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2DX has been applied to a number of membrane proteins



PROS

Membrane proteins studied in their natural lipid bilayer environment.

Molecular packing is less constrained and can accommodate conformational changes.

Membrane proteins in a 2DX are fully accessible to the aqueous medium. 

Pros and cons of electron crystallography of 2DX

CONS

Screening of 2D crystallization trials is slow and optimal 2D crystals for structure 

determination at high-resolution are relatively rare.

Data collection is tedious as many crystals and different tilts have to be merged in dataset. 

2D crystals are flimsy.

Obtained 3D map suffers from anisotropic resolution. 



General strategy to 2D crystallize membrane proteins

Solubilization

Expression

Purification

2D crystallization

Imaging



Our current 2DX pipeline 



The membrane protein targets



Purity of the membrane protein targets



Behavior of membrane protein targets in detergent

A given protein and its homologs are selected based on their behavior on SEC



Making sure we know the detergent concentration of the membrane protein

Colorimetric detection
Condensation reaction of furfural derivatives (generated by dehydration of sugars in 
concentrated H2SO4) with aromatic molecules such as phenol > spectrophotometer
-  Nasty reactants
-  Only possible to use on glucosidic/maltosidic or bile-salt derived detergents.

TLC – Thin layer chromatography
Based on mobile phase and detection 
method, detergents and lipids can be both 
identified and quantified.

Drop shape
Detergents modify surface tension of 
aqueous solutions. Both shapes and 
contact angles of drops are affected. 



2D crystallization in parallel

50 µl sample

1050 µl buffer



Standard conditions for initial screen



Making mixed micelles in the optimal detergent



Negative staining on a 96-well format 

Negatively staining of 96
specimens for evaluation by EM



Need to load and image 96 grids
per crystallization block

Automated loading and imaging of specimens



Automated loading and imaging of specimens



Automated loading and imaging of specimens



Automated loading and imaging of specimens



Automated loading and imaging of specimens



Leginon controls robot and 2DX imaging

LEGINON is a system designed for automated collection
of images by TEM (NRAMM at Scripps) 



Define montage image area (e.g. 3x3)

Take a images at low mag

Pick target squares using square finder (histogram criteria)

Take images of selected squares 

Pick targets from square images (histogram criteria)

Take images at intermediate 
mag for evaluation



2DX screening evaluation and outcome

Currently evaluation is carried out by an expert. We need to develop algorithms for 
automated evaluation of the screens.



Laboratory Information Management System (LIMS)

SESAME by Zsolt Zolnai at the University of Wisconsin-Madison



After a long story, how did we perform?



Current developments

1) Following on Remigyʼs steps

2) Do dialysis with much less protein sample: 0.3 mgs for 96 conditions

7.75mm

13.5mm

Cross-section of the wells

dialysis 
membrane

dialysis chamber optimal volume: 5 µl

500 µl



TRANSCONTINENTAL EM INITIATIVE FOR MEMBRANE PROTEIN STRUCTURE (TEMIMPS)

NIH funded: 
PSI-Biology: Centers for Membrane Protein Structure Determination (U54) 

Team of 6 investigators with extensive experience in 2DX of membrane proteins:
Stokes, David L. - NYU SoM/NYSBC - Program Director 
Engel,  Andreas - Case Western Reserve  - Co-PI
Gonen, Tamir - Univ. of Washington  - Co-PI 
Love, James D. - NYCOMPS - Co-PI 
Penczek, Pawel A. - Univ of Texas - Houston - Co-PI 
Ubarretxena, Iban - Mount Sinai SoM - Co-PI 

Goals:  
•  Solve structures of eukaryotic membrane proteins that are relevant for human health 

and disease.
•  Study their molecular mechanisms in their natural lipid environment.
•  Accelerate membrane protein structure determination from 2DX.

Multiple positions available (http://temimps.nysbc.org/jobs/):  
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