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�´ ²¨§ ¸¢Ö§¥° ³¥¦¤Ê �’” ¨ ± É ²¨É¨Î¥¸±μ° ¸Ê¡Ñ¥¤¨´¨Í¥° ±¨´ §Ò
(´ É¨¢´μ° ¨ ³ÊÉ ´É´μ°) ¸ ¶μ³μÐÓÕ Œ„-³μ¤¥²¨·μ¢ ´¨Ö ±·¨¸É ²²¨Î¥¸±μ°
·¥Ï¥É±¨  ±É¨¢´μ° ±¨´ §Ò CDK2

‘ ¶μ³μÐÓÕ ³μ²¥±Ê²Ö·´μ-¤¨´ ³¨Î¥¸±μ£μ (Œ„) ³μ¤¥²¨·μ¢ ´¨Ö ¶·μ¢¥¤¥´  ´ -
²¨§ ¨§³¥´¥´¨° ËÊ´±Í¨μ´ ²Ó´μ §´ Î¨³ÒÌ ¸É·Ê±ÉÊ·´ÒÌ Ô²¥³¥´Éμ¢ ±·¨¸É ²²¨Î¥-
¸±μ° ·¥Ï¥É±¨ ¤¢ÊÌ ±μ³¶²¥±¸μ¢  ±É¨¢´μ° ±¨´ §Ò pT160-CDK2/Í¨±²¨´ A/ATP-
Mg2+/¸Ê¡¸É· É, ´ É¨¢´μ£μ (CDK2-G16) ¨ ³ÊÉ ´É´μ£μ (CDK2-S16), ¢ Ê¸²μ¢¨ÖÌ
Ë¨§¨μ²μ£¨Î¥¸±μ° É¥³¶¥· ÉÊ·Ò (T = 300 K). �μ± § ´μ, ÎÉμ § ³¥´  μ¤´μ°  ³¨´μ-
±¨¸²μÉÒ G16S ¢ ± É ²¨É¨Î¥¸±μ° ¸Ê¡Ñ¥¤¨´¨Í¥ ¶·¨¢μ¤¨É ± ¸¨²Ó´Ò³ ¨§³¥´¥´¨Ö³
¸É·Ê±ÉÊ·Ò ±¨´ §Ò. 
É¨ ¨§³¥´¥´¨Ö ¸± §Ò¢ ÕÉ¸Ö ´  ¸É·Ê±ÉÊ·¥, ¨μ´´ÒÌ ¨ ¢μ¤μ-
·μ¤´ÒÌ ¸¢Ö§ÖÌ �’”.

	 ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ · ¤¨ Í¨μ´´μ° ¡¨μ²μ£¨¨ �ˆŸˆ.
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Kretov D.A., Kholmurodov Kh.T., Koltovaya N.A. P19-2006-90
Analysis of the Bonds between the ATP and Catalytic Subunit of Kinases
(Wild and Mutant) Using MD Simulations of the Active CDK2 Crystal Lattice

Based on the MD simulations the analysis of conformational behavior of
the crystal lattice of two-component active kinase pT160-CDK2/cyclin A/ATP-
Mg2+/substrate of the native (CDK2-G16) and mutant (CDK2-S16) proteins at the
physiological temperatures (T = 300 K) is performed. It is shown that a single G16S
substitution in kinase catalytic subunit leads to signiˇcant changes of the total kinase
structure. These changes in�uence the ATP structure, ionic and hydrogen bonds.

The investigation has been performed at the Laboratory of Radiation Biology,
JINR.
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–¨±²¨´§ ¢¨¸¨³Ò¥ ±¨´ §Ò CDK (cyclin dependent kinase) ¨£· ÕÉ Í¥´É· ²Ó-
´ÊÕ ·μ²Ó ¢ ·¥£Ê²ÖÍ¨¨ ±²¥ÉμÎ´μ£μ Í¨±²  [1]. ˆ§ÊÎ¥´¨¥ ¸É·Ê±ÉÊ·Ò ¨ ËÊ´±Í¨μ-
´ ²Ó´μ° §´ Î¨³μ¸É¨ μÉ¤¥²Ó´ÒÌ ¸É·Ê±ÉÊ·´ÒÌ Ô²¥³¥´Éμ¢ ±¨´ §Ò ¶·¥¤¸É ¢²Ö¥É
¶· ±É¨Î¥¸±¨° ¨´É¥·¥¸ ¢ ¸¢Ö§¨ ¸ ´ ¡²Õ¤ ¥³μ° ¢Ò¸μ±μ° Î ¸ÉμÉμ° ´ ·ÊÏ¥´¨Ö
CDK ¨²¨ ¤¥·¥£Ê²ÖÍ¨¨ ¨´£¨¡¨Éμ·μ¢ CDK ¶·¨ §²μ± Î¥¸É¢¥´´μ³ ¶¥·¥·μ¦¤¥-
´¨¨ ±²¥Éμ±. “ ¤·μ¦¦¥° ±¨´ §  CDK1/CDC28 μÉ´μ¸¨É¸Ö ± ¦¨§´¥´´μ ¢ ¦´Ò³
Ë¥·³¥´É ³ ¨ ¶μ²´μ¥ · §·ÊÏ¥´¨¥ £¥´  ²¥É ²Ó´μ ¤²Ö ±²¥É±¨. �μÔÉμ³Ê ¤²Ö ¨§Ê-
Î¥´¨Ö ËÊ´±Í¨μ´ ²Ó´μ° §´ Î¨³μ¸É¨ £¥´  ¨ §´ Î¥´¨Ö μ¶·¥¤¥²¥´´ÒÌ Ô²¥³¥´Éμ¢
¸É·Ê±ÉÊ·Ò ±¨´ §Ò ¤²Ö ¥¥ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö, ± ± ¶· ¢¨²μ, ¨¸¶μ²Ó§ÊÕÉ É¥³-
¶¥· ÉÊ·μÎÊ¢¸É¢¨É¥²Ó´Ò¥ ³ÊÉ Í¨¨, ¶·¨ ¶¥·³¨¸¸¨¢´μ° É¥³¶¥· ÉÊ·¥ ¸μ¢³¥¸É¨-
³Ò¥ ¸ ¦¨§´¥¸¶μ¸μ¡´μ¸ÉÓÕ ±²¥Éμ±,   ¶·¨ ·¥¸É·¨±É´μ° É¥³¶¥· ÉÊ·¥ ¡²μ±¨·Ê-
ÕÐ¨¥ Í¨±² ¤¥²¥´¨Ö ´  μ¶·¥¤¥²¥´´μ° ¸É ¤¨¨. �·¨ ÔÉμ³ · §²¨Î´Ò¥ ³ÊÉ Í¨¨,
Î ¸É¨Î´μ ´ ·ÊÏ ÕÐ¨¥ ËÊ´±Í¨¨ ±¨´ §Ò, ²¨ÏÓ Î ¸É¨Î´μ ¢ÒÖ¢²ÖÕÉ ¸¶¥±É·
ËÊ´±Í¨μ´ ²Ó´μ° §´ Î¨³μ¸É¨ ±¨´ §Ò.

