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Œμ¤¥²¨·μ¢ ´¨¥ ±¨´¥É¨±¨ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ ¡¥²±μ¢ÒÌ ±μ³¶²¥±¸μ¢
SOS-¸¨¸É¥³Ò ¡ ±É¥·¨° E. coli, μ¸ÊÐ¥¸É¢²ÖÕÐ¨Ì ¶·μÍ¥¸¸ TLS

� §· ¡μÉ ´  ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó, μ¶¨¸Ò¢ ÕÐ Ö ±¨´¥É¨±Ê ¨´¤ÊÍ¨¡¥²Ó´ÒÌ
¡¥²±μ¢ÒÌ ±μ³¶²¥±¸μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ Ìμ¤¥ SOS-μÉ¢¥É  ¡ ±É¥·¨° Escherichia
coli. ‚ · ³± Ì · §¢¨¢ ¥³ÒÌ ¶μ¤Ìμ¤μ¢ · §· ¡μÉ ´  ¢¸¶μ³μ£ É¥²Ó´ Ö ³ É¥³ É¨Î¥-
¸± Ö ³μ¤¥²Ó, Ì · ±É¥·¨§ÊÕÐ Ö ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨° ¤¨³¥·μ¢, Ö¢²ÖÕÐ¨Ì¸Ö
¸μ¸É ¢´μ° Î ¸ÉÓÕ ±μ´¥Î´ÒÌ ¡¥²±μ¢ÒÌ ±μ³¶²¥±¸μ¢. �¥Ï¥´¨Ö μ¡¥¨Ì ³μ¤¥²¥° μ¸´μ-
¢ ´Ò ´  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ± ¸ ÕÐ¨Ì¸Ö Ô±¸¶·¥¸¸¨¨ μ¸´μ¢´ÒÌ £¥´μ¢
SOS-¸¨¸É¥³Ò ¡ ±É¥·¨° Escherichia coli.

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

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

Belov O.V. P19-2007-47
Modeling of Kinetics of the Inducible Protein Complexes
of the SOS-System in Bacteria E. coli Which Realize TLS-Process

The mathematical model describing kinetics of the inducible genes of the protein
complexes, formed during SOS-response in bacteria Escherichia coli is developed.
Within the bounds of developed approaches the auxiliary mathematical model de-
scribing changes in concentrations of the dimers, which are the components of ˇnal
protein complexes, is developed. The solutions of both models are based on the
experimental data concerning expression of the basic genes of the SOS-system in
bacteria Escherichia coli.

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

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



‚‚…„…�ˆ…

‚ ¶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¥¸¸¥ ¢ ±²¥É± Ì E. 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). ˆ§ÊÎ¥´  ±¨´¥É¨±  Ëμ·³¨·μ¢ ´¨Ö ¨ ¤¥£· ¤ Í¨¨ ¶·μ¤Ê±Éμ¢
ÔÉ¨Ì £¥´μ¢. ‘ ÊÎ¥Éμ³ ¤ ´´μ£μ μ¡¸ÉμÖÉ¥²Ó¸É¢  ¶·¥¤¸É ¢²Ö¥É¸Ö ¢μ§³μ¦´μ° · §-
· ¡μÉ±  ³μ¤¥²¨, μ¶¨¸Ò¢ ÕÐ¥° ±¨´¥É¨±Ê ¡¥²±μ¢ÒÌ ±μ³¶²¥±¸μ¢, μ¸ÊÐ¥¸É¢²Ö-
ÕÐ¨Ì TLS. ‚ ±μ´¥Î´μ³ ¸Î¥É¥ · §¢¨É¨¥ ÔÉ¨Ì ¶μ¤Ìμ¤μ¢ ¶μ§¢μ²¨É ¶μ¸É·μ¨ÉÓ
³ É¥³ É¨Î¥¸±ÊÕ ³μ¤¥²Ó, μ¶¨¸Ò¢ ÕÐÊÕ ¨´¤ÊÍ¨·μ¢ ´´Ò° ³ÊÉ Í¨μ´´Ò° ¶·μ-
Í¥¸¸ Ê ±²¥Éμ± E. coli. ‡ ¤ Î¥° ´ ¸ÉμÖÐ¥£μ ¨¸¸²¥¤μ¢ ´¨Ö Ö¢²Ö² ¸Ó · §· ¡μÉ± 
³μ¤¥²¨, μ¶¨¸Ò¢ ÕÐ¥° ¤¨´ ³¨±Ê ¢μ§³μ¦´ÒÌ ±μ³¶²¥±¸μ¢ SOS-¸¨¸É¥³Ò, ÊÎ ¸É-
¢ÊÕÐ¨Ì ¢ ·¥ ²¨§ Í¨¨ ³¥Ì ´¨§³  TLS.

