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1 M;XK 
 
1.1 ʇĸʓŢɶǣÞHǣÞëǟ 

 
� ʇĸʓŢɶǂM%x����­�1]�hr©�­�LȀɺ|t­§cʖí

ȼȥGƆŝ<_7H2G3_%Ǚǟ%ûĻJILơƎȋLíɱLVJ]=%ý

Ļ¬ǠǙĻK0-FƜǡJɩæG,_&ʇĸʓŢɶǣÞKM%ȑȞ¨�§LƱ

ɦ1]%�«�rɎJILíĸ¨�§LƱɦUGcƗ^ɜdG0^%ǯƁ?L

ÞcȺł<_7H2G3_&UA%ǣÞëǟcȒ_7HG%?`]LʠƶßÞ

cš_7HYG3_&ŠDF%ʇĸʓŢɶǂM%��¨�§LƱɦG,_�«

�rɎJIcĪǷH:FÍ^°6]`F-_ǠǙG,_2ƉK%(ȸʘȺʙ_7

HMÔ;_7H: seeing is believing)cU9KÊǝ<_űǂG,_& 
� :1:%(ǣÞ)H:FVAĭđKM%ʇĸʓŢɶK\^Ɔŝ9`AêǱM%

(ɅƎc.U4ɉƌ:F%\-ǣÞcH_)7HHMñK%ʇĸʓŢɶȳȠH

ǊľƑǂKǢƣ:AǣÞLıɉʘf­�g�er�ʙcĔdG-_&UA%ʇ

ĸș2ɅƎHǰºÍǡ<_7H2ř-7H2%ǯƁx���¨�§LíȼȥG

LǣÞcš_7HcčȥJ]:XF-_ǟǢG,_2%®ƑG%?LǰºÍǡ

Lř92ƉK%1E%ǠǙɅƎ2ĳ4Lĭđ%É-ŅʇŧcǸ<2ƉK%ʇĸ

șK\_ƅÜcâ`J-&ŠDF%ĳ4LʇĸșcɅƎKǖń<_7H2G3

=%?LAXK%ǣÞM%ʄʍʘ�h}ʙcĔW%É-ʯʭƻʘSignal-to-Noise 
ratioʙLǣÞHJ^š_&7LǣÞLıɉZʄʍJILAXK%ʇĸʓŢɶK

\^š]`AǣÞcËLëǟY>=%?LUUÔ;_7HMĄʀG,_& 
� UA%ƛɝ%ɣɨħʇĸʓŢɶǂK0-FY%�g§�GMJ4%CCD n�

¥JIK\^%ƛð1]�{�§ǣÞH:Fċš<_7HYį/A&UA%ɐ

ƧħʇĸʓŢɶǂGM%ƛð1]�{�§ǣÞH:Fċš9`_\.KJDF

3F-_&�{�§ǣÞM%�g§�GƆŝ:Af�©sLǣÞHǨJ^%�

{�§ǣÞJ]GMLǚƜLĜʒǑcYDF-_&ŠDF%�{�§ǣÞLź

EŪė%ǄŪ<R3ǑcǳDF047HMɰȷG,_ʜ 
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� ®ƑG%°ɟLf­�g�er�Z�h}cH_AXK%Ʋ'J�{�§ǣ

Þëǟ¬ȼƤǂ2Ɯ÷G,_ĭđ2,_&Ï/N%ʄʍcH_AXLĐǽ�g

§�ZǣÞLȵƸ%UA%ɒȼÞǂJI2ż6]`_ʜ½Ğ%7.:AǣÞë

ǟǂLȉĂJąǟHĿʁLǎȡcɤ:F%ʇĸʓŢɶǣÞKɬ:AǣÞëǟǂ

Kãɸ:FV\.ʜ 
 

1.2 ǣÞëǟLAXL���ijf 
 
� ®ȩǭJǣÞëǟG,`N%Photoshop Z ImageJ1)(FIJI2))cǡ-FĿƒ<_

7H2G3_&ƠǎȡGY%ImageJ cǡ-Aǎȡc®ɮȰ-%Ȑ¾<_&7`

]M%�¥sh«cŅã<_7HGŸŘ:%Ƌĳ4LǣÞëǟcȰ.7H2G

3_&FIJI MǚK%ʓŢɶǣÞJIcĔXF%ǠǙǵǿē5L�¥sh«cU

HXA��t­{G,_&®ƑG%ǣÞëǟLĳ9KË1]ÎDFȪ-12í

1]J-ĭđYĳ-&ƠǎȡGM%?L®ɮLƵȥcòǡ:AǎȡcĿƒ<_& 
� ®Ƒ%ʇĸʓŢɶǣÞǚƜLǣÞëǟY,_&ImageJ KY%ʇĸʓŢɶǣÞ

ëǟē5L�¥sh«YĺĤ:F-_2%þíGMJ-&?LĭđKM%ʇĸ

ʓŢɶKɬ:AǚñJ���ijfcòǡ<_ťȷ2,_&Ƌĳ4LʇĸʓŢ

ɶǣÞëǟ�©s¥�2ĺĤ:F-_&?Lĳ4M%WIKIBOOKS0)H:F%U

HX]`F-_&UA%EMDataBank0)� K0-FY%òǡG3_���ij

fL¦|�2Ȑ¾9`F-_&ćȢK:FY]-A-& 
� Ů'YUA%°ȿKǫɵ9`F-_2%ɹǪcȘ5F-_ Eos(Extensible 
object-oriented system)H-.ǣÞëǟz|��cYE&Eos M%ĳ4Lv�«

�1]J_ǣÞëǟ��t­{G,_&?LƵȥĈOÎ-ƑLɆȏM%

Eospedia3)cćȢK:FY]-A-&ǝĤ%CUI(Character User Interface)µ
ÊL��t­{1]%GUI(Graphical User Interface)µÊL��t­{Kf�

��­�cȘ5F-_H7aG,_&°ɟ:Axh�K,_Đǽ�©s¥�Y

?Lĳ4M%CUI ħL���ijf2ĳ4%OS-X(MAC)Z UNIX JIcòǡ<

_ĭđY,_&?7G%ƠĿȡGM%Eos cǡ-AǎȡcȰ.&?L´G%7.

:A CUI ħ%GUI ħLǣÞëǟL�¦��%��¦��KE-FYÊū:FY

]-A-& 
 
 
2 ʇĸʓŢɶǣÞLɎcǶɇ:FV\.ʘ�­¦kıƄʙ 

 
� ʇĸʓŢɶǣÞLɎcǳ_7HMHFYɰȷJ7HG,_&ǮGȸFǟȼG

3_ĭđYĳ-2%�­¦kıƄ<_7HGƚKƕǶKJ_& 
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2.1 ʇĸʓŢɶǣÞLɎLÓɃH�­¦kıƄ 
 
� Ɔŝ9`AʇĸʓŢɶǣÞ2ɬîJYLG,_1I.1cIL\.KÓɃ<

`NȪ-G,a.1&YCad%kp|�­�G,`N%ǣÞcȸAB5Gþ

íKǟȼG3_&Ï/N%Ģ 1A M%ʌƼLîǗLêǱ(FlagellaSection.mrc)
G,_&7LêǱKĜʒǑM,_Ba.1&ĿM%7LêǱM%ŃǙ¨«}L

ʊǑȵƸ2²þíJêǱG,_& 
 

Ģ  1� ʌƼLîǗLǣÞ (A)H?L�­¦kıƄK\_�ª­|�r�¥�

(B)&ɏ-ǲăLē3LƑēH%?Lǯ»ƑēGÞL�tƑ2ǨJDF-_&

(B)cV_HǲăLƑēKƬèʘʗ-èʧThon Ringʙ2ɷ4ÆOF-_&7

LƬèLɷɘÚK²ɓǔǑɲ2ņ94%ǴɘƑēK²ɓǔǑɲ2Ĵ3-&  

 
*ǎȡʞ+ 

(A)M%FIJI cɑø 
FlagellaSection.mrc c��¢K�¥�s<_7HGȲǸG3_& 
Eos GM% 
$ Display2 –I FlagellaSection.mrc 
K\^ȲǸ<_7H2ìƣ_& 
 
(B)M?L�­¦kıƄG,_&FIJI GM% Process->FFT->FFT K\^%

�­¦kıƄ:AǣÞcűKã`_7H2ìƣ_&7LřŕM%ɤŏ%

řŕL©scHDAYLG,_& 

A B 
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Eos GM% 
$ mrcImageFFT –I FlagellaSection.mrc –o FlagellaSection.fft  

$ ctfDisplay2 –I FlagellaSection.fft 
K\^ȲǸG3_& 

 
*Ŧǡʞ+¿L Sample ǣÞKɻ:FY%ǣÞLȲǸ%UA%?L�­¦kı

Ƅ�ª­|�r�¥�cȲǸ:FV\.& 
 
� Ģ 1A B51]M%?LǣɎLĜʒ2í1]J-ĭđGY%?L�­¦kı

Ƅ:A�ª­|�r�¥�G%ʗ-Ƭè2®ƠY:4M%¹Ơ,_7HMȺł

G3_G,a.&ʊǑȵƸ2þí9`F-`N%7LƬèMǱèHJ_&Ƭè

LɷɘLƑēK��l­n|ɲ2ņ94%ǴɘLƑēK��l­n|ɲ2Ĵ3

-7HcǸ:F-_&EU^%7LêǱMʊǑɉƌ2.U4-DF-J-7H

2í1_& 
� U=M%Ȧí2HDAêǱc�­¦kıƄ:FV_7H1]ķXFV\.&

ɐƧħʇĸʓŢɶLĭđKY%ʊǑȵƸ2.U4-DF-J-ĭđKM%ǎȡ 2
GĿƒ<_\.K%ĒƲLȓƦHJ_&ƛɝM%ʩʩʪn�¥JIGƆŝ:A

ĭđ%ST¦f§�h�GʘĒƘKʙ�­¦k��­«cȽȆG3_&ŏKȦ

íLǣÞLɎcǶ1XJ2]%êǱcH_7H2ƝU:-G,a.&7L7H

K\^%ƔƞKʇĸʓŢɶƆŝŲȱ2,2^%\-ɎLêǱcļľ:FƆŝ<

_7H2G3_\.KJ_Ba.& 
 
*ǎȡʟ+� ĢʞGLɄÑƑǂcYHK%��
����� ĈO%��
������ �eh

§L.C%-=`LǣÞ2ɬî1KE-F%���� ĈO 
�� K\^ɄÑ:

FV\.&ɯŎ:A?`ÂĲL �������� � Â±K,_ʇĸʓŢɶǣÞ

Kɻ:FYĒƲKɄÑ:FV\.&�

 
*Ŧǡʟ+� ǣÞLöûLąğ2Ë1KE-FYȢ/FV\.&�

�

2.2 ȀɺĖǃƋHMË1 
�  
� ǣÞLv«�¥|�HM%ǬHʗLōcǸ<&7LǬHʗLō2,_ǣÞS

I%v«�¥|�Lʖ-ǣÞHĘP&ĿʁLǣÞM%ǬHʗLǨJ_ǃɷLǃ

LĚH:FȢ/_7H2G3_&�­¦kıƄHM%ǣÞLJ1LŨĬL.C%

ȀɺĖǃƋƺK%IdJŨĬcYE1cƿX_7H2G3_ıƄ%<JbC%

7LǨJ_ǃLǃɷƺLř9HÈȠc³/_7H2G3_ıƄG,_& 
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� H7aG%ôȇGȲ`A%Ģ 1B Lʗ-ƬèMËBa.1&7Lʗ-¦«s

M%Thon-ring HĘN`%ɣɨħʇĸʓŢɶK0-F%ŨĬɲcźAJ-ȀɺĖ

ǃƋ2,_7HcǸ:F-_&Y:%7LȀɺĖǃƋLȟ^ɞ:Ėƞ2,DA

ĭđKM%?LŨĬ2ĽäKǆ/F:U.& 
� 77G%ȀɺĖǃƋHM%ĂÈɷ9ɛ^LǃLƋʘǃƋʙ%<JbC%ǃɷL

ɢƋcȲ:F-_&Ï/N%ȀɺĖǃƋ2%0.1 [Å-1]HM%1Åɛ^ 0.1 ÖLǃ

2,_7HcŻ<LG%ĿʁM%10ÅLǃɷLǃcȲ:F-_7HKJ_& 
� Ģ 2 M%Siemens Star({­�«||�­)HĘN`_%n�¥JILȀɺí

ȼȥcǸ<AXKÎb`_ǣÞG,_&´Ť1]LɔʅKƻÏ:F%èĖƑē

Lȟ^ɞ:ĖƞʘȻŕƑēLĖƞʙ2ıû<_AX%?LĜʒǑ2ž/Z<-&

½ĞLĭđ%512x512[pixel]LǣÞʘSampling Rate: 2Å/pixelʙL´K%ĀŞ

40 [nm] (200[pixel])L Siemens Star LÞ(SimensStar.mrc)2ǡŪ9`F-_&

½Ğ%24 ĞLȟ^ɞ:ʘ15 ŕƺ= !/12[!"#]ʙG,_LG%®ǧĲÚG%?L

ȟ^ɞ:Ėƞ(ȀɺĖǃƋM%40×!/12 = ~10.5![!"])HJDF-_& 
� 77G%Ģ 2A HĢ 2G cƻɚ:FV\.&ĢʟG M%2[nm](ĀŞLȌ 1/5)
G?LřŕcĀíKȮH<©­�|�g§�c15AYLG,_&C[.I%

ĀŞL 1/5 ÈLŰ1]?Lȟ^ɞ:LƴƲ2ǆ/ķXF-_&7L7H1]%7

LǣÞLȀɺíȼȥ2%Ȍ 2nm G,_7H2í1_& 
� UA%ĒƲK%Ģ 2A HĢ 2H cƻɚ:FV\.&C[.IĀŞ 2/5 ǼŕL

ĭŰKǐȫL¦«s2ĺĤ:F0^%7LĀŞLȟ^ɞ:2ǆ/F-_7H2

í1_& 
 
*ǎȡʠ+� Ģ �� K0-F%ǐȫL¦«s2V/F-_H7aLȀɺĖǃ

ƋM-4]1cƂľ:FVU:[.&7L ��������� �� LĀŞ2 �����

G,^%�	 ŕƺKȟ^ɞ:F-_7HKǥŪ:U:[.&�

 
� ɣɨħʇĸʓŢɶLv«�¥|�ÅɪɻƋʘContrast Transfer Functionʙ%
ĈO%ǑŸ2^ɻƋ(Point Spread Function)KE-Fşɟ<_2%C[.I

Thon ¦«s27LȀɺĖǃƋHJDF-_7H2í1_& 
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Ģ  2 Siemens Star LǣÞH?LʇĸʓŢɶǣÞ& (A)M Siemens Star&
ȀɺĖǃƋLɫ-K\_Ž_Ȩ-2í1^Z<4<_AXLǣÞH:Fò

ǡ9`_& (B), (C)Mz�¢¨­z¤«K\^Ƃľ9`AʇĸʓŢɶǣÞ&

õɥʇģ 200kV, ǞʋĊōÒƋ Cs=2.1 mm%řŕv«�¥|�HÈǰv«

�¥|�Lƻ 0.1%��l­n| 6.0µmʘUnderfocusʙH:F:F-_&

ǖńĀȻ2ǨJ^%(B) Ain=0.2 [mrad] or (C) 0.02 [mrad]&(D), (E), (F)
M%?L�­¦kıƄL�ª­|�r�¥�& (G)M%Gaussian Filter c

ǡ-A©­�|�g§�­G,^%?Lřŕ2 2 [nm]GĀǈ<_\.Kɀ

ľ:A&(H), (I)M%(E), (F)L CTF(Contrast Transfer Function)LÈǰ

cÕƸ:AYLG,_&  

A B C 

D E F 

G H I 
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2.3 �{�§ǣÞLYEŧɎHǄŪ 

 
� �{�§ǣÞcëǟ<_ĭđKǄŪ:F04R37H2,_&?`M%�{

�§ǣÞM%ȟ^ɞ:F-_HȢ/F01J5`NJ]J-7HG,_&> 3
M%?LŪėcǸ:F-_& 
 

> 3 ŹůŴƒ´�Ňuŀl9ģ��Ģ�JŇƝ�Ň´�łĩŘįĢNďņňĢ(A)Ň
ŕīņ8÷ņ©čņÕŗùĶŁĪŘ´�ŃĶŁëíĶŁĭĲĴŃįąâłĩŘģ(B)ňĢĻ
Ň´�Ň8÷ŜWindowingņŕŗĢŬƖźƐŰźŜ¤ŖĮņÜŃĶĢPaddingņŕŗĢ8
÷įƜŃŅŘŕīņ�ŜBŒŘĴŃłĢĻŇÕŗùĶŇ`ęŜ©ĲĶŁĪŘģ8÷łh¡ņ

��įEśŘD4ņňĢĻŇ`ęįIİĲßřŘƙ> 4ƚģŏĽĢY?�ĻŇœŇį�
MŇ�ŃŅŘŕīņĸŘ�ŜĢFloating Ń:ŋģFloatingňD4ņŕĿŁňĢşƘŸŠ
ƅŞũźŜ²őD4įĩŘŇł�lįfâłĩŘģ 

 
� ĖɛLƱɦ2Ǎ]1KƁȘ9`F-J-ĭđKM%ĳ4LǣÞëǟK0-F%

ĖɛKf­�g�er�cǠVì<ĭđ2,_&?`1]ɡ`_AXKM%Ė

ɛcǍ]1KƁȘ<_AXK%WindowingʘȁɻƋcǾȆ<_ʙcȰ-%?L

ş%PaddingʘĖɛcʝH<_ʙcĿƒ<_ťȷ2,_& 
� 77G%> 4 KʇĸʓŢɶǣÞH?L�­¦kıƄcǸ:F-_&(D)KM%

þĹ2Ȳ`F-_2%ŋď%°±Lv«�¥|�2ǨJDF-_AXKȲ`A&

7LþĹM%ȟ^ɞ:F-_7HcȢŬ:J-HǟȼG3J-& (E), (F)1]M

?`2ǆ/F-_&ǣÞ22!×2!KŭDF-J-ĭđKM%ǄŪ2ťȷG,_&

UA%CCD ȅL�h}K\^%ĖɛɮJIK%ʗșZǬș2Ȳ`F-_ĭđY

,^%?LĭđKYǄŪ2ťȷG,_& 

   

A B 
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> 4 ǣÞL Windowing H Padding Lŝʎ&(B)M%(A)LĖɛLŒĥØKē5F

v«�¥|�cĶ.\.K%ȁɻƋ(vxh«ħLĖɛcYEȁɻƋ)cǾȆ:AY

LG,_&(C)M?`c9]K?LĖɛLŒĥØGĨXAYLHJDF-_&

(D)-(F)M%(A)-(C)L�­¦kıƄG,_&7`]LÍƭM±ȿKǸ< Eos Lv�

«�GȰDA&ËLëǟYJ4%FIJI G�­¦kıƄcȰDAĭđKM%Ȧøǭ

K2!×2!L Padding 2Ȱb`_AX%þĹ2Ȳ`F:U.LG%ǄŪ2ťȷG,

_& 

 
*ǎȡʡ+Eos cǡ-F%FlagellaSection.mrc K Windowing Z Padding

cĿƒ:%?Lŝʎc�­¦kıƄ:FǶɇ:FV\.& 
 
$ mrcImageWindowing –i FlagellaSection.mrc –o FlagellaSection.win.mrc 

-m 2 -W 0.05 0 0.05 0 

$ mrcImagePad -i FlagellaSection.win.mrc -o FlagellaSection.pad.mrc -m 

3 -H 4096 -W 4096 

 

