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Šμ²Éμ¢ Ö �. �. ¨ ¤·. P19-2007-125
‚§ ¨³μ¤¥°¸É¢¨¥ Î¥±¶μ°´É-£¥´μ¢ RAD9, RAD17, RAD24 ¨ RAD53
¢ μ¶·¥¤¥²¥´¨¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¤·μ¦¦¥° Saccharomyces cerevisiae
± ¤¥°¸É¢¨Õ ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨

Œ¥Ì ´¨§³Ò £¥´¥É¨Î¥¸±μ£μ ±μ´É·μ²Ö ¶·μÌμ¦¤¥´¨Ö Í¨±²  ¤¥²¥´¨Ö ±²¥É±¨ (Î¥±¶μ°´É-
±μ´É·μ²Ó) ¨§ÊÎ¥´Ò ´ ¨¡μ²¥¥ ¶μ²´μ Ê ¤·μ¦¦¥° Saccharomyces cerevisiae. „²Ö ¢ÒÖ¢²¥´¨Ö
·μ²¨ Î¥±¶μ°´É-£¥´μ¢ RAD9, RAD17, RAD24 ¨ RAD53 ¢ · ¤¨μ·¥§¨¸É¥´É´μ¸É¨ ±²¥Éμ± ³Ò
 ´ ²¨§¨·μ¢ ²¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ ± ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨. �μ± § ´
Ô¶¨¸É É¨Î¥¸±¨° Ì · ±É¥· ¢§ ¨³μ¤¥°¸É¢¨Ö ¤²Ö ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢, ´¥¸ÊÐ¨Ì ³ÊÉ Í¨¨ ¢ ±μ³-
¡¨´ Í¨¨ ¸ ³ÊÉ Í¨¥° rad9Δ, É. ¥. ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ ± γ-¨§²ÊÎ¥´¨Õ ´¥
¡μ²ÓÏ¥, Î¥³ Ê ´ ¨¡μ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´μ£μ ¨§ μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢. �μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥
¶μ§¢μ²ÖÕÉ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ Î¥±¶μ°´É-£¥´Ò RAD9, RAD17, RAD24 ¨ RAD53 μ¡· §ÊÕÉ
¥¤¨´ÊÕ Ô¶¨¸É É¨Î¥¸±ÊÕ £·Ê¶¶Ê, ±μÉμ·ÊÕ μ¡μ§´ Î¨²¨ ± ± RAD9-£·Ê¶¶Ê, ¨ μ´¨ ·¥£Ê²¨-
·ÊÕÉ μ¤¨´ ¨ ÉμÉ ¦¥ ¶ÊÉÓ. �·¨Î¥³ £¥´Ò RAD9 ¨ RAD53 ¶·μ¨§¢μ¤ÖÉ ¶μ§¨É¨¢´Ò°,   £¥´Ò
RAD17 ¨ RAD24 Å ´¥£ É¨¢´Ò° ÔËË¥±É ´  ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± γ-¨§²ÊÎ¥´¨Õ. ‚ μÉ´μÏ¥-
´¨¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ± ¢μ§¤¥°¸É¢¨Õ γ-²ÊÎ¥° ¨ “”-¸¢¥É  ¢§ ¨³μ¤¥°¸É¢¨¥ ³ÊÉ Í¨° ³μ¦¥É
μÉ²¨Î ÉÓ¸Ö, ´ ¶·¨³¥·, ¤²Ö ³ÊÉ Í¨° rad9Δ ¨ rad24Δ ´ ¡²Õ¤ ¥É¸Ö  ¤¤¨É¨¢´μ¸ÉÓ ¢ ¶¥·¢μ³
¸²ÊÎ ¥ ¨ Ô¶¨¸É § ¢μ ¢Éμ·μ³ ¸²ÊÎ ¥.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ · ¤¨ Í¨μ´´μ° ¡¨μ²μ£¨¨ 	ˆŸˆ.

�·¥¶·¨´É 	¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2007

KoltovayaN.A. et al. P19-2007-125
Interactions of Checkpoint-Genes RAD9, RAD17, RAD24 and RAD53
Determining Radioresistance of Yeast Saccharomyces Cerevisiae

The mechanisms of genetic control of progress through the division cell cycle (checkpoint-
control) in yeast Saccharomyces cerevisiae have been studied intensively. To investigate the
role of checkpoint-genes RAD9, RAD17, RAD24, RAD53 in cell radioresistance we have
investigated cell sensitivity of double mutants to γ-ray. Double mutants involving various
combinations with rad9Δ show epistatic interactions, i.e. the sensitivity of the double mutants
to γ-ray was no greater that of more sensitive of the two single mutants. This suggests that all
these genes govern the same pathway. This group of genes was named RAD9-epistasis group.
It is interesting to note that genes RAD9 and RAD53 have positive effect but RAD17 and
RAD24 have negative effect on radiosensitivity of yeast cells. Interactions between mutations
may differ depending on the agent γ-ray or UV-light, for example mutations rad9Δ and
rad24Δ show additive effect for γ-ray and epistatic effect for UV-light.

The investigation has been performed at the Laboratory of Radiation Biology, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2007



’μ²¥· ´É´μ¸ÉÓ ÔÊ± ·¨μÉ¨Î¥¸±¨Ì ±²¥Éμ± ± ¶μ¢·¥¦¤¥´¨Ö³ Ì·μ³μ¸μ³´μ°
„�Š μ¡¥¸¶¥Î¨¢ ÕÉ ³¥Ì ´¨§³Ò ¨ ¶·μÍ¥¸¸Ò Ê§´ ¢ ´¨Ö ¨ ·¥¶ · Í¨¨ ¶μ¢·¥-
¦¤¥´¨°, ·¥¶²¨± Í¨¨ ¨ É· ´¸±·¨¶Í¨¨ £¥´¥É¨Î¥¸±μ£μ ³ É¥·¨ ² , ·¥±μ´¸É·Ê±-
Í¨¨ Ì·μ³ É¨´  ¨ ¸¥£·¥£ Í¨¨ Ì·μ³μ¸μ³. „·μ¦¦¨-¸ Ì ·μ³¨Í¥ÉÒ ¶·¨³¥´¨³Ò
¢ ± Î¥¸É¢¥ ³μ¤¥²¨ ¤²Ö μ¡²¥£Î¥´¨Ö  ´ ²¨§  · §²¨Î´ÒÌ ±μ´¸¥·¢ É¨¢´ÒÌ ³¥Ì -
´¨§³μ¢, ¤¥°¸É¢ÊÕÐ¨Ì ¢ ±²¥É± Ì ¢Ò¸Ï¨Ì ÔÊ± ·¨μÉ. ˆ³¥´´μ Ê ¤·μ¦¦¥° ¡Ò²¨
¶¥·¢μ´ Î ²Ó´μ ¨¤¥´É¨Ë¨Í¨·μ¢ ´Ò ¨ μÌ · ±É¥·¨§μ¢ ´Ò £¥´Ò, ËÊ´±Í¨μ´ ²Ó-
´Ò¥ £μ³μ²μ£¨ ±μÉμ·ÒÌ Ê Î¥²μ¢¥±   ¸¸μÍ¨¨·μ¢ ´Ò ¸ μ¶·¥¤¥²¥´´Ò³¨ § ¡μ²¥-
¢ ´¨Ö³¨ ¨²¨ ´¥μ¡Ìμ¤¨³Ò ¤²Ö ·¥¶ · Í¨¨ · ¤¨ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š
[1Ä3]. ‚μ§³μ¦´μ¸ÉÓ ¶μ²´μ³ ¸ÏÉ ¡´μ£μ  ´ ²¨§  ¨§³¥´¥´¨° Ô±¸¶·¥¸¸¨¨ £¥-
´μ³  ¢ μÉ¢¥É ´  ¨§³¥´¥´¨Ö μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò [4, 5] ¨, ¢ Î ¸É´μ¸É¨, ´ 
¤¥°¸É¢¨¥ · §²¨Î´ÒÌ „�Š-¶μ¢·¥¦¤ ÕÐ¨Ì  £¥´Éμ¢ [6], ¸ÊÐ¥¸É¢¥´´μ · ¸Ï¨-
·Ö¥É ¢μ§³μ¦´μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¤·μ¦¦¥° ¢ ± Î¥¸É¢¥ ³μ¤¥²Ó´μ£μ μ·£ ´¨§³ .
“ ¤·μ¦¦¥° ¨§¢¥¸É´Ò É·¨ É ± ´ §Ò¢ ¥³Ò¥ Ô¶¨¸É É¨Î¥¸±¨¥ £·Ê¶¶Ò £¥´μ¢ · -
¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨,   ¨³¥´´μ £·Ê¶¶Ò RAD6, RAD3 ¨ RAD52 [7]. ƒ¥´Ò ÔÉ¨Ì
£·Ê¶¶ μ¶μ¸·¥¤ÊÕÉ · §²¨Î´Ò¥ É¨¶Ò ·¥¶ · Í¨¨, ¢ Î ¸É´μ¸É¨ ³¥Ì ´¨§³Ò ·¥¶ · -
Í¨¨ ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š, ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ¨μ´¨§¨·ÊÕÐ¨³ ¨§²ÊÎ¥´¨¥³,
´  μ¸´μ¢¥ £μ³μ²μ£¨Î´μ° ·¥±μ³¡¨´ Í¨¨ (HR) (¢ Éμ³ Î¨¸²¥ ³¥Ì ´¨§³Ò ³¥¦-
¸¥¸É·¨´¸±μ° ¨ ³¥¦Ì·μ³μ¸μ³´μ° ·¥±μ³¡¨´ Í¨¨, ¨´¤ÊÍ¨·μ¢ ´´μ° · §·Ò¢ ³¨
·¥¶²¨± Í¨¨ (BIR), ¨ μ¤´μÍ¥¶μÎ¥Î´μ¥ ¸μ¥¤¨´¥´¨¥, ¨²¨ μ¤´μ´¨É¥¢μ° μÉ¦¨£
(SSA)) ¨ ´¥§ ±μ´´μ° ·¥±μ³¡¨´ Í¨¨ (¢ Éμ³ Î¨¸²¥ ´¥£μ³μ²μ£¨Î´μ¥ ¸μ¥¤¨´¥´¨¥
±μ´Íμ¢ (NHEJ)) [8, 9].

� ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ± μ¶μ¸·¥¤Ê¥É É ±¦¥ ¸¶¥Í¨Ë¨Î¥¸±¨° ·¥£Ê²Ö-
Éμ·´Ò° ³¥Ì ´¨§³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¢¥·μÎ´ÒÌ ÉμÎ¥± ¢ ±²¥ÉμÎ´μ³ Í¨±²¥,
É ± ´ §Ò¢ ¥³Ò° Î¥±¶μ°´É-±μ´É·μ²Ó [10, 11]. ƒ¥´¥É¨Î¥¸±¨° ±μ´É·μ²Ó μ¸É -
´μ¢±¨ ¤¥²¥´¨Ö ±²¥Éμ± ´ ¨¡μ²¥¥ ¨§ÊÎ¥´ ¤²Ö ¤·μ¦¦¥° Saccharomyces cerevisiae
[12, 11]. 	¶Ê¡²¨±μ¢ ´´Ò¥ ¤ ´´Ò¥, ¢ μ¸´μ¢´μ³, ± ¸ ÕÉ¸Ö μ¸É ´μ¢±¨ ¤¥²¥´¨Ö
¨ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ±²¥Éμ± “”-¸¢¥Éμ³ [13, 14]. ‚§ -
¨³μ¤¥°¸É¢¨Ö ¸ ÊÎ ¸É¨¥³ Î¥±¶μ°´É-£¥´μ¢, ³μ¤Ê²¨·ÊÕÐ¨¥ γ-ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ
¤·μ¦¦¥°, ¨¸¸²¥¤μ¢ ´Ò ¤ ²¥±μ ´¥ ¶μ²´μ¸ÉÓÕ [15]. ‚§ ¨³μ¤¥°¸É¢¨Ö £¥´μ¢ ¸μ¡-
¸É¢¥´´μ ·¥¶ · Í¨¨ ¨ £¥´μ¢ Î¥±¶μ°´É-±μ´É·μ²Ö ¨ ·μ²Ó ÔÉ¨Ì £¥´´ÒÌ ¢§ ¨³μ-
¤¥°¸É¢¨° ¢ μ¶·¥¤¥²¥´¨¨ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ±²¥Éμ± É ±¦¥ ¨¸¸²¥¤μ¢ ´Ò
´¥¤μ¸É ÉμÎ´μ [10]. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥  ´ ²¨§¨·μ¢ ²¨ ¢²¨Ö´¨¥ ¶ ·´ÒÌ ¸μ-
Î¥É ´¨° ³ÊÉ Í¨° Î¥±¶μ°´É-£¥´μ¢ ´  ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¤·μ¦¦¥° ± ¶μ¢·¥¦¤ -
ÕÐ¥³Ê ¤¥°¸É¢¨Õ ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨. ˆ§ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¸²¥¤Ê¥É,
ÎÉμ £¥´Ò RAD9, RAD17, RAD24, RAD53 μ¡· §ÊÕÉ Ô¶¨¸É É¨Î¥¸±ÊÕ £·Ê¶¶Ê,
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±μÉμ·μ°, ¶μ-¢¨¤¨³μ³Ê, ¸μμÉ¢¥É¸É¢Ê¥É ¥¤¨´Ò° μ¸´μ¢´μ° RAD9-§ ¢¨¸¨³Ò° ³¥-
Ì ´¨§³ · ¤¨μ·¥§¨¸É¥´É´μ¸É¨. ˆ§ÊÎ¥´´Ò¥ £¥´Ò ³μ£ÊÉ ÊÎ ¸É¢μ¢ ÉÓ É ±¦¥ ¢ ³¨-
´μ·´ÒÌ ³¥Ì ´¨§³ Ì · ¤¨μ·¥§¨¸É¥´É´μ¸É¨, μÉ´μ¸¨É¥²Ó´μ ´¥§ ¢¨¸¨³ÒÌ μÉ Ê¶μ-
³Ö´ÊÉμ£μ μ¸´μ¢´μ£μ ³¥Ì ´¨§³ .

Œ�’…�ˆ�‹› ˆ Œ…’�„›

˜É ³³Ò Saccharomyces cerevisiae, ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¢ · ¡μÉ¥ (É ¡². 1),
Ö¢²ÖÕÉ¸Ö ¡²¨§±μ·μ¤¸É¢¥´´Ò³¨ ¨ ¸±μ´¸É·Ê¨·μ¢ ´Ò ¢¢¥¤¥´¨¥³ ¶¥·¥Î¨¸²¥´´ÒÌ
´¨¦¥ ³ÊÉ Í¨° ¢ £¥´μÉ¨¶ ¨§μ£¥´´ÒÌ ·μ¤¨É¥²Ó¸±¨Ì ÏÉ ³³μ¢. ŒÊÉ Í¨¨ ¢¢μ-
¤¨²¨ ¶μ¸·¥¤¸É¢μ³ ¸±·¥Ð¨¢ ´¨Ö ÏÉ ³³μ¢-¨¸ÉμÎ´¨±μ¢ ¸ ·μ¤¨É¥²Ó¸±¨³¨ ÏÉ ³-
³ ³¨ 71a ¨²¨ 71α [16], ¶μ²ÊÎ¥´¨Ö ¶μ²μ¢μ£μ ¶μÉμ³¸É¢  ¨ ´¥μ¤´μ±· É´ÒÌ
(´¥ ³¥´¥¥ É·¥Ì) ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¡Ô±±·μ¸¸μ¢ ¸ 71a ¨²¨ 71α. ˆ¸ÉμÎ´¨-
± ³¨ ³ÊÉ Í¨° rad9Δ, rad17Δ, rad24Δ ¨ rad53 ¸²Ê¦¨²¨ ÏÉ ³³Ò 7859-7-4a
(MATa rad9::LEU2 leu2-3,112 trp1-289 ura3-52 his7), SX46A rad24Δ (MATa
rad24::URA3 ade2 his3-532 trp1-289 ura3-52), SX46 rad17Δ (MATa rad17::
URA3 ade2 his3-532 trp1-289 ura3-52) ¨ CRY1 (MATa sad1-1 (=rad53) ade2-1
ura3-1 trp1-1 his3-11,15 leu2-3,112 can1-100). �¥·¢Ò° ¨§ ÔÉ¨Ì ÏÉ ³³μ¢ ¶μ-
²ÊÎ¥´ μÉ ¶·μË. ‹. • ·ÉÊÔ²²  (‚ Ï¨´£Éμ´¸±¨° Ê´¨¢¥·¸¨É¥É, ‘¨ÔÉ²), ¶·μÎ¨¥
¶·¥¤μ¸É ¢²¥´Ò ¶·μË. “. ‡¨¤¥ (’¥Ì ¸¸±¨° Ê´¨¢¥·¸¨É¥É, „ ²² ¸).

‘·¥¤Ò ¨ ·¥ ±É¨¢Ò. ˆ¸¶μ²Ó§μ¢ ²¨ ¸É ´¤ ·É´ÊÕ ¶μ²´ÊÕ ¶¨É É¥²Ó´ÊÕ
¸·¥¤Ê YEPD [17] ¨ ¸·¥¤Ò �‘, PMG, SMK, μ¶¨¸ ´´Ò¥ · ´¥¥ [18].

’¥É· ¤´Ò°  ´ ²¨§. ŠÊ²ÓÉÊ·Ò ¤¨¶²μ¨¤´ÒÌ £¨¡·¨¤μ¢ ¢Ò· Ð¨¢ ²¨ ¢ É¥Î¥-
´¨¥ ¸ÊÉμ± ´  ¶·¥¤¸¶μ·Ê²ÖÍ¨μ´´μ° ¸·¥¤¥ PMG ¨ § É¥³ ¶¥·¥´μ¸¨²¨ ´  ¸¶μ·Ê²Ö-
Í¨μ´´ÊÕ ¸·¥¤Ê SMK. ‘¶Ê¸ÉÖ 3Ä5 ¸ÊÉ ¨´±Ê¡ Í¨¨ ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥
 ¸±μ¸¶μ·Ò ¨§μ²¨·μ¢ ²¨ ¸ ¶μ³μÐÓÕ ³¨±·μ³ ´¨¶Ê²ÖÉμ·  ´   £ ·¨§μ¢ ´´μ³
¡²μ±¥ ¸·¥¤Ò �‘ ¨ ¨´±Ê¡¨·μ¢ ²¨ ¢ É¥Î¥´¨¥ 4 ¸ÊÉ ¶·¨ 30◦‘.

γ-μ¡²ÊÎ¥´¨¥. ‚μ¤´Ò¥ ¸Ê¸¶¥´§¨¨ (103 − 105 ±²./³²) 7-¸ÊÉμÎ´ÒÌ ¸É Í¨μ-
´ ·´ÒÌ ±Ê²ÓÉÊ·, ¢Ò·μ¸Ï¨Ì ´   £ ·¨§μ¢ ´´μ° ¸·¥¤¥ �‘, μ¡²ÊÎ ²¨ ¢μ ²Ó¤Ê
´  Ê¸É ´μ¢±¥ ®‘¢¥É¯ (137/Cs, 25 ƒ·/³¨´) 	¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ
¨¸¸²¥¤μ¢ ´¨° („Ê¡´ ). ‚ μ¸μ¡μ Ê± § ´´ÒÌ ¸²ÊÎ ÖÌ μ¡²ÊÎ¥´¨¥ ¶·μ¢μ¤¨²¨ ´ 
γ-Ê¸É ´μ¢±¥ ®Œ É¥·¨ ²μ¢¥¤Î¥¸± Ö¯ (60Co, 180 ƒ·/³¨´) ®ŠÊ·Î Éμ¢¸±μ£μ ¨´-
¸É¨ÉÊÉ ¯ ƒ“ ”¥¤¥· ²Ó´μ£μ ´ ÊÎ´μ£μ Í¥´É·  (Œμ¸±¢ ). Šμ´É·μ²Ó´Ò¥ ¨ μ¡²Ê-
Î¥´´Ò¥ ¸Ê¸¶¥´§¨¨ · ¸¸¥¢ ²¨ ´  Î Ï±¨ ¸μ ¸·¥¤μ° �‘ ¨§ · ¸Î¥É  100 ¦¨§´¥-
¸¶μ¸μ¡´ÒÌ ±²¥Éμ± ´  Î Ï±Ê ¨ ¨´±Ê¡¨·μ¢ ²¨ 5Ä7 ¸ÊÉ ¶·¨ 30◦‘.

