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� §· ¡μÉ ´  ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸  ¢ ¡ ±É¥·¨ ²Ó-
´ÒÌ ±²¥É± Ì Escherichia coli ¶·¨ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ³ μ¡²ÊÎ¥´¨¨. �¶¨¸ ´  ¤¨´ ³¨±  ±μ´Í¥´É· Í¨°
¨´¤ÊÍ¨¡¥²Ó´ÒÌ ¡¥²±μ¢ÒÌ ±μ³¶²¥±¸μ¢, ¸¨´É¥§¨·ÊÕÐ¨Ì¸Ö ¢ Ìμ¤¥ SOS-μÉ¢¥É  E. coli. ˆ¸¸²¥¤μ¢ ´
¶·μÍ¥¸¸ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ¶·¨ ·¥ ²¨§ Í¨¨ translesion-¸¨´É¥§ . �¥Ï¥´¨Ö ³μ¤¥²¨ μ¸´μ¢ ´Ò ´  Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ± ¸ ÕÐ¨Ì¸Ö Ô±¸¶·¥¸¸¨¨ μ¸´μ¢´ÒÌ £¥´μ¢ SOS-¸¨¸É¥³Ò ¡ ±É¥·¨° E. coli.

The mathematical model of induced mutational process in bacterial cells Escherichia coli under
ultraviolet irradiation is developed. Concentration dynamics of the inducible protein complexes syn-
thesizing during SOS-response in E. coli is described. The process of mutations induction during the
translesion-synthesis is investigated. The solutions of model are based on experimental data which
describe the expression of main genes of SOS-system in E. coli.
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‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¤μ¸É¨£´ÊÉÒ §´ Î¨É¥²Ó´Ò¥ Ê¸¶¥Ì¨ ¢ ¨§ÊÎ¥´¨¨ ³μ²¥±Ê²Ö·´ÒÌ ³¥Ì -
´¨§³μ¢ ¢μ§´¨±´μ¢¥´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° Ê ¡ ±É¥·¨°, ¨´¤ÊÍ¨·Ê¥³ÒÌ Ë ±Éμ· ³¨ Ë¨§¨Î¥¸±μ°
¨ Ì¨³¨Î¥¸±μ° ¶·¨·μ¤Ò. “¸É ´μ¢²¥´μ, ÎÉμ ±²ÕÎ¥¢ÊÕ ·μ²Ó ¢ ÔÉμ³ ¶·μÍ¥¸¸¥ ¢ ¡ ±É¥·¨ ²Ó-
´ÒÌ ±²¥É± Ì Escherichia coli ¨£· ÕÉ £¥´Ò SOS-¸¨¸É¥³Ò, ±μ´É·μ²¨·ÊÕÐ¨¥ ¸¨´É¥§ „	Š ¶μ
³ É·¨Í¥ ¸ ¶μ¢·¥¦¤¥´´Ò³¨ μ¸´μ¢ ´¨Ö³¨ (translesion synthesis Å TLS) [1]. �μ± § ´μ, ÎÉμ
ÔÉμÉ ³¥Ì ´¨§³ ·¥ ²¨§Ê¥É¸Ö ´¥ Éμ²Ó±μ Ê ¶·μ± ·¨μÉ, ´μ ¨ ¢ ±²¥É± Ì ³²¥±μ¶¨É ÕÐ¨Ì ¨ Î¥-
²μ¢¥±  [2, 3]. ˆ§ÊÎ¥´¨¥ ±¨´¥É¨±¨ Ëμ·³¨·μ¢ ´¨Ö ¨ ¤¥£· ¤ Í¨¨ £¥´´ÒÌ ¶·μ¤Ê±Éμ¢ ¸¨¸É¥³Ò
SOS-μÉ¢¥É  ¶μ§¢μ²Ö¥É ¶μ¸É·μ¨ÉÓ ³ É¥³ É¨Î¥¸±ÊÕ ³μ¤¥²Ó, μ¶¨¸Ò¢ ÕÐÊÕ ¨´¤ÊÍ¨·μ¢ ´´Ò°
³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸ Ê ±²¥Éμ± E. coli ¶·¨ ¢μ§¤¥°¸É¢¨¨ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö.

Š ± ¨§¢¥¸É´μ, SOS-·¥£Ê²μ´ ±²¥Éμ± E. coli ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¡μ²¥¥ 40 ¨´¤ÊÍ¨¡¥²Ó´ÒÌ
£¥´μ¢. Š²ÕÎ¥¢Ò³¨ ¢ Ìμ¤¥ SOS-μÉ¢¥É  ±²¥Éμ± Ö¢²ÖÕÉ¸Ö £¥´Ò recA, lexA, umuD, umuC.
‘¨£´ ² ± § ¶Ê¸±Ê SOS-¸¨¸É¥³Ò Å ¶μÖ¢²¥´¨¥ μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥²μ¢ „	Š. �¥²μ± RecA,
Ö¢²ÖÕÐ¨°¸Ö ¶·μ¤Ê±Éμ³ £¥´  recA, ¸¢Ö§Ò¢ Ö¸Ó ¸ ÊÎ ¸É± ³¨ μ¤´μ´¨É¥¢μ° „	Š, μ¡· §Ê¥É
¸¶¨· ²Ó´Ò¥ ³´μ£μ³¥·´Ò¥ ´Ê±²¥μ¶·μÉ¥¨´μ¢Ò¥ Ë¨² ³¥´ÉÒ ¨  ±É¨¢¨·Ê¥É¸Ö, ¶·¨μ¡·¥É Ö
¶·μÉ¥ §´ÊÕ ±μ´Ëμ·³ Í¨Õ ( ±É¨¢´ Ö Ëμ·³  Å RecA*) ¨ ¸¶μ¸μ¡´μ¸ÉÓ · ¸Ð¥¶²ÖÉÓ ·¥-
¶·¥¸¸μ· LexA ¨ ¤·Ê£¨¥ ¡¥²±¨. ˆ§¢¥¸É´μ, ÎÉμ ± ¦¤Ò° £¥´ SOS-¸¨¸É¥³Ò ·¥¶·¥¸¸¨·Ê¥É¸Ö
É· ´¸±·¨¶Í¨μ´´Ò³ Ë ±Éμ·μ³ LexA. �¥²μ± LexA, § ¶¨· Ö ¶·μ³μÉμ·Ò ¨´¤ÊÍ¨¡¥²Ó´ÒÌ
μ¶¥·μ´μ¢, ¶μ¤¤¥·¦¨¢ ¥É ¸¨´É¥§ ±μ¤¨·Ê¥³ÒÌ ¨³¨ ¡¥²±μ¢ ´  ´¨§±μ³ Ê·μ¢´¥. LexA-¶·μÉ¥¨´
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Ö¢²Ö¥É¸Ö ¶·μ¤Ê±Éμ³ £¥´  lexA. ‘μ±· Ð¥´¨¥ ¶Ê²  ¨´ ±É´ÒÌ ³μ²¥±Ê² LexA ¢ ·¥§Ê²ÓÉ É¥ · ¸-
Ð¥¶²¥´¨Ö RecA-¶·μÉ¥ §μ° ¶·¨¢μ¤¨É ± ¤¥·¥¶·¥¸¸¨¨ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ £¥´μ¢ SOS-¸¨¸É¥³Ò,
¢±²ÕÎ Ö umuD-, umuC-£¥´Ò. RecA-¶·μÉ¥ §  ¨£· ¥É ¢ ¦´ÊÕ ·μ²Ó ¢ ·¥ ²¨§ Í¨¨ ¸²¥¤ÊÕ-
Ð¥£μ ÔÉ ¶  SOS-μÉ¢¥É , ´  ±μÉμ·μ³ ¶·μ¨¸Ìμ¤¨É · ¸Ð¥¶²¥´¨¥ ¡¥²±  UmuD ¨ ¶¥·¥Ìμ¤ ¥£μ ¢
 ±É¨¢´ÊÕ Ëμ·³Ê UmuD'. ‚ ¸¢μÕ μÎ¥·¥¤Ó, UmuD,  ±É¨¢´ Ö Ëμ·³  UmuD' ¨ UmuC ¡¥²μ±
¸¶μ¸μ¡´Ò ¢§ ¨³μ¤¥°¸É¢μ¢ ÉÓ ³¥¦¤Ê ¸μ¡μ° ¸ μ¡· §μ¢ ´¨¥³ É·¥Ì ±μ³¶²¥±¸μ¢: UmuD2‘,
UmuDD'C ¨ UmuD'2C. UmuD2C-±μ³¶²¥±¸, ¢±²ÕÎ Ö¸Ó ¢ ·¥£Ê²ÖÍ¨Õ ±²¥ÉμÎ´μ£μ Í¨±² ,
μ¸É ´ ¢²¨¢ ¥É ·¥¶²¨± É¨¢´Ò° ¸¨´É¥§ „	Š ¶·¨ ´ ²¨Î¨¨ SOS-¨´¤ÊÍ¨·ÊÕÐ¨Ì ¶μ¢·¥¦¤¥-
´¨° ¨ ¶μ§¢μ²Ö¥É μ¸ÊÐ¥¸É¢¨ÉÓ ¶·μÍ¥¸¸ TLS. Šμ³¶²¥±¸ UmuDD'C ¨£· ¥É ¨´£¨¡¨·ÊÕÐÊÕ
·μ²Ó ¢ SOS-³ÊÉ £¥´¥§¥, ¸¥±¢¥¸É·¨·ÊÖ  ±É¨¢´μ¸ÉÓ UmuD' [4]. Šμ³¶²¥±¸ UmuD'2C („	Š-
¶μ²¨³¥· §  V) ¨³¥¥É ¸¶μ¸μ¡´μ¸ÉÓ ¶·¨¸μ¥¤¨´ÖÉÓ¸Ö ± ±μ³¶²¥±¸Ê „	Š-¶μ²¨³¥· §  III-
RecA-SSB, ¸´¨¦ Ö ¥£μ ±μ··¥±Éμ·¸±¨¥ ËÊ´±Í¨¨. ˆ§³¥´¥´´Ò° ·¥¶²¨± Í¨μ´´Ò° ±μ³¶²¥±¸
¶·μ¤μ²¦ ¥É ¸¨´É¥§ ¤μÎ¥·´¥° Í¥¶¨ „	Š ´  ¶μ¢·¥¦¤¥´´μ° ³ É·¨Í¥, ¶μ¤¸É ¢²ÖÖ ´  ³¥¸É¥
¶μ¢·¥¦¤¥´¨° ´Ê±²¥μÉ¨¤Ò ¸²ÊÎ °´Ò³ μ¡· §μ³. �¥¶²¨± Í¨Ö ¶·¨ ÔÉμ³ ¶·μÌμ¤¨É ¤μ ±μ´Í ,
´μ ¤μÎ¥·´ÖÖ Í¥¶Ó „	Š ¨³¥¥É ¤¥Ë¥±ÉÒ ¢ ³¥¸É Ì, ´ Ìμ¤ÖÐ¨Ì¸Ö ´ ¶·μÉ¨¢ ¶μ¢·¥¦¤¥´¨° ¢
³ É¥·¨´¸±μ° Í¥¶¨.

‚ ¦´ÊÕ ·μ²Ó ¢ ·¥£Ê²ÖÍ¨¨ TLS ¨£· ÕÉ ¡¥²±¨, μ¸ÊÐ¥¸É¢²ÖÕÐ¨¥ ¤¥£· ¤ Í¨Õ ¸Ê¡Ñ¥¤¨-
´¨Í ±μ³¶²¥±¸μ¢ UmuD2‘, UmuDD'C ¨ UmuD'2C. ’ ±, ¤¥£· ¤ Í¨Ö UmuD μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
Lon-¶·μÉ¥ §μ° [5]. ‚§ ¨³μ¤¥°¸É¢¨¥ RecA-¶·μÉ¥ §Ò ¸ ¡¥²±μ³ UmuD ¶·¨¢μ¤¨É ± ¶¥·¥-
Ìμ¤Ê UmuD ¢ ¡μ²¥¥ ¸É ¡¨²Ó´ÊÕ Ëμ·³Ê Å UmuD', ±μÉμ· Ö ´¥ ÎÊ¢¸É¢¨É¥²Ó´  ± ¢μ§¤¥°-
¸É¢¨Õ Lon-¶·μÉ¥ §Ò. ‚Ò¸μ± Ö ¸É ¡¨²Ó´μ¸ÉÓ ¡¥²±  Ö¢²Ö¥É¸Ö ¡ §μ¢Ò³ Ë ±Éμ·μ³, ¶μ§¢μ²Ö-
ÕÐ¨³ μ¸ÊÐ¥¸É¢¨ÉÓ ¶·μÍ¥¸¸ ³¥¤²¥´´μ° SOS-·¥¶ · Í¨¨. ˆ§¢¥¸É´μ, ÎÉμ ¢ Ìμ¤¥ SOS-μÉ¢¥É 
¢μ§´¨± ÕÉ ³ÊÉ Í¨¨, ¸²¥¤μ¢ É¥²Ó´μ, ¤μ²¦¥´ ¡ÒÉÓ ³¥Ì ´¨§³, μ¸ÊÐ¥¸É¢²ÖÕÐ¨° ¤¥£· ¤ -
Í¨Õ UmuD'-¸Ê¡Ñ¥¤¨´¨ÍÒ ¶·¨ ¸μ±· Ð¥´¨¨ ±μ²¨Î¥¸É¢  ¶μ¢·¥¦¤¥´¨°. ’ ±¨³ ³¥Ì ´¨§³μ³
Ö¢²Ö¥É¸Ö · ¸Ð¥¶²¥´¨¥ UmuD' ¶μ¸·¥¤¸É¢μ³ ClpXP ¸¥·¨´μ¢μ° ¶·μÉ¥ §Ò. „¥£· ¤ Í¨Ö ³Ê-
É £¥´´μ°  ±É¨¢´μ¸É¨ UmuD' ¸Ê¡Ñ¥¤¨´¨ÍÒ ¨ ¸´¨¦¥´¨¥  ±É¨¢´μ¸É¨ „	Š-¶μ²¨³¥· §Ò V
¶μ§¢μ²Ö¥É ±²¥É±¥ ¢¥·´ÊÉÓ¸Ö ¢ ¸É Í¨μ´ ·´μ¥ ¸μ¸ÉμÖ´¨¥ ¨ ·¥¶ ·¨·μ¢ ÉÓ ¶μ¢·¥¦¤¥´¨Ö ¡¥-
§μÏ¨¡μÎ´Ò³¨ ¶ÊÉÖ³¨ ·¥¶ · Í¨¨. �Ò²μ ¶μ± § ´μ [6], ÎÉμ ¢ ±μ³¶²¥±¸¥ UmuD2'C ¶·μÉ¥¨´
UmuD' ³μ¦¥É § ³¥Ð ÉÓ¸Ö ¶·¨ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ ´  UmuD. �¥ ²¨§Ê¥³Ò° μ¡³¥´
¸Ê¡Ñ¥¤¨´¨Í ³¨ ³¥¦¤Ê UmuD2'C ¨ UmuD μ¡¥¸¶¥Î¨¢ ¥É ±²¥É±¥ ¡¨μ²μ£¨Î¥¸±¨ ¢ ¦´Ò°
¸¶μ¸μ¡ ¢Ò±²ÕÎ¥´¨Ö μÏ¨¡μÎ´μ£μ ¶ÊÉ¨ ·¥¶ · Í¨¨ ¢ ¶·μÍ¥¸¸¥ ·¥ ²¨§ Í¨¨ ³¥Ì ´¨§³  TLS
¨, ¸²¥¤μ¢ É¥²Ó´μ, ¸´¨¦ ¥É ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨° ¢ ´¥¶μ¢·¥¦¤¥´´μ° Í¥¶¨
¢ Ìμ¤¥ SOS-μÉ¢¥É .

