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‘· ¢´¨É¥²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ¨´¤Ê±Í¨¨ £¥´´ÒÌ ³ÊÉ Í¨° Ê
Bacillus subtilis ¨ Escherichia coli ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´μ° ‹�	

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ³ÊÉ £¥´´μ£μ ¤¥°¸É¢¨Ö ¨§²ÊÎ¥´¨° ¸
· §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ´  ¡ ±É¥·¨ ²Ó´Ò¥ ±²¥É±¨ ¸ · §²¨Î´Ò³
£¥´μÉ¨¶μ³. �  ¢¥£¥É É¨¢´ÒÌ ±²¥É± Ì ¸¶μ·μμ¡· §ÊÕÐ¨Ì ¡ ±É¥·¨° Bacillus subtilis
¨ ±²¥É± Ì E. coli ¶μ± § ´μ, ÎÉμ § ±μ´μ³¥·´μ¸É¨ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ
¶·μÍ¥¸¸  Ê ÔÉ¨Ì μ¡Ñ¥±Éμ¢ ¡²¨§±¨ ³¥¦¤Ê ¸μ¡μ°: ¤μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ ¤²Ö ±²¥Éμ±
¤¨±μ£μ É¨¶  ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¨³¥¥É ²¨´¥°´μ-±¢ ¤· É¨Î´Ò° Ì · ±É¥·, § ¢¨¸¨-
³μ¸ÉÓ ��	 μÉ ‹�	 μ¶¨¸Ò¢ ¥É¸Ö ±·¨¢μ° ¸ ²μ± ²Ó´Ò³ ³ ±¸¨³Ê³μ³ ¢ μ¡² ¸É¨
20 ±Ô‚/³±³. �¥Ï ÕÐÊÕ ·μ²Ó ¢ ·¥ ²¨§ Í¨¨ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ ¶·μ-
Í¥¸¸  ¨£· ¥É ¨´¤ÊÍ¨¡¥²Ó´ Ö, ¸±²μ´´ Ö ± μÏ¨¡± ³ ¢¥É¢Ó SOS-·¥¶ · Í¨¨, ±μÉμ· Ö
¨³¥¥É ³¥¸Éμ Ê ±²¥Éμ± E. coli ¨ Bacillus subtilis.

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

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2005

BoreykoA.V., BulahA. P. P19-2005-170
The Comparative Investigation of Gene Mutation Induction in Bacillus
subtilis and Escherichia coli Cells after Irradiation by Different
LET Radiation

The data of mutagenic action of ionizing radiation with different physical char-
acteristics on bacterial cells with various genotypes are presented. It was shown
that regularities of inducible mutagenesis in Bacillus subtilis and E. coli are con-
similar. The dose-response dependence for both types of cells is described by the
linear-quadratic function. The RBE on LET relationship has a local maximum at
20 keV/μm. The crucial role in inducible mutagenesis in E. coli and Bacillus subtilis
cells is played by the error-prone SOS-repair.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2005



ˆ¸¸²¥¤μ¢ ´¨¥ § ±μ´μ³¥·´μ¸É¥° μ¡· §μ¢ ´¨Ö £¥´´ÒÌ ³ÊÉ Í¨° Ê ¡ ±É¥·¨° ¸
· §²¨Î´Ò³ Ê·μ¢´¥³ μ·£ ´¨§ Í¨¨ £¥´¥É¨Î¥¸±μ£μ  ¶¶ · É  ¶·¨ ¤¥°¸É¢¨¨ „�Š-
¶μ¢·¥¦¤ ÕÐ¨Ì Ë ±Éμ·μ¢ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¢ ¦´ÊÕ ¨´Ëμ·³ Í¨Õ ¤²Ö ¶μ-
´¨³ ´¨Ö ³¥Ì ´¨§³μ¢ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ £¥´¥§  Ê ±²¥Éμ± · §²¨Î´μ£μ ¶·μ-
¨¸Ìμ¦¤¥´¨Ö. ˆ§¢¥¸É´μ, ÎÉμ ³´μ£¨¥ ·μ¤Ò ¡ ±É¥·¨°, É ±¨¥ ± ± Haemophilus,
Streptococcus, Methylococcus, Deinococcus radiodurans (Kimbal et al., 1971;
Drake, 1976; Moseley, 1983) ´¥ ³ÊÉ¨·ÊÕÉ ¶μ¤ ¤¥°¸É¢¨¥³ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§-
²ÊÎ¥´¨°, Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ ¸¢¥É  ¨ · §´μμ¡· §´ÒÌ Ì¨³¨Î¥¸±¨Ì ³ÊÉ £¥´μ¢.
�·¨¢²¥± ÕÉ ¢´¨³ ´¨¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¡²ÊÎ¥´¨¨ · §²¨Î´ÒÌ
·¥¶ · Í¨μ´´μ-¤¥Ë¨Í¨É´ÒÌ ³ÊÉ ´Éμ¢ ¸¶μ· Bacillus subtilis, Ê ±μÉμ·ÒÌ ¡Ò²
μ¡´ ·Ê¦¥´ ¡μ²¥¥ ¢Ò¸μ±¨° ³ÊÉ £¥´¥§ Ê recA1-³ÊÉ ´É  ¶μ ¸· ¢´¥´¨Õ ¸ ±²¥É-
± ³¨ ¤¨±μ£μ É¨¶  ¨ pol A-³ÊÉ ´É  (Baltschukat and Horneck, 1991). ‚³¥¸É¥ ¸
É¥³ ¨§¢¥¸É´μ, ÎÉμ Ê ¡ ±É¥·¨° E. coli ³ÊÉ Í¨Ö ¢ £¥´¥ rec A ¶μ²´μ¸ÉÓÕ ¡²μ±¨-
·Ê¥É ³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸. ‚ÒÏ¥¨§²μ¦¥´´Ò¥ μ¡¸ÉμÖÉ¥²Ó¸É¢  É·¥¡ÊÕÉ ÉÐ -
É¥²Ó´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ³ÊÉ £¥´´ÒÌ ÔËË¥±Éμ¢ μ¡²ÊÎ¥´¨Ö Ê · §²¨Î´ÒÌ ¢¨¤μ¢
¡ ±É¥·¨°. ‘ ÊÎ¥Éμ³ ¸± § ´´μ£μ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¶·μ¢¥¸É¨ ¸· ¢´¨É¥²Ó-
´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ § ±μ´μ³¥·´μ¸É¥° ¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸ 
Ê ¸¶μ·μμ¡· §ÊÕÐ¨Ì ¢¥£¥É É¨¢´ÒÌ ±²¥Éμ± Bacillus subtilis ¨ ¡ ±É¥·¨° E. coli
¶·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨-
¸É¨± ³¨. 	Éμ ¨ Ö¢¨²μ¸Ó Í¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ.

