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‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê¸±μ·¨É¥²¥° ÉÖ¦¥²ÒÌ ¨μ´μ¢ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥-
¤μ¢ ´¨° ¨§ÊÎ¥´Ò § ±μ´μ³¥·´μ¸É¨ ¨ ³¥Ì ´¨§³Ò μ¡· §μ¢ ´¨Ö ³ÊÉ Í¨° · §²¨Î´μ£μ É¨¶  ¢ ±²¥É± Ì
¶·μ± ·¨μÉ. “ ±²¥Éμ± Escherichia coli ¨¸¸²¥¤μ¢ ´  ¨´¤Ê±Í¨Ö ¶·Ö³ÒÌ (lac−, tonB−, ¸olB) ¨ Ê ±²¥-
Éμ± Salmonella typhimurium, Bacillus subtilis μ¡· É´ÒÌ (his− →His+) ³ÊÉ Í¨° ¶·¨ ¤¥°¸É¢¨¨ ¨§²Ê-
Î¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ²¨´¥°´ÒÌ ¶¥·¥¤ Î Ô´¥·£¨¨ (‹��). �·μ¢¥¤¥´μ ¸· ¢´¨É¥²Ó´μ¥ ¨§ÊÎ¥´¨¥
§ ±μ´μ³¥·´μ¸É¥° μ¡· §μ¢ ´¨Ö £¥´´ÒÌ ¨ ¸É·Ê±ÉÊ·´ÒÌ (tonB trp−) ³ÊÉ Í¨° Ê ¡ ±É¥·¨° Escherichia
coli ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢. �μ± § ´μ, ÎÉμ ¤μ§μ¢Ò¥ § ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ μ¡· -
§μ¢ ´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° ¶·¨ ¤¥°¸É¢¨¨ γ-±¢ ´Éμ¢ ¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢ μ¶¨¸Ò¢ ÕÉ¸Ö
²¨´¥°´μ-±¢ ¤· É¨Î´Ò³¨ ËÊ´±Í¨Ö³¨. „²Ö ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° Ì · ±É¥·´Ò ²¨´¥°´Ò¥ § ¢¨¸¨³μ-
¸É¨ ¤μ§ ÄÔËË¥±É. Š¢ ¤· É¨Î´Ò° Ì · ±É¥· ¤μ§μ¢ÒÌ ±·¨¢ÒÌ ³ÊÉ £¥´¥§  μ¡Ê¸²μ¢²¥´ ®¢§ ¨³μ¤¥°-
¸É¢¨¥³¯ ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ ¤·Ê£ μÉ ¤·Ê£  ¸μ¡ÒÉ¨° ®¶μ¶ ¤ ´¨Ö¯ ¢ Ìμ¤¥ SOS-·¥¶ · Í¨¨ ¶μ¢·¥¦¤¥-
´¨° £¥´¥É¨Î¥¸±¨Ì ¸É·Ê±ÉÊ·. ‘¤¥² ´ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢
£¥´´Ò¥ ³ÊÉ Í¨¨ ¨´¤ÊÍ¨·ÊÕÉ¸Ö μ¡² ¸ÉÓÕ δ-Ô²¥±É·μ´μ¢ É·¥±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. Œ¥Éμ¤ ³¨
SOS-Ì·μ³μÉ¥¸É , SOS-²Õ±¸-É¥¸É  ¨ ¨´¤Ê±Í¨¨ ¶·μË £  λ ¨§ÊÎ¥´Ò § ±μ´μ³¥·´μ¸É¨ SOS-μÉ¢¥É 
±²¥Éμ± ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ‹��. �¡μ¸´μ¢Ò¢ ¥É¸Ö ¶μ²μ¦¥´¨¥ μ Éμ³,
ÎÉμ ³μ²¥±Ê²Ö·´μ° μ¸´μ¢μ° Ëμ·³¨·μ¢ ´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° Ö¢²ÖÕÉ¸Ö ±² ¸É¥·´Ò¥ μ¤´μ´¨É¥¢Ò¥
· §·Ò¢Ò „�Š, ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° Å ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „�Š. ‚ÒÖ¢²¥´μ, ÎÉμ § ¢¨¸¨³μ¸ÉÓ
μÉ´μ¸¨É¥²Ó´μ° ¡¨μ²μ£¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨ (�	�) Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ μÉ ¨Ì ‹�� μ¶¨¸Ò¢ ¥É¸Ö
±·¨¢Ò³¨ ¸ ²μ± ²Ó´Ò³ ³ ±¸¨³Ê³μ³. �μ± § ´μ, ÎÉμ ¡¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨μ´¨§¨·ÊÕ-
Ð¨Ì ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ¤²Ö ±²¥Éμ± ¸ · §²¨Î´Ò³ £¥´μÉ¨¶μ³,
μÍ¥´¨¢ ¥³ Ö ¶μ ²¥É ²Ó´μ³Ê ¤¥°¸É¢¨Õ, ¨´¤Ê±Í¨¨ £¥´´ÒÌ ¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨°, ÉμÎ´μ° Ô±¸Í¨-
§¨¨ É· ´¸¶μ§μ´μ¢, ¤¥É¥·³¨´¨·μ¢ ´  μ¸μ¡¥´´μ¸ÉÖ³¨ ¶¥·¥¤ Î¨ Ô´¥·£¨¨ ¨§²ÊÎ¥´¨°, ¢²¨ÖÕÐ¨³¨ ´ 
Ì · ±É¥· ¨´¤ÊÍ¨·Ê¥³ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š, ¨ ÔËË¥±É¨¢´μ¸ÉÓÕ · ¡μÉÒ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ ¨ ±μ´¸É¨-
ÉÊÉ¨¢´ÒÌ ¸¨¸É¥³ ·¥¶ · Í¨¨ ±²¥Éμ±. ‚μ§· ¸É ´¨¥ μÉ´μ¸¨É¥²Ó´μ° ¡¨μ²μ£¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨
ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í μ¡Ê¸²μ¢²¥´μ Ê¢¥²¨Î¥´¨¥³ ¢ÒÌμ¤  ¶μ¢·¥¦¤¥´¨° „�Š, ÊÎ ¸É¢ÊÕ-
Ð¨Ì ¢ Ëμ·³¨·μ¢ ´¨¨ · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ ÔËË¥±Éμ¢, ¨ ¶μ¢ÒÏ¥´¨¥³ ÔËË¥±É¨¢´μ¸É¨
¨´¤ÊÍ¨¡¥²Ó´ÒÌ ¸¨¸É¥³ ·¥¶ · Í¨¨. “¸É ´μ¢²¥´μ, ÎÉμ ¢¥²¨Î¨´  ‹�� (Lmax), ¶·¨ ±μÉμ·μ° ´ -
¡²Õ¤ ÕÉ¸Ö ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ �	� ¶μ ¨¸¶μ²Ó§μ¢ ´´Ò³ ±·¨É¥·¨Ö³ μ¡²Ê-
Î¥´¨Ö, ¢ ·Ó¨·Ê¥É¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ Ì · ±É¥·  ·¥£¨¸É·¨·Ê¥³μ£μ · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´μ£μ
ÔËË¥±É . �μ± § ´μ, ÎÉμ ¤²Ö £¥´´ÒÌ ³ÊÉ Í¨° ¨ ¨´¤Ê±Í¨¨ ÉμÎ´μ° Ô±¸Í¨§¨¨ ³μ¡¨²Ó´ÒÌ Ô²¥³¥´Éμ¢
§´ Î¥´¨Ö Lmax ·¥ ²¨§ÊÕÉ¸Ö ¢ μ¡² ¸É¨ ‹��, · ¢´ÒÌ ≈ 20 ±Ô‚/³±³. „²Ö ²¥É ²Ó´ÒÌ ÔËË¥±Éμ¢
μ¡²ÊÎ¥´¨Ö ¨ ¨´¤Ê±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° ¢¥²¨Î¨´  Lmax ¸μ¸É ¢²Ö¥É ≈ 50 ¨ 100 ±Ô‚/³±³
¸μμÉ¢¥É¸É¢¥´´μ. � §²¨Î¨Ö ¢ ¶μ²μ¦¥´¨¨ Lmax ¤²Ö ¨§ÊÎ¥´´ÒÌ · ¤¨ Í¨μ´´μ-£¥´¥É¨Î¥¸±¨Ì ÔËË¥±-
Éμ¢ μ¶·¥¤¥²ÖÕÉ¸Ö · §²¨Î´Ò³ É¨¶μ³ ¶μ¢·¥¦¤¥´¨° „�Š, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ³ÊÉ Í¨μ´´μ³ ¶·μÍ¥¸¸¥.
�·¥¤²μ¦¥´  ³μ²¥±Ê²Ö·´ Ö ³μ¤¥²Ó μ¡· §μ¢ ´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° ¢ ±²¥É± Ì Escherichia coli ¶·¨
¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°. ‚ · ³± Ì ³μ¤¥²¨ · ¸¸³ É·¨¢ ÕÉ¸Ö μ¸´μ¢´Ò¥ · ¤¨ Í¨μ´´Ò¥
¶μ¢·¥¦¤¥´¨Ö „�Š ¨ ³ £¨¸É· ²Ó´Ò¥ ¶ÊÉ¨ ¨Ì ·¥¶ · Í¨¨. ‚ μ¸´μ¢Ê ¶μ²μ¦¥´μ ¶·¥¤¸É ¢²¥´¨¥ μ
·¥Ï ÕÐ¥° ·μ²¨ ³ÊÉ £¥´´μ°, ¸±²μ´´μ° ± μÏ¨¡± ³ ¢¥É¢¨ SOS-·¥¶ · Í¨¨ ¢ Ë¨±¸ Í¨¨ ¶·¥³ÊÉ Í¨-
μ´´ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š ¢ ÉμÎ±μ¢Ò¥ ³ÊÉ Í¨¨. �μ± § ´μ, ÎÉμ Í¥´É· ²Ó´Ò³ ³¥Ì ´¨§³μ³ ¢ ÔÉμ³
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¶·μÍ¥¸¸¥ Ö¢²Ö¥É¸Ö Ëμ·³¨·μ¢ ´¨¥ ¨´¤ÊÍ¨¡¥²Ó´μ£μ ³Ê²ÓÉ¨Ë¥·³¥´É´μ£μ ±μ³¶²¥±¸ , ¢±²ÕÎ ÕÐ¥£μ
„�Š-¶μ²¨³¥· §Ê V (UmuD′

2C), RecA-¶·μÉ¥ §Ê, SSB-¡¥²±¨, ¸Ê¡Ñ¥¤¨´¨ÍÒ „�Š-¶μ²¨³¥· §Ò III,
μ¸ÊÐ¥¸É¢²ÖÕÐ¥£μ μÏ¨¡μÎ´Ò° ¸¨´É¥§ „�Š ´  ¶μ¢·¥¦¤¥´´μ° ³ É·¨Í¥. �  μ¸´μ¢¥ ³μ²¥±Ê²Ö·´μ°
³μ¤¥²¨ · §· ¡μÉ ´  ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó ¨´¤Ê±Í¨¨ £¥´´ÒÌ ³ÊÉ Í¨° ¶·¨ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ³
μ¡²ÊÎ¥´¨¨ ±²¥Éμ±.

With the use of heavy-ion accelerators of the Joint Institute for Nuclear Research, regularities and
mechanisms of the formation of mutations of different types in prokaryote cells were studied. Induction
of direct mutations (lac−, tonB− , and colB) in Escherichia coli cells and reverse his− →His+

mutations in Salmonella typhimurium and Bacillus subtilis cells under radiations in a wide range of
linear energy transfer (LET) was investigated. A comparative study was performed of the regularities
in the formation of gene and structural (tonB trp−) mutations in Escherichia coli bacteria under the
effect of accelerated heavy ions. It is shown that the dose dependences of gene mutation formation
under gamma quanta and accelerated heavy ions are described by linear quadratic functions. Linear
doseÄeffect dependences are typical of structural mutations. The quadratic character of mutagenesis
curves is caused by the interaction of two mutually independent ®hitting¯ events in the course of
the SOS repair of genetic structure damage. A conclusion is made that under accelerated heavy
ions, gene mutations are induced in the delta-electron region of charged particle tracks. With the
SOS chromotest, SOS lux test, and lambda prophage induction, regularities in cell SOS response
under radiations in a wide LET range were studied. A thesis is substantiated that clustered single-
strand DNA breaks are the molecular basis of the gene mutations, and DNA double-strand breaks
are the molecular basis of structural mutations. It is found that the LET dependence of the relative
biological effectiveness of accelerated ions is described by curves with a local maximum. It is shown
that the biological effectiveness of ionizing radiations with different physical characteristics for cells
with different genotypes, evaluated by the lethal effect, gene and deletion mutation induction, and
the precise excision of transposons, is determined by the speciˇcs of radiation energy transfer, which
in
uence the character of the induced DNA damage, and by the efˇciency of inducible and constitutive
systems of cell repair. An increase in the relative biological effectiveness of heavy charged particles is
determined by an increase in the yield of DNA damage participating in the formation of the radiation-
induced effects and by the growth of the efˇciency of the inducible repair systems. It is established
that the LET value (Lmax), at which the maximal values of the RBE coefˇcients are observed against
the used irradiation criteria, varies depending on the character of the detected radiation-induced effect.
It is shown that for the gene mutations and induction of the precise excision of the mobile elements,
the Lmax values are found at about 20 keV/μm. For the lethal effects of irradiation and deletion
mutation induction, the Lmax values are about 50 and 100 keV/μm, respectively. The differences in
the Lmax location for the studied radiation genetic effects are determined by different types of DNA
lesions involved in the mutation process. A molecular model of gene mutations in Escherichia coli
cells under ionizing radiations is proposed. Within the framework of the model, the basic types of
DNA damage and the main ways of their repair are examined. The model is based on the idea that the
mutagenic branch of SOS repair, which is error-prone, plays the decisive role in ˇxing the premutation
DNA lesions as point mutations. It is shown that the central mechanism of this process consists in
the formation of an inducible multienzyme complex, which includes (UmuD′

2C) DNA polymerase V,
RecA protease, SSB proteins, and a DNA polymerase III subunit. The complex performs erroneous
DNA synthesis on the damaged matrix. Based on the molecular model, a mathematical model of gene
mutation induction under ultraviolet irradiation of cells was developed.

PACS: 87.53.Bn
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	μ²¥¥ ¶μ²Ê¢¥±  ÉÖ¦¥²Ò¥ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¶·¨¢²¥± ÕÉ ¢´¨³ ´¨¥ ¸¶¥-
Í¨ ²¨¸Éμ¢-· ¤¨μ¡¨μ²μ£μ¢ ± ± ÔËË¥±É¨¢´Ò° ¨´¸É·Ê³¥´É ¶·¨ ·¥Ï¥´¨¨ ËÊ´¤ -
³¥´É ²Ó´ÒÌ ¢μ¶·μ¸μ¢, ¸¢Ö§ ´´ÒÌ ¸ ¢ÒÖ¸´¥´¨¥³ ³¥Ì ´¨§³μ¢, ²¥¦ Ð¨Ì ¢ μ¸´μ¢¥
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¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸ . �  ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¨ ¶²μ¤μÉ¢μ·-
´μ¸ÉÓ ¶·¨³¥´¥´¨Ö ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±-
É¥·¨¸É¨± ³¨ ¢ ¨§ÊÎ¥´¨¨ ³¥Ì ´¨§³μ¢ £¥´¥É¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö · ¤¨ Í¨¨ Ê± §Ò-
¢ ²¨ �.‚.’¨³μË¥¥¢-�¥¸μ¢¸±¨°, „. …. ‹¨, ‹. ƒ. –¨³³¥·. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ-
¢ ´¨° ¡¨μ²μ£¨Î¥¸±¨Ì ÔËË¥±Éμ¢, ¢Ò§Ò¢ ¥³ÒÌ ÉÖ¦¥²Ò³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨-
Í ³¨, ¨¸¶μ²Ó§μ¢ ²¨¸Ó ±² ¸¸¨± ³¨ · ¤¨ Í¨μ´´μ° £¥´¥É¨±¨ ¶·¨ μ¡μ¸´μ¢ ´¨¨
ËÊ´¤ ³¥´É ²Ó´μ£μ ³¥Éμ¤μ²μ£¨Î¥¸±μ£μ ¶·¨´Í¨¶  · ¤¨μ¡¨μ²μ£¨¨ Å ®¶·¨´-
Í¨¶  ¶μ¶ ¤ ´¨Ö¯.

‚ ¶μ¸²¥¤´¨¥ ¤¥¸ÖÉ¨²¥É¨Ö ¢Ò¤¥²¥´ ·Ö¤ ¢ ¦´ÒÌ ¶· ±É¨Î¥¸±¨Ì § ¤ Î, ·¥Ï¥-
´¨¥ ±μÉμ·ÒÌ É·¥¡Ê¥É ¤¥É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö ³¥Ì ´¨§³μ¢ ¡¨μ²μ£¨Î¥¸±μ£μ ¤¥°-
¸É¢¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨°. �¤´  ¨§ ´¨Ì ¸¢Ö§ ´  ¸ ¶·μ¡²¥³ ³¨
±μ¸³¨Î¥¸±μ° · ¤¨μ¡¨μ²μ£¨¨. “¢¥²¨Î¥´¨¥ ¤ ²Ó´μ¸É¨ ¨ ¤²¨É¥²Ó´μ¸É¨ ±μ¸³¨-
Î¥¸±¨Ì ¶μ²¥Éμ¢ ¶μ¸É ¢¨²¨ ´  ¶¥·¢Ò° ¶² ´ ¶·μ¡²¥³Ê μÍ¥´±¨ μ¶ ¸´μ¸É¨ ¡¨μ-
²μ£¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö ¢Ò¸μ±μÔ´¥·£¥É¨Î´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¨ · §· ¡μÉ±Ê ³¥·
· ¤¨ Í¨μ´´μ° ¡¥§μ¶ ¸´μ¸É¨ Ô±¨¶ ¦¥° ±μ· ¡²¥°. ‚ Ìμ¤¥ ·¥ ²¨§ Í¨¨ ³¥¦¶² -
´¥É´ÒÌ ¶¨²μÉ¨·Ê¥³ÒÌ ¶μ²¥Éμ¢, ¶·¥¦¤¥ ¢¸¥£μ ± Œ ·¸Ê, Ô±¨¶ ¦¨ ¡Ê¤ÊÉ ¶μ¤-
¢¥·£ ÉÓ¸Ö ¢μ§¤¥°¸É¢¨Õ ÉÖ¦¥²ÒÌ Ö¤¥· ¢Ò¸μ±¨Ì Ô´¥·£¨°, ¨¸Ìμ¤ÖÐ¨Ì ¨§ £²Ê¡¨´
ƒ ² ±É¨±¨. Š ± ¨§¢¥¸É´μ, ¢ ¸¶¥±É·¥ £ ² ±É¨Î¥¸±μ£μ ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö
(ƒŠˆ) ¶·¥μ¡² ¤ ÕÉ Ö¤·  £·Ê¶¶Ò Ê£²¥·μ¤  ¨ ¦¥²¥§ . �´¥·£¥É¨Î¥¸±¨° ¸¶¥±É·
Ö¤¥· ƒŠˆ ¢¥¸Ó³  Ï¨·μ±, ¨ É ±¨¥ Î ¸É¨ÍÒ ¸ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ ³μ-
£ÊÉ ¨´¤ÊÍ¨·μ¢ ÉÓ ³ÊÉ Í¨¨, ¨´¨Í¨¨·μ¢ ÉÓ · §¢¨É¨¥ μ´±μ²μ£¨Î¥¸±¨Ì § ¡μ²¥¢ -
´¨°, ¢Ò§Ò¢ ÉÓ ¤·Ê£¨¥ ´¥¡² £μ¶·¨ÖÉ´Ò¥ ¶μ¸²¥¤¸É¢¨Ö. ‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¸É ²μ
¢μ§³μ¦´Ò³ ³μ¤¥²¨·μ¢ ÉÓ £¥´¥É¨Î¥¸±μ¥ ¤¥°¸É¢¨¥ ÉÖ¦¥²ÒÌ Ö¤¥· ƒŠˆ ¢Ò¸μ±¨Ì
Ô´¥·£¨° ¡² £μ¤ ·Ö ¸μ§¤ ´¨Õ Ê¸±μ·¨É¥²¥° ÉÖ¦¥²ÒÌ ¨μ´μ¢, ¸¶μ¸μ¡´ÒÌ Ê¸±μ·ÖÉÓ
Ö¤·  ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ¤μ ±μ¸³¨Î¥¸±¨Ì Ô´¥·£¨°. ’ ±¨¥ Ê¸±μ·¨É¥²¨ Ê¸¶¥Ï´μ
ËÊ´±Í¨μ´¨·ÊÕÉ ¢ �μ¸¸¨¨, ‘˜�, ƒ¥·³ ´¨¨, Ÿ¶μ´¨¨.

“¸±μ·¥´´Ò¥ ÉÖ¦¥²Ò¥ ¨μ´Ò (¶·¥¨³ÊÐ¥¸É¢¥´´μ Ö¤·  Ê£²¥·μ¤  ¸ Ô´¥·£¨¥°
200Ä300 ŒÔ‚/´Ê±²μ´) ´ Î ²¨ Ê¸¶¥Ï´μ ¶·¨³¥´ÖÉÓ¸Ö ¶·¨ ²¥Î¥´¨¨ μ´±μ²μ£¨Î¥-
¸±¨Ì § ¡μ²¥¢ ´¨°. �¶É¨³ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¨§²ÊÎ¥´¨Ö
¢ μ¶ÊÌμ²¨ ¶·¨ μ¡²ÊÎ¥´¨¨ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ¤¥² ¥É ÔÉμÉ ¢¨¤ ²ÊÎ¥¢μ£μ ¢μ§¤¥°-
¸É¢¨Ö ¢¥¸Ó³  ¶¥·¸¶¥±É¨¢´Ò³ ¢ ±²¨´¨±¥ ²ÊÎ¥¢μ° É¥· ¶¨¨. ‘ ÊÎ¥Éμ³ ÔÉμ£μ μ¡-
¸ÉμÖÉ¥²Ó¸É¢  § ¤ Î  ¤¥É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö ³¥Ì ´¨§³μ¢ £¥´¥É¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö
ÉÖ¦¥²ÒÌ ¨μ´μ¢ É ±¦¥ ¢¥¸Ó³   ±ÉÊ ²Ó´ . ‚ ¦´Ò³ μ¸É ¥É¸Ö ·¥Ï¥´¨¥ ¢μ¶·μ¸μ¢
´μ·³¨·μ¢ ´¨Ö ²ÊÎ¥¢ÒÌ ´ £·Ê§μ± ´  ¶¥·¸μ´ ², · ¡μÉ ÕÐ¨° ¢ ¸³¥Ï ´´ÒÌ ¶μ-
²ÖÌ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°, ÎÉμ É ±¦¥ ¸¢Ö§ ´μ ¸ ¨§ÊÎ¥´¨¥³ ¸ÉμÌ ¸É¨Î¥¸±¨Ì
ÔËË¥±Éμ¢ · ¤¨ Í¨μ´´μ£μ ¢μ§¤¥°¸É¢¨Ö, ¨´¤ÊÍ¨·Ê¥³ÒÌ ¨§²ÊÎ¥´¨Ö³¨, · §²¨Î -
ÕÐ¨³¨¸Ö ¶μ ¢¥²¨Î¨´¥ ²¨´¥°´μ° ¶¥·¥¤ Î¨ Ô´¥·£¨¨ (‹��).

�·¨ ·¥Ï¥´¨¨ ¶·μ¡²¥³Ò £¥´¥É¨Î¥¸±¨Ì ÔËË¥±Éμ¢ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ
Î ¸É¨Í ±· °´¥ ¢ ¦´Ò³¨ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¤ ´´Ò¥ μ § ±μ´μ³¥·´μ¸ÉÖÌ ¨ ³¥Ì -
´¨§³ Ì ¨Ì ³ÊÉ £¥´´μ£μ ¤¥°¸É¢¨Ö ´  ±²¥É±¨ ¸ · §²¨Î´Ò³ Ê·μ¢´¥³ μ·£ ´¨§ Í¨¨
£¥´¥É¨Î¥¸±μ£μ  ¶¶ · É . �·¨ ÔÉμ³ ´¥μ¡Ìμ¤¨³μ ´¥ Éμ²Ó±μ ¨³¥ÉÓ ¨´Ëμ·³ -
Í¨Õ μ ¸Ê³³ ·´μ³ ¢ÒÌμ¤¥ · §²¨Î´μ£μ É¨¶  ³ÊÉ Í¨° ¢ μ¡²ÊÎ¥´´ÒÌ ±²¥É± Ì,
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É ±¦¥ ¨¸±²ÕÎ¨É¥²Ó´Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ ¤ ´´Ò¥ μ Î ¸ÉμÉ¥ μ¡· §μ¢ ´¨Ö
± ± £¥´´ÒÌ, É ± ¨ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨°. “ ±²¥Éμ± ¢Ò¸Ï¨Ì ÔÊ± ·¨μÉ ¨§ÊÎ¥´¨¥
¤μ§μ¢ÒÌ § ¢¨¸¨³μ¸É¥° ¢ÒÌμ¤  ÉμÎ±μ¢ÒÌ ¨ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° ¶·¨ ¤¥°¸É¢¨¨
¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹�� Ö¢²Ö¥É¸Ö ¢¥¸Ó³  ´¥¶·μ-
¸Éμ° § ¤ Î¥°, É·¥¡ÊÕÐ¥° ¶·¨¢²¥Î¥´¨Ö ¸²μ¦´ÒÌ ³μ²¥±Ê²Ö·´μ-¡¨μ²μ£¨Î¥¸±¨Ì
³¥Éμ¤μ¢, ¢Ò¶μ²´¥´¨Ö ¡μ²ÓÏμ£μ μ¡Ñ¥³  · ¡μÉ. �μ²ÊÎ¥´¨¥ É ±μ£μ ·μ¤  ¨´-
Ëμ·³ Í¨¨ §´ Î¨É¥²Ó´μ μ¡²¥£Î ¥É¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì ´  ±²¥É± Ì ¶·μ± ·¨μÉ.
�·¥¤¸É ¢²¥´´Ò¥ ¢ ´ ¸ÉμÖÐ¥³ μ¡§μ·¥ ³ É¥·¨ ²Ò ± ¸ ÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ³ÊÉ £¥´´μ£μ ¤¥°¸É¢¨Ö Ê¸±μ·¥´´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ´ 
¡ ±É¥·¨ ²Ó´Ò¥ ±²¥É±¨, ¢Ò¶μ²´¥´´ÒÌ ¢ ‹ ¡μ· Éμ·¨¨ · ¤¨ Í¨μ´´μ° ¡¨μ²μ£¨¨
�ˆŸˆ ´  Ê¸±μ·¨É¥²ÖÌ ³´μ£μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ˆ´¸É¨ÉÊÉ  ¢ ¶μ¸²¥¤´¨¥ £μ¤Ò.

1. ‡�Š���Œ…���‘’ˆ Œ“’�ƒ…���ƒ� „…‰‘’‚ˆŸ ˆ‡‹“—…�ˆ‰
‘ ��‡��‰ ‹��

�É±·ÒÉ¨¥ ³ÊÉ £¥´´μ£μ ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ´  ³¨±·μμ·£ -
´¨§³Ò ¸¢Ö§ ´μ ¸ ¨³¥´¥³ ƒ. �.� ¤¸μ´ . …Ð¥ ¢ 1920 £. μ´ μÉ³¥Î ², ÎÉμ ®¤¥°-
¸É¢¨¥ · ¤¨Ö ¶¥·¥¤ ¥É¸Ö ´ ¸²¥¤¸É¢¥´´μ ¶μÉμ³¸É¢Ê¯. �¤´ ±μ ÔÉ¨ ¶¨μ´¥·¸±¨¥
· ¡μÉÒ ´¥ ¶·¨¢²¥±²¨ ¶·¨¸É ²Ó´μ£μ ¢´¨³ ´¨Ö £¥´¥É¨±μ¢, É ± ± ± ¢ ´¨Ì ´¥
¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò Ï¨·μ±μ ¶·¨³¥´Ö¢Ï¨¥¸Ö ¢ μ¶ÒÉ Ì ´  ¤·μ§μË¨² Ì ±μ²¨-
Î¥¸É¢¥´´Ò¥ ³¥Éμ¤Ò ÊÎ¥É  ´ ¡²Õ¤ ¥³ÒÌ ¨§³¥´¥´¨°,   É ±¦¥ μÉ¸ÊÉ¸É¢μ¢ ² ¨Ì
£¨¡·¨¤μ²μ£¨Î¥¸±¨°  ´ ²¨§. �¥·¢Ò³ ±μ²¨Î¥¸É¢¥´´Ò³ ¨¸¸²¥¤μ¢ ´¨¥³, ¢ ±μÉμ-
·μ³ ¡Ò²  Ê¸É ´μ¢²¥´  ¸¢Ö§Ó ³¥¦¤Ê Î ¸ÉμÉμ° ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨° Ê ³¨-
±·μμ·£ ´¨§³μ¢ ¨ ¤μ§μ° · §²¨Î´ÒÌ ¢¨¤μ¢ ¨μ´¨§¨·ÊÕÐ¨Ì ¨ Ê²ÓÉ· Ë¨μ²¥Éμ-
¢μ£μ (“”) ¨§²ÊÎ¥´¨°, Ö¢¨² ¸Ó · ¡μÉ  �. ‘.Š·¨¢¨¸±μ£μ, ¢Ò¶μ²´¥´´ Ö ¢ ±μ´Í¥
1930-Ì ££. [1]. ‚ Ô±¸¶¥·¨³¥´É Ì ´  Ê±¸Ê¸´μ-±¨¸²ÒÌ ¡ ±É¥·¨ÖÌ ¡Ò²μ ¢ÒÖ¢²¥´μ,
ÎÉμ ¶·¨ ¤¥°¸É¢¨¨ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö, · ¤μ´  ¨ “”-¨§²ÊÎ¥´¨Ö ¸·¥¤¨
¢Ò¦¨¢Ï¨Ì Ê¢¥²¨Î¨¢ ¥É¸Ö Î¨¸²μ ±²¥Éμ±, ¤ ÕÐ¨Ì ´ Î ²μ ´μ¢Ò³ · ¸ ³, É. ¥. ¢μ§-
· ¸É ¥É Î¨¸²μ ³ÊÉ ´Éμ¢. �Éμ ¢μ§· ¸É ´¨¥ ¨¤¥É ¶·Ö³μ ¶·μ¶μ·Í¨μ´ ²Ó´μ ¤μ§¥
μ¡²ÊÎ¥´¨Ö. �μ§¤´¥¥  ´ ²μ£¨Î´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ´  ³¨±·μμ·£ ´¨§³ Ì ¡Ò²¨ ´ -
Î ÉÒ ¨ §  ·Ê¡¥¦μ³. ‚ ¦´μ° μ¸´μ¢μ° ¤²Ö · §¢¨É¨Ö É ±μ£μ ·μ¤  · ¡μÉ, ¸ μ¤´μ°
¸Éμ·μ´Ò, Ö¢¨²¨¸Ó Ê¸¶¥Ì¨ ±μ²¨Î¥¸É¢¥´´μ° · ¤¨μ¡¨μ²μ£¨¨ ±²¥Éμ±, ¸¢Ö§Ò¢ Õ-
Ð¨¥ ²¥É ²Ó´μ¥ ¤¥°¸É¢¨¥ ¨§²ÊÎ¥´¨° ¸ ¶μ¢·¥¦¤¥´¨¥³ £¥´¥É¨Î¥¸±μ£μ  ¶¶ · É ,
¸ ¤·Ê£μ° Å ¤μ¸É¨¦¥´¨Ö ¨ ¶²μ¤μÉ¢μ·´Ò¥ ±μ´Í¥¶Í¨¨ · ¤¨ Í¨μ´´μ° £¥´¥É¨±¨
¢Ò¸Ï¨Ì μ·£ ´¨§³μ¢. ˆ´É¥´¸¨¢´μ¥ ¨§ÊÎ¥´¨¥ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸  Ê ³¨±·μ-
μ·£ ´¨§³μ¢ ¡Ò²μ ´ Î Éμ ¢ ±μ´Í¥ 1940-Ì Ä ´ Î ²¥ 1950-Ì ££. Š ´¨³ ¸²¥¤Ê¥É
μÉ´¥¸É¨ · ¡μÉÒ „¥³¥·¥Í  ¨ ‹ É ·¦¥, ±μÉμ·Ò¥ ¶·¨ ¨§ÊÎ¥´¨¨ ¢μ§´¨±´μ¢¥´¨Ö
³ÊÉ Í¨° ± Ë £μÊ¸Éμ°Î¨¢μ¸É¨ ¡ ±É¥·¨° …. coli ‚ ¨ ‚/r ¶μ¤ ¢²¨Ö´¨¥³ “”- ¨
·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨° ¢ÒÖ¢¨²¨, ÎÉμ Î ¸ÉμÉ  ³ÊÉ¨·μ¢ ´¨Ö, É. ¥. ±μ²¨Î¥¸É¢μ
³ÊÉ ´Éμ¢ Nm, ¤¥²¥´´μ¥ ´  ±μ²¨Î¥¸É¢μ ¢Ò¦¨¢ ÕÐ¨Ì ±²¥Éμ± N , Ê¢¥²¨Î¨¢ ¥É¸Ö
¸ ·μ¸Éμ³ ¤μ§Ò (D) “”-¨§²ÊÎ¥´¨Ö ¶μ ¸É¥¶¥´´μ° § ¢¨¸¨³μ¸É¨, ¶·μÌμ¤¨É Î¥-
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·¥§ ³ ±¸¨³Ê³,   § É¥³ ¶μ¸É¥¶¥´´μ ¸´¨¦ ¥É¸Ö. �·¨ ¤¥°¸É¢¨¨ ·¥´É£¥´μ¢¸±μ£μ
¨§²ÊÎ¥´¨Ö ÔÉ  § ¢¨¸¨³μ¸ÉÓ ¨³¥²  ²¨´¥°´Ò° Ì · ±É¥· ¤μ ¤μ§, · ¢´ÒÌ ¶·¨-
³¥·´μ 100 ƒ·. �¡´ ·Ê¦¥´´Ò° É¨¶ § ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö ±²¥Éμ±
³¨±·μμ·£ ´¨§³μ¢ μÉ ¤μ§Ò ¨§²ÊÎ¥´¨° ¶μ§¤´¥¥ ¡Ò² ¢ÒÖ¢²¥´ ¨ ¤·Ê£¨³¨  ¢Éμ· ³¨
´  ¤·Ê£¨Ì É¥¸É-μ¡Ñ¥±É Ì. ‹¨´¥°´Ò¥ § ¢¨¸¨³μ¸É¨ Nm/N(D) ¶·¨ γ-μ¡²ÊÎ¥´¨¨
´ ¡²Õ¤ ²¨ ¢ Ô±¸¶¥·¨³¥´É Ì ´  ¡ ±É¥·¨ ²Ó´ÒÌ ±²¥É± Ì ³´μ£¨¥  ¢Éμ·Ò ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ · §²¨Î´ÒÌ É¥¸Éμ¢: μ¡· §μ¢ ´¨Ö ·¥¢¥·¸¨° ± ¶·μÉμÉ·μË´μ¸É¨ ¶μ
É·¨¶ÉμË ´Ê,  ·£¨´¨´Ê, É·¥μ´¨´Ê ¨ ³¥É¨μ´¨´Ê, £¨¸É¨¤¨´Ê [2, 3]. �·¨³¥´Ö¥-
³Ò¥ ¤μ§Ò μ¡²ÊÎ¥´¨Ö, ± ± ¶· ¢¨²μ, ¡Ò²¨ ´¥¢¥²¨±¨, ´ ¶·¨³¥·, ¢ [3] ´ ¨¡μ²¥¥
¢Ò¸μ± Ö ¤μ§  ¸μ¸É ¢²Ö²  130 ƒ·.

� ·Ö¤Ê ¸ ²¨´¥°´Ò³ Ì · ±É¥·μ³ § ¢¨¸¨³μ¸É¨ Nm/N(D) ´¥±μÉμ·Ò³¨  ¢-
Éμ· ³¨ ¡Ò² ¢ÒÖ¢²¥´ ¨ ¥¥ ¸É¥¶¥´´μ° ¢¨¤. ’ ±, ¢ [4] Ê ±²¥Éμ± ¤¨±μ£μ É¨¶ ,
¸ μ¤´μ° ¸Éμ·μ´Ò, ´ ¡²Õ¤ ²¨ ²¨´¥°´ÊÕ ¤μ§μ¢ÊÕ § ¢¨¸¨³μ¸ÉÓ ¶μ ¢ÒÌμ¤Ê  ·-
£¨´¨´μ¢ÒÌ ·¥¢¥·É ´Éμ¢, ¸ ¤·Ê£μ° Å ±¢ ¤· É¨Î´ÊÕ § ¢¨¸¨³μ¸ÉÓ ¶μ Î ¸ÉμÉ¥
³ÊÉ¨·μ¢ ´¨Ö ± ·¥§¨¸É¥´É´μ¸É¨ ± ¸É·¥¶Éμ³¨Í¨´Ê. Š¢ ¤· É¨Î´ Ö ¤μ§μ¢ Ö § ¢¨-
¸¨³μ¸ÉÓ Nm/N(D) ¶μ μ¡· §μ¢ ´¨Õ É·¨¶ÉμË ´μ¢ÒÌ ·¥¢¥·¸¨° Ê E. coli W�-2
¡Ò²  μ¡´ ·Ê¦¥´  ¢ [5]. �´ ²μ£¨Î´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ²ÊÎ¥´Ò ¨ ¢ Ô±¸¶¥·¨³¥´É Ì
¶μ ¢ÒÖ¢²¥´¨Õ ¶·Ö³ÒÌ ³ÊÉ Í¨° ¢ ·¥£Ê²ÖÉμ·´μ³ lacI-²μ±Ê¸¥ ² ±Éμ§´μ£μ μ¶¥-
·μ´  E. coli [6],   É ±¦¥ ¶·Ö³ÒÌ ³ÊÉ Í¨° Ê¸Éμ°Î¨¢μ¸É¨ ± ·¨Ë ³¶¨Í¨´Ê [7].

ŒÊÉ £¥´´μ¥ ¤¥°¸É¢¨¥ ¶²μÉ´μ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¨§ÊÎ¥´μ ¸² ¡μ.
�¥·¢μ¥ ¨¸¸²¥¤μ¢ ´¨¥, ± ± Ê± §Ò¢ ²μ¸Ó ¢ÒÏ¥, ¡Ò²μ ¶·μ¢¥¤¥´μ �.‘.Š·¨¢¨¸-
±¨³ ´  ¡ ±É¥·¨ÖÌ ¸ α-Î ¸É¨Í ³¨ · ¤μ´ . �¢Éμ· ¸¤¥² ² ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¶·¨
μ¡²ÊÎ¥´¨¨ Ê¢¥²¨Î¨¢ ¥É¸Ö Î¨¸²μ ±²¥Éμ±, ¤ ÕÐ¥¥ ´ Î ²μ ´μ¢Ò³ · ¸ ³, ¶·¨-
Î¥³ ÔÉμ Ê¢¥²¨Î¥´¨¥ ¨¤¥É ¶·Ö³μ ¶·μ¶μ·Í¨μ´ ²Ó´μ ¤μ§¥ μ¡²ÊÎ¥´¨Ö. ‹¨ÏÓ ¶·¨
¡μ²ÓÏ¨Ì ¤μ§ Ì, ¨´ ±É¨¢¨·ÊÕÐ¨Ì ¡μ²¥¥ 99% ¢¸¥Ì ±²¥Éμ±, ¶·Ö³ Ö ¶·μ¶μ·Í¨-
μ´ ²Ó´μ¸ÉÓ ´ ·ÊÏ ¥É¸Ö. „¨·¨´£μ³ [8] ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ÊÎ±μ¢ Ê¸±μ·¥´´ÒÌ
ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¡Ò²μ ¨§ÊÎ¥´μ ³ÊÉ £¥´´μ¥ ¤¥°¸É¢¨¥ ¨§²ÊÎ¥´¨°, · §²¨Î ÕÐ¨Ì¸Ö
¶μ ‹�� ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ (μÉ 0,25 ¤μ 340 ±Ô‚/³±³). �¶·¥¤¥²Ö² ¸Ó Î -
¸ÉμÉ  ·¥¢¥·¸¨° ± ¶·μÉμÉ·μË´μ¸É¨ ¶μ É·¨¶ÉμË ´Ê Ê ±²¥Éμ± …. coli. 	Ò²μ
Ê¸É ´μ¢²¥´μ, ÎÉμ § ¢¨¸¨³μ¸ÉÓ Nm/N μÉ ¤μ§Ò Ö¢²Ö¥É¸Ö ²¨´¥°´μ° ¤²Ö ¢¸¥Ì
¢¨¤μ¢ ¨§²ÊÎ¥´¨° ¨ ¨Ì μÉ´μ¸¨É¥²Ó´ Ö ¡¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¡²¨§±  ±
¥¤¨´¨Í¥ ¤²Ö ¢¸¥Ì É¨¶μ¢ ¨¸¶μ²Ó§μ¢ ´´ÒÌ Î ¸É¨Í, §  ¨¸±²ÕÎ¥´¨¥³ Ê¸±μ·¥´´ÒÌ
¨μ´μ¢ ±¨¸²μ·μ¤ , ¤²Ö ±μÉμ·ÒÌ §´ Î¥´¨¥ �	� ¸μ¸É ¢²Ö²μ 0,23. �·¨ ¨§ÊÎ¥´¨¨
·¥¢¥·¸¨° ± ¤¨±μ³Ê É¨¶Ê  ³¡¥·-³ÊÉ ´Éμ¢ …51 Ë £  ’4, μ¡²ÊÎ¥´´ÒÌ Î ¸É¨Í ³¨
¸ · §²¨Î´μ° ‹�� (μÉ 10 ¤μ 230 ±Ô‚/³±³) ¨ γ-¨§²ÊÎ¥´¨¥³ 60‘μ, ¡Ò² ¢ÒÖ¢²¥´
²¨´¥°´Ò° Ì · ±É¥· § ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ μ¡· §μ¢ ´¨Ö ·¥¢¥·É ´Éμ¢ μÉ ¤μ§Ò
¢¸¥Ì ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ¨§²ÊÎ¥´¨° [9, 10]. �´ ²μ£¨Î´Ò¥ ·¥-
§Ê²ÓÉ ÉÒ ¶μ²ÊÎ¥´Ò ¨ ´  ¡ ±É¥·¨ÖÌ ¶·¨ ÊÎ¥É¥ ·¥¢¥·¸¨° ± ¶·μÉμÉ·μË´μ¸É¨ Ê
É·¥Ì  Ê±¸μÉ·μË´ÒÌ ¶μ É·¨¶ÉμË ´Ê, ²¨§¨´Ê ¨ É¨·μ§¨´Ê ²¨´¨° …. coli ‚/r. ‚μ
¢¸¥Ì ¸²ÊÎ ÖÌ μÉ´μ¸¨É¥²Ó´ Ö ¡¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨§²ÊÎ¥´¨° ¸ · §-
´μ° ‹�� ¶μ ¨Ì ³ÊÉ £¥´´μ³Ê ¢²¨Ö´¨Õ ´  ±²¥É±¨ ¡Ò²  ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ ¨
¸´¨¦ ² ¸Ó ¶μ ³¥·¥ ¢μ§· ¸É ´¨Ö ‹��.
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ŒÊÉ £¥´´μ¥ ¢²¨Ö´¨¥ ¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹�� ´  ±²¥ÉμÎ´Ò¥
Ë £¨ λ11 ¨ CD ¨§ÊÎ¥´μ ¢ [11]. �·¨ μ¡²ÊÎ¥´¨¨ Ë £  λ11γ-¨§²ÊÎ¥´¨¥³ 60‘μ
´ ¡²Õ¤ ²¨ ¸É¥¶¥´´μ° ¢¨¤ § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤  ³ÊÉ Í¨° μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö,
É· ´¸Ëμ·³¨·ÊÕÐ¨°¸Ö ¢ ²¨´¥°´Ò° ¶·¨ Ê¢¥²¨Î¥´¨¨ ‹�� ¨§²ÊÎ¥´¨° (¤²Ö ¨μ-
´μ¢ Ê£²¥·μ¤  ¨ ´¥μ´ ). — ¸ÉμÉ  μ¡· §μ¢ ´¨Ö ³ÊÉ Í¨° ¶·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ
¨μ´μ¢ ¶·¨ μ¤¨´ ±μ¢ÒÌ Ê·μ¢´ÖÌ ¢Ò¦¨¢ ¥³μ¸É¨ ±²¥Éμ± μ± § ² ¸Ó ¢ 1,5Ä2 · § 
³¥´ÓÏ¥ ¶μ ¸· ¢´¥´¨Õ ¸ γ-¨§²ÊÎ¥´¨¥³. �·¨ μ¡²ÊÎ¥´¨¨ ±²¥Éμ± Bacillus sub-
tilis Ê¸±μ·¥´´Ò³¨ ¨μ´ ³¨ ´¥μ´ , ±¸¥´μ´  ¨ Ê· ´  · §²¨Î´ÒÌ Ô´¥·£¨° ¡Ò²μ
μ¡´ ·Ê¦¥´μ [12], ÎÉμ ¶·Ö³Ò¥ ³ÊÉ Í¨¨ Ê¸Éμ°Î¨¢μ¸É¨ ±  §¨¤Ê ´ É·¨Ö ´¥ ¨´¤Ê-
Í¨·ÊÕÉ¸Ö ¶μ¤ ¤¥°¸É¢¨¥³ Î ¸É¨Í ¸ Ô´¥·£¨¥° ³¥´ÓÏ¥ 1 ŒÔ‚/´Ê±²μ´. �·¨ Ê¢¥-
²¨Î¥´¨¨ ¸±μ·μ¸É¨ Î ¸É¨Í Î ¸ÉμÉ  μ¡· §μ¢ ´¨Ö ³ÊÉ Í¨° ¢μ§· ¸É ¥É. �¢Éμ·Ò
¤¥² ÕÉ ¢Ò¢μ¤ μ Éμ³, ÎÉμ Ê¸±μ·¥´´Ò¥ ÉÖ¦¥²Ò¥ ¨μ´Ò μ± §Ò¢ ÕÉ ¸¢μ¥ ³ÊÉ -
£¥´´μ¥ ¢μ§¤¥°¸É¢¨¥ ¶μ¸·¥¤¸É¢μ³ ¢μ§´¨± ÕÐ¨Ì ¢ ¨Ì É·¥± Ì δ-Ô²¥±É·μ´μ¢. ‚μ
¢¸¥Ì ¸²ÊÎ ÖÌ μÉ³¥Î¥´ ²¨´¥°´Ò° Ì · ±É¥· § ¢¨¸¨³μ¸É¨ Nm/N(D). ‹¨´¥°´Ò¥
¤μ§μ¢Ò¥ § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤  £¨¸É¨¤¨´μ¢ÒÌ ·¥¢¥·É ´Éμ¢ ± ¶·μÉμÉ·μË´μ¸É¨
¢ÒÖ¢²¥´Ò Ê ÏÉ ³³  ’�2638 ±²¥Éμ± Salmonella ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¨ ¤¥°¸É¢¨¨
Ê¸±μ·¥´´ÒÌ ¨μ´μ¢  ·£μ´ . ‚¥²¨Î¨´  �	� ¢ ÔÉμ³ ¸²ÊÎ ¥ ¸μ¸É ¢¨²  0,5. „μ§Ò
μ¡²ÊÎ¥´¨Ö, ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¢ Ô±¸¶¥·¨³¥´É Ì, ´¥ ¶·¥¢ÒÏ ²¨ 20 ƒ·.

