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Œ¥Éμ¤μ³ ¨³³Ê´μ£¨¸ÉμÌ¨³¨Î¥¸±μ£μ μ±· Ï¨¢ ´¨Ö ¨§ÊÎ¥´  ¨´¤Ê±Í¨Ö ¨ ·¥¶ · Í¨Ö ¤¢Ê´¨É¥¢ÒÌ
· §·Ò¢μ¢ „	Š ´  ¶ · Ë¨´μ¢ÒÌ ¸·¥§ Ì ³μ§¦¥Î±  ±·Ò¸ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ 60‘μ. ˆ¸¸²¥¤μ-
¢ ´  ¤μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ ¢ÒÌμ¤  · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ ±μ²μ± ²¨§μ¢ ´´ÒÌ γH2AX/53BP1
Ëμ±Ê¸μ¢, Ê¸É ´μ¢²¥´ ¥¥ ²¨´¥°´Ò° Ì · ±É¥·. ’ ±¦¥ ¨¸¸²¥¤μ¢ ´  ±¨´¥É¨±  Ëμ·³¨·μ¢ ´¨Ö ¨ Ô²¨-
³¨´ Í¨¨ · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ ±μ²μ± ²¨§μ¢ ´´ÒÌ γH2AX/53BP1 Ëμ±Ê¸μ¢. �μ± § ´μ, ÎÉμ
Î¥·¥§ 24 Î ¶μ¸É· ¤¨ Í¨μ´´μ° ¨´±Ê¡ Í¨¨ ¶·μ¨¸Ìμ¤¨É ÔËË¥±É¨¢´ Ö Ô²¨³¨´ Í¨Ö · ¤¨ Í¨μ´´μ-
¨´¤ÊÍ¨·μ¢ ´´ÒÌ Ëμ±Ê¸μ¢.

Induction and repair of DNA double-strand breaks were investigated using the immunohistochemical
staining procedure of parafˇn-embedded rat cerebellum tissues after exposure to γ rays of 60Co. Dose
dependence of radiation-induced colocalized γH2AX/53BP1 foci was studied and its linear character was
established. Also, the kinetics of formation and repair of radiation-induced colocalized γH2AX/53BP1
foci was investigated. It was shown that effective elimination of these foci occurred 24 h after irradiation.

PACS: 87.53.-j; 87.19.La; 87.14.Gg
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ˆ¸¸²¥¤μ¢ ´¨Ö ³¥Ì ´¨§³μ¢ ¡¨μ²μ£¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ´ 
¸É·Ê±ÉÊ·Ò Í¥´É· ²Ó´μ° ´¥·¢´μ° ¸¨¸É¥³Ò (–	‘) ¢ ¶μ¸²¥¤´¨¥ £μ¤Ò ¶·¨μ¡·¥É ÕÉ ¢¸¥ ¡μ²Ó-
ÏÊÕ  ±ÉÊ ²Ó´μ¸ÉÓ ¢ ¸¢Ö§¨ ¸ ·¥Ï¥´¨¥³ Ï¨·μ±μ£μ ±·Ê£  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨ ¶· ±É¨Î¥¸±¨Ì
§ ¤ Î. �´¨ ± ¸ ÕÉ¸Ö ¢μ¶·μ¸μ¢ ¨¸¶μ²Ó§μ¢ ´¨Ö · §²¨Î´ÒÌ ¢¨¤μ¢ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°
¢ É¥· ¶¨¨ §²μ± Î¥¸É¢¥´´ÒÌ ´μ¢μμ¡· §μ¢ ´¨°, ·¥Ï¥´¨Ö § ¤ Î ±μ¸³¨Î¥¸±μ° · ¤¨μ¡¨μ²μ-
£¨¨, μ¡¥¸¶¥Î¥´¨Ö · ¤¨ Í¨μ´´μ° ¡¥§μ¶ ¸´μ¸É¨ ¶¥·¸μ´ ²   Éμ³´ÒÌ ¶·μ¨§¢μ¤¸É¢.

„ ´´Ò¥ μ · §¢¨É¨¨ · ¤¨ Í¨μ´´ÒÌ ¸¨´¤·μ³μ¢ ¶·¨ ¤¥°¸É¢¨¨ · §²¨Î´ÒÌ ¢¨¤μ¢ ¨μ´¨-
§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°, μ¸μ¡¥´´μ ¶·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ´  ¸É·Ê±ÉÊ·Ò
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£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 –	‘ ± ± ®±·¨É¨Î¥¸±ÊÕ¯ ¸¨¸É¥³Ê ¶·¨ μÍ¥´±¥ ·¨¸±  · ¤¨ Í¨μ´´μ£μ
¢μ§¤¥°¸É¢¨Ö ´  μ·£ ´¨§³ ¨§²ÊÎ¥´¨°, μ¸μ¡¥´´μ ¶·¨ μ¸ÊÐ¥¸É¢²¥´¨¨ ³¥¦¶² ´¥É´ÒÌ ¶μ²¥-
Éμ¢ [1]. ‘ ÊÎ¥Éμ³ ÔÉμ£μ ´¥μ¡Ìμ¤¨³μ ¨§ÊÎ¥´¨¥ ¢¸¥° ¸μ¢μ±Ê¶´μ¸É¨ ´¥°·μ· ¤¨μ¡¨μ²μ£¨Î¥-
¸±¨Ì ÔËË¥±Éμ¢, ¨´¤ÊÍ¨·Ê¥³ÒÌ · §²¨Î´Ò³¨ ¢¨¤ ³¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°.