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´ ± ¶²¨¢ ÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ³ É¥·¨ ²Ò, ±μÉμ·Ò¥ ¤ ÕÉ ±μ´-
±·¥É´ÊÕ ¨´Ëμ·³ Í¨Õ μ ±¨´¥É¨±¥ μ¡· §μ¢ ´¨Ö μ¸´μ¢´ÒÌ £¥´´ÒÌ ¶·μ¤Ê±Éμ¢, É ±¨Ì ± ±
RecA, LexA, UmuD, UmuC, UmuD', Lon-¶·μÉ¥ §Ò, ClpXP-¶·μÉ¥ §Ò, ¢²¨ÖÕÐ¨Ì ´  Ëμ·-
³¨·μ¢ ´¨¥ É·¥Ì ±²ÕÎ¥¢ÒÌ ¡¥²±μ¢ÒÌ ±μ³¶²¥±¸μ¢ SOS-¸¨¸É¥³Ò, μÉ¢¥Î ÕÐ¨Ì §  ³ÊÉ Í¨-
μ´´Ò° ¶·μÍ¥¸¸ ±²¥Éμ± E. coli. �Éμ ¶μ§¢μ²Ö¥É Ëμ·³ ²¨§μ¢ ÉÓ ¶·μÍ¥¸¸ ¸ ÊÎ¥Éμ³ ³ É¥-
³ É¨Î¥¸±¨Ì ¶μ¤Ìμ¤μ¢, μ¸´μ¢ ´´ÒÌ ´  ·¥§Ê²ÓÉ É Ì Ô±¸¶¥·¨³¥´Éμ¢. ‚ · ³± Ì ´ ¸ÉμÖÐ¥£μ
¨¸¸²¥¤μ¢ ´¨Ö · §· ¡μÉ ´  ¤¨´ ³¨Î¥¸± Ö ³μ¤¥²Ó, μ¶¨¸Ò¢ ÕÐ Ö ±¨´¥É¨±Ê Ëμ·³¨·μ¢ ´¨Ö
É·¥Ì μ¸´μ¢´ÒÌ ±μ³¶²¥±¸μ¢ SOS-¸¨¸É¥³Ò ¶μ¸²¥ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ μ¡²ÊÎ¥´¨Ö: UmuD'2C,
UmuDD'C, UmuD2C. 	  μ¸´μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¨¸¸²¥¤μ¢ ´  ¤¨´ ³¨±  Ëμ·-
³¨·μ¢ ´¨Ö ³ÊÉ Í¨° ¢ ¶·μÍ¥¸¸¥ TLS.

�μ¶ÒÉ±¨ ³ É¥³ É¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ³¥Ì ´¨§³μ¢ · §²¨Î´ÒÌ ÔÉ ¶μ¢ ·¥¶ · Í¨-
μ´´μ£μ ¶·μÍ¥¸¸  ¶·¥¤¶·¨´¨³ ²¨¸Ó ¢ ·Ö¤¥ · ¡μÉ [7Ä9]. �¸´μ¢´Ò¥ ³μ¤¥²Ó´Ò¥ ¶μ¤Ìμ¤Ò,
¨¸¶μ²Ó§Ê¥³Ò¥ ¢ ´ ¸ÉμÖÐ¥³ ¨¸¸²¥¤μ¢ ´¨¨, ¨§²μ¦¥´Ò ¢ · ¡μÉ Ì [10Ä12]. ‘μ§¤ ´¨¥ ³´μ£μ-
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Î¨¸²¥´´ÒÌ ³ É¥³ É¨Î¥¸±¨Ì ³μ¤¥²¥° £¥´¥É¨Î¥¸±μ° ·¥£Ê²ÖÍ¨¨ ¨ ·¥¶ · Í¨μ´´μ£μ ¶·μÍ¥¸¸ 
¡ ±É¥·¨ ²Ó´ÒÌ ±²¥Éμ± μ¡Ê¸²μ¢²¥´μ ´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ¨§ÊÎ¥´¨Ö ¸É·Ê±ÉÊ·´μ-ËÊ´±Í¨μ´ ²Ó-
´μ° μ·£ ´¨§ Í¨¨ £¥´¥É¨Î¥¸±μ£μ  ¶¶ · É  ¨ ¡¨μÌ¨³¨Î¥¸±¨Ì ³¥Ì ´¨§³μ¢, ±μ´É·μ²¨·ÊÕÐ¨Ì
³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸.

1. Œ�„…‹œ „ˆ��ŒˆŠˆ lexA-recA-‘ˆ‘’…Œ›

“· ¢´¥´¨Ö ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨, μ¶¨¸Ò¢ ÕÐ¥° ¤¨´ ³¨±Ê ±μ´Í¥´É· Í¨¨ μ¤´μ´¨É¥-
¢μ° „	Š, ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨° ¢¨¤ [10]:
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‡¤¥¸Ó X0 Å ¢´ÊÉ·¨±²¥ÉμÎ´ Ö ±μ´Í¥´É· Í¨Ö ¨´¤ÊÍ¨·ÊÕÐ¥£μ ¸¨£´ ² ; l1 = 900 ´Ê±²¥μ-
É¨¤μ¢ Å ¸·¥¤´ÖÖ ¤²¨´  μ¤´μ´¨É¥¢μ£μ ¶·μ¡¥²  „	Š, μ¡· §ÊÕÐ¥£μ¸Ö ¢ Ìμ¤¥ ·¥¶²¨± Í¨¨
ÊÎ ¸É±μ¢, ¸μ¤¥·¦ Ð¨Ì É¨³¨´μ¢Ò¥ ¤¨³¥·Ò; T0 = 40 ³¨´ Å ¤²¨É¥²Ó´μ¸ÉÓ ·¥¶²¨± Í¨¨ ¢
´μ·³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ ·μ¸É ; v1 = 0,7 ³¨´ Å ±μ´¸É ´É  ¸±μ·μ¸É¨ Ê¤ ²¥´¨Ö ¤¨³¥·μ¢ Ô±¸-
Í¨§¨μ´´μ° ·¥¶ · Í¨¥°; NA Å ¶μ¸ÉμÖ´´ Ö �¢μ£ ¤·μ, t1 = 0,17 ³¨´−1 Å ¢·¥³Ö § ¤¥·¦±¨
´μ·³ ²Ó´μ£μ ·¥¶²¨± É¨¢´μ£μ ±μ³¶²¥±¸  ´  ¤¨³¥·¥; t2 Å ¢·¥³Ö μ±μ´Î ´¨Ö ·¥¶²¨± Í¨¨;
v2 Å ±μ´¸É ´É  ¸±μ·μ¸É¨ ·¥¶ · Í¨¨ ¶·μ¡¥²μ¢. � · ³¥É· D (¤μ§  “”-μ¡²ÊÎ¥´¨Ö) Ö¢²Ö¥É¸Ö
¡¥§· §³¥·´Ò³, ´μ·³¨·μ¢ ´´Ò³ ´  1 „¦/³2 ¨ ¶·¨´¨³ ¥É §´ Î¥´¨¥, · ¢´μ¥ Î¨¸²¥´´μ³Ê
§´ Î¥´¨Õ § ¤ ¢ ¥³μ° ¤μ§Ò.

“· ¢´¥´¨Ö ³μ¤¥²¨ ¤¨´ ³¨±¨ lexA-recA-¸¨¸É¥³Ò ¨³¥ÕÉ ¢¨¤ [10]:

∂X1

∂t∂D
=

α1X10

(
1 + (X10/γ1)

h1
)

1 + (X1/γ1)
h1

− β1X1X3 − α1X1,

∂X2

∂t∂D
=

α2X20

(
1 + (X10/γ2)

h2
)

1 + (X1/γ2)
h2

+ δ3X3 − β2X2X0 − α2X2, (2)

∂X3

∂t∂D
= β2X2X0 − β3X4X3 − δ3X3.

	 Î ²Ó´Ò¥ Ê¸²μ¢¨Ö ¤²Ö Ê· ¢´¥´¨° (2) ¸²¥¤ÊÕÐ¨¥: X1(0, D) = X10, X2(0, D) = X20,
X3(0, D) = 0.

‡¤¥¸Ó X1, X2, X3, X4 Å ¢´ÊÉ·¨±²¥ÉμÎ´Ò¥ ±μ´Í¥´É· Í¨¨ ·¥£Ê²ÖÉμ·´ÒÌ ¡¥²±μ¢ LexA,
RecA, RecA*, UmuD.
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�¥·¢Ò¥ Î²¥´Ò ¢ ¶¥·¢ÒÌ ¤¢ÊÌ Ê· ¢´¥´¨ÖÌ (2) μ¶¨¸Ò¢ ÕÉ ¶·μÍ¥¸¸Ò ¸¨´É¥§  ¶·μ¤Ê±-
Éμ¢ £¥´μ¢ lexA ¨ recA ¸μμÉ¢¥É¸É¢¥´´μ. ‘±μ·μ¸ÉÓ Ê¡Ò¢ ´¨Ö ±μ´Í¥´É· Í¨¨ ¡¥²±  LexA
μ¶·¥¤¥²Ö¥É¸Ö ¶·μÉ¥μ²¨É¨Î¥¸±¨³ · ¸Ð¥¶²¥´¨¥³ ¡¥²±  LexA ¶·μ¤Ê±Éμ³ £¥´  recA ¢  ±É¨-
¢¨·μ¢ ´´μ° Ëμ·³¥ (Î²¥´ β1X1X3) ¨ · §¡ ¢²¥´¨¥³ ¢ Ô±¸¶μ´¥´Í¨ ²Ó´μ · ¸ÉÊÐ¥° ±Ê²ÓÉÊ·¥
(Î²¥´ α1X1). �·¨·μ¸É ±μ´Í¥´É· Í¨¨ ¶·μ¤Ê±É  £¥´  recA μ¶·¥¤¥²Ö¥É¸Ö ´¥ Éμ²Ó±μ ¶·μ-
Í¥¸¸μ³ ¸¨´É¥§  ¡¥²± , ´μ ¨ ¶¥·¥Ìμ¤μ³  ±É¨¢¨·μ¢ ´´μ° Ëμ·³Ò ¶·μ¤Ê±É  £¥´  recA ¢
´μ·³ ²Ó´ÊÕ Ëμ·³Ê (Î²¥´ δ3X3). “¡Ò¢ ´¨¥ ±μ´Í¥´É· Í¨¨ ¡¥²±  RecA μ¡Ê¸²μ¢²¥´μ ¶¥·¥-
Ìμ¤μ³ ¶·μ¤Ê±É  £¥´  recA ¨§ ´μ·³ ²Ó´μ° Ëμ·³Ò ¢  ±É¨¢¨·μ¢ ´´ÊÕ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨
¸ ¨´¤ÊÍ¨·ÊÕÐ¨³ ¸¨£´ ²μ³ (Î²¥´ β2X2X0),   É ±¦¥ · §¡ ¢²¥´¨¥³ ¢ Ô±¸¶μ´¥´Í¨ ²Ó´μ
· ¸ÉÊÐ¥° ±Ê²ÓÉÊ·¥ (Î²¥´ α2X2). —²¥´Ò β2X2X0 ¨ δ3X3, ¢Ìμ¤ÖÐ¨¥ ¢ Ê· ¢´¥´¨Ö (2) ¸
¶·μÉ¨¢μ¶μ²μ¦´Ò³¨ §´ ± ³¨, μ¶¨¸Ò¢ ÕÉ, ¸μμÉ¢¥É¸É¢¥´´μ, ¶·¨·μ¸É ¨ Ê¡Ò²Ó ±μ´Í¥´É· Í¨¨
 ±É¨¢¨·μ¢ ´´μ° Ëμ·³Ò ¶·μ¤Ê±É  £¥´  recA (¡¥²±  RecA*).

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¢ Ê· ¢´¥´¨¥, μ¶¨¸Ò¢ ÕÐ¥¥ ¤¨´ ³¨±Ê  ±É¨¢¨·μ¢ ´´μ£μ ¶·μ¤Ê±É 
£¥´  recA, ¢¢¥¤¥´ ¤μ¶μ²´¨É¥²Ó´Ò° Î²¥´ β3X4X3, ±μÉμ·Ò° ¸ÊÐ¥¸É¢¥´´μ ¢²¨Ö¥É ´  ¸±μ-
·μ¸ÉÓ Ê¡Ò²¨ ¡¥²±  RecA*. —²¥´ β3X4X3 μ¶¨¸Ò¢ ¥É ¶·μÍ¥¸¸ ¢§ ¨³μ¤¥°¸É¢¨Ö ¡¥²±μ¢
RecA* ¨ UmuD, ¶·¨¢μ¤ÖÐ¨° ± ¶¥·¥Ìμ¤Ê ¶·μ¤Ê±É  £¥´  umuD ¨§ ´μ·³ ²Ó´μ° Ëμ·³Ò ¢
 ±É¨¢¨·μ¢ ´´ÊÕ Ëμ·³Ê UmuD'.

�¶·¥¤¥²¨³ ¶ · ³¥É·Ò ¸¨¸É¥³Ò Ê· ¢´¥´¨° (2). X10, X20, X40 Å ±μ´¸É¨ÉÊÉ¨¢´Ò¥ ±μ´-
Í¥´É· Í¨¨ ¡¥²±μ¢ LexA, RecA, UmuD ¸μμÉ¢¥É¸É¢¥´´μ. ‡´ Î¥´¨Ö ¶ · ³¥É·μ¢ X10, X20,
X40 ³μ£ÊÉ ¡ÒÉÓ μ¶·¥¤¥²¥´Ò ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ˆ§ Ô±¸¶¥·¨³¥´É ²Ó´μ° ²¨É¥· ÉÊ·Ò ¨§¢¥-
¸É¥´ ´ Î ²Ó´Ò° Ê·μ¢¥´Ó ¡¥²±μ¢ LexA (1300 ³μ²¥±Ê² ´  ±²¥É±Ê [13]) ¨ RecA (1000 ³μ²¥±Ê²

´  ±²¥É±Ê [14]). �É¸Õ¤ : X10 =
1300
NA

= 2,2 ·10−21 ³μ²Ó, X20 =
1000
NA

= 1,66 ·10−21 ³μ²Ó,

£¤¥ NA = 6,02 · 1023 ³μ²Ó−1. Šμ´¸É¨ÉÊÉ¨¢´ Ö ±μ´Í¥´É· Í¨Ö ¶·μ¤Ê±É  £¥´  umuD (X40)
±²¥Éμ± ¡ ±É¥·¨° E. coli ¡Ò²  ¨§³¥·¥´  ¢ · ¡μÉ¥ [15]. „²Ö ±²¥Éμ± ¤¨±μ£μ É¨¶  §´ Î¥´¨¥
´ Î ²Ó´μ° ±μ´Í¥´É· Í¨¨ μ± § ²μ¸Ó · ¢´Ò³ X40 = 2,99 · 10−22 ³μ²Ó.

� · ³¥É·Ò α1 = α2 = 0,011 ³¨´−1 Å ±μ´¸É ´ÉÒ ¸±μ·μ¸É¨ ¢ ¶·μÍ¥¸¸ Ì ´¥¸¶¥Í¨Ë¨-
Î¥¸±¨Ì ¶μÉ¥·Ó ¶·μ¤Ê±Éμ¢ £¥´μ¢ lexA ¨ recA ¸μμÉ¢¥É¸É¢¥´´μ.

� · ³¥É·Ò γ1 = 2,0 · 10−23 ³μ²Ó ¨ γ2 = 2,0 · 10−24 ³μ²Ó Ö¢²ÖÕÉ¸Ö · ¢´μ¢¥¸´Ò³¨
±μ´¸É ´É ³¨ ¤¨¸¸μÍ¨ Í¨¨ ¶·μ¤Ê±É  £¥´  lexA ¶·¨ ¸¢Ö§Ò¢ ´¨¨ ¸ μ¶¥· Éμ·´μ° „	Š £¥´μ¢
lexA, recA ¸μμÉ¢¥É¸É¢¥´´μ.

� · ³¥É·Ò h1, h2 ¥¸ÉÓ ±μÔËË¨Í¨¥´ÉÒ •¨²² , Ì · ±É¥·¨§ÊÕÐ¨¥ ³¥·Ê ±μμ¶¥· É¨¢´μ-
¸É¨ ¢ ·¥ ±Í¨ÖÌ ¸¢Ö§Ò¢ ´¨Ö ¶·μ¤Ê±É  £¥´  lexA ¸ μ¶¥· Éμ· ³¨ £¥´μ¢ lexA ¨ recA ¸μμÉ-
¢¥É¸É¢¥´´μ. ‡´ Î¥´¨¥ ¶ · ³¥É·  h2 = 2 μ¶·¥¤¥²¥´μ ¢ [10]. —¨¸²¥´´μ¥ §´ Î¥´¨¥ ±μÔË-
Ë¨Í¨¥´É  h1 = 1 ´ °¤¥´μ ´  μ¸´μ¢¥ ·¥§Ê²ÓÉ Éμ¢ ¨¸¸²¥¤μ¢ ´¨°, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÐ¨Ì μ¡
μÉ¸ÊÉ¸É¢¨¨ ±μμ¶¥· É¨¢´μ¸É¨ ¸¢Ö§Ò¢ ´¨Ö ¶·μ¤Ê±É  £¥´  lexA ¸ μ¶¥· Éμ·μ³ £¥´  lexA [16].