Œ�’…�ˆ�‹ ˆ Œ…’�„›

‚ · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ ÏÉ ³³Ò ±²¥Éμ± Bacillus subtilis ¤¨-
±μ£μ É¨¶ : BS168 (his A, trp C2) ¨ HA 101 (his, met, leu), ¶μ²ÊÎ¥´´Ò¥ ¨§ ±μ²-
²¥±Í¨¨ ˆ´¸É¨ÉÊÉ  μ¡Ð¥° £¥´¥É¨±¨ ��� (Œμ¸±¢ ) ¨ ˆ´¸É¨ÉÊÉ  ±μ¸³¨Î¥¸±μ°
¡¨μ²μ£¨¨ ¨ ³¥¤¨Í¨´Ò (Š¥²Ó´, ”�ƒ). „²Ö Ô±¸¶¥·¨³¥´Éμ¢ ¢Ò· Ð¨¢ ²¨ ´μÎ´Ò¥
±Ê²ÓÉÊ·Ò ¶·¨ 37 ◦‘ ¢ NB-¸·¥¤¥ (¶¨É É¥²Ó´Ò° ¡Ê²Óμ´ ®Difco¯ 8 £, NaCl 4 £ ´ 
1 ² ¤¨¸É¨²²¨·μ¢ ´´μ° ¢μ¤Ò) ¤μ ¸É Í¨μ´ ·´μ° Ë §Ò (108 ±²¥Éμ±/³²). ‘Ê¸¶¥´-
§¨Õ ±²¥Éμ± μÉ³Ò¢ ²¨ ¨ ·¥¸Ê¸¶¥´¤¨·μ¢ ²¨ ¢ ¡ÊË¥·´μ³ · ¸É¢μ·¥ ¸²¥¤ÊÕÐ¥£μ
¸μ¸É ¢ : 0,01 M NaHPO4,, 0,01 M Na2HPO4, 0,2 M NaCl. ‚ Ô±¸¶¥·¨³¥´-
É Ì ¸ ¡ ±É¥·¨Ö³¨ E. coli ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ÏÉ ³³Ò E. coli ¤¨±μ£μ É¨¶ : B,
W3110, X7026, ÏÉ ³³Ò-¶·μ¤ÊÍ¥´ÉÒ ±μ²¨Í¨´μ¢: T20 (colB-K260), M32-T19
(colM-K260), C600 (colD) ¨ ¡ ±É¥·¨μË £ ϕ80v. ‚ · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ²¨ ²¨§ É
¢¨·Ê²¥´É´μ£μ Ë £  ϕ80, ¨³¥ÕÐ¥£μ É¨É· ´¥ ³¥´¥¥ 1·1010 Ë £μ¢ÒÌ Î ¸É¨Í/³².