Š É ²¨É¨Î¥¸± Ö ¸Ê¡Ñ¥¤¨´¨Í  ±¨´ §Ò Ô¢μ²ÕÍ¨μ´´μ ±μ´¸¥·¢ É¨¢´  ¨ ¨³¥¥É
¸Ìμ¦ÊÕ ¸É·Ê±ÉÊ·Ê ¤²Ö Î¥²μ¢¥±  ¨ ¤·μ¦¦¥° [2]. �¤´¨³ ¨§ ¸É·Ê±ÉÊ·´ÒÌ Ô²¥-
³¥´Éμ¢ Ö¢²Ö¥É¸Ö G-¡μ£ É Ö ¶¥É²Ö GxGxxG ¢ N-±μ´Í¥¢μ³ ÊÎ ¸É±¥. “ ¤·μ¦-
¦¥° ³ÊÉ Í¨Ö cdc28-srm [G20S] [3], ¶·¥¤¸É ¢²ÖÕÐ Ö ¸μ¡μ° § ³¥´Ê μ¤´μ£μ ¨§
±μ´¸¥·¢ É¨¢´ÒÌ £²¨Í¨´μ¢ ´  ¸¥·¨´ ¢ G-¶¥É²¥, ¨³¥¥É Ï¨·μ±μ¥ ¶²¥°μÉ·μ¶-
´μ¥ ¶·μÖ¢²¥´¨¥. 
É  ³ÊÉ Í¨Ö ¢Ò§Ò¢ ¥É ¨§³¥´¥´¨Ö ±²¥ÉμÎ´μ£μ Í¨±² , ¸´¨¦¥-
´¨¥ £¥´¥É¨Î¥¸±μ° ¸É ¡¨²Ó´μ¸É¨, ¶μ¢ÒÏ¥´¨¥ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¨ ¢²¨Ö¥É
´  checkpoint-±μ´É·μ²Ó [4Ä6], ¶·¨Î¥³ ¶·¨ Ë¨§¨μ²μ£¨Î¥¸±¨Ì É¥³¶¥· ÉÊ· Ì,
ÎÉμ ¶μ§¢μ²Ö¥É ¨§ÊÎ ÉÓ ÊÎ ¸É¨¥ ±¨´ §Ò ¢ ³´μ£μÎ¨¸²¥´´ÒÌ ±²¥ÉμÎ´ÒÌ ¶·μÍ¥¸-
¸ Ì. ”Ê´±Í¨μ´ ²Ó´ Ö ¢ ¦´μ¸ÉÓ G-¶¥É²¨ ¶μ± § ´  É ±¦¥ ¤²Ö ±¨´ §Ò Î¥²μ¢¥± 
Í��Š, § ³¥´  ¶¥·¢μ£μ (G11) ¨ ¢Éμ·μ£μ (G13) £²¨Í¨´μ¢ ´   ² ´¨´ ¨ ¸¥·¨´
¶·¨¢μ¤¨²  ± ¸¨²Ó´μ³Ê ¸´¨¦¥´¨Õ  ±É¨¢´μ¸É¨ ±¨´ §Ò [7Ä10]. Š·μ³¥ Éμ£μ, ¢ G-
¶¥É²¥ ²μ± ²¨§μ¢ ´Ò ¸ °ÉÒ ´¥£ É¨¢´μ° ·¥£Ê²ÖÍ¨¨; Ëμ¸Ëμ·¨²¨·μ¢ ´¨¥ μ¸É É-
±μ¢ T14 ¨ Y15 ¶·¨¢μ¤¨É ± ¨´ ±É¨¢ Í¨¨ ±¨´ §Ò CDK2 [1]. �¤´ ±μ ·μ²Ó
G-¶¥É²¨ ¢  ·Ì¨É¥±ÉÊ·¥ ¡¥²±  ³ ²μ ¨§ÊÎ¥´ . ‘ ¶μ³μÐÓÕ Œ„-³μ¤¥²¨·μ¢ ´¨Ö
´ ³¨ ¶·μ¢¥¤¥´  ´ ²¨§ ¸É·Ê±ÉÊ·´ÒÌ ¨§³¥´¥´¨° ±¨´ §Ò, ¢Ò§¢ ´´ÒÌ § ³¥´μ°
É·¥ÉÓ¥£μ £²¨Í¨´  ¢ G-¶¥É²¥. �¸μ¡μ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö¥É¸Ö ¸É·Ê±ÉÊ·´Ò³ ¨§³¥-
´¥´¨Ö³ �’”.
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Š¨´ §Ò CDK μÉ´μ¸ÖÉ¸Ö ± ¸¥³¥°¸É¢Ê ¸¥·¨´-É·¥μ´¨´μ¢ÒÌ ¶·μÉ¥¨´±¨´ §.
”¥·³¥´É μ¸ÊÐ¥¸É¢²Ö¥É ± É ²¨É¨Î¥¸±ÊÕ ¶¥·¥¤ ÎÊ γ-Ëμ¸Ë É  �’” ´  ¸¥·¨´
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¨²¨ É·¥μ´¨´ ¢ S/T − P -³μÉ¨¢¥ ¡¥²±μ¢ÒÌ ¸Ê¡¸É· Éμ¢. ‘É·Ê±ÉÊ·  ±¨´ § ±μ´-
¸¥·¢ É¨¢´  ¨ ´ ¡²Õ¤ ¥É¸Ö ¢Ò¸μ± Ö £μ³μ²μ£¨Ö ¶¥·¢¨Î´μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨
¤²Ö ±¨´ §Ò Î¥²μ¢¥±  ¨ ¤·μ¦¦¥° (∼62 %) [11, 12]. „²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¸É·Ê±-
ÉÊ·´ÒÌ ¨§³¥´¥´¨° ¤·μ¦¦¥¢μ° ±¨´ §Ò CDC28, ¢Ò§¢ ´´ÒÌ § ³¥´μ° É·¥ÉÓ¥£μ
±μ´¸¥·¢ É¨¢´μ£μ £²¨Í¨´  (G16S), ¨¸¶μ²Ó§μ¢ ²¨ ±·¨¸É ²²¨Î¥¸±ÊÕ ·¥Ï¥É±Ê ±¨-
´ §Ò Î¥²μ¢¥±  CDK2 ¨§ ¡ §Ò ¤ ´´ÒÌ PDB (Ë °² 1QMZ). ‚  ±É¨¢´Ò° ±μ³-
¶²¥±¸ ¶·μÉ¥¨´±¨´ §Ò pT160-CDK2/Í¨±²¨´ A/ATP-Mg2+ ¢Ìμ¤ÖÉ Ëμ¸Ëμ·¨²¨-
·μ¢ ´´ Ö ±¨´ §´ Ö ¸Ê¡Ñ¥¤¨´¨Í  pT160-CDK2, Ë· £³¥´É Í¨±²¨´  (μ¸É. 173Ä
432), ¶¥´É ³¥· ¸Ê¡¸É· É  (HHASPRK), ¸μ¤¥·¦ Ð¨° ¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨
¸ °É Ëμ¸Ëμ·¨²¨·μ¢ ´¨Ö, ¨  ±É¨¢´Ò° �’”, ¸¢Ö§ ´´Ò° ¸ ¨μ´μ³ Mg2+ (·¨¸. 1).
Šμ³¶²¥±¸ μ±·Ê¦¥´ 2287 ³μ²¥±Ê² ³¨ ¢μ¤Ò. �μ¸±μ²Ó±Ê £²¨Í¨´ G20-CDC28
¤·μ¦¦¥¢μ° ±¨´ §Ò ¸μμÉ¢¥É¸É¢Ê¥É £²¨Í¨´Ê G16-CDK2 ±¨´ §Ò Î¥²μ¢¥± , Éμ ¢
¨¸Ìμ¤´μ° ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¥ CDK2 μ¸ÊÐ¥¸É¢¨²¨ § ³¥Ð¥´¨¥ G16 ´ 