’ ±¨³ μ¡· §μ³, ¢ · ´´¨Ì · ¡μÉ Ì ¶μ μ¶·¥¤¥²¥´¨Õ § ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ
³ÊÉ¨·μ¢ ´¨Ö ¡ ±É¥·¨ ²Ó´ÒÌ ±²¥Éμ± μÉ ¤μ§Ò ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §-
²¨Î´μ° ‹�� ¡Ò²¨ ¢ÒÖ¢²¥´Ò ± ± ²¨´¥°´Ò¥, É ± ¨ ¸É¥¶¥´´Ò¥ § ¢¨¸¨³μ¸É¨.
�É¨ μ¡¸ÉμÖÉ¥²Ó¸É¢  ¶μ¸É ¢¨²¨ ¢μ¶·μ¸ μ ¤ ²Ó´¥°Ï¥³ ¨§ÊÎ¥´¨¨ § ±μ´μ³¥·-
´μ¸É¥° ¨ ³¥Ì ´¨§³μ¢ ³ÊÉ £¥´´μ£μ ¤¥°¸É¢¨Ö ¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´ 
‹�� ´  ¡ ±É¥·¨ ²Ó´Ò¥ ±²¥É±¨. „²Ö ÔÉ¨Ì Í¥²¥° ¢ �ˆŸˆ ¡Ò²  · §· ¡μÉ ´ 
¶·μ£· ³³ , ¨³¥ÕÐ Ö Í¥²ÓÕ ¨§ÊÎ¥´¨¥ ³¥Ì ´¨§³μ¢ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨-
μ´´μ£μ ¶·μÍ¥¸¸  ¢ ±²¥É± Ì ¶·μ± ·¨μÉ ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ
¨μ´μ¢, £¥´¥·¨·Ê¥³ÒÌ Ê¸±μ·¨É¥²Ö³¨ �ˆŸˆ.

1.1. ‡ ±μ´μ³¥·´μ¸É¨ ¨´¤Ê±Í¨¨ ¶·Ö³ÒÌ ³ÊÉ Í¨° lac−, tonB−, ¸olB−

Ê ±²¥Éμ± E. coli ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´μ° ‹��. ˆ§ÊÎ¥´¨¥ § ±μ-
´μ³¥·´μ¸É¥° ¨ ³¥Ì ´¨§³μ¢ μ¡· §μ¢ ´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤μ¢ ¢ÒÖ¢²¥´¨Ö ± ± ¶·Ö³ÒÌ, É ± ¨ μ¡· É´ÒÌ ³ÊÉ Í¨°.
�·¨ μ¶·¥¤¥²¥´¨¨ lac-³ÊÉ ´Éμ¢ Ê · §²¨Î´ÒÌ ÏÉ ³³μ¢ ¡ ±É¥·¨° E. coli [13, 14]
¡Ò² ¨¸¶μ²Ó§μ¢ ´ ³μ¤¨Ë¨Í¨·μ¢ ´´Ò°  ¢Éμ· ³¨ É¥É· §μ²¨¥¢Ò° ³¥Éμ¤, ¶μ§¢μ-
²ÖÕÐ¨° Î¥É±μ ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ ³ÊÉ ´É´Ò¥ ±μ²μ´¨¨. � ¸ÉÊÐ¨¥ ´  ¶μ²´μ°
¶¨É É¥²Ó´μ° ¸·¥¤¥ (¸μ¤¥·¦ Ð¥° ¶¥¶Éμ´) ±²¥É±¨ E. coli ¢μ¸¸É ´ ¢²¨¢ ÕÉ ¡¥¸-
Í¢¥É´Ò° É¥É· §μ²¨° ¤μ Ö·±μ-±· ¸´μ£μ Ëμ·³ § ´ . �·¨ ´¨§±¨Ì §´ Î¥´¨ÖÌ ·�
¶·¨ ¸¡· ¦¨¢ ´¨¨ ² ±Éμ§Ò ¡¨μ²μ£¨Î¥¸±μ¥ ¢μ¸¸É ´μ¢²¥´¨¥ É¥É· §μ²¨Ö ¶μ¤ -
¢²Ö¥É¸Ö. ‚ ·¥§Ê²ÓÉ É¥ ´  É ±μ° ¸·¥¤¥ (¢ ¶·¨¸ÊÉ¸É¢¨¨ ² ±Éμ§Ò) ±μ²μ´¨¨ lac+

¨³¥ÕÉ ¡¥²Ò° Í¢¥É,   ±μ²μ´¨¨ l ¸− Å Ö·±μ-±· ¸´Ò°. �μ¸±μ²Ó±Ê ±² ¸¸¨Î¥-
¸±¨° É¥É· §μ²¨¥¢Ò° ³¥Éμ¤ ´¥ ¶μ§¢μ²Ö² ¢¥¸É¨ ÊÎ¥É ³ÊÉ ´É´ÒÌ ±μ²μ´¨° ¶·¨
¢Ò¸μ±μ° ¶²μÉ´μ¸É¨ ¶μ¸¥¢  (¡μ²¥¥ 1500 ±²¥Éμ± ´  Î Ï±Ê �¥É·¨, É ± ± ± ¢
ÔÉμ³ ¸²ÊÎ ¥ ´¥ ¸· ¡ ÉÒ¢ ¥É ¨´¤¨± Éμ·´ Ö ·¥ ±Í¨Ö), ³¥Éμ¤ ¡Ò² Ê¸μ¢¥·Ï¥´-
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¸É¢μ¢ ´  ¢Éμ· ³¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μ¸¥¢  ±²¥Éμ± ¢ ¸²μ° ³Ö£±μ£μ  £ · ,  
É ±¦¥ ¢ ¢¨¤¥ ®¡ÊÉ¥·¡·μ¤´μ£μ ¶μ¸¥¢ ¯. �μ¸²¥¤´ÖÖ ³μ¤¨Ë¨± Í¨Ö ³¥Éμ¤  ¶μ-
§¢μ²Ö¥É μ¶·¥¤¥²ÖÉÓ ´ ²¨Î¨¥ ³ÊÉ ´É´ÒÌ ±μ²μ´¨° ¶·¨ ¶μ¸¥¢¥ ¤μ 2 · 104 ±²¥Éμ±
´  Î Ï±Ê.

�μ²ÊÎ¥´´Ò¥  ¢Éμ· ³¨ ¤μ§μ¢Ò¥ § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤  ³ÊÉ Í¨° ¶·¨ γ-μ¡²Ê-
Î¥´¨¨ ±²¥Éμ± ¸¢¨¤¥É¥²Ó¸É¢μ¢ ²¨ μ ²¨´¥°´μ-±¢ ¤· É¨Î´μ³ Ì · ±É¥·¥ ±·¨¢ÒÌ
¤μ§ ÄÔËË¥±É (·¨¸. 1) ¨ ¡Ò²¨  ¶¶·μ±¸¨³¨·μ¢ ´Ò ²¨¡μ ¸É¥¶¥´´μ°, ²¨¡μ ²¨´¥°-
´μ-±¢ ¤· É¨Î´μ° ËÊ´±Í¨¥°

Nm/N(D) = kDχ, (1)

Nm/N(D) = (aD + βD)2, (2)

£¤¥ D Å ¤μ§  μ¡²ÊÎ¥´¨Ö. �μ¸±μ²Ó±Ê ¢ ²μ£ ·¨Ë³¨Î¥¸±μ³ ³ ¸ÏÉ ¡¥ § ¢¨-
¸¨³μ¸ÉÓ (1) ²¨´¥°´ , ¶μ± § É¥²Ó ¸É¥¶¥´¨ ÔÉμ£μ Ê· ¢´¥´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ± ±
´ ±²μ´ § ¢¨¸¨³μ¸É¨ ln (Nm/N(D)). � ±²μ´ ¤μ§μ¢μ° ±·¨¢μ° Î ¸ÉμÉÒ ³ÊÉ¨-
·μ¢ ´¨Ö ¸μ¸É ¢¨² χ = 1,82 ± 0,30, ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ±¢ ¤· É¨Î´μ³ Ì -
· ±É¥·¥ § ¢¨¸¨³μ¸É¨ Nm/N(D), ¨ ¥¥ ³μ¦´μ  ¶¶·μ±¸¨³¨·μ¢ ÉÓ ±¢ ¤· É¨Î´μ°
ËÊ´±Í¨¥°. �  μ¸´μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¡Ò² ¸¤¥² ´ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¢
μ¡² ¸É¨ ¤μ§ μ¡²ÊÎ¥´¨Ö, ¤μ¸É¨£ ÕÐ¨Ì 103 ƒ·, ¤μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ Nm/N(D)
´μ¸¨É ±¢ ¤· É¨Î´Ò° Ì · ±É¥·. ‹¨´¥°´Ò° ±μ³¶μ´¥´É ÔÉμ° § ¢¨¸¨³μ¸É¨ ´¥
Ö¢²Ö¥É¸Ö ´Ê²¥¢Ò³, μ¤´ ±μ μ´ ¶·μÖ¢²Ö¥É¸Ö ¶·¨ μ¡²ÊÎ¥´¨¨ ¤μ§ ³¨ ³¥´¥¥ 102 ƒ·.
’ ±, ¶·¨ ¤μ§¥ 100 ƒ· ¢±² ¤ ²¨´¥°´μ£μ ±μ³¶μ´¥´É  ¢ μ¡Ð¨° ¢ÒÌμ¤ ³ÊÉ ´Éμ¢
¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 50%, ¶·¨ ¤μ§¥ 10 ƒ· Å Ê¦¥ 90 %. �Î¥¢¨¤´μ, ÎÉμ ¢ Ô±¸-
¶¥·¨³¥´É Ì ¶μ ¨§ÊÎ¥´¨Õ · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ £¥´¥§  Ê ±²¥Éμ±,
μ¡²ÊÎ¥´´ÒÌ ¤μ§ ³¨, ´¥ ¶·¥¢ÒÏ ÕÐ¨³¨ 102 ƒ·, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ § ¢¨¸¨³μ¸É¨,
¡²¨§±¨¥ ± ²¨´¥°´Ò³.

’ ±¨³ μ¡· §μ³, ¶·¨ μ¶·¥¤¥²¥´¨¨ ¶·Ö³ÒÌ l ¸−-³ÊÉ Í¨° Ê γ-μ¡²ÊÎ¥´´ÒÌ
±²¥Éμ± E. coli ¡Ò²¨ ¢ÒÖ¢²¥´Ò § ¢¨¸¨³μ¸É¨ ²¨´¥°´μ-±¢ ¤· É¨Î´μ£μ É¨¶ . ‚
μ¡² ¸É¨ ¤μ§ μ¡²ÊÎ¥´¨Ö, ´¥ ¶·¥¢ÒÏ ÕÐ¨Ì 102 ƒ·, ¤μ§μ¢Ò¥ ±·¨¢Ò¥ ³ÊÉ £¥´¥§ 
μ¶¨¸Ò¢ ²¨¸Ó ²¨´¥°´μ° ËÊ´±Í¨¥°. ‘ ¢μ§· ¸É ´¨¥³ ¤μ§Ò, ¤μ¸É¨£ ÕÐ¥° 600 ƒ·,
§ ¢¨¸¨³μ¸ÉÓ ¨³¥¥É ¢¨¤ ¸É¥¶¥´´μ° ËÊ´±Í¨¨, ¡²¨§±μ° ± ±¢ ¤· É¨Î´μ°. �Éμ
μ¡¸ÉμÖÉ¥²Ó¸É¢μ Ö¢²Ö¥É¸Ö ¢¥¸Ó³  ¢ ¦´Ò³, ¶μ¸±μ²Ó±Ê ³μ¦¥É μÉ· ¦ ÉÓ · §´Ò¥
±²¥ÉμÎ´Ò¥ ³¥Ì ´¨§³Ò, ¢μ¢²¥± ¥³Ò¥ ¢ ·¥ ²¨§ Í¨Õ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨-
μ´´μ£μ ¶·μÍ¥¸¸ .

�·¨ ¤¥°¸É¢¨¨ ´  ±²¥É±¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í Ìμ¤
±·¨¢ÒÌ Nm/N(D), μÉ· ¦ ÕÐ¨° ³ÊÉ £¥´´ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ¨§²ÊÎ¥´¨°, · §-
²¨Î¥´ (·¨¸. 1). �μ¸±μ²Ó±Ê § ¢¨¸¨³μ¸É¨ ´¥ Ö¢²ÖÕÉ¸Ö ²¨´¥°´Ò³¨, ¨Ì ³μ¦´μ
 ´ ²¨§¨·μ¢ ÉÓ ´  μ¸´μ¢¥ Ê· ¢´¥´¨° (1), (2). � ¨¡μ²¥¥ ¶·μ¸ÉÒ³ ¢ ·¨ ´Éμ³
²¨´¥°´μ£μ ¶·¥¤¸É ¢²¥´¨Ö ÔÉ¨Ì § ¢¨¸¨³μ¸É¥° Ö¢²Ö¥É¸Ö ¨§μ¡· ¦¥´¨¥ ¨Ì ¢ ²μ-
£ ·¨Ë³¨Î¥¸±μ³ ³ ¸ÏÉ ¡¥ (·¨¸. 1, ¡). � ±²μ´ ¶·Ö³ÒÌ ¢ ÔÉμ³ ¸²ÊÎ ¥ · ¢¥´ ¶ -
· ³¥É·Ê χ Ê· ¢´¥´¨Ö (1),   ¶μ²μ¦¥´¨¥ ²¨´¨¨ μ¶·¥¤¥²Ö¥É¸Ö ¶ · ³¥É·μ³ k.
‡´ Î¥´¨Ö ´ ±²μ´μ¢, ¢ÒÎ¨¸²¥´´Ò¥ ¤²Ö · §´ÒÌ É¨¶μ¢ ¨§²ÊÎ¥´¨°, ´¥ · §²¨Î -
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�¨¸. 1. ˆ´¤Ê±Í¨Ö ¶·Ö³ÒÌ ³ÊÉ Í¨° Lac+ → lac− Ê ±²¥Éμ± E. coli ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ-
·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢: 1 Å 4He (22 ±Ô‚/³±³); 2 Å 4He (54 ±Ô‚/³±³); 3 Å 4He
(72 ±Ô‚/³±³); 4 Å γ-±¢ ´ÉÒ; 5, 6 Å 12‘ (220 ¨ 320 ±Ô‚/³±³). a) ‹¨´¥°´Ò° ³ ¸ÏÉ ¡;
¡) ²μ£ ·¨Ë³¨Î¥¸±¨° ³ ¸ÏÉ ¡

ÕÉ¸Ö ³¥¦¤Ê ¸μ¡μ° ¨ ¶·¨³¥·´μ · ¢´Ò ¤¢Ê³. ‘ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ Ì · ±É¥· ±·¨-
¢ÒÌ Nm/N(D) ´¥ ³¥´Ö¥É¸Ö ¸ Ê¢¥²¨Î¥´¨¥³ ‹�� ¨§²ÊÎ¥´¨° ¨ ÔÉ  § ¢¨¸¨³μ¸ÉÓ
¡²¨§±  ± ±¢ ¤· É¨Î´μ° ¤²Ö ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ¢¨¤μ¢ ¨§²ÊÎ¥´¨°,
³μ¦´μ ²¥£±μ μ¶·¥¤¥²¨ÉÓ ¢¥²¨Î¨´Ê �	� ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. �´  ¢Ò-
Î¨¸²Ö¥É¸Ö ± ± ¸μμÉ´μÏ¥´¨¥ ¤μ§ ¶·¨ μ¤¨´ ±μ¢μ° Î ¸ÉμÉ¥ ³ÊÉ¨·μ¢ ´¨Ö ±²¥Éμ±:
�	� = Dγ/Di, £¤¥ Dγ ¨ Di Å ¤μ§Ò γ-¨§²ÊÎ¥´¨Ö ¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ
Î ¸É¨Í ¸μμÉ¢¥É¸É¢¥´´μ ¶·¨ ²Õ¡ÒÌ ¨¸¸²¥¤μ¢ ´´ÒÌ Ê·μ¢´ÖÌ Î ¸ÉμÉÒ ³ÊÉ¨·μ-
¢ ´¨Ö. ŠμÔËË¨Í¨¥´ÉÒ �	� Î ¸É¨Í ¸ · §²¨Î´Ò³¨ ‹�� ¶·¨¢¥¤¥´Ò ¢ É ¡². 1,
μÉ±Ê¤  ¢¨¤´μ, ÎÉμ ³ ±¸¨³ ²Ó´μ° ¡¨μ²μ£¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ μ¡² ¤ ÕÉ
Ê¸±μ·¥´´Ò¥ ¨μ´Ò £¥²¨Ö ¸ ‹��, · ¢´μ° 22 ±Ô‚/³±³, ¨ ³¨´¨³ ²Ó´μ° Å ¨μ´Ò
Ê£²¥·μ¤ .

‘· ¢´¨É¥²Ó´μ¥ ¨§ÊÎ¥´¨¥ § ±μ´μ³¥·´μ¸É¥° ¨´¤Ê±Í¨¨ £¥´´ÒÌ tonB− ¨
¸olB−,   É ±¦¥ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° tonB−trp− Ê ±²¥Éμ± E. coli ¶·¨ ¤¥°¸É¢¨¨
¨§²ÊÎ¥´¨° ¸ · §´μ° ‹�� ¡Ò²μ ¢Ò¶μ²´¥´μ ¢ [15, 16]. Š ± ¨§¢¥¸É´μ, E. coli
¨³¥¥É Ô´¥·£μ§ ¢¨¸¨³ÊÕ ¸¨¸É¥³Ê  ±É¨¢´μ£μ É· ´¸¶μ·É  Î¥·¥§ ¢´¥Ï´ÕÕ ³¥³-
¡· ´Ê, ¸μ¸ÉμÖÐÊÕ ¨§ ¡¥²±μ¢ TonB, ExbB, ExbD. TonB-¡¥²μ± ¢§ ¨³μ¤¥°¸É¢Ê¥É
¸ ¢´¥Ï´¨³¨ ³¥³¡· ´´Ò³¨ ·¥Í¥¶Éμ·´Ò³¨ ¡¥²± ³¨, ±μÉμ·Ò¥ ¢Ò¶μ²´ÖÕÉ ¢Ò-
¸μ±μ¸¶¥Í¨Ë¨Î¥¸±μ¥ ¸¢Ö§Ò¢ ´¨¥ ¨ Ô´¥·£μ§ ¢¨¸¨³Ò° ¶¥·¥´μ¸ · §²¨Î´ÒÌ ¸Ê¡-
¸É· Éμ¢ ¢ ¶¥·¨¶² §³ É¨Î¥¸±μ¥ ¶·μ¸É· ´¸É¢μ. �É¨ ¸Ê¡¸É· ÉÒ ²¨¡μ ´¥ ³μ£ÊÉ
¶·μ´¨± ÉÓ Î¥·¥§ ¶μ·¨´μ¢Ò¥ ± ´ ²Ò, ²¨¡μ ´¥μ¡Ìμ¤¨³μ¸ÉÓ  ±É¨¢´μ£μ É· ´¸-



Œ“’�ƒ…���… „…‰‘’‚ˆ… “‘Š��…��›• ’Ÿ†…‹›• ˆ���‚ 1873

’ ¡²¨Í  1. �É´μ¸¨É¥²Ó´ Ö ¡¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨ §´ Î¥´¨Ö ¶ · ³¥É· 
χ ¶·¨ μ¡²ÊÎ¥´¨¨ ±²¥Éμ± E. coli HfrH ¨§²ÊÎ¥´¨Ö³¨ ¸ · §´μ° ‹�� ¶μ ±·¨É¥·¨Õ
¨´¤Ê±Í¨¨ lac−-³ÊÉ ´Éμ¢

‚¨¤ ¨§²ÊÎ¥´¨Ö
‹��, �´¥·£¨Ö, ŒμÐ´μ¸ÉÓ

χ �	�
±Ô‚/³±³ ŒÔ‚/´Ê±²μ´ ¤μ§Ò, ƒ·/¸

γ-¨§²ÊÎ¥´¨¥ 137Cs 0,3 Å 0,43 1,9± 0,3 1
4�¥ 22 8,0 1,5 2,9± 0,9 2,3± 0,3
4�¥ 54 2,5 1,5 1,9± 0,5 1,6± 0,2
4�¥ 72 1,7 1,5 2,1± 0,5 1,3± 0,2
12C 220 7,0 1,5 Å 1,16± 0,05

¶μ·É  μ¡Ê¸²μ¢²¥´  ¨Ì ´¨§±μ° ±μ´Í¥´É· Í¨¥° ¢μ ¢´¥Ï´¥° ¸·¥¤¥. ‚ μÉ¸ÊÉ¸É¢¨¥
TonB-¡¥²±  ³¥³¡· ´´Ò¥ ·¥Í¥¶Éμ·´Ò¥ ¡¥²±¨ ³μ£ÊÉ ¸¢Ö§Ò¢ ÕÉ¸Ö ¸ ¸Ê¡¸É· Éμ³,
´μ ´¥ ¢ ¸μ¸ÉμÖ´¨¨ μ¸ÊÐ¥¸É¢¨ÉÓ  ±É¨¢´Ò° É· ´¸³¥³¡· ´´Ò° É· ´¸¶μ·É. TonB-
¡¥²μ± É ±¦¥ ¢§ ¨³μ¤¥°¸É¢Ê¥É ¸ ´¥±μÉμ·Ò³¨ ±μ²¨Í¨´ ³¨ ¨ ¡ ±É¥·¨μË £ ³¨
’1 ¨ ϕ80. ExbB- ¨ ExbD-¡¥²±¨ ¢ ÔÉμ° ¸¨¸É¥³¥ ¢Ò¶μ²´ÖÕÉ ¢¸¶μ³μ£ É¥²Ó´Ò¥
ËÊ´±Í¨¨, μ¡²¥£Î Ö  ±É¨¢´Ò° É· ´¸¶μ·É,   É ±¦¥ μ¸ÊÐ¥¸É¢²ÖÕÉ ¸É ¡¨²¨§ Í¨Õ
TonB. �μ± § ´μ, ÎÉμ ³ÊÉ Í¨¨ ¢ ÔÉ¨Ì £¥´ Ì ¶·¨¢μ¤ÖÉ ± ¸´¨¦¥´¨Õ  ±É¨¢´μ¸É¨
TonB, ´μ ´¥ ± ¶μ²´μ° ¥¥ ¶μÉ¥·¥ (±²¥É±¨ μ¸É ÕÉ¸Ö ÎÊ¢¸É¢¨É¥²Ó´Ò³¨ ± Ë £Ê
ϕ80, ±μ²¨Í¨´ ³ ‚ ¨ D). “¸É ´μ¢²¥´μ, ÎÉμ TonB-£¥´ ¨³¥¥É Î¥É±μ ¢Ò· ¦¥´´ÊÕ
¤μ³¥´´ÊÕ ¸É·Ê±ÉÊ·Ê. ŒÊÉ Í¨¨, ¢¥¤ÊÐ¨¥ ± ¨§³¥´¥´¨Õ  ³¨´μ±¨¸²μÉ´μ° ¶μ¸²¥-
¤μ¢ É¥²Ó´μ¸É¨ ¢ ¶μ²μ¦¥´¨¨ 1Ä70, ¶·¨¢μ¤ÖÉ ± Ê¸Éμ°Î¨¢μ¸É¨ ± ¡ ±É¥·¨μË £ ³
’1 ¨ ϕ80, ¨§³¥´¥´¨Ö ¢ ¶μ²μ¦¥´¨¨ 107Ä181 ¶·¨¢μ¤¨É ± Ê¸Éμ°Î¨¢μ¸É¨ ± ±μ²¨-
Í¨´ ³ ColB, D ¨ M. ‚¸¥ ¶¥·¥Î¨¸²¥´´Ò¥ ¢ÒÏ¥ μ¸μ¡¥´´μ¸É¨ TonB-³ÊÉ ´Éμ¢ ¨
´ ²¨Î¨¥ ¡²¨§±μ · ¸¶μ²μ¦¥´´μ£μ trp-μ¶¥·μ´  ¶μ§¢μ²ÖÕÉ, ¨¸¶μ²Ó§ÊÖ ¢ ± Î¥¸É¢¥
¸¥²¥±É¨¢´ÒÌ Ë ±Éμ·μ¢ ¢¨·Ê²¥´É´Ò° ¡ ±É¥·¨μË £ ϕ80 ¨ ±μ²¨Í¨´Ò ColB, D,
M ¨ ‘olI,   É ±¦¥ μ¶·¥¤¥²ÖÖ  Ê±¸μÉ·μË´μ¸ÉÓ ± É·¨¶ÉμË ´Ê, ¢Ò¤¥²ÖÉÓ ±²¥É±¨
¸ ¡μ²ÓÏ¨³¨ ¤¥²¥Í¨Ö³¨, § É· £¨¢ ÕÐ¨³¨ tonB-£¥´ ¨ trp-μ¶¥·μ´. ‚ Ô±¸¶¥·¨-
³¥´É Ì ¶·¨ ¨§ÊÎ¥´¨¨ Ëμ·³¨·μ¢ ´¨Ö ¶·Ö³ÒÌ £¥´´ÒÌ ³ÊÉ Í¨° ¨¸¸²¥¤μ¢ ²¨ § -
±μ´μ³¥·´μ¸É¨ μ¡· §μ¢ ´¨Ö ³ÊÉ ´Éμ¢ tonB− ¨ ¸olB− ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨°
Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹�� [15, 16].

�  ·¨¸. 2 ¨ 3 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö £¥´μ¢ tonB
¨ colB μÉ ¤μ§Ò γ-¨§²ÊÎ¥´¨Ö, Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ £¥²¨Ö ¸ · §²¨Î´μ° Ô´¥·£¨¥° ¨
¨μ´μ¢ Ê£²¥·μ¤  Ê ±²¥Éμ± E. coli X7026. Š ± ³μ¦´μ ¢¨¤¥ÉÓ, ¤²Ö ¢¸¥Ì ¨¸¶μ²Ó§μ-
¢ ´´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨° ´ ¡²Õ¤ ¥É¸Ö ¸É¥¶¥´´ Ö § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ μ¡· §μ-
¢ ´¨Ö tonB- ¨ colB-³ÊÉ Í¨° μÉ ¤μ§Ò. ‚ ²μ£ ·¨Ë³¨Î¥¸±μ³ ³ ¸ÏÉ ¡¥ (·¨¸. 3)
¤μ§μ¢Ò¥ § ¢¨¸¨³μ¸É¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¶·Ö³Ò¥ ¸ É ´£¥´¸μ³ Ê£²  ´ ±²μ´ 
χ = 1,7−1,8 (É ¡². 2), ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ±¢ ¤· É¨Î´μ³ Ì · ±É¥·¥ ÔÉ¨Ì
§ ¢¨¸¨³μ¸É¥°. � ¨¡μ²¥¥ ¢Ò¸μ± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¢ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ´ ¡²Õ-
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�¨¸. 2. — ¸ÉμÉ  μ¡· §μ¢ ´¨Ö ³ÊÉ Í¨° tonB− (a) ¨ ¸olB− (¡) ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸
· §´μ° ‹�� (He20, He78, C200 μ¡μ§´ Î ÕÉ, ¸μμÉ¢¥É¸É¢¥´´μ, ¢¥²¨Î¨´Ê ‹�� ÉÖ¦¥²ÒÌ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í). ‹¨´¥°´Ò° ³ ¸ÏÉ ¡

�¨¸. 3. — ¸ÉμÉ  μ¡· §μ¢ ´¨Ö ³ÊÉ Í¨° tonB− (a) ¨ ¸olB− (¡) ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸
· §´μ° ‹�� (He20, He78, C200 μ¡μ§´ Î ÕÉ, ¸μμÉ¢¥É¸É¢¥´´μ, ¢¥²¨Î¨´Ê ‹�� ÉÖ¦¥²ÒÌ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í). ‹μ£ ·¨Ë³¨Î¥¸±¨° ³ ¸ÏÉ ¡

¤ ¥É¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì ¸ Ê¸±μ·¥´´Ò³¨ ¨μ´ ³¨ £¥²¨Ö ¸ ‹��= 20 ±Ô‚/³±³.
�·¨ ¤¥°¸É¢¨¨ ¨μ´μ¢ £¥²¨Ö ¸ ‹��= 78 ±Ô‚/³±³ ¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ Ê£²¥·μ¤ 
³ÊÉ £¥´´ Ö ÔËË¥±É¨¢´μ¸ÉÓ ¸´¨¦ ¥É¸Ö.
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’ ¡²¨Í  2. �É´μ¸¨É¥²Ó´ Ö ¡¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨ §´ Î¥´¨Ö ¶ · ³¥É· 
χ ¶·¨ μ¡²ÊÎ¥´¨¨ ±²¥Éμ± E. coli X7026 ¨§²ÊÎ¥´¨Ö³¨ ¸ · §´μ° ‹�� ¶μ ±·¨É¥·¨Õ
¨´¤Ê±Í¨¨ tonB−- ¨ ¸olB−-³ÊÉ ´Éμ¢

‚¨¤ ¨§²ÊÎ¥´¨Ö
‹��, �´¥·£¨Ö, ŒμÐ´μ¸ÉÓ

χ �	�
±Ô‚/³±³ ŒÔ‚/´Ê±²μ´ ¤μ§Ò, ƒ·/¸

tonB−-³ÊÉ Í¨¨

γ-¨§²ÊÎ¥´¨¥ 137Cs 0,3 Å 0,43 1,8± 0,2 1
4�¥ 20 8,0 1,5 1,7± 0,1 2,2± 0,2
4�¥ 78 1,7 1,5 1,7± 0,2 1,5± 0,1
12C 200 7,5 1,5 1,7± 0,3 1,1± 0,1

colB−-³ÊÉ Í¨¨

γ-¨§²ÊÎ¥´¨¥ 137Cs 0,3 Å 0,43 1,8± 0,2 1
4�¥ 20 8,0 1,5 1,8± 0,2 2,6± 0,3
4�¥ 78 1,7 1,5 1,8± 0,1 1,4± 0,1
12C 200 7,5 1,5 1,7± 0,2 1,2± 0,1

’ ±¨³ μ¡· §μ³, ¶·¨ ¨§ÊÎ¥´¨¨ § ±μ´μ³¥·´μ¸É¥° μ¡· §μ¢ ´¨Ö ¶·Ö³ÒÌ ³Ê-
É Í¨° ¢ · §²¨Î´ÒÌ ²μ±Ê¸ Ì ±²¥Éμ± E. coli, ¢Ò§¢ ´´ÒÌ ¤¥°¸É¢¨¥³ ¨§²ÊÎ¥´¨°
Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹��, Ê¸É ´μ¢²¥´μ, ÎÉμ ¤μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³Ê-
É¨·μ¢ ´¨Ö ±²¥Éμ± ¨³¥¥É ²¨´¥°´μ-±¢ ¤· É¨Î´Ò° Ì · ±É¥·. Š¢ ¤· É¨Î´ Ö § -
¢¨¸¨³μ¸ÉÓ ´ ¡²Õ¤ ¥É¸Ö ¤μ ¤μ§ ¶μ·Ö¤±  600Ä700 ƒ·, ²¨´¥°´Ò° ±μ³¶μ´¥´É
¶·μÖ¢²Ö¥É¸Ö ¶·¨ μ¡²ÊÎ¥´¨¨ ¤μ§ ³¨ ³¥´¥¥ 100 ƒ·. �·¨ μ¡²ÊÎ¥´¨¨ ±²¥Éμ±
Î ¸É¨Í ³¨ ¸ ¢μ§· ¸É ÕÐ¨³¨ §´ Î¥´¨Ö³¨ ‹�� ¡Ò²  ¢ÒÖ¢²¥´μ, ÎÉμ Ì · ±É¥·
§ ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö ´¥ ³¥´Ö¥É¸Ö ¸ ·μ¸Éμ³
‹��, ´μ ¨§³¥´Ö¥É¸Ö ²¨ÏÓ μÉ´μ¸¨É¥²Ó´ Ö ¡¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨§-
²ÊÎ¥´¨°.

1.2. ‡ ±μ´μ³¥·´μ¸É¨ ¨´¤Ê±Í¨¨ μ¡· É´ÒÌ ³ÊÉ Í¨° his− →His+ Ê ±²¥-
Éμ± Salmonella typhimurium ¨ Bacillus subtilis ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §-
´μ° ‹��. ‡ ±μ´μ³¥·´μ¸É¨ μ¡· §μ¢ ´¨Ö μ¡· É´ÒÌ (his−→His+) ³ÊÉ Í¨° Ê
¡ ±É¥·¨° Salmonella typhimurium (ÏÉ ³³Ò �°³¸ ) ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨°
Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹�� ¡Ò²¨ ¨§ÊÎ¥´Ò ¢ [17]. Š ± ¨§¢¥¸É´μ, ÏÉ ³³Ò �°³-
¸  ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¸¶¥Í¨ ²Ó´μ ¸±μ´¸É·Ê¨·μ¢ ´´Ò¥ ²¨´¨¨ Salmonella ty-
phimurium, μ¡² ¤ ÕÐ¨¥ ¢Ò¸μ±μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ± „�Š-¶μ¢·¥¦¤ ÕÐ¨³
Ë¨§¨Î¥¸±¨³ Ë ±Éμ· ³ ¨ „�Š-É·μ¶´Ò³ Ì¨³¨Î¥¸±¨³  £¥´É ³. ‚ · ¡μÉ¥ ¡Ò²¨
¨¸¶μ²Ó§μ¢ ´Ò ÏÉ ³³Ò ’�98 (¸¤¢¨£ · ³±¨ ¸Î¨ÉÒ¢ ´¨Ö), ’�100 (É· ´§¨Í¨Ö
‘→’), ’�102 (É· ´§¨Í¨Ö ’→‘). �μ¸²¥¤´¨° ÏÉ ³³ ´¥¸¥É ochre-³ÊÉ Í¨Õ Å
’�� Å ¢ hisG-£¥´¥. ŒÊÉ Í¨Ö hisG 428 ¢¢¥¤¥´  ¢ ¶² §³¨¤Ê, ¨ ¢ ·¥§Ê²Ó-
É É¥ ÔÉμ£μ ¢ ±²¥É±¥ ¨³¥¥É¸Ö ¢ ¸·¥¤´¥³ 30 ±μ¶¨° ³ÊÉ ´É´μ£μ £¥´ , ¨³¥Õ-
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Ð¥£μ ¢μ§³μ¦´μ¸ÉÓ ·¥¢¥·É¨·μ¢ ´¨Ö. 	Ò²μ Ê¸É ´μ¢²¥´μ, ÎÉμ ·¥¢¥·É¨·μ¢ ´¨¥
his− →His+ ¶·μ¨¸Ìμ¤¨É ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ³¥¸É¥ ³ÊÉ Í¨¨,   ´¥ Ö¢²Ö¥É¸Ö ·¥-
§Ê²ÓÉ Éμ³ ¢μ§´¨±´μ¢¥´¨Ö ochre-¸Ê¶·¥¸¸μ·´ÒÌ ·¥¢¥·¸¨°. “ ±²¥Éμ± Salmonella
typhimurium SOS-μÉ¢¥É ¶·μ¨¸Ìμ¤¨É, ± ± ¶μ± § ´μ ¢ [18],  ´ ²μ£¨Î´μ SOS-
μÉ¢¥ÉÊ Ê E. coli.

‚ Ô±¸¶¥·¨³¥´É Ì ¸ ÉÖ¦¥²Ò³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ ¶·¨ ³ ²ÒÌ ¤μ-
§ Ì μ¡²ÊÎ¥´¨Ö (¤μ 15 ƒ·), ± ± ¨ ¶·¨ γ-μ¡²ÊÎ¥´¨¨, ¡Ò²¨ ¢ÒÖ¢²¥´Ò ²¨´¥°´Ò¥
¤μ§μ¢Ò¥ § ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ μ¡· §μ¢ ´¨Ö ·¥¢¥·¸¨°. “ ÏÉ ³³  ’�98 ÔËË¥±-
É¨¢´μ¸ÉÓ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ¨§²ÊÎ¥´¨Ö³¨ ¸ ¢μ§· ¸É ÕÐ¨³¨ §´ Î¥´¨Ö³¨ ‹��

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³ÊÉ¨-
·μ¢ ´¨Ö ÏÉ ³³  �°³¸  TA100 μÉ
¤μ§Ò · §²¨Î´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨°:
1 Å γ-¨§²ÊÎ¥´¨¥; 2 Å ¤¥°É·μ-
´Ò 5 ±Ô‚/³±³; 3 Å ¤¥°É·μ´Ò
11,5 ±Ô‚/³±³; 4 Å 4�¥, 22 ±Ô‚/³±³;
5 Å 4�¥, 83 ±Ô‚/³±³. �μÖ¸´¥´¨Ö ¢
É¥±¸É¥

¸´¨¦ ² ¸Ó ¨ ¶·¨ ¤¥°¸É¢¨¨ Î ¸É¨Í ¸ ‹��,
· ¢´Ò³¨ 72 ±Ô‚/³±³, ´¥ μÉ²¨Î ² ¸Ó μÉ
¸¶μ´É ´´μ£μ Ê·μ¢´Ö. ƒ¥´¥É¨Î¥¸± Ö ÔË-
Ë¥±É¨¢´μ¸ÉÓ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í
¤²Ö ¢¸¥Ì ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´-
É Ì ÏÉ ³³μ¢ ¶·¨ ³ ²ÒÌ ¤μ§ Ì μ¡²ÊÎ¥-
´¨Ö (¤μ 15 ƒ·) ¡Ò²  ³¥´ÓÏ¥°, Î¥³ ¶·¨
γ-μ¡²ÊÎ¥´¨¨. �·¨ ¢Ò¸μ±¨Ì ¤μ§ Ì μ¡²ÊÎ¥-
´¨Ö Î ¸ÉμÉ  μ¡· §μ¢ ´¨Ö ·¥¢¥·¸¨° ¢ § ¢¨-
¸¨³μ¸É¨ μÉ ¤μ§Ò γ-μ¡²ÊÎ¥´¨Ö ¨ ¶·¨ ¤¥°-
¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢ μ¶¨¸Ò-
¢ ² ¸Ó ËÊ´±Í¨¥°, ¡²¨§±μ° ± ±¢ ¤· É¨Î-
´μ° (·¨¸. 4). • · ±É¥· ¤μ§μ¢ÒÌ ±·¨¢ÒÌ
´¥ ³¥´Ö²¸Ö ¸ ·μ¸Éμ³ ‹�� Î ¸É¨Í,   μÉ-
³¥Î ²¸Ö ²¨ÏÓ ¶ · ²²¥²Ó´Ò° ¸¤¢¨£ ÔÉ¨Ì
±·¨¢ÒÌ μÉ´μ¸¨É¥²Ó´μ § ¢¨¸¨³μ¸É¨ ¶·¨
γ-μ¡²ÊÎ¥´¨¨. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¶μ§¢μ-
²Ö¥É ¢ÒÎ¨¸²¨ÉÓ ±μÔËË¨Í¨¥´ÉÒ �	� ÉÖ¦¥-
²ÒÌ ¨μ´μ¢ ¶μ ³ÊÉ £¥´´μ³Ê ÔËË¥±ÉÊ. „²Ö
ÏÉ ³³  ’�98 ¡Ò²  ¢ÒÖ¢²¥´  ´¨¸¶ ¤ Õ-
Ð Ö § ¢¨¸¨³μ¸ÉÓ �	� (‹��),   ¤²Ö ÏÉ ³-
³μ¢ ’�100 ¨ ’�102 Å § ¢¨¸¨³μ¸É¨ ¸ ²μ-
± ²Ó´Ò³ ³ ±¸¨³Ê³μ³. Œ ±¸¨³ ²Ó´Ò¥ §´ -
Î¥´¨Ö �	� ¶μ²ÊÎ¥´Ò ¶·¨ ‹��, · ¢´ÒÌ
10Ä15 ±Ô‚/³±³, ¸μ¸É ¢²ÖÕÐ¨¥ 1,4 ¨ 1,6
¤²Ö ÏÉ ³³μ¢ ’�100 ¨ ’�102 ¸μμÉ¢¥É-
¸É¢¥´´μ. �·¨ ¢μ§· ¸É ´¨¨ ‹�� Î ¸É¨Í ¤μ

∼ 70 ±Ô‚/³±³ ´ ¡²Õ¤ ²μ¸Ó ¸´¨¦¥´¨¥ £¥´¥É¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨ ÉÖ¦¥²ÒÌ
¨μ´μ¢ ¨ ¸¡²¨¦¥´¨¥ �	� ¤²Ö ¢¸¥Ì ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ÏÉ ³³μ¢.
�´ ²μ£¨Î´ Ö § ¢¨¸¨³μ¸ÉÓ �	� (‹��) ¤²Ö ±²¥Éμ± Salmonella typhimurium ¡Ò² 
¶μ²ÊÎ¥´  ¢ [19].

� ·Ö¤Ê ¸ ±²¥É± ³¨ Salmonella typhimurium ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê¸±μ·¨É¥²¥°
ÉÖ¦¥²ÒÌ ¨μ´μ¢ �ˆŸˆ ¡Ò²¨ ¨§ÊÎ¥´Ò § ±μ´μ³¥·´μ¸É¨ μ¡· §μ¢ ´¨Ö μ¡· É´ÒÌ
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(his− →His+) ³ÊÉ Í¨° ¢ ¢¥£¥É É¨¢´ÒÌ ±²¥É± Ì Bacillus subtilis ¶·¨ ¤¥°¸É¢¨¨
¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹��. ˆ¸¸²¥¤μ¢ ´¨Ö É ±μ£μ ·μ¤  ¶·¥¤¸É ¢²ÖÕÉ
¨´É¥·¥¸, ¶μ¸±μ²Ó±Ê ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ [20], ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ¸ÊÐ¥-
¸É¢¥´´ÒÌ · §²¨Î¨ÖÌ ¢ § ±μ´μ³¥·´μ¸ÉÖÌ ³ÊÉ £¥´´ÒÌ ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö ¡ ±-
É¥·¨ ²Ó´ÒÌ ±²¥Éμ± ¨ ¸¶μ· Bacillus subtilis. �·¨  ´ ²¨§¥ ¶μ²ÊÎ¥´´ÒÌ ´ ³¨
¤ ´´ÒÌ μ Ì · ±É¥·¥ ¤μ§μ¢ÒÌ ±·¨¢ÒÌ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö his− →His+ ¢¥-
£¥É É¨¢´ÒÌ ±²¥Éμ± ¨ ¸¶μ· B. subtilts μ¡· Ð ÕÉ ´  ¸¥¡Ö ¢´¨³ ´¨¥ · §²¨Î¨Ö ¢
Ì · ±É¥·¥ § ¢¨¸¨³μ¸É¥° Nm/N(D) ¤²Ö ÔÉ¨Ì ¤¢ÊÌ ¸²ÊÎ ¥¢. �μ²ÊÎ¥´´Ò¥ ·¥-
§Ê²ÓÉ ÉÒ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ ¤²Ö ¢¥£¥É É¨¢´ÒÌ ±²¥Éμ± Ì · ±É¥·´ 
²¨´¥°´μ-±¢ ¤· É¨Î´ Ö § ¢¨¸¨³μ¸ÉÓ ³ÊÉ £¥´¥§  (·¨¸. 5,  ). �·¨ ¤μ§ Ì μ¡²Ê-
Î¥´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì §´ Î¥´¨Ö³ ¤μ ∼ 100 ƒ·, ¤μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ  ¶-
¶·μ±¸¨³¨·Ê¥É¸Ö ²¨´¥°´μ° ËÊ´±Í¨¥°. �Éμ μÉÎ¥É²¨¢μ ¢¨¤´μ ¨§ ³ É¥·¨ ²μ¢,
¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 5, ¡. �·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì Ê·μ¢´ÖÌ ¤μ§ ±·¨¢ Ö ¡²¨§± 
± ±¢ ¤· É¨Î´μ°.

