
ˤ̛̙̗̗̎̑̓̉̕.

ˣ̘̙̖̎̍̎̔̎̑̎ ̛̛̙̜̜̙̤̓̚ 
̙̗̗̜̉̓̔̎̓̔̕̕Ȣ



̛̘̙̗̗̎̑̓̉̕
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˨͍ͯͻ͔ͣͪͤ·͚ Ή͔ͭͪͦ͟͡ͺ͔ͦͪ͘
·̋ ̨̛̘̗̥̜̔̐̎̚̚ ̨̍̔ ̨̙̖̉̐̍̎̔̎̑ ̗̊̎̔̓̋ ̑ ̞̑ 
̘̙̠̖̗̎̋̑̒ ̛̖̝̟̑̍̎̑̑̓̉̑̑ ɉ̗̍ ΫΪ ΪΪΪ ̜̙̖̖̗̋̎̎ 
̛̖̝̟̙̜̤̞̑̍̎̑̑̑̎̕ ̗̊̎̔̓̋ ̐̉ ̗̖̍̑ 
̛̦̘̙̖̓̎̑̎̚̕ɊȢ

·l ̗̖̗̏ ̛̙̖̥̉̋̑̚ ̙̖̤̉̐̎ ̛̓̔̎̓̑ ̑̔̑ 
̗̙̖̤̌̉̑̐̕.

·l ̗̖̗̏ ̛̗̘̙̥̎̍̎̔̑ ̛̗̠̗̓̔̑̎̋̚ ̗̗̓̉̏̍̌ ̊̎̔̓̉ 
̖̉ ̛̗̥̖̗̍̎̔̕ ̛̦̘̉̎ ̨̛̙̉̐̋̑̑ ̛̓̔̎̓̑.



˨͍ͯͻ͔ͣͪͤ·͚ Ή͔ͭͪͦ͟͡ͺ͔ͦͪ͘

ˠ̛̑̐̉Deinococcusradiodurans

http://cn.expasy.org/ch2dothergifs/cours2d/gifs/02-0719.gif


#ÏÐÙÒÉÇÈÔ ΎΫγγα ÂÙ ÔÈÅ .ÁÔÉÏÎÁÌ !ÃÁÄÅÍÙ ÏÆ 3ÃÉÅÎÃÅÓ

Agafonov, Dmitry E. et al. (1997) Proc. Natl. Acad. Sci. USA 94, 12892-12897

Separation of individual ribosomal proteins by two-dimensional gel electrophoresis: 
photograph of Coomassie-stained gel (A) and fluorogram of the same gel (B).



˖̉̐̉ ̖̖̤̞̍̉ ̘̗ ̜̙̖̤̍̋̎̕̕ ̨̌̎̔̕Ȣ 
http://au.expasy.org/ch2d/



˖̉̐̉ ̖̖̤̞̍̉ ̘̗ ̜̙̖̤̍̋̎̕̕ ̨̌̎̔̕Ȣ 

http://au.expasy.org/tools/
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ˡ̉̚̚-̨̛̛̘̙̗̙̎̓̎̑̚̕

·ˣ̖̗̖̗̋̒̚ ̛̗̎̍̕ 
̛̘̙̗̗̖̗̗̎̌̕
̖̉̉̔̑̐̉ȟ 
̘̗̥̜̤̑̔̐̎̒̚̕ ̨̍̔ 
̛̖̝̟̑̍̎̑̑̓̉̑̑ 
̗̊̎̔̓̋ ̑ ̞̑ 
̨̖̙̗̖̎̓̋̎̑̋̉̑̚

http://www.pslc.ws/russian/maldi.htm



ˡ̉̚̚-̨̛̛̘̙̗̙̎̓̎̑̚̕



ˮ͔ͤͫͭͪͯͣͤͭ· ͔͙͙ͨͪͦͭͦͣ͟
·˙̜̞̙̖̤̋̎̒̕ ̛̦̙̗̝̗̙̔̎̓̎̐ ɀ̑ ̨̛̘̗̥̜̔̐̎̚̚ ̨̍̔ 
̨̙̖̉̐̍̎̔̎̑ ̗̊̎̔̓̋ ̑ ̞̑ ̘̙̠̖̗̎̋̑̒ 
̛̖̝̟̑̍̎̑̑̓̉̑̑Ȣ