‘´¨¦¥´¨¥ Ê·μ¢´Ö ´¥°·μ³¥¤¨ Éμ·μ¢ ¢ · §²¨Î´ÒÌ μÉ¤¥² Ì ³μ§£  [2], ´ ·ÊÏ¥´¨¥ ³¥¦¸¨-
´ ¶É¨Î¥¸±¨Ì ´¥°·μ´ ²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° [3] ¨ £¨¡¥²Ó ´¥·¢´ÒÌ ±²¥Éμ± ¶·¨ μ¡²ÊÎ¥´¨¨
³μ£ÊÉ ¸¢¨¤¥É¥²Ó¸É¢μ¢ ÉÓ μ ÉÖ¦¥²ÒÌ ¶μ¢·¥¦¤¥´¨ÖÌ £¥´¥É¨Î¥¸±¨Ì ¸É·Ê±ÉÊ·, ±μ´É·μ²¨·Ê-
ÕÐ¨Ì ¸¨´É¥§ ¢ ¦´ÒÌ ¡¥²±μ¢, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ¨´É¥£· É¨¢´ÊÕ ËÊ´±Í¨μ´ ²Ó´ÊÕ Í¥²μ¸É-
´μ¸ÉÓ –	‘. 	 ¨¡μ²¥¥ ÉÖ¦¥²Ò³¨ ¶μ¢·¥¦¤¥´¨Ö³¨ „	Š, ± ± ¨§¢¥¸É´μ, Ö¢²ÖÕÉ¸Ö ¤¢Ê´¨-
É¨¥¢Ò¥ · §·Ò¢Ò („�) „	Š, ±μÉμ·Ò¥ ³μ£ÊÉ ¶·¨¢¥¸É¨ ± ³¨ÉμÉ¨Î¥¸±μ° ¨  ¶μ¶ÉμÉ¨Î¥¸±μ°
£¨¡¥²¨ ±²¥Éμ±, ³ÊÉ Í¨¨ £¥´μ¢, ±μ´É·μ²¨·ÊÕÐ¨Ì ¸¨´É¥§ ¡¥²±μ¢ÒÌ ¶·μ¤Ê±Éμ¢. ‘ ÊÎ¥Éμ³
ÔÉμ£μ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¢¥¸Ó³  ¢ ¦´Ò³¨ ¨¸¸²¥¤μ¢ ´¨Ö § ±μ´μ³¥·´μ¸É¥° Ëμ·³¨·μ¢ ´¨Ö ¨
·¥¶ · Í¨¨ „� „	Š ¢ ´¥°·μ´ Ì · §²¨Î´ÒÌ μÉ¤¥²μ¢ ³μ§£μ¢ÒÌ ¸É·Ê±ÉÊ· ¶·¨ ¤¥°¸É¢¨¨
¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨. �¸μ¡Ò° ¨´É¥·¥¸
¶·¥¤¸É ¢²ÖÕÉ É ±μ£μ ·μ¤  ¨¸¸²¥¤μ¢ ´¨Ö ¶·¨ μ¡²ÊÎ¥´¨¨ in vivo. “¤μ¡´μ° ¸É·Ê±ÉÊ·μ° ¤²Ö
¨§ÊÎ¥´¨Ö § ±μ´μ³¥·´μ¸É¥° ¨´¤Ê±Í¨¨ ¨ ·¥¶ · Í¨¨ „� „	Š Ö¢²Ö¥É¸Ö ³μ§¦¥Îμ± Å ¸É·Ê±-
ÉÊ· , ±μ´É·μ²¨·ÊÕÐ Ö ±μμ·¤¨´ Í¨Õ, ¢¥·¡ ²Ó´ÊÕ ¶ ³ÖÉÓ ¨ ·Ö¤ ¤·Ê£¨Ì ¦¨§´¥´´μ ¢ ¦´ÒÌ
ËÊ´±Í¨° [4].

’± ´¥¢ Ö μ·£ ´¨§ Í¨Ö ³μ§¦¥Î±  μ¡² ¤ ¥É Ìμ·μÏμ · §²¨Î¨³μ° ¸É·Ê±ÉÊ·μ°. ‘¥·μ¥ ¢¥-
Ð¥¸É¢μ μ¡· §Ê¥É ±μ·Ê ³μ§¦¥Î± , ±μÉμ· Ö ¨³¥¥É ¸¶¥Í¨Ë¨Î¥¸±μ¥ ¸É·μ¥´¨¥. ‚¥·Ì´¨° (I)
¸²μ° ±μ·Ò ³μ§¦¥Î±  Å ³μ²¥±Ê²Ö·´Ò° ¸²μ°, ¸μ¸Éμ¨É ¨§ ¶ · ²²¥²Ó´ÒÌ ¢μ²μ±μ´, · §¢¥É-
¢²¥´¨° ¤¥´¤·¨Éμ¢ ¨  ±¸μ´μ¢ II ¨ III ¸²μ¥¢. ‚ ´¨¦´¥° Î ¸É¨ ³μ²¥±Ê²Ö·´μ£μ ¸²μÖ ¢¸É·¥-
Î ÕÉ¸Ö ±μ·§¨´Î ÉÒ¥ ¨ §¢¥§¤Î ÉÒ¥ ±²¥É±¨, ±μÉμ·Ò¥ μ¡¥¸¶¥Î¨¢ ÕÉ ¢§ ¨³μ¤¥°¸É¢¨¥ ±²¥Éμ±
�Ê·±¨´Ó¥, Ö¢²ÖÕÐ¨Ì¸Ö μÉ²¨Î¨É¥²Ó´μ° μ¸μ¡¥´´μ¸ÉÓÕ ±μ·Ò ³μ§¦¥Î± . Š²¥É±¨ �Ê·¨±´Ó¥
μ¡· §ÊÕÉ ¸·¥¤´¨° (II) ¸²μ° ±μ·Ò ¨ ¢Ò¸É·μ¥´Ò ¢ ·Ö¤. Š²¥É±¨ �Ê·±¨´Ó¥ ¨³¥ÕÉ ¤¥´¤·¨É´ÊÕ
¸¨¸É¥³Ê, ±μÉμ· Ö ¶μ§¢μ²Ö¥É ¨³ ¢Ò¶μ²´ÖÉÓ § ¤ ÎÊ ¸¡μ· , μ¡· ¡μÉ±¨ ¨ ¶¥·¥¤ Î¨ ¨´Ëμ·³ -
Í¨¨. �±¸μ´Ò ±²¥Éμ± �Ê·±¨´Ó¥ Ö¢²ÖÕÉ¸Ö ¥¤¨´¸É¢¥´´Ò³ ¶ÊÉ¥³, ±μÉμ·Ò³ ±μ·  ³μ§¦¥Î± 
¶¥·¥¤ ¥É ¨´Ëμ·³ Í¨Õ ¢ ¥£μ Ö¤·  ¨ Ö¤·  ¸É·Ê±ÉÊ·Ò ¡μ²ÓÏμ£μ ³μ§£ . �μ¤ II ¸²μ¥³ ±μ·Ò
(¶μ¤ ±²¥É± ³¨ �Ê·±¨´Ó¥) ²¥¦¨É £· ´Ê²Ö·´Ò° (III) ¸²μ°, ¸μ¸ÉμÖÐ¨° ¨§ ±²¥Éμ±-§¥·¥´. �±-
¸μ´Ò ÔÉ¨Ì ±²¥Éμ± ¶μ¤´¨³ ÕÉ¸Ö ¢ ³μ²¥±Ê²Ö·´Ò° ¸²μ°, £¤¥ ’-μ¡· §´μ · §¢¥É¢²ÖÕÉ¸Ö ´ 
¶μ¢¥·Ì´μ¸É¨ ±μ·Ò, μ¡· §ÊÖ ¤μ·μ¦±¨ ±μ´É ±Éμ¢ ¸ ±²¥É± ³¨ �Ê·±¨´Ó¥.