“”-μ¡²ÊÎ¥´¨¥. �μÎ´Ò¥ ±Ê²ÓÉÊ·Ò ¤·μ¦¦¥°, ¢Ò· Ð¥´´Ò¥ ¢ ¦¨¤±μ° Y…PD
¶·¨ 30◦ ‘, μÉ³Ò¢ ²¨ μÉ ¸·¥¤Ò, · §¢μ¤¨²¨ ¢ ¢μ¤¥, ´ ´μ¸¨²¨ ´  ¶μ¢¥·Ì´μ¸ÉÓ
 £ ·¨§μ¢ ´´μ° ¸·¥¤Ò �‘ (100 ¦¨§´¥¸¶μ¸μ¡´ÒÌ ±²¥Éμ± ´  Î Ï±Ê) ¨ μ¡²ÊÎ ²¨
¢ É¥³´μÉ¥ “”-¸¢¥Éμ³ (³μÐ´μ¸ÉÓ ¤μ§Ò 0,3 „¦/³2 ¸). 	¡²ÊÎ¥´´Ò¥ Î Ï±¨ ¶μ-
³¥Ð ²¨ ´  ¸ÊÉ±¨ ¢ ³¥É ²²¨Î¥¸±¨° ¶¥´ ² ¢μ ¨§¡¥¦ ´¨¥ ËμÉμ·¥ ±É¨¢ Í¨¨ ¨
¢³¥¸É¥ ¸ ±μ´É·μ²Ó´Ò³¨ Î Ï± ³¨ ¨´±Ê¡¨·μ¢ ²¨ ¢ É¥Î¥´¨¥ 5Ä7 ¸ÊÉ ¶·¨ 30◦ ‘.
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‡´ Î¥´¨Ö ÉμÎ¥± É¥μ·¥É¨Î¥¸±μ° ±·¨¢μ°, μ¶¨¸Ò¢ ÕÐ¥°  ¤¤¨É¨¢´μ¸ÉÓ ÔË-
Ë¥±Éμ¢ ³ÊÉ Í¨° · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨, ¢ÒÎ¨¸²Ö²¨ ¶μ Ëμ·³Ê²¥ lgSadd =
lgS1 + lgS2 − lgSwt, £¤¥ S1 ¨ S2 Å §´ Î¥´¨Ö ¢Ò¦¨¢ ¥³μ¸É¨ μ¤¨´μÎ´ÒÌ ³Ê-
É ´Éμ¢ ¨ Swt Å ¢Ò¦¨¢ ¥³μ¸ÉÓ ¤¨±μ£μ É¨¶  ¸μμÉ¢¥É¸É¢¥´´μ.

�…‡“‹œ’�’›

�´ ²¨§ ¨§³¥´¥´¨° · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ±²¥Éμ± ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨
³ÊÉ Í¨° rad9Δ, rad17Δ ¨ rad24Δ. �·¨  ´ ²¨§¥ ¶μ¶ ·´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°
³¥¦¤Ê ³ÊÉ Í¨Ö³¨ rad9Δ, rad17Δ ¨ rad24Δ ¨¸¶μ²Ó§μ¢ ²¨ ¸¥·¨¨ ¸¶¥Í¨ ²Ó´μ
¸±μ´¸É·Ê¨·μ¢ ´´ÒÌ μ¤¨´μÎ´ÒÌ ¨ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢,   É ±¦¥ ´¥³ÊÉ ´É´ÒÌ
ÏÉ ³³μ¢ (± ¦¤ Ö ¸¥·¨Ö ¸μ¸ÉμÖ²  ¨§ 2Ä4 ´¥§ ¢¨¸¨³μ ¶μ²ÊÎ¥´´ÒÌ ¡²¨§±μ·μ¤-
¸É¢¥´´ÒÌ ÏÉ ³³μ¢ ¸ μ¤¨´ ±μ¢Ò³ £¥´μÉ¨¶μ³) ¨ μ¶·¥¤¥²Ö²¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ
±²¥Éμ± ¶μ²ÊÎ¥´´ÒÌ ÏÉ ³³μ¢ ± γ-¨§²ÊÎ¥´¨Õ. �·¨ μÍ¥´±¥ Ì · ±É¥·  ¢§ -
¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê ³ÊÉ Í¨Ö³¨ ¨¸¶μ²Ó§μ¢ ²¨ É ±¦¥ É¥μ·¥É¨Î¥¸±ÊÕ ±·¨¢ÊÕ,
μ¶¨¸Ò¢ ÕÐÊÕ  ¤¤¨É¨¢´μ¸ÉÓ ÔËË¥±Éμ¢ ¤¢ÊÌ ³ÊÉ Í¨°.

“¸·¥¤´¥´´Ò¥ ±·¨¢Ò¥ ¢Ò¦¨¢ ¥³μ¸É¨ ¤²Ö ¸¥·¨° ´¥³ÊÉ ´É´ÒÌ ÏÉ ³³μ¢
RAD9/rad9Δ RAD17/rad17Δ (4 ÏÉ ³³ ), μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢ rad9Δ/rad9Δ
rad17Δ/RAD17 (4 ÏÉ ³³ ), rad9Δ/RAD9 rad17Δ/rad17Δ (3 ÏÉ ³³ ) ¨ ¤¢μ°-
´ÒÌ ³ÊÉ ´Éμ¢ rad9Δ/rad9Δ rad17Δ/rad17Δ (4 ÏÉ ³³ ) ¶μ± §Ò¢ ÕÉ, ÎÉμ Ê
¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ γ-ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¢ ¸·¥¤´¥³ ´¥¸±μ²Ó±μ ´¨¦¥, ´¥¦¥²¨ Ê
´ ¨¡μ²¥¥ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´ÒÌ μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢ rad9Δ/rad9Δ ¨ ¸μ¢¶ -
¤ ¥É ¸ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ¢Éμ·μ° £·Ê¶¶Ò μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢
rad17Δ/rad17Δ (·¨¸. 1,  ). 
É¨ ¤ ´´Ò¥ ¶μ± §Ò¢ ÕÉ, ÎÉμ £¥´Ò RAD9 ¨ RAD17,
¸±μ·¥¥ ¢¸¥£μ, ´¥²Ó§Ö μÉ´¥¸É¨ ± · §²¨Î´Ò³ £·Ê¶¶ ³ Ô¶¨¸É § . ‚ Éμ ¦¥ ¢·¥³Ö
¥¤¢  ²¨ ³μ¦´μ ¸Î¨É ÉÓ, ÎÉμ ³ÊÉ Í¨¨ ¢ μ¡μ¨Ì £¥´ Ì ¡²μ±¨·ÊÕÉ μ¤¨´ ¨ ÉμÉ ¦¥
³¥Ì ´¨§³ μ¶·¥¤¥²¥´¨Ö · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨, ±μÉμ·μ³Ê ¸μμÉ¢¥É¸É¢Ê¥É ´¥· §-
¢¥É¢²¥´´ Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ £¥´´ÒÌ ËÊ´±Í¨°. Šμ³¶¥´¸ Éμ·´Ò° ÔËË¥±É,
μ¡´ ·Ê¦¥´´Ò° ¶·¨ μ¶·¥¤¥²¥´¨¨ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢,
¢μ§³μ¦´μ, Ê± §Ò¢ ¥É ´  · §¢¥É¢²¥´´μ¸ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ³¥Ì ´¨§³ .

“¸·¥¤´¥´´Ò¥ ±·¨¢Ò¥ ¢Ò¦¨¢ ¥³μ¸É¨ ¤²Ö ¸¥·¨° ´¥³ÊÉ ´É´ÒÌ ÏÉ ³³μ¢
RAD17/rad17Δ RAD24/rad24 (2 ÏÉ ³³ ), μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢ rad17Δ/rad17Δ
rad24Δ/RAD24 (4 ÏÉ ³³ ), rad17Δ/RAD17 rad24Δ/rad24Δ (4 ÏÉ ³³ ) ¨
rad17Δ/rad17Δ rad24Δ/rad24Δ (4 ÏÉ ³³ ) ¶μ± §Ò¢ ÕÉ, ÎÉμ γ-ÎÊ¢¸É¢¨É¥²Ó-
´μ¸ÉÓ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ ¢ ¸·¥¤´¥³ ´¥ ¢ÒÏ¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ μ¤¨´μÎ´ÒÌ
³ÊÉ ´Éμ¢ (·¨¸. 1, ¡). 
É¨ ¤ ´´Ò¥ ¶μ§¢μ²ÖÕÉ μÉ´¥¸É¨ £¥´Ò RAD17 ¨ RAD24 ±
μ¤´μ° ¨ Éμ° ¦¥ £·Ê¶¶¥ Ô¶¨¸É § .

� ±μ´¥Í, ¢ μ¶ÒÉ Ì ¸ ¸¥·¨Ö³¨ ÏÉ ³³μ¢, ´¥³ÊÉ ´É´ÒÌ ¨ ³ÊÉ ´É´ÒÌ ¶μ
£¥´ ³ RAD9 ¨ RAD24, ¶μ²ÊÎ¥´Ò ±·¨¢Ò¥ ¢Ò¦¨¢ ¥³μ¸É¨ (·¨¸. 2,  ), ¶μ± §Ò-
¢ ÕÐ¨¥, ÎÉμ ³ÊÉ ´ÉÒ rad9Δ/rad9Δ ¡μ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´Ò ± γ-¨§²ÊÎ¥´¨Õ ¶μ
¸· ¢´¥´¨Õ ¸ ¤¢μ°´Ò³¨ ³ÊÉ ´É ³¨ rad9Δ/rad9Δ rad24Δ/rad24Δ, ±μÉμ·Ò¥ ¢
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�¨¸. 1. Š·¨¢Ò¥ ¢Ò¦¨¢ ´¨Ö ¶μ¸²¥ γ-μ¡²ÊÎ¥´¨Ö ¤¨¶²μ¨¤´ÒÌ μ¤¨´μÎ´ÒÌ ¨ ¤¢μ°´ÒÌ ³Ê-
É ´Éμ¢, £μ³μ§¨£μÉ´ÒÌ ¶μ ³ÊÉ Í¨Ö³ rad9Δ ¨ rad17Δ ( ), rad17Δ ¨ rad24Δ (¡). Š ¦¤ Ö
±·¨¢ Ö ¸μμÉ¢¥É¸É¢Ê¥É Ê¸·¥¤´¥´´Ò³ ¤ ´´Ò³ ¤²Ö É·¥Ì-Î¥ÉÒ·¥Ì ÏÉ ³³μ¢ μ¤¨´ ±μ¢μ£μ
£¥´μÉ¨¶ ; ¶μ± § ´Ò ¸·¥¤´¥±¢ ¤· É¨Î´Ò¥ μÏ¨¡±¨. „²Ö ¸· ¢´¥´¨Ö ¤ ´  ±·¨¢ Ö, μ¦¨¤ -
¥³ Ö ¶·¨  ¤¤¨É¨¢´μ¸É¨ ¢²¨Ö´¨Ö ¤¢ÊÌ ³ÊÉ Í¨° ´  · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ±

¸¢μÕ μÎ¥·¥¤Ó ¡μ²¥¥ γ-ÎÊ¢¸É¢¨É¥²Ó´Ò ¶μ ¸· ¢´¥´¨Õ ¸ μ¤¨´μÎ´Ò³¨ ³ÊÉ ´É ³¨
rad24Δ/rad24Δ. ‘Ìμ¤´Ò³ μ¡· §μ³ ¢¥¤ÊÉ ¸¥¡Ö ±·¨¢Ò¥ ¢Ò¦¨¢ ¥³μ¸É¨ É¥Ì ¦¥
ÏÉ ³³μ¢ ¶μ¸²¥ “”-μ¡²ÊÎ¥´¨Ö (·¨¸. 2, ¢). 
É¨ ¤ ´´Ò¥ ¶μ± §Ò¢ ÕÉ, ÎÉμ £¥´Ò
RAD9 ¨ RAD24 μÉ´μ¸ÖÉ¸Ö ± μ¤´μ° £·Ê¶¶¥ Ô¶¨¸É § . Š ± ¨ ¢ ¸²ÊÎ ¥ £¥´μ¢
RAD9 ¨ RAD17, ´ ¡²Õ¤ ¥É¸Ö ±μ³¶¥´¸ Éμ·´Ò° ÔËË¥±É.

�μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¶·μÉ¨¢μ·¥Î É ¤ ´´Ò³ ²¨É¥· ÉÊ·Ò μ¡  ¤¤¨É¨¢´μ³
¤¥°¸É¢¨¨ ³ÊÉ Í¨° rad9Δ ¨ rad24Δ ¢ μÉ´μÏ¥´¨¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ± ²¥É ²Ó-
´μ³Ê ¤¥°¸É¢¨Õ “”-¸¢¥É  ¨ ŒŒ‘ [19, 20]. Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ É¨¶
¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê ³ÊÉ Í¨Ö³¨ § ¢¨¸¨É μÉ ¶²μ¨¤´μ¸É¨ ¨ ¸É ¤¨¨ ±²¥ÉμÎ-
´μ£μ Í¨±² , ¶μ¸±μ²Ó±Ê ¢ ÔÉ¨Ì · ¡μÉ Ì ¤²Ö μ¡²ÊÎ¥´¨Ö ¨¸¶μ²Ó§μ¢ ²¨ ´μÎ´Ò¥
±Ê²ÓÉÊ·Ò £ ¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ¤·μ¦¦¥°. „²Ö ¶·μ¢¥·±¨ ÔÉμ£μ ¶·¥¤¶μ²μ¦¥´¨Ö
¸±μ´¸É·Ê¨·μ¢ ²¨ £ ¶²μ¨¤´ÊÕ ¸¥·¨Õ ÏÉ ³³μ¢, ´¥³ÊÉ ´É´ÒÌ ¨ ³ÊÉ ´É´ÒÌ ¶μ
£¥´ ³ RAD9 ¨ RAD24 (¸³. É ¡²¨ÍÊ). �  ·¨¸. 2, ¡ ¶·¥¤¸É ¢²¥´Ò ±·¨¢Ò¥ ¢Ò-
¦¨¢ ´¨Ö £ ¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¸É Í¨μ´ ·´ÒÌ ±Ê²ÓÉÊ·. „¥°-
¸É¢¨É¥²Ó´μ, Ê £ ¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ³ÊÉ ´É rad9Δ É ±¦¥ ¡μ²¥¥ ÎÊ¢¸É¢¨É¥²¥´,
Î¥³ ³ÊÉ ´É rad24Δ, ¶·¨Î¥³ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¤¢μ°´μ£μ ³ÊÉ ´É  rad9Δ
rad24Δ ¸μμÉ¢¥É¸É¢Ê¥É  ¤¤¨É¨¢´μ³Ê ÔËË¥±ÉÊ ³ÊÉ Í¨°, ¸μ£² ¸´μ ¶μ²ÊÎ¥´´Ò³
· ´¥¥ ¤ ´´Ò³ [21]. �·¨ μ¡²ÊÎ¥´¨¨ “”-¸¢¥Éμ³ £ ¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ¢ ¸É Í¨-
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�¨¸. 2. Š·¨¢Ò¥ ¢Ò¦¨¢ ¥³μ¸É¨ ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ( , ¡) ¨ “”-μ¡²ÊÎ¥´¨¨ (¢Ä¥) ¤¨¶²μ¨¤-
´ÒÌ ( , ¢, ¤) ¨ £ ¶²μ¨¤´ÒÌ (¡, £, ¥) μ¤¨´μÎ´ÒÌ ¨ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ rad9Δ ¨ rad24Δ
¢ ¸É Í¨μ´ ·´μ° ( Ä£) ¨ ²μ£ ·¨Ë³¨Î¥¸±μ° (¤, ¥) Ë § Ì ·μ¸É . Š ¦¤ Ö ±·¨¢ Ö ¸μμÉ¢¥É-
¸É¢Ê¥É Ê¸·¥¤´¥´´Ò³ ¤ ´´Ò³ ¤²Ö Î¥ÉÒ·¥Ì ÏÉ ³³μ¢ μ¤¨´ ±μ¢μ£μ £¥´μÉ¨¶ ; ¶μ± § ´Ò
¸·¥¤´¥±¢ ¤· É¨Î´Ò¥ μÏ¨¡±¨. „²Ö ¸· ¢´¥´¨Ö ¤ ´  ±·¨¢ Ö, μ¦¨¤ ¥³ Ö ¶·¨  ¤¤¨É¨¢´μ-
¸É¨ ¢²¨Ö´¨Ö ¤¢ÊÌ ³ÊÉ Í¨° ´  · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ±
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μ´ ·´μ° Ë §¥ ·μ¸É  (·¨¸. 2, £) ³ÊÉ ´É rad9Δ ³¥´¥¥ ÎÊ¢¸É¢¨É¥²¥´, Î¥³ ³ÊÉ ´É
rad24Δ,   “”-ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¤¢μ°´μ£μ ³ÊÉ ´É  § ´¨³ ¥É ¶·μ³¥¦ÊÉμÎ´μ¥
¶μ²μ¦¥´¨¥, É ± ¦¥, ± ± ¨ ¢ ¸²ÊÎ ¥ ¸ ¤¨¶²μ¨¤´Ò³¨ ÏÉ ³³ ³¨ (·¨¸. 2, ¢). 	¤-
´ ±μ ¢ ²μ£ ·¨Ë³¨Î¥¸±μ° ¸É ¤¨¨ ·μ¸É  ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± “”-¸¢¥ÉÊ Ê £ ¶²μ¨¤-
´μ£μ ¤¢μ°´μ£μ ³ÊÉ ´É  ¢ÒÏ¥, Î¥³ Ê μ¤¨´μÎ´μ£μ ³ÊÉ ´É  rad24Δ, ´μ ´¨¦¥, Î¥³
¶·¨  ¤¤¨É¨¢´μ³ ÔËË¥±É¥ (·¨¸. 2, ¥), É. ¥. ´ ¡²Õ¤ ¥É¸Ö Ô¶¨¸É É¨Î¥¸±¨° ÔËË¥±É
³ÊÉ Í¨° rad9Δ ¨ rad24Δ, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¶μ²ÊÎ¥´´Ò³ · ´¥¥ ¤ ´´Ò³ [21].
„²Ö ¤¨¶²μ¨¤´ÒÌ ±²¥Éμ± ¢ Ô±¸¶μ´¥´Í¨ ²Ó´μ° Ë §¥ ·μ¸É  “”-ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ
μ¤¨´μÎ´ÒÌ ¨ ¤¢μ°´μ£μ ³ÊÉ ´Éμ¢ ¶· ±É¨Î¥¸±¨ μ¤¨´ ±μ¢  (·¨¸. 2, ¤).

’ ±¨³ μ¡· §μ³, ¤²Ö ¤¨¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ¢ μÉ´μÏ¥´¨¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
± ¨μ´¨§¨·ÊÕÐ¥³Ê ¨§²ÊÎ¥´¨Õ ³ÊÉ Í¨¨ ¢ £¥´ Ì RAD9 ¨ RAD24 μÉ´μ¸ÖÉ¸Ö ± μ¤-
´μ° Ô¶¨¸É É¨Î¥¸±μ° £·Ê¶¶¥, ¶μ-¢¨¤¨³μ³Ê, ÔÉ¨ £¥´Ò μÉ´μ¸ÖÉ¸Ö ± μ¤´μ³Ê ¶ÊÉ¨,
μ¶·¥¤¥²ÖÕÐ¥³Ê ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¤·μ¦¦¥¢ÒÌ ±²¥Éμ± ± γ-μ¡²ÊÎ¥´¨Õ, ÌμÉÖ ¨Ì
¤¥°¸É¢¨¥ ¶·μÉ¨¢μ¶μ²μ¦´μ ´ ¶· ¢²¥´μ. � §·ÊÏ¥´¨¥ £¥´  RAD24 ¶·¨¢μ¤¨É ±
¸´¨¦¥´¨Õ ¢²¨Ö´¨Ö ³ÊÉ Í¨¨ rad9Δ ´  · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ±. ‚ μÉ´μ-
Ï¥´¨¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ± ¢μ§¤¥°¸É¢¨Õ γ-²ÊÎ¥° ¨ “”-¸¢¥É  ¢§ ¨³μ¤¥°¸É¢¨¥
³ÊÉ Í¨° Ê £ ¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ³μ¦¥É μÉ²¨Î ÉÓ¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ Ë §Ò ·μ-
¸É , ¢ Ô±¸¶μ´¥´Í¨ ²Ó´μ° Ë §¥ ·μ¸É  ´ ¡²Õ¤ ¥É¸Ö Ô¶¨¸É §,   ¢ ¸É Í¨μ´ ·´μ°
Ë §¥ ·μ¸É  Å  ¤¤¨É¨¢´μ¸ÉÓ ¨ Ô¶¨¸É §, ¸μμÉ¢¥É¸É¢¥´´μ.