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö his− →His+ ¢¥£¥É É¨¢´ÒÌ ±²¥Éμ± ��101,
BS168 ¨ ¸¶μ· ��101 μÉ ¤μ§Ò γ-μ¡²ÊÎ¥´¨Ö

Š¢ ¤· É¨Î´Ò° Ì · ±É¥· ±·¨¢ÒÌ Nm/N(D) ¶·¨ ¤μ¸É ÉμÎ´μ ¢Ò¸μ±¨Ì ¤μ§ Ì
μ¡²ÊÎ¥´¨Ö ¸μÌ· ´Ö¥É¸Ö ¨ ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢ (·¨¸. 6).
Š ± ³μ¦´μ ¢¨¤¥ÉÓ ¨§ ¶·¥¤¸É ¢²¥´´ÒÌ ³ É¥·¨ ²μ¢, μ¡²ÊÎ¥´¨¥ ±²¥Éμ± ¨μ´ ³¨
£¥²¨Ö ¸ ‹��, · ¢´Ò³¨ 22, 42 ¨ 72 ±Ô‚/³±³, ¢ÒÖ¢²Ö¥É § ¢¨¸¨³μ¸É¨, ¡²¨§±¨¥ ±
±¢ ¤· É¨Î´Ò³ ËÊ´±Í¨Ö³. ŠμÔËË¨Í¨¥´ÉÒ �	� Î ¸É¨Í ¸ Ê± § ´´Ò³¨ §´ Î¥´¨-
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�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³ÊÉ¨-
·μ¢ ´¨Ö his− →His+ ±²¥Éμ± Bacillus
subtilis HA101 μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö γ-
±¢ ´É ³¨ (1) ¨ ¨μ´ ³¨ £¥²¨Ö ¸ · §-
´μ° ‹�� (2 Å 22 ±Ô‚/³±³; 3 Å
42 ±Ô‚/³±³; 4 Å 72 ±Ô‚/³±³)

Ö³¨ ‹�� ¸μμÉ¢¥É¸É¢¥´´μ ¸μ¸É ¢²ÖÕÉ
1,8± 0,2, 1,7± 0,2 ¨ 1,3± 0,1 (É ¡². 3).
�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ§¢μ²ÖÕÉ ¸¤¥-
² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¨´¤Ê±Í¨Ö ·¥¢¥·-
¸¨° Ê ¢¥£¥É É¨¢´ÒÌ ±²¥Éμ± ‚. Subtilis, É ±
¦¥ ± ± ¨ Ê ±²¥Éμ± Salmonella typhimurium
¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´μ° ‹��,
Ì · ±É¥·¨§Ê¥É¸Ö É¥³¨ ¦¥ μ¸μ¡¥´´μ¸ÉÖ³¨,
±μÉμ·Ò¥ ¸¢μ°¸É¢¥´´Ò ¶·Ö³Ò³ £¥´´Ò³ ³Ê-
É Í¨Ö³. „ ´´Ò¥ μ Ì · ±É¥·¥ § ¢¨¸¨³μ¸É¨
�	� μÉ ‹�� ¨§²ÊÎ¥´¨°, ¶μ²ÊÎ¥´´Ò¥ ¶·¨
¢ÒÖ¢²¥´¨¨ ¶·Ö³ÒÌ ¨ μ¡· É´ÒÌ ³ÊÉ Í¨°
Ê ±²¥Éμ± E. coli, Salmonella typhimurium ¨
Bacillus subtilis, ¸Ê³³¨·μ¢ ´Ò ´  ·¨¸. 7.

’ ±¨³ μ¡· §μ³, ³ÊÉ £¥´´μ¥ ¤¥°¸É¢¨¥
¨§²ÊÎ¥´¨° ¸ · §´μ° ‹�� ´  ¡ ±É¥·¨¨
E. coli, Salmonella typhimurium, ¢¥£¥É -
É¨¢´Ò¥ ±²¥É±¨ ‚. subtilis Ì · ±É¥·¨§Ê-
¥É¸Ö ¸²¥¤ÊÕÐ¨³¨ μ¸μ¡¥´´μ¸ÉÖ³¨. ‚μ-
¶¥·¢ÒÌ, ¤μ§μ¢Ò¥ ±·¨¢Ò¥ ³ÊÉ £¥´¥§  ¶·¨
¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´ 

’ ¡²¨Í  3. �É´μ¸¨É¥²Ó´ Ö ¡¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨ §´ Î¥´¨Ö ¶ · ³¥É·  χ
Ê· ¢´¥´¨Ö (2) ¶·¨ μ¡²ÊÎ¥´¨¨ ±²¥Éμ± Bacillus subtilis ¨§²ÊÎ¥´¨Ö³¨ ¸ · §´μ° ‹��

‚¨¤ ¨§²ÊÎ¥´¨Ö
‹��, �´¥·£¨Ö,

χ �	�
±Ô‚/³±³ ŒÔ‚/´Ê±²μ´

γ-¨§²ÊÎ¥´¨¥ 137Cs 0,3 Å 2,3± 0,3 1
4�¥ 22 1,5 2,1± 0,2 1,8± 0,2
4�¥ 42 3,5 1,8± 0,2 1,7± 0,2
4�¥ 72 1,7 1,7± 0,3 1,3± 0,1

�¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ �	� μÉ ‹�� ¨§²ÊÎ¥´¨° ¶μ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ ¶·Ö³ÒÌ (É¥³´Ò¥
¸¨³¢μ²Ò) ¨ μ¡· É´ÒÌ (¸¢¥É²Ò¥ ¸¨³¢μ²Ò) £¥´´ÒÌ ³ÊÉ Í¨° Ê ±²¥Éμ± E. coli
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‹�� ¨³¥ÕÉ ²¨´¥°´μ-±¢ ¤· É¨Î´Ò° ¢¨¤; ¢μ-¢Éμ·ÒÌ, Ì · ±É¥· ¤μ§μ¢ÒÌ § -
¢¨¸¨³μ¸É¥° ¸μÌ· ´Ö¥É¸Ö ¶·¨ ¢μ§· ¸É ´¨¨ ‹�� ¨§²ÊÎ¥´¨°; ¢-É·¥ÉÓ¨Ì, �	�
ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ Ê¢¥²¨Î¥´¨¥³ ‹�� ¢μ§· ¸É ¥É ¤μ §´ Î¥´¨°
∼= 20−30 ±Ô‚/³±³,   § É¥³ ¸´¨¦ ¥É¸Ö ¶·¨ ¤ ²Ó´¥°Ï¥³ ¢μ§· ¸É ´¨¨ ‹��
¨§²ÊÎ¥´¨°.

„²Ö μ¡ÑÖ¸´¥´¨Ö ±¢ ¤· É¨Î´ÒÌ § ¢¨¸¨³μ¸É¥° ¶·¥¤¶μ²μ¦¨²¨ [21], ÎÉμ ¢
Ëμ·³¨·μ¢ ´¨¨ ´ Î ²Ó´μ£μ ¶·¥³ÊÉ Í¨μ´´μ£μ ¸μ¡ÒÉ¨Ö ÊÎ ¸É¢ÊÕÉ ¤¢  ´¥§ ¢¨-
¸¨³ÒÌ ¶μ¢·¥¦¤¥´¨Ö ´  ±μ³¶²¥³¥´É ·´ÒÌ ´¨ÉÖÌ „�Š, ´¥ ¸²¨Ï±μ³ ¸¨²Ó´μ
¸³¥Ð¥´´ÒÌ μ¤¨´ μÉ´μ¸¨É¥²Ó´μ ¤·Ê£μ£μ. ‘ÊÉÓ ¶·¥¤²μ¦¥´´μ£μ ³¥Ì ´¨§³  ¸¢μ-
¤¨É¸Ö ± ¸²¥¤ÊÕÐ¥³Ê. �´¤μ´Ê±²¥ §Ò, ¤¥² Ö ·Ö¤μ³ ¸ ¶μ¢·¥¦¤¥´¨¥³ ´ ¤·¥§Ò,
¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ Ô±§μ´Ê±²¥ § ³ μ¸ÊÐ¥¸É¢¨ÉÓ ¤¥£· ¤ Í¨Õ ´¨É¨ „�Š, ±μÉμ· Ö
¶·¨¢μ¤¨É ± ¢μ§´¨±´μ¢¥´¨Õ Ï¨·μ±¨Ì ¡·¥Ï¥°. …¸²¨ ¢ ¶·¥¤¥² Ì ¡·¥Ï¨ ´  ±μ³-
¶²¥³¥´É ·´μ° Í¥¶¨ μ± ¦¥É¸Ö ¢Éμ·μ¥ ¶μ¢·¥¦¤¥´¨¥, ´¥ ¶μ¤¢¥·£´ÊÉμ¥ ¨´Í¨§¨¨,
Éμ „�Š-¶μ²¨³¥· §  ¶μ ¶μ¢·¥¦¤¥´´μ³Ê μ¸´μ¢ ´¨Õ ³μ¦¥É ¸ μ¶·¥¤¥²¥´´μ° ¢¥-
·μÖÉ´μ¸ÉÓÕ ¶μ¤¸É ¢¨ÉÓ ´¥¶· ¢¨²Ó´μ¥ μ¸´μ¢ ´¨¥. ‡ É¥³ ¢Éμ·μ¥ ¶μ¢·¥¦¤¥´¨¥
¡Ê¤¥É ¶μ¤¢¥·£´ÊÉμ Ô±¸Í¨§¨¨ ¨ ¶μ μÏ¨¡μÎ´μ³Ê μ¸´μ¢ ´¨Õ ¢´μ¢Ó μÉ·¥¶ ·¨·μ-
¢ ´´μ£μ μ¶¶μ§¨É´μ£μ ÊÎ ¸É±  „�Š ¶μ¤¸É ¢²¥´μ ±μ³¶²¥³¥´É ·´μ¥ μÏ¨¡μÎ´μ¥.
‚ ·¥§Ê²ÓÉ É¥ ÔÉμ£μ ³ÊÉ Í¨Ö § ±·¥¶¨É¸Ö. �  μ¸´μ¢¥ · §¢¨ÉÒÌ ¶·¥¤¸É ¢²¥´¨°
³μ¦´μ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ μ¡ÑÖ¸´¨ÉÓ ¨³¥ÕÐ¨¥¸Ö ¢ ²¨É¥· ÉÊ·¥ ¤ ´´Ò¥, μ¤´ ±μ
¨³ ¶·μÉ¨¢μ·¥Î É ¸²¥¤ÊÕÐ¨¥ μ¡¸ÉμÖÉ¥²Ó¸É¢ . ‚μ-¶¥·¢ÒÌ, ¶·¨ É¥Ì ¤μ§ Ì, ¶·¨
±μÉμ·ÒÌ ·¥ ²¨§Ê¥É¸Ö ±¢ ¤· É¨Î´ Ö § ¢¨¸¨³μ¸ÉÓ, ¢¥²¨Î¨´  ¤¥£· ¤ Í¨¨ „�Š,
¸Ê¤Ö ¶μ ¢ÒÌμ¤Ê ¶¥·¢¨Î´ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š, ¤μ²¦´  ¸μ¸É ¢²ÖÉÓ ¶·¨³¥·´μ
105 ´Ê±²¥μÉ¨¤μ¢ [14]. ˆ ¥¸²¨ ²¥É ²Ó´μ¥ ¤¥°¸É¢¨¥ ¨§²ÊÎ¥´¨°, ¸μ£² ¸´μ [21],
μ¡Ê¸²μ¢²¥´μ ¶¥·¥±·Ò¢ ÕÐ¨³¨¸Ö ÊÎ ¸É± ³¨ · ¸Î¨¸É±¨ ¢ ±μ³¶²¥³¥´É ·´ÒÌ
´¨ÉÖÌ „�Š, Éμ ±·¨¢Ò¥ ¢Ò¦¨¢ ´¨Ö ¤μ²¦´Ò ¡ÒÉÓ Ö·±μ ¸¨£³μ¨¤´Ò³¨ ¸ ¡μ²Ó-
Ï¨³¨ Ô±¸É· ¶μ²ÖÍ¨μ´´Ò³¨ Î¨¸² ³¨. �¤´ ±μ ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ±²¥Éμ± E. coli
Î ¸Éμ ´ ¡²Õ¤ ÕÉ¸Ö Ô±¸¶μ´¥´Í¨ ²Ó´Ò¥ ±·¨¢Ò¥ ¢Ò¦¨¢ ´¨Ö. Š·μ³¥ Éμ£μ, ¨§-
¢¥¸É´μ, ÎÉμ ¶¥·¢¨Î´Ò¥ ¶μ¢·¥¦¤¥´¨Ö „�Š ¡Ò¸É·μ ·¥¶ ·¨·ÊÕÉ¸Ö. ’ ±, ¶μ
¤ ´´Ò³ [22], Î¨¸²μ μ¤´μ´¨É¥¢ÒÌ · §·Ò¢μ¢, ¢μ§´¨± ÕÐ¨Ì ¢ ·¥§Ê²ÓÉ É¥ ¨´-
Í¨§¨¨ ¶μ¢·¥¦¤¥´´ÒÌ μ¸´μ¢ ´¨°, ´ Î¨´ ¥É ´ · ¸É ÉÓ Ê¦¥ Î¥·¥§ 2 ¸ ¶μ¸²¥
γ-μ¡²ÊÎ¥´¨Ö ¨ ¤μ¸É¨£ ¥É ³ ±¸¨³Ê³  Î¥·¥§ 20Ä40 ¸. ‚ÒÌμ¤ ¢ÒÖ¢²Ö¥³ÒÌ ÔÉ¨³
³¥Éμ¤μ³ Ë¥·³¥´É² ¡¨²Ó´ÒÌ ¸ °Éμ¢ ¶·¥¢ÒÏ ¥É ¢ÒÌμ¤ ¶¥·¢¨Î´ÒÌ μ¤´μ´¨É¥-
¢ÒÌ · §·Ò¢μ¢ (��) „�Š. �¡· §μ¢ ¢Ï¨¥¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¨´Í¨§¨¨ �� „�Š
¢μ¸¸É ´ ¢²¨¢ ÕÉ¸Ö ·¥¶ · Í¨¥° pol�-§ ¢¨¸¨³μ£μ É¨¶ , ¨ ¨Ì ´¥¡μ²ÓÏ Ö ¤μ²Ö
(³¥´¥¥ 10 %) Å ³¥¤²¥´´μ° r¥¸�-lex�-§ ¢¨¸¨³μ° ·¥¶ · Í¨¥°. ‚§ ¨³μ¤¥°¸É¢μ-
¢ ÉÓ ³¥¦¤Ê ¸μ¡μ° ¤¢  ¶·¥³ÊÉ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ³¥Ì -
´¨§³μ³, ¶·¥¤²μ¦¥´´Ò³ ¢ [21], ³μ£ÊÉ ¢ ¶·μÍ¥¸¸¥ ·¥¶ · Í¨¨ ³¥¤²¥´´μ£μ É¨¶ .
�μÔÉμ³Ê ³μ¦´μ μ¦¨¤ ÉÓ, ÎÉμ ¢μ ¢·¥³Ö Ô±§μ´Ê±²¥ §´μ° · ¸Î¨¸É±¨ ¡μ²ÓÏ Ö
Î ¸ÉÓ ¶μ¢·¥¦¤¥´¨° „�Š ¡Ê¤¥É Ê¦¥ μÉ·¥¶ ·¨·μ¢ ´  ¡Ò¸É·Ò³ É¨¶μ³ ·¥¶ · -
Í¨¨. „²Ö ¶μ²ÊÎ¥´¨Ö ´¥μ¡Ìμ¤¨³μ£μ ¸μμÉ¢¥É¸É¢¨Ö ¶·¥¤²μ¦¥´´μ£μ μ¡ÑÖ¸´¥´¨Ö
Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ É·¥¡Ê¥É¸Ö ¤μ¶Ê¸É¨ÉÓ · §³¥· ¤¥£· ¤ Í¨¨ „�Š, ¤μ-
¸É¨£ ÕÐ¨° 105 ´Ê±²¥μÉ¨¤μ¢ ¨ ¡μ²¥¥. �¤´ ±μ Ê ±²¥Éμ± ¤¨±μ£μ É¨¶  É ±μ°



1880 	��…‰Š� �.‚., Š��‘�‚ˆ� ….�.

¸É¥¶¥´¨ ¤¥£· ¤ Í¨¨ „�Š ´¥ ´ ¡²Õ¤ ¥É¸Ö. ‚μ-¢Éμ·ÒÌ, ¨§¢¥¸É´μ, ÎÉμ Ê r¥¸‚-,
r¥¸‘-ÏÉ ³³μ¢ Î ¸ÉμÉ  “”-¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ £¥´¥§  ´¥ ³¥´Ö¥É¸Ö ¶μ ¸· ¢-
´¥´¨Õ ¸ ±²¥É± ³¨ ¤¨±μ£μ É¨¶ . “ ÔÉ¨Ì ³ÊÉ ´Éμ¢ ¡²μ±¨·μ¢ ´ , ± ± ¨§¢¥¸É´μ,
Ô±§μ´Ê±²¥ §  V, ¢¥¤ÊÐ Ö ¤¥£· ¤ Í¨Õ ´  ¡μ²ÓÏμ¥ · ¸¸ÉμÖ´¨¥. ‚¸²¥¤¸É¢¨¥
ÔÉμ£μ ³¥Ì ´¨§³ ®¢§ ¨³μ¤¥°¸É¢¨Ö ¤¢ÊÌ ¶μ¢·¥¦¤¥´¨°¯ ´¥ ³μ¦¥É ·¥ ²¨§μ¢ ÉÓ¸Ö.

‚ [23] ¤²Ö μ¡ÑÖ¸´¥´¨Ö ±¢ ¤· É¨Î´μ° § ¢¨¸¨³μ¸É¨ Nm/N(D) ¡Ò²  ¶·¥¤-
²μ¦¥´  £¨¶μÉ¥§  SOS-³ÊÉ £¥´¥§ , ¸μ£² ¸´μ ±μÉμ·μ° ¤²Ö Ëμ·³¨·μ¢ ´¨Ö ³ÊÉ -
Í¨¨ ´¥μ¡Ìμ¤¨³Ò ¤¢  Ê¸²μ¢¨Ö: ¢μ§´¨±´μ¢¥´¨¥ ¶·¥³ÊÉ Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö
¢ ±μ´±·¥É´μ³ £¥´¥, §  ±μÉμ·Ò³ ¢¥¤¥É¸Ö ´ ¡²Õ¤¥´¨¥, ¨ μ¡· §μ¢ ´¨¥ ¶μ¢·¥-
¦¤¥´¨Ö, § ¶Ê¸± ÕÐ¥£μ ³ÊÉ £¥´´ÊÕ ·¥¶ · Í¨μ´´ÊÕ ¸¨¸É¥³Ê ±²¥É±¨. �·¨ ÔÉμ³
¢Éμ·μ° ®Ê¤ ·¯ ³μ¦¥É ¶·μ¨§μ°É¨ ¢ ²Õ¡μ³ ÊÎ ¸É±¥ £¥´μ³ , ¨ É¥³ ´¥ ³¥´¥¥
μ´ ³μ¦¥É ®¶·μ¢§ ¨³μ¤¥°¸É¢μ¢ ÉÓ¯ ¸ ¶·¥³ÊÉ Í¨μ´´Ò³ ¶μ¢·¥¦¤¥´¨¥³. ’ ±μ°
¶μ¤Ìμ¤ ¶·¨³¥·´μ ´  É·¨ ¶μ·Ö¤±  ¸´¨¦ ¥É É·¥¡μ¢ ´¨Ö ± ¢ÒÌμ¤Ê ¶·¥³ÊÉ Í¨μ´-
´ÒÌ ¶μ¢·¥¦¤¥´¨° ¤²Ö ¶μ²ÊÎ¥´¨Ö ´¥μ¡Ìμ¤¨³μ£μ ¸μμÉ¢¥É¸É¢¨Ö ¶·¥¤²μ¦¥´´μ£μ
³¥Ì ´¨§³  Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³. �ÉμÉ ³¥Ì ´¨§³ ´ Ï¥² ¶μ¤É¢¥·¦¤¥-
´¨¥ ¢ [24], £¤¥ ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¶·¥¤¢ ·¨É¥²Ó´μ¥ μ¡²ÊÎ¥´¨¥ ±²¥Éμ± ´¥-
¡μ²ÓÏμ° ¤μ§μ° “”- ¨²¨ γ-¨§²ÊÎ¥´¨Ö ¨§³¥´Ö¥É ¢¨¤ ±·¨¢μ° Nm/N(D) ¨ ¢
μ¶·¥¤¥²¥´´μ³ ¤¨ ¶ §μ´¥ ¤μ§ μ¡²ÊÎ¥´¨Ö ±¢ ¤· É¨Î´ Ö § ¢¨¸¨³μ¸ÉÓ Nm/N(D)
É· ´¸Ëμ·³¨·Ê¥É¸Ö ¢ ²¨´¥°´ÊÕ. �¤´ ±μ ¤ ´´μ° £¨¶μÉ¥§¥ ¶·μÉ¨¢μ·¥Î¨É ÉμÉ
Ë ±É, ÎÉμ ±¢ ¤· É¨Î´ Ö § ¢¨¸¨³μ¸ÉÓ Nm/N(D) ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ´ ¡²Õ¤ ¥É¸Ö
¢ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ ¶·¨ μÎ¥´Ó ¢Ò¸μ±¨Ì ¤μ§ Ì μ¡²ÊÎ¥´¨Ö,   ³ ±¸¨³ ²Ó´Ò°
SOS-μÉ¢¥É ±²¥Éμ±, μÍ¥´¨¢ ¥³Ò° ¶μ ´¥±μÉμ·Ò³ ±·¨É¥·¨Ö³, ³μ¦¥É ¤μ¸É¨£ ÉÓ¸Ö
Ê¦¥ ¶·¨ ¤μ§ Ì, · ¢´ÒÌ ´¥¸±μ²Ó±¨³ ¤¥¸ÖÉ± ³ ƒ· [25]. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ μ¡¸Éμ-
ÖÉ¥²Ó¸É¢μ³ ¢μ§´¨± ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¤¥É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö § ±μ´μ³¥·´μ¸É¥°
SOS-·¥ ±Í¨¨ ±²¥Éμ± ¢ μÉ¢¥É ´  ¤¥°¸É¢¨¥ ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨
Ì · ±É¥·¨¸É¨± ³¨.

1.3. ‡ ±μ´μ³¥·´μ¸É¨ SOS-μÉ¢¥É  ¡ ±É¥·¨° E. coli ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥-
´¨° ¸ · §´μ° ‹��. „²Ö ¨¸¸²¥¤μ¢ ´¨Ö § ±μ´μ³¥·´μ¸É¥° SOS-μÉ¢¥É  ±²¥Éμ±
¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´μ° ‹�� ¢ [14, 26] ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ³¥Éμ¤
SOS-Ì·μ³μÉ¥¸É , · §· ¡μÉ ´´Ò° ƒμË´Ê´£μ³ ¨ Š¨²² ·¤¥Éμ³ ¨ μ¸´μ¢ ´´Ò° ´ 
¸¶¥Í¨ ²Ó´μ ¸±μ´¸É·Ê¨·μ¢ ´´μ³ ÏÉ ³³¥ PQ37. �ÉμÉ ÏÉ ³³ Ö¢²Ö¥É¸Ö ±μ´-
¸É¨ÉÊÉ¨¢´Ò³ ¶μ ¸¨´É¥§Ê Ð¥²μÎ´μ° Ëμ¸Ë É §Ò, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ ¤²Ö ±μ·-
·¥±É´μ° μÍ¥´±¨ SOS-·¥ ±Í¨° ±²¥Éμ±. SOS-Ì·μ³μÉ¥¸É μ¸´μ¢ ´ ´  ±μ²μ·¨-
³¥É·¨Î¥¸±μ³ μ¶·¥¤¥²¥´¨¨  ±É¨¢´μ¸É¨ β-£ ² ±Éμ§¨¤ §Ò ¨ Ð¥²μÎ´μ° Ëμ¸Ë -
É §Ò ¶μ¸²¥ ¨´±Ê¡ Í¨¨ ±²¥Éμ± ¢ ¶·¨¸ÊÉ¸É¢¨¨ É¥¸É¨·Ê¥³μ£μ  £¥´É . �±É¨¢´μ¸ÉÓ
β-£ ² ±Éμ§¨¤ §Ò É¥¸´μ ¸¢Ö§ ´  ¸  ±É¨¢´μ¸ÉÓÕ £¥´  sul�, ±μÉμ· Ö, ¢ ¸¢μÕ μÎ¥-
·¥¤Ó, ±μ´É·μ²¨·Ê¥É¸Ö Lex�-·¥¶·¥¸¸μ·μ³. ‚ ´μ·³ ²Ó´μ³ lacZ-²μ±Ê¸¥ Ê ÏÉ ³³ 
PQ37 ¨³¥¥É¸Ö ¤¥²¥Í¨Ö. ŒÊÉ Í¨¨ uvr� ¨ rfa Ê¢¥²¨Î¨¢ ÕÉ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ
É¥¸É  ± ´¥±μÉμ·Ò³ ³ÊÉ £¥´ ³. Œ¥Ì ´¨§³ ·¥ ²¨§ Í¨¨ SOS-Ì·μ³μÉ¥¸É  § -
±²ÕÎ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³. �μ¸²¥ ¶μ¢·¥¦¤¥´¨Ö „�Š ¶·μ¨¸Ìμ¤¨É μ¡· §μ¢ ´¨¥
Rec�-¶·μÉ¥ §Ò, ±μÉμ· Ö · ¸Ð¥¶²Ö¥É Lex�-·¥¶·¥¸¸μ·, § ¶¨· ÕÐ¨° Ê ±²¥Éμ±
PQ37 É· ´¸±·¨¶Í¨Õ lacZ-²μ±Ê¸ . �·μ¨¸Ìμ¤¨É ¸¨´É¥§ β-£ ² ±Éμ§¨¤ §Ò, ±μÉμ-
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· Ö μ¶·¥¤¥²Ö¥É¸Ö ¶μ¸²¥ ²¨§¨¸  ±²¥Éμ± · ¸Ð¥¶²¥´¨¥³ β-£ ² ±Éμ§¨¤´μ° ¸¢Ö§¨
Ê μ·Éμ-´¨É·μ-Ë¥´¨²-βD-£ ² ±Éμ¶¨· ´μ§¨¤  (��”ƒ). �±É¨¢´μ¸ÉÓ Ð¥²μÎ´μ°
Ëμ¸Ë É §Ò μ¶·¥¤¥²Ö¥É¸Ö ¤μ¡ ¢²¥´¨¥³ ¶ · -´¨É·μ-Ë¥´¨²Ëμ¸Ë É  (����).
ˆ´É¥´¸¨¢´μ¸ÉÓ ¢μ§´¨± ÕÐ¥° ¦¥²Éμ° μ±· ¸±¨ μ¶·¥¤¥²Ö¥É¸Ö ´  ¸¶¥±É·μ-
ËμÉμ³¥É·¥.

�±É¨¢´μ¸ÉÓ ¸¨´É¥§¨·Ê¥³ÒÌ ±²¥É± ³¨ Ë¥·³¥´Éμ¢ μ¶·¥¤¥²Ö¥É¸Ö ¢ § ¢¨¸¨-
³μ¸É¨ μÉ ±μ´Í¥´É· Í¨¨ (¨²¨ ¤μ§Ò) ¶μÉ¥´Í¨ ²Ó´μ£μ ³ÊÉ £¥´ . ’ ± ± ± ´¥-
±μÉμ·Ò¥  £¥´ÉÒ ¶·¨ Ê¢¥²¨Î¥´¨¨ ¨Ì ±μ´Í¥´É· Í¨¨ ¡²μ±¨·ÊÕÉ ¸¨´É¥§ ¡¥²-
±μ¢, ¶·μ¨§¢μ¤¨É¸Ö ³μ´¨Éμ·¨´£ μ¡Ð¥£μ ¸¨´É¥§  ¡¥²±  μ¶·¥¤¥²¥´¨¥³  ±É¨¢´μ-
¸É¨ Ð¥²μÎ´μ° Ëμ¸Ë É §Ò (·). �ÉμÉ Ë¥·³¥´É ´¥ ¸¨´É¥§¨·Ê¥É¸Ö ¶·¨ SOS-
¨´¤Ê±Í¨¨. �μ¸±μ²Ó±Ê μ¡Ð¥¥ Ê£´¥É¥´¨¥ ¸¨´É¥§  ¡¥²±  ¸´¨¦ ¥É  ±É¨¢´μ¸ÉÓ
β-£ ² ±Éμ§¨¤ §Ò, ´¥μ¡Ìμ¤¨³μ ¶·μ¢μ¤¨ÉÓ ´μ·³¨·μ¢±Ê ´  ¸É ´¤ ·É´ÊÕ ¸±μ·μ¸ÉÓ
¸¨´É¥§  ¡¥²±μ¢. �μÔÉμ³Ê ¢ ± Î¥¸É¢¥ ³¥·Ò SOS-¨´¤Ê±Í¨¨ ¶·¨´ÖÉμ ¸μμÉ´μ-
Ï¥´¨¥  ±É¨¢´μ¸É¨ β-£ ² ±Éμ§¨¤ §Ò ¨ Ð¥²μÎ´μ° Ëμ¸Ë É §Ò. Œ¥·μ° SOS-
¨´¤Ê±Í¨¨ ¶·¨ μ¶·¥¤¥²¥´´μ° ¤μ§¥ ¸²Ê¦¨É Ë ±Éμ· ¨´¤Ê±Í¨¨ IF = β/p(D);
β/p = 0. • · ±É¥·¨¸É¨±μ° ÔËË¥±É¨¢´μ¸É¨ ³ÊÉ £¥´  Ö¢²Ö¥É¸Ö ´ Î ²Ó´Ò° ´ -
±²μ´ § ¢¨¸¨³μ¸É¨ IF(D), ±μÉμ·Ò° ¡Ò² ´ §¢ ´ SOSIP. ‡ ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É· 
IF μÉ ¤μ§Ò γ-μ¡²ÊÎ¥´¨Ö ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 8.

�¨¸. 8. ‡ ¢¨¸¨³μ¸ÉÓ Ë ±Éμ·  ¨´¤Ê±Í¨¨ IF(D) μÉ ¤μ§Ò γ-μ¡²ÊÎ¥´¨Ö. � ±²μ´ ÔÉμ°
§ ¢¨¸¨³μ¸É¨ Ì · ±É¥·¨§Ê¥É ÔËË¥±É¨¢´μ¸ÉÓ „�Š-¶μ¢·¥¦¤ ÕÐ¥£μ  £¥´É  ¢ ¨´¤Ê±Í¨¨
SOS-¸¨¸É¥³Ò

‡ ¢¨¸¨³μ¸ÉÓ SOSIP μÉ ‹�� ¨§²ÊÎ¥´¨° ¶·¨¢¥¤¥´  ´  ·¨¸. 9, μÉ±Ê¤  ¸²¥-
¤Ê¥É, ÎÉμ ¸ ¢μ§· ¸É ´¨¥³ ‹�� §´ Î¥´¨Ö SOSIP É ±¦¥ Ê¢¥²¨Î¨¢ ÕÉ¸Ö ¨ ¤μ-
¸É¨£ ÕÉ ¶·¨ ‹��, · ¢´μ° ¶·¨³¥·´μ 50 ±Ô‚/³±³, ³ ±¸¨³Ê³ . Œ ±¸¨³ ²Ó´μ¥
§´ Î¥´¨¥ SOSIP ¸μ¸É ¢²Ö¥É ∼ 0,4 ƒ·−1, ¨ ÔÉμ §´ Î¥´¨¥ ¢ 2,5 · §  ¡μ²ÓÏ¥, Î¥³
¶μ²ÊÎ¥´´μ¥ ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ±²¥Éμ± ´  ¶μ¢¥·Ì´μ¸É¨  £ · . �·¨ ¤ ²Ó´¥°Ï¥³
¢μ§· ¸É ´¨¨ ‹�� §´ Î¥´¨Ö SOSIP Ê³¥´ÓÏ ÕÉ¸Ö ¨ ¶·¨ ‹�� = 300 ±Ô‚/³±³
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�¨¸. 9. ‡ ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò SOSIP μÉ ‹�� ¨§²ÊÎ¥´¨°. �¡²ÊÎ¥´¨¥ ±²¥Éμ± ¢ ¸Ê¸¶¥´-
§¨¨ (¸¢¥É²Ò¥ ±·Ê¦±¨) ¨ ´  ¶μ¢¥·Ì´μ¸É¨  £ ·  (É¥³´Ò¥ ±·Ê¦±¨)

¸μ¸É ¢²ÖÕÉ §´ Î¥´¨¥, ³¥´ÓÏ¥ ´ ¡²Õ¤ ¥³μ£μ ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ±²¥Éμ± ¢ ¸Ê¸-
¶¥´§¨¨. ’ ±¨³ μ¡· §μ³, ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¸ ¢μ§· ¸É ´¨¥³ ‹�� ¨§²Ê-
Î¥´¨° ¨´É¥´¸¨¢´μ¸ÉÓ SOS-μÉ¢¥É  ±²¥Éμ± Ê¢¥²¨Î¨¢ ¥É¸Ö.

‡ ¢¨¸¨³μ¸ÉÓ ¨´É¥´¸¨¢´μ¸É¨ SOS-μÉ¢¥É  ¡ ±É¥·¨° E. coli μÉ ‹�� ¨§²Ê-
Î¥´¨° ¡Ò²  ¨¸¸²¥¤μ¢ ´  ¨ ¤·Ê£¨³¨ ³¥Éμ¤ ³¨. ‚ [27, 28] ¡Ò² ¶·¨³¥´¥´ ³¥-
Éμ¤ SOS-²Õ±¸-É¥¸É, μ¸´μ¢ ´´Ò° ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ·¥±μ³¡¨´ ´É´ÒÌ ±²¥Éμ±
E. coli, ¸¶μ¸μ¡´ÒÌ ± SOS-¨´¤ÊÍ¨¡¥²Ó´μ° ¡¨μ²Õ³¨´¥¸Í¥´Í¨¨. ’ ±ÊÕ ¸¶μ¸μ¡-
´μ¸ÉÓ μ´¨ ¶·¨μ¡·¥É ÕÉ ¶μ¸²¥ É· ´¸Ëμ·³ Í¨¨ ¨Ì ¸¶¥Í¨ ²Ó´μ ¸±μ´¸É·Ê¨·μ¢ ´-
´μ° ¶² §³¨¤μ° pPLS-1, ´¥¸ÊÐ¥° ²ÕÍ¨Ë¥· §´Ò° μ¶¥·μ´ ¸¢¥ÉÖÐ¨Ì¸Ö ¡ ±É¥·¨°
Photobacterium leiognathi ¨ ´ Ìμ¤ÖÐ¨°¸Ö ¶μ¤ ±μ´Éμ·μ²¥³ SOS-¨´¤ÊÍ¨¡¥²Ó-
´μ£μ ¶·μ³μÉμ·  cda-£¥´  ¶² §³¨¤Ò ColD. Šμ²¨Î¥¸É¢¥´´Ò³ ¶μ± § É¥²¥³
SOS-¨´¤Ê±Í¨¨ ¢ ¤ ´´μ³ ³¥Éμ¤¥ Ö¢²Ö¥É¸Ö ¸¢¥Éμ¢μ° ¢ÒÌμ¤, ±μÉμ·Ò° ³μ¦¥É
¡ÒÉÓ ¨§³¥·¥´ ´  ²Õ³¨´μ³¥É·¥ ¢ É¥Î¥´¨¥ ±μ·μÉ±μ£μ ¢·¥³¥´¨. �ÉμÉ ³¥Éμ¤ ´¥
É·¥¡Ê¥É · §·ÊÏ¥´¨Ö ±²¥Éμ±, ¶μÔÉμ³Ê ¶μ§¢μ²Ö¥É ¨¸¸²¥¤μ¢ ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ
SOS-μÉ¢¥É  ¶·¨ ¤¥°¸É¢¨¨ · §²¨Î´ÒÌ „�Š-¶μ¢·¥¦¤ ÕÐ¨Ì Ë ±Éμ·μ¢ ¢ ·¥¦¨³¥
·¥ ²Ó´μ£μ ¢·¥³¥´¨. �´ Ê¸¶¥Ï´μ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¤²Ö ¨§ÊÎ¥´¨Ö ¢²¨-
Ö´¨Ö ´  SOS-¨´¤Ê±Í¨Õ · §²¨Î´ÒÌ ¡¥²±μ¢, ±μ´É·μ²¨·ÊÕÐ¨Ì, ¢ Î ¸É´μ¸É¨,
¤·Ê£¨¥ ¶ÊÉ¨ ·¥¶ · Í¨¨. „²Ö ÔÉμ£μ ´¥ É·¥¡Ê¥É¸Ö ¸μ§¤ ´¨Ö ´μ¢ÒÌ ÏÉ ³³μ¢
¸ ³ÊÉ Í¨¥° ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ £¥´¥, ¶μ¸±μ²Ó±Ê ·¥¶μ·É¥·´Ò° ±μ³¶μ´¥´É ¸
¡¨μ²Õ³¨´¥¸Í¥´É´μ° ¸¨¸É¥³μ° ´ Ìμ¤¨É¸Ö ´  ¶² §³¨¤¥, ±μÉμ· Ö ³μ¦¥É ¡ÒÉÓ
É· ´¸Ëμ·³¨·μ¢ ´  ¢ ²Õ¡μ° ¨§ ¨³¥ÕÐ¨Ì¸Ö ³ÊÉ ´É´ÒÌ ÏÉ ³³μ¢.

�  ·¨¸. 10 ¶·¥¤¸É ¢²¥´Ò ±¨´¥É¨Î¥¸±¨¥ ±·¨¢Ò¥ Ë ±Éμ·  ¨´¤Ê±Í¨¨ ¤²Ö ±²¥-
Éμ± E. coli ¤¨±μ£μ É¨¶  ‘600, μ¡²ÊÎ¥´´ÒÌ · §²¨Î´Ò³¨ ¢¨¤ ³¨ ¨μ´¨§¨·ÊÕÐ¨Ì
¨§²ÊÎ¥´¨°. ‚¨¤´μ, ÎÉμ ±¨´¥É¨±  SOS-μÉ¢¥É  ±²¥Éμ± ¶·¨ μ¡²ÊÎ¥´¨¨ ÉÖ¦¥-
²Ò³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ ¢ §´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨ ¸Ìμ¤´  ¸ ±¨´¥É¨±μ°
ÔÉμ£μ ¶·μÍ¥¸¸  ¶·¨ ¤¥°¸É¢¨¨ γ-±¢ ´Éμ¢. ‚ ± Î¥¸É¢¥ ¶μ± § É¥²Ö ÔËË¥±É¨¢´μ-
¸É¨ SOS-¨´¤Ê±Í¨¨, É ± ¦¥ ± ± ¨ ¶·¨ ¶·¨³¥´¥´¨¨ ³¥Éμ¤  SOS-Ì·μ³μÉ¥¸É ,
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�¨¸. 10. ‡ ¢¨¸¨³μ¸ÉÓ Ë ±Éμ·  ¨´¤Ê±Í¨¨ μÉ ¤μ§Ò · §²¨Î´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨°. ‚ ¸±μ¡-
± Ì ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö ‹�� Î ¸É¨Í, ±Ô‚/³±³

�¨¸. 11. ‡ ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò SOSIP μÉ ‹�� ¨§²ÊÎ¥´¨°

¨¸¶μ²Ó§μ¢ ´ É ´£¥´¸ Ê£²  ´ ±²μ´  ´ · ¸É ÕÐ¥£μ ÊÎ ¸É±  ¤μ§μ¢μ° ±·¨¢μ° Å
SOSIP. ‡ ¢¨¸¨³μ¸ÉÓ SOSIP μÉ ‹�� ¨§²ÊÎ¥´¨° ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 11. ˆ§
¶·¥¤¸É ¢²¥´´ÒÌ ³ É¥·¨ ²μ¢ ¢¨¤´μ, ÎÉμ ¸ ·μ¸Éμ³ ²¨´¥°´μ° ¶¥·¥¤ Î¨ Ô´¥·£¨¨
ÔËË¥±É¨¢´μ¸ÉÓ SOS-¨´¤Ê±Í¨¨ ¢μ§· ¸É ¥É ¨ ¤μ¸É¨£ ¥É ¸¢μ¥£μ ³ ±¸¨³ ²Ó´μ£μ
§´ Î¥´¨Ö ¶·¨ ¤¥°¸É¢¨¨ ¨μ´μ¢ £¥²¨Ö ¸ ‹�� 20 ±Ô‚/³±³, ÎÉμ ¢ 1,7 · §  ¶·¥¢Ò-
Ï ¥É §´ Î¥´¨¥ SOSIP ¤²Ö γ-±¢ ´Éμ¢. „ ²Ó´¥°Ï¥¥ Ê¢¥²¨Î¥´¨¥ ‹�� ¶·¨¢μ¤¨É
± ¸´¨¦¥´¨Õ ÔËË¥±É¨¢´μ¸É¨ SOS-μÉ¢¥É .

�¤´¨³ ¨§ ¸¶μ¸μ¡μ¢ ¨¸¸²¥¤μ¢ ´¨Ö ·¥ ±Í¨° SOS-¸¨¸É¥³Ò ±²¥Éμ± …. coli
Ö¢²Ö¥É¸Ö ¨§ÊÎ¥´¨¥ § ±μ´μ³¥·´μ¸É¥° ¨´¤Ê±Í¨¨ ¶·μË £  λ, ¶μ¸±μ²Ó±Ê μ´  ´ -
Ìμ¤¨É¸Ö ¶μ¤ ±μ´É·μ²¥³ £¥´μ¢, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ μ¸ÊÐ¥¸É¢²¥´¨¨ ·¥¶ · Í¨¨ ³¥¤-
²¥´´μ£μ É¨¶ . ‚μ§¤¥°¸É¢¨¥ · §´μμ¡· §´ÒÌ „�Š-É·μ¶´ÒÌ  £¥´Éμ¢,   É ±¦¥
§ ¤¥·¦±  ·¥¶²¨± Í¨¨ „�Š Ê ±²¥Éμ± …. coli ¢Ò§Ò¢ ÕÉ ±μ³¶²¥±¸´Ò° μÉ¢¥É,
±μÉμ·Ò° ¢±²ÕÎ ¥É É ±¨¥ ¶·μÖ¢²¥´¨Ö, ± ± ¶μ¢ÒÏ¥´¨¥ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö,
§ ¤¥·¦±Ê ±²¥ÉμÎ´μ£μ ¤¥²¥´¨Ö ¨ ¨´¤Ê±Í¨Õ ²Ö³¡¤μ¨¤´ÒÌ ¶·μË £μ¢. ‚¸¥ ÔÉ¨
·¥ ±Í¨¨ ±²¥Éμ± · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ¨´É¥£· ²Ó´Ò° SOS-μÉ¢¥É. –¥´É· ²Ó-
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´ÊÕ ·μ²Ó ¢ SOS-¨´¤Ê±Í¨¨ ¨£· ¥É Rec�-¡¥²μ±, ±μÉμ·Ò°, ± ± Ê¦¥ Ê± §Ò¢ ²μ¸Ó
¢ÒÏ¥, ¢ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ ¶·¨μ¡·¥É ¥É ¶·μÉ¥ §´Ò¥ ¸¢μ°¸É¢  ¨ · ¸Ð¥¶-
²Ö¥É Lex�-·¥¶·¥¸¸μ·,   É ±¦¥ ·¥¶·¥¸¸μ·Ò Ë £μ¢ �22 ¨ λ-·¥¶·¥¸¸μ·. � ¸Ð¥¶-
²¥´¨¥ Lex�- ¨ λ-·¥¶·¥¸¸μ·μ¢ ¶·μ¨¸Ìμ¤¨É ³¥¦¤Ê  ³¨´μ±¨¸²μÉ ³¨ AlaÄGly.
ˆ´ ±É¨¢ Í¨Ö ·¥¶·¥¸¸μ·  λ ¢¥¤¥É ± ¤¥·¥¶·¥¸¸¨¨ ¶·μ³μÉμ·  PR £¥´  cro, ¸
±μÉμ·μ£μ ´ Î¨´ ¥É¸Ö É· ´¸±·¨¶Í¨Ö ¢¸¥£μ ¶·μË £μ¢μ£μ £¥´μ³  ¨ ²¨É¨Î¥¸±¨°
Í¨±² · §¢¨É¨Ö ¡ ±É¥·¨μË £  λ. “ ²¨§μ£¥´´ÒÌ ¶μ Ë £Ê λ ÏÉ ³³μ¢ …. coli
μ¡ Ô±¸¶·¥¸¸¨¨ SOS-¸¨¸É¥³Ò ³μ¦´μ ¸Ê¤¨ÉÓ, ¨§ÊÎ Ö § ±μ´μ³¥·´μ¸É¨ ¨´¤Ê±Í¨¨
¶·μË £  λ, É ± ± ± ·¥¶·¥¸¸μ· ¶·μË £  · ¸Ð¥¶²Ö¥É¸Ö Rec�-¡¥²±μ³ ¢ ·¥§Ê²Ó-
É É¥ ¶·¨μ¡·¥É¥´¨Ö ¨³ ¶·μÉ¥ §´ÒÌ ¸¢μ°¸É¢. � ¸Ð¥¶²¥´¨¥ ·¥¶·¥¸¸μ·μ¢ Lex�
¨ λ Rec�-¡¥²±μ³ ¨³¥¥É · §´ÊÕ ±¨´¥É¨±Ê. ˆ§¢¥¸É´μ, ÎÉμ Lex�-·¥¶·¥¸¸μ·
· ¸Ð¥¶²Ö¥É¸Ö ²¥£Î¥. ‚ ¦´Ò³ §¤¥¸Ó Ö¢²Ö¥É¸Ö É ±¦¥ Éμ, ÎÉμ ¨´¤Ê±Í¨Ö ¶·μ-
Ë £  ¶·μ¨¸Ìμ¤¨É ²¨ÏÓ ¢ Éμ³ ¸²ÊÎ ¥, ±μ£¤  Ê·μ¢¥´Ó ±μ´Í¥´É· Í¨¨ ·¥¶·¥¸¸μ· 
¸´¨¦ ¥É¸Ö ¤μ 90%. „²Ö ÔÉμ£μ, ¶μ-¢¨¤¨³μ³Ê, É·¥¡Ê¥É¸Ö §´ Î¨É¥²Ó´μ¥ ±μ²¨-
Î¥¸É¢μ Rec�-¡¥²±  ¢ ¶·μÉ¥ §´μ° ±μ´Ëμ·³ Í¨¨, ÎÉμ ³μ¦¥É ¨³¥ÉÓ ³¥¸Éμ ¶·¨
§ ¤¥·¦±¥ ·¥¶ · Í¨¨ „�Š. �¥μ¡Ìμ¤¨³μ É ±¦¥ ÊÎ¨ÉÒ¢ ÉÓ Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ,
ÎÉμ É· ´¸±·¨¶Í¨Ö £¥´μ¢ �-¶·μË £  ¶·μ¨¸Ìμ¤¨É ´ ³´μ£μ ¶μ§¦¥ ¶μ ¸· ¢´¥´¨Õ
¸ É· ´¸±·¨¶Í¨¥° ¤·Ê£¨Ì £¥´μ¢ SOS-¸¨¸É¥³Ò. ‚¸¥ ÔÉ¨ Ë ±ÉÒ ³μ£ÊÉ ¸¢¨¤¥-
É¥²Ó¸É¢μ¢ ÉÓ μ Éμ³, ÎÉμ ¨´¤Ê±Í¨Ö ¡ ±É¥·¨μË £  λ ¶·μ¨¸Ìμ¤¨É ¶ · ²²¥²Ó´μ
¶·μÍ¥¸¸ ³, ¶·¨¢μ¤ÖÐ¨³ ± £¨¡¥²¨ ±²¥Éμ±.