?`@`%Display2 ĈO%�­¦kıƄş%ctfDisplay cÎDFǶɇ

<_1%Y:4M%FIJI cÎDFȲǸ:%?L�­¦kıƄcǶɇ:F

V\.& 
 

A B 

D E F 

C 
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2.4 ǑŸ2^ɻƋʘPSFʙHv«�¥|�ÅɪɻƋʘCTFʙ 
 
� ǣÞ2%ƆŝȳȠK\DFƆŝ9`AĭđKM%ƆŝȳȠǚƜLǣÞL�t

cǠ;%Ơƣ%ǑG,_R3ǣÞ2Ÿ2^cYE&7LǑ2IL\.K�t_

1c:X:AɻƋcǑŸ2^ɻƋ(PSF: Point Spread Function)HĘP&ĿʁL

ǣÞM%7LǑLʃU^G,_AX%7L PSF 2ǣÞKǩVɜU`A

(Convolution) ǣÞHJ_&ƶLĢM%7LǩVɜVǎȆH PSF LɻÒcǸ:

AYLG,_&½Ğ%oi|ɻƋ2ǩVɜU`AAX%(A)LȖ2�tA7H2

\4í1_& 
� UA%ǣÞKŃ:FǩVɜWH%�­¦kȀɺGMǾȆc<_7HKŃŦ<

_&77G%PSF L�­¦kıƄcv«�¥|�ÅɪɻƋ(CTF: Contrast 
Transfer Function)H\O%7L CTF cąĢL�­¦kıƄKǾȆ:A7HK

J_&-U%oi|ɻƋL�­¦kıƄM%oi|ɻƋG,_AX%ȓƦH:

F%şɟ<_©­�|�g§�HĒ;÷ƦcǸ<& 
 

>  5Ğ ƦƧƥņŕŘ¶ŐøŐģ (A)Ň´�ņPĶŁĢ (B)Ň´�Ŝ¶ŐøőŃĢ (C)Ň

´�įdŖřŘģ(B)ňĢ�£�Vį 1 [nm]ŃŅŘŨŢŰċ}łĩŘģ(A)łňĢĐ

ĘįGĪĽŒņĢňĿİŗĶŅĪįĢ1AƙA RÇƚňƝƟ�Ň·ĪġƙeRÇŇƆƔ

źƅŠƐƍƖźƚĮŖŅŘĴŃį!ĮŘģŨŢŰċ}ņŕŘ¶ŐøŐņŕŗĢY?(į

ŅĵřĢſšűįÜľŘĴŃł�ŖĮņãŔĸĪ´�Ŝnņ�řŘĴŃįłİŁĪ

Řģ´� A ņ´� B Ŝ¶ŐøőŃňĢ´� A Ŝ´� B ŇÐņcĿŁĢ¿&ĶŅ

įŖ´� B Ň^[ŜĮĳĢòĶ4śĺĽ´�Ň�łĩŘģĴŇD4ņňĢÚ!Ú

ó8÷Ň^[ŜĜĲĢ8÷Ň^[ŜSĶĹŀÜŃĶŅįŖY?ĶĽĢąŐ
İY

?{�ŜÞĿĽĴŃņPgĸŘģ  

 

B A C 

1A 
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ħ¥×ƠĨĞ Eos Ŝ³ĪŁĢŨŢŰċ}ņŕŘƈūŜüĶŁĢ¶ŐøŐ¥ÆŜ±åĶŁŐ
ŕīģŏĽĢŨŢŰċ}ŇƅƘƑŤEyįŨŢŰċ}łĩŘĴŃŜ½ĮŒĽ�łĢ¶

ŐøŏřĽ´�įÂÆņŅĿŁĪŘĴŃŜ½ëĶŁŐŕīģ 
$ mrcImageGaussDisc -o GaussDisc.kernel -W 32 -H 32 -size 2 -sigmax 10 

-sigmay 10 

$ mrcImageConvolution -i FlagellaSectionROI.mrc –o 

 FlagellaSectionROI.GaussConv.mrc -ikm GaussDisc.kernel.mrc 

 

ħg³ƟĨĞ �mĸŘGaussDisk.kernelŇsigmaxƛsimgayŜE�ĶĢ¶ŐøŐ

Ň%�Ŝ½ëĶŁŐŕīģ 
 

ħ¥×ơĨĞ FIJIŜ³ĪŁĢ¶ŐøŐ¥ÆŜN�ĶŁŐŕīģFIJIłňĢ¶Őøőōİċ
}ƙPSFƚŜÞ#ŃĶŁĢéMĸŘģFlagellaSectionROI.mrcŜ Open ĶĽbĢ 

FIJI -> Process -> Filteres -> Convolve 
ŃĶŁĢéMĸŘÞ#ŜĢ�èŇŕīņéMĶŁŐŕī 
 1 1 1  
 1 2 1 
 1 1 1 
 
*Ŧǡʡ+� 7`cƚK%�tAǣÞK<_KMIL\.K<`N\-1cȢ

/FV\.& 
 
*Ŧǡʢ+� ƶL\.JȰïcɀľ<_H%k�{Lřɉ2čȥG,_2%È

ǰ2ıû<_AXǬʗ201:4J_ɮí2Ȳ`_&Ƕɇ:FV\.& 
 -1 1 -1  
  1 2  1 
 -1 1 -1 
 

2.5 ʇĸʓŢɶǣÞLYEv«�¥|� 
 
� 9F%77G%ʇĸʓŢɶǣÞǠŭLąǟKE-F%ȉĂKUHXF07.&

ɣɨħʇĸʓŢɶLv«�¥|�M%ĪƠǭK%ąĸƨLE4_ʉʇ��«z

¡§K\_ŚŧƊ·K\^%Ǡŭ9`_&v«�¥|�ǠŭKM%µKʡEL

Ƒǂ2,_&Ɗ·v«�¥|�%řŕv«�¥|�ʘĕĊv«�¥|�ʙ%

Èǰv«�¥|�%ĞŴv«�¥|�G,_&ǚK%ǠǙɅƎGƱɦȼƤc

<_KM%ôʠȣ2ɰȷG,_&> 6 K?L�n�}�LưǦcĢǸ:F-_& 
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> 6 đKĚeĈņŕŘŬƖźƐŰź²mŇƍŧŽűƌģ(A)Ğ |�ŬƖźƐŰźĢ
(B)Ğ ^[(7/)ŬƖźƐŰźĢ(C)Ğ �»ŬƖźƐŰźĢ(D) ;oŬƖźƐŰźģ(A)
ĜäŌ|�ĸŘđKÒįGĪê~ƙ¦§ÛƚłňĢP­ĶŎŗņŕŗ�ĄŇ

đKĶĮŧƍƐŏłTĮŅĪģĻŇĽŒĢŬƖźƐŰźį²ķŘģ(B)Ğ đKÒŇ
7/įĩŘê~łňĢĻŇ�ĄŇđKĶĮŧƍƐŏłđKį�ŅĪģ(C)Ğ µ
ŅŘĔđƉŸƖŮƏƒŜüŗpĳĽđKňĢĻŇûĀ[į5ķłĩĿŁœĢĻ

ŇđKÒŇ�Ň�»įµŅŘģĻŇĽŒņĢª¨įFřĽŃĴŚłňĢŧƍƐ

łX ĶĢŬƖźƐŰźŜ²őģ(D) Î�iŜœŀê~łňĢÎ�ņŕŘƐŢŤ
|�ŇĜ�Ň|�ŜP­ÏŗłxĎĸŘĴŃņŕŗŬƖźƐŰźŜ²őĴŃįł

İŘģ�  
 

  

 

  

  

 

 

  

 

  

  

 

  P­ƓƖű 

ê~ 

P­Ïŗ 

ŧƍƐ 
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� Ȅ®K%Ɗ·v«�¥|�HM%ßȎLǽʔLɫ-ZŁŕLɫ-Kɑğ<