�  ±²¥É± Ì Bacillus subtilis ¨¸¸²¥¤μ¢ ²¨ Î ¸ÉμÉÊ μ¡· §μ¢ ´¨Ö his− →
His+-·¥¢¥·É ´Éμ¢ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨ ¨ Ê¸±μ·¥´´Ò³¨ ÉÖ¦¥²Ò³¨ ¨μ-
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´ ³¨. ‚ Ô±¸¶¥·¨³¥´É Ì ¸ ¡ ±É¥·¨Ö³¨ E. coli ¨¸¸²¥¤μ¢ ² ¸Ó Î ¸ÉμÉ  μ¡· §μ¢ -
´¨Ö ¶·Ö³ÒÌ ³ÊÉ Í¨° ton B ¨ col B ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´μ° ‹�	 ¢
Ï¨·μ±μ³ ¤¨ ¶ §μ´¥. „²Ö ¢Ò¤¥²¥´¨Ö ±²¥Éμ±, ¨³¥ÕÐ¨Ì ³ÊÉ Í¨Õ ¢ tonB-²μ±Ê¸¥,
´μÎ´ÊÕ ±Ê²ÓÉÊ·Ê ¢Ò· Ð¨¢ ²¨ ¢ ¶μ²´μ° ¶¨É É¥²Ó´μ° ¸·¥¤¥ (L‚). �¡²ÊÎ¥´´Ò¥
±²¥É±¨ ¢Ò¸¥¢ ²¨ ´  Î Ï±¨ �¥É·¨ ¸ ¶¨É É¥²Ó´μ° L‚-¸·¥¤μ° ¤²Ö μ¶·¥¤¥²¥´¨Ö
¢Ò¦¨¢ ¥³μ¸É¨. „²Ö ¢ÒÖ¢²¥´¨Ö ³ÊÉ Í¨° § ¸¥¢ ²¨ ¶μ 1Ä3·108 ±²¥Éμ± ¢ 100 ³²
¦¨¤±μ° ¶¨É É¥²Ó´μ° L‚-¸·¥¤Ò. ˆ´±Ê¡ Í¨Õ ¶·μ¢μ¤¨²¨ ¢ É¥Î¥´¨¥ 6Ä8 Î ¶·¨
37 ◦‘ ¸  Ô· Í¨¥°, ¤μ ¸É Í¨μ´ ·´μ° Ë §Ò ·μ¸É . „²Ö ¢ÒÖ¢²¥´¨Ö colBresϕ80res-
±²¥Éμ± ¤μ ¢Ò¸¥¢  ´  Î Ï±¨ �¥É·¨ ¸ ±μ²¨Í¨´ ³¨ ¶·μ¢μ¤¨²¨ μ¡· ¡μÉ±Ê ¨¸¸²¥-
¤Ê¥³ÒÌ ±²¥Éμ± ²¨§ Éμ³ Ë £  ϕ80v. „²Ö ÔÉμ£μ ± 0,9 ³² ϕ80v ²¨§ É  ¤μ¡ ¢²Ö²¨
0,1 ³² ¸Ê¸¶¥´§¨¨ ±²¥Éμ± (2Ä3·108±².). �¤¸μ·¡Í¨Õ ¶·μ¢μ¤¨²¨ ¶·¨ 37 ◦‘ ¢
É¥Î¥´¨¥ 15Ä20 ³¨´. ‡ É¥³ μ¡· ¡μÉ ´´Ò¥ Ë £μ³ ±²¥É±¨ ¢Ò¸¥¢ ²¨ ´  Î Ï±¨
�¥É·¨ ¸ ¸¥²¥±É¨¢´μ° ¸·¥¤μ°, ¸μ¤¥·¦ Ð¥° ±μ²¨Í¨´μ¢Ò° ¶·¥¶ · É. �μ¸²¥ 36Ä
48 Î ¨´±Ê¡ Í¨¨ ¶μ¤¸Î¨ÉÒ¢ ²¨ Î¨¸²μ ¢Ò·μ¸Ï¨Ì ±μ²μ´¨°.

‚ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±μ¢ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¨¸¶μ²Ó§μ¢ ²¨ γ-±¢ ´ÉÒ
137Cs,   É ±¦¥ Ê¸±μ·¥´´Ò¥ ¨μ´Ò £¥²¨Ö ¨ Ê£²¥·μ¤  ¸ · §´μ° Ô´¥·£¨¥°. �¡-
²ÊÎ¥´¨¥ γ-±¢ ´É ³¨ 137Cs ¶·μ¢μ¤¨²¨ ¸ ³μÐ´μ¸ÉÓÕ ¤μ§Ò 20 ƒ·/³¨´. ˆ¸ÉμÎ-
´¨±μ³ ³´μ£μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ¸²Ê¦¨² Ê¸±μ·¨É¥²Ó “-200 �¡Ñ¥¤¨´¥´´μ£μ ¨´-
¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. ŒμÐ´μ¸ÉÓ ¤μ§Ò ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¸μ¸É ¢²Ö² 
12 ƒ·/³¨´. — ¸ÉμÉÊ ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ³ÊÉ Í¨° (Œ) μÍ¥´¨¢ ²¨, ¨¸¶μ²Ó§ÊÖ ¸²¥-
¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥

M = (m − m0)/N,

£¤¥ m Å ±μ²¨Î¥¸É¢μ his+-·¥¢¥·É ´Éμ¢ ´  Î Ï±Ê ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö; m0 Å
Î¨¸²μ ·¥¢¥·É ´Éμ¢ ´  Î Ï±¥ ¡¥§ μ¡²ÊÎ¥´¨Ö; N Å ±μ²¨Î¥¸É¢μ ¢Ò¦¨¢Ï¨Ì
±²¥Éμ± ´  Î Ï±¥ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö.