1. ��…„‚��ˆ’…‹œ�›… ‡�Œ…—��ˆŸ

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, polB, recN, sulA, uvrA, uvrB, uvrD. ‘¨£´ ²μ³ ± § -
¶Ê¸±Ê SOS-¸¨¸É¥³Ò Ö¢²Ö¥É¸Ö ¶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¥¨´ 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¥¤ÊÕÐ¥£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‘,
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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¥¸¸ TSL. Šμ³-
¶²¥±¸ UmuDD′C ¨£· ¥É ¨´£¨¡¨·ÊÕÐÊÕ ·μ²Ó ¢ SOS-³ÊÉ £¥´¥§¥, ¸¥±¢¥¸É·¨·ÊÖ
 ±É¨¢´μ¸ÉÓ UmuD′ [1]. 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¤Ö-
Ð¨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° [2]. ‚§ ¨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§¢μ²ÖÕÐ¨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¦¥´ ¸ÊÐ¥¸É¢μ¢ ÉÓ 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 ³ÊÉ £¥´´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 [3], 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¨¨ ¢ ¶·μ-
Í¥¸¸¥ ·¥ 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± Escheri-
chia 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.
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2. Œ�„…‹œ „ˆ��ŒˆŠˆ Š�Œ�‹…Š‘�‚ SOS-‘ˆ‘’…Œ›

Š¨´¥É¨±  μ¡· §μ¢ ´¨Ö É·¥Ì ¢ ¦´¥°Ï¨Ì ¡¥²±μ¢ÒÌ ±μ³¶²¥±¸μ¢ (UmuD′
2C,

UmuDD′C, UmuD2C) ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´  ¸¨¸É¥³μ° ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢-
´¥´¨°.

„¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥, μ¶¨¸Ò¢ ÕÐ¥¥ ¨§³¥´¥´¨¥ ±μ´Í¥´É· Í¨¨
± ±μ£μ-²¨¡μ ¨§ ±μ³¶²¥±¸μ¢, ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¨³¥¥É ¢¨¤

d [±μ³¶²¥±¸]
dt

= V±μ³¶²¥±¸+ − V±μ³¶²¥±¸Ä,

£¤¥ V±μ³¶²¥±¸+ ¨ V±μ³¶²¥±¸ Ä Å ¸±μ·μ¸É¨ ¶·¨·μ¸É  ¨ Ê¡Ò¢ ´¨Ö ±μ´Í¥´É· Í¨¨
±μ³¶²¥±¸  ¸μμÉ¢¥É¸É¢¥´´μ.

‘±μ·μ¸ÉÓ ¶·¨·μ¸É  ±μ´Í¥´É· Í¨¨ ±μ³¶²¥±¸  UmuD2C ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö
¢§ ¨³μ¤¥°¸É¢¨¥³ £μ³μ¤¨³¥·  UmuD2 ¸ ¡¥²±μ³ UmuC ¨ μ¶¨¸Ò¢ ÉÓ¸Ö Ëμ·³Ê-
²μ°

VUmuD2C+ = α1[UmuD2] · [UmuC],

£¤¥ α1 Å ±μ´¸É ´É  ¸±μ·μ¸É¨.
‘±μ·μ¸ÉÓ Ê¡Ò¢ ´¨Ö ±μ´Í¥´É· Í¨¨ ±μ³¶²¥±¸  μ¶·¥¤¥²Ö¥É¸Ö Ë ±Éμ·μ³ ¤¥-

£· ¤ Í¨¨ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ UmuD2-¸Ê¡Ñ¥¤¨´¨ÍÒ ±μ³¶²¥±¸  ¸ Lon-¶·μÉ¥-
 §μ° (¢±² ¤ ¸¶μ´É ´´μ£μ · ¸¶ ¤  ³μ²¥±Ê² ¶·¥´¥¡·¥¦¨³μ ³ ² ¨§-§  §´ Î¨-
É¥²Ó´μ ¡μ²ÓÏ¥£μ ¢·¥³¥´¨ ¶μ²Ê· ¸¶ ¤ ):

VUmuD2C− = β1[UmuD2C] · [Lon-¶·μÉ¥ § ],

£¤¥ β1 Å ±μ´¸É ´É  ¸±μ·μ¸É¨.
’ ±¨³ μ¡· §μ³, ¶¥·¢μ¥ Ê· ¢´¥´¨¥ ¸¨¸É¥³Ò ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤

d[UmuD2C]
dt

= α1[UmuD2] · [UmuC] − β1[UmuD2C] · [Lon-¶·μÉ¥ § ].

‘±μ·μ¸ÉÓ ¶·¨·μ¸É  ±μ´Í¥´É· Í¨¨ ±μ³¶²¥±¸  UmuD′
2C μ¶·¥¤¥²Ö¥É¸Ö ¢§ ¨-

³μ¤¥°¸É¢¨¥³ £μ³μ¤¨³¥·  UmuD′
2 ( ±É¨¢´μ° Ëμ·³Ò ¡¥²±  UmuD) ¸ ¡¥²±μ³

UmuC:
VUmuD′

2C+ = α2[UmuD′
2] · [UmuC],

£¤¥ α2 Å ±μ´¸É ´É  ¸±μ·μ¸É¨.
‘±μ·μ¸ÉÓ Ê¡Ò¢ ´¨Ö ±μ´Í¥´É· Í¨¨ ±μ³¶²¥±¸  μ¡Ê¸²μ¢²¥´  μ¡³¥´μ³ ¸Ê¡Ñ-

¥¤¨´¨Í ³¥¦¤Ê UmuD′
2C ¨ UmuD ¶·¨ ¨Ì ¢§ ¨³μ¤¥°¸É¢¨¨ (¤ ´´Ò° ¶·μÍ¥¸¸

Ö¢²Ö¥É¸Ö ¶¥·¢Ò³ ÔÉ ¶μ³ ¨´ ±É¨¢ Í¨¨ „�Š-¶μ²¨³¥· §Ò V), ¢±² ¤ ¸¶μ´É ´-
´μ£μ · ¸¶ ¤  ³μ²¥±Ê² ¶·¥´¥¡·¥¦¨³μ ³ ² ¨§-§  §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¥£μ ¢·¥³¥´¨
¶μ²Ê· ¸¶ ¤ :

VUmuD′
2C− = β2[UmuD′

2C] · [UmuD],

£¤¥ β2 Å ±μ´¸É ´É  ¸±μ·μ¸É¨.