�¸μ¡¥´´μ¸É¨ É± ´¥¢μ° μ·£ ´¨§ Í¨¨ ³μ§¦¥Î±  ¶μ§¢μ²ÖÕÉ ¶·μ¢μ¤¨ÉÓ ±μ²¨Î¥¸É¢¥´´Ò¥
μÍ¥´±¨ ¶μ¢·¥¦¤ ÕÐ¥£μ ¤¥°¸É¢¨Ö ¨§²ÊÎ¥´¨° ´  ´¥°·μ´Ò ³μ§¦¥Î±  ¨, ¶·¥¦¤¥ ¢¸¥£μ, ´ 
±²¥É±¨ �Ê·±¨´Ó¥ [5]. –¥²ÓÕ ´ Ï¥° · ¡μÉÒ Ö¢²Ö²μ¸Ó ¨§ÊÎ¥´¨¥ § ±μ´μ³¥·´μ¸É¥° Ëμ·³¨-
·μ¢ ´¨Ö „� „	Š in vivo ¢ ´¥°·μ´ Ì ³μ§¦¥Î±  ±·Ò¸ ¶·¨ ¤¥°¸É¢¨¨ γ-±¢ ´Éμ¢ 60‘μ. �Í¥´± 
Ëμ·³¨·μ¢ ´¨Ö „� „	Š ¢ ±²¥É± Ì �Ê·±¨´Ó¥ ¡Ò²  ¢Ò¶μ²´¥´  ´  μ¸´μ¢¥ μÍ¥´±¨ μ¡· §μ¢ -
´¨Ö γH2AX ¨ 53BP1 Ëμ±Ê¸μ¢. Š ± ¨§¢¥¸É´μ, „� „	Š, ¢μ§´¨± ÕÐ¨¥ ¢ ·¥§Ê²ÓÉ É¥ ¢μ§¤¥°-
¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö, ¢Ò§Ò¢ ÕÉ Ëμ¸Ëμ·¨²ÖÍ¨Õ £¨¸Éμ´  H2AX ¨ ¨´¨Í¨¨·ÊÕÉ
³¨£· Í¨Õ ·Ö¤  ·¥¶ · Í¨μ´´ÒÌ ¡¥²±μ¢: MRE/NBS1/RAD50, MDC1, 53BP1, ¨ BRCA1
± ¶μ¢·¥¦¤¥´´μ° „	Š, £¤¥ ÔÉ¨ ¡¥²±¨ ±μ²μ± ²¨§ÊÕÉ¸Ö ¨ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ ¸ γH2AX [6].
Šμ²¨Î¥¸É¢¥´´ Ö μÍ¥´±  ¢μ§´¨± ÕÐ¨Ì Ëμ±Ê¸μ¢ ¡¥²±μ¢ ·¥¶ · Í¨¨ „	Š ¢ £¥´μ³¥ ±²¥Éμ±
¶μ§¢μ²Ö¥É ¸Ê¤¨ÉÓ μ Ëμ·³¨·μ¢ ´¨¨ „� „	Š ¢ ´¥°·μ´ Ì · §²¨Î´ÒÌ É± ´¥° –	‘.
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�¡²ÊÎ¥´¨¥ γ-±¢ ´É ³¨ 60Co ¸ ³μ± ±·Ò¸ (n = 7) ²¨´¨¨ Spraque Dawley ¶·μ¢μ¤¨²¨
¢ ¢μ§· ¸É¥ 11 ´¥¤¥²Ó (¢¥¸ (221± 7,5) £). „²Ö ¨¸±²ÕÎ¥´¨Ö ¢²¨Ö´¨Ö ¢μ§³μ¦´ÒÌ ÔËË¥±Éμ¢
ÉμÉ ²Ó´μ£μ μ¡²ÊÎ¥´¨Ö ´  Ëμ·³¨·μ¢ ´¨¥ Ëμ±Ê¸μ¢ ¢ ±²¥É± Ì £μ²μ¢´μ£μ ³μ§£  ¶·μ¢μ¤¨²¨
μ¡²ÊÎ¥´¨¥ £μ²μ¢Ò ¦¨¢μÉ´μ£μ. „²Ö ÔÉμ£μ ¦¨¢μÉ´μ¥ ¶μ³¥Ð ²¨ ¢ ¶² ¸É¨±μ¢Ò° ±μ´É¥°´¥·,
Ë¨±¸¨·ÊÕÐ¨° ¶μ²μ¦¥´¨¥. ’¥²μ ¶·¨±·Ò¢ ²¨ ¸¢¨´Íμ¢Ò¥ ¶² ¸É¨´Ò, μ¸É ¢²ÖÖ μÉ±·ÒÉμ°
Éμ²Ó±μ £μ²μ¢Ê. Šμ´É·μ²Ó´ÒÌ ¦¨¢μÉ´ÒÌ É ±¦¥ ¶μ³¥Ð ²¨ ¢ ¶² ¸É¨±μ¢Ò° Ë¨±¸ Éμ· ¤²Ö
¨³¨É Í¨¨ ¸É·¥¸¸μ¢ÒÌ Ê¸²μ¢¨° μ¡²ÊÎ¥´¨Ö.