�·¨ ¸É É¨¸É¨Î¥¸±μ° μ¡· ¡μÉ±¥ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ § ¢¨¸¨³μ¸É¨ Î -
¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö ±²¥Éμ± (Nm/N(D), £¤¥ Nm Å ±μ²¨Î¥¸É¢μ ³ÊÉ ´Éμ¢, N Å
±μ²¨Î¥¸É¢μ ¢Ò¦¨¢Ï¨Ì ±²¥Éμ±) μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö (D),  ¶¶·μ±¸¨³¨·μ¢ ²¨
¸É¥¶¥´´μ° ¨²¨ ²¨´¥°´μ-±¢ ¤· É¨Î´μ° ËÊ´±Í¨¥°, ¨¸¶μ²Ó§ÊÖ ¸É ´¤ ·É´Ò° ¸É -
É¨¸É¨Î¥¸±¨° ³¥Éμ¤ ¤²Ö μ¶É¨³¨§ Í¨¨ ¶ · ³¥É·μ¢.

�…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¤μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö ¢¥£¥-
É É¨¢´ÒÌ ±²¥Éμ± ¤¢ÊÌ ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ÏÉ ³³μ¢ B. subtilis
¤¨±μ£μ É¨¶  ¶·¨ γ-μ¡²ÊÎ¥´¨¨. �μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³,
ÎÉμ ¤²Ö ¢¥£¥É É¨¢´ÒÌ ±²¥Éμ± Ì · ±É¥·´  ²¨´¥°´μ-±¢ ¤· É¨Î´ Ö § ¢¨¸¨³μ¸ÉÓ
³ÊÉ £¥´¥§ . �·¨ ¤μ§ Ì μ¡²ÊÎ¥´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì §´ Î¥´¨Ö³ ≥ 100 ƒ·, ¤μ-
§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ  ¶¶·μ±¸¨³¨·Ê¥É¸Ö ²¨´¥°´μ° ËÊ´±Í¨¥° (·¨¸. 1, ¡),   ¶·¨
¡μ²¥¥ ¢Ò¸μ±¨Ì Ê·μ¢´ÖÌ ¤μ§ ±·¨¢ Ö ¡²¨§±  ± ±¢ ¤· É¨Î´μ°. ˆ§ ·¨¸. 2 ¢¨¤´μ,
ÎÉμ ¡²μ±¨·μ¢ ´¨¥ · §²¨Î´ÒÌ ·¥¶ · Í¨μ´´ÒÌ £¥´μ¢ ¸ÊÐ¥¸É¢¥´´μ ¢²¨Ö¥É ´ 
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�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö his− → His+ ¢¥£¥É É¨¢´ÒÌ ±²¥Éμ± HA101
¨ BS168 μÉ ¤μ§Ò γ-μ¡²ÊÎ¥´¨Ö

�¨¸. 2. ‚²¨Ö´¨¥ ³ÊÉ Í¨° ¢ · §²¨Î´ÒÌ £¥´ Ì, ±μ´É·μ²¨·ÊÕÐ¨Ì ·¥¶ · Í¨Õ „�Š, ´ 
¢Ò¦¨¢ ¥³μ¸ÉÓ ±²¥Éμ± Bacillus subtilis ¶·¨ γ-μ¡²ÊÎ¥´¨¨

· ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ± ¨ ¨´¤ÊÍ¨·μ¢ ´´Ò° ³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸. “
¢¸¥Ì ·¥¶ · Í¨μ´´ÒÌ ³ÊÉ ´Éμ¢, ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì, ´ ¡²Õ¤ -
¥É¸Ö ¶μ¢ÒÏ¥´¨¥ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ±²¥Éμ±. ‚ ´ ¨¡μ²ÓÏ¥° ¸É¥¶¥´¨ ÔÉμ
´ ¡²Õ¤ ¥É¸Ö ¤²Ö ÏÉ ³³μ¢ rec E ¨ pol A. ‚²¨Ö´¨¥ ³ÊÉ Í¨° rec E ¨ pol A
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¶μ-· §´μ³Ê ¸± §Ò¢ ¥É¸Ö ´  ³ÊÉ Í¨μ´´μ³ ¶·μÍ¥¸¸¥ Ê γ-μ¡²ÊÎ¥´´ÒÌ ±²¥Éμ±. “
rec E-³ÊÉ ´Éμ¢ ³ÊÉ £¥´¥§ ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ ¶μ¤ ¢²¥´,   Ê pol A-ÏÉ ³³ 
Î ¸ÉμÉ  ³ÊÉ¨·μ¢ ´¨Ö ¢ÒÏ¥, Î¥³ Ê ±²¥Éμ± ¤¨±μ£μ É¨¶  (·¨¸. 3). ˜É ³³Ò, ´¥¸Ê-
Ð¨¥ ³ÊÉ Í¨Õ ¢ £¥´ Ì rec P ¨ add 5, É ±¦¥ ¶·μÖ¢²ÖÕÉ ¡μ²ÓÏÊÕ ³ÊÉ ¡¨²Ó´μ¸ÉÓ
¶μ ¸· ¢´¥´¨Õ ¸ ±²¥É± ³¨ ¤¨±μ£μ É¨¶ .