_ʖȻQLƊ·ɲLɫ-K\^v«�¥|�cǠWƑǂG,_&ąĸK\^%

ʖȻÚKƊ·:AʇĸM%ŃǙȔ^K\DFĕĊ9`_&7LAX%ȓÞʋ

GLȓÞKʇĸ2ŀ³>=%ɰąĸZŁŕLʖ-ʑĩ2ʗʘʇĸșɲ2Ňʙ

HJ_& 
� Ȅ¹K%řŕv«�¥|�HM%ɅƎ?LYL2ʇĸșcĕĊ:Aĭđ%

,_-M%ʊŚŧƊ·:%k�§q­cĶ-%?Lş%k�§q­�g§�

K\^�©©|ʇĸLVcɣɨ:AĭđKǠ;_v«�¥|�G,_& 
� Ȅ¯K%Èǰv«�¥|�HM%ąĸƨLE4_ʉʇ��«z¡§K\^ʛ

ŚŧƊ·:AʁKǠ;_ÈǰL}¨cĪK%őǇ9>F%v«�¥|�cE4

_ƑǂG,_&ɤŏ%²ɓǔǑʘf«�­�l­n|ʙH:FêǱcƆŝ<_

7HK\^%º-LÈǰ}¨Lɫ-cőǇ9>_&ɤŏ%²ɓǔǑʘĿʁLÞ

cŜŭ<_ʋLÈȠ2ʛƫìĝ¬n�¥L±KĺĤ:F0^%ŃǙ¨«}Lǔ

Ǒɔʅ2ɷ-ǛǁK,_7HʙGƆŝ<_ĭđ2ĳ-& 
� 7`]L-=`Y%ƠƣG,`N%ɰąĸSI%ʉʇ��«z¡§2ʖ4%

Ĵ3JØcźER3G,_2%ĿʁKM%?LɢLv«�¥|�cǠWAXK%

v«�¥|�2ɢɗ:F:U.ʘÈǰv«�¥|�GM²ɓǔǑLĭđʙ&<J

bC%ɰąĸZĒ;ßȎG,`N%Łŕ2ʖ-ʑĩLv«�¥|�2ʇĸ2ƣ

J-AXKʗ4J_ǑKǄŪ2ťȷG,_& 
� ƛşK%ɆȏJŖLɈƕMȰbJ-2%Èǰv«�¥|�Hřŕv«�¥|

�Kɻ:F%ǙǟǭKŗÈǰǙÊʘȯ-ɅƎʙLĭđKǠ;_%v«�¥|�

ÅɪɻƋcǸ<ŖcǸ:F04&7Lɛ^LɆȏKE-FM%ćȢʣ2Ɇ:-& 
� Èǰv«�¥|�Hřŕv«�¥|�2 1:AoverP GȲǝ9`F-_ĭđ%Ȅ

1 ʏÈǰv«�¥|�HȄ 2 ʏřŕv«�¥|�LĚK%úȕȆƋ Env cǾȆ

:AYLH:F%v«�¥|�MȲȿG3_& 
!"# = −!"#2!" − !"#$%&!×!!"#2!" ×!"#!

,!ℎ!"!!! = 1
2!"#!

! + 14!!!
!!! 

Cs: ǞʋĊōÒƋ%!": ��l­n|ɲ(²ɓǔǑʧƸ), R: ȀɺĖǃƋ 
 

� úȕɻƋ(Envelope Function)Míȼȥcóɽ<_ɻƋG,^%ʇĸʓŢɶL

ŧȥKÐĺ<_ʏH:FM%EsʘǑáǋŧ%Ȁɺǭv�­¨«|ʙKÐĺ<_

ʏH EcʘĂȫŧ%Ƙɺǭv�­¨«|ʙKÐĺ<_ʏ%?:F%MTF(ƫìĝ

LŧȥKÐĺ<_ʏ:Modulation Transfer Function)LǾGȲǝG3_& 
 

!"# = !!×!!×!"# 
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� ǑáǋŧKÐĺ<_ʏM% 

!! = exp −!!!!"! !!!!!! − !"# !  
,!ℎ!"!!!!"!!"!ℎ!"#!!"#$%!!"!!""#$!%&'!(%!!"!#$%������ 

 
HJ^%µK%ǖńĀȻʘ!!": ɅƎ1]VAH3LʇĸșǋLĴ39cȹɱȻ

GȲǝ:AɲʙH²ɓǔǑɲ(!")HǞʋĊō(!!)KÐĺ<_& 
� ĂȫŧKÐĺ<_ʏM% 

!! = exp![− !!
16!"2!!

!!! !"
!

!
!!] 

HJ^%k�§q­Ő(!" !)HǞʋĊōÒƋ(!!)KÐĺ<_& 
� MTF M%n�¥Z�g§�JIL�g�r�­KÐĺ<_ʏG,^%?Lɻ

ƋȋMƫìĝK\DFǨJ_&�g§�GM©­¨«�ɻƋ%ʩʩʪn�¥G

MŻƋɻƋZĳʏŖɻƋGɝÇ<_ĭđ2ȸČ5]`_& 
 

2.6 ʇĸʓŢɶǣÞLȵƸ 
 
� GM%ɣɨħʇĸʓŢɶLĭđKM%°ɟ:A CTF MIL\.JŧɎc:X

_ɻƋG,a.1&Ģ 2B, C M?`c Siemens Star KŃ:FǸ:AYLG,

_&Ë2ıû:%IL\.JǑKǄŪ<_R31KE-FȢ/FV\.& 
� Ȅ®K%äÊH:FM%Ǭʗ2ĉɗ:F-_7HKƽ2E4G,a.&7`

M%2.5 ȇG:X:AƲK%v«�¥|�2ĉɗ<_7HKɑğ:F-_& 
� Ȅ¹K%?`KYɻb]=%Ǭʗ2éOĉɗ:F-_ʑĩ2,_Ǒ2ǄǮG

3_&7L7HM%ĂK%v«�¥|�2ĉɗ:ALVJ]=%íȼȥKŦ;

FǬʗ2ĉɗ:F-_¸cǸ:F0^%7LȵƸ2ťȷG,_7HcǸ:F-

_& 
� Ȅ¯K%ôɟ:A2%ǐȫL¦«sH:F%ŨĬcĶDF-_ʑĩ2,_7

H%UA%¦«sL´ŤÀɝYUA%ǐȫHJDF0^%ŨĬcĶDF-_7

HG,_& 
� ƶK%Ģ 2D-F M?`@`%A-C L�­¦kıƄG,_&ąĢ A L�­¦k

ıƄG,_ D Hƻɚ<_H%E, F åK¹ELǑKǄǮG3_& 
� Ȅ®K%ʗ-¦«s°LƱɦʘThon Ringʙ2ȺłG3_7HG,_&7`M%

ŨĬcĶDAʑĩG,_&Ȅ¹K%E M%©­�|�g§�211^%ʖĖǃ

LŨĬcĶDF-_7HG,_&?LAX%®ȸ<_H%ʨLS.2\4ȸ/

J4YǓ-7HG,_& 
� B, C Lɫ-M%ǖńȻLɫ-GƜ^%B 2 LaB6K\^Ɔŝ9`Aĭđ(ǖń
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Ȼ 0.2mrad)%C M%FEGʘʇǤƈìħʇĸɳʙK\^Ɔŝ9`Aĭđ(ǖńȻ

0.02mrad)KŃŦ:F-_&��l­n|ɲ2Ĵ3-ĭđKM%7LǖńȻLɫ

-ʘǑáǋŧLɫ-ʙ2ÞɎcŋď:F-_&Ē; LaB6 GƆŝ:AĭđGY%

0.15-0.6mrad ǼŕLɫ-ʘôȣ2|���xh}cņ94:%ʇĸșcŸ6A

ƢÄGƆŝ:Aĭđ%şȣM|���xh}cĴ34:%ƕ_4:AĭđKŃ

Ŧ<_ʙ2Ǡ;_&Ē;ʇĸʓŢɶcÎDA1]%Ē;ÞɎcš]`_ɂGM

J-&:A2DF%ǎȡʞGǸ:A\.K%ȦíȦɖ2Ɔŝ:AʇĸʓŢɶÞ

2IL\.JɎcYDF-_1cɉR_7H2ɰȷG,_& 
� H, I M%ȀɺĖǃƋƺL CTF LØ1]%?LÈǰʘʚ$ʙLȵƸcȰDAǣ

ÞG,_&7`K\^%H, I HYK A HĒƲLv«�¥|�cċ^ů:A&A

B:%H, I HYK%Thon Ring LŝʎK\^%v«�¥|�cċ^ů>F-J

-ɮí2ĺĤ<_&UA%H M%G L\.J©­�|�g§�Lſ1DAÞH

JDF:U-%çÚLʖíȼȥƱɦcĶDF-_7HcǸ:F-_&?`KŃ

:F%I GMþíKçÚUGŨĬcÓDF-_7H2í1_&77GM%7.:

AɣɨħʇĸʓŢɶǣÞLŧɎcǟȼ<_ǎȡcĿƒ:FV\.& 
 
*ǎȡʤ+� SiemensStar.mrc Kɻ:F%Eos cǡ-F%?LʇĸʓŢɶǣÞ

Lz�¢¨­z¤«H?LʩʰʫȵƸcĿƒ:FV\.& 
$ mrcImageCTFObservation -i SiemensStar.mrc -o SiemensStar.ctftest.mrc -kV 

200 -Cs 2.1 -df 60000 -A 0.1 -Ain 0.2 -ctfMode 33 

$ mrcImageCTFCompensation -i SiemensStar.ctftest.mrc -o 

SiemensStar.ctfcomp.mrc -kV 200 -Cs 2.1 -df 60000 -A 0.1 -m 1 

 
*Ŧǡʢ+� ctfDisplay cÎDF%CTF LYEǚţcƫȾ:FV\.&H4K%

ǎȡ 3 GĜʒH:A%Thon Ring LĖǃƋKE-FƫȾ:FV\.& 
$ mrcImageFFT -i SiemensStar.ctftest.mrc -o SiemensStar.ctftest.fft 

$ ctfDisplay2 –i SiemensStar.ctftest.fft 

 
*Ŧǡ 6+� õɥʇģ%��l­n|ɲ%ǖńȻJIcı/F%ǣÞ2IL\.