—¥·¥§ 1, 4 ¨ 24 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¶·μ¢μ¤¨²¨ ¤¥± ¶¨É Í¨Õ ¨ ¨§¢²¥Î¥´¨¥ £μ²μ¢´μ£μ
³μ§£ , ±μÉμ·Ò° ¢ ¤ ²Ó´¥°Ï¥³ ¶μ³¥Ð ²¨ ¢ · ¸É¢μ· 4%-£μ Ëμ·³ ²Ó¤¥£¨¤  ¢ Ëμ¸Ë É´μ³
¡ÊË¥·¥ (pH 7,4) ´  20 Î. ‡ É¥³ É± ´Ó ¤¥£¨¤· É¨·μ¢ ²¨ ¢ ÔÉ ´μ²¥ (70, 80, 96, 100%), ¶·μ-
¸¢¥É²Ö²¨ ¢ μ-±¸¨²μ²¥ ¨ § ²¨¢ ²¨ ¢ ¶ · Ë¨´. 	 ·¥§±Ê Éμ´±¨Ì ¸·¥§μ¢ (5 ³±³) ¶·μ¢μ¤¨²¨
´  ·μÉ Í¨μ´´μ³ ³¨±·μÉμ³¥ Microm 	Œ 340… (Thermo Fisher Scientiˇc). „²Ö ¨§ÊÎ¥-
´¨Ö ¨´¤Ê±Í¨¨-Ô²¨³¨´ Í¨¨ · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ ±μ²μ± ²¨§μ¢ ´´ÒÌ γH2AX ¨
53BP1 Ëμ±Ê¸μ¢ ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ³¥Éμ¤ ¨³³Ê´μ£¨¸ÉμÌ¨³¨Î¥¸±μ£μ μ±· Ï¨¢ ´¨Ö ¶ · Ë¨-
´μ¢ÒÌ ¸·¥§μ¢ ³μ§£  ±·Ò¸ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶¥·¢¨Î´ÒÌ ¨ ¢Éμ·¨Î´ÒÌ  ´É¨É¥². ‚Éμ·¨Î-
´Ò¥  ´É¨É¥² , ±μ´ÑÕ£¨·μ¢ ´´Ò¥ ¸ Ë²Êμ·¥¸Í¥´É´μ° ³¥É±μ°, ¶μ§¢μ²ÖÕÉ ¢ÒÖ¢¨ÉÓ ¸¶¥Í¨-
Ë¨Î¥¸±¨¥ ¡¥²±¨-³ ·±¥·Ò „� „	Š. Œ ·±¥· ³¨ Ö¢²Ö²¨¸Ó Ëμ¸Ëμ·¨²¨·μ¢ ´´Ò° £¨¸Éμ´
H2AX (γH2AX) ¨ ·¥¶ · Í¨μ´´Ò° ¡¥²μ± 53BP1. ‘·¥§Ò ¶·¥¤¢ ·¨É¥²Ó´μ ¤¥¶ · Ë¨´¨·μ-
¢ ²¨ ¢ μ-±¸¨²μ²¥ ¨ ·¥£¨¤· É¨·μ¢ ²¨ ¢ ÔÉ ´μ²¥ (100, 96, 80, 70, 50 %). „¥³ ¸±¨·μ¢ ´¨¥
 ´É¨£¥´μ¢ ¶·μ¢μ¤¨²¨ ¢ Í¨É· É´μ³ ¡ÊË¥·¥ (�· °³¡¨μ³¥¤, pH 6.0) ¶·¨ 95 ◦‘ ´  ¢μ¤Ö´μ°
¡ ´¥. �¥·³¥ ¡¨²¨§ Í¨Õ ¶·μ¢μ¤¨²¨ ¢ 0,2 % Triton X-100 ¢ É¥Î¥´¨¥ 45 ³¨´. „²Ö ¡²μ±¨-
·μ¢±¨ ´¥¸¶¥Í¨Ë¨Î¥¸±μ£μ ¸¢Ö§Ò¢ ´¨Ö  ´É¨É¥² ¨¸¶μ²Ó§μ¢ ²¨ · ¸É¢μ· 7,5%-° ±μ§Ó¥° ¸Ò¢μ-
·μÉ±¨ ¨ 7,5%-° Ô³¡·¨μ´ ²Ó´μ° É¥²ÖÎÓ¥° ¸Ò¢μ·μÉ±¨ ¢ Ëμ¸Ë É´μ³ ¡ÊË¥·¥. „²Ö ¸¢Ö§Ò¢ ´¨Ö
¸ ¡¥²± ³¨-³ ·±¥· ³¨ „� ¤μ¡ ¢²Ö²¨ ¶¥·¢¨Î´Ò¥  ´É¨É¥²  ³ÒÏ¨´Ò¥ γH2AX (1:200) anti-
phospho-Histone H2A.X (Ser139) (JBW301, Millipore-Upstate) ¨ ±·μ²¨ÎÓ¨ 53BP1 (1:200)

�¨¸. 1. ˆ§μ¡· ¦¥´¨¥ ±μ·Ò ³μ§¦¥Î±  ´¥μ¡²ÊÎ¥´´μ° ±·Ò¸Ò ¶·¨ 1000× Ê¢¥²¨Î¥´¨¨ (DAPI).
‘É·¥²±¨ � Ê± §Ò¢ ÕÉ ´  ±²¥É±¨ �Ê·±¨´Ó¥, ÏÉ·¨Ìμ¢μ° ²¨´¨¥° μÉ³¥Î¥´μ Ö¤·μ; ¸É·¥²±¨ � Å £· -

