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ˆ´¤Ê±Í¨Ö ÊÉ· ÉÒ Ë· £³¥´Éμ¢ „�Š ¶μ¤ ¤¥°¸É¢¨¥³ “”-¸¢¥É 
Ê ¤·μ¦¦¥° Saccharomyces cerevisiae

‚ · ¡μÉ¥ ¨§ÊÎ ÕÉ¸Ö § ±μ´μ³¥·´μ¸É¨ ³ÊÉ £¥´´μ£μ ¤¥°¸É¢¨Ö “”-¸¢¥É , μ¡Ê¸²μ-
¢²¥´´μ£μ ¢μ§´¨±´μ¢¥´¨¥³ ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ („��) „�Š. ‘²¥¤¸É¢¨¥³ ·¥¶ -
· Í¨¨ „�� Ö¢²ÖÕÉ¸Ö ¤¥²¥Í¨¨ ¨ ¶¥·¥¸É·μ°±¨ ³μ²¥±Ê²Ò „�Š. �μ²ÊÎ¥´´Ò¥ ¤ ´-
´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ¡ ÔËË¥±É¨¢´μ° ¨´¤Ê±Í¨¨ ¤¥²¥Í¨° ¨ ¶¥·¥¸É·μ¥± ¢ „�Š
¶μ¤ ¢μ§¤¥°¸É¢¨¥³ “”-¸¢¥É . �´ ²¨§ ÔËË¥±É¨¢´μ¸É¨ · §²¨Î´ÒÌ É¨¶μ¢ ·¥¶ · Í¨¨
„�� „�Š ¶μ± § ², ÎÉμ ¢ · ¸ÉÊÐ¥° ±Ê²ÓÉÊ·¥ £ ¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ £μ³μ²μ£¨Î´ Ö
·¥±μ³¡¨´ Í¨Ö ³¥¦¤Ê ¶μ¢Éμ· ³¨ ¶·μ¨¸Ìμ¤¨É ¡μ²¥¥ ÔËË¥±É¨¢´μ, Î¥³ ´¥£μ³μ²μ-
£¨Î´μ¥ ¢μ¸¸μ¥¤¨´¥´¨¥ · §μ·¢ ´´ÒÌ ±μ´Íμ¢.

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

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2008

Stepanova A.N., Koltovaya N.A. P19-2008-97
Induction of DNA Deletions after UV-Light Irradiation
in Yeast Saccharomyces cerevisiae

We study mutagenic action of such a damaging agent as UV light, which can lead
to DNA double-strand breaks (DSB). DNA deletions and gross rearrangements occur
in process of DSB repair. We show that UV light induces deletion and rearrangement
very efˇciently. Analysis of efˇcacy of different types of repair shows that cell tries
to repair DSBs with a combination of both homologous recombination (HR) and
nonhomologous end joining (NHEJ) if available and that DSB repair by HR is more
effective than by NHEJ in growing culture of haploid yeast.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2008



‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö  ±É¨¢´μ ¨§ÊÎ ¥É¸Ö ¤¥°¸É¢¨¥ “”-¸¢¥É  ´  ¦¨¢Ò¥ μ·£ -
´¨§³Ò. � ¨¡μ²¥¥ ÔËË¥±É¨¢´μ “”-¸¢¥É ¨´¤ÊÍ¨·Ê¥É ¤¨³¥·Ò É¨³¨´ , ¢μ§´¨± -
ÕÐ¨¥ ¢ ·¥§Ê²ÓÉ É¥ ¸¢Ö§Ò¢ ´¨Ö ¤¢ÊÌ ¸μ¸¥¤´¨Ì μ¸´μ¢ ´¨° μ¤´μ° ¶μ²¨´Ê±²¥μ-
É¨¤´μ° Í¥¶¨ „�Š [1]. “”-¸¢¥É É ±¦¥ ¨´¤ÊÍ¨·Ê¥É, ÌμÉÖ ¨ ³¥´¥¥ ÔËË¥±É¨¢´μ,
· §·Ò¢Ò ´¨É¥° „�Š ¨ ¸Ï¨¢±¨ „�ŠÄ¡¥²μ± [2]. � ¨¡μ²¥¥ ÉÖ¦¥²Ò¥ ¶μ¸²¥¤-
¸É¢¨Ö ¨³¥ÕÉ „�� „�Š [3], ·¥¶ · Í¨Ö ±μÉμ·ÒÌ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ´¥¸±μ²Ó±¨³¨
³¥Ì ´¨§³ ³¨, ¢ Î ¸É´μ¸É¨ ¶ÊÉ¥³ £μ³μ²μ£¨Î´μ° ·¥±μ³¡¨´ Í¨¨ (homologous
recombination Å HR) ¨ ¶ÊÉ¥³ ¢μ¸¸μ¥¤¨´¥´¨Ö ´¥£μ³μ²μ£¨Î´ÒÌ ±μ´Íμ¢ (non-
homologous end joining Å NHEJ). �μ¸²¥¤´¨° ¶·μÍ¥¸¸ ³μ¦¥É ¸μ¶·μ¢μ¦¤ ÉÓ¸Ö
ÊÉ· Éμ° Ë· £³¥´Éμ¢ „�Š [4]. �¥£Ê²ÖÍ¨Ö ¢Ò¡μ·  ³¥Ì ´¨§³  ·¥¶ · Í¨¨ ¸² ¡μ
¨§ÊÎ¥´ .

‚ ¤ ´´μ° · ¡μÉ¥ ¨§ÊÎ ÕÉ¸Ö ±μ²¨Î¥¸É¢¥´´Ò¥ § ±μ´μ³¥·´μ¸É¨ ¢μ§´¨±´μ¢¥-
´¨Ö „�� „�Š ¶μ¤ ¤¥°¸É¢¨¥³ “”-¸¢¥É  ¨ ÔËË¥±É¨¢´μ¸ÉÓ ¨Ì ·¥¶ · Í¨¨ ¶ÊÉ¥³
HR ¨ NHEJ. „²Ö ÔÉμ£μ ¨¸¶μ²Ó§μ¢ ²¨ ¸¶¥Í¨ ²Ó´Ò¥ £¥´¥É¨Î¥¸±¨¥ ¸¨¸É¥³Ò, ¶μ-
§¢μ²ÖÕÐ¨¥ É¥¸É¨·μ¢ ÉÓ ¤¥²¥Í¨¨, ¢μ§´¨± ÕÐ¨¥ ¢ ·¥§Ê²ÓÉ É¥ · §²¨Î´ÒÌ ³¥Ì -
´¨§³μ¢ ·¥¶ · Í¨¨ „�� „�Š. •·μ³μ¸μ³´ Ö £¥´¥É¨Î¥¸± Ö ¸¨¸É¥³ , ¨³¥ÕÐ Ö
¶·μÉÖ¦¥´´Ò¥ ÊÎ ¸É±¨ £μ³μ²μ£¨¨, ¶μ§¢μ²Ö¥É É¥¸É¨·μ¢ ÉÓ ¸μ¡ÒÉ¨Ö ·¥¶ · Í¨¨
¶ÊÉ¥³ HR [5]. �´  μ¸´μ¢ ´  ´  ¨´¢¥·É¨·μ¢ ´´ÒÌ ¶μ¢Éμ· Ì, ²μ± ²¨§μ¢ ´-
´ÒÌ ´  II Ì·μ³μ¸μ³¥, ¸¶μ¸μ¡´ÒÌ ¨´¤ÊÍ¨·μ¢ ÉÓ ¤¥²¥Í¨¨ ¨ ·¥±μ³¡¨´ Í¨Õ.
„²Ö Ì · ±É¥·¨¸É¨±¨ NHEJ ¨¸¶μ²Ó§μ¢ ²¨ ¶² §³¨¤´ÊÕ ¸¨¸É¥³Ê, ¶μ§¢μ²ÖÕÐÊÕ
É¥¸É¨·μ¢ ÉÓ ¸μ¡ÒÉ¨Ö ·¥¶ · Í¨¨ „��, ¸μ¶·μ¢μ¦¤ ÕÐ¨¥¸Ö ¢μ§´¨±´μ¢¥´¨¥³ ¤¥-
²¥Í¨° [6]. �² §³¨¤  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¨¸±Ê¸¸É¢¥´´μ ¸±μ´¸É·Ê¨·μ¢ ´´ÊÕ,
 ¢Éμ´μ³´μ ¶μ¤¤¥·¦¨¢ ÕÐÊÕ¸Ö ¸É·Ê±ÉÊ·Ê „�Š, ¢ ¸μ¸É ¢ ±μÉμ·μ° ¢Ìμ¤ÖÉ ´¥-
¸±μ²Ó±μ £¥´μ¢. ‘É·Ê±ÉÊ·  ¶² §³¨¤Ò ¶μ§¢μ²Ö¥É μ¸ÊÐ¥¸É¢²ÖÉÓ ¸¥²¥±Í¨Õ ¤¥²¥-
Í¨° ¢ ¶² §³¨¤´μ° „�Š ¨  ´ ²¨§ · §³¥·  ÊÉ· Î¥´´μ£μ Ë· £³¥´É  ¢ ±μ´É·μ²¨-
·Ê¥³μ³ ÊÎ ¸É±¥ ¶² §³¨¤´μ° „�Š.

