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Distances in Biomolecules
• Interaction between proteins is important

• Learning how proteins interact helps us learn their 

function and can lead to medicines for diseases

Distances help us 
understand interactions

• Proteins and nucleic acids are dynamic

• Many possible structures, an ensemble

• Distances are dynamic as well
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SASSIE / SASSIE-web
• Provides simulation and modeling tools

• Program process:
Example of SASSIE 

calculation process: 

HIV-1 Gag Protein

Curtis, J. E., Raghunandan, S., Nanda, H., & Krueger, S. (2012). 

SASSIE: A program to study intrinsically 

disordered biological molecules and 

macromolecular ensembles using experimental 

scattering restraints. Computer Physics 

Communications, 183(2), 382–389.
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Use of Anomalous Small Angle X-ray Scattering (ASAXS)
• Used in materials science for determining distances

• Uncommon for biological systems 

■ Limited by sample preparation labeling methods

■ Lack of adequate tools to generate and evaluate ensembles and their 

theoretical ASAXS data

Program to calculate the intramolecular 

distance of a single labeled biomolecule 

by simulating ASAXS

https://doi.org/10.1371/journal.pone.0095664

But, biological systems are dynamic and often 

flexible.  

Accounting ensembles and direct comparisons to 

experiments are needed.

Our goal: extend these ideas and use the 

simulation and experimental comparison tools of 

SASSIE-web toward Ensemble-ASAXS

https://doi.org/10.1371/journal.pone.0095664
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Small Angle X-ray Scattering (SAXS)
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4𝜋 sin(𝜃)

𝜆 

X-ray wavelength (Å)

Momentum transfer (Å-1)

What is measured?

𝐼 𝑞 = 
𝑖=1

𝑁


𝑗=1

𝑁

𝑓𝑖𝑓𝑗

sin(𝑞𝑟𝑖𝑗)

𝑞𝑟𝑖𝑗
Scattering intensity: Debye Equation

Atom-dependent scattering lengths

Distance between atoms i and jNumber of atoms in the scattering particle

𝑓 ~ 𝑍
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Anomalous Small Angle X-ray Scattering (ASAXS)

Mclaughlin, Brendan. (2013). McGraw Hill Science 

Yearbook 2013. 

• Fluorescence X-ray photon emitted at 

very specific energy (absorption edge).

Energy [eV] ~
1

𝜆

Gruzinov et al. (2021). J. Synchrotron Rad. 28, 812-823.

Au absorption edge: 11919 eV

𝑓 =  𝑓0 +  𝑓′ 𝐸 + 𝑖𝑓′′(𝐸)

• Scattering length now has new energy-

dependent terms near the absorption edge.

Relatively high-Z atom, e.g. Au



1. Incorporate high-Z atoms (Au) into biological molecule

2. Perform SAXS measurements at several energies near the Au 

absorption edge

3. Separate 𝐼 𝑞  into resonant (R) and non-resonant (NR) terms

4. Solve for 𝐼𝑅 𝑞 , 𝐼𝑁𝑅 𝑞  and 𝐼𝑅,𝑁𝑅 𝑞

𝐼 𝑞  ~ 𝑓𝑅
2𝐼𝑅 𝑞 +  𝑓𝑁𝑅

2 𝐼𝑁𝑅 𝑞 + 2𝑓𝑅𝑓𝑁𝑅𝐼𝑅,𝑁𝑅(𝑞)

14 Å

Au nanoparticle (78 Au 

atoms)

Experimental Strategy Using ASAXS

Inherent 
scattering factor

Absorption edge 
dependent

Au
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𝑃𝑅 𝑟  ~ σ𝑞 𝐼𝑅 𝑞  𝑞 𝑠𝑖𝑛 𝑞𝑟

R: resonant term (Au)

• Related to 𝐼(𝑞) by a Fourier Transform:

 𝐼 𝑞 ~ σ𝑟=0
𝐷𝑚𝑎𝑥 𝑃 𝑟

sin(𝑞𝑟)

𝑞𝑟
 

𝐷𝑚𝑎𝑥: maximum distance in the molecule

𝐷𝑚𝑎𝑥

Zettl et al. (2016). Nano Letters 16, 5353-

5357. 

DNA (base pairs)

Probability Distance Distribution Function
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Original Code Process

Original Script
*Not actually, though

Initialization

Calculate Scattering

Construct T Matrix and 
Obtain G 

I(q)

I = GT
G = 𝑇−1I

Obtain P(r) P(r) ~ G

The new code will extend the process to 

handle ensembles and experimental data.
8



Workflow

Original 

code

Independent 

code section

Prototype 

script

Ensemble-

ASAXS

• Validate 

independent code 

w/o GUI output to 

original code 

output
• Validate prototype 

script output to 

independent code 

output

• Implement 

prototype script to 

Sassie-web

Initialization
Calculate 
Scattering

Construct T 
Matrix and Obtain 

G 
Obtain P(r)
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Validating Visualization
14 Å

Au nanoparticle (78 Au 

atoms)
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Progress

Original Code Independent 

Script

Prototype Code Ensemble-

ASAXS

Initialization

Calculate 

Scattering

Construct T and 

Obtain G

Obtain P(r)
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Future Work
1. Complete the remaining bits for the calculation 

process steps & enable CUDA/GPU.

2. Successfully use Ensemble-ASAXS for DNA-

protein experimental data

3. Release Ensemble-ASAXS to the community in 

the Beta stage

4. Manuscript!
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Thank you for listening!

Special thanks to Joseph Curtis 

and Susan Krueger!
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