´Ê²Ö·´Ò¥ ±²¥É±¨. Œ‘Š Å ³μ²¥±Ê²Ö·´Ò° ¸²μ° ±²¥Éμ±; ‘Š� Å ¸²μ° ±²¥Éμ± �Ê·±¨´Ó¥; ƒ‘Š Å
£· ´Ê²Ö·´Ò° ¸²μ° ±²¥Éμ±
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anti-53BP1 antibody [EPR2172(2)] (Abcam, ab175933). ‚¨§Ê ²¨§ Í¨Õ Ëμ±Ê¸μ¢ ¶·μ¢μ¤¨²¨
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ë²Êμ·¥¸Í¥´É´ÒÌ ±· ¸¨É¥²¥° FITC (1:200) ¨ Texas Red (1:400), ±μ´Ñ-
Õ£¨·μ¢ ´´ÒÌ ¸ ¢Éμ·¨Î´Ò³¨  ´É¨É¥² ³¨ μÉ Abcam goat anti-mouse ¤²Ö FITC ¨ goat anti-
rabbit ¤²Ö Texas Red. � ¸É¢μ· DAPI (600´Œ, Sigma) ¨ ËμÉμ§ Ð¨É´μ° ¸·¥¤Ò Vectashild
H-1000 (VectorLaboratories) ¶·¨³¥´Ö²¸Ö ¤²Ö μ±· ¸±¨ Ö¤¥·. ˆ§μ¡· ¦¥´¨Ö μ±· Ï¥´´ÒÌ
¶·¥¶ · Éμ¢ ¶μ²ÊÎ ²¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ë²Êμ·¥¸Í¥´É´μ£μ ³¨±·μ¸±μ¶  AxioImager. M2
(Carl Zeiss).

�·¨ ¶μ¸É·μ¥´¨¨ ¤μ§μ¢ÒÌ § ¢¨¸¨³μ¸É¥° ¢ÒÌμ¤  ¨ ±¨´¥É¨±¨ ¨´¤Ê±Í¨¨-Ô²¨³¨´ Í¨¨ ±μ-
²μ± ²¨§μ¢ ´´ÒÌ · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ Ëμ±Ê¸μ¢ (�ˆ”) γH2AX/53BP1  ´ ²¨§¨-
·μ¢ ²¨¸Ó ´¥ ³¥´¥¥ 25 ±²¥Éμ±. Š²¥É±¨ �Ê·±¨´Ó¥ ¡Ò²¨ ¤¨ËË¥·¥´Í¨·μ¢ ´Ò μÉ ¤·Ê£¨Ì
±²¥Éμ± ±μ·Ò ³μ§¦¥Î±  ¶μ ³μ·Ëμ²μ£¨Î¥¸±μ³Ê ±·¨É¥·¨Õ, ± ± ±²¥É±¨, ¨³¥ÕÐ¨¥ ¡μ²ÓÏÊÕ
Í¨Éμ¶² §³Ê, ¡²¥¤´ÊÕ μ±· ¸±Ê Ö¤·  DAPI (·¨¸. 1, ¸É·¥²±¨ �). Ÿ¤·  £· ´Ê²Ö·´ÒÌ ±²¥Éμ±
¡Ò²¨ ¨¤¥´É¨Ë¨Í¨·μ¢ ´Ò ¶μ ¨´É¥´¸¨¢´μ° μ±· ¸±¥ DAPI (·¨¸. 1, ¸É·¥²±¨ �) ¨ ´¥¡μ²Ó-
Ïμ³Ê Ö¤·Ê ¶μ ¸· ¢´¥´¨Õ ¸ Ö¤· ³¨ ±²¥Éμ± �Ê·±¨´Ó¥. Š²¥É±¨ ƒμ²Ó¤¦¨ ¢ £· ´Ê²Ö·´μ³
¸²μ¥ ¢¸É·¥Î ²¨¸Ó ·¥¤±μ ¨ ¨³¥²¨ ¡μ²ÓÏ¥¥ Ö¤·μ ¶μ ¸· ¢´¥´¨Õ ¸ £· ´Ê²Ö·´Ò³¨ ±²¥É± ³¨
(´¥ ¶μ± § ´Ò).

�…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

	  ·¨¸. 2,   ¶·¥¤¸É ¢²¥´  ¤μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ μ¡· §μ¢ ´¨Ö · ¤¨ Í¨μ´´μ-
¨´¤ÊÍ¨·μ¢ ´´ÒÌ γH2AX/53BP1 Ëμ±Ê¸μ¢ ¢ Ö¤· Ì ±²¥Éμ± �Ê·±¨´Ó¥ ±μ·Ò ³μ§¦¥Î±  Î¥·¥§
1 Î ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢. Š ± ³μ¦´μ ¢¨¤¥ÉÓ, § ¢¨¸¨³μ¸ÉÓ ¨³¥¥É ²¨´¥°´Ò° Ì -
· ±É¥· ¨ ±μ²¨Î¥¸É¢μ �ˆ” γH2AX/53BP1 ´  ±²¥É±Ê ¤μ¸É¨£ ¥É §´ Î¨É¥²Ó´ÒÌ ¢¥²¨Î¨´ Å

�¨¸. 2.  ) „μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ Ëμ·³¨·μ¢ ´¨Ö · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ ±μ²μ± ²¨§μ¢ ´´ÒÌ

γH2AX/53BP1 Ëμ±Ê¸μ¢ ¢ Ö¤· Ì ±²¥Éμ± �Ê·±¨´Ó¥ ¢ ±μ·¥ ³μ§¦¥Î±  ±·Ò¸ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-
±¢ ´Éμ¢ 60Co Î¥·¥§ 1 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö. �·¥¤¸É ¢²¥´Ò §´ Î¥´¨Ö ¸·¥¤´¥£μ ±μ²¨Î¥¸É¢  ±μ²μ± -

²¨§μ¢ ´´ÒÌ γH2AX/53BP1 Ëμ±Ê¸μ¢ ´  ±²¥É±Ê ¸μ ¸É ´¤ ·É´μ° μÏ¨¡±μ°, ¨ ¶·μ¢¥¤¥´  ²¨´¥°´ Ö

