
�¨¸Ó³  ¢ �—�Ÿ. 2018. ’. 15, º 5(217). ‘. 454Ä455

��„ˆ��ˆ�‹�ƒˆŸ, �Š�‹�ƒˆŸ ˆ Ÿ„…�	�Ÿ Œ…„ˆ–ˆ	�

CLUSTERED DNA DOUBLE-STRAND BREAKS
AND NEURORADIOBIOLOGICAL EFFECTS
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The irradiation of brain structures with accelerated heavy charged particles during interplanetary

ights or brain tumor therapy raises a number of questions regarding possible neurophysiological
disorders in the central nervous system (CNS). Hardly repairable clustered DNA double-strand breaks
apparently can have signiˇcant in
uence on the speciˇcs of the development of radiation syndromes
in the CNS after heavy charged particle exposure. The mechanisms of these disorders still remain
unclear. Taking this into account, we have used immune cyto- and histochemistry techniques to study
regularities of the formation of radiation-induced foci in human cell DNA in vitro and in rodent brain
neurons in vivo after exposure to charged particles of different energies. It has been found that heavy
charged particles induce clustered DNA damage in the genome of proliferating (human ˇbroblasts) and
non-proliferating (Purkinje neurons) cells. We have suggested that changes in genetic structures can
affect the conformation of the key proteins participating in neurophysiological processes and violate the
normal functioning of the synaptic receptors. As an example, we have considered the action of double
point mutations in the gene sequence encoding the proteins of the glutamate NMDA receptor. Using
computer molecular dynamics techniques, we have revealed a twofold change in the conductance of the
receptor's ion channel, which incorporates mutant forms of the protein subunits NR2.

‘¢¨¤¥É¥²Ó¸É¢  μ · §¢¨É¨¨ · ¤¨ Í¨μ´´ÒÌ ¸¨´¤·μ³μ¢ ¶·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í
´  ¸É·Ê±ÉÊ·Ò £μ²μ¢´μ£μ ³μ§£ , ¶·¨¢μ¤ÖÐ¨Ì ± ´ ·ÊÏ¥´¨Ö³ ¥£μ ¨´É¥£· É¨¢´μ° Í¥²μ¸É´μ¸É¨, ¤ ÕÉ
μ¸´μ¢ ´¨Ö · ¸¸³ É·¨¢ ÉÓ Í¥´É· ²Ó´ÊÕ ´¥·¢´ÊÕ ¸¨¸É¥³Ê (–	‘) ± ± ®±·¨É¨Î¥¸±ÊÕ¯ ¶·¨ μÍ¥´±¥
·¨¸±  · ¤¨ Í¨μ´´μ£μ ¢μ§¤¥°¸É¢¨Ö ´  μ·£ ´¨§³ ±μ¸³μ´ ¢Éμ¢ ¶·¨ μ¸ÊÐ¥¸É¢²¥´¨¨ ³¥¦¶² ´¥É´ÒÌ ¶μ-
²¥Éμ¢. ˆ¸¶μ²Ó§μ¢ ´¨¥ Ê¸±μ·¥´´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶·¨ É¥· ¶¨¨ μ¶ÊÌμ²¥° ³μ§£  É ±¦¥ ¸É ¢¨É
³´μ£μ ¢μ¶·μ¸μ¢, ± ¸ ÕÐ¨Ì¸Ö μÉ¤ ²¥´´ÒÌ ´¥°·μË¨§¨μ²μ£¨Î¥¸±¨Ì ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö. �·¨ ¤¥°-
¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢ £¥´¥É¨Î¥¸±¨Ì ¸É·Ê±ÉÊ· Ì ±²¥Éμ± Ëμ·³¨·ÊÕÉ¸Ö ¶μ¢·¥¦¤¥´¨Ö,
Ì · ±É¥·¨§ÊÕÐ¨¥¸Ö ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ ±² ¸É¥·¨§ Í¨¨, ÎÉμ ¸μ¢¥·Ï¥´´μ ´¥ ¸¢μ°¸É¢¥´´μ ¨§²ÊÎ¥-
´¨Ö³ Ô²¥±É·μ³ £´¨É´μ° ¶·¨·μ¤Ò. ’·Ê¤´μ ·¥¶ ·¨·Ê¥³Ò¥ ±² ¸É¥·´Ò¥ ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „	Š,
¶μ-¢¨¤¨³μ³Ê, ³μ£ÊÉ μ± §Ò¢ ÉÓ ¸ÊÐ¥¸É¢¥´´μ¥ ¢²¨Ö´¨¥ ´  ¸¶¥Í¨Ë¨±Ê · §¢¨É¨Ö · ¤¨ Í¨μ´´ÒÌ ¸¨´-
¤·μ³μ¢ ¢ –	‘ ¶·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. Œ¥Ì ´¨§³Ò ÔÉ¨Ì ´ ·ÊÏ¥´¨° ¤μ ´ ¸Éμ-
ÖÐ¥£μ ¢·¥³¥´¨ μ¸É ÕÉ¸Ö ´¥ Ö¸´Ò³¨. ‘ ÊÎ¥Éμ³ ÔÉμ£μ ´ ³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤μ¢ ¨³³Ê´μÍ¨Éμ-