�² §³¨¤´ Ö ¸¨¸É¥³  ¶μ§¢μ²Ö¥É μ¸ÊÐ¥¸É¢²ÖÉÓ ¶·Ö³ÊÕ ¸¥²¥±Í¨Õ ¤¥²¥Í¨μ´-
´ÒÌ ³ÊÉ ´Éμ¢. –¥´É·μ³¥·μ¸μ¤¥·¦ Ð Ö ¶² §³¨¤  YCpL2 [ARS1 CEN3 URA3
TRP1 LEU2 CAN1 CYH2] ¤²¨´μ° 13,8 É¶´ ¡Ò²  ²Õ¡¥§´μ ¶·¥¤μ¸É ¢²¥´  ´ ³
¶·μË. •.ˆ±¥¤μ° (’μ±¨°¸±¨° Ê´¨¢¥·¸¨É¥É, Ÿ¶μ´¨Ö). � · ¡μÉ±Ê ¶² §³¨¤´μ°
„�Š μ¸ÊÐ¥¸É¢²Ö²¨ ¢ ¡ ±É¥·¨ ²Ó´μ³ ÏÉ ³³¥ E. coli TG1 [7]. ‚ ¨¸¸²¥¤μ¢ -
´¨¨ ¨¸¶μ²Ó§μ¢ ²¨ ÏÉ ³³Ò ¤·μ¦¦¥° Saccharomyces cerevisiae R1-1, R1-2 ¨
R2-1 (MAT α ade 2-1 ura 3-1 trp1-1 his 3-11,15 leu2-3,112 can 1-100 cyh 2).
‘¥²¥±Í¨Õ ¤¥²¥Í¨° ¢ ¶² §³¨¤´μ° „�Š ¶·μ¢μ¤¨²¨ ¸μ£² ¸´μ ³¥Éμ¤¨±¥ [6].
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‚ £ ¶²μ¨¤´Ò¥ ÏÉ ³³Ò, ´¥¸ÊÐ¨¥ ³ÊÉ Í¨¨ Ê¸Éμ°Î¨¢μ¸É¨ ±  ´É¨¡¨μÉ¨± ³,
¢¢¥²¨ ¶² §³¨¤Ê ¸ ´μ·³ ²Ó´Ò³¨  ²²¥²Ö³¨ ÔÉ¨Ì £¥´μ¢, ¶·¨¤ ÕÐÊÕ É· ´¸Ëμ·-
³¨·μ¢ ´´Ò³ ÏÉ ³³ ³ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±  ´É¨¡¨μÉ¨± ³. Š²¥É±¨ ·¥Í¨¶¨¥´É-
´ÒÌ ÏÉ ³³μ¢ ¤·μ¦¦¥° É· ´¸Ëμ·³¨·μ¢ ²¨ ¶² §³¨¤μ° Y‘pL2 ¸ ¶μ³μÐÓÕ ®²¨-
É¨¥¢μ°¯ ³¥Éμ¤¨±¨ [8] ¨ μÉ¡¨· ²¨ É· ´¸Ëμ·³ ´ÉÒ ± ± Ura+-±μ²μ´¨¨ ´  ¸¥²¥±-
É¨¢´μ° ¸·¥¤¥ MM300Äura [9]. ’· ´¸Ëμ·³ ´ÉÒ ¶·¨ ¢Ò¸¥¢¥ ±²¥Éμ± ´  ¸¥²¥±É¨¢-
´ÊÕ ¸·¥¤Ê ¸ ¤μ¡ ¢²¥´¨¥³ ¤¢ÊÌ  ´É¨¡¨μÉ¨±μ¢ ± ´ ¢ ´¨´  ¨ Í¨±²μ£¥±¸¨³¨¤ 
MM300 + can + cyh ´¥ μ¡· §ÊÕÉ ±μ²μ´¨¨. ‚ ¸²ÊÎ ¥ ¢μ§´¨±´μ¢¥´¨Ö ´  ¶² §-
³¨¤¥ ¤¥²¥Í¨¨, ¶¥·¥±·Ò¢ ÕÐ¥° ÊÎ ¸Éμ± £¥´μ¢ Ê¸Éμ°Î¨¢μ¸É¨ ±  ´É¨¡¨μÉ¨± ³
CAN1 ¨ CY H2, ±²¥É±¨ ¸É ´μ¢ÖÉ¸Ö ·¥§¨¸É¥´É´Ò³¨ ± μ¡μ¨³  ´É¨¡¨μÉ¨± ³.
�μÔÉμ³Ê ¸¥²¥±Í¨Õ ¤¥²¥Í¨° μ¸ÊÐ¥¸É¢²Ö²¨ ¶ÊÉ¥³ · ¸¸¥¢  É· ´¸Ëμ·³ ´Éμ¢ ´ 
¸¥²¥±É¨¢´ÊÕ ¸·¥¤Ê ¸ ¤μ¡ ¢²¥´¨¥³  ´É¨¡¨μÉ¨±μ¢.