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö · §²¨Î´ÒÌ ·¥¶ · Í¨μ´´ÒÌ ³ÊÉ ´Éμ¢ ±²¥Éμ±
Bacillus subtilis ¶·¨ γ-μ¡²ÊÎ¥´¨¨

‡ ¢¨¸¨³μ¸É¨ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö £¥´μ¢ ton B ¨ col B 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 ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4. Š ± ³μ¦´μ ¢¨¤¥ÉÓ, ¤²Ö ¢¸¥Ì ¨¸-
¶μ²Ó§μ¢ ´´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨° ´ ¡²Õ¤ ¥É¸Ö ¸É¥¶¥´´ Ö § ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ
μ¡· §μ¢ ´¨Ö ton B ¨ col B-³ÊÉ Í¨° μÉ ¤μ§Ò. ‚ ²μ£ ·¨Ë³¨Î¥¸±μ³ ³ ¸ÏÉ ¡¥
¤μ§μ¢Ò¥ § ¢¨¸¨³μ¸É¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¶·Ö³Ò¥ ¸ É ´£¥´¸μ³ Ê£²  ´ ±²μ´ 
x = 1,7Ä1,8, 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¤ ¥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¤  ³Ê-
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�¨¸. 4. — ¸ÉμÉ  μ¡· §μ¢ ´¨Ö col B-³ÊÉ Í¨° (a) ¨ ton B-³ÊÉ Í¨° (¡) ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥-
´¨° ¸ · §´μ° ‹�	 (He20, He78, C200 μ¡μ§´ Î ÕÉ ¢¥²¨Î¨´Ê ‹�	 ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ
Î ¸É¨Í)

É £¥´´ Ö ÔËË¥±É¨¢´μ¸ÉÓ ¸´¨¦ ¥É¸Ö. �´ ²μ£¨Î´Ò° Ì · ±É¥· ¤μ§μ¢ÒÌ ±·¨¢ÒÌ
³ÊÉ £¥´¥§  ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´μ° ‹�	 ´ ¡²Õ¤ ¥É¸Ö ¨ ¤²Ö ±²¥Éμ±
Bacillus subtilis (·¨¸. 5).

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ ³ÊÉ¨·μ¢ ´¨Ö his− → His+ ±²¥Éμ± Bacillus subtilis
HA101 ¨ BS168 μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨ ¨ ¨μ´ ³¨ £¥²¨Ö ¸ · §´μ° ‹�	 (1 Å
γ-±¢ ´ÉÒ; 2 Å 22 ±Ô‚/³±³; 3 Å 42 ±Ô‚/³±³; 4 Å 72 ±Ô‚/³±³)
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Š¢ ¤· É¨Î´Ò° Ì · ±É¥· ±·¨¢ÒÌ ³ÊÉ £¥´¥§ , ± ± ¨§¢¥¸É´μ, 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¯ Å ¢μ§´¨±´μ¢¥´¨Ö ¶·¥³ÊÉ Í¨μ´´μ£μ
¶μ¢·¥¦¤¥´¨Ö ¢ ¨§ÊÎ ¥³μ³ ²μ±Ê¸¥, ¢μ-¶¥·¢ÒÌ, ¨ ´ ²¨Î¨Ö ¶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¨°, ¢μ-¢Éμ·ÒÌ. ’ ±¨³ μ¡· §μ³,
±¢ ¤· É¨Î´Ò° Ì · ±É¥· ±·¨¢ÒÌ ³ÊÉ £¥´¥§  μÉ· ¦ ¥É ÊÎ ¸É¨¥ ¸¨¸É¥³Ò SOS-
·¥¶ · Í¨¨ ¢ ³ÊÉ Í¨μ´´μ³ ¶·μÍ¥¸¸¥, ±μÉμ· Ö Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³ Ë ±Éμ·μ³
·¥ ²¨§ Í¨¨ ·¥¶ · É¨¢´μ£μ ³ÊÉ £¥´¥§ .