	¨¸. 1. ‘É·Ê±ÉÊ·  ±¨´ §Ò Î¥²μ¢¥±  CDK2 (Ë °² 1QMZ ¨§ ¡ §Ò ¤ ´´ÒÌ PDB). �¥²±μ-
¢Ò° ±μ³¶²¥±¸ ¸μ¸Éμ¨É ¨§ ±¨´ §Ò (Š) ¨ Í¨±²¨´  � (‘). Š É ²¨É¨Î¥¸± Ö ¸Ê¡Ñ¥¤¨´¨Í 
±¨´ §Ò Ê¶ ±μ¢ ´  ¢ ¤¢  ±Ê² ± : N ¨ S. ‚Ò¤¥²¥´Ò ¸É·Ê±ÉÊ·´Ò¥ Ô²¥³¥´ÉÒ ±¨´ §Ò: N Å
N-±Ê² ± (μ¸É. 1-85), ‘ Å ‘-±Ê² ± (μ¸É. 86-298), G Å G-¶¥É²Ö (μ¸É. 11-18), ’ Å ’-
¶¥É²Ö (μ¸É. 147-167), PSTAIRE (μ¸É. 45-51), S Å ¸Ê¡¸É· É (HHASPRK), ATP+Mg Å
±μ³¶²¥±¸ �’” ¸ ¨μ´μ³ ³ £´¨Ö Mg2+. ’ ±¦¥ ¸Ë¥·¨Î¥¸±¨³¨  Éμ³ ³¨ ¨§μ¡· ¦¥´Ò
 ³¨´μ±¨¸²μÉ´Ò¥ μ¸É É±¨ ’160, ¸ °É Ëμ¸Ëμ·¨²¨·μ¢ ´¨Ö ¢ ’-¶¥É²¥, ¨ ¸ °É ³ÊÉ Í¨μ´-
´μ£μ § ³¥Ð¥´¨Ö £²¨Í¨´  ´  ¸¥·¨´
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S16 ¨ ¶·μ¢¥²¨ Œ„-³μ¤¥²¨·μ¢ ´¨¥ ¤²Ö μ¡μ¨Ì ±μ³¶²¥±¸μ¢, ´ É¨¢´μ£μ CDK2-
G16 ¨ ³ÊÉ ´É´μ£μ CDK2-S16.

ˆ§³¥´¥´¨Ö ¸É·Ê±ÉÊ·Ò ± É ²¨É¨Î¥¸±μ° ¸Ê¡Ñ¥¤¨´¨ÍÒ. 	 ´¥¥ ¡Ò² ¶·μ¢¥-
¤¥´  ´ ²¨§ ´¥ ±É¨¢´μ° ±¨´ §Ò (¡¥§ Í¨±²¨´  ¨ ¸Ê¡¸É· É ) ¨ ¶μ± § ´μ, ÎÉμ
¢´¥¸¥´¨¥ ³ÊÉ Í¨¨ G16S ¢ ±·¨¸É ²²¨Î¥¸±ÊÕ ·¥Ï¥É±Ê ± É ²¨É¨Î¥¸±μ° ¸Ê¡Ñ-
¥¤¨´¨ÍÒ ±¨´ §Ò CDK2 ¢Ò§Ò¢ ¥É ¸ÊÐ¥¸É¢¥´´μ¥ ¨§³¥´¥´¨¥ ¸É·Ê±ÉÊ·Ò [3], É ±,
Ê¢¥²¨Î¨² ¸Ó ± É ²¨É¨Î¥¸± Ö Ð¥²Ó ³¥¦¤Ê ¤¢Ê³Ö ±Ê² Î± ³¨ ±¨´ §Ò, · ¸¸ÉμÖ-
´¨¥ ³¥¦¤Ê ’160, ²μ± ²¨§μ¢ ´´Ò³ ¢ ’-¶¥É²¥ ¡μ²ÓÏμ£μ ±Ê² ± , ¨ ³ÊÉ ´É´Ò³
μ¸É É±μ³ ¢ G-¶¥É²¥ ³ ²μ£μ ±Ê² ±  Ê¢¥²¨Î¨²μ¸Ó ¸ 12,33 ¤μ 17,57 �A.

‚ ¤ ´´μ° · ¡μÉ¥ ³Ò ¶·μ¢¥²¨  ´ ²¨§  ±É¨¢´μ° ±¨´ §Ò, É. ¥. Ëμ¸Ëμ·¨²¨-
·μ¢ ´´μ° ± É ²¨É¨Î¥¸±μ° ¸Ê¡Ñ¥¤¨´¨ÍÒ ¢ ±μ³¶²¥±¸¥ ¸ Í¨±²¨´μ³ ¨ ¸Ê¡¸É· -
Éμ³. 	 ¢´μ¢¥¸´Ò¥ ¶μ²μ¦¥´¨Ö  Éμ³μ¢ ¤²Ö ± ¦¤μ£μ ¨§ ±μ³¶²¥±¸μ¢ CDK2-G16
¨ CDK2-S16 · ¸¸Î¨ÉÒ¢ ²¨ ¸ Ï £μ³ 1 Ë¸ ´  ¶·μÉÖ¦¥´¨¨ 2 ´¸. ‡  ÔÉμ ¢·¥³Ö
±μ³¶²¥±¸Ò ¤μ¸É¨£²¨ · ¢´μ¢¥¸´μ£μ ¸μ¸ÉμÖ´¨Ö. �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ±μ-

