Winter-Spring 2016 EM Course

40 Min Intro + 10 min tour
11 Jan 2016
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Schedule

* Welcome new students

 Course logistics
- Questionnaire

 Introduction to EM and the course

- Simons Electron Microscopy Center
- SEMC training programs
- NYSBC tour



Handouts

Logistics

Questionnaire

Syllabus



http://semc.nysbc.org/course.html




Video lectures

http://cryo-em-course.caltech.edu/videos




Class organization

Monday
3:30-5pm - A11 seminar room

1.5 hr class
30 min - Introduction by guest lecturer
15 min - Coffee break/informal conversation

45 min - Open ended discussion

Wednesday (optional)
Starts at 3:30 (or earlier if possible) - SEMC conference room

Video screening/Recitation section
Jensen lectures that will be covered the next week will be played

SEMC lecturers will be available to assist with lecture topics






Class structure

Section 0: Course overview / Intro to EM
Section 1: Anatomy of an EM
Section 2: Fourier transforms and Image Formation

Section 3: Challenges in EM & Sample prep

Section 4: Tomography
Partl: ET
Part Il: FIB-SEM

Section 5: Single Particle
Part I: SP Analysis & Sample prep
Part Il: Data collection & Reconstruction
Part Ill: Additional topics & limitations

Section 6: 2D crystallography
Part I: 2dx
Part II: Helical

Section 7: EMDB, Validation methods &
Fitting Atomic models



Question:

What biological systems are you interested in?



The Scale of Biological Structures
Red blood cell

White blood cell

Bacteria

Human Cells



Nanoscale: The scale of biological structures

Electron Microscopy
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X-ray Naked eye
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NMR Light microscopy
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https://en.wikipedia.org/wiki/Nanoscopic_scale



Class structure

Section 0: Course overview / Intro to EM Section 7: EMDB, Validation methods &
Fitting Atomic models
Section 1: Anatomy of an EM

Section 2: Fourier transforms and Image Formation

Section 3: Challenges in EM & Sample prep

Section 4: Tomography
Partl: ET
Part Il: FIB-SEM

Section 5: Single Particle
Part I: SP Analysis & Sample prep
Part Il: Data collection & Reconstruction
Part Ill: Additional topics & limitations

Section 6: 2D crystallography
Part I: 2dx
Part II: Helical



Comparison of a light microscope, TEM & SEM

Section 1: Anatomy of an EM
Christoph Wigge & Anchi Cheng [NYSBC]




Comparison of a light microscope, TEM & SEM




Comparison of a light microscope, TEM & SEM
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Obtaining a 3D structure from a 2D image

Section 2: Fourier transforms and Image Formation

Bill Rice [NYSBC]




Obtaining a 3D structure from a 2D image
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Obtaining a 3D structure from a 2D image
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Obtaining a 3D structure from a 2D image
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How to make an EM ready sample

Section 3: Challenges in EM & Sample prep

Ed Eng & Ashleigh Raczkowski [NYSBC]
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How to make an EM ready sample

Electron Microscopy
C .

X-ray Naked eye
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NMR Light microscopy
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EM modalities
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Class structure

Section 7: EMDB, Validation methods &
Fitting Atomic models

Section 4: Tomography
Partl: ET
Part Il: FIB-SEM

Section 5: Single Particle
Part I: SP Analysis & Sample prep
Part ll: Data collection & Reconstruction
Part Ili: Additional topics & limitations

Section 6: 2D crystallography
Part I: 2dx
Part Il: Helical



Looking at biochemically unique/heterogeneous
(pleiomorphic) samples

Section 4: Tomography

Part I: David toke [NYU]




Looking at biochemically unique/heterogeneous
(pleiomorphic) samples
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Looking at biochemically unique/heterogeneous
(pleiomorphic) samples
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Looking at biochemically unique/heterogeneous
(pleiomorphic) samples



Looking at ordered arrays and small macromolecules

Section 6: 2D crystallography

Part I: Iban Ubarretxena [MSSM]