�´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ ¸μ¢·¥³¥´´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, ± ¸ ÕÐ¨Ì¸Ö μ·£ ´¨§ Í¨¨
¸¨¸É¥³Ò ·¥¶ · Í¨¨ Ê ¡ ±É¥·¨° Bacillus subtilis, ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¸¨-
¸É¥³  ¢μ¸¸É ´μ¢²¥´¨Ö ¶μ¢·¥¦¤¥´¨° „�Š Ê ÔÉ¨Ì ±²¥Éμ± ¨³¥¥É ³´μ£μ μ¡Ð¨Ì
Î¥·É ¸ ¡ ±É¥·¨Ö³¨ Escherichia coli. “ Bacillus subtilis ÔËË¥±É¨¢´μ ËÊ´±Í¨μ´¨-
·Ê¥É ·¥¶ · Í¨μ´´Ò° ³¥Ì ´¨§³, ¸¢Ö§ ´´Ò° ¸ ÊÎ ¸É¨¥³ Ê· Í¨²-N-£²¨±μ§¨² §Ò.
	±¸Í¨§¨μ´´ Ö pol �-§ ¢¨¸¨³ Ö ·¥¶ · Í¨Ö ¸ ÊÎ ¸É¨¥³ „�Š-¶μ²¨³¥· §Ò, ±μ¤¨-
·Ê¥³μ° £¥´μ³ pol A, ¢Ò¶μ²´Ö¥É É¥ ¦¥ ËÊ´±Í¨¨, ÎÉμ ¨ Ê ¡ ±É¥·¨° E. coli. ‘¨-
¸É¥³  SOS-·¥¶ · Í¨¨ Ê ±²¥Éμ± Bacillus subtilis ´¥ Ö¢²Ö¥É¸Ö Ê§±μ¸¶¥Í¨Ë¨Î´μ°
¤²Ö “”-¶μ¢·¥¦¤¥´¨° ¨ ± Î¥¸É¢¥´´μ ´¥ μÉ²¨Î ¥É¸Ö μÉ SOS-¸¨¸É¥³Ò ¡ ±É¥·¨°
E. coli. �Ò²μ Ê¸É ´μ¢²¥´μ, ÎÉμ SOS-¸¨¸É¥³  Bacillus subtilis μ·£ ´¨§μ¢ ´ 
¡μ²¥¥ ¸²μ¦´μ, Î¥³ Ê ±²¥Éμ± E. coli. �¥±μ³¡¨´ Í¨μ´´Ò° ¶ÊÉÓ ·¥¶ · Í¨¨ ¶μ-
¢·¥¦¤¥´¨° „�Š Ê ±²¥Éμ± Bacillus subtilis μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ÊÎ ¸É¨¥³ £·Ê¶¶Ò
r¥¸-£¥´μ¢: add A, add B, rec A, rec B, rec D, rec F, recU, recH, rec L, rec P, rec R
¨ rec S. 	É¨ £¥´Ò ¶·¨´¨³ ÕÉ ÊÎ ¸É¨¥ ¢ ·¥¶ · Í¨¨ ¶μ¢·¥¦¤¥´¨° „�Š ¢³¥¸É¥ ¸
„�Š-¶μ²¨³¥· § ³¨, SSB-, Mfd-, Hbsu-¡¥²± ³¨, „�Š-²¨£ §μ°, Éμ¶μ¨§μ³¥-
· § ³¨ ¨ ¤·Ê£¨³¨ ¶·μ¤Ê±É ³¨. “ B. subtilis ÔÉ¨ £¥´Ò μ¡Ñ¥¤¨´¥´Ò ¢ ¶ÖÉÓ Ô¶¨-
¸É É¨Î¥¸±¨Ì £·Ê¶¶: α, β, γ, ε ¨ ζ. –¥´É· ²Ó´ Ö ·μ²Ó ¢ ÔÉμ³ É¨¶¥ ·¥¶ · Í¨¨,
± ± ¨ Ê ±²¥Éμ± E. coli, ¶·¨´ ¤²¥¦¨É Rec �-¡¥²±Ê, ±μ¤¨·Ê¥³μ³Ê £¥´μ³ rec E,
Ö¢²ÖÕÐ¨³¸Ö  ´ ²μ£μ³ £¥´  rec A Ê ±²¥Éμ± E. coli. Rec A-¡¥²μ± Ê B. subtilis,
É ± ¦¥ ± ± ¨ Rec A-¡¥²μ± ¢  ±É¨¢¨·μ¢ ´´μ° Ëμ·³¥ Ê E. coli, · ¸Ð¥¶²Ö¥É
Lex A-·¥¶·¥¸¸μ·. Lex A-¡¥²μ± ¶μ ¸¢μ¨³ ËÊ´±Í¨Ö³  ´ ²μ£¨Î¥´ Lex A-
¶·μÉ¥¨´Ê Ê ±²¥Éμ± E. coli.