·ˡ̉̚̚-̨̛̛̘̙̗̙̎̓̎̑̚̕ ɀ̗ ̖̗̖̗̋̒̚ ̛̗̎̍̕ 
̛̘̙̗̗̖̗̗̎̌̕ ̖̉̉̔̑̐̉ȟ ̘̗̥̜̤̑̔̐̎̒̚̕ ̨̍̔ 
̛̖̝̟̑̍̎̑̑̓̉̑̑ ̗̊̎̔̓̋ ̑ ̞̑ ̨̖̙̗̖̎̓̋̎̑̋̉̑̚Ȣ



˿ͭͪͯͭͯͪͤ͊͟Ύ ͎͔͙ͤͦͣ͊͟Φ
·ˣ̘̙̖̎̍̎̔̎̑̎ ̛̛̘̙̗̙̖̖̖̤̞̉̋̎̚̚ ̛̛̙̜̜̙̓̚ ̞̋̎̚ 
̗̊̎̔̓̋ ̋ ̗̙̖̌̉̑̐̎̕ ̑ ̡̛̗̗̖̗̖̎̑̎̚ ̞̑ ̛̛̙̜̜̙̓̚ ̚ 
̝̜̖̟̓̑̎̒Ȣ
·˝̐ ̛̖̜̗̖̗̓̔̎̑̍̒ ̛̛̘̗̗̥̖̗̔̎̍̋̉̎̔̑̚̚ ̖̌̎̉ 
̧̛̘̗̜̠̔̉ ̧̛̖̗̗̖̜̉̑̓̑̔̕̚ ̛̛̘̗̗̥̖̗̥̔̎̍̋̉̎̔̚̚ 
̊̎̔̓̉Ȣ

·˦̙̖̖̉̋̎̑̎ ̚ ̨̛̛̘̗̗̥̖̗̔̎̍̋̉̎̔̑̚̚̕ ̑̐ ̖̊̉̓̉ ̖̖̤̞̍̉ 
=> ̘ ̙̖̎̍̓̉̐̉̑̎̚ ̛̛̙̜̜̙̤̓̚ ̑ ̝̜̖̟̓̑̑ ̊̎̔̓̉Ȣ

·=>̗̘̙̖̎̍̎̔̎̑̎ ̛̛̘̙̗̙̖̖̖̗̉̋̎̒̚̚ ̛̛̙̜̜̙̤̓̚ ̊̎̔̓̉ 
̛̗̗̎̍̕̕ ˴ˡ˥ ̑̔̑ ̚ ̢̧̘̗̗̥̕ ̛̛̛̙̖̖̗̙̜̜̙̖̗̗̎̌̎̓̌̚ 
̖̉̉̔̑̐̉Ȣ





ˬ̛̗ ̛̍̉̎ ̛̛̖̖̘̙̗̙̖̖̖̗̐̉̑̎̉̋̎̒̚̚ 
̛̛̙̜̜̙̤̓̚ȩ

·ˤ̗̖̖̑̉̑̎̕ ̘̙̗̟̗̎̋̚̚ ̖̉ ̨̗̜̙̖̗̔̎̓̔̕̕ ̜̙̗̖̋̎ 
ɉ̛̝̜̖̖̥̖̤̍̉̎̉̔̒̕ ̛̘̉̎̓̚Ɋȡ

·˪̠̑̑̎̓̑̒̕̚ ̞̖̎̉̑̐̕̕ ̛̙̗̤̉̊ ̛̝̙̖̗̎̎̋̕ȟ 
̛̖̗̙̤̑̌̑̊̑ ̛̝̙̖̗̎̎̋̕ȟ ̨̗̝̟̍̑̑̓̉̑̕ ̛̝̙̖̗̎̎̋̕