3



‚Éμ·μ¥ Ê· ¢´¥´¨¥ ¸¨¸É¥³Ò ¨³¥¥É ¢¨¤

d[UmuD′
2C]

dt
= α2[UmuD′

2] · [UmuC] − β2[UmuD′
2C] · [UmuD].

‘±μ·μ¸ÉÓ ¶·¨·μ¸É  ±μ´Í¥´É· Í¨¨ ±μ³¶²¥±¸  UmuDD′C μ¶·¥¤¥²Ö¥É¸Ö ¢§ -
¨³μ¤¥°¸É¢¨¥³ £¥É¥·μ¤¨³¥·  UmuDD′ ¸ ¡¥²±μ³ UmuC,   É ±¦¥ μ¡³¥´μ³ ¸Ê¡Ñ-
¥¤¨´¨Í ³¥¦¤Ê UmuD′

2C ¨ UmuD:

VUmuDD′C+ = α3[UmuDD′] · [UmuC] + β2[UmuD′
2C] · [UmuD],

£¤¥ α3 ¨ β2 Å ±μ´¸É ´ÉÒ ¸±μ·μ¸É¨.
‘±μ·μ¸ÉÓ Ê¡Ò¢ ´¨Ö ±μ´Í¥´É· Í¨¨ ±μ³¶²¥±¸  μ¡Ê¸²μ¢²¥´  ¶·μÍ¥¸¸μ³ ¢§ -

¨³μ¤¥°¸É¢¨Ö ¸ ClpXP-¸¥·¨´μ¢μ° ¶·μÉ¥ §μ° (¤ ´´Ò° ¶·μÍ¥¸¸ Ö¢²Ö¥É¸Ö ¢Éμ·Ò³
ÔÉ ¶μ³ ¨´ ±É¨¢ Í¨¨ „�Š-¶μ²¨³¥· §Ò V), ¢±² ¤ ¸¶μ´É ´´μ£μ · ¸¶ ¤  ³μ²¥-
±Ê² ¶·¥´¥¡·¥¦¨³μ ³ ² ¨§-§  §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¥£μ ¢·¥³¥´¨ ¶μ²Ê· ¸¶ ¤ :

VUmuDD′C− = β3[UmuDD′C] · [ClpXP-¶·μÉ¥ § ],

£¤¥ β3 Å ±μ´¸É ´É  ¸±μ·μ¸É¨.
‘²¥¤μ¢ É¥²Ó´μ, É·¥ÉÓ¥ Ê· ¢´¥´¨¥ ¸¨¸É¥³Ò ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤

d[UmuDD′‘]
dt

= α3[UmuDD′] · [UmuC] + β2[UmuD′
2C] · [UmuD]−

− β3[UmuDD′C] · [ClpXP-¶·μÉ¥ § ].

’ ±¨³ μ¡· §μ³, ¸¨¸É¥³  Ê· ¢´¥´¨° ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ ¸²¥¤ÊÕ-
Ð¥³ ¢¨¤¥:

d[UmuD2C]
dt

= α1[UmuD2] · [UmuC] − β1[UmuD2C] · [Lon-¶·μÉ¥ § ];

d[UmuD′
2C]

dt
= α2[UmuD′

2] · [UmuC] − β2[UmuD′
2C] · [UmuD];

d[UmuDD′‘]

dt
= α3[UmuDD′] · [UmuC] + β2[UmuD′

2C] · [UmuD]−

− β3[UmuDD′C] · [ClpXP-¶·μÉ¥ § ].

(1)

� Î ²Ó´Ò³ Ê¸²μ¢¨¥³ ¤²Ö ¶·¥¤²μ¦¥´´μ° ¸¨¸É¥³Ò Ö¢²Ö¥É¸Ö · ¢¥´¸É¢μ ´Ê²Õ
±μ´Í¥´É· Í¨° ¢¸¥Ì ±μ³¶²¥±¸μ¢ ¢ ³μ³¥´É ¢·¥³¥´¨ t = 0:

[UmuD2C] (0) = 0,

[UmuD′
2C] (0) = 0,

[UmuDD′C] (0) = 0.
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�¥¨§¢¥¸É´Ò³¨ ¢ ¶·¥¤²μ¦¥´´μ° ¸¨¸É¥³¥ Ö¢²ÖÕÉ¸Ö ±μ´Í¥´É· Í¨¨ £μ³μ¤¨-
³¥·μ¢ [UmuD2], [UmuD′

2] ¨ £¥É¥·μ¤¨³¥·  [UmuDD′]. Šμ´Í¥´É· Í¨¨ [UmuC],
[UmuD], [Lon-¶·μÉ¥ § ] ¨ [ClpXP-¶·μÉ¥ § ] ³μ£ÊÉ ¡ÒÉÓ ¢§ÖÉÒ ¨§ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ± ¸ ÕÐ¨Ì¸Ö Ô±¸¶·¥¸¸¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì £¥´μ¢: umuC,
umuD, lon, clpX, clpP.