	¨¸. 2. Šμ´¥Î´Ò¥ ¸É·Ê±ÉÊ·´Ò¥ ±μ´Ëμ·³ Í¨¨ ¶μ ¤ ´´Ò³ ³μ²¥±Ê²Ö·´μ-¤¨´ ³¨Î¥¸±¨Ì
· ¸Î¥Éμ¢ ´ É¨¢´μ£μ (G16) ¨ ³ÊÉ ´É´μ£μ (S16) ±μ³¶²¥±¸μ¢ CDK2. Šμ´Ëμ·³ Í¨¨ ¡¥²-
±μ¢ÒÌ ¸É·Ê±ÉÊ· ¶μ¸É·μ¥´Ò ´  μ¸´μ¢¥ · ¸Î¥É  · ¢´μ¢¥¸´ÒÌ ¶μ²μ¦¥´¨°  Éμ³μ¢ ±μ³-
¶²¥±¸μ¢ CDK2 ¢ ¨´É¥·¢ ²¥ ¢·¥³¥´¨ 2 ´¸. ‚Ò¤¥²¥´Ò G, ’ ¨ PSTAIRE ¶¥É²¨,   É ±¦¥
¸Ê¡¸É· É ¨ �’”
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´¥Î´Ò¥ ±μ´Ëμ·³ Í¨¨ ´¥³ÊÉ ´É´μ£μ (G16) ¨ ³ÊÉ ´É´μ£μ (S16) ±μ³¶²¥±¸μ¢
CDK2. 	 ¢´μ¢¥¸´Ò¥ ¸É·Ê±ÉÊ·Ò CDK2-G16 ¨ CDK2-S16 μÉ²¨Î ÕÉ¸Ö μÉ ¨Ì
´ Î ²Ó´ÒÌ ±·¨¸É ²²¨Î¥¸±¨Ì ·¥Ï¥Éμ±. �·¨ ÔÉμ³ ¶μ ¤ ´´Ò³ ¤¨´ ³¨Î¥¸±μ£μ
³μ¤¥²¨·μ¢ ´¨Ö ¸É·Ê±ÉÊ·´Ò¥ ¶¥·¥¸É·μ°±¨ ´¥³ÊÉ ´É´μ£μ (G16) ¨ ³ÊÉ ´É´μ£μ
(S16) ±μ³¶²¥±¸μ¢ CDK2 § ³¥É´μ · §²¨Î ÕÉ¸Ö ¨ ¶·¨¢μ¤ÖÉ ± · §²¨Î ÕÐ¨³¸Ö
· ¢´μ¢¥¸´Ò³ ¸É·Ê±ÉÊ· ³.

‚§ ¨³μ¤¥°¸É¢¨¥ É·¥Ì ®±²ÕÎ¥¢ÒÌ¯  ³¨´μ±¨¸²μÉ´ÒÌ μ¸É É±μ¢ ± É ²¨É¨Î¥-
¸±μ° Ð¥²¨ Lys33, Asn132 ¨ Asp145 ¶·μ¨²²Õ¸É·¨·μ¢ ´μ ¤¨ £· ³³ ³¨ (·¨¸. 3).
	 ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¸ °É ³¨ Asp145 ¨ Asn132 ´¥ ¨§³¥´Ö¥É¸Ö § ³¥É´Ò³ μ¡· -
§μ³, ¨, ¶μ-¢¨¤¨³μ³Ê, μ´¨ ´¥ ³¥´ÖÕÉ ¸¢μ¥£μ ¢§ ¨³´μ£μ · ¸¶μ²μ¦¥´¨Ö. �¤´ ±μ
Lys33 ¢ ³ÊÉ ´É´μ° ¸É·Ê±ÉÊ·¥ · ¸¶μ²μ¦¥´ § ³¥É´μ ¤ ²ÓÏ¥ μÉ Asn132, ± ± ¨
μÉ Asp145 (·¨¸. 3).

	¨¸. 3. „¨ £· ³³Ò · ¸¸ÉμÖ´¨° ¢ μ¡² ¸É¨  ±É¨¢´μ£μ Í¥´É·  ¤²Ö ± É ²¨É¨Î¥¸±¨Ì ¸ °Éμ¢
Asp145, Asn132 ¨ Lys33
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ˆ§³¥´¥´¨¥ ¸É·Ê±ÉÊ·Ò ±¨´ §´μ° ¸Ê¡Ñ¥¤¨´¨ÍÒ ¢Ò§Ò¢ ¥É ¨§³¥´¥´¨¥ ¸¢Ö§¥°
¸ �’” ¨ ¸ ³μ° ¸É·Ê±ÉÊ·Ò �’”.

ˆ§³¥´¥´¨¥ ¸É·Ê±ÉÊ·Ò �’”. �´ ²¨§ ¨§³¥´¥´¨° ¤¨£¥¤· ²Ó´μ£μ Ê£²  ‘8-
N9-‘1-‘2 ³¥¦¤Ê  ¤¥´¨´μ³ ¨ ·¨¡μ§μ° �’” ¶μ± § ², ÎÉμ ¶μ ¸· ¢´¥´¨Õ ¸
±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±μ° Ê£μ² ¨§³¥´Ö¥É¸Ö ´  · ´´¨Ì ¸É ¤¨ÖÌ Œ„-³μ¤¥²¨-
·μ¢ ´¨Ö  ±É¨¢´μ° ±¨´ §Ò. „²Ö ´ É¨¢´μ° ¸É·Ê±ÉÊ·Ò μ´ ¸μ¸É ¢²Ö¥É 14,9◦, ¤²Ö
³ÊÉ ´É´μ° Å 53,6◦. ’ ±¦¥ ¨§³¥´¨²¸Ö Ê£μ², μ¡· §μ¢ ´´Ò° Ëμ¸Ë É ³¨. � 
·¨¸. 4 ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ ¨§³¥´¥´¨Ö Ê£²  PaÄPbÄPg (α-, β- ¨ γ-Ëμ¸Ë É´Ò¥
£·Ê¶¶Ò) ¸μ ¢·¥³¥´¥³ ¤²Ö ³ÊÉ ´É´μ° ¨ ´ É¨¢´μ° ¸É·Ê±ÉÊ·.

	¨¸. 4. „¨£¥¤· ²Ó´Ò° (¤¢Ê£· ´´Ò°) Ê£μ² C1C2ÄN9C8 ¨ ¶·μ¸É· ´¸É¢¥´´Ò° Ê£μ² PaÄ
PbÄPg ³¥¦¤Ê Ëμ¸Ë É´Ò³¨ £·Ê¶¶ ³¨ ¢ ³μ²¥±Ê²¥ �’”. 	¥§Ê²ÓÉ¨·ÊÕÐ¨¥ Ê£²Ò Ê± § ´Ò
¤²Ö ³ÊÉ ´É´μ° ¸É·Ê±ÉÊ·Ò ¢ £· ¤Ê¸ Ì (¤²Ö ´ É¨¢´μ° ¸É·Ê±ÉÊ·Ò ·¥§Ê²ÓÉ ÉÒ Ê± § ´Ò ¢
¸±μ¡± Ì)