·˗̨̛̗̐̉̑̍̎̒̋̑̕̚ ̙̗̗̜̉̓̔̎̓̔̕̕ȡ ̗̊̎̔̓-̗̊̎̔̓ȟ ˥ˢ-˟
̗̊̎̔̓ȟ ˙ˢ˟-̗̊̎̔̓ȟ ˥ˢ˟-˙ˢ˟

·˟̙̜̘̖̤̎ ̨̙̗̗̜̙̖̤̉̓̔̎̓̔̎̕̕ ̗̘̤̓̔̎̓̕̚ ɀ
̙̗̗̤̑̊̚̕ȟ ̘̗̗̤̔̑̚̕ȟ ̛̛̛̝̗̗̖̠̑̎̑̎̓̑̒̚̚ ̛̟̖̙̎ȟ 
̙̖̖̤̎̊̉̎̕̕ ̊̎̔̓̑

·˗̛̗̐̉̑̍̎̒̋̑̎̕̚ ̗̜̔̎̓̔̕ ̚ ̙̗̗̜̉̓̔̎̓̔̉̑̕̕̕
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ˬ̛̗ ̛̍̉̎ ̖̖̐̉̑̎ ̛̛̘̙̗̙̖̖̖̗̉̋̎̒̚̚ 
̛̛̙̜̜̙̤̓̚ȩ

·ˤ̗̖̖̑̉̑̎̕ ̨̗̜̙̖̤̞̔̎̓̔̕ ̗̖̗̋̚ ̨̗̖̖̗̖̋̐̑̓̋̎̑ 
̨̗̖̐̉̊̔̎̋̉̑ ̛̍̎̔̉̎ ̛̖̗̜̍̑̉̌̑̓̚ ̗̊̔̎̎ 
̛̦̝̝̖̗̎̓̑̋̒

·ˤ̗̑̓̚ ̑ ̗̖̐̍̉̑̎̚ ̖̗̤̞̋ ̛̙̔̎̓̉̋̚ ɀ̑ ̛̖̗̙̗̌̑̊̑̋ȟ ̋ 
̛̗̕ ̠̑̔̎̚ ̛̛̖̗̗̉̑̊̑̑̓̋

·˝̜̠̖̐̎̑̎ ̞̖̎̉̑̐̉̕̕ ̛̙̗̤̉̊ ̛̝̙̖̗̎̎̋̕ ̚ ̧̟̥̎̔ 
̡̨̘̗̤̖̋̎̑ ̛̛̦̝̝̖̗̎̓̑̋̑̚ ̞̑ ̛̙̗̤̉̊
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˟̉̓ ̨̧̛̗̘̙̎̍̎̔ ̛̛̙̜̜̙̤̓̚ 
̗̗̠̞̊̑̔̌̑̎̓̑̚ ̙̗̗̜̉̓̔̎̓̔̕̕ȩ



ˡ̛̗̤̎̍

·˲̨̛̙̗̖̖̔̎̓̉ ̨̙̗̗̘̑̓̓̑̕̚

·ɉ˦̧̢̨̖̙̜̓̉̑̉ ̨̙̗̗̘̑̓̓̑̕̚Ɋ

·˴̙̖̤̍̎̒ ̛̖̖̤̉̌̑̒̕ ̙̗̖̖̎̐̉̚

·˥̛̛̛̖̖̗̙̜̜̙̖̤̎̌̎̓̒̚ ̖̉̉̔̑̐

·˝̘̗̥̗̖̔̐̋̉̑̎̚ ̛̖̙̗̖̖̗̗̎̒̌ ̨̜̠̖̑̐̔̎̑



͔̏ͭͪͦͤͤ͊͟͡Ύ ͙͙ͣͪͦͫͦͨ͟͟Ύ

˦̖̗̑̓̕ ̛̠̟̉̑̚ GroEL
̙̜̘̖̙̗̖̖̤̞̎̎̍̑̋̉̋̚̚ 
̛̗̗̙̖̗̎̓̔̊̉̐̚̕ ɉ̗̙̝̖̗̉̕̕Ɋ ̥̜̔̍



single-particle electron cryomicroscopy

ˣ̗̗̠̊̔̓̉ ɉ̘̓̉̑̍̉̚) 
̙̜̋̑̉̚ ̦̘̗̖̑̔̚-15

Epsilon 15 is a bacteriophage virus that 
attacks the salmonella bacterium. The virus, 
as well as other bacteriophages, are not 
harmful to humans. Researchers at many 
locations around the world are looking into 
the possibility of using phages such as 
Epsilon 15 to combat bacteria.