Kıb_1c-a-aHɅ:FV\.& 
 
� ?`GM%7.:Aŝʎ2æÊǭJʇĸʓŢɶǣÞKIL\.KȲ`F-_

1cƫȾ:FV\.&?LAXKM%ʇĸʓŢɶǣÞ2IL\.JƢÄGƆŝ

9`A1cǀľ<_ťȷ2,_&ǚK%��l­n|ɲcǀľ<_7HMɰȷ

G,_& 
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*ǎȡʥ+Eos L ctfDisplay cǡ-F%Ģ 1(A)LǣÞLʇĸʓŢɶƆŝƢÄc

ƿX\&õɥʇģ 80kV, ǞʋĊōÒƋ 2.1mm G,_& 
$ mrcImageFFT –i FlagellaSection.pad.mrc –o FlagellaSection.mrc.fft 

$ ctfDisplay –i FlagellaSection.mrc.fft 

H:F%> 7 cćȢK:J2]%²ɓǔǑɲ%ǖńȻ%zs�§%�h}ɲ%

n�¥ʘ�g§�ʙL MTF(ıɉɻƋʧn�¥K\_ʩʰʫc7LĭđMŻ:F

-_&)cƿX\& 
 

 
>  7Ğ ctfDisplayņŕŗĢĢ  1BŜß¾ĶĽœŇģĴŇųƅźŢţşņŕŗĢŹƅťƘ

ŧŰŅńŇđKĚeĈ´�ŇƂƐƍƘŴŜ�MĸŘĴŃįłİŘģēŇÒňĢõƜ

ŃĻřŃº�ĸŘõƝ�6ņĭĳŘƂƕƘŰƇũźƐƌģnDivision=12 łĩŘŇłĢ

30[Ň½[ŇY?�Ŝ¾ĶŁĪŘģĴŇēĪÒŇƄƘũįãĬŘÈ=łĢđKĚ

eĈ�¼į)!ŅÃĊ!åÙŜœĿŁĪŘĴŃŜ¾ĶŁĪŘģ¬Q*ä (Ain)Ň`

ęŔê~ĻŇœŇŇŻƑƅźŔw&Ň`ęņŕŗĢđKĚeĈŇ!åÙň
�ĸ

ŘģïŇÒňĢ (Isignal*CTF+Inoise)xMTF ŃĶŁĢ�¢ĶĽƂƕƘŰƇũźƐƌģ

ÔŇĝĪÒň Thon Ring Ň�ÖłĩŘģĴŇ Thon Ring Ň�ÖŜÊ½ņ�ŒŘ

ĴŃįĢĻŇbŇ´��±Ģ®ņĢĜ!åÙ´��±ņŃĿŁąâłĩŘģNď

ņňĢThon Ring �ņĢ�»į.ôĸŘĽŒĢ�MÊ[įjĪŃĜ!åÙŇ´

�ŜdŘĽŒņY?{�ŜÞīŃkCį�ĬŁĶŏī  
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� °ɟL|���K\^%ʇĸʓŢɶǣÞLƢÄ2ǀľ<_H%?LƢÄcÎ

DF%ȵƸc15FV\.& 
 
*ǎȡʦ+ctfDisplay K\^ǀľ:AŨĬc FlagellaSection.mrc.ctfinfo H:F

ctfDisplay °GÓĺ:%?LȵƸL÷ƦcǶɇ:FV\.& 
$ mrcImageCTFCompensation -i FlagellaSection.mrc.fft -o 

FlagellaSection.ctf.mrc -info2 FlagellaSection.mrc.ctfinfo -m 1 

$ Display2 –i FlagellaSection.mrc & 

$ Display2 –i FlagellaSection.ctf.mrc &  

 

 

>  8Ğ ė�ŇƞþeRÇŇ�ýņPĸŘƤƨƥņŕŘ`ęŃĻŇà�ģ (A)à�

$Ň´�Ģ (B)à�bŇ´�Ģ (C)à�bŇ´� (B)ŇŬƖźƐŰźŜ.ôĵĺĽ

´�ģ(D, E)ňĢ(A, C)ņ 0.5 [nm-1]ŇŨŢŰƅŠƒŴƙƔƘƂŰƅŠƒŴƚŜĮĳĽ

œŇłĩŘģ	;ŇŹƅťƘŧŰņĭĪŁňĢÃĊ8�}į 4 [nm]Ň¨ł�»

į.ôĶŁĪŘģeRÇŇƆƔźƅŠƐƍƖźįË 5 [nm]łĩŘĴŃĮŖĢĻřŕŗ

RĵĪ�ýłŇ·ĝį.ôĶŁĪŘĴŃņŅŘģƆƔźƅŠƐƍƖźŇĮĽľŔŵ

šŽƖƙïŇt\ł¾ĶĽĄ!ƚŇ�ýįEśĿŁĪŘĴŃį!ĮŘģŰūƘƒ

ƁƘň 8 nm Ŝ¾ĸģ  

3 ǣÞL�h}cȮH:A-& 

A B C 

D E 
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�  
� ƓK%7`UGLǣÞëǟGY�h}cȮH:F%ǣÞLɇɌ2:Z<-ǣ

ÞKıƄ:F3A(> 5, > 8)&77GM%ǣÞL�h}cȮH<ƑǂKE-F

Ȑ¾<_& 
 

3.1 �h}Lǽʔ 
 
� �h}KMĴ34¹ELǽʔ2ĺĤ:F-_&®EM%Ǭȫ�h}ʘʄʍʙ%

Ï/N%�f��«�h}ʘɲĸ�h}ʙ%,_-M%8UĮ�h}L\.J%

œȈġLȀɺĖǃƋKǉ^řŕcYE�h}G,_&Y.®EM%ǣÞL�¥

HĘN`_\.J%ÉĖǃÚKµKŝʎ2,_YLG,_&> 9 cćȢKȢ/

FV\.&7`]L�h}LŧɎKÐĺ:F%Ʋ'J�h}ɿĆLƑǂ2Ȣ/

]`_&77GM%?L-4E1cȐ¾<_& 
 
>  9 Ğ �'BĵřĽ GroEL ŇđKĚ

eĈ�¼ģCTF ņŕŘà�ŜĭĴŅĿĽ

œŇłĩŘģĝĲŐĬŘÉ¯Ň�ýį

GroEL łĩŘģ  

Ğ �'BĵřĽê~ňđKÒŵƍƘů

ņ]ĪĽŒĢđKÒĆįSŅĪģĻŇ

ĽŒĢƉşŶųƖſšűƙĆKſšűƚŃŕ

ŉřŘſšűįĩŗĢĥČHŇŧƐŰĦŇ

�¼ŃæĬŘģƉşŶųƖſšűŃňĢƄ

ũŲƒ÷ŗŇđKŇ�}ņñ<ĸŘſš

űłĩŗĢđKŇ�}ŇƒƘźŇđKÒ

�}ŇzŖıŜœŀģĸŅśľĢƄũŲ

ƒ÷ŗ 100�ŇD4Ģ10�ŇzŖıŜœ

ŀģNďŇŬƖźƐŰźƙ·ŃĝŇVƚň

10 � À [ ł ĩ Ř Ľ Œ Ģ SN �

(Signal-to-Noise ratio)įƄũŲƒ÷ŗƝ

À[łĩŘģ  

Ğ ŏĽĢ�¼ŇŕīņĢ�Ň,ĵŇāĪ

ņŕŗĢ��¸ņĢ2�įĝĲĢU�į·ĲŅĿŁĪŘģĴřňĢ�Ň,ĵŇāĪņñ<ĸ

Řģ  

 
3.2 äÊL�¥cH_�g§� 
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� ǣÞcȲǸ<_ĭđK%�|�s¥�ʘǏŕíŎʙcıƄ:F%v«�¥|

�c,6_&?Lʁ%ƛĴØ%ƛņØc?`@`Ǭ%ʗH:FȲǝ<_Ƒǂ2

,_&:1:%ǣÞäÊK�¥2,_ĭđ%�|�s¥�cıƚ:FYȸZ<

-ĭŰHȸK4-ĭŰ2,_AXK%?LşLëǟ2ʊŏKH^K4-&?L

AX%äÊL�¥cJ4<7H2?LşLëǟcƯK<_ĭđ2,_& 
� 77G%\4Îb`_LM%�h�|�g§�Z CVE(Constant Variance 
Enhancement)H\N`_ƑǂG,_&±ȿK?LȓƦcǸ<&ôȣ2²ȦǕJ

SIKäÊL�¥2Ǔ4JDF-_LKŃ:F%şȣM%Window LĴ39K

Ðĺ:F%ßLƱɦŨĬ2ƹDF0^%ƻɚǭȦǕJêǱKV/_& 
  

>  10 >  9 Ň´�ĮŖĢ´�ƌƐŜĎ-ĶĽ´�ģ (A)ňĢƀšƂŰƅŠƒŴŜ

³ĪĽœŇ (cos AƅŠƒŴĢ0.001Ġ0.002Ġ0.003 ğ -1)ģ (B)ňĢCVE ƅŠƒŴ

ƙWindowWĢ1024pixel: 256nmƚŜ³ĪĽ´�ģĪĹřœƌƐįŃřŁĪŘĴŃ

įśĮŘģ  

 
ħ¥× 10ĨĞ ŭƖƆƒŹƘŴŇīľĢcryo-GroEL.ctf.mrc ņƀšƂŰƅŠƒŴŜĮĳŁ

A B 
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Őŕīģ-hvpMřŕ2 1/2KJ_ȀɺĖǃƋ[!-1] 
$ mrcImageHighPassFilter –i cryo-GroEL.ctf.mrc –o cryo-GroEL.hi.mrc –hvp 

0.002 –w 0.001 –m 2 

 

ħg³ƢĨĞ -hvp, -w, -mŇ�ŜEĬŘĴŃłĢƅŠƒŴŇiîŜEĬŘĴŃįłİŘģ
Ă"ŅIİĵŔƅŠƒŴƎƘŻŜ�çĶŁŐŕīģ 
 

3.3 ©­�|�g§� 
 
� �ªh��h}ʘǬȫʄʍʙM%äȀɺĖǃƋʑĩKǉ^%ĒǼŕLřŕc

YE&®ƑG%zs�§ʘƱɦŨĬ%ƱɦğĸʙM%ÉȀɺĖǃƋʑĩLřŕ

LS.2ʖ4%ʖĖǃLřŕ2ŗ-&7LAX%ǚK%ʖĖǃʑĩK0-F%

ʯʭƻ2É4J_&ĂȊĸȼƤǂJIGǡ-]`_ŒĥƇÍM7LʖĖǃʑĩ

GLʯʭƻc,6_AXK%ĳ4LíĸLÈȠHē3cǀľ:%Œĥ<_Ƒǂ

G,_&:1:%êǱ®ƥGLȊĸLɇɌc,6_7HY%ȊĸLŷì%Ɍñ

JIGMɰȷG,_& 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 

D C 

B 
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>  11Ğ ƔƘƂŰƅŠƒŴŇ%�ģ (A, B)Ğ ŨŢŰAƔƘƂŰƅŠƒŴĢ (C, D)Ğ Ŭ

