Initial Model
Generation

Workshop on Advanced Topics
In EM Structure Determination

The Scripps Research Institute
|_a Jolla, Nevember 2007



The issue: Structures of the IP3 receptor
as determined by single particle E

Jiang et al., Serysheva et al., Jiang et al., Sato et al.,
2002 2003 2003 2004



Structure determination by
single particle EM

Sample
1 Specimen preparation
EM specimen

1 Data collection

Set of 2D images

1 3D reconstruction

Initial 3D model
1 Refinement

Refined 3D model

Verification

— Negative staining
— Cryo-negative staining
— Vitrification

— Images of untilted samples
— Tilt pairs
— Tilt series

— Random conical tilt
— Ab Initio angle assignment
— Tomographic reconstruction

Refinement of orientation parameters,
magnification, and CTFE parameters

Angular distribution
Comparisen with 2D data set
Comparisen with known structures



Sample

Images that are used for a 3D reconstruction
have to be of identical molecules !

Sample can be heterogeneous
even If it 1s biochemically homogeneous

— conformational heterogeneity
— unstable complexes

Before attempting any 3D reconstruction:
Understand your sample !



Sample

We always prepare negatively stained specimens first

good contrast & often preferred orientations
(depends somewhat on preparation method)

We always calculate class averages (0° images)

different averages = different conformations
(but can also be different orientations)

We usually calculate 3D reconstructions (RCT)

different 3D maps = different conformations
(but can also be deformations)



Sample - Negative staining

Many preparation artifacts (incomplete stain embedding,
adsorption deformations, specimen flattening upon drying)

Limitation of the resolution to about 20 A

Particles adopt preferred orientations
on the continuous carbon film !

Need to record images BUT: Very useful for
of tilted specimens 2 heterogeneous samples

3D reconstruction by RCT
IS very reliable



Random conical tilt reconstruction

Tiltaxis

Radermacher et al. (1987)



Random conical tilt reconstruction
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RCT - AMPA receptor

Heterogeneity due to different conformations
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RCT - AMPA receptor

Heterogeneity due to different conformations




RCT - AMPA receptor

Heterogeneity due to different conformations
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RCT - Sec23/Sec24 complex

Heterogeneity due to different orientations
Negligible deformations

60° tilt



RCT - Sec23/Sec24 complex

Heterogeneity due to different orientations

Lederkremer et al., 2001 Bi et al., 2002



RCT - Tf-TfR complex

Heterogeneity due to different orientations
Severe deformations

Face view Top view




RCT - Tf-TfR complex

Heterogeneity due to different orientations
Severe deformations

Face view

Top view

Conventional negative staining



Cryo-negative staining

D15 5

Addition of glycerol
minimizes adsorption artifacts
prevents specimen flattening
SErves as cryo-protectant

Carbon sandwich
reduces incomplete stain embedding

Freezing
prevents specimen flattening



RCT - Tf-TfR complex

Heterogeneity due to different orientations
Severe deformations
Conventional negative staining Cryo-negative staining

0° tilt 0° tilt

60° tilt 60° tilt




RCT - Tf-TfR complex

Heterogeneity due to different orientations
Severe deformations

Face view

Top view

Cryo-negative staining



Single particles in ice
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Angular reconstitution (Imagic)

van Heel, 1987

1. chose 3 projection images that are
perpendicular views of the particle
(anchor set)

. 2. add in further projections and keep
Automatic 2 G
Classification - ref|n|ng

Serysheva et al., 1995



Angular reconstitution - Ryanodine receptor

SR lumen side

Serysheva et al., 1995



Angular reconstitution - Tf-TfR complex

Vitrified ice




Angular reconstitution - Tf-TfR complex

Angular reconstitution




Angular reconstitution (IMAGIC)

Structure depends critically on the anchor set
(these should ideally be 3 perpendicular views,
which is hard to know with an unknown molecule)

Structure also depends on the order in which
additional projections are included

Angular reconstitution Is best for:
large specimens with symmetry,
and available structural information
(can be obtained from
randem conical tilt)



OP command (SPIDER)

Penczek et al., 1996

A common-lines based method for determining orientations
for N > 3 particle projections simultaneously

Essentially the opposite of standard common lines approach

(instead of trying to determine the Euler angles based on pair-wise
angles of common lines in the projections’ planes, one assumes that
rotation matrices are known, finds set of angles of common lines and

computes the overall discrepancy along these lines)

Applied to 70S ribosome from E. coli



OP command - Tf-TfR complex

OP reconstruction (160 classes)
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OP reconstructions




3D reconstruction in EMAN

Also uses a set of projections
to generate an initial model



Electron tomographic reconstruction

Baumeister 2° steps 2° steps 5° steps
et al. (1999)



Electron tomography - Clathrin-coated vesicles




Electron tomography - Clathrin-coated vesicles




Model refinement - Tf-TfR complex

Angular reconstitution




Model refinement - Tf-TfR complex

Reference model (face view in cryo-negative stain)

Alignment of
500 class
averages

Atomic model
filtered to 40 A




Model refinement - Tf-TfR complex

Reference model (top view in cryo-negative stain)

Alignment of
500 class
averages

Atomic model
filtered to 40 A




Model refinement - Tf-TfR complex

Reference model (face view in conventional negative stain)

Alignment of
500 class
averages

Atomic model
filtered to 40 A




Model refinement - APC

Anaphase promoting
complex (S. pombe)
In negative stain




RCT reconstruction
in negative stain

RCT reconstruction
in cryo-negative stain

Reconstruction

with vitrified ice data
using CNS RCT

as reference model

Model refinement - APC




RCT reconstruction
in negative stain

Reconstruction
by aligning raw
images to RCT
map in negative stain

Reconstruction

by aligning class
averages to RCT
map in negative stain

Reconstruction
by aligning ice data
to RCT map in
Cryo-negative stain

Model refinement - APC
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Reconstruction

of vitrified ice data
using CNS RCT

as reference model

Reconstruction
of vitrified ice data
using OP command

3D variance map
Penczek et al., 2006

Model verification - APC




Model verification - Clathrin cages

Clathrin cages In vitrified ice



Model verification - Clathrin cages

700 A




Model verification - Clathrin cages




Model verification - AMPA receptor

MGIuR1

Kunishima et al. 2000
(K. Morikawa)

GluR2

Armstrong et al. 2000
(E. Gouaux)

KcsA

Doyle et al. 1998
(R. MacKinnon)




Model verification - AMPA receptor




Model verification - AMPA receptor

thin arm

thick arm

thick arm

thin arm




Model verification - Spliceosome

Mammalian C complex (Jurica et al., 2004)

5nm

S. pombe Cdc5p complex

4:8:¢%




Model verification - Spliceosome

S. pombe Cdc5p complex in vitrified ice
using cryo negative stain reconstruction as initial model




Model verification - Spliceosome




Conclusions

Never just believe your initial model !

There Is currently no general way
to generate a reliable initial model

Calculate random conical tilt reconstructions
of (cryo-)negatively stained specimens !

The density map Is probably distorted, but It Is
a good basis to interpret subsequent reconstructions

Use your “bielogical intelligence™ !
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