An Introduction to Protein

Structure Prediction with
Alphalold

Ryan Baumert, PhD
Eroglu Lab
QLS
February 12t", 2025



Seminar Overview

1. Summary of protein structure and modeling
2. Overview of AlphaFold functionality
3. How to use AlphaFold and why you may want to

4. Processing outputs and next steps



Protein Structure Modeling — A brief history

X W
(o’ %" primary Structure Amino acid sequence of a
Bl W protein.

Anfinsen’s Dogma: The 3-dimensional
structure, under standard physiological
conditions, is governed by the amino acid
sequence of a protein

Christian B. Anfinsen



Protein Structure Modeling — A brief history
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Protein Structure Modeling — A brief history
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Primary Structure Amino acid sequence of a
protein.
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Hydrogen bonds cause local
folding into sheets and helices

Functional protein stabilized
by side-chain interactions




Protein Structure Modeling — A brief history
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Tertiary Structure

% Quaternary Structure

Amino acid sequence of a
protein.

Hydrogen bonds cause local
folding into sheets and helices

Functional protein stabilized
by side-chain interactions

Multi-chain protein structure
(channels, dimers, etc.)



Protein Structure Modeling — A brief history

w f ! : Protein structure linked Energy minimization tools Swiss-Model, an early HMMs, deep learning, and

Myoglobin structure solved to sequence AMBER and CHARMM homology modeling server evolutionary analyses

1958 1973 1980s 1993 2000-2010s

To date, Alphafold has solved
the structures of over 200
million different proteins.




AlphaFold is not a Large Language Model
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What is AlphaFold?
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AlphaFold is a neural network-based Al model



How does AlphaFold work? - Inputs

MSA embedding Sequence-residue edges
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* Input protein sequence and desired cofactors (AF3: PTMs, DNA, lons, etc)



How does AlphaFold work? - Embedding
/ MSA embeddim Sequence-residue edges
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* Generation of sequence alignments and templates. AF is building a list of reference
sequences/structures that are most similar or evolutionarily relevant to the input.



Database search and sequence alignment
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This is where your question-dependent
customizations will happen.

* Custom MSAs/templates can help
Increase accuracy of predictions in certain
cases

* Mainly applicable to evolutionary queries
or to proteins with very little similarity to
UniREF and AlphaFold databases.

 Can be used to probe specific
conformational states more accurately

* Typically, default MSAs will be best



How does AlphaFold work? - Evoformer
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* AF is generating and refining pairwise representations of residues within the
protein structure and using that information to refine MSAs and repeat.



How does AlphaFold work™? — Structure Module
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* Alphafold combines the MSA and pairwise data from the Evoformer to
represent amino acids in 3D space and to guide structure assembly.



Why should you care about protein modeling?

* Structures can add biological
context to experimental
observations.
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Why should you care about protein modeling?

* Structures can add biological
context to experimental
observations.

* Structures can be used to guide
experiment design.




Why should you care about protein modeling?

* Structures can add biological
context to experimental
observations.

* Structures can be used to guide
experiment design.

* Can even be used experimentally
to facilitate wet lab assays.

Predicted mutant




Why should you care about protein modeling?

* Structures can add biological
context to experimental

observations. @ Google DeepMind

* Structures can be used to guide
experiment design.

* Can even be used experimentally

to facilitate wet lab aSSays. ‘ oog Ie

But most of all:

* [t is easily accessible!



Biological context: Assess impacts of disease-linked
mutations




Biological context: Identify clues of functional differences
between species

Flexibility analyses

Predicted structures




Experiment Design: Identify interaction-disrupting point
mutations and modes of competition

* Downstream pipelines can

generate a tremendous amount of
Information from AlphaFold
structure predictions!
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Using Alphafold

Three Approaches:

* Unnecessary for most casual * Was most common until AF3 * Only way to use AF3 until
applications server recently (November 2024)

* Cost prohibitive * Requires subscription * Free



Using Alphafold3 Locally

* Requires installation on Linux
system

* Requires extensive knowledge
of python language

* Requires a dedicated system
* A100 GPU is ~ $8,000

* | do not use AlphaFold locally.



