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= Localization / identification
m [Issue / cells
= Tomograms
= Cryo-EM
= Negative stain



Alignment - HEAVEM Proposal
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Single-particle selection and alignment with heavy
atom cluster-antibody conjugates
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= (1) Synthesis of appropriate organothiolate
monolayer-protected gold clusters (MPCs)

= (1) selection, generation and labeling of adaptor
molecules

= linkers between MPCs and targeted particles

= (1) labeling of particles, removal of excess label

= (Iv) data collection and processing.



Maia Azubel

Monolayer Protected Cluster (MPC) synthesis

Au(lll) + 3RSH (-Au(l)/SR-)n + RS-SR
(-Au(l)/SR-)n + BH4' AuX(SR)y
Parameters: o % .
Ligand type R:*@SR
Ligand to gold ratio Q@@,,)

Amount of BH4'



Maia Azubel
Organothiolate monolayer-protected gold
culsters (MPCs)

3MBA/Au 3

- N - Stable

\Water soluble

*Reactive (on - off)
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Uniformity of MPCs as synthesized
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P.D. Jadzinski, G. Calero, C.J. Ackerson, D.A. Bushnell
and R.D. Kornberg, Science 318, 430 (2007).
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Au,q,(p-MBA),, at 1.1 A



Adaptor molecule

Antigen-binding
site

-Au 0 25 5 10 20_ 41 82mucsH

Murray place exchange



AdaptOr mOIeCUIe Maia Azubel

M Rpb3 Rpb4 Au Au-dsDNA Au-ssDNA




Maia Azubel

Complex formation and
purification

= Manual run 8:1_UVI1_2E0nm = Manual run 8:1_UV2_254nm
Manual run 8:1_UWV3_520nm """ Manual run 8:1_Fractions = Manual vun 8:1_Injeect

Au_scFv

l

Manoal run 8: 1 _Logbook

pol Il + Au_scFv




MIDDLE




Antigen-binding
sSite

Antigen-binding
site




trypsin










CBP affinity purification

sepharose

y.f. calmodulin
Protein

Protein A Protein A




CBP affinity purification

+ EDTA

y.T.

Protein

Protein A Protein A




TAP tag - Fc interaction

y.f.

Protein

e e
R & R &
Fc Fc
Protein A Protein A
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Cryo-EM of TAP- RNA polymerase Il - F, - gold




lgG affinity purification

y.f.

Protein

Protein A Protein A

sepharose



Label with calmodulin-Au

calmodulln
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SEC or density gradient
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TFIIH I1s essential for transcription
and DNA repair

Cell cycle




RNA Polymerase |l pre-initiation
complexes

Bushnell et al. 2004



TFIIH holoenzyme — 10 subunits
Kinase

SSL2 sl 95 kDa Mediator

RAD3 s 89 kDa Core
TER{ weeesd 73 kD2

TFB2 & 59 kDa
SSL1 Wi 53 kDa

CCL1 e 45/47 kDa
TEB3
+CBP

TFB4 M 38 kDa
KIN28 # . 35 kDa

TFB5 8 kDa




holo TFIIH
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L ocalization of Tfb3 with calm-Au

Kinase

Mediator

Repairosome
TFIIE

-C-CBP

R &
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Chris Ackerson

Gold-Gold nearest neighbor distance
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Adaptor molecule  waiaazbe

Antigen-binding
site

-Au 0 25 5 10 20_ 41 82mucsH

Murray place exchange






HEAVEM Proposal



= Relies on derivatization of biological
sample with heavy atom clusters

scatter electron strongly

= Requires discrete particles
specific attachment
rigid attachment



eImaging under conditions required for high resolution
* l[ow dose
» close to focus

*Overcome technical limitations

= detection of drift, astigmatism & magnification
variation (microscope aberrations)

» CTF determination
» Resolve particle heterogeneity

*Allows faster & automated data collection and particle
picking



best
published
parameters

3.5A (bulky side chains)
conservative

published
parameters
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8.0A (alpha helices)

4
mobility (A)




scFv-gold for heavy atom electron microscopy




3-D crystals of 2 nm 4-mercaptobenzoic acid MPCs




Sample preparation

Negative stain Vitrified for cryo-EM

Carbon support film

H.R. Saibil 2000



Cryo-EM of neuraminadase-scFv-gold




Cryo-EM of neuraminadase-scFv-gold




Summary

Stage Is set for empirical test of the
HEAVEM Proposal.
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