3. ��‘—…’ Š��–…�’��–ˆ‰ [UmuD2], [UmuD′
2] ˆ [UmuDD′]

„²Ö · ¸Î¥É  ±μ´Í¥´É· Í¨° £μ³μ¤¨³¥·μ¢ [UmuD2], [UmuD′
2] ¨ £¥É¥·μ¤¨-

³¥·  [UmuDD′] ³μ¦´μ ¶μ¸É·μ¨ÉÓ ¸²¥¤ÊÕÐÊÕ ³μ¤¥²Ó.
„¨ËË¥·¥´Í¨ ²Ó´μ¥ Ê· ¢´¥´¨¥, μ¶¨¸Ò¢ ÕÐ¥¥ ¨§³¥´¥´¨¥ ±μ´Í¥´É· Í¨¨

± ±μ£μ-²¨¡μ ¨§ ¤¨³¥·μ¢, ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¨³¥¥É ¢¨¤

d [¤¨³¥·]
dt

= V¤¨³¥·+ − V¤¨³¥·-,

£¤¥ V¤¨³¥·+ ¨ V¤¨³¥·Ä Å ¸±μ·μ¸É¨ ¶·¨·μ¸É  ¨ Ê¡Ò¢ ´¨Ö ±μ´Í¥´É· Í¨¨ ¤¨³¥· 
¸μμÉ¢¥É¸É¢¥´´μ.

‘±μ·μ¸ÉÓ ¶·¨·μ¸É  ±μ´Í¥´É· Í¨¨ £μ³μ¤¨³¥·  UmuD2 ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö
¢§ ¨³μ¤¥°¸É¢¨¥³ ³μ²¥±Ê² UmuD ³¥¦¤Ê ¸μ¡μ° ¨ μ¶¨¸Ò¢ ÉÓ¸Ö Ëμ·³Ê²μ°

VUmuD2+ = ε[UmuD] · [UmuD] = ε[UmuD]2,

£¤¥ ε Å ±μ´¸É ´É  ¸±μ·μ¸É¨.
‘±μ·μ¸ÉÓ Ê¡Ò¢ ´¨Ö ±μ´Í¥´É· Í¨¨ £μ³μ¤¨³¥·  μ¡Ê¸²μ¢²¥´  ¥£μ ¢§ ¨³μ-

¤¥°¸É¢¨¥³ ¸ Lon-¶·μÉ¥ §μ°, ¢ ·¥§Ê²ÓÉ É¥ ±μÉμ·μ£μ UmuD2 ¤¥£· ¤¨·Ê¥É:

VUmuD2− = υ[UmuD2] · [Lon-¶·μÉ¥ § ],

£¤¥ υ Å ±μ´¸É ´É  ¸±μ·μ¸É¨.
’ ±¨³ μ¡· §μ³, ¶¥·¢μ¥ Ê· ¢´¥´¨¥ ¸¨¸É¥³Ò ³μ¦´μ § ¶¨¸ ÉÓ ¢ ¢¨¤¥

d[UmuD2]
dt

= ε[UmuD]2 − υ[UmuD2] · [Lon-¶·μÉ¥ § ].

‘±μ·μ¸ÉÓ ¶·¨·μ¸É  ±μ´Í¥´É· Í¨¨ £μ³μ¤¨³¥·  UmuD′
2 ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö

¢§ ¨³μ¤¥°¸É¢¨¥³ UmuD ¸  ±É¨¢¨·μ¢ ´´Ò³ RecA*-¡¥²±μ³. ’ ±¨³ μ¡· §μ³,
¢Ò· ¦¥´¨¥ ¤²Ö ¸±μ·μ¸É¨ ¶·¨·μ¸É  ±μ´Í¥´É· Í¨¨ ¨³¥¥É ¢¨¤

VUmuD′
2+

= η (λ[UmuD] · [RecA∗]) · (λ[UmuD] · [RecA∗]) =

= ηλ2[UmuD]2 · [RecA∗]2,

£¤¥ η ¨ λ Å ±μ´¸É ´ÉÒ ¸±μ·μ¸É¨.
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‘±μ·μ¸ÉÓ Ê¡Ò¢ ´¨Ö ±μ´Í¥´É· Í¨¨ £μ³μ¤¨³¥·  UmuD′
2 μ¡Ê¸²μ¢²¥´  ¥£μ

¢§ ¨³μ¤¥°¸É¢¨¥³ ¸ UmuD-¡¥²±μ³, ¶¥·¥¢μ¤ÖÐ¨³ ¥£μ ¢ £¥É¥·μ¤¨³¥· UmuDD′:

VUmuD′
2− = φ[UmuD′

2] · [UmuD],

£¤¥ φ Å ±μ´¸É ´É  ¸±μ·μ¸É¨.
‘²¥¤μ¢ É¥²Ó´μ, ¢Éμ·μ¥ Ê· ¢´¥´¨¥ ¸¨¸É¥³Ò ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´μ ¢

¢¨¤¥

d[UmuD′
2]

dt
= ηλ2[UmuD]2 · [RecA∗]2 − φ[UmuD′

2] · [UmuD].