�´ ²¨§ ¨§³¥´¥´¨° · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ±²¥Éμ± ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨
³ÊÉ Í¨¨ rad53 ¸ ³ÊÉ Í¨Ö³¨ rad9Δ, rad17Δ, rad24Δ. “¸·¥¤´¥´´Ò¥ ±·¨¢Ò¥
¢Ò¦¨¢ ¥³μ¸É¨ ¤²Ö ¸¥·¨° ´¥³ÊÉ ´É´ÒÌ ÏÉ ³³μ¢ RAD9/rad9Δ RAD53/rad53
(3 ÏÉ ³³ ), μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢ rad9Δ/rad9Δ rad53/RAD53 (4 ÏÉ ³³ ),
rad9Δ/RAD9 rad53/rad53 (4 ÏÉ ³³ ) ¨ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ rad9Δ/
rad9Δ rad53/rad53 (4 ÏÉ ³³ ) ¶μ± §Ò¢ ÕÉ, ÎÉμ Ê ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ γ-ÎÊ¢¸É¢¨-
É¥²Ó´μ¸ÉÓ ¢ ¸·¥¤´¥³ ´¥ ¢ÒÏ¥, ´¥¦¥²¨ Ê ´ ¨¡μ²¥¥ γ-ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¨§ μ¤¨-
´μÎ´ÒÌ ³ÊÉ ´Éμ¢,   ¨³¥´´μ Ê ³ÊÉ ´Éμ¢ rad9Δ/rad9Δ (·¨¸. 3,  ). �  μ¸´μ¢ ´¨¨
ÔÉ¨Ì ¤ ´´ÒÌ £¥´Ò RAD9 ¨ RAD53 ³μ¦´μ μÉ´¥¸É¨ ± μ¤´μ° ¨ Éμ° ¦¥ £·Ê¶¶¥
Ô¶¨¸É § .

“¸·¥¤´¥´´Ò¥ ±·¨¢Ò¥ ¢Ò¦¨¢ ¥³μ¸É¨ ¤²Ö ¸¥·¨° ´¥³ÊÉ ´É´ÒÌ ÏÉ ³³μ¢
RAD17/rad17Δ RAD53/rad53, μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢ rad17Δ/rad17Δ
rad53/RAD53, rad17Δ/RAD17 rad53/rad53 ¨ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ rad17Δ/rad17Δ
rad53/rad53 (¶μ 3 ÏÉ ³³  ¢ ± ¦¤μ° ¸¥·¨¨ μ¡²ÊÎ ²¨ ´  Ê¸É ´μ¢±¥ ®Œ É¥·¨ ²μ-
¢¥¤Î¥¸± Ö¯) ¶μ± §Ò¢ ÕÉ, ÎÉμ Ê ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ γ-ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¢ ¸·¥¤-
´¥³ ¡²¨§±  ± ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢ (·¨¸. 3, ¡). �μ-¢¨¤¨³μ³Ê,
£¥´ RAD17, ± ± ¨ RAD9, ¶μ¶ ¤ ¥É ¢ μ¤´Ê £·Ê¶¶Ê Ô¶¨¸É §  ¸ RAD53.

“¸·¥¤´¥´´Ò¥ ±·¨¢Ò¥ ¢Ò¦¨¢ ¥³μ¸É¨ ¤²Ö ¸¥·¨° ´¥³ÊÉ ´É´ÒÌ ÏÉ ³³μ¢
RAD24/rad24Δ RAD53/rad53, μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢ rad24Δ/rad24Δ rad53/
RAD53, rad24Δ/RAD24 rad53/rad53 ¨ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ rad24Δ/rad24Δ rad53/
rad53 (¶μ 3 ÏÉ ³³  ¢ ± ¦¤μ° ¸¥·¨¨) ¶μ± §Ò¢ ÕÉ, ÎÉμ, ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¥³
¸²ÊÎ ¥, Ê ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ γ-ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¢ ¸·¥¤´¥³ ¡²¨§±  ± ÎÊ¢¸É¢¨-
É¥²Ó´μ¸É¨ μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢ (·¨¸. 3, ¡). �μ-¢¨¤¨³μ³Ê, £¥´ RAD24, ¶μ¤μ¡´μ
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�¨¸. 3. Š·¨¢Ò¥ ¢Ò¦¨¢ ¥³μ¸É¨ ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ( , ¢ Å Cs, ¡ Å Cμ) ¤¨¶²μ¨¤´ÒÌ
μ¤¨´μÎ´ÒÌ ¨ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ rad53 ¨ rad9Δ ( ), rad53 ¨ rad17Δ (¡), rad24Δ ¨
rad53 . Š ¦¤ Ö ±·¨¢ Ö ¸μμÉ¢¥É¸É¢Ê¥É Ê¸·¥¤´¥´´Ò³ ¤ ´´Ò³ ¤²Ö É·¥Ì-Î¥ÉÒ·¥Ì ÏÉ ³³μ¢
μ¤¨´ ±μ¢μ£μ £¥´μÉ¨¶ ; ¶μ± § ´Ò ¸·¥¤´¥±¢ ¤· É¨Î´Ò¥ μÏ¨¡±¨. „²Ö ¸· ¢´¥´¨Ö ¤ ´ 
±·¨¢ Ö, μ¦¨¤ ¥³ Ö ¶·¨  ¤¤¨É¨¢´μ¸É¨ ¢²¨Ö´¨Ö ¤¢ÊÌ ³ÊÉ Í¨° ´  · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ
±²¥Éμ±

£¥´ ³ RAD9 ¨ RAD17, ¶μ¶ ¤ ¥É ¢ μ¤´Ê £·Ê¶¶Ê Ô¶¨¸É §  ¸ £¥´μ³ RAD53.
	 ¢Ìμ¦¤¥´¨¨ £¥´μ¢ RAD24 ¨ RAD53 ¢ μ¡ÐÊÕ £·Ê¶¶Ê Ô¶¨¸É §  £μ¢μ·ÖÉ ¨ ¤ ´-
´Ò¥, ¶μ²ÊÎ¥´´Ò¥ ¶·¨  ´ ²¨§¥ ¤·Ê£¨Ì ¶·¨§´ ±μ¢ [22, 23].
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ƒ¥´¥É¨Î¥¸±μ³Ê ±μ´É·μ²Õ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¤·μ¦¦¥° ± ¨μ´¨§¨·ÊÕÐ¥° · -
¤¨ Í¨¨ ¶μ¸¢ÖÐ¥´Ò ³´μ£μÎ¨¸²¥´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö [7]. 	¶·¥¤¥²¥´Ò Ô¶¨¸É É¨-
Î¥¸±¨¥ £·Ê¶¶Ò £¥´μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ · §²¨Î´Ò³ ¶ÊÉÖ³ ·¥¶ · Í¨¨ ¤¢Ê´¨-
É¥¢ÒÌ · §·Ò¢μ¢ „�Š („�� „�Š). ‚Ò¤¥²¥´  ¡μ²ÓÏ Ö £·Ê¶¶  £¥´μ¢, ±μ´-
É·μ²¨·ÊÕÐ Ö μ¸É ´μ¢±Ê ±²¥ÉμÎ´μ£μ Í¨±²  ¶·¨ ¶μ¢·¥¦¤¥´¨¨ „�Š ¨ Ê¢¥-
²¨Î¨¢ ÕÐ Ö ¥³±μ¸ÉÓ ·¥¶ · Í¨¨ [24]. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·μ¢μ¤¨É¸Ö  ´ ²¨§
Ô¶¨¸É É¨Î¥¸±¨Ì ¢§ ¨³μ¤¥°¸É¢¨° ³ÊÉ Í¨° Î¥±¶μ°´É-£¥´μ¢ ¢ μÉ´μÏ¥´¨¨ · ¤¨μ-
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨.

�¥§Ê²ÓÉ ÉÒ ¶·μ¢¥¤¥´´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö £·Ê¶¶Ò £¥´μ¢ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
± ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨ ¶μ§¢μ²ÖÕÉ μÉ´¥¸É¨ Î¥±¶μ°´É-£¥´Ò RAD9, RAD17,
RAD24 ¨ RAD53 ± μ¤´μ° ¨ Éμ° ¦¥ Ô¶¨¸É É¨Î¥¸±μ° £·Ê¶¶¥, ±μÉμ·μ° ³μ¦´μ ¶μ-
¸É ¢¨ÉÓ ¢ ¸μμÉ¢¥É¸É¢¨¥ RAD9-§ ¢¨¸¨³Ò° ¶ÊÉÓ μ¶·¥¤¥²¥´¨Ö · ¤¨μ·¥§¨¸É¥´É´μ-
¸É¨. 	¤´ ±μ ÔÉ¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥ ¸μ£² ¸ÊÕÉ¸Ö ¸μ ¸Ì¥³μ° Î¥±¶μ°´É-±μ´É·μ²Ö,
¶μ²ÊÎ¥´´μ° ¶·¨ ¨§ÊÎ¥´¨¨ ¤¥°¸É¢¨Ö · §²¨Î´ÒÌ ¶μ¢·¥¦¤ ÕÐ¨Ì  £¥´Éμ¢ [25].
‚ ·¥£Ê²ÖÍ¨¨ Î¥±¶μ°´É-±μ´É·μ²Ö £¥´Ò RAD9 ¨ RAD17/RAD24  ¤¤¨É¨¢´Ò,  
£¥´Ò RAD9 ¨ RAD53 Ô¶¨¸É É¨Î´Ò [23, 26]. Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¶ÊÉ¨
 ±É¨¢ Í¨¨ ¨ ·¥ ²¨§ Í¨¨ Î¥±¶μ°´É-·¥£Ê²ÖÍ¨¨ μÉ²¨Î ÕÉ¸Ö ¤²Ö · §´ÒÌ ¶μ¢·¥-
¦¤ ÕÐ¨Ì  £¥´Éμ¢ ¨/¨²¨ ¢²¨Ö´¨¥ Î¥±¶μ°´É-£¥´μ¢ ´  · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ
μ¡Ê¸²μ¢²¥´μ ´¥ Éμ²Ó±μ ·¥£Ê²ÖÍ¨¥° μ¸É ´μ¢±¨ ±²¥ÉμÎ´μ£μ Í¨±² , ´μ ¨ ÊÎ -
¸É¨¥³ £¥´μ¢ ¢ ¤·Ê£¨Ì ¶·μÍ¥¸¸ Ì, ´ ¶·¨³¥· É ±¨Ì ± ± ¨´¤Ê±Í¨Ö É· ´¸±·¨¶Í¨¨
·¥¶ · Í¨μ´´ÒÌ £¥´μ¢ [23, 27] ¨ ¶μ¸ÉÉ· ´¸±·¨¶Í¨μ´´ Ö ·¥£Ê²ÖÍ¨Ö ´¥±μÉμ·ÒÌ
¶ÊÉ¥° ·¥¶ · Í¨¨.