ˆ¸¸²¥¤μ¢ ´  ¨´¤Ê±Í¨Ö ¤¥²¥Í¨° ¢ ¶² §³¨¤´μ° „�Š ¶μ¤ ¤¥°¸É¢¨¥³ “”-
¸¢¥É  ´  ±²¥É±¨ ¤·μ¦¦¥°. „²Ö ÔÉμ£μ ´μÎ´ÊÕ ±Ê²ÓÉÊ·Ê, ¢Ò· Ð¥´´ÊÕ ¢ 5 ³²
¸É ´¤ ·É´μ° ¸·¥¤Ò YPD [9] ¢ Ê¸²μ¢¨ÖÌ ¨´É¥´¸¨¢´μ°  Ô· Í¨¨ ¶·¨ 30 ◦‘, ¶μ¸²¥
¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ · §¢¥¤¥´¨Ö ¢ ¢μ¤¥ · ¸¸¥¢ ²¨ ´  Î Ï±¨ �¥É·¨ ¸ ¶μ²´μ° ¶¨-
É É¥²Ó´μ° ¸·¥¤μ° �‘ [9] ¤²Ö μ¶·¥¤¥²¥´¨Ö ¢Ò¦¨¢ ¥³μ¸É¨ (¨§ · ¸Î¥É  100 ¢Ò-
¦¨¢Ï¨Ì ±²¥Éμ± ´  Î Ï±Ê),   É ±¦¥ ´  ¸¥²¥±É¨¢´ÊÕ ¸·¥¤Ê MM300 + can + cyh
¤²Ö ¸¥²¥±Í¨¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ ´Éμ¢ (´¥ ¡μ²¥¥ 5 · 107 ±²¥Éμ± ´  Î Ï±Ê ¤²Ö
μ¡· §μ¢ ´¨Ö ³μ´μ¸²μÖ ´  ¶μ¢¥·Ì´μ¸É¨  £ ·¨§μ¢ ´´μ° ¸·¥¤Ò). �É±·ÒÉÒ¥ Î Ï-
±¨ �¥É·¨ μ¡²ÊÎ ²¨ “”-¸¢¥Éμ³ (² ³¶  „�-30, 0,28 „¦/³2·¸). ‚μ ¨§¡¥¦ ´¨¥
ËμÉμ·¥ ±É¨¢ Í¨¨ μ¡²ÊÎ¥´¨¥ ¶·μ¢μ¤¨²¨ ¢ É¥³´μÉ¥. ‡ É¥³ Î Ï±¨ ¶μ³¥Ð ²¨ ¢
³¥É ²²¨Î¥¸±¨° ¶¥´ ² ¨ ¨´±Ê¡¨·μ¢ ²¨ ¢ É¥Î¥´¨¥ 4Ä5 ¤´¥° ¶·¨ 30 ◦C.

�  ·¨¸. 1,   ¶·¨¢¥¤¥´  Ê¸·¥¤´¥´´ Ö ±·¨¢ Ö ¢Ò¦¨¢ ¥³μ¸É¨ ¤²Ö É·¥Ì É· ´¸-
Ëμ·³ ´Éμ¢ (R1-1, R1-2 ¨ R2-1) ¶μ¸²¥ “”-μ¡²ÊÎ¥´¨Ö ¨ ¸·¥¤´¨¥ ±¢ ¤· É¨Î´Ò¥
μÏ¨¡±¨. Š·¨¢Ò¥ ¢Ò¦¨¢ ´¨Ö ¨³¥ÕÉ ¸¨£³μ¨¤´ÊÕ Ëμ·³Ê, Ì · ±É¥·´ÊÕ ¤²Ö £ -
¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö “”-¸¢¥Éμ³. �·¨ ³ ±¸¨³ ²Ó´μ³ Ë²Õ¥´¸¥

�¨¸. 1. Š·¨¢Ò¥ ¢Ò¦¨¢ ¥³μ¸É¨ ( ) ¨ Î ¸ÉμÉ  ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ ´Éμ¢ (¡) ¶μ¸²¥ “”-
μ¡²ÊÎ¥´¨Ö £ ¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ R1-1, R1-2 ¨ R2-1
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Ô´¥·£¨¨ 201,6 „¦/³2 ¢Ò¦¨¢ ¥³μ¸ÉÓ ¸´¨¦ ² ¸Ó ¤μ 0,001%. ’¥³¶ ¢μ§´¨±´μ-
¢¥´¨Ö ¸¶μ´É ´´ÒÌ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ Í¨° ¸μ¸É ¢²Ö² (5,8 ± 1,1) · 10−8, ÎÉμ
Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ ¤ ´´Ò³¨ ²¨É¥· ÉÊ·Ò [6]. — ¸ÉμÉ  ¸¶μ´É ´´ÒÌ ³ÊÉ ´-
Éμ¢ ¢ ¶μ¶Ê²ÖÍ¨¨ μ¡²ÊÎ ¥³ÒÌ ´ ³¨ ±Ê²ÓÉÊ· ¸μ¸É ¢²Ö²  (1,2± 0,2) · 10−6. �·¨
μÉ´μ¸¨É¥²Ó´μ ³ ²ÒÌ Ψ (¤μ 100 „¦/³2) ¨ ¢Ò¦¨¢ ¥³μ¸É¨ ¢¶²μÉÓ ¤μ 1% ¤¥²¥-
Í¨μ´´Ò¥ ³ÊÉ ´ÉÒ ¨´¤ÊÍ¨·μ¢ ²¨¸Ó “”-¸¢¥Éμ³ ¸ ´¨§±μ° Î ¸ÉμÉμ° (·¨¸. 1, ¡). ‘
¶μ¸²¥¤ÊÕÐ¨³ Ê¢¥²¨Î¥´¨¥³ ¤μ§Ò Î ¸ÉμÉ  ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ ´Éμ¢ ¡Ò¸É·μ ¢μ§-
· ¸É ²  ¨ ¶·¨ Ë²Õ¥´¸¥ Ô´¥·£¨¨ 201,6 „¦/³2 ¨ ¢Ò¦¨¢ ¥³μ¸É¨ 0,002% μ´ 
Ê¢¥²¨Î¨¢ ² ¸Ó ¤μ (2,5 ± 0,6) · 10−3. ’ ±¨³ μ¡· §μ³, “”-¸¢¥É ÔËË¥±É¨¢´μ