‘±μ·μ¸ÉÓ ¶·¨·μ¸É  ±μ´Í¥´É· Í¨¨ £¥É¥·μ¤¨³¥·  UmuDD′ μ¶·¥¤¥²Ö¥É¸Ö
¢§ ¨³μ¤¥°¸É¢¨¥³ UmuD ¸  ±É¨¢¨·μ¢ ´´Ò³ RecA* (¢ ·¥§Ê²ÓÉ É¥ μ¡· §Ê¥É¸Ö
 ±É¨¢´ Ö Ëμ·³  UmuD′), ¢§ ¨³μ¤¥°¸É¢¨¥³ UmuD′ ¸ UmuD ¨ ¶¥·¥Ìμ¤μ³ ¨§
UmuD′

2 ¢ UmuDD′. ’ ±¨³ μ¡· §μ³, ¢Ò· ¦¥´¨¥ ¤²Ö ¸±μ·μ¸É¨ ¶·¨·μ¸É  ±μ´-
Í¥´É· Í¨¨ £¥É¥·μ¤¨³¥·  UmuDD′ ¨³¥¥É ¢¨¤

VUmuDD′+ = μ[UmuD] · (λ[UmuD] · [RecA∗]) + φ[UmuD′
2] · [UmuD] =

= μλ[UmuD]2 · [RecA∗] + φ[UmuD′
2] · [UmuD],

£¤¥ μ ¨ λ Å ±μ´¸É ´ÉÒ ¸±μ·μ¸É¨.
‘±μ·μ¸ÉÓ Ê¡Ò¢ ´¨Ö ±μ´Í¥´É· Í¨¨ £¥É¥·μ¤¨³¥·  UmuDD′ μ¡Ê¸²μ¢²¥´  ¤¥-

£· ¤ Í¨¥° ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ ClpXP-¸¥·¨´μ¢μ° ¶·μÉ¥ §μ°. ‘²¥¤μ¢ É¥²Ó´μ,

VUmuDD′− = ω[UmuDD′] · [ClpXP-¶·μÉ¥ § ],

£¤¥ ω Å ±μ´¸É ´É  ¸±μ·μ¸É¨.
’ ±¨³ μ¡· §μ³, É·¥ÉÓ¥ Ê· ¢´¥´¨¥ ¸¨¸É¥³Ò ¨³¥¥É ¢¨¤

d[UmuDD′]
dt

= μλ[UmuD]2 · [RecA∗] + φ[UmuD′
2] · [UmuD]−

− ω[UmuDD′] · [ClpXP-¶·μÉ¥ § ].

‚ ¨Éμ£¥ ¶μ²ÊÎ¥´´ Ö ¸¨¸É¥³  ¨§ É·¥Ì Ê· ¢´¥´¨° ¸ É·¥³Ö ´¥¨§¢¥¸É´Ò³¨
§ ¶¨¸Ò¢ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

d[UmuD2]
dt

= ε[UmuD]2 − υ[UmuD2] · [Lon-¶·μÉ¥ § ];

d[UmuD′
2]

dt
= ηλ2[UmuD]2 · [RecA∗]2 − φ[UmuD′

2] · [UmuD];

d[UmuDD′]
dt

= μλ[UmuD]2 · [RecA∗] + φ[UmuD′
2] · [UmuD]−

− ω[UmuDD′] · [ClpXP-¶·μÉ¥ § ].

(2)
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� Î ²Ó´Ò³¨ Ê¸²μ¢¨Ö³¨ ¤²Ö ¶μ²ÊÎ¥´´μ° ¸¨¸É¥³Ò Ê· ¢´¥´¨° Ö¢²ÖÕÉ¸Ö · -
¢¥´¸É¢μ ´Ê²Õ ´ Î ²Ó´ÒÌ ±μ´Í¥´É· Í¨° ¤¨³¥·μ¢ UmuDD′ ¨ UmuD′

2,   É ±¦¥
´¥´Ê²¥¢ Ö ´ Î ²Ó´ Ö ±μ´Í¥´É· Í¨Ö ¤¨³¥·  UmuD2:

[UmuD2] (0) = 1,

[UmuD′
2] (0) = 0,

[UmuDD′] (0) = 0.

4. �…‡“‹œ’�’›

‚ ¶·μÍ¥¸¸¥ ·¥Ï¥´¨Ö ¸¨¸É¥³Ò ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° (2) ¡Ò²¨
μ¶·¥¤¥²¥´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶ · ³¥É·Ò (É ¡². 1) ¨ ¶μ²ÊÎ¥´Ò ±·¨¢Ò¥, μ¶¨-
¸Ò¢ ÕÐ¨¥ ¨§³¥´¥´¨¥ ±μ´Í¥´É· Í¨¨ £μ³μ¤¨³¥·μ¢ UmuD2, UmuD′

2 ¨ £¥É¥·μ-
¤¨³¥·  UmuDD′ (·¨¸. 1). ‚·¥³¥´´Ò¥ § ¢¨¸¨³μ¸É¨ ¶·μ¤Ê±Éμ¢ £¥´μ¢ umuD ¨
umuC ¶μ²ÊÎ¥´Ò ¨§ · ¡μÉ [5, 6].

’ ¡²¨Í  1. � · ³¥É·Ò ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨ (2)

� · ³¥É·Ò ‡´ Î¥´¨Ö, ³μ²Ó−1· ³¨´−1

ε 3, 313 · 1020

η 1, 1 · 103

λ 8, 252 · 103

μ 2, 333 · 102

φ 1, 288 · 1020

υ 1, 661 · 1024

ω 1, 391 · 1020

ˆ§  ´ ²¨§  ±·¨¢ÒÌ ¸²¥¤Ê¥É, ÎÉμ ¢·¥³¥´´Ò¥ § ¢¨¸¨³μ¸É¨ ¤²Ö ±μ´Í¥´É· -
Í¨° UmuD′

2 ¨ UmuDD′ ¨³¥ÕÉ ±μ²¥¡ É¥²Ó´Ò° Ì · ±É¥·. �¸´μ¢´μ° ³ ±¸¨³Ê³
¤²Ö ¤¨³¥·  UmuDD′ ´ ¡²Õ¤ ¥É¸Ö Î¥·¥§ 55 ³¨´ ¶μ¸²¥ ¨´¨Í¨ Í¨¨ ¸¨¸É¥³Ò,
¤²Ö ¤¨³¥·  UmuD′