—¨¸²¥´´μ¥ §´ Î¥´¨¥ ¶ · ³¥É·  β1, ¶·¥¤¸É ¢²ÖÕÐ¥£μ ¸μ¡μ° ±μ´¸É ´ÉÊ ¸±μ·μ¸É¨ ¢ ·¥-
 ±Í¨¨ · ¸Ð¥¶²¥´¨Ö ·¥¶·¥¸¸μ·  LexA ¡¥²±μ³ RecA*, ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ° ²¨É¥· ÉÊ·¥
μÉ¸ÊÉ¸É¢Ê¥É. β1 Ö¢²Ö¥É¸Ö ¸¢μ¡μ¤´Ò³ ¶ · ³¥É·μ³ ³μ¤¥²¨. …£μ §´ Î¥´¨¥ β1 = 1,44×
×1020 ³μ²Ó−1 ·³¨´−1 ¶μ²ÊÎ¥´μ ¨§ ´ ¨²ÊÎÏ¥£μ ¸μμÉ¢¥É¸É¢¨Ö ·¥Ï¥´¨° ³μ¤¥²¨ Ô±¸¶¥-
·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³. Šμ´¸É ´É  ¸±μ·μ¸É¨ ·¥ ±Í¨¨ ¸¢Ö§Ò¢ ´¨Ö ¶·μ¤Ê±É  £¥´  recA ¸
μ¤´μ´¨É¥¢μ° „	Š β2 = 3,7 ·1020 ³μ²Ó−1 ·³¨´−1 ¡Ò²  μ¶·¥¤¥²¥´  ¢ [10]. Šμ´¸É ´É  ¸±μ-
·μ¸É¨ ·¥ ±Í¨¨ β3, Ì · ±É¥·¨§ÊÕÐ Ö ¶·μÍ¥¸¸ ¶¥·¥Ìμ¤  ¶·μ¤Ê±É  £¥´  umuD ¨§ ´¥ ±É¨¢´μ°
(UmuD) ¢  ±É¨¢¨·μ¢ ´´ÊÕ Ëμ·³Ê (UmuD'), ³μ¦¥É ¡ÒÉÓ · ¸¸Î¨É ´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³.
�μ¸±μ²Ó±Ê ¶·μÍ¥¸¸ ¶¥·¥Ìμ¤  ¨³¥¥É ¶¥·¢Ò° ¶μ·Ö¤μ± ¶μ ±μ´Í¥´É· Í¨Ö³, μ´ μ¶¨¸Ò¢ ¥É¸Ö
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¸²¥¤ÊÕÐ¨³ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ Ê· ¢´¥´¨¥³:

∂X4

∂t
= −β3X4X3. (3)

�μ² £ Ö ±μ´Í¥´É· Í¨Õ  ±É¨¢¨·μ¢ ´´μ£μ ¶·μ¤Ê±É  £¥´  recA (X3) ¶μ¸ÉμÖ´´μ°, ¶μ²ÊÎ¨³
·¥Ï¥´¨¥ ÔÉμ£μ Ê· ¢´¥´¨Ö ¢ ¢¨¤¥

X4(t) = X4(0) e−β3X3t.

ˆ§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¨§¢¥¸É´μ §´ Î¥´¨¥ ¢·¥³¥´¨ ¶μ²Ê· ¸¶ ¤  t1/2(UmuD) ¶·μ-
¤Ê±É  £¥´  umuD. ‡  ÔÉμ ¢·¥³Ö ±μ´Í¥´É· Í¨Ö UmuD-¡¥²±  Ê³¥´ÓÏ ¥É¸Ö ·μ¢´μ ¢ ¤¢  · § ,
¶μÔÉμ³Ê, ¢Ò· ¦ Ö β3 Î¥·¥§ t1/2(UmuD), ¶μ²ÊÎ¨³

β3 =
ln 2

t1/2(UmuD)X3
.

‚·¥³Ö ¶μ²Ê· ¸¶ ¤  ¶·μ¤Ê±É  £¥´  umuD ¢ ·¥ ±Í¨¨ in vivo · ¸Ð¥¶²¥´¨Ö  ±É¨¢¨·μ¢ ´´μ°
Ëμ·³μ° ¶·μ¤Ê±É  £¥´  recA (RecA-¶·μÉ¥ §μ°) ¡Ò²μ ¨§³¥·¥´μ ¢ [17]: t1/2(UmuD) = 30 ³¨´.
‚μ¸¶μ²Ó§Ê¥³¸Ö ¶·¥¤¶μ²μ¦¥´¨¥³, ¨§²μ¦¥´´Ò³ ¢ [18], μ Éμ³, ÎÉμ ¶μÎÉ¨ ¸· §Ê ¦¥ ¶μ¸²¥
¨´¤ÊÍ¨·ÊÕÐ¥£μ ¢μ§¤¥°¸É¢¨Ö ¶μÎÉ¨ ¢¥¸Ó ¶·μ¤Ê±É £¥´  recA ´ Ìμ¤¨É¸Ö ¢  ±É¨¢¨·μ¢ ´´μ°
Ëμ·³¥. �μ²ÊÎ¨³ ¸²¥¤ÊÕÐÊÕ μÍ¥´±Ê:

β3 =
ln 2

t1/2(UmuD)X20
= 1,93 · 1018 ³μ²Ó−1 · ³¨´−1.

Šμ´¸É ´É  δ3, Ì · ±É¥·¨§ÊÕÐ Ö ¶·μÍ¥¸¸ ´¥¸¶¥Í¨Ë¨Î¥¸±μ° ¤¥£· ¤ Í¨¨ ¡¥²±  RecA*, ³μ-
¦¥É ¡ÒÉÓ μ¶·¥¤¥²¥´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. �μ¸±μ²Ó±Ê ¶·μÍ¥¸¸ ¤¥£· ¤ Í¨¨ ¨³¥¥É ¶¥·¢Ò°
¶μ·Ö¤μ± ¶μ ±μ´Í¥´É· Í¨Ö³, μ´ μ¶¨¸Ò¢ ¥É¸Ö ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ Ê· ¢´¥´¨¥³

∂X3

∂t
= −δ3X3.

�¥Ï¥´¨¥³ ÔÉμ£μ Ê· ¢´¥´¨Ö Ö¢²Ö¥É¸Ö Ô±¸¶μ´¥´Í¨ ²Ó´ Ö ËÊ´±Í¨Ö:

X3(t) = X3(0) e−δ3t.

�±¸¶¥·¨³¥´É ²Ó´μ Ê¸É ´μ¢²¥´μ §´ Î¥´¨¥ ¢·¥³¥´¨ ¶μ²Ê· ¸¶ ¤  ¡¥²±  RecA* t1/2(RecA∗) =
2,95 ³¨´ [19]. ‚Ò· ¦ Ö δ3 Î¥·¥§ t1/2(RecA∗), ¶μ²ÊÎ¨³

δ3 =
ln 2

t1/2(RecA∗)
= 0,235 ³¨´−1.

ˆ§ [10] ¸²¥¤Ê¥É, ÎÉμ ¸±μ·μ¸ÉÓ ·¥¶ · Í¨¨ μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥²μ¢ „	Š ¶μ ·¥±μ³¡¨´ Í¨-
μ´´μ³Ê ³¥Ì ´¨§³Ê v2 ³μ¦¥É ¡ÒÉÓ ¶·¨´ÖÉ  · ¢´μ° ¸±μ·μ¸É¨ Ê³¥´ÓÏ¥´¨Ö ±μ´Í¥´É· Í¨¨
¶·μ¤Ê±É  £¥´  recA, ¸¢Ö§ ´´μ£μ ¸ μ¤´μ´¨É¥¢μ° „	Š (É. ¥. ¸±μ·μ¸É¨ Ê³¥´ÓÏ¥´¨Ö ±μ´Í¥´-
É· Í¨¨ ¡¥²±  RecA*). �μ²ÊÎ¨³ v2 = δ3 = 0,235 ³¨´−1.
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2. „ˆ��ŒˆŠ� ���„“Š’�‚ ƒ…��‚ umuD, umuC

„¨´ ³¨±  ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·μ¤Ê±Éμ¢ £¥´μ¢ umuD ¨ umuC ³¥¦¤Ê ¸μ¡μ°, ¸ μ¶¥· Éμ· ³¨
ÔÉ¨Ì £¥´μ¢ ¨ ¸ ¨´¤ÊÍ¨·ÊÕÐ¨³ ¸¨£´ ²μ³ ¢ · ³± Ì · §¢¨¢ ¥³μ£μ ³μ¤¥²Ó´μ£μ ¶μ¤Ìμ¤ 
μ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³¨ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³¨ Ê· ¢´¥´¨Ö³¨:

∂X4

∂t∂D
=

X40 (εX40 + δ4) (1 + (X10/γ4)h4)

1 + (X1/γ4)
h4

− β3X4X3 − εX2
4 − δ4X4,

∂X5

∂t∂D
=

X50 (a1X70 + δ5) (1 + (X10/γ5)h5)

1 + (X1/γ5)
h5

− a1X7X5 − a2X8X5 − a3X9X5 − δ5X5,

(4)

∂X6

∂t∂D
= β3X4X3 + φX8X4 − ηX2

6 − δ6X6.

„²Ö Ê· ¢´¥´¨° (4) ¸¶· ¢¥¤²¨¢Ò ¸²¥¤ÊÕÐ¨¥ ´ Î ²Ó´Ò¥ Ê¸²μ¢¨Ö: X4(0, D) = X40,
X5(0, D) = X50, X6(0, D) = 0.

‡¤¥¸Ó X5, X6, X7, X8, X9 Å ¢´ÊÉ·¨±²¥ÉμÎ´Ò¥ ±μ´Í¥´É· Í¨¨ ·¥£Ê²ÖÉμ·´ÒÌ ¡¥²-
±μ¢ UmuC, UmuD', UmuD2, UmuD'2, UmuDD' ¸μμÉ¢¥É¸É¢¥´´μ. �·¨·μ¸É ±μ´Í¥´É· Í¨¨
¡¥²±  UmuD μ¶·¥¤¥²Ö¥É¸Ö ²¨ÏÓ ¶·μÍ¥¸¸μ³ ¥£μ ¸¨´É¥§ , ±μÉμ·Ò° Ì · ±É¥·¨§Ê¥É¸Ö ¶¥·¢Ò³
Î²¥´μ³ Ê· ¢´¥´¨Ö. “¡Ò²Ó ±μ´Í¥´É· Í¨¨ ¶·μ¤Ê±É  £¥´  umuD μ¶·¥¤¥²Ö¥É¸Ö É·¥³Ö ¶·μ-
Í¥¸¸ ³¨: ¶¥·¥Ìμ¤μ³ ¡¥²±  UmuD ¢  ±É¨¢´ÊÕ Ëμ·³Ê UmuD' ¶μ¸·¥¤¸É¢μ³ · ¸Ð¥¶²¥´¨Ö
RecA-¶·μÉ¥ §μ° (Î²¥´ β3X4X3), μ¡· §μ¢ ´¨¥³ ¤¨³¥·  UmuD2 ¶·¨ ¸μ¥¤¨´¥´¨¨ ¤¢ÊÌ ³μ-
²¥±Ê² UmuD ¶·μÉ¥¨´  (Î²¥´ εX2

4 ) ¨ ¥¸É¥¸É¢¥´´μ° ¤¥£· ¤ Í¨¥° ¶·μ¤Ê±É  £¥´  umuD ¶·¨
ÊÎ ¸É¨¨ Lon-¶·μÉ¥ §Ò (Î²¥´ δ4X4). �·¨·μ¸É ±μ´Í¥´É· Í¨¨ ¡¥²±  UmuC Ì · ±É¥·¨§Ê¥É¸Ö
μ¤´¨³ ¶·μÍ¥¸¸μ³ Å ¸¨´É¥§μ³ ¡¥²±  UmuC. “¡Ò²Ó ±μ´Í¥´É· Í¨¨ UmuC μ¶·¥¤¥²Ö¥É¸Ö Î¥-
ÉÒ·Ó³Ö ¶·μÍ¥¸¸ ³¨: μ¡· §μ¢ ´¨¥³ ±μ³¶²¥±¸μ¢ UmuD2C, UmuD'2C ¨ UmuDD'C ¶·¨ ¢§ ¨-
³μ¤¥°¸É¢¨¨ ¡¥²±  UmuC ¸ ¤¨³¥· ³¨ UmuD2, UmuD'2 ¨ UmuDD' ¸μμÉ¢¥É¸É¢¥´´μ (Î²¥´Ò
a1X7X5, a2X8X5, a3X9X5),   É ±¦¥ ¥¸É¥¸É¢¥´´μ° ¤¥£· ¤ Í¨¥° ¶·μ¤Ê±É  £¥´  umuC
¶μ¸·¥¤¸É¢μ³ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ³μ²¥±Ê² ³¨ Lon-¶·μÉ¥ §Ò (Î²¥´ δ5X5). �·¨·μ¸É ±μ´Í¥´-
É· Í¨¨  ±É¨¢´μ° Ëμ·³Ò UmuD' ¶·μ¨¸Ìμ¤¨É ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ´μ·³ ²Ó´μ£μ ¶·μ¤Ê±É 
£¥´  umuD ¸ RecA-¶·μÉ¥ §μ° (Î²¥´ β3X4X3). �¡· §μ¢ ´¨¥ £¥É¥·μ¤¨³¥·  UmuDD' É ±¦¥
¢´μ¸¨É ¸ÊÐ¥¸É¢¥´´Ò° ¢±² ¤ ¢ ¸±μ·μ¸ÉÓ Ê¢¥²¨Î¥´¨Ö ±μ´Í¥´É· Í¨¨ UmuD', ¶μ¸±μ²Ó±Ê
¶·¨ ÔÉμ³ ¶·μ¨¸Ìμ¤¨É μÉÐ¥¶²¥´¨¥ μ¤´μ° ¸Ê¡Ñ¥¤¨´¨ÍÒ UmuD' μÉ £μ³μ¤¨³¥·  UmuD'2
(Î²¥´ ϕX8X4). “¡Ò²Ó ±μ´Í¥´É· Í¨¨ UmuD' ¸¢Ö§ ´ , ¢μ-¶¥·¢ÒÌ, ¸ μ¡· §μ¢ ´¨¥³ ¤¨³¥· 
UmuD'2, ¢μ-¢Éμ·ÒÌ, ¸ ¥¸É¥¸É¢¥´´μ° ¤¥£· ¤ Í¨¥° UmuD' ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ ³μ²¥±Ê-
² ³¨ ClpXP-¶·μÉ¥ §Ò (Î²¥´Ò ηX2

6 ¨ δ6X6 ¸μμÉ¢¥É¸É¢¥´´μ).
	 °¤¥³ ¶ · ³¥É·Ò Ê· ¢´¥´¨° (4). �μ · §²¨Î´Ò³ μÍ¥´± ³, ¶·¨¢¥¤¥´´Ò³ ¢ ²¨É¥· -

