CanNA

()

Rk
2DX

2DX WORKSHOP 2016
August 23 - 26, 2016

Henning Stahlberg
C-CINA, Biozentrum, University of Basel
— A
BIOZENTRUM B0
?niversita't Basel /l\"[\
The Center for Molecular Life Sciences Uni Basel
1 1-2dx-2016-Intro-Stahlberg.key - 22 Aug 2016

CClNA
2DX WORKSHOP 2016
Workshop Organization
Nikhil Biyani
Ricardo Righetto
Robert McLeod
Henning Stahlberg
Organization
Karen Bergmann
Heidi Bronnimann
— Xl
'BIOZENTRUM 0203
Universitat Basel /l\;‘ [\
The Center for Molecular Life Sciences Uni Basel

2 1-2dx-2016-Intro-Stahlberg.key - 22 Aug 2016



A SW.ISS AC|ty of Smencé
at the border to Germany and France
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The University of Basel

The University of Basel was
founded in 1460, it is
Switzerland’s oldest University

- Richin history:

e « Erasmus of Rotterdam
» Parcelsus

» Daniel Bernoulli

» Jacob Burckhardt

* Leonhard Euler

* Friedrich Nietzsche

» Carl Jung
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'BIOZENTRUM

STl B T

* The University of Basel was
founded in 1460, it is
Switzerland’s oldest University

* The Biozentrum was founded in
1971,
it is the largest department in the
Faculty of Science at the
University of Basel

1 + Budget of about 60 Mio CHF/yr
o, . Regularly more than 200
% scientific publications/year,

many in top-tier journals

« New home as of 2017
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'BIOZENTRUM

Research in Five Focal Areas in the Biozentrum

Growth
& Development

Structural Biology
& Biophysics

Infection Biology

Computational
& Systems Biology

Neurobiology

Searching to understand the fundamental mechanisms of life
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CdaNA

The Center for
Cellular Imaging and NanoAnalytics

Spreading of prionoid fibrils ns alpha

synuclein an are likely severa

neurodegenerativ

Analysis of the proteome content of single cells by
microfluidics and electron micr

copy

c-cina.org

& c-cina.unibas.ch

ules by electron diff
EM imaging of nanometer sized 3D.

Development of algorithms and software for image
processing

al analysis of membrane pr

le cryo-EM and by electron ¢

Our other research interests & ‘nano-world art', in
collaboration with
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CaNA

The Center for

Cellular Imaging and NanoAnalytics

c-cina.org

# c-cina.unibas.ch

s YOS
PUBLICATIONS
B

Structural analysis of membrane proteins by single
particle cryo-EM and by electron crystallography

Spreading of prionoid fibrils of proteins alpha-
synuclein and tau are likely behind several
neurodegenerative diseases.

Structure determination of biological
macromolecules by electron diffraction and cryo
EM imaging of nanometer sized 3D.

Analysis of the proteome content of single cells by  Development of algorithms and software for image  Our other research interests & ‘nano-world art’, in
microfluidics and electron microscopy processing collaboration with )

1 1-2dx-2016-Intro-Stahlberg.key - 22 Aug 2016

CdaNA
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Philips CM100 Philips CMI10

100 kV, CCD 100 kv, CCD
negative stain EM, sections negative stain EM, sections

Zeiss Merlin/3View
Serial Block Face SEM

FEI Versa3D
Dual-Beam FIB-SEM

MERLIN

FEI Titan Krios

GIF / K2 Summit

FEITI2

120KV, F416 CMOS
Cryo-EM screening

Philips CM200F

200KV, F416 CMOS
Cryo-EM

300kY, GIF
Cryo-EM and Cryo-ET

FEIl Polara

300KV, K2 Summit 1
Cryo-EM and Cryo-ET

FEIl Talos

200KV, Ceta 16M CMOS
Cryo-EM and STEM

!
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CaNA

Electron Microscopes in C-CINA

| 'CM200FEG
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C-CINA Suite
in New Biozentrum:
(2018)
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Electron Crystallography
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Electron XRD
Crystallography &
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Common Electron Crystallography Algorithm
$Saag, Various crystals at
M%%"O%u f&&j M various tilts
/ / Images

Two-dimensional

image processing
7/ - results (unit cells)

3D reconstruction
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Membrane Protein Structures
determined by Electron Crystallography

Acetyicholine Receptor

Microsomal
. : Light Harvesting glutathione
h:
Bacteriohodopsin plex I Aquaporins Slranchs

Multidrug <
Transporters

Advances in Structural and Functional Analysis of Membrane Proteins by Electron Crystallography
Wisedchaisri, et al., Structure 19(10), 1381-1393 (2011)
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Electron Crystallography Literature

MRC Software:

¢ Henderson & Unwin, Nature 257, 28-32 (1975)

e Amos & Henderson & Unwin, Prog. Biophys. molec. Biol. 29, 183-231 (1982)
e Henderson et al., J. Mol. Biol. 213, 899-929 (1990)

2dx Software: (2dx.org)
e Gipson et al,, J. Struct. Biol. 157, 64-72 (2007)
e Gipson et al., J. Struct. Biol. 160(3), 375-384 (2007)

* Arheit et al., In Book: Electron Crystallography of Soluble and Membrane Proteins, Methods in
Molecular Biology, Vol. 955, Chapters 10, 11, and 18 (2013)

Reviews:
e Kiihlbrandt: Quarterly Review of Biophysics 25(1), 1-49 (1992)
J. Struct. Biol. Special Issue on Electron Crystallography: JSB 160(3) (2007).