Using Alphafold2 ColabFold

* AlphaFold2-Multimer

* Predecessor to AF3

* AF3 adds non-protein inputs

* Specialized for predicting
multi-chain (multi-protein

structures

* Exists as a prebuilt notebook
* AF3 Colab requires installation

co () AlphaFold2.ipynb & save inGitHub to keep changes
FROT File Edit View

i= Table of contents

Q_ | colabFold v1.5.5: AlphaFold2 using
Msegs:

M 2
{x} ;
Input protein sequence(s), then hit
Runtime -> Run all
o
Install dependencies
O
Run Prediction
Display 3D structure
Plots
Package and download results
Instructions
+ Section
<>
=

Insert Runtime Tools Help

O X

+ Code + Text Copy to Drive /A0 - + Gemini

> ColabFold v1.5.5: AlphaFold2 using MMseqs2

Easy to use protein structure and complex prediction using AlphaFold2 and Alphafold2-
multimer. Sequence alignments/templates are generated through MMseqs?2 and HHsearch. For
more details, see bottom of the notebook, checkout the ColabFold GitHub and Nature Protocols.

0ld versions: v1.4, v1.5.1, v1.5.2, v1.5.3-paich

protein folding accessible to all. Nature Methods, 2022

© & 8cells hidden

Instructions

For detailed instructions, tips and tricks, see recently published paper at Nature Protocols
Quick start

1. Paste your protein sequence(s) in the input field.
2. Press "Runtime” -> "Run all".
3. The pipeline consists of 5 steps. The currently running step is indicated by a circle with a stop sign next to it.

Result zip file contents

1. PDB formatted structures sorted by avg. pLDDT and complexes are sorted by pTMscore. (unrelaxed and relaxed if
use_amber is enabled).

2. Plots of the model quality.

3. Plots of the MSA coverage.

4. Parameter log file.

5. A3M formatted input MSA.

6. A predicted_aligned_error_vi.json using AlphaFold-DB's format and a scores. json for each model which contains
an array (list of lists) for PAE, a list with the average pLDDT and the pTMscore.

7. BibTeX file with citations for all used tools and databases.

At the end of the job a download modal box will pop up with a jobname.result.zip file. Additionally, if the
save_to_google_drive option was selected, the jobname.result.zip will be uploaded to your Google Drive.

MSA generation for complexes

For the complex prediction we use unpaired and paired MSAs. Unpaired MSA is generated the same way as for the protein
structures prediction by searching the UniRef100 and environmental sequences three iterations each.

The paired MSA is generated by searching the UniRef100 database and pairing the best hits sharing the same NCBI
taxonomic identifier (=species or sub-species). We only pair sequences if all of the query sequences are present for the
respective taxonomic identifier.

Using a custom MSA as input

To predict the structure with a custom MSA (A3M formatted): (1) Change the msa_mode : to "custom’, (2) Wait for an upload
box to appear at the end of the "MSA options ..." box. Upload your A3M. The first fasta entry of the A3M must be the query
sequence without gaps.

.~ Connected to Python 3 Google Compute Engine backend (GPU) ®

10 © Share .

~




Using Alphafold2 ColabFold - Input

* |Input protein sequence, file name, relaxation, and template mode

W

[ ]

Input protein sequence(s), then hit Runtime -> Run all

#gtitle Input protein sequence(s), then hit “Runtime™ -»> "Run all
from google.colab import files

import os

import re

import hashlib

import random

from sys import version info
python version = f"{version info.major}.{version info.minor}"

det add hash{x,y):
return x+" "+hashlib.shal(y.encode()}.hexdigest()[:5]

query_sequence = 'MPRLSLLLPLLLLLLLPLLPPLSPSLGIRDVGGRRPKCGPCRPEGCPAPAPCP
#@markdown - Use ":7 to specify inter-protein chainbreaks for **modeli
jobname = 'test' #gparam {type:“"string"}

# number of models to use

print("jobname”, jobname)
print("sequence” ,query_sequence)
print(”length”,len{query sequence.replace(”:","" 1))

Choose Files QEURilR=lEEY] Cancel upload

query_sequence: | MPRLSLLLPLLLLLLLPLLPPLSPSLGIRDVGGRRP}

« Use : to specify inter-protein chainbreaks for modeling complexes
(supports homo- and hetro-oligomers). For example PI...SK:PI...SK for a
homodimer

jobname: rw test ‘“

num_relax: ‘ 0 - ‘

= specify how many of the top ranked structures to relax using amber

template_mode:

none 7 ‘

* none =no template information is used. pdbies = detect templates in
pdb100 (see notes). custom - upload and search own templates (PDB or
mmCIF format, see notes)