ÉÊ·¥, ¢¥²¨Î¨´  ±μ´¸É¨ÉÊÉ¨¢´μ£μ Ê·μ¢´Ö ¡¥²±  UmuC (X50) ´¨§±  ¨ ¸μ¸É ¢²Ö¥É ¢ ¸·¥¤´¥³
2,49 · 10−23 ³μ²Ó [20]. � ¢´μ¢¥¸´Ò¥ ±μ´¸É ´ÉÒ ¤¨¸¸μÍ¨ Í¨¨ γ4 = 5,5 · 10−22 ³μ²Ó ¨
γ5 = 2,0 · 10−25 ³μ²Ó ¶·μ¤Ê±É  £¥´  lexA ¶·¨ ¸¢Ö§Ò¢ ´¨¨ ¸ μ¶¥· Éμ·´μ° „	Š £¥´μ¢
umuD, umuC ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³μ¤¥²¨ ·¥¶·¥¸¸¨¨ É· ´¸±·¨¶Í¨¨ ¡¥²-
±μ³ LexA, μ¶¨¸ ´´μ° ¢ [10]. ŠμÔËË¨Í¨¥´ÉÒ •¨²²  h4, h5, Ì · ±É¥·¨§ÊÕÐ¨¥ ³¥·Ê
±μμ¶¥· É¨¢´μ¸É¨ ¢ ·¥ ±Í¨ÖÌ ¸¢Ö§Ò¢ ´¨Ö ¶·μ¤Ê±É  £¥´  lexA ¸ μ¶¥· Éμ· ³¨ £¥´μ¢ umuD ¨
umuC, ¸μμÉ¢¥É¸É¢¥´´μ, μ¶·¥¤¥²¥´Ò ´  μ¸´μ¢ ´¨¨ ¸²¥¤ÊÕÐ¥£μ ¶μ¤Ìμ¤ . �´ ²¨§ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¸¢Ö§Ò¢ ´¨¥ ¶·μ¤Ê±É  £¥´  lexA ¸
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μ¶¥· Éμ·´Ò³¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÖ³¨ ´¥±μÉμ·ÒÌ ·¥¶·¥¸¸¨·Ê¥³ÒÌ £¥´μ¢ μ¡² ¤ ¥É Î¥·É ³¨
±μμ¶¥· É¨¢´μ¸É¨ [21, 22]. ˆ§¢¥¸É´μ É ±¦¥, ÎÉμ ¶·μ¤Ê±É £¥´  lexA ¸ÊÐ¥¸É¢Ê¥É ¢ · ¸É¢μ·¥
¢ ¢¨¤¥ ³μ´μ³¥·  [23], ´μ ¸¢Ö§Ò¢ ¥É¸Ö ¸ „	Š ± ± ¤¨³¥· [10]. Š·μ³¥ Éμ£μ, ¨§¢¥¸É´μ, ÎÉμ
μ¶¥· Éμ·´Ò¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨, ¸¢Ö§Ò¢ ÕÐ¨¥ ¶·μ¤Ê±É £¥´  lexA, ¨³¥ÕÉ μ¸¥¢ÊÕ ¸¨³³¥-
É·¨Õ, ¨ ± ¦¤ Ö ¨§ ¸¨³³¥É·¨Î´ÒÌ ¶μ²μ¢¨´ μ¶¥· Éμ·  ¸¢Ö§Ò¢ ¥É μ¤¨´ ³μ´μ³¥· ¡¥²±  [24].
�μ¸±μ²Ó±Ê ¸ÊÐ¥¸É¢Ê¥É μ¤´μ ³¥¸Éμ ¸¢Ö§Ò¢ ´¨Ö ¶·μ¤Ê±É  £¥´  lexA ¸ μ¶¥· Éμ· ³¨ £¥´μ¢
umuD [24] ¨ umuC [25],   ¸¢Ö§Ò¢ ´¨¥ ¤¢ÊÌ ³μ²¥±Ê² ¶·μ¤Ê±É  £¥´  lexA ¸ ¤¢Ê³Ö ¶μ²μ¢¨´-
± ³¨ ³¥¸É  ¸¢Ö§Ò¢ ´¨Ö ¢ μ¶¥· Éμ·¥ ± ¦¤μ£μ £¥´  Ö¢²Ö¥É¸Ö  ¡¸μ²ÕÉ´μ ±μμ¶¥· É¨¢´Ò³,
Éμ ±μμ¶¥· É¨¢´μ¸ÉÓ ¢μ§´¨± ¥É ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ³μ²¥±Ê² ¶·μ¤Ê±É  £¥´  lexA,
¸¢Ö§Ò¢ ÕÐ¨Ì¸Ö ¸ ¤¢Ê³Ö ¸μ¸¥¤´¨³¨ ³¥¸É ³¨ ¸¢Ö§Ò¢ ´¨Ö μ¶¥· Éμ· . ‘μ£² ¸´μ ³μ¤¥²¨ ·¥-
¶·¥¸¸¨¨ É· ´¸±·¨¶Í¨¨ ¡¥²±μ³ LexA ¢ ¸²ÊÎ ¥  ¡¸μ²ÕÉ´μ° ±μμ¶¥· É¨¢´μ¸É¨ ¸¢Ö§Ò¢ ´¨Ö
±μÔËË¨Í¨¥´ÉÒ •¨²²  · ¢´Ò ³ ±¸¨³ ²Ó´μ³Ê Î¨¸²Ê ³μ²¥±Ê² ¶·μ¤Ê±É  £¥´  lexA, ¸¶μ¸μ¡-
´ÒÌ ¸¢Ö§ ÉÓ¸Ö ¸ μ¶¥· Éμ·μ³ £¥´  [10]. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ³ ±¸¨³ ²Ó´μ¥ Î¨¸²μ ³μ²¥±Ê²
¡¥²±  LexA, ¸¶μ¸μ¡´ÒÌ ¸¢Ö§ ÉÓ¸Ö ¸ μ¶¥· Éμ·μ³ ± ¦¤μ£μ ¨§ £¥´μ¢, · ¢´μ ¤¢Ê³ (¤¢¥ ³μ²¥-
±Ê²Ò ¡¥²±  LexA ´  ¥¤¨´¸É¢¥´´μ¥ ³¥¸Éμ ¸¢Ö§Ò¢ ´¨Ö). ‘²¥¤μ¢ É¥²Ó´μ, h4 = 2 ¨ h5 = 2.

Šμ´¸É ´ÉÒ δ4, δ5, δ6, Ì · ±É¥·¨§ÊÕÐ¨¥ ¶·μÍ¥¸¸Ò ´¥¸¶¥Í¨Ë¨Î¥¸±μ° ¤¥£· ¤ Í¨¨ ¡¥²-
±μ¢ UmuD, UmuC, UmuD', ³μ£ÊÉ ¡ÒÉÓ μ¶·¥¤¥²¥´Ò  ´ ²μ£¨Î´μ δ3 ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Ò-
· ¦¥´¨Ö (3). ˆ¸¶μ²Ó§ÊÖ §´ Î¥´¨Ö ¢·¥³¥´ ¶μ²Ê· ¸¶ ¤  t1/2(UmuD) = 30 ³¨´, t1/2(UmuC) =

20 ³¨´, t1/2(UmuD′) = 40 ³¨´, ´ °¤¥´´Ò¥ ¢ [17, 26, 27], ¶μ²ÊÎ¨³ δ4 =
ln 2

t1/2(UmuD)
=

0,023 ³¨´−1, δ5 =
ln 2

t1/2(UmuC)
= 0,035 ³¨´−1, δ6 =

ln 2
t1/2(UmuD′)

= 0,017 ³¨´−1.

Šμ´¸É ´ÉÒ ¸±μ·μ¸É¨ a1, a2, a3 ¢ ¶·μÍ¥¸¸ Ì ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·μ¤Ê±É  £¥´  umuC ¸
¤¨³¥· ³¨ UmuD2, UmuD'2 ¨ UmuDD' ¸μμÉ¢¥É¸É¢¥´´μ μ¶·¥¤¥²ÖÕÉ¸Ö ¶μ  ´ ²μ£¨¨ ¸ (3)
¸²¥¤ÊÕÐ¨³ ¸¶μ¸μ¡μ³:

X7(t) = X7(0) e−a1X5t, X8(t) = X8(0) e−a2X5t, X9(t) = X9(0) e−a3X5t.

	  μ¸´μ¢ ´¨¨  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¶¥-
·¨μ¤ ¶μ²Ê· ¸¶ ¤  ¶·μ¤Ê±Éμ¢ £¥´  umuD (¢  ±É¨¢¨·μ¢ ´´μ° ¨ ´¥ ±É¨¢¨·μ¢ ´´μ° Ëμ·³ Ì)
¢μ§· ¸É ¥É ¢ ¸·¥¤´¥³ ¢ 1,5 · §  ¶·¨ ¤¨³¥·¨§ Í¨¨ ¡¥²±μ¢ [26, 17]. ‘ ÊÎ¥Éμ³ ¢·¥³¥´ ¶μ²Ê-
· ¸¶ ¤  ¡¥²±μ¢ UmuD ¨ UmuD', ¸μ¸É ¢²ÖÕÐ¨Ì 30 ³¨´ [17] ¨ 40 ³¨´ [26] ¸μμÉ¢¥É¸É¢¥´´μ,
§´ Î¥´¨Ö ¢·¥³¥´ ¶μ²Ê· ¸¶ ¤  £μ³μ¤¨³¥·μ¢ UmuD2, UmuD'2 ¡Ê¤ÊÉ 45 ¨ 60 ³¨´. „¨³¥·
UmuDD' in vivo ¡μ²¥¥ ¸É ¡¨²¥´, Î¥³ UmuD'2. ‚·¥³Ö ¶μ²Ê· ¸¶ ¤  UmuDD' ¸μ¸É ¢²Ö¥É
65 ³¨´ [26, 17]. �μ¢ÒÏ¥´´ Ö ¸É ¡¨²Ó´μ¸ÉÓ £¥É¥·μ¤¨³¥·  ¶·μÖ¢²Ö¥É¸Ö ¢ ¶·μÍ¥¸¸ Ì ¶μ-
¸²¥¤μ¢ É¥²Ó´μ° ¤¥£· ¤ Í¨¨ ³ÊÉ £¥´´μ°  ±É¨¢´μ¸É¨ „	Š-¶μ²¨³¥· §Ò V (UmuD'2C) ´ 
ÔÉ ¶¥ μ¡³¥´  ¸Ê¡Ñ¥¤¨´¨Í, ±μ£¤  ¶·μ¨¸Ìμ¤¨É ¶¥·¥Ìμ¤ £μ³μ¤¨³¥·  UmuD'2 ¢ £¥É¥·μ¤¨³¥·
UmuDD'. 	  μ¸´μ¢¥ ¨§²μ¦¥´´ÒÌ Ë ±Éμ¢ ¶μ²ÊÎ¨³ ¸²¥¤ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö ¤²Ö ±μ´¸É ´É
¸±μ·μ¸É¨ a1, a2, a3:

a1 =
ln 2

t1/2(UmuD2)X50
= 6,18 · 1020 ³μ²Ó−1 · ³¨´−1,

a2 =
ln 2

t1/2(UmuD′2)X50
= 4,64 · 1020 ³μ²Ó−1 · ³¨´−1,

a3 =
ln 2

t1/2(UmuDD′)X50
= 4,28 · 1020 ³μ²Ó−1 · ³¨´−1.
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�´ ²μ£¨Î´Ò³ μ¡· §μ³ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¢Ò· ¦¥´¨¥ ¤²Ö ±μ´¸É ´ÉÒ ·¥ ±Í¨¨ ¤¨³¥·¨§ -
Í¨¨ ¶·μ¤Ê±É  £¥´  umuD:

ε =
ln 2

t1/2(UmuD)X40
= 7,73 · 1019 ³μ²Ó−1 · ³¨´−1.

„²Ö ±μ´¸É ´ÉÒ ¸±μ·μ¸É¨ ϕ ·¥ ±Í¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¡¥²±  UmuD'2 ¸ ´¥ ±É¨¢´Ò³
¶·μ¤Ê±Éμ³ £¥´  umuD ³μ¦´μ ¶μ²ÊÎ¨ÉÓ  ´ ²μ£¨Î´Ò¥ ¢Ò· ¦¥´¨Ö. ˆ¸¶μ²Ó§ÊÖ ¤ ´´Ò¥ Ô±¸-
¶¥·¨³¥´Éμ¢ μ ¢·¥³¥´¨ ¶μ²Ê· ¸¶ ¤  t1/2(UmuD′2) £μ³μ¤¨³¥·  UmuD'2 ¨ ±μ´¸É¨ÉÊÉ¨¢´μ°
±μ´Í¥´É· Í¨¨ UmuD ¡¥²±  X40, Ê± § ´´Ò¥ ¢ÒÏ¥, μ¶·¥¤¥²Ö¥³ Î¨¸²¥´´μ¥ §´ Î¥´¨¥ ±μ´-
¸É ´ÉÒ ¸±μ·μ¸É¨: ϕ = 3,86 · 1019 ³μ²Ó−1 · ³¨´−1.

�¶·¥¤¥²¨ÉÓ Î¨¸²¥´´μ¥ §´ Î¥´¨¥ ±μ´¸É ´ÉÒ η ·¥ ±Í¨¨ ¤¨³¥·¨§ Í¨¨  ±É¨¢´μ° Ëμ·³Ò
¶·μ¤Ê±É  £¥´  umuD (UmuD' ¡¥²± ) ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö
¢μ§³μ¦´Ò³. ’ ±¨³ μ¡· §μ³, η Ö¢²Ö¥É¸Ö ¸¢μ¡μ¤´Ò³ ¶ · ³¥É·μ³ ³μ¤¥²¨. —¨¸²¥´´μ¥ §´ -
Î¥´¨¥ ¶ · ³¥É·  η = 6,0 · 1022 ³μ²Ó−1 · ³¨´−1 μ¶·¥¤¥²¥´μ ¨§ ´ ¨²ÊÎÏ¥£μ ¸μμÉ¢¥É¸É¢¨Ö
¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³.

3. „ˆ��ŒˆŠ� Š��–…�’��–ˆ‰ UmuD2, UmuD'2 ˆ UmuDD'

�·μÍ¥¸¸ μ¡· §μ¢ ´¨Ö ¤¨³¥·¨§μ¢ ´´ÒÌ ¶·μ¤Ê±Éμ¢ £¥´  umuD Ö¢²Ö¥É¸Ö ¶·μ³¥¦ÊÉμÎ-
´Ò³ ÔÉ ¶μ³ ¸¨´É¥§  μ¸´μ¢´ÒÌ ·¥£Ê²ÖÉμ·´ÒÌ ±μ³¶²¥±¸μ¢ SOS-¸¨¸É¥³Ò. „¨´ ³¨Î¥¸±¨¥
¶·μÍ¥¸¸Ò, ¸¢Ö§ ´´Ò¥ ¸ ¡¥²± ³¨ UmuD2, UmuD'2, UmuDD', μ¶¨¸Ò¢ ÕÉ¸Ö ¤¨ËË¥·¥´Í¨-
 ²Ó´Ò³¨ Ê· ¢´¥´¨Ö³¨:

∂X7

∂t∂D
= εX2

4 − δ7X7,

∂X8

∂t∂D
= ηX2

6 − ϕX8X4 − δ8X8, (5)

∂X9

∂t∂D
= μX6X4 + ϕX8X4 − δ9X9

¸ ´ Î ²Ó´Ò³¨ Ê¸²μ¢¨Ö³¨ X7(0, D) = X70, X8(0, D) = 0, X9(0, D) = 0.
“¢¥²¨Î¥´¨¥ ±μ´Í¥´É· Í¨¨ ¤¨³¥·μ¢ UmuD2 ¨ UmuD'2 μ¡Ê¸²μ¢²¥´μ ¢§ ¨³μ¤¥°¸É¢¨¥³

³μ²¥±Ê² ¡¥²±μ¢ UmuD ¨ UmuD' ³¥¦¤Ê ¸μ¡μ° (Î²¥´Ò εX2
4 ¨ ηX2

6 ¸μμÉ¢¥É¸É¢¥´´μ).
�·¨·μ¸É ±μ´Í¥´É· Í¨¨ ¤¨³¥·  UmuDD' Ì · ±É¥·¨§Ê¥É¸Ö ¸²¥¤ÊÕÐ¨³¨ ¶·μÍ¥¸¸ ³¨: ¢μ-
¶¥·¢ÒÌ, ´¥¶μ¸·¥¤¸É¢¥´´Ò³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ³μ²¥±Ê² ´¥ ±É¨¢´μ£μ ¨  ±É¨¢¨·μ¢ ´´μ£μ
¶·μ¤Ê±Éμ¢ £¥´  umuD (Î²¥´ μX6X4), ¢μ-¢Éμ·ÒÌ Å ¶·μÍ¥¸¸μ³ § ³¥´Ò UmuD-¸Ê¡Ñ¥¤¨´¨ÍÒ
¢ ¤¨³¥·¥ UmuD'2 ´  ³μ²¥±Ê²Ê  ±É¨¢´μ° Ëμ·³Ò ¶·μ¤Ê±É  £¥´  umuD (Î²¥´ ϕX8X4).
“¡Ò¢ ´¨¥ ±μ´Í¥´É· Í¨¨ ¤¨³¥·μ¢ UmuD2 ¨ UmuDD' μ¡Ê¸²μ¢²¨¢ ¥É¸Ö ´¥¸¶¥Í¨Ë¨Î¥¸±μ°
¤¥£· ¤ Í¨¥° ¡¥²±μ¢ ¶·¨ ÊÎ ¸É¨¨ ³μ²¥±Ê² Lon-¶·μÉ¥ §Ò (Î²¥´ δ7X7) ¨ ClpXP-¶·μÉ¥ §Ò
(Î²¥´ δ9X9) ¸μμÉ¢¥É¸É¢¥´´μ. “³¥´ÓÏ¥´¨¥ ±μ´Í¥´É· Í¨¨ ¤¨³¥·  UmuD'2 ¢Ò§¢ ´μ ¤¢Ê³Ö
¶·μÍ¥¸¸ ³¨. �¥·¢Ò° ¶·μÍ¥¸¸ ¥¸ÉÓ Î ¸É¨Î´Ò° ¶¥·¥Ìμ¤ £μ³μ¤¨³¥·  UmuD'2 ¢ £¥É¥·μ¤¨-
³¥· UmuDD' ¢ ·¥§Ê²ÓÉ É¥ § ³¥Ð¥´¨Ö μ¤´μ° ¸Ê¡Ñ¥¤¨´¨ÍÒ ¡¥²±  UmuD'2 ³μ²¥±Ê² ³¨
´¥ ±É¨¢´μ£μ ¶·μ¤Ê±É  £¥´  umuD (Î²¥´ ϕX8X4). ‚Éμ·μ° ¶·μÍ¥¸¸ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°
¥¸É¥¸É¢¥´´ÊÕ Ê¡Ò²Ó £μ³μ¤¨³¥·  ¶·¨ ÊÎ ¸É¨¨ ³μ²¥±Ê² ClpXP-¶·μÉ¥ §Ò (Î²¥´ δ8X8).
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�¶·¥¤¥²¨³ ´¥¨§¢¥¸É´Ò¥ ¶ · ³¥É·Ò Ê· ¢´¥´¨° (5). Šμ´¸É ´ÉÒ δ7, δ8, δ9 ¢ ·¥ ±Í¨ÖÌ
´¥¸¶¥Í¨Ë¨Î¥¸±μ° ¤¥£· ¤ Í¨¨ ¡¥²±μ¢ UmuD2, UmuD'2, UmuDD' ¸μμÉ¢¥É¸É¢¥´´μ μ¶·¥¤¥-
²ÖÕÉ¸Ö  ´ ²μ£¨Î´μ δ3. ˆ¸¶μ²Ó§ÊÖ ´ °¤¥´´Ò¥ ¢ÒÏ¥ ¢·¥³¥´  ¶μ²Ê· ¸¶ ¤  ÔÉ¨Ì ¡¥²±μ¢,
¶μ²ÊÎ¨³

δ7 =
ln 2

t1/2(UmuD2)
= 0,015 ³¨´−1, δ8 =

ln 2
t1/2(UmuD′2)

= 0,012 ³¨´−1,

δ9 =
ln 2

t1/2(UmuDD′)
= 0,011 ³¨´−1.