Book: Glaeser et al., Electron Crystallography of Biological Macromolecules, Oxford Univ. Press,
USA, 476 pages (2007).

Abeyrathne et al., Comprehensive Biophysics Vol 1.19, 277-310 (2012)

Book: Schmidt-Krey & Cheng (eds.): Electron Crystallography of Soluble and Membrane
Proteins: Methods and Protocols, Methods in Molecular Biology Vol. 955 (2013)
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Electron Microscopy Analysis
of 2D Crystals of Membrane Proteins

Priyanka D. Abe thne', Marcel Arheitl, Fabian Kebbel], Daniel Castano-Digzl,
Kenneth N. Goldie', Mohamed Chami', Ludovic Renault?, Werner Kiihlbrandt*", and
Henning Stahlberg"”

Comprehensive Biophysics 1.19 (2012)

1 Tables

Table 1. Structures of membrane proteins analyzed by electron crystallography, and the protein production, purification, and crystallizatior
conditions. Future, updated versions of this table will be maintained at http:/2dx.org. Crystallization Method: DI = Dialysis; BB = Biobeads
LM = Lipid Monolayer; SP = Salt Precipitation; FU = Fusion.

Resolu Non-

Resolut  tion Cone fonic Crystalliza
ion 2D D PDB/ Expressed [mg/ml LPR T Salts agents tion
Family __Protein [AL__IAl__EMD Origin in ] Lipidadded _[wiw] _ Detergent __[°C] pH [mM] [%] _ Time _Method _ Crystaltype Reference
g’;“ﬁc‘l Amonium gasion ;) E. coli E.coli 04 DMPC 1 DM 20 8 250 NaCl, 0.6 NaN, - 10d DI sheets (Conroy et al., 2004)
Annexin AS - Ca2+ 6.5 Rat E. coli 0.1 DOPC / DOPS E none 20 74 150NaCl,2 CaCls, 3 NaN, s 344 M sheets (Oling et al., 2000)
lon specific ion channcl
Sl ::;;n":_f"“"“""‘“"‘ 15 E. coli E. coli 1 E. coli lipid 045 TritonX-100 4 8 100 KCl, . Sh BB vesicle  (Saint et al., 1998)
VDAC - voltage - g (Hoogenboom et al.,
dependent anion channel __'® i whues 2007
KesA potassium channel 6 S lividans Ecoli 12 DM*:;;E?‘“’“ DDM RT 75 100 KCl, 1 EDTA R 3d DI - (Lictal, 1998)
Potassium :‘h‘;‘f::l’ 1 potassium 9 M. E. coli 1 DOPC 06-1 DM 20/37 8  100KCL3NaNp, 7SMgC2 - 7d BB sheets  (Kuoetal., 2005)
Channels T~ Cyelic
Nucleotide-Modulated K- 16 M. loti Ecoli 05  E colilipid DM 25/37 67 20KCl, 1 BaCl - sd DI sheets  (Chiu et al., 2007)
Channel
CiC-ccl - chloridoproton ¢ ¢ E. coli E. coli POPC 04 DM 4 7 25NaCl,20MgCl 08NaN, - <¥ml sheets  (Mindell etal,, 2001)
antiporter from E.coli days
A TR 02- 25KAc, IS0KCL, 0.1 GACl, 510, : (Williams ctal.,
4 E. coli Ecoi 08  Eecolilpid X DDM 37 4 o dloemol 4764 DI wbes {000}
Nhad - Nat - 8 : : 02- 25 KAc, 150KCL, 0.1 GACl,  5-10 ’
0+ saspomne fom Ecol 7 E. coli Ecoli 05  Ecolilpid oy DDM E it ey 4764 DI whes  (Williams, 2000)
- - - . 02- 25 KAc, 150 KC1, 0.1 GdCl,, 5-10
= 7 311 E. coli Ecoli 05  Ecolitipid ‘o DDM 37 4 Pt " givecso 464 DI whes  (Appel ctal., 2009)
Antiporters o E 04- PSIRETY 105" 20 (Vinothkumar et al,
;\nt:‘a:uln N e 6 M. jannaschii  E.coli 1 E.colitipid 04 DDM 37 4 200NeCL25 Acetste 10 57 DI e oo
jannaschii 7 M. jannaschii (Z‘K;‘I’;;"’“' ctal,
Tk eeoodeyis 417 E. coli | pmecporc 07 DDM(lipidsin 74 107Tris, 150 NaCl, 40 MgCls DI (Yin ctal., 2000)
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Installation
(C-CINA)
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Dinner (Science Lounge)
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Workshop Dinner
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