‚ [29] ¨§ÊÎ¥´Ò § ±μ´μ³¥·´μ¸É¨ ¨´¤Ê±Í¨¨ ¶·μË £  λ Ê ±²¥Éμ± E. coli ¨§²Ê-
Î¥´¨Ö³¨ Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹��. �μ¸±μ²Ó±Ê ¸ Ê¢¥²¨Î¥´¨¥³ ‹�� ¨§²ÊÎ¥´¨°
¨§³¥´Ö¥É¸Ö ¸¶¥±É· ¨´¤ÊÍ¨·Ê¥³ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š, ³¥´Ö¥É¸Ö ¨ ÔËË¥±É¨¢-
´μ¸ÉÓ ¨´¤Ê±Í¨¨ SOS-¸¨¸É¥³Ò. ‚³¥¸É¥ ¸ É¥³ μ¡Ñ¥³ ¨ ±¨´¥É¨±  ¨´¤Ê±Í¨¨
· §´ÒÌ £¥´μ¢, ´ Ìμ¤ÖÐ¨Ì¸Ö ¶μ¤ ±μ´É·μ²¥³ SOS-¸¨¸É¥³Ò, · §²¨Î ÕÉ¸Ö ³¥¦¤Ê
¸μ¡μ°. ‘ÊÐ¥¸É¢¥´´μ · §²¨Î ÕÉ¸Ö ³¥¦¤Ê ¸μ¡μ° Lex�- ¨ λ-·¥¶·¥¸¸μ·Ò, · ¸-
Ð¥¶²¥´¨¥ ±μÉμ·ÒÌ ¶·μ¨¸Ìμ¤¨É ¶μ · §´μ° ±¨´¥É¨±¥. �  ·¨¸. 12 ¶·¨¢¥¤¥´ 

�¨¸. 12. ‡ ¢¨¸¨³μ¸ÉÓ SOS-μÉ¢¥É  ±²¥Éμ± E. coli ¶μ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ ¶·μË £  λ μÉ
‹�� ¨§²ÊÎ¥´¨°
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§ ¢¨¸¨³μ¸ÉÓ SOSIP μÉ ‹��, ¶μ²ÊÎ¥´´ Ö ¶μ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ ¶·μË £  λ.
‚¨¤´μ §´ Î¨É¥²Ó´μ¥ Ê¢¥²¨Î¥´¨¥ SOSIP ¸ ·μ¸Éμ³ ‹�� ¨§²ÊÎ¥´¨°. �μ ¸· ¢-
´¥´¨Õ ¸ μ¡²ÊÎ¥´¨¥³ γ-±¢ ´É ³¨ ¶·¨ §´ Î¥´¨ÖÌ ‹��, · ¢´ÒÌ 0,3 ±Ô‚/³±³,
¢¥²¨Î¨´  SOSIP § ³¥É´μ Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨ ¢μ§· ¸É ´¨¨ ‹��. „μ§Ò μ¡²ÊÎ¥-
´¨Ö, ¶·¨ ±μÉμ·ÒÌ SOS-μÉ¢¥É ¨´¤ÊÍ¨·Ê¥É¸Ö ¢ μ¶·¥¤¥²¥´´μ³ ±μ²¨Î¥¸É¢¥ ±²¥Éμ±
(´ ¶·¨³¥·, 63%) ¨ ¢ÒÖ¢²Ö¥É¸Ö ³¥Éμ¤ ³¨ SOS-Ì·μ³μÉ¥¸É  ¨ ¶μ ¨´¤Ê±Í¨¨ ¶·μ-
Ë £ , · §²¨Î´Ò. �´¨ ¸μ¸É ¢²ÖÕÉ ¶·¨³¥·´μ 50 ƒ· ¤²Ö ³¥Éμ¤  SOS-Ì·μ³μÉ¥¸É 
¨ 1000 ƒ· ¤²Ö ¨´¤Ê±Í¨¨ ¶·μË £ , É. ¥. · §²¨Î ÕÉ¸Ö ¡μ²ÓÏ¥ Î¥³ ´  ¶μ·Ö-
¤μ± [14]. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ · §´Ò¥ ¨´¤ÊÍ¨¡¥²Ó-
´Ò¥ μ¶¥·μ´Ò · §²¨Î ÕÉ¸Ö ¶μ ±¨´¥É¨±¥ ¨´¤Ê±Í¨¨.

’ ±¨³ μ¡· §μ³, ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §´ÒÌ ³¥Éμ-
¤μ¢ (SOS-Ì·μ³μÉ¥¸É, SOS-²Õ±¸-É¥¸É, ¨´¤Ê±Í¨Ö ¶·μË £  λ) § ±μ´μ³¥·´μ¸É¥°
¨´¤Ê±Í¨¨ SOS-¸¨¸É¥³Ò ¡ ±É¥·¨° E. coli ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ
¤¨ ¶ §μ´  ‹�� ¶μ± §Ò¢ ÕÉ, ÎÉμ SOS-μÉ¢¥É ±²¥Éμ± ¸ ·μ¸Éμ³ ‹�� Î ¸É¨Í ¢μ§-
· ¸É ¥É ¤μ §´ Î¥´¨° ‹��, · ¢´ÒÌ ∼ 30−80 ±Ô‚/³±³,   § É¥³ ¸´¨¦ ¥É¸Ö ¶·¨
¤ ²Ó´¥°Ï¥³ ¢μ§· ¸É ´¨¨ ‹�� Î ¸É¨Í.

1.4. ‡ ±μ´μ³¥·´μ¸É¨ ¨´¤Ê±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° Ê ±²¥Éμ± E. coli
¨§²ÊÎ¥´¨Ö³¨ ¸ · §´μ° ‹��. �·¨ ·¥Ï¥´¨¨ ¶·μ¡²¥³Ò £¥´¥É¨Î¥¸±¨Ì ÔËË¥±Éμ¢
ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ±· °´¥ ¢ ¦´Ò³¨ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¸· ¢´¨É¥²Ó´Ò¥
¤ ´´Ò¥ μ § ±μ´μ³¥·´μ¸ÉÖÌ ¨ ³¥Ì ´¨§³ Ì ¢μ§´¨±´μ¢¥´¨Ö £¥´´ÒÌ ¨ ¸É·Ê±ÉÊ·-
´ÒÌ ³ÊÉ Í¨°. „μ ¶μ¸²¥¤´¥£μ ¢·¥³¥´¨ § ±μ´μ³¥·´μ¸É¨ μ¡· §μ¢ ´¨Ö ¸É·Ê±ÉÊ·-
´ÒÌ ³ÊÉ Í¨° Ê ¡ ±É¥·¨° ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ´¥ ¡Ò²¨
¨¸¸²¥¤μ¢ ´Ò. ŒÒ Ê¦¥ Ê¶μ³¨´ ²¨, ÎÉμ Ê ±²¥Éμ± ¢Ò¸Ï¨Ì ÔÊ± ·¨μÉ ¨§ÊÎ¥´¨¥
¤μ§μ¢ÒÌ § ¢¨¸¨³μ¸É¥° ¢ÒÌμ¤  ÉμÎ±μ¢ÒÌ ¨ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° ¶·¨ ¤¥°¸É¢¨¨
¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹�� Ö¢²Ö¥É¸Ö ¢¥¸Ó³  ´¥¶·μ-
¸Éμ° § ¤ Î¥°, É·¥¡ÊÕÐ¥° ¶·¨¢²¥Î¥´¨Ö ¸²μ¦´ÒÌ ³μ²¥±Ê²Ö·´μ-¡¨μ²μ£¨Î¥¸±¨Ì
³¥Éμ¤μ¢, ¢Ò¶μ²´¥´¨Ö ¡μ²ÓÏμ£μ μ¡Ñ¥³  · ¡μÉ. �μ²ÊÎ¥´¨¥ É ±μ£μ ·μ¤  ¨´-
Ëμ·³ Í¨¨ §´ Î¨É¥²Ó´μ μ¡²¥£Î ¥É¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì ´  ±²¥É± Ì ¶·μ± ·¨μÉ.
‘·¥¤¨ ¶μ¤Ìμ¤μ¢ ± ¨§ÊÎ¥´¨Õ ¤ ´´μ° ¶·μ¡²¥³Ò ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ ³¥Éμ¤Ò,
μ¸´μ¢ ´´Ò¥ ´  μ¶·¥¤¥²¥´¨¨ ¤¥²¥Í¨° ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ¡ ±É¥·¨ ²Ó´μ° Ì·μ-
³μ¸μ³¥,   É ±¦¥ ´  ¨§ÊÎ¥´¨¨ Ëμ·³¨·μ¢ ´¨Ö ¤¥²¥Í¨° ¢ ¨¸±Ê¸¸É¢¥´´μ ¸±μ´-
¸É·Ê¨·μ¢ ´´ÒÌ (¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶² §³¨¤ ¨ Ô¶¨¸μ³) É¥¸É-¸¨¸É¥³ Ì. ‚¥¸Ó³ 
Ê¤μ¡´Ò³ ²μ±Ê¸μ³ ¤²Ö ¨§ÊÎ¥´¨Ö Ëμ·³¨·μ¢ ´¨Ö ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° ¢ ¡ ±-
É¥·¨ ²Ó´μ° Ì·μ³μ¸μ³¥ μ± § ²¨¸Ó ¤¢  Ë² ´±¨·ÊÕÐ¨Ì £¥´ : tonB ¨ trp. ˆ¸-
¸²¥¤μ¢ ´¨Ö, ± ¸ ÕÐ¨¥¸Ö § ±μ´μ³¥·´μ¸É¥° ¨´¤Ê±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ ´Éμ¢
tonB−trp− ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹��, ¡Ò²¨ ¢Ò¶μ²-
´¥´Ò ¢ [30, 31].

�  ·¨¸. 13 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ μ¡· §μ¢ ´¨Ö ³ÊÉ Í¨°
tonB−trp− μÉ ¤μ§Ò · §²¨Î´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨°: γ-±¢ ´Éμ¢, Ê¸±μ·¥´´ÒÌ ¨μ-
´μ¢ £¥²¨Ö ¸ · §´μ° ‹�� (20, 50 ¨ 78 ±Ô‚/³±³),   É ±¦¥ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢
Ê£²¥·μ¤  ¸ ‹��, · ¢´μ° 200 ±Ô‚/³±³. Š ± ³μ¦´μ ¢¨¤¥ÉÓ ¨§ ³ É¥·¨ ²μ¢, ¢
¨¸¸²¥¤μ¢ ´´μ³ ¤¨ ¶ §μ´¥ ¤μ§ Î ¸ÉμÉ  μ¡· §μ¢ ´¨Ö ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° ²¨-
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�¨¸. 13. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ μ¡· §μ-
¢ ´¨Ö ³ÊÉ Í¨° tonB trp− μÉ ¤μ§Ò ¨§-
²ÊÎ¥´¨° ¸ · §´μ° ‹�� (� Å γ-²ÊÎ¨;
� Å ¨μ´Ò He (20 ±Ô‚/³±³); � Å
¨μ´Ò He (50 ±Ô‚/³±³); � Å ¨μ´Ò
He (78 ±Ô‚/³±³); � Å ¨μ´Ò 12C
(200 ±Ô‚/³±³)

´¥°´μ ¢μ§· ¸É ¥É ¸ ¤μ§μ° ¤²Ö ¢¸¥Ì ¢¨-
¤μ¢ ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì
¨§²ÊÎ¥´¨°. ‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ ´ -
±²μ´Ò ¶μ²ÊÎ¥´´ÒÌ ¤μ§μ¢ÒÌ § ¢¨¸¨³μ-
¸É¥° ¤²Ö γ-±¢ ´Éμ¢ ¨ ÉÖ¦¥²ÒÌ § ·Ö-
¦¥´´ÒÌ Î ¸É¨Í · §²¨Î´Ò. � ¨¡μ²Ó-
Ï¥° ÔËË¥±É¨¢´μ¸ÉÓÕ ¶μ Î ¸ÉμÉ¥ ¨´-
¤Ê±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° μ¡² -
¤ ÕÉ ¨μ´Ò £¥²¨Ö ¸ ‹�� = 50 ±Ô‚/³±³
(É ¡². 4). “¸±μ·¥´´Ò¥ ¨μ´Ò Ê£²¥-
·μ¤  ¢Ò§Ò¢ ÕÉ ³¥´ÓÏ¨° ¡¨μ²μ£¨Î¥-
¸±¨° ÔËË¥±É. ‘²¥¤μ¢ É¥²Ó´μ, Ì · ±-
É¥· ¤μ§μ¢ÒÌ § ¢¨¸¨³μ¸É¥° ¶μ ±·¨É¥-
·¨Õ ¨´¤Ê±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° Ê
±²¥Éμ± E. coli ¸μ¢¥·Ï¥´´μ μÉ²¨Î ¥É¸Ö
μÉ · ´¥¥ · ¸¸³μÉ·¥´´ÒÌ ´ ³¨ § ¢¨¸¨-
³μ¸É¥°, ¶μ²ÊÎ¥´´ÒÌ ¤²Ö £¥´´ÒÌ ³ÊÉ -
Í¨°. ‚ ¶μ¸²¥¤´¥³ ¸²ÊÎ ¥ ¤²Ö ¢¸¥Ì ¨¸-
¶μ²Ó§μ¢ ´´ÒÌ ¨§²ÊÎ¥´¨° ¡Ò² ¢ÒÖ¢²¥´
¸É¥¶¥´´μ°, ¡²¨§±¨° ± ±¢ ¤· É¨Î´μ³Ê,
Ì · ±É¥· § ¢¨¸¨³μ¸É¨ Nm/N(D).

„μ§μ¢Ò¥ § ¢¨¸¨³μ¸É¨ ¨´¤Ê±Í¨¨
¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨°, μ¶¨¸Ò¢ ¥³Ò¥
²¨´¥°´Ò³¨ ËÊ´±Í¨Ö³¨, μ¡Ê¸²μ¢²¥´Ò
¤·Ê£¨³¨ ³¥Ì ´¨§³ ³¨ ¨Ì Ëμ·³¨·μ¢ -

´¨Ö ¢ μÉ²¨Î¨¥ μÉ £¥´´ÒÌ ³ÊÉ Í¨°. �¡· §μ¢ ´¨¥ ¤¥²¥Í¨° Ê ¡ ±É¥·¨° E. coli
¸¢Ö§Ò¢ ¥É¸Ö ¸ Ëμ·³¨·μ¢ ´¨¥³ ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š. ‚ [32] ¡Ò²  μ¶·¥-
¤¥²¥´  § ¢¨¸¨³μ¸ÉÓ ³¥¦¤Ê ·¥¶ · Í¨¥° γ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ „� „�Š ¨ ¨´¤Ê±-
Í¨¥° ¤²¨´´ÒÌ ¤¥²¥Í¨° ¢ ¸¶¥Í¨ ²Ó´μ ¸±μ´¸É·Ê¨·μ¢ ´´μ° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
Ô¶¨¸μ³Ò, ¨´É¥£·¨·μ¢ ´´μ° ¢ ¡ ±É¥·¨ ²Ó´ÊÕ „�Š, ¸¨¸É¥³¥. 	Ò²μ ¶μ± § ´μ,

’ ¡²¨Í  4. �É´μ¸¨É¥²Ó´ Ö ¡¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î -
¸É¨Í ¸ · §´μ° ‹�� ¶·¨ μ¡²ÊÎ¥´¨¨ ±²¥Éμ± E. coli X7026 ¶μ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨
¤¥²¥Í¨μ´´ÒÌ ³ÊÉ ´Éμ¢ tonB− trp−

‚¨¤ ¨§²ÊÎ¥´¨Ö
‹��, �´¥·£¨Ö, ŒμÐ´μ¸ÉÓ

�	�
±Ô‚/³±³ ŒÔ‚/´Ê±²μ´ ¤μ§Ò, ƒ·/¸

γ-¨§²ÊÎ¥´¨¥ 137Cs 0,3 Å 0,43 1
4�¥ 20 8,0 1,5 1,8± 0,2
4�¥ 50 3,8 1,5 3,2± 0,3
4�¥ 78 1,7 1,5 1,3± 0,1
12C 200 7,5 1,5 1,1± 0,1
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ÎÉμ ¢ ¤¨ ¶ §μ´¥ ¤μ§ 25Ä200 ƒ· Î ¸ÉμÉ  μ¡· §μ¢ ´¨Ö ¤¥²¥Í¨° ²¨´¥°´μ ¢μ§· -
¸É ¥É ¸ ¤μ§μ° μ¡²ÊÎ¥´¨Ö, ± ± ¨ ¨´¤Ê±Í¨Ö „� „�Š. ‚ Éμ ¦¥ ¢·¥³Ö ¤μ§μ¢ Ö
§ ¢¨¸¨³μ¸ÉÓ ³ÊÉ Í¨° É¨¶  § ³¥´Ò μ¸´μ¢ ´¨° ¨ ®¸¤¢¨£  · ³±¨ ¸Î¨ÉÒ¢ ´¨Ö¯
μ¶¨¸Ò¢ ¥É¸Ö ´¥²¨´¥°´μ° ËÊ´±Í¨¥°. ‘ ÊÎ¥Éμ³ ÔÉμ£μ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ²¨-
´¥°´Ò° Ì · ±É¥· § ¢¨¸¨³μ¸É¨ μ¡· §μ¢ ´¨Ö ¤¥²¥Í¨° ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¡ ±É¥-
·¨ ²Ó´ÒÌ ±²¥Éμ± μ¡Ê¸²μ¢²¥´ É¥³, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ £¥´´ÒÌ ³ÊÉ Í¨° ³μ²¥±Ê-
²Ö·´μ° μ¸´μ¢μ° ¶¥·¢¨Î´ÒÌ ¶μ¢·¥¦¤¥´¨°, ¢¥¤ÊÐ¨Ì ± μ¡· §μ¢ ´¨Õ ¤¥²¥Í¨°,
Ö¢²ÖÕÉ¸Ö ´¥ ¶μ¢·¥¦¤¥´¨Ö μ¸´μ¢ ´¨°,   ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „�Š. „²Ö ·¥ ²¨-
§ Í¨¨ ¶·¥³ÊÉ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨° ¤ ´´μ£μ É¨¶  ¢ ¸É·Ê±ÉÊ·´ÊÕ ³ÊÉ Í¨Õ ´¥
É·¥¡Ê¥É¸Ö ¨´¤Ê±Í¨Ö ¸¨¸É¥³Ò SOS-·¥¶ · Í¨¨, ±μÉμ· Ö ¨£· ¥É ±²ÕÎ¥¢ÊÕ ·μ²Ó,
± ± ³Ò Ê± §Ò¢ ²¨ · ´¥¥, ¢ Ëμ·³¨·μ¢ ´¨¨ £¥´´ÒÌ ³ÊÉ Í¨°.

‹¨´¥°´Ò° É¨¶ ¤μ§μ¢ÒÌ § ¢¨¸¨³μ¸É¥° ¤²Ö ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° ¶μ§¢μ-
²Ö¥É ¢ÒÎ¨¸²¨ÉÓ ±μÔËË¨Í¨¥´ÉÒ �	� ¤²Ö ÔÉμ£μ É¨¶  ³ÊÉ Í¨°. �  ·¨¸. 14
¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ �	� μÉ ‹�� Î ¸É¨Í ¤²Ö · §²¨Î´ÒÌ · ¤¨ Í¨μ´´μ-
¨´¤ÊÍ¨·μ¢ ´´ÒÌ ÔËË¥±Éμ¢: ²¥É ²Ó´μ£μ ¤¥°¸É¢¨Ö ¨§²ÊÎ¥´¨°, ¨´¤Ê±Í¨¨ £¥´´ÒÌ
¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨°. Š ± ¢¨¤´μ ¨§ ¶·¥¤¸É ¢²¥´´ÒÌ ³ É¥·¨ ²μ¢, ¢¸¥ § ¢¨-
¸¨³μ¸É¨ μ¶¨¸Ò¢ ÕÉ¸Ö ±·¨¢Ò³¨ ¸ ²μ± ²Ó´Ò³ ³ ±¸¨³Ê³μ³. �·¨ ÔÉμ³ ´¥μ¡Ìμ-
¤¨³μ § ³¥É¨ÉÓ, ÎÉμ ¶μ²μ¦¥´¨¥ ³ ±¸¨³Ê³μ¢ ¤²Ö ¨¸¸²¥¤Ê¥³ÒÌ ÔËË¥±Éμ¢ μ¡²Ê-
Î¥´¨Ö ´¥ Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´É´Ò³. �Éμ ¢ ¦´μ¥ μ¡¸ÉμÖÉ¥²Ó¸É¢μ É·¥¡Ê¥É ¸¶¥Í¨-
 ²Ó´μ£μ · ¸¸³μÉ·¥´¨Ö, ¨ ¥£μ  ´ ²¨§ ³Ò ¶·μ¢¥¤¥³ ´¨¦¥. ‹¨´¥°´Ò° É¨¶ ¤μ§μ-
¢ÒÌ § ¢¨¸¨³μ¸É¥° ¤²Ö ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° μ¡Ê¸²μ¢²¥´ ²¨´¥°´Ò³ Ì · ±É¥-
·μ³ ¢ÒÌμ¤  „� „�Š ¤²Ö ¢¸¥Ì ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨° ¨ μÉ¸ÊÉ¸É¢¨¥³
¢²¨Ö´¨Ö ´  Ì · ±É¥· Ëμ·³¨·μ¢ ´¨Ö ¤ ´´μ£μ É¨¶  ³ÊÉ Í¨° ¨´¤ÊÍ¨¡¥²Ó´μ°,
¸±²μ´´μ° ± μÏ¨¡± ³ SOS-·¥¶ · Í¨¨. � §²¨Î¨¥ ¢ Ì · ±É¥·¥ ¶·¥³ÊÉ Í¨μ´´ÒÌ
¶μ¢·¥¦¤¥´¨° ¤²Ö £¥´´ÒÌ ¨ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° μÉ· ¦ ¥É¸Ö ´  Ì · ±É¥·¥
§ ¢¨¸¨³μ¸É¥° �	� (‹��). ‚μ§· ¸É ´¨¥ ±μÔËË¨Í¨¥´Éμ¢ �	� ¤²Ö £¥´´ÒÌ ³Ê-

�¨¸. 14. ‡ ¢¨¸¨³μ¸ÉÓ �	� μÉ ‹�� ¨§²ÊÎ¥´¨° ¶μ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ tonB-³ÊÉ Í¨° (1),
²¥É ²Ó´μ³Ê ¤¥°¸É¢¨Õ (2) ¨ μ¡· §μ¢ ´¨Õ tonBtrp−-¤¥²¥Í¨° (3)
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É Í¨° ¸¢Ö§ ´μ ¸ Ê¢¥²¨Î¥´¨¥³ ¢ÒÌμ¤  ±² ¸É¥·´ÒÌ ¶μ¢·¥¦¤¥´¨° ¸ ¢μ§· ¸É ´¨¥³
‹�� Î ¸É¨Í. �Éμ ¦¥ μ¡¸ÉμÖÉ¥²Ó¸É¢μ μ¡Ê¸²μ¢²¨¢ ¥É ¨ ¶μ¢ÒÏ¥´¨¥ §´ Î¥´¨°
�	� ¨§²ÊÎ¥´¨° ¤²Ö ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨°, ¶μ¸±μ²Ó±Ê ¸ ¢μ§· ¸É ´¨¥³ ‹��
Ê¢¥²¨Î¨¢ ¥É¸Ö ¢ÒÌμ¤ ¨ „� „�Š. � §²¨Î ¥É¸Ö ²¨ÏÓ ¶μ²μ¦¥´¨¥ ³ ±¸¨³Ê³μ¢
§ ¢¨¸¨³μ¸É¥°, ¢ÒÖ¢²¥´´ÒÌ ¤²Ö £¥´´ÒÌ ¨ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨°. Œ ±¸¨³ ²Ó-
´Ò¥ §´ Î¥´¨Ö ¤²Ö £¥´´ÒÌ ³ÊÉ Í¨° ¢ÒÖ¢²ÖÕÉ¸Ö ¶·¨ ‹�� ≈ 20 ±Ô‚/³±³,   ¤²Ö
¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° Å ¶·¨ ‹�� ≈ 50 ±Ô‚/³±³.

1.5. ‡ ±μ´μ³¥·´μ¸É¨ Ô±¸Í¨§¨¨ É· ´¸¶μ§μ´μ¢ ¢ ±²¥É± Ì …. coli ¶·¨ ¤¥°-
¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´μ° ‹��. ‘·¥¤¨ Ï¨·μ±μ£μ ¸¶¥±É·  ¶μ¢·¥¦¤¥´¨°
£¥´¥É¨Î¥¸±¨Ì ¸É·Ê±ÉÊ·, ¢Ò§Ò¢ ¥³ÒÌ ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¥°, μ¸μ¡μ¥ ³¥-
¸Éμ, ± ± Ê¦¥ Ê± §Ò¢ ²μ¸Ó ¢ÒÏ¥, § ´¨³ ÕÉ ¸É·Ê±ÉÊ·´Ò¥ ³ÊÉ Í¨¨, § É· £¨¢ -
ÕÐ¨¥ μ¡Ï¨·´Ò¥ μ¡² ¸É¨ £¥´μ³ . �´¨ ¢±²ÕÎ ÕÉ É ±¨¥ ´ ·ÊÏ¥´¨Ö ¸É·Ê±-
ÉÊ·Ò Ì·μ³μ¸μ³Ò, ± ± ¤¥²¥Í¨¨, ¨´¸¥·Í¨¨ ¨ É· ´¸²μ± Í¨¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ-
¸É¥° „�Š. ‚ ±²¥É± Ì E. coli ¸É·Ê±ÉÊ·´Ò¥ ³ÊÉ Í¨¨ ¸ ¢Ò¸μ±μ° Î ¸ÉμÉμ° ¢μ§´¨-
± ÕÉ ¶·¨ É· ´¸¶μ§¨Í¨¨ ³μ¡¨²Ó´ÒÌ Ô²¥³¥´Éμ¢. ’· ´¸¶μ§¨Í¨Ö ¨´¤ÊÍ¨·Ê¥É¸Ö
Ì¨³¨Î¥¸±¨³¨ ³ÊÉ £¥´ ³¨, Ê²ÓÉ· Ë¨μ²¥Éμ¢Ò³ ¸¢¥Éμ³, ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ -
Í¨¥°. ’μÎ´ Ö Ô±¸Í¨§¨Ö É· ´¸¶μ§μ´μ¢ Ö¢²Ö¥É¸Ö SOS-¨´¤ÊÍ¨¡¥²Ó´Ò³ ¶·μÍ¥¸-
¸μ³, μ¸ÊÐ¥¸É¢²Ö¥³Ò³ ¶μ ®³¨Ï¥´´μ³Ê ³¥Ì ´¨§³Ê¯. ‘É·¥¸¸μ¢Ò¥ ¸μ¸ÉμÖ´¨Ö
¡ ±É¥·¨ ²Ó´ÒÌ ±²¥Éμ±, ¨´¤ÊÍ¨·ÊÕÐ¨¥ SOS-μÉ¢¥É, ¶·Ö³μ ¢²¨ÖÕÉ ´  Î ¸ÉμÉÊ
É· ´¸¶μ§¨Í¨¨ ³μ¡¨²Ó´ÒÌ Ô²¥³¥´Éμ¢. Šμ··¥²ÖÍ¨Ö SOS-³ÊÉ £¥´¥§  ¨  ±É¨¢-
´μ¸É¨ ³μ¡¨²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¶μ§¢μ²¨²  · §· ¡μÉ ÉÓ μ·¨£¨´ ²Ó´Ò° ¶μ¤Ìμ¤ ±
¨§ÊÎ¥´¨Õ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ ¸¨¸É¥³ ·¥¶ · Í¨¨ „�Š ¨ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸ 
Ê ±²¥Éμ± ¶·μ± ·¨μÉ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ £¥´¥É¨Î¥¸±¨Ì ¸¨¸É¥³, ¸±μ´¸É·Ê¨·μ¢ ´-
´ÒÌ ´  μ¸´μ¢¥ É· ´¸¶μ§μ´μ¢ [33]. ’ ±μ° ¶μ¤Ìμ¤ ¶μ§¢μ²¨² μ¶·¥¤¥²¨ÉÓ ¢²¨-
Ö´¨¥ ±²ÕÎ¥¢ÒÌ £¥´μ¢ SOS-³ÊÉ £¥´¥§  ´  ¨´¤Ê±Í¨Õ ÉμÎ´μ° Ô±¸Í¨§¨¨ É· ´¸-
¶μ§μ´  Tn10 ¶·¨ ¤¥°¸É¢¨¨ “”-¨§²ÊÎ¥´¨Ö. �μ± § ´μ, ÎÉμ ÉμÎ´ Ö Ô±¸Í¨§¨Ö
´ Ìμ¤¨É¸Ö ¶μ¤ ±μ´É·μ²¥³ SOS-¨´¤ÊÍ¨¡¥²Ó´ÒÌ £¥´μ¢ ·¥±μ³¡¨´ Í¨μ´´μ° ·¥-
¶ · Í¨¨ „�Š: ruv ¨ recN [34]. ’μÎ´ Ö Ô±¸Í¨§¨Ö É· ´¸¶μ§μ´ , ¶·μ¨¸Ìμ¤Ö-
Ð Ö ¢ Ê¸²μ¢¨ÖÌ SOS-μÉ¢¥É , Ö¢²Ö¥É¸Ö ±² ¸¸¨Î¥¸±¨³ ¤¥²¥Í¨μ´´Ò³ ¶·μÍ¥¸¸μ³,
±μÉμ·Ò° μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·¨ ÊÎ ¸É¨¨ ´¥¡μ²ÓÏ¨Ì ¶ ²¨´¤·μ³´ÒÌ ¶μ¸²¥¤μ¢ -
É¥²Ó´μ¸É¥° ¨ ¶μÔÉμ³Ê ³μ¦¥É Ö¢²ÖÉÓ¸Ö ³μ¤¥²Ó´μ° ¸¨¸É¥³μ° ¤²Ö μ¶·¥¤¥²¥´¨Ö
§ ±μ´μ³¥·´μ¸É¥° Ëμ·³¨·μ¢ ´¨Ö ¤¥²¥Í¨° ¢ ¡ ±É¥·¨ ²Ó´ÒÌ ±²¥É± Ì. ‚ μÉ²¨-
Î¨¥ μÉ £¥´´ÒÌ ¸É·Ê±ÉÊ·´Ò¥ ³ÊÉ Í¨¨ Ê ±²¥Éμ± ¶·μ± ·¨μÉ, ± ± ³Ò Ê± §Ò¢ ²¨
¢ÒÏ¥, Ëμ·³¨·ÊÕÉ¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¢μ§´¨±´μ¢¥´¨Ö ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š.
‘μμÉ´μÏ¥´¨¥ ¢ÒÌμ¤μ¢ ¶·Ö³ÒÌ „� ± ± ·¥§Ê²ÓÉ É · §·Ò¢  μ¶¶μ§¨É´ÒÌ ´¨É¥°
„�Š ¶·¨ ¶·μÌμ¦¤¥´¨¨ ¨μ´¨§¨·ÊÕÐ¥° Î ¸É¨ÍÒ ¨ Ô´§¨³ É¨Î¥¸±¨Ì „�, ¢μ§´¨-
± ÕÐ¨Ì ¢ Ìμ¤¥ SOS-·¥¶ · Í¨¨, ³μ¦¥É μ¡Ê¸²μ¢²¨¢ ÉÓ ¸¶¥Í¨Ë¨±Ê μ¡· §μ¢ ´¨Ö
³ÊÉ Í¨° ¤¥²¥Í¨μ´´μ£μ É¨¶  ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´μ° ‹��. ‘ ÊÎ¥Éμ³
ÔÉμ£μ ¨¸¸²¥¤μ¢ ´¨¥ Ô±¸Í¨§¨¨ É· ´¸¶μ§μ´μ¢ ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ
¤¨ ¶ §μ´  ‹�� ³μ¦¥É ¤ ÉÓ ¢ ¦´ÊÕ ¨´Ëμ·³ Í¨Õ μ¡ μ¸μ¡¥´´μ¸ÉÖÌ ¨´¤Ê±Í¨¨
¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° Ê ¡ ±É¥·¨° ¨μ´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨ ¸ · §´Ò³¨
Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨.
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Œ¥Ì ´¨§³ Ëμ·³¨·μ¢ ´¨Ö ¤¥²¥Í¨° ¢ ÔÉμ³ ¸²ÊÎ ¥ μ¸´μ¢ ´ ´  ³μ¤¥²¨
®μÏ¨¡μÎ´μ£μ ¸¶ ·¨¢ ´¨Ö¯ ¨ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ·¥±μ³¡¨´ Í¨μ´´Ò¥ ¶·μÍ¥¸-
¸Ò [35]. ”μ·³¨·μ¢ ´¨¥ ¤¥²¥Í¨° ¶·μ¨¸Ìμ¤¨É r¥¸�-§ ¢¨¸¨³μ ¶·¨ ¤¥°¸É¢¨¨
γ-¨§²ÊÎ¥´¨Ö,   ¸¶μ´É ´´Ò¥ ¤¥²¥Í¨¨ ´¥ § ¢¨¸ÖÉ μÉ ËÊ´±Í¨° £¥´  r¥¸�. „μ
20 ƒ· Î ¸ÉμÉ  ¢ÒÌμ¤  ¤¥²¥Í¨° ²¨´¥°´μ ¢μ§· ¸É ¥É ¸ ¤μ§μ° γ-μ¡²ÊÎ¥´¨Ö. ’ ± Ö
¦¥ § ¢¨¸¨³μ¸ÉÓ ´ ¡²Õ¤ ¥É¸Ö ¤²Ö μÉ´μ¸¨É¥²Ó´μ° Î ¸ÉμÉÒ Ô±¸Í¨§¨¨ É· ´¸¶μ-
§μ´  Tn10 ¢ ¤ ´´μ³ ¤¨ ¶ §μ´¥ ¤μ§. Œ¥Ì ´¨§³ Ëμ·³¨·μ¢ ´¨Ö ¤¥²¥Í¨° ¢±²ÕÎ ¥É
recF-§ ¢¨¸¨³ÊÕ ³¨¸³ ÉÎ-·¥¶ · Í¨Õ ¨ recBCD-·¥±μ³¡¨´ Í¨μ´´ÊÕ ·¥¶ · Í¨Õ
¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š. �·¨ ÔÉμ³ ³¨Ï¥´´Ò¥ ¤¥²¥Í¨¨, ±μÉμ·Ò¥ μ¡· §Ê-
ÕÉ¸Ö ¢  ±É¨¢´μ³ ²μ±Ê¸¥ ³¥¦¤Ê ¶·Ö³Ò³¨ ¶μ¢Éμ· ³¨, Ëμ·³¨·ÊÕÉ¸Ö ¸ ÊÎ ¸É¨¥³
recF-³¥Ì ´¨§³  [36],   ´¥³¨Ï¥´´Ò¥ Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨¥³ recBCD-§ ¢¨¸¨³μ°
·¥¶ · Í¨¨ „�Š [32]. ’μÎ´ Ö Ô±¸Í¨§¨Ö ³μ¡¨²Ó´μ£μ Ô²¥³¥´É  μÉ´μ¸¨É¸Ö ± ¤¥-
²¥Í¨μ´´Ò³ ¸μ¡ÒÉ¨Ö³ ¨ μ¸´μ¢Ò¢ ¥É¸Ö ´  ¸Ìμ¤´ÒÌ ³μ²¥±Ê²Ö·´μ-£¥´¥É¨Î¥¸±¨Ì
§ ±μ´μ³¥·´μ¸ÉÖÌ. ‚ · ³± Ì ³μ¤¥²¨ ¨´¤ÊÍ¨·μ¢ ´´μ° ÉμÎ´μ° Ô±¸Í¨§¨¨ É· ´¸-
¶μ§μ´  ¢μ§³μ¦´Ò ¤¢  ³¥Ì ´¨§³  ·¥ ²¨§ Í¨¨ ÔÉμ£μ Ö¢²¥´¨Ö: SOS-¨´¤ÊÍ¨·μ-
¢ ´´Ò° ³¥Ì ´¨§³, ·¥ ²¨§Ê¥³Ò° ´  μ¸´μ¢¥ ·¥¶ · Í¨μ´´μ-·¥±μ³¡¨´ Í¨μ´´ÒÌ
¶·μÍ¥¸¸μ¢ ¢ μ¡²ÊÎ¥´´ÒÌ ±²¥É± Ì …. coli, ¨ ³¥Ì ´¨§³ ÉμÎ´μ° Ô±¸Í¨§¨¨ Ô²¥-
³¥´É  ¶·¨ É· ´¸¶μ§¨Í¨¨ Ô²¥³¥´É  ¢ ´μ¢μ¥ ¶μ²μ¦¥´¨¥.

‘· ¢´¨É¥²Ó´μ¥ ¨§ÊÎ¥´¨¥ ¡¨μ²μ£¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨ ¨§²ÊÎ¥´¨° Ï¨-
·μ±μ£μ ¤¨ ¶ §μ´  ‹�� ¶μ ±·¨É¥·¨Õ ²¥É ²Ó´μ£μ ¤¥°¸É¢¨Ö ¨ ÉμÎ´μ° Ô±¸Í¨-
§¨¨ É· ´¸¶μ§μ´  Tn10 ¡Ò²μ ¶·μ¢¥¤¥´μ ¢ [37] ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê¸±μ·¥´´ÒÌ
¨μ´μ¢ £¥²¨Ö ¨ Ê£²¥·μ¤ . �  μ¸´μ¢ ´¨¨ ¨¸¸²¥¤μ¢ ´¨° ¢ÒÖ¢²¥´μ, ÎÉμ ±μÔË-
Ë¨Í¨¥´ÉÒ �	�, · ¸¸Î¨É ´´Ò¥ ¶μ ±·¨É¥·¨Õ ²¥É ²Ó´μ£μ ¤¥°¸É¢¨Ö, Ê¢¥²¨Î¨¢ -
ÕÉ¸Ö ¸ ·μ¸Éμ³ ‹�� ¨ ¤μ¸É¨£ ÕÉ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö, · ¢´μ£μ 1,9 ± 0,5,
¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ £¥²¨Ö ¸ ‹�� ≈ 100 ±Ô‚/³±³ (·¨¸. 15). „ ²Ó´¥°-

�¨¸. 15. ‡ ¢¨¸¨³μ¸É¨ μÉ´μ¸¨É¥²Ó´μ° ¡¨μ²μ£¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨ μÉ ‹�� ¨§²Ê-
Î¥´¨°: 1 Å ¶μ ±·¨É¥·¨Õ ²¥É ²Ó´μ£μ ÔËË¥±É ; 2 Å ¶μ ±·¨É¥·¨Õ ÉμÎ´μ° Ô±¸Í¨§¨¨
É· ´¸¶μ§μ´  ’n10
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Ï¥¥ Ê¢¥²¨Î¥´¨¥ ‹�� ¶·¨¢μ¤¨É ± ¸´¨¦¥´¨Õ ¢¥²¨Î¨´Ò �	�. ’ ±, ¶·¨ μ¡-
²ÊÎ¥´¨¨ ¨μ´ ³¨ Ê£²¥·μ¤  ¸ ‹�� = 200 ±Ô‚/³±³ ¢¥²¨Î¨´  �	� ¸μ¸É ¢²Ö¥É
1,1 ± 0,4. ŠμÔËË¨Í¨¥´ÉÒ �	� ¶μ ±·¨É¥·¨Õ ÉμÎ´μ° Ô±¸Í¨§¨¨ É· ´¸¶μ§μ´ 
Tn10 ¨³¥ÕÉ ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ¶·¨ μ¡²ÊÎ¥´¨¨ ¨μ´ ³¨ £¥²¨Ö ¸ ‹��
20 ±Ô‚/³±³. „ ²¥¥ ¸ ·μ¸Éμ³ ‹�� ÔËË¥±É¨¢´μ¸ÉÓ Ê³¥´ÓÏ ¥É¸Ö, ¶·¨Î¥³ ³¨-
´¨³ ²Ó´μ¥ §´ Î¥´¨¥ ÔËË¥±É¨¢´μ¸É¨, ¶μ²ÊÎ¥´´μ¥ ¤²Ö ¨μ´μ¢ Ê£²¥·μ¤  ¸ ‹��
200 ±Ô‚/³±³, ´¨¦¥ ´ ¡²Õ¤ ¥³μ£μ ¶·¨ γ-μ¡²ÊÎ¥´¨¨. �´ ²¨§¨·ÊÖ § ¢¨¸¨³μ-
¸É¨, ¶·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸. 15, ³μ¦´μ § ³¥É¨ÉÓ, ÎÉμ μ¡¥ § ¢¨¸¨³μ¸É¨ ¨³¥ÕÉ
²μ± ²Ó´Ò° ³ ±¸¨³Ê³ ¢ μ¶·¥¤¥²¥´´μ³ ¤¨ ¶ §μ´¥ ¤μ§. �É´μ¸¨É¥²Ó´ Ö ¡¨μ²μ-
£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ, μ¶·¥¤¥²¥´´ Ö ¶μ ±·¨É¥·¨Õ ²¥É ²Ó´μ£μ ¤¥°¸É¢¨Ö ´ 
±²¥É±¨ …. coli, ¨³¥¥É ³ ±¸¨³Ê³ ¶·¨ μ¡²ÊÎ¥´¨¨ Ê¸±μ·¥´´Ò³¨ ¨μ´ ³¨ £¥²¨Ö
4�¥ ¸ ‹�� ≈ 100 ±Ô‚/³±³. ‚ μÉ²¨Î¨¥ μÉ ´¥¥ ³ ±¸¨³Ê³ § ¢¨¸¨³μ¸É¨ �	�,
μ¶·¥¤¥²¥´´μ° ¶μ ±·¨É¥·¨Õ ÉμÎ´μ° Ô±¸Í¨§¨¨ É· ´¸¶μ§μ´  ’n10, ¶·¨Ìμ¤¨É¸Ö
´  ¤¨ ¶ §μ´ ‹�� μÉ 20 ¤μ 40 ±Ô‚/³±³. ‘²¥¤μ¢ É¥²Ó´μ, ³ ±¸¨³ ²Ó´Ò¥ §´ -
Î¥´¨Ö �	� ¶μ ±·¨É¥·¨Õ ÔËË¥±É¨¢´μ¸É¨ ÉμÎ´μ° Ô±¸Í¨§¨¨ ’n10 ¸¤¢¨´ÊÉÒ ¢
μ¡² ¸ÉÓ ³¥´ÓÏ¨Ì ‹��.

2. Œ…•��ˆ‡Œ› Œ“’�ƒ…���ƒ� „…‰‘’‚ˆŸ ˆ‡‹“—…�ˆ‰
‘ ��‡��‰ ‹�� �� 	�Š’…�ˆ�‹œ�›… Š‹…’Šˆ

�¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ § ±μ´μ³¥·´μ¸É¥° ¨´¤Ê±Í¨¨
¶·Ö³ÒÌ ¨ μ¡· É´ÒÌ ³ÊÉ Í¨° Ê ±²¥Éμ± …. coli, ‚. subtilis, Salmonella typhimurium
¨§²ÊÎ¥´¨Ö³¨ Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹��, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ ¤²Ö ¢¸¥Ì
¢¨¤μ¢ ¨§²ÊÎ¥´¨° ´ ¡²Õ¤ ¥É¸Ö ¸É¥¶¥´´ Ö § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ μ¡· §μ¢ ´¨Ö
£¥´´ÒÌ ³ÊÉ Í¨° μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö. ‚ ²μ£ ·¨Ë³¨Î¥¸±μ³ ³ ¸ÏÉ ¡¥ ¤μ§μ¢Ò¥
§ ¢¨¸¨³μ¸É¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¶·Ö³Ò¥ ¸ ¢¥²¨Î¨´μ° É ´£¥´¸  Ê£²  ´ ±²μ´ ,
¡²¨§±μ° ± §´ Î¥´¨Ö³, · ¢´Ò³ 1,7Ä2, ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ±¢ ¤· É¨Î´μ³ Ì -
· ±É¥·¥ ÔÉ¨Ì § ¢¨¸¨³μ¸É¥°. �  μ¸´μ¢ ´¨¨ ÔÉμ£μ ³μ¦´μ ¶·¨°É¨ ± § ±²ÕÎ¥´¨Õ
μ Éμ³, ÎÉμ ¤²Ö μ¡· §μ¢ ´¨Ö ÉμÎ±μ¢ÒÌ ³ÊÉ Í¨° ´¥μ¡Ìμ¤¨³  ·¥ ²¨§ Í¨Ö ¤¢ÊÌ
´¥§ ¢¨¸¨³ÒÌ ¤·Ê£ μÉ ¤·Ê£  ¸μ¡ÒÉ¨° ®¶μ¶ ¤ ´¨Ö¯. �¥·¢μ¥ ¨§ ´¨Ì ¸¢Ö§ ´μ
¸ ¢μ§´¨±´μ¢¥´¨¥³ ¶·¥³ÊÉ Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¢ ¨§ÊÎ ¥³μ³ ²μ±Ê¸¥,   ¢Éμ-
·μ¥ Å ¸ μ¡· §μ¢ ´¨¥³ ¶μ¢·¥¦¤¥´¨Ö, ¨´¤ÊÍ¨·ÊÕÐ¥£μ ¸¨¸É¥³Ê SOS-·¥¶ · Í¨¨,
±μÉμ· Ö ¨ ¸¶μ¸μ¡¸É¢Ê¥É § ±·¥¶²¥´¨Õ ¨§³¥´¥´¨Ö ¢ ¡ ±É¥·¨ ²Ó´μ° „�Š ¢ ¢¨¤¥
³ÊÉ Í¨°. ‘ ÊÎ¥Éμ³ ÔÉμ£μ SOS-·¥¶ · Í¨Õ ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± ·¥Ï Õ-
Ð¨° Ë ±Éμ· ¢ ·¥ ²¨§ Í¨¨ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸ . ‚ [38]
¡Ò²  · §· ¡μÉ ´  ³μ²¥±Ê²Ö·´ Ö ³μ¤¥²Ó Ëμ·³¨·μ¢ ´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° Ê ¡ ±-
É¥·¨° Escherichia coli ¶·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°. ƒ² ¢´Ò¥ ¥¥ ¶μ-
²μ¦¥´¨Ö, ¡ §¨·ÊÕÐ¨¥¸Ö ´  Ô±¸¶¥·¨³¥´É ²Ó´μ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ, ¸¢μ¤ÖÉ¸Ö
± ¸²¥¤ÊÕÐ¥³Ê.