 ¶¶·μ±¸¨³ Í¨Ö y = 7,37x + 1,8 (R2 = 0,869). ¡) Š¨´¥É¨±  ¨´¤Ê±Í¨¨ ¨ Ô²¨³¨´ Í¨¨ · ¤¨ Í¨μ´´μ-
¨´¤ÊÍ¨·μ¢ ´´ÒÌ ±μ²μ± ²¨§μ¢ ´´ÒÌ γH2AX/53BP1 Ëμ±Ê¸μ¢ ¢ Ö¤· Ì ±²¥Éμ± �Ê·±¨´Ó¥ ¢ ±μ·¥ ³μ§-

¦¥Î±  ±·Ò¸ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ 60Co ¢ ¤μ§¥ 3 ƒ· Î¥·¥§ 1, 4 ¨ 24 Î. “± § ´μ ¸·¥¤´¥¥ Î¨¸²μ
±μ²μ± ²¨§μ¢ ´´ÒÌ γH2AX/53BP1 Ëμ±Ê¸μ¢ ´  ±²¥É±Ê ¸μ ¸É ´¤ ·É´μ° μÏ¨¡±μ°
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�¨¸. 3. ”μ·³¨·μ¢ ´¨¥ γH2AX ¨ 53BP1 Ëμ±Ê¸μ¢ ¢ ±²¥É± Ì �Ê·±¨´Ó¥ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢
60Co ¢ ¤μ§¥:   Å 1 ƒ·; ¡ Å 3 ƒ·; ¢ Å 5 ƒ· Î¥·¥§ 1 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö. ”μ·³¨·μ¢ ´¨¥-Ô²¨³¨´ Í¨Ö

γH2AX ¨ 53BP1 Ëμ±Ê¸μ¢ ¢ ±²¥É± Ì �Ê·±¨´Ó¥ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ 60Co ¢ ¤μ§¥ 3 ƒ· Î¥·¥§:

¡ Å 1 Î; £ Å 4 Î; ¤ Å 24 Î; ¥ Å ±μ´É·μ²Ó. �±· Ï¨¢ ´¨¥ DAPI ¢ÒÖ¢²Ö¥É ³μ·Ëμ²μ£¨Õ Ö¤· 
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�¨¸. 4. ”μ·³¨·μ¢ ´¨¥ γH2AX ¨ 53BP1 Ëμ±Ê¸μ¢ ¢ ±²¥É± Ì ³μ²¥±Ê²Ö·´μ£μ ¸²μÖ ±μ·Ò ³μ§¦¥Î± 

¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ 60Co ¢ ¤μ§¥:   Å 1 ƒ·; ¡ Å 3 ƒ·; ¢ Å 5 ƒ· Î¥·¥§ 1 Î ¶μ¸²¥ μ¡²Ê-
Î¥´¨Ö. ”μ·³¨·μ¢ ´¨¥-Ô²¨³¨´ Í¨Ö γH2AX ¨ 53BP1 Ëμ±Ê¸μ¢ ³μ²¥±Ê²Ö·´μ£μ ¸²μÖ ±μ·Ò ³μ§¦¥Î± 

¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ 60Co ¢ ¤μ§¥ 3 ƒ· Î¥·¥§: ¡ Å 1 Î; £ Å 4 Î; ¤ Å 24 Î; ¥ Å ±μ´-

É·μ²Ó. �±· Ï¨¢ ´¨¥ DAPI ¢ÒÖ¢²Ö¥É ³μ·Ëμ²μ£¨Õ Ö¤· . ˆ§μ¡· ¦¥´¨Ö ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¶·¨ 400×
Ê¢¥²¨Î¥´¨¨
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¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢ ¶·¨ ¤μ§ Ì 3 ¨ 5 ƒ·. ‚³¥¸É¥ ¸ É¥³ ³μ¦´μ § ³¥É¨ÉÓ, ÎÉμ
¢ ¶μ¸É· ¤¨ Í¨μ´´Ò° ¶¥·¨μ¤ ¶·μ¨¸Ìμ¤¨É ¤μ¸É ÉμÎ´μ ¡Ò¸É· Ö Ô²¨³¨´ Í¨Ö ¨´¤ÊÍ¨·Ê¥³ÒÌ
¶μ¢·¥¦¤¥´¨° ¨§ ±²¥Éμ±. “ ¦¨¢μÉ´ÒÌ, μ¡²ÊÎ¥´´ÒÌ ¢ ¤μ§¥ 3 ƒ·, Î¥·¥§ 4 Î ´ ¡²Õ¤ ¥É¸Ö
§´ Î¨É¥²Ó´μ¥ ¸´¨¦¥´¨¥ Ê·μ¢´Ö γH2AX/53BP1 Ëμ±Ê¸μ¢ ¨ ± 24 Î ¶·¨¡²¨¦ ¥É¸Ö ± ±μ´-
É·μ²Ó´μ³Ê Ê·μ¢´Õ (·¨¸. 2, ¡). “ ±μ´É·μ²Ó´μ° £·Ê¶¶Ò ¦¨¢μÉ´ÒÌ μÉ³¥Î ¥É¸Ö ±· °´¥ ´¨§±¨°
Ê·μ¢¥´Ó γH2AX/53BP1 Ëμ±Ê¸μ¢ (·¨¸. 3, ¥). ‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ ¡μ²ÓÏ¨´¸É¢μ Ëμ±Ê¸μ¢
¢ ±²¥É± Ì �Ê·±¨´Ó¥ ± 24 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ÔËË¥±É¨¢´μ Ô²¨³¨´¨·ÊÕÉ¸Ö, μ¤´ ±μ ´¥±μ-
Éμ·Ò¥ ±²¥ÉμÎ´Ò¥ Ö¤·  ¸μ¤¥·¦ É γH2AX/53BP1 Ëμ±Ê¸Ò ¡μ²ÓÏ¥£μ · §³¥·  ¶μ ¸· ¢´¥´¨Õ
¸ μ¸É ²Ó´Ò³¨ (·¨¸. 3, ¤). ‘Ìμ¦ Ö ± ·É¨´  ¸´¨¦¥´¨Ö Ê·μ¢´Ö �ˆ” γH2AX/53BP1 μÉ³¥-
Î ² ¸Ó ¢ ³μ²¥±Ê²Ö·´μ³ ¨ £· ´Ê²Ö·´μ³ ¸²μÖÌ ±μ·Ò ³μ§¦¥Î±  (·¨¸. 4). Š Î¥¸É¢¥´´Ò°
 ´ ²¨§ ¶μ± § ², ÎÉμ Ê·μ¢¥´Ó γH2AX/53BP1 Ëμ±Ê¸μ¢ ¸´¨¦ ¥É¸Ö ¸μ ¢·¥³¥´¥³ ¨ ± 24 Î
μ¸É ¥É¸Ö ³ ² Ö Î ¸ÉÓ ±²¥ÉμÎ´ÒÌ Ö¤¥·, ¸μ¤¥·¦ Ð Ö 1Ä2 ±μ²μ± ²¨§μ¢ ´´ÒÌ �ˆ” ´  ±²¥É±Ê
(·¨¸. 4, ¤).