Using Alphafold2 ColabFold — Customizations

* Increasing recycles can lead to vastly increased structure quality

©

#amark i
model_type
#@mark -

pairing_st
#@mark
calc_extra_ptm

arkdo

alll sequenc

from uncertainty of the

max_msa = "

num_seeds = 1
use_dropout

num_recycles = None if num_recycles — "auto” else int(num_recycles)
recycle_early_stop_tolerance recycle_early stop_tolerance == "auto” else float(recycle_early_stop_tolerance)
if max_msa == "auto": max_msa

#amarkdor
save_all = Fals
save_recycles 1s
save_to google drive
rkdown -

dpi = 208
#@mark

if save to_google drive:
from pydrive2.drive import GoogleDrive
from pydrive2.auth import GoogleAuth
from google.colab import auth
from ocauth2client.client import GoogleCredentials
auth.authenticate_user()
gauth = GoogleAuth()
gauth.credentials = GoogleCredentials.get application_default()
drive = GoogleDrive(gauth)
print(“"You are logged into Google Drive and are good to go!")

t £

#H@mark to hit “Ru

-> "Run all® after updating the form.

Advanced settings

num_recycles: | 3

relax_max_iterations:

calc_extra_ptm: D

Sample settings

+ if auto selected, will use alphafold2 ptm for monomer prediction and alphafold2 multimer v3 for complex prediction. Any of the mode_types can be used
(reg: if input is or complex).
d
+ if auto selected, will use num_recycles=2@ if model_type-alphafold2_multimer_v3,elSe num_recycles=3 .
recycle_early_stop_tolerance: | aulo - ]
» if auto selected, will use tol-6.5 if model_type-alphafold?_multimer_v3 else tol-6.e.
200 - ]
= max amber relax iterations, e = unlimited (AlphaFold2 default, can take very long)
pairing_strategy: [ greedy - ]
* greedy = pair any taxonomically matching subsets, complete = all sequences have to match in one line.
= return pairwise chain iptm/actifptm
= enable dropouts and increase number of seeds to sample predictions from uncertainty of the model.
+ decrease max_msa 10 increase uncertainity
auto - ]

num_seeds: | 1

use_dropout: []

Save settings

save_all: []
save_recycles: [ ]
save_to_google drive: []

+ if the save_to_google_drive option was selected, the result zip will be uploaded to your Google Drive

dpi: | 200

= set dpi for image resolution



Using Alphafold2 ColabFold — Output

* MSA Sequence coverage chart and a series of structures with recycle data
and confidence scores. Structures output as PDB files.

S~ Downloading alphafold2? ptm weights to .: 1ee%|| NN 2-476/3.476 [@e:13<e0:080, 268MB/s]
2825-82-11 21:18:86,221 Running on GPU

2825-82-11 21:18:986,698 Found 5 citations for tools or databases

colored by N-C colored by pLDDT

2025-02-11 21:18:06,690 Query 1/1: test 27faa (length 278)
compLETE: 100X ||| 150/15¢ [elapsed: ©0:81 remaining: @e:ee]

Sequence coverage

e
o

Sequences

<
s

Seguence identity to query

2825-82-11 21:19:37,475 alphafold2_ptm_model_3_seed 88@ recycle=8 pLDDT=81.9 pTM=8.654
2825-82-11 21:19:48,721 alphafold2_ptm_model 3 seed 888 recycle=1 pLDDT=83.5 pTM=8.682 tol=1.91
2025-82-11 21:19:43,947 alphafold2 ptm_model 3 seed 888 recycle=2 pLDDT=83.6 pTM=8.687 tol-8.78
2825-82-11 21:19:47,175 alphafold2_ptm_model 3 seed 888 recycle=3 pLDDT=83.6 pTM=8.682 tol=8.655
2025-82-11 21:19:47,177 alphafold2 ptm_model 3 seed 888 took 12.9s5 (3 recycles)

o . Confidence scores are reported as
- pLDDT and pTM

o
¥

1000




Using Alphafold3 in a Colab Notebook

* Requires installation

* Requires some knowledge of
oython language

* Similar to using locally, but
Colab handles most of the
common causes for headache.

