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Historical BackgroundHistorical Background

•• Uzgiris Uzgiris and and Kornberg Kornberg 
(1983)(1983)

2D 2D xtals xtals of of Ab Ab on lipid on lipid 
AntigenAntigen

•• Darst Darst et alet al., 1988., 1988
RNA polymeraseRNA polymerase

•• AvilaAvila--Sakar Sakar et alet al., 1994., 1994
50S ribosome subunit50S ribosome subunit

•• Kubalek Kubalek et alet al., (1994)., (1994)
HisHis--tagged HIV1 RTtagged HIV1 RT

Dietrich and Dietrich and VenienVenien--Bryan Bryan (20(20
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Current Specimen Limitations 

•• Screening conditionsScreening conditions

•• Fragile transfer stepFragile transfer step

•• Specimen FlatnessSpecimen Flatness

•• Alternative approach  =Alternative approach  = Single Single 
particle EMparticle EM



A combinatorial approach for A combinatorial approach for 
protein purification / EM protein purification / EM 

structural studiesstructural studies

•• Develop the NiDevelop the Ni--NTA monolayer NTA monolayer 
technique astechnique as
a novel purification methoda novel purification method

•• Single ParticleSingle Particle CryoCryo--EMEM for 3D for 3D 
reconstructionreconstruction

•• Apply the methodology to a real Apply the methodology to a real 
systemsystem



Monolayer Purification Setup

1) Add protein sample well1) Add protein sample well
Cell Cell lysate w/ lysate w/ target (25 target (25 μμl)l)
50mM 50mM HepesHepes+150 +150 mM NaClmM NaCl++imidazoleimidazole

2) Cast monolayer2) Cast monolayer
Filler / NiFiller / Ni--NTA lipid (1mg/ml NTA lipid (1mg/ml 
in CHClin CHCl33))
Apply 1Apply 1μμll MixMix w/ w/ Hamilton Hamilton 
syringesyringe

Incubate 15 Incubate 15 -- 30 min., 430 min., 4°°CC

Ni2+ Ni2+Ni2+Ni2+

3) Sample with EM 3) Sample with EM 
gridgrid
ApplyApply clean EM gridclean EM grid
Grid bar sideGrid bar side on on 
monolayermonolayer

Ni2+ Ni2+Ni2+Ni2+



BasicBasic ConsiderationsConsiderations

•• Biological sample Biological sample 
preparationpreparation

•• Grid preparationGrid preparation
•• Transfer StepTransfer Step
•• NegNeg. stain screening. stain screening
•• VitrificationVitrification
•• LowLow--dose Imaging dose Imaging 



Preparation of Cell ExtractsPreparation of Cell Extracts

•• Grow HisGrow His--tagged constructtagged construct
•• Lyse Lyse cells with cells with lysozymelysozyme, , sonicationsonication
•• Obtained cleared Obtained cleared lysatelysate; ML input; ML input

Insect cellsInsect cells
(Sf9)(Sf9)

BacteriaBacteria
(E.coli, BL21)(E.coli, BL21)

Mammalian cellsMammalian cells
(293T)(293T)

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



Quantifoil Quantifoil Grid PreparationGrid Preparation

Whatman Whatman #1 paper#1 paper
Saturated w/ Saturated w/ 
Ethyl Acetate o/n Ethyl Acetate o/n 
in hoodin hood

Bake for 1 hrBake for 1 hr
At least 100At least 100ooCC



Transfer Methods

DirectDirect
TransferTransfer

LoopLoop
TransferTransfer



Direct Transfer vs. Loop 
transfer

QuantifoilQuantifoil 2/1 Holey Grids2/1 Holey Grids

DirectDirect LoopLoop



7Å Projection Map of SbpA

NorvilleNorville et al., JSB (in et al., JSB (in 



Transfer of 2D crystal Transfer of 2D crystal vsvs Single Single 
particles particles 

•• Crystals = Loop transfer / Crystals = Loop transfer / 
5% Trehalose embedding 5% Trehalose embedding 
/ethane/ethane

•• Particles = Direct transfer Particles = Direct transfer 
/ethane/ethane



Basic ConsiderationsBasic Considerations

•• Biological sample Biological sample 
preparationpreparation

•• Grid preparationGrid preparation
•• Transfer StepTransfer Step
•• Neg. stain screeningNeg. stain screening
•• VitrificationVitrification
•• LowLow--dose Imagingdose Imaging