“ ±²¥Éμ± E. coli, ± ± ¨§¢¥¸É´μ, ¢μ§´¨±´μ¢¥´¨¥ SOS-¶μ¢·¥¦¤¥´¨Ö ¢ ±²¥É±¥
 ±É¨¢¨·Ê¥É ±μ´¸É¨ÉÊÉ¨¢´Ò° Rec A-¡¥²μ± ¢ Rec A-¶·μÉ¥ §Ê (Rec A∗). �μ¢ÒÏ¥-
´¨¥ Ê·μ¢´Ö Rec A-¶·μÉ¥ §Ò ¶·¨¢μ¤¨É ± ¤¥·¥¶·¥¸¸¨¨ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ £¥´μ¢,
¨ ¶·¥¦¤¥ ¢¸¥£μ £¥´μ¢ rec A, umuD, umuC,   É ±¦¥ lex A ¨ ¤·Ê£¨Ì £¥´μ¢.
“¢¥²¨Î¥´¨¥ Ô±¸¶·¥¸¸¨¨ lex �-£¥´  ´¥ ¶·¨¢μ¤¨É ± ¶μ¢ÒÏ¥´¨Õ Ê·μ¢´Ö Lex A-
¡¥²± , ¶μ¸±μ²Ó±Ê μ´ ¸· §Ê · ¸Ð¥¶²Ö¥É¸Ö Rec A-¶·μÉ¥ §μ°. Rec A-¶·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¢ ´¨° (Reuven et al., 1999). „¥£· ¤ Í¨Ö ³ÊÉ £¥´´μ°  ±É¨¢´μ¸É¨

6



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¥±¸ (UmuD2C), ¢±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¥¸¸
translesion synthesis (TSL). Šμ³¶²¥±¸ UmuDD'C ¨£· ¥É ¨´£¨¡¨·ÊÕÐÊÕ ·μ²Ó ¢
SOS-³ÊÉ £¥´¥§¥, ¸¥±¢¥¸É·¨·ÊÖ UmuD'- ±É¨¢´μ¸É¨. “Î ¸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 ·¥ ²¨§μ¢Ò¢ ÉÓ¸Ö ´  ¸É ¤¨¨ ¨´¨Í¨ Í¨¨ TLS, ²¨¡μ ÔÉμÉ
Ë¥·³¥´É ¸¶μ¸μ¡¸É¢Ê¥É ®¶·μÉÖ£¨¢ ´¨Õ¯ ±μ³¶²¥±¸  UmuC, UmuD', Rec A, SSB
Î¥·¥§ ¸ °ÉÒ ¸ ¶μ¢·¥¦¤¥´¨Ö³¨.

�¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ³ÊÉ £¥´¥§ , ¨´¤ÊÍ¨·μ¢ ´´μ£μ ¨§²ÊÎ¥´¨Ö³¨ ¸ · §´μ°
‹�	, Ê ¡ ±É¥·¨° E. coli ¨ ¢¥£¥É É¨¢´ÒÌ ±²¥Éμ± Bacillus subtilis

Bacillus subtilis Escherichia coli
„μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ ¤²Ö ±²¥Éμ± ¤¨-
±μ£μ É¨¶  ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¨³¥¥É
²¨´¥°´μ-±¢ ¤· É¨Î´Ò° Ì · ±É¥·.

„μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ ¤²Ö ±²¥Éμ± ¤¨-
±μ£μ É¨¶  ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¨³¥¥É
²¨´¥°´μ-±¢ ¤· É¨Î´Ò° Ì · ±É¥·.

‹¨´¥°´μ-±¢ ¤· É¨Î´Ò° É¨¶ § ¢¨¸¨³μ-
¸É¨ ¸μÌ· ´Ö¥É¸Ö ¶·¨ ¢μ§· ¸É ´¨¨ ‹�	
¨§²ÊÎ¥´¨°.

‹¨´¥°´μ-±¢ ¤· É¨Î´Ò° É¨¶ § ¢¨¸¨³μ-
¸É¨ ¸μÌ· ´Ö¥É¸Ö ¶·¨ ¢μ§· ¸É ´¨¨ ‹�	
¨§²ÊÎ¥´¨°.

‡ ¢¨¸¨³μ¸ÉÓ ��	 μÉ ‹�	 ¨³¥¥É
²μ± ²Ó´Ò° ³ ±¸¨³Ê³.

‡ ¢¨¸¨³μ¸ÉÓ ��	 μÉ ‹�	 ¨³¥¥É
²μ± ²Ó´Ò° ³ ±¸¨³Ê³.

— ¸ÉμÉ  ³ÊÉ¨·μ¢ ´¨Ö ±²¥Éμ± pol A-
³ÊÉ ´É  ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¢ÒÏ¥, Î¥³ Ê
¤¨±μ£μ ÏÉ ³³ .

— ¸ÉμÉ  ³ÊÉ¨·μ¢ ´¨Ö ±²¥Éμ± pol A-
³ÊÉ ´É  ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¢ÒÏ¥, Î¥³ Ê
¤¨±μ£μ ÏÉ ³³ .

ŒÊÉ Í¨Ö rec E ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ
¡²μ±¨·Ê¥É ³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸

ŒÊÉ Í¨Ö rec A ¶μ²´μ¸ÉÓÕ ¡²μ±¨·Ê¥É
³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸.