ŭšƖAƔƘƂŰƅŠƒŴ(Wƣ0.01 [ğ -1])ģ(A, C) 0.05 [ğ -1] (A, C) 0.02 [ğ -1]ģ  

 
� ?7G%©­�|�g§�2ǡ-]`_&©­�|�g§�M%ȀɺĖǃƋ

LÉ-ʑĩB5LŨĬcŷì<_ƑǂG,^%ʯʭƻLʖ-ʑĩB5LŨĬc

Î.7HGȊĸLɌñ2čȥKJ_űǂG,_&> 11 K?LÏcǸ<& 
� Ʊɦğĸ2oi|ħ%,_-M%ŻƋɻƋħGɝÇG3_ĭđ2ĳ-AX%

ʯʭƻLÉ±YĒƲK03_&?LAX%?`]L�g§�ħ2ǡ-]`_ĭ

đ2ĳ-2%?`@`Kǚţ2,_&ŻƋɻƋħM%ƻɚǭʖĖǃUGŨĬc

Óź<_& 
� IdealʘǟũħʙM%f­�g�er�2ǮȂEAX%cos ħ2ǡ-]`_&

:1:%cos ħGYțƴƲL,_f­�g�er�2ǮȂDF-_7H2í1_& 
 
*ǎȡ 11+Eos L©­�|�g§�cɬǡ:%?L÷Ʀcƻɚ:FV\.& 
EosK05_ cosħL�g§�M%±ȿ&-hvpMřŕ2 1/2KJ_ȀɺĖǃƋ[!-1] 

$ mrcImageLowPassFilter –i cryo-GroEL.hi.mrc –o cryo-GroEL.hi.low.mrc –

hvp 0.05 –w 0.01 –m 2 

EosK05_oi|ħL�g§�M%±ȿ& 

$ mrcImageLowPassFilter –i cryo-GroEL.hi.mrc –o cryo-GroEL.hi.low.mrc –

hvp 0.05 –m 4 

 

*Ŧǡ 8+?L¿L�g§�ħ(exp, ideal)KE-FYɅ:FV\.& 
 

3.4 n­�§LǩVɜVK\_ǣÞëǟ 
 
� ©­�|�g§�cǡ-AëǟGM%�­¦kȀɺGLȀɺĖǃƋcŪɌ:

J2]%ǣÞ1]�h}cH_&®Ƒ%ĿȀɺGLǩVɜVK\_ǣÞëǟY

ƻɚǭ\4òǡ9`_& 
 

*ǎȡ 12+FIJI cǡ-F%ĐǽL�g§�cɅ:FV\.& 
FIJI K05_oi|ħ�g§�LòǡƑǂM±ȿ& 
FIJI -> Process -> Filters -> GaussianBlur 

 
*Ŧǡ 9+*ǎȡʢ+Gòǡ:AǩVɜVǎȆLűǂc�h}ɿĆLAXLƇÍ

H:Fòǡ:FV\.& 
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3.5 Ʋ'J©­�|�g§� 
�  
� � 77UGKȐ¾:A%ĳ4L©­�|�g§�ëǟM%șŜǎȆG,_A

X%÷Ʀ2ƻɚǭí1^Z<-&:1:%�h}MȮC_2%ĒƘK�g§�

L÷ƦK\DFǣÞLk�{2JUDF:U.&?7G%�h}LŧɎHk�

{LŧɎcòǡ:AʊșŜħL�h}ɿĆ�g§�2Ȑ¾9`F-_&77G

M%Median Filterʘ´ĵØ�g§�ʙ%Lee-Sigma �g§�ĈO%Bilateral Filter
ʘ�h¥�¥§�g§�ʙKE-FɅ:FV\.& 
 

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

Ğ

>  12Ğ 3ÁĕÒ_Y¤(ƅŠƒŴģ (A) ƍůşƖƅŠƒŴģ (B)Ğ Lee-Sigma ƅŠ

ƒŴģ  (C,D)Ğ Bilateral ƅŠƒŴƙO[�6Ňr�ƣ , ŃĶĽƚģĪĹřœĢÃĊ�

6ŇŧƘžƒňĢ*a 5 [pixel]=2.5 [nm]Ň�_ŧƘžƒłĩŘģƔƘƂŰƅŠƒ

Ŵņ�ōŁĢY¤(ňÿŝłĪŘœŇŇŤŶůį�LĶŁĪŘ�KįŐŁŃřŘģ

(C)Ń (D)Ŝ�öĸŘŃĢ (D)Ň�įO[VŜÑuĸŘƅŠƒŴŃŅĿŁĭŗĢ(C)łňĢ

ĮŅŗ5�ŇO[ŜœŀŕīņŅĿŁĪŘĴŃį!ĮŘģ(D)ŇŕīņĢ�ĤŇſšű

ŇÈ=ŜvMĶĽD4ņňĢ�ÄņĜĪœĶĲňĢ
Īſšűį�Ř�6įĩŘĴ

ŃįśĮŘģĞ
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� Median Filterʘ´ĵØ�g§�ʙM%ɀľ:Aig«�içL´ĵØcÁȲ

ØH:FH_AXL�g§�G,^%k�{cÓź:AŒǍû2čȥG,_&

ǚK%ƮȃKʖ-%Ȭ:4M%É-ʞǑ1]J_ʄʍ2õ/]`F-_%8U

Į�h}ʘSalt-and-Pepper NoiseʙZ|��r§�h}KŃ:FƜ÷G,_& 
� Lee-Sigma�g§�M%Żľ:Aig«�içGLŒĥØ()HƳǌÙō()cȽ

Ȇ:%?LƳǌÙōLľƋ×Âç(ɤŏM)L�r~§LVcƿX%?LŒĥØc

ÁȲØH<_�g§�G,_&ig«�içK,_ƮȃKʖ-%Y:4M%É

-ØcYE�r~§cɿ-FŒĥ<_7H2ìƣ_&?LŪėG%�{f«�

g§�HĒ;÷ƦcYE2%ŒĥØcǡ-_í%ŒǍûLŝʎ2Ĵ3-&k�

{L´ĵÀɝGM%ƳǌÙō2Ĵ34J^%?LŒĥØcYE2%k�{LȚ

GM%k�{Ú2Żľ:AȈġ\^ĲɮLØHJ_AX%ŔY:4MĎLØc

YE7HKJ_& 
� Bilateral Filterʘ�h¥�¥§�g§�ʙM%ŁŕLɫ-2Ĵ3-H7aM

ìƣ_B5%©­�|�g§�c15J-\.K<_AXL�g§�G,_&

ɝÛG%Łŕ2ɝ-�r~§ĒİM%G3_B5Ē;ŁŕcYE\.KJ^%

Łŕ2ǨJ_k�{ÀɝGM%ɝÛLŒǍû211^K4J_& 
 
*ǎȡ13+ EosLv�«�cÎDF%ĐǽȐ¾:A�g§�c15FV\.&

-rGŻľ:AØK\^%ig«�iLĴ39cıƚG3_&7`ÂĲKYŒĥØ

�g§�ZʟƶƙʋɝÇ�g§�JIcɭŶG3_& 
�{f«�g§�M%±ȿ&-r2ĀŞ&-MM%�g§�LǽʔLɭŶ 

$ mrcImageSmoothing –i cryo-GroEL.hi.mrc –o cryo-GroEL.hi.sm1.mrc –r 5 –

M 1 

Lee-SigmaƅŠƒŴňĢ�èģ 

$ mrcImageSmoothing –i cryo-GroEL.hi.mrc –o cryo-GroEL.hi.sm4.mrc –r 5 –

M 4 

BilateralƅŠƒŴňĢ�èģ 

$ mrcImageBilateralFilter –i cryo-GroEL.hi.mrc –o cryo-GroEL.hi.bila.mrc 

–kS 15 –sD 4000 –sS 5 

 
ħg³10Ĩá}ŇƅŠƒŴŜÍŐ4śĺŘĴŃłĢĻřļřŇƅŠƒŴįdlŅſšűĎ
-į1ÙŃŅŘģ�'Bê~ŇD4Ģ$�±ŃĶŁĢńŇŕīŅƅŠƒŴįĂ"łĩŘŃ

ØĬŘĮĢĻŇÍŐ4śĺŜØĬŁŐŕīģ 
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4 ǣÞLp¨c°6A-&ʘk�{Lřɉʙ 
 
� Ň:JUDA%�tAǣÞcàɴûëǟcűǂcǡ-F%ǣÞLp¨c,6

A-ĭđ2,_&ǣÞëǟK0-FM%�h}cHDAş%k�{cƕǶK<

_7HK,A_&UA%k�{řɉZk�{ŷìH-DAűǂM%?LşL~

s�«�­z¤«ZŜǛɇɌKHDFɰȷG,_&77GM%Ëǽʔ1LǣÞ

LàɴûLAXLǣÞëǟcȐ¾<_& 
 

4.1 n­�§cǡ-Ak�{Lřɉ 
 
� ôɟ:An­�§LǩVɜVK\_k�{řɉ¬ƫìǂMƋĳ4ƃƩ9`F

-_&?L´GY%Prewitt, Roberts, Sobel m�¨­�K\_YLMĪƠǭJm

�¨­�H:F\4ǮK<_&-=`YŢíǎȆK,A_m�¨­�cǡ-A

YLG,_2%ǚK%Sobel m�¨­�cǡ-AYLM%ŒǍûHk�{ƫì2

G3_ǑG\4Îb`_&òǡ9`_m�¨­�M%±ȿKǸ<YLG,_& 

−1 0 1
−2 0 2
−1 0 1

=
1
2
1

−1 0 1  

� 7`M%ɝÛLɰVÀ3ŒĥHŢíǎȆcȑVđb>AYLG,^%Ţíǎ

Ȇ2�h}cřɉ:2CG,_LG%ŒĥƇÍcõ/F-_ǑKǚţ2,_&

UA%ĿʁKM%7Ln­�§LVGM%ȜƑēLk�{LV2řɉ9`_A

X%7Lm�¨­�cʦʝŕĞɗ:AYLcȑVđb>_&?LĭđGYƏX

Lk�{2ŗ4J_AX%ʡʢŕ8HKĞɗ9>_ĭđY,_&> 13 K?LÏ

cǸ<& 

 
>  13Ğ ƋůƖŬŇð�AđKĚeĈņPĸŘŤŶů^ìģ (A)Ğ �>Ğ (B, C) 

