLSR�%�R�PLWyWLFDV�WDPELpQ�SXHGH�VHU�
UHJXODGD�SRU�OD�DFFLyQ�GH�HVWD�¿WRKRUPRQD�
� 8QR�GH�ORV�SULQFLSDOHV�SXQWRV�GH�FRQWURO�GH�ODV�
FLWRFLQLQDV�HQ�HO�FLFOR�FHOXODU�HV��SUREDEOHPHQWH��
OD�HVWLPXODFLyQ�GH�OD�GH�IRVIRULODFLyQ�GH�OD�WLURVLQD�
���\�OD�VXEVHFXHQWH�DFWLYDFLyQ�GH�OD�&'.��$GHPiV��
GXUDQWH�OD�IRUPDFLyQ�GH�OD�KRMD��pVWDV�VRQ�QHFH-
VDULDV�SDUD�OD�FHOXODUL]DFLyQ�\�GHVDUUROOR�DGHFXDGR�
GHO�WHMLGR��
� /DV�¿WRKRUPRQDV�SXHGHQ�SUHVHQWDU�LQWHUDFFLRQHV�
VLQpUJLFDV�SDUD�JHQHUDU�VHxDOHV�TXH�FRQWURODQ�OD�H[-
SUHVLyQ�JpQLFD�\�PRGXODQ��SRVW�WUDGXFFLRQDOPHQWH��
D�VXV�SURWHtQDV�EODQFR��3RU�HMHPSOR��ODV�VHxDOHV�

JHQHUDGDV�SRU�DX[LQDV�\�FLWRFLQLQDV�LQWHUDFFLRQDQ�
SDUD�FRQWURODU�OD�H[SUHVLyQ�GH�XQD�&'.$�\�VX�VX-
EXQLGDG�UHJXODGRUD��OD�&<&'���HQ�WDOORV�GH�WDEDFR�
�����
� (O�$%$�HV�RWUD�KRUPRQD�GH�SDUWLFXODU� LPSRU-
WDQFLD�SDUD�HO�FLFOR�FHOXODU��(V�FRQVLGHUDGD�FRPR�
XQD�KRUPRQD�TXH� LQKLEH�HO� FUHFLPLHQWR��\D�TXH�
DIHFWD�D�DOJXQDV�HQ]LPDV�HVSHFL¿FDV�GXUDQWH�HVWH�
SURFHVR��(Q�OD�PD\RUtD�GH�ORV�FDVRV��OD�UHVSXHVWD�
D�$%$�HV�OHQWD�\�UHTXLHUH�FDPELRV�HQ�OD�H[SUHVLyQ�
JpQLFD��(Q�GLIHUHQWHV�WHMLGRV�YHJHWDOHV�VH�KD�GHV-
FULWR�TXH�$%$�HV�XQ�LQKLELGRU�GH�FLFOR�FHOXODU�\�GH�
OD�VtQWHVLV�GH�$'1��\�WDPELpQ�VH�KD�GHPRVWUDGR�
TXH�VX�SUHVHQFLD�LQGXFH�OD�H[SUHVLyQ�GHO�JHQ�TXH�
FRGL¿FD�SDUD�XQD�SURWHtQD�LQKLELGRUD��.53���OD�FXDO�
VH�XQH�H�LQKLEH�OD�DFWLYLGDG�GHO�FRPSOHMR�&<&'�
&'.$��(Q�FRQVHFXHQFLD��ODV�FpOXODV�VH�GHWLHQHQ�HQ�
OD�WUDQVLFLyQ�*��6��)LJ����
� /RV� D]~FDUHV� VRQ� OD� IXHQWH� GH� FDUERQR�PiV�
LPSRUWDQWH�SDUD�OD�SODQWD��LQGLVSHQVDEOHV�SDUD�OD�
GLYLVLyQ�FHOXODU��/DV�FpOXODV�GH�WHMLGRV�PHULVWHPi-
WLFRV�LPSRUWDQ�KH[RVDV��PLHQWUDV�TXH�ORV�WHMLGRV�
GLIHUHQFLDGRV�SUH¿HUHQ�OD�VDFDURVD��'HELGR�D�TXH�
OD�VDFDURVD�HV�OD�PROpFXOD�SULQFLSDO�GH�WUDQVSRUWH�
GH�FDUERQR�HQ�SODQWDV��ORV�PHULVWHPRV�UHTXLHUHQ�
LQYHUWDVDV�H[WUDFHOXODUHV�TXH�KLGUROLFHQ�DO�GLVDFi-
ULGR��/RV�D]~FDUHV�SUHVHQWDQ�XQ�HIHFWR�UHJXODGRU�
VREUH�HO�FLFOR�FHOXODU��VLQ�HPEDUJR��QR�HV�FODUR�VL�
GLFKR�HIHFWR�VH�GHEH�D�XQD�VLPSOH�GLVSRQLELOLGDG�
GH�HQHUJtD�\�HVTXHOHWRV�GH�FDUERQR��R�VL�OD�FRQ-
FHQWUDFLyQ�GHO� D]~FDU�SHU� VH�HV� WUDGXFLGD� FRPR�
XQD�VHxDO��3RU�HMHPSOR��VH�KD�REVHUYDGR�XQD�FR-
UUHODFLyQ�SRVLWLYD�HQWUH�ORV�QLYHOHV�GH�H[SUHVLyQ�GH�
YDULDV�FLFOLQDV��&<&'�����'�����$����\�%�����\�ORV�
QLYHOHV�GH�PRQRVDFiULGRV�HQGyJHQRV�HQ�FpOXODV�HQ�
VXVSHQVLyQ�GH�WDEDFR��(Q�GLFKDV�FpOXODV�OD�GXUDFLyQ�
GH�OD�IDVH�6�\�*��SXHGH�VHU�PRGL¿FDGD�DO�YDULDU�
ORV�QLYHOHV�HQGyJHQRV�GH�PRQRVDFiULGRV������
� /D�LQWHUDFFLyQ�GH�ODV�VHxDOHV�RUTXHVWDGDV�SRU�ORV�
D]~FDUHV�\�DOJXQDV�¿WRKRUPRQDV�VH�KD�GHPRVWUDGR�
HQ�$UDELGRSVLV \�WDEDFR��3RU�HMHPSOR��ODV�DX[LQDV�
LQGXFHQ�OD�VREUHH[SUHVLyQ�GH�FLFOLQDV�WLSR�'��SHUR�
HVWD�H[SUHVLyQ�GHSHQGLHQWH�GH�DX[LQDV�HV�DIHFWDGD�
GH�PDQHUD�GLIHUHQFLDO� VL� WDPELpQ�VH�HQFXHQWUDQ�
SUHVHQWHV�D]~FDUHV�R�FLWRFLQLQDV�
� )LQDOPHQWH��VH�KD�UHSRUWDGR�TXH�DOJXQDV�SURWHt-
QDV�LPSRUWDQWHV�SDUD�HO�FLFOR�FHOXODU��5%5�\�(�)��
VRQ�GHJUDGDGDV�YtD�SURWHDVRPD���6�HQ�$UDELGRSVLV�
FXDQGR�OD�SODQWD�HV�VRPHWLGD�D�GH¿FLHQFLD�GH�VD-
FDURVD��SURYRFDQGR�TXH�VH�GHWHQJD�HO�FLFOR�FHOXODU�
HQ�OD�IDVH�*��

PERSPECTIVAS

(Q�ORV�~OWLPRV�DxRV�VH�KDQ�KHFKR�FRQWULEXFLRQHV�
LPSRUWDQWHV� SDUD� HQWHQGHU� ORV�PHFDQLVPRV� GH�
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REFERENCIAS

��� 9i]TXH]�5DPRV�-0��6iQFKH]�03��������7KH�
FHOO�F\FOH�DQG�VHHG�JHUPLQDWLRQ��6HHG�6FL�5HV�
�����������

���� 'LUN�,Q]H��(GV����������&HOO�F\FOH�DQG�SODQW�
GHYHORSPHQW��:LOH\�%ODFNZHOO�3XEOLVKLQJ�/WG��
2[IRUG��8.��S������

���� .DZDPXUD�.��0XUUD\�-$��6KLQP\R�$��6HNLQH�
0��������&HOO�F\FOH�UHJXODWHG�'��W\SH�F\FOLQV�
IRUP� DFWLYH� FRPSOH[HV� ZLWK� SODQW�VSHFL¿F�
%�W\SH�F\FOLQ�GHSHQGHQW�NLQDVH in vitro��3ODQW�
0RO�%LRO������������

���� 9DQ�/HHQH�-��+ROOXQGHU�-��(HFNKRXW�'��3HUVLDX�
*��9DQ�'H�6OLMNH�(��6WDOV�+��9DQ�,VWHUGDHO�$��
1HLU\QFN�6��%XNNHO� <��'H�%RGW�6��0DHUH�6��
/DXNHQV�.��3KDUD]\Q�$��)HUUHLUD�3&��(OR\�1��
5HQQH�&��0H\HU�&��)DXUH�-'��6WHLQEUHQQHU�-��
%H\QRQ�-��/DUNLQ�-&��9DQ�GH�3HHU�<��

� +LOVRQ�3��.XLSHU�0��'H�9H\OGHU�/��9DQ�2QFNHOHQ�
+�� ,Q]p�'��:XWWHUV� (�� 'H� -DHJHU�*� �������
7DUJHWHG�LQWHUDFWRPLFV�UHYHDOV�D�FRPSOH[�FRUH�
FHOO�F\FOH�PDFKLQHU\�LQ�Arabidopsis thaliana��
0RO�6\V�%LRO������

���� 9DQ�/HHQH�-��%RUXF�-��'H�-DHJHU�*'��5XVVLQRYD�
(��'H�9H\OGHU�/��������$�NDOHLGRVFRSLF�YLHZ�
RI�WKH�$UDELGRSVLV�FRUH�FHOO�F\FOH�LQWHUDFWRPH��
7UHQGV�LQ�3ODQW�6FL������������

���� 0HQJHV�0��GH�-DJHU�60��*UXLVVHP�:��0XUUD\�
-$+��������*OREDO�DQDO\VLV�RI�WKH�FHOO�F\FOH�
UHJXODWRUV� RI� $UDELGRSVLV� LGHQWLILHV� QRYHO�
JHQHV�� UHYHDOV�PXOWLSOH� DQG� KLJKO\� VSHFL¿F�
SUR¿OHV�RI�H[SUHVVLRQ�DQG�SURYLGHV�D�FRKHUHQW�
PRGHO� IRU� SODQW� FHOO� F\FOH� FRQWURO�� 3ODQW� -�
�����������

���� %XHQGtD�0RQUHDO� 0�� 5HQWHUtD�&DQHWW� ,��
*XHUUHUR�$QGUDGH� 2�� %UDYR�$OEHUWR� &(��
0DUWtQH]�&DVWLOOD� /3�� *DUFtD� (�� 9i]TXH]�
5DPRV�-0��������7KH�IDPLO\�RI�PDL]H�'�W\SH�

F\FOLQV�� JHQRPLF� RUJDQL]DWLRQ�� SK\ORJHQ\�
DQG� H[SUHVVLRQ� SDWWHUQV�� 3K\VLRO� 3ODQWDUXP�
������������

���� 6WU]DOND�:��=LHPLHQRZLF]�$��������3UROLIHUDWLQJ�
FHOO�QXFOHDU�DQWLJHQ��3&1$���D�NH\�IDFWRU�LQ�
'1$� UHSOLFDWLRQ� DQG� FHOO� F\FOH� UHJXODWLRQ��
$QQDO�%RW���������������

���� %Dt]D� $0�� 9i]TXH]�5DPRV� -0�� 6iQFKH]� GH�
-LPpQH]� (� ������� '1$� V\QWKHVLV� DQG� FHOO�
GLYLVLRQ� LQ� HPEU\RQLF�PDL]H� WLVVXHV� GXULQJ�
JHUPLQDWLRQ��-�3ODQW�3K\VLRO�������������

���� 6DEHOOL� 3$�� /LX� <�� 'DQWH� 5$�� /L]DUUDJD� /(��
1JX\HQ� +1�� %URZQ� 6:�� .OLQJOHU� -3�� <X�� -��
/D%UDQW�(��/D\WRQ�70��)HOGPDQ�0��/DUNLQV�%$�
�������&RQWURO�RI�FHOO�SUROLIHUDWLRQ��FHOO�VL]H��
DQG�FHOO�GHDWK�E\�WKH�UHWLQREODVWRPD�UHODWHG�
SDWKZD\�LQ�PDL]H�HQGRVSHUP��3URF�1DWO�$FDG�
6FL�GRL����������SQDV������������

���� 6DEHOOL�3$��'DQWH�5$��/HLYD�1HWR�-7��-XQJ�5��
*RUGRQ�.DPP�:-��/DUNLQV�%$��������5%5���
D� PHPEHU� RI� WKH� UHWLQREODVWRPD�UHODWHG�
IDPLO\�IURP�PDL]H��LV�UHJXODWHG�E\�WKH�5%5��
(�)�SDWKZD\��3URF�1DWO�$FDG�6FL�����������
������

���� 'LUN�,Q]p�DQG�/LHYHQ�'H�9H\OGHU��������&HOO�
&\FOH�5HJXODWLRQ�LQ�3ODQW�'HYHORSPHQW��$QQ��
5HY��*HQHW�����������

���� 'HO�3R]R�-&��/RSH]�0DWDV�0$��5DPtUH]�3DUUD�
(��*XWLpUUH]�&��������+RUPRQDO�FRQWURO�RI�WKH�
SODQW�FHOO�F\FOH��3K\VLRO�3ODQW�������������

���� 'H�9H\OGHU�/��%HHFNPDQ�7��,Q]p�'��������7KH�
LQV�DQG�RXWV�RI�WKH�SODQW�FHOO�F\FOH��1DW�5HY�
0RO�&HOO�%LRO�����������

���� +DUWLJ�.��%HFN�(� �������&URVVWDON�EHWZHHQ�
DX[LQ��F\WRNLQLQV�DQG�VXJDUV�LQ�WKH�SODQW�FHOO�
F\FOH��3ODQW�%LRO�����������

UHJXODFLyQ�GHO�FLFOR�FHOXODU�\�VX�UHODFLyQ�FRQ�HO�GH-
VDUUROOR�GH�ODV�SODQWDV��6H�VDEH��SRU�HMHPSOR��TXH�
QR�EDVWD�VRODPHQWH�OD�SUHVHQFLD�GH�FLHUWD�FLFOLQD�
SDUD�GHVHQFDGHQDU�HYHQWRV�GHQWUR�GHO�FLFOR�FHOXODU��
VLQR�TXH��WDPELpQ�VRQ�LPSRUWDQWHV�ODV�DVRFLDFLRQHV�
TXH�HQ�FLHUWRV�PRPHQWRV�pVWD�SXHGD�HVWDEOHFHU�
FRQ�RWUDV�SURWHtQDV�UHOHYDQWHV�GHO�FLFOR�FHOXODU��(Q�
HVWH�VHQWLGR��UHFLHQWHPHQWH�VH�KDQ�GHVDUUROODGR�

HVWUDWHJLDV�SDUD�UHYHODU�ORV�PDSDV�GH�LQWHUDFWRPDV��
SDUWLFXODUPHQWH�HQ�$UDELGRSVLV��6LQ�HPEDUJR��VH�
UHTXLHUH�GH�QXHYDV�LQYHVWLJDFLRQHV�SDUD�HQWHQGHU�
FRQ�PiV�SURIXQGLGDG�HO�FRQWURO�GHO�FLFOR�FHOXODU�D�
WUDYpV�GH�ODV�PRGL¿FDFLRQHV�SRVW�WUDGXFFLRQDOHV�GH�
ODV�SURWHtQDV�UHJXODGRUDV�GHO�FLFOR�FHOXODU��DVt�FRPR�
GH�OD�¿QD�UHJXODFLyQ�SRU�VX�ORFDOL]DFLyQ�VXEFHOXODU��
H[SUHVLyQ�JpQLFD��VtQWHVLV�de novo�\�GHJUDGDFLyQ�


