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

‚ · ¡μÉ¥ ¶·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¶μ ¨´¤Ê±Í¨¨ γ-¨§²ÊÎ¥´¨¥³ ³ÊÉ Í¨μ´´ÒÌ ¨§³¥´¥´¨° μ¶·¥-
¤¥²¥´´μ° £¥´¥É¨Î¥¸±μ° ¶·¨·μ¤Ò Ê μ¤´μ±²¥ÉμÎ´μ£μ ÔÊ± ·¨μÉ¨Î¥¸±μ£μ μ·£ ´¨§³  ¤·μ¦¦¥° Saccha-
romyces cerevisiae. ˆ¸¶μ²Ó§ÊÕÉ¸Ö · §²¨Î´Ò¥ É¥¸É¥·´Ò¥ ¸¨¸É¥³Ò, ¶μ§¢μ²ÖÕÐ¨¥ μ¶·¥¤¥²ÖÉÓ ¶μÉ¥·Õ
Í¥²μ° Ì·μ³μ¸μ³Ò, ±·Ê¶´Ò¥ ¶¥·¥¸É·μ°±¨ £¥´μ³  (³¨ÉμÉ¨Î¥¸±¨° ±·μ¸¸¨´£μ¢¥·) ¨ ÉμÎ¥Î´Ò¥ ³ÊÉ Í¨¨
(¸¤¢¨£ · ³±¨ ¸Î¨ÉÒ¢ ´¨Ö, § ³¥´  ¶ · μ¸´μ¢ ´¨° „�Š). ˆ§ÊÎ¨¢ Ï¨·μ±¨° ¸¶¥±É· £¥´¥É¨Î¥¸±¨Ì
¨§³¥´¥´¨°, ¢Ò§¢ ´´Òx γ-¨§²ÊÎ¥´¨¥³, ³Ò μ¶·¥¤¥²¨²¨, ÎÉμ ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´μ ¨´¤ÊÍ¨·ÊÕÉ¸Ö
±·Ê¶´Ò¥ ¶¥·¥¸É·μ°±¨,   § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ÉμÎ¥Î´ÒÌ ³ÊÉ Í¨° μÉ ¤μ§Ò ´μ¸¨É ²¨´¥°´Ò° Ì · ±-
É¥·. � ¸¸³μÉ·¥´Ò ±μ²¨Î¥¸É¢¥´´Ò¥ ¸Éμ·μ´Ò ³ÊÉ £¥´¥§ , ¶μ± § ´μ, ÎÉμ ¨¸¶μ²Ó§Ê¥³Ò¥ ´ ³¨ £¥´¥-
É¨Î¥¸±¨¥ ¸¨¸É¥³Ò ´¥ Ö¢²ÖÕÉ¸Ö ¸¶¥Í¨Ë¨Î¥¸±¨³¨. �² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¤ ´´Ò¥ ¸¨¸É¥³Ò ¤²Ö
¨§ÊÎ¥´¨Ö ³ÊÉ £¥´´μ£μ ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §²¨Î´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸-
É¨± ³¨.

Several tester systems were used to study a wide spectrum of genetic changes induced by γ-radiation
in the yeast Saccharomyces cerevisiae. The tester systems allow one to identify a loss of chromosomes,
recombination (crossing over) and point mutations (frameshifts and base-pair substitutions). Large
genome changes were induced by γ-rays more efˇciently than the point mutations. The dose dependence
of the point mutations frequency was linear. Spontaneous and induced mutation rates per base pair
corresponded with the known literature data for the same tester systems. Our ˇnding shows that the
used tester systems are not speciˇc. They are useful for further study of mutations induced by ionizing
radiation with various physical characteristics.

„¥°¸É¢¨¥ ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨ ´  ¦¨¢Ò¥ μ·£ ´¨§³Ò ¢Ò§Ò¢ ¥É · §²¨Î´Ò¥ ¶μ¸²¥¤-
¸É¢¨Ö. � ¨¡μ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò³¨ ¨§ ´¨Ì Ö¢²ÖÕÉ¸Ö £¨¡¥²Ó ±²¥Éμ± ¨ ¢μ§´¨±´μ¢¥´¨¥ ³Ê-
É Í¨°. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§ÊÎ¥´¨Ö ¨´¤Ê±Í¨¨ Ï¨·μ±μ£μ ¸¶¥±É· 
£¥´¥É¨Î¥¸±¨Ì ¨§³¥´¥´¨° ¶μ¤ ¤¥°¸É¢¨¥³ γ-¨§²ÊÎ¥´¨Ö. ‚ ± Î¥¸É¢¥ ³μ¤¥²Ó´μ° ¸¨¸É¥³Ò ³Ò
¨¸¶μ²Ó§μ¢ ²¨ ¤·μ¦¦¨ Saccharomyces cerevisiae, ¶·¥¤¸É ¢²ÖÕÐ¨¥ ¸μ¡μ° ÔÊ± ·¨μÉ¨Î¥¸±¨°
μ¤´μ±²¥ÉμÎ´Ò° μ·£ ´¨§³. ‚ ¸¨²Ê ±μ´¸¥·¢ É¨¢´μ¸É¨ μ¸´μ¢´ÒÌ ±²¥ÉμÎ´ÒÌ ¶·μÍ¥¸¸μ¢ ¨
¶·μ¸ÉμÉÒ μ¡· Ð¥´¨Ö ¸ ´¨³¨, ¤·μ¦¦¨ Ï¨·μ±μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ± Î¥¸É¢¥ ³μ¤¥²Ó´μ° ¸¨-
¸É¥³Ò ¤²Ö ¨§ÊÎ¥´¨Ö ¶·μÍ¥¸¸μ¢, ¶·μ¨¸Ìμ¤ÖÐ¨Ì ¢ ±²¥É± Ì ÔÊ± ·¨μÉ.

•μ·μÏμ · §· ¡μÉ ´Ò £¥´¥É¨Î¥¸±¨¥ ¸¨¸É¥³Ò ¶μ É¥¸É¨·μ¢ ´¨Õ ±·Ê¶´ÒÌ ¨§³¥´¥´¨°,
É·Ê¤´¥¥ μ¶·¥¤¥²¨ÉÓ ³μ²¥±Ê²Ö·´ÊÕ ¶·¨·μ¤Ê ²μ± ²Ó´ÒÌ ³ÊÉ Í¨μ´´ÒÌ ¸μ¡ÒÉ¨°, § É· £¨¢ -
ÕÐ¨Ì μ¤¨´ ¨²¨ ´¥¸±μ²Ó±μ ´Ê±²¥μÉ¨¤μ¢. ‚ ´¥³´μ£μÎ¨¸²¥´´ÒÌ · ´´¨Ì · ¡μÉ Ì ¤²Ö μ¶·¥¤¥-
²¥´¨Ö ¶·¨·μ¤Ò ³ÊÉ Í¨° ¨¸¶μ²Ó§μ¢ ²¨¸Ó ±μ¸¢¥´´Ò¥ ³¥Éμ¤Ò. � ¶·¨³¥·, ¨´¤ÊÍ¨·μ¢ ´´Ò°
¨§²ÊÎ¥´¨¥³ ³ÊÉ £¥´¥§ ¢ £¥´¥ CYC1, ±μ¤¨·ÊÕÐ¥³ ¡¥²μ± ¨§μ-1-Í¨ÉμÌ·μ³ ¸, ¨§ÊÎ ²¸Ö ¸ ¶μ-
³μÐÓÕ § · ´¥¥ ¶μ²ÊÎ¥´´μ° ±μ²²¥±Í¨¨ ³ÊÉ ´Éμ¢ ¨§¢¥¸É´μ£μ £¥´μÉ¨¶ . �¡ ÔËË¥±É¨¢´μ¸É¨
¨´¤Ê±Í¨¨ § ³¥´Ò μ¶·¥¤¥²¥´´ÒÌ ¶ · μ¸´μ¢ ´¨° ¨ μ ¸¶¥±É·¥ γ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ ³ÊÉ Í¨°
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³μ¦´μ ¸Ê¤¨ÉÓ ¶μ Î ¸ÉμÉ¥ ·¥¢¥·É¨·μ¢ ´¨Ö ¶μ¤ ¤¥°¸É¢¨¥³ γ-¨§²ÊÎ¥´¨Ö Ê ¶μ²ÊÎ¥´´ÒÌ ³Ê-
É ´Éμ¢ [1]. �·¨·μ¤a ·¥¢¥·¸¨° ³ÊÉ Í¨° cyc1-9 (ochre) ¨ cyc1-179 (amber) ¶μ¤ ¤¥°¸É¢¨¥³
·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨ α-Î ¸É¨Í μ¶·¥¤¥²Ö²acÓ ¶μ ¨§³¥´¥´¨Ö³ ´¥¶μ¸·¥¤¸É¢¥´´μ ¢
 ³¨´μ±¨¸²μÉ´μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¡¥²±  ¨§μ-1-Í¨ÉμÌ·μ³ ¸ [2]. ‚ ÔÉ¨Ì · ¡μÉ Ì ¶μ± -
§ ´μ, ÎÉμ ·¥´É£¥´μ¢¸±μ¥ ¨§²ÊÎ¥´¨¥ ¨ α-Î ¸É¨ÍÒ ¢ μ¸´μ¢´μ³ ¨´¤ÊÍ¨·μ¢ ²¨ § ³¥´Ò ¶ ·
μ¸´μ¢ ´¨°; ¡Ò²¨ § ·¥£¨¸É·¨·μ¢ ´Ò ³¨±·μ¤¥²¥Í¨¨ ¨ ±μ³¶²¥±¸´Ò¥ ¶μ¢·¥¦¤¥´¨Ö.

�´ ²¨§ ¶·Ö³ÒÌ ³ÊÉ Í¨° ¢ £¥´¥ ADE2 ¸ ¶μ³μÐÓÕ ³¥¦ ²²¥²Ó´μ° ±μ³¶²¥³¥´É Í¨¨ ¨
¶μ¸²¥¤ÊÕÐ¥° ¸¶μ¸μ¡´μ¸É¨ ¶μ²ÊÎ¥´´ÒÌ ³ÊÉ ´Éμ¢ ·¥¢¥·É¨·μ¢ ÉÓ ¶μ¤ ¤¥°¸É¢¨¥³ ¸¶¥Í¨Ë¨-
Î¥¸±¨Ì ³ÊÉ £¥´μ¢ ¶μ§¢μ²Ö² ±μ¸¢¥´´μ μ¶·¥¤¥²ÖÉÓ ³μ²¥±Ê²Ö·´ÊÕ ¶·¨·μ¤Ê ¨´¤ÊÍ¨·μ¢ ´´ÒÌ
¨§²ÊÎ¥´¨¥³ ³ÊÉ ´Éμ¢ [3]. ‘·¥¤¨ μÉμ¡· ´´ÒÌ ³ÊÉ ´Éμ¢, ¨´¤ÊÍ¨·μ¢ ´´ÒÌ “”-¸¢¥Éμ³ ¨
γ-· ¤¨ Í¨¥°, ¡μ²¥¥ 90% ¸μ¸É ¢²Ö²¨ § ³¥´Ò ¶ · μ¸´μ¢ ´¨° ¨ 6Ä8 % Å ¸¤¢¨£ · ³±¨
¸Î¨ÉÒ¢ ´¨Ö; ¤¥²¥Í¨¨ ´¥ μ¡´ ·Ê¦¥´Ò. ‚ ¸¶¥±É·¥ § ³¥´ ¶ · μ¸´μ¢ ´¨° ¶·¥μ¡² ¤ ²¨ É· ´-
§¨Í¨¨ ƒ–Ä�’. �¢Éμ·Ò ¶·¥¤¶μ² £ ÕÉ, ÎÉμ γ-¨§²ÊÎ¥´¨¥ ¢Ò§Ò¢ ¥É ¸¶¥±É· ³ÊÉ Í¨°, ¡²¨§±¨°
± É¥μ·¥É¨Î¥¸±¨ μ¦¨¤ ¥³μ³Ê ¤²Ö ´¥¸¶¥Í¨Ë¨Î¥¸±μ£μ ³ÊÉ £¥´ ,   “”-¸¢¥É ¨´¤ÊÍ¨·Ê¥É ¶μ-
¢ÒÏ¥´´μ¥ ±μ²¨Î¥¸É¢μ ƒ–Ä�’ É· ´§¨Í¨°, ÎÉμ μ¡ÑÖ¸´Ö¥É¸Ö ¥£μ ¨§¡¨· É¥²Ó´Ò³ ¤¥°¸É¢¨¥³
´  ¶¨·¨³¨¤¨´μ¢Ò¥ μ¸´μ¢ ´¨Ö.

‚ ±μ´Í¥ 80-Ì £μ¤μ¢ ¡Ò²¨ · §· ¡μÉ ´Ò ³¥Éμ¤Ò, ¶μ§¢μ²ÖÕÐ¨¥ ´¥¶μ¸·¥¤¸É¢¥´´μ μ¶·¥-
¤¥²ÖÉÓ ³μ²¥±Ê²Ö·´ÊÕ ¶·¨·μ¤Ê ³ÊÉ Í¨°, ¨¸¶μ²Ó§ÊÖ ¸¥±¢¥´¨·μ¢ ´¨¥ ´Ê±²¥μÉ¨¤´μ° ¶μ¸²¥-
¤μ¢ É¥²Ó´μ¸É¨ „�Š. ‘ ¶μ³μÐÓÕ £¥´¥É¨Î¥¸±¨Ì ¸¨¸É¥³ URA3 ¨ SUP4-o ¡Ò²¨ ¨§ÊÎ¥´Ò
¸¶¥±É·Ò ³ÊÉ Í¨°, ¢Ò§Ò¢ ¥³Ò¥ ´¥±μÉμ·Ò³¨ Ì¨³¨Î¥¸±¨³¨  £¥´É ³¨ ¨ “”-¸¢¥Éμ³. ’ ±,
¶ÊÉ¥³ μÉ¡μ·  ¶·Ö³ÒÌ ³ÊÉ Í¨° ¢ £¥´¥ URA3 ¨ ¶μ¸²¥¤ÊÕÐ¥£μ ¥£μ ¸¥±¢¥´¨·μ¢ ´¨Ö ¡Ò²¨
μ¶·¥¤¥²¥´Ò £μ·ÖÎ¨¥ ÉμÎ±¨ ¨ ¸¶¥±É·Ò ³ÊÉ Í¨° [4]. 	μ²ÓÏ¨´¸É¢μ ³ÊÉ Í¨°, ¨´¤ÊÍ¨·μ¢ ´-
´ÒÌ “”-¸¢¥Éμ³, ¢μ§´¨± ²¨ ¢ · °μ´¥ ¶¨·¨³¨¤¨´μ¢ÒÌ ¤¨³¥·μ¢ ’’ ¨ ’–, ¢ ¸¶¥±É·¥ ¶·¥-
μ¡² ¤ ²¨ É· ´§¨Í¨¨ �’Äƒ–. ˆ´É¥·¥¸´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨
¶μ³¥Ð¥´´μ£μ ´  ¶² §³¨¤Ê £¥´  SUP4-o, ¸Ê¶·¥¸¸¨·ÊÕÐ¥£μ ochre-³ÊÉ Í¨¨ [5]. �·Ö³Ò¥
³ÊÉ Í¨¨ ¢ ÔÉμ³ £¥´¥ μÉ¡¨· ²¨¸Ó ¶μ ¨¸Î¥§´μ¢¥´¨Õ ¸¶μ¸μ¡´μ¸É¨ ¸Ê¶·¥¸¸¨·μ¢ ÉÓ ochre-
³ÊÉ Í¨¨ μ¤´μ¢·¥³¥´´μ ¢ ´¥¸±μ²Ó±¨Ì £¥´ Ì. ‘¥±¢¥´¨·μ¢ ´¨¥ ´Ê±²¥μÉ¨¤´μ° ¶μ¸²¥¤μ¢ -
É¥²Ó´μ¸É¨ ³ÊÉ ´Éμ¢ ¶μ £¥´Ê SUP4-μ ¶μ± § ²μ, ÎÉμ, ¢ μÉ²¨Î¨¥ μÉ ¸¶μ´É ´´μ£μ ³ÊÉ £¥´¥§ ,
£¤¥ ¶·¥μ¡² ¤ ²¨ É· ´¸¢¥·¸¨¨, ¶·¨ “”-μ¡²ÊÎ¥´¨¨ ¨´¤ÊÍ¨·μ¢ ²¨¸Ó ¢ μ¸´μ¢´μ³ É· ´§¨Í¨¨
ƒ–Ä�’. „²Ö μ¶·¥¤¥²¥´¨Ö ¸¶¥±É·  ³ÊÉ Í¨°, ¢μ§´¨± ÕÐ¥£μ ¶μ¤ ¤¥°¸É¢¨¥³ ¨μ´¨§¨·ÊÕÐ¥°
· ¤¨ Í¨¨, É¥¸É¥·´Ò¥ ¸¨¸É¥³Ò URA3 ¨ SUP4-o ´¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó.

�¥¸³μÉ·Ö ´  Éμ, ÎÉμ ³¥Éμ¤Ò ¶·Ö³μ£μ ¸¥±¢¥´¨·μ¢ ´¨Ö Ö¢²ÖÕÉ¸Ö ´ ¨¡μ²¥¥ ÉμÎ´Ò³¨ ¨
¨´Ëμ·³ É¨¢´Ò³¨ ¤²Ö ¨§ÊÎ¥´¨Ö ³μ²¥±Ê²Ö·´μ° ¶·¨·μ¤Ò ³ÊÉ Í¨°, μ´¨ μ¸É ÕÉ¸Ö ¤μ·μ£μ-
¸ÉμÖÐ¨³¨ ¨ É·Ê¤μ¥³±¨³¨. �μÔÉμ³Ê ¤²Ö ¨§ÊÎ¥´¨Ö ³ÊÉ £¥´´μ£μ ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¥°
· ¤¨ Í¨¨ ³Ò ¨¸¶μ²Ó§μ¢ ²¨ £¥´¥É¨Î¥¸±¨¥ ¸¨¸É¥³Ò, ¶μ§¢μ²ÖÕÐ¨¥ μ¶·¥¤¥²ÖÉÓ ¶·¨·μ¤Ê ³Ê-
É Í¨μ´´μ£μ ¸μ¡ÒÉ¨Ö, ´¥ ¶·¨¡¥£ Ö ± ³μ²¥±Ê²Ö·´Ò³ ³¥Éμ¤ ³.

1. �…‡“‹œ’�’›

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§ÊÎ¥´¨Ö ¨´¤Ê±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ γ-¨§-
²ÊÎ¥´¨Ö ³ÊÉ Í¨° · §´μ° ¶·¨·μ¤Ò. „²Ö ÔÉμ° Í¥²¨ ³Ò ¨¸¶μ²Ó§μ¢ ²¨ · §²¨Î´Ò¥ É¥¸É¥·´Ò¥
¸¨¸É¥³Ò ¤·μ¦¦¥° Saccharomyces ¸erevisiae, Ì · ±É¥·¨¸É¨±¨ ±μÉμ·ÒÌ ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.
�¡²ÊÎ¥´¨¥ ¤·μ¦¦¥¢ÒÌ ±²¥Éμ± ¶·μ¢μ¤¨²¨ ´  Ê¸É ´μ¢±¥ ®‘¢¥É¯, ¢ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨± 
γ-¨§²ÊÎ¥´¨Ö ¨¸¶μ²Ó§μ¢ ²¸Ö 137‘s (³μÐ´μ¸ÉÓ ¤μ§Ò 25 ƒ·/³¨´). Š²¥É±¨ ·¥¸Ê¸¶¥´¤¨·μ¢ ²¨
¢ ¢μ¤¥, μ¡²ÊÎ ²¨ ¶·¨ 0 ◦‘ ¨ § É¥³ · ¸¸¥¢ ²¨ ´  ¶¨É É¥²Ó´Ò¥ ¸·¥¤Ò [6, 7].
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’ ¡²¨Í  1. ˜É ³³Ò ¤·μ¦¦¥° S. ¸erevisiae, ¨¸¶μ²Ó§Ê¥³Ò¥ ¢ · ¡μÉ¥

˜É ³³ ƒ¥´μÉ¨¶ ˆ¸ÉμÎ´¨±

D1, D2 MATa/MATα srm1/SRM1
ade2-192/ ade2-G45 (IV) ‘±μ´¸É·Ê¨·μ¢ ´

CO1/5ÄCO1/8 MATa/MATα ade2-192/ade2-G45 �. �.Šμ²Éμ¢μ° (�ˆŸˆ, „Ê¡´ )
lys5-1/LYS5 met13-1/MET13 ¨ �. 	. „¥¢¨´Ò³ (ˆŒƒ, Œμ¸±¢ )
cyh2/CYH2 leu1-1/leu1-12 ade6/ADE6

RKY3023 MATa his3Δ200 ura3-52 leu2Δ1 �·¥¤μ¸É ¢²¥´ ¶·μË¥¸¸μ·μ³
trp1Δ63 ade2Δ1 ade8 hom3-10 P. „. Šμ²μ¤´¥·μ³ (‹ ¡μ· Éμ·¨Ö
lys2ΔBgl £¥´¥É¨±¨ “´-É  ‚¨¸±μ´¸¨´a, ‘˜�)

YMH1 MATα CYC1 cyc7-67 ura3-52
leu2-3,112 cyh2

YMH2ÄYMH7 MATα cyc1-i∗ cyc7-67 ura3-52 �·¥¤μ¸É ¢²¥´Ò ¶·μË¥¸¸μ·μ³
leu2-3,112 cyh2 Œ. •¥³¶¸¨ (Œ¥¤¨Í¨´¸±¨°

YMH51 MATα/MATa CYC1/cyc1-1 Í¥´É· “´-É  ‹Ê¨§¨ ´Ò, ‘˜�)
cyc7-67/cyc7-67 ura3-52/ura3-52
leu2-3,112/LEU2 HIS1/his1-1
CAN1/ can1-100 cyh2/CYH2

YMH52ÄYMH57 MATα/MATa cyc1-i∗/cyc1-1
cyc7-67/cyc7-67 ura3-52/ura3-52
leu2-3,112/LEU2 HIS1/his1-1
CAN1/can1-100 cyh2/CYH2

∗cyc1-i, i = 2−7, ¶μ¤·μ¡´¥¥ μ¶¨¸ ´¨¥ ³ÊÉ Í¨¨ ¤ ´μ ¢ É ¡². 2.

�¨¸. 1. ‚Ò¦¨¢ ¥³μ¸ÉÓ (1) ¨ § ¢¨¸¨³μ¸ÉÓ Î -

¸ÉμÉÒ ¶μÉ¥·¨ VI Ì·μ³μ¸μ³Ò (2) μÉ ¤μ§Ò γ-¨§-
²ÊÎ¥´¨Ö Ê ¤¨¸μ³¨±μ¢ ¶μ VI Ì·μ³μ¸μ³¥. �·¨¢¥-

¤¥´Ò ·¥§Ê²ÓÉ ÉÒ Ê¸·¥¤´¥´¨Ö ¤¢ÊÌ Ô±¸¶¥·¨³¥´-

Éμ¢ ¨ ¸É ´¤ ·É´Ò¥ μÏ¨¡±¨

�¨¸. 2. ‚Ò¦¨¢ ¥³μ¸ÉÓ (1) ¨ § ¢¨¸¨³μ¸ÉÓ Î -

¸ÉμÉÒ ¶μÉ¥·¨ VII Ì·μ³μ¸μ³Ò (2) μÉ ¤μ§Ò γ-¨§-
²ÊÎ¥´¨Ö Ê ¤¨¶²μ¨¤μ¢ CO1ÄCO4. �·¨¢¥¤¥´Ò

·¥§Ê²ÓÉ ÉÒ Ê¸·¥¤´¥´¨Ö ¤¢ÊÌ Ô±¸¶¥·¨³¥´Éμ¢ ¨

¸É ´¤ ·É´Ò¥ μÏ¨¡±¨
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1.1. �μÉ¥·Ö Ì·μ³μ¸μ³. „·μ¦¦¨ Ö¢²ÖÕÉ¸Ö Ê¤μ¡´Ò³ μ¡Ñ¥±Éμ³ ¤²Ö ¨§ÊÎ¥´¨Ö ¸É ¡¨²Ó-
´μ¸É¨ Ì·μ³μ¸μ³. �´¨ Éμ²¥· ´É´Ò ± ¤¨¸μ³¨¨ ¨ ¶μÉ¥·¥ Ì·μ³μ¸μ³Ò ¤¨¶²μ¨¤´μ° ±²¥É±μ°.
ŒÒ  ´ ²¨§¨·μ¢ ²¨ ¶μÉ¥·Õ IV Ì·μ³μ¸μ³Ò Ê ¤¨¸μ³¨±μ¢ ¶μ ¨§³¥´¥´¨Õ ¶¨£³¥´É Í¨¨ ¨ VII
Ì·μ³μ¸μ³Ò Ê ¤¨¶²μ¨¤μ¢ ¶μ ¶·μÖ¢²¥´¨Õ ·¥Í¥¸¸¨¢´ÒÌ ³ ·±¥·μ¢. ‘É ¡¨²Ó´μ¸ÉÓ Ì·μ³μ¸μ³
· §²¨Î´ , Ê ¤¨¸μ³¨±μ¢ ²¨Ï´ÖÖ Ì·μ³μ¸μ³  ÊÉ· Î¨¢ ¥É¸Ö ¸ ¢Ò¸μ±μ° Î ¸ÉμÉμ° (7 · 10−4). ‚
¤¨¶²μ¨¤´ÒÌ ±²¥É± Ì Ì·μ³μ¸μ³Ò ¡μ²¥¥ ¸É ¡¨²Ó´Ò, VII Ì·μ³μ¸μ³  ÊÉ· Î¨¢ ¥É¸Ö ¸ Î ¸Éμ-
Éμ° 1,4 · 10−7. ƒa³³ -¨§²ÊÎ¥´¨¥ ¶·¨ ¤μ§¥ 800 ƒ· ¶μ¢ÒÏ ¥É Î ¸ÉμÉÊ ¶μÉ¥·¨ Ì·μ³μ¸μ³ ¤μ
3 · 10−3 ¨ 9 · 10−6 ¸μμÉ¢¥É¸É¢¥´´μ (·¨¸. 1, 2; É ¡². 2).

1.2. Š·Ê¶´Ò¥ ¶¥·¥¸É·μ°±¨ £¥´μ³ . „²Ö μ¶·¥¤¥²¥´¨Ö ±·Ê¶´ÒÌ ¶¥·¥¸É·μ¥± £¥´μ³ 
¨¸¶μ²Ó§μ¢ ² ¸Ó £¥´¥É¨Î¥¸± Ö ¸¨¸É¥³ , ¶μ§¢μ²ÖÕÐ Ö É¥¸É¨·μ¢ ÉÓ ·¥±μ³¡¨´ Í¨μ´´Ò¥ ¸μ-
¡ÒÉ¨Ö. — ¸ÉμÉa ³¨ÉμÉ¨Î¥¸±μ£μ ±·μ¸¸¨´£μ¢¥·  ÊÎ¨ÉÒ¢ ²acÓ Ê £¥É¥·μ ²²¥²Ó´ÒÌ ¤¨¶²μ¨¤μ¢

�¨¸. 3. ‚Ò¦¨¢ ¥³μ¸ÉÓ (1) ¨ § ¢¨-

¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³¨ÉμÉ¨Î¥¸±μ£μ ±·μ¸-

¸¨´£μ¢¥·  (2) μÉ ¤μ§Ò γ-¨§²ÊÎ¥´¨Ö Ê
¤¨¶²μ¨¤μ¢ CO1ÄCO4. �·¨¢¥¤¥´Ò ·¥-

§Ê²ÓÉ ÉÒ Ê¸·¥¤´¥´¨Ö ÉpeÌ Ô±¸¶¥·¨³¥´-
Éμ¢ ¨ ¸É ´¤ ·É´Ò¥ μÏ¨¡±¨

ade2-192/ade2-G45, ¶·μÉμÉ·μË´ÒÌ ¢¸²¥¤¸É¢¨¥ ±μ³-
¶²¥³¥´É Í¨¨ ³ÊÉ ´É´ÒÌ  ²²¥²¥° ade2. Œ¨ÉμÉ¨Î¥-
¸±¨° ±·μ¸¸¨´£μ¢¥· ³¥¦¤Ê Í¥´É·μ³¥·μ° Ì·μ³μ¸μ³Ò
XV ¨ ²μ±Ê¸μ³ ADE2 ¨ ¶μ¸²¥¤ÊÕÐ Ö £μ³μ§¨£μÉ¨§ -
Í¨Ö ¶·¨¢μ¤ÖÉ ± ¶μÖ¢²¥´¨Õ  ¤¥´¨´§ ¢¨¸¨³ÒÌ ±μ²μ-
´¨° ¨ ´ ±μ¶²¥´¨Õ ¶¨£³¥´É  ¢ ¤·μ¦¦¥¢ÒÌ ±²¥É± Ì:
±μ²μ´¨¨ ¸ £¥´μÉ¨¶μ³ ade2-192/ade2-192 ¨³¥ÕÉ ±· ¸-
´ÊÕ μ±· ¸±Ê, ade2-G45/ ade2-G45 Å ·μ§μ¢ÊÕ.

— ¸ÉμÉÊ ¸¶μ´É ´´μ° ³¨ÉμÉ¨Î¥¸±μ° ·¥±μ³¡¨´ -
Í¨¨ μ¶·¥¤¥²Ö²¨, · ¸¸¥¢ Ö ±Ê²ÓÉÊ·Ò ±²¥Éμ± ‘�1Ä
‘�4 ´  ¶μ²´ÊÕ ¶¨É É¥²Ó´ÊÕ ¸·¥¤Ê ¨ μ¶·¥¤¥²ÖÖ ¤μ²Õ
±· ¸´μ-·μ§μ¢ÒÌ ³μ§ ¨Î´ÒÌ ±μ²μ´¨°. — ¸ÉμÉ  ¸¶μ´-
É ´´μ° ³¨ÉμÉ¨Î¥¸±μ° ·¥±μ³¡¨´ Í¨¨, Ê¸·¥¤´¥´´ Ö
¤²Ö Î¥ÉÒ·¥Ì ²¨´¨°, ¸μ¸É ¢²Ö²  (1,43 ± 1,08) · 10−5.

ƒa³³ -²ÊÎ¨ ÔËË¥±É¨¢´μ ¨´¤ÊÍ¨·μ¢ ²¨ ³¨ÉμÉ¨-
Î¥¸±ÊÕ ·¥±μ³¡¨´ Í¨Õ. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ±·¨-
¢Ò¥ ¨´¤Ê±Í¨¨ ³¨ÉμÉ¨Î¥¸±μ£μ ±·μ¸¸¨´£μ¢¥· . ‡ ¢¨-
¸¨³μ¸ÉÓ ¢ÒÌμ¤  ³¥¦£¥´´μ° ·¥±μ³¡¨´ Í¨¨ μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö ¨³¥²  ¸²μ¦´Ò° Ì · ±É¥· Å
¶·¨ ³ ²ÒÌ ¤μ§ Ì ±·¨¢ Ö ²¨´¥°´ ,   § É¥³ ¢ÒÌμ¤¨É ´  ¶² Éμ. �·¨ ¢Ò¦¨¢ ¥³μ¸É¨ 20 % ¤μ²Ö
·¥±μ³¡¨´ ´É´ÒÌ ±²μ´μ¢ ¸μ¸É ¢²Ö²  ´¥¸±μ²Ó±μ ¶·μÍ¥´Éμ¢ μÉ ¢Ò¦¨¢Ï¨Ì ±²¥Éμ±.

1.3. ‚´ÊÉ·¨£¥´´Ò¥ ³ÊÉ Í¨¨. „²Ö  ´ ²¨§  ¢´ÊÉ·¨£¥´´ÒÌ ³ÊÉ Í¨° · §²¨Î´μ° ¶·¨·μ¤Ò
¨¸¶μ²Ó§μ¢ ²¨ ¶·Ö³Ò¥ ³ÊÉ Í¨¨ ·¥§¨¸É¥´É´μ¸É¨ ± ± ´ ¢ ´¨´Ê CanS →CanR ¢ £¥´¥ CAN1.
ˆ§¢¥¸É´μ, ÎÉμ ³ÊÉ Í¨¨ CanR ²μ± ²¨§μ¢ ´Ò ¢ ¥¤¨´¸É¢¥´´μ³ ²μ±Ê¸¥ CAN1, ±μ¤¨·ÊÕÐ¥³
¸É·Ê±ÉÊ·´Ò° £¥´  ·£¨´¨´¸¶¥Í¨Ë¨Î´μ° ¶¥·³¨ §Ò. �¥§¨¸É¥´É´μ¸ÉÓ ± ± ´ ¢ ´¨´Ê ³μ¦¥É
¡ÒÉÓ ¢Ò§¢ ´  · §²¨Î´Ò³¨ ³μ²¥±Ê²Ö·´Ò³¨ ¸μ¡ÒÉ¨Ö³¨. ‚ ‹ ¡μ· Éμ·¨¨ £¥´¥É¨±¨ “´¨¢¥·-
¸¨É¥É  ÏÉ É  ‚¨¸±μ´¸¨´, ‘˜�, ¶μ¤ ·Ê±μ¢μ¤¸É¢μ³ ¶·μË. P. „. Šμ²μ¤´¥·  ¶μ± § ´μ, ÎÉμ
¶·¨ ¸¶μ´É ´´μ³ ³ÊÉ £¥§¥ ¢ £¥´¥ CAN1 ¶·¥μ¡² ¤ ²¨ § ³¥´Ò ¶ · μ¸´μ¢ ´¨°, ´ ¡²Õ¤ ²¨¸Ó
É ±¦¥ ¸¤¢¨£ · ³±¨ ¸Î¨ÉÒ¢ ´¨Ö ¨ ±μ³¶²¥±¸´Ò¥ ³ÊÉ Í¨¨ [8].

‚ ¤ ´´μ° · ¡μÉ¥ ¤²Ö ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ¢ £¥´¥ CAN1 ¨¸¶μ²Ó§μ¢ ²¨ γ-¨§²ÊÎ¥´¨¥ ¢
¶·¥¤¥² Ì ¤μ§ ¤μ 100 ƒ·. �μ¸²¥ μ¡²ÊÎ¥´¨Ö ±²¥É±¨ ¤·μ¦¦¥° ¢Ò¸¥¢ ²¨ ´  ³¨´¨³ ²Ó´ÊÕ
¸·¥¤Ê ¡¥§  ·£¨´¨´ , ¸ ¤μ¡ ¢²¥´¨¥³ ± ´ ¢ ´¨´  (60 ³£/²), ´  ±μÉμ·μ° ¡Ò²¨ ¸¶μ¸μ¡´Ò
· ¸É¨ Éμ²Ó±μ Ê¸Éμ°Î¨¢Ò¥ ± ± ´ ¢ ´¨´Ê ³ÊÉ ´ÉÒ, ¨ ´  ¶μ²´ÊÕ ¸·¥¤Ê 	‘ ¤²Ö μ¶·¥¤¥²¥´¨Ö
±μ²¨Î¥¸É¢  ¢Ò¦¨¢Ï¨Ì ±²¥Éμ±. ˆ§ ·¨¸. 4 ¢¨¤´μ, ÎÉμ ¸Ê³³ ·´ Ö Î ¸ÉμÉ  ³ÊÉ Í¨° ¢ £¥´¥
CAN1 ¨³¥²  ²¨´¥°´ÊÕ § ¢¨¸¨³μ¸ÉÓ μÉ ¤μ§Ò ¨ ¤μ¸É¨£ ²  6 · 10−5 ¶·¨ ¤μ§¥ 100 ƒ·, ¶·¨
ÔÉμ³ ¢Ò¦¨¢ ¥³μ¸ÉÓ ¸μ¸É ¢²Ö²  μ±μ²μ 20 %.
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ˆ´¤Ê±Í¨Ö ³ÊÉ Í¨° · §²¨Î´μ° ¶·¨·μ¤Ò Ê ¤·μ¦¦¥° Saccharomyces cerevisiae 103

�¨¸. 4. ‚Ò¦¨¢ ¥³μ¸ÉÓ (1) ¨ § ¢¨¸¨-
³μ¸ÉÓ Î ¸ÉμÉÒ ³ÊÉ Í¨° CanS →CanR

(2) μÉ ¤μ§Ò ¤²Ö É¥¸É¥·´o£o £ ¶²μ¨¤-

´o£o ÏÉ ³³  RKY3023. �·¨¢¥¤¥´Ò
·¥§Ê²ÓÉ ÉÒ Ê¸·¥¤´¥´¨Ö ÉpeÌ Ô±¸¶¥·¨-

³¥´Éμ¢ ¨ ¸É ´¤ ·É´Ò¥ μÏ¨¡±¨

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ¸¤¢¨£  · ³±¨ ¸Î¨ÉÒ¢ ´¨Ö
Lys−→Lys+ (1) ¨ Hom−→Hom+ (2),   É ±¦¥ § ³¥´Ò ¶ ·

μ¸´μ¢ ´¨° ¢ ·¥§Ê²ÓÉ É¥ É· ´¸¢¥·¸¨¨ �’Ä’� Cyc−→Cyc+

μÉ ¤μ§Ò γ-¨§²ÊÎ¥´¨Ö ¤²Ö É¥¸É¥·´ÒÌ ¤¨¶²μ¨¤´ÒÌ (3) ¨ £ -
¶²μ¨¤´ÒÌ (4) ÏÉ ³³μ¢. �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ Ê¸·¥¤´¥´¨Ö

Ï¥¸É¨ Ô±¸¶¥·¨³¥´Éμ¢ ¨ ¸É ´¤ ·É´Ò¥ μÏ¨¡±¨

1.4. ŒÊÉ Í¨¨ ¸¤¢¨£  · ³±¨ ¸Î¨ÉÒ¢ ´¨Ö. “¤μ¡´ Ö É¥¸É¥·´ Ö ¸¨¸É¥³ , ¶μ§¢μ²ÖÕ-
Ð Ö μ¶·¥¤¥²ÖÉÓ ³ÊÉ Í¨¨ ¸¤¢¨£  · ³±¨ ¸Î¨ÉÒ¢ ´¨Ö, ¡Ò²  ²Õ¡¥§´μ ¶·¥¤μ¸É ¢²¥´  ´ ³
¶·μË. �. „. Šμ²μ¤´¥·μ³. • · ±É¥·¨¸É¨±  ¨¸¶μ²Ó§Ê¥³μ£μ ÏÉ ³³  RKY2672 ¶·¥¤¸É ¢²¥´ 
¢ É ¡². 1. „²Ö  ´ ²¨§  ¢´ÊÉ·¨£¥´´ÒÌ ³¨±·μ¤¥²¥Í¨° ¨¸¶μ²Ó§μ¢ ²¨ ³ÊÉ Í¨¨ ¸¤¢¨£  · ³±¨
¸Î¨ÉÒ¢ ´¨Ö §  ¸Î¥É ¢¸É ¢±¨ · §³¥·μ³ Î¥ÉÒ·¥ ´Ê±²¥μÉ¨¤  ¢ £¥´¥ LYS2 ¨ μ¤´μ£μ É¨³¨´  ¢
¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¨§ 6T ¢ £¥´¥ HOM3 [8]. �·¨ ¸¶μ´É ´´μ³ ·¥¢¥·É¨·μ¢ ´¨¨ ÔÉ¨Ì £¥-
´μ¢ ± ¤¨±μ³Ê É¨¶Ê ¶μ¤ ¢²ÖÕÐ¥¥ ¡μ²ÓÏ¨´¸É¢μ ³ÊÉ Í¨μ´´ÒÌ ¸μ¡ÒÉ¨° ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°
¤¥²¥Í¨Õ μ¤´μ£μ ´Ê±²¥μÉ¨¤ , ¶·¨Î¥³ ¢ £¥´¥ HOM3 ¤¥²¥Í¨Ö ¶· ±É¨Î¥¸±¨ ¢¸¥£¤  · ¸¶μ² £ -
¥É¸Ö ¢ ³μ´μ´Ê±²¥μÉ¨¤´μ³ É·¥±¥, ¸μ¸ÉμÖÐ¥³ ¨§ 7 É¨³¨´μ¢ÒÌ μ¸´μ¢ ´¨°,   ¢ £¥´¥ LYS2 Å
´  ÊÎ ¸É±¥ · §³¥·μ³ 143 ´¶.

ˆ´¤Ê±Í¨Õ ³ÊÉ Í¨° ¸¤¢¨£  · ³±¨ ¸Î¨ÉÒ¢ ´¨Ö ¢ £¥´ Ì LYS2 ¨ HOM3 ¶μ¤ ¤¥°¸É¢¨¥³
γ-¨§²ÊÎ¥´¨Ö ¨§ÊÎ ²¨ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ¤μ§ Å ¤μ 1000 ƒ· (·¨¸. 5). �¡²ÊÎ¥´´ÊÕ
±Ê²ÓÉÊ·Ê ±²¥Éμ± RKY2672 · ¸¸¥¢ ²¨ ´  ³¨´¨³ ²Ó´μ° ¸·¥¤¥ ¡¥§ ²¨§¨´  ¨ ¡¥§ É·¥μ´¨´ 
¤²Ö ³ÊÉ ´Éμ¢ lys2 ¨ hom3 ¸μμÉ¢¥É¸É¢¥´´μ. — ¸ÉμÉ  ·¥¢¥·¸¨° ¢ £¥´¥ LYS2 ¸μ¸É ¢²Ö²  ¶·¨
³ ±¸¨³ ²Ó´μ° ¨¸¶μ²Ó§Ê¥³μ° ¤μ§¥ 5,8 · 10−6, ¢ £¥´¥ HOM3 Å 2,5 · 10−7. ‡ ¢¨¸¨³μ¸ÉÓ
Î ¸ÉμÉÒ ·¥¢¥·É¨·μ¢ ´¨Ö μÉ ¤μ§Ò ¨³¥²  ²¨´¥°´Ò° Ì · ±É¥· ¤²Ö μ¡μ¨Ì £¥´μ¢. — ¸ÉμÉ 
¸¶μ´É ´´ÒÌ ³ÊÉ Í¨° ¢ ÔÉ¨Ì £¥´ Ì ¸μ¸É ¢²Ö²  1,4 · 10−8 ¨ 1,0 · 10−8 ¤²Ö £¥´μ¢ LYS2 ¨
HOM3 ¸μμÉ¢¥É¸É¢¥´´μ (É ¡². 2).

1.5. ‡ ³¥´  ¶ · μ¸´μ¢ ´¨°. ‘¨¸É¥³  ÏÉ ³³μ¢ ¤²Ö μ¶·¥¤¥²¥´¨Ö § ³¥´ ¶ · μ¸´μ¢ -
´¨° ¡Ò²  · §· ¡μÉ ´  ¨ ¶·¥¤μ¸É ¢²¥´  ´ ³ ¶·μË. Œ. �.•¥³¶¸¨ (Œ¥¤¨Í¨´¸±¨° Í¥´É·
“´¨¢¥·¸¨É¥É  ÏÉ É  ‹Ê¨§¨ ´a, ‘˜�) [9]. ‚ É¥¸É¥·´μ° ¸¨¸É¥³¥ ¨¸¶μ²Ó§Ê¥É¸Ö £¥´ ‘YC1,
±μ¤¨·ÊÕÐ¨° μ¤´Ê ¨§ ¸Ê¡Ñ¥¤¨´¨Í ¤ÒÌ É¥²Ó´μ£μ Ë¥·³¥´É  Í¨ÉμÌ·μ³ ¸. ŒÊÉ Í¨μ´´Ò¥
¨§³¥´¥´¨Ö £¥´  ¶·¨¢μ¤ÖÉ ± ´ ·ÊÏ¥´¨Õ ¤ÒÌ ´¨Ö, ¨, ¢¸²¥¤¸É¢¨¥ ÔÉμ£μ, ±²¥É±¨ É¥·ÖÕÉ
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¸¶μ¸μ¡´μ¸ÉÓ · ¸É¨ ´  ¸·¥¤¥ ¸ ´¥¸¡· ¦¨¢ ¥³Ò³ ¨¸ÉμÎ´¨±μ³ Ê£²¥·μ¤ . ’ ±¨³ μ¡· §μ³,
É¥¸É¥·´Ò¥ ÏÉ ³³Ò, μ¡² ¤ ÕÐ¨¥ ‘Ê¸−-Ë¥´μÉ¨¶μ³, ¤ÒÌ É¥²Ó´μ ´¥¤μ¸É ÉμÎ´Ò ¨ · ¸ÉÊÉ
Éμ²Ó±μ ´  ¸·¥¤¥, ¸μ¤¥·¦ Ð¥° £²Õ±μ§Ê ¢ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  Ê£²¥·μ¤ .

’¥¸É¥·´ Ö ¸¨¸É¥³  ¸μ¸Éμ¨É ¨§ Ï¥¸É¨ ¨§μ£¥´´ÒÌ ÏÉ ³³μ¢ (YMH52ÄYMH57), ¨³¥ÕÐ¨Ì
§ ³¥´Ò ¶ · μ¸´μ¢ ´¨° ¢ ±μ¤μ´¥ 22 £¥´  CYC1, ±μ¤¨·ÊÕÐ¥³ Í¨¸É¥¨´ (‘ys22). � ²¨Î¨¥
Í¨¸É¥¨´  ¢ ¶μ²μ¦¥´¨¨ 22 ¢ ¡¥²±¥ ¨§μ-1-Í¨ÉμÌ·μ³ ¸ Ö¢²Ö¥É¸Ö ±·¨É¨Î¥¸±¨³, ¶μÔÉμ³Ê ²Õ¡ Ö
§ ³¥´  ¶·¨¢μ¤¨É ± ¨´ ±É¨¢ Í¨¨ Ë¥·³¥´É . ‚μ¸¸É ´μ¢²¥´¨¥ ËÊ´±Í¨μ´ ²Ó´μ°  ±É¨¢´μ¸É¨
Ë¥·³¥´É  ¢μ§³μ¦´μ Éμ²Ó±μ §  ¸Î¥É ¨¸É¨´´ÒÌ ·¥¢¥·¸¨°, ¢μ¸¸É ´ ¢²¨¢ ÕÐ¨Ì ±μ¤μ´ Í¨¸É¥-
¨´  ¢ ¶μ²μ¦¥´¨¨ 22. �¥¢¥·¸¨Ö ± ¦¤μ£μ ÏÉ ³³  ¶·¥¤¸É ¢²Ö¥É μ¤´Ê ¨§ Ï¥¸É¨ ¢μ§³μ¦´ÒÌ
§ ³¥´ ¶ · μ¸´μ¢ ´¨°: É· ´§¨Í¨Õ ¨²¨ É· ´¸¢¥·¸¨Õ. ’ ±¨³ μ¡· §μ³, ¥¸²¨ ¢ ±²¥É±¥ ¤ ´-
´μ£μ ÏÉ ³³  ¶·μ¨§μÏ²  ·¥¢¥·¸¨Ö, ³μ¦´μ ÉμÎ´μ ¸± § ÉÓ, §  ¸Î¥É ± ±μ£μ ³μ²¥±Ê²Ö·´μ£μ
¸μ¡ÒÉ¨Ö ÔÉμ ¶·μ¨§μÏ²μ. 	¥§ ²ÓÉ¥·´ É¨¢´μ¸ÉÓ ÔÉμ£μ § ±²ÕÎ¥´¨Ö ¤μ¸É¨£ ¥É¸Ö ¢¸²¥¤¸É¢¨¥
¸²¥¤ÊÕÐ¨Ì ¶·¨Î¨´:  ) ²Õ¡ Ö § ³¥´   ³¨´μ±¨¸²μÉÒ ¢ ¶μ²μ¦¥´¨¨ 22 ¶μ²´μ¸ÉÓÕ ´ ·ÊÏ ¥É
ËÊ´±Í¨μ´ ²Ó´μ¸ÉÓ ¡¥²± ; ¡) ¢¸¥ ¨¸¶μ²Ó§Ê¥³Ò¥ ³ÊÉ Í¨¨ Ö¢²ÖÕÉ¸Ö ³¨¸¸¥´¸-³ÊÉ Í¨Ö³¨, ÎÉμ
¶μ²´μ¸ÉÓÕ ¨¸±²ÕÎ ¥É ¢μ§³μ¦´μ¸ÉÓ ´ ¨¡μ²¥¥ Ï¨·μ±μ ¢¸É·¥Î ÕÐ¥°¸Ö ¸Ê¶·¥¸¸¨¨ ´μ´¸¥´¸-
³ÊÉ Í¨°; ¢) ¡²μ±¨·μ¢ ´  ·¥±μ³¡¨´ Í¨Ö ¸ £μ³μ²μ£μ³  ²²¥²Ö ¸Ê¸1, É ± ± ± ¸Ê¸1 ´ Ìμ¤¨É¸Ö
¢ £¥³¨§¨£μÉ´μ³ ¸μ¸ÉμÖ´¨¨; £) ¤¥²¥É¨·μ¢ ´ £¥´ CYC7, ±μ¤¨·ÊÕÐ¨° ¨§μ-2-Í¨ÉμÌ·μ³ ¸,  ±-
É¨¢´μ¸ÉÓ ±μÉμ·μ£μ ³μ£²  ³ ¸±¨·μ¢ ÉÓ ¶·μÖ¢²¥´¨¥ ¨¸É¨´´ÒÌ ·¥¢¥·¸μ¢,   É ±¦¥ ¨¸±²ÕÎ¥´ 
·¥±μ³¡¨´ Í¨Ö ³¥¦¤Ê £¥´ ³¨ CYC1 ¨ CYC7.

ˆ´¤Ê±Í¨Ö γ-¨§²ÊÎ¥´¨¥³ § ³¥´ ¶ · μ¸´μ¢ ´¨° ¨§ÊÎ ² ¸Ó Ê ¤¨¶²μ¨¤´ÒÌ (YMH52Ä
YMH57) ¨ £ ¶²μ¨¤´ÒÌ (YMH2ÄYMH7) ÏÉ ³³μ¢ ¤·μ¦¦¥°. „²Ö μ¶·¥¤¥²¥´¨Ö Î ¸ÉμÉÒ
³ÊÉ¨·μ¢ ´¨Ö ±²¥É±¨ · ¸¸¥¢ ²¨ ´  ¸¥²¥±É¨¢´ÊÕ ¶¨É É¥²Ó´ÊÕ ¸·¥¤Ê, ¸μ¤¥·¦ ÐÊÕ £²¨Í¥-
·¨´ ¢ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  Ê£²¥·μ¤ . — ¸ÉμÉ  ¸¶μ´É ´´ÒÌ ³ÊÉ Í¨°, μ¶·¥¤¥²¥´´ Ö ¢ ´ Ï¨Ì
Ô±¸¶¥·¨³¥´É Ì, Ê É¥¸É¥·´ÒÌ ÏÉ ³³μ¢ ´¨§±  ¨ ±μ²¥¡²¥É¸Ö ¢ ¶·¥¤¥² Ì μÉ 3 · 10−10 ¤μ
1,3 · 10−9 (É ¡². 2).

�μ¤ ¤¥°¸É¢¨¥³ γ-¨§²ÊÎ¥´¨Ö μ¡· §ÊÕÉ¸Ö ¢¸¥ É¨¶Ò § ³¥´ ¶ · μ¸´μ¢ ´¨° (É ¡². 2). ’¨-
¶¨Î´Ò¥ ±·¨¢Ò¥ § ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ ¨´¤Ê±Í¨¨ ·¥¢¥·¸μ¢ μÉ ¤μ§Ò γ-¨§²ÊÎ¥´¨Ö ¤²Ö ¤¨¶²μ-
¨¤´ÒÌ ¨ £ ¶²μ¨¤´ÒÌ ±²¥Éμ± ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5. �¥¸³μÉ·Ö ´  · §²¨Î¨Ö  ¡¸μ²ÕÉ´ÒÌ
§´ Î¥´¨° Î ¸ÉμÉ ³ÊÉ¨·μ¢ ´¨Ö, Ëμ·³  ¶μ²ÊÎ¥´´ÒÌ ¤μ§μ¢ÒÌ ±·¨¢ÒÌ ¤²Ö £ ¶²μ¨¤´ÒÌ ÏÉ ³-
³μ¢ μ¶¨¸Ò¢ ¥É¸Ö ²¨´¥°´μ° ËÊ´±Í¨¥°,   ¤²Ö ¤¨¶²μ¨¤´ÒÌ Å ²¨´¥°´μ-±¢ ¤· É¨Î´μ°.

— ¸ÉμÉÒ § ³¥´ ¶ · μ¸´μ¢ ´¨° ¶·¨ ¤μ§ Ì 100 Ä1000 ƒ· ¸μ¸É ¢²Ö²¨ μÉ 2·10−8 ¤μ 3·10−6,
¢ § ¢¨¸¨³μ¸É¨ μÉ É¨¶  ·¥¢¥·¸¨°. “ ¤¨¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ¶·¨ ¤μ§ Ì ¡μ²¥¥ 250 ƒ· Î ¸ÉμÉ 
³ÊÉ¨·μ¢ ´¨Ö ¡Ò²  ¢ÒÏ¥, Î¥³ Ê ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì £ ¶²μ¨¤μ¢ ¶·¨ É¥Ì ¦¥ ¤μ§ Ì, ÌμÉÖ · §³¥·
³¨Ï¥´¨ μ¤¨´ ¨ ÉμÉ ¦¥, ¶μ¸±μ²Ó±Ê ¤¨¶²μ¨¤´Ò¥ ÏÉ ³³Ò £¥³¨§¨£μÉ´Ò ¶μ £¥´Ê CYC1.

2. ��‘“†„…�ˆ…

�¥¸μ³´¥´´Ò° ´ ÊÎ´Ò° ¨ ¶· ±É¨Î¥¸±¨° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¨§ÊÎ¥´¨¥ ÔËË¥±É¨¢´μ-
¸É¨ ¨´¤Ê±Í¨¨ · §²¨Î´ÒÌ É¨¶μ¢ ³ÊÉ Í¨° ¸ ¶μ³μÐÓÕ ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨. ‚ ¤ ´´μ°
· ¡μÉ¥ ¶·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¶μ ¨´¤Ê±Í¨¨ γ-¨§²ÊÎ¥´¨¥³ ³ÊÉ Í¨μ´´ÒÌ ¨§³¥´¥´¨° μ¶·¥-
¤¥²¥´´μ° £¥´¥É¨Î¥¸±μ° ¶·¨·μ¤Ò,   ¨³¥´´μ ¶μÉ¥·Ó Ì·μ³μ¸μ³, ±·Ê¶´ÒÌ ¶¥·¥¸É·μ¥±, ³¨±·μ-
¤¥²¥Í¨° ¨ § ³¥´ ¶ · μ¸´μ¢ ´¨° Ê μ¤´μ±²¥ÉμÎ´μ£μ ÔÊ± ·¨μÉ¨Î¥¸±μ£μ μ·£ ´¨§³  ¤·μ¦¦¥°
Saccharomyces cerevisiae.

ˆμ´¨§¨·ÊÕÐ Ö · ¤¨ Í¨Ö ¢Ò§Ò¢ ¥É Ï¨·μ±¨° ¸¶¥±É· ¶μ¢·¥¦¤¥´¨° „�Š. �Éμ μ¤´μ-
¨ ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „�Š, ¶μ¶¥·¥Î´Ò¥ ¸Ï¨¢±¨, · §·Ò¢Ò ¢μ¤μ·μ¤´ÒÌ ¸¢Ö§¥° ³¥¦¤Ê



ˆ´¤Ê±Í¨Ö ³ÊÉ Í¨° · §²¨Î´μ° ¶·¨·μ¤Ò Ê ¤·μ¦¦¥° Saccharomyces cerevisiae 105

μ¸´μ¢ ´¨Ö³¨, · §·ÊÏ¥´¨¥ É¥·³μ² ¡¨²Ó´μ£μ Ëμ¸Ë É  ¸ Ì · , ¶μ¢·¥¦¤¥´¨¥ ¨ ³μ¤¨Ë¨± Í¨Ö
μ¸´μ¢ ´¨° [10]. �¥·¥¶ ·¨·Ê¥³Ò¥ ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „�Š ¢Ò§Ò¢ ÕÉ £¨¡¥²Ó ±²¥É±¨,  
¢ ·¥§Ê²ÓÉ É¥ ·¥¶ · Í¨¨ ¤¢Ê´¨É¥¢μ£μ · §·Ò¢  ³μ£ÊÉ ¶·μ¨¸Ìμ¤¨ÉÓ ±·Ê¶´Ò¥ ¶¥·¥¸É·μ°±¨
£¥´μ³ , É ±¨¥ ± ± ±·μ¸¸¨´£μ¢¥· ¨ ±μ´¢¥·¸¨Ö. ˆ§ ¶·¨¢¥¤¥´´ÒÌ ¤ ´´ÒÌ ¢¨¤´μ, ÎÉμ £¨¡¥²Ó
±²¥Éμ± ¶·¨ ¤μ§ Ì 100 ƒ· ¤μ¸É¨£ ¥É 20 % ¤²Ö ¤¨¶²μ¨¤´ÒÌ ÏÉ ³³μ¢. �·¨ ´¨§±¨Ì ¤μ§ Ì
ÔËË¥±É¨¢´μ ¨´¤ÊÍ¨·ÊÕÉ¸Ö ±·Ê¶´Ò¥ ¶¥·¥¸É·μ°±¨, Î ¸ÉμÉ  ·¥±μ³¡¨´ Í¨¨ ¤μ¸É¨£ ¥É 2%
(·¨¸. 3).

Š ´ ¨¡μ²¥¥ Î ¸Éμ³Ê É¨¶Ê ¶μ¢·¥¦¤¥´¨° μÉ´μ¸ÖÉ¸Ö ³μ¤¨Ë¨± Í¨¨ μ¸´μ¢ ´¨°, ±μÉμ·Ò¥
³μ¦´μ Ê¸²μ¢´μ · §¤¥²¨ÉÓ ´  ¤¢  ±² ¸¸ . Š ¶¥·¢μ³Ê ±² ¸¸Ê μÉ´μ¸ÖÉ¸Ö ³μ¤¨Ë¨± Í¨¨  §μÉ¨-
¸ÉÒÌ μ¸´μ¢ ´¨°, ±μÉμ·Ò¥ ´¥ ¶·¥¶ÖÉ¸É¢ÊÕÉ μ¡· §μ¢ ´¨Õ ¢μ¤μ·μ¤´ÒÌ ¸¢Ö§¥°, ¢Ò§Ò¢ ¥³Ò¥
¨³¨ ³ÊÉ Í¨¨ ¢μ§´¨± ÕÉ ¢ Ìμ¤¥ ·¥¶²¨± Í¨¨ „�Š ¶μ ³¥Ì ´¨§³Ê μÏ¨¡μÎ´μ£μ ¸¶ ·¨¢ ´¨Ö.
Šμ ¢Éμ·μ³Ê ±² ¸¸Ê μÉ´μ¸ÖÉ¸Ö ´¥±μ¤¨·ÊÕÐ¨¥ ¶μ¢·¥¦¤¥´¨Ö, ±μÉμ·Ò¥ ¨§³¥´ÖÕÉ ¸É·Ê±ÉÊ·Ê
μ¸´μ¢ ´¨° ´ ¸Éμ²Ó±μ, ÎÉμ ±μ³¶²¥³¥´É ·´μ¥ ¸¶ ·¨¢ ´¨¥ μ± §Ò¢ ¥É¸Ö ´¥¢μ§³μ¦´Ò³ ¨ § -
¶Ê¸± ¥É¸Ö ¸²μ¦´Ò° ±²¥ÉμÎ´Ò° μÉ¢¥É, ¢±²ÕÎ ÕÐ¨° ¢ ¸¥¡Ö ¨´¤Ê±Í¨Õ ¢Ò¸μ±μμÏ¨¡μÎ´μ°
(³ÊÉ £¥´´μ°) ¢¥É¢¨ ·¥¶ · Í¨¨. ‘²¥¤¸É¢¨¥³ É ±¨Ì ¶μ¢·¥¦¤¥´¨° μ¡ÒÎ´μ ¡Ò¢ ÕÉ ÉμÎ¥Î-
´Ò¥ ³ÊÉ Í¨¨ Å ¢¸É ¢± -¢Ò¶ ¤¥´¨¥ ´Ê±²¥μÉ¨¤  ¨ § ³¥´  ¶ · μ¸´μ¢ ´¨° [11]. ˆ§ É ¡². 2
¢¨¤´μ, ÎÉμ ¶μ¤μ¡´Ò¥ ¨§³¥´¥´¨Ö (³¨±·μ¤¥²¥Í¨¨ ¨ § ³¥´Ò ¶ · μ¸´μ¢ ´¨°) ¶·¨ ´¨§±¨Ì
¤μ§ Ì γ-¨§²ÊÎ¥´¨Ö ¨´¤ÊÍ¨·ÊÕÉ¸Ö ³¥´¥¥ ÔËË¥±É¨¢´μ, Î¥³ ±·Ê¶´Ò¥ ¶¥·¥¸É·μ°±¨, ¶·¨ ¡μ-
²¥¥ ¢Ò¸μ±¨Ì ¤μ§ Ì (1000 ƒ·) Î ¸ÉμÉ  ¨´¤Ê±Í¨¨ É ±¨Ì ³ÊÉ Í¨° ¶μ¢ÒÏ ¥É¸Ö ¨ ¸μ¸É ¢²Ö¥É
10−6−10−8 (·¨¸. 5).

‚ ¡μ²ÓÏ¨´¸É¢¥ · ¡μÉ, μ¶¨¸Ò¢ ÕÐ¨Ì ¨´¤Ê±Í¨Õ ¶·Ö³ÒÌ ¨ μ¡· É´ÒÌ ³ÊÉ Í¨° ¶·¨ ¢μ§-
¤¥°¸É¢¨¨ γ-¨§²ÊÎ¥´¨¥³ ´  ¤·μ¦¦¥¢Ò¥ ±²¥É±¨, ¢ÒÖ¢²ÖÕÉ¸Ö ²¨´¥°´Ò¥ § ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ
³ÊÉ¨·μ¢ ´¨Ö μÉ ¤μ§Ò. ‚ ¨§ÊÎ¥´´ÒÌ ´ ³¨ É¥¸É¥·´ÒÌ ¸¨¸É¥³ Ì ¤·μ¦¦¥° ´ ¡²Õ¤ ¥É¸Ö, ¢
μ¸´μ¢´μ³, É ± Ö ¦¥ § ¢¨¸¨³μ¸ÉÓ. ˆ¸±²ÕÎ¥´¨¥ ¸μ¸É ¢²Ö¥É Î ¸ÉμÉ  ³¥¦£¥´´μ° ·¥±μ³¡¨-
´ Í¨¨, ±μÉμ· Ö ¤¥³μ´¸É·¨·Ê¥É ²¨´¥°´ÊÕ § ¢¨¸¨³μ¸ÉÓ Éμ²Ó±μ ¶·¨ ³ ²ÒÌ ¤μ§ Ì,   § É¥³
¢ÒÌμ¤¨É ´  ¶² Éμ. �μ-¢¨¤¨³μ³Ê, ²¨´¥°´Ò° ÊÎ ¸Éμ± μÉ· ¦ ¥É ÔËË¥±É¨¢´μ¥ ËÊ´±Í¨μ´¨·μ-
¢ ´¨¥ ·¥±μ³¡¨´ Í¨μ´´μ° ·¥¶ · Í¨¨,   ¢ÒÌμ¤ ´  ¶² Éμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ´¥¤μ¢ÒÖ¢²¥´¨¨
§  ¸Î¥É ¢μ§´¨±´μ¢¥´¨Ö ³´μ¦¥¸É¢¥´´ÒÌ ·¥±μ³¡¨´ ´Éμ¢ ¨ £¨¡¥²¨ Î ¸É¨ ·¥±μ³¡¨´ ´É´ÒÌ
±²¥Éμ±.