¨´¤ÊÍ¨·μ¢ ² ¤¥²¥Í¨¨ ¢ „�Š, ¨ ´ ¡²Õ¤ ² ¸Ó ¸É¥¶¥´´ Ö § ¢¨¸¨³μ¸ÉÓ ¨´¤Ê±-
Í¨¨ ¤¥²¥Í¨° μÉ ¤μ§Ò ¢μ§¤¥°¸É¢¨Ö. Š ± ¡Ò²μ ¶μ± § ´μ ¢ · ¡μÉ¥ •.ˆ±¥¤Ò [6],
É ±¨¥ ¤¥²¥Í¨¨ μ¡· §ÊÕÉ¸Ö ¢ ¶·μÍ¥¸¸¥ ·¥¶ · Í¨¨ „�� „�Š ¶ÊÉ¥³ NHEJ.

„²Ö ¨§ÊÎ¥´¨Ö ¢´ÊÉ·¨Ì·μ³μ¸μ³´μ° £μ³μ²μ£¨Î´μ° ·¥±μ³¡¨´ Í¨¨ ¨¸¶μ²Ó-
§μ¢ ²¨ £ ¶²μ¨¤´Ò¥ ÏÉ ³³Ò ¤·μ¦¦¥° ALE1000 ¨ ALE1001, ¸μ¤¥·¦ Ð¨¥ ¤¢ 
¶μ¢Éμ·  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ lys2 ¢μ II Ì·μ³μ¸μ³¥ [5]. ˜É ³³Ò ALE1000
¨ ALE1001 (MATα ade5-1 his2-3,112 trp1-289 ura3-52 lys2-Δ5' lys2::HS-D)
²Õ¡¥§´μ ¶·¥¤μ¸É ¢²¥´Ò ´ ³ ¤-·μ³ „.�. ƒμ·¤¥´¨´Ò³ (National Institute of En-
vironmental Health Sciences, NC). �μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ lys2::HS-D ¸μ¤¥·¦¨É ¢
BamH1 c °É¥ £¥´  LYS2 ±²μ´¨·μ¢ ´´ÊÕ ¢ ¶² §³¨¤¥ pPD39 ¢¸É ¢±Ê ¶·Ö³μ£μ
¶μ¢Éμ·  ¤¢ÊÌ ±μ´¸¥´¸Ê¸´ÒÌ ¶μ¸¥¤μ¢ É¥²Ó´μ¸É¥° Ale ¤²¨´μ° 658 ¶´. “¸¥Î¥´-
´Ò° ¶μ 5`-±μ´ÍÊ £¥´ lys2-Δ5` ¨ £¥´ LEU2 ¨´É¥£·¨·μ¢ ´´Ò ¢μ II Ì·μ³μ¸μ³Ê ± ±
¶·Ö³μ° ¶μ¢Éμ· ¸  ²²¥²ÓÕ lys2::HS-D. ˆ´É¥£· Í¨Ö ¶² §³¨¤Ò ¢ ²μ±Ê¸ LYS2 ´ 
II Ì·μ³μ¸μ³¥ ¸μ§¤ ¥É ¢´ÊÉ·¨Ì·μ³μ¸μ³´Ò¥ ¶μ¢Éμ·Ò lys2, · §¤¥²¥´´Ò¥ £¥´μ³
LEU2. �¥±μ³¡¨´ Í¨Ö ³¥¦¤Ê ¶μ¢Éμ· ³¨ lys2 ¶·μ¨¸Ìμ¤¨É ¢ ·¥§Ê²ÓÉ É¥ ±μ´-
¢¥·¸¨¨, ±μÉμ· Ö ³μ¦¥É ¸μ¶·μ¢μ¦¤ ÉÓ¸Ö ±·μ¸¸¨´£μ¢¥·μ³. ‚ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥
μ¡· §Ê¥É¸Ö ¤¥²¥Í¨Ö, ±μÉμ·ÊÕ ¨¤¥´É¨Ë¨Í¨·ÊÕÉ ¶μ ÊÉ· É¥ ²μ±Ê¸  LEU2.