Jiang W, Chang J, JakanaJ, Weigele P, King J, 
Chiu W (2006). "Structure of epsilon15 
bacteriophage reveals genome organization 
and DNA packaging/injection apparatus". 
Nature 439 (7076): 612ɀ6.



͔̏ͭͪͦͤͤ͊͟͡Ύ ͙͙ͣͪͦͫͦͨ͟͟Ύ

&ÉÎÁÌ ÓÅÇÍÅÎÔÁÔÉÏÎ ÏÆ ÔÈÅ ΫΫȢί B 
cryo-EM map of the 50S ribosomal 
subunit into RNA (blue) and 
protein (green) found by the
histogram-based segmentation 
algorithm.

C. Spahn, P. Penczek, A. Leith, J. Frank. 
A method for differentiating proteins from 
nucleic acids in intermediate-resolution 
density maps: cryo-electron microscopy 
defines the quaternary structure of the 
Escherichia coli 70S ribosome
Structure, Volume 8, Issue 9, Pages 937-948
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˸͔ͭͦ͒ Ύ͔͎͒ͪͤͦͦ ͎͙͎ͣ͊ͤͭͤͦͦ 
͔ͪͦͤ͊ͤͫ͊͘
·ˡ̛̖̖̤̉̌̑̒ ̙̗̖̖̎̐̉̚ ɀ

·˴̖̋̔̎̑̎ȟ ̋ ̞̗̍̎ ̛̗̗̙̗̗̓̌ ̨̙̗̍ ̢̛̘̗̗̌̔̉̎ 
̧̛̛̦̙̗̖̖̜̔̎̓̉̌̑̕ ̧̙̟̉̍̑̉̑ ̗̘̙̖̖̗̎̍̎̔̎̒ 
̛̛̠̗̤̉̚ ̘̗̍ ̛̍̎̒̋̑̎̚̕ ̥̖̗̗̑̔̌̚ ̛̖̖̗̗̉̌̑̌̕ ̨̘̗̔Ȣ 

·˝̗̙̑̍̚ ˝̉̉̓̚ ˥̉̊̑ ɉΫβγβ-ΫγββɊȟ ̙̖̉̎̑̓̉̓̑̒̕̚ 
̝̑̐̑̓ȟ ̡̨̙̗̍̑̋̑̒̚ ̋ ˕̛̙̋̑̑̚ȟ ̘̙̤̋̎̋̎ ̛̐̉̎̑̔̕ 
̛̦̝̝̎̓ ̛̖̖̗̗̉̌̑̌̕ ̙̗̖̖̎̐̉̉̚ ̋ Ϋγέβ ̌Ȣ

22

http://www.cis.rit.edu/htbooks/nmr/



·ɼʚʠʞʝʥʠʝ ʷʜʝʨ ʘʪʦʤʦʚ ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʠ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʙʦʨʘ ʗʄʈ (ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ).

˴̙̖̤̍̎̒-ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʷʜʨʫ ʘʪʦʤʘ, 

ʩʦʩʪʦʷʱʝʤʫ ʠʟ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ ʠʣʠ, ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʩ ʷʜʨʦʤ ʚʦʜʦʨʦʜʘ, ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ 

ʧʨʦʪʦʥʘ.

ˡ̛̖̖̤̉̌̑̒-ʜʚʠʞʝʥʠʝ ʷʜʝʨ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ.

˥̗̖̖̎̐̉̚-ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʟʦʥʘʥʩ ʜʣʷ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʷʜʨʘ ʤʘʛʥʠʪʥʳʤʠ 

ʧʦʣʷʤʠ.
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ɺʘʞʥʝʡʰʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ
1. ʀʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣ

3. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʤʦʣʝʢʫʣ

4. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʙʝʣʦʢ-ʣʠʛʘʥʜ(ʗʄʈ-ʩʢʨʠʥʠʥʛ
ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ)

5. ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʘʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ 
(ʤʝʪʘʙʦʥʦʤʠʢʘ) 

6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʙʲʝʢʪʦʚ ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ (ʗʄʈ-
ʪʦʤʦʛʨʘʬʠʷ)

7. ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʞʠʚʦʤ 
ʦʨʛʘʥʠʟʤʝ (in vivo ʩʧʝʢʪʨʦʩʢʦʧʠʷ)

8. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ (f-MRI)