Looking at ordered arrays and small macromolecules
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doi: 10.1038/npg.els.0003044



Looking at ordered arrays and small macromolecules
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Section 5: Single Particle
Part I: Joachim Frank [CU]
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Part lll: Yong Zi Tan, [CU/NYSBC]




CryoEM CryoET

Cryo-electron Microscopy Cryo- electron Tomography
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Vitrification process for CryoTEM

Slide courtesy Gabriel Lander
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Slide courtesy Gabriel Lander




Slide courtesy Gabriel Lander




Slide courtesy Gabriel Lander



Slide courtesy Gabriel Lander
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Charge Coupled Device (CCD) Direct Detection Device (DDD)







Improving the resolution:
Correcting for drift and beam induced motion












X-Ray PDB 1PMA EM EMD-6287



Class structure

Section 7:

EMDB,
Cathy Lawson [Rutgers]

Validation methods
Tom Walz [RU]

Fitting Atomic models
Willy Wriggers
[Old Dominion University]

SEMC Forum
April 26 - noon



e coq et L'arlequin by Jean Cocteau
h dramatist, director, & poet (1889 - 1963)

Painter's Studio
by Jan van der Straet (Stradanus) (Dutch, 1523-1604)



NEW YORK STRUCTURAL BIOLOGY CENTER

9 member institutions

Additional services

Member Institution Services (offered on a fee-for-service basis)

e Training in instrumentation and e Additional EM time (members) or access to EMs
techniques, and individual instruction with staff assistance (non-members).

* Assigned, dedicated instrument time e EM starter kits and consumables



SEMC mission
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SEMC Training Programs

Theory behind EM
starts Jan 11

yearly SEMC EM Course

quarterly SEMC Appion workshop Appion data processing practical
X ) Jan 28
SEMC New User Sample preparation [neg-stain & cryo]
Training ) Leginon intro/use of screening microscopes

All hours access test
24-hr access test

. ) Safety training
r User Project Discussion 1 Mon @ 11lam
weekly Meetings Thurs @3pm & @4pm

\ J

Training for independent use of the

daily [ Advanced Leginon use ] microscopes




Online registration

https://www.surveymonkey.com/r/Appiondanuary2016




Online materials

http.//semc.nysbc.org/start.html



EM Directors

®m

Bridget Carragher, Ph.D. Clint Potter, Ph.D.

EM Staff

Bill Rice, Ph.D. Ed Eng, Ph.D. Christoph Wigge, Ph.D. Ashleigh Raczkowski, B.S. Kelsey Jordan, B.S.
EM Manager Scientist Scientist Technician Technician



biochemically

biochemically

homogeneous heterogeneous
proteins
o organelles/cells/
g_ <200 kDa >300 kDa tissues/organisms
©
n
structurally structurally
homogeneous heterogeneous
. ]| 1
K] g 4 \ 4 A 4
g— & 2D helical single particle serial block
& o crystallization assembly isolation sectioning embedding
g
)
=
S ‘c electron helical single particle electron FIB/
L S crystallography reconstruction reconstruction tomography SEM
ot
e
c
Q
= § dual beam Scanning
W S Transmission Electron Microscope (TEM) : Electron Microscope
g Titan Krios, J3200, J2100, Tecnai F20, J1230 (SEM) : Helios
resolution range 1.9A 200A,



Instrumentation

FEI Helios 650 JEOL 1230  FEITecnai F20 JEOL2100F JEOL 3200FSC FEl Titan Krios

+ + + + + +

4K ETD, TLD, ICE Gatan US4000 TVIPS F416 Gatan Direct Electron FEI
4K CCD 4K CMOS K2 Summit 'DE-20 Falcon 2->3
Direct Detector Direct Detector Direct Detector

Coming soon



Schedule

* Welcome new students

- Course logistics
- Questionnaire
- Other SEMC training programs

* Introduction to EM

« NYSBC tour
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Andy Warhol’'s New York studio circa 1960s
Jeff Koons's New York studio