Šμ´¸É ´É  ¸±μ·μ¸É¨ μ ·¥ ±Í¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¤¨³¥·  UmuDD' ¸ ´¥ ±É¨¢´μ° Ëμ·³μ°
¶·μ¤Ê±É  £¥´  umuD ³μ¦¥É ¡ÒÉÓ · ¸¸Î¨É ´  ¶μ  ´ ²μ£¨¨ ¸ (3):

X6(t) = X6(0) e−μX4t.

ˆ§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¨§¢¥¸É´μ §´ Î¥´¨¥ ¢·¥³¥´¨ ¶μ²Ê· ¸¶ ¤  t1/2(UmuD′)  ±É¨¢-
´μ° Ëμ·³Ò ¶·μ¤Ê±É  £¥´  umuD. ‡  ÔÉμ ¢·¥³Ö ±μ´Í¥´É· Í¨Ö ¡¥²±  UmuD' Ê³¥´ÓÏ ¥É¸Ö
·μ¢´μ ¢ ¤¢  · § . �μ² £ Ö ±μ´Í¥´É· Í¨Õ ¡¥²±  UmuD · ¢´μ° ¸¢μ¥³Ê ±μ´¸É¨ÉÊÉ¨¢´μ³Ê
Ê·μ¢´Õ, É. ¥. X4 = X40 ¨ ¢Ò· ¦ Ö μ Î¥·¥§ t1/2(UmuD′), ¶μ²ÊÎ¨³

μ =
ln 2

t1/2(UmuD′)X40
= 5,8 · 10−19 ³μ²Ó−1 · ³¨´−1.

4. „ˆ��ŒˆŠ� �…‹Š�‚›• Š�Œ�‹…Š‘�‚ UmuD2‘, UmuD'2‘ ˆ UmuDD'‘

„¨´ ³¨±  ±μ´Í¥´É· Í¨° É·¥Ì μ¸´μ¢´ÒÌ ·¥£Ê²ÖÉμ·´ÒÌ ±μ³¶²¥±¸μ¢ SOS-¸¨¸É¥³Ò, μÉ-
¢¥Î ÕÐ¨Ì §  ·¥ ²¨§ Í¨Õ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸  ¨ μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ±²¥É±¥ Ê¸²μ¢¨Ö ¤²Ö
μ¸ÊÐ¥¸É¢²¥´¨Ö ¤²¨É¥²Ó´μ° ¶μ¸É·¥¶²¨± É¨¢´μ° PolV-§ ¢¨¸¨³μ° ·¥¶ · Í¨¨, μ¶¨¸Ò¢ ¥É¸Ö
¸²¥¤ÊÕÐ¨³¨ Ê· ¢´¥´¨Ö³¨:

∂X11

∂t∂D
= a1X7X5 − δ11X11,

∂X12

∂t∂D
= a2X8X5 − b2X12X4 − δ12X12, (6)

∂X13

∂t∂D
= a3X9X5 + b2X12X4 − δ13X13.

	 Î ²Ó´Ò¥ Ê¸²μ¢¨Ö ¤²Ö Ê· ¢´¥´¨° (6): X11(0, D) = 0, X12(0, D) = 0, X13(0, D) = 0.
�·¨·μ¸É ±μ´Í¥´É· Í¨¨ ±μ³¶²¥±¸μ¢ UmuD2C ¨ UmuD'2C μ¶·¥¤¥²Ö¥É¸Ö ¶·μÍ¥¸¸ ³¨

¢§ ¨³μ¤¥°¸É¢¨Ö ³μ²¥±Ê² £μ³μ¤¨³¥·μ¢ UmuD2 ¨ UmuD'2 ¸ ¶·μ¤Ê±Éμ³ £¥´  umuC (Î²¥´Ò
a1X7X5 ¨ a2X8X5 ¸μμÉ¢¥É¸É¢¥´´μ). “¢¥²¨Î¥´¨¥ ±μ´Í¥´É· Í¨¨ ¡¥²±  UmuDD'C ¸¢Ö§ ´μ
¸ ¤¢Ê³Ö ¶·μÍ¥¸¸ ³¨: ¸μ¥¤¨´¥´¨¥³ £¥É¥·μ¤¨³¥·  UmuDD' ¸ ¶·μ¤Ê±Éμ³ £¥´  umuC (Î²¥´
a3X9X5) ¨ μ¡³¥´μ³ ¸Ê¡Ñ¥¤¨´¨Í „	Š-¶μ²¨³¥· §Ò V. �·μÍ¥¸¸μ³ μ¡³¥´  ¢ ÔÉμ³ ¸²ÊÎ ¥
Ö¢²Ö¥É¸Ö ¢§ ¨³μ¤¥°¸É¢¨¥ ±μ³¶²¥±¸  UmuD'2C ¸ ´¥ ±É¨¢¨·μ¢ ´´Ò³ ¶·μ¤Ê±Éμ³ £¥´  umuD
(Î²¥´ b2X12X4). “¡Ò²Ó ±μ´Í¥´É· Í¨¨ ¢¸¥Ì É·¥Ì ±μ³¶²¥±¸μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö §  ¸Î¥É
¨Ì ´¥¸¶¥Í¨Ë¨Î¥¸±μ° ¤¥£· ¤ Í¨¨ ¶·¨ ÊÎ ¸É¨¨ ³μ²¥±Ê² Lon-¶·μÉ¥ §Ò ¨ ClpXP-¶·μÉ¥ §Ò
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(Î²¥´Ò δ11X11, δ12X12, δ13X13). ‚ ¶·μÍ¥¸¸ Ê¡Ò¢ ´¨Ö ±μ´Í¥´É· Í¨¨ UmuD'2C ¢´μ¸¨É
¸ÊÐ¥¸É¢¥´´Ò° ¢±² ¤ μ¡³¥´ ¸Ê¡Ñ¥¤¨´¨Í „	Š-¶μ²¨³¥· §Ò V (Î²¥´ b2X12X4).

� · ³¥É·Ò δ11 = 0,022 ³¨´−1, δ12 = 0,012 ³¨´−1, δ13 = 0,015 ³¨´−1 μ¶·¥¤¥²¥´Ò
¶μ  ´ ²μ£¨¨ ¸ δ3 ´  μ¸´μ¢¥ ¤ ´´ÒÌ μ ¢·¥³¥´¨ ¶μ²Ê· ¸¶ ¤  ±μ³¶²¥±¸μ¢ t1/2(UmuD2C) =
31 ³¨´, t1/2(UmuD′2C) = 60 ³¨´, t1/2(UmuDD′C) = 45 ³¨´ [15, 27, 28].

� · ³¥É· b2 Å ±μ´¸É ´É  ¸±μ·μ¸É¨ ·¥ ±Í¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¡¥²±μ¢μ£μ ±μ³¶²¥±¸ 
UmuD'2C (PolV) ¸ ´¥ ±É¨¢¨·μ¢ ´´μ° Ëμ·³μ° ¶·μ¤Ê±É  £¥´  umuD:

b2 =
ln 2

t1/2(UmuD′2C)X40
= 3,86 · 1019 ³μ²Ó−1 · ³¨´−1.

“· ¢´¥´¨Ö (1)Ä(6) ¸¶· ¢¥¤²¨¢Ò ¢ ¤¨ ¶ §μ´¥ ¤μ§ 0,5 < D < 100 „¦/³2 [10].

5. Œ�„…‹œ ‚�‡�ˆŠ��‚…�ˆŸ Œ“’�–ˆ‰

� ¸¸³μÉ·¨³ Ê· ¢´¥´¨Ö ³μ¤¥²¨, μ¶¨¸Ò¢ ÕÐ¨¥ ¶·μÍ¥¸¸ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨°. ‚ · -
¡μÉ¥ [10] ¡Ò²  ¶·¥¤²μ¦¥´  Ëμ·³Ê²  ¤²Ö · ¸Î¥É  Î¨¸²  μ¡· §μ¢ ¢Ï¨Ì¸Ö ± ³μ³¥´ÉÊ μ±μ´-
Î ´¨Ö ·¥¶²¨± Í¨¨ μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥²μ¢:

N1(t2, D) =
1

v1t1

[
v1t2 + ln

(
t1N0(D) + T0

t1N0(D) + T0 ev1t2

)]
,

£¤¥ N0(D) = 25D Å Î¨¸²μ ¤¨³¥·μ¢, μ¡· §μ¢ ¢Ï¨Ì¸Ö ¢ ¶μ²μ¢¨´¥ Ì·μ³μ¸μ³Ò.
ˆ§¢¥¸É´μ, ÎÉμ ¢ ¸μ¸É ¢ ± ¦¤μ° ³μ²¥±Ê²Ò ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ·¥¶²¨± Í¨μ´´μ£μ ±μ³-

¶²¥±¸  ¢Ìμ¤¨É ¶μ μ¤´μ° ³μ²¥±Ê²¥ „	Š-¶μ²¨³¥· §Ò V (¡¥²±  UmuD'2C) ¨ ÎÉμ ¢ § ¶μ²-
´¥´¨¨ ± ¦¤μ£μ μ¤´μ´¨É¥¢μ£μ ÊÎ ¸É±  ÊÎ ¸É¢Ê¥É Éμ²Ó±μ μ¤´  ³μ²¥±Ê²  ·¥¶²¨± Í¨μ´´μ£μ
±μ³¶²¥±¸  [29]. �´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´μ° ²¨É¥· ÉÊ·Ò ¶μ± §Ò¢ ¥É, ÎÉμ ±μ³¶²¥±¸ PolV
Mut ¸¶μ¸μ¡¥´ μ¸ÊÐ¥¸É¢²ÖÉÓ ¸¨´É¥§ ¤μÎ¥·´¥° Í¥¶¨ „	Š ¨ ¶μ ³ É·¨Í¥, ´¥ ¸μ¤¥·¦ Ð¥°
¶μ¢·¥¦¤¥´¨Ö [30]. �μ¸±μ²Ó±Ê Î¨¸²μ ³μ²¥±Ê² PolV, ¸¨´É¥§¨·Ê¥³ÒÌ ¶·¨ μ¶·¥¤¥²¥´´μ°
¤μ§¥ “”-¨§²ÊÎ¥´¨Ö, ¡μ²ÓÏ¥, Î¥³ Î¨¸²μ μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥²μ¢, ¢μ§´¨± ÕÐ¨Ì ¶·¨ Éμ° ¦¥
¤μ§¥, ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ¢μ ¢·¥³Ö · ¡μÉÒ SOS-¸¨¸É¥³Ò ±μ³¶²¥±¸ PolV Mut ¸¶μ¸μ¡¥´
¢±²ÕÎ ÉÓ¸Ö ¢ ¶·μÍ¥¸¸ ¸¨´É¥§  ´¥¶μ¢·¥¦¤¥´´μ° Í¥¶¨ „	Š, § ³¥Ð Ö ¶·¨ ÔÉμ³ ´μ·³ ²Ó´Ò°
·¥¶²¨± Í¨μ´´Ò° ±μ³¶²¥±¸.

�·¨  ´ ²¨§¥ ¢¥·μÖÉ´μ¸É¨ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨° ¶·¨ ·¥ ²¨§ Í¨¨ TLS ¢μ§´¨± ¥É ´¥-
μ¡Ìμ¤¨³μ¸ÉÓ ³μ¤¥²¨·μ¢ ´¨Ö ¸²ÊÎ °´μ° ¢¥²¨Î¨´Ò, ¶·¥¤¸É ¢²ÖÕÐ¥° ¸μ¡μ° Î¨¸²μ μÏ¨¡μ±
¢ Í¥¶¨ „	Š, ¢μ§´¨±Ï¨Ì §  Ë¨±¸¨·μ¢ ´´μ¥ ¢·¥³Ö ¶·¨ Ê¸²μ¢¨¨, ÎÉμ ¤ ´´Ò¥ ¸μ¡ÒÉ¨Ö ¶·μ-
¨¸Ìμ¤ÖÉ ¸ ´¥±μÉμ·μ° Ë¨±¸¨·μ¢ ´´μ° ¸·¥¤´¥° ¨´É¥´¸¨¢´μ¸ÉÓÕ ¨ ´¥§ ¢¨¸¨³μ ¤·Ê£ μÉ ¤·Ê£ .
�μ¸±μ²Ó±Ê Î¨¸²μ ´Ê±²¥μÉ¨¤μ¢ n, ¶·μ°¤¥´´ÒÌ ³μ¤¨Ë¨Í¨·μ¢ ´´Ò³ ·¥¶²¨± Í¨μ´´Ò³ ±μ³-
¶²¥±¸μ³, ¢¥²¨±μ (¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ÉÒ¸ÖÎ),   ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨¨ ¢
± ¦¤μ³ μÉ¤¥²Ó´μ³ ¸²ÊÎ ¥ ³ ²  (p = 10−4−10−3 [30]), ¶μ² £ ¥³, ÎÉμ Î¨¸²μ ¢μ§´¨±Ï¨Ì ¢
Í¥¶¨ „	Š μÏ¨¡μ± m · ¸¶·¥¤¥²¥´μ ¶μ § ±μ´Ê �Ê ¸¸μ´ :

Pn(m) =
am

m!
e−a.

„²Ö · ¸Î¥É  ¶ · ³¥É·  a = np · ¸¶·¥¤¥²¥´¨Ö �Ê ¸¸μ´  ¢ ¸·¥¤¥ C++ ¡Ò²  · §· ¡μ-
É ´  ¶·μ£· ³³ , μ¶·¥¤¥²ÖÕÐ Ö ¶ · ³¥É· a ´  μ¸´μ¢¥ ¸²¥¤ÊÕÐ¨Ì ¢Ìμ¤´ÒÌ ¤ ´´ÒÌ: ¤μ§ 
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“”-μ¡²ÊÎ¥´¨Ö, ¢·¥³Ö, ¢ ¶·¥¤¥² Ì ±μÉμ·μ£μ ´¥μ¡Ìμ¤¨³μ ¶·μ¢¥¸É¨ · ¸Î¥ÉÒ, ¨ Ë °², ¸μ-
¤¥·¦ Ð¨° § ¢¨¸¨³μ¸ÉÓ Î¨¸²  ³μ²¥±Ê² „	Š-¶μ²¨³¥· §Ò V μÉ ¢·¥³¥´¨ ¤²Ö ±μ´±·¥É´μ°
¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö. �·¨ ¢ÒÎ¨¸²¥´¨¨ ¶ · ³¥É·  a ´¥μ¡Ìμ¤¨³μ° ¢¥²¨Î¨´μ° Ö¢²Ö¥É¸Ö ±μ-
²¨Î¥¸É¢μ ´Ê±²¥μÉ¨¤μ¢, ¶·μ°¤¥´´ÒÌ ´  ¤ ´´Ò° ³μ³¥´É ¢·¥³¥´¨ ±μ³¶²¥±¸μ³ PolV Mut.
ˆ§¢¥¸É´μ, ÎÉμ ¶·μÍ¥¸¸ translesion-¸¨´É¥§  μ¡² ¤ ¥É · §²¨Î´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ ¢ § ¢¨-
¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ ¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ „	Š, ´  ±μÉμ·μ° μ´ ¶·μ¨¸Ìμ¤¨É. � ¸¸³μÉ·¨³
μÉ¤¥²Ó´μ ¶·μÍ¥¸¸Ò, ·¥ ²¨§Ê¥³Ò¥ ´  É¨³¨´μ¢ÒÌ ¤¨³¥· Ì, ´  μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥² Ì „	Š,
¨¸±²ÕÎ Ö É¨³¨´μ¢Ò¥ ¤¨³¥·Ò, ¨ ¶·¨ ¸¨´É¥§¥ ´  ´¥¶μ¢·¥¦¤¥´´μ° „	Š. � §· ¡μÉ ´´ Ö
¶·μ£· ³³  ³μ¤¥²¨·Ê¥É ¢μ§´¨±´μ¢¥´¨¥ ³ÊÉ Í¨° ¶·¨ ¤¢¨¦¥´¨¨ ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ·¥-
¶²¨± Í¨μ´´μ£μ ±μ³¶²¥±¸  ¸ ÊÎ¥Éμ³ μ¸μ¡¥´´μ¸É¥° ¨ Ì · ±É¥·¨¸É¨± ¢¸¥Ì É·¥Ì ¶·μÍ¥¸¸μ¢.