�·μ¤μ²¦¨É¥²Ó´μ¥ ¶μ¸É· ¤¨ Í¨μ´´μ¥ ¢Ò¤¥·¦¨¢ ´¨¥ ¢ ÉμÎ±¥ ±²¥ÉμÎ´μ£μ
Í¨±²  G2/M ¶·¨¢μ¤¨É ± ¶μ¢ÒÏ¥´¨Õ ¢Ò¦¨¢ ¥³μ¸É¨ γ-μ¡²ÊÎ¥´´ÒÌ £ ¶²μ¨¤-
´ÒÌ ±²¥Éμ± rad9Δ ¤μ Ê·μ¢´Ö, ±μÉμ·Ò° Ì · ±É¥·¥´ ¤²Ö ±²¥Éμ± ¤¨±μ£μ É¨¶ ,
μ¡²ÊÎ¥´´ÒÌ ¢ Éμ° ¦¥ ¤μ§¥ [27]. �´ ²μ£¨Î´Ò° ·¥§Ê²ÓÉ É ¶μ²ÊÎ¥´ ¶·¨ ·¥´É-
£¥´μ¢¸±μ³ μ¡²ÊÎ¥´¨¨ ±²¥Éμ± [28]. 
É¨ ¤ ´´Ò¥ ¶μ§¢μ²ÖÕÉ ¶·¥¤¶μ² £ ÉÓ, ÎÉμ
RAD9-§ ¢¨¸¨³ Ö μ¸É ´μ¢±  ±²¥ÉμÎ´μ£μ Í¨±²  ¢ ¸¢¥·μÎ´μ° ÉμÎ±¥, ±μÉμ·ÊÕ ¨´-
¤ÊÍ¨·ÊÕÉ ¶μ¢·¥¦¤¥´¨Ö „�Š ¶·¨ γ- ¨ X-μ¡²ÊÎ¥´¨¨, ¶·μ¸Éμ ¤ ¥É ¤μ¶μ²´¨É¥²Ó-
´μ¥ ¢·¥³Ö ¤²Ö § ¢¥·Ï¥´¨Ö ·¥¶ · Í¨¨ Ê¶μ³Ö´ÊÉÒÌ ¶μ¢·¥¦¤¥´¨°. �¥¶ · Í¨Ö
„�� ³μ¦¥É ¶·μ¨¸Ìμ¤¨ÉÓ ¶ÊÉ¥³ £μ³μ²μ£¨Î´μ° (HR) ¨²¨ ´¥§ ±μ´´μ° (NHEJ)
·¥±μ³¡¨´ Í¨¨. 	¡²ÊÎ¥´¨¥ ¢Ò§Ò¢ ¥É μ¸É ´μ¢±Ê ±²¥ÉμÎ´μ£μ Í¨±²  ¢ G2-Ë §¥,
¤²Ö ±μÉμ·μ° Ì · ±É¥·´  ·¥¶ · Í¨Ö ¶ÊÉ¥³ £μ³μ²μ£¨Î´μ° ·¥±μ³¡¨´ Í¨¨.

‚²¨Ö´¨Ö ³ÊÉ Í¨¨ rad9 ´  ³¨ÉμÉ¨Î¥¸±ÊÕ £μ³μ²μ£¨Î´ÊÕ ·¥±μ³¡¨´ Í¨Õ,
£¥´´ÊÕ ±μ´¢¥·¸¨Õ ¨ ±·μ¸¸¨´£μ¢¥· ´¥ μ¡´ ·Ê¦¥´μ [13]. ƒ¥´ RAD9 ´¥ ÊÎ ¸É-
¢Ê¥É ¢ ·¥¶ · Í¨¨ ¨´¤ÊÍ¨·μ¢ ´´μ£μ · §·Ò¢  ¨²¨ ¨´É¥£· Í¨¨ ¶² §³¨¤Ò ¢ ·¥-
§Ê²ÓÉ É¥ £μ³μ²μ£¨Î´μ° ·¥±μ³¡¨´ Í¨¨ [29Ä31]. ’ ±¨³ μ¡· §μ³, ´¥É μ¸μ¡ÒÌ
μ¸´μ¢ ´¨° ¶·¥¤¶μ² £ ÉÓ ´¥¶μ¸·¥¤¸É¢¥´´μ¥ ÊÎ ¸É¨¥ ¶·μ¤Ê±É  Î¥±¶μ°´É-£¥´ 
RAD9 ¢ ·¥¶ · Í¨¨ „�� „�Š, ¨¸¶μ²Ó§ÊÕÐ¥° £μ³μ²μ£¨Î´ÊÕ ·¥±μ³¡¨´ Í¨Õ.
	¤´ ±μ ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ³¨´μ·´μ£μ ¶ÊÉ¨ ·¥¶ · Í¨¨ NHEJ μÉ £¥´μ¢
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RAD9, RAD24, RAD17, RAD53 [31Ä33]. 
ËË¥±ÉÒ ³ÊÉ Í¨° rad9Δ ¨ rad24Δ,
¸´¨¦ ÕÐ¨Ì ÔËË¥±É¨¢´μ¸ÉÓ NHEJ,  ¤¤¨É¨¢´Ò [31]. “ £ ¶²μ¨¤´μ£μ ¤¢μ°´μ£μ
³ÊÉ ´É  rad9Δ rad24Δ ÔËË¥±É¨¢´μ¸ÉÓ ·¥²¨£¨·μ¢ ´¨Ö ²¨´¥ ·¨§μ¢ ´´μ° ¶μ
¸· ¢´¥´¨Õ ¸ ±μ¢ ²¥´É´μ-§ ³±´ÊÉμ° ±μ²ÓÍ¥¢μ° ¶² §³¨¤μ° ¸μ¸É ¢²Ö¥É 6% μÉ
Ê·μ¢´Ö ¤¨±μ£μ É¨¶ , § ¤¥·¦¨¢ ´¨¥ ±²¥ÉμÎ´μ£μ Í¨±²  ¢ Ë § Ì G1 ¨²¨ G2 ¶·¨-
¢μ¤¨É ± ¶μ¢ÒÏ¥´¨Õ ÔÉμ£μ Ê·μ¢´Ö ¤μ 50 %, ´μ ´¥ ¢μ¸¸É ´ ¢²¨¢ ¥É ÔËË¥±É¨¢-
´μ¸ÉÓ NHEJ ¶μ²´μ¸ÉÓÕ. ’ ±¨³ μ¡· §μ³, Î¥±¶μ°´É-£¥´Ò ¶μ³¨³μ μ¸É ´μ¢±¨
±²¥ÉμÎ´μ£μ Í¨±²  ¨³¥ÕÉ ¤μ¶μ²´¨É¥²Ó´ÊÕ ·μ²Ó ¢ ·¥£Ê²ÖÍ¨¨ ÔËË¥±É¨¢´μ¸É¨
NHEJ. Š·μ³¥ Éμ£μ, ¶·¨ ·¥¶ · Í¨¨ ¶μ¢·¥¦¤¥´¨°, ¢Ò§¢ ´´ÒÌ γ-¨§²ÊÎ¥´¨¥³
¨ · ¤¨μ³¨³¥É¨±μ³ ŒŒ‘, Î¥±¶μ°´É-±μ´É·μ²Ó, μ¡Ê¸²μ¢²¥´´Ò° £¥´ ³¨ RAD9-
RAD24, ¨ £¥´ YKU80 ËÊ´±Í¨μ´¨·ÊÕÉ ´  μ¤´μ³ ¨ Éμ³ ¦¥ ¶ÊÉ¨ ´¥§ ±μ´μ° ·¥-
±μ³¡¨´ Í¨¨ (NHEJ) [31]. ‘ ÔÉ¨³ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ÉμÉ Ë ±É, ÎÉμ Î¥±¶μ°´É-
¡¥²±¨ Rad9 ¨ Œ¥¸1 ´¥μ¡Ìμ¤¨³Ò ¤²Ö ¶¥·¥³¥Ð¥´¨Ö ¡¥²±μ¢ Yku80, Sir3 ¨ Sir4
¸ É¥²μ³¥·´ÒÌ ÊÎ ¸É±μ¢ ± ¸ °ÉÊ „�� „�Š ¢ ¶·μÍ¥¸¸¥ NHEJ [34Ä36], £¤¥ μ´¨
Ë¨±¸¨·ÊÕÉ ¨ § Ð¨Ð ÕÉ μÉ ´Ê±²¥ § ±μ´ÍÒ „�� „�Š [37].

“ ³ÊÉ ´É  rad24Δ ¨¸±Ê¸¸É¢¥´´ Ö § ¤¥·¦±  ±²¥ÉμÎ´μ£μ Í¨±²  ´¥ ±μ³¶¥´-
¸¨·μ¢ ²  ¸´¨¦¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ ·¥¶ · Í¨¨ μ¤¨´μÎ´ÒÌ „�� ¶ÊÉ¥³ £μ³μ²μ-
£¨Î´μ° ·¥±μ³¡¨´ Í¨¨ [38]. �·¨Î¥³ ³ÊÉ Í¨Ö rad24Δ ´¥ ¢²¨Ö²  ´   ²²¥²Ó´ÊÕ
·¥±μ³¡¨´ Í¨Õ ³¥¦¤Ê ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÖ³¨ ¸ μ¤¨´ ±μ¢μ° ²μ± ²¨§ Í¨¥° ´ 
£μ³μ²μ£¨Î´ÒÌ Ì·μ³μ¸μ³ Ì, ¤²Ö ±μÉμ·μ° É·¥¡ÊÕÉ¸Ö ¶·μÉÖ¦¥´´Ò¥ £μ³μ²μ£¨Î-
´Ò¥ ÊÎ ¸É±¨, ´μ ¢²¨Ö²  ´  Ô±Éμ¶¨Î¥¸±ÊÕ ·¥±μ³¡¨´ Í¨Õ ³¥¦¤Ê ¤¨¸¶¥·¸´Ò³¨
£μ³μ²μ£¨Î´Ò³¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÖ³¨ ¶·μÉÖ¦¥´´μ¸ÉÓÕ ´¥ ¡μ²¥¥ 5 É¶´. 
¶¨-
¸É É¨Î¥¸±¨° Ì · ±É¥· ¢§ ¨³μ¤¥°¸É¢¨Ö ³ÊÉ Í¨° ¶μ± § ², ÎÉμ Î¥±¶μ°´É-£¥´Ò
RAD24, RAD17, MEC3, MEC1, RAD53 ¨ DUN1 ±μ´É·μ²¨·ÊÕÉ ´¥· §¢¥É¢¥É¢²¥´-
´ÊÕ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ËÊ´±Í¨°, μ¶·¥¤¥²ÖÕÐÊÕ ¢Ò¦¨¢ ¥³μ¸ÉÓ £ ¶²μ¨¤´ÒÌ
±²¥Éμ± ¶·¨ ¨´¤Ê±Í¨¨ ¥¤¨´¨Î´μ£μ „�� „�Š, ·¥¶ · Í¨Ö ±μÉμ·μ£μ μ¸ÊÐ¥¸É¢²Ö-
¥É¸Ö ¶ÊÉ¥³ Ô±Éμ¶¨Î¥¸±μ° ·¥±μ³¡¨´ Í¨¨ [38]. ŒÊÉ Í¨¨ rad17Δ, rad53Δ,  
É ±¦¥ mec3Δ, mec1Δ ¨ dun1Δ ¶μ μ¤¨´μÎ±¥ ¨²¨ ¢ ±μ³¡¨´ Í¨¨ ¸ ³ÊÉ Í¨¥°
rad24Δ ¢Ò§Ò¢ ÕÉ μ¤¨´ ¨ ÉμÉ ¦¥ ÔËË¥±É ¢ μÉ´μÏ¥´¨¨ ¢Ò¦¨¢ ¥³μ¸É¨ ±²¥Éμ±.
	¤´ ±μ ³ÊÉ Í¨Ö rad24Δ ¸¨²Ó´¥¥ ³μ¤¨Ë¨Í¨·Ê¥É ¢Ò¦¨¢ ¥³μ¸ÉÓ ±²¥Éμ±, μ¡Ê-
¸²μ¢²¥´´ÊÕ Ô±Éμ¶¨Î¥¸±μ° ·¥±μ³¡¨´ Í¨¥°, ¶μ ¸· ¢´¥´¨Õ ¸ ³ÊÉ Í¨¥° rad9Δ;
¢Ò¦¨¢ ¥³μ¸ÉÓ ¤¢μ°´ÒÌ ³ÊÉ ´Éμ¢ rad9Δ rad24Δ ¸· ¢´¨³  ¸ ¢Ò¦¨¢ ¥³μ¸ÉÓÕ
μ¤¨´μÎ´ÒÌ ³ÊÉ ´Éμ¢ rad24Δ [38]. „¢  ¤·Ê£¨Ì Î¥±¶μ°´É-³ÊÉ ´É , É ±¨¥ ± ±
chk1Δ ¨ pds1Δ, ¨³¥ÕÉ Ë¥´μÉ¨¶, ¸Ìμ¤´Ò° ¸ Ë¥´μÉ¨¶μ³ rad9Δ. �¢Éμ·Ò ¶·¥¤-
¶μ² £ ÕÉ, ÎÉμ £¥´Ò RAD9, CHK1 ¨ PDS1 ËÊ´±Í¨μ´¨·ÊÕÉ ¢³¥¸É¥ ´  μÉ¤¥²Ó´μ³
¶ÊÉ¨, μ¡¥¸¶¥Î¨¢ ÕÐ¥³ μ¸É ´μ¢±Ê ±²¥ÉμÎ´μ£μ Í¨±²  ¨ ¢´μ¸ÖÐ¥³ ´¥¡μ²ÓÏμ°
¢±² ¤ ¢ ¢Ò¦¨¢ ¥³μ¸ÉÓ ±²¥Éμ± ¸ ¶μ¢·¥¦¤¥´´μ° Ì·μ³μ¸μ³μ°. ‚Éμ· Ö RAD24-
¢¥É¢Ó ¶μ³¨³μ μ¸É ´μ¢±¨ ±²¥ÉμÎ´μ£μ Í¨±²  ¶·¨´¨³ ¥É ÊÎ ¸É¨¥ É ±¦¥ ¢ Ô±Éμ¶¨-
Î¥¸±μ° ·¥±μ³¡¨´ Í¨¨ ³¥¦¤Ê ±μ·μÉ±¨³¨ £μ³μ²μ£¨Î´Ò³¨ ÊÎ ¸É± ³¨, ¶μÔÉμ³Ê
´ ¡²Õ¤ ¥É¸Ö £¨¶μ¸É É¨Î¥¸±¨° ÔËË¥±É ³ÊÉ Í¨¨ rad9Δ.

“Î ¸É¨¥ £¥´μ¢ RAD9 ¨ PDS1 ¶μ³¨³μ ±μ´É·μ²Ö ¶·μÌμ¦¤¥´¨Ö ±²¥ÉμÎ´μ£μ
Í¨±²  É ±¦¥ ¢ ±μ´É·μ²¥ · §²¨Î´ÒÌ ¶ÊÉ¥° ·¥¶ · Í¨¨ „�� „�Š, NHEJ ¨ SSA,
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¸μμÉ¢¥É¸É¢¥´´μ, ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ ¢ · ¡μÉ¥ [33]. �μ²¥¥ Éμ£μ, ´¥ Éμ²Ó±μ
Î¥±¶μ°´É-±μ´É·μ²Ó ´ ¶· ¢²Ö¥É ·¥¶ · Í¨Õ ¶μ¢·¥¦¤¥´¨°, ´μ ¨ £¥´Ò ·¥¶ · Í¨¨
³μ£ÊÉ ¶·¨´¨³ ÉÓ ÊÎ ¸É¨¥ ¢  ±É¨¢ Í¨¨ Î¥±¶μ°´É-±μ´É·μ²Ö [39].

‚ ¤·Ê£¨Ì · ¡μÉ Ì RAD9 É ±¦¥ μÉ´¥¸¥´ ± μÉ¤¥²Ó´μ° μÉ RAD24/RAD17 ¸¥´-
¸μ·´μ° ¢¥É¢¨ Î¥±¶μ°´É-±μ´É·μ²Ö (¸³. [39, 40]). ‚ μÉ¢¥É ´  μ¡· §μ¢ ´¨¥ ±μ-
·μÉ±¨Ì 3'-±μ´Íμ¢ ¢ É¥²μ³¥·´μ° μ¡² ¸É¨ Ê ³ÊÉ ´Éμ¢ yku70Δ ¨ cdc13-1 ¡¥²±¨
Rad9, Œ¥¸1, Chk1, Pds1 · ¡μÉ ÕÉ ´  μ¤´μ° ¢¥É¢¨ Î¥±¶μ°´É-±μ´É·μ²Ö, μÉ²¨Î-
´μ° μÉ ¢¥É¢¨, ±μ´É·μ²¨·Ê¥³μ° ¡¥²± ³¨ Rad24, Rad17, Rad53, Ddc1, Ddc2,
Œ¥¸1, Œ¥¸3, Dun1 [40]. ‚ ¶¥·¢μ³ ¸²ÊÎ ¥ ¶·μÍ¥¸¸¨·μ¢ ´¨¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
Ô±§μ´Ê±²¥ §μ° …Ìμ1,   ¢μ ¢Éμ·μ³ ¸²ÊÎ ¥ ±μ³¶²¥±¸μ³ MRE11. „²Ö § £·Ê§±¨
Ô±§μ´Ê±²¥ §Ò …Ìμ1 ¢ · °μ´ · §·Ò¢  „�Š ´¥ É·¥¡Ê¥É¸Ö ¶·¥¤¢ ·¨É¥²Ó´ Ö § -
£·Ê§±  ¡¥²±μ¢μ£μ ±μ³¶²¥±¸  Rad24-Rfc2-5. ‚ ¶·μÍ¥¸¸¥  ±É¨¢ Í¨¨ RAD24-
¶ÊÉ¨ Ëμ·³¨·ÊÕÉ¸Ö ±μ´ÍÒ · §·Ò¢  „�Š, ¸¶μ¸μ¡´Ò¥  ±É¨¢¨·μ¢ ÉÓ RAD9-¶ÊÉÓ.
�·μÉÖ¦¥´´Ò¥ ÊÎ ¸É±¨ μ´„�Š, μ¡· §μ¢ ´´Ò¥ Ê ³ÊÉ ´Éμ¢ cdc13-1, ¨´¤ÊÍ¨·ÊÕÉ
μ¸É ´μ¢±Ê ¢ · ¢´μ° ¸É¥¶¥´¨ μ¡Ê¸²μ¢²¥´´ÊÕ ¶ÊÉÖ³¨ RAD24/RAD53/DUN1 ¨
RAD9/CHK1/PDS1. Œ¥´¥¥ ¶·μÉÖ¦¥´´Ò¥ ÊÎ ¸É±¨ μ´„�Š, μ¡· §μ¢ ´´Ò¥ Ê ³Ê-
É ´Éμ¢ yku70Δ, ¨´¤ÊÍ¨·ÊÕÉ ¢ μ¸´μ¢´μ³ μ¸É ´μ¢±Ê, μ¡Ê¸²μ¢²¥´´ÊÕ CHK1/PDS1-
¶ÊÉ¥³ (75%), μ¸É ¢Ï¨¥¸Ö 20% μ¡Ê¸²μ¢²¥´Ò MAD2-§ ¢¨¸¨³Ò³ ¶ÊÉ¥³ Î¥±¶μ°´É-
±μ´É·μ²Ö ¢¥·¥É¥´ ,  ±É¨¢ Í¨Ö ±μÉμ·μ£μ ¶·μ¨¸Ìμ¤¨É ¢¸²¥¤¸É¢¨¥ ¢Éμ·¨Î´μ£μ
μ¡· §μ¢ ´¨Ö ¤¨Í¥´É·¨±μ¢. “Î ¸É±¨ μ´„�Š Ê ³ÊÉ ´Éμ¢ yku70Δ ¨ cdc13-1 μÉ-
²¨Î ÕÉ¸Ö ´¥ Éμ²Ó±μ ¶·μÉÖ¦¥´´μ¸ÉÓÕ, ´μ, ¢μ§³μ¦´μ, ¨ Ê¶ ±μ¢±μ° É¥²μ³¥·´ÒÌ
ÊÎ ¸É±μ¢ „�Š.