ˆ§³¥´¥´¨¥ ¸¢Ö§¥° �’”. ˆ§³¥´¥´¨¥ ¸É·Ê±ÉÊ·Ò �’” μÉ· ¦ ¥É Ë ±É ¨§³¥-
´¥´¨Ö ¸É·Ê±ÉÊ·Ò ±¨´ §´μ° ¸Ê¡Ñ¥¤¨´¨ÍÒ, ¶·¨¢¥¤Ï¥£μ ± ¨§³¥´¥´¨Õ ¸¢Ö§¥° ¸
�’”. ‘ °É ¸¢Ö§Ò¢ ´¨Ö �’” ²μ± ²¨§μ¢ ´ ¢ Ð¥²¨ ³¥¦¤Ê ±Ê² Î± ³¨ ±¨´ §Ò [2].
‹μ± ²¨§ Í¨Ö �’” ¢ ±¨´ §´μ³ ±μ³¶²¥±¸¥ ¨§ÊÎ¥´  ¶·¨ ·¥´É£¥´μ¸É·Ê±ÉÊ·´μ³
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 ´ ²¨§¥ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨ ´¥ ±É¨¢´μ° ±¨´ §Ò CDK2 [2]. �μ± § ´μ,
ÎÉμ ¢ ´¥ ±É¨¢´μ³ ¡¨´ ·´μ³ ±μ³¶²¥±¸¥ CDK2-Mg2+-�’”  ¤¥´¨´ · ¸¶μ² -
£ ¥É¸Ö ¢ £¨¤·μËμ¡´μ³ ± ·³ ´¥ ³¥¦¤Ê β-²¨¸Éμ³ ³ ²μ£μ ±Ê² Î±  ¨ ¶¥É²¥° L7
³¥¦¤Ê β5 ¨ α2. �’” Ê¤¥·¦¨¢ ¥É¸Ö ´  ³¥¸É¥ ¨μ´´Ò³¨ ¨ ¢μ¤μ·μ¤´Ò³¨ ¢§ ¨³μ-
¤¥°¸É¢¨Ö³¨ ³¥¦¤Ê ´¥¸±μ²Ó±¨³¨ μ¸É É± ³¨, ¢±²ÕÎ Ö Lys33, Asp145 ¨ ¡μ±μ¢Ò¥
 ³¨¤Ò G-¶¥É²¨ ³¥¦¤Ê β1 ¨ β2. ‚  ±É¨¢´μ³ ±μ³¶²¥±¸¥ ±¨´ §Ò CDK2 ¸¢Ö§Ò¢ -
´¨¥ ±¨´ §Ò ¸ Í¨±²¨´μ³ ¨ Ëμ¸Ëμ·¨²¨·μ¢ ´¨¥ ’160 ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ �’”
μ·¨¥´É¨·Ê¥É¸Ö ¡μ²¥¥ Ê¤μ¡´μ ¤²Ö ¶¥·¥¤ Î¨ Ëμ¸Ë É´μ° £·Ê¶¶Ò ¸Ê¡¸É· ÉÊ [13].

�´ ²¨§ ³¥¦ Éμ³´ÒÌ · ¸¸ÉμÖ´¨° ¢ μ¡² ¸É¨  ±É¨¢´μ£μ Í¥´É·  ¤²Ö �’” ¨
± É ²¨É¨Î¥¸±¨Ì ¸ °Éμ¢ Asp145, Asn132 ¨ Lys33, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ μ·¨¥´É Í¨¨
Ëμ¸Ë Éμ¢ �’”, ¶·¨¢¥¤¥´ ´  ·¨¸. 5 ¨ 6. Š ± ¢¨¤´μ ¨§ ·¨¸Ê´±μ¢,  ³¨´μ±¨¸²μÉ-
´Ò° μ¸É Éμ± Asp145 · ¸¶μ²μ¦¥´ ± ³μ²¥±Ê²¥ �’” § ³¥É´μ ¡²¨¦¥ ¢ ´ É¨¢´μ³

	¨¸. 5. ‹μ± ²¨§ Í¨Ö �’”, ¤¨ £· ³³Ò · ¸¸ÉμÖ´¨Ö μÉ �’” ( Éμ³ �1�) ¤μ Asp145 ( Éμ³
OD1) ¨ μÉ �’” ( Éμ³ �1�) ¤μ Asn132 ( Éμ³ OD1)

	¨¸. 6. ‹μ± ²¨§ Í¨Ö �’”, ¤¨ £· ³³Ò · ¸¸ÉμÖ´¨Ö μÉ �’” ( Éμ³ 	�) ¨ �’” ( Éμ³ PB)
¤μ Lys33
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¢ ·¨ ´É¥, Î¥³ ¢ ³ÊÉ ´É´μ³ ¢ ·¨ ´É¥, ± ± ¨ μ¸É Éμ± Lys33 ¶μ μÉ´μÏ¥´¨Õ ±
�’” (Pa ¨ Pb). —Éμ ± ¸ ¥É¸Ö Asn132, Éμ ¢¢¥¤¥´¨¥ ³ÊÉ Í¨μ´´μ£μ § ³¥Ð¥´¨Ö
G16S ´¥ ¢²¨Ö¥É ¸ÊÐ¥¸É¢¥´´Ò³ μ¡· §μ³ ´  · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê �’” ¨ Asn132.
‘ °É Asn132 ¢ μ¡¥¨Ì ¡¥²±μ¢ÒÌ ¸É·Ê±ÉÊ· Ì CDK2-G16 ¨ CDK2-S16 ¨³¥¥É
μ¤¨´ ±μ¢ÊÕ ¤¨´ ³¨±Ê ¶μ¢¥¤¥´¨Ö ¨, ¸±μ·¥¥ ¢¸¥£μ, ´¥ ³¥´Ö¥É ¸¢μ¥ ¶·μ¸É· ´-
¸É¢¥´´μ¥ · ¸¶μ²μ¦¥´¨¥ ¶μ μÉ´μÏ¥´¨Õ ± ³μ²¥±Ê²¥ �’”.

‚ ¡μ²ÓÏ¥° Î ¸É¨ Ë¥·³¥´É É¨¢´ÒÌ ·¥ ±Í¨°, ¢ ±μÉμ·ÒÌ �’” ¨£· ¥É ·μ²Ó
¤μ´μ·  Ëμ¸Ë Éμ¢, ÊÎ ¸É¢Ê¥É  ±É¨¢´ Ö Ëμ·³  �’”,   ¨³¥´´μ ±μ³¶²¥±¸ Mg2+Ä
�’”. ˆμ´ ³ £´¨Ö Mg2+ ¢Ò¸ÉÊ¶ ¥É ¢ ± Î¥¸É¢¥ ¸É ¡¨²¨§ Éμ·  ¡¥²±μ¢ÒÌ ¸É·Ê±-
ÉÊ·,   É ±¦¥ ¨´¨Í¨¨·Ê¥É ¶·¥¢· Ð¥´¨¥ ´Ê±²¥μ§¨¤É·¨Ëμ¸Ë Éμ¢ ¢ ´Ê±²¥μ§¨¤-
³μ´μËμ¸Ë É ¶μ · ¤¨± ²Ó´μ³Ê ³¥Ì ´¨§³Ê [14]. ‚ ¢μ¤´μ³ · ¸É¢μ·¥ ¶·¨ ¸¢Ö-
§Ò¢ ´¨¨ ¸ �’” ¨μ´ ³ £´¨Ö Ëμ·³¨·Ê¥É ¢μ±·Ê£ ¸¥¡Ö μ±É Ô¤·¨Î¥¸±ÊÕ ±μ´Ë¨-
£Ê· Í¨Õ. Mg2+ Ì¥² É¨·Ê¥É ¤¢   Éμ³  ±¨¸²μ·μ¤  �2 ¨ �3 ·¨¡μ§Ò,   ¤¢¥
μ¸É ¢Ï¨¥¸Ö ¸¢Ö§¨ Å ¸ ³μ²¥±Ê² ³¨ ¢μ¤Ò.