2.1. Œμ²¥±Ê²Ö·´ Ö ³μ¤¥²Ó μ¡· §μ¢ ´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° Ê ±²¥Éμ± Es-
cherichia coli. ˆ§¢¥¸É´μ, ÎÉμ ¨´¤ÊÍ¨·μ¢ ´´Ò° ³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸ Ê E. coli
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μ¶·¥¤¥²Ö¥É¸Ö ±μ³¶²¥±¸μ³ £¥´´ÒÌ ¶·μ¤Ê±Éμ¢, ¸¨´É¥§¨·Ê¥³ÒÌ ¢ Ìμ¤¥
SOS-μÉ¢¥É . Š ± ¶μ± § ²¨ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ¸²¥¤´¨Ì ²¥É, ¢ ¦´¥°Ï¨³¨ ¨§ ´¨Ì
Ö¢²ÖÕÉ¸Ö ¡¥²±¨, μ¸ÊÐ¥¸É¢²ÖÕÐ¨¥ umuDC-§ ¢¨¸¨³Ò° ¸¨´É¥§ „�Š ¶μ ³ É·¨Í¥,
¸μ¤¥·¦ Ð¥° ¶μ¢·¥¦¤¥´¨Ö (translesion synthesis Å TLS). ‚ Ìμ¤¥ ÔÉμ£μ ¶·μ-
Í¥¸¸  § ±·¥¶²Ö¥É¸Ö ¡μ²ÓÏ¨´¸É¢μ ³ÊÉ Í¨° ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¨ „�Š-
É·μ¶´ÒÌ Ì¨³¨Î¥¸±¨Ì  £¥´Éμ¢ [39]. “Î¨ÉÒ¢ Ö ±²ÕÎ¥¢ÊÕ ·μ²Ó SOS-¸¨¸É¥³Ò
¢ ·¥ ²¨§ Í¨¨ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸  Ê ¡ ±É¥·¨° E. coli,
· ¸¸³μÉ·¨³ μ¸´μ¢´Ò¥ ¶ÊÉ¨ Ëμ·³¨·μ¢ ´¨Ö SOS-μÉ¢¥É  ±²¥Éμ± ¶·¨ ¤¥°¸É¢¨¨
„�Š-¶μ¢·¥¦¤ ÕÐ¨Ì Ë ±Éμ·μ¢ ¨ ³μ²¥±Ê²Ö·´Ò¥ ³¥Ì ´¨§³Ò, ²¥¦ Ð¨¥ ¢ μ¸´μ¢¥
Ëμ·³¨·μ¢ ´¨Ö ³ÊÉ Í¨°. ‘μ£² ¸´μ ·¥§Ê²ÓÉ É ³ ¸μ¢·¥³¥´´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
SOS-·¥£Ê²μ´ ±²¥Éμ± E. coli ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¡μ²¥¥ 40 ¨´¤ÊÍ¨¡¥²Ó´ÒÌ £¥´μ¢,
¢ Éμ³ Î¨¸²¥ £¥´Ò recA, lexA, umuDC, polB, recN, sulA, uvrA, uvrB, uvrD ¨
·Ö¤ ¤·Ê£¨Ì [40]. �¤´¨³ ¨§ ¶·μÖ¢²¥´¨° SOS-μÉ¢¥É  Ö¢²Ö¥É¸Ö § ¶Ê¸± ¸±²μ´´μ°
± μÏ¨¡± ³ ·¥¶ · Í¨¨ ¶μ¢·¥¦¤¥´¨° „�Š, ¢ ·¥§Ê²ÓÉ É¥ Î¥£μ ¶·¥³ÊÉ Í¨μ´´Ò¥
¶μ¢·¥¦¤¥´¨Ö „�Š Ë¨±¸¨·ÊÕÉ¸Ö ¢ ³ÊÉ Í¨¨. �ÉμÉ ¶·μÍ¥¸¸ ´Ê¦¤ ¥É¸Ö ¢ · ¡μÉ¥
£¥´μ¢ umuD+C+ ¨ recA+ ¨ ¶μ§¢μ²Ö¥É ±²¥É±¥ μÉ·¥¶ ·¨·μ¢ ÉÓ ¶μ¢·¥¦¤¥´¨Ö
„�Š, ±μÉμ·Ò¥ ´¥ ³μ£²¨ ¡ÒÉÓ ¢μ¸¸É ´μ¢²¥´Ò ¸¨¸É¥³ ³¨ ¡¥§μÏ¨¡μÎ´μ° ·¥-
¶ · Í¨¨. ‚ ¤ ´´μ³ ¸²ÊÎ ¥ „�Š-¶μ²¨³¥· § , ¢¥¤ÊÐ Ö ·¥¶ · É¨¢´Ò° ¸¨´É¥§
¶·μÉÖ¦¥´´ÒÌ £Ô¶μ¢, ¢¸É·¥Î Ö ´  μ¶¶μ§¨É´μ° ´¨É¨ ´¥·¥¶ ·¨·μ¢ ´´μ¥ ¶μ¢·¥-
¦¤¥´¨¥, ¶·¥μ¤μ²¥¢ ¥É ¥£μ, ¶μ¤¸É ¢²ÖÖ ´ ¶·μÉ¨¢ É ±μ£μ ¶μ¢·¥¦¤¥´¨Ö ´¥±μ³-
¶²¥³¥´É ·´μ¥ μ¸´μ¢ ´¨¥.

“ ±²¥Éμ± E. coli ·¥£Ê²ÖÍ¨Ö SOS-μÉ¢¥É  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö, ± ± ¨§¢¥¸É´μ,
¤¢Ê³Ö μ¸´μ¢´Ò³¨ £¥´ ³¨: recA ¨ lexA. ƒ¥´ lexA ´ Ìμ¤¨É¸Ö ´  92 ³¨´ £¥´¥É¨-
Î¥¸±μ° ± ·ÉÒ ±²¥Éμ± E. coli. …£μ ±μ¤¨·ÊÕÐ Ö Î ¸ÉÓ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö 606 ´Ê-
±²¥μÉ¨¤´ÒÌ ¶ ·. ‚ μ¶¥· Éμ·´μ° μ¡² ¸É¨ ÔÉμ£μ £¥´  ¨³¥¥É¸Ö ¤¢  ¸ °É  ¤²Ö
·¥¶·¥¸¸μ· . LexA-¶·μÉ¥¨´ ¸μ¸Éμ¨É ¨§ 202  ³¨´μ±¨¸²μÉ, ¨ ¶·¨¡²¨§¨É¥²Ó´μ ¢
¸·¥¤¨´´μ° ¥£μ Î ¸É¨ ¨³¥¥É¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ  ³¨´μ±¨¸²μÉ ÄAlaÄGlyÄ, £¤¥
¶·μ¨¸Ìμ¤¨É ¸¶μ´É ´´μ¥ ¨ ¶·μÉ¥μ²¨É¨Î¥¸±μ¥ · ¸Ð¥¶²¥´¨¥ LexA-¡¥²± . �ÉμÉ
¡¥²μ± Ö¢²Ö¥É¸Ö ·¥¶·¥¸¸μ·μ³ ¶·μ³μÉμ·μ¢ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ μ¶¥·μ´μ¢ ¨, ¢§ ¨³μ-
¤¥°¸É¢ÊÖ ¸ μ¶·¥¤¥²¥´´Ò³¨ ¸ °É ³¨ (®SOS box¯) ÔÉ¨Ì ¶·μ³μÉμ·μ¢, ³¥Ï ¥É
¸¢Ö§Ò¢ ´¨Õ ��Š ¶μ²¨³¥· §Ò ¸ ¶·μ³μÉμ· ³¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì £¥´μ¢ [41].
ƒ¥´ recA ´ Ìμ¤¨É¸Ö ´  58 ³¨´ £¥´¥É¨Î¥¸±μ° ± ·ÉÒ ¨ ¸μ¸Éμ¨É ¨§ 1059 ¶ · ´Ê-
±²¥μÉ¨¤μ¢. �·μ¤Ê±É ÔÉμ£μ £¥´  Å RecA-¡¥²μ± Å ¸μ¸Éμ¨É 353  ³¨´μ±¨¸²μÉ.
N-±μ´Í¥¢ Ö μ¡² ¸ÉÓ RecA-¡¥²±  μ¡¥¸¶¥Î¨¢ ¥É ¡¥²μ±-¡¥²±μ¢Ò¥ ¢§ ¨³μ¤¥°¸É-
¢¨Ö,   ‘-±μ´Í¥¢ Ö μ¡² ¸ÉÓ μ¶·¥¤¥²Ö¥É ¸¢Ö§Ò¢ ´¨¥ ÔÉμ£μ ¡¥²±  ¸ „�Š. RecA-
¶·μÉ¥¨´ ¨£· ¥É ±²ÕÎ¥¢ÊÕ ·μ²Ó ¢ μ¸ÊÐ¥¸É¢²¥´¨¨ £μ³μ²μ£¨Î´μ° ·¥±μ³¡¨´ -
Í¨¨, μ¸ÊÐ¥¸É¢²¥´¨¨ · §²¨Î´ÒÌ ¶ÊÉ¥° ·¥¶ · Í¨¨ ¶μ¢·¥¦¤¥´¨° „�Š, ¢±²ÕÎ Ö
μ¡Ï¨·´Ò¥ ¶·μ¡¥²Ò ´¨É¥° „�Š, ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „�Š, ·¥ ²¨§ Í¨¨
SOS-³ÊÉ £¥´¥§ . ‚§ ¨³μ¤¥°¸É¢ÊÖ ¸ μ¤´μ´¨É¥¢μ° „�Š, RecA-¡¥²μ± μ¡· §Ê¥É
¸¶¨· ²Ó´Ò¥ ³´μ£μ³¥·´Ò¥ ´Ê±²¥μ¶·μÉ¥¨´μ¢Ò¥ Ë¨² ³¥´ÉÒ ¢μ±·Ê£ μ¤´μ´¨É¥-
¢μ° „�Š, ¶·¨μ¡·¥É Ö ¶·μÉ¥ §´ÊÕ ±μ´Ëμ·³ Í¨Õ ¨ ¸¶μ¸μ¡´μ¸ÉÓ · ¸Ð¥¶²ÖÉÓ
LexA-·¥¶·¥¸¸μ·, ¸É ´μ¢Ö¸Ó ±μ¶·μÉ¥ §μ° [42]. “³¥´ÓÏ¥´¨¥ ¶Ê²  LexA-¡¥²± 
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¶·¨¢μ¤¨É ± ³ ±¸¨³ ²Ó´μ³Ê ¢Ò· ¦¥´¨Õ ËÊ´±Í¨° ¨´¤ÊÍ¨¡¥²Ó´ÒÌ μ¶¥·μ´μ¢.
Œ¥Ì ´¨§³ μ¡· §μ¢ ´¨Ö μ¤´μ´¨É¥¢ÒÌ ¶·μ¡¥²μ¢, ¸ ±μÉμ·Ò³¨ ¢§ ¨³μ¤¥°¸É¢Ê¥É
RecA-¡¥²μ±, ¶·¨μ¡·¥É Ö ¶·μÉ¥ §´ÊÕ ±μ´Ëμ·³ Í¨Õ, ¤μ ´ ¸ÉμÖÐ¥£μ ¢·¥³¥´¨
μ±μ´Î É¥²Ó´μ ´¥ ¢ÒÖ¸´¥´. �·¨ ¤¥°¸É¢¨¨ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ ¸¢¥É  (“”) ¶·μ-
¡¥²Ò Ö¢²ÖÕÉ¸Ö ¸²¥¤¸É¢¨¥³ ¶·¥·Ò¢¨¸Éμ£μ ¸¨´É¥§  „�Š ¨§-§  ´ ²¨Î¨Ö ¶¥·¥¤ ·¥-
¶²¨± É¨¢´μ° ¢¨²±μ° ¨´¤ÊÍ¨·μ¢ ´´ÒÌ “” ËμÉμ¶·μ¤Ê±Éμ¢. ‚´μ¢Ó ¸¨´É¥§¨·μ-
¢ ´´ Ö „�Š ¢ ¤ ´´μ³ ¸²ÊÎ ¥ ¸μ¤¥·¦¨É ¶·μ¡¥²Ò, ±μÉμ·Ò¥ „�Š-¶μ²¨³¥· §  III
μ¸É ¢²Ö¥É ´  μ¶¶μ§¨É´μ° ´¨É¨ ´ ¶·μÉ¨¢ ¶μ¢·¥¦¤¥´¨°. 	Ò²μ ¶μ± § ´μ, ÎÉμ ¸Ê-
Ð¥¸É¢¥´´ÊÕ ·μ²Ó ¢ Ëμ·³¨·μ¢ ´¨¨ SOS-¸¨£´ ²  ¢ ÔÉμ³ ¸²ÊÎ ¥ ¨£· ¥É RecBCD-
Ë¥·³¥´É´Ò° ±μ³¶²¥±¸, ÊÎ ¸É¢ÊÕÐ¨° ¢ ·¥ ²¨§ Í¨¨ ¸²¥¤ÊÕÐ¥° Í¥¶¨ ¸μ¡ÒÉ¨°:
μ¸É ´μ¢±  ·¥¶²¨± Í¨¨ → μ¡· §μ¢ ´¨¥ „� „�Š → RecBCD-§ ¢¨¸¨³ Ö ¤¥£· -
¤ Í¨Ö μ¤´μ° ¨§ ´¨É¥° „�Š → μ¡· §μ¢ ´¨¥ ¶·μÉÖ¦¥´´μ£μ ¶·μ¡¥²  „�Š [43].
RecBCD-±μ³¶²¥±¸ μ¡² ¤ ¥É £¥²¨± §´μ° ¨ Ô±§μ´Ê±²¥ §´μ°  ±É¨¢´μ¸ÉÖ³¨, ¨
¤²Ö ¸¢Ö§Ò¢ ´¨Ö ¸ „�Š ¥³Ê ´¥μ¡Ìμ¤¨³ „� „�Š ¸ ÉÊ¶Ò³¨ ±μ´Í ³¨. ‚ Ìμ¤¥
¶·μ¤¢¨¦¥´¨Ö ¶μ „�Š ±μ³¶²¥±¸ · ¸¶²¥É ¥É ¨ ¤¥£· ¤¨·Ê¥É μ¡¥ ´¨É¨ ¤μ É¥Ì
¶μ·, ¶μ±  ´¥ ¤μ¸É¨£´¥É Chi-¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨. �¤´  É ± Ö ¶μ¸²¥¤μ¢ É¥²Ó-
´μ¸ÉÓ (5′GCTGGTGG3′) ¶·¨Ìμ¤¨É¸Ö ¢ ¸·¥¤´¥³ ´  ± ¦¤Ò¥ 5000 ´Ê±²¥μÉ¨¤μ¢.
�μ¸²¥ ÔÉμ£μ Ô±§μ´Ê±²¥ §´ Ö  ±É¨¢´μ¸ÉÓ ±μ³¶²¥±¸  ¨´ ±É¨¢¨·Ê¥É¸Ö,   £¥²¨-
± §´ Ö  ±É¨¢´μ¸ÉÓ ¶μ§¢μ²Ö¥É ¸Ëμ·³¨·μ¢ ÉÓ μ¤´μ´¨É¥¢μ° 3′-±μ´¥Í, ¸ ±μÉμ-
·Ò³ ¸¢Ö§Ò¢ ¥É¸Ö RecA-¡¥²μ±, μ¡· §ÊÖ ´Ê±²¥μ¶·μÉ¥¨´μ¢Ò¥ Ë¨² ³¥´ÉÒ. …¸²¨
RecBCD-±μ³¶²¥±¸ ¢¸É·¥Î ¥É Chi-¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¸ 5′-±μ´Í ,   É ±¦¥ ¥¸²¨
´  ¤ ´´μ³ ÊÎ ¸É±¥ „�Š Chi-¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ μÉ¸ÊÉ¸É¢ÊÕÉ, Éμ ¢μ§´¨± ¥É
μ¡Ï¨·´ Ö ¤¥£· ¤ Í¨Ö „�Š, ·¥¶ ·¨·Ê¥³ Ö ¤ ²¥¥ ¸ ÊÎ ¸É¨¥³ „�Š-¶μ²¨³¥· §Ò
III. �ÉμÉ ¶·μÍ¥¸¸ ¸μ¶·μ¢μ¦¤ ¥É¸Ö £¥´¥·¨·μ¢ ´¨¥³ SOS-¸¨£´ ²  ¢¸²¥¤¸É¢¨¥
£¥²¨± §´μ° ¨ Ô±§μ´Ê±²¥ §´μ°  ±É¨¢´μ¸É¥° RecBCD-±μ³¶²¥±¸ . �·¨ ¤¥°¸É¢¨¨
¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ·¥±μ³¡¨´ Í¨μ´´μ£μ ¢μ¸¸É ´μ¢²¥-
´¨Ö ¸¨´É¥§  „�Š ¨ Ëμ·³¨·μ¢ ´¨Ö SOS-¸¨£´ ²  ¤¢Ê´¨É¥¢Ò¥ ±μ´ÍÒ ³μ£ÊÉ ¢μ§-
´¨± ÉÓ ¶·¨ ±μ²² ¶¸¥ ·¥¶²¨± É¨¢´ÒÌ ¢¨²μ±, ±μ£¤  μ´¨ ¤μ¸É¨£ ÕÉ μ¡² ¸É¨
μ¤´μ´¨É¥¢μ£μ · §·Ò¢ . �´ ²¨§ ³μ²¥±Ê²Ö·´μ° ¶·¨·μ¤Ò ¶μ¢·¥¦¤¥´¨° „�Š, § -
¶Ê¸± ÕÐ¨Ì SOS-μÉ¢¥É ±²¥Éμ± ¶·¨ ¤¥°¸É¢¨¨ ¶²μÉ´μ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥-
´¨° ¸ · §´μ° ‹�� ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §²¨Î´ÒÌ ³¥Éμ¤¨Î¥¸±¨Ì ¶μ¤Ìμ¤μ¢ Å
SOS-Ì·μ³μÉ¥¸É  [26] ¨´¤Ê±Í¨¨ λ-¶·μË £  [28], SOS-²Õ±¸-É¥¸É  [29], ¶μ§¢μ-
²¨² ¶·¨°É¨ ± § ±²ÕÎ¥´¨Õ μ Éμ³, ÎÉμ ¨³¨ Ö¢²ÖÕÉ¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´μ ±² -
¸É¥·´Ò¥ ¶μ¢·¥¦¤¥´¨Ö „�Š, ·¥¶ ·¨·Ê¥³Ò¥ ¸ ÊÎ ¸É¨¥³ ³¥¤²¥´´μ° recA-lexA-
§ ¢¨¸¨³μ° ·¥¶ · Í¨¨. ‚ ¶·μÍ¥¸¸¥ ·¥¶ · Í¨¨ É ±¨Ì ¶μ¢·¥¦¤¥´¨° ¶·μ¨¸Ìμ¤¨É
§´ Î¨É¥²Ó´ Ö ¤¥£· ¤ Í¨Ö „�Š, μ¸ÊÐ¥¸É¢²Ö¥³ Ö RecBC-Ô±§μ´Ê±²¥ §μ°, ¢ ·¥-
§Ê²ÓÉ É¥ Î¥£μ μ¡· §ÊÕÉ¸Ö ¶·μÉÖ¦¥´´Ò¥ μ¤´μ´¨É¥¢Ò¥ ¶·μ¡¥²Ò [14]. ’ ±¨³
μ¡· §μ³, ¶·¨ ¤¥°¸É¢¨¨ ´  ±²¥É±¨ E. coli ¨§²ÊÎ¥´¨° · §²¨Î´μ° ¶·¨·μ¤Ò ¤²Ö
Ëμ·³¨·μ¢ ´¨Ö SOS-¸¨£´ ²  ´¥μ¡Ìμ¤¨³μ ¢μ§´¨±´μ¢¥´¨¥ μ¤´μ´¨É¥¢μ° „�Š,
±μÉμ· Ö Ëμ·³¨·Ê¥É¸Ö ¢ ±²¥É± Ì · §²¨Î´Ò³¨ ¶ÊÉÖ³¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ì · ±-
É¥·  ¢μ§¤¥°¸É¢ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö. ‘É¥¶¥´Ó ¸¢Ö§Ò¢ ´¨Ö LexA-¡¥²±  ¸ ¶·μ³μÉμ-
· ³¨ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ μ¶¥·μ´μ¢ · §²¨Î´ . � ¶·¨³¥·, ¸¢Ö§Ò¢ ´¨¥ ·¥¶·¥¸¸μ·  ¸
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μ¶¥· Éμ·μ³ £¥´  sulA, ÊÎ ¸É¢ÊÕÐ¥£μ ¢ ·¥£Ê²¨·μ¢ ´¨¨ ±²¥ÉμÎ´μ£μ ¤¥²¥´¨Ö,
μÉ´μ¸¨É¥²Ó´μ É¥¸´μ¥. ˆ ¤²Ö ¨´¤Ê±Í¨¨ SulA-¡¥²±  ´¥μ¡Ìμ¤¨³μ Ê³¥´ÓÏ¨ÉÓ
±μ´Í¥´É· Í¨Õ LexA-·¥¶·¥¸¸μ·  ¤μ ¡μ²¥¥ ´¨§±μ£μ Ê·μ¢´Ö, Î¥³ ÔÉμ ´¥μ¡Ìμ-
¤¨³μ, ´ ¶·¨³¥·, ¤²Ö ¸¨´É¥§  RecA-¡¥²± . …Ð¥ ¡μ²¥¥ É¥¸´ Ö ¸¢Ö§Ó Ê ÔÉμ£μ
·¥¶·¥¸¸μ·  ¸ UmuCD-μ¶¥·μ´μ³ [44]. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, £¥´, ±μ¤¨·ÊÕÐ¨°
uvrABCD-Ô´¤μ´Ê±²¥ §Ê, ¢¥¸Ó³  ´¥¶·μÎ´μ ·¥¶·¥¸¸¨·μ¢ ´ LexA-¡¥²±μ³, ¨ ±μ´-
¸É¨ÉÊÉ¨¢´Ò° Ê·μ¢¥´Ó ÔÉμ£μ Ë¥·³¥´É  ¢Ò¸μ±.

Š ± ¨§¢¥¸É´μ, SOS-¸¨¸É¥³  Ö¢²Ö¥É¸Ö ¸ ³μ·¥£Ê²¨·ÊÕÐ¥°¸Ö ¸¨¸É¥³μ°,
¨³¥ÕÐ¥° μ¡· É´ÊÕ ¸¢Ö§Ó. �·¥¤²μ¦¥´ ·Ö¤ ³μ¤¥²¥°, μ¶¨¸Ò¢ ÕÐ¨Ì ¥¥ · -
¡μÉÊ [45, 46]. Š²ÕÎ¥¢Ò³¨ £¥´ ³¨ ¢ ·¥£Ê²ÖÍ¨¨ · ¡μÉÒ ÔÉμ° ¸¨¸É¥³Ò Ö¢²Ö-
ÕÉ¸Ö £¥´Ò recA ¨ lexA ¨ ±μ´¸É¨ÉÊÉ¨¢´Ò° Ê·μ¢¥´Ó ±μ¤¨·Ê¥³ÒÌ ¨³¨ ¶·μ¤Ê±-
Éμ¢. 	¥²μ± LexA, § ¶¨· Ö ¶·μ³μÉμ·Ò ¨´¤ÊÍ¨¡¥²Ó´ÒÌ μ¶¥·μ´μ¢, ¶μ¤¤¥·¦¨-
¢ ¥É ¸¨´É¥§ ±μ¤¨·Ê¥³ÒÌ ¨³¨ ¡¥²±μ¢ ´  ´¨§±μ³ Ê·μ¢´¥. 	 § ²Ó´Ò° Ê·μ¢¥´Ó
RecA-¡¥²±  ¶μ¤¤¥·¦¨¢ ¥É¸Ö ¶·¨³¥·´μ ´  Ê·μ¢´¥ 800Ä1200 ³μ²¥±Ê² ´  ±²¥É±Ê.
‚ ¶·¨¸ÊÉ¸É¢¨¨ RecA-¶·μÉ¥ §Ò ¶·μ¨¸Ìμ¤¨É · ¸Ð¥¶²¥´¨¥ LexA-·¥¶·¥¸¸μ·  ¨
·¥¶·¥¸¸μ·μ¢ ¤·Ê£¨Ì ¨´¤ÊÍ¨¡¥²Ó´ÒÌ μ¶¥·μ´μ¢. �μ¢ÒÏ¥´¨¥ ±μ´Í¥´É· Í¨¨
RecA-¡¥²±  ¶·¨¢μ¤¨É ± ¤¥·¥¶·¥¸¸¨¨ ¶·¥¦¤¥ ¢¸¥£μ É¥Ì £¥´μ¢, ¸ μ¶¥· Éμ-
· ³¨ ±μÉμ·ÒÌ LexA-·¥¶·¥¸¸μ· ¸¢Ö§ ´ ³¥´¥¥ É¥¸´μ. ‚ ¶·μÍ¥¸¸¥ SOS-μÉ¢¥É 
±²¥É±  ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö μÉ · §²¨Î´ÒÌ ´ ·ÊÏ¥´¨°, ¢Ò§¢ ´´ÒÌ „�Š-¶μ¢·¥-
¦¤ ÕÐ¨³¨  £¥´É ³¨. ‚³¥¸É¥ ¸ É¥³ ¢ ·¥§Ê²ÓÉ É¥ SOS-·¥¶ · Í¨¨ ¢ ±²¥É±¥
¢μ§´¨± ÕÉ ³ÊÉ Í¨¨. �Éμ Ö¢²Ö¥É¸Ö ·¥§Ê²ÓÉ Éμ³ · ¡μÉÒ ¸±²μ´´μ° ± μÏ¨¡± ³
(®error-prone repair¯) ¢¥É¢¨ ¨´¤ÊÍ¨¡¥²Ó´μ° SOS-·¥¶ · Í¨¨. ˆ´¤ÊÍ¨¡¥²Ó´Ò°
umuDC-§ ¢¨¸¨³Ò° TLS-³¥Ì ´¨§³ ¨£· ¥É ¢ ¦´¥°ÏÊÕ ·μ²Ó ¢ ¨´¤Ê±Í¨¨ ³ÊÉ -
Í¨° Ê ¡ ±É¥·¨° E. coli,   ³´μ£¨¥ ¥£μ Î¥·ÉÒ ¨³¥ÕÉ ³¥¸Éμ ¨ Ê ±²¥Éμ± ÔÊ± -
·¨μÉ [47]. Œμ²¥±Ê²Ö·´Ò° ¢¥¸ ¡¥²±μ¢ UmuD ¨ UmuC Ê ±²¥Éμ± E. coli ¸μ¸É -
¢²Ö¥É ¶μ·Ö¤±  15 ¨ 45 ±„  ¸μμÉ¢¥É¸É¢¥´´μ, ¨ μ´¨ ¨£· ÕÉ ±²ÕÎ¥¢ÊÕ ·μ²Ó ¶·¨
μ¸ÊÐ¥¸É¢²¥´¨¨ ³¥Ì ´¨§³  TLS. RecA-¶·μÉ¥ §  É ±¦¥ ¨¸±²ÕÎ¨É¥²Ó´μ ¢ ¦´ 
¢ Ìμ¤¥ ·¥ ²¨§ Í¨¨ ³¥Ì ´¨§³  TLS. �´  · ¸Ð¥¶²Ö¥É UmuD-¡¥²μ±, É ± ¦¥ ± ±
¨ LexA, ¶¥·¥¢μ¤Ö ¥£μ ¢  ±É¨¢´ÊÕ UmuD′-Ëμ·³Ê. UmuD′-¡¥²μ± É¥¸´μ ¸¢Ö-
§Ò¢ ¥É¸Ö ¸ UmuC-¶·μÉ¥¨´μ³ ¢ ¸É ¡¨²Ó´Ò° UmuD′2C-±μ³¶²¥±¸. �ÉμÉ ±μ³-
¶²¥±¸ μ¡² ¤ ¥É ¢Ò· ¦¥´´μ° ¶μ²¨³¥· §´μ°  ±É¨¢´μ¸ÉÓÕ [47]. ‚ μÉ²¨Î¨¥ μÉ
„�Š-¶μ²¨³¥· §Ò III UmuD′2C-±μ³¶²¥±¸, ´ §¢ ´´Ò° „�Š-¶μ²¨³¥· §μ° V,
¶·¥μ¤μ²¥¢ ¥É · §²¨Î´Ò¥ „�Š- ¤¤Ê±ÉÒ, ¤¥² Ö μÏ¨¡μÎ´Ò¥ ¶μ¤¸É ´μ¢±¨ μ¸´μ-
¢ ´¨° [48]. ‚ Ô±¸¶¥·¨³¥´É Ì in vitro ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¶¥Í¨ ²Ó´μ ¸±μ´¸É·Ê¨-
·μ¢ ´´μ° ¶² §³¨¤Ò, ¨³¥ÕÐ¥° ¡μ²ÓÏ¨¥ £Ô¶Ò ¨ ´¥¸ÊÐ¥° ¸ °É-¸¶¥Í¨Ë¨Î¥¸±¨¥
¶μ¢·¥¦¤¥´¨Ö, ¡Ò²μ ¶μ± § ´μ [47], ÎÉμ UmuC-¡¥²μ± μ¡² ¤ ¥É ¸² ¡μ° ¶μ²¨-
³¥· §´μ°  ±É¨¢´μ¸ÉÓÕ. �¤´ ±μ ¶·¨ ¤μ¡ ¢²¥´¨¨ ¶·μÉ¥¨´μ¢ UmuD′, RecA
¨ SSB „�Š-¶μ²¨³¥· §´ Ö  ±É¨¢´μ¸ÉÓ UmuC ·¥§±μ ¢μ§· ¸É ¥É ¨ ¡¥²μ± ÔË-
Ë¥±É¨¢´μ μ¸ÊÐ¥¸É¢²Ö¥É ·¥¶²¨± É¨¢´Ò° ¸¨´É¥§ ¶μ ¸ °É ³ ¸ μÉ¸ÊÉ¸É¢ÊÕÐ¨³¨
μ¸´μ¢ ´¨Ö³¨ (45 % ¸ °Éμ¢ ¢ É¥Î¥´¨¥ 6 ³¨´). ‘·¥¤¨ ¶μ¤¸É ¢²Ö¥³ÒÌ μ¸´μ¢ -
´¨°, μ¶¶μ§¨É´ÒÌ  ¡ §¨Î¥¸±¨³ ¸ °É ³, ¢ ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì ¶·¥μ¡² ¤ ²  ¤¥-
´¨´ (69 %), £Ê ´¨´ ¦¥ ¸μ¸É ¢²Ö² ¢¥²¨Î¨´Ê ¶μ·Ö¤±  31 %. ‚ μÉ²¨Î¨¥ μÉ ÔÉμ£μ
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„�Š-¶μ²¨³¥· §  III ¶·¥μ¤μ²¥¢ ²   ¡ §¨Î¥¸±¨¥ ¸ °ÉÒ ¸ ¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¥°
ÔËË¥±É¨¢´μ¸ÉÓÕ Å ¶ÊÉ¥³ ¶¥·¥¸± ±¨¢ ´¨Ö Î¥·¥§ ¶μ¢·¥¦¤¥´¨¥. ‚ ·¥§Ê²ÓÉ É¥
¤ ´´μ£μ ¶·μÍ¥¸¸  ¢μ§´¨± ²¨ 1 frame shift mutations Å ³ÊÉ Í¨¨ É¨¶  ®¸¤¢¨£ 
· ³±¨ ¸Î¨ÉÒ¢ ´¨Ö¯, c ¶μÉ¥·¥° μ¤´μ£μ μ¸´μ¢ ´¨Ö.

Šμ³¶²¥±¸ UmuC, UmuD′, RecA, SSB, ± ± Ê± §Ò¢ ²μ¸Ó, ¶·¥μ¤μ²¥¢ ² ¸ °ÉÒ
¢ Ô±¸¶¥·¨³¥´É Ì in vitro ·¥¶²¨± É¨¢´Ò³ ¶ÊÉ¥³, ¶μ¤¸É ¢²ÖÖ, ± ± ¶· ¢¨²μ,  ¤¥-
´¨´ μ¶¶μ§¨É´μ³Ê ¸ °ÉÊ. �·¨ ÔÉμ³ ±μ³¶²¥±¸ UmuC, UmuD′, RecA, SSB ¶·¨
¶·μÌμ¦¤¥´¨¨ ·¥¶²¨± Í¨¨ Î¥·¥§ ¶μ¢·¥¦¤¥´´Ò¥ ¸ °ÉÒ ´¥ ´Ê¦¤ ²¸Ö ¢ ÊÎ ¸É¨¨
± ±μ°-²¨¡μ ¸Ê¡Ñ¥¤¨´¨ÍÒ „�Š-¶μ²¨³¥· §Ò III. 	Ò²μ É ±¦¥ ¶μ± § ´μ [49], ÎÉμ
ÊÎ ¸É¨¥ „�Š-¶μ²¨³¥· §Ò III ¨²¨ ´¥±μÉμ·ÒÌ ¥¥ ¸Ê¡Ñ¥¤¨´¨Í ¶·¨¢μ¤¨É ± ¶μ-
¢ÒÏ¥´¨Õ ÔËË¥±É¨¢´μ¸É¨ TLS. �Éμ ³μ¦¥É ·¥ ²¨§μ¢Ò¢ ÉÓ¸Ö ²¨¡μ ´  ¸É ¤¨¨
¨´¨Í¨ Í¨¨ TLS, ²¨¡μ ÔÉμÉ Ë¥·³¥´É ¸¶μ¸μ¡¸É¢Ê¥É ¶·μÉÖ£¨¢ ´¨Õ ±μ³¶²¥±¸ 
UmuC, UmuD′, RecA, SSB Î¥·¥§ ¸ °ÉÒ ¸ ¶μ¢·¥¦¤¥´¨Ö³¨. ‚ ¤·Ê£¨Ì Ô±¸¶¥·¨-
³¥´É Ì, É ±¦¥ ¶·μ¢¥¤¥´´ÒÌ in vitro, ¡Ò²μ Ê¸É ´μ¢²¥´μ [50], ÎÉμ ¢ ¶·μÍ¥¸¸¥
· ¡μÉÒ „�Š-¶μ²¨³¥· §Ò V ¢μ§´¨± ÕÉ ÉμÎ±μ¢Ò¥ ³ÊÉ Í¨¨ ¸ Î ¸ÉμÉμ° 2,1·10−4

´  ´Ê±²¥μÉ¨¤, ÎÉμ ¢ 40 · § ¢ÒÏ¥, Î¥³ ÔÉμ ¶·μ¨¸Ìμ¤¨É ¸ ÊÎ ¸É¨¥³ „�Š-
¶μ²¨³¥· §Ò III. ‘¶¥±É· ³ÊÉ Í¨° ¢ Ìμ¤¥ · ¡μÉÒ „�Š-¶μ²¨³¥· §Ò V ¶·¥¤-
¸É ¢²¥´ ¶·¥¨³ÊÐ¥¸É¢¥´´μ É· ´¸¢¥·¸¨Ö³¨ (53%). ‚ ÔÉ¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ ¡Ò²μ
¶μ± § ´μ, ÎÉμ „�Š-¶μ²¨³¥· §  V ³μ¦¥É ¢¥¸É¨ μÏ¨¡μÎ´Ò° ¸¨´É¥§ ´  ´¥¶μ¢·¥-
¦¤¥´´μ° ³ É·¨Í¥, ·¥ ²¨§ÊÖ ³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸ ´¥³¨Ï¥´´μ£μ É¨¶ . “¸É ´μ-
¢²¥´μ, ÎÉμ „�Š-¶μ²¨³¥· §  V ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° £¥É¥·μÉ·¨³¥·, ¸μ¸ÉμÖÐ¨°
¨§ μ¤´μ° ³μ²¥±Ê²Ò UmuC ¨ ¤¢ÊÌ ³μ²¥±Ê² UmuD′ (UmuD2′C) [51]. ‘²¥¤Ê¥É
§ ³¥É¨ÉÓ, ÎÉμ ÌμÉÖ ¸¨´É¥§ UmuC- ¨ UmuD-¡¥²±μ¢ ´ Ìμ¤¨É¸Ö ¶μ¤ ¸¨²Ó´Ò³
´¥£ É¨¢´Ò³ ±μ´É·μ²¥³ LexA-·¥¶·¥¸¸μ· , É¥³ ´¥ ³¥´¥¥ ÔÉ  ·¥¶·¥¸¸¨Ö ´¥ Ö¢²Ö-
¥É¸Ö ¶μ²´μ° ¨ ¢ ±²¥É±¥ ¨³¥¥É¸Ö ´¥±μÉμ·Ò° ±μ´¸É¨ÉÊÉ¨¢´Ò° Ê·μ¢¥´Ó ÔÉ¨Ì ¡¥²-
±μ¢ [52]. �±É¨¢ Í¨Ö ¡¥²±  UmuD ¢ UmuD′ RecA-¶·μÉ¥ §μ° ¸Ìμ¤´  ¸ ³¥Ì ´¨§-
³μ³ · ¸Ð¥¶²¥´¨Ö LexA-·¥¶·¥¸¸μ· . UmuD ¨ UmuD′ μ¡· §ÊÕÉ £μ³μ¤¨³¥·, ´μ
¢ ·¥ ±Í¨μ´´μ° ¸³¥¸¨ μ´¨ ¢¥¤ÊÉ ¸¥¡Ö ± ± £¥É¥·μ¤¨³¥·, ¨ UmuD′-¶·μÉ¥¨´ ¸É -
´μ¢¨É¸Ö ÎÊ¢¸É¢¨É¥²Ó´Ò³ ± ¸¥·¨´μ¢μ° ¶·μÉ¥ §¥ ClpXP. „¥£· ¤ 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 [51], ÎÉμ ¢
±μ³¶²¥±¸¥ UmuD2′C ¶·μÉ¥¨´ UmuD′ ³μ¦¥É § ³¥Ð ÉÓ¸Ö ¶·¨ μ¶·¥¤¥²¥´´ÒÌ
Ê¸²μ¢¨ÖÌ ´  UmuD. ’ ±μ° 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 ¨ ¶μ¤μ¡´Ò³ μ¡· §μ³
¶μ§¢μ²Ö¥É ¸´¨¦ ÉÓ Ï ´¸ ¢μ§´¨±´μ¢¥´¨Ö ³ÊÉ Í¨° ´  ´¥¶μ¢·¥¦¤¥´´μ° ³ É·¨Í¥
¢ Ìμ¤¥ SOS-μÉ¢¥É . „�Š-¶μ²¨³¥· §  V, ± ± Ê¦¥ Ê± §Ò¢ ²μ¸Ó, in vivo · ¡μ-
É ¥É ¢ ±μ³¶²¥±¸¥ ¸ RecA-¡¥²±μ³, SSB-¡¥²± ³¨ ¨ ¤·Ê£¨³¨ ±μË ±Éμ· ³¨ [53].
‚ μÉ¸ÊÉ¸É¢¨¥ RecA-¡¥²±  „�Š-¶μ²¨³¥· §  V ´¥ ³μ¦¥É ± É ²¨§¨·μ¢ ÉÓ TLS.
RecA-¡¥²μ± Ê¢¥²¨Î¨¢ ¥É  ±É¨¢´μ¸ÉÓ „�Š-¶μ²¨³¥· §Ò V ¡μ²¥¥ Î¥³ ¢ 300 · §.
‚ [54] ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¤¢¥ ³μ²¥±Ê²Ò RecA-¡¥²± , ¢§ ¨³μ¤¥°¸É¢ÊÖ ¸ „�Š-
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¶μ²¨³¥· §μ° V, μ¡· §ÊÕÉ ³¨´¨³ ²Ó´ÊÕ ³ÊÉ ¸μ³Ê ¨ ´ ¶·Ö³ÊÕ  ±É¨¢¨·ÊÕÉ
±μ³¶²¥±¸ UmuD2′C.

’ ±¨³ μ¡· §μ³, ±¢ ¤· É¨Î´Ò° Ì · ±É¥· ±·¨¢ÒÌ ³ÊÉ £¥´¥§  ¶·¨ ¤¥°¸É¢¨¨
¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ μÉ· -
¦ ¥É ¸²μ¦´ÊÕ Í¥¶Ó ¸μ¡ÒÉ¨°, ¢ ·¥§Ê²ÓÉ É¥ ±μÉμ·ÒÌ ¶·μ¨¸Ìμ¤¨É ®¢§ ¨³μ¤¥°-
¸É¢¨¥¯ ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ  ±Éμ¢ ¶¥·¥¤ Î¨ Ô´¥·£¨¨: ¢μ§´¨±´μ¢¥´¨¥ ¶·¥³ÊÉ -
Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¢ ¨¸¸²¥¤Ê¥³μ³ £¥´¥ ¨ ¶μ¢·¥¦¤¥´¨Ö, § ¶Ê¸± ÕÐ¥£μ
SOS-μÉ¢¥É ±²¥É±¨. ‚¥·μÖÉ´μ¸ÉÓ § ±·¥¶²¥´¨Ö ¶·¥³ÊÉ Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¢
³ÊÉ Í¨Õ ¡Ê¤¥É μ¶·¥¤¥²ÖÉÓ¸Ö, ¸ μ¤´μ° ¸Éμ·μ´Ò, Ì · ±É¥·μ³ ¶·¥³ÊÉ Í¨μ´´μ£μ
¶μ¢·¥¦¤¥´¨Ö, ¸ ¤·Ê£μ° ¸Éμ·μ´Ò Å ¢²¨Ö´¨¥³ ´  ´¥£μ SOS-¨´¤ÊÍ¨¡¥²Ó´ÒÌ ³¥-
Ì ´¨§³μ¢. ‚ Í¨±²¥ · ¡μÉ, ¶μ¸¢ÖÐ¥´´ÒÌ μ¸μ¡¥´´μ¸ÉÖ³ ³ÊÉ £¥´´μ£μ ¤¥°¸É¢¨Ö
¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ´  ¡ ±-
É¥·¨ ²Ó´Ò¥ ±²¥É±¨ [14], ¡Ò²μ ¶μ± § ´μ, ÎÉμ ¶·¥³ÊÉ Í¨μ´´Ò¥ ¶μ¢·¥¦¤¥´¨Ö ¢
Ìμ¤¥ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ¨§²ÊÎ¥´¨Ö³¨ ¸ · §´μ° ‹�� ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸  Å
ÔÉμ ±² ¸É¥·´Ò¥ ¶μ¢·¥¦¤¥´¨Ö „�Š. ’ ±¨³¨ ¶μ¢·¥¦¤¥´¨Ö³¨ Ö¢²ÖÕÉ¸Ö μ¤´μ³μ-
³¥´É´μ ¢μ§´¨± ÕÐ¨¥ ¢ ¶·μÍ¥¸¸¥ ¶¥·¥¤ Î¨ Ô´¥·£¨¨ ¨§²ÊÎ¥´¨Ö³¨ ¸μÎ¥É ´´Ò¥
¶μ¢·¥¦¤¥´¨Ö, ¢±²ÕÎ ÕÐ¨¥ ¶μ¢·¥¦¤¥´¨Ö μ¸´μ¢ ´¨°, ¢μ§´¨±´μ¢¥´¨¥  ¶Ê·¨´μ-
¢ÒÌ/ ¶¨·¨³¨¤¨´μ¢ÒÌ ¸ °Éμ¢, μ¤´μ´¨É¥¢ÒÌ · §·Ò¢μ¢ ´  μ¤´μ° ¨²¨ μ¶¶μ§¨É-
´ÒÌ ´¨ÉÖÌ „�Š, ³μ¤¨Ë¨± Í¨¨ ¸ Ì ·  [55, 56].

Œ¨±·μ¤μ§¨³¥É·¨Î¥¸±¨¥ · ¸Î¥ÉÒ, ¢Ò¶μ²´¥´´Ò¥ ¢ [55], ¶μ± § ²¨, ÎÉμ ¢Ò-
Ìμ¤ ±² ¸É¥·´ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š ¢μ§· ¸É ¥É ¸ Ê¢¥²¨Î¥´¨¥³ ‹�� Î ¸É¨Í,
¤μ¸É¨£ ¥É ³ ±¸¨³Ê³ ,   § É¥³ Ê³¥´ÓÏ ¥É¸Ö. �·¨ ÔÉμ³ ¶μ²μ¦¥´¨¥ ³ ±¸¨³Ê³ 
´¥ Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´É´Ò³ ¤²Ö · §²¨Î´ÒÌ ¸μÎ¥É ´¨° μ¤´μ³μ³¥´É´μ ¢μ§´¨± -
ÕÐ¨Ì ¶μ¢·¥¦¤¥´¨°. 	μ²¥¥ ®²¥£±¨¥¯ ¶μ¢·¥¦¤¥´¨Ö, ¢±²ÕÎ ÕÐ¨¥ ¢ ¸¥¡Ö ´¥-
¡μ²ÓÏμ¥ Î¨¸²μ ³μ¤¨Ë¨Í¨·μ¢ ´´ÒÌ ¸ °Éμ¢, μ¶¨¸Ò¢ ÕÉ¸Ö ±·¨¢Ò³¨, ³ ±¸¨³Ê³
±μÉμ·ÒÌ ²¥¦¨É ¢ μ¡² ¸É¨ 40Ä50 ±Ô‚/³±³, ¡μ²¥¥ ®ÉÖ¦¥²Ò¥¯ ¶μ¢·¥¦¤¥´¨Ö, § -
É· £¨¢ ÕÐ¨¥ ¨ μ¶¶μ§¨É´ÊÕ ´¨ÉÓ „�Š, μ¶¨¸Ò¢ ÕÉ¸Ö ±·¨¢Ò³¨ ¸ ³ ±¸¨³Ê³μ³,
¸¤¢¨´ÊÉÒ³ ¢ μ¡² ¸ÉÓ ¡μ²ÓÏ¨Ì §´ Î¥´¨° ‹��.

‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¶·¥¤¶·¨´ÖÉÒ ¶μ¶ÒÉ±¨ ³μ²¥±Ê²Ö·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö
¶μ¢·¥¦¤¥´¨° „�Š ±² ¸É¥·´μ£μ É¨¶  ¨ ¨¸¸²¥¤μ¢ ´¨Ö § ±μ´μ³¥·´μ¸É¥° ¨Ì ·¥-
¶ · Í¨¨ Ê ±²¥Éμ± E. coli ¨ ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì. ’ ±¨¥ ¶μ¢·¥¦¤¥´¨Ö ³μ£ÊÉ
¶·¥¢· Ð ÉÓ¸Ö ¨§ ´¥²¥É ²Ó´ÒÌ ¨ ¶μÉ¥´Í¨ ²Ó´μ ³ÊÉ £¥´´ÒÌ ¶μ¢·¥¦¤¥´¨° ¢
¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „�Š, ¶·¨¢μ¤ÖÐ¨¥ ± ²¥É ²Ó´μ³Ê ¸μ¡ÒÉ¨Õ [57]. ‚ Ô±¸-
¶¥·¨³¥´É Ì in vitro ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶² §³¨¤, ´¥¸ÊÐ¨Ì ¶μ¢·¥¦¤¥´¨Ö ¢ ¢¨¤¥
Ê· Í¨²μ¢ÒÌ £²¨±μ²¥°, · ¸¶μ²μ¦¥´´ÒÌ ´  · §²¨Î´ÒÌ · ¸¸ÉμÖ´¨ÖÌ ¢ μ¶¶μ§¨É-
´ÒÌ ´¨ÉÖÌ „�Š, ¡Ò²  ¶·μ¤¥³μ´¸É·¨·μ¢ ´  [58] · §´ Ö ¢¥·μÖÉ´μ¸ÉÓ ¶·¥¢· -
Ð¥´¨Ö É ±¨Ì ¶μ¢·¥¦¤¥´¨° ¢ „� „�Š. 	Ò²μ ¶μ± § ´μ, ÎÉμ ¢ Ìμ¤¥ ·¥¶ · Í¨¨
É ±μ£μ ·μ¤  ¶μ¢·¥¦¤¥´¨° Ê· Í¨²μ¢Ò¥ £²¨±μ²¨, É¥¸´μ · ¸¶μ²μ¦¥´´Ò¥ ¤·Ê£
¸ ¤·Ê£μ³ ¢ μ¶¶μ§¨É´ÒÌ ´¨ÉÖÌ „�Š ¢ ¶·¥¤¥² Ì � 2 ¶ · μ¸´μ¢ ´¨°, É· ´¸-
Ëμ·³¨·ÊÕÉ¸Ö ¢ „�. “¢¥²¨Î¥´¨¥ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê É ±¨³¨ ¶μ¢·¥¦¤¥´¨Ö³¨
¤μ � 7 ¶ · μ¸´μ¢ ´¨° É ±¦¥ ¶·¨¢μ¤¨²μ ± ¢μ§´¨±´μ¢¥´¨Õ ¤¢Ê´¨É¥¢μ£μ · §-
·Ò¢ , ´μ ¸ ³¥´ÓÏ¥° ¢¥·μÖÉ´μ¸ÉÓÕ. ‚μ§´¨±´μ¢¥´¨¥ μ¤¨´μÎ´μ£μ Ê· Í¨²μ¢μ£μ
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¸ °É  ¢ ¨¸¶μ²Ó§μ¢ ´´μ°  ¢Éμ· ³¨ ¸¨¸É¥³¥ ¨ ±μ´¢¥·É Í¨Ö ¥£μ ¢ ��-¸ °É ¨²¨
´Ê±²¥μÉ¨¤´Ò° ¶·μ¡¥² ´¥ ¶·¨¢μ¤¨²μ ± ¸ÊÐ¥¸É¢¥´´μ³Ê ´ ·ÊÏ¥´¨Õ É· ´¸±·¨¶-
Í¨¨ ¨²¨ ±  ¡¥·· ´É´μ³Ê ¸¨´É¥§Ê ¡¥²± . “¢¥²¨Î¥´¨¥ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ¤¢Ê³Ö
Ê· Í¨²μ¢Ò³¨ £²¨±μ²Ö³¨ ¤μ � 13 ¶ · μ¸´μ¢ ´¨° (¢ ¶·¥¤¥² Ì 13Ä33 ¶ ·) ¶μ§¢μ-
²Ö²μ ¢ É ±μ° ¸¨¸É¥³¥ ¶μ²´μ¸ÉÓÕ ·¥¶ ·¨·μ¢ ÉÓ ¢Ò§¢ ´´Ò¥ ¶μ¢·¥¦¤¥´¨Ö. •μÉÖ
±² ¸É¥·´Ò¥ ¶μ¢·¥¦¤¥´¨Ö „�Š, ¢Ò§Ò¢ ¥³Ò¥ ¨μ´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨, ¢
¡μ²ÓÏ¥° ¸É¥¶¥´¨ ¨´¤ÊÍ¨·ÊÕÉ¸Ö ÉÖ¦¥²Ò³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨, Ô²¥±É·μ-
³ £´¨É´Ò¥ ¢¨¤Ò ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° (γ-±¢ ´ÉÒ, ·¥´É£¥´μ¢¸±¨¥ ²ÊÎ¨,
Éμ·³μ§´μ¥ ¨§²ÊÎ¥´¨¥) ³μ£ÊÉ É ±¦¥ ¢Ò§Ò¢ ÉÓ μ¡· §μ¢ ´¨¥ ±² ¸É¥·´ÒÌ ¶μ¢·¥-
¦¤¥´¨° „�Š. �Éμ μ¡Ê¸²μ¢²¥´μ μ¸μ¡¥´´μ¸ÉÖ³¨ ¶¥·¥¤ Î¨ Ô´¥·£¨¨ ³¥¤²¥´´ÒÌ
Ô²¥±É·μ´μ¢  Éμ³ ³ ¸·¥¤Ò.

�·¨ ¤¥°¸É¢¨¨ γ-¨§²ÊÎ¥´¨Ö μÉ¤¥²Ó´Ò¥  ±ÉÒ ¶¥·¥¤ Î¨ Ô´¥·£¨¨ ¢ ¸·¥¤¥ ¢μ§-
´¨± ÕÉ ¸²ÊÎ °´μ ¨ ´¥§ ¢¨¸¨³μ ¤·Ê£ μÉ ¤·Ê£ , §  ¨¸±²ÕÎ¥´¨¥³  ±Éμ¢ ¨μ´¨-
§ Í¨¨, μ¸ÊÐ¥¸É¢²Ö¥³ÒÌ μÎ¥´Ó ³¥¤²¥´´Ò³¨ Ô²¥±É·μ´ ³¨ ¸ Ô´¥·£¨¥° ³¥´¥¥
1000 Ô‚. �²¥±É·μ´ ¸ Ô´¥·£¨¥° 200 Ô‚ ³μ¦¥É ¢Ò§Ò¢ ÉÓ ¢ ¢¥¸Ó³  μ£· ´¨-
Î¥´´μ³ μ¡Ñ¥³¥ μ¡· §μ¢ ´¨¥ 2Ä3 ¶ · ¨μ´μ¢. � ¸Î¥ÉÒ, ¢Ò¶μ²´¥´´Ò¥ ¢ [59],
¶μ± §Ò¢ ÕÉ, ÎÉμ Ô²¥±É·μ´Ò ¸ Ô´¥·£¨¥° ∼ 750 Ô‚ ´  · ¸¸ÉμÖ´¨¨ 40 ´³ μ¡· -
§ÊÕÉ μ±μ²μ 20 ¶ · ¨μ´μ¢. “¤¥²Ó´μ¥ ±μ²¨Î¥¸É¢μ ³¥¤²¥´´ÒÌ Ô²¥±É·μ´μ¢ Ê¢¥-
²¨Î¨¢ ¥É¸Ö ¸ Ê³¥´ÓÏ¥´¨¥³ Ô´¥·£¨¨ ¨§²ÊÎ¥´¨Ö. � ¶·¨³¥·, ¤²Ö Éμ·³μ§´μ£μ
¨§²ÊÎ¥´¨Ö Ô²¥±É·μ´μ¢ ¸ Ô´¥·£¨¥° 30 ŒÔ‚ ¨Ì ¤μ²Ö ¸μ¸É ¢²Ö¥É ∼ 5%,   ¤²Ö
250 ±Ô‚ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ±μ²¨Î¥¸É¢μ ³¥¤²¥´´ÒÌ Ô²¥±É·μ´μ¢ Ê¢¥²¨-
Î¨¢ ¥É¸Ö ¤μ 12 %. „²Ö ¡μ²¥¥ ³Ö£±¨Ì ·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥° ³μ¦´μ μ¦¨¤ ÉÓ
¡μ²ÓÏ¥£μ Ê¤¥²Ó´μ£μ ¢±² ¤  ¢ ¤μ§Ê É ±¨Ì Ô²¥±É·μ´μ¢.

’ ±¨³ μ¡· §μ³, ±¢ ¤· É¨Î´Ò° Ì · ±É¥· ±·¨¢ÒÌ ³ÊÉ £¥´¥§  ¶μ ±·¨É¥·¨Õ
¨´¤Ê±Í¨¨ £¥´´ÒÌ ³ÊÉ Í¨° ³μ¦¥É ¡ÒÉÓ ¸²¥¤¸É¢¨¥³ ·¥ ²¨§ Í¨¨ ¸²¥¤ÊÕÐ¥£μ
³¥Ì ´¨§³ . ˆμ´¨§¨·ÊÕÐ¨¥ ¨§²ÊÎ¥´¨Ö, ¢Ò§Ò¢ Ö μ¡· §μ¢ ´¨¥ ±² ¸É¥·´ÒÌ ¶μ-
¢·¥¦¤¥´¨° „�Š, ¢ ·Ö¤¥ ¸²ÊÎ ¥¢ ³μ£ÊÉ ¶·¨¢μ¤¨ÉÓ ± Ëμ·³¨·μ¢ ´¨Õ ¸¶¥Í¨Ë¨-
Î¥¸±¨Ì ¸É·Ê±ÉÊ·´ÒÌ ´ ·ÊÏ¥´¨° ÊÎ ¸É±μ¢ „�Š. ’μ£¤  ´  μ¤´μ° ´¨É¨ Ëμ·-
³¨·Ê¥É¸Ö ²¨¡μ ¶μ¢·¥¦¤¥´´μ¥ μ¸´μ¢ ´¨¥, ²¨¡μ μ¤´μ´¨É¥¢Ò° · §·Ò¢ ¸ ±μ´-
Í¥¢Ò³¨ £·Ê¶¶ ³¨ ´¥²¨£ §μ¸¶¥Í¨Ë¨Î¥¸±μ£μ É¨¶  (3′PO4Ä5′OH; 3′OHÄ5′OH;
3′OHÄ5′PO4 c ¶·μ¡¥²μ³ ´Ê±²¥μÉ¨¤ ). �  μ¶¶μ§¨É´μ° ´¨É¨ μ¤´μ¢·¥³¥´´μ
Ëμ·³¨·Ê¥É¸Ö ¶μ¢·¥¦¤¥´´μ¥ μ¸´μ¢ ´¨¥, ´¥¸±μ²Ó±μ ¸³¥Ð¥´´μ¥ μÉ´μ¸¨É¥²Ó´μ
¶¥·¢μ£μ ¶μ¢·¥¦¤¥´¨Ö. �μ¢·¥¦¤¥´´Ò¥ μ¸´μ¢ ´¨Ö, ± ± ¨§¢¥¸É´μ, Ê¤ ²ÖÕÉ¸Ö
¨§ ±²¥É±¨ ³¥Ì ´¨§³μ³ Ô±¸Í¨§¨μ´´μ° ·¥¶ · Í¨¨. „ ´´Ò° ¶·μÍ¥¸¸ ¸±² ¤Ò-
¢ ¥É¸Ö ¨§ ´¥¸±μ²Ó±¨Ì ÔÉ ¶μ¢: ¨´Í¨§¨¨ ¶μ¢·¥¦¤¥´´μ£μ μ¸´μ¢ ´¨Ö ¸ · §·Ò-
¢μ³ £² ¢´μ° Í¥¶¨ ¢ ²¥´É´μ¸É¨ ¸μ ¸Éμ·μ´Ò 5′-±μ´Í , Ô±§μ´Ê±²¥ §´μ£μ ¢ÒÐ¥¶-
²¥´¨Ö ¶μ¢·¥¦¤¥´´μ£μ Ë· £³¥´É  „�Š, ·¥¶ · É¨¢´μ£μ ¸¨´É¥§  μ¤´μ´¨É¥¢μ£μ
ÊÎ ¸É±  ¶μ ´¥¶μ¢·¥¦¤¥´´μ° ³ É·¨Í¥ ±μ³¶²¥³¥´É ·´μ£μ ÊÎ ¸É±  „�Š ¨ ¢μ¸-
¸μ¥¤¨´¥´¨Ö ·¥¸¨´É¥§¨·μ¢ ´´μ£μ ÊÎ ¸É±  ¸ μ¸´μ¢´μ° ´¨ÉÓÕ „�Š. ˆ´Í¨§¨-
μ´´μ¥ ¢ÒÐ¥¶²¥´¨¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·¨ ÔÉμ³ ¢ ¤¢  ÔÉ ¶ . �¥·¢Ò° ¨§ ´¨Ì
¸¢Ö§ ´ ¸ · §·Ò¢μ³ N-£²¨±μ§¨¤´μ° ¸¢Ö§¨ ³¥¦¤Ê μ¸´μ¢ ´¨¥³ ¨ ¤¥§μ±¸¨·¨¡μ§μ°
„�Š-N-£²¨±μ§¨² § ³¨, ¶·¨ ÔÉμ³ ¢Ò¸¢μ¡μ¦¤ ¥É¸Ö ¶μ¢·¥¦¤¥´´Ò° ´Ê±²¥μÉ¨¤
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¡¥§ ´ ·ÊÏ¥´¨Ö Í¥²μ¸É´μ¸É¨ £² ¢´μ° Í¥¶¨ ¢ ²¥´É´μ¸É¨. ‚Éμ·μ° ÔÉ ¶ ¸¢Ö§ ´
¸ ¤¥°¸É¢¨¥³ ´  ¢μ§´¨± ÕÐ¨°  ¶Ê·¨´μ¢Ò°/ ¶¨·¨³¨¤¨´μ¢Ò° ¸ °É ¸¶¥Í¨Ë¨Î¥-
¸±¨Ì ��-Ô´¤μ´Ê±²¥ §. ƒ² ¢´Ò³¨ Ë¥·³¥´É ³¨ ´  ÔÉμ³ ÔÉ ¶¥ Ö¢²ÖÕÉ¸Ö Ô±§μ´Ê-
±²¥ §  III ¨ ��-Ô´¤μ´Ê±²¥ §  IV [58], · §·Ò¢ ÕÐ¨¥ Ëμ¸Ëμ¤¨ÔË¨·´ÊÕ ¸¢Ö§Ó
¸ 5′-¸Éμ·μ´Ò μÉ ��-¸ °É . ‚ Ô±¸Í¨§¨μ´´μ° ·¥¶ · Í¨¨ Ê· Í¨²μ¢ÒÌ £²¨±μ²¥°
Ê ±²¥Éμ± E. coli, ´ ¶·¨³¥·, ¤¢  Ë¥·³¥´É  ¨´¨Í¨¨·ÊÕÉ ¶·μÍ¥¸¸ ·¥¶ · Í¨¨:
Ê· Í¨²-„�Š-£²¨±μ§¨² §  (Ung) ¨ ¤¢Ê´¨É¥¢ Ö Ê· Í¨²-„�Š-£²¨±μ§¨² §  (Dug),
±μÉμ· Ö É ±¦¥ ¨§¢¥¸É´  ± ± mismatch Ê· Í¨²-£²¨±μ§¨² §  (Mug) 67. Ung-
£²¨±μ§¨² §  ¸¶μ¸μ¡´  Ê¤ ²ÖÉÓ Ê· Í¨²μ¢Ò¥ £²¨±μ²¨ ¨§ μ¤´μ- ¨ ¤¢Ê´¨É¥¢μ° „�Š
¨ ¢ÒÐ¥¶²ÖÉÓ ¨Ì, ¥¸²¨ μ´¨ ´ Ìμ¤ÖÉ¸Ö ¢ ¸¶ ·¥´´μ³ ¸μ¸ÉμÖ´¨¨ ¸  ¤¥´¨´μ³ ²¨¡μ
¸ £Ê ´¨´μ³. Mug ¶·μÖ¢²Ö¥É §´ Î¨É¥²Ó´ÊÕ  ±É¨¢´μ¸ÉÓ, ±μ£¤  ¢μ§´¨± ¥É ¶ · 
3,N4-ÔÉ¥´μÍ¨Éμ§¨´ : G,   É ±¦¥ U : G ¨²¨ U : T ¢ ¤¢Ê´¨É¥¢μ° „�Š. �´  ³¥´¥¥
ÔËË¥±É¨¢´  ¶·¨ Ê¤ ²¥´¨¨ Ê· Í¨²  ¨§ U : A-¶ · μ¸´μ¢ ´¨°. ’ ±¨³ μ¡· §μ³,
·¥§Ê²ÓÉ Éμ³ ¤¥°¸É¢¨Ö ¸¶¥Í¨Ë¨Î¥¸±¨Ì Ô´¤μ´Ê±²¥ §, μ¸ÊÐ¥¸É¢²ÖÕÐ¨Ì ¨´Í¨§¨-
μ´´Ò° ÔÉ ¶ Ô±¸Í¨§¨μ´´μ° ·¥¶ · Í¨¨, Ö¢²ÖÕÉ¸Ö μ¤´μ´¨É¥¢Ò¥ · §·Ò¢Ò „�Š
¸ ±μ´Í ³¨ 3′OHÄ5′PO4. �μ¸²¥¤´¨¥, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¸É ´μ¢ÖÉ¸Ö ¸Ê¡¸É· Éμ³
¤²Ö „�Š-²¨£ §´μ°, „�Š-¶μ²¨³¥· §´μ° ¨ Ô±§μ´Ê±²¥ §´μ°  ±É¨¢´μ¸É¥°. �·¨
ÔÉμ³ ¸ÊÐ¥¸É¢Ê¥É μ¶·¥¤¥²¥´´ Ö ±μ´±Ê·¥´Í¨Ö §  ¸Ê¡¸É· É ³¥¦¤Ê ´¥¸±μ²Ó±¨³¨
Ë¥·³¥´É´Ò³¨ ¸¨¸É¥³ ³¨ [60]. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶·μÍ¥¸¸ ·¥¶ · Í¨¨ ¶μ¢·¥-
¦¤¥´¨° „�Š ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ±μ´±Ê·¥´Í¨Ö ¤¢ÊÌ  ²ÓÉ¥·´ É¨¢´ÒÌ
Ë¥·³¥´É´ÒÌ ¸¨¸É¥³, μ¸ÊÐ¥¸É¢²ÖÕÐ¨Ì ¤¥¸É·Ê±Í¨Õ Ë· £³¥´É  „�Š, ¨ ¸¨¸É¥³,
´ ¶· ¢²¥´´ÒÌ ´  ·¥¸¨´É¥§ ¶μ¢·¥¦¤¥´´ÒÌ ¸É·Ê±ÉÊ·.

�μ¸²¥¤μ¢ É¥²Ó´ Ö Í¥¶Ó μ¸´μ¢´ÒÌ ÔÉ ¶μ¢ ·¥¶ · Í¨¨ ¶¥·¢¨Î´ÒÌ ¶μ¢·¥-
¦¤¥´¨°: Ô´¤μ´Ê±²¥ §´ Ö ¨´Í¨§¨Ö γ-¸ °Éμ¢ Å Ô±§μ´Ê±²¥ §´ Ö · ¸Î¨¸É±  Å
¶μ²¨³¥· §´Ò° ·¥¸¨´É¥§ ¶μ¢·¥¦¤¥´´μ£μ ÊÎ ¸É±  Í¥¶¨ Å ²¨£ §´μ¥ ¢μ¸¸μ¥¤¨´¥-
´¨¥ ·¥¸¨´É¥§¨·μ¢ ´´μ£μ Ë· £³¥´É , ¶·¨¢μ¤¨É ± ¢μ¸¸É ´μ¢²¥´¨Õ Í¥²μ¸É´μ¸É¨
„�Š. ‚³¥¸É¥ ¸ É¥³ É ± Ö ¨¤¥ ²Ó´ Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ÔÉ ¶μ¢ ·¥¶ · Í¨¨
´¥ ¢¸¥£¤  ·¥ ²¨§Ê¥É¸Ö ¢ ±²¥É±¥ [60]. �¥¶ · Í¨μ´´Ò¥ Ë¥·³¥´ÉÒ ³μ£ÊÉ ¤¥°-
¸É¢μ¢ ÉÓ ®´¥±μμ·¤¨´¨·μ¢ ´´μ¯, ¨  ±É¨¢´μ¸ÉÓ ·¥¸¨´É¥§¨·ÊÕÐ¨Ì Ë¥·³¥´Éμ¢
³μ¦¥É μÉ¸É ¢ ÉÓ μÉ ¨´É¥´¸¨¢´μ° · ¡μÉÒ Ô´¤μ´Ê±²¥ § ¨ ¶·μÍ¥¸¸  Ô±§μ´Ê±²¥-
 §´μ° · ¸Î¨¸É±¨. �Éμ ³μ¦¥É ¶·¨¢μ¤¨ÉÓ ± Éμ³Ê, ÎÉμ Ô±§μ´Ê±²¥ §´Ò¥  ±É¨¢-
´μ¸É¨ ³μ£ÊÉ ®¶¥·¥Ì¢ ÉÒ¢ ÉÓ¯ ±μ´Í¥¢Ò¥ £·Ê¶¶Ò ¨ Ô±§μ´Ê±²¥ §´ Ö ¤¥£· ¤ Í¨Ö
„�Š, μ¸ÊÐ¥¸É¢²Ö¥³ Ö Ô±§μ´Ê±²¥ §μ° V, ³μ¦¥É · ¸¶·μ¸É· ´ÖÉÓ¸Ö ´  §´ Î¨-
É¥²Ó´Ò¥ · ¸¸ÉμÖ´¨Ö, ¶·¨¢μ¤Ö ± ¢μ§´¨±´μ¢¥´¨Õ μ¡Ï¨·´ÒÌ £Ô¶μ¢. ‚¸²¥¤¸É¢¨¥
´¥¸±μμ·¤¨´¨·μ¢ ´´μ£μ Ì · ±É¥·  · ¡μÉÒ · §²¨Î´ÒÌ Ô´¤μ´Ê±²¥ § ®Ê§´ ¢ ´¨¥¯
³μ¤¨Ë¨Í¨·μ¢ ´´ÒÌ μ¸´μ¢ ´¨°, · ¸¶μ²μ¦¥´´ÒÌ ´  μ¶¶μ§¨É´ÒÌ ´¨ÉÖÌ „�Š,
¤μ²¦´μ ¡ÒÉÓ ´¥ μ¤´μ¢·¥³¥´´Ò³,   ®· ¸ÉÖ´ÊÉμ¯ ¢μ ¢·¥³¥´¨. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶·¨
μ¡· §μ¢ ´¨¨ �� „�Š, ±μ£¤  ±μ´Í¥¢Ò¥ £·Ê¶¶Ò ³μ£ÊÉ ¡ÒÉÓ ¶¥·¥Ì¢ Î¥´Ò Ô±§μ-
´Ê±²¥ § ³¨ ¨ ¶μ¤¢¥·£´ÊÉÒ ¤¥£· ¤ Í¨¨ ¸ μ¡· §μ¢ ´¨¥³ £Ô¶ , „�Š-¶μ²¨³¥· § 
¶·¨ ¶μ¸²¥¤ÊÕÐ¥³ ·¥¸¨´É¥§¥ Ë· £³¥´É  „�Š ¶μ ±μ³¶²¥³¥´É ·´μ° ³ É·¨Í¥
¢¸É·¥É¨É ³μ¤¨Ë¨Í¨·μ¢ ´´μ¥ μ¸´μ¢ ´¨¥. ’ ± Ö ¦¥ ¸¨ÉÊ Í¨Ö ³μ¦¥É ¢μ§´¨±-
´ÊÉÓ, ±μ£¤  ±² ¸É¥·´μ¥ ¶μ¢·¥¦¤¥´¨¥ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö �� „�Š, ¶μ¤¢¥·£ Õ-
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Ð¨°¸Ö Ô±§μ´Ê±²¥ §´μ° · ¸Î¨¸É±¥ ¨ ³μ¤¨Ë¨Í¨·μ¢ ´´μ¥ μ¸´μ¢ ´¨¥ ´  μ¶¶μ-
§¨É´μ° ´¨É¨ „�Š. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶μ¢·¥¦¤¥´´μ¥ μ¸´μ¢ ´¨¥ ³μ¦¥É ¡ÒÉÓ ¶·¥-
μ¤μ²¥´μ ¢ Ìμ¤¥ ·¥¸¨´É¥§  ¶μ¢·¥¦¤¥´´μ£μ ÊÎ ¸É±  „�Š-¶μ²¨³¥· § ³¨, ³μ¤¨-
Ë¨Í¨·μ¢ ´´Ò³¨, ± ± ³Ò · ¸¸³ É·¨¢ ²¨ ¢ÒÏ¥, ¢ ¶·μÍ¥¸¸¥ SOS-μÉ¢¥É . ’ ±¨³
μ¡· §μ³, μÏ¨¡μÎ´μ¥ μ¸´μ¢ ´¨¥ ³μ¦¥É ¡ÒÉÓ ¶μ¸É ¢²¥´μ ¢ Ìμ¤¥ ·¥¶ · É¨¢-
´μ£μ ¸¨´É¥§  „�Š. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢ ¦´μ § ³¥É¨ÉÓ, ÎÉμ £¥´´Ò¥ ¶·μ¤Ê±ÉÒ
umuD+C+ ¶·¨´¨³ ÕÉ  ±É¨¢´μ¥ ÊÎ ¸É¨¥ ¢ ·¥£Ê²ÖÍ¨¨ ±²¥ÉμÎ´μ£μ Í¨±²  [39].
	Ò²μ ¶μ± § ´μ, ÎÉμ UmuC- ¨ ¨´É ±É´Ò° UmuD-¡¥²±¨ μ± §Ò¢ ÕÉ ¨´£¨¡¨·Ê-
ÕÐ¥¥ ¢²¨Ö´¨¥ ´  ·¥¶²¨± Í¨Õ „�Š ¶·¨ ¢μ§´¨±´μ¢¥´¨¨ „�Š-¶μ¢·¥¦¤¥´¨°.
�·¨  ±É¨¢¨·μ¢ ´¨¨ UmuD-¡¥²±  RecA*-¶·μÉ¥ §μ° ¢ UmuD′-¶·μÉ¥¨´ ¨´£¨-
¡¨·ÊÕÐ¨° ÔËË¥±É ·¥¶²¨± É¨¢´ÒÌ ¶·μÍ¥¸¸μ¢ §´ Î¨É¥²Ó´μ Ê¸¨²¨¢ ¥É¸Ö. ‘
ÊÎ¥Éμ³ ÔÉμ£μ ¶·¨ ¨´¤Ê±Í¨¨ umuD+C+-μ¶¥·μ´ , ±μ£¤  ¶·μ¨¸Ìμ¤¨É ¨´£¨¡¨-
·μ¢ ´¨¥ ·¥¶²¨± Í¨¨ „�Š, ±²¥É±  ¶μ²ÊÎ ¥É, ¸ μ¤´μ° ¸Éμ·μ´Ò, ¢μ§³μ¦´μ¸ÉÓ
μ¸ÊÐ¥¸É¢¨ÉÓ ¡¥§μÏ¨¡μÎ´Ò¥ ·¥¶ · Í¨μ´´Ò¥ ¶·μÍ¥¸¸Ò, ´ ¶·¨³¥·, ¸ ÊÎ ¸É¨¥³
polA-§ ¢¨¸¨³ÒÌ ·¥¶ · Í¨μ´´ÒÌ ¶·μÍ¥¸¸μ¢. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¥¸²¨ ±²¥É± 
´¥ ³μ¦¥É ¡Ò¸É·μ μÉ·¥¶ ·¨·μ¢ ÉÓ ¢μ§´¨±Ï¨¥ ¶μ¢·¥¦¤¥´¨Ö ¨ ¶μ¢·¥¦¤ ÕÐ¨°
„�Š ¸¨£´ ² ¡Ê¤¥É ¶·μ¤μ²¦ ÉÓ ¸ÊÐ¥¸É¢μ¢ ÉÓ ¢ ±²¥É±¥, Éμ RecA*-¶·μÉ¥ §´ Ö
 ±É¨¢´μ¸ÉÓ ¡Ê¤¥É ¤μ²£μ ¶μ¤¤¥·¦¨¢ ÉÓ ¶·μÍ¥¸¸ · ¸Ð¥¶²¥´¨Ö UmuD ¢ UmuD′

¨ ¸É¨³Ê²¨·μ¢ ÉÓ TLS-³¥Ì ´¨§³ [39]. ‚ É¥Î¥´¨¥ ÔÉμ£μ ¶¥·¨μ¤  ³μ¦¥É ¶·μ¨¸-
Ìμ¤¨ÉÓ μÏ¨¡μÎ´ Ö ·¥¶ · Í¨Ö ¶·¥³ÊÉ Í¨μ´´ÒÌ ¸ °Éμ¢ ¨§ ±² ¸É¥·´ÒÌ ¶μ¢·¥-
¦¤¥´¨° „�Š ¸ ÊÎ ¸É¨¥³ ¨´¤ÊÍ¨¡¥²Ó´μ£μ ±μ³¶²¥±¸  UmuD2′CÄRecA*ÄSSB.
„¨´ ³¨±  · ¸Ð¥¶²¥´¨Ö UmuD-¡¥²±  ¢  ±É¨¢´Ò° UmuD′-¶·μÉ¥¨´ · ¸¸³ É·¨-
¢ ¥É¸Ö  ¢Éμ· ³¨ ± ± ¶·μÖ¢²¥´¨¥ ¶·μÍ¥¸¸ , ¨³¥ÕÐ¥£μ μ¶·¥¤¥²¥´´ÊÕ  ´ ²μ£¨Õ
¸ checkpoint ·¥£Ê²ÖÍ¨¥°, ±μÉμ· Ö ´ ¡²Õ¤ ¥É¸Ö Ê ±²¥Éμ± ÔÊ± ·¨μÉ [61, 62].

’ ±¨³ μ¡· §μ³, ±¢ ¤· É¨Î´Ò° Ì · ±É¥· ±·¨¢ÒÌ ³ÊÉ £¥´¥§ , ¢ÒÖ¢²Ö¥³Ò°
¢ Ô±¸¶¥·¨³¥´É Ì ¶μ μ¡²ÊÎ¥´¨Õ ±²¥Éμ± ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¥°, ¥¸ÉÓ μÉ-
· ¦¥´¨¥ ®¢§ ¨³μ¤¥°¸É¢¨Ö¯ ¤¢ÊÌ ±² ¸É¥·´ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š. ‘ μ¤´μ°
¸Éμ·μ´Ò, ÔÉμ ¢μ§´¨±´μ¢¥´¨¥ ¶·¥³ÊÉ Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¢ ¨¸¸²¥¤Ê¥³μ³
£¥´¥,   ¸ ¤·Ê£μ° Å ¶μ¢·¥¦¤¥´¨Ö £¥´ , § ¶Ê¸± ÕÐ¥£μ SOS-¸¨¸É¥³Ê, ¢ ·¥-
§Ê²ÓÉ É¥ Î¥£μ ¶·μ¨¸Ìμ¤¨É ¤¥·¥¶·¥¸¸¨Ö ¨´¤ÊÍ¨¡¥²Ó´ÒÌ μ¶¥·μ´μ¢, ¢²¨ÖÕÐ¨Ì
´  ¢¥·μÖÉ´μ¸ÉÓ § ±·¥¶²¥´¨Ö ¶·¥³ÊÉ Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¢ ³ÊÉ Í¨Õ. Š ±
³Ò ¶μ± § ²¨ ¢ÒÏ¥, ÔÉμ ¢²¨Ö´¨¥ ·¥ ²¨§Ê¥É¸Ö Î¥·¥§ μ¡· §μ¢ ´¨¥ ³ÊÉ £¥´´μ£μ
±μ³¶²¥±¸  („�Š-¶μ²¨³¥· §Ò V), ¸¶μ¸μ¡´μ£μ ¢¥¸É¨ ·¥¶ · É¨¢´Ò° ¸¨´É¥§ ´ 
³ É·¨Í¥, ¸μ¤¥·¦ Ð¥° ¶μ¢·¥¦¤¥´¨Ö. �¸´μ¢´Ò¥ ¶ÊÉ¨ Ëμ·³¨·μ¢ ´¨Ö £¥´´ÒÌ
³ÊÉ Í¨° Ê ±²¥Éμ± E. coli ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ ¸²¥¤ÊÕÐ¥° ³μ²¥±Ê²Ö·´μ°
³μ¤¥²¨ (·¨¸. 16).

�·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö ¢ „�Š ±²¥Éμ±, ± ± ¨§¢¥¸É´μ,
¸ ´¥±μÉμ·μ° Î ¸ÉμÉμ° μ¡· §ÊÕÉ¸Ö ¶·Ö³Ò¥ ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò (�„�) „�Š,
¶·¨¢μ¤ÖÐ¨¥ ± ²¥É ²Ó´μ³Ê ¤²Ö ±²¥É±¨ ¸μ¡ÒÉ¨Õ, ¨ Ï¨·μ±¨° ¸¶¥±É· ¶¥·¢¨Î-
´ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š (γ-¸ °ÉÒ). �¥·¢¨Î´Ò¥ γ-¸ °ÉÒ ¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö
· §·Ò¢Ò Ëμ¸Ëμ¤¨ÔË¨·´ÒÌ ¸¢Ö§¥° ¸ · §´Ò³¨ ±μ´Í¥¢Ò³¨ £·Ê¶¶ ³¨, ³μ¤¨-
Ë¨± Í¨¨  §μÉ¨¸ÉÒÌ μ¸´μ¢ ´¨°, ��-¸ °ÉÒ, ¸Ï¨¢±¨ „�ŠÄ„�Š, „�ŠÄ¡¥²μ±.
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�¨¸. 16. ‘Ì¥³  Ëμ·³¨·μ¢ ´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° Ê ¡ ±É¥·¨° E. coli ¶·¨ ¤¥°¸É¢¨¨ ¨μ´¨-
§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° (¶μÖ¸´¥´¨Ö ¢ É¥±¸É¥)

�� „�Š, ¨³¥ÕÐ¨¥ ±μ´ÍÒ 3′OHÄ5′PO4, ¢μ¸¸É ´ ¢²¨¢ ÕÉ¸Ö „�Š-²¨£ §μ°.
� §·Ò¢Ò ¸ ±μ´Í¥¢Ò³¨ £·Ê¶¶ ³¨ 3′PO4Ä5′OH, 3′O�Ä5′OH,   É ±¦¥ �� ¸
²¨£ §μ¸¶¥Í¨Ë¨Î¥¸±¨³¨ ±μ´Í ³¨ ¸ ¶·μ¡¥²μ³ ´Ê±²¥μÉ¨¤  ¢μ¸¸É ´ ¢²¨¢ ÕÉ¸Ö
³¥Ì ´¨§³μ³ ¡Ò¸É·μ° ·¥¶ · Í¨¨ �� ¸ ÊÎ ¸É¨¥³ „�Š-¶μ²¨³¥· §Ò I. �±¸Í¨-
§¨μ´´ Ö polA-§ ¢¨¸¨³ Ö ·¥¶ · Í¨Ö Ê¤ ²Ö¥É ¡μ²ÓÏÊÕ Î ¸ÉÓ ³μ¤¨Ë¨Í¨·μ¢ ´-
´ÒÌ μ¸´μ¢ ´¨° ¨ ·¥¶ ·¨·Ê¥É ��-¸ °ÉÒ. �  ¤μ²Õ polA-§ ¢¨¸¨³μ° ·¥¶ -
· Í¨¨ (¡Ò¸É·Ò° É¨¶ ·¥¶ · Í¨¨ �� ¨ Ô±¸Í¨§¨μ´´ Ö ·¥¶ · Í¨Ö ±μ·μÉ±¨³¨
Ë· £³¥´É ³¨) ¶·¨Ìμ¤¨É¸Ö ¡μ²¥¥ 90 % ¢¸¥Ì ¨´¤ÊÍ¨·Ê¥³ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š.
“¸É ´μ¢²¥´μ, ÎÉμ polA-§ ¢¨¸¨³ Ö ·¥¶ · Í¨Ö, É ± ¦¥ ± ± ¨ ËμÉμ·¥ ±É¨¢ Í¨Ö,
Ö¢²Ö¥É¸Ö ´¥³ÊÉ £¥´´μ° [21],   ¢¥·μÖÉ´μ¸ÉÓ ¢¸É· ¨¢ ´¨Ö μÏ¨¡μÎ´μ£μ μ¸´μ-
¢ ´¨Ö „�Š-¶μ²¨³¥· §μ° I ±· °´¥ ³ ²  ¨ ¸μ¸É ¢²Ö¥É 0,001% ¶·¨ ´μ·³ ²Ó-
´ÒÌ Ê¸²μ¢¨ÖÌ. ‘·¥¤¨ ¨´¤ÊÍ¨·Ê¥³ÒÌ ¨μ´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨ ¶μ¢·¥-
¦¤¥´¨° „�Š §´ Î¨³μ¥ ³¥¸Éμ § ´¨³ ÕÉ ±² ¸É¥·´Ò¥ ¶μ¢·¥¦¤¥´¨Ö (Š�), μ¸μ-
¡¥´´μ¸É¨ Ëμ·³¨·μ¢ ´¨Ö ±μÉμ·ÒÌ ³Ò · ¸¸³ É·¨¢ ²¨ · ´¥¥. ’ ±¨¥ ¶μ¢·¥¦¤¥-
´¨Ö ¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö · §²¨Î´Ò¥ ±μ³¡¨´ Í¨¨ ´ ·ÊÏ¥´¨° ¸É·Ê±ÉÊ·Ò μ¸´μ¢ -
´¨° ´  μ¤´μ° ¨²¨ μ¶¶μ§¨É´ÒÌ ´¨ÉÖÌ „�Š, · §·Ò¢Ò £² ¢´μ° Í¥¶¨ ¢ ²¥´É-
´μ¸É¨, ´ ·ÊÏ¥´¨Ö ¸ Ì · . Š ± ¶μ± § ´μ · ´¥¥ [14], Š� ¸μ¸É ¢²ÖÕÉ μ¸´μ¢-
´μ° ±² ¸¸ ¶·¥³ÊÉ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨° (�ŒŒ). ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, É -
±¨¥ ¶μ¢·¥¦¤¥´¨Ö Ö¢²ÖÕÉ¸Ö É ±¦¥ ¨ μ¸´μ¢´Ò³ É¨¶μ³ ´ ·ÊÏ¥´¨° ¸É·Ê±ÉÊ·Ò
„�Š, ÊÎ ¸É¢ÊÕÐ¨³ ¢ Ëμ·³¨·μ¢ ´¨¨ SOS-¸¨£´ ²  ¢ μ¡²ÊÎ¥´´ÒÌ ±²¥É± Ì.
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”μ·³¨·μ¢ ´¨¥ SOS-¸¨£´ ²  É ±¦¥ ¶·μ¨¸Ìμ¤¨É ¨ ¨§ Î ¸É¨ polA-§ ¢¨¸¨³ÒÌ
¶μ¢·¥¦¤¥´¨°, ±μÉμ·Ò¥ ´¥ ¸³μ£²¨ ¡ÒÉÓ ¢μ¸¸É ´μ¢²¥´Ò ÔÉ¨³ É¨¶μ³ ·¥¶ · -
Í¨¨ ¨ ¸É ²¨ μ¡Ñ¥±Éμ³  É ±¨ Ô±§μ´Ê±²¥ §´ÒÌ  ±É¨¢´μ¸É¥° · §²¨Î´ÒÌ Ë¥·-
³¥´Éμ¢. Š� ¶μ¤¢¥·£ ÕÉ¸Ö ³¥¤²¥´´μ° ·¥¶ · Í¨¨ ¸ ÊÎ ¸É¨¥³ recA-lexA-£¥´μ¢.
ˆ§ ´¥μÉ·¥¶ ·¨·μ¢ ´´ÒÌ ¤ ´´Ò³ É¨¶μ³ ·¥¶ · Í¨¨ Š� ¨ ¶μ¢·¥¦¤¥´¨°, ±μÉμ-
·Ò¥ ´¥ ¸³μ£²¨ ¡ÒÉÓ μÉ·¥¶ ·¨·μ¢ ´Ò polA-§ ¢¨¸¨³μ° ¨ recA-lexA-§ ¢¨¸¨³μ°
·¥¶ · Í¨μ´´Ò³¨ ¸¨¸É¥³ ³¨, Ëμ·³¨·ÊÕÉ¸Ö Ô´§¨³ É¨Î¥¸±¨¥ ¤¢Ê´¨É¥¢Ò¥ · §-
·Ò¢Ò (�„�) „�Š. �„� ¢³¥¸É¥ ¸ �„� „�Š Ö¢²ÖÕÉ¸Ö ²¥É ²Ó´Ò³¨ ¸μ¡Ò-
É¨Ö³¨ ¤²Ö ±²¥Éμ± [63]. ‚μ§´¨±´μ¢¥´¨¥ SOS-¶μ¢·¥¦¤¥´¨Ö ¢ ±²¥É±¥  ±É¨-
¢¨·Ê¥É ±μ´¸É¨ÉÊÉ¨¢´Ò° RecA-¡¥²μ± ¢ RecA-¶·μÉ¥ §Ê (RecA*). �μ¢ÒÏ¥´¨¥
Ê·μ¢´Ö RecA-¶·μÉ¥ §Ò ¶·¨¢μ¤¨É ± ¤¥·¥¶·¥¸¸¨¨ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ £¥´μ¢, ¶·¥-
¦¤¥ ¢¸¥£μ £¥´μ¢ recA, umuD, umuC,   É ±¦¥ lexA ¨ ¤·. “¢¥²¨Î¥´¨¥ Ô±¸-
¶·¥¸¸¨¨ lex�-£¥´  ´¥ ¶·¨¢μ¤¨É ± ¶μ¢ÒÏ¥´¨Õ Ê·μ¢´Ö LexA-¡¥²± , ¶μ¸±μ²Ó±Ê
μ´ ¸· §Ê · ¸Ð¥¶²Ö¥É¸Ö RecA-¶·μÉ¥ §μ° [14]. RecA-¶·μÉ¥ §  ¢ Ìμ¤¥ SOS-
μÉ¢¥É  · ¸Ð¥¶²Ö¥É UmuD-¡¥²μ±, ¶¥·¥¢μ¤Ö ¥£μ ¢  ±É¨¢´ÊÕ UmuD′-Ëμ·³Ê.
UmuD′ É¥¸´μ ¸¢Ö§Ò¢ ¥É¸Ö ¸ UmuC-¡¥²±μ³ ¢ ¸É ¡¨²Ó´Ò° UmuD′2C-±μ³¶²¥±¸
(Pol V). �ÉμÉ ±μ³¶²¥±¸, μ¡² ¤ Ö ¢Ò· ¦¥´´μ° ¶μ²¨³¥· §´μ°  ±É¨¢´μ¸ÉÓÕ,
¶·¥μ¤μ²¥¢ ¥É · §²¨Î´Ò¥ „�Š- ¤¤Ê±ÉÒ, ¤¥² Ö μÏ¨¡μÎ´Ò¥ ¶μ¤¸É ´μ¢±¨ μ¸´μ-
¢ ´¨°. „¥£· ¤ 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¨¨.
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 UmuD′- ±É¨¢´μ¸É¨ [39]. Š ±
³Ò § ³¥Î ²¨ · ´¥¥, ÊÎ ¸É¨¥ „�Š-¶μ²¨³¥· §Ò III ¨²¨ ´¥±μÉμ·ÒÌ ¥¥ ¸Ê¡Ñ-
¥¤¨´¨Í ¶·¨¢μ¤¨É ± ¶μ¢ÒÏ¥´¨Õ ÔËË¥±É¨¢´μ¸É¨ TLS. …¥ ÊÎ ¸É¨¥ ³μ¦¥É ·¥-
 ²¨§μ¢Ò¢ ÉÓ¸Ö ²¨¡μ ´  ¸É ¤¨¨ ¨´¨Í¨ Í¨¨ TLS, ²¨¡μ ÔÉμÉ Ë¥·³¥´É ¸¶μ¸μ¡-
¸É¢Ê¥É ¶·μÉÖ£¨¢ ´¨Õ ±μ³¶²¥±¸  UmuC, UmuD′, RecA, SSB Î¥·¥§ ¸ °ÉÒ ¸
¶μ¢·¥¦¤¥´¨Ö³¨.

’ ±¨³ μ¡· §μ³, ¢ ¶·¥¤²μ¦¥´´μ° ¸Ì¥³¥ § ±·¥¶²¥´¨¥ ¶·¥³ÊÉ Í¨μ´´μ£μ ¶μ-
¢·¥¦¤¥´¨Ö ¢ ³ÊÉ Í¨Õ ÉμÎ±μ¢μ£μ É¨¶  ¶·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°
¥¸ÉÓ ·¥§Ê²ÓÉ É · ¡μÉÒ · §²¨Î´ÒÌ Ô´§¨³ É¨Î¥¸±¨Ì ³¥Ì ´¨§³μ¢ ¨ ± ± μ¤´μ£μ
¨§ £² ¢´ÒÌ Å ³Ê²ÓÉ¨Ë¥·³¥´É´μ£μ ±μ³¶²¥±¸ , ¢±²ÕÎ ÕÐ¥£μ ¢ ¸¥¡Ö ¨´¤ÊÍ¨-
¡¥²Ó´ÊÕ „�Š-¶μ²¨³¥· §Ê V (UmuD′2C), RecA-¶·μÉ¥ §Ê, SSB-¡¥²±¨, ¸Ê¡Ñ¥¤¨-
´¨ÍÒ „�Š-¶μ²¨³¥· §Ò III. �·¥¤²μ¦¥´´ Ö ¸Ì¥³  ·¥ ²¨§ Í¨¨ ¨´¤ÊÍ¨¡¥²Ó´μ£μ
³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸  Ê ±²¥Éμ± E. coli μÉ· ¦ ¥É, ¶μ-¢¨¤¨³μ³Ê, ²¨ÏÓ £² ¢-
´Ò¥, ³ £¨¸É· ²Ó´Ò¥ ¶ÊÉ¨ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ £¥´¥§ , ´μ μ´  ¶μ§¢μ²Ö¥É μ¸Ê-
Ð¥¸É¢¨ÉÓ ³ É¥³ É¨Î¥¸±μ¥ μ¶¨¸ ´¨¥ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸  Ê ±²¥Éμ± E. coli,
¨´¤ÊÍ¨·μ¢ ´´μ£μ ¨μ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¥°. Œ É¥³ É¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥
¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ £¥´¥§  Ê ±²¥Éμ± E. ¸oli ¶·¨ ¤¥°¸É¢¨¨ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ
¸¢¥É  ¡Ò²μ ¢Ò¶μ²´¥´μ ¢ [64Ä66].
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2.2. Œ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó μ¡· §μ¢ ´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° Ê ±²¥Éμ±
Escherichia coli ¶·¨ “”-μ¡²ÊÎ¥´¨¨. � §· ¡μÉ ´´ Ö ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó
μ¸´μ¢ ´  ´  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, Ì · ±É¥·¨§ÊÕÐ¨Ì μ¸´μ¢´Ò¥ ¶·μ-
Í¥¸¸Ò SOS-μÉ¢¥É  ¡ ±É¥·¨°. 	Ò²  ¸³μ¤¥²¨·μ¢ ´  ¢¸Ö Í¥¶Ó ¸μ¡ÒÉ¨°, ¢¥¤ÊÐ¨Ì
± § ±·¥¶²¥´¨Õ ¶¥·¢¨Î´ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š ¢ ÉμÎ±μ¢Ò¥ ³ÊÉ Í¨¨. Šμ²¨Î¥-
¸É¢¥´´Ò°  ´ ²¨§ ±²ÕÎ¥¢ÒÌ ¶ÊÉ¥° SOS-³ÊÉ £¥´¥§  ¢Ò¶μ²´¥´ ¢ É¥·³¨´ Ì ¸μ-
¢·¥³¥´´μ° ¸¨¸É¥³´μ° ¡¨μ²μ£¨¨. —¨¸²¥´´μ μ¶¨¸ ´Ò ¶·μÍ¥¸¸Ò ¨§³¥´¥´¨Ö ¤¨-
´ ³¨±¨ ±μ´Í¥´É· Í¨° μ¸´μ¢´ÒÌ SOS-¡¥²±μ¢ ¨ translesion-¸¨´É¥§ ¸ ÊÎ ¸É¨¥³
³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ·¥¶²¨± Í¨μ´´μ£μ ±μ³¶²¥±¸ . ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¢Ò¶μ²-
´¥´  μÍ¥´±  Î ¸ÉμÉÒ ³ÊÉ Í¨° ¢ lacI-£¥´¥ E. ¸oli μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö ¨ ¶·μ¢¥¤¥´μ
¸· ¢´¥´¨¥ É¥μ·¥É¨Î¥¸±¨Ì ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

	¥§· §³¥·´Ò¥ Ê· ¢´¥´¨Ö ³ É¥³ É¨Î¥¸±μ° ³μ¤¥²¨, μ¶¨¸Ò¢ ÕÐ¥° ¤¨´ -
³¨±Ê ±μ´Í¥´É· Í¨¨ ¨´¤ÊÍ¨·ÊÕÐ¥£μ ¸¨£´ ²  (μ¤´μ´¨É¥¢μ° „�Š), ¨³¥ÕÉ ¸²¥-
¤ÊÕÐ¨° ¢¨¤ [46]:

¤²Ö τ < τ2 y0(τ, D) = D exp (−p1τ)

τ∫
0

exp (p1ξ)dξ

p2D + exp (p3ξ)
,

(3)

¤²Ö τ � τ2 y0(τ, D) = D exp (−p1τ)

τ2∫
0

exp(p1ξ)dξ

p2D + exp(p3ξ)
,

£¤¥ τ2 =
1
p3

ln (exp (p4)(1 + p2D) − p2D).

‚ Ê· ¢´¥´¨ÖÌ (3) y0 Å ´μ·³¨·μ¢ ´´ Ö ¢´ÊÉ·¨±²¥ÉμÎ´ Ö ±μ´Í¥´É· Í¨Ö
¨´¤ÊÍ¨·ÊÕÐ¥£μ ¸¨£´ ² ; D Å ¤μ§  Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ μ¡²ÊÎ¥´¨Ö; τ Å ¡¥§-
· §³¥·´μ¥ ¢·¥³Ö; τ2 Å ¡¥§· §³¥·´μ¥ ¢·¥³Ö μ±μ´Î ´¨Ö ·¥¶²¨± Í¨¨.

	¥§· §³¥·´Ò¥ Ê· ¢´¥´¨Ö ¤²Ö ± ¦¤μ£μ ¡¥²±  SOS-¸¨¸É¥³Ò ¨³¥ÕÉ ¸²¥¤ÊÕ-
Ð¨° ¢¨¤:

dy1

dτ
=

y01(1 + ph1
5 )

1 +
(

y1

γ1NA
p5y1

)h1
− p6y1y3 − y1,

dy2

dτ
=

y02(1 + ph2
7 )

1 +
(

y1

γ2NA

)h2
+ p1y3 − p8y0y2 − y2,

dy3

dτ
= p8y0y2 − p1y3,

dy4

dτ
=

y04p9(1 + ph4
10)

1 +
(

y1

γ4NA

)h4
+ p11y6y10 + p12y6y7 + p13y6 − p14y4y3−

− p15y
2
4 − p16y4y8 − p17y4y6 − p18y4y11 − p19y4,
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dy5

dτ
=

y05p20(1 + ph5
21)

1 +
(

y1

γ5NA

)h5
− p22y5y7 − p23y5y8 − p24y5y9 − p25y5,

dy6

dτ
= p14y3y4 + p16y4y8 + p18y4y11 − p26y

2
6 − p17y4y6 − p11y6y10−

− p12y6y7 − p13y6,
dy7

dτ
= p15y

2
4 − p22y5y7 − p12y6y7 − p27y7,

dy8

dτ
= p26y

2
6 − p16y4y8 − p23y5y8 − p28y8, (4)

dy9

dτ
= p17y4y6 + p16y4y8 + p12y6y7 − p24y5y9 − p29y9,

dy10

dτ
= p22y5y7 − p11y6y10 − p30y10,

dy11

dτ
= p23y5y8 − p18y4y11 − p31y11,

dy12

dτ
= p24y5y9 + p18y4y11 + p11y6y10 − p32y12.

� Î ²Ó´Ò¥ Ê¸²μ¢¨Ö, μ¶·¥¤¥²¥´´Ò¥ ± ± Î¨¸²μ ³μ²¥±Ê², ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ μ¤´μ°
±²¥É±¥, ¨³¥ÕÉ ¢¨¤ y1(0) = y01 = 1300, y2(0) = y02 = 7200, y3(0) = y03 = 0,
y4(0) = y04 = 180, y5(0) = y05 = 15, y6(0) = y06 = 0, y7(0) = y07 = 135,
y8(0) = y08 = 0, y9(0) = y09 = 0, y10(0) = y010 = 93, y11(0) = y011 = 0,
y12(0) = y012 = 0.

‚ Ê· ¢´¥´¨ÖÌ (4) y1, y2, y3, y4, y5, y6, y7, y8, y9, y10, y11 ¨ y12 Å ´μ·³¨-
·μ¢ ´´Ò¥ ¢´ÊÉ·¨±²¥ÉμÎ´Ò¥ ±μ´Í¥´É· Í¨¨ ¡¥²±μ¢ LexA, RecA, RecA*, UmuD,
UmuC, UmuD′, UmuD2, UmuD′

2, UmuDD′, UmuD2C, UmuD′
2C ¨ UmuDD′C

¸μμÉ¢¥É¸É¢¥´´μ; pj(j = 1, . . . , m) Å ´μ·³¨·μ¢ ´´Ò¥ ±μ´¸É ´ÉÒ ¸±μ·μ¸É¨ ·¥-
 ±Í¨°; hi Å ±μÔËË¨Í¨¥´ÉÒ •¨²² ; γi Å · ¢´μ¢¥¸´Ò¥ ±μ´¸É ´ÉÒ ¤¨¸¸μÍ¨ -
Í¨¨ ¡¥²±  LexA ¶·¨ ¸¢Ö§Ò¢ ´¨¨ ¸ μ¶¥· Éμ·´μ° „�Š · §²¨Î´ÒÌ £¥´μ¢; NA Å
¶μ¸ÉμÖ´´ Ö �¢μ£ ¤·μ. 	μ²ÓÏ¨´¸É¢μ ¶ · ³¥É·μ¢ ³μ¤¥²¨ ¡Ò²μ μ¶·¥¤¥²¥´μ ´ 
μ¸´μ¢¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

„²Ö μÍ¥´±¨ ¢¥·μÖÉ´μ¸É¨ ¢μ§´¨±´μ¢¥´¨Ö μÏ¨¡±¨ ¢ Ìμ¤¥ SOS-·¥¶ · Í¨¨
¡Ò²  · §· ¡μÉ ´  ³μ¤¥²Ó translesion-¸¨´É¥§ . Œμ¤¥²¨·μ¢ ´¨¥ ¤¢¨¦¥´¨Ö ±μ³-
¶²¥±¸  PolV Mut ¢¤μ²Ó Í¥¶¨ „�Š ¨ ´ Ìμ¦¤¥´¨¥ ¤μ§μ¢μ-¢·¥³¥´´μ° § ¢¨¸¨³μ-
¸É¨ ¸·¥¤´¥£μ Î¨¸²  μÏ¨¡μ± ¢ Ìμ¤¥ TLS ¢Ò¶μ²´¥´μ ¸ ¶μ³μÐÓÕ · §· ¡μÉ ´´μ°
¶·μ£· ³³Ò.

ˆ§²μ¦¥´´Ò¥ ³μ¤¥²Ó´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¶μ§¢μ²ÖÕÉ ´ Ìμ¤¨ÉÓ Î ¸ÉμÉÊ
³ÊÉ Í¨° ¢ μÉ¤¥²Ó´ÒÌ £¥´ Ì E. coli. ‚ [64] ¢Ò¶μ²´¥´ · ¸Î¥É Î ¸ÉμÉÒ ³ÊÉ -
Í¨° ¢ ·¥£Ê²ÖÉμ·´μ³ £¥´¥ lacI. „μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³ÊÉ Í¨°
¶·¨ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ³ μ¡²ÊÎ¥´¨¨ μ¶¨¸ ´  ¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥´¨¥³,
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¶·¥¤²μ¦¥´´Ò³ ¢ [14]:
Zm

Z(D)
= θ1D + θ2D(1 − exp (−θ3D)), (5)

£¤¥ Zm ¨ Z Å Î¨¸²μ ³ÊÉ ´É´ÒÌ ¨ ¢Ò¦¨¢Ï¨Ì ±²¥Éμ± ¸μμÉ¢¥É¸É¢¥´´μ; θ1D Å
²¨´¥°´Ò° ±μ³¶μ´¥´É ¤μ§μ¢μ° § ¢¨¸¨³μ¸É¨, ¢¥²¨Î¨´  θ2D ¶·μ¶μ·Í¨μ´ ²Ó´ 
¢ÒÌμ¤Ê ³ÊÉ Í¨°; (1 − exp (−θ3D)) Å ¤μ²Ö ±²¥Éμ±, ¢ ±μÉμ·ÒÌ ¨´¤ÊÍ¨·μ¢ -
² ¸Ó ³ÊÉ £¥´´ Ö ·¥¶ · Í¨Ö. ŠμÔËË¨Í¨¥´ÉÒ θ1, θ2 ¨ θ3 μ¶·¥¤¥²¥´Ò ¢ Ìμ¤¥
¨¸¸²¥¤μ¢ ´¨Ö.

‚ · ³± Ì ¶μ¸É·μ¥´´μ° ³μ¤¥²¨ ¡Ò² ¶·μ¢¥¤¥´ Î¨¸²¥´´Ò°  ´ ²¨§ Ê· ¢´¥-
´¨° (3) ¨ (4). �μ²ÊÎ¥´Ò É·¥Ì³¥·´Ò¥ £· Ë¨±¨, μ¶¨¸Ò¢ ÕÐ¨¥ ±μ´Í¥´É· -
Í¨Õ ¶·μ¤Ê±Éμ¢ £¥´μ¢ lexA, recA, umuC ¨ umuD (·¨¸. 17). �¥Ï¥´¨Ö ³μ¤¥²¨
translesion-¸¨´É¥§  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 18, a. �¥§Ê²ÓÉ ÉÒ, Ì · ±É¥·¨§ÊÕÐ¨¥
Î ¸ÉμÉÊ μ¡· §μ¢ ´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° ¢ ·¥£Ê²ÖÉμ·´μ³ £¥´¥ lacI E. coli ¢ § ¢¨¸¨-
³μ¸É¨ μÉ ¤μ§Ò Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö, ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 18, ¡. Š ±

�¨¸. 17. ˆ§³¥´¥´¨¥ ±μ´Í¥´É· Í¨¨ ¡¥²±μ¢ LexA (a), RecA (¡), RecA* (¢), UmuD (£),
UmuC (¤) ¨ UmuD′

2C (e) ¸μ ¢·¥³¥´¥³ ¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤μ§Ò “”-μ¡²ÊÎ¥´¨Ö. N Å
Î¨¸²μ ³μ²¥±Ê² ¡¥²±  ¢ μ¤´μ° ±²¥É±¥
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�¨¸. 18. a) „μ§μ¢μ-¢·¥³¥´´ Ö § ¢¨¸¨³μ¸ÉÓ ¸·¥¤´¥£μ Î¨¸²  μÏ¨¡μ± a. ¡) — ¸ÉμÉ 
³ÊÉ Í¨° ¢ £¥´¥ lacI E. coli. ‹¨´¨Ö Å ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢, ÉμÎ±¨ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥ (Oller et al., 1992)

³μ¦´μ ¢¨¤¥ÉÓ, É¥μ·¥É¨Î¥¸± Ö ±·¨¢ Ö Ìμ·μÏμ μ¶¨¸Ò¢ ¥É Ô±¸¶¥·¨³¥´É ²Ó´μ
¶μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥.

’ ±¨³ μ¡· §μ³, ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨°, ± ¸ ÕÐ¨¥¸Ö ¨´¤ÊÍ¨·μ¢ ´´μ£μ
³ÊÉ £¥´¥§  Ê ±²¥Éμ± E. coli ¨§²ÊÎ¥´¨Ö³¨ Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹��, ¸¢¨¤¥-
É¥²Ó¸É¢ÊÕÉ μ §´ Î¨É¥²Ó´ÒÌ · §²¨Î¨ÖÌ ¢ § ±μ´μ³¥·´μ¸ÉÖÌ ¨´¤Ê±Í¨¨ £¥´´ÒÌ
¨ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨°. ‚ μÉ²¨Î¨¥ μÉ ¸É¥¶¥´´μ° § ¢¨¸¨³μ¸É¨, ¢ÒÖ¢²¥´´μ°
¤²Ö ÉμÎ±μ¢ÒÌ ³ÊÉ Í¨°, ¤μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ ¤²Ö ¸É·Ê±ÉÊ·´ÒÌ Ì·μ³μ¸μ³´ÒÌ
³ÊÉ Í¨° ¨³¥¥É ²¨´¥°´Ò° ¢¨¤ ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´ 
‹��. �Éμ ¸¢Ö§ ´μ ¸ · §´Ò³ Ì · ±É¥·μ³ ³μ²¥±Ê²Ö·´ÒÌ ´ ·ÊÏ¥´¨°, ²¥¦ Ð¨Ì
¢ μ¸´μ¢¥ £¥´´ÒÌ ¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨°. �·¥³ÊÉ Í¨μ´´Ò³¨ ¶μ¢·¥¦¤¥´¨Ö³¨,
Ëμ·³¨·ÊÕÐ¨³¨ £¥´´Ò¥ ³ÊÉ Í¨¨, Ö¢²ÖÕÉ¸Ö ±² ¸É¥·´Ò¥ ¶μ¢·¥¦¤¥´¨Ö „�Š,  
μ¸´μ¢Ê ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° ¸μ¸É ¢²ÖÕÉ ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „�Š. „ ´´μ¥
μ¡¸ÉμÖÉ¥²Ó¸É¢μ μÉ· ¦ ¥É¸Ö ´  Ì · ±É¥·¥ § ¢¨¸¨³μ¸É¥° Nm/N(D). ‘É¥¶¥´-
´μ° Ì · ±É¥· ¤μ§μ¢ÒÌ § ¢¨¸¨³μ¸É¥° ¢ÒÌμ¤  ¨´¤ÊÍ¨·μ¢ ´´ÒÌ £¥´´ÒÌ ³ÊÉ Í¨°
μ¡Ê¸²μ¢²¥´ ÊÎ ¸É¨¥³ ³ÊÉ £¥´´μ° ¢¥É¢¨ SOS-§ ¢¨¸¨³μ° ·¥¶ · Í¨¨, ±μÉμ· Ö
Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³ Ëμ·³¨·μ¢ ´¨Ö É ±μ£μ É¨¶  ³ÊÉ Í¨°. ˆ´¨Í¨-
¨·Ê¥É § ¶Ê¸± SOS-·¥¶ · Í¨¨ ¨´¤Ê±Í¨Ö ±² ¸É¥·´ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š. „ ´-
´Ò° É¨¶ ´ ·ÊÏ¥´¨° ¸É·Ê±ÉÊ·Ò „�Š Ëμ·³¨·Ê¥É É ±¦¥ ¨ ¶·¥³ÊÉ Í¨μ´´Ò¥ ¶μ-
¢·¥¦¤¥´¨Ö, § ±·¥¶²Ö¥³Ò¥ ¢ ³ÊÉ Í¨Õ ´  μ¸´μ¢¥ TLS-³¥Ì ´¨§³ . „μ§μ¢Ò¥ § ¢¨-
¸¨³μ¸É¨ ¨´¤Ê±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨°, μ¶¨¸Ò¢ ¥³Ò¥ ²¨´¥°´Ò³¨ ËÊ´±Í¨-
Ö³¨, μ¡Ê¸²μ¢²¥´Ò ¤·Ê£¨³¨ ³¥Ì ´¨§³ ³¨ ¨Ì Ëμ·³¨·μ¢ ´¨Ö ¢ μÉ²¨Î¨¥ μÉ £¥´-
´ÒÌ ³ÊÉ Í¨°. �¡· §μ¢ ´¨¥ ¤¥²¥Í¨° Ê ¡ ±É¥·¨° E. coli ¸¢Ö§Ò¢ ¥É¸Ö ¸ Ëμ·³¨-
·μ¢ ´¨¥³ ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š. „²Ö ·¥ ²¨§ Í¨¨ ¶·¥³ÊÉ Í¨μ´´ÒÌ ¶μ-
¢·¥¦¤¥´¨° ¤ ´´μ£μ É¨¶  ¢ ¸É·Ê±ÉÊ·´ÊÕ ³ÊÉ Í¨Õ ´¥ É·¥¡Ê¥É¸Ö ¨´¤Ê±Í¨Ö ¸¨-
¸É¥³Ò SOS-·¥¶ · Í¨¨, ±μÉμ· Ö ¨£· ¥É ±²ÕÎ¥¢ÊÕ ·μ²Ó ¢ Ëμ·³¨·μ¢ ´¨¨ £¥´-
´ÒÌ ³ÊÉ Í¨°.

Œ É¥·¨ ²Ò, ¶μ²ÊÎ¥´´Ò¥ ¢ [13, 15, 16], ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ Ì -
· ±É¥· ¤μ§μ¢ÒÌ ±·¨¢ÒÌ ¤²Ö ÉμÎ±μ¢ÒÌ ³ÊÉ Í¨° ´¥ ³¥´Ö¥É¸Ö ¸ ·μ¸Éμ³ ‹��
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¨§²ÊÎ¥´¨°. ‘μÌ· ´¥´¨¥ ±¢ ¤· É¨Î´μ£μ Ì · ±É¥·  § ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ ³ÊÉ¨-
·μ¢ ´¨Ö μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö ¶·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í μ¡Ê-
¸²μ¢²¥´μ ·Ö¤μ³ μ¡¸ÉμÖÉ¥²Ó¸É¢. Œ¨±·μ¤μ§¨³¥É·¨Î¥¸±¨°  ´ ²¨§ ¢ÒÖ¢²Ö¥³ÒÌ
§ ±μ´μ³¥·´μ¸É¥° ¶μ± §Ò¢ ¥É [14], ÎÉμ ¶·¨ ¤¥°¸É¢¨¨ · §´ÒÌ ¤μ§ ¨μ´¨§¨·Ê-
ÕÐ¨Ì ¨§²ÊÎ¥´¨° ¢ μ¡²ÊÎ¥´´μ° ¶μ¶Ê²ÖÍ¨¨ ³μ¦´μ ¢Ò¤¥²¨ÉÓ É·¨ É¨¶  ¸Ê¡¶μ-
¶Ê²ÖÍ¨¨ ±²¥Éμ±: ´¥¶μ¢·¥¦¤¥´´Ò¥ ¢Ò¦¨¢ ÕÐ¨¥ ±²¥É±¨; ²¥É ²Ó´μ ¶μ¢·¥¦¤¥´-
´Ò¥ ´¥ ¢Ò¦¨¢ ÕÐ¨¥ ±²¥É±¨; ®Ê³¥·¥´´μ¯ ¶μ¢·¥¦¤¥´´Ò¥ ±²¥É±¨, ±μÉμ·Ò¥ ¶μ-
¸²¥ § ¢¥·Ï¥´¨Ö ¶·μÍ¥¸¸  ·¥¶ · Í¨¨ É ±¦¥ ¸μ¸É ¢²ÖÕÉ ±² ¸¸ ¢Ò¦¨¢ ÕÐ¨Ì
±²¥Éμ±. �·¨ Ê¢¥²¨Î¥´¨¨ ‹�� ¨§²ÊÎ¥´¨° ¢μ§· ¸É ¥É ¤μ²Ö ´¥¶μ¢·¥¦¤¥´´ÒÌ
±²¥Éμ±,   Ê³¥´ÓÏ ¥É¸Ö ¤μ²Ö ²¥É ²Ó´μ ¶μ¢·¥¦¤¥´´ÒÌ, Î¥·¥§ ±μÉμ·Ò¥ ¶·μÏ²¨
Î ¸É¨ÍÒ ¸¥·¤Í¥¢¨´μ° É·¥± . ‚ ·¥§Ê²ÓÉ É¥ ÔÉμ£μ ³ÊÉ Í¨¨ μ¡· §ÊÕÉ¸Ö ¶·¥¨³Ê-
Ð¥¸É¢¥´´μ ¢ ¸Ê¡¶μ¶Ê²ÖÍ¨¨, ¶μ¢·¥¦¤¥´´μ° ¶·μÌμ¦¤¥´¨¥³ δ-Ô²¥±É·μ´μ¢, ¨ ¢
Éμ° ´¥¡μ²ÓÏμ° Ë· ±Í¨¨ ±²¥Éμ±, Î¥·¥§ ±μÉμ·Ò¥ ¶·μÏ²¨ μ¤´  ¨ ¡μ²ÓÏ¥ Î -
¸É¨Í ¸¥·¤Í¥¢¨´μ° É·¥± , ¶·¨ Ê¸²μ¢¨¨, ÎÉμ ÔÉ¨ ±²¥É±¨ ¸³μ£²¨ μÉ·¥¶ ·¨·μ¢ ÉÓ
¢μ§´¨±Ï¨¥ ¶μ¢·¥¦¤¥´¨Ö ¨ ´¥ ¶μ£¨¡²¨. ‘ ÊÎ¥Éμ³ ÔÉμ£μ μ¡ÑÖ¸´Ö¥É¸Ö ¸μÌ· ´¥-
´¨¥ Ì · ±É¥·  § ¢¨¸¨³μ¸É¥° Nm/N(D) ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨°, · §²¨Î Õ-
Ð¨Ì¸Ö ¶μ ‹��. ’ ± ± ± Ì · ±É¥· ¶¥·¥¤ Î¨ Ô´¥·£¨¨ δ-Ô²¥±É·μ´μ¢ ¢¥Ð¥¸É¢Ê
¶·¨ ¤¥°¸É¢¨¨ Ô²¥±É·μ³ £´¨É´ÒÌ ¨ ±μ·¶Ê¸±Ê²Ö·´ÒÌ ¨§²ÊÎ¥´¨° ´¥ · §²¨Î ¥É¸Ö
³¥¦¤Ê ¸μ¡μ°, ¢¨¤ § ¢¨¸¨³μ¸É¨ Nm/N(D) ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° · §´μ£μ
± Î¥¸É¢  μ¸É ¥É¸Ö ´¥¨§³¥´´Ò³. „¥É ²Ó´μ ·μ²Ó δ-Ô²¥±É·μ´μ¢ ¢ ¨´¤Ê±Í¨¨ £¥´-
´ÒÌ ³ÊÉ Í¨° Ê ¶·μ± ·¨μÉ · ¸¸³μÉ·¥´  ¢ [67]. �  ¢ ¦´ÊÕ ·μ²Ó ®´¥¶·Ö³ÒÌ¯
(glancing) ¢§ ¨³μ¤¥°¸É¢¨° É·¥±μ¢ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ÎÊ¢¸É¢¨É¥²Ó-
´Ò³¨ ¸É·Ê±ÉÊ· ³¨ ±²¥Éμ± ¢ μ¡· §μ¢ ´¨¨ ³ÊÉ Í¨° Ê ¤·μ¦¦¥° μ¡· Ð¥´μ ¢´¨-
³ ´¨¥ ¢ [68]. ‚ ³μ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨ÖÌ, · §¢¨ÉÒÌ ¢ [67], ¶·¥¤¶μ² £ ¥É¸Ö,
ÎÉμ ¢ É¥Ì ¸²ÊÎ ÖÌ, ±μ£¤  É·¥± ÉÖ¦¥²μ° Î ¸É¨ÍÒ ´¥ ¶·μÌμ¤¨É Î¥·¥§ ÎÊ¢¸É¢¨-
É¥²Ó´ÊÕ μ¡² ¸ÉÓ ±²¥É±¨, ³ÊÉ Í¨¨ ¢ ¡ ±É¥·¨ ²Ó´ÒÌ ±²¥É± Ì μ¡· §ÊÕÉ¸Ö ¢ ·¥-
§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¸É·Ê±ÉÊ· ¸ μ¡² ¸ÉÓÕ δ-Ô²¥±É·μ´μ¢.
Šμ²¨Î¥¸É¢μ Ô´¥·£¨¨, ¶¥·¥¤ ¢ ¥³μ¥ ÔÉ¨³ ¸É·Ê±ÉÊ· ³, μ¶¨¸Ò¢ ¥É¸Ö ´  μ¸´μ¢¥
³μ¤¥²¥° ¸É·Ê±ÉÊ·Ò É·¥±  [69, 70]. �·¨ ÔÉμ³ μ¡· Ð ¥É¸Ö ¢´¨³ ´¨¥ ´  ¸²¥¤Ê-
ÕÐ¥¥ ¢ ¦´μ¥ μ¡¸ÉμÖÉ¥²Ó¸É¢μ. �·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸
¢Ò¸μ±¨³¨ §´ Î¥´¨Ö³¨ ‹�� (‹��∞ � 100 ±Ô‚/³±³), ±μ£¤  ¶·¨ ¶·Ö³μ³ ¶·μ-
Ìμ¦¤¥´¨¨ É·¥±μ¢ Î ¸É¨Í Î¥·¥§ ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¸É·Ê±ÉÊ·Ò ±²¥É±¨ ¶·¥¨³ÊÐ¥-
¸É¢¥´´μ ¶μ£¨¡ ÕÉ, ¨³¥¥É ³¥¸Éμ É ± ´ §Ò¢ ¥³Ò° ®δ-Ô²¥±É·μ´´Ò°¯ ³ÊÉ £¥´¥§.
�·¨ ¤¥°¸É¢¨¨ ¦¥ ´  ±²¥É±¨ Ê¸±μ·¥´´ÒÌ ²¥£±¨Ì ¨μ´μ¢ ¨²¨ Ê¸±μ·¥´´ÒÌ ÉÖ-
¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢Ò¸μ±¨Ì Ô´¥·£¨° ¸ ‹��∞ � 100 ±Ô‚/³±³, ±μ£¤ 
ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¸É·Ê±ÉÊ·Ò ¨¸¶ÒÉÒ¢ ÕÉ ¶·Ö³μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ É·¥±μ¢, ¨³¥¥É
³¥¸Éμ ®¸¥·¤Í¥¢¨´´μ-É·¥±μ¢Ò° ³ÊÉ £¥´¥§¯ [67]. ‘ ÊÎ¥Éμ³ ¢ÒÏ¥¨§²μ¦¥´´μ£μ
¸É ´μ¢¨É¸Ö ¶μ´ÖÉ´Ò³ ¸μÌ· ´¥´¨¥ Ì · ±É¥·  ¤μ§μ¢ÒÌ ±·¨¢ÒÌ ³ÊÉ £¥´¥§  ¶·¨
¢μ§· ¸É ´¨¨ ‹�� Î ¸É¨Í. ’ ±¨¥ § ±μ´μ³¥·´μ¸É¨, ± ± ³Ò ¶μ± § ²¨ · ´¥¥,
¨³¥ÕÉ ³¥¸Éμ ´¥ Éμ²Ó±μ ¤²Ö ¡ ±É¥·¨° E. coli, ´μ ¨ ¤²Ö ±²¥Éμ± Bacillus subtilis.

�´ ²¨§ ¤ ´´ÒÌ, ± ¸ ÕÐ¨Ì¸Ö § ¢¨¸¨³μ¸É¨ �	� (‹��) ¤²Ö · §´ÒÌ · ¤¨ -
Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ ÔËË¥±Éμ¢: ²¥É ²Ó´μ£μ ¤¥°¸É¢¨Ö, ¨´¤Ê±Í¨¨ £¥´´ÒÌ ¨
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¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨°, ¢μ-¶¥·¢ÒÌ, ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¢μ§· ¸É ´¨¨ ±μÔËË¨Í¨-
¥´Éμ¢ �	� Î ¸É¨Í ¸ ·μ¸Éμ³ ¨Ì ‹�� ¤μ μ¶·¥¤¥²¥´´ÒÌ §´ Î¥´¨° ¨, ¢μ-¢Éμ·ÒÌ,
Ê± §Ò¢ ¥É ´  μÉ¸ÊÉ¸É¢¨¥ ¨´¢ ·¨ ´É´μ¸É¨ ¶μ²μ¦¥´¨Ö ³ ±¸¨³Ê³μ¢ ÔÉ¨Ì § ¢¨-
¸¨³μ¸É¥°. „²Ö ²¥É ²Ó´ÒÌ ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö ±²¥Éμ± E. coli ´ ¨¡μ²ÓÏ¨¥ §´ -
Î¥´¨Ö �	� ´ ¡²Õ¤ ÕÉ¸Ö ¶·¨ ¤¥°¸É¢¨¨ Î ¸É¨Í ¸ ‹�� ≈ 100 ±Ô‚/³±³. �μ
±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ ¶·Ö³ÒÌ ¨ μ¡· É´ÒÌ £¥´´ÒÌ ³ÊÉ Í¨°, ± ± ÔÉμ ¢¨¤´μ ¨§
³ É¥·¨ ²μ¢, ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 14, ³ ±¸¨³ ²Ó´Ò¥ ¢¥²¨Î¨´Ò �	� ¶·¨Ìμ-
¤ÖÉ¸Ö ´  §´ Î¥´¨Ö ‹�� ≈ 20 ±Ô‚/³±³.

Œ¥Ì ´¨§³Ò, μ¶·¥¤¥²ÖÕÐ¨¥ § ¢¨¸¨³μ¸ÉÓ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ±²¥Éμ±
E. coli μÉ ‹�� ¨§²ÊÎ¥´¨°, ¡Ò²¨ ¨§ÊÎ¥´Ò ¢ [63]. �μ± § ´μ, ÎÉμ ¶·¨ ¤¥°¸É¢¨¨
γ-±¢ ´Éμ¢ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ± μ¶·¥¤¥²Ö¥É¸Ö ÔËË¥±É¨¢´μ¸ÉÓÕ · -
¡μÉÒ ¨Ì ·¥¶ · Í¨μ´´ÒÌ ¸¨¸É¥³. —Ê¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ± ± μ¡²ÊÎ¥´¨Õ ÉÖ-
¦¥²Ò³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ ¤¥É¥·³¨´¨·μ¢ ´  ²¨ÏÓ Ë¨§¨Î¥¸±¨³¨ ¸¢μ°-
¸É¢ ³¨ ¨§²ÊÎ¥´¨°, ¨ Ì · ±É¥· § ¢¨¸¨³μ¸É¨ D−1

0 (L) μ¡Ê¸²μ¢²¨¢ ¥É¸Ö ¸É¥¶¥´ÓÕ
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ±²¥Éμ± ± γ-±¢ ´É ³. ‚ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ‹�� Î ¸É¨Í
¡Ò²μ Ê¸É ´μ¢²¥´μ, ÎÉμ Ì · ±É¥· ÔÉμ° § ¢¨¸¨³μ¸É¨ £¥´¥É¨Î¥¸±¨ ¤¥É¥·³¨´¨·μ-
¢ ´ ¨ μ¶·¥¤¥²Ö¥É¸Ö É¨¶μ³ ¨ ¢ÒÌμ¤μ³ ²¥É ²Ó´ÒÌ ¶μ¢·¥¦¤¥´¨°, ¨´¤ÊÍ¨·Ê¥³ÒÌ
¶·¨ γ-μ¡²ÊÎ¥´¨¨. ‡ ¢¨¸¨³μ¸ÉÓ D−1

0 (L) Ê ±²¥Éμ± ¤¨±μ£μ É¨¶  ³μ¦¥É μ¶¨¸Ò-
¢ ÉÓ¸Ö ±·¨¢μ° ²¨¡μ ¸ ²μ± ²Ó´Ò³ ³ ±¸¨³Ê³μ³, ²¨¡μ ¡¥§ ³ ±¸¨³Ê³ , ¢ § ¢¨-
¸¨³μ¸É¨ μÉ Ê¸²μ¢¨°, ¢²¨ÖÕÐ¨Ì ´  ¢ÒÌμ¤ „� „�Š Ô´§¨³ É¨Î¥¸±μ° ¶·¨·μ¤Ò
¨ μ¶·¥¤¥²ÖÕÐ¨Ì ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ± ± γ-±¢ ´É ³. “ ·¥¶ · Í¨μ´´ÒÌ ³Ê-
É ´Éμ¢ ¸ ¡²μ±μ³ ³¥¤²¥´´μ° ·¥¶ · Í¨¨ ´ ¡²Õ¤ ¥É¸Ö ´¨¸¶ ¤ ÕÐ¨° Ì · ±É¥·
±·¨¢ÒÌ ¶·¨ ¢¸¥Ì §´ Î¥´¨ÖÌ ‹��, ¨ ±μÔËË¨Í¨¥´ÉÒ �	� ¨§²ÊÎ¥´¨° ´¥ ¶·¥-
¢ÒÏ ÕÉ ¥¤¨´¨ÍÒ. “ ±²¥Éμ± ¸ ÔËË¥±É¨¢´μ · ¡μÉ ÕÐ¥° ¸¨¸É¥³μ° ·¥¶ · Í¨¨
§ ¢¨¸¨³μ¸ÉÓ D−1

0 (L) ¨³¥¥É ·¥§±μ ¢Ò· ¦¥´´Ò° ³ ±¸¨³Ê³, ¨ ¶·¨ §´ Î¥´¨ÖÌ
‹�� � 100 ±Ô‚/³±³ ¨³¥¥É ³¥¸Éμ ´¨¢¥²¨·μ¢ ´¨¥ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¢¸¥Ì
±²¥ÉμÎ´ÒÌ ÏÉ ³³μ¢ ´¥§ ¢¨¸¨³μ μÉ ·¥¶ · Í¨μ´´μ£μ £¥´μÉ¨¶ . �Éμ ¸¢Ö§ ´μ ¸
μ¡· §μ¢ ´¨¥³ ±² ¸É¥·´ÒÌ „� „�Š, ¨ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ± ¤¥É¥·³¨-
´¨·μ¢ ´  ²¨ÏÓ Ë¨§¨Î¥¸±¨³¨ ¸¢μ°¸É¢ ³¨ ¨§²ÊÎ¥´¨°.

’ ± ¦¥ ± ± ¨ ¤²Ö ²¥É ²Ó´ÒÌ ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö, §´ Î¥´¨Ö ±μÔËË¨-
Í¨¥´Éμ¢ �	� ¶μ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ ¶·Ö³ÒÌ ¨ μ¡· É´ÒÌ £¥´´ÒÌ ³ÊÉ Í¨°
Ê¢¥²¨Î¨¢ ÕÉ¸Ö ¸ ¢μ§· ¸É ´¨¥³ ‹�� Î ¸É¨Í ¤μ §´ Î¥´¨° ≈ 20−30 ±Ô‚/³±³.
‚μ§· ¸É ´¨¥ ¡¨μ²μ£¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶μ
Ê± § ´´μ³Ê ±·¨É¥·¨Õ, ± ± Ê¦¥ Ê± §Ò¢ ²μ¸Ó, μ¡ÑÖ¸´Ö¥É¸Ö Ê¢¥²¨Î¥´¨¥³ ¢ÒÌμ¤ 
¸ ·μ¸Éμ³ ‹�� ¶·¥³ÊÉ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨° „�Š ¨ SOS-¨´¤ÊÍ¨·ÊÕÐ¨Ì ¶μ-
¢·¥¦¤¥´¨°. ‚ · ³± Ì ¶μ¤Ìμ¤μ¢, · §¢¨ÉÒÌ ¢ [14], ´ Ìμ¤ÖÉ μ¡ÑÖ¸´¥´¨¥ · §-
²¨Î¨Ö ¢ ¶μ²μ¦¥´¨¨ ³ ±¸¨³Ê³μ¢ § ¢¨¸¨³μ¸É¥° �	� μÉ ‹�� ¤²Ö ²¥É ²Ó´ÒÌ
¨ ³ÊÉ £¥´´ÒÌ ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ³μ¦´μ ¸ Ê¢¥·¥´-
´μ¸ÉÓÕ ÊÉ¢¥·¦¤ ÉÓ, ÎÉμ μ´¨ μ¡Ê¸²μ¢²¥´Ò · §´Ò³ Ì · ±É¥·μ³ ¶μ¢·¥¦¤¥´¨°
„�Š, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ·¥ ²¨§ Í¨¨ £¥´´μ£μ ³ÊÉ £¥´¥§  ¨ ²¥É ²Ó´ÒÌ ÔËË¥±Éμ¢
μ¡²ÊÎ¥´¨Ö. ‚ ¶¥·¢μ³ ¸²ÊÎ ¥ ¨³¨, ± ± ³Ò Ê± §Ò¢ ²¨ ¢ÒÏ¥, Ö¢²ÖÕÉ¸Ö ¶·¥-
¨³ÊÐ¥¸É¢¥´´μ ¶μ¢·¥¦¤¥´´Ò¥ μ¸´μ¢ ´¨Ö ¢ ¸μ¸É ¢¥ ±² ¸É¥·´ÒÌ ¶μ¢·¥¦¤¥´¨°
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„�Š, ¢μ ¢Éμ·μ³ Å ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „�Š. Œ¨±·μ¤μ§¨³¥É·¨Î¥¸±¨°  ´ -
²¨§ ¢ÒÌμ¤  ±² ¸É¥·´ÒÌ �� ¨ „� „�Š ¢ § ¢¨¸¨³μ¸É¨ μÉ ‹�� ¸¢¨¤¥É¥²Ó¸É¢Ê¥É
μ Éμ³, ÎÉμ μ¡  É¨¶  § ¢¨¸¨³μ¸É¨ μ¶¨¸Ò¢ ÕÉ¸Ö ±·¨¢Ò³¨ ¸ ²μ± ²Ó´Ò³ ³ ±-
¸¨³Ê³μ³ [55]. �¤´ ±μ ¤²Ö ±² ¸É¥·´ÒÌ �� ¶μ²μ¦¥´¨¥ ³ ±¸¨³Ê³  ¸¤¢¨´ÊÉμ
¶μÎÉ¨ ´  ¶μ·Ö¤μ± ¢ μ¡² ¸ÉÓ ³¥´ÓÏ¨Ì §´ Î¥´¨° ‹��. …¸²¨ ³ ±¸¨³ ²Ó´Ò° ¢Ò-
Ìμ¤ ¶·Ö³ÒÌ „� „�Š ´  ¥¤¨´¨ÍÊ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¨§²ÊÎ¥´¨Ö ´ ¡²Õ¤ ¥É¸Ö
¶·¨ §´ Î¥´¨ÖÌ ‹�� ≈ 200 ±Ô‚/³±³, Éμ ³ ±¸¨³ ²Ó´Ò° ¢ÒÌμ¤ ±² ¸É¥·´ÒÌ μ¤-
´μ´¨É¥¢ÒÌ ¶μ¢·¥¦¤¥´¨° ·¥ ²¨§Ê¥É¸Ö ¶·¨ §´ Î¥´¨ÖÌ ‹�� ≈ 30−50 ±Ô‚/³±³.
�Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ³μ¦¥É μ¡ÑÖ¸´ÖÉÓ · §²¨Î¨Ö ¢ Ì · ±É¥·¥ ¶μ²μ¦¥´¨Ö ³ ±-
¸¨³Ê³μ¢ § ¢¨¸¨³μ¸É¥° �	� μÉ ‹�� ¤²Ö ²¥É ²Ó´ÒÌ ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö ¨
¨´¤Ê±Í¨¨ £¥´´ÒÌ ³ÊÉ Í¨°.

ˆ§²μ¦¥´´μ¥ ¢ÒÏ¥ ³μ¦¥É μ¡ÑÖ¸´ÖÉÓ ¶μ²μ¦¥´¨¥ ³ ±¸¨³Ê³  ´  ±·¨¢μ°,
μ¶¨¸Ò¢ ÕÐ¥° § ¢¨¸¨³μ¸ÉÓ �	� μÉ ‹�� ¤²Ö ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨°. ˆ§ ·¨¸. 14
¢¨¤´μ, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ  ´ ²μ£¨Î´μ° § ¢¨¸¨³μ¸É¨ ¤²Ö £¥´´ÒÌ ³ÊÉ Í¨° ÔÉ 
§ ¢¨¸¨³μ¸ÉÓ ¸¤¢¨´ÊÉ  ¢ μ¡² ¸ÉÓ ¡μ²ÓÏ¨Ì §´ Î¥´¨° ‹��, É ± ¦¥ ± ± ¨ ±·¨-
¢ Ö, Ì · ±É¥·´ Ö ¤²Ö ²¥É ²Ó´ÒÌ ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ
³μ¦¥É Ê± §Ò¢ ÉÓ ´  μ¤´μÉ¨¶´μ¸ÉÓ ¶μ¢·¥¦¤¥´¨°, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ·¥ ²¨§ Í¨¨
¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° ¨ ²¥É ²Ó´ÒÌ ÔËË¥±Éμ¢ Ê ±²¥Éμ± E. coli,   ¨³¥´´μ Å
¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š. �É¸ÊÉ¸É¢¨¥ ¶μ²´μ£μ ¸μ¢¶ ¤¥´¨Ö ¶μ²μ¦¥´¨Ö ³ ±-
¸¨³Ê³μ¢ Ê± § ´´ÒÌ § ¢¨¸¨³μ¸É¥°, ¶μ-¢¨¤¨³μ³Ê, μÉ· ¦ ¥É · §²¨Î´μ¥ ÊÎ ¸É¨¥
Ô´§¨³ É¨Î¥¸±¨Ì „� „�Š ¢ Ëμ·³¨·μ¢ ´¨¨ ²¥É ²Ó´ÒÌ ¨ ³ÊÉ £¥´´ÒÌ ÔËË¥±Éμ¢
μ¡²ÊÎ¥´¨Ö. ‚ [63] ¶μ± § ´μ, ÎÉμ Î¥³ ³¥´ÓÏ¨° ¢±² ¤ ¢ ²¥É ²Ó´Ò° ÔËË¥±É
μ¡²ÊÎ¥´¨Ö ¢´μ¸ÖÉ ¶·Ö³Ò¥ „� „�Š, ¸μμÉ¢¥É¸É¢¥´´μ, ¡μ²ÓÏ¨° ¢±² ¤ ¢´μ¸ÖÉ
„� Ô´§¨³ É¨Î¥¸±μ° ¶·¨·μ¤Ò, É¥³ ¢ ³¥´ÓÏÊÕ μ¡² ¸ÉÓ §´ Î¥´¨° ‹�� ¡Ê¤¥É
¸¤¢¨´ÊÉ ³ ±¸¨³Ê³ § ¢¨¸¨³μ¸É¨ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ±²¥Éμ± μÉ ‹�� ¨ ´ -
μ¡μ·μÉ. �´ ²¨§¨·ÊÖ ·¥§Ê²ÓÉ ÉÒ ´ Ï¨Ì Ô±¸¶¥·¨³¥´Éμ¢, ³μ¦´μ ¶μ² £ ÉÓ, ÎÉμ
ÊÎ ¸É¨¥ „� „�Š Ô´§¨³ É¨Î¥¸±μ° ¶·¨·μ¤Ò ¢ ·¥ ²¨§ Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ -
Í¨° ¶·μÖ¢²Ö¥É¸Ö ¢ ¡μ²ÓÏ¥° ¸É¥¶¥´¨ ¶μ ¸· ¢´¥´¨Õ ¸ ¨Ì ¢±² ¤μ³ ¢ ²¥É ²Ó´Ò°
ÔËË¥±É μ¡²ÊÎ¥´¨Ö. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ, ¢μ§³μ¦´μ, μÉ· ¦ ¥É¸Ö ¢ μÉ¸ÊÉ¸É¢¨¨
¶μ²´μ£μ ¸μ¢¶ ¤¥´¨Ö ³ ±¸¨³Ê³μ¢ § ¢¨¸¨³μ¸É¥° �	� μÉ ‹�� ¶μ ²¥É ²Ó´μ³Ê
ÔËË¥±ÉÊ μ¡²ÊÎ¥´¨Ö ¨ ¨´¤Ê±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨°.

‡�Š‹
—…�ˆ…

‚ § ±²ÕÎ¥´¨¥ ¸Ê³³¨·Ê¥³ · §¢¨ÉÒ¥ ¶·¥¤¸É ¢²¥´¨Ö μ ³¥Ì ´¨§³ Ì ³ÊÉ £¥´-
´μ£μ ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §´μ° ²¨´¥°´μ° ¶¥·¥¤ Î¥° Ô´¥·-
£¨¨ ´  ±²¥É±¨ ¶·μ± ·¨μÉ. �·¥¦¤¥ ¢¸¥£μ, ¸²¥¤Ê¥É ¥Ð¥ · § ¶μ¤Î¥·±´ÊÉÓ Ö¸´μ¥
¶μ´¨³ ´¨¥ ±² ¸¸¨± ³¨ ±μ²¨Î¥¸É¢¥´´μ° · ¤¨μ¡¨μ²μ£¨¨ Å �.‚.’¨³μË¥¥¢Ò³-
�¥¸μ¢¸±¨³, „. ‹¨ ¨ ¤·. Å ´¥μ¡Ìμ¤¨³μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²Ê-
Î¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ¤²Ö ¢ÒÖ¸´¥´¨Ö ³¥Ì ´¨§³μ¢
¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸ , ±μ´±·¥É¨§ Í¨¨ Ë¨§¨Î¥¸±¨Ì ¸μ¡Ò-
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É¨°, ¸²Ê¦ Ð¨Ì ¥£μ ¶Ê¸±μ¢Ò³¨ ³μ³¥´É ³¨: ®�²¥³¥´É ·´Ò¥ ¤¨¸±·¥É´Ò¥ ¨§-
³¥´¥´¨Ö Ô²¥³¥´É ·´ÒÌ ¤¨¸±·¥É´ÒÌ ±μ³¶μ´¥´Éμ¢ £¥´μÉ¨¶  (£¥´μ¢) Ê ¢¸¥Ì ¢
ÔÉμ³ μÉ´μÏ¥´¨¨ ¨§ÊÎ¥´´ÒÌ ¦¨¢ÒÌ μ·£ ´¨§³μ¢ ¢Ò§Ò¢ ÕÉ¸Ö ¢¸¥³¨ É¨¶ ³¨ ¨μ-
´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°, ¸²¥¤ÊÖ ¶·¨ ÔÉμ³ μ¤´μÊ¤ ·´μ° ±·¨¢μ° ¤μ§ ÄÔËË¥±É.
�¶ÒÉÒ ¸ ¨§²ÊÎ¥´¨Ö³¨ · §´ÒÌ ³μÐ´μ¸É¥° ¤μ§Ò ¨ · §´μ° ¦¥¸É±μ¸É¨ ¶μ§¢μ²¨²¨
¢ §´ Î¨É¥²Ó´μ° ³¥·¥ ±μ´±·¥É¨§¨·μ¢ ÉÓ Éμ Ë¨§¨Î¥¸±μ¥ Ö¢²¥´¨¥, ±μÉμ·μ¥ ¸²Ê-
¦¨É Ë¨§¨Î¥¸±¨³ ¶Ê¸±μ¢Ò³ ³¥Ì ´¨§³μ³, ¢Ò§Ò¢ ÕÐ¨³ ³ÊÉ Í¨¨, ¶μ¶ ¤ ´¨¥ ¢
μ¶·¥¤¥²¥´´Ò° ÔËË¥±É¨¢´Ò° μ¡Ñ¥³ ¢ Ëμ·³¥ μ¤´μ° ¨μ´¨§ Í¨¨¯ [71]. �·¥¤¸É -
¢²¥´¨¥ μ Éμ³, ÎÉμ ¶μ¶ ¤ ´¨¥³ Ö¢²Ö¥É¸Ö μ¤´  ¨μ´¨§ Í¨Ö ¨²¨ Ê§±μ²μ± ²¨§μ¢ ´-
´ Ö £·Ê¶¶  ¨μ´¨§ Í¨¨ ¢ £¥´¥É¨Î¥¸±¨Ì ¸É·Ê±ÉÊ· Ì, ¶·¥¤¶μ² £ ¥É ²¨´¥°´Ò° Ì -
· ±É¥· ¤μ§μ¢μ° § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤  ³ÊÉ Í¨°. „¥°¸É¢¨É¥²Ó´μ, ¸¶· ¢¥¤²¨¢μ¸ÉÓ
ÔÉμ£μ ¶μ²μ¦¥´¨Ö ¡Ò²  Ê¡¥¤¨É¥²Ó´μ ¶·μ¤¥³μ´¸É·¨·μ¢ ´  ¢ Ô±¸¶¥·¨³¥´É Ì ´ 
· §²¨Î´ÒÌ μ·£ ´¨§³ Ì. �¤´ ±μ ¢ ¡μ²¥¥ ¶μ§¤´¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ ´ ·Ö¤Ê ¸ ²¨-
´¥°´Ò³¨ ¡Ò²¨ ¢ÒÖ¢²¥´Ò ¨ § ¢¨¸¨³μ¸É¨ ´¥²¨´¥°´μ£μ É¨¶ . ˆ§ ÔÉμ£μ ¸²¥¤Ê¥É,
ÎÉμ ¶μ¶ ¤ ´¨¥ ¨²¨ ¢Ò¤¥²¥´¨¥ ±¢ ´É  Ô´¥·£¨¨ ¢ £¥´ Ì ¨ Ë¨±¸ Í¨Ö ¢μ§´¨± Õ-
Ð¥£μ ¶μ¢·¥¦¤¥´¨Ö ¢ ¢¨¤¥ ³ÊÉ Í¨¨ ´¥μ¤´μ§´ Î´μ ¸¢Ö§ ´Ò ³¥¦¤Ê ¸μ¡μ° ¨, ¡μ-
²¥¥ Éμ£μ, ¢¥·μÖÉ´μ¸ÉÓ § ±·¥¶²¥´¨Ö ¶·¥³ÊÉ Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¢ ³ÊÉ Í¨Õ
§ ¢¨¸¨É μÉ ·Ö¤  ¶·¨¢Ìμ¤ÖÐ¨Ì Ë ±Éμ·μ¢. “¸É ´μ¢²¥´μ, ÎÉμ ÔÉ  ¢¥·μÖÉ´μ¸ÉÓ ¢
¸¨²Ó´μ° ¸É¥¶¥´¨ § ¢¨¸¨É μÉ ¶·μÍ¥¸¸μ¢ ¶·μÉ¥± ´¨Ö ±²¥ÉμÎ´μ£μ ³¥É ¡μ²¨§³ 
¨ ¢ ±μ´¥Î´μ³ ¸Î¥É¥ μÉ ¸¨¸É¥³ ¶μ¸É· ¤¨ Í¨μ´´μ£μ ¢μ¸¸É ´μ¢²¥´¨Ö. � ´´¨¥
· ¡μÉÒ ¶μ ÊÎ¥ÉÊ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö Ê ³¨±·μμ·£ ´¨§³μ¢ ¶·¨ μ¡²ÊÎ¥´¨¨ ¢
Ê¸²μ¢¨ÖÌ ¢²¨Ö´¨Ö Ë ±Éμ·μ¢ Ë¨§¨Î¥¸±μ°, Ì¨³¨Î¥¸±μ° ¨ ¡¨μ²μ£¨Î¥¸±μ° ¶·¨-
·μ¤Ò ¢ÒÖ¢¨²¨ ¢ ¦´ÊÕ ·μ²Ó ¶μ¸É· ¤¨ Í¨μ´´μ£μ ¢μ¸¸É ´μ¢²¥´¨Ö ¢ ¨´¤ÊÍ¨·μ-
¢ ´´μ³ ³ÊÉ Í¨μ´´μ³ ¶·μÍ¥¸¸¥. �μ¸²¥ ¢Ò¤¥²¥´¨Ö ¨ ¨¤¥´É¨Ë¨± Í¨¨ ³ÊÉ ´Éμ¢
¸ · §²¨Î´Ò³¨ ¤¥Ë¥±É ³¨ ¢ ·¥¶ · Í¨¨ „�Š ¶μÖ¢¨² ¸Ó ¢μ§³μ¦´μ¸ÉÓ ¶·¨¸É ²Ó-
´μ£μ ¨§ÊÎ¥´¨Ö ·μ²¨ ·¥¶ · Í¨μ´´ÒÌ ¶·μÍ¥¸¸μ¢ ¢ ¨´¤ÊÍ¨·μ¢ ´´μ³ ³ÊÉ £¥´¥§¥.
�  μ¸´μ¢¥ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ³μ¦´μ ¡Ò²μ ¶·¨°É¨ ± ¢Ò¢μ¤Ê μ ¢ ¦´μ°
·μ²¨ ± ± Ë¨§¨Î¥¸±¨Ì, É ± ¨ ¡¨μ²μ£¨Î¥¸±¨Ì Ë ±Éμ·μ¢ ¢ ³ÊÉ £¥´´μ³ ¤¥°¸É¢¨¨
¨§²ÊÎ¥´¨°. �μ²Ó Ë¨§¨Î¥¸±μ£μ Ë ±Éμ·  ¢ ³ÊÉ Í¨μ´´μ³ ¶·μÍ¥¸¸¥ ³μ¦´μ ¡Ò²μ
¨§ÊÎ ÉÓ, ¨¸¶μ²Ó§ÊÖ ¨μ´¨§¨·ÊÕÐ¨¥ ¨§²ÊÎ¥´¨Ö ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±-
É¥·¨¸É¨± ³¨,   ·μ²Ó ¡¨μ²μ£¨Î¥¸±μ£μ Å ¨¸¶μ²Ó§ÊÖ · §²¨Î´Ò¥ ·¥¶ · Í¨μ´´Ò¥
³ÊÉ ´ÉÒ. ‚ Ô±¸¶¥·¨³¥´É Ì ´  ¡ ±É¥·¨ÖÌ ¸ · §²¨Î´Ò³ £¥´μÉ¨¶μ³ ¡Ò²μ Ê¸É -
´μ¢²¥´μ, ÎÉμ ´¥²¨´¥°´Ò¥ ¤μ§μ¢Ò¥ ±·¨¢Ò¥ ³ÊÉ £¥´¥§  ´ ¡²Õ¤ ÕÉ¸Ö ¤μ¢μ²Ó´μ
Î ¸Éμ ¨ ¢ÒÖ¢²ÖÕÉ¸Ö ¶·¨ ÊÎ¥É¥ ± ± μ¡· É´ÒÌ, É ± ¨ ¶·Ö³ÒÌ ³ÊÉ Í¨°. ’ ±μ£μ
·μ¤  § ¢¨¸¨³μ¸É¨ ¢ É¥Î¥´¨¥ ¤μ²£μ£μ ¢·¥³¥´¨ Ö¢²Ö²¨¸Ó ³ÊÎ¨É¥²Ó´μ° ¶·μ¡²¥-
³μ° ¤²Ö ¸¶¥Í¨ ²¨¸Éμ¢.

� ¸¸³μÉ·¥´´Ò¥ ´ ³¨ ³ É¥·¨ ²Ò ¶μ ³ÊÉ £¥´´μ³Ê ¤¥°¸É¢¨Õ ¨§²ÊÎ¥´¨° Ï¨-
·μ±μ£μ ¤¨ ¶ §μ´  ‹�� ¶μ§¢μ²ÖÕÉ ¶μ´ÖÉÓ ³¥Ì ´¨§³Ò, ²¥¦ Ð¨¥ ¢ μ¸´μ¢¥ ¢Ò-
Ö¢²¥´´ÒÌ § ±μ´μ³¥·´μ¸É¥°. �  μ¸´μ¢¥ ¨¸¸²¥¤μ¢ ´¨° ¨´¤Ê±Í¨¨ ± ± ¶·Ö³ÒÌ,
É ± ¨ μ¡· É´ÒÌ ³ÊÉ Í¨° ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ ²¨´¥°´μ-±¢ ¤· É¨Î´μ° § ¢¨-
¸¨³μ¸É¨ Î ¸ÉμÉÒ μ¡· §μ¢ ´¨Ö ³ÊÉ Í¨° μÉ ¤μ§Ò · §²¨Î´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨°.
�·¨ ¤μ§ Ì μ¡²ÊÎ¥´¨Ö, ¶·¥¢ÒÏ ÕÐ¨Ì §´ Î¥´¨Ö ∼ 80−100 ƒ·, ´ ¡²Õ¤ ¥É¸Ö
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¸É¥¶¥´´ Ö ¤μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ. ‚ ²μ£ ·¨Ë³¨Î¥¸±μ³ ³ ¸ÏÉ ¡¥ ¤μ§μ¢Ò¥ § ¢¨-
¸¨³μ¸É¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¶·Ö³Ò¥ ¸ É ´£¥´¸μ³ Ê£²  ´ ±²μ´  χ = 1,7−1,8,
ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¸É¥¶¥´´μ³, ¡²¨§±μ³ ± ±¢ ¤· É¨Î´μ³Ê, Ì · ±É¥·¥ ÔÉ¨Ì
±·¨¢ÒÌ. � ¨¡μ²¥¥ ¢Ò¸μ± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¢ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ´ ¡²Õ¤ -
¥É¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì ¸ Ê¸±μ·¥´´Ò³¨ ¨μ´ ³¨ £¥²¨Ö ¸ ‹�� ∼= 20 ±Ô‚/³±³.
�·¨ ¤¥°¸É¢¨¨ ¨μ´μ¢ ¸ ¡μ²ÓÏ¨³¨ ‹�� ³ÊÉ £¥´´ Ö ÔËË¥±É¨¢´μ¸ÉÓ ¸´¨¦ ¥É¸Ö.
‘μÌ· ´¥´¨¥ ±¢ ¤· É¨Î´μ£μ Ì · ±É¥·  § ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö μÉ
¤μ§Ò μ¡²ÊÎ¥´¨Ö ¶·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í μ¡Ê¸²μ¢²¥´μ ·Ö¤μ³
μ¡¸ÉμÖÉ¥²Ó¸É¢. Œ¨±·μ¤μ§¨³¥É·¨Î¥¸±¨°  ´ ²¨§ ¢ÒÖ¢²Ö¥³ÒÌ § ±μ´μ³¥·´μ¸É¥°
¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¶·¨ ¤¥°¸É¢¨¨ · §´ÒÌ ¤μ§ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°
¢ μ¡²ÊÎ¥´´μ° ¶μ¶Ê²ÖÍ¨¨ ³μ¦´μ ¢Ò¤¥²¨ÉÓ É·¨ É¨¶  ¸Ê¡¶μ¶Ê²ÖÍ¨° ±²¥Éμ±: ´¥-
¶μ¢·¥¦¤¥´´Ò¥ ¢Ò¦¨¢ ÕÐ¨¥ ±²¥É±¨; ²¥É ²Ó´μ ¶μ¢·¥¦¤¥´´Ò¥ ´¥ ¢Ò¦¨¢ ÕÐ¨¥
±²¥É±¨; ®Ê³¥·¥´´μ¯ ¶μ¢·¥¦¤¥´´Ò¥ ±²¥É±¨, ±μÉμ·Ò¥ ¶μ¸²¥ § ¢¥·Ï¥´¨Ö ¶·μ-
Í¥¸¸  ·¥¶ · Í¨¨ É ±¦¥ ¸μ¸É ¢²ÖÕÉ ±² ¸¸ ¢Ò¦¨¢ ÕÐ¨Ì ±²¥Éμ±. �·¨ Ê¢¥²¨Î¥-
´¨¨ ‹�� ¨§²ÊÎ¥´¨° ¢μ§· ¸É ¥É ¤μ²Ö ´¥¶μ¢·¥¦¤¥´´ÒÌ ±²¥Éμ±,   Ê³¥´ÓÏ ¥É¸Ö
¤μ²Ö ²¥É ²Ó´μ ¶μ¢·¥¦¤¥´´ÒÌ, Î¥·¥§ ±μÉμ·Ò¥ ¶·μÏ²¨ Î ¸É¨ÍÒ ¸¥·¤Í¥¢¨´μ°
É·¥± . ‚ ·¥§Ê²ÓÉ É¥ ÔÉμ£μ ³ÊÉ Í¨¨ μ¡· §ÊÕÉ¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¢ ¸Ê¡¶μ¶Ê-
²ÖÍ¨¨, ¶μ¢·¥¦¤¥´´μ° ¶·μÌμ¦¤¥´¨¥³ δ-Ô²¥±É·μ´μ¢, ¨ ¢ Éμ° ´¥¡μ²ÓÏμ° Ë· ±-
Í¨¨ ±²¥Éμ±, Î¥·¥§ ±μÉμ·Ò¥ ¶·μÏ²¨ μ¤´  ¨ ¡μ²ÓÏ¥ Î ¸É¨Í ¸¥·¤Í¥¢¨´μ° É·¥± 
¶·¨ Ê¸²μ¢¨¨, ÎÉμ ÔÉ¨ ±²¥É±¨ ¸³μ£²¨ μÉ·¥¶ ·¨·μ¢ ÉÓ ¢μ§´¨±Ï¨¥ ¶μ¢·¥¦¤¥´¨Ö
¨ ´¥ ¶μ£¨¡²¨. �  μ¸´μ¢ ´¨¨ ÔÉμ£μ ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ ¸μÌ· ´¥´¨¥ Ì · ±É¥· 
§ ¢¨¸¨³μ¸É¥° Nm/N(D) ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨°, · §²¨Î ÕÐ¨Ì¸Ö ¶μ ‹��.
�μ¸±μ²Ó±Ê Ì · ±É¥· ¶¥·¥¤ Î¨ Ô´¥·£¨¨ δ-Ô²¥±É·μ´μ¢ ¢¥Ð¥¸É¢Ê ¶·¨ ¤¥°¸É¢¨¨
Ô²¥±É·μ³ £´¨É´ÒÌ ¨ ±μ·¶Ê¸±Ê²Ö·´ÒÌ ¨§²ÊÎ¥´¨° ´¥ · §²¨Î ¥É¸Ö ³¥¦¤Ê ¸μ¡μ°,
¢¨¤ § ¢¨¸¨³μ¸É¨ Nm/N(D) ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° · §´μ£μ ± Î¥¸É¢  μ¸É -
¥É¸Ö ´¥¨§³¥´´Ò³. ‘²¥¤μ¢ É¥²Ó´μ, ¶·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í
¸ ¢Ò¸μ±¨³¨ §´ Î¥´¨Ö³¨ ‹�� (‹��∞ � 100 ±Ô‚/³±³), ±μ£¤  ¶·¨ ¶·Ö³μ³
¶·μÌμ¦¤¥´¨¨ É·¥±μ¢ Î ¸É¨Í Î¥·¥§ ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¸É·Ê±ÉÊ·Ò ±²¥É±¨ ¶·¥¨³Ê-
Ð¥¸É¢¥´´μ ¶μ£¨¡ ÕÉ, ¢ ¢Ò¦¨¢ ÕÐ¨Ì ±²¥É± Ì ¨³¥¥É ³¥¸Éμ É ± ´ §Ò¢ ¥³Ò°
®δ-Ô²¥±É·μ´´Ò°¯ ³ÊÉ £¥´¥§. �·¨ ¤¥°¸É¢¨¨ ¦¥ ´  ±²¥É±¨ Ê¸±μ·¥´´ÒÌ ²¥£-
±¨Ì ¨μ´μ¢ ¨²¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢Ò¸μ±¨Ì Ô´¥·£¨° ¸
‹��∞ � 100 ±Ô‚/³±³, ±μ£¤  ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¸É·Ê±ÉÊ·Ò ¨¸¶ÒÉÒ¢ ÕÉ ¶·Ö-
³μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ É·¥±μ¢, ¨³¥¥É ³¥¸Éμ ®¸¥·¤Í¥¢¨´´μ-É·¥±μ¢Ò° ³ÊÉ £¥´¥§¯.
‘ ÊÎ¥Éμ³ ¢ÒÏ¥¨§²μ¦¥´´μ£μ, ¸É ´μ¢¨É¸Ö ¶μ´ÖÉ´Ò³ ¸μÌ· ´¥´¨¥ Ì · ±É¥·  ¤μ-
§μ¢ÒÌ ±·¨¢ÒÌ ³ÊÉ £¥´¥§  Ê ±²¥Éμ± Escherichia coli ¨ Bacillus subtilis ¶·¨
¢μ§· ¸É ´¨¨ ‹�� Î ¸É¨Í.

�  μ¸´μ¢ ´¨¨ ¸μ¢μ±Ê¶´μ¸É¨ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ³μ¦´μ ¶·¨°É¨ ± § -
±²ÕÎ¥´¨Õ μ Éμ³, ÎÉμ ±¢ ¤· É¨Î´Ò° Ì · ±É¥· ±·¨¢ÒÌ ³ÊÉ £¥´¥§  μ¡Ê¸²μ¢²¥´
É¥³, ÎÉμ ¤²Ö μ¡· §μ¢ ´¨Ö ÉμÎ±μ¢ÒÌ ³ÊÉ Í¨° ´¥μ¡Ìμ¤¨³  ·¥ ²¨§ Í¨Ö ¤¢ÊÌ ´¥-
§ ¢¨¸¨³ÒÌ ¤·Ê£ μÉ ¤·Ê£  ¸μ¡ÒÉ¨° ®¶μ¶ ¤ ´¨Ö¯. �¥·¢μ¥ ¨§ ´¨Ì ¸¢Ö§ ´μ ¸ ¢μ§-
´¨±´μ¢¥´¨¥³ ¶·¥³ÊÉ Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¢ ¨§ÊÎ ¥³μ³ ²μ±Ê¸¥, ¨ ¢Éμ·μ¥ Å
μ¡· §μ¢ ´¨¥ ¶μ¢·¥¦¤¥´¨Ö, ¨´¤ÊÍ¨·ÊÕÐ¥£μ ¸¨¸É¥³Ê SOS-·¥¶ · Í¨¨, ±μÉμ· Ö
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¨ ¸¶μ¸μ¡¸É¢Ê¥É § ±·¥¶²¥´¨Õ ¨§³¥´¥´¨Ö ¢ ¡ ±É¥·¨ ²Ó´μ° „�Š ¢ ¢¨¤¥ ³ÊÉ Í¨°.
‘ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ SOS-·¥¶ · Í¨Ö Ö¢²Ö¥É¸Ö ·¥Ï ÕÐ¨³ Ë ±Éμ·μ³ ¢ ·¥ ²¨-
§ Í¨¨ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸ , ¢ ¦¥´  ´ ²¨§ ¸μ¢·¥³¥´´ÒÌ
³μ²¥±Ê²Ö·´ÒÌ ³¥Ì ´¨§³μ¢ μ·£ ´¨§ Í¨¨ SOS-¸¨¸É¥³Ò Ê ¡ ±É¥·¨° E. coli. � §-
· ¡μÉ ´´ Ö ³μ²¥±Ê²Ö·´ Ö ³μ¤¥²Ó ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ £¥´¥§  ¶μ§¢μ²Ö¥É μ¶¨-
¸ ÉÓ ³ £¨¸É· ²Ó´Ò¥ ¶ÊÉ¨ É· ´¸Ëμ·³ Í¨¨ ¶¥·¢¨Î´ÒÌ ´ ·ÊÏ¥´¨° ¸É·Ê±ÉÊ·Ò
„�Š (¶·¥³ÊÉ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨°) ¢ ³ÊÉ Í¨¨. ‚ ¶·¥¤²μ¦¥´´μ° ³μ¤¥²¨
§ ±·¥¶²¥´¨¥ ¶·¥³ÊÉ Í¨μ´´μ£μ ¶μ¢·¥¦¤¥´¨Ö ¢ ³ÊÉ Í¨Õ ÉμÎ±μ¢μ£μ É¨¶  ¶·¨
¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¥¸ÉÓ ·¥§Ê²ÓÉ É · ¡μÉÒ · §²¨Î´ÒÌ Ô´§¨³ -
É¨Î¥¸±¨Ì ³¥Ì ´¨§³μ¢ ¨ ± ± μ¤´μ£μ ¨§ £² ¢´ÒÌ Å ³Ê²ÓÉ¨Ë¥·³¥´É´μ£μ ±μ³-
¶²¥±¸ , ¢±²ÕÎ ÕÐ¥£μ ¢ ¸¥¡Ö ¨´¤ÊÍ¨¡¥²Ó´ÊÕ „�Š-¶μ²¨³¥· §Ê V (UmuD′

2C),
RecA-¶·μÉ¥ §Ê, SSB-¡¥²±¨, ¸Ê¡Ñ¥¤¨´¨ÍÒ „�Š-¶μ²¨³¥· §Ò III. �  μ¸´μ¢¥ ³μ-
²¥±Ê²Ö·´μ° ³μ¤¥²¨ ¡Ò²  · §· ¡μÉ ´  ³ É¥³ É¨Î¥¸± Ö ³μ¤¥²Ó, μ¶¨¸Ò¢ ÕÐ Ö
³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸ ¶·¨ ¤¥°¸É¢¨¨ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ μ¡²ÊÎ¥´¨Ö. �  μ¸´μ-
¢ ´¨¨ ÔÉ¨Ì ¶μ¤Ìμ¤μ¢ ¢μ§³μ¦¥´ ¤ ²Ó´¥°Ï¨° ³ É¥³ É¨Î¥¸±¨°  ´ ²¨§ μ¸´μ¢´ÒÌ
ÔÉ ¶μ¢ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸  ¶·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §-
´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ´  ±²¥É±¨ Escherichia coli. Šμ´¥Î´μ,
ÔÉ  § ¤ Î  £μ· §¤μ ¡μ²¥¥ ¸²μ¦´ Ö, ´μ ¢¶μ²´¥ ·¥ ²¨§Ê¥³ Ö. „²Ö ¥¥ Ê¸¶¥Ï´μ£μ
·¥Ï¥´¨Ö ¶·¥¦¤¥ ¢¸¥£μ ´¥μ¡Ìμ¤¨³Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ± ¸ ÕÐ¨¥¸Ö
±¨´¥É¨±¨ μ¡· §μ¢ ´¨Ö ¨ ¤¥£· ¤ Í¨¨ μ¸´μ¢´ÒÌ £¥´´ÒÌ ¶·μ¤Ê±Éμ¢, ÊÎ ¸É¢ÊÕ-
Ð¨Ì ¢ Ëμ·³¨·μ¢ ´¨¨ ³Ê²ÓÉ¨Ë¥·³¥´É´μ£μ ±μ³¶²¥±¸  UmuD′

2C.
Š· °´¥ ¢ ¦´μ° § ¤ Î¥° ¢ ¶μ´¨³ ´¨¨ ³¥Ì ´¨§³μ¢ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ -

Í¨μ´´μ£μ ¶·μÍ¥¸¸  Ö¢²Ö¥É¸Ö ¸· ¢´¨É¥²Ó´μ¥ ¨§ÊÎ¥´¨¥ § ±μ´μ³¥·´μ¸É¥° ¨ ³¥-
Ì ´¨§³μ¢ μ¡· §μ¢ ´¨Ö ± ± £¥´´ÒÌ, É ± ¨ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° Ê ±²¥Éμ± ¶·¨
¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ²¨´¥°´ÒÌ ¶¥·¥¤ Î Ô´¥·£¨¨. „¥°-
¸É¢¨É¥²Ó´μ, ¤²Ö ·¥Ï¥´¨Ö ·Ö¤   ±ÉÊ ²Ó´ÒÌ ¶· ±É¨Î¥¸±¨Ì ¨ ´ ÊÎ´ÒÌ ¢μ¶·μ¸μ¢
£¥´¥É¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨
Ì · ±É¥·¨¸É¨± ³¨ ´¥μ¡Ìμ¤¨³μ ¨³¥ÉÓ ¨´Ëμ·³ Í¨Õ ´¥ Éμ²Ó±μ μ ¸Ê³³ ·´μ³
¢ÒÌμ¤¥ · §²¨Î´μ£μ É¨¶  ³ÊÉ Í¨° ¢ μ¡²ÊÎ¥´´ÒÌ ±²¥É± Ì, ´μ ¨ μ Î ¸ÉμÉ¥ μ¡· -
§μ¢ ´¨Ö ± ± £¥´´ÒÌ, É ± ¨ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° Ê ±²¥Éμ± ¸ · §²¨Î´Ò³ £¥-
´μÉ¨¶μ³. �μ²ÊÎ¥´¨¥ É ±μ£μ ·μ¤  ¤ ´´ÒÌ Ö¢²Ö¥É¸Ö ±· °´¥ É·Ê¤´μ° § ¤ Î¥°
¢ Ô±¸¶¥·¨³¥´É Ì ´  ±²¥É± Ì ³²¥±μ¶¨É ÕÐ¨Ì. Šμ´¥Î´μ, ¶μ²ÊÎ¥´¨¥ ¤ ´´ÒÌ
μ ¢ÒÌμ¤¥ · §²¨Î´μ£μ ·μ¤  ³ÊÉ Í¨° ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° · §´μ£μ ± Î¥-
¸É¢  ¢ Ô±¸¶¥·¨³¥´É Ì ´  ±²¥É± Ì ³²¥±μ¶¨É ÕÐ¨Ì Ö¢²Ö¥É¸Ö ¨¸±²ÕÎ¨É¥²Ó´μ
¢ ¦´μ° ¶· ±É¨Î¥¸±μ° ¨ ´ ÊÎ´μ° § ¤ Î¥°, ´μ É ±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¸ ¶·¨¢²¥-
Î¥´¨¥³ · §²¨Î´ÒÌ ¢¨¤μ¢ ¡ ±É¥·¨ ²Ó´ÒÌ ±²¥Éμ±, ¡¥§Ê¸²μ¢´μ, ¶·¥¤¸É ¢²ÖÕÉ¸Ö
´¥μ¡Ìμ¤¨³μ° ¸ÉÊ¶¥´ÓÕ ¢ ·¥Ï¥´¨¨ ¤ ´´μ° ¶·μ¡²¥³Ò. “ ¡ ±É¥·¨° ¤¥É ²Ó´μ
¨§ÊÎ¥´  ¸É·Ê±ÉÊ·´μ-ËÊ´±Í¨μ´ ²Ó´ Ö μ·£ ´¨§ Í¨Ö £¥´¥É¨Î¥¸±μ£μ  ¶¶ · É , ¶μ-
²ÊÎ¥´Ò · §²¨Î´Ò¥ ·¥¶ · Í¨μ´´μ-¤¥Ë¨Í¨É´Ò¥ ³ÊÉ ´ÉÒ, ¨ ¢¸¥ ÔÉμ ¶μ§¢μ²Ö¥É
¢ÒÖ¸´¨ÉÓ ³μ²¥±Ê²Ö·´Ò¥ ³¥Ì ´¨§³Ò Ëμ·³¨·μ¢ ´¨Ö £¥´´ÒÌ ¨ ¸É·Ê±ÉÊ·´ÒÌ ³Ê-
É Í¨° ¶·¨ ¤¥°¸É¢¨¨ ´  ±²¥É±¨ ¨§²ÊÎ¥´¨°, · §²¨Î ÕÐ¨Ì¸Ö ¶μ ‹�� ¢ Ï¨·μ±μ³
¤¨ ¶ §μ´¥.
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�´ ²¨§ · ¸¸³μÉ·¥´´ÒÌ ³ É¥·¨ ²μ¢ ¶μ± §Ò¢ ¥É, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ £¥´-
´ÒÌ Î ¸ÉμÉ  μ¡· §μ¢ ´¨Ö ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° ²¨´¥°´μ ¢μ§· ¸É ¥É ¸ ¤μ§μ°
¤²Ö ¢¸¥Ì ¢¨¤μ¢ ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ¨§²ÊÎ¥´¨°. � ¨¡μ²ÓÏ¥° ÔË-
Ë¥±É¨¢´μ¸ÉÓÕ μ¡² ¤ ÕÉ ¨μ´Ò ¸ ‹�� ≈ 50 ±Ô‚/³±³. “¸±μ·¥´´Ò¥ ¨μ´Ò ¸
¡μ²ÓÏ¥° ‹�� ¢Ò§Ò¢ ÕÉ ³¥´ÓÏ¨° ¡¨μ²μ£¨Î¥¸±¨° ÔËË¥±É. ‘²¥¤μ¢ É¥²Ó´μ,
Ì · ±É¥· ¤μ§μ¢ÒÌ § ¢¨¸¨³μ¸É¥° ¶μ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ -
Í¨° Ê ±²¥Éμ± E. coli ¸μ¢¥·Ï¥´´μ μÉ²¨Î ¥É¸Ö μÉ · ´¥¥ · ¸¸³μÉ·¥´´ÒÌ ´ ³¨
§ ¢¨¸¨³μ¸É¥°, ¶μ²ÊÎ¥´´ÒÌ ¤²Ö £¥´´ÒÌ ³ÊÉ Í¨°, ±μ£¤  ´ ¡²Õ¤ ¥É¸Ö ¸É¥¶¥´-
´μ°, ¡²¨§±¨° ± ±¢ ¤· É¨Î´μ³Ê Ì · ±É¥· § ¢¨¸¨³μ¸É¨ Nm/N(D). „μ§μ¢Ò¥
§ ¢¨¸¨³μ¸É¨ ¨´¤Ê±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨°, μ¶¨¸Ò¢ ¥³Ò¥ ²¨´¥°´Ò³¨ ËÊ´±-
Í¨Ö³¨, μ¡Ê¸²μ¢²¥´Ò ¤·Ê£¨³¨ ³¥Ì ´¨§³ ³¨ ¨Ì Ëμ·³¨·μ¢ ´¨Ö ¶μ ¸· ¢´¥´¨Õ
¸ £¥´´Ò³¨ ³ÊÉ Í¨Ö³¨. ‹¨´¥°´Ò° Ì · ±É¥· § ¢¨¸¨³μ¸É¨ μ¡· §μ¢ ´¨Ö ¤¥²¥-
Í¨° ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¡ ±É¥·¨ ²Ó´ÒÌ ±²¥Éμ± μ¡Ê¸²μ¢²¥´ É¥³, ÎÉμ ¢ μÉ²¨Î¨¥
μÉ £¥´´ÒÌ ³ÊÉ Í¨° ³μ²¥±Ê²Ö·´μ° μ¸´μ¢μ° ¶¥·¢¨Î´ÒÌ ¶μ¢·¥¦¤¥´¨°, ¢¥¤ÊÐ¨Ì
± μ¡· §μ¢ ´¨Õ ¤¥²¥Í¨°, Ö¢²ÖÕÉ¸Ö ´¥ ¶μ¢·¥¦¤¥´¨Ö μ¸´μ¢ ´¨°,   ¤¢Ê´¨É¥¢Ò¥
· §·Ò¢Ò „�Š. „²Ö ·¥ ²¨§ Í¨¨ ¶·¥³ÊÉ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨° ¤ ´´μ£μ É¨¶  ¢
¸É·Ê±ÉÊ·´ÊÕ ³ÊÉ Í¨Õ ´¥ É·¥¡Ê¥É¸Ö ¨´¤Ê±Í¨¨ ¸¨¸É¥³Ò SOS-·¥¶ · Í¨¨, ±μÉμ-
· Ö ¨£· ¥É ±²ÕÎ¥¢ÊÕ ·μ²Ó, ± ± ³Ò ¶μ± § ²¨ · ´¥¥, ¢ Ëμ·³¨·μ¢ ´¨¨ £¥´´ÒÌ
³ÊÉ Í¨°.

	¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, μÍ¥´¨¢ ¥-
³ Ö ¶μ ¨´¤Ê±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨°, ¢μ§· ¸É ¥É ¸ Ê¢¥²¨Î¥´¨¥³ ‹��, É ±
¦¥ ± ± ¤²Ö ²¥É ²Ó´ÒÌ ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö ¨ ¨´¤Ê±Í¨¨ ÉμÎ±μ¢ÒÌ ³ÊÉ Í¨°.
�¤´ ±μ ¶μ²μ¦¥´¨¥ ³ ±¸¨³Ê³μ¢ § ¢¨¸¨³μ¸É¨ �	� (‹��) ¤²Ö · ¸¸³ É·¨¢ -
¥³ÒÌ ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö ´¥ Ö¢²Ö¥É¸Ö ¨´¢ ·¨ ´É´Ò³. „²Ö ²¥É ²Ó´μ£μ ¤¥°-
¸É¢¨Ö ´ ¨¡μ²ÓÏ¨¥ §´ Î¥´¨Ö �	� ´ ¡²Õ¤ ÕÉ¸Ö ¶·¨ μ¡²ÊÎ¥´¨¨ Î ¸É¨Í ³¨ ¸
‹�� ≈ 100 ±Ô‚/³±³. �μ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ £¥´´ÒÌ tonB- ¨ colB-³ÊÉ Í¨°
¢¥²¨Î¨´  ³ ±¸¨³Ê³  ¶·¨Ìμ¤¨É¸Ö ´  §´ Î¥´¨Ö ‹�� ≈ 20 ±Ô‚/³±³. „²Ö ¤¥²¥-
Í¨μ´´ÒÌ tonBtrp−-³ÊÉ Í¨° ÔÉ  ¢¥²¨Î¨´  ¸μ¸É ¢²Ö¥É ≈ 50 ±Ô‚/³±³. �  μ¸´μ-
¢ ´¨¨ ¶·μ¢¥¤¥´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¡Ò² ¸¤¥² ´ ¢Ò¢μ¤ μ Éμ³, ÎÉμ · §²¨Î¨Ö ¢
¶μ²μ¦¥´¨¨ ³ ±¸¨³Ê³μ¢ § ¢¨¸¨³μ¸É¥° �	� (‹��) ¤²Ö ²¥É ²Ó´ÒÌ ¨ ³ÊÉ -
£¥´´ÒÌ ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö μ¡Ê¸²μ¢²¥´Ò · §´Ò³ Ì · ±É¥·μ³ ¶μ¢·¥¦¤¥´¨°
„�Š, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ·¥ ²¨§ Í¨¨ £¥´´μ£μ ³ÊÉ £¥´¥§  ¨ ²¥É ²Ó´ÒÌ ÔËË¥±Éμ¢.
‚ ¶¥·¢μ³ ¸²ÊÎ ¥ ¨³¨ Ö¢²ÖÕÉ¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¶μ¢·¥¦¤¥´´Ò¥ μ¸´μ¢ ´¨Ö,
¢μ ¢Éμ·μ³ Å ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „�Š. Œ¨±·μ¤μ§¨³¥É·¨Î¥¸±¨°  ´ ²¨§ ¢Ò-
Ìμ¤  ±² ¸É¥·´ÒÌ �� ¨ „� „�Š ¢ § ¢¨¸¨³μ¸É¨ μÉ ‹�� ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³,
ÎÉμ μ¡  É¨¶  § ¢¨¸¨³μ¸É¥° μ¶¨¸Ò¢ ÕÉ¸Ö ±·¨¢Ò³¨ ¸ ²μ± ²Ó´Ò³ ³ ±¸¨³Ê³μ³.
�¤´ ±μ ¤²Ö ±² ¸É¥·´ÒÌ �� ¶μ²μ¦¥´¨¥ ³ ±¸¨³Ê³  ¸¤¢¨´ÊÉμ ¶μÎÉ¨ ´  ¶μ·Ö-
¤μ± ¢ μ¡² ¸ÉÓ ³¥´ÓÏ¨Ì §´ Î¥´¨° ‹��. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ³μ¦¥É μ¡ÑÖ¸´ÖÉÓ
· §²¨Î¨Ö ¢ ¶μ²μ¦¥´¨¨ ³ ±¸¨³Ê³μ¢ § ¢¨¸¨³μ¸É¥° �	� μÉ ‹�� ¤²Ö ²¥É ²Ó´ÒÌ
ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö ¨ ¨´¤Ê±Í¨¨ £¥´´ÒÌ ³ÊÉ Í¨°.

�±¸¶¥·¨³¥´ÉÒ ¶μ ¨´¤Ê±Í¨¨ ³μ¡¨²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¨§²ÊÎ¥´¨Ö³¨ ¸ · §-
´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ¡Ò²¨ ¸¶² ´¨·μ¢ ´Ò ¸ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ
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ÉμÎ´ Ö Ô±¸Í¨§¨Ö É· ´¸¶μ§μ´μ¢, Ö¢²ÖÖ¸Ó, ¸ μ¤´μ° ¸Éμ·μ´Ò, ¤¥²¥Í¨μ´´Ò³ ¶μ
³μ²¥±Ê²Ö·´μ° ¶·¨·μ¤¥ ¶·μÍ¥¸¸μ³, ¸ ¤·Ê£μ° ¸Éμ·μ´Ò, § ¢¨¸¨É μÉ ËÊ´±Í¨° £¥-
´μ¢, ±μ´É·μ²¨·ÊÕÐ¨Ì SOS-·¥¶ · Í¨Õ. �μ¸±μ²Ó±Ê μ¡· §μ¢ ´¨¥ ¤¥²¥Í¨μ´´ÒÌ
³ÊÉ Í¨°, ¢ μ¸´μ¢¥ ±μÉμ·ÒÌ ²¥¦¨É μ¡· §μ¢ ´¨¥ „� „�Š, ´¥ ¤¥É¥·³¨´¨·μ¢ ´μ
¨´¤ÊÍ¨¡¥²Ó´μ° SOS-·¥¶ · Í¨¥°, ¶·¥¤¸É ¢²Ö²μ¸Ó ¢ ¦´Ò³ ¨§ÊÎ¨ÉÓ § ±μ´μ³¥·-
´μ¸É¨ ¨ ³¥Ì ´¨§³Ò ÉμÎ´μ° Ô±¸Í¨§¨¨ É· ´¸¶μ§μ´μ¢ Ê ¡ ±É¥·¨° Escherichia
coli ¶·¨ ¤¥°¸É¢¨¨ γ-±¢ ´Éμ¢ ¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸ · §´Ò³¨ Ë¨-
§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨. �·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸
·μ¸Éμ³ ¤μ§Ò μ¡²ÊÎ¥´¨Ö Î ¸ÉμÉ  Ëμ·³¨·μ¢ ´¨Ö ¤¥²¥Í¨°, ¢Ò§¢ ´´ÒÌ ÉμÎ´μ°
Ô±¸Í¨§¨¥° ³μ¡¨²Ó´μ£μ Ô²¥³¥´É , μ¶¨¸Ò¢ ² ¸Ó ¸É¥¶¥´´Ò³¨ § ¢¨¸¨³μ¸ÉÖ³¨. ‘
¢μ§· ¸É ´¨¥³ ‹�� Î ¸É¨Í ¨Ì ¡¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¶μ ¸· ¢´¥´¨Õ ¸
γ-±¢ ´É ³¨ Ê¢¥²¨Î¨¢ ² ¸Ó, ¨ ³ ±¸¨³Ê³ § ¢¨¸¨³μ¸É¨ �ƒ�, μ¶·¥¤¥²¥´´μ° ¶μ
±·¨É¥·¨Õ ÉμÎ´μ° Ô±¸Í¨§¨¨ É· ´¸¶μ§μ´  Tn10, ·¥ ²¨§μ¢ ²¸Ö ¢ ¤¨ ¶ §μ´¥ ‹��
μÉ 20 ¤μ 40 ±Ô‚/³±³. Š ± ³Ò ¶μ± §Ò¢ ²¨ ¢ÒÏ¥, ¶·¨ É ±¨Ì ¦¥ §´ Î¥´¨ÖÌ ‹��
´ ¡²Õ¤ ¥É¸Ö ³ ±¸¨³ ²Ó´Ò° ¢ÒÌμ¤ £¥´´ÒÌ ³ÊÉ Í¨° Ê ¡ ±É¥·¨° Escherichia coli
¨ Bacillus subtilis. �  μ¸´μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¡Ò² ¸¤¥² ´ ¢Ò¢μ¤ μ Éμ³,
ÎÉμ ¢Ò¸μ± Ö ¡¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶μ
¨´¤Ê±Í¨¨ ³μ¡¨²Ó´ÒÌ Ô²¥³¥´Éμ¢, ± ± ¨ ¢ ¸²ÊÎ ¥ ¨´¤Ê±Í¨¨ £¥´´ÒÌ ³ÊÉ Í¨°,
μ¡Ê¸²μ¢²¥´  ¤¢Ê³Ö μ¡¸ÉμÖÉ¥²Ó¸É¢ ³¨. ’μÎ´ Ö Ô±¸Í¨§¨Ö É· ´¸¶μ§μ´ , Ö¢²ÖÖ¸Ó,
¸ μ¤´μ° ¸Éμ·μ´Ò, ¤¥²¥Í¨μ´´Ò³ ¸μ¡ÒÉ¨¥³, ¸ ¤·Ê£μ° ¸Éμ·μ´Ò, μ¡Ê¸²μ¢²¥´ 
SOS-§ ¢¨¸¨³Ò³¨ ³¥Ì ´¨§³ ³¨. ‚ μ¸´μ¢¥ ¨´¨Í¨ Í¨¨ Ô±¸Í¨§¨¨ É· ´¸¶μ§μ´ 
²¥¦¨É Ëμ·³¨·μ¢ ´¨¥ μ¤´μ´¨É¥¢ÒÌ Ï¶¨²¥± ¢ ¥£μ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨, μ¡· -
§ÊÕÐ¨Ì¸Ö ¢ Ìμ¤¥ ·¥¶ · Í¨¨ ¶μ¢·¥¦¤¥´¨° „�Š, ¨ Ëμ·³¨·μ¢ ´¨¥ ¶μ¢·¥¦¤¥-
´¨Ö, § ¶Ê¸± ÕÐ¥£μ SOS-μÉ¢¥É ±²¥É±¨, ¢ ·¥§Ê²ÓÉ É¥ Î¥£μ ¶·μ¨¸Ìμ¤¨É Ô±¸Í¨§¨Ö
³μ¡¨²Ó´μ£μ Ô²¥³¥´É . � §²¨Î¨¥ ¢ Ì · ±É¥·¥ ¶·¥³ÊÉ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨°,
Ö¢²ÖÕÐ¨Ì¸Ö ³μ²¥±Ê²Ö·´Ò³ ¸Ê¡¸É· Éμ³ ¶·¨ Ëμ·³¨·μ¢ ´¨¨ £¥´´ÒÌ ¨ ¸É·Ê±-
ÉÊ·´ÒÌ ³ÊÉ Í¨°, ± ± ³Ò Ê± §Ò¢ ²¨, μÉ· ¦ ¥É¸Ö ´  Ì · ±É¥·¥ § ¢¨¸¨³μ¸É¥°
�	� (‹��). Œμ²¥±Ê²Ö·´μ° μ¸´μ¢μ° Ô±¸Í¨§¨¨ É· ´¸¶μ§μ´  ³μ£ÊÉ Ö¢²ÖÉÓ¸Ö
±² ¸É¥·´Ò¥ ¶μ¢·¥¦¤¥´¨Ö μ¤´μ° ´¨É¨ „�Š, ¢μ§´¨± ÕÐ¨¥ ´  Ëμ´¥ ±²¥ÉμÎ´μ£μ
SOS-μÉ¢¥É . �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ´ Ìμ¤¨É ¸¢μ¥ ¶μ¤É¢¥·¦¤¥´¨¥ ¢ ¸É¥¶¥´´μ³ Ì -
· ±É¥·¥ ¤μ§μ¢μ° § ¢¨¸¨³μ¸É¨ ¨´¤Ê±Í¨¨ ³μ¡¨²Ó´ÒÌ Ô²¥³¥´Éμ¢ ¨§²ÊÎ¥´¨Ö³¨ ¸
· §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨,   É ±¦¥ ¢ ¶μ²μ¦¥´¨¨ ²μ± ²Ó´μ£μ
³ ±¸¨³Ê³  § ¢¨¸¨³μ¸É¨ �	� (‹��) ¶μ ¤ ´´μ³Ê ±·¨É¥·¨Õ, ±μ··¥²¨·ÊÕÐ¥£μ
¸  ´ ²μ£¨Î´μ° § ¢¨¸¨³μ¸ÉÓÕ ¤²Ö £¥´´ÒÌ ³ÊÉ Í¨°.
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