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The AlphaFold “revolution”



The AF consortium database currently 
includes 992,316 predicted structures 

covering 48 organism proteomes and the 
majority of Swiss-Prot



AF method and issues

• AF is based on an AI algorithm trained on 
the protein structures present in the PDB

• No thermodynamic/mechanistic approach, 
relies only on a deep learning process

• Potentially biased toward structures already 
present in the PDB

• Potentially unstructured regions are 
approximated with an “unique” conformation



Performing some rapid solution test on a 
predicted structure should be considered

• Verifying the secondary structure content by 
Circular Dichroism (CD) spectroscopy

• Assessing the overall shape compatibility by 
measuring hydrodynamic parameters, such 
as D0

t(20,w), s
0

(20,w), [η] 
• Using small-angle x-ray scattering (SAXS) 

methods to produce the pairwise distance 
distribution function p(r) vs. r

• All these parameters/functions can be directly 
calculated from structures



To facilitate the comparison between measured and 
calculated parameters, we have computed them for 

the entire AF database, and placed them in the 
public-domain US-SOMO-AF database:

https://somo.genapp.rocks/somoaf

https://somo.genapp.rocks/somoaf/


To facilitate the comparison between measured and 
calculated parameters, we have computed them for 

the entire AF database, and placed them in the 
public-domain US-SOMO-AF database:

https://somo.genapp.rocks/somoaf
https://www.nature.com/articles/s41598-022-10607-z

https://somo.genapp.rocks/somoaf/


Methods
• The AlphaFold structures were predicted directly from the 

UniProt sequences, without any curing regarding 
post-translational modifications

• Based on the UniProt annotations, we have removed the 
Initiator Methionine, Signal Peptide, and Transit Peptide(s) 
from the AF structures. Permuted structures with/without 
Propeptide(s) were also generated (subtotal: ~110,000)

• CD spectra were computed using the SESCA program 
https:// doi. org/10.1021/acs.jctc.9b00203

• US-SOMO was used to compute the hydrodynamics 
(SoMo with overlaps + ZENO method) and the p(r) vs. r 
using SAXS-related parameters



Methods
● Processing pipeline:

● Processing performed on resources:
○ University of Lethbridge & the Texas Advanced Computer Center

● Website:
○ Generated using the GenApp framework https://genapp.rocks
○ Hosted on NSF Jetstream2 https://somo.genapp.rocks
○ Allocated via NSF XSEDE

https://genapp.rocks
https://genapp.rocks


Some examples:



Analyzing the calculated hydrodynamic 
parameters for a subset of ~41,200 AF structures



Given an average experimental error of ±3%, 
what % of structures within 2x or 3x the average 

error can we distinguish within 5 kDa bins?



Comparison between p(r) vs. r derived from SAXS, 
and computed from AF (and PDB) structures 



Effect of conformational variability on the 
hydrodynamic parameters and p(r) vs. r:

 a DMD simulation

https://docs.google.com/file/d/1LVdVf9k51rzjrdD9RT1GJvczU2kYoZam/preview


Effect of conformational variability on the 
hydrodynamic parameters and p(r) vs. r:

 a DMD simulation, summary



Effect of long unstructured regions on the hydrodynamic 
parameters. A Monomer Monte Carlo simulation on the 
1-118 N-terminal residues of structure AF-A0A060D4L2

https://sassie-web.chem.utk.edu Curtis, et al. 2012  doi: 10.1016/j.cpc.2011.09.010

https://docs.google.com/file/d/1oxeme-JsWt4mURxvjecv4tmESF6r_eFy/preview
https://sassie-web.chem.utk.edu
https://doi.org/10.1016/j.cpc.2011.09.010


Results of the MMC simulation on structure  
AF-A0A060D4L2, >16,000 conformations



Database enables global studies



Processing pipeline enables additional calculations



Drawbacks & perspectives

• The current AF database release (v2) 
contains predictions for single chain 
structures only

• AF has released a program that can 
predict multiple-chains structures. If and 
when this will be generalized to produce 
an updated database, we can recalculate 
the parameters/functions for the new 
structures



Drawbacks & perspectives
• No prosthetic groups, such as carbohydrates, 

were taken into consideration by AF
• For carbohydrates, methods to predict their 

structure from composition are available and 
under continuous development in several 
laboratories. The biggest hurdle is to accurately 
predict the composition of carbohydrates and 
correctly store this information at the UniProt 
level. US-SOMO already handles carbohydrates, 
so updating the database will be possible

• The situation is obviously more complicated for 
the hundreds of other potential prosthetic groups  



Drawbacks & perspectives
• Unstructured parts are represented as a single 

defined conformation in the AF predictions
• Correctly taking into account segmental or 

generalized flexibility is a much bigger issue. 
Molecular Dynamics - requiring huge computer 
power, Monte Carlo simulations or Brownian 
Dynamics, appear to be the best possibilities

• However, the data in the US-SOMO-AF database 
could raise “red flags”, and indicate that additional 
modeling work is required to further validate a 
predicted structure
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