“ ³ÊÉ ´É  add 5 ´ ¡²Õ¤ ¥É¸Ö ¶μ¢ÒÏ¥´-
´ Ö ¶μ ¸· ¢´¥´¨Õ ¸ ±²¥É± ³¨ ¤¨±μ£μ
É¨¶  Î ¸ÉμÉ  ¨´¤Ê±Í¨¨ ³ÊÉ Í¨°.

“ ³ÊÉ ´É  rec BC ´ ¡²Õ¤ ¥É¸Ö ¶μ¢Ò-
Ï¥´´ Ö ¶μ ¸· ¢´¥´¨Õ ¸ ±²¥É± ³¨ ¤¨-
±μ£μ É¨¶  Î ¸ÉμÉ  ¨´¤Ê±Í¨¨ ³ÊÉ Í¨°.

’ ±¨³ μ¡· §μ³, § ±·¥¶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¢, ¨ ¢ Éμ³ Î¨¸²¥, ± ± 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), Rec A-¶·μÉ¥ §Ê, SSB-¡¥²±¨, ¸Ê¡Ñ¥¤¨´¨ÍÒ
„�Š-¶μ²¨³¥· §Ò III. ‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¡²¨§±¨¥ ¶μ ¸¢μ¥³Ê ¸μ¤¥·¦ ´¨Õ ³¥-
Ì ´¨§³Ò § ±·¥¶²¥´¨Ö ¶·¥³ÊÉ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨° ¢ ³ÊÉ Í¨Õ μ¡´ ·Ê¦¥´Ò
¨ Ê ±²¥Éμ± Bacillus subtilis (Huang-Mo Sung et al., 2003).
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‘Ê³³¨·ÊÖ ¶μ²ÊÎ¥´´Ò¥ ´ ³¨ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° (É ¡²¨Í ), ³μ¦´μ
¶·¨¤É¨ ± § ±²ÕÎ¥´¨Õ μ Éμ³, ÎÉμ § ±μ´μ³¥·´μ¸É¨ ³ÊÉ £¥´¥§  Ê ¢¥£¥É É¨¢-
´ÒÌ ±²¥Éμ± ‚. subtilis, ¨´¤ÊÍ¨·μ¢ ´´μ£μ ¨μ´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨ ¸ · §-
´μ° ²¨´¥°´μ° ¶¥·¥¤ Î¥° Ô´¥·£¨¨, ¢¥¸Ó³  ¡²¨§±¨ ± É¥³, ±μÉμ·Ò¥ ¢ÒÖ¢²ÖÕÉ¸Ö
¶·¨ μ¡²ÊÎ¥´¨¨ ¡ ±É¥·¨° …. coli ¨ Salmonella typhimurium (…. �.Š· ¸ ¢¨´,
‘.Šμ§Ê¡¥±, 1991). „¥°¸É¢¨É¥²Ó´μ, ± ± ³μ¦´μ ¢¨¤¥ÉÓ ¨§ É ¡²¨ÍÒ, § ±μ´μ³¥·-
´μ¸É¨ ³ÊÉ £¥´´μ£μ ¤¥°¸É¢¨Ö ¨§²ÊÎ¥´¨°, · §²¨Î ÕÐ¨Ì¸Ö ¶μ ‹�	 ¢ Ï¨·μ±μ³
¤¨ ¶ §μ´¥, ´  ¢¥£¥É É¨¢´Ò¥ ±²¥É±¨ Bacillus subtilis ¨ ±²¥É±¨ E. coli  ´ ²μ-
£¨Î´Ò ¶μ ¢¸¥³ ¨¸¶μ²Ó§μ¢ ´´Ò³ ±·¨É¥·¨Ö³ ¸μ¶μ¸É ¢²¥´¨Ö. 	Éμ ³μ¦¥É ¡ÒÉÓ
¢¥¸μ³Ò³  ·£Ê³¥´Éμ³ ¢ ¶μ²Ó§Ê Éμ£μ, ÎÉμ ³μ²¥±Ê²Ö·´Ò¥ ³¥Ì ´¨§³Ò, μ¶·¥¤¥²Ö-
ÕÐ¨¥ ¨´¤ÊÍ¨·μ¢ ´´Ò° ¨μ´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨ ³ÊÉ Í¨μ´´Ò° ¶·μÍ¥¸¸
Ê ÔÉ¨Ì ±²¥Éμ±, ¢¥¸Ó³  ¡²¨§±¨ ³¥¦¤Ê ¸μ¡μ°. �¥Ï ÕÐÊÕ ·μ²Ó ¢ ·¥ ²¨§ Í¨¨
¨´¤ÊÍ¨·μ¢ ´´μ£μ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸  ¨£· ¥É ¨´¤ÊÍ¨¡¥²Ó´ Ö, ¸±²μ´´ Ö ±
μÏ¨¡± ³ ¢¥É¢Ó SOS-·¥¶ · Í¨¨, ±μÉμ· Ö ¨³¥¥É ³¥¸Éμ Ê ±²¥Éμ± E. coli ¨ Bacil-
lus subtilis.
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