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Recent Research Activities (SSRL BL4-2)

* Protein tertiary/quaternary structure in solution (static & time-resolved)
Crystal vs solution structure, protein complexes/assemblies

* Virus/phage maturation, assembly

* Protein/RNA folding

» Polyelectrolytes & complex systems
Inter-molecular interactions

* Biomineralization

* Fiber diffraction
filamentous viruses, amyloid fibers

* Lipid membrane diffraction

» Hard-to-crystallize systems
* Physiological conditions

» Kinetics

« Complementing HR studies

Unilamellar lipid scattering, inter-protein correlation, phase transition

o CTF corrrection in cryoEM

o User start every 2.1 days

User/beam time statistics for 2006
48 proposals (41 unique PIs, incl. one proprietary & 4 mat’l sci.)
e 17 groups use MX as a primary research tool. (17/37=46%)




Structure ordering In specimen

Solution scattering
Shape determination (solution structure vs crystal structure)
Molecular interaction (interactive systems, protein crystallization)
Providing scattering amplitudes for EM studies
Time-resolved studies on comformational changes
Lipid membrane diffraction
Monolayer structures
Lamellar structures (phase transition)
Membrane protein structures (BR 2D crystal)
Fiber diffraction
Biological fibers (amyloid/prion fibers, collagen) Form factor
Filamentous viruses +

Low-resolution crystallography Structure factor

Form factor
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Information content in protein
solution scattering

Studied in mostly dilute or non-interacting conditions (form factor only)

— Radius of gyration 16
— Molecular weight

— Evaluate compactness (Kratky plot)

— Electron pair distance distribution function P(r)

RNA folding initiated by Mg?2*
. R.Dasetal, (2003) J.M.B. 332,311. P(r I’j
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Interplay with higher-resolution structures

» Evaluate crystal structure in solution (tertiary-
quaternary structure level)

» Conformation of hard-to-crystallize states

* Build 3D model of protein assemblies using g
known sub-structures

» Model missing segment in crystal structure

hslUV assembly models: crystal vs solution
Sousa, Trame et al., Cell 103, 633 (2000)



1. Spherical harmonics approach (fast,

2a. “Many sphere (dummy atom)”

ab initio structure determination

lower resolution)

Simple shape function (20-40 parameters)
fitted to the scattering curve.

approach (slow, higher resolution)

A number of uniform density spheres
packed within a search space defined by
Dmax, and calculate a model scattering
curve

Use of spatial constraint common to
proteins: (compactness)

Optimization of fit to the experimental
curve by gentic algorithm, simulated
annealing or monte carlo methods

2b. Higher resolution approach

Spheres of 5A diameter placed at Ca.
positions

Use of empirical polypeptide-like properties
on distribution of neighboring spheres
Requires solution scattering data to 10-5A

After D. Svergun

- DALAI-GA: Chacon, P. et al. (1998)
Biophys. J. 74, 2760-2775

- DAMMIN: Svergun, D.I. (1999)
Biophys. J. 76, 2879-2886

- SAXS3D: Walter, D. et al. (2000) J.
Appl. Cryst. 33, 350-363

- GASBOR: Svergun, D.I. et al.
(2001) Biophys. J. 80, 2946-2953



VCP (AAA ATPase) + ADP-AIFx
X-ray Scattering Model vs Crystal Structure

A priori information
In model fit:

* Internal symmetry

» Molecular weight
 Dmax (experimental)
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Davies et al, Structure 13, 183 (2005)
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VCP/p97 structures during ATPase catalysis cycle (Davies et al., 2005)



Structural basis of hepatocyto growth
factor/scatter factor and MET signalling

E.Gherardi, S. Sq_ndin, M.V.Petoukhov, J.Finch, sc-SF n | ki)k2)k3) k4~ sp |
M.E.Youles, L-S.Ofverstedt, R.N.Miguel, T.L.Blundel, - . -
G.F.Vande Woude, U.Skoglund, D.l.Svergun

Proc. Nat’l. Acad. Sci. 103, 4046-4051 (2006). tc-SF () (K1) (k2) (k8)-(k4 - sp }
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E.Gherardi et al., PNAS 103, 4046-4051 (2006), continued.
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Needed: evaluation method for unigueness and
validation of SAXS-based models



Interplay with cryoEM and SANS
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Complementing other high
resolution techniques

d(A)=2n/q

1268 63 42 31 25 21 Evaluating MD simulation
exp Ko Zuo et al.,, PNAS 103, 3534 (2006)
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SSRL BL4-2 SAXS/D facility for structural biology
and biophysics. http://ssrl.slac.stanford.edu/~saxs
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- Bent cylinder mirror (~1:1 focus)

- Double crystal mono (Si(111) or multilayers)
- Typical beam FWHM: 0.2mm (V) 1.0mm (H) TRALS LIRE R
- Semi-automated distance change

- Integrated USAXS setup

- BIu-ICE for experiment control



Automated distance change

Adjustable flight pass

A Guard slits PVC drift tube
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Solution scattering data examples
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Major technical challenges in protein solution scattering studies:

- Strongest scattering intensities ~10°" of the incident beam intensity.

- Typical protein scattering signal weaker than water at intermed.-high angles.

- Dilute solution often required to minimize aggregation & attractive interaction.

- Radiation damage.
- Limited specimen quantities.

- Short sample life time (reliability/scheduling issues)



Almost all of MX features plus

Integration of incident and
transmitted beam intensities

Sample scan tab

Distance change

Automated optimization (slits)
Fluid dispenser (syringe pump)
Sample changer control

Vortex detector (ASAXS)
USAXS scans

1) Sample delivery

to capillary cell

2) Data collection while =
) _ e
sample moves in the beam

3) Sample recovery

capillary cell cleaning

In progress:

-Use all 96 positions

-Automated filename generation
(e.g. AO1* thru H12*), and sample
type designation (S/B)

Blu-ICE/DCSS for Bio-SAXS/D,
paired with MarParse for real-
time data processing
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Kinetics of bacteriophage HK97 maturation
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Kelly Lee (Johnson Group, TSRI) and Hiro Tsuruta (SSRL)

In vivo, maturation driven by DNA-packaging. In vitro, Prohead-2 is metastable;
maturation can be triggered by perturbants, including acidic pH. Discrete set of
intermediates seem to appear sequentially.



Instrumentation for time-resolved studies
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Pollack et al., Cornell (1999)
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Expected improvements in biological x-ray
scattering using a high-brighness beam

* Improved angular resolution at low angles (larger
complexes)

e Smaller sample volume & In situ scattering studies

o Shorter exposure time (high-throughput data collection)
* Improved time-resolution for kinetics studies

e Taking advantage of coherence (undulator)

Signigificant challenge: more sever radiation damage
~400Gy limit (~6x107" 0.9A ph).
Kuwamoto et al., J.Synchrotron Rad. (2004)

 Flow cell

* Cryogenic technigues



Relevant developments by
European groups

Microfluidic approach

b:’oXtas

micro Total analysis system (u-TAS)
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bioXtas group, U. Copenhagen &
Tech. U. Denmark (2007)

SAXIER project (EV)
4 year project @ 7.2M euro

- Microfluidics (Elettra)

- Gas phase studies (Daresbury)
- Cryogenic technique (EMBL-HH)
- Online gel filtration (Soleil)

- Nano beam, micro-tools (ESRF)
- Micro-Raman (ESRF)

- Automated data
collection/analysis (EMBL-HH)