(4

Sequence: | MKTIIALSYIFCLVFADYKDDDDK

Positions: | 5,10

PTM Type: | Phosphorylation

Save PTM Input

lgit clone --quiet https://github.com/google-deepmind/alphafold3.git
Ipip install -q --no-warn-conflicts -r alphafold3/requirements.txt

# Set model directory
os.environ[ 'ALPHAFOLD3 MODEL DIR'] = “/content/alphafold3/params”

print(" B AlphaFold 3 installed successfully!™)

lalphafold3/fetch_databases.sh fcontent/alphafold3/data

print(" B Databases downloaded successfully!™)

OUTPUT_DIR = "output”
DATA DIR = "/content/alphafold3/data™

cmd = """

python alphafold3/run_alphafold.py \
--input_json=input.json \
--output_dir={OUTPUT DIR} %
--model preset=multimer 3
--data_dir={DATA DIR} \
--use_gpu_relax=True



Using AlphaFold3 Server

* Very simple - Log in and
Input sequence

* Requires Google account,
butis free to use

* 20 uses per day
* Jobs limited to 5,000 tokens
(1 token ~ 1 residue)

* Lacks customization of
recycles and MSA
properties

AlphaFold Server (gera) Server About FAQ & Guides v

AlphaFold Server allows you to model a structure consisting of many biological molecules

* Remaining jobs refresh each day
Jobs can be up to 5,000 tokens - see more details on token calculation, accepted formats, seed selection and other features in our FAQ

E Use the entity bar to chemically modify proteins and nucleic acids

« [T Get in touch with the AlphaFold team if you have any questions

Explore these examples of structures to see it in action — try them out without using your quota until you begin editing!

&9 Protein-RNA-lon: PDB 8AW3 &7 Protein-Glycan-lon: PDB 7BBV ~ §§ Protein-DNA-lon: PDB 7RCE

Entity type Coples
Protein M 1 Input
This field is required
[ + Addentity |

1,

(L)

Remaining jobs: 20

Learn more ~

Upload JSON




Using AlphaFold3 Server

* AF3 added the possibility
to model non-protein
entities

* Specify entity type in drop
down menu.

* Specify number of copies

AlphaFold Server (zema)

Server About FAQ & Guides ~

AlphaFold Server allows you to model a structure consisting of many biological molecules

* Remaining jobs refresh each day

* Jobs can be up to 5,000 tokens - see more details on token calculation, accepted formats, seed selection and other features in our FAQ

= E Use the entity bar to chemically modify proteins and nucleic acids

« [T Get in touch with the AlphaFold team if you have any questions

Explore these examples of structures to see it in action — try them out without using your quota until you begin editing!

- Entity type Copies >Paste sequence or fasta
% Protein v 1 Input

Protein
= Copies »Paste sequence or fasta
= 1 Input

DNA
. RNA Copies »Paste sequence or fasta
= 1 Input

Ligand
- Copies >Paste sequence or fasta
= lon 1 Input

( + Addentity |

Input

This field is required

Protein-Glycan-lon: PDB 7BBV &/ Protein-DNA-lon: PDB 7RCE

Remaining jobs: 20

Learn more ~

X, Upload JSON




Using AlphaFold3 Server

* AF3 also added PTM
modeling.

* Selectthe PTM option to
open a selection window.

* Very relevant for PPI
assessment

AlphaFold Server ()

Server  About

FAQ & Guides ~

AlphaFold Server allows you to model a structure consisting of many biological molecules

* Remaining jobs refresh each day

* Jobs can be up to 5,000 tokens -
« § Use the entity bar to chemically mocify prot

« [T Get in touch with the AlphaFold team if you

Explore these examples of structures to see it in

see more detal

. Entity type Copiles >Paste sequence or fasta
% Protein M 1 Input

Protein
- Copies »Paste sequence or fasta
H 1 Input

DNA
- RMNA Copies >Paste sequence or fasta
H
- 1 Input

Ligand
. Copies >Paste sequence or fasta
HH lon 1 Input

[+ Addentity |

Protein

Input

This field i

Remaining jobs: 20

Learn more ~

GHLHKARD

IAVQVRGG

L ALLDDZ onar

MPRLSLLLP

GAEGASCGG

Post-Translational Modifications

5}

20
Leerrepeer pLsPBLGI

Once you add PTMs and save it, you can't edit the sequence

[ [}
8@ 98 180
R AGGRCGPGLV CASQAAGAA
150 160 17@
GP CEFAPVVVVP PRSVHNVTGA
220 230 249
PS DHEATAWILI NPLRKEDEGV
Type
-
Select PTM
Phosphoserine
Glycan chain
Type
-
Select PTM
Type
-
Select PTM

40
veeRRP@car
118
EGTGLCVCA

GVGLSCEVR

YQCHAANMVG

50
CRPEGCPAPA

rRGvcaso
VPTPVITHWR

EAESHSTVTV

)

Learnmore W
60 70
PCPAPGISAL DECGCCARCL
130 140
SYPSVCALRL RARHTPRAHP
200 210
VTKSPEGTQA LEELPGDHVN
270 78
LDLSKYRSFH FPAPDDRM
Cancel —
2o ns 93017 1