— ¸ÉμÉ  § ³¥´ ¶ · μ¸´μ¢ ´¨° ¢ ±²¥É± Ì ¤¨¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ μ¶¨¸Ò¢ ¥É¸Ö ²¨´¥°´μ-
±¢ ¤· É¨Î´μ° § ¢¨¸¨³μ¸ÉÓÕ μÉ ¤μ§Ò. ˆ§¢¥¸É´μ, ÎÉμ ¶²μ¨¤´μ¸ÉÓ ¨ É¨¶ ¸¶ ·¨¢ ´¨Ö ³μ£ÊÉ
¸¨²Ó´μ ¢²¨ÖÉÓ ´  ¸¶μ´É ´´Ò° ¨ ¨´¤ÊÍ¨·μ¢ ´´Ò° ³ÊÉ £¥´¥§ [12]. �μ¸±μ²Ó±Ê ¢ ¨§ÊÎ ¥³μ°
´ ³¨ É¥¸É¥·´μ° ¸¨¸É¥³¥ ³¨Ï¥´Ó ¢ £ ¶²μ¨¤´ÒÌ ¨ ¤¨¶²μ¨¤´ÒÌ ±²¥É± Ì ¡Ò²  μ¤¨´ ±μ-
¢μ° (μ¤´  ±μ¶¨Ö £¥´ ), ³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ · §²¨Î¨Ö ¢ Ì · ±É¥·¥ ¨´¤ÊÍ¨·μ¢ ´´μ£μ
³ÊÉ £¥´¥§  ¢ ÏÉ ³³ Ì · §´μ° ¶²μ¨¤´μ¸É¨ μ¡Ê¸²μ¢²¥´Ò μ¸μ¡¥´´μ¸ÉÖ³¨ ¤¨¶²μ¨¤¸¶¥Í¨Ë¨-
Î¥¸±μ° ·¥¶ · Í¨¨.

‚ · §²¨Î´ÒÌ ² ¡μ· Éμ·¨ÖÌ ¤²Ö ¨§ÊÎ¥´¨Ö § ±μ´μ³¥·´μ¸É¥° ³ÊÉ £¥´¥§  ¨¸¶μ²Ó§ÊÕÉ¸Ö
³´μ£μÎ¨¸²¥´´Ò¥ £¥´¥É¨Î¥¸±¨¥ ¸¨¸É¥³Ò. ‚ ¤ ´´μ° · ¡μÉ¥ ¤²Ö μÍ¥´±¨ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨°
· §²¨Î´μ° ¶·¨·μ¤Ò É ±¦¥ ¨¸¶μ²Ó§μ¢ ´μ ´¥¸±μ²Ó±μ £¥´¥É¨Î¥¸±¨Ì ¸¨¸É¥³. �·¥¤¸É ¢²Ö¥É
¨´É¥·¥¸ μÍ¥´±  ¸¶¥Í¨Ë¨Î´μ¸É¨ ¢Ò¡· ´´ÒÌ £¥´¥É¨Î¥¸±¨Ì ¸¨¸É¥³ ¨ Ì · ±É¥·´ÒÌ Î ¸ÉμÉ
³ÊÉ¨·μ¢ ´¨Ö, ·¥±μ³¡¨´ Í¨¨ ¨ ¶μÉ¥·¨ Ì·μ³μ¸μ³ ¢ ¤·μ¦¦¥¢ÒÌ ±²¥É± Ì. ˆ¸± ¦¥´¨¥ Î -
¸ÉμÉÒ ³ÊÉ £¥´¥§  ¢μ§³μ¦´μ ¨§-§  ¶·¨¸ÊÉ¸É¢¨Ö ¢ £¥´ Ì ®£μ·ÖÎ¨Ì ÉμÎ¥±¯, ¢ ±μÉμ·ÒÌ ±μ²¨-
Î¥¸É¢μ ³ÊÉ Í¨° ³μ¦¥É ¡ÒÉÓ ¶μ¢ÒÏ¥´μ ¢ ´¥¸±μ²Ó±μ · § ¶μ ¸· ¢´¥´¨Õ ¸ μ±·Ê¦ ÕÐ¨³¨
ÊÎ ¸É± ³¨ [13]. ˆ¸¶μ²Ó§Ê¥³ Ö ´ ³¨ É¥¸É¥·´ Ö ¸¨¸É¥³  ´  μ¸´μ¢¥ £¥´  HOM3, ¨³¥Õ-
Ð¥£μ · §³¥· 1584 ¶ · μ¸´μ¢ ´¨°, Ì · ±É¥·¨§Ê¥É¸Ö ¢Ò¶ ¤¥´¨¥³ ´Ê±²¥μÉ¨¤  ´  ÊÎ ¸É±¥,
±μÉμ·Ò° ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¨§ 7 ¶μ¢Éμ·ÖÕÐ¨Ì¸Ö É¨³¨´μ¢, ¨, ¸²¥-
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¤μ¢ É¥²Ó´μ, Ö¢²Ö¥É¸Ö ¶·¨³¥·μ³ ®£μ·ÖÎ¥° ÉμÎ±¨¯. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, μÍ¥´±  Î ¸ÉμÉÒ
¨´¤Ê±Í¨¨ ¸¤¢¨£  · ³±¨ ¸Î¨ÉÒ¢ ´¨Ö ¶μ Ë¥´μÉ¨¶Ê § ´¨¦¥´ , ¶μ¸±μ²Ó±Ê ³ÊÉ Í¨¨, ¢μ§´¨± -
ÕÐ¨¥ ¢ ±μ´Í¥ ±μ¤¨·ÊÕÐ¥° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨, ³μ£ÊÉ ´¥ ¢²¨ÖÉÓ ´  ËÊ´±Í¨μ´ ²Ó´μ¸ÉÓ
¶·μ¤Ê±É . ‡ ´¨¦¥´¨¥ Î ¸ÉμÉÒ § ³¥´ ¶ · μ¸´μ¢ ´¨° ¶·μ¨¸Ìμ¤¨É É ±¦¥ §  ¸Î¥É ¢Ò·μ¦¤¥´-
´μ¸É¨ ±μ¤ . �  Î ¸ÉμÉÊ § ³¥´ ¶ · μ¸´μ¢ ´¨° ³μ¦¥É μ± §Ò¢ ÉÓ ¢²¨Ö´¨¥ ÔËË¥±É ¶μ²μ¦¥´¨Ö
μ¸´μ¢ ´¨Ö ¢ ±μ´É¥±¸É¥ ´Ê±²¥μÉ¨¤´μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¨ ¶·μ¸É· ´¸É¢¥´´μ¥ · ¸¶μ²μ-
¦¥´¨¥ ¥£μ ´  Ì·μ³μ¸μ³¥. � ¶·¨³¥·, Î ¸ÉμÉ  ¸¶μ´É ´´μ° § ³¥´Ò μ¸´μ¢ ´¨° ƒ–Ä�’ ³μ¦¥É
· §²¨Î ÉÓ¸Ö ¢ 2000 · § ¢ ¶·¥¤¥² Ì μ¤´μ£μ £¥´  [14]. �μ ´ Ï¨³ ¤ ´´Ò³ ¢ ±μ¤μ´¥ Cys22
£¥´  CYC1 ¡μ²ÓÏ Ö Î ¸ÉÓ § ³¥´ ¶·¨Ìμ¤¨É¸Ö ´  ¶¥·¢ÊÕ ¶ ·Ê μ¸´μ¢ ´¨° ¨¸¸²¥¤Ê¥³μ£μ
É·¨¶²¥É . — ¸ÉμÉ  ¶·Ö³ÒÌ ³ÊÉ Í¨° ¢ £¥´¥ CAN1 ³μ¦¥É ¡ÒÉÓ § ´¨¦¥´  §  ¸Î¥É Éμ£μ,
ÎÉμ ¢ÒÖ¢²ÖÕÉ¸Ö Éμ²Ó±μ Ë¥´μÉ¨¶¨Î¥¸±¨¥ ³ÊÉ ´ÉÒ. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶·¥¤¸É ¢²Ö¥É¸Ö Í¥²¥-
¸μμ¡· §´Ò³ ¶μ²ÊÎ¥´´ÊÕ ¸±μ·μ¸ÉÓ ³ÊÉ¨·μ¢ ´¨Ö ´μ·³¨·μ¢ ÉÓ ´  ¤²¨´Ê ÊÎ ¸É¢ÊÕÐ¥£μ ¢
³ÊÉ £¥´¥§¥ Ë· £³¥´É  „�Š ¨ ¸· ¢´¨ÉÓ ¸ ²¨É¥· ÉÊ·´Ò³¨ ¤ ´´Ò³¨ ¶μ ¤·Ê£¨³ ¸¨¸É¥³ ³.