�´ ²¨§ ¶·¥¶ · Éμ¢ ¶μ± §Ò¢ ¥É, ÎÉμ ±μ²¨Î¥¸É¢μ, Ö·±μ¸ÉÓ ¨ ¸É¥¶¥´Ó ±μ²μ± ²¨§ Í¨¨
�ˆ” γH2AX/53BP1 § ¢¨¸¨É μÉ É¨¶  ±²¥Éμ±. �ˆ” γH2AX ¢ ±²¥É± Ì �Ê·±¨´Ó¥ ³¥´Ó-
Ï¥£μ ¶μ · §³¥·Ê ¨ ¨´É¥´¸¨¢´μ¸É¨ ¸¢¥Î¥´¨Ö ¶μ ¸· ¢´¥´¨Õ ¸ μ±·Ê¦ ÕÐ¨³¨ ±²¥É± ³¨
(·¨¸. 3, ¢). ‘Ìμ¤´Ò¥ ¶μ Ì · ±É¥·Ê · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´Ò¥ γH2AX Ëμ±Ê¸Ò ¢ ±²¥É-
± Ì �Ê·±¨´Ó¥ ´ ¡²Õ¤ ²¨¸Ó ¢ · ¡μÉ¥ [7]. Œ¥´ÓÏ¨° · §³¥· ÔÉ¨Ì Ëμ±Ê¸μ¢ ³μ¦¥É μÉ· ¦ ÉÓ
·¥² ±¸¨·μ¢ ´´μ¥ ¸μ¸ÉμÖ´¨¥ Ì·μ³ É¨´  ¢ ¤ ´´ÒÌ ±²¥É± Ì, ±μÉμ·Ò° Ê¤¥·¦¨¢ ¥É Ëμ¸Ëμ-
·¨²¨·μ¢ ´´Ò¥ ³μ²¥±Ê²Ò H2AX ¤ ²ÓÏ¥ ¤·Ê£ μÉ ¤·Ê£  ¶μ ¸· ¢´¥´¨Õ ¸ ¨Ì ¡μ²¥¥ ¡²¨§±¨³
· ¸¶μ²μ¦¥´¨¥³ ¢ ¡μ²¥¥ ±μ´¤¥´¸¨·μ¢ ´´μ³ Ì·μ³ É¨´¥ [7]. �¡ ÔÉμ³ É ±¦¥ ³μ¦¥É ¸¢¨¤¥-
É¥²Ó¸É¢μ¢ ÉÓ ¡²¥¤´ Ö μ±· ¸±  Ö¤·  DAPI (·¨¸. 3), ÎÉμ É ±¦¥ ¸¢Ö§ ´μ ¸ ·¥² ±¸¨·μ¢ ´Ò³
¸μ¸ÉμÖ´¨¥³ Ì·μ³ É¨´ . ‘Ìμ¤´ Ö ± ·É¨´  ´ ¡²Õ¤ ² ¸Ó ´  μ·£ ´μÉ¨¶¨Î¥¸±μ° É± ´¨ ³μ§-
¦¥Î±  ¢ · ¡μÉ¥ [7]. �Ò²μ ¶μ± § ´μ, ÎÉμ μ¡² ¸É¨ ¢ Ö¤· Ì ±²¥Éμ± �Ê·±¨´Ó¥, μ±· Ï¥´´Ò¥ ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ Ë²Êμ·¥¸Í¥´É´ÒÌ  ´É¨É¥² ¤²Ö ¡¥²±μ¢-³ ·±¥·μ¢ £¥É¥·μÌ·μ³ É¨´  HP1α ¨
H3K9me3, ¸μ¢¶ ¤ ÕÉ ¸ μ¡² ¸ÉÖ³¨ ¶²μÉ´μ° μ±· ¸±¨ DAPI. �·¨ ÔÉμ³ μ¡² ¸É¨ £¥É¥·μÌ·μ-
³ É¨´μ¢μ° μ±· ¸±¨ ¡Ò²¨ ±· °´¥ ³ ²Ò ¶μ ¸· ¢´¥´¨Õ ¸ Ö¤· ³¨ μ±·Ê¦ ÕÐ¨Ì ±²¥Éμ±. �Éμ
¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ¡ μ¸μ¡μ° μ·£ ´¨§ Í¨¨ £¥É¥·μÌ·μ³ É¨´  ±²¥Éμ± �Ê·±¨´Ó¥ ¨ Ê± §Ò¢ ¥É

�¨¸. 5. Š²¥É±¨ ³μ²¥±Ê²Ö·´μ£μ ¸²μÖ ±μ·Ò ³μ§¦¥Î±  ±·Ò¸ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ 60Co ¢ ¤μ§¥
5 ƒ· Î¥·¥§ 1 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¶·¨ 400× Ê¢¥²¨Î¥´¨¨. Š²¥ÉμÎ´Ò¥ Ö¤·  1 ¨ 2 ¸μ¤¥·¦ É ±μ²μ± ²¨-

§μ¢ ´´Ò¥ ³ ·±¥·Ò γH2AX ¨ 53BP1; 4 Å Éμ²Ó±μ γH2AX; 3, 5 ¨ 6 ¸μ¤¥·¦ É μ¡  ³ ·±¥· , ´μ ´¥
¤¥³μ´¸É·¨·ÊÕÉ ±μ²μ± ²¨§ Í¨¨



116 �Ê² ´μ¢  ’. ‘. ¨ ¤·.