Using AlphaFold3 Server - Output

e Similar to ColabFold
* (Confidence scores and PDB files) g 09

cat-cadherin.pdb

File Edit View

"num_r
" o ATOM 1
ptm a. 2
anking_score": @ i
. 5
* Need special software to open PDB :
7
8
9
10
11
Very high (pIDDT > 90) Confident (90 > pIDDT > 70) Low (70 > pIDDT > 50) Very low (pIDDT < 50) 12
13
14
ipTM=- pTM=0.67 learn more 15

=
(=}

AN
Aligned Residue

1 44 92 138 184 230 276
Scored Residue

o] 5 10 15 20 25 30
Expected Position Error (Angstréms)

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
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A
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Output — Confidence Scores




Output — PDB Files: Visualizing your structures

e Need molecular visualization
software to open files

* PyMOL and ChimeraX are the
most common choices

 Both are free to use and work
with Windows/MacOS

e Best to have both on hand



PyMOL

* Open-source, Python-based
molecular visualization tool

e Utilizes a Python-based
command line for most
operations

e Most functions/commands are
covered in the PyMOL wiki

* Not as flashy as ChimeraX, but

more granular

[ pymoL

File Edit Build Movie Display Setting 5Scene Mouse Wizard Plugin  Help

Detected OpenGlL version 4.6. Shaders available.
Detected GLSL wersion 4.68.
Open@Gl graphics engine:
GL_VENDOR : NVIDIA Corporation
GL_RENDERER: NVIDIA GeForce RTX 386@ Ti/PCIe/SSE2
GL_VERSION: 4.6.8 NVIDIA 566.36
Mo License File - For Evaluation Only (8 days remaining)
Detected & CPU cores. Enabled multithreaded rendering.

PyMOL> |

PyMOL{TM} 2,5,2 - Incentive Product
Copyright (C! Schrodinger. LLC

Thiz Executable Build integratesz and extends Open-Source PyMOL.,

Detected OpenGL verszion 4.6, Shaders available,
Detected GLSL werszion 4,60,
OpenGL graphics engine:
GL_WEHDOR: MYIDIA Corporation
GL_REMDERER: HWIDIA GeForce RTx 3060 TiA/PLCIes/SSEZ2
GL_WERSION: 4,6.0 MVIDIA 566, 36
Mo Licensze File — For Evalustion Only (0 days remaining?
Detected 8 CPU cores, Enabled multithreaded rendering.

FytaLs _

~

= a X

Reset  Zoom w Orient  Draw/Ray =
Unpick Deselect Rock  Get View
|« = Stop Play | = | =]  MClear
Builder Properties Rebuild
Undo Redo

e als(El o

Mouze Mode 3-Button Wiewing
Buttons L il E  Wheel
z Keyz Rota Move MowZ Slab

Shft +Box —-Bowx Clip Mows
Ctrl Mowe PkAt PRl HMMuSZ2
CtSh Sele Orig Clip Mouwd

ShzlClk +7= Cent Menu

OblClk Menu - PkAt

Selecting Residues

State 1~

1
[T < Tm e [>wfs[w[F



UCSF-ChimeraX . —

Map Medical Image Markers Right Mouse

A 88O S & £ L

nuclectide hetereatem  chain ow electrostatic  hydrophobic  b-factor
stick

* Open-access molecular
visualization software developed
by UCSF

ssion
P Log from Fr1 Oct 25 17:52:44 202
opened ChimeraX session

Utilizes a GUI for most features

* Proprietary command list and .py
scripts are also used in some cases

* ChimeraXwiki is comprehensive
and covers commands in detail

Excels at figure design



Next Steps — Analyze your structure

[N DockQ

PS:PRED Jl© CABSflex
m(SM-PPI2 oD uet e

* Further analyses can be
conducted on your structure

11S.

* Servers and software packages
are typically purpose-built and
rather specific

* Some analyses are user-
friendly GUIs and others are
command-line based

% AutoDock 0 flare

CABS-dock

* Google is your friend!



Summary

e Protein structures can reveal a lot
about their functions

* AlphaFold is a highly-accessible tool
for predicting protein and protein
complex structures

* PyMOL and ChimeraX can be used to
freely visualize and analyze structures

* Assay-specific downstream software is
readily available

February 26", 2025

e Downstream software
examples

* PPI prediction and
manipulation

* DockQ analysis
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