Sobel ŦƇƓƘŴņŕŘŤŶůŇ� Ģ^ìģĻřļřĢ´�ŇŬƖźƐŰźįµ

ŅŘģ(B)ňŤŶů� ÅŇĽŒŇŬƖźƐŰźģ   

A B C 
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*ǎȡ14+EosLv�«�cǡ-F%ĿʁK%ɐƧħʇĸʓŢɶÞmijinko.mrc
cıƄ:FV\.&-m K\^ ­�cıƚ<_7HGǨJ_k�{ƫìf§w

¦}�2òǡG3_& 
$ mrcImageEdgeEnhancement –i mijinko.mrc –o mijinko.sobel –m 6 

 
*Ŧǡ 11+FIJI cǡ-F%*ǎȡʢ+Gòǡ:AǩVɜVǎȆLűǂcàɴû

LAXKòǡ:FV\.&FIJI->Process->Filters->Convolve 2òǡG3_& 

−1 0 1
−! ! !
−1 0 1

 

7L´G%!,!LØcĴ34<_HßLǣÞLŧɎcƹ:Z<-&UA%5×5K
ŸŘ:FV\.& 
 
� 7`ÂĲKY%¥�¥zf«¬�g§�JIYƜ÷G,_&> 14 K?LÏc

Ǹ<& 

>  14Ğ ũƐƋŻƎżŰŇð�AđKĚeĈ�¼ģ (A)ň�>ģ (B)ňĢŢŠƖŻŢ

W Ŝ 10[pixel] Ń Ķ Ľ Ɛ Ɔ Ɛ Ů ş Ɩ Ɨ ƅ Š ƒ Ŵ ģ

FIJI->Plugin->FeatureExtraction->FeatureJ->Laplacian ņŕŗ�mĶĽ´�ģ

Eos łœ mrcImageEdgeEnhancement Ŝ³ĪŁĢ5�ŇƅŠƒŴŜĮĳŘĴŃ

įłİŘģ  

 
4.2 �h�|¬�g§� 

 
� ôɟ:A\.KŢíǎȆM%�­¦kȀɺGMșŜL�h�|�g§�KŃ

Ŧ:F-_&�h�|�g§�M%œĩcřɉ<_H-.ŪėG%ǣÞLàɴ

û%k�{LŷìcȰ.7H2G3_&> 15łňĢð�AđKĚeĈ´�ņP
ĶĢƀšƂŰƅŠƒŴŜ�ĶĽ�Ŝ¾ĸģ$úĶĽƌƐŇĎ-Ń�ņĢƈūĽ´�Ň�
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ć(įÿŝłĪŘģœīSĶÃĊ8�}Ň
ĪĄ!œ0ŗøŝłĲřŉĢ�ć(Ň%

�į�½ņŅŗĢŏĽĢœīSĶĜ8�ŇŐŜ0ŗøŒŉĢŤŶůq Ň%�į�½ņ

ŅĿŁĲŘģ 
�  

 
 
 
 

>  15Ğ ð�AđKĚeĈņŕŘƋůƖŬņPĸŘƀšƂŰƅŠƒŴŇ`ęģ (A, 

B)Ğ �>ŃĻŇsI>ģ (C, D)ňĢƀšƂŰƅŠƒŴƙ1/5 [pixel-1]ƚŇÎ�ģƋůƖ

ŬŇßĖņĩŘÓ��į�½ņŅĿŁĪŘģ  

 
*ǎȡ 15+Eos cǡ-F%Ʋ'J�h�|�g§�ʘideal ħ%cos ħ%ŻƋɻ

Ƌħʙc15FV\.&-m ĈO-hvp, -w, LØcı/FV\.& 
$ mrcImageHighPassFilter –i mijinko.mrc –o mijinko.hi3.mrc –m 3 –hvp 0.2 

$ mrcImageHighPassFilter –i mijinko.mrc –o mijinko.hi2.mrc –m 2 –hvp 0.2 

–w 0.1 

  

� Ideal ħʘǟũħʙM%ǟũǭGM,_2%�­¦kȀɺGLk�{Lŝʎ2

ĿȀɺKǩVɜVH:Fǝ`F4_&Ƕɇ:FV\.& 

A 

D C 

B 
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4.3 ǣÞLàɴûLAXL�g§� 
 
� 7`ÂĲK\4Îb`%1E%ƻɚǭ0űəKǣÞLp¨c°6_űǂH:

F%Unsharp �|r2,6]`_(> 16)&7`M%oi|ɻƋL¥�¥zf«

cn­�§(L)H:Fǡ-ǩVɜdBǣÞ(> 14 cćȢ)cÍŭ:%1E%ɰVÀ

5:F%ßĢ(!)HLĚcYHX_7HG%k�{LVLřɉcȰ.Ƒǂ

(! + !×!⊗ !)G,_&ijh� k c°6F4_H%\^k�{2řɉ9`F4

_2%�h}YȬőį:F4_& 

>  16 ð�AđKĚeĈƙşƑŇ¹ƚņPĸŘ Unsharp ƊŰũŇ`ęģ(A)Ğ �

>ģ(B, C)ňĻřļř UnsharpƊŰũģWindowWŜ 10.0 [pixel]ŃĶĢĻřļřĢ

0.4, 0.8ŇŢţšźŃĶĽģ  

 
*ǎȡ 16+FIJI L Unsharp �|rcǡ-F%ǣÞLıƄcȰDFV\.&

FIJI->Process->Filters-> Unsharp Mask K\^ĿƒG3_& 
#� Eos GY%mrcImageEdgeEnhancement GYĿȰG3_& 
 
5 ?L¿LǣÞëǟ 

5.1 ǣÞL�|�s¥�LıƄ 
 
Ğ ´�ņŕĿŁňĢƃŰźŪƐƌņ�ŗįĩŘĽŒņĢŬƖźƐŰźį)!ņdŖřŁĪŅ

ĪD4įĩŘģ+´Ìņ«ĪŁĪĽ��łĩřŉĢ+´ÌŇÁěŜăŊĢĉ�ĊĒ

�ŅńŜÍŐ4śĺŘĴŃłŬƖźƐŰźŇ^ìŜÞĿŁĪĽģ®ņĢ�ĪĄ!Ň^ì

ŜÞĪĽĪD4œGĪģ�ĬŉĢ> 17ňĢÝŇ¹Ň�łĩŘįĢ�ĪĄ!įGĲĢĻ
ŇĄ!Ň�ýį)!ņňĿİŗĶŅĪģĴŇD4ĢŨƖƊà�ŅńĢƃŰźŪƐƌEyį

�%łĩŘD4įĩŘģ 
 
ħ¥×ƝƢĨ EosŇƃŰźŪƐƌEyŷƘƒŜ³ĪŁĢ´��±ŜÞĿŁŐŕīģ 
$ mrcImageHighlighting –i ant.mrc –o ant.highlight1.mrc –m 1 

$ mrcImageHighlighting –i ant.mrc –o ant.highlight2.mrc –m 2 

 

A B C 
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>  17Ğ ÝŇ¹Ňð�AđKĚeĈ�¼ŇƃŰźŪƐƌEyņŕŘŬƖźƐŰź^

ìģ(A)Ğ �> ,Ğ (B)Ğ arctan AŇƃŰźŪƐƌEyƙ�ĪĄ!ŇŬƖźƐŰź^ìƚƛ

(C) ƃŰźŪƐƌƗY@(ņŕŘƃŰźŪƐƌEyģ��ňĢĻřļřŇƃŰźŪƐ

ƌŜ¾ĸģƃŰźŪƐƌY@(łňĢƃŰźŪƐƌŜ 16bits łß°ĶŁĪŘģĻř

ļřĢ�ĪĄ!ƙ�įRĵĪĄ!ƚįZįĿŁĪŘŇį!ĮŘģ  

 
5.2 ǣÞcî^ì:%Ğɗ9>A-&ʘǣÞLȵɺʙ 

 
� ȧė,_ʑĩ(ROI: Region of Interest)B5cî^ì:A-%UA%?L ROI
2%Ğɗ:F-_AXK%î^ì<7H2ĠʆG,_ĭđKM%Eos L Display2
JI2Ɯ÷KƵȥ<_&?LĭđK%ǣÞLȵɺ(Interepolation)cɬîKȰ.