�·μË¥¸¸μ·μ³ „¦. ‚.„·¥°±μ³ ¡Ò²  ¶·μ¢¥¤¥´  · ¡μÉ  ¶μ μÍ¥´±¥ ¸±μ·μ¸É¨ ¸¶μ´É ´´μ£μ
³ÊÉ¨·μ¢ ´¨Ö Ê μ·£ ´¨§³μ¢ · §²¨Î´ÒÌ É ±¸μ´μ³¨Î¥¸±¨Ì £·Ê¶¶ [15, 16]. ‚ · ¡μÉ¥ ¶·¨-
¢μ¤ÖÉ¸Ö Î ¸ÉμÉÒ ¸¶μ´É ´´μ£μ ³ÊÉ¨·μ¢ ´¨Ö ¤²Ö ´¥¸±μ²Ó±¨Ì £¥´μ¢ ¤·μ¦¦¥°. „²Ö ¶·Ö³ÒÌ
³ÊÉ Í¨° ¢ £¥´¥ CAN1 · §³¥·μ³ 1,8 É¶´ μ´  ¸μ¸É ¢²Ö²  1,73 · 10−10 ´  μ¤¨´ ´Ê±²¥μÉ¨¤. ‚
£¥´¥ SUP4-o, · ¸¶μ²μ¦¥´´μ³ ´  ¶² §³¨¤¥ ¨ ¸μ¸ÉμÖÐ¥³ ¨§ Ô±§μ´  75 ¶´ ¨ ¨´É·μ´  14 ¶´,
¸·¥¤´ÖÖ Î ¸ÉμÉ  ¸¶μ´É ´´μ£μ ³ÊÉ¨·μ¢ ´¨Ö ¸μ¸É ¢²Ö²  7,9 ·10−9 ´  μ¤¨´ ´Ê±²¥μÉ¨¤. ‘¶μ´-
É ´´Ò¥ § ³¥´Ò ¶ · μ¸´μ¢ ´¨° ¢ £¥´¥ URA3 (804 ¶´) ¶·μ¨¸Ìμ¤¨²¨ ¸μ ¸±μ·μ¸ÉÓÕ 2,8·10−10

´  μ¤¨´ ´Ê±²¥μÉ¨¤. ’ ±¨³ μ¡· §μ³, ¢ ¤·μ¦¦¥¢ÒÌ ±²¥É± Ì ¸±μ·μ¸É¨ ¸¶μ´É ´´ÒÌ ³ÊÉ Í¨°
¤²Ö · §´ÒÌ £¥´¥É¨Î¥¸±¨Ì ¸¨¸É¥³ · §²¨Î ²¨¸Ó ´  1Ä2 ¶μ·Ö¤± .

	Ò²¨ ¨¸¸²¥¤μ¢ ´Ò ¤·Ê£¨¥ ³¨±·μμ·£ ´¨§³Ò Å ¡ ±É¥·¨¨ ¨ £·¨¡Ò. � §³¥·Ò ¨Ì £¥´μ³ 
· §²¨Î ÕÉ¸Ö ¢ 6500 · §,   ¸·¥¤´¨¥ ¸±μ·μ¸É¨ ³ÊÉ¨·μ¢ ´¨Ö ¢ ¶¥·¥¸Î¥É¥ ´  μ¤¨´ ´Ê±²¥μ-
É¨¤ Å ¢ 16 000 · §. �μ± § ´μ, ÎÉμ ¶·¨ ´μ·³¨·μ¢±¥ ´  · §³¥· £¥´μ³  §´ Î¥´¨Ö ¸¶μ´É ´´ÒÌ
Î ¸ÉμÉ ³ÊÉ¨·μ¢ ´¨Ö · §²¨Î ÕÉ¸Ö ¢ 2,5 · §  ¨ ¸μ¸É ¢²ÖÕÉ ¢ ¸·¥¤´¥³ 0,033 ´  ·¥¶²¨± -
Í¨Õ. “ ¢Ò¸Ï¨Ì ÔÊ± ·¨μÉ, ¥¸²¨ ÊÎ¨ÉÒ¢ ÉÓ Éμ²Ó±μ · ¡μÉ ÕÐ¨° £¥´μ³, ¸μμÉ¢¥É¸É¢ÊÕÐ¨°
¶μ± § É¥²Ó Éμ¦¥ ¨³¥¥É ¡²¨§±μ¥ §´ Î¥´¨¥. „·¥°± μ¡ÑÖ¸´Ö¥É ¶μ¤μ¡´μ¥ ¥¤¨´μμ¡· §¨¥ É¥³,
ÎÉμ Î ¸ÉμÉ  ³ÊÉ Í¨° ´  Ê·μ¢´¥ £¥´μ³  Ö¢²Ö¥É¸Ö μ¡Ñ¥±Éμ³ ¥¸É¥¸É¢¥´´μ£μ μÉ¡μ· , ¢ ·¥§Ê²Ó-
É É¥ ±μÉμ·μ£μ ¢Ò· ¡ ÉÒ¢ ÕÉ¸Ö μ¶É¨³ ²Ó´Ò¥, Ô¢μ²ÕÍ¨μ´´μ ¢Ò£μ¤´Ò¥ §´ Î¥´¨Ö Î ¸ÉμÉÒ
¸¶μ´É ´´μ£μ ³ÊÉ £¥´¥§ .

‚ ¸¢μ¤´μ° É ¡². 2 ¶·¨¢¥¤¥´Ò ¶μ²ÊÎ¥´´Ò¥ ´ ³¨ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö,  ¡¸μ²ÕÉ´Ò¥ ¨
´μ·³¨·μ¢ ´´Ò¥ ´  μ¤´Ê ¶ ·Ê μ¸´μ¢ ´¨°. ‚¨¤´μ, ÎÉμ Î ¸ÉμÉÒ ¸¶μ´É ´´μ£μ ³ÊÉ £¥´¥§ 
· §²¨Î ÕÉ¸Ö ´  É·¨ ¶μ·Ö¤± , ¶·¨ ´μ·³¨·μ¢ ´¨¨ ´  μ¤¨´ ´Ê±²¥μÉ¨¤ μ´¨ ±μ²¥¡²ÕÉ¸Ö μÉ
1 ·10−10 ¤μ 1,4 ·10−9. •μÉÖ Î ¸ÉμÉÒ ³μ£ÊÉ ¸¨²Ó´μ · §²¨Î ÉÓ¸Ö, ¶·¨ ´μ·³¨·μ¢±¥ ´  · §³¥·
£¥´μ³  μ´¨ ¸¢μ¤ÖÉ¸Ö ± Ì · ±É¥·´Ò³ ¢¥²¨Î¨´ ³.

„²Ö ¢´ÊÉ·¨£¥´´ÒÌ ³ÊÉ Í¨° · §²¨Î´μ° ³μ²¥±Ê²Ö·´μ° ¶·¨·μ¤Ò, ¨´¤ÊÍ¨·μ¢ ´´ÒÌ
γ-¨§²ÊÎ¥´¨¥³, §´ Î¥´¨e Î ¸ÉμÉÒ ±μ²¥¡²¥É¸Ö μÉ 5,8 ·10−5 ¤μ 3 ·10−8 ¶·¨ ¤μ§¥ 100 ƒ·. �·¨
Éμ° ¦¥ ¤μ§¥ Î ¸ÉμÉ  ·¥¢¥·¸¨° ¢ £¥´¥ LEU2 ¸μ¸É ¢²Ö²  1−2 · 10−5 [17],   Î ¸ÉμÉ  ¶·Ö³ÒÌ
³ÊÉ Í¨° ¢ £¥´ Ì ADE1 ¨ ADE2 Å ¸Ê³³ ·´μ ∼ 6 · 10−5 [3], ÎÉμ ¡²¨§±μ ± ¶μ²ÊÎ¥´´μ°
´ ³¨ Î ¸ÉμÉ¥ ¶·Ö³ÒÌ ³ÊÉ Í¨° ¢ £¥´¥ CAN1. 	μ²¥¥ ¢Ò¸μ± Ö Î ¸ÉμÉ  ³ÊÉ Í¨° ¢ £¥´¥ LYS2,
¶μ ¸· ¢´¥´¨Õ ¸ £¥´μ³ HOM3, μ¡ÑÖ¸´Ö¥É¸Ö, ¶μ-¢¨¤¨³μ³Ê, É¥³, ÎÉμ ³ÊÉ Í¨μ´´Ò¥ ¸μ¡ÒÉ¨Ö
´ ¡²Õ¤ ÕÉ¸Ö ´  ÊÎ ¸É±¥ £¥´ , ¸μ¤¥·¦ Ð¥³ 143 ¶ ·Ò μ¸´μ¢ ´¨°, ¢ Éμ ¢·¥³Ö ± ± ¢μ ¢Éμ·μ³
¸²ÊÎ ¥ Å ´  ÊÎ ¸É±¥ ¨§ 7 ¶μ¢Éμ·ÖÕÐ¨Ì¸Ö É¨³¨´μ¢. �·¨ ´μ·³¨·μ¢±¥ ´  μ¤¨´ ´Ê±²¥μÉ¨¤
· §¡·μ¸ §´ Î¥´¨° Î ¸ÉμÉ ¤²Ö γ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ ³ÊÉ Í¨°, É ± ¦¥, ± ± ¨ ¤²Ö ¸¶μ´É ´´ÒÌ,
Ê³¥´ÓÏ ¥É¸Ö ¨ ¸μ¸É ¢²Ö¥É 10−8−10−7 (É ¡². 2).
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ˆÉ ±, ¨§ÊÎ¨¢ Ï¨·μ±¨° ¸¶¥±É· £¥´¥É¨Î¥¸±¨Ì ¨§³¥´¥´¨°, ¢Ò§¢ ´´Òx γ-¨§²ÊÎ¥´¨¥³, ³Ò
μ¶·¥¤¥²¨²¨, ÎÉμ Î ¸ÉμÉÒ ¢´ÊÉ·¨£¥´´ÒÌ ³ÊÉ Í¨°, ´μ·³¨·μ¢ ´´Ò¥ ´  μ¤¨´ ´Ê±²¥μÉ¨¤,
³¥´¥¥ ¢ ·¨ ¡¥²Ó´Ò, Î¥³  ¡¸μ²ÕÉ´Ò¥ Î ¸ÉμÉÒ,   § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö μÉ
¤μ§Ò ´μ¸¨É ²¨´¥°´Ò° Ì · ±É¥· ¤²Ö ¡μ²ÓÏ¨´¸É¢  ¨¸¶μ²Ó§μ¢ ´´ÒÌ É¥¸É¥·´ÒÌ ¸¨¸É¥³. ’ -
±¨³ μ¡· §μ³, ¢Ò¡· ´´Ò¥ ´ ³¨ £¥´¥É¨Î¥¸±¨¥ ¸¨¸É¥³Ò ´¥ Ö¢²ÖÕÉ¸Ö ¸¶¥Í¨Ë¨Î¥¸±¨³¨ ¨
³ÊÉ¨·ÊÕÉ ¸ Ì · ±É¥·´Ò³¨ Î ¸ÉμÉ ³¨. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢¥¤¥É¸Ö · ¡μÉ  ¶μ ¨§ÊÎ¥´¨Õ
§ ±μ´μ³¥·´μ¸É¨ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° · §²¨Î´μ° ¶·¨·μ¤Ò ¶μ¤ ¤¥°¸É¢¨¥³ ¨μ´¨§¨·ÊÕÐ¨Ì
¨§²ÊÎ¥´¨° ¸ ¤·Ê£¨³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨.
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