‚ ´¥ ±É¨¢´μ° ±¨´ §¥ ¢ μ±É Ô¤·¨Î¥¸±ÊÕ ±μ´Ëμ·³ Í¨Õ ¨μ´  Mg2+ ¢´μ¸¨É
¢±² ¤ ±¨¸²μ·μ¤ μÉ ± ¦¤μ° ¨§ É·¥Ì Ëμ¸Ë É´ÒÌ £·Ê¶¶ �’” [2]. ’·¨ ¤·Ê£¨Ì
²¨£ ´¤ , ÊÎ ¸É¢ÊÕÐ¨Ì ¢ μ·¨¥´É Í¨¨ Mg2+, Å ÔÉμ Asp145, Asn132 ¨ ³μ²¥±Ê² 
¢μ¤Ò. �μ ¤ ´´Ò³ [13] ¢  ±É¨¢´μ° ±¨´ §¥ ¸ ¨μ´μ³ Mg2+ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ
 Éμ³Ò ±¨¸²μ·μ¤  �’” (�α1), Asn132 (Oδ1), Asp145 (Oδ2) ¨ É·¨ ³μ²¥±Ê²Ò
¢μ¤Ò.

ŒÒ · ¸¸³μÉ·¥²¨ ¸É·Ê±ÉÊ·Ê �’”ÄMg2+ ¢ ±μ³¶²¥±¸¥  ±É¨¢´μ° ±¨´ §Ò.
Š ± ¢¨¤´μ ¨§ ·¨¸. 7Ä9, ¢ μ·¨¥´É Í¨¨ ¨μ´  Mg2+ ÊÎ ¸É¢ÊÕÉ  Éμ³Ò ±¨¸²μ·μ¤ 
O2 ·¨¡μ§Ò ¨ O1A 	α-�’	. „¢  ¤·Ê£¨Ì ²¨£ ´¤ , ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ±μμ·¤¨´ Í¨¨
Mg2+, ÔÉμ ¤¢  ¨´¢ ·¨ ´É´ÒÌ μ¸É É±  ¨§ ¡μ²ÓÏμ£μ ±Ê² ±  Asp145 ¨ Asn132.

�  ·¨¸. 7 ¨ 8 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ, ¨²²Õ¸É·¨·ÊÕÐ¨¥ ³μ²¥±Ê²Ö·´ÊÕ ¤¨-
´ ³¨±Ê ¶·μ¸É· ´¸É¢¥´´μ° μ·¨¥´É Í¨¨ ³μ²¥±Ê²Ò �’” ¶μ μÉ´μÏ¥´¨Õ ± ¨μ´Ê
³ £´¨Ö Mg2+ ¤²Ö ´ É¨¢´μ£μ (G16) ¨ ³ÊÉ ´É´μ£μ (S16) ±μ³¶²¥±¸μ¢. ˆ§ ÔÉ¨Ì
·¨¸Ê´±μ¢ ¸²¥¤Ê¥É, ÎÉμ ±μ´Ëμ·³ Í¨Ö �’”, ¸É ·Éμ¢ ¢ ¨§ μ¤¨´ ±μ¢ÒÌ ¨¸Ìμ¤´ÒÌ
±μ´Ë¨£Ê· Í¨°, É¥³ ´¥ ³¥´¥¥, ¢ ¢ ·¨ ´É Ì G16 ¨ S16 ¸ÊÐ¥¸É¢¥´´μ · §²¨Î ¥É¸Ö.

‚ ´ É¨¢´μ° G16-¸É·Ê±ÉÊ·¥ ¨μ´ Mg2+ · ¸¶μ² £ ¥É¸Ö ¡²¨¦¥ ± ³μ²¥±Ê²¥
�’”, ¢¸²¥¤¸É¢¨¥ Î¥£μ £·Ê¶¶  ‘5 ·¨¡μ§Ò (¸ °É, ²μ± ²¨§μ¢ ´´Ò° ³¥¦¤Ê ·¨-
¡μ§μ° ¨ 	α-�’	 ´  ·¨¸. 7) ¨  ¤¥´¨´ ¶μ¢¥·´ÊÉÒ ¢ ¸Éμ·μ´Ê Mg2+. ˆ§ ·¨¸. 10
¢¨¤´μ, ÎÉμ · ¢´μ¢¥¸´μ¥ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¨μ´μ³ Mg2+ ¨ ³μ²¥±Ê²μ° �’”
(�4) ¢ ´ É¨¢´μ° ¸É·Ê±ÉÊ·¥ ¸μ¸É ¢²Ö¥É ¶μ·Ö¤±  2,5 �A, ¢ Éμ ¢·¥³Ö ± ± ¢ ³Ê-
É ´É´μ° ¸É·Ê±ÉÊ·¥ ¡μ²¥¥ 3,5 �A. �μ-¢¨¤¨³μ³Ê, ¢  ±É¨¢´μ³ Í¥´É·¥ ¡¥²±μ¢μ£μ
±μ³¶²¥±¸  ¢ ·¥§Ê²ÓÉ É¥ ¤¥°¸É¢¨Ö ³ÊÉ Í¨μ´´μ£μ § ³¥Ð¥´¨Ö  ³¨´μ±¨¸²μÉÒ ¢
¸É·Ê±ÉÊ·¥ ¶·μÉ¥¨´±¨´ §Ò ¶·μ¨¸Ìμ¤ÖÉ ¶¥·¥¸É·μ°±¨ ¢μ¤μ·μ¤´ÒÌ ¸¢Ö§¥°. ‚μ¤μ-
·μ¤´ Ö ¸¢Ö§Ó, ± ± ¶· ¢¨²μ, ¸Î¨É ¥É¸Ö ÔËË¥±É¨¢´μ°, ¥¸²¨ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê
 Éμ³ ³¨ ¢μ¤μ·μ¤ , ¶·μÉμ´μ³ ¤μ´μ·  ¨ ¶·μÉμ´μ³  ±Í¥¶Éμ·  ³¥´ÓÏ¥ ¨²¨ ¶μ-
·Ö¤±  2,6Ä2,4 �A. ‚ ³ÊÉ ´É´μ° ¸É·Ê±ÉÊ·¥ S16, ¶μ-¢¨¤¨³μ³Ê, �4Ä�’” ´¥ ÊÎ ¸É-
¢Ê¥É ¢ μ·¨¥´É Í¨¨ ¨μ´  Mg2+. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¶μ²ÊÎ¥´´Ò¥ ¸É·Ê±ÉÊ·Ò
±μ³¶²¥±¸  �’”ÄMg2+ Ö¢²ÖÕÉ¸Ö · ¢´μ¢¥¸´Ò³¨.
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	¨¸. 7. „¨´ ³¨±  ¶·μ¸É· ´¸É¢¥´´μ° μ·¨¥´É Í¨¨ ³μ²¥±Ê²Ò �’” ¶μ μÉ´μÏ¥´¨Õ ±
¨μ´Ê ³ £´¨Ö ¤²Ö ´ É¨¢´μ£μ (G16 Å ¢¥·Ì´¨° ¸´ ¶ÏμÉ) ¨ ³ÊÉ ´É´μ£μ (S16 Å ´¨¦´¨°
¸´ ¶ÏμÉ) ±μ³¶²¥±¸μ¢