ŒÒ  ´ ²¨§¨·μ¢ ²¨ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¤¨¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ¢ ¸É -
Í¨μ´ ·´μ° Ë §¥ ·μ¸É . “ ¤¨¶²μ¨¤´ÒÌ ÏÉ ³³μ¢, ¨³¥ÕÐ¨Ì ¤¢μ°´μ° ´ ¡μ·
Ì·μ³μ¸μ³, £μ³μ²μ£¨Î´ Ö ·¥±μ³¡¨´ Í¨Ö ¢μ§³μ¦´  ´  ¢¸¥Ì ¸É ¤¨ÖÌ ±²¥ÉμÎ´μ£μ
Í¨±² . HR μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ ³¥Ì ´¨§³Ê ³¥¦Ì·μ³μ¸μ³´μ° ·¥±μ³¡¨´ Í¨¨ Ê
¤¨¶²μ¨¤μ¢ ¢ ¸É Í¨μ´ ·´μ° Ë §¥ ¨ ¶μ ³¥Ì ´¨§³Ê ³¥¦Ì·μ³ É¨¤´μ° ·¥±μ³¡¨´ -
Í¨¨ Ê £ ¶²μ¨¤μ¢ ¨ ¤¨¶²μ¨¤μ¢ ¢ Ë §¥ G2. “ ¤¨¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ³¨´μ·´Ò°
¶ÊÉÓ ·¥¶ · Í¨¨ ¶ÊÉ¥³ ´¥§ ±μ´´μ° ·¥±μ³¡¨´ Í¨¨ NHEJ ¶μ¤ ¢²¥´, ¶μ¸±μ²Ó±Ê
Ê £¥É¥·μ§¨£μÉ ¶μ É¨¶Ê ¸¶ ·¨¢ ´¨Ö ·¥¶·¥¸¸¨·μ¢ ´ £¥´ NEJ1, ÊÎ ¸É¢ÊÕÐ¨° ¢
NHEJ, ÎÉμ ´ ¶· ¢²Ö¥É ·¥¶ · Í¨Õ ¶μ ¶ÊÉ¨ HR,   ´¥ NHEJ [41, 42]. ƒ¥´Ò RAD9,
RAD24, RAD17 ¶·¨´¨³ ÕÉ ÊÎ ¸É¨¥ ¢ ³¨´μ·´ÒÌ ¶ÊÉÖÌ ·¥¶ · Í¨¨, ±μÉμ·Ò¥
¶μ¤ ¢²¥´Ò Ê ¤¨¶²μ¨¤μ¢. �μ-¢¨¤¨³μ³Ê, ¨Ì ¢²¨Ö´¨¥ μ¡Ê¸²μ¢²¥´μ ¢ μ¸´μ¢´μ³
·¥£Ê²ÖÍ¨¥° μ¸É ´μ¢±¨ ±²¥ÉμÎ´μ£μ Í¨±² .

ƒ¥´Ò ³μ¦´μ · §¤¥²¨ÉÓ ´  É·¨ £·Ê¶¶Ò ¢ μÉ´μÏ¥´¨¨ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ-
¸É¨. ‚ ´ Ï¨Ì μ¶ÒÉ Ì ³ÊÉ Í¨Ö rad9Δ ¸¨²Ó´¥¥ ³μ¤¨Ë¨Í¨·μ¢ ²  ÎÊ¢¸É¢¨É¥²Ó-
´μ¸ÉÓ ±²¥Éμ± ± γ-¨§²ÊÎ¥´¨Õ ¶μ ¸· ¢´¥´¨Õ ¸ ³ÊÉ Í¨Ö³¨ rad24Δ ¨ rad17Δ,
¨, ±·μ³¥ Éμ£μ, ³ÊÉ Í¨¨ rad24Δ ¨ rad17 ¸´¨¦ ²¨ ¢²¨Ö´¨¥ rad9Δ ´  · ¤¨μ-
ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ. �μ-¢¨¤¨³μ³Ê, £¥´Ò RAD9, RAD24 ¨ RAD17 Ô¶¨¸É É¨Î´Ò ¢
·¥£Ê²ÖÍ¨¨ μ¸É ´μ¢±¨ ±²¥ÉμÎ´μ£μ Í¨±² , ±μÉμ· Ö ¨ μ¶·¥¤¥²Ö¥É Ê·μ¢¥´Ó · ¤¨μ-
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¶·¨ γ- ¨ “”-μ¡²ÊÎ¥´¨¨ ¤¨¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ¢ ¸É Í¨μ´ ·-
´μ° Ë §¥.
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� ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ³ÊÉ ´Éμ¢ rad53 ¢ÒÏ¥ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ³Ê-
É ´Éμ¢ rad17Δ ¨ rad24Δ, ´μ ´¨¦¥ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ³ÊÉ ´Éμ¢ rad9Δ
´  ²¨´¥°´μ³ ÊÎ ¸É±¥ ±·¨¢μ°, É. ¥. ¢ Ë §¥ G1 (·¨¸. 3). Œμ¦´μ ¶·¥¤¶μ²μ-
¦¨ÉÓ, ÎÉμ RAD9 ¶·¨´¨³ ¥É ÊÎ ¸É¨¥ ¢ ¤μ¶μ²´¨É¥²Ó´μ³ RAD53-´¥§ ¢¨¸¨³μ³
¶ÊÉ¨ μ¶·¥¤¥²¥´¨Ö · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨,   £¥´ RAD53 ±μ´É·μ²¨·Ê¥É ¤μ¶μ²-
´¨É¥²Ó´Ò¥ ¶ÊÉ¨ ¶μ³¨³μ RAD17/RAD24-§ ¢¨¸¨³μ£μ. RAD9-¢¥É¢Ó ¨£· ¥É ¡μ²¥¥
§´ Î¨É¥²Ó´ÊÕ ·μ²Ó ¢ μ¶·¥¤¥²¥´¨¨ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨, ¢μ§³μ¦´μ, §  ¸Î¥É
CHK1-¶ÊÉ¨. 
É¨ ¢¥É¢¨ ´¥ Ö¢²ÖÕÉ¸Ö ¶μ²´μ¸ÉÓÕ ´¥§ ¢¨¸¨³Ò³¨. „²Ö  ±É¨¢ -
Í¨¨ Î¥±¶μ°´É-±μ´É·μ²Ö ´¥μ¡Ìμ¤¨³μ  ±É¨¢ Í¨μ´´μ¥ Ëμ¸Ëμ·¨²¨·μ¢ ´¨¥ ¡¥²-
±μ¢ Rad9 ¨ Rad53. ”μ¸Ëμ·¨²¨·μ¢ ´¨¥ Rad9· ¢ Ë §¥ G2 § ¢¨¸¨É μÉ Œ¥¸1·,  
¢ Ë §¥ G1 Å É ±¦¥ μÉ Rad24·, Rad17·-Ddc1·-Mec3· [26]. ˆ´¤ÊÍ¨·μ¢ ´´ Ö
¶μ¢·¥¦¤¥´¨Ö³¨ „�Š ³μ¤¨Ë¨± Í¨Ö Rad53· ¢ ±²¥É± Ì, ¡²μ±¨·μ¢ ´´ÒÌ ¢ Ë § Ì
G1 ¨ G2, § ¢¨¸¨É μÉ ¨´É ±É´ÒÌ RAD9- ¨ RAD24-¢¥É¢¥° Î¥±¶μ°´É-±μ´É·μ²Ö
[23]. ‘¢¥·Ì¶·μ¤Ê±Í¨Ö Rad9· ¢ ±²¥É± Ì rad24Δ ¨²¨ Rad24· ¢ ±²¥É± Ì rad9Δ
¢μ¸¸É ´ ¢²¨¢ ¥É G1/S-μ¸É ´μ¢±Ê, G2/M-μ¸É ´μ¢±Ê, É· ´¸±·¨¶Í¨μ´´Ò° μÉ¢¥É
¨ ¢Ò¦¨¢ ¥³μ¸ÉÓ ±²¥Éμ±.

�·¨ “”-μ¡²ÊÎ¥´¨¨ ¤¨¶²μ¨¤´ÒÌ ±Ê²ÓÉÊ· ³Ò ´ ¡²Õ¤ ²¨ ±μ³¶¥´¸ Éμ·´μ¥
¤¥°¸É¢¨¥ ³ÊÉ Í¨° rad17Δ ¨ rad24Δ ¶μ μÉ´μÏ¥´¨Õ ± ³ÊÉ Í¨¨ rad9Δ. ˆ§-
¢¥¸É´μ, ÎÉμ ¶·¨ “”-μ¡²ÊÎ¥´¨¨ § ¤¥·¦±  ±²¥ÉμÎ´μ£μ Í¨±²  ¶·¨¢μ¤¨²  ± Î -
¸É¨Î´μ³Ê ¶μ¢ÒÏ¥´¨Õ ¢Ò¦¨¢ ¥³μ¸É¨ ³ÊÉ ´É  rad9Δ [27]. �μ§¤´¥¥ ¡Ò²μ ¶μ-
± § ´μ, ÎÉμ £¥´Ò RAD9 ¨ RAD24 ÊÎ ¸É¢ÊÕÉ ¢ ¨´¤ÊÍ¨¡¥²Ó´μ° Ô±¸Í¨§¨μ´´μ°
·¥¶ · Í¨¨ (NER) ¶¨·¨³¨¤¨´μ¢ÒÌ ¤¨³¥·μ¢ ¢ É· ´¸±·¨¡¨·Ê¥³μ° ¨ ´¥É· ´¸-
±·¨¡¨·Ê¥³μ° μ¡² ¸ÉÖÌ [43]. 	¤´ ±μ Ì · ±É¥· ¢§ ¨³μ¤¥°¸É¢¨Ö ÔÉ¨Ì £¥´μ¢ ´¥
μ¶·¥¤¥²Ö²¸Ö. Š·μ³¥ Éμ£μ, £¥´Ò RAD9, RAD17, RAD24 ´¥μ¡Ìμ¤¨³Ò ¤²Ö ·¥¶²¨-
± Í¨¨ „�Š ¸ ´¥·¥¶ ·¨·μ¢ ´´Ò³¨ “”-¶μ¢·¥¦¤¥´¨Ö³¨ [13]. �´ ²¨§ ¶μ± § ²,
ÎÉμ £¥´Ò RAD9 ¨ RAD52 ¶μ§¨É¨¢´μ,   £¥´Ò RAD24 ¨ RAD17 ´¥£ É¨¢´μ ·¥-
£Ê²¨·ÊÕÉ μ¡³¥´ ³¥¦¤Ê ¸¥¸É·¨´¸±¨³¨ Ì·μ³ É¨¤ ³¨ ¨ ¤¥°¸É¢¨¥ ÔÉ¨Ì ³ÊÉ Í¨°
Ô¶¨¸É É¨Î´μ. �´ ²μ£¨Î´ÊÕ ± ·É¨´Ê ³Ò ´ ¡²Õ¤ ²¨ ¶·¨ “”-μ¡²ÊÎ¥´¨¨ ¸É Í¨-
μ´ ·´ÒÌ ¤¨¶²μ¨¤´ÒÌ ±Ê²ÓÉÊ·. ’ ±¨³ μ¡· §μ³, ´¥ ¨¸±²ÕÎ¥´μ, ÎÉμ ¢ μ¶·¥-
¤¥²¥´¨¨ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¶μ³¨³μ Ô¶¨¸É É¨Î¥¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢
μ¸É ´μ¢±¥ ±²¥ÉμÎ´μ£μ Í¨±²  ³ÊÉ Í¨¨ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ Ô¶¨¸É É¨Î¥¸±¨ ¨ ¢ ´¥-
±μÉμ·ÒÌ ¢¨¤ Ì ·¥¶ · Í¨¨.
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