7H2ťʐHJ_&ʟƶßLĭđY%3 ƶßLĭđYĒƲG,_& 
� µKÎb`_ƑǂH:FM%ƛɝÛǂʘ�f¨|�ʙZșŜȵɺʘ�h¦�

fʙ%ʠƶɻƋǂ(�hp¢­��r)%|�¥h«ǂ%2 ƶƙʋȵɺJI2°6

]`_&ƛɝÛǂMYDHYʖɥG,^%ßL�r~§ØcÓĺ<_2%�r

~§L�©�r2ǮȂC%z¡q­ʘqyqyʙKJ_JI%ĜʒǑYĳ-&

șŜȵɺM\^\-2%?`GYȵɺĭŰK\DF%�h}LŽ_Ȩ-27H

J^%�h}L f¨2ì_ĭđ2,_& 
� ƠƣM%x«�¦«sǟɋʘ,_®ľÂ°LíȼȥLŨĬ2Ǔ-ĭđKM%

�r~§ǑÂĲLǑLØYäFƂľG3_ʙKŠDA%Ľäȵɺ2ƝU:-2%

ĴıƘɺ211_&7LĽäȵɺŖcʠƶɻƋGɝÇ:AYL2¯ƶȵɺǂʘ�

hp¢­��rǂʙG,^%�h}LŧɎYĔXF%ƻɚǭéǝG3F-_&

Ƙɺ2Ɂ<ɽ^%ƀǡ<_7Hc0ùX:A-& 
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5.3 |�­{2²ļľJʇĸʓŢɶêǱGǣɎc,6A-&ʘǣÞLõȆʙ 
 
� |�­{2²ļľG,_ĭđKM%®Ğ,A^LʈìƘɺcǴ4:F%ȶƋ

Ğ%ɧȘ:FƆŝ:%?Lş%ǻøɲcx��r~§LíȼȥGƿXF%ǣÞ

cŒĥ<_7H2ìƣ_&ƛɝ%�h¨r��g�r�ʘDD: ʩʬʮʯn�¥ʙ

cǡ-AƆŝK\^%ǣƞǭJêǱ2H`_\.KJDF3F-_&7Lűǂ

M%ʇĸʓŢɶǣÞMI.:FY�h}2ĳ-AXK%ǣÞcî^ì:AşK%

\4ÇAǣÞcíʔ:%?Lş%Ğɗǻø%ŒȰǻøcȰDF%�h}cɿĆ

<_Ƒǂ2,_& 
� 9]K%ǻø:F-_ȶƋLǣÞcȑVđb>_ʁK%ĂȍKŒĥ:%�r

~§ƺLØcYHX_LGMJ4%x��r~§LíȼȥGǣÞcǠŭ<_7

HYG3_&7`M%ɒȼÞǂH-.ǣÞëǟűǂG,_&ôɟ:A�h¨r

��g�r�M%ʖɥ1Eʇĸni«�g«s:AǣÞcċ^ɜX_LG%7

LʞʝʝƥÂ°LǣÞcʞǺɺGŹ�hG3_&7Lűǂc®ɮòǡ:F0^%

ƚJ_ǅǡYčȥG,_&½Ğ%ƘɺKÌȴ2,`N%7LɒȼÞǂKE-F

YȐ¾<_& 
 
6 ʠƶßǣÞcÍ^ì:A-ʘ77MǎȡJ:%ǟɋB5ʙ 

 
6.1 ʠƶßǣÞLċš 

 
� ɣɨħʇĸʓŢɶÞM%?LǣÞ2ųŝÞG,_2ƉK%?LçɮƱɦLŨ

ĬYêǱL´KYE&UA%ɐƧħʇĸʓŢɶK0-FY%FIB/SEM Z

SBF-SEM JI%ȲʋcɧȘǭKõŊ:J2]%ɧȘ:AȲʋÞcƆŝ<_7H

Yìƣ_\.KJDA&77GM%-4E1LʠƶßéƱŭǂcȐ¾<_7H

H<_&½ĞM%þíJǎȡƘɺcH_7H2ĠʆG,_AX%ąǟLȐ¾H

\4òǡ9`_���ijfLȐ¾KHIX_&ɆȏM%Wikibooks3cćȢK

>\& 
 

6.2 z¦f§îǗǣÞ1]LʠƶßéƱŭ 
 
� ĪƠǭKM%z¦f§îǗɺLǰɻcòǡ:F%ŒȰǻøʘĞɗYĭđK\

DFMȢŬʙ:%ʠƶßǣÞcȑVȂF_ƑǂG,_&ƛɝM%ĐîǗƺK%

ȶƋƥLǣÞʘĭđK\DFM%ƋÿƥLȦøƆŝʙcƆŝ:% yhp«s

Ųȱʘ «�­{¢Ƶȥʙcòǡ:F%ŌĴJʠƶßǣÞcéƱŭ<_7H2

ɅV]`F-_& 
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� imod/etomo K\_ʠƶßéƱŭ2\4òǡ9`F-_&Spider Z Eos L�

©s¥�cȑVđb>_7HGYčȥG,_& 
 

6.3 ɧȘÝƏÞ1]Lʇĸș� s¥�g 
 
� Ē®ȹɱLɧȘÝƏÞcƆŝ:%?LÝƏÞ2ųŝÞGƜ_7Hcòǡ:F%

ʩʰ(Computed Tomography)Ųȱcǡ-F%3 ƶßƱɦcéƱŭ<_űǂG,

_& 
� �i«©­�:FòǡG3_���ijfH:FM%imode/etomo 2òǡ9

`_ĭđ2ĳ-&Inspect3D Z TEMography JIM%ěǡL���ijfH:

FƜ÷G,_&?`@`%ǚţ2,^%ȭűJǣÞYĺĤ:F-_&Eos GY%

�­§cȑVđb>%ĿȰG3_& 
 

6.4 ĂȊĸȼƤǂ 
 
� Ʊɦ2åɤG,_1%Y:4M%ņƋLȶƋLǨJ_Ʊɦc:F-_7Hc

Ãľ:%Ɔŝ9`AêǱL´G%Ʋ'JųŝƑē1]LÞ2Ɔŝ9`F-_7

HcôƃK 3 ƶßéƱŭ<_ƑǂG,_& 
� Spider/Eman2 JI%Ƌĳ4L���ijf2ƃƩ9`F-_&ųŝȻLǀľ%

ȊĸLȦøŷìJIKƟBĜʒYƹDF0^%IdJ�«�rɎGYĜʒJ4

éƱŭìƣ_b5GMJ-&íĸɲ2Ĵ3-�«�rɎȶđÊSI%3 ƶßÞ2

éƱŭìƣ_čȥŧ2ʖ-& 
 

6.5 ~s�«�­z¤« 
 
� 3 ƶßǣÞ%ʟƶßǣÞL´1]ʛȦí2Ʒ:-ƱɦB5cŷì:F4_7H

c~s�«�­z¤«HĘP&ȗŃK~s�«�­z¤«2G3_H-.ǣÞ

ëǟǂ2,_b5GMJ-&:1:%�h}LɿĆ%�|�s¥�LŒĦû%

m­��«s¬r©­{«sJIL�|��gn§¬ §�l©{­cǡ-A

ƱɦŨĬLȵƸJILôëǟcɬîKȰ.7HGĜʒcƖ:4<_7HMčȥ

G,a.&şȣGM%î`AƱɦZŪėLǓ-�uJIcǆ<7H2G3_&

ɬîJôëǟcɭŶ:%~s�«�­z¤«:A-Ʊɦ2¿LƱɦHìƣ_ɽ

^üñG3_\.K<_7H2ɰȷG,_& 
� Amira M\4Îb`F-_ěǡ���ijfL®EG,_&FIJI KY~s�

«�­z¤«LAXL�¥sh«2ǡŪ9`F-_&HawkC M%ƛɝ%ĴɼĴ

ĻGɹǪ9`AƐ:-~s�«�­z¤«LǒL�­§G,_& 
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� UA%amira Gƛɝ%ȏȤçLfr�«�g¥�«�cŵ3ì<ǒL�¥s

h«2Ǹ9`A&7`M%ƪǛLƱɦȷȎcÎDF%fr�«�g¥�«�c

ɠɕ<_űǂG,_&ǚľLƱɦŨĬcŷɍûG3`N%?`cÎDA���

«s¬ɠɕMƜ÷G,_& 
 
7 UHX 
� ½Ğ%ʇĸʓŢɶǣÞëǟ%ȼƤLĪǷKǔǑcśF%?LëǟƑǂcȐ¾

:A&UBUB%?`@`LƑ2%ȦɖLʇĸʓŢɶǣÞ1]ċ^ì:A-Ʒ

ƿ2,_G,a.&½ĞȐ¾G3J-ĳ4LǣÞëǟŲȱ2,^%UA%ȼǀ

:A-ĜʒK\DFM%Ɛ:-f§w¦}�cǠVì<ťȷY,_Ba.&ǣ

ÞëǟKɆ:-£­yɺGŨĬcåƜ:đ-%ëǟƑǂL�i�icAX_ť

ȷY,_Ba.& 
� Ů'YUA%Eos cßK:AǅøGM,_2%?.:Axh�c Eospedia Y

: 4 M % SourceForge, Facebook Ĉ O % ° G ň ɹ c ķ X A &

eos-users@lists.sourceforge.jp, 
https://www.facebook.com/EosUserGroupY:4M%�

yasunaga@bio.kyutech.ac.jp UGɧȕc±9`N%ìƣ_ɽ^LǰɊKL^%

ŨĬåƜ:F\-YLcňɹ:F-3A-&�

 
ćȢƍǜ 
 

1. ImageJ: http://imagej.nih.gov/ij/ 
2. FIJI: http://fiji.sc/Fiji 
3. EM-Wikibooks: 

http://en.wikibooks.org/wiki/Software_Tools_For_Molecular_Microscop
y 

4. EMDataBank: http://emdatabank.org/emsoftware.html 
5. Eospedia: http://www.yasunaga-lab.bio.kyutech.ac.jp/EosJ/ 

� ʖíȼȥʇĸʓŢɶ"ąǟHòǡǂʧīçȝʂʘåȂìǘʙ�

�� �«�rɎcV_"ƱɦHżø��Z9:-ąǟ1]M-_�«�rɎǹĻĿʕǂ�

ʘûĻĒ¼ʙ�

�
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