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò Ê¸·¥¤´¥´´Ò¥ ¤ ´´Ò¥ ¤²Ö ¤¢ÊÌ ÏÉ ³³μ¢ ALE1000 ¨
ALE1001 (¶μ É·¨ ¶μ¢Éμ·´μ¸É¨ ¤²Ö ± ¦¤μ£μ) ¨ ¸·¥¤´¨¥ ±¢ ¤· É¨Î´Ò¥ μÏ¨¡±¨.
Š·¨¢Ò¥ ¢Ò¦¨¢ ´¨Ö ¨³¥²¨ Ì · ±É¥·´ÊÕ ¸¨£³μ¨¤´ÊÕ Ëμ·³Ê (·¨¸. 2,  ) ¨ ¸μ¢¶ -
¤ ²¨ ¸ ¢Ò¦¨¢ ¥³μ¸ÉÓÕ · ´¥¥ Ê¶μ³Ö´ÊÉÒÌ ÏÉ ³³μ¢. — ¸ÉμÉÊ ¢μ§´¨±´μ¢¥´¨Ö
¢´ÊÉ·¨Ì·μ³μ¸μ³´μ° ·¥±μ³¡¨´ Í¨¨ ¢ μ¡²ÊÎ¥´´μ° ±Ê²ÓÉÊ·¥ μ¶·¥¤¥²Ö²¨, · ¸-
¸¥¢ Ö ±Ê²ÓÉÊ·Ò ±²¥Éμ± ´  ¸¥²¥±É¨¢´ÊÕ ¸·¥¤Ê MM300Älys ¨ ¨´±Ê¡¨·ÊÖ ¶·¨
É¥³¶¥· ÉÊ·¥ 30 ◦C ¢ É¥Î¥´¨¥ 5 ¸ÊÉμ±. �μ ¤ ´´Ò³ ²¨É¥· ÉÊ·Ò, Î ¸ÉμÉ  ¸¶μ´-
É ´´μ° ¢´ÊÉ·¨Ì·μ³μ¸μ³´μ° ·¥±μ³¡¨´ Í¨¨ ¸μ¸É ¢²Ö²  1,4 · 10−5 [5].

“”-¸¢¥É ÔËË¥±É¨¢´μ ¨´¤ÊÍ¨·μ¢ ² £μ³μ²μ£¨Î´ÊÕ ·¥±μ³¡¨´ Í¨Õ: ¶·¨
Ψ = 100 „¦/³2 Î ¸ÉμÉ  ·¥±μ³¡¨´ ´Éμ¢ ¤μ¸É¨£ ²  5 · 10−2,   Î ¸ÉμÉ  ¤¥²¥-
Í¨μ´´ÒÌ ³ÊÉ ´Éμ¢ Å 4 · 10−2 (·¨¸. 2, ¡). „²Ö ´¥£μ³μ²μ£¨Î´μ° ·¥±μ³¡¨´ Í¨¨
¶·¨ É ±μ³ ¦¥ §´ Î¥´¨¨ Ë²Õ¥´¸  Ô´¥·£¨¨ “”-¨§²ÊÎ¥´¨Ö Î ¸ÉμÉ  ¤¥²¥Í¨μ´´ÒÌ
³ÊÉ ´Éμ¢ ´ Ìμ¤¨² ¸Ó ´  Ê·μ¢´¥ 5,5 ·10−5. Œμ¦´μ ¶·¥¤¶μ² £ ÉÓ, ÎÉμ ÔÉ¨ É¨¶Ò
·¥¶ · Í¨¨ ±μ´±Ê·¨·ÊÕÉ §  ³¨Ï¥´Ó, ¢ ¤ ´´μ³ ¸²ÊÎ ¥ §  „�� „�Š.

