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Numoto et al., Int J Biol Macromol 281, 136597 (2024).
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Umena et al. Nature 473, 55-60 (2011)

PDB ID: 1IEP Ogata et al., Nature 520, 571-574 (2015).
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Single particle analysis
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Jacques Dubochet

Nature 308, 32-36, 1984

https://www.nobelprize.org/
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Brilot et al., J. struct. Biol., 2012



CTFDEZE

Defocus =1 pm

CTF

Calculated by
https://jianglab-ctfsimulation-streamlit-app-of60di.streamlitapp.com
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2D classification —iterative improvement-
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2D classification —iterative improvement-
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2D classification —iterative improvement-
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2D classification —iterative improvement-
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2D classification —iterative improvement-
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2D classification —iterative improvement-
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2D classification —iterative improvement-
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Nogales and Scheres., Mol. Cell, 58, 677-689, 2015.
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Nogales and Scheres., Mol. Cell, 58, 677-689, 2015.

Prepare a similar initial 3D structure
and projections are calculated (B)

Find best match for each extracted
particle (C)

directions of each particles for 3D
structure are estimated (D)

Each slices are placed and
reconstruct the 3D Fourier space

(E)
Transform to new real 3D structure

Improved 3D structure is used (B)
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3D classification
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B Prepare a similar initial 3D structure and
projections are calculated (B)

B Find best match for each extracted
particle (C)

B directions of each particles for 3D
structure are estimated (D)

B Each slices are placed and reconstruct
the 3D Fourier space (E)

B Transform to new real 3D structure
B Improved 3D structure is used (B)

B Angular search becomes more finer

Nogales and Scheres., Mol. Cell, 58, 677-689,
2015.
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B FDab-initio= X TTEREEL
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K FDab-initio =X TTEREEL

https://guide.cryosparc.com/processing-data/all-job-types-in-cryosparc/3d-reconstruction/job-ab-initio-reconstruction
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K FDab-initio =X TTEREEL

https://guide.cryosparc.com/processing-data/all-job-types-in-cryosparc/3d-reconstruction/job-ab-initio-reconstruction



K FDab-initio =X TTEREEL

https://guide.cryosparc.com/processing-data/all-job-types-in-cryosparc/3d-reconstruction/job-ab-initio-reconstruction



Local minimumZ% & D5 R9 5 H: SGD (FEXRMAEFET)

SGD: stochastic gradient descent *#EsBr0OSH TEEHECHOFES LU,

https://guide.cryosparc.com/processing-data/all-job-types-in-cryosparc/3d-reconstruction/job-ab-initio-reconstruction



Local minimumZ% & D5 R9 5 H: SGD (FEXRMAEFET)

SGD: stochastic gradient descent
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https://guide.cryosparc.com/processing-data/all-job-types-in-cryosparc/3d-reconstruction/job-ab-initio-reconstruction
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Reboul et al., PROTEIN SCIENCE 2018 VOL 27:51—61




2D classification —iterative improvement-

lteration: 1




2D classification —iterative improvement-

lteration: 20




2D classification —iterative improvement-

lteration: 80
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Contrast Transfer Function (CTF)
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T(k) = —sin [g CsA3k* + mAf2K?]
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iPhone 12 mini Calculated by
https://monman53.github.io/demos/2dfft/



Contrast Transfer Function (CTF)

T(k) = —sin [g Cs23k* + mAfAK?]

k: ZEfE AR 2L
Cs: L > ZDOIRmEUNZE
A: B

Af: defocus=

Calculated by
https://jianglab-ctfsimulation-streamlit-app-of60di.streamlitapp.com



Contrast Transfer Function (CTF)

T(k) = — sin [g Cs23k* + mAfAK?] 7

k: ZEfE AR 2L
Cs: L > ZDOIRmEUNZE
A: B

Af: defocus=

Calculated by
https://jianglab-ctfsimulation-streamlit-app-of60di.streamlitapp.com



Contrast Transfer Function (CTF)

T(k) = — sin [g Cs23k* + mAfAK?] 7

k: ZEfE AR 2L
Cs: L > ZDOIRmEUNZE
A: B

Af: defocus=

Calculated by
https://jianglab-ctfsimulation-streamlit-app-of60di.streamlitapp.com



Contrast Transfer Function (CTF)

T(k) = —sin [g Cs23k* + mAfAK?]

Af: defocus=

Af =0.5 pm Af=1pm Af =2 pm
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Figure 3.6. Single-particle Cryo-EM of Biological Macromolecules (Biophysical Society 2021)



CTFDEZE

Defocus =1 pm

CTF

Calculated by
https://jianglab-ctfsimulation-streamlit-app-of60di.streamlitapp.com



CTF & R=RIE (envelop function)

T(k) = —sin [g Cs23k* + mAfAK?] E(k) =e?
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CTF & R=RIE (envelop function)

T(k)E(K) = — sin [g Cs23k* + mAf k2] e~



CTFDEZE

Defocus =1 pm

CTF

Calculated by
https://jianglab-ctfsimulation-streamlit-app-of60di.streamlitapp.com



CTFERE=ERBOEE

Defocus =1 pm, B = 80
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CTF
envelop

Calculated by
https://jianglab-ctfsimulation-streamlit-app-of60di.streamlitapp.com
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CTFxB + random noise




CTFDFE1E : phase flip

BDEIC-1Z I TRER
(phase flip)

Calculated by
https://jianglab-ctfsimulation-streamlit-app-of60di.streamlitapp.com



CTFD#HLE : phase flip

Defocus = 1 pm fE1ERL]

CTF

Calculated by
https://jianglab-ctfsimulation-streamlit-app-of60di.streamlitapp.com



CTFD#HLE : phase flip

Defocus = 1 pm #1E (phase flip) 1%

CTF

Calculated by
https://jianglab-ctfsimulation-streamlit-app-of60di.streamlitapp.com
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Defocus = 0.3, 0.5, 0.8, and 1 pm
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Orlova, E.V., & Saibil, H.R. (2011) Chem Reviews, 111, 7710-7748