Negative Stain Screening
Test specimen: Tf-TfR complex

Ni2+ Ni2+Ni2+Ni2+

HisHis
66

TfRTfR

TfTf

CC

NN

TransferrinTransferrin--TransferrinTransferrin
ReceptorReceptor ComplexComplex

Ni2+ Ni2+Ni2+Ni2+



DLPC
Room 
Temp

DLPC
4oC

(Tm-1oC)

DMPC
4oC

(Tm23oC)

0% Ni-NTA 2% Ni-NTA 20% Ni-NTA 40% Ni-NTA

Negative Stain ScreeningNegative Stain Screening



Screening Monolayer PurifiedScreening Monolayer Purified
TfTf--TfR TfR complex from Sf9 extractscomplex from Sf9 extracts

In In SolnSoln.. 2%2% MLML + + 50 50 mM mM 
ImidImid..

2%2% MLML



NegNeg. stain reconstruction using . stain reconstruction using 
RCTRCT

TfRTfR

CC--lobelobe

NN--lobelobe



Vitrification Vitrification of ML specimensof ML specimens

•• Place Place ““Grid barGrid bar””
on top ofon top of MLML

•• Remove grid Remove grid w/ w/ 
forcepsforceps

•• Blot 3Blot 3μμl l subsub--
phasephase

•• Plunge into Plunge into 
ethaneethane



•• ManualManual

•• UncontrolledUncontrolled
environmentenvironment

•• CalibrateCalibrate blottingblotting

•• Consistent ice overConsistent ice over
entire gridentire grid

Manual Manual vsvs. Automated Freezing. Automated Freezing

•• Vitrobot Vitrobot (FEI)(FEI)

•• EnvironmentEnvironment

(22(22ooC, 65% C, 65% rhrh))

•• Blotting time Blotting time ∝∝
volume (volume (μμl)l)

•• Gradient of vitreous Gradient of vitreous 
iceice

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



•• Tecnai Tecnai FF--20 operating at 200 kV20 operating at 200 kV

•• Quantifoil Quantifoil 2/1 (22/1 (2μμm holes, 1m holes, 1μμm m 
spacing) spacing) 

•• Magnification = 50,000xMagnification = 50,000x

•• Defocus = Defocus = -- 2 to 2 to -- 5 5 μμmm
•• 10 10 ee-- / / ÅÅ22, 1 sec exposure, 1 sec exposure

•• Images on Film, scanned Images on Film, scanned w/ w/ 77μμm m 
stepstep (1.4 (1.4 ÅÅ / pixel,/ pixel, 3 x 3 3 x 3 
subsub--sampling)sampling)

LowLow--dose imagingdose imaging



Imaging Monolayer Imaging Monolayer 
Purified Purified TfTf--TfR TfR from Sf9 from Sf9 

extractsextracts

In In SolnSoln.. 2%2% MLML 20%20% MLML



Leginon Leginon for Screening for Screening 
ML ML CryoCryo--EM EM specimenspecimen

Taylor et al., JSB (in press)Taylor et al., JSB (in press)



Hole selection based on Hole selection based on 
radial density functionradial density function

+ +

+ +

*** 28,000 holes 28,000 holes 

w/ crystals;w/ crystals;
200 parts./hole200 parts./hole

5 5 -- 8 x 108 x 10
66
parts.parts.



HighHigh--throughput Potentialthroughput Potential

1) Grow  1) Grow  
ConstructConstruct

Ni2+ Ni2+Ni2+Ni2+

2) Prep. grid2) Prep. grid

3) 3) 
DirectDirect

TransfeTransfe
rr

4) 4) NegNeg..
Stain Stain 
screenscreen

5)5) VitrificationVitrification

6) 6) CryoCryo--EMEM



CurrentCurrent interestsinterests

•• Adapt ML method for use with Adapt ML method for use with 
membrane proteins and other membrane proteins and other 
tagstags

•• 3D reconstructions of native 3D reconstructions of native 
complexescomplexes
large data sets and automatedlarge data sets and automated
routinesroutines
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