�¥ ²¨§ Í¨Ö TLS ´  É¨³¨´μ¢ÒÌ ¤¨³¥· Ì ¢  ²£μ·¨É³¥ ¶·μ£· ³³Ò μ¶¨¸Ò¢ ¥É¸Ö Í¨±²μ³
¶μÏ £μ¢μ£μ ¢ÒÎ¨¸²¥´¨Ö ±μ²¨Î¥¸É¢  ¶·μ°¤¥´´ÒÌ ´Ê±²¥μÉ¨¤μ¢ ¶μ ¸²¥¤ÊÕÐ¥° Ëμ·³Ê²¥:

Ltd(t, D) = X12(t, D)vtd

(
t − tin +

l1
2vss(D)

)
, (7)

£¤¥ Î¨¸²μ ³μ²¥±Ê² ·¥¶²¨± Í¨μ´´μ£μ ±μ³¶²¥±¸  ¡Ê¤¥É · ¢´μ ±μ²¨Î¥¸É¢Ê ¸¨´É¥§¨·μ¢ ´´ÒÌ
´  ¤ ´´Ò° ³μ³¥´É ³μ²¥±Ê² „	Š-¶μ²¨³¥· §Ò V X12(t, D). ‚ Ëμ·³Ê²¥ (7) vtd Å ¸±μ·μ¸ÉÓ
¤¢¨¦¥´¨Ö ±μ³¶²¥±¸  PolV Mut ¢ ³μ³¥´É ¶·μÌμ¦¤¥´¨Ö É¨³¨´μ¢ÒÌ ¤¨³¥·μ¢; tin Å ³μ³¥´É
¢·¥³¥´¨, ±μ£¤  ¡Ò²  ¸¨´É¥§¨·μ¢ ´  ¶μ¸²¥¤´ÖÖ ¨§ X12(t, D) ³μ²¥±Ê² „	Š-¶μ²¨³¥· §Ò V.
vss(D) Å ¸±μ·μ¸ÉÓ ¤¢¨¦¥´¨Ö ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ·¥¶²¨± Í¨μ´´μ£μ ±μ³¶²¥±¸  ¶μ „	Š
¢ ¶·¥¤¥² Ì μ¤´μ´¨É¥¢μ£μ ¶·μ¡¥² , ¨¸±²ÕÎ Ö É¨³¨´μ¢Ò¥ ¤¨³¥·Ò. �Ò²μ ¢ÒÖ¢²¥´μ, ÎÉμ
¸±μ·μ¸ÉÓ ±μ³¶²¥±¸  PolV Mut ¢ ¤ ´´μ³ ¸²ÊÎ ¥ § ¢¨¸¨É μÉ ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö. � ¸Î¥É
¶¥·¥³¥´´μ° vss(D) ¶·μ¢μ¤¨É¸Ö ´  μ¸´μ¢¥ ¤ ´´ÒÌ μ ¸·¥¤´¥° ¤²¨´¥ ¶·μ¡¥²  l1 ¨ ¢·¥-
³¥´¨ μ±μ´Î ´¨Ö ¢¸¥£μ ¶·μÍ¥¸¸  TLS ¤²Ö ±μ´±·¥É´μ° ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö. ‚·¥³Ö ´ Î ² 
¶·μÍ¥¸¸  ´  ±μ´±·¥É´μ³ É¨³¨´μ¢μ³ ¤¨³¥·¥ ¶μ² £ ¥É¸Ö · ¢´Ò³ ¢·¥³¥´¨ ¶·μÌμ¦¤¥´¨Ö
¶μ²μ¢¨´Ò μ¤´μ´¨É¥¢μ£μ ¶·μ¡¥²  „	Š.

Translesion-¸¨´É¥§ ¢ ¶·¥¤¥² Ì μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥²μ¢, ¨¸±²ÕÎ Ö É¨³¨´μ¢Ò¥ ¤¨³¥·Ò,
¨³¥¥É μÉ²¨Î´Ò¥ μÉ ¶·¥¤Ò¤ÊÐ¥£μ ¶·μÍ¥¸¸  Ì · ±É¥·¨¸É¨±¨ ¨ ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´ ¶ÊÉ¥³
·¥ ²¨§ Í¨¨ ¶μÏ £μ¢μ£μ ¢ÒÎ¨¸²¥´¨Ö ±μ²¨Î¥¸É¢  ¶·μ°¤¥´´ÒÌ ´Ê±²¥μÉ¨¤μ¢ ´  μ¸´μ¢¥ ¸²¥-
¤ÊÕÐ¨Ì Ëμ·³Ê²: ⎡

⎢⎢⎢⎢⎢⎢⎣

⎧⎨
⎩

Lss(t, D) = X12(t, D)vss(D)(t − tin),

X12(t, D) � N1(D),⎧⎨
⎩

Lss(t, D) = N1(D)vss(D)(t − tin),

X12(t, D) > N1(D).

‡¤¥¸Ó Lss(t, D) ¥¸ÉÓ Î¨¸²μ ´Ê±²¥μÉ¨¤μ¢, ¶·μ°¤¥´´ÒÌ ´  ¤ ´´Ò° ³μ³¥´É ¢·¥³¥´¨ ³μ²¥-
±Ê² ³¨ ±μ³¶²¥±¸  PolV Mut ¢ ¶·¥¤¥² Ì μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥²μ¢, ¨¸±²ÕÎ Ö É¨³¨´μ¢Ò¥
¤¨³¥·Ò.

‘¨´É¥§ ´  ´¥¶μ¢·¥¦¤¥´´μ° „	Š ¸ ÊÎ ¸É¨¥³ ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ·¥¶²¨± Í¨μ´´μ£μ
±μ³¶²¥±¸  ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´ ´  μ¸´μ¢¥ ¸²¥¤ÊÕÐ¥£μ ¶μ¤Ìμ¤ . �μ¸±μ²Ó±Ê ±μ³¶²¥±¸ PolV
Mut μ¡² ¤ ¥É ¡μ́²ÓÏ¨³ ¸·μ¤¸É¢μ³ ± μ¤´μ´¨É¥¢μ° „	Š, ¸¢Ö§ ´´μ° ¸ ¡¥²±μ³ RecA, Éμ
³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ TLS ´ Î¨´ ¥É¸Ö ¨ § ± ´Î¨¢ ¥É¸Ö ´  μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥-
² Ì. ‘²¥¤μ¢ É¥²Ó´μ, ¢±²ÕÎ¥´¨¥ ³μ²¥±Ê² „	Š-¶μ²¨³¥· §Ò V ¢ ¶·μÍ¥¸¸ ´  ´¥¶μ¢·¥¦¤¥´-
´μ° „	Š ¶·μ¨¸Ìμ¤¨É ¢ ÉμÉ ³μ³¥´É, ±μ£¤  ¨Ì Î¨¸²μ ´ Î¨´ ¥É ¶·¥¢μ¸Ìμ¤¨ÉÓ ±μ²¨Î¥¸É¢μ
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μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥²μ¢. ‘μμÉ¢¥É¸É¢¥´´μ, ¢Ò±²ÕÎ¥´¨¥ ¸¨´É¥§  ´  ´¥¶μ¢·¥¦¤¥´´μ° „	Š
μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ÉμÉ ³μ³¥´É, ±μ£¤  ±μ²¨Î¥¸É¢μ ³μ²¥±Ê² PolV ¸É ´μ¢¨É¸Ö · ¢´Ò³ ±μ²¨-
Î¥¸É¢Ê μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥²μ¢. �μÏ £μ¢Ò° ¶μ¤¸Î¥É ±μ²¨Î¥¸É¢  ¶·μ°¤¥´´ÒÌ ´Ê±²¥μÉ¨¤μ¢
¢ ÔÉμ³ ¸²ÊÎ ¥ μ¶¨¸Ò¢ ¥É¸Ö Ëμ·³Ê²μ°

⎡
⎢⎢⎢⎢⎢⎢⎣

⎧⎨
⎩

Lund(t, D) = 0,

X12(t, D) � N1(D),⎧⎨
⎩

Lund(t, D) = vund(X12(t, D) − N1(D),

X12(t, D) > N1(D).

‡¤¥¸Ó vund = 16,8 ´Ê±²¥μÉ¨¤μ¢/³¨´ Å ¸±μ·μ¸ÉÓ ¤¢¨¦¥´¨Ö ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ·¥¶²¨± -
Í¨μ´´μ£μ ±μ³¶²¥±¸  ¶·¨ ¸¨´É¥§¥ ´¥¶μ¢·¥¦¤¥´´ÒÌ ÊÎ ¸É±μ¢ „	Š [31].

�¡μ§´ Î¨³ P (X) ¢¥·μÖÉ´μ¸ÉÓ ¶μ¤¸É ´μ¢±¨ ±μ³¶²¥±¸μ³ PolV Mut ´¥±μ³¶²¥³¥´É ·-
´μ£μ ´Ê±²¥μÉ¨¤  ´  ÊÎ ¸É± Ì Í¥¶¨ „	Š, ´¥ ¸μ¤¥·¦ Ð¨Ì É¨³¨´μ¢ÒÌ ¤¨³¥·μ¢. �Ê¸ÉÓ
P (Y ) Å ¢¥·μÖÉ´μ¸ÉÓ ¶μ¤¸É ´μ¢±¨ ´¥±μ³¶²¥³¥´É ·´μ£μ ´Ê±²¥μÉ¨¤  ¶·¨ ¶·μÌμ¦¤¥´¨¨
É¨³¨´μ¢ÒÌ ¤¨³¥·μ¢. ’μ£¤  ¶ · ³¥É· a · ¸¶·¥¤¥²¥´¨Ö �Ê ¸¸μ´  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥-
³¥´¨ ¨ ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö ¡Ê¤¥É ¶·¨´¨³ ÉÓ §´ Î¥´¨Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ëμ·³Ê²μ°

a(t, D) = P (X) (Lund(t, D) + Lss(t, D)) + P (Y )Ltd(t, D),

£¤¥ 1,3 · 10−4 � P (X) � 3,0 · 10−3 [30, 32].
‚¥·μÖÉ´μ¸ÉÓ ¶μ¤¸É ´μ¢±¨ ´¥±μ³¶²¥³¥´É ·´μ£μ ´Ê±²¥μÉ¨¤  P (Y ) ¶·¨ ¶·μÌμ¦¤¥´¨¨

¤¨³¥·μ¢ μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥

P (Y ) = P1PA + P2PB + P3PC + P4PD,

£¤¥ P1 = P2 = 0,1, P3 = P4 = 0,4. �É¨ §´ Î¥´¨Ö ¸²¥¤ÊÕÉ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´-
´ÒÌ [33, 34], ¸μ£² ¸´μ ±μÉμ·Ò³ μ¸´μ¢´ÊÕ Î ¸ÉÓ ¶μ¢·¥¦¤¥´¨°, ¢Ò§¢ ´´ÒÌ ¢μ§¤¥°¸É¢¨¥³
Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö, ¸μ¸É ¢²ÖÕÉ cys-sin ¶¨·¨³¨¤¨´μ¢Ò¥ ¤¨³¥·Ò Í¨±²μ¡ÊÉ ´μ-
¢μ£μ É¨¶  (¶μ·Ö¤±  80 %). ‘²¥¤μ¢ É¥²Ó´μ, É¨³¨´μ¢Ò¥ (6Ä4) ËμÉμ¶·μ¤Ê±ÉÒ ¸μ¸É ¢²ÖÕÉ
¤μ²Õ ¶μ·Ö¤±  20% μÉ μ¡Ð¥£μ Î¨¸²  ¢Ò§¢ ´´ÒÌ “”-¨§²ÊÎ¥´¨¥³ ¶μ¢·¥¦¤¥´¨°. �μ² -
£ ¥³ É ±¦¥, ÎÉμ ¢ · ³± Ì μ¤´μ£μ ¨§ ¤¢ÊÌ μ¸´μ¢´ÒÌ “”-μ¡Ê¸²μ¢²¥´´ÒÌ ¶μ¢·¥¦¤¥´¨°
„	Š (TT (6Ä4) ËμÉμ¶·μ¤Ê±É  ¨²¨ TT cys-sin ËμÉμ¤¨³¥· ) ¸μ¡ÒÉ¨Ö ¢μ§´¨±´μ¢¥´¨Ö ¶μ¢·¥-
¦¤¥´¨Ö ¸ 3′-±μ´Íμ³ ¨ 5′-±μ´Íμ³ Ö¢²ÖÕÉ¸Ö · ¢´μ¢¥·μÖÉ´Ò³¨. PA Å ¢¥·μÖÉ´μ¸ÉÓ ¢μ§-
´¨±´μ¢¥´¨Ö ³ÊÉ Í¨¨ ¶·¨ ¶·μÌμ¦¤¥´¨¨ É¨³¨´μ¢μ£μ (6Ä4) ËμÉμ¶·μ¤Ê±É  ¸ 3′-±μ´Íμ³,
PB Å ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨¨ ¶·¨ ¶·μÌμ¦¤¥´¨¨ É¨³¨´μ¢μ£μ (6Ä4) ËμÉμ-
¶·μ¤Ê±É  ¸ 5′-±μ´Íμ³, PC Å ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨¨ ¶·¨ ¶·μÌμ¦¤¥´¨¨ cys-
sin-¶¨·¨³¨¤¨´μ¢μ£μ ¤¨³¥·  Í¨±²μ¡ÊÉ ´μ¢μ£μ É¨¶  ¸ 3′-±μ´Íμ³ ¨ PD Å ¢¥·μÖÉ´μ¸ÉÓ ¢μ§-
´¨±´μ¢¥´¨Ö ³ÊÉ Í¨¨ ¶·¨ ¶·μÌμ¦¤¥´¨¨ cys-sin ¶¨·¨³¨¤¨´μ¢μ£μ ¤¨³¥·  Í¨±²μ¡ÊÉ ´μ¢μ£μ
É¨¶  ¸ 5′-±μ´Íμ³. ‘μ£² ¸´μ ·¥§Ê²ÓÉ É ³ · ¡μÉÒ [30], ÔÉ¨ ¢¥·μÖÉ´μ¸É¨ ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨¥
§´ Î¥´¨Ö: PA = 0,875, PB = 0,078, PC = 0,02, PD = 0,048. �μ¤¸É ¢²ÖÖ ¨§¢¥¸É´Ò¥
§´ Î¥´¨Ö, ¶μ²ÊÎ¨³, ÎÉμ ¶μ²´ Ö ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨¨ ¶·¨ μ¸ÊÐ¥¸É¢²¥´¨¨
translesion-¸¨´É¥§  ´  ÊÎ ¸É± Ì „	Š, ¸μ¤¥·¦ Ð¨Ì É¨³¨´μ¢Ò¥ ¤¨³¥·Ò, ¨³¥¥É §´ Î¥´¨¥
P (Y ) = 0,12.
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6. �…‡“‹œ’�’›

‚ · ³± Ì ¤¨´ ³¨Î¥¸±μ° ³μ¤¥²¨ SOS-¸¨¸É¥³Ò ±²¥Éμ± E. coli ¡Ò²μ ¶·μ¢¥¤¥´μ Î¨¸²¥´-
´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ Ê· ¢´¥´¨° (1)Ä(6). �μ¸É·μ¥´Ò £· Ë¨Î¥¸±¨¥ ·¥Ï¥´¨Ö, μ¶¨¸Ò¢ ÕÐ¨¥
¤¨´ ³¨±Ê ¡¥²±μ¢ LexA, RecA, RecA*, UmuD, UmuC, UmuD', UmuD2C, UmuDD'C,
UmuD'2C ¶·¨ · §²¨Î´ÒÌ ¤μ§ Ì Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ μ¡²ÊÎ¥´¨Ö. �¥Ï¥´¨Ö ³ É¥³ É¨Î¥-
¸±μ° ³μ¤¥²¨, ¶μ²ÊÎ¥´´Ò¥ ¤²Ö · §²¨Î´ÒÌ ¡¥²±μ¢, ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 1. ‚ É ¡²¨Í¥ ¤ ´Ò
μ¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¶μ¸É·μ¥´´ÒÌ ±·¨¢ÒÌ.