	¨¸. 8. �·μ¸É· ´¸É¢¥´´ Ö μ·¨¥´É Í¨Ö ³μ²¥±Ê²Ò �’” ¶μ μÉ´μÏ¥´¨Õ ± ¨μ´Ê ³ £´¨Ö ¢
±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ (2 ´¸) ¤²Ö ´ É¨¢´μ£μ (G16) ¨ ³ÊÉ ´É´μ£μ (S16) ±μ³¶²¥±¸μ¢

‚ μ·¨¥´É Í¨¨ ¨μ´  Mg2+ ¶·¨´¨³ ÕÉ ÊÎ ¸É¨¥ É ±¦¥ ³μ²¥±Ê²Ò ¢μ¤Ò. �μ
¤ ´´Ò³ [13] ¸ ¨μ´μ³ Mg2+ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ ¶μ³¨³μ  Éμ³μ¢ ±¨¸²μ·μ¤  �’”
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	¨¸. 9. ‹μ± ²¨§ Í¨Ö �’” ¨ ¶μ§¨Í¨¨ ± É ²¨É¨Î¥¸±¨Ì ¸ °Éμ¢ (Asp145, Asn132), ÊÎ ¸É-
¢ÊÕÐ¨Ì ¢ μ·¨¥´É Í¨¨ Ëμ¸Ë Éμ¢ �’” ¨ ±μμ·¤¨´ Í¨¨ Mg2+

	¨¸. 10. ‹μ± ²¨§ Í¨Ö ¸ °É  ¸¢Ö§Ò¢ ´¨Ö �’”, ¤¨ £· ³³  · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê �’” ¨
¨μ´μ³ Mg2+

(�α1), Asn132 (Oδ1), Asp145 (Oδ2) ¥Ð¥ É·¨ ³μ²¥±Ê²Ò ¢μ¤Ò. ŒÒ É ±¦¥
μÍ¥´¨²¨ ¢μ§³μ¦´Ò¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ±μ³¶²¥±¸  �’”ÄMg2+ ¸ ¢μ¤´Ò³ μ±·Ê-
¦¥´¨¥³. �  ·¨¸. 11 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶μ§¨Í¨° ¡²¨§²¥¦ Ð¨Ì
± ±μ³¶²¥±¸Ê �’”ÄMg2+ ³μ²¥±Ê² ¢μ¤Ò ´  · ¸¸ÉμÖ´¨¨ 3Ä4 �A μÉ ± É¨μ´ :
´ É¨¢´ Ö ( ), ³ÊÉ ´É´ Ö (¡) ¸É·Ê±ÉÊ·Ò.

�μ-¢¨¤¨³μ³Ê, ¨§³¥´¥´¨¥ μ·¨¥´É Í¨¨ £·Ê¶¶Ò C5 ·¨¡μ§Ò ¨ Ê¢¥²¨Î¥´¨¥
± É ²¨É¨Î¥¸±μ° Ð¥²¨ ¢ ³ÊÉ ´É´μ° ¸É·Ê±ÉÊ·¥ (¸³. ·¨¸. 11, ¡) ¸¶μ¸μ¡¸É¢Ê¥É
¡μ²ÓÏ¥³Ê ¶·μ´¨±´μ¢¥´¨Õ ³μ²¥±Ê² ¢μ¤Ò ¢ ± É ²¨É¨Î¥¸±ÊÕ Ð¥²Ó ¶μ ¸· ¢´¥-
´¨Õ ¸ ´ É¨¢´μ°. ‚ μ¡² ¸É¨ ²μ± ²¨§ Í¨¨ ± É¨μ´  Mg2+ Î¨¸²μ ³μ²¥±Ê² ¢μ¤Ò
¢ ³ÊÉ ´É´μ° ¸É·Ê±ÉÊ·¥ ¶·¨¡²¨§¨É¥²Ó´μ ¢¤¢μ¥ ¡μ²ÓÏ¥, ´¥¦¥²¨ ¢ ´ É¨¢´μ°.

�·μ¸É· ´¸É¢¥´´μ¥ · ¸¶μ²μ¦¥´¨¥ ³μ²¥±Ê²Ò �’” ¸ ¶·μÉ¨¢μ¶μ²μ¦´μ° ¶μ
μÉ´μÏ¥´¨Õ ± ¨μ´Ê Mg2+ ¸Éμ·μ´Ò Ìμ·μÏμ ±μ··¥²¨·Ê¥É ¸ ¨§³¥´¥´¨¥³ ¥¥ μ·¨-
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	¨¸. 11. ‘É·Ê±ÉÊ·´Ò¥ ³μ²¥±Ê²Ò �’” + ± É¨μ´ Mg2+ ¢ ¶·¨¸ÊÉ¸É¢¨¨ μ±·Ê¦ ÕÐ¨Ì
³μ²¥±Ê² ¢μ¤Ò ¤²Ö ´ É¨¢´μ° (G16) ¨ ³ÊÉ ´É´μ° (S16) ¸É·Ê±ÉÊ· ¡¥²±μ¢ ¶·μÉ¥¨´±¨´ §Ò

	¨¸. 12. ‹μ± ²¨§ Í¨Ö ¸ °É  ¸¢Ö§Ò¢ ´¨Ö �’”, ¤¨ £· ³³  · ¸¸ÉμÖ´¨Ö μÉ �’” ¤μ ÉμÎ±¨
³ÊÉ Í¨¨ G/S16

¥´É Í¨¨ (·¨¸. 7Ä8). Š ± ¢¨¤´μ ¨§ ·¨¸. 12, ³μ²¥±Ê²  �’” ¡μ²¥¥ ¡²¨§±μ · ¸¶μ-
² £ ¥É¸Ö ± ¸ °ÉÊ ³ÊÉ Í¨μ´´μ£μ § ³¥Ð¥´¨Ö S16, ´¥¦¥²¨ ¢ ´ É¨¢´μ° ¸É·Ê±ÉÊ·¥
G16-CDK2 (6,43 �A ¨ 8,89 �A, ¸μμÉ¢¥É¸É¢¥´´μ). �É³¥É¨³, ÎÉμ ¢ ´¥ ±É¨¢´μ° ±¨-
´ §¥ G16 · ¸¶μ² £ ¥É¸Ö ¥Ð¥ ¡²¨¦¥, · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê �’” (O1A) ¨ G16(O)
¸μ¸É ¢²Ö¥É 3 �A,   ¢ ³ÊÉ ´É´μ° Ä 7,5 �A.