ˆ§ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¢¨¤´μ, ÎÉμ ¢ ±Ê²ÓÉÊ· Ì £ ¶²μ¨¤´ÒÌ ÏÉ ³³μ¢
¤·μ¦¦¥° ¢ Ô±¸¶μ´¥´Í¨ ²Ó´μ° Ë §¥ ·μ¸É  £μ³μ²μ£¨Î´ Ö ·¥±μ³¡¨´ Í¨Ö ³¥¦¤Ê
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�¨¸. 2. Š·¨¢Ò¥ ¢Ò¦¨¢ ¥³μ¸É¨ ( ) ¨ Î ¸ÉμÉ  ·¥±μ³¡¨´ ´Éμ¢ ¨ ¤¥²¥Í¨μ´´ÒÌ ³ÊÉ ´Éμ¢
(¡) ¶μ¸²¥ “”-μ¡²ÊÎ¥´¨Ö £ ¶²μ¨¤´ÒÌ ÏÉ ³³μ¢ ALE1000 ¨ ALE1001

¶μ¢Éμ· ³¨ ¨¤¥É ¸ ¡μ²ÓÏ¥° ÔËË¥±É¨¢´μ¸ÉÓÕ, Î¥³ ´¥£μ³μ²μ£¨Î´μ¥ ¢μ¸¸μ¥¤¨´¥-
´¨¥ ±μ´Íμ¢. ˆ¸¶μ²Ó§μ¢ ´´ Ö ¢ ´ Ï¨Ì Ô±¸¶¥·¨³¥´É Ì ±Ê²ÓÉÊ·  ¶·¥¤¸É ¢²Ö¥É
¸μ¡μ° ¸³¥Ï ´´ÊÕ ¶μ¶Ê²ÖÍ¨Õ ±²¥Éμ± ¢ · §²¨Î´ÒÌ Ë § Ì ±²¥ÉμÎ´μ£μ Í¨±² .
ˆ§¢¥¸É´μ, ÎÉμ ÔËË¥±É¨¢´μ¸ÉÓ · §´ÒÌ ¶ÊÉ¥° ·¥¶ · Í¨¨ ¢ ´¨Ì · §²¨Î ¥É¸Ö [10].
‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ´¥¸μ³´¥´´Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¢ ¤ ²Ó´¥°Ï¥³ ¨§ÊÎ¥´¨¥
ÔËË¥±É¨¢´μ¸É¨ ¨´¤Ê±Í¨¨ ¤¥²¥Í¨° ¨ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö · §²¨Î´ÒÌ ¶ÊÉ¥° ·¥-
¶ · Í¨¨ ¢ ±Ê²ÓÉÊ· Ì ±²¥Éμ± ¤·μ¦¦¥°, ¸¨´Ì·μ´¨§μ¢ ´´ÒÌ ¢ · §²¨Î´ÒÌ ¸É -
¤¨ÖÌ ±²¥ÉμÎ´μ£μ Í¨±² . 	É¨ ¢μ¶·μ¸Ò Ö¢ÖÉ¸Ö ¶·¥¤³¥Éμ³ ´ Ï¨Ì ¤ ²Ó´¥°Ï¨Ì
¨¸¸²¥¤μ¢ ´¨°.
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