´  Éμ, ÎÉμ ¡
μ²ÓÏ Ö Î ¸ÉÓ Ì·μ³ É¨´  ´ Ìμ¤¨É¸Ö ¢ ¤¥±μ´¤¥´¸¨·μ¢ ´´μ³ ¸μ¸ÉμÖ´¨¨ [7].
’ ±¦¥ ¡Ò²μ μÉ³¥Î¥´μ, ÎÉμ μ¶·¥¤¥²¥´´Ò¥ ±²¥ÉμÎ´Ò¥ Ö¤·  ¢ ³μ²¥±Ê²Ö·´μ³ ¸²μ¥ ±μ·Ò
¸μ¤¥·¦ ²¨ Éμ²Ó±μ ³ ·±¥· γH2AX (·¨¸. 5, ±²¥ÉμÎ´Ò¥ Ö¤·  4) ¨²¨ μ¡  ³ ·±¥·  γH2AX
¨ 53BP1, ´μ ±μ²μ± ²¨§ Í¨Ö μÉ¸ÊÉ¸É¢μ¢ ²  (·¨¸. 5, ±²¥ÉμÎ´Ò¥ Ö¤·  3, 5, 6). �Éμ, ¢¥·μÖÉ´μ,
¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ÔÉ¨ Ö¤·  ¶·¨´ ¤²¥¦ É ±²¥É± ³ £²¨¨. ‚ · ¡μÉ¥ [8] ¡Ò²μ ¶μ± § ´μ, ÎÉμ
¡¥²μ± 53BP1 ´¥ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¢ ± Î¥¸É¢¥ Ê´¨¢¥·¸ ²Ó´μ£μ ³ ·±¥·  „� „	Š.
Œ¥Éμ¤ ¤¢μ°´μ£μ ¨³³Ê´μ³¥Î¥´¨Ö, ¨¸¶μ²Ó§μ¢ ´´Ò° ¢ · ¡μÉ¥ [8], ´¥ ¶μ§¢μ²¨² ²μ± ²¨§μ¢ ÉÓ
¡¥²μ± 53BP1 ¸ ¡¥²± ³¨-³ ·±¥· ³¨ ¤²Ö ³¨±·μ£²¨¨,  ¸É·μÍ¨Éμ¢ ¨²¨ μ²¨£μ¤¥´¤·μÍ¨Éμ¢
¢ £μ²μ¢´μ³ ³μ§£¥ ±·Ò¸.

’ ±¨³ μ¡· §μ³, ¶·¨³¥´¥´´Ò° ´ ³¨ ¶·¨ ¢Ò¶μ²´¥´¨¨ · ¡μÉÒ ³¥Éμ¤¨Î¥¸±¨° ¶μ¤Ìμ¤
¶μ§¢μ²Ö¥É μÍ¥´¨ÉÓ ¢ Ô±¸¶¥·¨³¥´É Ì in vivo ¨´¤Ê±Í¨Õ ¨ ·¥¶ · Í¨Õ ¶μ¢·¥¦¤¥´¨° £¥-
´¥É¨Î¥¸±¨Ì ¸É·Ê±ÉÊ· ¢ É± ´ÖÌ ´¥·¢´μ° ¸¨¸É¥³Ò. �¸μ¡Ò° ¨´É¥·¥¸ ¡Ê¤¥É ¶·¥¤¸É ¢²ÖÉÓ
¶μ²ÊÎ¥´¨¥  ´ ²μ£¨Î´ÒÌ ¤ ´´ÒÌ ¶·¨ μ¡²ÊÎ¥´¨¨ ¦¨¢μÉ´ÒÌ ÉÖ¦¥²Ò³¨ § ·Ö¦¥´´Ò³¨ Î -
¸É¨Í ³¨. Š ± ¨§¢¥¸É´μ, ¢ ÔÉμ³ ¸²ÊÎ ¥ ¢ „	Š ±²¥Éμ± Ëμ·³¨·ÊÕÉ¸Ö ±² ¸É¥·´Ò¥ „� „	Š
¢ μÉ²¨Î¨¥ μÉ ¶·μÍ¥¸¸  ¢μ§¤¥°¸É¢¨Ö ¨§²ÊÎ¥´¨° Ô²¥±É·μ³ £´¨É´μ° ¶·¨·μ¤Ò. Š² ¸É¥·´Ò¥
„� „	Š Å ±· °´¥ ÉÖ¦¥²Ò¥ ¶μ¢·¥¦¤¥´¨Ö ±²¥ÉμÎ´μ£μ £¥´μ³ , É·Ê¤´μ ¶μ¤¤ ÕÐ¨¥¸Ö ·¥-
¶ · Í¨¨. ‘ ÊÎ¥Éμ³ ÔÉμ£μ ¡Ê¤¥É ¢¥¸Ó³  ¢ ¦´Ò³ ¨§ÊÎ¨ÉÓ ¨ ÔËË¥±É¨¢´μ¸ÉÓ Ëμ·³¨·μ¢ ´¨Ö
É ±¨Ì ´ ·ÊÏ¥´¨° ¶·¨ ¤¥°¸É¢¨¨ Î ¸É¨Í ¸ ¢μ§· ¸É ÕÐ¨³¨ §´ Î¥´¨Ö³¨ ²¨´¥°´ÒÌ ¶¥·¥¤ Î
Ô´¥·£¨¨,   É ±¦¥ ±¨´¥É¨±Ê ¨Ì ·¥¶ · Í¨¨ ¢ ¶μ¸É· ¤¨ Í¨μ´´Ò° ¶¥·¨μ¤.
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