É¨ ¤ ´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ ¢ ·¥§Ê²ÓÉ É¥ ³ÊÉ Í¨μ´´μ° § ³¥´Ò
¶·μ¨¸Ìμ¤ÖÉ §´ Î¨É¥²Ó´Ò¥ ¸É·Ê±ÉÊ·´Ò¥ ¶¥·¥¸É·μ°±¨ ¢ ¡¥²±μ¢μ³ ±μ³¶²¥±¸¥
CDK2,   ¨³¥´´μ ¢ ¥£μ  ±É¨¢´μ³ Í¥´É·¥. Œμ²¥±Ê²  �’” ¸³¥Ð ¥É¸Ö ¢ ¸Éμ·μ´Ê
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G-¶¥É²¨, ¨ ¢ ³ÊÉ ´É´μ° ¸É·Ê±ÉÊ·¥ Ê¢¥²¨Î¨¢ ¥É¸Ö · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê �’” ¨
¨μ´μ³ Mg2+ ¶μ ¸· ¢´¥´¨Õ ¸ ´ É¨¢´μ° ¸É·Ê±ÉÊ·μ°. 	 ¸¸ÉμÖ´¨Ö, ¢ÒÎ¨¸²¥´´Ò¥
¤²Ö ±μ´¥Î´μ£μ 2-´¸ ¸μ¸ÉμÖ´¨Ö, ¢ μ¡² ¸É¨  ±É¨¢´μ£μ Í¥´É·  ¡¥²±μ¢ÒÌ ±μ³-
¶²¥±¸μ¢ ¶·μÉ¥¨´±¨´ §Ò ¸Ê³³¨·μ¢ ´Ò ´  ·¨¸. 13. „ ´´Ò¥ ´ £²Ö¤´μ ¤¥³μ´-
¸É·¨·ÊÕÉ ±μ´Ëμ·³ Í¨μ´´Ò¥ ¨§³¥´¥´¨Ö ¢ ¸É·Ê±ÉÊ·¥ ¶·μÉ¥¨´±¨´ §Ò Î¥²μ¢¥± ,
¨´¤ÊÍ¨·μ¢ ´´Ò¥ ¥¤¨´¨Î´μ° ³ÊÉ Í¨μ´´μ° § ³¥´μ°  ³¨´μ±¨¸²μÉÒ ¢ G-¶¥É²¥.

	¨¸. 13. „¨ £· ³³  · ¸¸ÉμÖ´¨° ¢ μ¡² ¸É¨  ±É¨¢´μ£μ Í¥´É·  ¶·μÉ¥¨´±¨´ §Ò ¸ ±μ³-
¶²¥±¸μ³ �’”ÄMg2+ ¤²Ö ± É ²¨É¨Î¥¸±¨Ì ¸ °Éμ¢ Asp146, Asn133, Lys33 ¨ ÉμÎ±¨ ³Ê-
É Í¨μ´´μ£μ § ³¥Ð¥´¨Ö Gly/Ser16. 	¥§Ê²ÓÉ¨·ÊÕÐ¨¥ · ¸¸ÉμÖ´¨Ö ¨§ ¢ÒÏ¥¶·¨¢¥¤¥´´ÒÌ
¤¨ £· ³³ Ê± § ´Ò ¤²Ö ³ÊÉ ´É´μ° ¸É·Ê±ÉÊ·Ò ¢  ´£¸É·¥³ Ì (¤²Ö ´ É¨¢´μ° ¸É·Ê±ÉÊ·Ò
·¥§Ê²ÓÉ ÉÒ Ê± § ´Ò ¢ ¸±μ¡± Ì)

’ ±¨³ μ¡· §μ³, § ³¥´  £²¨Í¨´  ¢ G-¶¥É²¥ ¸¨²Ó´μ ¨§³¥´Ö¥É ±μ´Ëμ·³ -
Í¨Õ ¨ μ·¨¥´É Í¨Õ �’”, ¨§³¥´ÖÕÉ¸Ö ¸¢Ö§¨ ¨μ´  Mg2+. 	¥§Ê²ÓÉ ÉÒ Œ„-
³μ¤¥²¨·μ¢ ´¨Ö ¶μ§¢μ²ÖÕÉ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ § ³¥´  ±μ´¸¥·¢ É¨¢´μ£μ £²¨-
Í¨´  ¢ G-¶¥É²¥ G16S ¡Ê¤¥É ¸± §Ò¢ ÉÓ¸Ö ´  ±¨´ §´μ°  ±É¨¢´μ¸É¨, ¶¥·¥¤ Î¥
γ-�’” ¸Ê¡¸É· ÉÊ ¨ ÔÉμ ¢²¨Ö´¨¥ μ¡Ê¸²μ¢²¥´μ ¨§³¥´¥´¨¥³ μÉ´μ¸¨É¥²Ó´μ£μ ¶μ-
²μ¦¥´¨Ö ¸Ê¡¸É· É  ¨ γ-�’”, ¶·¨¢μ¤ÖÐ¨³ ± ¸´¨¦¥´¨Õ ¸¶μ¸μ¡´μ¸É¨ Ëμ¸Ëμ-
·¨²¨·μ¢ ÉÓ ¸Ê¡¸É· É.

„²Ö Œ„-³μ¤¥²¨·μ¢ ´¨Ö ¨¸¶μ²Ó§μ¢ ²¨ ³μ¤Ê²Ó SANDER ¶·μ£· ³³´μ£μ ¶ -
±¥É  AMBER ¤²Ö ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ£μ ±μ³¶ÓÕÉ¥·  MDGRAPE-2 [15Ä17].
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� ¸ÉμÖÐ Ö · ¡μÉ  ¡Ò²  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ ±μ³¶ÓÕÉ¥·´Ò³¨ É¥Ì-
´¨Î¥¸±¨³¨ ¸·¥¤¸É¢ ³¨ ‹ ¡μ· Éμ·¨¨ ¢ÒÎ¨¸²¨É¥²Ó´μ°  ¸É·μË¨§¨±¨ ˆ´¸É¨ÉÊÉ 
Ë¨§¨Î¥¸±¨Ì ¨ Ì¨³¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨°, 	ˆŠ…�, Ÿ¶μ´¨Ö. �¢Éμ·Ò ¢Ò· ¦ ÕÉ
£²Ê¡μ±ÊÕ ¶·¨§´ É¥²Ó´μ¸ÉÓ ¤¨·¥±Éμ·Ê ‹ ¡μ· Éμ·¨¨, ¶·μË¥¸¸μ·Ê Toshikazu
Ebisuzaki §  ¶μ¤¤¥·¦±Ê ¶·μ£· ³³´ÒÌ ²¨Í¥´§¨μ´´ÒÌ ¶·μ¤Ê±Éμ¢ ¨ ¸¶¥Í¨ ²¨-
§¨·μ¢ ´´ÒÌ ±μ³¶ÓÕÉ¥·μ¢ MDGRAPE-2 ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¶·μÉ¥¨´μ¢.
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