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Resolution 
分解能 



EM Navigator  ２ 

X 
X 

X 
X 

X 
X 

△ 

X 
X X 

X 

▲ 
▲ 

X △ 
X 

 X ：Only Electron Crystallography 
▲：Including helical analysis 
△：Including icosahedral virus particles  

○:Including particles with lower symmetry than icos 

X △ 

X 
○ 

X 
X 
○ 
○ 
○ 

○ 
○ 



EM Navigator  ２ 

X 
X 

X 
X 

X 
X 

△ 

X 
X X 

X 

▲ 
▲ 

X △ 
X 

 X ：Only Electron Crystallography 
▲：Including helical analysis 
△：Including icosahedral virus particles  

○:Including particles with lower symmetry than icos 

X △ 

X 
○ 

X 
X 
○ 
○ 
○ 

○ 
○ 



EM Navigator  ２ 

X 
X 

X 
X 

X 
X 

△ 

X 
X X 

X 

▲ 
▲ 

X △ 
X 

 X ：Only Electron Crystallography 
▲：Including helical analysis 
△：Including icosahedral virus particles  

○:Including particles with lower symmetry than icos 

X △ 

X 
○ 

X 
X 
○ 
○ 
○ 

○ 
○ 



EM Navigator  3 



EM Navigator  4 



Nature, 2013, 504, 107-112&113-118 

12 

107-112 Reported by UCSF,  Yifan Cheng’s group 

Near-atomic structures of a small and important membrane protein 
were reported in 2013..  
（電顕にとって）非常に小さな膜タンパク質で近原子分解能解析に成功した 

“Structure of the TRPV1 ion channel 
determined by electron cryo-microscopy” 

10nm 

11nm 



Cryo-EM single-particle reconstructions determined on a 
direct-electron detector to a resolution better than 5Å 

Bovine complex I 
(4.95Å) 

 
ミトコンドリアでの酸化的
リン酸化 
Nature(2014) 

Ryanodine receptor RyR1 
(3.8Å) 

 
カルシウムチャネル, 骨格
筋や心筋の興奮・収縮 
Nature(2015) 

γ-secretase 
(3.3Å) 

 
アルツハイマー病の原
因であるAβ産生の最
終段階を行う. 
Nature(2014) 

13 Second paper, Nature(2015) 
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F-actin + Tropomyosin 
(3.7Å) 

 

アクチンとトロポミオシン
の複合体 
Titan KRIOS 
Nature(2015) 

Anthrax protective antigen 
pore (2.9Å) 

 
炭疽菌の感染防御抗原孔 
FEI TitanKRIOS/ K2 Summit 
Nature (2015) 

Cryo-EM single-particle reconstructions determined on a 
direct-electron detector to a resolution better than 5Å 



Promotion of innovations  
in cryo-EM 

 
・Detector (Camera) 
 
 
・Software for image processing 
  



Development of direct electron detection camera 

電子直接検出器の登場と開発 
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“UltraScan”  
Normal CCD camera 

Second generation direct detection camera 
Count individual image electrons 
第二世代 電子直接検出カメラ（計数器） 

“K2 summit” 
Direct detector 

IPR  阪大・蛋白質研究所 



第二世代電子直接検出カメラ 
Second generation of Direct Detection Camera 

17 

Camera operates at 400 frames per second 
1秒間に400枚の画像の取り込みが可能 

If an electron beam of low current 
density passes through the specimen,  
exposure time is very short and read-
out is high speed, 
電子線の密度が薄く、露光時間が非常に短
く、読み取りスピードが非常に早いと 

Primary electron counting 
入射電子一個をカウントできる 



Second generation of Direct Detection Camera 
第二世代電子直接検出カメラ 
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DQE improved 
DQEが改善された 

Counting mode 
入射電子一個をカウントできる 

DQE =
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expresses how the signal- 
noise ratio of the incoming 

signal is degraded by 
errors in 

the detection process 
 

装置がどれだけノイズをシグ
ナルに加えるか 

DQE<1 

DQE=Detective Quantum Efficiency 量子検出効率 



Recording movies & Motion correction 
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Motion correction 
アライメント 

Averaging 

Specimen movements induced by the electron beam 
“電子顕微鏡の試料は，動く“ それならば…… 

Intrinsic image 
information to high 

resolution 

e.g. 0.2sec/subframe x 5 sec/total exposure 



Use selected subframes 
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Less damaged images for reconstruction 
ダメージの少ない画像だけを最終の三次元像に使う 

Image processing 
画像解析 

Discard 
捨てる 

Large motion 

Discard 
捨てる 



Integrative modeling approach 

X-ray crystallography 

NMR 

EM 

SAXS 

FRET 

Mass Spec 

Biochemistry 
(Cross-linking,  deletion..... etc.) 

Optical microscopy 

Computational approach 
(MD, ENM…etc) 

Bioinformatics, Database 
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Library of deformed 

structure 

4.最適射影
像の探索 

2.様々な

方向への
射影 

Superimposed view 

Projections 

2D EM images 

Crysatl structures 

X線結晶構造 

Building atomic models to fit them to 2-D images 

電顕写真に合う原子構造を結晶構造からつくる 

1.構造変形 

Data 

Flow of 2D Hybrid method 
2Dハイブリッド法の流れ 
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Inactive conformation 

Active conformation 



3SBA 最新ハイブリッドアプローチ 
による機能構造解析 

３日目 ９月１５日（火曜日） 
9:00 – 12:00 

B会場 ファカルティホール  