1E-mail: albor@jinr.ru



Clustered DNA Double-Strand Breaks and Neuroradiobiological Effects 455

¨ £¨¸ÉμÌ¨³¨¨ ¡Ò²¨ ¨§ÊÎ¥´Ò § ±μ´μ³¥·´μ¸É¨ Ëμ·³¨·μ¢ ´¨Ö · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ Ëμ±Ê-
¸μ¢ ¢ „	Š ±²¥Éμ± Î¥²μ¢¥±  in vitro ¨ ´¥°·μ´ Ì £μ²μ¢´μ£μ ³μ§£  £·Ò§Ê´μ¢ in vivo ¶·¨ μ¡²ÊÎ¥´¨¨
§ ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ · §²¨Î´ÒÌ Ô´¥·£¨°. “¸É ´μ¢²¥´μ, ÎÉμ ÉÖ¦¥²Ò¥ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¨´-
¤ÊÍ¨·ÊÕÉ ±² ¸É¥·´Ò¥ ¶μ¢·¥¦¤¥´¨Ö „	Š ¢ £¥´μ³¥ ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì (Ë¨¡·μ¡² ¸ÉÒ Î¥²μ¢¥± ) ¨
´¥¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì (´¥°·μ´Ò �Ê·±¨´Ó¥) ±²¥Éμ±. ‘¤¥² ´μ ¶·¥¤¶μ²μ¦¥´¨¥ μ Éμ³, ÎÉμ ¨§³¥´¥´¨Ö
£¥´¥É¨Î¥¸±¨Ì ¸É·Ê±ÉÊ· ³μ£ÊÉ μÉ· ¦ ÉÓ¸Ö ´  ±μ´Ëμ·³ Í¨¨ ±²ÕÎ¥¢ÒÌ ¡¥²±μ¢, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ´¥°·μ-
Ë¨§¨μ²μ£¨Î¥¸±¨Ì ¶·μÍ¥¸¸ Ì, ¨ ´ ·ÊÏ ÉÓ ´μ·³ ²Ó´μ¥ ËÊ´±Í¨μ´¨·μ¢ ´¨¥ ¸¨´ ¶É¨Î¥¸±¨Ì ·¥Í¥¶Éμ-
·μ¢. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¸¸³μÉ·¥´μ ¢²¨Ö´¨¥ ¤¢μ°´ÒÌ ÉμÎ±μ¢ÒÌ ³ÊÉ Í¨° ¢ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÖÌ
£¥´μ¢, ±μ¤¨·ÊÕÐ¨Ì ¡¥²±¨ £²ÊÉ ³ É´μ£μ NMDA-·¥Í¥¶Éμ· . ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤μ¢ ±μ³¶ÓÕ-
É¥·´μ° ³μ²¥±Ê²Ö·´μ° ¤¨´ ³¨±¨ ¢ÒÖ¢²¥´μ ¤¢Ê±· É´μ¥ ¨§³¥´¥´¨¥ ¶·μ¢μ¤¨³μ¸É¨ ¨μ´´μ£μ ± ´ ² 
·¥Í¥¶Éμ· , ¢±²ÕÎ ÕÐ¥£μ ³ÊÉ ´É´Ò¥ Ëμ·³Ò ¡¥²±μ¢ÒÌ ¸Ê¡Ñ¥¤¨´¨Í NR2.
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