�´ ²¨§ ¤¨´ ³¨±¨ ·¥£Ê²ÖÉμ·´ÒÌ ¡¥²±μ¢ SOS-¸¨¸É¥³Ò ¶μ± §Ò¢ ¥É, ÎÉμ ¶μ²μ¦¥´¨¥ ³ ±-

‡´ Î¥´¨Ö ³¨´¨³ ²Ó´ÒÌ Ximin ¨ ³ ±¸¨³ ²Ó´ÒÌ Ximax ±μ´Í¥´É· Í¨° ¡¥²±μ¢ ¨ ¢·¥³¥´ , ´ 
±μÉμ·ÒÌ μ´¨ ´ ¡²Õ¤ ÕÉ¸Ö

�¥²±¨ D, „¦/³2 tmin, ³¨´ Ximin , ³μ²¥±Ê² ´  ±²¥É±Ê tmax, ³¨´ Ximax , ³μ²¥±Ê² ´  ±²¥É±Ê

LexA 1 15 504 Å Å
5 16 242 Å Å
50 22 122 Å Å
100 24 101 Å Å

RecA 1 4,5 480 42 2490
5 3 105 40 6008
50 3 32 43 21438
100 3 26 44 30423

RecA∗ 1 Å Å 6 558
5 Å Å 14 1293
50 Å Å 22 5040
100 Å Å 24 7168

UmuD 1 Å Å 24 440
5 Å Å 23 688
50 Å Å 30 808
100 Å Å 34 810

UmuD' 1 Å Å 16 3
5 Å Å 20 6
50 Å Å 26 15
100 Å Å 27 18

UmuC 1 Å Å 14 37
5 Å Å 13 91
50 Å Å 16 167
100 Å Å 18 192

UmuD2C 1 Å Å 38 121
5 Å Å 34 363
50 Å Å 37 1416
100 Å Å 38 2000

UmuD'2C 5 Å Å 27 9
50 Å Å 32 103
100 Å Å 34 192

UmuDD'C 1 Å Å 62 2
5 Å Å 52 13
50 Å Å 52 160
100 Å Å 53 303
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¸¨³Ê³  (³¨´¨³Ê³ ) ±μ´Í¥´É· Í¨¨ ¢ ·Ó¨·Ê¥É ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤μ§Ò “”-¨§²ÊÎ¥´¨Ö. �¥-
§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¤²Ö ¡¥²±  LexA (·¨¸. 1), ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´-
´Ò³¨ [35]. � ¸Î¥ÉÒ, ¢Ò¶μ²´¥´´Ò¥ ¤²Ö ¶·μ¤Ê±É  £¥´  recA ¢ ´μ·³ ²Ó´μ° Ëμ·³¥, ¶μ¤-
É¢¥·¦¤ ÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÐ¨³¨ μ §´ Î¨É¥²Ó´μ³ ¢μ§-
· ¸É ´¨¨ ±μ´Í¥´É· Í¨¨ ¡¥²±  RecA ¶·¨ ¨´¤Ê±Í¨¨ SoS-μÉ¢¥É  [36]. 	  · ´´¨Ì ¢·¥-
³¥´ Ì (¶μ·Ö¤±  2Ä4 ³¨´) ¶·¨ ¤μ§ Ì ¢ÒÏ¥ 5 „¦/³2 ¶·μÖ¢²Ö¥É¸Ö ·¥§±¨° ¶¥·¥£¨¡ ±·¨-
¢μ° ±μ´Í¥´É· Í¨¨ ¡¥²±  RecA*. •μ¤ ±·¨¢μ° μ¡ÑÖ¸´Ö¥É¸Ö, ¶μ-¢¨¤¨³μ³Ê, ¶¥·¥Ìμ¤´Ò³¨
¶·μÍ¥¸¸ ³¨, ¸¢Ö§ ´´Ò³¨ ¸ μ±μ´Î ´¨¥³ ·¥¶²¨± Í¨¨. ‡´ Î¥´¨Ö ³ ±¸¨³ ²Ó´μ° ±μ´Í¥´É· -
Í¨¨ ¡¥²±μ¢ UmuD ¨ UmuC,   É ±¦¥ · ¸¶·¥¤¥²¥´¨¥ ¶¨±μ¢ ³ ±¸¨³ ²Ó´μ° ±μ´Í¥´É· Í¨¨
¶μ ¢·¥³¥´¨ Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ´ ¡²Õ¤¥´¨Ö³¨ [15, 37]. —¨-
¸²¥´´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ¡Ò²μ ¢Ò¶μ²´¥´μ ¨ ¤²Ö ¤¨³¥·¨§μ¢ ´´ÒÌ ¶·μ¤Ê±Éμ¢ £¥´  umuD.
�¥§Ê²ÓÉ ÉÒ ¤²Ö ¡¥²±μ¢ UmuD2, UmuD'2 ¨ UmuDD' μÉ¤¥²Ó´μ ´¥ ¶μ± § ´Ò. 	 ¨¡μ²Ó-
Ï¨° ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ ·¥Ï¥´¨Ö, Ì · ±É¥·¨§ÊÕÐ¨¥ ¨§³¥´¥´¨¥ ±μ´Í¥´É· Í¨¨ „	Š-
¶μ²¨³¥· §Ò V (¡¥²±μ¢μ£μ ±μ³¶²¥±¸  UmuD'2C), É ± ± ± ¨³¥´´μ ÔÉμÉ ¡¥²±μ¢Ò° ±μ³¶²¥±¸
Ö¢²Ö¥É¸Ö μÉ¢¥É¸É¢¥´´Ò³ §  ¢μ§´¨±´μ¢¥´¨¥ ³ÊÉ Í¨° ¢μ ¢·¥³Ö ¸¨´É¥§  „	Š ¶μ ³ É·¨Í¥,
¸μ¤¥·¦ Ð¥° ¶μ¢·¥¦¤¥´¨Ö. �´ ²¨§ ¤¨´ ³¨±¨ „	Š-¶μ²¨³¥· §Ò V (·¨¸. 2) ¶μ± §Ò¢ ¥É,
ÎÉμ Ê¢¥²¨Î¥´¨¥ ¤μ§Ò “”-¨§²ÊÎ¥´¨Ö ¢¥¤¥É ± ¸Ê¦¥´¨Õ ¶¨±  ±μ´Í¥´É· Í¨¨ ¨ ´¥§´ Î¨É¥²Ó-
´μ³Ê ¸³¥Ð¥´¨Õ μ¡² ¸É¨ ³ ±¸¨³ ²Ó´μ° ±μ´Í¥´É· Í¨¨ ¢ ¸Éμ·μ´Ê ¡μ²¥¥ ¶μ§¤´¨Ì ¢·¥³¥´.
‚ Ô±¸¶¥·¨³¥´É ²Ó´μ° ²¨É¥· ÉÊ·¥ Ê± §Ò¢ ¥É¸Ö, ÎÉμ SOS-μÉ¢¥É ¤μ¸É¨£ ¥É ³ ±¸¨³Ê³  ´ 
¶·μ³¥¦ÊÉ±¥ ¢·¥³¥´ 20Ä40 ³¨´ [38]. ‚¸¥ ¶μ²ÊÎ¥´´Ò¥ ¶·¨ · ¸Î¥É Ì ¢·¥³¥´  ³ ±¸¨³Ê-
³μ¢ ±μ´Í¥´É· Í¨¨ „	Š-¶μ²¨³¥· §Ò V ²¥¦ É ¢ ¶·¥¤¥² Ì Ê± § ´´μ£μ ¶·μ³¥¦ÊÉ±  ¢·¥-
³¥´¨.

�¥Ï¥´¨¥ ³μ¤¥²¨ Ëμ·³¨·μ¢ ´¨Ö ³ÊÉ Í¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥§Ê²ÓÉ Éμ¢, Ì · ±É¥·¨§ÊÕ-
Ð¨Ì ¤¨´ ³¨±Ê „	Š-¶μ²¨³¥· §Ò V, ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶μ¸É·μ¨ÉÓ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö
¸²ÊÎ °´μ° ¢¥²¨Î¨´Ò, ¶·¥¤¸É ¢²ÖÕÐ¥° ¸μ¡μ° Î¨¸²μ ³ÊÉ Í¨° ¢ Í¥¶¨ „	Š. ‚ ± Î¥¸É¢¥
¶·¨³¥·  ¶·¨¢¥¤¥´Ò · ¸Î¥ÉÒ ¤²Ö ¸²¥¤ÊÕÐ¨Ì ¤μ§: 5 ¨ 50 „¦/³2.

ƒ· Ë¨±¨, ¶·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸. 2, 3, ¶μ§¢μ²ÖÕÉ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ · ¸¶·¥¤¥²¥´¨¨ ¢¥-
·μÖÉ´μ¸É¨ ¢μ§´¨±´μ¢¥´¨Ö m μÏ¨¡μ± ¢μ ¢·¥³¥´¨ ¶·¨ § ¤ ´´μ° ¤μ§¥ “”-μ¡²ÊÎ¥´¨Ö. �¥§-
±¨° ¶¨±, ¶·μÖ¢²ÖÕÐ¨°¸Ö ´  ·¨¸. 2, 3,  , ¡, μ¡Ê¸²μ¢²¥´ ¶·μÌμ¦¤¥´¨¥³ ·¥¶²¨± Í¨μ´´μ£μ
±μ³¶²¥±¸  PolV Mut Î¥·¥§ É¨³¨´μ¢Ò¥ ¤¨³¥·Ò, £¤¥ ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö μÏ¨¡±¨
¶·¨ ¶μ¤¸É ´μ¢±¥ ´Ê±²¥μÉ¨¤  ¢ÒÏ¥. �·¨ ¤μ§¥ 5 „¦/³2 ¢¥·μÖÉ´μ¸ÉÓ Éμ£μ, ÎÉμ ³ÊÉ Í¨Ö ´¥
¢μ§´¨±´¥É (É. ¥. m = 0), ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¢¥²¨Î¨´Ê, ¡²¨§±ÊÕ ± ¥¤¨´¨Í¥ ¤²Ö ¢¸¥£μ ¢·¥-
³¥´´μ£μ ¶·μ³¥¦ÊÉ± , ¨¸±²ÕÎ Ö ¢·¥³¥´ , ´  ±μÉμ·ÒÌ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö translesion-¸¨´É¥§
ÊÎ ¸É±μ¢ „	Š, ¸μ¤¥·¦ Ð¨Ì É¨³¨´μ¢Ò¥ ¤¨³¥·Ò. 	  ÔÉμ³ ¢·¥³¥´´μ³ ¶·μ³¥¦ÊÉ±¥ (71Ä
74 ³¨´) §´ Î¥´¨¥ ¢¥·μÖÉ´μ¸É¨ ¤²Ö ¶ · ³¥É·  m = 0 ¸μ¸É ¢²Ö¥É P (0) = 0,781−0,783.
Œ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¢¥·μÖÉ´μ¸É¨ ¢μ§´¨±´μ¢¥´¨Ö μ¤´μ° μÏ¨¡±¨ (m = 1) ¶·¨ ·¥¶²¨-
± Í¨¨ ´¥¶μ¢·¥¦¤¥´´μ° „	Š ¨ μ¤´μ´¨É¥¢μ° „	Š ¶·μ¡¥²μ¢ ¤²Ö ¤μ§Ò 5 „¦/³2 ¸μ¸É ¢²Ö¥É
P = 1,17 · 10−2, ¢ Éμ ¢·¥³Ö ± ± ¶·¨ ·¥¶²¨± Í¨¨ ÊÎ ¸É±μ¢ „	Š ¸ ¤¨³¥· ³¨ ³ ±¸¨-
³ ²Ó´μ¥ §´ Î¥´¨¥ ¢¥·μÖÉ´μ¸É¨ ¸É ´μ¢¨É¸Ö · ¢´Ò³ P = 0,193 (·¨¸. 2,  ). „μ§  50 „¦/³2

¤ ¥É ¸²¥¤ÊÕÐ¥¥ · ¸¶·¥¤¥²¥´¨¥ ¢¥·μÖÉ´μ¸É¥° ¶·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·  m.
Œ¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¢¥·μÖÉ´μ¸É¨ Éμ£μ, ÎÉμ μÏ¨¡±  ´¥ ¢μ§´¨±´¥É (m = 0), ¸μ¸É -
¢²Ö¥É P = 0,818 ¤²Ö „	Š, ´¥ ¸μ¤¥·¦ Ð¥° É¨³¨´μ¢ÒÌ ¤¨³¥·μ¢, ¨ P = 0,372 ¤²Ö
ÊÎ ¸É±μ¢ „	Š ¸ ¤¨³¥· ³¨. “± § ´´Ò¥ §´ Î¥´¨Ö ¢¥·μÖÉ´μ¸ÉÓ ¶·¨´¨³ ¥É ´  ¢·¥³¥´ Ì
34 ¨ 94 ³¨´ ¸μμÉ¢¥É¸É¢¥´´μ. ‘μ¡ÒÉ¨¥ ¢μ§´¨±´μ¢¥´¨Ö μ¤´μ° μÏ¨¡±¨ ¶·¨ ¤μ§¥ 50 „¦/³2

(m = 1) ¨³¥¥É ³ ±¸¨³ ²Ó´ÊÕ ¢¥·μÖÉ´μ¸ÉÓ P = 0,165 ¤²Ö „	Š ¡¥§ ¤¨³¥·μ¢ ¨ P = 0,368
´  ÊÎ ¸É± Ì, ¸μ¤¥·¦ Ð¨Ì ¤¨³¥·Ò. ‚·¥³¥´ , ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ §´ Î¥´¨Ö³ ¢¥·μÖÉ´μ¸É¨
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�¨¸. 1. �μ¢¥·Ì´μ¸É¨ ¨ ´ ¡μ·Ò ±·¨¢ÒÌ, Ì · ±É¥·¨§ÊÕÐ¨¥ ¨§³¥´¥´¨¥ ±μ´Í¥´É· Í¨¨ ¡¥²±μ¢ LexA,

RecA, RecA*, UmuD, UmuC, UmuD', UmuD2C, UmuDD'C, UmuD'2C ¢μ ¢·¥³¥´¨ ¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ

¤μ§Ò “”-¨§²ÊÎ¥´¨Ö. N Å Î¨¸²μ ³μ²¥±Ê² ¡¥²± , ¸μ¤¥·¦ Ð¥¥¸Ö ¢ μ¤´μ° ±²¥É±¥. Š·¨¢Ò¥ ¶μ¸É·μ¥´Ò
¤²Ö ¸²¥¤ÊÕÐ¨Ì ¤μ§ “”-¨§²ÊÎ¥´¨Ö: ÏÉ·¨Ì¶Ê´±É¨·´ Ö ²¨´¨Ö Å 1 „¦/³2; ÏÉ·¨Ìμ¢ Ö Å 5 „¦/³2;

¸¶²μÏ´ Ö Å 50 „¦/³2; ÉμÎ¥Î´ Ö Å 100 „¦/³2; � Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ¡¥²±  LexA

¶·¨ ¤μ§¥ 5 „¦/³2 [35]



„¨´ ³¨±  SOS-μÉ¢¥É  ¢ ¡ ±É¥·¨ ²Ó´ÒÌ ±²¥É± Ì Escherichia coli 433
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�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ¢¥·μÖÉ´μ¸É¨ ¤²Ö ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö 5 „¦/³2 ¨ P (X) = 1,3 · 10−4 ¶·¨
m = 1 ( ), ¶·¨ m = 2 (¡). 	  ¢¸¥Ì £· Ë¨± Ì P Å ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö m μÏ¨¡μ±

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ¢¥·μÖÉ´μ¸É¨ ¤²Ö ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö 50 „¦/³2 ¨ P (X) = 1,3 · 10−4 ¶·¨

m = 1 ( ), ¶·¨ m = 2 (¡). 	  ¢¸¥Ì £· Ë¨± Ì P Å ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö m μÏ¨¡μ±

�¨¸. 4. 	 ¨¢¥·μÖÉ´¥°Ï¥¥ Î¨¸²μ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ ¨ ¤μ§Ò “”-

μ¡²ÊÎ¥´¨Ö ¶·¨ P (X) = 1,3 · 10−4

P , ¸μ¢¶ ¤ ÕÐ¨³ ¸  ´ ²μ£¨Î´Ò³ ¤²Ö ¤μ§Ò 5 „¦/³2, ¸μ¸É ¢²ÖÕÉ 34 ¨ 94 ³¨´ ¸μμÉ¢¥É-
¸É¢¥´´μ (·¨¸. 3,  ).