2 Å Î¥·¥§ 53 ³¨´ ¶μ¸²¥ ¨´¨Í¨ Í¨¨ ¸¨¸É¥³Ò. •μ¤ ±·¨-
¢ÒÌ ¢ ¶·μ³¥¦ÊÉ±¥ μÉ 0 ¤μ 25 (¤²Ö UmuDD′) ¨ μÉ 0 ¤μ 23 ³¨´ (¤²Ö UmuD′

2)
¸μ¶·μ¢μ¦¤ ¥É¸Ö ´¥¡μ²ÓÏ¨³¨ ±μ²¥¡ ´¨Ö³¨, ¸¢Ö§ ´´Ò³¨, ¶μ-¢¨¤¨³μ³Ê, ¸ ¢§ -
¨³μ¤¥°¸É¢¨Ö³¨ ³¥¦¤Ê ¡¥²± ³¨ UmuD ¨ RecA* ( ±É¨¢¨·μ¢ ´´ Ö Ëμ·³  ¡¥²± 
RecA). ‚ · ¡μÉ¥ [4] ¡Ò²  ´ °¤¥´  ¢·¥³¥´´ Ö § ¢¨¸¨³μ¸ÉÓ ±μ´Í¥´É· Í¨¨  ±-
É¨¢¨·μ¢ ´´μ£μ ¡¥²±  RecA*, RecA*(t), ¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨´¨Í Ì ¶·¨ · §-
²¨Î´ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·  τl ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨, · §· ¡μÉ ´´μ° ¢ [7]
¨ Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´´μ° ¢ [4] (·¨¸. 2).
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�¨¸. 1. �¥Ï¥´¨Ö ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨ (2)
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�¨¸. 2. � ¸¸Î¨É ´´Ò¥ ¢·¥³¥´´Ò¥ § ¢¨¸¨³μ¸É¨ ´μ·³¨·μ¢ ´´μ° ±μ´Í¥´É· Í¨¨  ±É¨¢¨·μ-
¢ ´´μ£μ ¡¥²±  RecA*, [RecA*](t), ¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨´¨Í Ì ¶·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ
¶ · ³¥É·  τl [1]

’ ±¨³ μ¡· §μ³, ¸ ÊÎ¥Éμ³ ±μ²¥¡ ´¨° ±μ´Í¥´É· Í¨¨ RecA*, ¢·¥³¥´¨, § -
É· Î¨¢ ¥³μ£μ ´  ¸¢Ö§Ò¢ ´¨¥ ¡¥²±μ¢ ¨ ¸É ¡¨²¨§¨·ÊÕÐ¥£μ ¤¥°¸É¢¨Ö ¶·μ¤Ê±-
Éμ¢ £¥´  dinI, ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó (2) ¤ ¥É ·¥Ï¥´¨Ö, ¶·¥¤¸É ¢²¥´´Ò¥ ´ 
·¨¸. 1. ‘Ìμ¦¥¸ÉÓ ±·¨¢ÒÌ, μ¶¨¸Ò¢ ÕÐ¨Ì ¨§³¥´¥´¨¥ ±μ´Í¥´É· Í¨° ±μ³¶²¥±-
¸μ¢ UmuDD′ ¨ UmuD′

2, μ¡Ê¸²μ¢²¥´  ¶·¨¸ÊÉ¸É¢¨¥³ ¢ ¨Ì ¸μ¸É ¢¥ ¸Ê¡Ñ¥¤¨´¨ÍÒ
UmuD′, μ¡· §ÊÕÐ¥°¸Ö ¶·¨ ´¥¶μ¸·¥¤¸É¢¥´´μ³ ¢§ ¨³μ¤¥°¸É¢¨¨ ¶·μ¤Ê±É  £¥´ 
umuD ¸ RecA*-¡¥²±μ³. Š·¨¢ Ö, μ¶¨¸Ò¢ ÕÐ Ö ¨§³¥´¥´¨¥ ±μ´Í¥´É· Í¨¨ ¤¨-
³¥·  UmuD2, ¨³¥¥É ·Ö¤ μÉ²¨Î¨° μÉ ¤¢ÊÌ ¤·Ê£¨Ì ±·¨¢ÒÌ ± ± ¶μ Ëμ·³¥, É ±
¨ ¢μ ¢·¥³¥´´μ³ μÉ´μÏ¥´¨¨. �·¨ § ¤ ´¨¨ ´ Î ²Ó´ÒÌ Ê¸²μ¢¨° ¤²Ö ¸¨¸É¥³Ò
Ê· ¢´¥´¨° (2) ÊÎÉ¥´μ ´ ²¨Î¨¥ ´¥±μÉμ·μ£μ ±μ´¸É¨ÉÊÉ¨¢´μ£μ Ê·μ¢´Ö ¤¨³¥· 
UmuD2 ¢ ±²¥É±¥ ¢ μÉ²¨Î¨¥ μÉ ¤¨³¥·μ¢ UmuDD′ ¨ UmuD′

2, ´ Î ²Ó´ Ö ±μ´Í¥´-
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É· Í¨Ö ±μÉμ·ÒÌ ¶·¨´ÖÉ  ´Ê²¥¢μ°. …¤¨´¸É¢¥´´Ò° ¶¨± ±μ´Í¥´É· Í¨¨ UmuD2

