BioSAXS2019 workshop, December 2-5

What can you do using BioSAXS?
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Feel free to contact me for full version.
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Research at SSRL BL4-2: Experimental setups
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Solution Bio-SAXS and sample requirement

Detector

Small amount of protein sample

’
Monochromatic beam r'a

>
»

Large distance

X-ray: A=0.1-0.2nm
q=4nsin 8 /A

A -wavelength
20 - scattering angle

http://www.cgl.ucsf.edu/Research/sali/

m Highly purified and high concentration sample is usually required.

m Background subtraction is usually required for most analysis
(final data = sample data - buffer/blank data).

m Monomodal and monodisperse sample is ideal.

m Beamline configuration can be decided based on sample size.



SAXS Data: Processing
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Small amount of protein sample

Monochromatic beam ’ Large distance

X-ray: A=0.1-0.2nm

q=4nsin 0 /A
A -wavelength
20 - scattering angle
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Three major solution Bio-SAXS experiments at BL4-2

m Static SAXS
(Equilibrium SAXS)

- High throughput data collection

- Fully automated from data
collection to initial analysis

m SEC-SAXS

(Size-exclusion
chromatography SAXS)

- High quality data

- For difficult sample

sample

Superdex 75/200
SEC Superose 6

etc

A
[

detector

m TR-SAXS
(Time-resolved SAXS)

- Study for conformational changes

- Time resolution: msec to hr

sol A

V -
(Velocity of flow) MIXeEr
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sol B

(distance)

X-rays
(Dead Time)= d /v

Mixing using Stopped-flow mixer
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What is this curve telling you?
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Further modeling and study

m Theoretical curve and expected structure

m ab initio modeling
DENSS (tomorrow talk by Tom Grant)
m Rigid body modeling

P(r)

90°

40 80 120 160
Interatomic Distance (A)

) .. (Krukenberg et al. (2008) Structure 16, 755-765)
m Reconstruction of missing part on crystal structure

m Modeling for multimodal or polydisperse system
=» Ensemble modeling, etc

m Hybrid modeling

m Study on conformational changes (pH-dependence, induced-fit, etc.)

m Kinetics of structural dynamics
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Contrast variation, a power of neutron scattering

SANS: Small Angle Neutron Scattering

m SANS with contrast variation enables the visualization of components within
multisubunit complexes.

m Deuteration labeling for biological molecules is well established.
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Zaccai, et al. (2015)
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Previous studies




Evaluating crystallographic tertiary and quaternary structure

m HSP90 multiple conformations m hs/UV assembly models

E. coli ATP-Hsp90 is in equilibrium
between the wide-open and closed states.
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104
DEBS is a prototype of polyketide synthase (PKS) 10
Biosynthesize polketide, a class of secondary metabolite, from Acetyl-CoA -
Whole-module and bimodular proteins of DEBS were determined by SEC-SAXS.

Architecture of whole-module was hierarchically-determined based on those
fragment structures s
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Dynamic of Histone Chaperone Nucleoplasmin (Npm)

m Hybrid methods approach: NMR + SAXS + Crystallography + MD, etc.

m Nucleoplasmin (Npm) is a highly conserved histone chaperone, responsible for the

maternal storage and zygotic release of histones H2A/H2B.

m C-term tail domain including large acidic patch (A2) is an intrinsically disordered.
m Performed SEC-SAXS and SAXS rigid body modeling with loop reconstructions.

10 independent rigid body modeling
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(Warren, et al., Nat Commun (2017))



Fast TR-SAXS on cellular inhibitor of apoptosis 1 (clAP1)
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TR-SAXS
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BoNT-containing medicines & cosmetics

SSRL Biological Small Angle X-ray Scattering Workshop

Botulinum Neurotoxin (BoNT)

BOTOX®

BOTOX®
Cosmetic/
Vistabel®/
Vistabex®

Dysport®/
Reloxin®

Dysport®
Cosmetic

Myobloc®/
NeuroBloc®

NT-201/
XEOMIN®

PurTox®

nc./
Inc.

1 toxin
mplex
)N*

Strength of Action 1:2-1:4
1:1 1:1 ) . 1:50 - 1:100 1:1 1:1.57
(BTX-A:Product) (approximate) (approximate)
Phase 3 for
Blephargspasm, Blepha.rcl;spasm, alabellar lines:
cervical Blepharospasm; Cervical cervical Phase 1 for
Indications dystonia; Glabellar lines p P L Glabellar lines : dystonia; .
. cervical dystonia dystonia L spasmodic
glabellar lines; glabellar lines in I
hyperhidrosis Argentina torticollis/
vpe 8 cervical dystonia

Chronic Migraines (Top 10 medical breakthroughs in 2010, Time magazine)

BioSAXS 2019,
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NAP
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BoNTs have heavy body armors

pH<6
BoNT = 150 kDa MLPTC
NTNHA = 150 kDa (7300 kba)
BoNT complex
HA-17 = 17 kDa (~800 kDa)
L-PTC

HA-33 = 33 kD3 HA complex A 2*'

(~500 kDa) ' ‘
HA-70 = 70 kDa PR

Lee at al., PLOS Pathog. 2013 9:61003690

BioSAXS 2019,
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Results:

BoNTs monomer ¢

In contrast, NTNH;
(hinge motion) in

M-PTC conserves ¢
crystal structure.

Gu et al., (2012) Science 335, 977-981

SAXS studies on Botulinum Neurotoxin Complex

Asymmetric shapes of NTAHA domains allow to do accurate structural determination even in SAXS resolution.
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Model 2 Model 1

Model 3
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Asymmetric shape
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