‚ ¦´Ò³ ¢μ¶·μ¸μ³ ¶·¨  ´ ²¨§¥ SOS-³ÊÉ £¥´¥§  Ö¢²Ö¥É¸Ö  ´ ²¨§ § ¢¨¸¨³μ¸É¨ ´ ¨¢¥-
·μÖÉ´¥°Ï¥£μ Î¨¸²  μÏ¨¡μ± a μÉ ¢·¥³¥´¨ ¨ ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö (·¨¸. 4).

�´ ²¨§ ·¨¸. 4 ¶μ± §Ò¢ ¥É, ÎÉμ ¶·¨ ¢Ò¡· ´´μ° ´¨¦´¥° £· ´¨Í¥ P (X) = 1,3 · 10−4,



„¨´ ³¨±  SOS-μÉ¢¥É  ¢ ¡ ±É¥·¨ ²Ó´ÒÌ ±²¥É± Ì Escherichia coli 435

Î¨¸²μ ¢μ§´¨±Ï¨Ì ³ÊÉ Í¨° ¢¥·μÖÉ´¥¥ ¢¸¥£μ ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö Éμ²Ó±μ ¶·μÍ¥¸¸ ³¨ ´ 
É¨³¨´μ¢ÒÌ ¤¨³¥· Ì. ˆ§¡ÒÉμ± ³μ²¥±Ê² „	Š-¶μ²¨³¥· §Ò V ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ´¥ μ± §Ò¢ ¥É
¸ÊÐ¥¸É¢¥´´μ£μ ¢²¨Ö´¨Ö ´  ³ÊÉ £¥´¥§ ¶·¨ ·¥ ²¨§ Í¨¨ TLS.

‘μ¢¥·Ï¥´´μ ¨´ Ö ¸¨ÉÊ Í¨Ö ¢μ§´¨± ¥É ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¢ ± Î¥¸É¢¥ ¢Ìμ¤´μ£μ ¶ · -
³¥É·  ³μ¤¥²¨ ¢¥·Ì´¥° £· ´¨ÍÒ ¨´É¥·¢ ²  P (X) = 3,0 · 10−3. ƒ· Ë¨±¨ · ¸¶·¥¤¥²¥´¨Ö
¢¥·μÖÉ´μ¸É¨ ¤²Ö ¤μ§ 5 ¨ 50 „¦/³2 É¥¶¥·Ó Ê¤μ¡´¥¥ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5 ¨ 6 ¸μμÉ¢¥É-
¸É¢¥´´μ.

�¨¸. 5,  , 6,   ¶μ± §Ò¢ ÕÉ, ÎÉμ ¢μ§´¨±´μ¢¥´¨¥ ¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  μÏ¨¡μ± Å ¢¥-
·μÖÉ´¥¥ ¢¸¥£μ ´  ¢·¥³¥´ Ì 31Ä34 ³¨´, É. ¥. ¢ ÉμÉ ³μ³¥´É, ±μ£¤  ±μ´Í¥´É· Í¨Ö ³μ²¥±Ê²
„	Š-¶μ²¨³¥· §Ò V (  ¸²¥¤μ¢ É¥²Ó´μ, ¨ ³μ²¥±Ê² ³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ·¥¶²¨± Í¨μ´´μ£μ
±μ³¶²¥±¸ ) ³ ±¸¨³ ²Ó´ . 	  ³ ²ÒÌ ¢·¥³¥´ Ì ¨ ´  ¢·¥³¥´ Ì ¡μ²ÓÏ¥ 100 ³¨´ ¢Ò¸μ±  ¢¥·μ-
ÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö ´¥¡μ²ÓÏμ£μ Î¨¸²  μÏ¨¡μ±. �ÉμÉ Ë ±É μ¡ÑÖ¸´Ö¥É¸Ö ³ ²Ò³ Î¨¸²μ³
³μ²¥±Ê² PolV ¢ ±²¥É±¥ ´  Ê± § ´´ÒÌ ¢·¥³¥´ Ì. � ¸¸³μÉ·¨³ ¶μ¤·μ¡´¥¥ · ¸¶·¥¤¥²¥´¨¥
¢¥·μÖÉ´μ¸É¨ ¢μ§´¨±´μ¢¥´¨Ö μ¤´μ° μÏ¨¡±¨ ¶·¨ ¤μ§¥ 5 „¦/³2. � · ³¥É· m ¢ ÔÉμ³ ¸²ÊÎ ¥
¨³¥¥É §´ Î¥´¨¥ 1 (·¨¸. 5, ¡). ‚¥·μÖÉ´μ¸ÉÓ P ¶·¨ ÔÉμ³ ¨³¥¥É ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ 0,368
¨ ´ ¡²Õ¤ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ ¤¨ ¶ §μ´¥ ¢·¥³¥´: 16 � t � 17 ³¨´, 123 � t � 182 ³¨´. �·¨
¤μ§¥ 50 „¦/³2 ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö 30 μÏ¨¡μ± (m = 30) É ±¦¥ ¨³¥¥É ¤¢  ¶¨± ,
¶¥·¢Ò° ¨§ ±μÉμ·ÒÌ Ì · ±É¥·¨§Ê¥É¸Ö ³ ±¸¨³ ²Ó´Ò³ §´ Î¥´¨¥³ ¢¥·μÖÉ´μ¸É¨ P = 0,068 ¨
´ ¡²Õ¤ ¥É¸Ö ¢ ³μ³¥´É 21 ³¨´, ¢Éμ·μ° Å §´ Î¥´¨¥³ ¢¥·μÖÉ´μ¸É¨ P = 0,054 ¨ ´ ¡²Õ¤ -
¥É¸Ö ¢ ¤¨ ¶ §μ´¥ ¢·¥³¥´ 83 � t � 84 ³¨´ (·¨¸. 6, ¡).

‚ Ìμ¤¥ ¨¸¸²¥¤μ¢ ´¨Ö ¡Ò² ¶·μ¢¥¤¥´  ´ ²¨§ § ¢¨¸¨³μ¸É¨ ´ ¨¢¥·μÖÉ´¥°Ï¥£μ Î¨¸²  ¢μ§-

�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ ¢¥·μÖÉ´μ¸É¨ ¤²Ö ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö 5 „¦/³2 ¨ P (X) = 3,0 · 10−3 ¶·¨

· §²¨Î´ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·  m ( ), ¶·¨ m = 1 (¡). P Å ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö m μÏ¨¡μ±

�¨¸. 6. � ¸¶·¥¤¥²¥´¨¥ ¢¥·μÖÉ´μ¸É¨ ¤²Ö ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö 50 „¦/³2 ¨ P (X) = 3,0 · 10−3 ¶·¨

· §²¨Î´ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·  m ( ), ¶·¨ m = 30 (¡). P Å ¢¥·μÖÉ´μ¸ÉÓ ¢μ§´¨±´μ¢¥´¨Ö m μÏ¨¡μ±
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�¨¸. 7. 	 ¨¢¥·μÖÉ´¥°Ï¥¥ Î¨¸²μ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ ¨ ¤μ§Ò “”-

μ¡²ÊÎ¥´¨Ö ¶·¨ P (X) = 3,0 · 10−3

´¨± ÕÐ¨Ì ³ÊÉ Í¨° μÉ ¢·¥³¥´¨ ¨ ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö ¶·¨ ¢Ò¡· ´´μ° ¢¥·Ì´¥° £· ´¨Í¥
¨´É¥·¢ ²  P (X). � §²¨Î¨Ö ³¥¦¤Ê ·¥§Ê²ÓÉ É ³¨, ¶·¥¤¸É ¢²¥´´Ò³¨ ´  ·¨¸. 4 ¨ 7, μ¡Ê¸²μ-
¢²¥´Ò ¶·μÍ¥¸¸ ³¨ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨° ¶·¨ ·¥¶²¨± Í¨¨ ´¥¶μ¢·¥¦¤¥´´μ° „	Š ¨ μ¤-
´μ´¨É¥¢μ° „	Š ¶·μ¡¥²μ¢, §  ¨¸±²ÕÎ¥´¨¥³ É¨³¨´μ¢ÒÌ ¤¨³¥·μ¢. ˆ¸Ìμ¤Ö ¨§ ÔÉμ£μ, ³μ¦´μ
§ ±²ÕÎ¨ÉÓ, ÎÉμ ¶·¨ ¢Ò¡· ´´μ³ §´ Î¥´¨¨ P (X) ±μ²¨Î¥¸É¢μ ¢μ§´¨±Ï¨Ì ³ÊÉ Í¨°, ¢¥·μ-
ÖÉ´¥¥ ¢¸¥£μ, ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö ¢¸¥³¨ É·¥³Ö ¶·μÍ¥¸¸ ³¨, μ¡μ§´ Î¥´´Ò³¨ ¢ÒÏ¥. Š·μ³¥
Éμ£μ, ¸¶· ¢¥¤²¨¢ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¶μ¤¸É ´μ¢±  μÏ¨¡μÎ´ÒÌ ´Ê±²¥μÉ¨¤μ¢ ´  É¨³¨´μ¢ÒÌ
¤¨³¥· Ì ¶·¨ ¡μ²ÓÏ¨Ì ¤μ§ Ì ¢´μ¸¨É ¸· ¢´¨É¥²Ó´μ ´¥¡μ²ÓÏμ° ¢±² ¤ ¢ μ¡Ð¥¥ Î¨¸²μ ³Ê-
É Í¨°. �¸´μ¢´Ò³¨ ¢ ÔÉμ³ ¸²ÊÎ ¥ Ö¢²ÖÕÉ¸Ö ¶·μÍ¥¸¸Ò, ¶·μ¨¸Ìμ¤ÖÐ¨¥ ´  ´¥¶μ¢·¥¦¤¥´´μ°
„	Š ¨ μ¤´μ´¨É¥¢μ° „	Š ¶·μ¡¥²μ¢, §  ¨¸±²ÕÎ¥´¨¥³ É¨³¨´μ¢ÒÌ ¤¨³¥·μ¢.

ˆ§  ´ ²¨§  ·¨¸. 7 ¸²¥¤Ê¥É, ÎÉμ ¶·¨ ¢Ò¡· ´´μ° ¢¥·Ì´¥° £· ´¨Í¥ P (X) = 3,0 · 10−3

Î¨¸²μ ¢μ§´¨±Ï¨Ì ³ÊÉ Í¨°, ¢¥·μÖÉ´¥¥ ¢¸¥£μ, ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö ¢ μ¸´μ¢´μ³ ¶·μÍ¥¸¸ ³¨
´  ´¥¶μ¢·¥¦¤¥´´μ° „	Š ¨ ´  μ¤´μ´¨É¥¢μ° „	Š ¶·μ¡¥²μ¢, §  ¨¸±²ÕÎ¥´¨¥³ ÊÎ ¸É±μ¢,
¸μ¤¥·¦ Ð¨Ì É¨³¨´μ¢Ò¥ ¤¨³¥·Ò. ˆ§¡ÒÉμ± ³μ²¥±Ê² „	Š-¶μ²¨³¥· §Ò V ¢ ÔÉμ³ ¸²ÊÎ ¥
μ± §Ò¢ ¥É ¸ÊÐ¥¸É¢¥´´μ¥ ¢²¨Ö´¨¥ ´  ÔËË¥±É¨¢´μ¸ÉÓ TLS Ê ¡ ±É¥·¨° E. coli.

‡�Š‹	—…�ˆ…

‚ · ¡μÉ¥ ¶μ¸É·μ¥´  ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó ·¥£Ê²ÖÍ¨¨ SOS-μÉ¢¥É  Ê ¡ ±É¥·¨ ²Ó´ÒÌ
±²¥Éμ± E. coli, ¨´¤ÊÍ¨·μ¢ ´´μ£μ Ê²ÓÉ· Ë¨μ²¥Éμ¢Ò³ ¨§²ÊÎ¥´¨¥³. 	μ¢Ò° ¶¥·¸¶¥±É¨¢´Ò°
¶μ¤Ìμ¤ μ¸´μ¢ ´ ´  ³ É¥³ É¨Î¥¸±μ³ μ¶¨¸ ´¨¨ ¡¥²±μ¢ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°, ¶·μ¨¸Ìμ¤ÖÐ¨Ì
¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö “”-¨§²ÊÎ¥´¨Ö, ·¥§Ê²ÓÉ Éμ³ ±μÉμ·ÒÌ Ö¢²Ö¥É¸Ö ¢μ§´¨±´μ¢¥´¨¥ ³ÊÉ -
Í¨¨ ¢ Í¥¶¨ „	Š. ‚¶¥·¢Ò¥ ¢ · ³± Ì μ¤´μ£μ ³μ¤¥²Ó´μ£μ ¶μ¤Ìμ¤  ¶·μ¸²¥¦¥´ ¶ÊÉÓ μÉ
¢μ§´¨±´μ¢¥´¨Ö ¶¥·¢¨Î´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¸É·Ê±ÉÊ·Ò „	Š ¤μ § ±·¥¶²¥´¨Ö ¥£μ ¢ ³ÊÉ -
Í¨Õ. � §· ¡μÉ ´´Ò¥ ³μ¤¥²Ó´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¶μ§¢μ²¨²¨ ¢¶¥·¢Ò¥ ¶·¥¤¸± § ÉÓ ¤¨´ -
³¨±Ê ¤¨³¥·¨§μ¢ ´´ÒÌ ¶·μ¤Ê±Éμ¢ £¥´  umuD,   É ±¦¥ ¤¢ÊÌ ·¥£Ê²ÖÉμ·´ÒÌ ±μ³¶²¥±¸μ¢
SOS-¸¨¸É¥³Ò: UmuD2C ¨ UmuDD'C. �¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ Ìμ¤¥ ¨¸¸²¥¤μ¢ ´¨Ö, ¶μ-
§¢μ²ÖÕÉ ¤¥É ²Ó´μ · ¸¸³μÉ·¥ÉÓ ¶·μÍ¥¸¸ translesion-¸¨´É¥§  ¢μ ¢·¥³¥´¨ ¨ ¢ § ¢¨¸¨³μ¸É¨
μÉ ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ´μ¢μ£μ ¶μ¤Ìμ¤  ¶·¥¤¸É ¢²Ö¥É¸Ö ¢μ§³μ¦´Ò³
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¶·μ£´μ§¨·μ¢ ´¨¥ ¶μ¢¥¤¥´¨Ö ¸¨¸É¥³Ò SOS-μÉ¢¥É  ±²¥Éμ± E. coli ¶·¨ ¨´É¥·¥¸ÊÕÐ¥° ¤μ§¥
“”-μ¡²ÊÎ¥´¨Ö ´  § ¤ ´´μ³ ¢·¥³¥´´μ³ μÉ·¥§±¥. �¥Ï¥´¨¥ ³´μ£¨Ì ´ ÊÎ´μ-¶· ±É¨Î¥¸±¨Ì
§ ¤ Î ¸μ¢·¥³¥´´μ° ¡¨μË¨§¨±¨ É·¥¡Ê¥É ¶μ¤·μ¡´μ£μ ¨§ÊÎ¥´¨Ö ¨ ±μ²¨Î¥¸É¢¥´´μ° μÍ¥´±¨
¶·μÍ¥¸¸  translesion-¸¨´É¥§  Ê ¶·μ± ·¨μÉ. ‚ Î ¸É´μ¸É¨, ¢ÒÖ¸´¥´¨¥ ³¥Ì ´¨§³μ¢ ¨´¤ÊÍ¨-
·μ¢ ´´μ£μ ³ÊÉ £¥´¥§  ¢ ±²¥É± Ì ¸²μ¦´ÒÌ μ·£ ´¨§³μ¢ ¨ Î¥²μ¢¥±  ¢¥¸Ó³  § É·Ê¤´¨É¥²Ó´μ
¡¥§ ¤¥É ²Ó´μ£μ  ´ ²¨§  ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸  Ê ¡ ±É¥·¨ ²Ó´ÒÌ ±²¥Éμ±. Œ É¥³ É¨Î¥-
¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ £¥´¥É¨Î¥¸±μ° ¸¥É¨ SOS-·¥¶ · Í¨¨ ±²¥Éμ± Ö¢²Ö¥É¸Ö ¢ ¦´Ò³ Ï £μ³
´  ¶ÊÉ¨ μ¶¨¸ ´¨Ö ´ ±μ¶²¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ É¥μ·¥É¨Î¥¸±¨Ì §´ ´¨°, ± ¸ ÕÐ¨Ì¸Ö
³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸ .
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