´ ¡²Õ¤ ¥É¸Ö Î¥·¥§ 10 ³¨´ ¶μ¸²¥ ¨´¨Í¨ Í¨¨ ¸¨¸É¥³Ò. ‚μ§¢· Ð¥´¨¥ ± ´ Î ²Ó-
´μ° ±μ´Í¥´É· Í¨¨ ¶·μ¨¸Ìμ¤¨É ¢ μ¡² ¸É¨ 70 ³¨´. Šμ²¥¡ ´¨° ´  ´ Î ²Ó´μ³
ÊÎ ¸É±¥ ´¥ ´ ¡²Õ¤ ¥É¸Ö. „ ´´Ò° Ë ±É μ¡ÑÖ¸´Ö¥É¸Ö μÉ¸ÊÉ¸É¢¨¥³ ¢ ¸μ¸É ¢¥
¤¨³¥·  UmuD′-¸Ê¡Ñ¥¤¨´¨ÍÒ, ¶·¨¤ ÕÐ¥° ±·¨¢μ° ±μ²¥¡ É¥²Ó´Ò° Ì · ±É¥·. ‚
· ¡μÉ¥ [8] ¡Ò²μ ¨§³¥·¥´μ ¸μμÉ´μÏ¥´¨¥ ±μ´Í¥´É· Í¨° μ¡· §ÊÕÐ¨Ì¸Ö ¤¨³¥-
·μ¢: [UmuDD′] > [UmuD′

2] > [UmuD2]. ˆ§  ´ ²¨§  ±·¨¢ÒÌ ¸²¥¤Ê¥É, ÎÉμ
¶μ²ÊÎ¥´´Ò¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ·¥§Ê²ÓÉ ÉÒ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó-
´Ò³¨ ¤ ´´Ò³¨ [8].

�  μ¸´μ¢¥ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ μ ±μ´Í¥´É· Í¨ÖÌ ±μ³¶²¥±¸μ¢ UmuD2,
UmuD′

2 ¨ UmuDD′ ¢μ§³μ¦´μ ´ °É¨ ·¥Ï¥´¨Ö ¸¨¸É¥³Ò ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
Ê· ¢´¥´¨° (1), μ¶¨¸Ò¢ ÕÐ¥° ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨° ¡¥²±μ¢ÒÌ ±μ³¶²¥±¸μ¢
UmuD′

2C, UmuDD′C, UmuD2C. � · ³¥É·Ò ¸¨¸É¥³Ò ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2.
�¥Ï¥´¨Ö ¸¨¸É¥³Ò Ê· ¢´¥´¨° (1) ¶μ± § ´Ò ´  ·¨¸. 3.

’ ¡²¨Í  2. � · ³¥É·Ò ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨ (1)

� · ³¥É·Ò ‡´ Î¥´¨Ö, ³μ²Ó−1· ³¨´ −1

α1 2, 982 · 1020

α2 1, 159 · 1020

α3 1, 044 · 1021

β1 2, 577 · 1020

β2 7, 027 · 1019

β3 7, 951 · 1018

�¨¸. 3. �¥Ï¥´¨Ö ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨ (1)
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� ¸¸³ É·¨¢ ¥³Ò° ÔÉ ¶ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö SOS-¸¨¸É¥³Ò Ì · ±É¥·¨§Ê¥É¸Ö
¡μ²¥¥ ³¥¤²¥´´Ò³¨ ¶·μÍ¥¸¸ ³¨ ¢§ ¨³μ¤¥°¸É¢¨Ö μ¸´μ¢´ÒÌ ¡¥²±μ¢ ¨ ¡¥²±μ-
¢ÒÌ ±μ³¶²¥±¸μ¢. �¡· §μ¢ ´¨¥ UmuD′

2C- ¨ UmuDD′C-±μ³¶²¥±¸μ¢ ´ Î¨´ -
¥É¸Ö Î¥·¥§ 28 ¨ 26 ³¨´ ¶μ¸²¥ ¨´¨Í¨ Í¨¨ ¸¨¸É¥³Ò ¸μμÉ¢¥É¸É¢¥´´μ. Šμ³¶²¥±¸
UmuD2C ´ Î¨´ ¥É Ëμ·³¨·μ¢ ÉÓ¸Ö · ´ÓÏ¥ Å Î¥·¥§ 15 ³¨´ ¶μ¸²¥ ¨´¨Í¨ -
Í¨¨. Šμ²¥¡ É¥²Ó´Ò° Ì · ±É¥· ¶μ²ÊÎ¥´´ÒÌ ±·¨¢ÒÌ ¤²Ö ±μ³¶²¥±¸μ¢ UmuD′

2C
¨ UmuDD′C ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´ ¤¢Ê³Ö ¢μ§³μ¦´Ò³¨ Ë ±Éμ· ³¨. ˆ§ Ô±¸¶¥-
·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¢ · ¡μÉ¥ [5], ¸²¥¤Ê¥É, ÎÉμ ¨´¤Ê±Í¨Ö £¥´ 
umuC ´μ¸¨É ±μ²¥¡ É¥²Ó´Ò° Ì · ±É¥· (·¨¸. 4).
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�¨¸. 4. ˆ´¤Ê±Í¨Ö £¥´  umuC ¶μ¸²¥ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ μ¡²ÊÎ¥´¨Ö ¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨-
´¨Í Ì. � Å μ¡²ÊÎ¥´´Ò° ¤¨±¨° É¨¶; � Å ´¥μ¡²ÊÎ¥´´Ò° ¤¨±¨° É¨¶; • Å μ¡²ÊÎ¥´´Ò°
lexA1-³ÊÉ ´É; ◦ Å ´¥μ¡²ÊÎ¥´´Ò° lexA1-³ÊÉ ´É

‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¶·¨ ·¥Ï¥´¨¨ ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨ (2) ¶μ± § ´ ±μ-
²¥¡ É¥²Ó´Ò° Ì · ±É¥· ¨§³¥´¥´¨Ö ±μ´Í¥´É· Í¨° ¤¨³¥·μ¢ UmuD′

2 ¨ UmuDD′.
’ ±¨³ μ¡· §μ³, ¸Ê¶¥·¶μ§¨Í¨Ö ¤¢ÊÌ ¨§²μ¦¥´´ÒÌ Ë ±Éμ·μ¢ μ¡Ê¸²μ¢²¨¢ ¥É ¢¨¤
±·¨¢ÒÌ ¤²Ö ±μ´Í¥´É· Í¨° ±μ³¶²¥±¸μ¢ UmuD′

2C ¨ UmuDD′C. Š·μ³¥ Éμ£μ, ´¥
¨¸±²ÕÎ¥´μ ´ ²¨Î¨¥ ´¥±μÉμ·ÒÌ ¤·Ê£¨Ì ³¥Ì ´¨§³μ¢, ¸¢Ö§ ´´ÒÌ ¸ ¤¥£· ¤ Í¨¥°
Ê¶μ³Ö´ÊÉÒÌ ±μ³¶²¥±¸μ¢ ¶·μ¤Ê±É ³¨ £¥´μ¢ clpX, clpP ¨ lon.

Š·¨¢ Ö, μ¶¨¸Ò¢ ÕÐ Ö ¨§³¥´¥´¨¥ ±μ´Í¥´É· Í¨¨ ±μ³¶²¥±¸  UmuD2C, Ì -
· ±É¥·¨§Ê¥É¸Ö μÉ¸ÊÉ¸É¢¨¥³ ¢Ò· ¦¥´´ÒÌ ±μ²¥¡ ´¨°. Œ ±¸¨³Ê³ ´ ¡²Õ¤ ¥É¸Ö ¢
μ¡² ¸É¨ 28 ³¨´ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö.

‡�Š‹�—…�ˆ…

�  μ¸´μ¢¥ ¶·¥¤²μ¦¥´´ÒÌ · ´¥¥ ¶μ¤Ìμ¤μ¢ · §· ¡μÉ ´  ¢¸¶μ³μ£ É¥²Ó´ Ö
³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó, ±μÉμ· Ö Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³ ÔÉ ¶μ³ ¤²Ö · §· -
¡μÉ±¨ ¡μ²¥¥ ¶μ²´μ° ³μ¤¥²¨ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸ . ‚ Ìμ¤¥
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¤ ´´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ¢¥¤¥´ · ¸Î¥É ±μ´Í¥´É· Í¨° ¤¨³¥·μ¢, ´¥μ¡Ìμ¤¨³ÒÌ
¤²Ö Ëμ·³¨·μ¢ ´¨Ö μ¸´μ¢´ÒÌ ¡¥²±μ¢ÒÌ ±μ³¶²¥±¸μ¢ SOS-¸¨¸É¥³Ò ±²¥Éμ± ¡ ±-
É¥·¨° Escherichia coli. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³¨ ¤ ´´Ò³¨, Ì · ±É¥·¨§ÊÕÐ¨³¨ ±μ²¨Î¥¸É¢¥´´μ¥ ¸μμÉ´μÏ¥´¨¥ ±μ´-
Í¥´É· Í¨° Ëμ·³¨·ÊÕÐ¨Ì¸Ö ¤¨³¥·μ¢. � ¸¸Î¨É ´Ò ±μ´Í¥´É· Í¨¨ ±μ´¥Î´ÒÌ
¡¥²±μ¢ÒÌ ±μ³¶²¥±¸μ¢ SOS-¸¨¸É¥³Ò: UmuD′

2C, UmuDD′C, UmuD2C. �·μ-
¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ μ¸´μ¢ ´Ò ´  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ± ¸ ÕÐ¨Ì¸Ö ¨¸-
¸²¥¤μ¢ ´¨Ö Ô±¸¶·¥¸¸¨¨ μ¸´μ¢´ÒÌ £¥´μ¢ SOS-¸¨¸É¥³Ò ±²¥Éμ± ¡ ±É¥·¨° Es-
cherichia coli. ‡ ¤ Î¥° ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨° Ö¢²Ö¥É¸Ö Ê¸μ¢¥·Ï¥´¸É¢μ¢ -
´¨¥ ¶·¥¤¸É ¢²¥´´ÒÌ ¶μ¤Ìμ¤μ¢ ¨ ¶μ¸É·μ¥´¨¥ ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨, μ¶¨¸Ò-
¢ ÕÐ¥° ¨´¤ÊÍ¨·μ¢ ´´Ò° ³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸ Ê ±²¥Éμ± E. coli.

�¢Éμ· ¢Ò· ¦ ¥É ¡² £μ¤ ·´μ¸ÉÓ ¶·μË. ….�. Š· ¸ ¢¨´Ê §  μ¡¸Ê¦¤¥´¨¥
·¥§Ê²ÓÉ Éμ¢ · ¡μÉÒ.
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